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PREFACE

To the First Edition

HE am of the present work is to compile in one book everything that
is known about the chemistry and the technology of the sugar cane
and cane sugar manufacture.

In doing this, the discussion of technicalities relating to machinery has
been carefully avoided, because this subject is aready sufficiently dealt with
in Noel Deerr's work, " Sugar and the Sugar Cane." Only those points are
mentioned here which are indispensable for the proper understanding of the
chemica and technical questions investigated in this work.

Although the author has chiefly made use of his own investigations
and researches carried on during his 17 years' continuous stay in Java at the
head of the West Java Sugar Experiment Station, he has also gladly and
gratefully referred to the results of work done by bis colleagues in other parts
of the world. In every case, where reference is made to the work of others,
this has been acknowledged in a foot-note.

The enumeration of the chemical and physical characteristics of the
three kinds of sugar is chiefly borrowed from Prof. Dr. E..O. von Lippmann's
excellent handbook, " Die Chemie der Zuckerarten."

In agreement with that distinguished scientist, the author has used
in his book Fischer's nomenclature for the different kinds of sugar, because
the terms dextrose and levul ose are fast becoming obsolete in scientific literature
and are apt to cause confusion.

In the present work the different terms have the following significa-
tion:—

SUGAR: The commercia product

SUCROSE: The chemical body, the principal constituent of the commercial

product-

GLUCOSE : The chemica body, aso called dextrose.

FRUCTOSE : The chemica body, also called levulose.

INVERT SUGAR: The mixture of exactly equal proportions of glucose

and fructose.

REDUCING SUGAR : Mixtures of uneven proportions of glucose and

fructose.

The author has pleasure in acknowledging his great indebtedness to
two gentlemen, Mr. James P. Ogilvie, Associate Editor of the International
Sugar Journal, and Mr. T. H. P. Heriot—especialy the latter—for a painstaking
and laborious revision of the English text.

H. C. PRINSEN GEERLIGS.
AMSTERDAM, May, 1909.



PREFACE

To the Second Edition

HEN it was found necessary to compile a second edition of this
work, it was at once obvious that a smple revision or amplification
of the first edition would be entirely insufficient.

Since 1911, when the first edition was issued, both the theory and the
practice of the work done in the province of sugar manufacture have made
such great strides that almost every chapter of the book has had to be re-
modelled and re-written in order to be brought up to the present standard
of the work.

Especially have the sections on JUICE EXTRACTION, CLARIFICATION,
FILTRATION, PRESERVATION OF SUGAR AND MOLASSES, undergone radical
changes and been brought more in line with modern views and their practical
application.

The general trend of the book, however, which has hitherto been found
practical and useful, has remained asit was put forward in the Preface to the
First Edition.

| gratefully avail myself of this opportunity to offer my sincere thanks to
my son, Mr. R. J. Prinsen Geerligs, for his valuable assistance in the com-
pilation of the numerous data scattered throughout the literature of the
subject, and their arrangement in this volume; and to Mr. Norman Rodger
and- Mr, James P. Ogilvie, F.I.C.; for their thorough and painstaking editing
of the manuscript, and for their careful reading of the proofs.

H.C, PRINSEN GEERLIGS, PH.D.
AMSTERDAM,
30th, September, 1924,
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FIRST PART
THE RAW MATERIAL



CHAPTER |

THE CONSTITUENTS OF THE SUGAR CANE

|.—Cane Sugar or Sucrose

Occurrence in Nature—Sucrose is found in agreat many plants, dissolvedin
the sap. Although it may be considered as one of the most universal con-
stituents of plants, only a few of them contain it in such a degree and so
sparingly mixed with other bodies as to alow of its profitable extraction.
Such are: the sugar cane; the beetroot; the sorghum; the coco, date,
palmyraand nipah palms; and the mapletree. Then bees extract it from the
flowers of many plants, but in this caseit is soon transformed into invert sugar.

Crydalline Form.—Sucrose appears in the form of anhydrous, bright,
monoclinic crystals, having apure, sweet taste, and possessing a specific gravity
of 1585 at 15° C. Large crystals, candy for instance, which have crystallized
out dowly from hot solutions, are formed by the combination of parallelic
disposed lamellae, which generally include parts of the mother-liquor in their
interstices. Such a crystal can be split like a diamond dong its axis by a
sharp, heavy blow with a hammer. The occluded mother-liquor can cause
coloration of the candy crystals; moreover, owing to its presence, candy,
which externally is perfectly dry, on pulverization often yields a moist powder.
When a broken crystal of sucrose is placed in a supersaturated solution of the
same substance and allowed to grow there, the damaged portion will gradually
become healed, until the original form of the crystal is restored; after that
crystalline growth proceeds regularly, provided it is alowed to do so in every
direction, as, for example, when the crystal is suspended by means of athreadin
asupersaturated sucrose solution, which is thickened with isinglass or agar-agar,
or when it is kept in regular and constant motion in a supersaturated solution.

Sucrose crystallizes from its agueous solution in crystals, which are larger
in proportion as the liquid in which they are formed contains a less amount
of bodies other than sucrose and as the crystallization is dower. Very rapid
crystallization or crystallization from syrups containing a large amount of
foreign substances is apt to yield small sucrose crystals.

Further particulars concerning the crystallization of sucrose will be found
in the chapter on Boiling.

3



4 THE CONSTITUENTS OF THE SUGAR CANE

Strongly supersaturated sucrose solutions when agitated will suddenly
deposit very minute so-called "mealy" crystals, whilst steady agitation of
moderately supersaturated sucrose solutions causes the crystals to grow as
slowly and continuously as when at rest. In this case they become even more
regular, because, owing to the constant motion, they are free in every direction
and are able to move throughout the whole of the supersaturated liquid, which
gives them a more regular crystalline form than if they had remained deposited
on the bottom of the crystallization vessel.

Sucrose, even when it is in a pure state,,,sometimes crystallizes in an abnor-
mal form from solutions containing certain foreign bodies, such as raffinose,
zinc salts, some calcium salts, or products resulting from the overheating of
sugar. The influence of these substances is, however, not always perceptible,
as sucrose will sometimes crystallize in its usual form from solutions containing
a large proportion of raffinose. The abnormality of the crystalline form of
sucrose consists in the stretching of one of the axes of the crystal, which causes
it to assume the shape of a needle. This becomes very obvious when the
crystals combine into bundles.

Solubility in Water.—Sucrose is freely soluble in water and its solubility
increases as the temperature rises. The values for the solubility of sucrose
at different temperatiures are recorded in the following table compiled by
Herzfeld* :—

E,E Fac coat §6| Per cent. Fec ceat EE er cast, E Pex cust,
E" [ E‘E Soctoee, A | Encrowe. & Facroes.

°C. N °C, °C. “C,

0| 8418 f14 28] @8-37 [42]| TOTM | BE| TI-E
T[] a3 s 20| a8-63 43| 7096 57| 7358
21 #d5 118 W] O68T0 a4 THIE [5S| 788
3] o8 LI | e f4s| 7152 s 1908
4| 73 |18 3y 00 sl TR0 [O0| THlS
5| 6487 |1 i 063 |4z} o8 |e1] TaB8
8| o501 20 | s8E 48| TiET | e2)] Tam
7| 8518 || 2 a0 | sa5s 40| TE-08 fE5| TETE
B| o520 f22 e[ e72 (0] 722 Josl 7498
G| A543 33 | egen 5l TR [ 65 7518
1w | eEE § 24 i o0 Jor| TIAY Fes| 7538
11| B579 h2s B VOB K3 TEEE |67 TEEE
1| 8588 |28 | To4k |54 Taer |68| T80
13 | ee03 | 27 | 40 s [ TR 1| e

* "Zeitschr. Riibenzuckerind.” 1892, 181
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- - -

E"Mmt % Pes ceat. g.ﬁ Peromt|§f?uum E"Pu-am.
of E of 2 of E of of

8| Sucree. & | Sgerous. g | Suemze |2 Sucrosn, & Suons.
*C. *C. "« <., .
T -T022 97 770 (84 To24 (01| 2084 | 0| 8240
71| a8 (78l otree a6 7o4s 2| sLo7 leol 827
72| e84 | 79| TRI4 (86| 7TEeR 93| H180 'rjll)(l . BETO
73| 76-B3 JBO| 7896 8T TOD2 |0 B [ —] —
4| 7706 HB1| vEES (85| e016 (86 &M | —| —
/| TTRT [ 82| 7680 § 8% | 85038 || e8| B2 -
| 748 || BA[ TD0E | 90| 8061 |97 8228 | —| —

General formulafor the solubility:y = 64-1835 + 0-13477 x + 0-0005307x%.
y = per cent. of sugar, and x = temp. in degrees C.

Contraction on being dissolved in Water.—When sucrose is dissolved in

water a considerable contraction takes place;

56 per cent., as may be seen from the following table*:—

this reaches its maximum at

Sucaesx, | WhTEs, | Voltwe, Sucmosk, [ WATER, VoLmee,
GRS, G l LX) Guum. | Gras, -8
1] 100 l 100-0000 850 464 BH-0056
10 0 997218 850 el #0055
2 80 So4733 569 440 Be0042
0 70 2aet - 881 434 $E-0085
44 8 P4 1103 514 430 0-0060
B0 ] 00210 = - —
0 L] 900121 -_ — —
] 30 50021 — - —
80 20 99-2754 -— — -
0 10 W9-5F5 — _ —
109 0 1660900 - - -

* E. O.von Lippmann " Chemie der Zuckerartea” 11 1081



6 THE CONSTITUENTS OF THE SUGAR CANE
Sp. Gr. of Sucrose. — According to Brix tables the specific gravity of
sucrose solutionsis at a temperature of 15° C. as follows—

[
o o [ 5 e o | 55| e
Cemt e
T was | ® 145686 4 ;12088
: 100778 2 110146 4 ‘ 12100
3 ot B 1-10a07 b i
3 6 111072 13 1-22182
i o | 131541 e | 10278
5 101070 g 112013 50 | 123078
B 1% 112488 51| 12388
T L0R18T W 1- 12067 5% ‘ ]_‘m
8 Lot 31 113440 8ol Lme
ol lmae | s = ot
n 1043l » 114423 a6 L
1 o % 1-14015 6 126658
P yosms | s | s oo 1A
14065703 3 1-16911 8 1 s
- Log1s8 » 116413 58 iiasssn
6 | rosss | s} e, 4 % 20583
o 141002 3 | 117430 por 1.som
18 107441 - 40 1'1,3:' g :WW
1 147854 a) 1% o4 184381
20 108328 42 118881 131489
. i 1-10306 65
m | wm | clmes | 1ewd

Gerlech. calculated the following formula for the specific gravity of x per

cent. of sucrose dissolved a 175° C. :—

y =1 + 000386571327 x + 0:00001414091916 x* + 0-0000000328794657176 x*

from which values Scheibler computed the following interpolation formulae—
# o W= § B ORIIBILS + 0O000ETIOL igwﬂmmlrgf
‘=w”=}+w:10mmm¢ + 0-000000033806
=15y =1+ OO0
,_”«,; — 1+ 0-003844136 5 - 0-0000144082 2* +"ﬂm¢;jﬁ
£ 307 = 1 + 000700428 » + 0-0D00LEB456 54 +0 o
§ =405 = 1 - 0-003764028 » - 0-0000143700 o* - CONANUBIERT
¢,W,y=1+ooos‘1Mx+0mlm"+°w A
£ 80"y o 1 -+ O0BAE3TIE = -+ 0-0000IBER04 #* - 0-DO0ONIZE3ES



CANE SUGAR OR SUCROSE 7

Although yet other formulae have been suggested, those mentioned here
are quite sufficient for ordinary purposes.

Influence of Temperature on the Sp. Gr.—The specific gravity of sucrose
solutions diminishes as the temperature rises, because the rise in temperature
increases their volume. Gerlach determined the following values for the
specific gravity of solutions of different concentrations, at various temperatures,
in which water at 175° C. = 1.

g Omt. 18 u:_n:. wsm!_ A na':::L Nsme.lf ‘Fﬂmﬁ.
1] 140007 10638 1-1337 1-2113 1-2972 | 13810
20 0-0008 1-0608 1-1288 1-2046 1-2880 | 1-3822
40 0-5942 10504 11212 11968 12734 1-3722
60 0-DBET Ll 1-0881 1-1861 12883 1-3610
80 09745 10336 10768 1172 . I-2662 1-B48B
100 0-9621 TR0 10834 ] 1:1597 ‘ 12424 13368

At the 6th Session of the International Commission for the Unification
of Methods of Sugar Analysis held in London, on May 31st, 1909, it was resolved
to adopt universaly in sugar analytica methods the tables for the specific
gravity of sucrose solutions prepared by the Imperial German Normal
Standardization Commission, in which that of water at 4° C. was taken as
unity, and the sucrose solutions are tested at 20° C. (See pages 8 and 9).

For calculating the percentage of sucrose in solutions tested at tempera-
tures deviating from 20° C, the table on page 10 may be used, calculated by
Lange from the figures found by the Imperial German Normal Standardizationr
Commission.

Bailing Point of Aqueous Sucrose Solutions—According to Gerlach's
researches, the boiling point of aqueous sucrose solutions of different con-
centration is at the ordinary atmospheric pressure—

Per cent. Sucrose 10 20 30 40 60 60 70 80 90-8
Temperature 1004 1006 101-0 101-5 1020 1030 1065 1120 1300° C.

Solubility of Sucrose in Presence of Invert Sugar —T. van der Linden* gives
a table for the solubility of sucrose in water when invert sugar is present
simultaneously at temperatures of 30° and 50° C, of which the averages
are reproduced on page 11.

* "Archief voor de Java Suikerindustrie” 1919, 594.
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TABLE FOR FINDING THE CONTENT OF PURE SUCROSE FROM THE TRUE

DENSITY AT 20° C WITH WATER AT 4°

C AS UNITY.
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Cowryosrricw, Prr CxyT. Summomx,
10 Pnrs":n- WaTER.
SUCROSE. Inmsr Sooan. Warne
. TIMFIRATURE M
6468 170 31404 214:85
45-43 322 -0 21148
81457 502 0T 20478
55-73 15791 e 140-80
4790 24592 2584 18345
4825 50-30 2488 181-85
3088 38-50 2339 170-80
B4 41-99 2204 183-85
2021 5145 18-38 15070
24-52 5862 18-22 136-80
2023 6387 f 1591 127-10
T BY* C.

€221 1330 2454 . 24545
G760 1824 2588 241-48
4830 3045 2106 22970
4348 8790 19-05 228-16
-8 45-58 1726 215-40
s245 s1-18 16-20 201-35

Solubility of Sucrose in Alcohol, etc—Sucrose is very sparingly soluble in
absolute alcohol, viz,, only one part sucrose dissolves in 80 parts of absolute
acohol at the boiling point; but dilute alcohol dissolves it much more readily,
and thisin proportion as the alcohol is more dilute and the temperature higher,
as is shown in the following table compiled by Pellet.* The first column rep-
resents the c.c. of absolute alcohol present in 100 c.c. of the solution, and the
other columns the grms. of sucrose dissolved in 100 c.c. of the mixture a
temperatures up to 40° C.

In each case less sucrose is dissolved in amixture of alcohol and water than
could be dissolved at the same temperature in the amount of water present in
the mixture, if it had not been mixed with alcohol.

Sucrose aso dissolves in dilute methyl acohol, in hot glacia acetic
acid, but not in chloroform, ether and similar solvents; and it is practically
insoluble in anhydrous glycerine.

**Bull.Assoc Chim. Sucr. et Dist.," 15, 631
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oe. GRS, STORCSE T 100 e.e. aT
Arcomgr, * 10° 200 P 400
0 s | 13 823 0ns 9ia
10 807 86 ¢ 850 870 900
20 " 785 0 820 B0
30 85 880 710 P 715
40 provd 0 020 65 a0
50 © - } e 620 856 600
80 328 865 50+ 25 e
70 182 2040 25 260 3o
80 g4 T8 81 104 140
20 a7 o8 11 16 28
914 0-08 0-36 026 088 060

Action of Electric Current on Sucrose Solutions—In agueous solutions,
sucrose is a non-conductor of electricity, but after a prolonged action of the
current a slight conductivity is apparent. This, however, is not due to the
sucrose itself but either to impurities in the water used for solution or from
decomposition products of the sucrose, as the electric current, provided it
is of sufficient power, will attack sucrose, inverting it with formation of acids.

Rotatory Power—Aqueous sucrose solutions deflect the plane of the
polarized light ray to the right with a specific rotatory power which is only
insignificantly influenced by the concentration of the solution. Bates and
Jackson* found the specific rotation of sucrose, at a concentration of 26 grms.
per 100 c.c. and atemperature of 20° C. to bef; = 66.529°, while Kraisy and
Traegltfound it to be 66.516°. According to Landolt, the specific rotatory
power of sucrose is, for concentrations coming into consideration in sugar-
house work (which never exceed 26 per cent}), expressed in arc degrees—

u%}=mm =+ D007 ¢ = 0000235

in which formula c stands for concentration.

= Sciemtifes Popary of e Sumam of Stendapdy® No, 24
1 Eabwobr ety ke 924, 2046
1 200e8
-4
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Influence of Concentration on Rotatory Power.—By this formula, the
figures for the rotation of sucrose for the different concentrations are as follows :

¢ Rotatlon. & Rotatlon, £, Rotation,

1 .. 88443 25 .. 86506 - 50, 98-283

5 .. 68472 30 .. 66485 55 .. 88208
10 .. 85-400 3 .. 80452 B0 ., 85-1]1
15 .. 66-514 40 .. 86407 65 .. 65-007
2. 85518 4. 08351

At low concentrations the rotatory power increases considerably and amounts,
according to Nasini and Villavechia, to :—

¢ 1.2588 12378 1.2083 1.0129 0.8255 0.6631 0.5985 0.5880 0.3350
20
%5 66.604 66.716 66.855 67.096 67.250 67.370 67.562 67.983 68.241

At higher concentrations, the differences in the rotatory power are so small
that within the limits of concentration met with in all sugar-house polarization
work they do not affect the results, whilst at lower concentrations, where
they are more considerable, the figure which they influence is itself so small,
that even there the difference is insignificant. In the well-known Schmitz
tables for the calculation of the sucrose content from the polarimeter readings,
the influence of the concentration is taken into consideration.

Influence of Temperatures.—The rotatory power of sucrose diminishes as
the temperature rises to an extent, which for the simple rotatory power itself—
quite apart from changes in the instrument brought about by differences
of the temperature—can according to Schonrock's calculation be expressed
by the formula:—

t 20 20
a—=a—-a— X 0.000217 (z° - 20).
D D D

In practical working this figure is also influenced by the alterations in the
rotatory power of the quartz wedges of the polarimeter, by the expansion of the
polarization tubes, etc., which cause the correction for the Ventzke scale with
glass polarimeter tubes to become

readings at ¢° = readings at 20° [1—0.0003 (*—20) ]
which means that for every degree Ventzke the rotation is found to be 0.0003° V.
too low for every degree Centigrade above 20° C. (the temperature at which the
polarimeter is standardized), and the same amount too high for every degree
Centigrade below that temperature of 20° C.
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Influence of Foreign Bodies—When sucrose is dissolved in water containing
alcohol, its rotatory power is slightly higher than when pure water is used;
thus, for a concentration of 10 per cent, of sucrose in a mixture of 1 part of
water and 3 parts of dcohol it becomes at 20° C. 66.827 instead of 66.499.
Alkalis, akali carbonates and alkaline earths reduce the specific rotation of
sucrose, probably owing to the formation of saccharates, as neutralization
with acid restores the origind rotation.

The reduction of the rotatory power by akaline substances is much more
considerable in concentrated than in dilute solutions, and amounts, according
to Pellet, for the akalis, their carbonates, and the alkaine earths, to the
following values—

At concentrations ¢ = 5.4 and ¢ = 17.3, 1 grm. of the undermentioned
substances marks the rotation of the stated quantities of sucrose in grammes.

s Bk e 174
1 grm. of ¢austic potash .. oo D10 L. 0800
1 . . soda [ % 77 R 1.
1 . potassiom corbonate PR 0 £ 5
1 , sodium carbonate .. .. DO L. 0I8R
1 ,, ammoda .. .- .. D73 ., 04085
1 . ammoniumcarhbomate .. 0040 .. 0067
1 , hme s . v 0RO L. 1000
I, baryta .. .. .. D0 .. 0430

Influence of 3asie Lead Acetate—Basic lead acetate, though aso an
alkaline substance, does not affect the rotation of sucrose to such an extent.

Bates and Blake* stated the influence of basic lead acetate solution of
1.25 specific gravity on the rotation of a solution of 26.048 grms. sucrose in
100 c.c. to be in degrees Ventzke :—

el Paste Lead . g5, Ba Bagic Laad

L T 0400 e e 10-0 -1
0 .. 13 .- . 2o .. -0-20
14 .. 10 ee. MR L 4029
20 .. 12 - e .. D45
b2 T 04 e 2040 .. 4048
0 .. 08 . . A0 .. 4058
44 ., 008 e 800 . J0-62
& .. 908 [ 3607 .. +B-T7
&0 . 000 e e 4440 +0-77
T4 .. s L. . 90 .. 4095
A0 . HH

=40, Adotr. Chea, Soa,™ 1987, 756
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The addition of small quantities of basic acetate solution therefore causes a
progressive reduction in the polarimeter reading; with larger quantities of the
reagent the reduction becomes less ; the solution to which 6 c.c. of basic lead
solution has been added gives the same polarimeter reading as one without lead,
while still larger quantities cause a progressive increase of the rotation so long
as reducing sugars are absent. Asin sugar-house work the excess of basic
lead never goes beyond a few drops, we may, in ordinary practice, safely
neglect the influence of this reagent on the polariscopie reading.

Neutral Salts—Alkai chlorides, sulphates, and phosphates, as well as the
chlorides of the akaline earths, reduce the rotation of sucrose solutions, as
is shown by the following table of Bodenbender and Steffens*

Sucross, i Salt. Water. | Polariration. | Differents.
8 . 1 8¢ 4987 013
Patassivo chlorids .. { 1 2 B8 2858 G144
2 + 76 1o8ga, | 131
5 1 4 4968 | 0131
Sodivm chloride .. { 0 2 88 9863 0147
20 4 i 19358 0414
¥ 1 ™ 4-952 0048
Barinm chloride . { H 2 ] 9 0066
20 ] T 19402 (-E98
5 1 &b 4905 0-005
Wsgnesiom salpbate . { 10 2 83 . 9-BRG 0100
’ 0 . i 6 10-880 0-120
5 1 2 4958 D042
Sodinm phogphate { L} 2 88 04933 067
el 4 76 19650 0511

In the presence of small amounts of inorganic salts such as are met with in
ordinary sugar-house routine work, the influence of the salt is imperceptible.
With proportions of 4 parts of the inorganic salt to 20 parts of sucrose the
product itself is so impure that the absolutely certain determination of the
sucrose by polarization is rendered impossible by the large volume of the
precipitate occasioned by the clarification and aso by the dark coloration of the
liquid. Besides, clarification with basic lead acetate converts al the salts into
acetates, the action of which is less than that of the origina salts, so that in
practical working the effect of these inorganic salts on the rotatory power of
sucrose may safely be neglected.

1= Fobtuchy. Bibseasoolewind * 31, Bk
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Refractive Index of Suerase Solutions.-O. Schonrock* has determined the
refractive index for sucrose solutions in water for concentrations between

0 and 66 per cent., and at temperatures between 10° and 35° C.

Table | below gives the results of measurements of N at a water content
of the solution W; that is to say, for the number of grms. of water in 100 grms.
of the sucrose solution.

Table Il shows the difference in the refractive index N in units to the
fifth decimal between 20° C. and the temperature t for the different water
contents W. It is to be observed that the value for N fdls as that of t rises.

w o
100 1-33%0
89 13344
98 13w
97 - 1-3%H
868 18383
1-8408
13418
1-3438
1-24d8
1-3484
L3479
13404

1-3526
1-3541
‘doamn
1-3878
-l
13608
1-3022
-2030
1-3658

JERERERESRER2EEERS

L3510

TABLE 1

w N
c.. 7B 13672

77 1-3689
o B 1300
. T 1
. T a0
13788 ..
13778 ..
-1-3768
1-3811
1-3820
1-3847
1-3885
1-3883
1-3602 ..
1-3820 ‘e
1-3930 .-
1-3958 -
1-3678 .-
1-53997 ..
1-4016 -
1-4638 .
1-4056

SE3Z2RAESEIZS2AEI

" Dok, Eabmamcrriod” 1510, 421

ERELRBEEALLEL RN RO ERERRE £

e
14078
1-4008
14117
14137
1-£153
14170
1-4200
1-4221
1-4242
1-4264
1-4285
14307
1-432%
1-4351
1-4373
1-4396
14418
1-d4d1
1-4464
1-4488
1-4509
1-4632
14685
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TABLE Il
Warzr CoNImNT xfflats
t e | wiw s @R e || S5 0| se|x|w
] 7z | m [ s [ or [ [iwe iz [ost [oe {10 {16 [aee : 17t |00 | es
lZbowr | g7 | 7 [ 80 | 86| 9 (000 [ |13 |2 |6 12 |3 | 1a fou
I4F 47 | 52 [ 57 [ & | 66 | 7I FEO|ORL | Bk | B0 [ 9 (100 14 | 108 [ 114
Pep 32 | 26 (29 | 42 |40 | @ [ 8 S5 [ 8 el | B4 BT (T (7| M
a7 | e [ |22 | @ | B[ o | 2| M- R MM R8s
o0 ¢ 4 0 Ll [} 0 & 13 [} a ] a Ll q
)TN | B M| D 8|3 HK| N8
4| | A1 8L 2| B8 (iR ]
05 [ @ v [ M| M B8 ' B2y ome |00 | wes Jroa |z g
20| M | 86 [ %2 [ 57 (102 |10M | T3 | ME | im 18 | s
30 (200 [0 (208 [z [ (132 [ 1w [se iss e (e s |2 [ [
A3 (0w (037 [nes (132 (063 |67 | 1N | 182 | I%0 | 157 | %8 i |0 |@m7|BS
S35 |red (192 [ |te0 [1se |27 |28 o Jmr | 2 [ma |2s |
36 m {62 A [ |z | | ]m Mmoo || M| 8
|

Entirely independent of one another, Tolman and Smith* in the United
States, and Prinsen Geerligs and van Westt in Java, had made tables of com-
parison between refractive index and sucrose content. The former was estab-
lished at 20° C, the latter at 28° C. Taking into consideration the correction
for the temperature, these tables both fully agree with those of Schonrock.

Viscosity—The viscosity of sucrose solutions increases as the concentration
rises and decreases as the temperature rises. This is shown by the following
three tables, compiled by Claassent. In these the number of seconds which

Sumaax on 100 Warms, | QA eRBew | ey 10
100 22 13
180 & )
183 ey 54
210 184 100
221 187 14
230 07 152
285 248 151
242 250 M
248 818 14
%8 878 227
270 464 288

=4 P Ao, Chema Sac ot 1480 Tt e ol 1908, 65
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100 c.c. of a sucrose solution of different concentrations require to flow out
from an Engler viscosmeter isrecorded as rate of flow. V (viscosity) means
the ratio of these figures calculated on 100, being the rate of flow of the satur-
ated sucrose solution a the temperature of 30° C. of 219 parts of sucrose on

100 parts of water.

The second table shows the rate of flow of a sucrose solution saturated
at 30° C. when examined at different temperatures.

T | ATWARA | TR | SRR
16 &8 @ B8
n 330 41 =24
5 248 81 £
30 ! 143 71 20
o] 114 - -

The third table gives the rate of flow of sucrose solutions of increasing
concentrations at increasing temperatures, and shows that the decrease in
viscosity by the rise in temperature is much more considerable than itsincrease

by the higher concentration.

Soczoas Fxn 100 [ Pxe Cmer. Pee Cpwr. | Trapssurves | Rars o FLow
oF WaTEX, WaTsk STChoNE. = °C. o SEcowDa.
. 3 aq.7 17 1% .

| 208 E-2 .5 22 18

0y 4 k0] 3 110

03 26-8 732 B -]

204 254 -8 a3 55

-} 24 764 ) . 1)

The vauesfor theviscosity of impure sucrose solutions, e.g., molasses, which
generdly contain as much foreign substance as sucrose, differ much from those
given above, a point that will be dealt with later on in the chapter on molasses.

Behaviour of Sucrose at High Temperature—Perfectly dry sucrose may be
heated for a long time at temperatures exceeding 100° C., and even melted
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at 160 ° C*., without undergoing any decomposition, but in presence of eventraces
of water it is decomposed at temperatures above 100° C.; this is shown by
the dark colour it assumes, and the property it acquires of reducing Fehling's
solution.

Sucrose, when heated for some time at its melting point, changes without
any loss of weight into amixture of glucose and fructosan (levulosan). Thus :—

Ci2H2011 = CsH1206 + CeH100s

On heating sucrose at a still higher temperature it loses water, and leaves
behind a dark-coloured body caled caramel; if the temperature is further
raised thisis decomposed into gaseous products such as carbon dioxide, carbon
monoxide, formic acid, acetone, etc., and aglossy coke which, on combustionin
contact with air, burns entirely away and leaves no residue, provided the sugar
used in the experiment was pure.

Calorific Value—On combustion in a bomb calorimeter, sucrose gives a
calorific value of 3955.2 kg/kg caories or 7119.4 B.T.U.

Decomposition of Sucrose Solutions on Boiling—On continuously heating
sucrose solutions at their boiling point for along time, the sucrose combines
with water even at the ordinary atmospheric pressure, and gradually changes
into a mixture of equal parts of glucose and fructose.

The material composing the vessel in which the solution is boiled exerts
a considerable influence on the rapidity of the transformation; copper has
the greatest accelerating action in this respect, then silver, next platinum,
whilst with glass vessels the rate of hydrolysis is least of all, especially when
a water-bath, and not a naked flame, is used as the source of heat. In such
determinations inconvenience is caused by the formation of small quantities
of acid, so that the values thereby found do not represent the amount of
hydrolysis due to water alone. In order to remove this source of error, Herzfeldt,
in his researches on the decomposition of sucrose at high temperatures with
prolonged action, rendered his solutions slightly alkaline at the commence-
ment of the experiment. The results he obtained on heating sucrose solutions
having an initial akalinity of 0.01-0.05 per cent, are summarized in the
following table. The solutions contained in metal vessels were heated in a
water or ail bath at the temperature given in the first column of the table. The
figures inthefirst tablerefer to the quantity of sucrose decomposed per hour per
100 parts of solution, and those in the second give the amount of sucrose
decomposed during the same period of time per 100 parts of sucrose originaly
present.

4 Bupe [*' Chem, News ™' 1514, 110) #rond the dodon pdnlt;mbbﬂ M,
+ Y Zeitschr, Rfibreondowind.* 43, 744
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. 18 Pzx CmNT. f 50 Frw Cenr, 50 FPEN CEner.

8 000 Q-0047 00100

) Q-0078 0-D087 00106
o 00114 L 0-0127 00282
110 40183 ! 040167 00588
130 0-0282 00677 ©o. De13pe
130 0-2068 0-2600 0-0000
148 G-EL00 — —

] ] L] a5 40 & L]

ik
Pz cent pe&'mt.‘pumr_ per et per cemi [ per pagt. per cant.| par cant per cent

&0 1 0044 | 0-0378 | 9-G301 | -0226 | 00157 | 0-0108 | 00178 | 0-0100 | 0-0200
90 | 0-0700 | 00867 | 0-0541 | 0-0418 | 0-0200 | 0-0317 | 0-0344 100371 |0-0362
100 [ 0-1140 | 0-0061 | 0-0781 | 0-0802 [ 0-0423 [ (0466 | 0-0508 | 0-005L |0-0584
110 | §-263G | 0-1382 ; H-1093 | 00820 | 06657 | 00612 | 0-0667 [ 0-0721 | 00768
130 | 0-2822 | 0-2582 | £-0343 | 0-D058 | 0-1857 | 0-2063 | 0-2069 | 0-2474 | 0-2678
130 | 3-0353 | 1-7582 | 1-4610 | 1-1638 | 0-8867T | 0-0481 | 10235 | 1-0119 | 1-1500
140 | 51000 | — — — — — — — | =

Under ahigh pressure, coincident with a higher boiling point, this reaction
takes place more rapidly, so that a solution is completely inverted after six
hours' heating at 150° C, which if otherwise boiled at 100° C. would be totally
transformed at the end of 24 hours.

Sucrose solutions, when boiled with live steam at 130° C, become very
rapidly decomposed, and in the case of higher concentrations than those re-
corded in Herzfeld's tables, the loss by this means is undoubtedly considerable.

As a result of this decomposition, besides glucose and fructose, carbon
dioxide, formic acid, acetic acid, and many other more complex organic acids
are formed. The temperature at which the decomposition reaches a maximum
lies between 110° and 120° C, so that these temperatures ought to be avoided
as much as possible in the course of manufacture.

The action of superheated steam aso breaks up sucrose; at 160° C, a
temperature which can occur in boilers, humic acid, carbonic acid, and formic
acid are formed. At 280° sucroseis split up into carbonic acid and carbon with
the formation of various empyreumatic products.
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Decomposition by Light—Berthelot and Gaudechon* showed that sucrose
solutions under the influence of ultraviolet light rays separate ges* and thisin
proportion to the amount of invert sugar corresponding to their concentration.
Light inverts sucrose solutions and forms gas from the invert sugar, viz.,
carbon monoxide from fructose, and carbon monoxide and hydrogen from
glucose.

Decomposition of Sucroee by Acids—Dilute acids exert a hydrolysing
power on sucrose, dowly at the ordinary temperature but quickly on heating.
Thereby one molecule of sucrose combines with one molecule of water to form
one molecule of fructose and one molecule of glucose. Thus :—

CpH2011 + Hy0 = CeHi0s + CeH1206

Inversion—The sugar thus transformed now deflects the plane of polar-
ization to the left instead of to the right, hence the newly-formed body bears
the name of invert sugar, and the phenomenon itself that of inversion. During
this transformation, 95 parts of sucrose combine with 5 parts of water to form
100 parts of invert sugar.

Inversion Velocity.—The velocity of theinversion depends on different laws,
which have been formulated by Ostwald as follows—

1. On inversion by a strong acid, sulphuric or hydrochloric acid for
instance, in every unit of time a constant part of the sucrose present is in-
verted ; the value of the constant depends only on the acid used. Each acid
has, therefore, its inversion constant, which is expressed by the formula

G% » log%, in which A represents the quantity of sucrose initialy
i

present, and x that of sucrose inverted, so that this constant is inversely
proportiona to the time in which the inversion is completed.

2. The velocity of inversion by equal quantities of the acid acting on
different quantities of sucrose in the same volume is aways the same. At the
same concentration of the acid the constant is not influenced by the quantity
of sucrose, so that even the most concentrated sucrose solutions can beinverted
by minimum quantities of acid.

3. Theaction of the acidisin direct proportion to its concentration, though
the inversion velocity of strong mineral acids increases more rapidly with
progressive inversion than that of feeble ones.

4. The inversion velocity increases rapidly with the temperature.

w4 emplie oodl 44 U'Aciaémie dm Sdeno” 1915 21T
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Inversion Congtants ol some Acids—Ostwad determined the inversion con-
stants of a number of adds by mixing 10 c.c. of a 40.50 per cent, sucrose
solution at 25° C. with 10 c.c. of anormal solution of the acid, and ascertaining
after a certain time the amount of invert sugar formed.

These constants, and the same values calculated on hydrochloric acid as a
starting point with the figure 100, are shown in the table underneath.

Copstant, | FCL =10} Conatant | HECL— 100
Hydrebromic acid | 24-88 | 1114 || Tartaric acid  ..| 0674 | 8498
Hydrochloric acid | 21-87 | 1000 Citric acld oo 0377 172
Nitric acid ..| 21-87 | 1604 || Formicacd .. (-388 { 158
Salpharic acid ..} 11-72 536 | Malic acid o 0278 [ 127
Sulphurous acid ..[ 6-63 304 | Lactic zcid o 0238 [ 1407
Omalic acid ool 00 18-57 || Snccinle acld .| 0119 [ 0-Gd40
Phosphorie acdd .| 1-367 821 || Acetic add .| G088 | 0406

It is true that these comparative figures are not of great practical value as
they are based on the temperature of 25° C. and the inversion velocity of the
acids rises very irregularly and unequally at higher temperatures. Thus it
increases for sulphuric and sulphurous acid very rapidly between 30° and 40°,
for oxalic acid at 40°, for phosphoric acid between 40° and 50°, and for acetic
acid between 70° and 80° C. Theinversion constant of some acids is at 40°
eight times, and at 55° as much as forty-eight times as great as at 25° C.

The inversion constant of week acids is measurable only at temperatures at
whichinversion by strong acidsis so rapid that accurate determinations cannot
be made, and it is for this reason that the compilation of trustworthy tables of
comparison for higher temperatures isimpossible. Hence Ostwald'stableis of
little valuein the sugar-house, where but very slight anounts of wesk acids are
met with and high temperatures have to be considered.

On the other hand we reap much more benefit from Noel Deerr's deter-
minations* of the inversion velocity, which were made at 97° C. with con-
centrations of 1/1000 normal acid. Hepoured 25 c.c. of a 20 per cent, sucrose
solution into a50c.c. flask, added 5c.c. of 1/1000 normal acid, filled up to the
mark with water and kept the mixture during 30 minutes in a boiling water
bath, of which the temperature was about 97° to 98° C. After that, the solution
was rapidly cooled and polarized.

** Hamclon Brpt. Sintios Bulletie,” Ho. 3.
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We give below the constants found thereby and their relation to hydro
chloric acid, taken as a basis with the figure 100

CoONaTANT. HypeoCHLORIC ACH.
~100
Hydrochlorle acid .- .. 181 1000
Nitric acid . . .- 180 890
Sulpburie agid .. .- . 132 72-9
Sulpburous acid e . 88 488
Oxale agd . .. . 7 427
Phospheric ecid .. = M 18-7
Aretic acid “ .. . 12 64

The presence of foreign bodies exerts a remarkable influence on the velocity
of inversion by acids, there being an increase with neutral salts, such as sodium
chloride, magnesium chloride, etc., when these occur in higher concentrations
than 0.5 IV, but a decrease when the concentration is lower. Sulphates on
the contrary produce a decrease in velocity, both whenin low and also when
they occur in high concentrations. Glucose increases the velocity.

Inverting Power of Salts—Besides acids, many salts, especially those of
inorganic acids, possess the power of inverting sucrose at the boiling
point of its solutions, which power does not increase in proportion to their
concentration. This must be ascribed to the fact that these salts occur in the
solution in a partially dissociated state and that the part of the acid which is
practically uncombined exerts itsinverting power like afree acid. Such are, in
fact, the salts of heavy metals as the sulphates of zinc, iron, and copper, which
possess an acid reaction in solution.

When glucose, however, is present, salts having a neutral reaction also
show this property, and especially those which are very liable to dissociation,
like ammonium salts or salts with feeble bases. Salts with a strong base, or
salts of organic acids (which even when free are but feeble hydrolysts), accord-
ingly possess dso a very slight inverting power or none at al, or can even
neutralize by their mere presence the action of theother salts. Calcium carbonate
too will prevent this action, so that we may safely conclude that the glucose
acts here as a feeble acid which has the effect of liberating extremely small
quantities of acid from the salts..
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These seeming highly intricate and embarrassing phenomena can, however,
very clearly be explained by the new theory of the dissociation of water into
hydrogen and hydroxylions.*

According to that theory it is supposed that in pure water at 25° C. one
ten-millionth grammolecuk of free hydrogen ions is present. This for
convenience' sake is written as 1X10 or pH=7 (pH standing for hydrogen
potential).

If an acid is dissolved in water, the concentration of the hydrogen ions
increases, and the negative logarithm or the value of pH decreases ; while,
on the other hand, an addition of alkali to the water causes a decrease in the
hydrogenionsand anincreasein the valuefor pH. All values for pH or hydrogen
potential over 7 point to an akaline reaction; 7 is just neutral, and values
under 7 indicate an acid reaction.

It has been proved that in agueous solutions having a lower pH than 7,
the free hydrogen ions exert an invertive action on sucrose, the rate of which
is more rapid the higher the temperature and the stronger the concentration
of the hydrogen ions. The determination of the hydrogen potential of an
aqueous solution therefore furnishes at the same time ameasure of itsinvertive
power. Sucrose solutions possess a potential just under 7, while the values for
solutions of glucose and fructose are lower till. This explains why a solution
of pure sucrosein water becomes dightly inverted after a prolonged ebullition,
and why this inversion proceeds more rapidly as soon as reducing sugars are
also present in the solution. Free acids, acid salts, as well as mixtures having
a pH of under 7 therefore possess an invertive power, and as such is the case
in many of the instances enumerated above, it is now clear why a mixture of
sodium chloride and glucose in agueous solution is apt to invert sucrose, and
also why the simultaneous presence of calcium carbonate can annihilate that

property.

A list of thehydrogen potentials of some acids is given here for comparison
with the invertive action determined in the empirical way by Ostwald and by
Noel Deerr, and a good concordance between them can be perceived, insomuch
that the adds having the highest invertive power are at the same time
the most strongly dissociated and show the highest concentration of hydrogen
ions. Complete conformity could not be expected, since the concentration
of the hydrogen ions is a variable value at the different temperatures and
concentrations met within the different experiments.

The concentrations of the hydrogen ions and the hydrogen potential for
afew adds at 20° C. and in 0.1 molar solution are as follows :—

*W. Mol X ™ The Dasdclentivn of Hydrope: Los*
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Aern, o
Hydrobromic acid .. . %3 ¥ 10t 104
Hydrochlode agid .. . 83 x 107 143
Nitric acid . . . 93 x 10 1-0%
Sulphuric actd . . 118 = 10 i3]
Sulphorons acid .. .. 335 X 107 147
Omalicacld .. . . 646 2 1t s
FPhospheric add . A. 304 % 108 152
Malonjc actd .. . . 341 x 107 148
Citric acid e . . T4 % 109 213
Formic add .. ve . L L] 2-86
Malic acid . .a . gL w102 208
Lachic acld . . - 38 X 1P 242
Suceinic acid .. . . 2680 ¥ 10 250
Acstic acid ., . . 1-38 % 1o 287

Since, obvioudly, the invertive power of agueous solutions finds its ex-
pression in the figure indicating the concentration of the hydrogen ions, it is
clear that the determination of that factor, together with that of the total
acidity, is of the greatest importance in the analysis of juices, syrups and
molasses in sugar-house |aboratories.

As organic acids occur largely in canejuice, and as therefore in neutralized
juices and massecuites the amount of organic salts is large in proportion to
the inorganic ones, and further because the percentage of reducing sugars
is, asfar asfirst products go, very low when compared with that of the sucrose,
there will be very little danger of inversion by neutral salts in the practice
of cane sugar manufacture from the milling to the after-products stage. But
in the after-products and molasses, which generally possess an acid reaction
and in which the reducing sugars have become concentrated, inversion at
high temperatures is often observed; this is doubtless largely due to the
presence of free acids, but not altogether, for it is possible that the action
of inorganic salts may also account for it in some degree.

Action of Concentrated Acids—Mineral acids of high concentration decom-
pose sucrose. Gaseous hydrochloric acid transforms it into a mixture of
ulmic acid and caramel; concentrated hydrochloric acid chars it; whilst a
sucrose solution when boiled with dilute hydrochloric acid yields a series of
decomposition products, which have been investigated by Berthelot and
Andre. The principal products of this reaction are formic acid, levulinic acid,
and humic acid, along with small quantities of carbonic acid, carbon monoxide,
and furfural. Our own researches in this province will be dealt with in the
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discussion on glucose and fructose. Glucose forms chiefly levulinic acid, whilst
humic add is the prindpal decomposition product of fructose.

Action of Alkalis and Alkaline Earths—Alkdine bodies, such as potash,
soda, lime, etc., only attack sucrose solutions when they are heated with them
in a concentrated state. On boiling a sucrose solution with a small percentage
of potash or soda, it remains unchanged, but with higher concentrations of
the alkali the sucrose becomes decomposed with the formation of formic acid,
lactic add, and humic bodies. Lime aso attacks sucrose very sowly and one
may even introduce small pieces of quicklimeinto a 10 per cent, sucrose solution
and there alow them to slake without fear of decomposition occurring ; but
on hoiling a sucrose solution with lime for a long time, the sugar is attacked,
and yields acetic and lactic acids which of course remain in solution as lime
salts.

Saecharates—Moderately strong concentrations of solutions of alkalis
and alkaline earths combine with sucrose and form soluble akaline compounds
called saccharates, which require just as much acid for their neutralization
as the quantity of basein the compound.

Alkali Saecharates—The formula of such a saccharate is, for instance,
CpH2O1K;  after addition of carbonic add to the solution of a saccharate
it breaks up into sucrose and the alkali carbonate, but in agueous solutions,
even when very dilute, it is stable and cannot be decomposed by dialysis.

Calcium Saccharates—The alkaline earthsform awhole series of saeeharates,
of which some are soluble and others insoluble, and which, owing to their
property of being readily decomposed by carbonic add, may render good
service in the separation of sucrose from molasses or from impure solutions
in general.

The monobasic caldum saccharate Ci,H,,0;Ca0 is soluble in water, but
by boiling its solution it is transformed into tribasic saccharate and sucrose.

3C1H2011Ca0 = CioH2,041 3 Ca + 2C1oH,0y
The bisaccharate is aso soluble in water and its solutions are likewise trans-
formed into tribasic saccharate and sucrose on boiling.

On passing carbonic add gas into a solution of calcium saccharate it is at
first entirely absorbed, but soon the mass becomes viscous and gelatinous
and absorbs the carbonic add much less readily. Finally, when the gas has
been completely absorbed the liquid becomes thin again, calcium carbonate
is precipitated and sucrose is found in solution. The gelatinous character.
of the first-formed compound of carbonic add and caldum saccharate,
C12H»041:3CaC052Ca (OH) ,, causes the difficult absorption of the carbonic
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acid, which penetrates in large bubbles through the viscous liquid and for
the greater part passes out unabsorbed; but when later on the liquid becomes
fluid again by the gradual decomposition of the compound referred to above,
the rate of the carbonic acid absorption is restored, and finally the saccharate
becomes quantitatively split up into cacium carbonate and sucrose,

Strontium  Saccharate—Strontium bisaccharate is formed by dissolving
strontium hydrate in a boiling 15 per cent, sucrose solution; the separation
of the saccharate setsin as soon as more than two molecules of strontium hydrate
are added to each molecule of sucrose present, and on the addition of further
quantities of strontium hydrate almost all of the sucrose is precipitated as
saccharate when about three molecules of strontium hydrate are present. The
insolubility of strontium saccharate in alcohol is utilized in the separation of
small amounts of sucrose from plant extracts.

To this end the plants are extracted with hot 90 per cent, acohol, and the
extract is filtered. To the hot filtrate so much strontium hydrate solution is
added, that for each part of sucrose more than three parts of the hydrate are
present. The mixture is boiled for half an hour, filtered, and the precipitate
washed with hot alcohol. The liquid is boiled again with strontium hydrate for
haf an hour, and filtered through a hot water funnel. The precipitates are
pressed as dry as possible, suspended in water, and decomposed by a current of
carbonic acid. Strontium carbonate is thrown down, whilst the filtered sucrose
solution can be evaporated and allowed to crystallize.

Barium Saccharate—Barium saccharate crystallizes out in the shape of a
solid cake by carefully mixing at an elevated temperature a sucrose solution
with a quantity of hot and saturated solution of barytes sufficient to form the
compound: CjoH;,04,Ba0.

This body is fairly well insoluble in barytes solutions, and it is technically
utilized in beet sugar factories to desaccharify molasses.

It is somewhat soluble in water, and is decomposed into barium carbonate
and sucrose by carbonic acid.

Ferric Saccharate—Ferric saccharate is formed by alowing iron to dissolve
sowly in sucrose solution in presence of oxygen. The ferric saccharates of the
Pharmacopoeia are not true saccharates, since al of them contain alkali;
a part of their iron content is, however, present in the form of saccharate.
Ferric saccharate may be obtained by precipitating ferric chloride dissolvedin a
sucrose solution with sodium hydrate, filtering the precipitate off, washing it,
and suspending it again in a sucrose solution which will gradually dissolve it.
The ferric oxide in the saccharate compound is not liable to precipitation by
ammonia or alkalis, nor to coloration by tannin, or potassium ferrocyanide, or
potassium sulphocyanide. In fact it no longer shows the usual ferric reactions.
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Ammonium sulphide, on the contrary, gives a precipitate of iron sulphide
from such a solution, whilst acids decompose the compound and restore the
property of the ferric oxide to give blue colorations with ferrocyanides and
red ones with sulphocyanides.

Lead Saecharate—On precipitation of asucrose solution with an ammoniacal
basic lead acetate solution, a precipitate of tribasic lead saccharate is obtained.
This may aso be prepared by stirring sucrose with water and plumbic oxide ;
if the proportions are well chosen, all the sucrose is deposited as an insoluble
tribasic lead saeeharate. On suspending this in water, through which a current
of carbonic acid is passed, the sucrose can again be liberated.

Influence on Solubility of Saccharates—Owing to the formation of saeeharate
a great many substances which are sparingly soluble in water, or even not at
al, dissolve easly in sucrose solutions. Lime is for that reason much more
soluble in a sucrose solution than in water, and further the calcium saeeharate
formed thereby possesses the property of dissolving other bodies which do not
dissolve in water or in sucrose sol utions; among these we may specialy mention
cacium oxalate, phosphate, and carbonate, and oxides of the heavy metals;
when the saecharate is broken up they of course become insoluble again.
Sucrose prevents the precipitation of iron, lead, and copper hydroxides, etc.,
by soda, as those hydroxides immediately pass over into soluble saecharates.

Apart from this formation of saecharates, sucrose solutions dissolve certain
other bodies to a greater extent than water; especialy towards lime salts of
organic acids is this property exhibited in a marked degree, but towards those
of sulphuric. sulphurous and carbonic acids to a much less extent. In the case
of the simultaneous presence of either alkali or acid, however, their solubility
greatly increases, aswill be clearly shown in the chapter on Concentration of
the Juice.

Double Combinations with. Satts—Sucrose forms double compounds with
the salts of alkali metals; those with sodium chloride, sodium iodide, as well
as those with potassium chloride, potassium nitrate, and sodium nitrate, are
obtained in a crystallized form. Their composition, can be represented by the
formula

CxH»0uNaCl + 2 H,0
and they can be prepared by allowing amixture of the sucrose solution with the
salt to evaporate dowly at the ordinary temperature in a desiccator over
sulphuric acid.  These compounds are dissociated in solution, and can be
separated into their constituents by dialysis. Besides the few crystallizable
double compounds mentioned above, there still exist many others which as
yet have not been induced to crystallize and are obtained as viscous syrupy
fluids. These combinations, principally those of the organic salts, are of very
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great importance in sugar manufacture, and we therefore prefer to discuss them
in greater detail in a later chapter on Molasses.

Decomposition of Sucrose by Oxidizing Agents—Powerful oxidizing agents
readily attack sucrose. Nitric acid oxidizes it with much evolution of gas
into saccharic acid, and further into tartaric acid, and oxalic acid.

Fehling's solution attacks sucrose only very dowly and after prolonged
boiling, that is to say, when it has aready become somewhat inverted; pure
sucrose is however not attacked. Nor does ammoniacal silver nitrate solution
oxidize sucrose solution at the ordinary temperature; on heating, however,
silver is deposited as a consequence of the oxidation of the sucrose. Free
oxygen does not attack sucrose; in the case, however, of the solution being
acid o: containing invert sugar it absorbs oxygen with the formation of formic
acid. In presence of catalytic substances as spongy platinum, it is oxidized into
carbonic acid and water. Finely granulated boneblack washed with hot water
and treated when still hot with a concentrated sucrose solution at 85°-90° C
oxidizes the sucrose in presence of atmospheric oxygen so rapidly that it
becomes caramelized with the liberation of much steam, which reaction is so
violent that it sometimes becomes explosive. Ozone, though not attacking
neutral sucrose solutions, will oxidize acid or alkaline ones. Hydrogen peroxide
causes rapid inversion, especialy in presence of iron salts, and after that
oxidizes the newly-formed invert sugar.

Decomposition ol Sucrose by Ferments—Sucroseis very liable to be broken
up by al kinds of ferments. Almost every species of yeast contains a ferment
(invertase) that transforms sucrose into invert sugar, which latter afterwards
becomes changed by the influence of the fermentative enzymes of the yeast
cells into acohol, carbonic acid, and certain by-products, thus causing the
sucrose as such to totally disappear.

Alcoholic Fermentation—Only a very few yeasts do not contain invertase
and cannot transform sucrose either directly or indirectly. It has often been
suggested to make use of these for removing by fermentation the glucose from
syrups or molasses in order to purify them, and thus improve the extraction
of the still intact sucrose; but this has not yet been introduced in practice.

Lactic and Butyric Acid Fermentation.—The lactic acid bacteria trans-
form sucrose, especially in presence of lime, into lactic acid, by which process
carbonic acid and hydrogen are dso formed; this is often followed by the
butyric acid fermentation, forming the unpleasant smelling butyric acid from
the lactic acid—a phenomenon sometimes met with in practice.

Dextran Fermentation—Sometimes we find infection by another lower
organism, Leuconostoc mesenterioides, in cane sugar factories. This rapidly
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forms a gelatinous body called dextran, as well as much lactic and acetic acids.
The dextran is part of the body of the Leuconostoc itself, and is principally
formed in an alkaline or neutral solution, so that the Leuconostoc by its own
decomposition products renders the conditions of its development even more
troublesome. Heating to the boiling point as well as disinfection with a 1 per
cent, ammonium fluoride solution kills the Leuconostoc; therefore such a
fluid is an excellent remedy against this infection in sugar-houses.

The chief constituent of the gelatinous mass is the dextran, C.H, O,
which in a pure state appears as a neutral white mass. It does not dissolve in
water but swells in it to a thick jelly, which is again precipitated by alcohol. Tt
dissolves in dilute alkalis and then possesses a rotatory power of aD=+230°.
It does not reduce Fehling's solution,.and is precipitated from its pseudo-
solution in water by basic lead acetate. Acids hydrolyse it under pressure
first into unfermentable dextrin and afterwards quantitatively into glucose.

The Leuconostoc organism forms more dextran from sucrose than from either
glucose or fructose; so that its action does not require a preliminary inversion
of the sucrose. Since the acid formed by the fungus during its action has a
retarding influence on the latter, and a neutral reaction is much more favour-
able to the formation of dextran, the fungus in encountered in sugar-house
practice in such places where juices are kept constantly neutral or faintly
alkaline by the addition of lime.

Levan Fermentation.—Greig Smith and Steel* describe an organism called
by them Bacillus levaniformans, which they found in cane juice, in which it
formed a gummy substance named by them levan. At the same time succinic
and acetic acids were formed. The pure levan dissolves in a small proportion
of water to form a mucilage resembling gum arabic, and on the addition of
more water the solution becomes white and opalescent. A solution of 1 grm.
of crude gum in 100 c.c. of water when observed in a 100 mm. tube in a Laurent
polarimeter with monochromatic sodium light gives a reading which is equiva-
lent to a specific rotation of about @D = —40°. On inversion according to the
Clerget method, the levan gum is transformed into fructose ; after the hydro-
lysis the specific rotation becomes —92.5°. After oxidation with nitric acid
of 124 specific gravity at 60° C. only oxalic acid is obtained, and neither
mucic nor saccharic acid is formed. On treatment with dilute acids in the cold
or more quickly on warming, the gum is readily and completely hydrolysed,
the sole product being fructose, which is produced in practically the theoretical
quantity required by the formula:

CH,,O0,+ HO=CH,,O,.

W. L. Owent found that other bacteria also are able to form levan from

sucrose, among which he enumerates Bacterium gummosum, Bacterium

Tyt Sopme Toumal,” T3, 448 9 Lovisns Flasver,” 135, 1L 91, 383, 375
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vermiforme, Bacillus vulgatus and Bacillus liadermos. He found that those
bacteria produce the levan from the uninverted sucrose, and that the simul-
taneous presence of reducing sugarsretards thisformation. The optimum value
for pH for the formation of levan is between 6.7 and 7, or just within the acid
range.

Ethyl Acetate Fermentation—The fungus Thielaviopsis aghaceticus, Went,
which causes the pineapple disease or black rot of the sugar cane, forms, besides
acohol, ethyl acetate from sucrose.

Detection of Sucrose—When it is required to ascertain beyond doubt
that asolution really contains sucrose, the isolation of this sugar can be effected
by means of strontium hydrate by following the rules laid down on page 27.
The crystals obtained can be identified by their crystaline form, and by the
behaviour of their solution towards polarized light and Fehling's solution before
and after hydrolysis by dilute acids.

Colour Tests—In the course of time a great many colour tests for sucrose
have been suggested, but they al have the disadvantage of not only detecting
sucrose but aso a number of other kinds of sugar, as they do not apply to
the sucrose itself but to its decomposition products, either furfural or humin
substances, which, according to the conditions of the reaction, arise from
the sugars.

Among these may be mentioned the a-naphthol reactions. In acoholic
solution a-naphthol when mixed with a trace of sucrose and carefully poured
into concentrated sulphuric acid produces a pink-coloured ring where the two
liquids meet.

By mixing alcoholic a-naphthol solutions with a trace of sucrose and much
concentrated sulphuric acid and heating the mixture on a water-bath, it very
quickly assumes areddish-pink coloration, which, however, likewise appears in
the presence of fructose, sorbose, or raffmose.  Under similar circumstances
f-naphthol yields a reddish-brown and resorcinol a red coloration which, how-
ever, is also common to the other already mentioned sugars. As yet there does
not exist a characteristic colour reaction for sucrose, so that to actually con-
firm its presence we are restricted to the characteristic reactions of the substance
after its isolation in a pure form.



II—Glucose (Dextrose)

Occurrence—Glucose, besides occurring along with fructose as a product
of decomposition due to inversion in over-ripe canes, is a normal constituent
of both ripe and unripe cane, and is therefore to be found in all cane juices to
a greater or less extent. It is also a very widely distributed constituent of
plants in general, and is manufactured commercially in large quantities by the
action of mineral acid on starch.

Crystaline Form—Anhydrous glucose, crystallized from its concentrated
solution in water, appears in the form of hard columnar crystals, melting at
146° C, while the more common hydrate, CsH1,06+H,0, occurs in opague
crystal crusts or in big transparent crystals with a melting point of about
86° C. Itisimpossble to state afixed figure for its melting point, since at high
temperatures the hydrate passesinto the anhydride and the varying proportions
of these two of course influence the temperature a which it melts.

Solubility in Water and in other Solvents—Glucose readily dissolves in
water; a 15° C. 100 parts of water dissolve 81.68 parts of the anhydrous
compound or 97.85 parts of the hydrate. Glucoseis also solublein alcohol, and
the more so in proportion as it is hotter and more dilute. It is very soluble
in methyl acohol, but not in ether nor in acetone.

Sedific Gravity of Solutions in Water.—According to Sdlomon* the specific
gravity of glucose solutions in water for the different concentrations is at a
temperature of 17.5° C. (wherewater is 17.5° C = 1), asin Table opposite.

Rotatory Power —The real value for the specific gravity is not obtained
at once when the anhydrous glucose is dissolved in water, but one which is
alittle lower; it increases only after some time, probably owing to the sow
transformation into the hydrate. Solutions of the hydrate, however, when
freshly made show immediately the same specific gravity as that given by
solutions which have stood for some time.  Like sucrose, glucose deflects the
plane of polarization to the right, though to a lesser degree. At high con-
centrations the specific rotatory power is somewhat greater than at low ones,
but at the concentration in use in sugar-house practice it is fairly constant
and may be stated as a D = + 52.85 for the anhydrous glucose in a con-
centration of 14 grms. in 100 c.c.

Influenee of Concentration and Temperature—Taking the rotation of
sucrose as 100, then that of the anhydrous glucose is 79.7, and that of the
hydrate 72.5. As glucose can be determined by the polarimeter in the same
way as sucrose, and as every degree Ventzke equals | per cent, sucrose when
26.048 grms. of the saccharine matter under observation are dissolved in

* " Dol Rarichiy,* 121, 2711,
2
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100 c.c. a 17.5° C. (26 grms. in 100 true c.c. a 4° C) and read in @ 200 mm.
tube, so under the same circumstances every degree Ventzke is equa to 1.25
per cent, of anhydrous glucose. Variation in temperature does not influence
this rotatory power within those limits which are not exceeded in ordinary
laboratory practice.

Influence of Alkalis and Salts—Alkdis, and salts with an alkaline reaction,
however, influence the rotation because these bodies either attack glucose or

Fercent.| Spachic gravity. | Specific gravity. |Percmut.| Spaciic gravity.
1 100475 2% 16800 41 1-15%0
2 1-0078 22 10838 42 1-1568
8 10115 23 10876 43 1-1605
4 14158 24 10816 44 1-1643
5 140182 28 10048 45 1-1680
8 14230 28 10088 44 11718
7 10287 n 11020 47 11753
] 10306 28 1-1058 43 1-1790
L] 1-0342 28 1-1095 % 11826
10 1-0341 n 1-1150 ] 118683
1 10420 31 11170 51 11806
i2 106 92 1-1205 [+ 1-1936
18 10495 a1 1-1240 a8 11968
I4 10533 3 11275 1 12005
15 1-0571 a5 1-18106 a5 1-2040
18 10810 ] 1-1348 B 1-2:75
17 1-0640 ” 1-1383 57 1-2100
18 10887 8B 11420 B8 12148
19 10728 o] 1-1456 ] 12183

20 10782 40 11454 a0 14218

combinewith it. Neutral salts when present in considerable quantities reduce
it, but in ordinary work no salt concentrations occur to such a degree as to
exert any appreciable influence, and they can therefore be safely neglected.
Neither acids nor sucrose afect the specific rotation of glucose.

Bi-rotation or Muta-rotation—The above figures do not apply in the case
of freshly made, cold glucose solutions, as in this case the glucose has amuch
greater rotatory power, which rnay even become twice the valuejust mentioned.
After standing for some time at the ordinary temperature, or sooner on being
heated, the bi-rotation (aso termed muta-rotation) disappears, and the rotatory
power reverts to the constant figure of 52.85°.
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Two glucose solutions, containing respectively 1.8194 grms. and 11051
grms. of glucose in 20 c.c. of water showed subsequently the following values
for the rotation* :—

4 after Specifly

T st pang | Sy oty | Dyt e | speito oy

5} minutes + 106:18° 7 minutes + 104-26°
w o, + 10156° B, + BE-63°
s, + mass° . + 88.61°
- B + 8788° L. LA L T4-58%
w o, 1 2260 ©°o ., + 62-60°
wo, + 633

%0 + e
30, + Bagd°

Glucose, when dissolved in water containing ammonia, shows a constant
rotation immediately without any sign of bi-rotation. A concentration of
0.1 per cent, of ammoniais quite sufficient for this purpose, nor is it advisable
to use agreater one, as strong anmonia will attack the glucose and affect
its rotation.

Refraction of Light—The refraction of light caused by glucose solutions
is shown in Stolle's tablet on refraction given here.  The figures refer to
observations, of which one seriesis made 10 minutes and the other 24 hours
after the preparation of the solutions. It is seen from these figures that the
refractive indices of glucose solutions differ only very dlightly from those of
sucrose solutions ; this has since been confirmed by a large number of other
investigators.

Wt 4 T e

Couomiraiion fration of the Spocit Grartey — Befractive Index.
0-0067 00067 || 100215 | Loo2ls | 133465 | 1-83473
20013 20013 | 100824 | 100624 [ 183588 | 1-83005
0031 40022 | 101383 | 101383 | 132873 | 1-33800
B-0055 60050 § 102579 | 102851 § 1-B4kdS | 1-544f6

12-0262 120257 | 104413 104417 1:35017 1-365020
15-9978 150080 105882 105801 1-38672 1-358581
15-0898 19-9016 14071354 107894 1-38128 138184 -
25-0168 250183 109259 100270 1-38828 1-36863
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Action of Heat—Glucose when heated above 100° C. assumes a brown
coloration; at 170° C. water passes dff, and the coloured residue contains,
amongst other products, dextrosan or glucosan, CsH100s, while at a still higher
temperature the substance swells, blackens, and gives df a large quantity of
gaseous products, leaving a carbonaceous mass, containing caramel, which
when further heated in contact with the air, undergoes total combustion.

Calorific Value—The calorific value of glucose as determined in the bomb
calorimeter amounts to 3742.6 kg. /kg. calories or 6736.7 B.T.U.

Action of Acids—Dilute acids exercise no influence on glucose, but more
concentrated strong acids, eg., a’5 per cent, sulphuric acid solution, break it
up just like sucrose, causing formation of black humin compounds, a little
levulinic and formic acid and a little carbonic acid and carbon monoxide.

Action of Alkalis—Dilute akalis convert glucose, especialy a a high
temperature, into a mixture of glucose, fructose, and mannose. This process
goes on gradually until the glucose and the fructose are represented in approxi-
mately equal parts, while the quantity of mannose is very small. Even very
weak concentrations of alkalis or akaline earths have this effect.

Converting Power —A quantity of 5 grms. of lime when added to 100
grms. of glucose dissolved in 400 grms. of water is able a a temperature of
70° C. to convert the dextrose into the above-mentioned mixture within a
few hours. On dissolving 20 grms. of anhydrous glucose and 10 c.c. of N /I
potassium hydroxide solution in water to a volume of 500 c.c, and heating
the mixture to 60° C, the rotation decreases after 10, 20, 30, 40, 50, 85, and
135 minutes to + 5° 30", 4° 20", 3° 10, 2° 20", 1° 50', 0° 43', and 0° 10'
respectively. The gpecific rotation thus decreases to about 0, while at
this temperature comparatively little glucose is decomposed by the action
of the dilute alkali. Basic lead acetate, being an alkaine substance, adso
possesses this power, and so do, a a high temperature, the potassium
and sodium salts of organic acids; but here the small amount of dissociated
base contained in solution is able to effect the transformation without destroy-
ing the glucose.

Formation of Glueosates—Apart from this reaction, akalis and akaline
earths combine with glucose and form glucosates, compounds of a character
analogous to the saccharates already mentioned. Potassium and sodium
glucosates are formed by the precipitation of acoholic glucose solutions with
acoholic potash or soda solutions; their composition is expressed by the
formula Cs Hi; Og K ; they are not crystallizable and are unstable both in
the dry state and in solution. Calcium glucosate can be obtained by the
precipitation of a solution containing glucose and lime with acohol ; this
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compound when exposed to light is dso unstable and is broken up at 50°C.
with the formation of colour. Neither neutral nor basic lead acetate throws
down glucose from its solution in water, but it is entirely precipitated by
ammoniacal lead acetate (i.e, basic lead acetate to which anmoniais added till
a precipitate is just about to form).

Degructive Action of Alkali—These glucosates and those of the heavy
metals are without specia interest to the sugar manufacturer; but a third
action of akali on glucose is the destructive one, which takes place to some
extent in the first-mentioned action in which the glucose is transformed.
Together with this a part of the glucose is decomposed and if the quantity of
akdi is suffident and the action is continued long enough, all of the glucose is
gradually destroyed and transformed, chiefly into organic acids.

Decomposition Products—The products of the decomposition formed by
this reaction dffer according to the concentration, the temperature, and the
nature of the akali. On heating a glucose solution under 70° C. with potash
or soda, the akaline reaction disappears, the liquid assumes abrown coloration,
and it is found to contain the salts of two adds, which Peligot called gludnic
and saccharumic add. These names now have become obsolete, since the
red chemicd character of those adds cannot be ascertained any longer
with full accuracy. The former of these two is very unstable and decom-
poses spontaneously, immediately at high temperature, and gradually when
cold, into humic, acetic, formic, and carbonic adds, while also some apoglucinic
add isformed. The saccharumic add is a more stable one and forms readily
crystalizable salts; when uncombined it however soon becomes coloured and
decomposes into a number of products the nature of which is as yet uninvesti-
gated. This spontaneous decomposition of the adds formed by the action of
akaline bodies on glucose accounts for the fact that cane syrups and molasses
which at the outset are neutral subsequently aways become acid.

At very high temperatures, at boiling point for instance, potash attacks
glucose solutions with the formation of alcohol, acetone, acetic and formic acids,
and dark-coloured humic substances.

At ordinary temperatures akalis convert glucose without any considerable
coloration, by smple molecular disengagement, into lactic add, a very
stable body which is not liable to spontaneous decomposition. At temperatures
under 55° C. lime aso forms lactic add from glucose, but at higher
temperaturesthe already mentioned adds are formed, which are apt to undergo
spontaneous decomposition and become add. This is the reason why during
the process of carbonating cane juice, where much lime is brought into
contact with glucose, the temperature of the limed juice must be maintained
under 56° C. s0 long as the excess of lime is not saturated by carbonic add.

Baryta forms products analogous to those obtained with lime, but as some
of the primary decomposition products possess insoluble barium salts they are
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thrown down and thus escape further decomposition, so that when working with
baryta there is less chance of acid liquids than with lime.

Double Compounds—Glucose forms double compounds with salts of a
similar character as sucrose. Those with potassium and sodium chloride
and with sodium bromide crystallize, but there are still many others which have
not yet been obtained in the crystalline form.

Action of Oxidizing Agents—Glucose is very liable to oxidation by various
reagents. Nitric acid converts it into saccharic acid while at the same time
oxalic and tartaric acids are formed.  Free oxygen oxidizes an alkaline glucose
solution; ozone leaves glucose intact when in neutral solution, but in an
alkaline liquid oxidizes it completely into formic and carbonic acid and water.
Hydrogen peroxide causes, especially in presence of a trace of an iron salt,
a violent reaction, which takes place with development of heat, formic, acetic
and tartronic acids and some other compounds being simultaneously formed.

Reduetion of Cupric Oxide—Glucose, especially in alkaline solution, readily
absorbs oxygen, both free and combined, hence the salts of many metallic
oxides, such as gold chloride, silver nitrate, as well as platinum chloride,
mercuric chloride, and bismuth nitrate become reduced by an akaline glucose
solution.  Cupric oxide is reduced to cuprous oxide, and this in proportion to
the quantity of glucose, provided the conditions are always similar. This
property is made use of in the determination of glucose with Fehling's solution,
an akaline solution of cupric hydroxide. In this process the content of a
glucose solution is ascertained by the quantity which is required to transform
all the cupric oxide contained in a known quantity of the standard copper
solution into cuprous oxide, or by weighing the quantity of cuprous oxide
which has been precipitated on boiling aknown quantity of the glucose solution,
with an excess of Fehling's solution. During the oxidation the glucose is
converted into organic acids, the character of which is not yet fully known.

lodine dissolved in borax solution slowly oxidizes glucose into gluconic acid,
while this reagent does not attack ketoses. Romijn has based a method of
determining glucose in the presence of fructose on this reaction.*

Glueosdes—On introducing gaseous hydrochloric acid into a solution of
glucose in methyl acohol, methyl glucoside is formed and water split off.
CeH120s + CHiOH = CgH1:0s0.CH; + H,0.

This glucoside can more easily be prepared by boiling 1 part of glucose for
half-an-hour to an hour in areflux condenser with 4 parts of acetone-free methyl
acohol which has previously been dehydrated by redistillation over quicklime
and then heated with 0.25 per cent, of gaseous dry hydrochloric acid.  After
that theliquidis heated in asealed tubein awater-bath for 50 hours, evaporated
to one-third of its volume, and alowed to crystallize. Besides methyl glucoside,

4 Zmiwndr, mal Chem" 1830 M
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also ethyl, propyl, isopropyl, amyl, alyl and other glucosides have been pre-
pared. All these share with the natural glucosides extracted from plants the
properties of not reducing Fehling's solution, of being stable towards alkalis,
and of becoming hydrolysed by acids with the liberation of the glucose.
Numerous attempts to form sucrose by these or similar reactions from glucose
and fructose have been unsuccessful.

Action of Y east.—Glucose may be decomposed by yeast, and since it needs
no previous inversion the fermentation proceeds more rapidly than with the
sucrose.  The organisms of the lactic and butyric acid fermentations as well
as Leuconostoc attack it in the same way as with sucrose.

Detection of Glucose—When it is necessary to state without doubt that a
sugar is actually glucose, we can make use of its property of oxidizing into
saccharic acid, which is only formed from glucose or glucose-containing groups,
eg., sucrose. To this end 5 grms. of the sugar are evaporated on the water-
bath with 30 c.c. of nitric acid of 1-15 spec, gravity to a syrupy consistency
and the excess of acid expelled by adding water and evaporating again. The
residue is dissolved in 20 c.c. of water, carefully neutralized with potassium
carbonate while still hot, and afew drops of acetic acid added ; this addition is
repeated after again evaporating. If glucose has originaly been present, the
potassium salt of saccharic acid crystallizes, and is drained df on a porcelain
plate, re-crystallized from as little water as possible, re-dissolved, neutralized
with ammonia, and precipitated by silver nitrate; 5 grms. of glucose yield 2
grms. of the silver salt dried in a desiccator over sulphuric acid. It must,
however, not be forgotten that the simultaneous presence of other readily
oxidizable sugars can cause glucose to pass over into oxalic acid aong with
them.

Osazone.—Another characteristic test for glucose is its osazone, which is
prepared in the following way:—

One grm. of anhydrousglucose if dissolved in 100 c.c. of water and mixed
with 5 c.c. of asolution of 40 grms. of phenylhydrazine and 40 grms. of glacia
acetic acid, and the volume made up to 100 c.c, will yield, after being heated
for one hour at 100° C, a crystalline precipitate of glucosazone, the weight
of which is, after cooling, filtering, washing and drying, 0-32 grms. Its melting
point is 205°, provided that care is taken in the determination to heat the
substance rapidly, for if carried out otherwise too high a value is obtained.

Colour Reactions.—A number of colour tests are yielded by glucose, such
as ared coloration with afreshly prepared sulphuric acid solution of o-naphthol,
but none of these is characteristic of glucose alone, since such colour reactions,
as has already been pointed out when deding with sucrose, are common to
-other sugars also.



IIl.—Fructose (Levulose)

Occurrence—In the sap of perfectly ripe sugar cane little or no fructose
seems to occur, but it may be found in unripe or overripe canes. In unripe
caneitisprincipally present in the parts still growing, from which it disappears
as the caneripens. In dead canes, where the sucrose has already undergone
partial inversion, fructose occurs, of course, as one of the products of this
inversion.

Crystalline Forms—Fructose appears in the form of fine hygroscopic needles
or of compact crusts of transparent prisms, which are not hygroscopic, and.
possess a specific gravity of 1669 at 17-5° C.

Specific Gravity of Solutions—Fructose easily dissolves in water; its
solutions possess the following specific gravity values at 17-5° C.

mm: SPECIFIC GRAVITY. P Cpez. 8
] 1402150 18 1-06503
7 102575 17 106000 -
8 103012 18 1407380
] . 103447 10 1407826
10 108870 20 4 1-06258
11 104308 21 108700
18 104747 ] 1-00187
13 106175 ] 100558
14 105820 24 1-10080
15 108063 2% 1-10488

Itis slightly soluble in cold absolute acohol, but very solublein hot andin
dilute alcohol, and aso in amixture of alcohol and ether. It is also solublein
methy| alcohoal, in glycerin, and in acetone.

Rotatory Power.—It deflects the plane of polarization to the left, and its
levo-rotatory power exceeds the dextro-rotatory power of glucose and sucrose ;
the rotation is, however, much influenced by temperature, and diminishes
when the latter rises.

Influence of Concentration and Temperature—In concentrations up to
20 per cent, the specific rotation of fructose diminishes by 0-67° for every
degree C. rise in temperature.  For a concentration of 10 per cent. the specific
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rotation is according to Jungfleisch and Grimbert at 20° C. — 90-18 arc
degrees or — 1341 degrees Ventzke. At higher concentrations these values
become greater, so the specific rotation at the same temperature for a con-
centration equal to 5 per cent. is — 9522 arc degrees or —143-3 degrees
Ventzke.

Bi-rotation.—Fructose shows birotation but not to such an extent as glucose.
Jungfleisch and Grimbert have shown that at 7° C, and for a concentration
of 975 per cent., values fora D = - 97:33°, - 96-11°, 95-11°, and
— 94-77°, are given 35, 55, 75, and 105 minutes respectively after the moment
of the preparation of the solution, and that afterwards the rotation remains
unchanged.

Influence of Foreign Bodies.—The rotatory power of fructose is considerably
influenced by all kinds of foreign bodies; it is for instance reduced by alcohol
and by hydrochloric acid. Alkalis diminish it too, but this can be ascribed
to the formation of fructosates, which causes the amount of uncombined
fructose to decrease.

Optical Refraction.—The values for the refractive indices of fructose solutions
are given in the following table by Stolle. The figures in the first column
apply to solutions which were obtained 10 minutes after the preparation of
the solution, those in the second after six hours, and those of the third after
24 hours.

COMERERATION oF EAT 175

ANERYDRETA FEUCTORE.

Srxormic GEAVITY S

Rrrmucrrve Inoat.

10000 1-0091 16001
FOM0° EHE0 261

ADI0 4OHIS 40

30078 BG0T4 80001
190260 12-0263 12027
15-0060 15-0000 160055
250160 25-0190 25-0197

190838 100245 1
OG0 100620 100
I-OH06 101420 105441
142902 109939 102656
104512 104524 14534
106112 108017 1-06060)

1-B3448 1-33448 1-38448
1-33806 1-330068 1-33697
1-33572 1-33854 1-33862
1-34447 1-84421 1-344050
1-35003 1-24901 1-35036
1-38572 1-36546 1-36601

109405 100479 1-0541’!!1 1-36825 1-3684% 1-38614

Behaviour of Fructose on Heating.—On heating dry fructose for some time
above its melting point, it becomes partially decomposed and forms an amor-

phous yellowish mass.

On heating it in vacuo at 140° to 160° C, water splits

off and fruotosan (levulosan) remains to the amount of about 90 per cent, of

the weight

of the fructose used.
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Moist fructose is decomposed even at the lower temperatures and gives off
water and carbonic acid. It is therefore very necessary when drying substances
containing fructose for determining the moisture in cane sugar-house products,
to carefully avoid decomposing this sugar, otherwise too high a value for
the moisture will result. It is advisable to dry such substances first at
60° C. and afterwards to drive of the last traces of water at 100° C. On
further heating, fructose gives df much vapour and leaves behind a carbon-
aceous mass, which on continued heating in presence of the oxygen of the air
undergoes total combustion.

Cdoriflc Value—The calorific value of fructose as determined in the bomb
calorimeter is 3755:0 kg./kg. calories, or 6759-0 B.T.U.

Decomposition on bailing Aqueous Solutions—On boiling fructose with
water it is very rapidly decomposed : 4 grms. of fructose boiled in a platinum
vessel attached to a reflux condenser for 60 hours with 50 c.c. of water yield
a brown-coloured liquid, having an acid reaction. The rotatory and the
reducing powers are thereby diminished by 10 per cent. and about 1 per cent.
of the sugar becomes unfermentable.  If the fructose solution is heated to
temperatures above 100° C, the decomposition is much quicker and more
intense, and gives rise to the formation of a number of acids.

Action of Acids—Very dilute acids heated for a long time with fructose
solution change its rotatory power, whilst more concentrated mineral acids
(eg., 5per cent. hydrochloric or sulphuric acid) split it up into formic, levulinic,
‘and humic acids with the simultaneous formation of furfural and carbonic acid.

Action of Alkalis—Dilute alkalis, as well as potassium and sodium salts
of organic acids, exert an action on fructose analogous to that on glucose,
and thefinal products are identical.  Especialy at high temperatures, fructose
is on partial decomposition converted into fructose, glucose, and mannose,
the composition of which mixture is the same as that obtained in the trans-
formation of glucose.  The strong levo-rotation of the fructose hereby gradually
diminishes till the mixture shows no further rotation. During this trans-
formation more acids are formed by decomposition than in the case of glucose,
while decomposition is always more rapid with fructose than with the former
sugar. In practical work, however, much difference cannot be observed
in the products of decomposition of glucose and fructose, as both their character
and their mutual proportion are very much alike.

Alkali Fructosates—The tructosates of potassium and sodium can be
prepared in exactly the same way as the corresponding glucosates; they
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are extremely hygroscopic and soon become decomposed with the formation
of colour. Their general formulais:
CeH1106Na

Calcium Fructosate—Calcium fractosate is chiefly employed for isolating
fructose from its solutions. To this end the solution is cooled down to a few
degrees below freezing point and mixed with 6 parts of fresh and very finey
powdered quicklime to every 5 parts of fructose present. After that the
mixture is stirred and alowed to crystalize. After 24 hours standing the
calcium fructosate is found to crystalize in the form of fine needles, which
are centrifugalled, suspended in ice water, and decomposed with carbonic
acid, which liberates the fructose. All these operations must be performed
in the cold, as the fructosate is easily decomposed by heat.

Lead Fructosate—Neither neutral nor basic lead acetate throws down
fructose from its solution in pure water, but the last-mentioned reagent pre-
cipitates this sugar in part, so long as salts occur in the same solution with
which basic lead acetate forms insoluble compounds. When in this case a
precipitate of a lead salt is formed, it carries down a part of the fructose as a
plumbic salt. As in the claification of cane sugar products the addition
of basic lead acetate is only to form an insoluble precipitate with compounds
in the solutions, this reagent will dso eliminate a part of the fructose from the
product. For this reason clarification with lead subacetate or basic lead
acetate is not applicable when it is necessary to determine the content of
reducing sugars in thefiltrate. Such solutions are better clarified with neutral
lead acetate.

Fructose is quantitatively precipitated by anmonical lead subacetate (i.e.,
basic acetate of |ead to which ammoniais added till a precipitateis just about
to form). The precipitate is white at first but becomes pink after some days
owing to partial decomposition.

Double Compounds.—As in the case of sucrose and glucose, fructose com-
bineswith salts to form double compounds; of these the following have already
been obtained in the crystalized form by evaporating their concentrated
agueous solutions over sulphuric acid: calcium chloride, bromide, and iodide;
strontium chloride, bromide, andiodide; and barium iodide. Their formulae
are respectively:—

CgH1206. Ca.C1,+2 Hs0; CeHpOp. CaBr, + 4 H,0; CgH106. Cal, +
2 H,0; CgH1206. Sr Cl; + 3 H,0; CeH1:06. St Brs + 3 H, O; CeH1206. St 1,
+ 4H,0; and Ce¢H,,0¢.Bal, + 2H,0.

These double compounds readily dissolve in water but they are dissociated
in agueous solution, so that their solutions exert a rotation equal to that of
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the fructose which they contain. Compounds with other salts have not yet
been obtained in the crystalline form, but they undoubtedly exist as will be
shown in the chapter on Molasses.

Action of Oxidizing Agents—Nitric acid oxidizes fructose into formic,
oxalic, tartaric acid, & c, without the formation of saccharic acid. Hydrogen
peroxide yields, especially in presence of a trace of an iron compound, acetic,
formic and tartronic acid. The oxidation products of fructose by the action
of metallic oxides are identical with those of glucose, the only difference in
the decomposition being that fructose is more quickly oxidized than glucose.
lodine dissolved in borax solution does not oxidize fructose, and by means of
this reaction it may be differentiated from glucose.

Fructosdes—A substance anaogous to methyl glucoside is obtained from
fructose by dissolving one part of crystallized fructosein nine parts of anhydrous
methyl acohol and adding so much solution of gaseous hydrochloric acid in
methyl alcohol that the mixture contains about 0-5 per cent. of hydrochloric
acid. The mixture is dlowed to stand for 48 hours at 35° C, it is then neu-
tralized with silver carbonate and evaporated. The fructoside does not
crystallize nor does it reduce Fehling's solution, but it becomes hydrolysed by
boiling with dilute acid with the re-formation of fructose.

Action of Yeast.—Fructose is liable to the action of all the fermentative
agents which attack glucose; it ferments with wine or beer yeast, though
more sowly than glucose, but finally yields the same products in the same
proportion; it is aso attacked by the lactic and butyric acid ferments.

Detection of Fructose—The strong levo-rotatory power and the property
of forming an insoluble compound with lime are characteristic of fructose, as
well as the reaction of yielding neither muck nor saccharic acid on oxidation
with nitric acid. But besides these the quantity of osazone which it yields with
phenylhydrazine is agood confirmatory test. On heating 1 grm. of anhydrous
fructose dissolved in 100 c.c. of water for an hour with 5 c.c. of the phenylhy-
drazine and glacial acetic acid mixture mentioned on page 38, the same
glucosazone, as in the case of glucose, is precipitated, but its quantity is 0-70
grms., or almost twice as much as in the former case. The melting point of
the glucosazone is of course also 205° C.

Methylphenyl Glueosazone—Another good characteristic is the methyl-
phenylosazone, for this compound does not form from aldoses at al, and from
the ketoses only of fructose in a crystallized form. In order to obtain the
crystallized precipitate a solution of 1-8 grms. of fructose in 10 c.c. of water is
mixed with 4 grms. of methylphenylhydrazine and so much acohol that a
limpid solution is obtained. Now 4 c.c. of 50 per cent. acetic acid are added,
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the mixture is heated from 5 to (at a maximum) 10 minutes in a water-bath
and allowed to cool in a beaker covered with a glass plate. After some time,
not exceeding two hours, reddish crystals amounting to 80 per cent. of the
fructose used are formed, these may be recrystallized from hot 10 per cent.
alcohol and should have a melting point of 153° C.

Colour Reaettons.—Fructose, even in very dilute solution, may be detected
with great ease by a great number of colour reactions, but here also most of.
these tests do not apply solely to fructose but likewise to other sugars, for
instance sucrose, which in most of the reactions is hydrolysed first into glucose
and fructose, the latter then giving the reaction as though originally present.
Thus the colour reactions with the a- and S-naphthol and with resorcinol and
sulphuric acid apply as well to fructose as to raffinose, sucrose, and the other
ketose, sorbose.

The colour reaction with ammonium molybdate and acetic acid is the only
one which can be claimed to be characteristic for fructose. It should be noted
that, except acetic acid, no other organic or inorganic free acid must be present
in the solution. On adding to 10 c.c. of a 4 per cent. ammonium molybdate
solution, 10 c.c. water, 0-2 grms. of glacial acetic acid and a trace of fructose,
and heating the mixture in a water bath at 95°-98° C, after three minutes
a deep blue coloration appears, owing to the reduction of the molybdic acid.
Other sugars produce this coloration less rapidly and less intensely.

This reaction does not occur in the presence of free acids other than acetic
acid : these may be removed by adding lead acetate, precipitating the excess
of lead with sodium carbonate, and acidifying the filtrate with acetic acid.

IV.—Invert Sugar

Although invert sugar is not a simple sugar but consists of a mixture of
equal parts of glucose and fructose, it occurs so largely that some particulars of
it may be mentioned under this separate heading.

Preparation.—Invert sugar is prepared commercially by heating a sucrose
solution with a very small quantity of acid until the solution, when examined by
the polarimeter, shows the levo-rotation corresponding with its concentration.

Herzf eld calculated the following table for the levo-rotation of a completely

hydrolysed sucrose solution for different concentrations at the temperature
of 20° C.
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10 10-58 12-2 422 — 204
11 11-58 185 485 — 2008
12 1264 141 6408 T —2011
12 13-88 180 652 — 2018
4 * MM 192 505 = 20119
15 16 79 18-5 L] — W23
18 1884 188 083 - 2027
17 17-80 2140 727 — 20-30
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22 23:18 275 ] — 20-4%
2 2421 28-8 o064 — 2058
24 25 28 301 10-39 - St
.25 2532 34 10-58 — BB

An invert sugar solution for analytical purposes is prepared, according to
Soxhlet's method, by dissolving 9-5 grms. of sucrose in 700 c.c. of hot water,
heating it with 100 c.c. of N /5 solution of hydrochloric acid for half-an-hour
on a water-bath at 100° C, cooling rapidly to 20°, neutralizing it with the
required amount of N/5 sodium hydroxide solution, and making it up with
water to 1000 c.c, by which operation a solution of exactly 1 per cent, of
invert sugar is obtained.

Rotatory Power.—The specific rotation of invert sugar is equal to the
difference in those of the two components, and is consequently much affected
both by differences in concentration and in temperature.

Influence of Temperature on Rotation.—Lippmann* found these figures
for concentrations of 17-12 invert sugar (equal to 16-38 sucrose).
Degrees C. 0 10 20 30 40 50 60 70 80
aD -27-9 -24-5 -21-4 -180 -15-2 -12:0 -85 -5-8 -2-0
which agree very well with those calculated by Tuchschmid's formula:—

at=— (29 — 0321).
D

* “Berliner Berichte," 13, 1823
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According to this formula there exists a temperature, viz., 87° C, at which the
rotation of invert sugar iszero ; of this property use is madein sugar analysis,
although at so high a temperature invert sugar is liable to be decomposed, and
the figures for the rotation thus obtained will therefore not be entirely reliable.

Influence of Concentration on Rotation—At higher concentrations the
levo-rotation of invert sugar increases as will be shown by Borntraeger's
figures for a temperature of 20° C. (Concentrations being in grams per 100 c.c.).
Cone. = 5 10 15 20 25 30 40 50 60

a %) =—19-75—20-04 —20-32 —20:58—20-84 —21.08 —21:53—21-94—22-30

In such experimentsit should be remembered that by considerably diluting
the hydrolysed solution, the specific rotatory power is at first further to the left
than after standing some time. In these' determinations one must therefore
take the precaution to dilute the sucrose solution, previous to the inversion,
to about the same concentration as that at which it will be polarized after
that operation.

Unlike the polarization of the smple sugars, in which the commonly
occurring quantities of salts or acids do not afect the rotatory power to any
noticeable extent, that of the invert sugar is usually much influenced by acids
or salts, since it is mixed for the purpose of the inversion with large percentages
of hydrochloric acid.

Gubbe* represents the influence of hydrochloric acid on the rotation of
invert sugar at 20° C. at a concentration of hydrochloric acid of from 0-3 per
cent. (S by the following formula—

20
a = - (1955 + 032621 S).

Herzfeld's directions T prescribe 5 c.c. of hydrochloric acid of 1-188 sp. gr.,
corresponding to 6 grms. of 38 per cent acid or to 2-2 grms. of hydrochloric
gas, which is dissolved in a volume of 100 c.c. This concentration will therefore,
according to the above formula, increase the rotatory power of the invert sugar
by 0-32621 x 2-2 =072

Langguth Steuerwaldf usesin his method of inversion 30 c.c. hydrochloric
acid of 1-10 sp. gr., or 6:6 grms. of HC1, which renders the influence of that
acid still stronger than in Herzfeld's prescription.

The influence which is exerted by sats is still more considerable than that
of thefree acid.  Since therefore the presence of hydrochloric acid, the concen-
tration of the solution, and the temperature, are factors which have a consider-

* "Zeitschr. Rubenzockeriad" 1884, 1355. 1Zeitschr. Rubenzuckerind." 40, 194. 208, 443,
$"Ini. Sngar Journal," 1913, 489.
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able influence on the rotation of invert sugar, great care should be taken when
polarizing sugar products after inversion, to adhere exactly to the prescribed
directions as to weight, concentration, and temperature, and to use the formula
which is adapted to these conditions.

The action of acids, bases, &c, oninvert sugar is of course thesameashas
been described for glucose and fructose.

Nomenclature—In this work we adopt the system of grouping the glucose,
the fructose, and the mixture of both these sugars known as invert sugar,
under the common name of " reducing sugars.” The amount of these reducing
sugars present is determined from the quantity of copper oxide reduced,
without making any distinction between the individual sugars in the mixture.
Wherever, therefore, in this work the term " reducing sugars " is used, it always
means that sugar or mixture of sugars which has the property of reducing
Fehling's solution.

The explanation of the reason why we have adopted the terms glucose,
fructose, and reducing sugar, instead of the more widely used expressions
dextrose, levulose, and glucose, is given in the Preface.

V.—Starch

Starch occurs in the chlorophyll-bearing cells of the leaves, around the
bundlesin the leaf-sheaths and around those of the top of the stem, whilst in
the adult jointslittle or no starch isfound.

It occursin very minute granules. It produces a blue colour on treatment
with a solution of iodine in potassium iodide.

VI.—Fibre

Occurrence—All the solid substances of the cane are grouped under the
name of "cellulose™ or " fibre." The first-mentioned term is not correct, as
the fibre, properly speaking, only partly consists of cellulose, the other con-
stituents being Hgnin and a pentosan in proportions which vary according to
the species of the cane and its age, as will be seen from thetable given overleaf.

By "fibre" is understood that portion of the vegetable tissue which resists
boiling with first 1-25 per cent. sulphuric acid for one hour and then with 1-25
per cent, solution of caustic soda for the same period of time.
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The pentosans are determined by Tollen's method in which the substance
is distilled with hydrochloric acid, the distillate neutralized with sodium
carbonate, then acetic acid and a solution of phenylhydrazine acetate added,
and the precipitated furfural hydrazone finaly weighed.

Properties of Cellulose—Cellulose may be hydrolysed by sulphuric acid
and is thereby converted into glucose.  The pentosan which may be isolated
from the fibre by extraction with dilute soda solution and precipitation with
acetic acid and alcohol is, when freshly precipitated, soluble in hot water, but
on cooling the solution becomes opaque and gelatinous. Alcohol does not
immediately precipitate the agueous solution, but only after the addition of a
little acetic acid or soda solution. The agueous opague solution becomes
clear after addition of soda or potash, and these can dissolve still more of the
gum, but it is precipitated by excess of lime or baryta and by lead acetate.

After being dried, the gum is only slightly soluble in water, but it com-
pletely dissolves, though slowly, in soda solution.

Rotatory Power of the Pentosan—The solution of 5 grms. of cane gum in
100 c.c. of water obtained by the addition of aslittle soda as possible is slightly
opalescent, but can be polarized after being allowed to subside for some days.
It deflects the plane of polarization strongly to the Ieft, and to such an extent
that the specific rotation of the organic matter, free from moisture and ash,
is about ab = — 80°.

Composition of the Pentosan—On hydrolysis with hydrochloric acid the
gum yields (calculated to 100 parts of dry and ash-free material) 90 per cent,
of sugar, chiefly xylose, accompanied by a small proportion of another sugar
possessing a more positive rotatory power, probably arabinose or glucose.
On distillation with hydrochloric acid of 1-06 specific gravity the pentosan
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yields 46-3 per cent, of furfurd which corresponds to 88.3 per cent, of xylan.
Oxidation with nitric acid does not produce mucic acid but trioxyglutaric acid,
a proof that the cane gum consists of xylan accompanied perhaps by araban.
Browne* found 75 per cent, xylan, 24 per cent, araban, and 1 per cent, galactan.

Combinations of Cane Gum.—Cane gum entersinto combination with bases.
The soda compound is up to now the only one investigated; it dissolves in
water to a viscous liquid, but is insoluble in acohol. The soda content is 10
per cent, which corresponds with the formula CsHg04), NaOH.

In English and American publications we often find the term " gum " used
for other bodies which properly speaking do not belong to the class of gummy
matters, and might better be tabulated under the name of " organic non-
sugar." Inthe Hawaiian Planters' Monthly, 1906, 374, Peck givesthe following
definition of what he understands as gum:—

" By this term isindicated al the impurities precipitated by subacetate of
lead, and includes, naturally, a great many substances other than true gums,
such as glucinic, melassinic and succinic acids, and perhaps partially aspartic
acid. The precipitate, produced as in the sucrose and glucose determinations,
with an exactly sufficient amount of the lead solution, and the addition of afew
drops of acetic acid, was thoroughly washed first by decantation and then on the
filter, until the washings gave no test for sugars with a-naphthol. The precipi-
tate was then suspended in water and decomposed with sulphuretted hydrogen,
filtered, concentrated, and weighed in aplatinum dish. Thiswas then ignited,
and the weight of the ash deducted.”

The question of the removal of cane gum from the juice is discussed in the
chapter on Clarification.

Incrustating Matter —The incrustating matter which in cane fibre accom-
panies the cellulose is, according to Browne and Blouin, lignin, and has the
same composition as Lindsey and Tollens ascribe to the lignin from wood,
Viz., CyHa6(CH3)2010. The former investigators report the following compos-
ition for cane fibre (protein, ash, fat, etc. excluded):—

Per cent.
Céllulose (including oxycellulose) . 55
Xylan ., 20
Araban - . . . 4
Lignin .. . . 15
Acetic add . . . 6
100

* Ardifcf voor de Java Suikerindustrie” 189, 1024.
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* Saccharetin-Langguth Steuerwad* isolated from cane fibre a constituent
occurring therein to the amount of 5 per cent, of the dry substance, to which
he gives the name of saccharetin. He treated finely powdered cane fibre
for along spell with a diluted solution of caustic soda and precipitated from
the solution thus obtained the equally dissolved cane gum or xylan by means
of Fehling's solution. The liquid filtered df from the precipitate gave a
precipitate of saccharetin after having been ecidified by hydrochloric acid.

Properties—Saccharetin is a light-yellow, amorphous tasteless body,
which in a moist state has an aroma of vanillin, but in a dry state is odourless.
Itis verv solublein acohol and in glacia acetic acid, but sparingly so in water,
and not at al in ether, benzol, acetone, chloroform or carbon bisulphide.
It dissolvesin solutions of sodaor potash and in ammoniawith a yellow colour.

Saccharetin may be precipitated from these akaline solutions by acids
and from thosein alcohol andin acetic acid by addition of water. The solution
in ammonia gives a precipitate on addition of barium chloride and of calcium
chloride. Ferric chloride colours the neutral solution dark, and on addition
of alcohol a dark brown precipitate is thrown down, which, in a dry state,
only contains 6-3 per cent, of iron.

Lead acetate yields yellow precipitates both in neutral and in akaline
solutions.

On treatment with phloroglucin and hydrochloric acid saccharetin is
coloured intensively red and orange red with aniline and sulphuric acid, thus
showing the lignin reactions. The akaline saccharetin solution does not
reduce Fehling's test solution, and it does not possess any rotatory power.
Neutral and akaline saccharetin solutions are completely decolorized by
bone-char. Elementary andysis gives a molecular formula of (CsH-02)n,
According to Steuerwald, saccharetin belongs to the phlobaphenes, and may
be considered the aromatic compound in wood or what is otherwise caled
lignin,

Saccharetin does not occur in the sap of the cane and is not dissolved in
the expressed juice, but is present as a constituent of the fine fibre or " cush-
cush " in suspension. The acid or neutral cane juice does not dissolve
it from that fibre, but as soon as the juice is limed to an alkaline reaction it
gets dissolved to some extent. The same thing occurs if the cane bagasse
on the carriers is macerated with alkaline sweet-water from the presses, or
with alkaline last-mill juice. As, however, owing to the very close incrustation
of cellulose with ligain, the latter substance dissolves only very reluctantly,
the amount of that incrustating body which enters into solution is very small
after all. But, since common clarification does not remove saccharetin,
and since that body assumes a dark colour in contact with iron sdts, it is
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advisable to get as little saccharetin in the juice as possible; hence the use of
sieves with fine meshes is to be recommended in straining the cane juice.

Colloid Water —Thefibre does not occur in an anhydrous state, but contains
a certain amount of sugar-free colloid water of hydration, so that in the living
organism of the cane stalk the fibrous parts are found sugar-free with their
own water content adong with the sugar-containing parenchyma cells.

When discussing the milling work we shall find opportunity for referring
to this colloid water. The author has concluded from his experiments* that
the colloid water amounts to about 20 per cent, of the weight of the dried
fibre, while Langguth Steuerwaldf found a figure of 22-4 per cent, at ordinary
temperature and pressure, which value may considerably decrease at high
pressure.

Solubility of Congituents of Cane Fibre in Water—Cane fibre is not
insoluble in water since on prolonged ebullition it gradually decreases in
weight. Shoreyj found that cane fibre from which al the constituents
of the juice had been withdrawn by extraction with cold water yielded
a soluble substance to boiling water, the amount of which increased
the longer the treatment with hot water was continued. A quantity of
finely divided cane, which after extraction with cold water contained
10 per cent, of fibre, only contained 9-3 per cent, of that constituent
after boiling with water for five minutes, and no more than 88 per cent,
when the boiling was continued for two hours.  So that during that time no
less than 12 per cent, of the fibre was dissolved and carried of. Krugers
boiled 50 grms. of finely shredded cane repeatedly with 200 c.c. of water and
dried the residue after 10, 15, and 20 extractions. The following table shows
us that after 20 extractions the fibre content was 0-43 per cent, less than after
10, and that hot water therefore continuously dissolves parts of the cane fibre.

No. 10x | 15x |20x |Bffer 10y | 45 x | 20x |Differ
b. ! a | b c
a a—c. a—c.

| 994|975 | 946 | 0-48 1015|992 | 971 | 0-44
1 9-98| 9-78 | 959 | 0-39 10-18| 993 | 9-74 | 0-44
"L . . . 1013|992 | 973 | 040 10-04| 9-84 | 961 | 0-43
Average 1001| 981 | 959 | 0-42 1012 | 9-90 | 969 | 0-44
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The author has stated that the constituent which hot water dissolves from
the fibre has a decided dextro-rotatory power. For this reason the sucrose
content of bagasse is found to be too high if the boiling is too prolonged. A
period of ten minutes, if 30 grms. of bagasse and 300 c.c. of water are used, is
quite sufficient to extract all the sugar, and at the same time does not cause
any appreciable quantity of the fibre to pass over into the liquid. Owing to
the fact that hot water extracts some of the fibre, the determination of the
fibre content in sugar cane and in bagasse by extraction with boiling water is
apt to yield lower results for that constituent.

Previous to the presence of the saccharetin (which is soluble in acohol)
being known as a regular constituent of the cane fibre, we recommended the
determination of the fibre content in cane and in bagasse by extraction with
alcohol. In order to prevent coagulation of albuminous matter, the finely
shredded cane or bagasse was washed first with alittle hot water and afterwards
treated in an extraction apparatus with strong acohol till al the sugar had
been removed. It is specidly in the case of young cane that the fibre content
found by water extraction differs much from that determined by extraction
with alcohol.

AGE OF THE CANE IN MONTHS.

5 6 9 12
Fibre by water extraction 7-36 7-9 838 10-52
Fibre by alcohol extraction ..| 80 865 835 10-94
Difference on 100 parts of fibre 82 7-5 53 39

Experiments by Van Welie* showed him that on extraction of cane fibre
by means of alcohol yet other bodies than saccharetin pass over from the
cane fibre into the solution. Langguth Steuerwaldt showed likewise that on
extraction of cane fibre with alcohol, matter from the solid fibre was dissolved,
so that extraction by alcohol aso yields values for the fibre content which
are too low. The real figurefor the fibre content is to be found in an indirect
way by subtracting from the total dry substance of the cane the, amount of
dry substance belonging to the juice, found by multiplying the sucrose content
by 100 and dividing the product by the quotient of purity of the expressed

juice.
A cane with 29.65 per cent, of dry substance, a sucrose content of 13-16,
and a juice purity of 85-2 thus contains 29-65 Ew = 1420

per cent, of fibre.
- Avchiel voor &4 Sulicciodasio,”™ 191!
i e S T oI 45
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Cdlorific Value—As cane fibre forms the principal source of fud for the
cane sugar industry, the determination of its calorific value is of considerable
importance. This vaue is given here for the fibre of seven different varieties.

| n i . .
v
Qalorific Value in B. T. U

o 8 = 2ugygd o |6Lg=
o= 222 ¢ £8=
Wisture| Ash. | 28 E %%%* 5@ gg’gf
6% |32z 328% ° [33%:
B |Z5E 58795 5 [§595

Black Java, 1906 | 960 | 2-05 | 7587 | 8388 | 8559 | +8172 | 8370
SeediingNo. 247 ..| 912 | 1-86 | 7686 | 8460 | 8620 | 8325 | 8482
. 36 .| 832|142 7695 | 8492 | 8449 | 8171 | 8341

, 100 ..| 846 | 303 | 7553 | 8249 | 8256 | 7996 | 8246

, 105 ..| 864 |1-79 | 7616 | 8334 | 8503 | 8125 | 8273

, 139 .| 926 | 1-42| 7540 | 8329 | 8442 | 7862 | 7974

Black Java, 1907 ..| 869 | 1-68 | 7772 | 8514 | 8681 | 8154 | 8293

Column V shows the caorific value for the calculated organic substance,
ascertained in the moist samples and calculated on 100 parts of dry and ash-free
substance. In column V11 is given the same value, but this time determined
in the previously dried samples, and again calculated to 100 parts of dry and
ash-free substance. The figures for these latter values are al a little low,
which, as all the water driven df was merely hygroscopic, is difficult to explain,
becausein that case thefiguresin columnsV and V11 should have beenidentical.
All of the figures stated are averages of three determinations in which very
concordant results were obtained, and because in every one of the cases the
difference is on the same side, we may safely conclude to their having one
common cause. Whatever this may be is not known yet. but as the fud is
used in the moist and not in the anhydrous condition, the figures of column
V apply more to the conditions met with in practical working. Therefore we
suggest using the figures of column V when it is necessary to have a base for the
calculation of heat produced, consumed, and lost in a sugar factory, or for
similar calculations, and then we can take the average figure of 4751 kg. /kg.
calories or 8552 B.T.U.

Coatest found for the calorific value of Louisiana cane 8325 B.T.U. or about

«"Louisiana Planter," 1906, 236.
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the same as found in Java. Kerr and Percy* found for the fibre of Louisiana
cane 8368 B.T.U. and of Cuba cane 8435.

When making such calculations it must not be forgotten that these figures
represent the highest values, as the determinations were made at the common
temperature in the caorific bomb, where the latent condensation heat of the
water, both that aready existing and that formed by the combustion, is
included in the figure for the célorific value. This heat escapes, however, in
practical working, when the vapour is driven df into the chimney and thus
carries away that latent heat. In calculations of the real caorific vaue we
therefore subtract from the calculated calorific effect of the sucrose and fibre
the figure for the latent heat of all the water, that which aready existed in
the fuel aswell asthat which isformed by combustion of the organic substances.

Elementary Congitution of Cane Fibre—The elementary constitution
of afew samples of cane fibre calculated for 100 parts of water and ash-free
substance is as follows :—

Cdorific Value.

Fibre of the Hydro- Ratio
Varieties. Carbon. | “gen, |Oxygen. Ratio
V. [ VIl. | oH

Seediing No. 36 .| 4845 | 645 | 4494 | 016 | 8449 | 8341 | 697
, 100 ..|47-88 | 655 | 4539 | 018 | 8256 | 8246 | 693
, 105 .| 4814 | 643 |4525 | 018 | 8503 | 8273 | 7-04
, 139 ..|4713 | 630 |46-43 | 014 | 8442 | 7974 | 737
Black Java 46-82 | 667 | 4633 | 018 | 8681 | 8293 | 694

Comparisons between Cane Fibre and Wood.—Cane fibre, therefore, closely
resembles wood, as may be seen from the enumeration of the composition
of several kinds of wood, to be found in Beilstein's Organische Chemie, 1,1078.

KIND OF WOOD. C. H. N. 0. 0:H. ASH.
Yoke EIm .. 49-48 | 6-08 0-84 4360 | 717 1-62
Beech . .*| 4989 | 607 0-93 4311 | 710 106
Poplar 50-31 | 632 0-98 42-39 | 671 -
Birch 60-61 | 623 112 42-04 | 675 0-85
Oak 50-64 | 603 128 42-05 | 697 165
Willow 51-75 | 619 0-98 41-08 | 6-62 2-00

* " Louisiana Expt. Station Bulletin," No. 117.
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The resemblance becomes still more pronounced on comparison of the
calorific values of wood and cane fibre. Though not properly belonging to this
series, the figures for the cdorific value of cane trash (dry leaves) are given here

to make our list as complete as possible.

CALORIFIC VALUE IN B.T.TJ.
KIND OF MATERIAL. MOISTURE.
ON 100 PARTS OF
UNDRIED. DRY MATERIAL.
Beech 130 7502 8624
Fir 122 7960 9067
Oak 133 7182 8283
Pine 11-8 8073 9157
Old Teak .. 9-58 8114 8955
Young Teak 29-41 5947 8424
Cane Trash (leaves) 10-46 6663 7807

Difference in Comparison of Fibre—In chemical composition the fibres of
the various cane varieties do not show considerable differences, but their physical
aspects do. The fibre from cane having a high fibre content is much more
compact than that of cane possessing only alow fibre content. This is shown
by the table given here, containing the weight in grms. of 100 c.c. of loosely
shaken, finely chopped, air-dried cane fibre of various kinds having differing

fibre contents.

Cane Variety.

Pei cent. Fibrein
the Cane.

Wet&r)\tsm rms.
of 100 c.c. Fibre.

Number of Analyses
from which the
Averageis calculated

Seedling No. 100
Black Java
White Manila
Seedling No. 247
. 139
., 33
. 36

977
10-38
11-80
1385
14-16
1559
1572

5-45
6-71
6-38
6-97
7-30
7-23
4-95

00 WU 0Wwwow
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Compostion of Ash from Cane Fibre—Apart from the constituents already
mentioned, the fibre obtained from cane by extracting all the other substances
with acohol still contains about 1 per cent, of albuminoid matter, and from
1 to 3 per cent, of ash, of which the composition is given here:—

Silica o . 80-57
Iron and calcium phosphates ... — 6-87
Calcium carbonate « — 0-86
Potassium carbonate " 11-70
100-00

VIL-Pectin

Occurrence—Some pectin or pectic substance is always found in cane
juice. In that of Certain varieties it is present in greater amount than in
others, and the composition of the soil also seems to influence its presence.

Origin—Farnell* found the origin of this pectin present in the juice to be
the pectinogen which he encountered in cane fibre to the extent of about one
per cent. The milling process alows part of the pectin to pass over into the
juice.

Properties—Pectin is only precipitated on the strong addition of lime as
is the case in the carbonatation and sulphitation processes, and even then its
removal is not a complete one, and therefore it may be expected in the clarified
juice and in the molasses to a greater or less extent. It is soluble in water
but insoluble in acidified alcohol; it does not yield sugar on being heated with
dilute acids, nor furfural on distillation with hydrochloric acid. Its lime salt
is somewhat soluble in water and more so in sugar solution. Lead acetate
precipitates pectin from its agueous solution. On evaporating 5 grms. of
pectin from cane juice with 60 c.c. of nitric acid of 1-15 sp. gr., about 1 grm. of
mucinic acid is obtained, corresponding to a content of about 30 per cent, of
galactane groups in the pectin.

+*Int. Sugar Journal," 1923 630.



VIII.—Organic Acids

The organic acids of the sugar cane are aconitic, glycallic, oxalic, malic,
succinic, tannic, and, in dead cane (as a product of decomposition), also acetic
acid. Some investigators report having also detected citric and tartaric acids,
but their allegations have not as yet been confirmed.  In ripe canes the quantity
of organic acid is only very small, and does not exceed 0-15 per cent., of which
quantity 0-06 per cent, is present as free acid, and the rest combined with
potash.

Glycollic Acid—Glycallic acid occurs among other constituents in unripe
grapes, and is aso detected in beet juice bottoms &fter the juice has been
heavily limed and has subsided. Its lime salt is soluble; the acid therefore
is not removed by clarification, and it may be traced in the molassesin so far
as it has not become decomposed during manufacture.

Oxalic Add.—Oxadlic acid is found in a great many plants, among others
in beetroot leaves, wood sorrel, &c, whilst it is to be found as calcium oxalate
in anumber of fruits, tubers, &c. Cacium oxalateisinsoluble in water, but
dissolves in a sugar solution, especially when this is dilute and alkaline. On
concentration it becomes insoluble and is therefore deposited in the last vessels
of the evaporation plants in sugar-houses as incrustation, while it is no longer
found in the syrup.

Malic Acid—Madic acid is found in a great many fruits and juices; itisa
very stable acid and does not become decomposed in the course of manu-
facture; itslime salt is soluble in water, so that the acid is not removed by
defecation of cane juice with lime.

Succinic Acid.—Succinic acid, like malic acid, is avery stable acid. and like
it also possesses a soluble lime salt.

Aconitic Acid—The lime salt of aconitic acid is soluble, and therefore its
presence may be detected in the clarified juices, syrups and molasses.

Acetic Acid.—Acetic acid is only to be found in dead or diseased canesasa
product of the decomposition of the sugar. Its lime sdt is soluble, and
therefore remains in the juices after liming.

Other Acids produced—The acids mentioned here originate from the cane
and pass over into the juice, but during manufacture large quantities of organic
acids are produced by the action of lime on the reducing sugars, and on sucrose.
Their properties have already been mentioned on page 36 under the heading
Glucose. -

57



IX.—Cane Wax

Occurrence—On the outside of the rind of the cane, especialy near the
nodes, we find a more or less considerable layer of wax, which is more con-
spicuous in some varieties than in others.

Properties—This wax melts at 82° C, boils at 146° C, is insoluble in
water and in cold acohol, slightly soluble in cold ether or chloroform, but
dissolves easily in hot alcohol, ether, and chloroform, and in benzene.

According to Wynberg* this material is not a single body, but a mixture
of varying proportions of a primary acohol of the formula Czo He, 0, with a
second body, having the formula Cz; Heg O, while possibly yet other alcohols
or esters of a high melting point are present in it.

X.—Colouring Matter

Occurrence—Besides the saccharetin aready discussed under the heading
of Fibre, various colouring matters occur in the cane and its juice. In the
peripheric strata of the rind of the sugar cane there are cells containing the
colouring matters, causing the differing coloration of the cane.

Chlorophyll.—One of these, chlorophyll, is the regular constituent found
in every green plant cell. It isinsoluble in water and in sugar solutions. It
isin suspension in the expressed cane juice, for which reason it passes into the
scums, not interfering any further with the process of manufacture.

Anthocyan—A second colouring matter present in the rind is anthocyan,
a violet-coloured substance which is found in the outer cells of dark-coloured
canes, but is almost absent in white or yellow cane varieties. In contrast
with chlorophyll, anthocyan is soluble in water and in sugar solutions, which
explains why the juice of canes having a dark-coloured rind is so much more
coloured than that of green or yellow canes. It aso proves why the last-mill
juice of coloured canes in which the juice of the hard rind is strongly repre-
sented is so much more coloured than the first-mill juice in which chiefly juice
from the soft parenchyma cellsis present.  The purple colour of the anthocyan
solution is changed to a dark green by the addition of lime, but the body is not
precipitated until a strongly alkaline reaction is obtained by the addition of
a great deal of milk-of-lime on clarification.

Sulphurous acid is incapable of bleaching anthocyan solutions; it de-
colorizes them to some extent, but after exposure to oxygen of the atmosphere
the original colour returns.

*" Int. Sugar Journal,” 1909, 521,
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Polyphenols—Although properly speaking not colouring matters, yet
the class of bodies coming under the denomination of polyphenols or tannins
is apt to cause dark colorations in the expressed cane juice either from the
action of oxydases or of ferric compounds. According to the investigations
of Schneller* the eyes, shoots and tops, i.e., the assimilating parts of the cane
contain polyphenols distributed in the vascular bundles. In the leaves they
are found in and near the bundles connected with the stomata; in the top
joints of the stalk, where sugar is being accumulated in the bundles as well
as the parenchyma.  These polyphenols assume a dark coloration on exposure
to the ah; in combination with oxydases, but much more strongly so when
coming into contact with ferric salts. The acid cane juice dissolves traces of
iron from the rollers and from other machinery, and on oxidation to the ferric
state these iron compounds form black compounds with the polyphenols.
Sulphurous acid bleaches them, as by the reaction the iron is reduced to the
ferrous state, but the coloration returns on exposure to the air, so that this
bleaching process is only of short duration. Bone-char and similar absorbent
agents remove the polyphenols from the juice, and thereby have a permanent
decolorizing effect on cane juices and syrups.

Since the tops contain the largest proportion of polyphenols, the easiest
way of decreasing the amount of these bodies in the juice is to top cane low,
and use the tops for planting instead of grinding them along with the cane.

XI.—Nitrogenous Bodies

Occurrence—Sugar cane contains very little nitrogenous substance;
only the leaves and the green tops contain a rather considerable quantity, but
in the ripe parts of the stalk only the buds are provided with it. A perfectly
ripe cane, without the leaves, contains an average of 0-05 per cent, nitrogen,
and the whole plant, without the roots, up to 0-08 per cent. Juice filtered
through cloth was found to contain from 0-018 to 0-062 per cent, of nitrogen,
being 0-036 on the average, and of this small amount a considerable portion
was not dissolved, but was present in the form of a colloid, the amount of
nitrogen decreasing greatly after filtration through filter paper.

" Louisiana Planter," 1916. 1, 236.
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Albumin—Among the nitrogenous bodies occurring in the sugar cane,
abumin occupies only an insignificant place. In unripe cane its amount is
larger than in fully ripe cane. It is not yet known to what class of albumin
that found in the cane belongs.

Amides and Amino-Aeids—Severa investigators report having encountered
leucine, asparagine, glycocoll, and similar bodies in the cane juice; but only
asparagine with minor quantities of tyrosine and glutamine have been separated
with certainty by Zerban. He found no more than 0-05 per cent, of the weight
of the juice of these bodies, but it is not improbable that at the outset the
‘amount of asparagine and glutamine was much larger, since both bodies are
readily decomposed and may have become so partially during their isolation.

Bases—Small portions of xanthine bases, especially guanin, appear to have
been detected in cane juice.

Compostion of Nitrogenous Substances—According to Brown and Blouin*
the various nitrogenous bodies of sugar cane may be stated as follows—

Percentage of Cane.

Albumin (coagulable and soluble in pepsin) .. 0-059
Nuclein, &c. (coagulable andinsolubleinpepsin)  0-040
Albumoses and peptones (not coagulable) . 0-033
Amino acids (aspartic acid) . . . 0-145
Amino acid amides (asparagl ne) . . 0-232
Ammonia.. . . . 0-008
Nitric acid . . 0-071

Total nitrogenous bodies 0-588

The author remarks, however, that the above percentages are subject to
considerable variations according to the age and variety of the cane, manner of
fertilization, and cultivation.

The amount of nitrogenous bodies occurring in exhausted molasses, in which
product theimpurities from the juice have of course accumulated, so far asthey
have not been deposited during manufacture, islikewise very small, and the total
amount of nitrogen seldom exceeds 0-2 per cent, of the weight of the molasses.

* "Louisiana Exp. Station Bulletin,’ No 91, page 5.



XIl.—Incombustible Matter or Ash

Occurrence—Sugar cane is a plant that absorbs very little mineral sub-
stance from the soil; thisisvery clearly to be deduced from the minute quantity
of ash it contains. The constituents vary in quantity between rather wide
limits according to the quality of the soil, the manuring, and the variety of the
cane, but each of them is found in every cane ash. The figures given below
may be regarded as average examples.

On 100 On 100 parts of Ash.
Cane.
1. 1. 1. \2 V. VI.

Potash 0153 | 230 12-56 | 2563 | 7-66 | 38-23
Soda 0010 | 15 567 | 226 | 645 | 130
Lime 1 0018 | 27 650 | 324 | 1253 | 519
Magnesia .. 0014 | 21 508 | 32 | 661 | 576
Iron Oxide 0003 | 05 | _—_| 056 | 113
Alumina .. - _ | —| —| 025
Silica 0351 | 52-8 | 56-76 | 53-42 | 43-75 | 1570
Sulphuric Acid . 0016 | 2-4 2-60 | 053 | 1653 | 1847
Phosphoric Acid . 0098 | 147 | 1063 | 1078 | 545 | 527
Carbon .. . _ | — | —| _—| 0%
Chlorine .. 0002 | 03 020 | 092 | 021 | 452

. Andysisby van Lookeren Campagne & v. d. Veen.
1.

1. " Boname.
V.
V. . Popp.
VI. N Brown and Blouin.
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CHAPTER I

PROPORTION AND DISTRIBUTION OF THE
CONSTITUENTS OF SUGAR CANE

The constituents of the cane mentioned in Chapter | occur in very different
proportions during the whole vegetating period of the cane, and are not to be
found in the same proportion in every part of the stalk. This is not to be
regarded as one homogeneous mass, but as a living organism, every part of
which has to fulfil its special function, and has therefore a constitution differing
from that of any other part.

According to Went's investigations,* which were modified by those of
Kamerling,t and of Geertst we may represent the formation, transformation,
transposition, and accumulation of the sugarsin the canein thefollowing way.

Formation of Sugar in the Cane—Under theinfluence of light the chlorophyll-
bearing tissues of the leaves form carbohydrates from water and the carbonic
acid of the atmosphere, probably in the first place sucrose, this formation
increasing with the intensity of the light. The sucrose is transferred to the
stalk, but if more sucrose is formed than can be so transferred (as will occur
in the day time), the surplus is deposited in the form of starch. This starch
is, however, dissolved again at night time and then transferred to the stems
in the form of glucose. The leaves contain aso a iittle fructose, which is
formed by inversion of part of the sucrose.

Trander of the Sugars—When considering the further behaviour of the
sugars one must make a distinction between those which are transported from
old leaves and those from young ones. Sugars coming from an old lesf reach
the stem in an aready adult joint. Here the sucrose does not undergo any
change; the reducing sugar is used for respiration, and is thereby converted
into water and carbonic acid, so that its amount constantly diminishes without
however disappearing entirely.

+"Archie! voor de Java Suikerindustrie,” 189, 605.

\Ibid., 1904, 780.
tbii., 1923, H59.
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Transformation of the formed Sugar.—When the sugars come from ayounger
lesf, where in general the assimilation is more powerful, and the quantity of
newly-formed carbohydrate more considerable, they reach the stem at its
top. Here the sucrose becomes inverted, and the more so, the more rapidly
the top grows.  Thisinversion increases the isotonic power of the liquid in the
cell, which in its turn promotes the growth. The reducing sugar is partly
employed in the formation of the fibre, while another portion reaches the top
and combines with nitrogenous substances to form albuminoids, or is deposited
there as starch for subsequent use.

Disappearance ol the Reducing Sugar.—That part of the reducing sugar
which remains in the top is gradually consumed during respiration, while part
of it is aso deposited temporarily as starch in the leaf-sheaths and in
the top joints.

Intensity of the Assimilations—Kamerling in Java found that in the course
of a sunny forenoon the dry substance content of powerfully assimilating cane
leaves increased by 15 per cent, notwithstanding that carbohydrates had been
continuously transferred to the stem during that time. Taking into con-
sideration that forenoon only, and assuming the weight of the assimilating
leaves per stalk to be 300 grms., having early in the morning a dry substance

. content of 20 per cent., then the leaves of one cane stalk produced at least
300x0.20x0.15=9 grammes of carbohydrates.

Browne and Blouin* in Louisiana made analyses of the leaves of ayoung
cane at night and in the morning, and from different parts of the stalk.

Evening Morning
per cent,  per cent.

Brix 577 509
Sucrose 0-94 054
Glucose 0-63 0-86
Fructose 0-69 0-77
Ash 142 124
Free acids 0-27 0-27
Combined acids 0-62 0-54
Nitrogenous bodies.. . 0-15 0-18
Gums 0-30 017

We noticein thejuice of the leaves alarge decrease in the amount of sucrose
during the night with a corresponding increase in the amount of reducing
sugars. In the top joints we note an accumulation of the reducing sugars;
at this point, whichistheregion of active growth, we have the greatest disparity
between sucrose and reducing sugars, the glucose ratio being 462. In the

«"Bulletin of the Louisana Exp. Station,” 12. p. 91
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middle joints, where the process of growth is being suspended, we observe
that the reducing sugars are in the minority in comparison with the sucrose,
which is henceforth stored up in the pith as reserve material. The bottom
jointsillustrate the same facts, only to a greater degree.  Regarding the other
constituents, it will be seen that the percentage of ash, free and combined acid,
nitrogenous bodies, and gums all decrease from the leaves downwards to the
stalk.

Water consumed during Growth.—Maxwell,* in Hawaii, showed that during
the whole period of the growth of the cane a supply of 147-8 parts of water is
required for the formation of every part of dry substance.

Successive Composition of a Joint.—When we observe asinglejoint, from the
moment at which it is formed to the period of ripeness, it will be seen that at
first it contains no carbohydrates except starch. This constituent gradually
becomes consumed, probably in the formation of the fibre, and during that
time the joint enters into the stage in which the ledf, attached to it, begins
to assimilate. Sugars collect; the joint begins to grow, the glucose and the
fructose at first remain unchanged, while the sucrose becomes for the greater
part inverted. A part of the invert sugar is conveyed to the younger joints
in the top and another part is consumed during the growth for the formation
of the fibre. At the moment that the joint is full-grown, it thus contains little
sucrose and much glucose and fructose. These two sugars are consumed in.
the respiration process, but in the meantime new sucrose and also glucose and
fructose are continuously supplied by the leaf, the former does not now become
inverted any further, nor consumed by respiration, so that finally the joint
contains chiefly sucrose and only a little reducing sugar.

At last the joint has reached the period in which the leaf to which it belongs
has ceased to assimilate and is dying off. Now the quantity of sugarsin the
joint only increases by the portion whichflowsto it from the higher parts of the
cane and thusis not fixed by the higher joints. Asthe' distance of thejoint from
the assimilating leaves becomes larger, owing to the death of more and more
leaves, the increase in the sugar content grows less until finally we reach the
point where the influx of sugar into the joint is totally stopped, but owing, to
assimilation by the chlorophyll of the rind, the joint gains a little sucrose;
however, this profit is more than counterbalanced by the loss of reducing sugar
by respiration. This sugar decreases continually until in the riper joints it
sinks to about 0-20 per cent, of the weight of the cane but very seldom dis-
appears totally.  In such regions where the caneis alowed to ripen fully, some
joints contain no reducing sugars at all, but in practical working where some
part of the cane stalk is always unripe or overripe, we are sure to find reducing
sugar in every canejuice. It is evident that as soon as the point of maturity
is passed, the reducing sugar content increases because of the inversion of

sucrose.
«"JLAmer. Chem. Soc.” 1898, 469.
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Bottom Joints—Not al the joints, however, behave in this way. First
of al, the bottom joints, bearing the roots, are exceptions. The roots require
reducing sugar for their growth, which is conveyed to their top for the building
of the tissues and the formation of albuminoids, while part of it is deposited in
the root-cap as starch. This sugar is withdrawn from the joint bearing the
roots, where it is formed by inversion of the sucrose.  During the development
of these joints the increase in sucrose, though notable, is consequently not so
considerable as in the higher joints which do not have to provide for the
roots. As the former become older, al the sugar which enters into them is
used for the formation of roots, so that the sugar content does not further
increase.

Joints growing rapidly—A second exception may be found when cane
which in the beginning has grown slowly, and therefore already contains much
sugar, suddenly shoots up into arapid growth at atime when the sky is clouded
and thus assimilation by theleavesis relatively insignificant.  In this case sugar
can be withdrawn from the lower tops to assist the growth of upper ones.

Plaee of Maximum Sucrose Content In Cane—As a result of the above-
mentioned facts the maximum sucrose content of a cane will for along time
be found in that joint which is on the same level with the soil, or just above
the youngest root-bearing joints, and this maximum will be found in higher
joints after every banking which covers new joints with moist earth and causes
development of roots and consequently consumption of sucrose. At the age
of six or seven months the maximum sucrose content will be found a little
higher up the stalk, and as the time of maturity approaches will rise until,
rather near the top.  This upward movement can still go on when older joints
are already overripe and decrease in sucrose content.

Compostion of the different Joints—After having ascertained that canes
from the same field were of similar composition, Went analysed canes from a
given field joint by joint, at different periods, and tabulated the results
obtained.

The Roman figures at the headings have the following signification:—

. Number of the joints, starting at the bottom.

1. Length of the joints in centimetres.

I11. Weight of the joints in grms.

IV. Per cent, sucrose in the joint.

V. Per cent, reducing sugar in the joint.

VI. Per cent, dry substance apart from sugars in the joint.
VII. Sucrose on 100 parts ot the figure from VI.
VIIIl. Reducing sugar on 100 parts of the figure from VI.

IX. Sucrose on 100 juice.

X. Reducing sugar on 100 juice.

XI. Sum of the figures from IX. and X.
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Young Cane—1 Stalk, 6 Months of Age, 1—11 Bottom Part, 22—30 White
Top.

I 1. 1. V. Voo | VI VI VI X, | X, | X

1—10 80| 245 |67 |026(255/26-3| 10| 94|04 | 98
11—16 90| 360 |97 |04 |160|606| 2-5|11-6| 05 | 121
16—18 100|395 |90 |10 [130(692| 7-7|104| 12 | 11-6
19—20 85|355 |69 |19 |128(539|148| 79| 2-2 | 10-1
21—30 135|390 | 25 |23 |12-3|/20-3|18-7| 28| 26 | 54

Total 49-0 (1745 | 694 | 1-25 | - - - - - ~

1 Stalk, 7 Months of Age, 1—16 Bottom Part, 34—40 White Top.

I 1. 1. V. V. | VI [ VIL VL X, | XL | X

1—10 90| 225 | 59 |014|30-7|191| 04| 85|02 | 87
11—16 801|350 | 88 |0-16|22-0(44-0| 0-7|11-3| 02 | 11-5
17—18 565|300 | 121 |0-21|17-7|68-3| 12| 147| 02 | 149
19—20 60 | 41-0 | 133 |0-24|150(839| 16|157| 0-3 | 160
21—22 65|330 | 126 |0-25|144|87-5| 17|147| 03 | 150
23—24 80| 535 |12-0 |0-35|13-8|87-0| 2-5|139| 04 | 143
26—26 60 | 41-0 | 100 |0-7 |13-3|75-2| 5-3|11-5| 08 | 12-3
27—28 70[480 | 82 |11 |131|626| 84| 94| 13 |10-7
29—30 65| 455 | 61 |15 |130(47-0/11-5| 7-0| 17 | &7
31—32 75530 | 32 |22 |106(302|20-7| 36|24 | 60

33 55330 | 15 |26 |110|136|23-6| 17| 30| 47-
34—40 13-0| 400 | 0-8 |20 |109| 7-3|183| 09|22 | 31

Total 87-5/4755 | 7-86|102 | - - - - - -
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1 Stalk, 8 Months of Age, 1—18 Bottom Part, 34—41 White Top.

I 1. ] oIv. V. VI, VI | VI | IX. X. | X1
1—13 | 100 | 310 | 68 (021|236 [28-8| 09| 89|03 | 92.
14—16 | 85| 410 |11-7 |04 |166 |70-5| 2-4|140|05 |14-5

17 55| 295|118 |06 | 153 |77-1| 39|144|07 |151

18 65| 385|116 |07 |146 |794| 48|136|09 | 145

19 60| 365 |11-2 |08 |146 |76-7| 55|130|10 |140<
20 55| 360 [11-2 |09 | 140 |80-0| 64|130|10 |14a
21—22 75| 510 |11-1 |09 | 132 |841| 68|12-8|10 |138
23 7-0 | 480 (108 |14 |12-5 |86-4|11-2|12-4|16 |140
24 80 | 580 |108 |15 |121 |89-3"12-4|12-3|17 |14-0
25 80 | 570|107 |16 |11-6 |922|138|121 |18 |139
2 100 | 700 |106 |19 |107 [991|17.7|11-9|2-1 |140
27 11-5| 800 | 98 |20 |((11-0)|(89-1)|(18-2) (11.0 (2-2) |(13-2*
28 105| 770 | 92 |21 |11-2|830|187| 10424 |128.
29 110 | 725 | 79 |22 | 118 |670|187| gq|24 |114
30 |10| 725| 69 |23 |106 |651|21.7| 7.7[25 [102
31 120 | 745 | 55 |24 111 |495|216| g2 |27 | 89
32 120 | 715 | 38 |26 |106 |358|24.5| 43(29 | 7-2
33 105 | 690 | 23 |26 | 99 |232|264| 26|29 | 55
31 100| 420 | 13 |25 |10 127|245 15(28 | 43
3541 | 175 | 400 | 08 |18 | 97 | 82|186| 09|20 | 29

Total ,-|1835 10855 | 817 (175 | - - - - - -

The bottom part of the cane is woody and contains little sugar; the sugar-
content rises rapidly in the joints above ground and there possesses the maxi-
mum sucrose content of the whole cane. When, by the operation of bankings
these joints are covered with moist earth, the roots sprout and withdraw sugar
from them, so that the maximum sugar content is now to be found a little-
higher up. Then we find quite a series of joints with high sucrose content,
and after these a decrease upwards, which is the more marked when the growth
isvigorous. The maximum reducing sugar content is to be found in the upper-
j oints, rising in acane of ow growth and falling somewhat lower in the case of a

«Thefigure* in

found by direct

calculated by interpolation
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rapid growth.. Generally speaking, one may conclude that ajoint contains its
maximum reducing sugar content at the period of its most vigorous growth or
a short time after. This reducing sugar has come from inversion of sucrose,
which is clearly shown by the relative proportions of the three sugars—sucrose,
glucose, fructose, which in dowly growing tops are as 4: 2: 1, and in rapidly
growing ones as 0.8:1:1.

1 Stalk, 9 Months of Age, 1—20 Bottom Part, 39—47 White Top

I 1. 1. V. | ve | v | VIR VL x| x| xa.
1—13 | 120 | 50<4 90 [021|192| 46-8| 11 |11-1| 03 |11-4
14—15 95| 490|126 |020|169| 745| 12|152| 02 | 154
16 70| 350|130 |032|166| 783| 19|156| 04 | 160
17 7-5 | 400|131 |04 |169| 77-5| 3-0|158| 05 | 163
18 70 | 37-0 | 135 |05 |141| 957| 35|156| 06 | 162
19 75 | 455|135 |06 |13-4|100-7| 4-6|156| 07 |16-3
20 65 | 42-0 | 135 |06 |13-8| 97-8| 4-3|156| 0-7 | 16-3
21—22 95 | 590|135 |05 |140| 97-4| 36|156| 06 | 162
23 75 | 525|135 |08 |12-3|1090| 65|154| 09 |163
24 90 | 665|135 |11 |11-7|1154| 94|153| 12 | 165
25 100 | 760 |135 |12 |106|127-3|11-3|151| 1.3 | 164
26 100 76-5 | 135 |12 |10-7|126-2|11-2|151 | 1-3 | 164
27 11-5 | 865 137 |12 |105|130-5|11-4|153| 1-3 | 166
28 11-0 | 830 | 134 |13 |101|132-7|129|149| 14 | 163
29 120 | 880 |130 |14 |103|126-2|13-6|14-5| 16 | 161
30 105 | 785 |12-4 |15 |106|117-0| 141|139 17 | 156
31 110 | 755 [ 119 |15 |122| 97-5|12-3|135]| 17 | 152
32 120 | 770 |11-3 |15 |119| 950|12-6| 12-8| 17 | 14-5
33 11-5 | 710 | 114 |17 |109|1046|156|12-8| 19 | 147
34 95| 61-0 | 98 |18 |11-8| 830|153|111|2-0 |132
35 95| 565| 89 |19 |12-2| 72-8|156|101| 2-2 |12-3
36 110 | 640 | 7-0 |21 |11-8| 59-3|17-8| 7-9| 2-4 | 10-3
37 110 | 630 | 50 |24 |109| 459|220| 56|27 | 83
38 110 | 575 | 34 |24 |101| 337(23-8| 38|27 | 65
39 100 | 435 | 19 |22 |103| 184|21-4| 2-1| 24 | 45
40—47 180 420 | 08 |19 98| 82|194| 09|21 | 30

Total ..[262-5 |15760 | 11-01| 131 | - - - - - -
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Ripe Cane—The distribution of the constituents in fully ripe canes is

given by Went as follows—

CANE PLANTED IN JULY AND ANALYSED THE NEXT YEAR.
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Overipe Cane—When cane is allowed to stand over in the fields a long
time after it has reached its maximum sucrose content, the latter decreases
irregularly.  Although the normal distribution of sucrose in the cane is still
faintly visible, the changes are unmistakable; we notice little sucrose in the
bottom joints, a rapid rise in the higher joints, an irregular percentage in the
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intermediate joints, and a maximum near the top. On the whole the figures
are lower; only the top hasincreased its sucrose content. The reducing sugar
has aso increased to over 0-50 per cent, in many joints of the cane; the top
joints, having ripened, do not contain so much. But, on the whole, sucrose
has become inverted in many parts of the cane.
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Canes attacked by Disease or Inseet Pests—Canes attacked by infectious
diseases or by insects do not show such a regular distribution of the con-
stituents as sound ones. Attacks of the cane borer (Diatreea striatalis) cause
the sucrose content to fall, while that of reducing sugar remains unchanged;
the same effect being brought about by attacks from woodpeckers (Dendrocopus
analis). Attacks by the top borer (Scirpophaga intacta) do not seem to affect
the sucrose content, but the joints attacked may become infected with the
pineapple disease or black rot, causing an increase of reducing sugars.
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We give here the composition of different joints of cane attacked in some
places by Borers and the Red Smut disease (caused by Colletotrichum fal catum).

Joint, Reduc'g Reduc'g
Sucrose.| Sugar.” | Observations. | Sucrose| Sugar. | Observations.
123 134 | 174 156 | 170
4 5 128 | 20 159 | 13
6 7 122 | 174 154 | 167
8 9 127 | 1920 148 | 20
10 11 12-6 | 167 | Borer. 120 | 320
12 13 72 | 190 | Red Smut. 11-8 | 307 [Red Smutt.
14 15 11-0 | 267 144 | 267
16 17 132 | 210 125 333 | Red Smut.
18 19 123 | 250 162 | 210 | Borer.
20 21 11-8 | 267 136 | 2-28 | Red Smut.
2 23 11-1 | 267 142 | 240
24 25 26 98 | 308 | Top.

Influence of Arrowing—Arrowing is disadvantageous, inasmuch as,
vegetation having ceased, the caneis moreliableto die df than if it had not
arrowed. Arrowing does not, however, affect the composition of the cane to
any extent, asmay be seen from the analyses on next page of two canes from the
same stool, one of which had arrowed and the other not.

These results fully agree with those of some other experiments, in which some
thousands of canes which had arrowed were cut from afield simultaneously with
an equal number of canes which had not. These experiments were made on
three estates, on two of which the white tops of the non-arrowing caneswere cut
for planting previous to grinding, while on the third the top was crushed along
with the canes. Of every parcel 200 canes were measured and weighed, and
then crushed in atriple crushing mill without maceration (see bottom page 72).
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Per cent.| Per cent.
No. of the Joints. Weight | Length | Per cent.| Reducing| ry
in grms.| in cm. | Sucrose. | Sugar. | Substance
|.—Arrowed.
White top 105 97 2-4 3-49 17-8
Adultjoints, 1 +2"i from| 67-5 1 82 2-84 22-6
3+41the| 835 125 100 2-10 241
5+ 6 Jtop.| 102 15 11-9 1-67 26-0
Not Arrowed.
White top 90 87 4-2 307 17-8
Adult joints, 1 +2\ from| 101-5 12 56 375 188
. . 3+ 4 [ the| 112 12 80 2-84 207
W 5 + 6 J top.| 123 14 100 2-07 22-3
Il.—Arrowed.
From arrow to joint No. 5 | 31-7 165 2-4 213 14-3
Joints 6 + 7 41-8 10 4-6 2-56 208
8+9 71-7 12 6-2 2-39 221
N 10+ 11 76-8 12 94 2-07 240
" 12 +13 83-1 13 12-2 1-71 26-2
Not Arrowed.
From vegetation point to
Joint 5 18-8 8 2-5 2-25 16-25
Joints 6+ 7 40-6 9 4-6 3-66 18-95
8+ 9 59 0 11 86 2-95 236
10+ 11 80-3 13 10-8 2-02 254
12 +13 94-3 145 13 1-60 26-7
I 1. 1.
Not Not Not.
/Arrowed. |Arrowed. |Arrowed.|Arrowed.|Arrowed.|Arrowed.
Length of the canein metreg 2-56 m.|2-60 m.
Weight of the cane with top|1-65 kg.|1-88 kg.|1-17 kg.|1-24 kg.|1-83 kg.|1-87 kg.
N N without top 173 , 109 , 172,
Polarization of thejuice ..| 19-3 18-8 | 1943 | 17-93 | 19-11 | 19-61
Reducing sugar in the juicel 0-42 | 0-44 057 | 049
Brix of the juice 21-3 202 | 220 | 204 |21-09 | 22-0
Purity of the juice 90-6 92-8 | 88-3 | 87-9 | 9057 | 89-14
Available sugar in the juicel 17-3 17-4 | 1686 | 1546 | 1713 | 17-22
Fibre on 100 cane 132 130
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The canes which had arrowed were slightly lighter than the corresponding
canes which had not, and from which no tops were cut, but heavier than those
from which the tops had been removed. The analysis of the juice reveals no
great differences, except in case |l. where the available sugar in the canes
which had arrowed isamost \ per cent, more than in the caneswithout arrows.

Jansz* gives the following figures for juice obtained from 156 canes which
had arrowed and 163 which had not:—

Arrowed canes .. 19-3 Brix 17-42sucrose  90-25 purity.
Non-arrowed canes 19-2 17-40 9062 4

No difference could therefore be detected.

All these experiments have been made with Black Java cane and for that
variety they give fully corresponding results. With other varieties, however,
arrowing appears to have aworse effect, as is shown in the following experiments
by Van Vlotenf

He cut samples, each consisting of 50 stalks of each of the varieties Nos.
36, 100 and 247, one of cane which had flowered and one which had not. The
former were shorter, lighter and yielded less sugar per 100 cane, as is shown
in the table underneath.

weight Lengih| K0 Constitution of the juice Vield of
| Description of the sample. k- per Red. | Glue.

Brix.| | Quot.| sugar | Ratio | 100 Cane

No. 36. Arrowed 0-930 2-26|0-394|17-4015-42|88-62 0-40| 2-59| 10-76

. 36. Non-arrowed .. 1-386| 3-06|0-464|18-40|16-38/89-02 0-29| 1-77| 11-49

247. Arrowed 1-421| 209|0-680|18-70/16-80(89-84 0-60 3-57| 11-92

247. Non-arrowed .. 1-816| 2-51|0-742|19-40|17-60|90-72 0-47| 2-67| 12-64

» 100. Arrowed 1-272| 1-86(0-684|21-30[20-15/94-60f 0-22| 1-09| 15-20

» §/100. Non-arrowed 1-599| 2-50|0-639|21-6020-55|95-14{ 0-21| 1-02| 15-60

From these figures he derives the conclusion that every 10 per cent, of
arrowing canes in afield diminishes the sugar output by 400 pounds per acre.

Fallen Cane—When cane falls, the sucrose and the quotient of purity
decrease considerably as is shown in the following analyses, made at different
periods, of afalen and a standing cane, cut from the same stool in afield of
healthy Black Java cane. The joints are numbered from above downwards,
after the"white tops had been removed.

a Suikerinaustrie,” 1896, 636.



74 PROPORTION AND DISTRIBUTION OF

24TH MARCH.
FALLEN CANS STANDING CANE.
2 g | = 2 g | < 2.
Sl el | e |8 |G |c |2z AR
d’q § g '% E QE =] g g o
g 3|2 |z 4 @
1—2 10 40-4| 10 | 256 | 106 | 1—2 9 525 | 32 1-83 | 147
34 | 12 | 77| 16 | 274 | 122 | 34| 14 |1065| 41 | 232 | 157
5 6 56-8| 16 | 319 | 13-3 | 5—6 18-5(1445| 58 2-32 | 182
6 9 | 775| 23 | 349 | 152 | 78 | 19 |161-5| 69 | 219 | 192
7 10 90-8| 32 349 | 159 | 9—10| 195|169-5| 7-8 2-13 | 196
8 1 100-3| 39 2-95 | 169 |11—12| 185|161-2 | 89 202 | 206
9 10 | 103-0| 4-5 2-95 | 158 |13—14| 18 |1455| 91 202 | 21-8
10 9 |1041| 45 | 2-95 | 167 [15—16| 17 |1307| 96 | 147 | 218
1 9 |1036| 51 | 274 | 171 |17—18| 16 |1415| 98 | 147 | 218
12 9 |1032| 54 2-64 | 167 |19—20| 18 |155-2|10-0 153 | 22-4
13-14| 18 |207-0| 6 | 239 | 165 |21—22| 19 | 1632|102 | 111 | 228

15—16 | 19 |207-4| 7 2-25 | 17-5 |23—24] 16 | 1547|102 | 1-28 | 233

19—20 19%6-0| 79 | 174 | 183
21—22 | 185|191-3| 79 | 174 | 193 205-5| 2346
23—24 | 145|156-8| 84 | 1-28 | 21-8

25 17 | 1733 81 | 167 | 190

26 8 785 85 | 167 | 20-3

27 7* 658 87 | 153 | 20-5

28 65 | 60-3| 84 | 147 | 205

29 9 800 84 | 142 | 21-0

30 11 |121-8| 84 | 127 | 21-3

225-0| 2573 )

The fallen canes are heavier and longer than the standing ones from the
same stools.  On the other hand, their sucrose and fibre contents are inferior,
and their water and reducing sugar contents higher. These differences point
to unripeness in the falen canes, which grow more rapidly, but ripen more
slowly.

H. Atherton Lee and F. M. Clara* measured the losses in actual sugar
occurring during the interval between the cutting of cane tops for seed and the
actual milling of the cane. The result of this investigation was that the com-
plete harvesting of the cane and the milling on the same day showed a polari-
zation of 16-74 per cent., with a purity of 89-1. Allowing the same cane to
stand one day after topping and then cutting, the polarization was found

«"Louisiana Planter," 1923, |, 182
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to be 15-8 per cent., with a purity of 84-1; cane cut three days after topping
showed a polarization of 15-28 per cent, and a purity of 80-4 ; while the figures
for the fourth day were 13-91 and 73-2 respectively.

Deterioration of Cut Canes—Canes which are kept for a long time, either
in the field or under shelter, after being cut, deteriorate very rapidly; the
sucrose becomes partially inverted and the reducing sugar content consequently
increases, while the weight of the cane diminishes owing to the evaporation of
water. Contrary to the view generally held, the acidity of the juice does not
augment during the first few days after cutting.

Miiller von Czernicky* reports experiments in which a few tons of canes
were completely dug out and cleaned from adhering earth, just as is the custom
in Java when harvesting cane. These canes were tied into 12 bundles of 24
each which were preserved indoors, and of which two bundles were analysed
each day during six consecutive days.

Days after, the Cutting. 0 1 2 3 4 5
Brix 21-2 21-6 21-7 21-8 22-3 | 25
Polarization 19-93 | 20-20 | 20-25 | 19-69 | 19-07 | 18-45
Quotient of purity 90 | 935 | 933 | 903 |855 |80
Reducing sugar 0-3 03 0-4 0-8 16 2-1
Available sugar 157 156 15-3 145 130 120
Loss of weightin per cent| 0 11 21 30 39 47

The percentage of available sugar was calculated by assuming that 100
parts of cane contain 84 parts of juice of a composition equal to that obtained
by the laboratory mill; and, further, that the loss in weight is only due to
evaporation of water, therefore the degrees Brix are the samefor all the samples,
and these are assumed to contain the same juice content. The available
sugar is then calculated as being represented by the product of sucrose and
quotient of purity divided by 100.

Another parcel of canes which had lain in the field for 24 hours exposed to
sunshine and afterwards kept indoors, gave the following figures—

«"Archief voor de Java Suikerindustrie,” 1900, 610.
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Days after removal from field.| 0 1 2 3 4 5
Degrees Brix 215 | 22-1 | 224 |227 | 230 | 233
Polarization 20-35 | 20-82 | 19-36 | 18-17 | 17-77 | 17-29
Quotient of purity 96 |942 |84 |80 |772 |742
Reducing sugar 02 0-3 10 19 2-3 _
Available sugar 16-2 16-0 135 11-6 | 108 99
Loss of weight per cent. ..| 0 21 33 4-3 54 66

Savornin Lohman* obtained similar results when analysing cane which had
been kept indoors for 24 hours, as compared with cane that had been left in the
field during that time, and with cane just brought in.

Crushed Kept in the field | Kept indoors for
Constituents. immediately. for 24 hours. 24 hours.
Brix 1713, 16-48 *16-89
Polarization 14-63 1354 1417
Purity 85-45 82-13 83-90
Available sugar 13-64 12-36 13-08
Acidity 0-190 0-202 0-200

On calculating the available sugar to the same figures for degrees Brix,
we find 13-64 per cent, for the canes crushed immediately, 12-88 per cent,
for those kept out for 24 hours, and 13-27 per cent, for those kept indoors
during that time, which means a loss per 24 hours on 100 parts of juice of
respectively 0-76 and 0-37, or on 100 parts of original available sugar of 557
and 2-71 per cent.

At the meetings of the Association of Advisers to the Java Sugar Industry
of 1922 and 1923, the problem was discussed whether the new varieties have
a similar degree of deterioration after being cut as the canes which had been
the subject of the afore-mentioned investigations.

The very important series of figures and data, brought forward on that
occasion, showed that the new varieties planted nowadays in Java behave
in pretty much the same way as their predecessors.

The above figures were found in the tropics (Java), but it appears that in
cooler climates deterioration is not so rapid, asis shown in H. Pellet'st table
of Egyptian cane given below. H. Pellet alowed cane to lie for a long time
and analysed samples from the heap at different dates during the month of

January, 1896.
* " Archief voor de Java Sukalndusvle 1900. 1175.
t" Etudes sur la Canae a Sucre” page
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Days |Lossof Weight| Spec. Gr. of Sucrose in  |Reducing Sugars Quotient
kept. in per cent. the Juice. 100 Juice. |on 100 Sucrose.| of Purity.
0 0 1-0705 135 33 885
4 2-5 1-0729 134 417 89-2
7 43 1-0715 136 3-37 88-1
11 100 1-072 14-2 3-80 89-6
15 87 1-074 137 4-80 87-0
20 90 1-076 14-3 3-10 87-8
23 12-5 1-0765 138 3-70 86-5
25 150 1-081 14-7 3-75 87-1
27 180 1-084 149 4-50 85-3

In the comparatively hotter months of December and February the deterio-
ration was much greater, without, however, approaching that shown in the Java
instances.

Preservation of Cut Canes—In conjunction with Went the author made
experiments* as to the practicability of preserving cut canes for a long time
without their undergoing too great a change. They came to the conclusion
that sound canes, kept out of contact with each other and covered with moist
sheets, remain unchanged for several days. But it should be stated that
these experiments were only made in the laboratory, so that the results are
not applicable to ordinary conditions where canes are stacked and stored in a
much rougher way,

A stool of Black Java cane, consisting of 10 stalks, was cut, two of the
canes were inspected under the microscope and afterwards crushed; half of
the remaining eight canes (portion A) were placed in adry spot in the sunshine,
while the other half (portion B) were covered with moist sheets. After 1, 2, 3,
and 5 days respectively, from every one of the two portions one stalk was
inspected microscopically, then crushed and the juice analysed. The micro-
scopical inspection showed that immediately after the cutting of the cane the
parenchyma cells contained much sucrose and little reducing sugar. A day
later a small increase in the reducing sugar content was to be observed in
cane A but not in B. Even after two or three days the B canes remained
unchanged, while in those from A a good deal of reducing sugar could be
detected, chiefly in those cells which were nearest to the periphery of the cane.
At the end of the fifth day this decomposition of sucrose had also reached the
centre of the stalk, so that in the canes from A all the parenchyma cells con-
tained considerable quantities of reducing sugar; in B, on the contrary, only

* Arehlef voor de Java Snikerindtratrie," 1894. 249.
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a very dlight difference from the original state could be observed. We could
only detect an accumulation of reducing sugar in those cells of the B canes
which were situated close to the buds and to the sprouting rootlets.

The analyses of the juice confirmed the microscopica tests.

Immediately After After After After

Constituents. after. 1 day. 2 days. 3 days. 5 days.

1 2 A B A B A B A B
Sucrose 20-7 | 21-8 | 21-4 {210 {210 |210 | 204 | 200 | 198 | 200
Reducing Sugar | 013 012| 0-24) 0-22| 0-69| 0-35 183 0-38 221 0-68
Purity .. 937 |920 |94-6 |93-3 |92-8 (931 | 866 |H4-8 |84-8 |92-2

Windrowing—As long as the cells remain aive, the composition of the juice
does not appreciably alter, but as soon as they die the reducing sugars increase
at the cost of the sucrose. The chief cause of the death of the cells is the
drying up of the cane. When we succeed in preventing the cut cane from
drying (a very difficult problem in tropical countries), or from fermenting, it
may be kept for a long time before the juice deteriorates. In cooler climates
the cane may be kept for a long time after cutting by the practice known in
Louisiana as " windrowing." When there is cane in thefield at the time that
frost is expected, the standing canes are cut, thrown between rows, and covered
with cane trash to keep df the frost until they can be conveyed to the mill
to be crushed. Stubbs* showed that, in windrowing, much sucrose is lost by
inversion, so that the practice is only resorted to in order to avoid still larger
losses by splitting frost.

The following figures are given by Stubbs: cane cut 7th November,
windrowed till 13th December or during 35 days, maximum temperature
25-5° C, minimum 3-3° C, average 15° C, rainfall 2-6 inches.

Glucose [Available
Quotient.| Sugar.

Reducing

Sugar. Purity.

Brix. | Sucrose.

Analysis on 7th November| 1409 | 10-42 | 194 73-95| 186 | 7-70
13th December | 14-23| 902 | 2-99 64-02| 331 | 577

+"Bulletin 37, Louisana Exp. Station," page 1294
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Cane cut November 22nd and windrowed till January 2nd, or during 42
days, maximum temperature 25° C, minimum —6° C, average 11-1° C,
rainfall 4 inches.

Reducing
Sugar.

Glucose |Available

Brix. .
Sucrose. Quotient.| Sugar.

Purity.

Analysis on 22nd November| 14-22 | 11-33 | 1-60 80-0 141 | 906
. 2ndJanuary |14-22| 10-40 | 2-38 731 | 229 | 760

Browne and Blouin* ascribe this gradual failing df in sucrose content of
cane which had been windrowed for any length of time to spontaneous in-
version by enzymes from the upper end of the cane, for if the green tops are
removed at the time of the cutting the loss of sucrose is much less. This can
easily be seen in the following series of experiments which were carried out at
Audubon Park in 1903. Several lots of canes were windrowed, one haf of each
lot having the tops removed. In all other respects the conditions of the experi-
ments were alike. At the end of a month all tops were removed, the stalks
from the different lots ground and the juices analysed with the following
results:—

Brix. Sucrose. Rg:gng

Lot 1. Windrowed with tops cut 16-1 133 1-25
» » > on 159 121 1l85

Lot 2. N N | cut 158 12-8 122
N , on 154 11-5 153

Lot 3. N W J, cut 16-3 135 1|25
» >0 , on 16-1 12-6 1|92

Lot 4. " . cut 16-2 137 1/00
» » > on 158 11-8 185

Lot5. N . o cut 159 128 139
"ovoon 150 107 217

Effect of Fros on Cane—The injurious effect of frost on sugar cane is
illustrated by the following examples reported by Stubbsf On the 27th
December, the canes were exposed to a sharp frost, and on the 28th December

' Bulletin 1, LouisinaExp. Station” pege. 18
t" Bulletin 37, Louisana Exp. Station," 1224.
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a few canes were cut and analysed, the remainder being partly windrowed,
and the balance left standing. The temperature was —7.2° C. on the 27th
December, and it kept on freezing till 2nd January. The cane was cut on
15th January. Thus after 20 days (maximum temperature 25° C, average
84° C, rainfall 8 inches) the analyses of the juices were as follows :—

. Erix, ' Socrose. 3
. i Sngat. Purity ; Sogar.
Analysis on 27th December | 1491 | 1186 | 142 | w4 | o
|
15th Jamary (windrowed} 13-60 © 809 1-66 689 | 682

15th Jan. (left standing) .. 12-&4‘ 866 | 128 | 675 ¢ 584

Stubbs expresses the view that the frost killed the cane cdls, causing an
intermixture of the different kinds of sap, which then decomposed.

Effect of Fire—The deterioration of cane occasioned by the death of the
cels is still more rapid after a fire. When a canefied is burnt, only the dry
trash is actually consumed ; but the stalk itself is overheated, with the result
that the cells die and the cane perishes. During the first days after afire only
a trifling change in the composition of the juice is noticeable, so that if the
burnt canes are milled at once the quality of the juice is not much inferior
to that of unburnt canes. The real drawback is not the actual loss of sucrose,
but the necessity of crushing the burnt canes at once, which means a large
pecuniary loss if the canes are not yet ripe. In the examples given below, the

Cang variety. Brix. Polarization. Purity.
1st day 183 1475 80-6
ond , } Black Java { 17-8 1415 795
3rd 17-3 13-68 791
1st 21-4 19-91 87-7
3ad , } Black J“a{ 213 1867 773
1, 144 1095 760
2nd } Seedling { 132 980 742
ard , L 126 918 72-8
s, 173 1404 81-1.
2nd , } Seedling 71{ 172 1396 81-2
ard . 160 232 77-0
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sucrose and the quotient of purity are very low, but these are only indirect
consequences of fire, because the planter was compelled to bring the cane to the
mill much earlier, and in a less ripe condition, than would otherwise have
been the case.

Usually the cane can be crushed soon enough, and then the damage is not
considerable, as is shown in the Table preceding.

But if circumstances prevent the canes being crushed at once, the deter-
ioration goes on rapidly and uninterruptedly. In one case afield was planted
with Seedling No. 247 and, on the 30th March, a plot of six acres caught fire
and was destroyed. The mill was out of order just then, and the cane could not
be harvested, but in order to investigate the rapidity of the deterioration, a
few canes were cut from time to time, divided into pieces and analysed. Every
one of the stalks was cut into 10 pieces, and the Nos. 1, 2, 3, etc., to 10 of each
cane combined, crushed and analysed. The cane was harvested on 10th and
11th April, and crushed on the 12th April, while on that same date a portion
of these canes was crushed and analysed in the laboratory.

B,
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-5 [i-78
122 1554
1185 1617
[N 1529
12-74 Td-5d
143
I1-B&

SaacriE tLEIR.

£-11 | 1048 [ T1BB | 12410 [ 1226
TG | 1ET|OI33 | 1828 | 1202
&+82  |9-B2 ( 12-28 | 12-35 | 13-2]
828 | 1148 | 1238 | 1755 | 12atl eEe

743 | 1098 | 1215 | 12-15
Hewd [ 11-43 ) 12431 | 11401 942
713 | 1044 | L% | 1072 16| o] »a

Fuprry. RETGLHG FOOAR,
Dara, SaNTLR TaBIE.  E—

Tog] s‘|ss|raslnmzsaw
162 12 [777 [mbob Iy9-2 [s0°2 Y22 (-6 {3-zt|z-suz 24)-oa1 00
788 [34-4 753 [s0-0 005 a1 Ja2-D (854 [loa -1 411 o
588 30-6 212 foaez [ 7 taaes fosez fas ot (ledia-o |1 by -2ole-se
314(80-3 [80-7 06 (905 :31-6 [53-6 [oez [z s 108
o5 |mp-7olan-balae-si7a-s 183-371a7 -8 oa{z-62i2-0 ¢ %
o (18- [s8-7 [ra 1477 7 [[2-mfe o
? i"‘“““" 27 a2 [ [a-1a-ofed 1-s41-38




THE CONSTITUENTS OF THE SUGAR CANE 83

The mill juice from those canes cut on two consecutive days had the
following composition:—

Brix. Pol. Purity.
Cut 10th April . 98 .. 473 . 4778
Cut 11th April . 962 .. 48 .. 5062

while the sample crushed in,the laboratory mill gave 10.7, 6.79, 63.4.

In another instance where cane was left in thefield for a long time after a
fire, from April 9th until May 4th, the average weight of the canes diminished
from 1.31 kg. to 1.05 ; and the composition of the juice, which was originally
Brix 12.75, sucrose 8.60, reducing sugar 2.63, and purity 67.45, became Brix
8.78, sucrose 4.74, reducing sugar 3.29, and purity 53.99.

Influence of Climate on Sucrose Content.—In sub-tropical countries tem-
perature has a very marked influence on the sucrose content of the cane. This
has been shown for Louisiana by Browne and Blouin, in the results of years
1903 and 1904, which were very dissimilar as regards weather conditions.

1803,
! Angust | September | Oetober | Newtmber | November
1 1 1 1 15
Sucroge L 2D 647 1127 1360 la-88
Reducing Sugar ..| 380 a4 261 b 142 088
Purity ..l 36-00 70 w2 87T-85 @210
1904,
Suerose | 2 513 ! B4 813 | 12400
Reducing Sogar  ..| 444 3% 366 2.82 188
Purity .. 3238 5285 ;6681 7155 B0-53
! :

The weather conditions for the two years In question during the growing
shasem ware as fullows —

Angust. et Deweant

82-10 | 7700 | 4780 ] BBQ0 [ 400
B4-10 | 8420 | 7120 | 6430 | 5840
548 127 | 036 0-23 380
5-75_l a2 | 076 1-50 302
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The results for the two years show but little variation up to the middle of
September. After this date the sucrose content of the 1903 canes increased
considerably, and this increase continued until the end of the season. The
average daily temperature and rainfall for the two years were also about the
same during June, July, and August; for the remaining months of the year,
however, the conditions were very unlike September, October, November, and
December. 1903 showed far lower daily averages in temperature than the
corresponding months of 1904, while it also showed a deficiency of rainfall.
These conditions for 1903 were very adverse to the growth of the cane, yet
hastened the ripening to an extent rarely attained in Louisiana.  On the other
hand, the unusually warm weather of the fall of 1904, together with favouring
rains, promoted the growth of canes even into December, but retarded the
ripening.

In tropical countries where the average temperature does not vary much in
different years, the sucrose content of the cane is not so much influenced by
the temperature as by the rainfall. Kobus* illustrated thisin the table below,

I
i Bag—Ootober Octobar, Novetuber,
Sugar (Ripaning Tima). Daceraber
extrgted Sucross [Sorm after Planting).
Year, |trom 103| fa 100
Cane. Cane,
Averags |]’n per 1060 Ta per 1000
Monthly of the Reinfall in of the
Rainfall, | Year's Total|Three Montha| ¥aar's Totd,
|
1894 10-38 214 ,l 127 23-82 68
1896 878 486 0 245 1874 0
1806 | 10-65 074 | 5 1760 410
1807 10-08 138 87 w3 ! 380
1598 1021 S48 ) 158 2796 T4
1809 ; 1094 | 1388 228 160 1823 BoR
1900+ 857 [ 1226 4-58 | 263 17-7% 288
1001 |, 10-16 | 12-88 342 174 19-10 310
12 10-77 | 1343 1-10 ‘ Lir | ki8S 1]
1808 10405 | 12-40 248 131 25-78 418
1904 W07 [ 13- 307 174 25-59 847
1008 | 1097 | 1268 232 129 1327 233
1906 10-0d | 12-44 #11 184 2¢-61 590
, )

* * Proceedings of the 8th Sugar Congress, Sourabaya,” 1907, 40.
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in which he put together the inches of rainfall during the early growth of the
cane and during the ripening time, and the average sucrose content of the
canein Java, and the yield of sugar on 100 cane. As cane is planted therein
June-September and crushed in May-October of the following year, the figures
for October-December, 1904, for instance, apply to the cane crushed in May-
October, 1905.

The figures for rainfall during the ripening time are highest in 1895 and
1900, and they correspond with the lowest extraction, i.e., low sucrose content
and low purity; while, on the other hand, the driest ripening seaspns, 1896
and 1902, correspond with high extraction. The rainfall during the ripening
period is, however, not the only factor, as the rather rainy years, 1899 and 1904,
aso showed high extraction. Another factor is the meteorological state during
the early period of growth, as cane can be fully ripe in May if an early growth
is favoured by a plentiful rainfall in October. Here we find the highest figures
for 1898, 1903, and 1906, and, in accordance with these, high extraction in the
corresponding years, 1899, 1904, and 1907, notwithstanding excessive rainfals
during the ripening periods in those years.

Geerts has studied* very closely the factors determining the product of a
canefield, both as regards the weight and the sugar content of the crop.

The character of the sail, the time of planting, the meteorological circum-
stances, in short, anything apt to influence the growth and the development of
the cane aso exerts an influence on its sugar content. Cane ripens sowly in
amoist soil, where it may continue its growth during a long period ; on soils
which are drying up in the dry season it will ripen much more quickly. On
plantations situated considerably above sealevel the low night temperatures
stop the growth and promote ripening. If the circumstances of growth and
development have been very favourable, the storage accommodation for
sugars in the canestalk is very spaciously built; a great deal of sugar may
therefore be accumulated in the cells, without the liquid in the cell becoming
as concentrated a solution as is the case in cane grown under less favourable
conditions where less spacious parenchyma cells are present.

Cane having had an abnormal growth owing to drought often ripens very
rapidly; the ripening period proves very short, the cane soon becomes over-
ripe and loses in sugar content.

Fertilization with nitrogenous manure influences the growth of the cane,
and therefore likewise its sugar content. This influence does not act in a direct
manner but rather in an indirect one, since such fertilization may retard or
prolong the vegetative period.

*"Archief voor de Java Suikerindustrie,” 1923, 1171
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If the fertilizer has been applied late, or if a long-acting manure, such as
filter-press mud or dung has been used, the growth does not cease and ripening
will be retarded. A very heavy dressing with fertilizers decreases both the
weight and the sugar content of the cane.

It has been proved that the sugar content of the cane depends on a great
many factors, which are steadily in mutual intercourse. A dry harvesting time
is favourable for the ripening on an estate having moist and low-lying land,
but unfavourable for estates on aloamy, easily cracking soil, where the rootlets
may be torn asunder, if the cane is not cut before the land has dried up.

Increase of Sucrose in Cane during Ripening—The following summary of
hundreds of analyses of cane, which were made with a view to ascertaining the
period of maturity, shows how the sucrose content and the purity increase as
maturity proceeds:—

1
S ]| - -
. | Availabia Date of
Dmta of Analysia. Brix. Socrose. Prrity. i- a . ' Pisatiog.
I |
2rthMach .. 194 1781 8l | 1309 | 15th May
10th April 418T 1834 | 831 | 1347 idewm
20th Agpril o 21 1877 © 933 | 140 idem
Hith April S 201 1876 932 X 1898 | idem
) | |
II.
| s 2
Availabils Trate of
Dats of Avalysis. ; Briz. ; Suerese Pazlty. Sugar, Mlanting.
27th April . E 13-5 ! 17-89 18 1314 | 238th May
17th May P19 1823 616 13-36 fdem
2Tth May . 198 18-G5 @2 | 138 idems
8th June 1R 1866 937 ; 1400 tdem
[
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Decrease of Sucrose In Over-ripe Cane—If caneis alowed to stand too long
the sucrose content and purity fall, as the following figures demonstrate:—

Date of Analymis, | Baix. Suorowt, | Party, | SrRladls
Sth May .. 189 1728 gld - | 1382
Mth May .| 198 17418 w21 1800 | Blagk Java
8rd Juge .. 199 1841 Y4 1375 | 12 months
12th Jame .. 10 1860 934 1388 of age.
tndJnly .| 18 17-56 97 1398

It is evident that in the practice of sugar factories the sucrose content and
the quotient of purity do not rise and fall regularly, since al kinds of factors
such as rain and drought, attacks of cane diseases and pests, intervene and
influence the course of ripening. Kuyper* mentions the rain in this respect,
and states that the lowest part especialy of the cane stalk suffers first and
strongest from the action of lightly affective factors, such as relatively light
rains.

The quotient of purity shows in general the strongest oscillations and is
therefore the best criterion for the detection of irregularities during ripening.
A considerable decrease in the quotient of purity in the juice of every part of
the cane points to large disturbances in the growth, especialy so if this decrease
is accompanied by arise in the figure for the solids.

Period of Ripening ol different Varieties—One variety of cane ripens more
quickly than another, which may be due to the fact that in general the increase
in available sugar in one cane variety is much more rapid than it is in others.
Every factor accelerating or retarding the ripening of the cane exerts its
influence on every variety in a similar though not identical manner, so that the
differences occasioned by them are more qualitative than quantitative.

For every estate, for every canefield, and for every year the progress of
the ripening is a different one, so that no generaly standard figures can be
given in this respect.

It is therefore only meant as a broad illustration when we give here the
increase in the available sugar at intervals of 10 days for different varietiess—

* " Archief voor de Java Suikerindustrie,” 1922, 11., 320,
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. Sxpeprneos No.
Prack Java.
100 247 148 35
1343 1102 THT 104 977
12-84 11-80 &-15 10-14 W68
13.20 12-27 922 ©O1047 1047
13-88 12-57 8-34 1141 52
1438 12494 @36 1248 )
1371 o-87 12-36
1372 298
t 1954
! i

The increase in available sugar was for

Black Java .. 276 per cent. in 60 days or 0-b5 per cent.in 10 day
Seedling 100 .. 252 1 P " n
Bepdling 247 .. 2400 . » 80 o 083 " "
Seedling 146 .. 268 ,, L, 70 ,, 0B& -
Seedling 135 .. 075 " o 40 w 010 » "

Ratoons—When stools are allowed to ratoon, the sucrose content of the
ratoon canes is generally superior to that of the plant canes, although the ton-
nage is apt to diminish each year, unless the field is " supplied " with new
plants which cannot be counted as ratoons.

Chiquelin and Verret* report the following results of their analyses of
plants and of first and second ratoons of two varieties of cane, which clearly
illustrate the faling off in weight and the improvement in sucrose content.

There can, of course, be no general rule, since the two succeeding crops
ripen in two different years under sometimes very different circumstances. In
some years a long drought retards the growth of the plant canes and, in such
ayear, apoor crop will be obtained, while in the following year if thereis more
rain the ratoons of that cane may yield a heavy return.

It is therefore obvious that the difference in yield per acre between plant
canes and the different ratoons cannot be exactly stated, but, generally speaking,
the weight of cane per acre diminishes every time the canes are ratooned.

* Bulletin No. 91, Louisiana Exp. Station.
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Isx Veax | BvD Frar
Pranr. Rarcons. | Eatooxs.
Weight of Stalk 1504 g, | 1262 gm. | 1042 gm.
Filra .. " . o BBEY 7-45%, 8029,
Sucrose . £70 6-08 845
Deerctrase . . | 205 : 147
Striped” Levuloze 180 173 1-64
cang. | Ash . . . o 039 027 027
Acids . o2l 018 0-11
Albumineids . . . ] 008 07
Amides . .| 008 002 0-02-
Gums .. .. B 008 {07 008
Weight of Stal .| 1676 gm, | 1487 gm, | 1163 gm.
Fibee ., . 6289, T-12%, 7-18%
Smerose . . 33 788 824
Dregtrose . 184 148 1-83
D. T4 | Levnlose . . 1-35 120 112
cans. | Ash ., . 40 -41 49
Adids .. .. 21 23 18
Albndnedds - . 06 L] 07
Ammides - 10 0% 02
Gunos ., P - o Ri]

A couple of analyses out of many hundreds made by Francis Watts* in
Antigua show the quality of the juice from plant canes and their first ratoons,
the figures being obtained by analysing a few canes from every parcel.

I.—SEALY SEEDLING, CASSADA GARDEN.

Weight New- | Total
Came, Per | Socross | Glucoss | engar | Solida | Prrity.

Tons per) cent. | [he. par | The. per | Ibe. per | [a. par
Piant, 1906, 4 ..| 148 | 53-2 | 2.254 | 0083 | 0138 | 2423 | 030
- w8 L E29 | 5E8 | 2361 | 0027 | O-LB5 | 2-381 | 9
First Ratoons, & ..| 202 | &68-G | 2-145 | 0088 | 0-I67 | 2400 | 884
ar wo b .| 202§ o660 | 2228 | 0060 | 0-16) | 248 | 920

* " Sugar Cane Experimentsin the Leeward Isands”

Report 1905-6, 1906-7.
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11—QUEENSLAND CREOLE, DIAMOND.

-

I
Flant, 1906, a .| 324 | 5§ | 2708 | 0023 [0-132 | 2-261 | 930
" w B 3T | 510 | 2184 | 0048 | 0107 | 2334 | 986
First Rutoons,« ..| 188 | 82-0 | 1-685 | 0003 | 6-165 | 1613 | 88-1
" w B 186 | 520 |1.887 | 0112 | 0-166 2-214' 875
|

Variations in Sucrose Content and Purity.—In order to show the differences
in sucrose content of cane and first mill juice during the course of the grinding
season, we here give the average sucrose content of cane and the Brix, sucrose,
and quotient of the undiluted juice extracted during the various periods of the
season, on three different estates.

i
I . Ii
! [
Suerste Taor ! Soerom Juion
in l Period in
Pedod ! e e
Brix. | Suertes Gootimt Bria | Sueroes Quatlnt

Apdl B-cMag 1D | 1303 ] 07E5 | 1500 0 M [|May 233 L] IRST [ 1816 | 1F05 | MRS
Marll—20 o rdr 1526 [ M5 | 81R2 ) 199 (17 | BRS
May2l-3| TR | RN [ D 1930 [ 17h4 | 827
Juoa 1—T0 1368 [ | 1587 | BTN 1502 189 | 8837
Jucs 11=-20 1344 [ TS | IHED | B4R 1353 | |B0y | SRET
Jme 2130 1EE [ 1519y 1S B 1943 | 1802 | 9516
Tay 1—14 196 | LB 16t | 8656 105 | 1743 | e
Iy |20 A0 1032 5 JENE | BRI 1911 [ 169 | gkby
Jaly 2b=31 1338 17T 1 J98 | BS-13 (L] 164§ | AM18
Angoat |—H 6 [ 18- ) nSD | BAT 1971 [ 1547 | B0-64
Acgul (—3 I356 | MR08 | G656 | BoaT 1846 | [G6E | 8307
Aoguet 2111 1T I8%G | 1EID [ M4 154 — -
Supresitar =111 | 1451 Lh54 | 1672 [y ) 1646 | Ey8

Toedd .. .| 1373 LBR | 1O ,l BrsE Tewd .. o WM 1R | 172 | ERES

115
[ ;
April 23—Bay 5. . LA-74| 1940 17-58| 53-8 | Tuty 16—E&1 . 140511846 | 19-75|50-2
My 16—31 .| 13-66)18.20|10-01 |88.0 | Avgust 115 ..[13-41[18-5 | 1598 | Hh-d
Juna 1—14.. .| ld-18{18:1 |18-48(88-07) Aug. 15—Sept. 6. . 14-1%)10-F | IT-28 | 880
Juae 16—30 .| 1412)19.2 |17-20)68
Jualy 1=18 .. o .| 14| 18T (16881680 Total ., .. TA-F0 (169 | 1875|854
i 4
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Sucrose Content in various Countries—It is extremely difficult to obtain
figures for the average sucrose content of the canesin certain countries. Figures
can be quoted, but they relate chiefly to the results of asingle estate in one
season, and cannot be considered as representing averages. One must therefore
abstain from repeating here the various items of information to be found
scattered throughout the literature of the subject, and need only mention that
in countries where the period of vegetation is shortened by frost, the sucrose
content generally remains low, because the great bulk of the cane is harvested
before maturity. In countries having little rainfall, asin some parts of Hawaii
and Peru, where the cane sometimes stands 20 months or more and is liable
to become partially dry when fully ripe, the sucrose content may rise as high
as 16 per cent, and that of the reducing sugar fall very low. In the broad belt
of sugar-producing countrieswith ahot and moist climate, viz., Central America,
the Antilles, and Java, the sucrose content is fairly constant and, though
occasionally exceptionally high or low, this percentage may be put down as
13 to 15 per cent, in the cane when it reaches the mill.

After the statistics published annually by the Java Sugar Experiment
Station, the sucrose content of the cane in that island has been the following
in the years since 1899:—

1809 1399 .. 187 1A .. 1015 143
1900 1246 .. 1308 1230 .. 1018 134D
1901 12-88 . 1609 12-18 . 1817 1242
1902 1845 .. 1910 E2b4 .. 1018 1343
1908 1240 .. 11 12l .. e 1338
004 - 1804 .. 1¢i 1235 .. lew 1304
1905 1268 .. 1913 1254 .. 11 1S4l
1806 1844 .. 1014 1141 e 1022 1287

W 1846

J Kuyper* investigated the distribution of the solids in the juice of the
different parts of the cane stalk and published the following conclusions as
the outcome of his investigations:—

1 The percentage of solids in the ripe cane increases absolutely regularly
from the top to the bottom end; the only exception to this rule is given by
the topmost jointsin which sometimes the concentration is higher than is those
immediately underneath.

2 In well-growing cane three zones may very clearly be distinguished:
"No. 1, consisting of joints 1-6 from the top, the rally growing part, processes
a low and constant percentage ; No. 2, joints 7-12, the intermediate part,
shows a rapidly increasing solids content; and No. 3, the rest of the stalk
(the real sugar staor) has a slowly but constantly increasing percentage of solids

inthejuice. « + Archeif voor de Java Suikerindustrie” 1918, 1665.



92 PROPORTION AND DISTRIBUTION OF

3. Inevery joint azoneof 0.5to 1 inch in height on both sides of the place
of attachment of the leaf-sheath contains a low percentage of solids in the
juice.

4. In most cases the juice in the periphery of the stalk has a higher solids
content than that of the centre, both in the joint and in the node. The rind
to a thickness of 0.05 to 0.1 inch shows the highest percentage of solids in the
juice The juices of the hardest parts of the cane have therefore the highest
solids content.

5. The figures vary according to the varieties.

Ratio of the three Sugars In Cane—The proportion in which the three sugars
occur in the cane largely depends on the age of the different parts of the cane.
We gave, elsewhere 0.73 per cent, sucrose and 0.60 per cent, reducing sugar,
consisting of glucose and fructose, in cane leaves which are actively assimilating.
The following figures are for cane at different periods of development.

} J

- : |
White tops of caae 6 months old . 1402 ! 1-24 1 128
" w 8. " . 160 13 | 670
Bottom jelnts , 12, . .| 1es0 | 080 | c2e

! l

The fructose content decreases gradually ; but even in the juice of the riper
joints its presence may always be detected by means of the reaction with
ammonium molybdate and acetic acid, mentioned on page 44.

The table of Browne given below also shows that the amount of reducing
sugar and especially of fructose decreases as ripening proceeds.

b 11 the Rednolnyg Sugmc Content during Ripaning.
2t

b ‘ Zind 7ih e L
Briz .. J| 1647 | 182 ] 1406 | 1470 | 1848 | 1722 [ 1848
Sucross . 61 799 | 1127 | 11-60 | 1390 | LE-BE | 168

! I . 5702 BS54 6-TE 7841 3768 9310 "W
m Co-adficivnt al-bk | ABB0 | 2237 | WTO 75 58T 137
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Rotatory Power of Reducing Sugars—The following table gives analy-
tical data concerning the juice of ripe and nearly-ripe cane, in which the
rotatory power of the reducing sugar is expressed in degrees Ventzke.

| sfi 1 EE i
c._.,,,.,m‘ﬂg-”j al il
| |2} %% S 3 . i

710 2o | ~D64 | 27 | =135 | 1257 | 0-26 ) 3
5] FO-5 | mma0F | (34 ] —22-5 | 1706 | 075 | 081
B W65 | —EF | 280 =184 11| 147 | 11
60-1 BT |ty | b2 ] —L6D | S 022 ] DB
A4-3 45-2 |~ | b6l [ —fd2 {1552 | 007 { 04
W2 513 | wd-g | 2030 | —g0p ! B2 (1-TRiL0R
LR ] A8-3 | =050 | 230 [ — -5 | 11w L 1a | gaT
-8 3145 [ —| 302 (= o | PRS0 000
b ] - 067 | —Th-2 11825 p 024 | 03}
653 B [ —1of |10 | =720 16413 [ 0-57 | 058
) M2l 8 [N q 252 095 (Do
R WY 0] N85 07| 22 (02 0k
mHa LA Qa7 O | WM [0
-4 WA D PO E L1 | 20 S
- E[ 01 (08 [ =3 [LE- AT E 3L 5]

AR R B AR AR ] 194 1530 | &5
AT 2961830 | —03 [0 [ —12 bo-B8 . ILEL]
| =BGl =3 || -7 606 { 0-7C { W
W77 | 18T | 67 | =Bl P [ —2 LL-FREANE -]
8] =0 M-T] =2 | Delg | =1 [ 1592 [ 0-01 ] B35
GF-5 | 1925 677 | —D2 (NP — A-6[ Q621 [ 106 ] 0N
S DR T =02 |2 =2 (1M 15 08
GE0 | —I17H[ 616 =04 | 200 —7-1|3d-80(1-3¢] -0
B91 {—009 | S8-8 | —0F [ 13| — B [ 1654 [ O3 F 050
Bl ] =R [ 652 | B | IEY[ =00 [ Thol | 10 O
b L] 204 ((M§ | —03 FT-EEE — 6ol 1652 (079 [ OB
G5 | O E | 5| e | N = B8 | 152 | DR [ 0D

From the rotations at a temperature of 28° (glucose = 80 and fructose
= — 134), the proportions of the two reducing sugars may be calculated from
their total quantity and the rotation of the mixture.

Asaruletheripest cane contains the smallest percentage of fructose, though
it must here be explained that these figures possess only relative values, since
the dlightest deviation in temperature or error in polariscopic reading is suf-
ficient, when so small a quantity is under consideration, to influence the result
considerably. A difference of 0.1° in the reading is sufficient, in some cases, to
change a positive rotatory power into a negative one, so that thefiguresgiven
in the preceding table should not be regarded as rigidly accurate.
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Fibre Content of Different Parts.—The fibre content in the different parts
of the cane varies considerably ; not only do the bottom joints contain more
fibre than the middle and upper ones, asis clearly shown by the many analyses
on page 68 and following, but in the same joint the fibre content varies con-
siderably according to the larger or smaller percentage of fibrovascular bundles
and parenchyma cells which are present in the different parts.

Winter* separated, as far as possible, the hard fibrovascular bundles from
the oft pith of the cane, which had previously been skinned, and ascertained
the weight of both constituents ; but he admitted that the separation was by
no means complete.

Socmes. Fikre. Juies, m

Fibrovescular bundles .. 1568 14-22 8578 18-22

1 Parenchyma celly .| 1888 800 85-00 1987
Fibrovescular bundles  ..[ 15647 1i-78 88-25 17.68
len:hymn crlls .. 1029 4-50 9550 2020
Fibrovascular bundles ..| 1404 12-28 8172 1601
Parenchyma ceila .o ATead 441 95-58 18:20
Fibrovascular bupdles .. a4-53 900 8100 10-80
Parenchyma cella o 420 | 0680 11-60
Fibrovascular bundles .. 14-54 817 9053 18-01

& Parenchyma cetls oo ME-lE 400 9600 16-82

In a second series with ripe and unripe cane the purity of the juice was
also determined.

Canz. Jurce.

lelajdi i) 1]

Subatance,

BHop sager
Furity,

beovasc uodles .. 1454 @17|00-83(20-50( 2T\ Sd-ET 14-01|19-08; B-07|8%-91
;‘lml:hy:l]:r " - ..|1a-18} 400|90-80|21-82| 1-97|7401|14-92|12-50 14| 20-83
Fitroveacoler bundles . .|11-55] 8-81160-30/23-00 1-60{ 80-09 (1278 14-88] 2-10] 580
Furwchyms . | 1e-u4] 4.25(98-75( 1504l 1-8E B7-86| 12-78| 14-40| 1-43:55-78
bundies ..|20-98|12-07 8743 20 B s-nalﬂ-sz 12-56] 1408 :‘g: ;f-gz

..|11-00] 678 u-ml 1601 194158821197 1373
v ! I

» 1 ptatadaslingie. Yen Tt Proshmiken gk ™ L. pupe H
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Sugar-free Sap in Fibrovascular Bundles—Winter remarks that the fibro-
vascular part of the cane contains so little sugar that he firmly believes the
bundles to be totally sugar-free, which is in accord with the fact mentioned
by the same investigator that the watery drops which ooze out from the ends
of cane stalks while these are being crushed in the factory mills contain no
sugar and only a little starch and salts. Went observes that athough the
fibrovascular bundles are the channelsby which the sugar is conducted through
the stalk, yet it is not altogether surprising that they contain a sugarless sap,
since the sugars are transported in so dilute a solution as not to be detected
by the usual anaysis.

Difference in Fibre Content of a Single Joint.—Winter found a great differ-
ence in composition in various parts of the same joint, according as they
belonged to the rind, the periphery, or the centre of the internode. The joints
of a cane were cut from the stalk with a saw and the nodes separated, so that
only the internodes were examined. A cylindrical piece, 1.5 cm. in diameter,
was cut out from the middle of each internode in a longitudinal direction by
means of a cork-borer to represent the " centre." The remainder, after being
peeled, served to represent the " periphery,” whilst the " rind " was cut into
pieces not over 1 mm. thick with scissors.

Cotre .. .. .| 178 446 | 9654 1842
Periphery R T 815 | 8285 1992
Rd .. .. .. 98 ‘2581 7489 1285
Catre .. .. ..| I 387 | 964 1558
{ Periphecy a1 o485 | 9355 156
Rind .. .. .| — 2029 | 01 —
Centre . . .. 18:2 472 95-28 2015
{Pe:_iphery | 14 029 | 9041 2005
Rind .. .. .. 548 | 4r15 | 5885 1028
Cemtre .. .. ..| 174 68 | ogm 19-4¢
4{ Periphery IR I | 5 840 01-4) 1871
Rind .. ... .. &2 @1t | 50 967
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Winter aso ascertained the fibre content of the internodes and the nodes
belonging to them, in which case the piece of the stalk 1.5 cm. on either side
of the axis of the leaf was considered to be the node.

SUCRODE. FmeE. Jouem. 5“?;?;_“'

Nodes N . i 155 16-45 B354 18-88

{ Internodes . . 13-5 11458 8231 1982
Nodes .. o . 157 1162 8238 17-76

{ Internodes . . 17-5 9-16 8086 1928
3 Nodes o . .. 138 7 8223 , 1678
Intemnodes . e 169 1102 2896 16-58

N Nedes o I . 175 18-31 8149 21-42
Internodes . i 191 11-52 B5-48 21-58

5 Nodes . . . 13-¢ 16-61 8340 1605
Internodes . .|, 184 1042 2098 158-23

Beeson* investigated the composition of nodes and joints of the different
parts of the stalk, and obtained the following data:—

f
¢ )
ol g #
SIEREIE R A1 TN
a] @ E £ &
Copcng .. [NOGEs ..0153(1130] 0-10 | 789 | 382 | 160 | 1586
P Internodss ..} 16-9 | 14-80] 195 | 846 | 185 | B-§7 | 860
—— Wodes  ..|1877 137 | 0407 | 8240 | 290 | 007 | 1580
** |Intemodes .. | 177 [160 048 | %04 [ 072 643 | 800
Bottom ond 0985 --[1571228 | 015 | £1:8 [ 2418 | 117 |1829
0 Internodes .. 177 1 16-4 | 061 | 928 | 068 | 378 | 800
]

The nodes and the rind contain the largest percentage of fibre, the older
parts more so than the younger ones. Winter, aswell as Beeson, Boname, and
Pellet,¥ observe that the hardest parts yield the least pure juice, while the
latter two also mention that the hard rind contains the most impure juice, rich
in reducing sugars and darkly coloured.

* " Bull. Assoc. Chim. Sucr. et Dist.", 1895-6, 362. 1 LaCanneasSucre."
$" Etudes sur la Canne a Sucre,” 30.
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Noel Deerr* examined a number of cane varieties grown in the Hawaiian
[slands and went to work as follows :—

He divided the cane into pith and rind and node. Thus the cane under
analysis was first separated into node and internode by sawing through the
node, the datum mark he adopted being the outer line of the zone of adven-
titious roots and a corresponding distance on the other side. The portion thus
obtained formed the material analysed as the node. The rind was not separated
from the node, so that this portion consisted mainly of rind; fibrovascular
bundles, and some pith. The other part consisting of the internode was stripped
of therind. On examining a clean-cut cane, afairly sharp line of demarcation
between pith and rind could be found and the rind was stripped df as nearly
as possible through this line; this portion formed the rind, the remainder
being analysed as pith. The separate portions were weighed and analysed as
regards moisture, fibre, solids and sugar. The moisture was determined by
drying in an air-bath at 100° C, the soluble solids and the sugar by extraction
in a Soxhlet apparatus and evaporation of the extract, which afterwards was
filled up to a given volume, in which solution the dry substance was found by
means of the refractometer and the sucrose by polarization ; the fibre was not
determined in a direct way but found indirectly. The figures are tabulated
on next page.

On examining the results it appears that that part of the cane which has
been taken as representative of the node isintermediatein composition between
the parts representative of the parenchyma and rind tissue; and in a very
rough sense it may be considered as composed of those parts which go to make
up the parenchyma and rind tissues. It is then permissible to regard the cane
as consisting of a soft interior portion made up of alow proportion of spongy,
absorbent fibre, and ajuice of ahigher sugar content and purity, and of ahard
outer portion containing a large proportion of a resistant non-absorbent fibre
and a juice of low sugar content and low purity. Dividing the part caled
" node " equally between the pith and the rind tissue, the average composition
of the canes forming the basis of the experiments referred to here will be as
given on page 99.

* Bulletin No. 30, Hawaiian Exp. Station, 34. " Int. Sugar Journal," 1910.395,453.
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Coatpieats, pome | e, | abies | cowien, | T
Weight on 100 came .| J00-D0 | 100:00 | 100-00 | 10000 | 100-00
Eljgice .. .. .. .o G0IE | 8491 | 8826 | 95840 | Ba4s
2 [ | o oamss | wsow | lers | Le0 | Isas
2 | Setide .. o a0 | REss | 1803 | 2010 | 1702
5 3 | smerose | 19es | 130¢ | 1328 [ 1814 | 103
o 15 water.. .| 13 | es08 | 022 | 6g30 | eoma
B . Weughton 100 cans .| T4k | 6880 | 7345 | st | eras
E|E (potee .. .. Coeran | 004 | oorn | opers | orse
2 |Fhbre .. . ooeag | st | eme , sar | s80
ZSchida.. .. s oy | 1rse | 1mas | osee | e
3 (Sneene . e | 1508 | 1em | 2 | amee
W wWater.. .. .| mer | Taoe | e ) veer | Tee
¢ Welght on 100 cans .. ®4T | le27 { 1%k | 1ese | 1880
Juice .. .. L eenn | sse2 | rews | ews | sam
glFbre.. .. .. .| sres | wm | wmar | w0z | 20
Glsehits.. .. .. .| o | naa | 1 | e | 18w
gl lssemse . 646 | Tas | rao | Ll | 100
Water.. . | srs | sewr | omiae | sves | sLas
#1  Weight om 100 ckae .. 1608 | 1183 | 1637 | 2888 | 1706
Z1 [Juice.. .- .| 71998 | sede | 7evR | gze0 | ey
& [Fibrs . L 002 | 1960 | A2 | 1750 | 240d
£ Solida... o 1w | lase | 128 | 1z | 1sm
Sucwase wq 109¢ | 1927 | gar | nesz | i3
v Water, o erre | gas | ese0 | s5ET | 600

The constitution of the juice contained in the different

was calculated in the following way :—

parts of the cane

Coartioanta, Yolow | Cabainn | Tohatm | e

§ Weliht o 100 cans.. P01 | 8590 | 8540 | RS
Solids .. . . 1854 1L} £2.79 21-32

; { Sneross .. . 1685 | 1690 | 2008 | 1818
Choctient B0-f 8279 90-33 8571

Weight on 100 caze.. W40 | 8545 | 2863 | 61t

Satids .. o " 817 1987 2843 21-40

w Sucrose R 1966 | 1676 | 2247 | 1820
H Qontisnt . an BA-BE 9455 05-08 2835
g ‘{ Weight cn 104 cane. . 1008 Bpl 000 10-28
- Solids . . .e 17-41 15-87 £3-00 2157
a { S‘Hm . e 1120 030 15-830 15-40
Quotient .- o B4-RE B4l 7408 210

Weight on 100 cans. 149 | 1085 | 1918 | 195

3 { o A 1746 | Metw | 208 | 1w

31 Speross .. 1w | Ao | 1788 | 188
Quotient . 407 T1-81 BN 1850
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Weorg Cane. Jorce.
Weight per 100 cine .. 10040 Weight per 100 cane .. 883
Fibre per cent. .13 Solids percant. .. . 198
Salids PR, o 174 Sucrose . . i )
Suecrose L, .. Lo 148 Puity " . o 8B4
Sorr PART. Juice,
Weight por 100 cans .. ¥70 Weight per 100 canse .. 703
Fibre per cent. .. B4 Soltde  per cemt. .. o R
Solids e .. 183 Sucrose . .. 184G
Sucrose  ,, .. .- 1Y Furdty " . .- B3
Hasp PapT. JuncE,
Weight per 106 cane. .. 230 Weight per 100 cane .o 180
Filwe per cant. . 330 Splids per cent. .. oo 1832
Solide [ oo 132 Suerom -, . o127
Smorose L .. .. BB Purity .- - B9l

Fibre Content of Pith Bundles and Rind.—According to Browne* the pith
occupies 70 per cent of the volume of the cane, but its fibre content is so little
that it does not amount to more than 25 per cent, of the whole quantity of
dry fibre. A mechanica separation of the tissues of the cane from one another
gave the following percentage composition. The analyses were performed
upon a mature stalk of the Louisiana Purple cane.

Deyfibee ... ... .. .. PGS .. 1RED .. 8674

The following figures were found for some very common Java varieties :—

Cheribos. Ho. 86 Ho. 100. | Ho. 188, | No. 247.

Pith .. L 256 200 2282 200 5 200
Bondles .. . 36 285 03T 397 |- 881
Rind .. L 42 53-8 51-91 4408 5340

From aphysical point of view these fibres show a distinctly marked differ-
ence. The rind and the bundles are woody, while the pith consists of thin-
walled cells. The difference in water-absorbing power is very considerable.
The bundles only absorb five times their weight of water, whereas the fibre
from the parenchyma absorbs as much as 30 times its own weight.

* Bulletin No. 117, Louisana Exp. Station.
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As the chemical composition of the fibre does not vary very much, it is
mainly its physical condition which accounts for the observed differences in
the water-absorbing power of the bagasse of the different cane varieties.

Constituenis. Fibre from the | Fibre from the | Fibre from the

Fith, Tendlas, Riod.
Cellulose .. . .. 4900 H0-00 5105
Pontosan .. . o 3204 2847 2893
Albamingids .. .. 144 200 219
Cane wax and fat .. e 041 072 o8
Ash .. .. . . 1-68 358 184
Lignin {by difference) . 1483 16-03 1717

Pentosan in the Juice—Hazewinkel and Langguth Steuerwald* found the
pentosan content in the juke to increase in proportion to the time elapsing
between the cutting and the grinding of the cane.

PrrTeaan pu 100 Parts oF Souns 18 Raw JUICY OF GHINDING
TEE Cafx l-=f DAYS APIER It% WEING CUI.

VaRmrv. H

1 3 ! L] i}

i

Ko, 100 . — o2 1 038

No. 100 .. 025 030 088 —

No. 247 . [H1<] 0-27 ‘ 028 -
[

Nitrogenous Bodies—According to van Lookeren Campagne.t cane juice
contains an average of 0.07 per cent, of abuminoids, consisting of two kinds,
one of which is coagulated by heat and lime and amounts to 80 per cent, of
the total quantity, whilst the other remainsin solution after liming and boiling.
Furthermore, the juice contains the same amount of other nitrogenous bodies,
chiefly amino acids. After heavy crushing, the resulting juice contains more
albumin than after moderate crushing.

The nitrogenous bodies are not distributed evenly throughout the stalk,
the work of Beeson having shown alarger accumulation of abuminoidsin the

*"Int. Sugar Journal," 1911, 284.
f'Archief voor do Java Suikerindustrie,” 1899, 757.
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nodes and of amidesin the internodes, which accounts for the higher percentage

of albuminoids in juice extracted by heavy mills, since these are able to crush
the hard nodes aso.

Azlrbnmdadd Arnida “Toda]
Nodes e e . DITIB L. 0008 .. (15
Internodes

.. . «+ 0588 .. 00288 .. 09BN

Mineral Matters (Ash) in Cane—As aready stated the mineral matter
occupies a rather subordinate place in the quantitative composition of the
cane. We have already given the inorganic constituents of the whole cane

and of the fibre, and now include in the table on next page those of the juices
of different cane varieties.

Lime. Magnesia Soda. Potash.—Calcium phosphate is very prominent
among the inorganic elements of the cane, but the amount of lime otherwise
combined is not considerable. Magnesia is aso always present but only in
small proportions even when the cane is grown on salt land. If the soil contains
sodium sulphate, or sodium, calcium, or magnesium chlorides, these salts act
on the potash silicates of the soil in such a manner that potash is liberated
and rendered available to the cane. This is the reason why potash is about
the only alkali base in the cane, unless the soil is quite destitute of potash and
rich in sodium chloride. In such a case the caneis compelled to absorb sodium
chloride, but does not thrive and soon dies. The juice of such a cane gave the

following figures cal culated on the weight of 460 grms, of cane and on 100 parts
of the cane.
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#5688 -

Subtract oxygen equivalent to i
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4-380 o0
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Inorganic Acids—If, on the contrary, the soil contains sufficient potash,
the cane does not absorb soda, but much more potash than if no sodium salts
had been present. Lime and magnesia salts also have the property of liberating
potash from the silicates and putting it at the disposal of the cane. The cane
absorbs those salts aso, but more lime than magnesia Cane first requires
potash, arid only in a minor degree lime and magnesia, and, lastly, sodain the
total absence of other akali salts; but thislatter constituent can by no means
take the place of potash in the nutrition of the cane. When much potash is
absorbed, the cane ash contains also much chlorine and sulphate, as that base
is chiefly combined with inorganic salts in the juice. The figure for organic
acids combined with bases, which is indicated by that for carbonic acid in the
juice, does not rise accordingly.

Silica—Ch. Muller* has found certain colloidal organic combinations of
silica to occur in juice of cane grown under specia conditions. These viscous

«"Int. Sugar Journal," 1921, 579,
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bodies which constitute a great impediment in clarification may by heating
the juice to a temperature of 116° C. be split up into silica and the organic
rest which is coagulated by the action of the high temperature.

Influence of Soil on Inorganic Congtituents—The quantity and quality of
the inorganic constituents of the cane depend largely on the character of the
soil. A salt soil causes much more inorganic substance to enter into the com-
position of the cane than a non-saline one, asis clearly shown by the following
analyses of cane planted in pots and watered with dilute solutions of various

salts. The figures represent milligrams of every constituent on 100 grms. of
juice.
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Influence of Age on Ash Content.—Boname's investigations! proved that
the same cane possesses varying amounts of inorganic substances in the differ-
ent periods of its growth. The dates of the analyses of whole canes, deprived,
of the leaves, are recorded below.

It aso follows from the analyses of Browne, on page 92, that if the ash
content of caneisnot high, it does not decrease much during ripening. A certain
decrease will always take place, since, during the ripening process, potash,
soda, and chlorine are transferred from the cane into the leaves, therefore
the green tops contain the largest amount of ash of any part of the cane.

t* Rapport Annuel de la Station Agronomigne de I'le de Maurice” 1896,
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Browne gives the following results of unripe cané. w:l.u.:l_:_he divided in
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The author has also analysed juice of ripe and unripe canes, which he divided
into three parts, crushed, and analysed the juices, as under:—
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Changes in Inorganic Matter during Ripening—The variations in the in-
organic constituents during the ripening are shown by the following series of
cane juices, from the same fields, which were extracted and analvsed at various
stages of maturity:—
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Influence of Milling Power on Inorganic Substances—The power of the mills
in which the cane is crushed has a very marked influence on the ash content
of the juice, inasmuch as the juice-extracted by the heaviest crushing contains
more, both soluble (potash ash) and insoluble, (silicate ash) than juice which is
extracted, by light crushing. The following analyses.of juice extractedin atriple
crushing mill distinctly show the difference. The juice was obtained by triple
crushing without maceration, and in order to have comparable figures, the
percentage of the different constituents is calculated to 100 parts of juice of
the same density as the first-mill juice.
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Varying Mineral Congtituents of Juice—Different cane varieties can absorb
varying amounts of inorganic matter from the soil of the same field. The author
analysed the juice of Muntok and Canne Morte canes which were planted in
the samefield as Cheribon cane, and in almost every case found them to contain
more ash than the latter, although grown in the same field and under the same
conditions.
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So far as we can judge from the limited data at our disposal, it is very
probable that in ripe cane a high potash content accompanies a low quotient
of purity in the juice and a high percentage of reducing sugar.

Asregards the distribution of themineral substancesin ahorizontal direction,
we may quote an anaysis of Boname, who found the rind of the cane to contain
0-61 per cent, of ash, against 0>25 per cent, in the pith.

It will be seen that the proportion in which the different constituents of
our raw material occur varies within rather wide limits. For ripe, sound, and
normal cane, we may state the foIIowmg limits, which will only be exceeded
in certain rare cases . —
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S . .CHAPTER |
EXTRACTION OF THE JUICE

. |.-General observations

Introduction.—From the most remote times.in. which.the sugar .industry
has been heard of, crushing has been the mode generally practised for the
extraction of thejuice. .

The simplest operation to which the cane was submitted to" this end con-
sisted in- Squeezing the cane stalks by means of a movable beam. Later the
pieces of cane were ground in amortarby means of awooden pestle moved by
oxen or mules.' Very rapidly, however; the industry made great strides, and
in -every cane-growing country were seen' mills first' with vertical and later
with horizontal rollers of wood or stone. Initialy, these were moved by cattle
or by water power,-but ultimately came the iron mills driven by steam or by
explosion motors or by electricity. Although cane mills in later years were
constructed of greater power, yet the single pressing which was the universa
practice during avery long period alowed too much juice (which means sugar)
to remain in the bagasse, and'owing tothis faot'milling proved a very wasteful
process of extraction.

In the general condition.of the cane sugar industry at that earlier.period
it could possibly afford these losses, but there came atime when so considerable
awaste of sugar could no longer be alowed. The. European beet sugar industry
dumped ever-increasing quantities of sugar on the markets and thereby was
the cause of the great financia sugar crisis of 1883, which endangered the
very existence of the cane sugar industry. . R

The sugar manufacturers in the colonies realised that something would
have to be done to improve both." cultural' and' technical methbdsif they could
hope'for a survivalof their estates in this relentless competition.

It was.evident that among the methods coming into consideration for im-
provement,, the obviously wasieMmnling.process must take prior place. It was
inevitable that the example of the beet sugar, industry, in which the- diffuson
process had triumphed so rapidly over the-previously: used pressing process

111
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and had so greatly reduced the loss of sugar in extraction, should attract the
attention of the cane sugar manufacturers. In 1885 experiments were made
with the diffuson of cane both in Spain and in Java, and resulted in a much
greater extraction being obtained than by the milling plants then in use.
Although these experiments showed that the calorific value of the diffusion
bagasse was far below that of the bagasse from the mills, the advantage of the
much higher extraction induced manufacturers in Java, Cuba, Egypt,
Louisiana and elsewhere to erect diffusion plants, which al gave very satis-
factory results as regards the extraction of the juice.

The fuel question, however, remained the great problem in this process,
since the very fine bagasse resulting from the crushing of the cane chips offered
a great resistance to its complete combustion and necessitated far more extra
fuel than with the ordinary milling bagasse. Moreover, the constructors of
mills did not remain idle but steadily improved the efficiency of the milling
plants. The application of multiple crushing, of maceration with water and
with last-mill juice, of grooved rollers, of preparatory devices, etc., soimproved
the extraction of juice by mills, that it not only equalled the achievements of
diffusion but even surpassed them, while leaving the cdorific value of the
bagasse undiminished. The consequences of this brilliant work have been
that, save in a few places, where very exceptional circumstances as to fuel
supply exist, diffusonin all its different forms, including the lixiviation of the
bagasse, has been abandoned everywhere and the milling process is now the
only one universally employed by the cane sugar industry.

Il .-Milling Plants

Three-Roller Mills—The most common form of the mill is the three-roller
type or else combinations of the three-roller mill. Two of the rollers on the
same level turn in the same direction and bear the names of " feed roller "
and " bagasse roller " respectively, while the third, the " top roller," is placed
above the other two and turns in the opposite direction.

Distance apart ol Rollers—As arule the rollers of the first mill are set in
such a way that the cane, either treated in preparatory machines or not,
enters easily and is but slightly squeezed ; but the space between the top and
the bagasse rollersis so small that only the well-crushed fibre can pass and it is
here that the real crushing takes place. Care must however be taken that the
forward motion of the crushed bagasse is not hampered by too small an outlet
between the top and bagasse rollers. The distance between the top roller
and the feed roller and between the top roller and the bagasse rojler of the
second mill in atrain is smaller than with the rolls of the first one, and is still
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smaller in the third and further mills of the train in order to obtain the
maximum  extraction.

The Bedplate—The extracted juice streams from the rollers on to the bed-
plate of the mills, which takes the form of a collecting trough with aperforated
cover to keep back the coarser particles of cane and alow the juice to pass;
thence it is conveyed through open gutters to the measuring or weighing tanks.

The Bagasse Turner.—In order to carry the cane or the bagasse from the
feed roller to the bagasse roller, a curved metal plate, called the trash or bagasse
turner, is fixed under the top roller, but is capable of adjustment. The accurate
adjustment of this plate is one of the principal pointsin mill-work and like the
adjustment of the rollers requires constant attention on the part of the engineer.
It would be out of place to enter into details of the subject* in the present
work which is mainly addressed to chemists, but the following remarks may
be offered.

Adjustment of the Rollers—The proper adjustment of the rollers, ie., the
space between the feed roller and the bagasse roller depends entirely on the
amount of cane that has to he worked up in twenty-four hours with a given
velocity of the mill, and on the quantity of juice that is allowed to remain in
the bagasse according to the capacity of the later units in the train. The
relation between those two spaces is not constant for different cane varieties
but depends on the toughness of the fibre. The position and the curve of the
trash-turner exert a great influence on the efficiency of the mill-work; but
at present we do not know with sufficient accuracy how these should be modified
to suit different circumstances.

In practice the tendency is to reduce the space between the bagasse turner
and the top roller as much as possible, without the risk of jamming the cane
fibre between them. The space between the bagasse turner and the bagasse
roller depends on the position of the mill in a combination of similar nulls.
It islarger in afirst mill where only caneis crushed than in the second, third
or fourth where the aready finely divided bagasse has to be more heavily
pressed.

Speed of Rollers—No definite figures can be given as to the surface-speed
of the rollers, but this should be as low as the required output will permit
The surface of the roller, whether rough or smooth, has aso a great influence
in this connection.

This subject is admirably treated by Noel Deerr on page-182 of his work, Cane Sngar.”
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Grooved Rollers—Formerly mill rollers were smooth or only superficialy
grooved or indented, but about the year 1906 several types of top rollers came
into use, in-which very deep patterns were made to project.

In some cases the patterns were diamond-shaped or took a herring-bone
or cup-like form ; certainly a great variety of more or less deep carvings were
made in mill rollers by different constructors, to be used not only in the top
roller of the first mill, but aso in that of the other units of the same tandem.
The aim was not only to have a better grip on the cane or on the bagasse, but
also to increase the capacity. It is clear that the juice extraction was not
increased by the deep serrating of the top roller; but, owing to the larger surface
of the roller caused by the grooves and projections, the mill capacity became
greater than with smooth or superficialy-grooved rollers of a similar size.

Meschaert  Grooves—Another device of grooved rollers, invented by
Messchaert* and used for the first time in 1914 in the Oahu Sugar'Co.'s mill
at Waipahu, Hawaii, claims to increase the extraction considerably. It is
said to render possible a 2 per cent, higher extraction; a 10-15 per cent,
greater mill capacity ; an improved feeding of the mills; less wear on the
rollers; a closer setting ; less power consumption ; and a drier bagasse than
inthe case of the ordinary ungrooved roller. Messchaert gives the following
account of the discovery of hisinvention : In mills working'badly, it is notice-
able that the bagasse shows wet in spots, owing to an accumulation of juice
in abreak of the blanket as it passes between the top and feed rollers, which
break is not filled up on the returner bar.  Consequently the blanket is thinner
and breaks at that place when it passes the bagasse roller. If the top roller
is very smooth in places, the break of the blanket will be large on account
of the greater slip. The quantity of juice accumulated at that spot will be
shot out at the first relief of pressure. From this it was deduced that the
fault does not rest with the 'trash-plate, as was commonly supposed. It
seemed that the remedy would have to be applied at the point of the greatest
pressure, viz., at the point of contact between the top and feed rollers. By
putting in 15 circumferential grooves, 1%in. deep and wide, on the feed
roller of the 4th mill, the success of the idea was fully demonstrated.

The explanation of the working of the grooves is that when these are
absent, thejuiceisimpelled upwards, forming thus alittle pool on the top of the
feed rollef.  The bagasse feeding into themill has to forceits way down through
this pool against the considerable pressure of the stream operating against it.
But with the grooved feed roller no pool forms and the juice escapes where,
the pressure is greatest, thus clearing the way for the bagasse blanket to enter

. * "Int. Sugar Journal;*' 1914, 483.
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between the rollers.  With grooved rollers all the juice flows down the front
and back of the roller and practically none of the bagasse enters the grooves
because of its natural resiliency. Scrapers may, however, be used to prevent
the grooves from clogging.

With the adoption of the grooved rollers, some trouble has been experienced
with the increased amount of trash dropping into the juice pan through the
grooves. James Ogg has eliminated this difficulty by means of a specia
scraper, through which the trash is carried across the returner bar with the
bagasse. By the use of this apparatusit is claimed that the ordinary scrapers
may be dispensed with, so that the juice pan is kept practically free from trash.

Subsequently many factories put in heavy and large grooved rollersin the first
mill, and likewise juice grooves in the discharge rollers, and claimed to increase
considerably the sugar extraction by those devices.

The exhausted bagasse passes out of the mill on the top of the bagasse
roller and gravitates down an inclined plate which is adjusted as near to the
bagasse roller as possible. It is here received upon an intermediate carrier
which elevates and discharges it upon a second inclined plate, whence it enters
the second or third mill. The bagasse from the last mill falls on to a bagasse-
carrier, or into waggons or baskets by means of which it is transported to the
furnaces, where it may be used as fue without drying it beforehand.

Mills with Multiple Rollers—Apart from three-roller mills, mills with two
rollers are also used, the rolls being placed one above the other and the cane
introduced between them by means of a carrier. Moreover, we find mills
having 4, 5 or 8 rollers, but, as aready stated, the three-roller mill is the most
common type. Millswith 9,12 or 14 rollers are merely combinations of three-
roller mills placed in tandem or combined with a preliminary cane crusher,
having only two rollers. These compound mills are placed very close together
and connected by means of intermediate carriers, the whole plant being driven
by one or two engines through multiple gearing.

Shredders and Crushers—Specid appliances have been adopted in order-
to relieve the mills and enable them to grind more cane in a given time with a
given power, also for the purpose of disintegrating the whole cane, so that the
bagasse passing out of the first mill may be sufficiently loose and finely divided
to permit of its being thoroughly moistened by the maceration water which is
applied at this stage.

Revolving Knives—These appliances range from very simple types to
rather intricate apparatus.’ In order to feed the mills regularly the canes are
thrown on to long carriers, upon which they are spread out by hand before they
reachthemill.  In case of falen canes, which areusually crooked and therefore
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difficult to spread out, a spindle provided with revolving knives is sometimes
adjusted across the carrier, so that the canes passing under them are cut into
short lengths and more evenly distributed.

In the Hawaiian Islands much more powerful slicing machines have been
constructed which cut the cane on the carrier into very fine particles. These
knives have aso the advantage of detecting pieces of metal which might be
present among the canes and would damage the rollers if they passed into
the mill. Provided that the knives are kept sharp, the power used by this
contrivance is not great.

Cane Cutters and Shredders—Other appliances placed between the carrier
and the first mill include the Ross Cane Cutter and the Cane Shredder. The
former cuts the cane in pieces about four inches long and afterwards divides
it into thin slices, while the latter reduces the cane to fibre between two rows
of teeth before it enters the mill. If the knives of the Cutter and the teeth
of the Shredder are sufficiently sharp, this subdivision can be effected without
any loss of juice; this cane is afterwards crushed in the same way as the canes
themselves, by mills, the rollers of which must be further apart than in the case
of whole canes, because they receive the feed in a more voluminous form.

The Searby Shredder—In 'the Searby Shredder* which is extensively
used in the Hawaiian Islands, the cane, having passed through a crusher
where it has been crushed and flattened, drops on a table along which it is
carried to a thrashing or fibre-formingdevice. In thiselement of the system,
angle anvil bars, spaced somewhat apart, form a sort of open cage or
grating. A rotating member carrying pivoted beater arms co-operates with
these angle bars to disintegrate the cane. The fibrous material formed
by this action from the cane drops through the spaces between the bars and is
delivered by a conveyor to an ordinary type of three-roller mill or series of
such mills.

This instrument disintegrates the cane very powerfully and also renders
the hard parts of the cane open to the action of maceration water, so that a
full extraction is possible with a comparatively small amount of maceration
water.

It appears, however, that the bagasse obtained by the crushing of the
so finely divided fibre has the same drawback as that resulting from the diffusion
process, viz, that it is not easy to get it completely burned with the highest
possible caorific effect.

Crushers—A third type, the Crusher, consists of a set of rollers provided
with prominent teeth, which are placed in such wise that the canes passing
through them are slightly squeezed and therefore the first mill can crush them

‘Int. Sugar Journal," 1915, 578.
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more easily than it can whole cane. The Crusher extracts a part of the juice
and in that respect differs from the other types referred to above. The first
crushers were of the Krajewski type with V-shaped teeth, while, since then, the
Fulton type with a much more intricate pattern has found much application.

Summary.—Nowadays all modern cane sugar factories are equipped with
extraction plants, consisting of one or more preparatory apparatus followed
by a number of three-roller mills with smooth or grooved cylinders, which
are so adjusted that the uninterrupted mat of cane passing through them
is expressed with progressive force and finally leaves the train in the shape of
practically exhausted bagasse.

On its way from one unit of the train to the other, the partly expressed
bagasse is macerated with water or last-mill juice, or both, in order to reduce
the sugar content of the juice ultimately remaining in thefinal, bagasse.

Il —Regulation of the Mill Work

Power of the Different Units—It is very useful, for agood extraction, to
have a plant in which the work done by the different units stands in a good
relative proportion. The new plants designed and built by competent con-
structors fulfil thisrequirement; but in many cases the milling train consists
of units of different types and powers put together haphazardly. In such
cases it is advisable not only to examine the work done by the whole tandem,
but also that performed by the different units individually. It may be that
defective work of one of the units spoils the good effects of the others, and
thereby renders the total extraction less thorough than it might otherwise be.
It is advisable to use the most powerful mill asfirst mill, so that it may express
65 per cent, of the weight of the cane, leaving only 25 per cent, of juicein the
bagasse, when the fibre content is about 10 per cent. If higher the first mill
will not express so much. The following mills express a little more juice
from the bagasse, but it is evident that even the heaviest pressure will fail
to express al the juice. Owing to the colloidal water present in the fibre,
the juice remaining in the bagasse will not have the same concentration as
that which is expressed, but as it contains sugar some loss is inevitable.

Maceration.—When water is poured on the bagasse, this residua juice is
diluted, and after re-crushing the bagasse to its former content of juice it will
then contain the same amount of diluted, and therefore less saccharine juice,
causing less loss of sugar, so that maceration considerably improves the juice
extraction. Cane that has been crushed once, or in some factories even twice,
and thus has lost a great deal of its juice, is macerated at the moment when
it emerges from between the roller and (thus relieved from the heavy
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pressure) expands by its own elasticity eagerly absorbing water.  As the result
of the crushing in the mill, the cell walls of the parenchyma have aready
been torn, alowing the maceration water at once to dilute the juice still
remaining. Additional water is poured on the partialy exhausted bagasse
on its way from one mill to another, and it may be moreover turned over in
some factories, the result being that the juice which is expressed by the
next mill becomes highly diluted.

The simplest method of applying the maceration water is to spray it on
the bagasse by means of a perforated pipe or by Kortings injectors, at the
moment when it emerges from between the cylinders, and freed from the
pressure is most eager to absorb liquid. Of course in the short time that the
bagasse requires to pass from one mill to another, the maceration water cannot
mix completely with the juice still remaining in the bagasse, and a mixture
of 80 per cent, is considered very satisfactory.

The heavy pressure of the first mill tears and opens the parenchyma cells
but is unable to break al those of the rind and the nodes, which become crushed
in the later units where the distance between the rollers is so much smaller.
By the use of such appliances as cutters, shredders and crushers, it is however
possible to obtain the first mill bagasse in such a spongy condition that it
readily absorbs the maceration fluids, but, nevertheless, it is quite possible
that even the best prepared bagasse may not be completely moistened by the
maceration water, thereby unduly decreasing its effect.

In order to remedy this defect, many contrivances have been devised to-
turn over the bagasse on its way from one mill to the other, either by revolving
parts on the carrier or by an inclined shoot, so that it may be moistened on the
top side first and then on the bottom side.

Immersion Methods—As, however, al these methods have only a local
effect, it has often been tried to immerse the bagasse totally in water. Years
ago a trough full of water was frequently placed between the mills, through
which the carrier with the partly expressed bagasse was conveyed, but one
never heard of the complete success of this device, the rapid souring of the
juice in the trough accounting for its unfavourable operation.

All these systems have the disadvantage that the bagasse coming out of
the mill has aready had an opportunity of expanding before coming into-
contact with the water.

This drawback is prevented in Ramsay's Scraper, in which device two
heavy metal scrapers bear tangentially on the top and bagasse rollers, and
force the bagasse between two plates. Attached to the perforated scrapers
are hollow boxes into which water is pumped under a heavy pressure. As
soon as the bagasse comes out of the mill it meets the water and expands
without contact with the air. The moist bagasse is carried by a rake over a
metal plate to the next mill and there expressed.
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Hot or Cdd Maceration—There has been much difference of opinion as
to the advantages of hot or cold maceration. Hot water has the disadvantage
of dissolving more gummy matter from the bagasse and introducing it into
the juice, but all the same it is to be preferred from a practical point of view.
The cold water used for the purpose in sugar mills is usually dirty and needs
filtration; therefore with a view likewise of preventing the choking up of the
aperturesin the supply pipes or in the sprayers, it is better to use the condensed
water from the hot well. As it is an advantage to force the water against
the bagasse, the.maceration supply is generally connected with the feed pump
of the boilers. In this simple way one obtains a steady supply of hot water
under considerable pressure.

Some believe that hot water mixes more readily with the juice in the bagasse
than does cold, owing to akind of diffuson which takes place between the juice
in the surviving cells of the bagasse and the surrounding hot water, but whichis
impossible in the case of cold water. But by microscopica inspection Went*
showed that all the cells are already broken by the heavy pressure of the first
mill, so that, even if we admit a certain amount of diffuson through those
ruptured cells, this takes place as easily with cold water as with hot.

Miiller von Czernicky carried out comparative experiments with hot and
cold maceration and found no difference, as is seen in the following table:—
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ot i Shepie hgumaadnmhmxm;au 080 .. 080
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whether hot or cold maceration be adopted , but from a practical standpoint
the author would advise boiler feed-water for this purpose.

Hazewinkel and Langguth Steuerwald* showed that the pentosan content
of mill juice obtained by maceration with hot water is not higher than if cold
water had been used, proving that hot water does not dissolve more gums
from the bagasse than cold.

Maceration with Last-Mill Juice—In order to make the maceration water
serve several times, it has become the custom to use the juice from the third
mill for macerating the bagasse between the first and the second mills, and the
juice from the fourth for the bagasse of the third mill, while pure water is
applied behind the third. These rules are not fixed ones and differ according
to the composition of the mill-train, but the general rule is that the heaviest
juice serves for the first maceration, the lighter juices for subsequent ones, and
water for the last maceration.

This maceration with the last-mill juice can only be applied if the cane
is crushed so heavily in the first mill that the first bagasse can easily absorb
liquid. A less, powerful mill only squeezes the canes, and they emerge with a
smooth surface and are unable to absorb the last-mill juice. In this case this
added saccharine liquid is again extracted by the second mill without having
diluted the juice in the bagasse, or it soaks through the planks of the carrier on
to the floor and is consequently lost.

Condition of Bagasse for Maceration.—By the use of such appliances as
cutters, shredders, or crushers, it is, however, possible to obtain the first-mill
bagasse in such a spongy condition that it eagerly absorbs the last-mill juice
and, therefore, after leaving the second mill, contains a more dilute juice than
when the maceration with last-mill juice has been omitted, or when that juice
has only moistened its surface and has not penetrated into the interior of
the layer of bagasse on the carrier. It is evident that these cane-preparing
machines not only-allow quicker working and decrease the risk of break-
downs, but, for the above reason, also bring about a better juice extraction
while maintaining the same dilution.

Advantages of Maceration with Last Juice.—Muller von Czernicky pub-
lished the following data on the advantages of maceration with last-mill juice.—

During 14 consecutive days cane was crushed by a set of three three-roller
mills, and macerated alternately one day with water and the next day with
last-mill juice. Great care was taken to grind about the same quantity of
canes every day, and to ensure that the canes were as similar as possible.
The fact that he succeeded in both conditions is proved by the uniform com-
position of thefirst-mill juice, and the constant fibre content of cane and bagasse.

«" Archief voor de Java Suikermdustrie” 1911, 3838
ibid, 1899, 170.
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We see that when macerating with last-mill juice, 2-5 per cent, less water
causes asmaller loss of sugar in bagasse than with water alone. The water so
added is therefore used twice over, viz., once in the form of last-mill juice of
about 6-5 per cent, dry substance (in order to dilute the juice of 17-5 per cent.),
and the second time in the form of water between the second* and third mills
to reduce the juice left in the second bagasse to the low density of the last-mill
juice.

With the object of obtaining some information in regard to the economics
of the extraction of juice by milling, Noel Deerr* made some trials with
maceration with cold and warm water and last-mill juice, and different quanti-
ties of water aone, of which we give the gist here. The results, which are
given below, were obtained by a nine-roller mill and crusher of recent con-
struction, therollersbeing of size 34in. X 78in. During the test it was grinding
at the rate of 35 to 37 tons of cane per hour. The cane milled was Lahaina,
and judging from the uniformity of the samples obtained from the crusher
rolls, cane of even quality was milled during the whole series of experiments.
The following four methods of applying maceration water were carried out:—

(a) Hot water before last mill with return of third-mill juice before second
mil -

(b) Hot water before last mill with no return of third-mill juice.

(© Cold water before last mill with return of third-mill juice before second
mm.

(d) Hot water before both second and third mills and no return of diluted
juice.
J +Bulletin No. 30. Hawaiian Experiment Station.
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Two trials were made of the two first-mentioned methods and one of the last

two.

As the results of these experiments, it was found that the highest extraction
is obtained when a system of compound saturation is followed. The lowest

result is obtained when al the water is added before the last mill;

and an

intermediate result, when the water is divided before the second and the third
mills.  Between the use of hot water and cold water little difference, if any, is
to be found. The very small advantage in favour of hot water is perhaps
accounted for by the slightly higher dilution.
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In a twelve-roller mill, of similar size and construction to the nine-roller
mill, a series of trials was made with hot water and cold water, the system of
saturation being as follows : Water applied before the fourth mill; the fourth
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mill juice was returned in front of the third mill; the third in front of the
second; and the second in front of the first on to the canes coming from the

crusher, the juice going to the boiling-house being taken from the crusher
and from the first mill.
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As with the nine-roller mill, the sugar in the canes was determined by use
of aratio connecting sucrose in cane and sucrose in expressed juice. In this
case one of 0-835 was experimentally found. The comparison of the effect
of hot water and of cold water leads to the same result as was obtained with
the nine-roller mill; namely, that either is equally efficient.
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Souring of Last-Mill Juice—It has been observed many a time that in
practical working the quotient of purity of the last-mill juice is found to be
much lower than corresponds with the natural decrease mentioned on pages
107 and 129, which fact is ascribed to souring during the course of the juice
used for maceration. If this is really the case, it might be that the loss of
sucrose by inversion is heavier than the financial advantage arising from the
saving of fuel by the maceration with mill juice instead of water.

Van der Linden* admits that some inversion cannot be denied, but believes
the great fdl in quotient of purity to be more apparent than real and blames
the sampling for the phenomenon observed. He quotes an instance where
a very large drop in purity had been found in a factory where, owing to cir-
cumstances, the mills had not been washed for a whole week.

1 Ruotlent of purity af | Guatient of purity of
Drate. | First 3] jmice. Last-Mil juice, Lritferzocs.
220d June . Mills | washed.
28rd June . B8 78-3 -5
24th Jene . 85-5 Té-1 a4
bEth June .. 851 - a8 86
20th Junhe . 6.7 748 108
27th June .| 871 717 154
28th Juoe H 847 | 69-4 T3
29th June I 867 i 639 2340
3tk June 857 1 58-7 : 260
15t July | ills | washed,
ond Tuly ' B2 i 74 848
8rd July | 865 ] 763 103
! i

It was, however, soon found that the suction tank of the maceration
juice, from which the samples had been taken, was half full of Leuconostoc,
which had only locally caused souring and inversion. The bulk of the juice
had passed uninjured and without any perceptible inversion.

If, therefore, the necessary cleanliness is observed in the mill work, no
souring, inversion, or deterioration of the macerating juicesis to be feared and
the expenses for fue must be very low indeed if maceration with last-mill
juice is not afinancial gain over maceration with pure water only*

« Maethod of Maeerating with Last-Mill Juice—Most factories pass the last-
mill juice through a strainer and apply it to the bagasse coming from the first-
mill without further treatment. In some cases, viz., with the Thomas and

* ™ Arehief voor de Java Suikerindostrie,” 1923, 103.
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Petree process, the juice is clarified before being used for maceration. As
the unclarified juice aways contains cane fibre, the pipes through which it is
poured on the bagasse have to possess alarge diameter and be provided with
wide apertures in order to prevent choking. The juice may be applied by
means of an open inclined gutter placed across the bagasse carrier.

Maceration with Sweet-Water —In factories which employ the carbonata-
tion process the sweet-waters from the presses (containing 1 to 2 per cent, of
sucrose) are aso employed for maceration, and since they are free from fibre
may aso be supplied through pipes having fine apertures, or by injectors.

IV.—Results of the Mill Work.

Influence of Cane Fibre on the Extraction—If it were possible to crush the
bagasse of the different cane varieties dways to the same juice content, it
would be feasible to obtain a constant sucrose content in the bagasse by keeping
the density of the last-mill juice constant. The quantity of juice extracted
from 100 parts of cane would then only depend on the amount of fibre, and
this quantity diminishes for two reasons when the amount of fibre rises.
Firstly, cane with much fibre contains a proportionately smaller amount of
juice, and, secondly, the quantity of bagasse is increased, and hence aso the
quantity of juice which it contains and that of the sucrose in it which is to be
eliminated.

It is not, however, quite so simple, because the fibre of every variety of
cane has its own power to resist pressure. Thus the Java Seedling No. 247
yields a dry bagasse much more readily than No. 100 or the Black Java cane,
and in most cases, canes having a high fibre content will yield bagasse, the
fibre of which offers but little resistance to pressure. This to some extent
compensates for the increased loss of sugar occasioned by the large amount
of bagasse obtained from canes of high fibre content.

From the average of a great number of determinations” it is seen that a high
fibre content of the cane corresponds with a high fibre content of the bagasse,
so that a hard cane yields a drier and more exhausted bagasse than a soft one.

Very probably the considerable difference in juice content of bagasse of soft
and hard canes, when crushed in the same mill, in alayer of equal thickness, is
occasioned by the difference in the absorbing power of the fibre. The fibre of
soft cane is more spongy than that of hard cane, and therefore absorbs more
juice than the latter. At the moment when the bagasse is relieved from
the heaviest pressure, al of the expressed juice has not escaped out of contact
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with the bagasse and afilm of juicestill remains on the rollers, consequently the
expanding fibre readily absorbs whatever juice remains in contact with it,
although such juice has already been expressed from it. The more spongy the
fibre the more it will absorb, and though thisis still an unproved hypothesis, it
may explain why soft cane yields bagasse containing so much more juice than
does hard cane.

Improvements in Mill Work—Since the mill work has been carefully
studied and, in particular, the work to be done by every one of the units of
the train has been made the subject of careful investigations, it has become
possible to regulate the work in such wise that every cane variety can be
crushed to the same exhausted bagasse, so that nowadays the influence of the
hardness or softness of the fibre has become immaterial.

Results in Practical Working—From data supplied by the Mutual Control
of the Java Sugar Factories, the figures for the extraction throughout Java
during the last 25 years have been as follows :—

Loss of

Vear. Fibre Sugar E?utfgm?n Vear. Fibre Suqa_!r Sucrao;z i gn

cane. | traction. 100 cane. cane. |traction.| 100 cane.
1899 90-3 1% 1912 | 1217 | 90-8 114
1900 | 1065 | 90-1 12 1913 | 1240 | 90-7 116
1901 | 1095 | 902 124 1914 | 1261 | 904 114
1902 | 1091 | 91-0 21 1915 | 1326 | 919 0-94
1903 | 11-21 | 906 117 1916 | 1314 | 91-1 1-10
1904 | 11-29 | 914 1-12 1917 | 1302 | 92-3 09
1905 | 11-61 | 904 1-12 1918 | 1299 | 92-1 108
1906 | 11-78 | 90-9 113 1919 | 13-01 | 92-0 0-99
1907 | 12-00 | 91-2 115 1920 | 1298 | 925 0-97
1908 | 12-01 | 910 m 1921 | 12-98 | 92-5 100
1909 | 12-15 | 910 109 1922 | 1319 | 929 0-91
1010 | 1227 | 91-2 m 1923 | 1314 | 92-2 102
1911 | 12-32 | 906 119

These are averages in which poor and excellent results are combined.
We quote here the best among the data for 1923, to give an idea of what may
be attained.
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L On ICC Cane. Maceration | On 100 Bagasse.
Descn?lqn of the - i -
rain. Sucrose.| Fibre. 100 Fibre. |Sucrose. |Moisture|
Crusher 4 mills | 134 | 117 150 2-4 | 447 96-0
4 144 | 118 154 2-7 459 95-8
4 140 | 101 157 31 50-2 95-2
4 136 | 136 139 2-5 46-2 951
4 Mills 131 | 122 122 2-7 457 951
Crusher 4 mills | 132 | 133 143 27 | 456 %7
4 126 | 134 127 27 43-4 9%4-6
4 121 | 119 156 2-7 48-4 %4
4 131 | 141 125 2-6 47-4 U4
3 133 | 124 146 32 45-2 A2

Van Heemskerk Duker* mentions the results obtained on a factory in the
Hawaiian Islands during a series of years with mill-trains of the following
composition:—

Per_hour,
Crop. Equipment. Tons Dilution. | Extraction.

1914 | Knives; Crusher, 72in; 12-roller
mill, 78in 52-94 33-66 95-57
1915 | Knives; Crusher, 72 in.; Shred-
derf, 54in.; 12-roller mill, 78in. 53-76 35-98 97-32
1916 | Knives; Crusher, 72in.; Shred-

der, 72in.; 12-roller mill, 78in. 55-6 40-27 97-73
1917 | Knives; Crusher, 72in.; Shred-
der, 72in.; 12-roller mill, 78in. 59-6 35-18 98-56

1918 | Knives; Crusher, 78in.; Shred-
der, 72in.; 12-roller mill, 78in. 55-37 39-18 98-47
1919 | Knives; Crusher, 78 in.; Shred-
der, 72 in.; 12-roller mill 48-25 50-64 98-99
1920 | Knives; Crusher, 78 in.; Shred-
der, 72in.; 12-roller mill, 78in. 58-08 43-93 98-92
1921 | Knives; Crusher, 78 in.; Shred-
der, 72in.; 19-roller mill, 78in. 67-27 36-6 99-07

*Report of Asc, of Hawaiian Sugar Technologists, 1922
t Searby type.
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Westley* stated with reference to the mills in the Hawaiian Islands, that
the improvement was, to a great extent, due to additions made to the milling,
equipment of severa of the mills, but many mills with old equipment showed
improvement in extraction. Better milling results than for the previous
crop were reported by 64 per cent. of the factories. One gave an average
extraction of over 99 per cent. The average for al was 97-45 per cent, as
against 97-30 per cent, in 1919. The milling loss, that is the sucrose lost per
100 of fibrein the bagasse, was 2-75 per cent., and the water content was 41-05
per cent.

With a 15-roller mill and crusher equipped with Searby Shredder, an ex-
traction was obtained of 98-98 per cent., while with a nine-roller mill and
crusher only 98-13 per cent, could be obtained.

We give here maximum figures for extraction of a number of Cuban mills
for 1923.

Loes oOF SUCROSE N
Suchost 18 Cane. TRIRAETION, Bacasst ax 1H Caxis.
1198 3
1374 . 01 . —
14-0% - 8488 s —
14-25 . 9418 . -85
15-93 .- 414 . 083
1381 . $408 . 081
14-38 o 9592 . —
13-70 . 93-89 . 084
13:51 o 9337 .. o83
1455 - b3 80 . 0-92

Conclusons—These figures show that in every country every kind of cane
may be practically completely exhausted by means of a powerful mill-train,
equipped with preparatory machinery and arational maceration. The results
obtainable do not only attain to those witnessed with the diffusion of beetroot,
but in many instances even exceed them.

Since the bagasse obtained by the milling process is immediately fit for
fuel and does not need to be expressed first, as is the case in the diffuson and
Hxiviation processes; since mill extraction only takes a few minutes, and
does not allow time or opportunity either for visible or invisible, for mechanical
or for fermentative losses; si nee mill work isvery elastic and may at any moment
start and end with its full capacity and without delay—the milling process has
proved its superiority over that of the diffuson of cane and is now the universal
one in practice. m

«"Int. Sugar Journal," 1921, 574.



V.—Composition of the Juice

Character of the Juice.—Cane juice, as it comes from the mills, is an opaque
liquid, covered with froth, owing to the imprisoned air bubbles it contains,
and having a coloration varying from grey to dark green according to the
colour of the cane from which it has been expressed. It contains in solution
al the soluble constituents of the cane—sucrose, reducing sugar, salts, organic
acids, etc., and besides the air already mentioned it carries in suspension
gums, fine bagasse, fibre, wax, sand and clay (adhering to the cane), colouring
matter, and albumin, which latter body occurs in considerable quantity when-
ever unripe canes or green cane tops have been crushed with the ripe canes.

Fresh mill juice has an acid reaction, and, owing to the presence of albumin
and especially gummy matter, is a viscous liquid that cannot be filtered cold,
hence the suspended constituents cannot be removed without steaming, and
we have therefore to be content with keeping [back the larger particles of
bagasse by means of copper strainers.

Proportion in which Constituents occur in Juice—We have already seen
from the data given in Chapter I, Part |, that the proportion in which the
chief constituents occur in the juice varies greatly, and depends, among other
things, on the variety and age of the cane, the nature of the soil, the manures
applied, the climate, weather, etc. In the main, the figures for sucrose and
reducing sugar show the greatest differences, while the other elements do
not vary much, at least in sound and ripe canes. In unripe cane the juice
sometimes contains much dissolved albumin, which forms a thick layer of
froth in the measuring tanks, and as this froth remains on the top of the
liquid for a long time it hinders the measuring of the juice. Later on, at the
clarification stage, this albumin coagulates and is easily removed in the scums.
A quantity of this froth was removed from the measuring vessels and gutters,
washed, dried, and analysed, with the following results :—

Cane Fibre 62-50
Wax . 4-12
Albumin 26-25
Moisture 7-13

100- 00

In dead or burnt cane, the amount of free acid is larger than ordinarily
occurs, but on the whole the other constituents do not show any considerable
deviations.

Influence of Mill Power on the Proportion.—Apart from the difference
between the juice of different kinds of cane, the same cane may yield juice of a
varying composition, according to the pressure it has undergone in'the mill.

This phenomenon is easily explained when one remembers how many
tissues having different degrees of hardness and containing different kinds of
sap are present in the cane. 129
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Different Kinds of Sap—The sap in the vacuoles contains nothing but
sucrose, reducing sugar, a little salt, and organic acids. The protoplasm
consists for the most part of water, which contains albumin and salts; and
. findly the sap in the fibrovascular bundies aso holds salts in solution but no
sugar. We find therefore not less than three different kinds of sap in the cane,
viz., of the vacuoles, of the protoplasm, and of the fibrovascular bundles.
In the first and the last the constituents occur only in solution, whereas that
of the protoplasm contains suspended matter aso. The softest tissues
contain the purest and richest sap, so that this is expressed by the gentlest
pressure.  With a heavier pressure this juice is mixed with that of the proto-
plasm, whilst the fibrovascular bundles part with their watery juice only
under the heaviest pressure. Hot maceration causes the soft parenchyma cells
to swell, and during recrushing a quantity of finely divided cellular matter
passes into the juice.

Moreover the hard, woody rind is only broken by the heaviest pressure,
hence the second- and third-mill juices are much darker in colour than the first.
The only thing that seems improbable is that the first-mill juice is richer in
glucose than the later ones, but thisis ascribed to the top of the cane being the
softest part and also containing the most glucose. Gentle pressure therefore
expresses this easily and imparts to the first juice proportionally more glucose
than to the other juices, which are mainly derived from the older tissues of the
cane.

Compostion of Mill Juiees—The following analyses illustrate the differences
in the juices obtained by three successive crashings of the same canes with
and without maceration.

|.—TRIPLE CRUSHING, WITHOUT MACERATION.
Black Java Cane.

CONSTITUENTS. FIRST MILL. SECOND MILL. THIRD MILL.
Brix 19-2 19-3 190
16-49 16-33 1595
198 157 1-52
Ash 0-28 041 0-42
Gum and pectin 0-125 0-376 1-250
Albumin 0-025 0-092 0-054
0-048 0-072 0*09%6
Quotient of purity 859 84-4 84-0
Glucose ratio 12-1 96 —~95
Kght. dark very dark
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I1.-TRIPLE CRUSHING, WITH MACERATION WATER ADDED AFTER THE
SECOND, AND LAST-MILL JUICE ADDED AFTER THE FIRST MILL.

Borneo Cane.
Second Mill. Third Mill.
Constituents. First Diluted Calculated Diluted Cal%u*alej
Mill. Juice. |Brix=18-5/ Juice. |Brix-18-5.
Brix 185 148 185 67 185
Polarization 1676 | 1265 | 1581 550 | 1518
Purity. 90-59 | 8547 | 8547 | 82-10 | 8210
Reducing sugar 0-89 0-59 0-74 0-33 090
Glucose ratia 53 47 47 60 60
Ash 0-244 | 0425 | 0531 | 019 | 0550
Free acids as S0; 0-042 | 0039 | 0-048 | 0016 | 0044
Combined organic acids as S0;| 0077 | 0-080 | 0100 | 0027 | 0073
0024 | 0068 | 0085 | 0047 | 0138
0063 | 0150 | 0185 | 009 | 0273
I1I.—TRIPLE CRUSHING, WITHOUT MACERATION.*
Purple Cane. Second Year Ratoons.
Per cent.
Extraction, First Mill 64-50
Second Mill 550
Third Mill 2-13
Total Extraction 7213
FIRST MILL. | SECOND MJLL. | THIRD MILL.
Brix 15-36 14-60 14-60
Sucrose 12-93 11-41 11-30
Reducing sugar 154 129 123
Ash 037 0-58 077
Albuminoids 0-18 0-50 0-58
Free acids 0-10 011 014
Combined acids 0-14 015 012
Gums 010 0-56 0-51
Cofficient of purity- 84-07 7815 77-39
Glucose ratio 11-91 11-30 1088
* PBulvin T, 31, Lovklos B33, .
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IV.—TRIPLE CRUSHING, WITH STEAM MACERATION.*

Purple Cane—First Year's Ratoon.

Per cent.
Extraction, First Mill .. 64-31
Second Mill 800
Third Mill 4-52
Total Extraction 76-83
Second Mill. Third Mill.
Constituents. First Mill.
Calculated Calculated
Diluted | to Brix = Diluted to Brix -
Juice. 15-84 Juice. 15-84.
Brix 1584 12-05 1584 11-53 1584
Sucrose 1350 9-40 12-31 870 12-01
Reducing sugar . 137 097 1-27 0-88 121
Ash 0-37 057 075 0-65 ,0-90
Albumin 0-14 0-28 0-37 0-20 0-28
Free acids 0-09 0-13 017 0-14 0-19
Combined acids . 013 0-16 0-21 019 0-27
Gums 0-24 0-54 0-70 0-83 114
Purity 85-23 78-00 78-00 75-45 75-45
Glucose ratio 1001 10-32 10-32 9-42 9-42

V.—TRIPLECRUSHING, WITH COLD MACERATION 20 PER CENT.

Purple Cane.
Per cent.
Extraction, First Mill .. 66-50
N Second Mill 1215
Third Mill 4-51
Total extraction 8316

*BulletinNo. 91, LouisianaExp. Station. 31.1bid., 32.
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Second Mill. Third Mill.
Constituents. First Mill.
Calculated Calculated
Diluted to Brix = Diluted to Brix =
Juice. 15-73. Juice. 15-73.
Brix 1573 10-48 1573 6-93 1573
Sucrose 1401 865 12:97 564 12-80
Reducing sugar . 0-83 0-46 0-69 034 0-78
Ash 0-35 037 0-55 0-31 0-71
Albumin 012 022 0-33 021 0-48
Free acids 0-08 007 0-10 0-06 0-13
Combined acids . 010 0-09 013 008 0-18
Gums 0-24 0-62 093 0-29 0-66
Purity 89-07 82-53 82-53 81-38 81-38
Glucose ratio 592 532 532 603 6-03

Noel Deerr* made a series of experiments at crushing canein a two-manual
hand mill.  The mill was a three-roller one with rollers5in. X 4in., and had
the rollers adjusted by set screws passing through the headstocks.  The mill
was then essentially arigid mill; and, asthe experiment showed, a" crushing "
was obtained, which, judged by the fibre content of the bagasse, was com-
parable in every way with that obtained by large milk on the factory scale.
Indeed, the bagasse finally obtained was more disintegrated and pulverized
sthan that obtained in most mills. In conducting the experiments detailed
below, one kilogram of cane split into strips was passed three times through
the mill, increasing the thickness of the feed at each operation. After the
third crushing, when about 65 per cent, of the juice had been obtained, about
100 grams of water was distributed over the bagasse which was then again
crushed. This operation was done in al five times, the expressed diluted
juice being collected separately at each crushing. Finally, the bagasse was
weighed and analysed. In this way eight fractions of juice were collected,
the analysis of each fraction being as below:—

+Bulletin No. 30, Hawaiian Exp. Station, page 25.
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. | wedgat fhnm; Total | Sucroes Value of l Product of
Fraction.| Dot | B ee S;]ei?s el Rl T TS PO T
Cane, |in Cane | dant. 3 [o-m)
1 1 432 18-y | 17-71 | 937 865 413
2 18-¢ ( 191 16-20 | 1723 | BO-T g8 178
a 15-0 1561 1504 | 1870 | §77 BG4 138
+ o8 B0 | 1323 | 11-84-| BBO 0.7 73
5 113 7 728 | 601 83-2 86-3 40
a 100 -3 680 | 444 BO-B 82-% 25
7 120 24 400 1 318 | Te0 73-9 2
T8 114 17 288 | 217 | TE 787 13
Bag, 2R-0 26 2406 183 | 860 &7-3 1-8

Referring to the above table, which represents the mean result of a series
of experiments, the decreasing purity of each successive fraction of juice is
well shown, except at the fourth fraction where an increase over the third
isnoticed. Thisincrease, obtained in all the experiments, is not due to accident
or error. The third fraction was obtained under very heavy pressure and
probably contained much rind tissue juice. The fourth fraction was the first
obtained by adding water to the bagasse, and probably consisted largely of
pith tissue juice (which had remained unexpressed), to the exclusion of rind
tissuejuice, as the rind had not yet been sufficiently broken up to take up its
proportion of water.

As the purity decreases, so aso does the amount of available sugar con-
tained in a quantity of juice. The percentage of available sugar in each
fraction has been calculated from the formula—

= sli—m)
Available Sngar 5=

where s is the purity of the sugar, j that of the juice, and m that of the
molasses, giving to s the value 0-975, m the value 0-45, and taking for j the
observed purities; hence the nradyct of the extraction into the corresponding

value of the expre s%-—m v e sthe amount of available sugar obtained
17 —
at that operation. In the table reproduced above is given the extraction at
each operation, the value of i—?-—_—‘% and the product of these two
FF —m|

quantities, or the amount of sugar available at each operation per 100 sugar
in cane. Referring to that table, it appears that of .the 43-2 parts of sugar
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per 100 sugar in cane obtained at the first operation, 41-3 are available;
of the 4-7 parts obtained at the fifth operation, 4-0 are available; and of the
2-6 parts left in the bagasse, only 15 is available.

Since the purity of each successive fraction of juice obtained decreases,
the earlier expressed portions have a higher available sugar value than the
later ones and 43-2 parts of sugar per 100 sugar in cane correspond to more
than 43-2 parts of available sugar per 100 of available sugar in cane. Accord
ingly, Noel Deerr has calculated the combined purities of the first and second,
of the first, second and third fractions, and so on, the corresponding values of

fi,{(’;;“—, the available sugar obtained at each extraction, and its percentage
j{*-m

on the whole available sugar of the cane. For this last quantity he proposed
the term " available extraction," i.e., 93-1 parts of sugar per 100 sugar in cane
have been extracted, 94-4 parts of the available sugar in the cane have been
obtained, and this figure he thought more nearly represented the factor con-
trolling the economic work of the mill. These values are given in the next
table:~

Valea of
Exteaction, Pusity. o (ot Avaflably extractio.
Tl ® 16D
32 29 955 80
623 919 o7 B4
774 #11 2] 75
BE4 : 908 37 B4
01 Hi-4 932 918
1 Copd 029 ey
967 w04 826 869
974 896 923 o084
100-0 2 87 : 1000

The results already given afford a means of answering a question often
put, namely, if the extraction is increased from, say, 93*1, which represents
average work with a nine-roller mill, what gain can be expected from an
extraction of 95 -7, which might be obtained with atwelve-roller mill ? Accord-
ing to results tabul ated above, the economic extraction at these points is 94-4
and 96-9, so that the percentage increase in sugar in bags will be 2-64 per
cent, and not 2-79 per cent as calculated from the extraction aone.

The decreasein purity is caused by an increase of gums, albuminoids, acids,
and ash in the second and third juices. In the experiment with steam macera-
K
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tion, ajet of steam wasintroduced through the trash plates between the rollers
of the second and third mills. The steam coagulated the albuminoids, so that
less of these was removed than in the process of dry extraction ; on the other
hand, the percentage of gums in the juice was very much increased, so that the
resulting juice was very difficult to clarify.

Hazewinkel and Langguth Steuerwald* showed that first-mill juice does
not contain pentosans, but that these bodies pass over into the juice after a
more powerful crushing. In an experiment in which the first-mill juice was
quite free from pentosans, they found in the mixed juice from the second and
third mill, 0-15 per cent, of this constituent, and in the total mixed juice 0-07
per cent.

It has been proved that a very powerful crushing and ample macera-
tion may result in an extraction of 99 per cent, of the total sucrose content
of the cane; and that, notwithstanding, in such a case the purity of the last-
mill juice remains far above that of the final molasses. Although the last
mill causes many impurities to pass over in the juice, the advantage of the
further extraction is maintained, and the opinion often pronounced that
the final juice only serves to increase the output of molasses and not of sugar
is an erroneous one.  We are fully convinced that the mill work may even
lead to a complete extraction of the sucrose without fear of atoo great increase
of objectionable non-sugar expressed from the cane.

VI.—Composition and Value of Bagasse as Fuel

Composition of Bagasse—The bagasse (or megass asiit is aso called) coming
from the mills contains an average of 46-5 per cent, fibre, 4-5 per cent, sucrose
and 47-5 per cent, moisture, though, as observed in a previous chapter, higher
or lower values may occur, depending on the quality of the crushing and the
hardness of the cane fibre.

Use of Bagasse for Fuel.—Bagasseis generally used as fuel and in most cases
it is sufficient to furnish al the steam required for driving the machinery and
evaporating the juice in a modern factory turning out refining crystals. In
the case of defective furnaces, or when making white sugar which requires
more manipulation and consequently more steam, the bagasse is not sufficient
and has to be supplemented by additional fuel, eg., cane trash, firewood,
liquid fuel or coal.

«"Archief voor de Java Suikerindustrie,” 1911, 320.
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Itise\rid.entthattheﬁbnomto&themeandthedwsityottheiuice
also come inte accovmt, 43 a high fibre conteni of the cane furnishes more
bagassethanaluwme,whﬂe}uimhaﬁngahighdmsitywiﬂ,asaru.la,get
mare dilated by maceration thar 1 poor one, which does not justify the nse of
much macerativn water,

Besides the quantity of bagasse yiclded by 100 parts of cans, its physical”
character also influences its calorific valae.

Calnalation of Calorifle ¥aloe,—This latter can be caleulated from the
composition of any sampils of bageses and the calorific vatues of ks constituents
mentioned in Fart T after the following forrula :--

CVe=8880F 471105 4 6750 G — 972 W : 100
in whick C ¥ = calorific value in British Thermal Units for 1 1b. of bagasee,
containing F per cent. fibre, § per cent. suecese, G per cent. reducing sugar,
and W per cent. water.

The calorific values of three different samples of Dagasse were a3 follows
fasgh is put down as 3 per cant} i—

F=080 S+G=dt W=dit CV 4270 4 3203 — £12.7 — ARRZE
Fumdi 5+Godd W=0510CYVm3420 4 427-1 — 4967 =2 38514
F—=89 5+G="T4 W=087 CV = 2850 1 4983 — 55140 = 27073
An average Java bagame, having 46-5 per cemt. fibre, 4&-50 per cent sacroes,
0-5 per cent, glocose, and 47-5 per cent. mnisture, possesses this calorific
wvalne ;:— .

© A5 BSOD, 45 3 VLIS 08 % 680 475 X €72 _
TR T T T
307847 + 320-3 4 337 — 4617 m 3868 B.T.UL
Bolk® determined the chemical constitution and the calorific valus of & fow

samples of bagacee, and found the d b the valnes calculated
and determined to be entirely satisfactory. .

L Drysubstance .. .. 512
Purity of residoal juice .. 6046
Bncrose in the bagamse .. 7176
: . 7176 .
Ther&maud_eﬂhmmbagasae:ﬂ‘ﬂﬁ—wxlm=um
Ath in bogasse .. 1-146

Achfree fibre .. 4591 — LB =43

* Annual Report of the Technical Section of the Java Sugar Exp. Station, 1914. 69.



138 EXTRACTION OF THE JUICE

Calcnlated calorific value :—
4407 % 8550 -+ T-178 x 7116 — 4275 x 972 = 3808 BTV
Determinsd in the homb calorimeter 3870,

II. Dy substapce . . 40875
Purity residual juice . 6051
Socrose in the bagassa . - 600
Thegeiore crude fibre in the bagasse: 40-87F -— 6—E:-?'.g—x 100 = 5224
Agh in the bagasse . 176
Ash-free fibre ase.; — 178 = 3048

Caleulated ealnrlfic valne -
3048 ¥ BE-BO 4 & 3 TI-16 — 05-128 = 5Y2 = 3453 BT.I.
Determined in the bomb calorimeter .. M3 BTU

JEer and Percy* give data for the calorlfic velue of bagasse of two
cane varieties crushed at incrensing extraction. The case {4) represents a
Louisisna tane baving » fibre cootent of 10 per cent. and a julcs of 15° Brix,
while (B} represents a Cuba cane with 12 per cent. fibre and 18° Brix in the
jules. The authors state the alorific vaine both total and nett, wlthouteneas
of air, and with zn excess of 50 per ceat. The temp of the
was 27° C, that of the due gases 280% C, whils loss of hemt In the ash was

glected. The mext is fonnd by subtracting from the total heat
puo&uchontheulodeswdadawayintbeﬁm—gaaes that which i used in
evaporetion of the water present and formed, and 5 per cent. for radiation.

Bagaasa. Calorific eflect.
Nat walue.
Extracton. Sallds in I S —
Noistas, Fibre, Tesidual Total, Withant Alr excezn
unise. wxeens of 0
air, per cent.
Ly 867 3-8 16 8627 2209 2000
76 514 40 & 4100 2608 2527
80 24 50 7-2 4817 | 3MS8 284
% 402 40 108 4263 2762 2662
75 424 43 4 4301 3335 3173
B3 32-8 60 72 5620 gl 3208
In thess calolations it is, of course, 3 that during bustion of the

orgamic peatter in the bagasse only the highest produmots of omidation are
*Bullotin Mo, (5], Lenishnn Tap, Shation.
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formed, but according to Bolk's experiments* this requirement is not always
fulfilled, so that the full calorific valueis not really utilized. Thisis especialy the
casewith bagasse, having awater content of over 50 per cent., becausethis does
not burn properly but merely smoulders and produces a large quantity of
products of destructive distillation, chiefly heavy hydrocarbons, which escape
unburnt and are thus lost.

Causes of Incomplete Combustion—Some canes with very soft fibre, and
consequently yielding a very moist bagasse, were sent to the author for examina-
tion, because they would not burn, but smouldered and eventually extinguished
the fire. The engineers ascribed this to a high percentage of silica or of salt
in the bagasse, but it soon became evident that the excessive amount of water
accounted for the phenomenon. Sometimes the silica content was slightly
higher than usual, but the divergence never exceeded 0 -5 per cent, and one cannot
suppose that so trifling a rise in an infusible constituent like slica would
render bagasse incombustible. The presence of soluble salts in the bagasse
to an appreciable extent must aso be rejected, for had they been present
in the original canes in excessive quantities, they would have been removed
with the sugar and the other soluble juice constituents by the different operations
of mill extraction and maceration, so that none would be found in the bagasse.
In al those cases the author found a high water content; the bagasse did
not actually burn but smouldered dowly and left ablack carbonaceous residue.
The calorific value was greatly reduced and the engineers could not maintain
the desired steam pressure in the boilers. At first sight one could only ascribe
the deficiency in calorific value to the amount of unburnt carbon in the ash ;
but asimple calculation showed that thiswasimmaterial and that the diminished
heating power was due, partly to the large amount of heat required to evaporate
the surplus water, and partly to the formation of products of destructive dis-
tillation which escaped unutilized through the flues.

Unburnt Organic Matter Ieft in the Ash.—The blackest ash, containing the
largest amount of carbon, was obtained from a bagasse with 52-50 per cent, of
moisture ; it contained 74 per cent, of inorganic matter, 21 per cent, of com-
bustible matter, and 5 per cent, of moisture. The original bagasse, inits moist
condition, had contained 46-38 per cent, of combustible matter, and 1-12
per cent, of ash. The original fud therefore contained 1-12 parts of ash for '
every 46-38 of combustible matter, or 3091 of the latter for every 74 parts
of ash. After combustion, we found only 21 parts of combustible matter
to 74 parts of ash, which proves that this small amount of unburnt organic
matter is of no real significance, when compared with the large amount which
was burnt and disappeared in a gaseous form, and with the amount required
to evaporate the water from the moist bagasse.

' On some estates it was observed that the bagasse of some specia cane

* " Archief voor de Java Stukerindustrie” 1906, 319.
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variety yielded a more fusible ash than that of other varieties. Whereas the
bagasse from certain varieties of cane gave no trouble in the furnaces and no

clogged grate-bars, when other varieties were being crushed great care had to be
taken to keep the grates free from clinkers, which hampered the draught and

hindered the combustion.  This, also, was often ascribed to the composition of

the ash as containing more fusible constituents at one time than at another;

but it soon appeared that the difference in the composition of the ash was
imperceptible and that once again the physical condition of the fibre of the
bagasse accounted for it. One kind of fibre can burn under conditions of

draught and grate area so different from those required by any other kind

that in one case the ash fuses and in the other cannot reach such a high tem-

perature. By adjusting the conditions of the furnace any bagasse can be
burnt so as to yield a fused or an unfused ash. A good example of this is

furnished by generator furnaces where such a high local temperature prevails
that the bagasse ash fuses into a glassy mass and clings to the walls of the
furnaces in the form of glassy lumps. The special construction of the furnaces .
keeps the grates free, so that no obstruction in the air supply is experienced.

Now this same bagasse can be completely burnt in other furnaces without

yielding a fused ash, which proves that it is not so much the character of the
ash as that of the furnace which gives rise to the molten state. Indeed, in

the same furnace a flaming bagasse may yield a more fusible ash than a
smouldering bagasse, and there is much more need to guard against extremes
in either direction, by changing the slope of the grate or the space between its
bars, or similar expedients. If abagasseleaves afused ash, it is much better to

seeif some change cannot be madein the position of the grate than to continue
scraping the grate bars at intervals.

Conditions governing Fuel Value—Besides the chemical composition, the
physical condition of the bagasse influences its fuel value. It often happens
that, for a given grate area, sufficient steam is produced when hard canes are
being crushed, but that this falls short as soon as soft canes pass through the
mill. It soon appears that this difference is due to variations in the specific
gravity of bagasse from different cane varieties as mentioned on page 55.
Thus, in the case of hard canes, a greater weight of bagasse lies on the grate
than in case of soft canes, and this aone is sufficient to affect the draught,
the admission of air, and perhaps other circumstances also. Economic stoking
may aso be impossible in the case of some kinds of bagasse without making
alterations in the furnace or in the grate area

"Molaseuit."—The use of bagasse for the manufacture of " Molascuit"
will be discussed at the end of this Part (page 328).

Bagasse for Paper Making—Many attempts have been made to use bagasse
as raw material for paper, and though the result has been satisfactory in many
cases, paper has not yet been produced from this material in large quantities.
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Owing to the comparatively small quantity of cellulosein canefibre, the large
percentage of lignin and the quantity of sodarequired to remove thelatter, the
cost price of such paper must be rather high. In countries such as Louisiana,
where fuel and chemicals are cheap, and where there is an abundant supply of
pure water for washing the pulp, the manufacture of paper from bagasse may
have good prospects before it, but for countries where chemicas and fuel are
very expensive, or where good water is scarce, the future of this industry is
doubtful.  The manufacture of paper from bagasse was started some years ago
on a sugar estate in Texas but had to be abandoned; but more recently a
successful enterprise has been reported from the Tacarigua Estate, Trinidad,*
where very fine wrapping paper, that can aso be printed on, has been manu-
factured from bagasse. This paper is, however, not made from bagasse alone,
but from Para grass (15 per cent.), bamboo (20 per cent.), and bagasse (65 per
cent.). ,

Dr. Viggo Drewsen succeeded at the Cumberland Mills, Maine, in making
an excellent printing and letter paper solely from bagasse from Louisiana and
Cuba. The average yield was 50 per cent., and the paper was prepared by
heating the bagasse under pressure with a large amount of caustic soda.

But athough the prospects appear very promising, high-class paper has
not yet been manufactured from bagasse on a commercial scale.

An exception has, however, to be made for a coarse kind of paper made
at the Olaafactory in Hawaii, which is extensively used for mulching in order
to keep down weeds. When the cane tops have been planted the rows are
covered with long strips of the paper in which here and there longitudinal
cuts have been made. The paper covering prevents weeds from growing,-
but the young cane stems pierce through the cuts. This paper, which of course
need not be of superior quality, is aso used in the pineapple plantations in the
Hawaiian Islands, while it is said that in Australia it will aso be used in cane
cultivation for the same purpose.

At Marrero, in Louisiana, the Celotex Company has built a factory, which
converts bagasse into boarding material. The bagasse bales, entering the
mill, are opened and fed by conveyor through a shredder to the cooker, in
which the resins, waxes and similar constituents are removed, leaving the
fibres tough and flexible. As in the case of ordinary paper, fibre separation
is obtained by treatment in beaters and refiners. Waterproofing material is
added at this stage and the pulp pumped to storage tanks, which feed amachine
felting the fibresinto a continuous board 12 ft. wide, which board is formed in
one operation, and is not built up of separatelayers. Passagethroughan 800 ft.
continuous hot air dryer removes absorbed water and all that remains to be
done is to cut the board by means of cross-cut and rip saws into standard
4 ft. widths, the length varying from 8 to 12 ft. as desired. It finds use for
roofing, the exterior finish for plantation offices and the like, for the con-
struction of refrigerator cars, cold storage warehouses, etc.

* " Int. Sugar Journal,” 1908. 264.



CHAPTER I

CLARIFICATION

| —Introduction

Principle—The turbid, viscous juice from the mills is not fit to be worked
up into sugar without clarification, and the first step is to submit the juice
to such treatment aswill remove as complete as possible the viscous and gummy
constituents. As sucrose is very liable to decomposition by micro-organisms,
which results in sourness, inversion and fermentation, and as cane juice is
a very suitable medium for their development, it is necessary to boil the juice
immediately, whereby the albuminoids are coagulated and the further develop-
ment of the micro-organisms checked. It is aso necessary to remove all
impurities, both dissolved and suspended, so far as is practicable, without
spending too much on clarifying agents, which may cost more than the results
are worth.

The purpose of clarification is, therefore, to free the juice as quickly as
possible from all constituents except sucrose, without alteration of the sucrose

. itself, and to perform the necessary alterations without delay, sinceit is only in
concentrated solution that sugar is unaffected by ferments and micro-organisms.

Influence of Micro-Organisms on the Juice—The cane hauled into the sugar
mill carries an extensive flora of micro-organisms on its rind, while the earth
adhering to the rootlets also harbours an innumerable growth of bacteria,
so it is not surprising that every now and then some species or other of micro-
organism causes trouble, and that in general good care has to be taken to
restrict the nefarious consequences as closely as possible.

Bolk* reports the results of mill control in which the amount of sucrose and
the quantity of the juices from the individual units of the train were accurately
recorded, and compared with the corresponding data of the total mixed juice.
Theinvestigations were performed as accurately as possible ; the milling plant
had no subterranean conduits, so that no juice could be spilled by leaks or
overflowing ; and yet out of the 60 factories under consideration the number

* " Arcbief voor de Java Suikerindustrie” 1915, 1476.
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of those, in which the total quantity of the sucrose in mixed juice was equal
to the sum of the sucrose stated in the individual juices, amounted to 4; the
balance of 56 reported a shortage.

These deficits were divided as follows, expressed in percentages of the
sucrose in mixed juice :i—

8 under 0-2

8 were 0-2-0-4
5 , 0406
5 , 0608
10 0-8-1-0
6 1-0-1-5
3 , 1520
1 was 31
56

It may be that analytical errors are included in the figures for the loss,
but they cannot be considerable, for in this case where all the weighings and
determinations of the intermediate juices have been carried out in exactly the
same manner as those of the mixed juice, faulty analytical methods would
conduce to identical errors, the influence of which would check the rest. It
is, therefore, a fact that between the mill and the measuring and weighing
tanks relatively much sugar is lost through inversion, and that therefore a
thorough and constant cleaning combined with an occasiond disinfection of
juice-gutters, sand-boxes, measuring tanks, pumping conduits, etc., is strongly
to be recommended, while the route which the juice has to travel from the mill
to the defecators needs to be as short as possible.

In case it is thought necessary to include sand-boxes or stone-catchers in
the path of the juice, it is advisable to have them shallow, and to empty and
clean them repeatedly in order to prevent micro-organisms from accumulating
at the bottom and spoiling the juice.  If possible, the gutters and tanks should
be in duplicate in order to alow one set to be disinfected while the other one
isin use, so as to have always apparatus exempt from bacteria so far as thisis
feasible in practical working. It is aso necessary to wash the mills daily,
while in case of a serious infection, washing with a one per cent, solution of
ammonium fluoride will be found a useful disinfectant.

Among the micro-organisms which do most harm at this stage of manu-
facture, Leuconostoc mesmterioides should receive first mention. Leuconostoc
grows very rapidly in alkaine sugar solutions and only very sowly in neutral
or acid ones. When, therefore, the cold juiceis limed in the measuring tanks
and flows through pipes, cocks, or valves, even a slight infection with Leuco-
nostoc may cause these to become choked. A small deposit of dextran in such
places is apt to grow very rapidly in the current of alkaline juice. On the
other hand, the growth of Leuconostoc is soon checked in a small tank,
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because this organism produces acid substances which are detrimental to
itself. But, when growing in a pipe or other locality through which akaline
juice is constantly passing, the liquid never becomes acid, or even neutral,
and the development of the organism is incredibly rapid. Instances where
large pipes have been speedily choked would surprise those who witness the
occurrence for the-first time. It is evident that in unlimed (acid) juice the
formation of dextran cannot proceed, and there is consequently no fear of
clogging the bores of cocks or valves. In cases of infection with Leuconostoc,
it is therefore advisable to pump the unlimed juice through juice heaters and
thus kill the germs of the bacteria, and to lime the juice afterwards. Experi-
ments on this point have proved that cane juice may safely be heated for a
few minutes to over 100° C. without inversion.

De Haan* found a second organism in the juice, Oidiumtmicula, an inmate
of the earth, adhering to the bottom ends of the cane. This organism does
not attack sucrose and may in this respect be considered as relatively innocent,
but it attacks reducing sugars with the formation of acids having soluble
lime-salts, which cause the juice to acquire a large amount of those salts after
tempering and to yield a larger amount of molasses than in cases where the
Oidium is absent. Finally, de Haan detected the presence of lactic acid
bacteria which thrive in the juices and aso form an acid having a soluble
lime-salt. These bacteria, contrary to those referred to above, do attack
sucrose and therefore cause likewise a direct loss by inversion.

Since al those organisms are Killed by heat, rapid work is the best way
to get the juice to the stage where their obnoxious influence is checked, while,
as has been said above, cleanliness and disinfection are the best aids to success
in this respect.

Principles of Clarification—The aim of clarification is in the first place to
prevent non-sugar being formed afresh in the juice and next to remove as
far as possible the objectionable matter which may be present. A further
requirement israpid work, while the high temperature which is required to kill
ferments and to promote clarification has, on the other side, the drawback of
affecting sucrose by charring orby overheating.

Before starting to discuss the methods of clarification with their
advantages and defects, we have first to point out clearly what is to be
understood by clarification and which troublesome or obnoxious substances
we have to get rid of.

On considering the clarification of cane juice from a general viewpoint, we
perceive that its final object is twofold, viz., to make the juice clear, as well as
to makeit light in colour.  Further, we see that of these two requirements the
former is the principal one, the latter being only of minor significance, and in
most cases being already included in the first mentioned.

*"Archief voor de Java Suikerindttstrfe,” 1914, 1352.
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Physical Nature of Clarification—Up to a short time ago, the chemical side
of the question had claimed most attention in the study of clarification.
Starting from the fact that lime is the universal clarifying reagent, applied
either in small or in large proportions, and is capable of transforming the
viscous, slimy and turbid raw juice into alimpid and clear liquid, the chemical
reactions of lime on the various constituents of cane juice have been the
object of careful investigation and consideration. Under the spell of the idea
that clarification by lime throws down not inconsiderable amounts of im-
purities, great value has been attached to the figures showing the increase
in the quotient of purity as the outcome of clarification. Whenever a new
clarifying agent has been introduced (and everybody knows that this has
occurred quite frequently), an enormous increase in that quotient has always
been said to have been one of the salient advantages of the discovery.

Itis, however, not clear which of the non-sugars of the juice may be removed
by the application of the great variety of chemicals proposed ; nor isit easy to
see how arelatively small amount of chemical could possibly precipitate great
quantities of objectionable non-sugar on being added to the juice. Finaly the
analysis of the filter-press mud, in which the harmful or undesirable impurities
ought to be present in a concentrated form, has failed to throw any light on the
subject.

In consequence, we are forced to the consideration that the clarification of
cane juice does not aim so much at the removal of alarge amount of impurities
as at effecting aradical change in the physical properties of some of the con-
stituents of the juice.

Flocenlation of the Colloids—First of all, we areinclined to think that there
occurs a change in the degree of dispersion of bodies present in the juice as
colloids, which not only do not subside, but, owing to their protective action,
also prevent certain kinds of insoluble matter, such as earth, clay, bagacillo,
wax, air, etc., from settling or escaping. The properties of the mixture thus
resulting account for the sticky and slimy character of the juice.

If these considerations are correct, the chief object of clarification will haveto
be directed towards changing the degree of dispersion of the colloida con-
stituents of the juice in such a way that they become insoluble and subside.
As soon as the colloids are thrown down in this way, the insoluble matter held
in suspension by them is allowed to subside, or to rise to the surface, according
to its specific gravity, leaving the juice in any case clear and limpid.

Before making a choice between the different agents which promote the
flocculation of the colloids, we have to ascertain the real character of the latter.
In the literature of sugar cane are found many statements that gums, pectins,
albuminoids, etc., account for the stickiness and resistance against filtration of
canejuice, but there is no certain proof that the bodies mentioned are to be
considered asthereal cause. Neither albuminoids nor gums, nor pectins, occur
in appreciable proportions in the juice; and we ourselves fed inclined to
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adhere to the hypothesis of Miiller,* who believes a colloida silicious compound
to be one of the principal causes of the viscosity of cane juice.

« Among the means generally in use to promote the flocculation of colloids
the following may be mentioned here—(1) Addition of an electrolyte; (2
Action of the electric current; (3) Change in the reaction of the solution;
(4) Elevation of the temperature; (5) Adsorption by surface-attraction using
porous or flocculent materials; and (6) Separation by centrifuging or ultra-
filtration.

In this discussion it will be seen that the various methods of clarification in
practical use may be classified under one or more of these headings.

Addition of Electrolytes—Addition of an electrolyte to the juice will be
recognized at once as not a very promising possibility, for if the quantity
required is large, the expensewill be prohibitive ; while, moreover, the great
amount of saltsintroduced will immobilize too much sugar in the final molasses
and thus cause too great aloss. Small amounts of any electrolyte are surely
useless, for if there existed a material which in small doses could cause the
colloids of cane juice to flocculate, it must have been among the many hundreds
of chemicas which have been recommended for use in clarification during the
courseof time. Asit is known that none of these has been successful, we do not
hold out any hope for the application of electrolytes for the purpose in view.

Aetlon of the Electric Current.—Better assistance may be expected from the
electric current, although the results of manifold experimentsin treating juices
with electric currents of variousdegrees of intensity, using al kinds of electrodes,
combined or not with dialysis, have not been able satisfactorily to solve the
problem.

Change in the Reaction of the Solution.—In our opinion the best results may
be expected from the proper tempering of the juice, so that the exact point
at which the colloids coagulate is reached. This tempering, combined with
high, temperatures, constitutes the well-known method of Defecation which
has been in use for centuries al over the world.

On adding continuously small amounts of milk-of-lime to boiling cane
juice, and observing the appearance of the mixture after each addition, a
precipitate is seen to arise already after the first portion, this increasing after
further additions till it reaches its maximum. At the same time a gradual
change in the character of the precipitate is observed. At first it is suspended
in the juice, but gradually it becomes less bulky, subsides easily, and leaves
the supernatant liquid clear. It may happen that with further additions of
lime the precipitate swells more and subsides less rapidly; but, at any rate,
in every cane juice apoint may be observed where the proper amount of lime
brings aong rapid and complete subsidation.

* " Int. Sugar Journal," 1921, 579.
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The determination of this point has offered great difficulties up to now
because of thelack of areliable and rapid method which enabled one to find,
at once, the real point up to which the juice had to be tempered in order to
get the best results.  In many cases the reaction to litmus or turmeric paper
was considered to be the criterion, or the filtered juice was titrated with N /28
acid, and a certain akalinity was adopted for general use, but in most cases
the degree of tempering was ascertained in an empirical way for the juice under
treatment. Whenever canes having a different constitution to those previously
treated were being crushed the point in question had to be ascertained anew,
which rendered proper tempering a rather uncertain operation.

It has, however, been proved by Gebelin* and others that the proper point
of flocculation of the colloids in cane juice standsin direct connexion with the
hydrogen ion concentration of the juice. After having determined once and for
al empirically, either in the factory or in the laboratory, at which hydrogen ion
concentration the subsiding of the hot-tempered juice is at its best and com-
pletest, the only thing to be done in future is to temper the juice till it has
attained the required potential.

This point may very easily be determined by means of slips of paper soaked
in solutions of one or other of the many colour reagents which have come in
use since the publication of the experiments of Lubs and Clark, f

Gebelin showed that the optimum tempering point lies at a pH of 7-2 at
ordinary temperature; and, asin that case the juice is amost neutral, thereis
the great advantage that no action of alkaline bodies on the reducing sugars
is to be feared, coloration due to that occurrence being thus excluded.

Adsorption by Surface Attraction.—Thissimple defecation process permits a
good subsiding of thejuice, so that the supernatant clear liquid may be syphoned
of from amuddy layer; but this clarification is not thorough enough to yield
ajuice fit for the manufacture of white sugar. In order to clarify a juice for
that purpose, we avail ourselves of the property of colloids to adhere to porous
or flocculent materials introduced in the juice to be clarified.

One instance of this property, extensively applied nowadays, is the use
of infusorial earth (as"Filtercel") and of various kinds of vegetable carbons,
which absorb the colloids and carry them to the bottom of the settling tanks.

The sulphitation and the carbonatation methods are based on the same
principle of removing colloids by surface attraction. More limeis added to the
cane juice than is necessary for the optimum pH, after which the excess of lime
isremoved by either sulphurous or carbonic acid till the proper range of hydro-
gen ion concentration is obtained.

These acids form insoluble lime-saltsin the liquid, which, while forming and

** Louisana Planter,’ 1923, 71, No. 9, 172.
tW. Mandfied Clark, " The Dete'mination of Hydrogen lons" See" Int. Sugar Journal,” 1923,262-
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subsiding, alow the colloids to becomeincorporated in their interstices, thereby
leaving the juice clear and limpid. Alternatively, one can sulphite the juice
first to a distinct acid reaction, and lime back to the exact pH, in which case
the precipitate of calcium sulphite effects the same purpose of attracting the
colloids.

Effect of Defecation on the Quotient.—It is seen from these instances that
every method in practical use corresponds to one or to a combination of some
of the suggested means of causing a change in the degree of dispersion of the
colloids.  Notwithstanding the seemingly chemical character of many methods,
their action is only a physical one, so that in reality no great quantitative
changes take place during clarification.

This explains why generally the quotient of purity of aclarified juice does not
differ greatly from that of the original raw juice. Very little non-sugar has been
eliminated from the juice, and therefore the quotient of purity does not undergo
a great increase.

We quote from the statistics issued by the Java Sugar Experiment Station
the following data on the increase in quotient of purity from raw to clarified
juice during the many years of its existence.—

1905 . 17 1912 . 17 1919 ... 16
1906 |. 16 1913 |. 18 1920 .|. 15
1907 |. 17 1914 |. 07 1921 .|. 16
1908 |. 20 1915 |. 15 1922 .|. 16
1909 |. 20 1916 |. 13 1923 .| L7
1910 |. 19 1917 |. 15

1911 |. 17 1918 |. 14

Nor do the separate individual figures generally show any great divergencies.

It is true that sometimesinstances are mentioned of a very great increase or
even a decrease. In such cases it has been found that either very heavy
substances (as sand or clay) or very light ones (as air) were held in suspension
by the colloids of the juice, thusinfluencing the readings of the Brix hydrometer
.with the aid of which the quotient of purity is determined. As soon as the
colloids flocculated and became insoluble, they released the suspended bodies,
which then either settled or escaped, their delusive action on, the Brix hydro-
meter thus being eliminated.

As the colouring matter of cane juiceis one of the colloids, any method for

removing these bodies serves at the same time as a decolorizing device, whichis
quite sufficient for the manufacture of raw sugar.
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Strainers Sandboxes.  Centrifugals—Juice from the mills passes through
strainers having a gradually decreasing width of mesh, which keep back the
coarse pieces of bagasse. Further, it is conducted through a sandbox, where
heavy particles, as sand, clay, etc., are separated, but, although these devices
keep back not unimportant amounts of impurities, yet they are unable to
remove colloids. We know of centrifugals by Hignette, Kopke, Sandford
and others, in which the limed juice, either cold or warm, is separated into a
hard crust of filter mud and a clear juice, but that is not what we mean here.

The centrifugal invented by Mauss* for use with raw juice claims to remove
96 per cent, of thefloating and suspended material from thejuice. It comprises
adrum composed of a number of separable sections of conical form, which are
pressed apart axially by springs, the raw juice being introduced through a pipe,
and the solids deposited in the spaces, the clear juice escaping by a channel at
the upper end of the drum.  After running the machine until a certain amount
of solids is deposited in the chambers, the supply is stopped, and the drum
sections separated. The fully separated solids escape through the outlet,
while the partially separated solids and liquid are carried back to the supply
vessdl. In the case of amachine in which the diameter of the drum is 2 ft.,
the speed is 1000-2000 revolutions per minute.

A second apparatus for the removal of colloids isthe ultra-filter constructed
by Plauson, which may remove particles having a diameter of one millionth
part of amillimetre. It consists of a perforated metal cylinder, covered at the
outside by perforated rings or plates which may be tightly pressed together
by screw bolts. The perforations consist of elongated slots, adjacent plates
being arranged so that the slots of one are at right angles to those of the other.
This arrangement forms afilter element in which openings of the pores may be
varied at will only by changing the position of the screw bolts. A slimy layer
is deposited on the interior side of the cylinder, and is kept a a constant
thickness by a worm with decreasing pitch towards the discharge, which
constantly scrapes off the dirt, only maintaining a thickness of 1-2 millimetres,
thisin fact constituting the proper filtering surface. The cylinder is therefore
internally coated with afelt blanket. Thejuiceis forced into the drum under
heavy pressure; passes the filtering layer; and leaves the cylinder through
ihe pores; while the dirt scraped off by the worm is pushed outside through a
trap.

In this book we shall only treat of the manufacture of raw sugar. Processes
for the manufacture of white sugar in cane sugar factories have been described
and discussed in a separate work by the author: " Practical White Sugar
Manufacture, "f to which we take the liberty to refer the reader.

«*Int. Sugar Journal," 1921, 592.
t Normian Rodger,” London.



Il.—Methods of Clarification
A—TREATMENT OF THE EAW JUICE.

Principle—As we have shown before, the aim of clarification is to temper
the juice with lime up to that concentration of hydrogen ions at which, in
connection with the high temperature, the best flocculation and subsidation
of the colloida constituents of the cane juice is attained.

It is therefore evident that, in the first place, the determination of the
amount of lime proper for the attainment of the optimum range of hydrogen
ionsis of the greatest importance, and next comes the raising of the tempera-
ture of the juice .to the highest point which is still compatible with the risks
of charring and overheating,

Since the optimum range for the hydrogen ions in the clarification of cane
juice is about pH 7 or dlightly under, the breaking up of reducing sugar by
alkalis or by lime, which in former days was apt to cause a dark coloration
of our juices,is no longer to be feared and may indeed be |eft undiscussed here.

Tempering—When determining the amount of lime to be used for a proper
tempering, we add as much lime to the juice as seems appropriate, say two
gallons of milk-of-lime of 15° Beaume' to 500 gallons of juice, and effect clari-
fication asusual. A sample of that clarified juiceis poured into aglass cylinder
for subsidation. In the next clarifier a somewhat larger quantity of rnilk-of-
lime is used in tempering, and a sample of the defecated juice is poured into
another cylinder glass. Further, a smaller amount of milk-of-Kme is used,
so that we get a scale of samples representing the different amounts of milk-
of-lime added to thejuice. That sample in which the sediment settles best and
quickest with the least amount of lime is selected as the standard one, and is
used for the determination of the pH range to be adopted in future.

Determination of the Value for pH.—In the chemical laboratory the best
and most accurate method for the determination of the concentration of
hydrogen ions in solutions of pure bodies in water is by the potentiometer.
But in the viscous and slimy canejuice the electrodes would very soon become
coated with a deposit which would hamper the conductivity, while in addition
the rather subtle measurements of a sensitive voltmeter are out of place in
the noisy and vibratory atmosphere of a sugar-house laboratory in the turmoil
of the grinding season.

Hence, we avail ourselves rather of the many colour indicators that have
come into universal use since the brilliant investigations of Clark and Lubs.

150
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from the hot juice), form a frothy, dark-coloured layer of scums, underneath
which is the clear juice. Only the heavy impurities, such as sand, clay, &c,
sink to the bottom and form another layer, so that the juice is separated into
threelayers, of which the middle one, consisting of clarifiedjuice, is the greatest.

Settling and Decanting—Thejuiceis heated until the layer of scum begins
to burst (cracking point); the supply of steam is then shut doff, for, if not,
thejuice would boil over, and be partly lost. Thejuiceisnow allowed to settle,
and afterwards let df through a drain at the bottom of the pan, which is fitted
with a pipe closed by a three-way cock. By turning the plug one is able
to draw of successively the heavy impurities, the clean juice, and finally
the scum, each of these being conducted into its own gutter. The first and'
third portions, i.e., the heavy impurities and the scums, are run into the scum
tank, while the clean juiceis conducted to the evaporators or to the eliminating
pans. The three-way cock and the gutters should be placed in an easily
accessible and well-lighted position, so as to admit of complete control. In
order to facilitate the decanting and the separation of the clear liquid from the
mud and scums, some defecators have two outlets at the bottom, one for the
sediment and the other for the clear juice: the latter carries a pipe which
extends above the surface level of the sediment within the tank. When the
defecation and subsidation are completed, the latter cock is opened and the
clarified juice discharged, without risk of contaminating it with the subsided
mud, which remains below the outlet level of this pipe. The clarified juice
is alowed to flow out until the scums approach the open end of the pipe,
whereupon the dock is closed and the other discharge pipe opened, when the
subsided mud, scum, and thin layer of clarified juice between these two, pass
into the scum tank for further treatment.

In the other method, the limed juice, after having passed through a juice-
heater, is boiled in iron pans, through which steam is led by means of coils.
As soon as thejuice boils, acock is opened at the bottom of the pan, and the
hot juice flowsinto the settling tanks, where the separation of the clear juice
from the scum takes place. Asin this case the air has been completely driven
out by the ebullition, the scum does not remain as a froth on the surface, but
settles gradually, leaving the juice quite clear.

Pans—Some factories are provided with specia cylindrical iron pans
having broad gutters. In these pans a steam calandriais suspended, reaching
nearly to the bottom. Thisis perforated by a number of tubes through which
the juice circulates, and is thus caused to boil rapidly.

;. As the frothy scum rises to the surface, it is driven into the gutters by long,
skimmers, whence it flows into the scum tank. When no dark-coloured
particles are visible at the surface, but only a white mass of steam bubbles,
tie steam supply is stopped and the juice with the heavy impurities is let off
into the settling tanks.
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Continuous Defecation.—In many places the juice is heated to the boiling
point in the juice-heater, and then alowed to flow through one or more pans,
inwhichit boilsrapidly, and thence passesinto the settling tanksin a continuous
stream.  In this case no skimming can take place, but as the boiling breaks up
the layer of scums, this mixes with the heavier deposits and does not interfere
with the subsiding in the settling tanks.

It is not advisable to pump the juice through the juice heaters too quickly,
as it frequently happens that the time during which the juice is heated is not
aufficient to alow of complete, defecation. Even when using very powerful
juice-heaters, one should not omit to boil the juice in a defecator before it is
discharged into the settling tanks.

Deming's System ol Clarification—A third method of defecation, devised
by Deming, has come into use, in which the limed juice is superheated and
subsequently passed through continuous subsiders.  The limed juice is pumped
through three vessels, in which it is heated under pressure to over 110° C, and
afterwards cooled to about 100° C, so that the juice 'entering the apparatus
at the ordinary temperature is heated for about 45 seconds at a temperature
of 110-115° C, and leaves it at a temperature of 95-100° C. The three vessels
are horizontal cylinders, in which tubes of 2 in. diameter are fixed and connected
with each other by chambers at either end of the cylinders in such a way that
the juice flows backwards and forwards through the tubes with great velocity.
Two of the vessels are called " absorbers" ; the third (having the largest
dimensions) bears the name of " digester." In the first absorber the cold
juice is introduced outside the tubes, but passes through the tubes of the
second absorber, around which exhaust steam is circulated. Afterwards the
juice flows through the tubes of the digester, is heated by live steam to the.
required temperature of 110-115° C, and finally passes through the tubes of
the first absorber, where it imparts its superheat to the fresh juice surrounding
the tubes, heating it to 40-50° C.

Scale on Deming Tubes—Owing to the high velocity with which the juice
is forced through the tubes there is no fear of scaling, in fact they remain
quite clean after some months' use.  The apparatus only now and then requires
a thorough cleaning with hot dilute hydrochloric acid, more especialy the
outside of the tubes in the first absorber, which get coated with mud from
the cane juice.

An analysis of the air-dried scale from the outside of the tubes gave the
figures tabulated on page 154. The scale, we see, consisted of calcium
phosphate, other lime compounds with organic matter (acids, abumin,
pectin), which changed into calcium carbonate during combustion, sand,
clay, and partially caramelized constituents of the cane juice,-which had,
become overheated by contact with the tubes.
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Advantages and Disadvantages—Each method of defecation has its advan-
tages and its defects. The advantage of the first method is that the juice is
not heated to its boiling point, hence steam is saved, and, further, no danger
of inversion or decomposition is to be feared. A drawback, however, is the
great number of expensive defecators required if a properly clarified juice is to
be obtained.

The common defecation pans with coils are easy to clean, which is not the
case with the pansin which the juice isboiled in tubes of small diameter, unless
a sufficient number of these are available, enabling one pan to be spared for
cleaning while working "with the others. The skimming of of the light
floating impurities has the disadvantage of keeping thejuicefor along time at a
high temperature, involving extra expenditure of steam, and possible decom-
position of a portion of the sugar; though, as will be shown later, this danger
is not a serious one.

Against these disadvantages must be set the prompt removal of the lighter
portions of the scums in the skimmings, leaving only the heavier and more
quickly subsiding portion to settle in the tanks; this saves much time and
increases the working capacity at this stage.

The advantages of superheat clarification are economy of steam, labour,
space, and the fact that superheated juice subsides better than boiled juice.
Y et no differencein the chemical analysisis to be detected in the juices clarified

in either of the methods discussed here. The only rea difference lies in the
economy of heat and labour.

Accessories to Proper Defecation.—In many cases the volume of the pre-
cipitate brought down in the juice by the proper amount of. lime necessary
for obtaining the optimum pH fails ta remove sufficiently the colloids from the
juice. In such acase a good clarification may be obtained by adding to" the
jidoe bodies which are apt to form a porous or a flocculent deposit, which
drags down with the mud the colloidal and floating particles.
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Clay—Years ago an emulsion of clay and water was recommended to
promote subsidation, but this rather crude material has not found general
employment.

Infusorial Earth—More recently we have heard a great deal of infusorial
earth (kiesdlguhr) for the same end, and an American preparation especialy,
caled " Filtered," is claimed to yield good results in this respect. A quantity
of 1 to 4 pounds of " Filtered" to one ton of the limed juice is required if
raw sugar is to be made, while a much larger amount up to 25 pounds per ton
of juice is thought necessary in the manufacture of plantation whites.

Sulphitation.—Instead of mixing the juice with materials poured into it,
we may make use of the capacity of precipitates arising in theliquid of accumu-
lating colloids, and in this respect mention must be made of sulphitation, by
which process an abundant deposit of calcium sulphite is formed which
admirably serves our purpose. The oldest method of sulphiting cane juices
dates from the beginning of the last century, and is still used in a great many
sugar-houses.

The Sulphur Box.—It is carried out in the so-called "sulphur box," a
wooden upright vertical chamber about 12 ft. high. At about each foot of.
height are fastened horizontal perforated plates or some other device intended
to divide the flow of the falling juice into a shower. The sulphur fumes enter
the box at the bottom through a pipe and are drawn upwards through the box
by ajet of steam at the top, which acts as an aspirator. The cold mill juice
flows into the box at the top, falls on the topmost plate, where it is divided
into a shower, trickles down on to the next plate, and so on till it reaches the
bottom charged with the sulphurous acid, from the upward current" of sulphur
fumes which it has encountered.

Sulphuring Tanks—A more modern and more compact apparatus consists
of a tank, some 4 to 5 ft. high, in which the sulphur fumes are conducted
through a wide pipe ending a few inches from the bottom. The fumes are.
forced into the juice by means of an injector, while the juice enters through a
pipe at the bottom and overflows through a second outlet placed three feet
above the level of the first one. During its passage through the tank it en-
counters the current of sulphur fumes, absorbs the sulphurous acid, and flows
out charged with the proper amount of gas, which may be regulated by the
velocity of the flow of the juice or by the cock of the injector.

In another device the juiceis sulphited in a tank, in which two baffle plates
are fitted, which force the juice, pumped into the tank, to flow first down and
afterwards upwards. These plates divide the tank into three compartments :
the juice entering the first, passes through the opening between the bottom
and the first beffle plate into the second compartment, where the current of
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sulphur fumes is forced through it. Combined with the bubbles of gas, the
juice passes through the opening between the top and the second baffle plate
into the last compartment, whence it is discharged, saturated with sulphurous
acid, by a pipe at the bottom.

Quarez Apparatus—The Quarez system of continuous sulphitation makes
the juice itself regulate the rate of flow of the sulphur fumes which it needs.
Here the juice from the mills runs through a pipe into a tank, which is divided
into two compartments by a plate almost reaching to the bottom ; from here
it is forced by means of a Worthington pump through an injector, which isin
direct communication with the supply pipe from the sulphur furnace. By
this arrangement the amount of sulphurous acid absorbed by the cane juice
during its course through the sulphitation column may be regulated by the
flow of the juice itself, while no draught takes place and no sulphur is uselessly
burnt if the current of juice is interrupted for some reason or other. The
juice itself is pumped back into the second compartment of the tank and leaves
it by the overflow. Although the juice which is injected through the Quarez
apparatus has previously passed through a series of copper strainers which
deprived it of the greater part of the " cush-cush," or bagacillo, yet this does
not by any means preclude some fine particles of cane fibre passing along with
the juice and at the end choking the apertures of the injector. It is therefore
advisable that two injectors be fitted to every apparatus, so that the operations
may be continued with the spare one, in case the other has become choked and
needs dismantling and cleaning. When working with the Quarez sulphitation
apparatus, the flow of the juice and of the gasis, asnearly as possible, regulated
in such a manner that the juice coming out of it has a sulphurous acid (S0)
content of about 0-06 per cent., equivalent to 300 grms. of sulphur per ton of
cane. In the older apparatus just mentioned, the absorption of sulphurous
acid cannot be pushed so far; the average amount of sulphur, which after
being burnt can be incorporated in the juice, does not exceed 100 to 150 grms.
per ton of cane. The large amount of sulphurous acid absorbed in the juice in
the Quarez apparatus is certainly sufficient for the proper decolorization of the
juice and for the production of an abundant precipitate with the lime added
afterwards, while at the low temperature of the raw juice the degree of acidity
mentioned above, if caused by the sulphurous acid, the hydrolysing power
of which is relatively weak, is not high enough to be dangerous.

Liming back.—The sulphited juiceis run or pumped into liming tanks, where
as much milk-of-lime is added to it during its ingress as will make its reaction
neutral or very slightly acid.

The liming should be conducted so far that the juice does not impart a
pink coloration to phenolphthalein paper, nor a red one to blue litmus paper,
in which case thereis-neither an excess of lime nor an excess of free sulphurous
acid sufficient-to cause inversion during the subsequent heating on defecation.
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Brewster and Raines* recommend the use of the Clark and Lubs' reagents
and suggest sulphiting the juice to a pH of 3-8, to be controlled by methyl
orange or bromphenol blue. Later on, the concentration of hydrogen ions
is limed back to a pH of about 7, which may be indicated by bromcresol
purple or phenol red.

These colorations are much more distinct than those obtained with litmus
paper and give a much more accurate end-point. The liming should be per-
formed or at least completed in large tanks, provided with a stirring apparatus
which keeps the contents in dow movement. These tanks should have the
capacity of half-an-hour's juice supply so as to facilitate the proper liming,
which in this case has only to be finished once every thirty minutes.

This continuous sulphitation should be adopted in every case where it is
thought advisable to sulphite first and lime afterwards. It is evident that,
notwithstanding the greatest care, it is not always possible to regulate the flow
of juice and gas and the sulphurous acid content of the latter so strictly that
the juice aways comes out with the same acid content; and thereforeit is not
advisable to make use of this method of sulphitation if it is necessary just to
neutralize alimed juice, asin such acase it might become either too acid or be
left still alkaline.  Where the juiceis sulphited first and neutralized afterwards
with lime, there exists no necessity for a constant acidity and it is of no conse-
quence whatever if the acid content varies in the sulphited juice to some
extent, since later it is entirely neutralized by the lime in the liming tank.

If, however, the juice is to be limed first and sulphited afterwards, it is
better to use intermittent sulphitation, as in that case the limed juice must be
neutralized exactly by the acid..

Intermittent Sulphitation—In the intermittent sulphitation process the
limed juice is pumped into iron tanks, in which a current of sulphur fumes
from a sulphur furnace is introduced, by which operation the excess of lime
is neutralized, and can then be tested with reagent paper. As soon as the
point of neutrality is reached, the juice is discharged from the tank, which is
filled again with a fresh portion of limed juice, so that every tankful is treated

parately.

Usually the sulphitation plant consists of four or five iron cylindrical or
rectangular tanks, together having a capacity equivalent to the amount of
juice extracted per hour. A factory crushing 1,000 tons of cane per 24 hours
therefore requires a total sulphiting capacity of 9,000 gallons. The tanks are
each covered with alid fitted with aflue to allow the escape of the surplus gas.
Further, they are provided with valves for the ingress and egress of the juice,
a special valve for the sulphur fumes with lead and rubber fittings, and a
perforated iron distributing pipe reaching to the bottom of the tank; A small

e read before the Section for Sugar Chemistry at the 63rd Meeting of the American Chemical Society..
Birmingham, Ala., 3rd April, 1922
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cock fitted a few inches below the level of the juice, when the tank isfull,
permits of occasionally taking a sample of the contents in order to check the
course of the neutralization.

The Java Sugar Experiment Station gives the following rules to be observed
when applying the sulphitation process: The strained juice passes through
juice-heatersin which it is warmed to a temperature of 80°-85° C, taking care
to keep it as constant as possible within this range. On no account should it
fall below 80° C. in the sulphitation tanks. The lime-cream is carefully sifted
in order to eliminate all grit or coarse particles.

As soon as the tank has been filled, the sulphurous acid valve is opened and
immediately afterwards the milk-of-lime is poured in in a thin constant jet,
taking care to keep the reaction of the mixture neutral or faintly akaline
to phenolphthalein. The last quantity of lime-milk is added at once in order to
have one short moment of astrongly alkaline reaction. Finally, the sulphita-
tion is completed till a neutral reaction to phenolphthalein results.

In the case of small tanksin which sulphitation only requires a few minutes'
operation, the milk-of-lime may be added at once since its excess is neutralized
in ashort time.

Depending on the quality of the juice, an amount of 3-5 to 5 gallons of lime
cream of 15° Be, per 500 gallons of juice is the proper amount.

A short period of strong alkaline reaction is indispensable for a good clarifi-
cation : its duration should, however, be restricted to one minute or one
minute and a half, in order to prevent the breaking up of reducing sugar and
coloration. For thislast reason the addition of lime-cream should be temporarily
suspended at any moment when owing to untoward circumstances, the sulphur
fumes supply is defective.

The proper subsidation is constantly controlled by inspecting samples
from every one of the tanks placed in a test-tube in a rack; while, further,
the subsided juice istitrated : 10 c.c. of thejuice should require not more than
3 to 4 c.c.N/100 soda against phenolphthalein.

The limed and sulphited juice is heated to boiling point in juice-heaters*
which is in most cases quite sufficient, while occasionally a passage through
a defecation pan is aso necessary. It is to be recommended to exchange
from time to time, say every 12 hours, the heaters for the raw juice with those
of the sulphited juice. This is a great help against incrustations, as those
from raw juice dissolvein the sulphitated ones and vice versa.

Incrustations—Incrustation of calcium sulphite in the tubes of the evapor-
ator is not only prevented by a well-conducted sulphitation to the proper
degree of acidity, but also by a high temperature in the juice-heaters and in
the settling tanks. Calcium sulphite dissolves less in hot juice than in cold,
and heating to 100°C. is sure to induce the salt to crystallize out.  If, however,
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the temperature in the settling tanks should sink, part of the sulphite may re-
dissolve and crystallize out afterwards in the first cells of the evaporator,
where the temperatureis highest.  This same fact teaches us that the tempera-
ture at which sulphitation takes place has great importance not so much in
regard to clarification as in regard to the incrustation of the juice-heaters.

Formerly when the reaction during sulphitation was started strongly
akaline, the temperature was kept low and did not exceed 50° C, and in those
days the tubes of the juice-heaters were badly incrusted. The analysis of
such a scale gave the following figures—

Silica 21-12
Sulphuric acid 7-66
Sulphurous acid 5-05
Phosphoric acid 378
Iron oxide . . . . . 1-33
Lime 16-33
Organic matter. 34-75
Water. . . 825
Undetermined ..., 1-73

10000

A second”ne showed amuch larger amount of sulphite and sulphate:—

Silica 0-28
Sulphuric add 914
Sulphurous acid .. . 27-66
Lime 30-78
Alkalis " 0-55
Iron oxide 0-40
Loss on ignition 9-22
Moisture .. 21-78
Undetermined .. .. . . . 0-19

100-00

Sulphitation applied at a high temperature may be considered a marked
improvement, as thereby the troublesome incrustation of juice-heaters is
greatly reduced. Yet the proper range of temperature is still an object of
discussion. In the Assembly of Advisers to the Java Sugar Industry of
1922* |lower temperatures were advocated, ranging from 60° to 85° C.; but
in no case should temperatures of over 85° C. be alowed. Further, there is
some difference of opinion as to the. end-reaction on sulphiting, .

«"Archief voor de Java Suikerindustrie” 1922, 123.
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. The Java Sugar Experiment Station* advises a maximum acidity against
phenolphthalein of 120 mgrms. SO, per litre, with a minimum of 30 mgrms.
Other workers keep the acidity between 60 and 80 mgrms.

It is quite likely that the colour reagents of Clark and Lubs may prove
useful in the determination of the proper degree of sulphitation. In the
event of a suitable colour reagent being established, the procedure would
be to continue the gas supply till the reagent paper dipped into the juice
shows the desired tinge.

Phosphoric Acid—Besides sulphurous acid, phosphoric acid and its salts
find application in the sugar industry. The acid combines with lime to form
a flocculent precipitate which attracts colloidsfrom the juice, thereby cleaning
it. The different preparations used for this purpose are discussed on page 171.

B.—SUBSIDATION

Intermittent Subsidation.—The hot juice from the juice-heaters and defeca-
tion pans is carried to settling tanks, in which it is dlowed to subside and to
split into a supernatant layer of clear juice and a submerged one of mud.
The intermittent settling tanks are square iron boxes, covered externally with
wood to retain the heat, and provided with cocks at varying distances from the
bottom. The juice settles, the uppermost cock is opened and afterwards
the others, so that only the clear juice flows dof and goes to the clarified juice
tank. Finally acock at the bottom is opened, and the scum flows out and runs
into the scum tank. Instead of arow of cocks, we often find a single cock
connected with a hinged copper pipe, thefree end of which is fixed to a hollow
copper ball, which floats on the juice, so that only the uppermost and clearest
layer of the juice passes through the pipe.

All those tanks for intermittent subsidation have the drawback of leaving
far too thick alayer of mud on the bottom, so that too little of the subsided
juice is syphoned dff, while the length of the subsidation operation causes the
juice to cool down excessively, both of which inconveniences are avoided in the
many systems of continuous subsidation, of which afew are described here.

Continuous Subsidation—The hot juice coming from the defecator in the
Deming system of clarification is conveyed into settling tanks, whence it is
continuously discharged. These tanks are cylindrical with conica bottoms,
carrying wide discharge tubes provided with acock. A large cone of sheet iron
(open at the top and bottom) is suspended in the cylinder, the height of the
cone being equal to that of the cylinder, so that their upper edges are at the
same level and the bottom of the cone level with the conical part of the settling
tank; the distance between the cone and the tank at that place being slightly
over oneinch. "

The heated juice enters the tank outside the cone, fills it and overflows

Ibid., 1922, 111, 125,
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through awide tube leading out of the upper part of the cone. This arrange-
ment causes adownward current of juice outside, and an upward current inside
thecone. The scum hastherefore a tendency to sink to the bottom of the tank,
and if it isinduced to rise by the upward current inside the cone, it is caught
by the inclined side of the cone and again sinks. Care should be taken fre-
quently to discharge subsided scum, so that no layer of dirt forms between the
edge of the cone and the cylinder, asin that case lumps of scum may be carried
to the surface and spoil the clarified juice.

In the case of dowly settling juice, the same expedient may be used asin
the case of the ordinary clarification, i.e., rendering the precipitate heavier
by adding more lime and a corresponding amount of phosphoric acid to the
mill juice.

Ordinarily, two settling tanks are required; the juice flows first through the
smaller, afterwards through the larger one.

The Dorr " thickener " or clarifier, mentioned nowadays in connection with
the Thomas and Petree process of mud lixiviation (see page 162), corresponds
to the following description : the apparatus consists of a circular tank, 20 feet
diameter by 14 feet high, having a conical bottom firmly embedded in concrete,
and is divided by plates into four compartments. The slope of the cone
towards the centre is the same as that of the plates or bottoms of the com-
partments. The hot defecated juice flows into the subsider by a central
tube and fills the four shallow compartments in which it subsides. In the
centre of the tank is placed a vertical shaft, which revolves very sowly, and
on which are fastened arms carrying scrapers, which force the subsided mud
into a central tube, while the clear juice flows of from every compartment
by an outlet tube. In those and similar systems the defecated juice is con-
tinuously divided into alarge volume, even as much as 95 per cent, of clarified
juice ready for evaporation, and asmall one, which may be aslow as 5 per cent,
of thick mud, this being conveyed to the scum tank.

C—TREATMENT OF THE CLARIFIED JUICE

In many factories the juice, after settling, is pumped without any further
treatment into the suction tank of the evaporators ; in othersit passes through
one or other form of filter; in others, again, it is once more boiled in eliminating
pans of the shape previously described. This treatment is especially necessary
for juice clarified by the first-named method, as agreat part of the scums often
accompanies the clarified juice owing to want of attention. The juice, after
settling, is boiled, skimmed, rendered neutral by phosphoric or sulphurous acid
if the juice is too akaline, or with soda or lime if it is too acid, because, as
already mentioned, a neutral or very slightly acid or alkaline juice is the most
advantageous.

Juices which have been alowed to settle in special clarifiers do not need
elimination, for in this case thejuice can be neutralized directly in the defecators.
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D.—TREATMENT OF THE SCUMS

The scums from the clarifiers, or from the settling tanks, are run into scum
tanks as already mentioned. Sometimes the scums are alowed to settle once
more, and the clear juice is again drawn off, but generally the scums are mixed
with lime and steam to promote filtration. Many factories only possess asingle
scum tank, into which the scum continually flows from the clarifiers; it is
heated and limed from time to time, and pumped of to the filters, but in this
way it is impossible to know whether the scum is sufficiently limed or not.
It is much better to have two tanks, and use them alternately, so that the first
can be properly limed, steamed and emptied, while the second is being filled.
Or instead of this, amixer can be putin front of the steaming tank in which the
scums are limed.

If the juice has been properly tempered and at a proper temperature, the
scums can be filtered without further addition of lime; but such an addition
helps if clarification has been defective.

The application of continuous settling tanks has greatly contributed to the
obtaining of a thick and compact mud, as we have aready mentioned, when
figures of only 5 per cent of scums were referred to.

Thomas and Petree have utilized this opportunity to introduce a method
by which the thickened mud is diluted with juice of ever decreasing saccharine
content, until it is"findly poured out along with the fibrous part of the cane.

The application of this system in conjunction with a crusher and four mills
may be described as follows : the juices from the crusher, first and second mills
are limed and sent through a heater, followed by a passage through a defecation
pan. From this pan the juice goes directly to a Dorr claifier. From this
primary clarifier the juice goes directly to the evaporator supply tank. The
mud from the primary clarifier is pumped back to the mills, where it is mixed
with the juice of the third mill and limed automatically. The mixture is then
sent through a heater and then to the secondary clarifier. The clear juice
which has alow quotient of purity can be sent either back through the primary
clarifier or through the maceration line, back to the first mill.

' The mud from the secondary clarifier is mixed with the juice from the last
mill and limed, this mixture being then pumped back on to the bagasse behind
the second mill.

All the maceration water is used behind the third mill.  About 16 per cent,
of maceration is amply sufficient to give an extraction of about 93 per cent.

E.—INFLUENCE OF DEFECATION ON THE CONSTITUENTS OF THE
JUICE
The quantity of impurities separated from the juice by defecation is not

considerable, since the weight of wet mud (chiefly consisting of juice) does
not amount to more than 1 per cent of the weight of the cane.
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Effects of Defecation.—The effect of the defecation on the constituents of
each of the three mill juices is represented in the following table:—

Firar M. Second Mill. Third Mill
After.
Ceparitnenis, I

' Bedore. | After. | Befors, | After. [ Before. | Litte Nuch

Lims. | Lima,

Brix . 182 1192 (133 19:7 |[1B<0 194 | 182
Bucrose .. L1648 F1706 | 16-33 | ET-D€ | 1586 | 1640 | 19-50
Reducing Sugar ..| I-98 | 2 1-57 | 1-58 | 1-32 | 182 14
Gums and Pectin | 0-125| 0-071| 0376 | 0120 1-250| Q-840 | 0-38
Albgmin .. ..| 0-025; — 0002 | — 0064 | — —
Quotient of Purity {88-¢ | BT-4 [B44 | 8646 8% |B4B 864
Glucose Ratia ..} 12-1 117 a6 a-x 1 8b 93 84

Except for the flocculation of colloids and the precipitation of suspended
matter, nothing specia has occurred, so that the dissolved constituents are not
affected either by the common defecation process or by the application of sul-
phurous and phosphoric acids.

Gummy Matter and Pectin.—Gum is not precipitated by lime in slightly
akaline liquids, for a solution containing 15 per cent, of sucrose and 0-121
per cent of cane gum, after ordinary defecation, still contained 0-120 per cent,
of gummy matter, i.e, the original amount. This percentage did not fall
after liming, heating, and treating with sulphurous or phosphoric acids, etc.,
showing that defecation does not remove the cane gum which is extracted from
the cane fibre under heavy pressure.

The dissolved pectin is to some extent precipitated during defecation. A
juice which contained 0-634 per cent, of total gums and pectin in the raw state,
contained only 0-342 per cent, of these after defecation. Maxwell* found that
alarge quantity of gum was separated by liming cold, while Winterf mentions
aslimy precipitate formed in limed juice, which proved to consist of acompound
of lime and a carbohydrate. It contained galactose compounds, but as this
substance differs much from galactan, it was more probably alime-salt of pectin.
Xylan was not present, otherwise it would have been recognized among the
products of hydrolysis by the melting point of the osazones, but this was
not the case.

“Report of the Hawaiian Exp. Station, 18%. 54.
+f " Uit het chemische Laboratorium,” 49.
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Nitrogenous Bodies—Maxwell* ascertained the percentage of nitrogenous
matter (amide and albuminoid nitrogen) in juice during the different stages of
manufacture.  Clarified juice contained 2-1 parts of nitrogenous matter and
syrup 2 parts on 100 of dry substance, so that a clarified juice of 16° Brix
contained 0-32 per cent, of nitrogenous bodies or about 0-05 per cent, of
nitrogen.

Van Lookeren Campagnet found much lower percentages of amides and
other nitrogenous substances, varying between 0-044 and 0-082 per cent, in
undiluted juice, and in diluted mixed juice between 0-070 and 0-016 per cent.;
so that the nitrogen calculated from these data does not exceed 0-02 per cent.

According to Maxwell, in 100 parts of total nitrogen there are "—

Allmmvingid Nitrogen. | Amids Kitrogen.

Ml juice .. R ’ B

Dd.ﬁushn julee (cold) . - 248 85
Diffusion juice (hot) - “a 09 - 891
Clarified jnice . .- o 88 987
Syrup e e e a2 567

And according to Van Lookeren Campagne, the following were the figures
for the nitrogenous constituents :—

£

Nitregén.

Diescription of the Juice.

Albgminoida,
Aodd
similar
Albamincids on
104 nitrogenoas
TANTEE,

Wibyogen »; 826,

Total

Diluted ixed juios {factory cill) ..| 0024 | 0250 | 0087 | 0098 | 38

..j 002 | o0 [o06s ooy | 4z

" - w .. 0028 | 0175 0089 [oLs | 34 -

Undilnted cane juice {test mill) ..| 002t | 0-181 | 0081 [o470 | 47
: " ..| 0-028°{ 0168 | 0080 } 0082 | 40

0018 | 0097 | 0063 0044 | 55
T

" ”» A

w0 . 0020 | 0125 [ 0058 | 0088 |
" i, et Joie o2 Dlot WS, 51

t Mmbmm s,
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The diluted juices were not extracted from the same caries as the undiluted .
j uices; the latter being obtained by a laboratory mill and therefore contained
less abuminoids (see page 130).

A juice containing 0-057 per cent, of albuminoids, lost 0-047 per cent, or 82
per cent, of the total on defecation, and another juice lost 0-067 out of 0-080 or
84 per cent, of thetotal, so that 17 per cent, passed over into the clarified juice.

Influence of Sulphitation on the Juice Congtituents—The influence exerted
by sulphitation does not differ greatly from that obtained by the common
defecation process. The heavier precipitate, however, removes more colloida
matter from the juice, and among this al of the colouring matter from the
rind, causing the clarified sulphitated juice to be of a lighter colour than when
obtained by simple defecation only.

IIl.—Clarifying Agents
A—LIME AND LIME-CREAM

Source of the Lime—Most factories which clarify their juice by the defeca
tion process require so littlelime that it is not worth while burning it themselves.
As the quantity is so small and lime is the only clarifying agent in cane sugar
manufacture, it is evident that great care should be taken to use the purest
and best available, and it is better to spend alittle more money in order to
obtain a pure brand than to use a cheap but impure lime, as the difference
in expense is so trifling that it cannot enter into comparison with the heavy
osses occasioned by the use of bad lime.

As lime rapidly absorbs moisture and carbonic acid from the atmosphere,
itis advisable to keep it in closed packages, by preference in soldered tins, but
not in baskets, much lessin open heaps, as this absorptionisvery detrimental.

Test of a good Lime for Clarification—Lime used for clarification should
answer the following tests. When mixed with half its own weight of water
it should become very hot within a few minutes; the daked lime, after the
addition of ten times its weight of water should form a soft cream, which on
being passed through a fine sieve Should not leave behind more unslaked par-
ticles than one-tenth of the original weight, and most of these particles should
become soft after an hour's standing in a moist condition. The lime, after
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being slaked, should dissolve in hydrochloric acid without appreciable effer-
vescence, and not leave more than 2 per cent, insoluble matter.
The maximum percentages of impurities should be :—

. Fer cant.
Molstnre . P T T
Iron oxide and alumina o . o2
Magnesia .. . e . .- o 2
Carbonic acid .. . - . a2
Sulphuric acld .. - .. . 0-50

Impurities of the Lime—If burnt at too high a temperature it sinters
somewhat and slakes with difficulty or not at al, thus losing its efficiency.
Pure lime, however, requires such a high temperature before it is over-burned
as can hardly be obtained in an ordinary lime-kiln, and lime becoming over-
burnt at arelatively low temperature is commonly impure. For if the limestone
(from which the lime is prepared) contains silica together with alumina or iron
oxide, fusible silicates are formed and the lime is very liable to become over-
burnt. Usually, the appearance of the pieces of lime indicates whether it has
been over-burnt, and those pieces are generally picked out and removed at the
lime-kiln, so that the buyer very seldom finds them in the lime supplied him.
Water and carbonic acid, though not harmful, decrease the effect of a given
quantity of lime, and the author has, therefore, fixed limits for these and also
for the insoluble impurities, which consist of sand or clay. Iron oxide and
alumina give rise to the formation of scae in the evaporators, those caused
by alumina being remarkable because formed from soluble aluminates during
evaporation.

Magnesiaisavery troublesomeimpurity inlime, when present in appreciable
quantity. It discolours the juice and retards subsidation, so that the decanted
juice always contains much suspended matter, which forms scale in the evapor-
ating vessels.  For this reason the maximum alowed should be fixed at 2 per
cent. Sulphates also scale the evaporators and should not occur in any
appreciable quantities in the lime used for clarification. Alkalis, on the other
hand, are harmless and usually only occur in small proportions in limestone,
or may be totally absent. A few analyses of lime follow on page 167.

Nos. 3, 4, 13 and 15 are unsuitable for clarification because of their high
magnesiacontent: Nos. 8,10,11 and 12, although they do not contain injurious
constituents, areyet of inferior quality owing to their low percentage of calcium
oxide. All the other ones may be used without objection.

Methods of adding the Lime—The lime is added to the juice in different
ways, generally as lime-cream, or milk-of-lime, but sometimes as slaked lime
in the form of a paste.
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ANALYSES OF LIME.

Ttom
Caleiurn Sand | Oxide |Carbomis|Selphuric [(odeter-
Mo Moistare. | Oxide, |Moguesia|  apd and Acid. id, | *mined,
Silica. | Aluming] -

— B7-20 | Q20 1-30 | 0B4 [ 540 —_ —
021 | b3-8G | 015 0-58 | o-p2 — — —
10 34 | 9970 | 0B2 G498 | 274 | B02 - —
11 - 8710 | toace 20 | DB | 4D — -
12 5 | 8998 | 088 024 ; 126 [ —

1 - — 0-50 008 | trace | — — —
2| 0¥6 L9808 | 064 010 | Q| — _— —
8 | 48 | 8207 | 1320 —_ —_ - — 031
4 — [ 8019 | 1638 — . = — — -
5 | 430 0512 | 018 018 | 082t — —_ —
] 187 | 9667 | Q-51 021 | 085 | - 0l -
7 — | TTE | 035 — ol | — — —_
!

¥

15 | 090 |0108 | &84 | 0-83 | frace | — 035
[ 025 |9865 | 080 | 042 ftrace | — 029
15| 071 |es44 | 615 | 480 [ 028 | o0 041

16 034 | 9848 | 0-72 014 | troce — — 08 -

17 099 | 9617 | BG0 052 | 022 | 045 024
18 088 | 8588 | 208 0712 | 020 | 02 o012
1% 312 | 9131 | 14 086 | 180 | 140 0-82

48

20 544 | 8600 | -1-56 Lo ) 25 | 78

Lime-cream.—The pieces of lime are placed in a shalow iron tank and
treated with water. It is not advisable to throw them in a tank full of water
as they are thereby cooled too much and do not get properly slaked. After
the action is over, the still hot pasty massis diluted with water, and the milk-
of-lime now obtained is deprived of the stones or unburnt particles by passing
it through severa sieves with decreasing meshes. Then the lime-cream is
alowed to settle, the supernatant water (which possibly may contain some
dissolved matter) is run off, and the remaining lime is diluted to the desired
density.

Saking the Lime—It is necessary to mix the lime with water some time
previous to use, in order that the hard particles of lime may soften and become
slaked. Thisis especially necessary in factories using the sulphitation process,
wherein large quantities of lime are added to the juice which, although
neutralized by the sulphurous acid, yet if it contains hard particles are

M
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not attacked by the acid, but remain as quicklime in the juice. ~Afterwards,
they gradually dissolve and impart an alkaline reaction to the juice.

Mixing and Straining the Lime—The slaked lime, mixed with water to the
consistency of athick cream, is poured through coarse strainersinto two tanks,
which are filled and emptied alternately. When one of these tanks is rilled
and diluted to the desired density of 15° or 20° Baume, this tank is drawn
from until empty. A fresh supply is meanwhile prepared in the second tank
so as to be in readiness when the first is empty; this ensures only fresh and
well-slaked lime being added to the clarifiers.

The contents of the tanks must be kept in steady motion to prevent sub-
siding d-thelime. In factorieswhere only little limeis used, this may be done
by stirring the lime-cream with a paddle, but when using much of that clarifying
agent the lime-cream is constantly pumped through a pipe which passes near
the mixing tanks and returns to the supply tank. The lime-cream is thus
forced from this tank, through the pipes and back again. When lime is to be
drawn of and added to the juice, a cock in this pipe is opened, otherwise it
continues on its way back to the supply tank and is thereby kept in constant
motion and no opportunity given for any lime to deposit.

The lime contents of lime-cream "corresponding to the readings of the
Baume hydrometer are as follows :—

DENSITY OF LIME-CREAM.

Legrase wl‘jﬁgoui Cg:g Prrcent. | Degrees w’l“ii‘:;:e‘:pi G&ug Persemt.
Baumd, |Limo-crepm. | per litre, | Ca0, || Buomég, |Lirancream,| per litre, CaO),
Grms. Grms,

1 1007 Tb 075 18 1125 158 | 14-13
2 1014 18-5 1-84 17 1134 170 1500
3 1028 28 204 18 1142 181 | 15-88
1 1020 3-50 18 1152 193 | 1676
[ i) 46 443 20 1162 206 | 1772
L] it ] o6 386 21 1171 218 ] 1881
7 1002 -] 618 22 1180 229 ! 1640
& 10€0 k] 708 23 1190 242 | H-H
% 1067 B4 T8T 24 1200 258 : 2125
10 1078 I 874 25 1210 268  22-15
11 1083 104 880 26 1220 281 | 2308 -
12 1081 116 10-5¢ 27 1221 206 [ 33-08
13 1100 128 11-45 28 124 809 | 24-B0
14 108 37 12-35 20 1252 324 | 3587
15 1118 148 1326 30 1288 430 | 2884
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The temperature should not fluctuate much from 30° C. The lime-cream
generally used is so thick that an accurate estimation of the density is somewhat
difficult, so some prefer to dilute a sample with its own volume of water and
then determine the density with the Brix hydrometer.

The composition of the undiluted lime-cream corresponding to the degrees
Brix in the diluted state is given here.

Diagrees Brix of %Wﬁnum Cafy Degross Brix of G;?s&wbnlmaﬁ
Dilutsd Lime-crosm| Lime-craam. Trilutad Tira-cowam. Limns-cream,

a4 9320 146 150-9
o B8-60 15-0 1560
1044 10400 155 161-2
10-8 10800 1499 1602
14 114-00 16-5 1713
114 il 170 176-8
12 1343 1738 18140
124 20 189 1869
184 46 185 1928
13- 1403 1940 1980
140 R 17 k] 2087
204 2090

Saked Lime in Paste Form.—Lime has sometimes been added to the juice
in the form of a paste, portions of which areweighed and placed in the gutter
through which the cane juice flows to the measuring tanks. The advantages
of this system are not great, and manufacturers are advised to adhere.to the
old practice of using lime-cream.

B.—SULPHUROUS ACID

Preparation of Sulphurous Acid—The sulphurous acid, which is applied
during the clarification of cane juice, is obtained by burning sulphur, the use
of the compressed fluid sulphurous acid being too troublesome and expensive
in tropical countries owing to the transport of the heavy cylinders in which
it is contained. The raw material for sulphurous acid consists of refined
sulphur, which is practically pure, and asit never contains more than 0-2 per
cent, of foreign matter, chiefly earth, it burns without leaving any appreciable
residue.

In some cases, however, sulphur has been supplied containing a very small
amount of bituminous substances which have collected as afilm on the surface



170 CLARIFICATION

of the molten sulphur, and notwithstanding its small bulk prevented combus-
tion. Asthere is no remedy for this fault, the sulphur has had to be replaced
by a purer material.

In sugar factories the sulphur is burnt in iron ovens, which may be cooled
by means of a waterr-jacket on the top, the pipes through which the fumes
escape being also provided with a water-jacket in order to condense the volati-
lized sulphur, and thus prevent the narrow pipes from being choked with
sublimed sulphur. The sulphur is placed on an iron ladle, which is thrust
into the oven after the sulphur isignited. From time to time the door of the
oven is opened to add a fresh supply of sulphur. If the sulphur does not burn
well, the combustion may be accelerated by placing a red-hot iron upon it.
In-some systems air is forced over the sulphur by an air compressor, while in
others an injector in the discharge pipe sucks df the gases and causes a draught
of fresh air over the burning sulphur. It is very important that the air passing
over the sulphur be dried by quicklime in a special air-dryer, since moist
air promotes the formation of sulphuric acid from the sulphurous acid and
oxygen of the air, which corrodes the oven and the pipes.

The damage done by neglecting to dry the air may be shown by the analyses
of crusts and scales in the lead and iron discharge pipes of sulphur ovens in
which the air has been alowed to enter undried.

SCALES IN THE TUBES OF A SULPHUR OVEN

Scales fram | Sosles from | Scalas from an

Constiturnts. Tubes, Tubes. Cven.
Ferrovs miphate . - " — — 2330
Ferric sulphate .. . . 385-00 6815 - trace
Copper sulpbate .. .. .. 2540 - —
Lead sulphate . .- . 090 —_ —
Tron sulphide . . . — - 110
Arsenious acid .- .. - 120 — —
Free sulphor . . . 5-80) 1272 20-77
Free sulphutic acdd e — 12-20 1-26
Iron axide .. .- . . 470 — ——
Water of crystailization .. o 720 } 1418 { —
Hygroscopic meisture .. - 20-20 664

Drying the Air—The air is dried by passing it through a box provided with
trays filled with lime. As soon as the lime is saturated with water on one of
the traysit is removed and replaced by another one containing fresh lime, so
as aways to have an abundant supply of hygroscopic material in the current
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of the air. When the air is forced over the sulphur by means of an air com-
pressor, it is advisableto have this compressor between the dryer and the sul phur
oven, for if the dryer is between the compressor and the oven, the fire will
become extinguished whenever the drying box is opened for changing the trays
of lime, as the air supply to the oven is then stopped.

Composition of Sulphur Fumes—The sulphurous acid content of the gas
passing out of the oven cannot theoretically exceed 21 per cent., but this
figure is never attained, the gas usually containing 14 per cent, of sulphurous
acid ; sometimes it may riseto 16 per cent, or fal aslow as 12 per cent, before
the fire goes out.

Sulphites—Instead of sulphurous acid, acid sulphites have been used for
clarifying cane juice. In Icery's process sulphurous acid was combined with
lime in wooden troughs, and the resulting solution of cacium bisulphite used
as a clarifying agent. Later on, sodium bisulphite was occasionaly tried
and also magnesium bisulphite, but these agents have never come into regular
use, being discarded after a few preliminary trials.

C—PHOSPHORIC ACID AND ITS PREPARATIONS

Analyses of asample of commercial crude phosphoric acid and aso of samples
of two acid calcium phosphates, are as follows :— .

l I o 1,
I saonte Al hid

Phoaphoric Caleium Calcinm

Askd, Phoaphate. Phogphate,

Myuscalcimm phorphats, Ca BP0, 227 28-19 3818
Maao-frrie phorphate, Fey (H, P, Oyl | £ 78 1374 243
Phesphoric Aeid, Ho PO, .. ] 4591 18-58 15-89

Caloium Sulphate, Ca 50, .. .. |8 — 469 153
Trcaleinm phosphats, Cay By Oy - 4 273
Ferric phosphate, Pe, By Oy 2 —-— 1 280 (2]
Sand e e e e i o= 1 om 110
Moistore .. . . [ B 447 2754 21403
10000 100-00 100-00

Free and hali-comblaed P, Oy .. 3688 2093 27490
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The add caldum phosphates are known under various names, such as
"Ehrmannite,” "Newlanite," "Claiyphos,” "Clarine," etc., etc. They are
dry or pasty preparations, the latter having a varying moisture content.

In more recent times these preparations have been supplanted by pure
mono-caldum phosphate (CaH,;P,0g), which is supplied in the shape of a
dry powderi Further, extensive use is made of mixtures consisting of add
phosphates with infusorial earth of " Filtered" "Phospho-gelose" consists of
from 25 to 50 per cent, of kieselguhr, and from 75 to 100 per cent, of technically
pure insoluble dicaldum phosphate (CaaH,P,0g). According to information
obtained from the inventor, the proportion of 50 per cent, of either constituent
has proved the most favourable for use.

An authentic sample analysed by the author showed this composition :—

Dicaleiur phosphate, CagH, FyQ, .. .. 4450
Perric diphosphate, Fo,Py0, .. .. 1-50
Caldiom sulphate, CaS0, .. .. .. 240
Eieselgahr ‘e . - . P LR
Meistare - . . . . . 610

10000

Another preparation called "Suma-phos" contains about 36 per cent.
of water-soluble phosphoric acid and 15-20 per cent, of fine kieselguhr, and is
used for the same purpose, viz., to cause a voluminous precipitate which
entrains and removes colloidal matter.

IV.—Filtration

In cane sugar factories we meet with two different kinds of filters, viz., juice
filters for the filtration of juice, and scum filters for use when the juice is
separated from the scum.

1—JICE FILTERS'

The simplest form of juice filter consists of abag made of doth, into which
the juice is poured, the clear juice passing through and the impurities being
kept back. Such are the Puvrez filters, consisting of a cylindrical bag,
of which one end is closed and the other tied round a pipe supplying the juice
to befiltered, which entersinto the bag under a certain pressure.  The impur-
ities are kept back, and the filtered juice passes through the doth and flows
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into an iron gutter to which the bag is fixed,, and so is conveyed to the suction
tank of the evaporators. A great inconvenience of this filtration from inside
to outside is that the finer impurities also are driven between the pores
of the cloth and choke them up, so that the bag does not filter for long before
becoming full of scum, and then has to be changed. Consequently filters of
this description have now been generally abandoned, and other systems have
been adopted in which filtration takes place from outside to inside, among which
may be mentioned the Danek, Kasalowsky, Philippe filters, etc.

In these systems the filter consists of a square iron vessel on which an iron
plate is screwed as a cover. In this vessel are a certain number of chambers
lined with cloths, kept apart by perforated plates or metal spirals fitted in the
chambers. Each chamber is therefore shut off by cloth at the sides and at the
bottom, and the upper edges are pressed tightly together, thus preventing the
juice, with which the filter isfilled, from entering the chamber without passing
through the cloth.  Each chamber has a spout for the discharge of filtered juice,
and alarge cock at the bottom of the filter enables the workman to empty the
whole of the contents when it has to be cleaned. When starting, the chambers
are supplied with new or clean cloths, the filter is closed with the cover, the
screws are tightened, and the hot juice is admitted under ahead of three to six
feet, avoiding great variations. The juice passes through the cloth, leaving
behind the suspended particles, which sink to the bottom of the filter and do
not interfere with the filtration through the cloth. The latter can therefore
be used for a long time, but when it is dirty it is changed for a new cloth, and
as soon as the contents of the entire filter have become too muddy owing to the
impurities deposited, it is emptied by means of the cock at the bottom; thejuice
is conveyed to the scum tank, while the filter is washed and made ready for
use again.

In many cases, the floating impurities are so fine or gummy that filter-cloth
is-unable to retain them, though much may be donein this direction by keeping
the juice hot and maintaining a good pressure in the filters. On this account
juice filters have been discarded in most factories, and manufacturers prefer to
evaporate their subsided juices unfiltered.

However, thereis no doubt that juice, even if alowed to subside for along
time, always contains many floating and suspended particles which deposit
on the tubes.

Itis not inconceivable that a copious addition of infusorial earth or finely-
powdered carbon to the juice during defecation would remove so much
colloidal matter that the portion of juice syphoned off could be filtered through
cloth.

Zerban*, who mixed juice with about 0-5 per cent, of kieselguhr and raised
its temperature to boning point, found that filtration could be conducted
without difficulty, the liquid obtained after this operation being brilliant,

L ouisiana Bulletin, N<& 173,
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though not very greatly improved in colour. ~ Analysis showed that the treat-
ment with lieselguhr raised the quotient of purity as much as sulphitation
generally does, viz., about 0-4 degrees.

Helderman and Khainowsky* treated raw juice with 2 to 3 per cent, of fine
carbon, and in this way obtained a juice which filtered easily.

These are, however, |aboratory experiments only, and up to now filtration
of subsided defecated juice through cloth has not made great stridesin practice.

Neither has filtration through bagasse, palm fibre, and similar material
survived the trial stage.

Sand Filters—Instead of bagasse or the above fibre, inventors have sug-
gested pulverized cork, but the dirt is not retained by this material. Better
results are reported of the sand-filters of the Danek and Abraham types. In
both these systems, the juice is forced through alayer of quartz sand, having
a large filtering area, which can, therefore, do more work than cloth.
When the filter becomes clogged by a layer of dirt, a new filter-bed may be
obtained by simply agitating the uppermost layer of sand. Only when the
whole of the sand is saturated with dirt is the juice let off and the sand washed
by a strong jet of water. The first washings are transferred to the scum tank,
while the later and diluted ones are thrown away.

The sand retains a considerable quantity of simy material and very fine
bagasse fibre in a semi-colloidal state, and, therefore, diminishes the formation
of scale in the first vessels of the multiple evaporation plant.

Compostion of Dirt retained by Sand Filters—The composition of a sample
of dime scraped from a dirty sand-filter is as follows, calculated on the dry
substance:—

Par cent.
Cane fibre . .. .- . i 6a-1
Wax .. - . .- - 77
Ash “ . . . .. - 163
10000
‘The ash consists of :(—
Per cent.
Calcium silicate .. . PR .. . .3
Calcinm phosphats . .. .. . LR
Calcinm carhonate - ‘e .. - 22
Undetermined .. . - . ' -3
18-3

*7 Archied vooe da Juova Enlkeridmies,” 1927, |35,
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A defect of sand-filters is that they require a specia kind of sand which is
rather expensive, and although the material may be used again, after washing,
there is always a certain amount of waste. It is not advisable to use other
kinds of sand, which may possibly differ in efficiency and thus spoil the work.

Bronze Gauze—The subsided juice may aso be filtered through fine bronze
wire-gauze, such as is used for "bolting" flour. This gauze contains about
2,000 meshes per square centimetre, the diameter of the wire being 0-093 mm.,
thewidth of the meshes 0-137 mm., and the composition 93 per cent, copper and
7 per cent. tin. It does not require any intricate system of filtering chambers,
but can be used as a strainer through which the decanted subsided juice is
caused to pass. The juice passes very rapidly through this gauze and is re-
ceived in a tank underneath, leaving a thick layer of fine bagasse fibre and
dime on the strainer, which is scraped of from time to time. As the gauze
is very delicate and liable to break during cleaning, it is advisable to place the
strainer in an inclined position with astrip of copper plate at the lower end, and
also to protect the fine gauze by a piece of " bird's cage " gauze, so that the
scraper cannot touch the former.  The dirt gradually sinks towards the strip
of copper plate below, and may be removed from this without damaging the
soft fine gauze.

A portion of dirt retained by the wire gauze gave this analysis after being
washed and dried :—

Gummy and fibrous substance .. . . .. 560
. Sities .. .- .. 204

The ash coutaized .. 4 Caliiome phosphate .. 130
. Caldum carbonate .. 086

Cane fibre generally contains 2-50 per cent, of ash, of which 1-75 is silica,
0-20 calcium phosphate, and 0-10 per cent, calcium carbonate, so that the dirt
retained by the wire gauze also contains an appreciable quantity of inorganic
substances, which would otherwise have caused scalein the evaporating vessels.
As thisstrainer is easily fitted up and inexpensive, it is advisable to use one for
straining the whole of the juice before it enters the evaporating vessels.

Another way is to have a wire cylinder coated with bronze gauze, and
made to revolveround a hollow axlein atank, into which thejuice to be filtered
is pumped.

The juice onitsway out through the axle has to pass the wire gauze, on
which it leaves its floating impurities ; these drop to the bottom and may be
removed from time to time by a cock or drain. The use of centrifugals
for separating the dirt has already been mentioned on page 149.
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2—SCUM FILTERS

Bag Filters—The most primitive method of treating scums was by pressing
themin closed linen bags, which were placed in abox provided with a perforated
bottom, the pressure being assisted by a cover loaded with stones.. A part
of the clear juice was thus forced through the cloth of the bags, after which
the remainder was expressed in a press. This operation demanded much
labour, was dirty, and aso unsightly.

Taylor Filters—Taylor filters are a great improvement, and consist of a
number of long narrow bags, closed at the lower end, suspended in an iron cham-
ber furnished with areceiver for the scum. Into the bottom of this receiver
are screwed several rows of nipples, to which the above-mentioned bags are
fixed. The receiver being filled with the scum, the latter runs into the bags,
which retain the impurities, while the clear juice is filtered of and flows into
the lower part of the apparatus, from which it is conducted by a gutter to
the suction tank of the evaporators.

The front of the apparatusis provided with adoor to alow the bags to be
changed, but as this work proved troublesome in the hot, narrow chambers, the
upper receiver has been made movablein later patterns, so that it may be hoisted
with all the attached bags by means of a travelling conveyor and carried outside
the factory. The hot bags can thus be changed out of doors, and while thisis
being done a second receiver fitted with clean bags is placed in the box, so that
the filtering can go on without much interruption.

When the bags are full of mud they are detached from the nipples tied
round the top, pressed, emptied and washed. Sometimes their contents are
washed out by pouring water into the bags, but this operation is generally
omitted because the water penetrates the slimy dirt very slowly.

As the filtration proceeds from the inside outwards, the same inconvenience
is met with as in the Puvrez filters, though not to so great an extent, as the
pressureis much less and the scum more compact.  The disadvantage that the
juice cools very rapidly owing to the great surface of bags exposed to the air,
and hence does not filter so quickly, or even becomes acid, can be remedied
by blowing a constant jet of exhaust steam into the chamber, which keeps up
the temperature, prevents sourness, and increases the capacity by 20 per cent.

Filter-presses—In place of these filters most factories now use filter-presses,
which consist of metal chambers lined with cloth, and screwed tightly one
against the other. A pump or monte-jus, or air compressor, fillsthem with the
hot scum.  The juice passes through the cloth and escapes through suitable
channels, while the solid matter remains behind in the form of hard cakes.
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As every chamber has its own discharge pipe, which can be closed by a cock,
any of them can be stopped working if the filtered juice should become turbid
owing to ahole or leak in the filter-cloth.

Each chamber has an opening through which water or steam can be applied
to wash and steam out the scums. The water or the condensed steam pene-
trates through the cake of scum and replaces the juice still contained therein,
which flows of through a drain-pipe that can be shut doff by a cock.

The oldest filter-presses consisted of plates having a central opening through
which the juice entered the press and which at the same time served for fastening
thecloths; Thissystemwas abandoned partly because the continuousfastening
and loosening of the screws occupied too much time, but chiefly because the
cloths wore away very rapidly at that spot and had to be continually mended.
Therefore the inlets for juice, for the wash-water, and for steam were al placed
on one side of the plates, but then the holes in the cloths were all on the same
side, and leakages could not be prevented. Kroog constructed filter-pressesin
which the inlets for juice, water, and steam, were situated in the upper corners
of the plates, and were thus outside the actual filtering surface. These inlets
were joined by india-rubber rings or by pieces of cloth provided with acircular
opening. Beeg's filters are distinguished by the special construction of the
frames (with fine corrugations), rendering superfluous the sieve plates which
are to be found in other systems. The cloths are fastened by bronze springs,
which grip as soon as the pressis closed, the grip being greater the tighter the
pressis screwed.

The scum should enter thefilter-pressas hot as possible, having an alkaline
reaction, and at a pressure of from 1% to 2 atmospheres. When the chambers
are full of scum-cake, as indicated by the fact of no more juice flowing off, the
supply of scum should be stopped, the cakes washed with water or steam, the
press opened, and the cakes finally removed. The cloths are changed if they
have become too dirty, after which the press is again closed and is ready for
further use.

Difficulties in getting Hard Cakes—It sometimes occurs that scums, even
when filtered hot, under sufficient pressure, and with a distinctly alkaline
reaction, do not yield hard cakes, filling the whole chamber; but soon after
thefiltershave started, filtration stops and the chambers are found to be filled
with athick mud, containing much juice, which goes to waste. This may be
caused by wax deposited from the hot scums upon the cold cloths, which
become clogged with that substance. In order to avoid this, it is advisable
to steam the press before introducing the scums.

The scums may also be too simy, and this is best remedied by using a
coarser strainer for the juice, which alows more of the fine bagasse to pass into
the juice and renders the scums more porous and capable of being pressed dry.
It is, however, advisable not to go too far in this direction since every addition
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of fibre increases the amount of scums and the loss of juice in them, while the
capacity of the presses decreases accordingly.

Since the fine bagasse imparts colouring matter to akaline juices it is, in
our opinion, much better to use an insoluble and neutral substance, if it is
thought necessary to increase the porosity of the mud.

Zerban* recommends the use of kieselguhr or * Filtercel " for that purpose :
the well-strained juice from the mills goes to whole juice tanks, where " Filter-
cel" or kieselguhr is added, after which it is run through juice-heaters at
100°-102° C, and then to a sump before running to the press feed tanks. Two
juice tanks are provided to feed the presses. One is used as a main pressure
feed tank, and the other as a low pressure feed tank for " pre-coating” or
filming the press-cloths with kieselguhr. The whole juice from the juice-
heaters is run into both the main feed tank and the pre-coating tank. When
anew pressis to be cut in, the charge in the pre-coating tank has added to it
an extra quantity of kieselguhr to supply the pre-coating. The quantity of
kieselguhr necessary to film a 750 sq. ft. pressis about 75 pounds ; this may be
cut down at times to less than 50 pounds, or about 5 to 10 pounds of * Filtered "
per 100 sq. ft. of filtering area.  The pre-coating tank should be so located that
the heavy " Filtered " liquor can be run into the press under a 15-20 foot
gravity head or placed below the filters, in which case a centrifugal pump
is so arranged that the pressure will not go above 15 pounds.  After this liquor
has been run into the press and has covered the cloths with a uniform coating
of kieselguhr, the pressure liquor is then pumped through in the regular way.

Apart from qualities naturally inherent to the character of the juice itself,
we know aso of an instancef where in afactory filtration suddenly encountered
great difficulties, which could not be overcome notwithstanding that all
measures imaginable had been applied. The mud remained liquid and slimy,
and did not detach from the doths after the press had been opened. After
alengthy examination, it was found that a growth of Leuconostoc had accumu-
lated under the sulphurous acid supply tubes, and had carried such large
amounts of suspended gummy matter into the scums that nitration was
rendered impossible.  After thorough disinfection of tanks, gutters, suction
tanks, pumps, etc., with a 1 per cent, solution of ammonium fluoride, the
formation of dextran was checked and filtration of the scums went on as
usual.

The absolutely neutral attitude of the dextran against the common reagents
had alowed its presence to remain undetected for a long time till a specia
investigation happened to discover it.

* " Bulletin 173, Louisiana Exp. Station."
tW . C Nieboer, "Arohief voor de Java Suikerindustrie” 1914, 1657.
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Washing the Scums—Formerly it was the custom only to steam the mud
in the presses in order to drive the residual juice from between the particles
of the cake, and this did not dilute the juice. The effect of this procedure
was not amarked one, as filter-press cakes having a sucrose content of 5 to 9
per cent, were obtained and run to waste.

In recent years, however, much attention has been paid to the recovery
of the juice from the mud, and has led to an almost thorough exhaustion of the
scums without re-solution of non-saccharine matter.

In many factories the filter-press cakes are taken out of the pressin an
unwashed state and mixed with a fresh amount in some form or other of macer-
ator, eg., the Ledocte Maaxeur. Thisis arevolving drum in which the cakes
are stirred with water, after which the diluted mud is again filtered in presses.
It was feared that a great deal of precipitated impurities might be re-dissolved,
so that the repressed juice would be of avery low quotient, but careful investi-
gations showed that no such contingency was to be feared.

Allen* has lately published the results of his experiments with single and
double pressing of scums, and understands by thelatter expression the operation
in which scums from the clarification of sugar juices are discharged directly
from the presses without being in any way washed whilein the frames, and then
mixed with water and re-pressed.  This he compares with the results obtained
by sweetening-off the press-cake in the frames with hot boiler feed-water.

The average washing time was slightly over an hour. The results were as
follows—

-Sugar Mistyre |Lowin Cake| Drop ip Dilution
pq'm por oeaf. | per csat | Pmzhy, P cert

Single pressing .| 3028 [ 5525 T oom i35 3937
Dosble pressing ..| 1492 | sees | 00T § 2361 | 4200

The Java Sugar Experiment Station recommends the following instructions,
for sweetening-off the cakes in a plate-and-frame press.

The indispensable requirements for a good and reliable sweetening-off
are avery regular supply of mud-juice under auniform pressure, so as to allow
an even coating of the filter-cloths by an ever-increasing layer of scums.
Further, the supply of scum-juice should not be pushed so far as to have the
frames completely filled with scums, but an open space has to be Ieft between
the two inner surfaces in order to dlow, later on, the washing water to act
evenly on the entire surfaces on both sides.  The current of the washing water
runsin the same direction as that of the juice.

* " Int. Sugar Journal, 1924, 30-
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When applying the system on a press of the Kroog type, a cross-piece or
a double T-piece of at least 1%2inch is placed in the juice conduit directly
behind the valve. It is connected with the steam and water conduits by
two valves or cocks, which are situated as close aspossible to the cross or
T-piece.

Hot water should be used for sweetening off, and it is conducted in the
same direction through the press asis the juice, and at no higher pressure than
was used at the end of the filtration of the scum-juice.

When checking the density of the liquor running out of the press during
sweetening-off, it may be observed that it remains constant during a long time
at the samelevel as that of thefiltered juice, but, as soon as the washing water
has pushed the juice out, the density drops to about the zero point. In prac-
tical working the sweetening-off is not conducted so far as that, but is stopped
at a density of 2°- 3° Brix, and the liquid still in the cakes is pressed of by
means of live steam or compressed air.

The time taken to filter is generally 1%z to 2 hours; that of sweetening-off
and steaming 25 to 30 minutes. The sucrose content of the mud may be re-
duced to under 1 per cent., equivalent to aloss of 0-1 part on 100 of sucrosein
juice.

Instead of plate-and-frame presses, |eaf-presses have lately come into use.

Kelly Pres=—The Kelly press consists of an iron cylinder mounted on an
inclined frame. A number of filtering elements made of wire-gauze and
coated with filtering cloth are supported on a travelling carriage mounted on
wheels inside the cylinder.  The back of the cylinder is closed and the front
consists of the cover at the end of the carriage. The outlets of the filtering
elements protude through that cover. After the elements have been fixed
in their proper places, the carriage is pushed into the cylinder and tightly
screwed with bolts. Scum juice is introduced under pressure in the cylinder ;
it passes through the cloth, leaves the scum at the outside of the elements,
and escapes filtered through the outlets. When the mud has accumulated
in such away that the crusts nearly touch one another, the cylinder is emptied
intoatank by means of compressed air, thefilter isfilled with water which passes
through the mud in the same direction as the juice, thereby replacing it in the
scums and leaving them amost free from sugar.

Finally the water is discharged, the cover is opened, the carriage rolls out
of the cylinder, and the mud is blown of from the outside of the elements by
a jet of steam, which makes them swell and shake df the mud, after which the
carriage may be returned into the cylinder again.

Experiments show an average sucrose content of the cakes of 0-52 per cent.,
and a moisture content of 78-2 per cent., corresponding to a loss of sugar in
mad of 001 on 100 parts of cane or a quite negligible amount.
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Sweetland Press—In the Sweetland press the filter elements are placed
transversely aong the axis of the cylinder, and have the shape of a circular
disc. When thefilter has to be opened, the under part is taken down, allowing
the cakes to be discharged and the cloths to be washed.

Vallez Filter —The Valez rotary filter has a cylindrical casing and a set of
filtering bodies rotatably disposed in the casing. A channel for discharge in
the casing is provided with a discharge opening at a point midway between
the ends of the entire set of filtering elements. Each element comprises a
metal frame, with projections and drainage recesses, and having a perforated
plate and a filter-cloth or gauze fixed on each side. Passages in the hub of
each element register with apertures in the shaft and alow the filtered juice
to pass from the drainage recesses to an outlet pipe.

After the filter is full of mud the juice supply is shut off, water is allowed
to wash the adhering crusts, which finally are removed from the elements by
steam, water or compressed air.

Amount of Water for Sweetening-off.—Van der Linden* publishes the fol-
lowing table for the amount of sweetening-water used in the various systems
of filters, together with the loss of sucrose in the mud: —

Parts o washing-water for | Parts of clasified jwice foat
ot e | 7 e 5 el
42 - 48

BN - B )
pos 76
28 80
&T 100
B-g 118
42 ]
40 62
449, - 46

e 0
“ 281
53

Compostion of Filter-press Cakes—In the first edition of this work, at a
time when sweetening-off the cakes was still in its infancy, we quoted the fol-
lowing analysis of the old-time mud:—

+" Archief voar de Java Saflcerindustrie” 1923, IV, L«
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Taylor Taylor FiHer- ll Filter-

Constitaants. Filter. oz, press. [ prew,
Moistare - .. . 12l 6178 6526 6872
Suerose .. . W 1320 1030 8- 10-20
Reduoding suger .. - 060 _ _ 071
Ash .. ‘e . — — 160 810
Albumineids .- . 193 87 104 130
Wax .. .- . — 304 613 412
Fibre . . .. - 1100 — 536
Lime .- . . 008 087 — 1-53
Maguasin .. . . —_ 0408 —- 0-22
Tty oxide and Aforning — 08 — 140
Fhosphorle acid .. .- 057 1-49 142 138
Silica . .. .. — .01 —_ 047
Serdand Clay .o .. 1-38 170 [ —- { 282

Allen* quotes the composition of filter-mud, obtained by double pressing
at Fajardo in Porto Rico, as follows :—

Meisture .- . - .- .. B0-381
Sucrose .. .. . - o 0047
Redusing sugar . . . . 0-011
Wax .. o . . . . 170
Alburnin .. . .- . . 5176
Calrinm phosphate .. - o . 1-073
Sand and Silica . . .. .. G504
Iron and Alumina ., . - .. 2-6668
Magnesia . . . . i 0027
Fibre .. . et . . 10-E80

Utilization of Filter-press Cakes—The filter-press cake is usually employed
as a fertilizer, and sometimes as fodder, or even as food for the poorer classes,
of people. In afew factories it is mixed with trash or fine bagasse and then
used as fuel.

Some attempts have been made to extract the wax from dried press-cake
on a commercial scale. Wijnbergt patented a process by which the dried and
powdered filter-press cake was extracted by benzine and athough from time
to time reports are heard of the successful manufacture of a hard and fine
wax from that source, it has not yet come into general application.

+" Int* Sugar Journal," 1924, 35. t1bid., 1909, 521.



CHAPTER 111
CONCENTRATION OF THE JUICE

Principle—Up to the stage now reached al the operations the juice has
undergone have had for their object the removal of the non-saccharine matters
and the clarification of the juice. This being accomplished as completely as
possible, the sucrose now. exists in a solution containing about 15 per cent,
of dry substance, including those impurities which clarification has failed to
remove. The purpose of the next operation is, therefore, to convert the sucrose
into a solid in order that it may then be separated from the impurities still
remaining in solution in the mother-liquor or molasses. This is effected
by evaporating the juice until the small quantity of water left can
no longer hold all the sucrose in solution; this latter accordingly crystallizes
out and can be separated from the mother-liquor and thus obtained in a pure
state.

This withdrawal of water by evaporation must be done at once and without
delay, asin adilute solution the sucrose is very liable to decomposition by the
action of micro-organisms, which cause inversion or sourness, and therefore give
rise to considerable loss. It is hence necessary to deprive the clarified juice of
thegreat bulk of its water as rapidly as possible, so as to bring it into a condition
in which it is no longer liable to such decomposition, i.e., a crystalline mass
containing 8 to 10 per cent, of moisture.

Concentration in Vacuo—Since sucrose is liable to decomposition at high
temperatures and aso inversion, it is desirable to keep the temperature as low
as possible during evaporation, and at the same time to reduce the time during
which it remains at that temperature. This is effected by boiling the juice
under reduced pressure, by means of which its boiling point falls, hence the
present-day practice of boiling the juice in vacuo. Powerful pumps are used
to draw off the vapours and maintain a vacuum.

Concentration performed in Two Stages—The concentration of the juice is
ordinarily effected in two stages, viz., evaporation, which concentrates the juice
to syrup containing about 50 per cent, of solid matter, and boiling, which
concentrates this syrup still further, and transforms it into a crystalline mass,
so-called Massecuite, containing only from 8 to 10 per cent, of water.

The sole object of evaporation is to concentrate the juice to syrup as soon
as possible, with a minimum waste of steam and sucrose and at a low tem-
perature.

183 N
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In the boiling process (during which the sucrose first assumes a crystalline
form), additional care is necessary in order to obtain the maximum yield of
crystallized sucrose in as pure a state as possible, and in such a condition
as to dlow it to be separated from the mother-liquor with the minimum loss
and trouble.

Between these two stages the syrup is in most cases subjected to a second
clarification, which is of considerable importance in the manufacture of white
sugar, as it is impossible to obtain good white sugar from a turbid syrup.

Decomposition of Sucrose during Evaporation—Though the evaporating
and boiling processes are carried out very rapidly, it is not possible to avoid
partial decomposition and caramelization ; the juice is liable to become over-
heated locally, which is seen when a syrup or a massecuite is diluted to the
density of the original clarifiedjuice, and the colours compared, the colour of the
former aways being darker than that of the latter.

According to Groger's* investigations, the increase in colour is strongest in
the first vessel of the evaporators, i.e., that in which the temperature is highest,
and it is much less in the subsequent vessels, in which the juice boils at lower
temperatures.  This point will be considered in greater detail further on.

Calculation of Weight of. Water evaporated—The amount of water to be
evaporated may be calculated from the degrees Brix of clarified and concen-
trated juice by the formula—

. 8,
.Wf.{tl(l __5—,)

In which ) . ’

W == weight of water to be evaporated.

&y = weight of clarified jufes,

5% wr Brix of clarified juice.

- §y = Brix of concentrated juice.

| .--Evaporation

Evaporation over Open Fire—Formerly, the clarified juice was evaporated
in shalow pans, known as the " Copper-wall," over an open fire, but this
process had.the inconvenience of utilizing the fuel very imperfectly, and it
was aso impossible to prevent local overheating, which caused a portion of the
sugar to become decomposed. As the pans were open, and the impurities
were constantly skimmed off, the mechanical purification was very good, but
this advantage could not counterbalance the enormous losses of sugar and fuel.

+" Oesteir -Ung. Zeitschr. far Zuckerind. vmd Landw.," 1898, 790.



EVAPORATION 185

Evaporation by Seam under Atmospheric Pressure—Later the juice was
evaporated in " Concretors," i.e., open pans, heated by steam, which secured
amore economical utilization of the fuel, and avoided the risk of overheating,
but they, too, were soon supplanted by multiple effect apparatus.

Evaporation In Vacuo—In this system thejuice boilsin vacuo, and therefore
at alower temperature, so that inversion is no longer to be feared ; moreover,
the employment of two, three, or even four vessels allows the heat of the steam
to be utilized as completely as possible; the vapour from the first vessel
passes into the steam-drum of the second, that from the second heats the
juice in the third, and so on, as will be seen from the following description.

The evaporating vessels generaly in use consist of large iron cylinders,
with dome-shaped heads, fitted with a wide pipe which carries of the vapours.
The lower part of the cylinder is divided into three portions by two transverse
plates pierced with holes, in which are fitted tubes which bring into communi-
cation the upper and the lower portions of the cylinder, together caled the
juice-chamber. The middle portion is caled the steam-drum and is traversed
by the tubes, but does not communicate with them. The steam-drum of the
first vessdl is provided with an inlet pipe for exhaust steam, and in most cases
with a smaller one for direct steam, also with an escape pipe for the condensed
water. The wide pipe which carries df the vapours from the juiceis so con-
structed as to prevent particles of juice from passing off with the vapours,
and communicates with the steam-drum of a second similar vessel, and so on,
while an air-pump, attached to the vapour pipe of thelast vessel, draws df and
condenses the steam. The steam-drums are kept free from condensed water
by means of pumps.

Working the Triple Effect.—Each vessel of a triple effect is filled with juice
to thelevel of the upper tube-plate, so that the entire heating surface is covered
by the juice to be evaporated.

Steam, having atemperature of over 100°, on being admitted to the steam-
drum of thefirst vessel, causes the juice to boil, and becomes itself condensed.
The vapour from the juice enters the steam-drum of the second vessel, and heats
the juice contained in the juice chamber, whereit is under a certain vacuum, and
therefore beils at alower temperature than that in the first vessel.  The vapour
formed here is similarly capable of boiling the juice in the third vessel, because
this, being in immediate communication with the air-pump and the condenser,
boils at a still lower temperature than the juice in the second vessel. The
vacuum is therefore greatest in the last vessel, and least in the first, in which
on the contrary acertain pressureis maintained ; consequently the juicein the
last vessel boils at the lowest temperature.

The removal of the condensed water from the steam-drum of the first
vessel was formerly effected by a syphon about 15 feet in height, as measured
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from the lowest tube plate, but now that the first vessel is generally worked
under pressure, the condensed water is alowed to flow out through a steam
trap. The condensed water of the second and third vessels is removed by a
pump if it is to be used for feeding the boilers ; otherwise, the steam-drums are
simply connected with the air-pump. They are therefore always kept free
from water, and as the vapours from the juice in the preceding vessels are
immediately condensed by the cold juice, a vacuum is produced in the juice
chambers in the first and second vessels.

In order to remove air and gases from the steam-drums, narrow tubes are
fitted to each drum, such tubes communicating with the dome of the same
evaporating vessel.  Though no ammonia escapes from cane juices, these tubes
are called " ammonia " tubes from analogy with the corresponding tubes used
in beet juice evaporators.

The clarified juice is pumped into a tank, from which it gravitates into the
first vessel, oris pumpedinto it if thefirst vessel is worked under pressure. It
enters at the bottom of the juice chamber, where various arrangements are
made to facilitate the mixing of the fresh juice with the juice already present
in order to ensure a good circulation. The vessels are connected with one
another by means of pipes provided with cocks, by the cautious opening of
which the juice is drawn from the first vessel into the second, and from there
into the third, thanks to the difference in vacuum of the three vessels ; in this
way the clarified juice enters the system, and leaves it with the concentration
of " syrup." A proper regulation of the cocks permits the supply of juice to
equal the evaporated water so that the concentration goes on steadily without
changing the position of the cocks.

Care must be taken to keep only such a quantity of juice in the first vessel
for the upper tube-plate to be just covered; if the hot plate is not constantly
moistened by the juice, overheating is to be feared, and if the vessel is too full,
thereisarisk of losing juice by its passing df with the current of vapour leaving
thevessel. Theseremarks are also gpplicable to the other vessels, though with
them the danger of overheating is not so great. If they are insufficiently
filled, they should be supplied from the other vessels ; in the contrary case, the
supply is stopped, but the syrup is only drawn of when it has the required
specific gravity.

A high temperature being aways detrimental, it is advisable to work with
as little juice as possible in the vessels and to keep the juice level low in each,
though, of course, decomposition cannot be entirely avoided.

Decomposition of Sucrose during Evaporation—Claessen* calculated from
Herzfeld's tables the quantity of sucrose decomposed during evaporation.
As these are calculated for dlightly alkaline juices and cane juices gradually
become acid during evaporation, the figures given are not perhaps quite

* " Archief voor de Java Suikerindustrie” 1894, 185.



EVAPORATION

187

applicable here ; but where they are not stated for cane juice by direct experi-
ments, Claassen's actual figures are given.

Claasen's Experiments—Claassen's experiments were made with a low
level of juice in the evaporators and concerned :—
1. Quadruple effect with high-pressure steam,

2. Quadruple effect with low-pressure exhaust steam.

3. Triple effect with juice-heater using steam under pressure of 1 atmos-
phere.

|.—QUADRUPLE EFFECT WITH HIGH-PRESSURE STEAM.
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LOW-PRESSURE EXHAUST STEAM.

I.—QUADRUPLE EFFECT WITH

F .
@ | E B Eig 2
Egg Eﬁs 23 é; gégi 23
Ho. -4

' Ei ri E §g§,,. 'grﬁn i d
Firstvessd .| 8. Tz | 10| om0 | toma | —
Second ,, . 11 5 6 | 00844 | 0088 | —
Third ,, . 17 s | 25 | 00342 | 000m | —
Fourth ,, .| 48| & 50 | 00108 | 000M —
N 00687 | 00083




188 CONCENTRATION OF THE JUICE

I1I.—TRIPLE EFFECT WITH LOW-PRESSURE STEAM AND JUICE HEATER.
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Provided the dimensions of the vessels are proportional, and the amount
of juice is kept small, the loss of sugar by decomposition remains under 0-01
per cent, on the raw material, even in the most unfavourable case.

The most remarkable fact resulting from these experiments is that high
pressure steam in the first vessel does not cause more loss* than low pressure
steam.. This is due to the fact that up to a temperature of 115° C. sucrose
decomposes very slowly. As the decomposition of sucrose which occurs with
the rise of temperature increases, so the time during which the juice remains
in-the vessel is shortened. This is owing to the increased transmission of heat
at the higher temperature, under which condition the heating surface and also
the contents of the vessel may be decreased. Owing to this shortened stay
in the vessels, the harmful influence of the higher temperature is neutralized,
and therefore temperatures of some degrees above 100° may safely be employed
in the first vessels or in the juice-heaters.

Kestner Apparatus—That this is true is seen in the Kestner" evaporator,
where the juice to be concentrated only remains for one or two minutes in the
tubes, but at a steam temperature of 130° C. in the first vessel and of 110° C.
in the second, without any notable charring or decomposition of the sugar or
other constituents of the juice. Owing to the high temperature and the very
small amount of juice in the vessd, it climbs very rapidly in athin film upwards
into the upper part, from which it is carried into the second vessel, and so forth
till the syrup is delivered by a barometric column.  As the first quantity of
syrup that is discharged is often not of the density required, a pipe is coupled
tothe juiceinlet, so that thisfirst liquor can bereturned through the apparatus.
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Instead of complete evaporating plants with multiple effects after Kestner,
we often see one shell working as a pre-evaporator. Hot juice is introduced
into the pre-evaporator, is concentrated to some 20° Brix and from there
passes into the triple effect, while the juice vapour is used partly for heating
the first vessel and partly for the vacuum pans or juice-heaters.

Since such a pre-evaporator only contains very little juice, there is some
danger of the latter drying up and charring if by mishap the juice supply is
stopped for a moment, without the steam having been shut off. In order to
prevent this, juice from thefirst vessel may be pumped back constantly through
the pre-evaporator, so that both form, so to say, one single body.

Mechanical Losses—Apart from chemical losses due to decomposition or
over-heating, mechanical loss aso arises either from the vapours carrying
over the juice as a spray (entrainment), or by the juice actually boiling over.

Sugar present in Condensed Water —When the juice boils over in the first
vessd, the condensed water in the steam-drumsof the next vessel will contain
sugar, which causes corrosion of the boiler-plates if the water be used for
feading the boilers. At the high temperature prevailing in the boilers, sucrose
becomes decomposed into acids, which attack the plates and thus give rise to
leakages.

Testing the Condensed Water —Although an unpleasant smell in the steam
at once reveals the presence of sugar in the feed-water, it is necessary to test
the condensed water for sugar from time to time, because this condition need
not arise solely from the juice boiling over, but may aso be due to leakages
in the tubes of the evaporators, which alow the juice to passinto the steam-
drum as soon as the vacuum is temporarily destroyed by some circumstance
or other.

The examination of the condensed water can be made by evaporating
100 c.c. to a volume of 10 c.c, boiling it for a few moments with a few drops
of hydrochloric acid, then neutralizing with caustic soda, and heating it again
after addition of alittle Fehling's solution, in which case a precipitate of red
cuprous oxide reveals the presence of sugars. The reaction with an acoholic
anaphthol solution* in which the sample assumes a violet coloration in case
sugar is present, is too sensitive a test, as it detects traces of sugar which are
practicaly insignificant

Separator —In order to avoid losses of syrup from the last vessel, a." separ-
ator " is usually placed between it and the air-pump. This is a cylindrical
angguth Stenerwald givesin " Archief voor de Java Suikerindustrie” 1919,656, thefo\lwlnaprampuon for

mam |eSI Atest tubeis filled with the water to beexamined and emptied, s0'that only about remains

ahering to the glass Add one or iwo drops of a 4 per cent, alphanaphiol solution and 15 1o 20 drops
Concentrated Siphuricacia, A violet coloration” within Talf-amite. oW contamination of the water
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vessdl provided with perforated diaphragms, which reduce the speed of the
vapour and compel it to part with the drops of syrup it carries with it. The
separated syrup collects on the bottom and flows back to thelast vessel by means
of adischarge pipe.

In many cases where the sugar manufacturer had full confidence in the
excellent action of the separator, which was constantly controlled by the analysis
of the waste water from the condenser, enormous losses of sucrose were never-
theless recorded, the source of which could not be detected. We have found
many a time severa per cent, of the juice to be lost during concentration
which must have been entrained by the vapours and rushed through the
separator into the waste-water. Yet even careful examination with alpha
naphthol had in every case failed to detect any appreciable amount of sucrose
in that water.

It isvery probable that the heavy drops or streams of syrup do not mix with
the water, but collect on the bottom of the pipes and leave the sugar-house
underneath the flow of water, thus escaping unnoticed even if the upper
layer of the current is constantly tested with great care.

Entrainment.—Langguth Steuerwald* recommends small test pipes to be
fixed at the bottom of the vapour pipes, by which the lowest layer of the liquid
passing through them may be sampled and tested. When sucrose is found
to be present there, the separation may be improved by adopting centrifugal
screens or other contrivance to try and reduce entrainment in some way or
other.

Nieboert quotes an instance where after the shifting of the " save-all,"
the unaccountable lossin the sugar factory decreased at once from 3 -59 and 4-55
per cent, in two consecutive years before the improvement to 2-65 immediately
after.

De Haant mentions that in several Java factories where separators of the
Hodek type had been discarded and replaced by an improved apparatus,
using centrifugal screens for the separation of the spray and keeping the level
of theliquidin the several elements of the multiple effect below a certain height,
results were obtained showing that the loss due to entrainment had been
diminished to a negligible amount.

Whereas previously, the unaccountable losses in three factories had been
2-46, 3-39 and 3-12 parts on 100 parts sucrose in cane, they fell immediately
to 1-57, 117 and 0-78 parts respectively.

According to Claassen,§ forcing the work of the evaporator beyond its
rionnal capacity may have helped to induce a high loss by entrainment. It
is an elementary principle that the juice during boiling must not exceed a
certain height, the best separator being a lofty evaporating chamber. But

* " Architf voor de Java Stukerindustrie, 1920, 262. tlbid-, 1919, 651.  f  Ibid, 1920, 223.
|" Die Zuckerfabrikation,” 4 Druck, 173.
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so long as a powerful air-pump sucks away vapours with hurricane-like velocity,
entrainment from the last vessel may aways be expected, even when using a
low level and a most perfect separator. Therefore it would be a good thing
if the idea of evaporation under pressure, which has been the object of serious
experiments (broken off by the war), were to be investigated once more.

Evaporation under Pressure—In this system the multiple effect is worked
just as in the Kestner apparatus, with a small quantity of juice rushing at
a high speed through the evaporator and therefore offering very little chance
of being overheated.

In the first vessal, the juice boils with a temperature of 128> C, which
gradually decreasesin the subsequent ones to 102° C. in the last vessel. The
final vapour, having a temperature of over 100° C, is used for heating juice~
heaters, vacuum pans, etc.

Not only does this system mean a great saving of steam by the elimination
of the air-pump and of the cooling water, which now leaves the condenser
charged with valuable heat, but it does away aso with the great velocity of the
vapour from the last vessel and thereby removes one of the greatest factors
of entrainment. Besides, if some juice does get entrained, the condensed
water is still there and does not escape unnoticed, so that its sugar content
may at any moment be accurately ascertained.

Adid Condenssd Water —From time to time it is also necessary to test the
reaction of the condensed water, as it sometimes becomes acid. When sul—
phitation is carried too far and gives rise to bisulphites, these decompose in
the evaporating vessel, forming normal sulphite and sulphurous acid, whfch
latter is carried over by the vapours, and is thus found in the feed-water ior
the boilers. Acid water attacks the boiler tubes and plates, causing them to
leak.

Sulphur —The writer once found sulphur in the condensed water, this being
probably due to reduction of the sulphurous acid by the metal of the steam-
drums.

Red Colour of Boiler Water.—It often occurs that, although the water is
free from sugar and acids, it assumes ared coloration in the boilers and primes
violently. This is due to the water being too soft and pure, and rusting the
boiler plates, and can be readily remedied by feeding the boilers with cal-
careous water for a few days, so that the metal becomes covered with athin
scale, which prevents it from being subsequently attacked by the soft water.



Il.—Incrustations in Evaporators

Nature of the Incrustations—As the result of the concentration of the cane
juice, various substances which have been dissolved in the thin-juice are separ-
ated in aninsoluble state ; they partly remain in the juice, rendering it turbid,
and are partly deposited as a hard crust on the tubes, chiefly on those of the
last vessel, and interfere with the conduction of heat, and hence with the
evgporation. It is evident that such an insulating coating on the tubes
interferes with the evaporation, and consequently decreases the capacity
of the plant. It is therefore desirable, first to avoid the formation of scale
as far aspossible ; and, second, to remove the scale before it becomes so thick
as to retard the evaporation.

Formation of Scale unavoidable—As even the clearest and best clarified
juiceis certain to deposit constituents which are insoluble in the concentrated
syrup, itisimpossible to prevent the formation of scale, so that the only course
is to remove it as frequently as possible.

The composition of the scale depends, first, on the nature of the clarification,
and, second, on the degree of concentration, in other words, on the particular
vessel of the multiple effect in which it has been deposited.

Varying Compostion of Scale—For example, the scale in the first vessel
chiefly contains constituents which were present in the juice in the state of
colloids or in suspension, while that in the other vessels consists principally
of substances which were dissolved in the dilute juice, but became insoluble
during concentration, either because of the diminished quantity of solvent
or by their being less soluble in concentrated sugar solutions. The first vessel,
therefore, does not get much scaled when the methods of clarification permit
filtration of the whole of the juice and therefore remove the colloid impurities.
On the other hand, the first vessel becomes heavily incrusted when the juice
is not filtered, but merely decanted or syphoned off. Moreover, when dead or
over-ripe canes are being crushed, yielding juice containing much suspended
canefibre, thefirst vessel may thereby become choked, the fibre being converted
into hard masses by the inorganic suspended matter deposited upon it.

Deposit of Cane Fibre—An analysis of such a deposit, although not strictly
an incrustation, gave the following figures calculated on dry substance:—

" Far cent,

Cane fibre - e “ v BB
Calcinm carbouate and phosphate .. . EE T
10000

In factories working with the defecation process, where, therefore, the
greater part of the juice is evaporated without being filtered, the first vessel
of the multiple effect scales much more than in factories where the juice is
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clarified by carbonatation and consequently is deprived of all colloid matters

by filtration.

In the incrustations from the former juice we find calcium phosphate, the
quantity of which decreases as evaporation proceeds ; aso silica, which on the
In the last vessel the scale

contrary, increases as evaporation proceeds.
contains calcium oxalate.

In the case of carbonated juices, the first vessel contains alittle calcium
carbonate, probably formed by decomposition of bicarbonate and also some
slica In the other vessds the silica content increases, and in the last calcium

oxalate prevails.

Some analyses of incrustations met with in practice follow here, the results
being calculated on the dry substance (free from traces of metal from the tubes).

- I o
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Lo o w | [@m |m|w || & | L | m ||
Low o tynition .| 2248 | 2597 | 512 | w051 J20vin | 2307 [ 9315 | 955 [ 2w6 [amer [aress 100 2000 | 2006 201t
Sher o L FSLADE LTS e | O] 1IR3 | 2400 P14 L I3 M5t | SEET
Phoptendozdd . 29055 [ Z012] 5] 2 |20 P Ee T 612 G4 | 2802 ] 215 L F5I [ 2230 (1000 ] HeM | @M
Solphorbenstd L5 LR 2900 G5 B 4] FE7( 10| Do, 70| S| 3L | LB 00
Bpturewadd .| — | — |~ | — | —=fj— [ = [ = 05| FE[ = [ — [ o= | o= | -
Carboadnada . O57| 055 [ Q@ |18 [ 22| $0F) 1B4| 135 ) O25) 0 [ — 1 #1130 02] B
Oxall weid | = [ =t a0 — | L (M| — | - || — [~ ] — ] —
Troa oukdn of bar| o220 o | g 350 S0o| LB4| 1A | BV | THE| OM BTG E1EGTE 5
Al - | T3 BN GIN | GM[ BN -2 - = =1 =3 —=jF =1
Lime o0 o ¥0U | B156 1947 L0042 | 3007 | 2183 | 3000 | IRTS |30 206 [ 130A 0 030 L AN [ 2RO [ FRI2

Theloss on ignition is the measure of the organic substance, but includes the
water of crystallization of the gypsum.  The sum of the constituents sometimes
exceeds 100 per cent., because the weight of carbonic acid liberated from the
calcium oxalate on combustion is recorded under the figure for loss on ignition.
In addition to oxalic acid, the organic constituents of the scalesinclude gummy
and albuminoid substances which are deposited together with other gelatinous
bodies, bagasse fibre already mentioned, and. a considerable proportion of
caramel, the latter being due to overheating of the juice, which penetrates the

incrustations and becomes partly charred.

Origin of different Constituents—Iron oxide is formed by the solvent action
of the juice on the iron plates of the steam chamber”; the other constituents,
were derived from the juice, some of which were dissolved therein, whilst
others occurred in the state of colloids. Among these latter, calcium phosphate
occupies the most prominent place, and this explains why the scalein the first
vessel chiefly consists of calcium phosphate (with defecated juice), whilst this
constituent is almost always absent from the scale formed from carbonatation

juice which is filtered previous to evaporation.
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It is true that calcium carbonate, sulphite, and oxalate (found in the scale)
are insoluble in water, but they dissolve to some extent in sugar solutions, the
solubility depending on the concentration, temperature, and reaction of the
sugar solutions.

Caldum Carbonate—Calcium carbonate is only slightly soluble in sugar
solutions, and when this substance occurs in appreciable proportion in the scale,
it must either have been formed from quicklime by absorption of carbonic acid
in the defecation process, or have been dissolved in the form of bicarbonate
during the second saturation of the carbonatation process, and subsequently
decomposed into normal carbonate and carbonic acid during evaporation, and,
in consequence, only found in the scale from the first vessels.

Calcium Sulphite—Cacium sulphite is much less soluble in sugar solutions
at high than at low temperatures, and is also much less soluble in neutral than
in akaline and acid solution. The reason why this substance is sometimes
found in scale, and in large quantity, may therefore be due to an insufficiently
high temperature during sulphitation, or to an improper reaction or to the
concentration of hydrogen ions in the tempered juice.

We discussed on page 158 the formation of incrustation in juice-heaters
occasioned by these two causes, and referred to both of them as factors con-
tributing to the scaling of evaporators aswell. Theseremarksbear oninstances
where no great mistakes have been made during sulphitation, but when
excessive gassing has occurred incrustation by calcium sulphite may become
very troublesome.

If, owing to carelessness, sulphitation had been pushed so far that part
of the already precipitated calcium sulphite has become redissolved as bisul-
phite, the juice may enter the evaporators, charged with calcium bisulphite.
During evaporation this substance is decomposed with the formation of
sulphurous acid, which escapes as vapour, and the formation of the normal
sulphite, which, at the high temperature, crystallizes out, covering the inside
of the tubes with a hard, tenaciously adhering scale.

In such acase, the largest portion of the sulphiteis found in the scale of the
first vessel, where the bisulphite is decomposed, the normal sulphite being so
insoluble that insufficient is left in solution to reappear in the incrustations
formed in the other vessels where by evaporation the concentration is increased.
It is evident, however, that when care is taken during sulphitation to keep the
juice faintly alkaline, that is to say of a pH of slightly over 7, no bisulphite
can possibly be formed, and no sulphite can crystallize out owing to the
decomposition of that body. If aso the temperature during sulphitation is
high enough, and is not allowed to fal very much during subsiding, the amount
of the normal sulphite dissolved in the clarified juice may be kept so low that
serious trouble caused by the incrustation of the tubes by calcium sulphite
need not be feared.
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The author had the opportunity of analysing scales from first vessels of an
evaporating plant, which chiefly, or rather solely, consisted of beautifully
crystallized strata of calcium sulphite, which had formed from dissolved
bisulphite during heating. As an equivalent quantity of sulphurous acid
passed over into the condensed water, the latter became acid, and had a
detrimental effect on the boiler plates.

According to Geese* the solubility of calcium sulphite in a 10 per cent.
sucrose solution, at the different temperatures, is as follows :—
20° 30° 40°  50° 60° 70° 80° 90° 100°
0-183 0-144 0-14 0-075 0-035 0-033 0-012 0-010 0006 per cent.

The solubility is still less in alkaline juices, especially at high temperatures,
so that calcium sulphite can only occur in scale if the temperature during
sulphitation has been too low, or if the juice has been allowed to become acid.

Calcium Oxalate.—Calcium oxalate is soluble in sucrose solutions, the solu-
bility increasing in inverse ratio to the temperature and (within certain limits)
to the concentration of the solution. A 25 per cent. sucrose solution rendered
strongly alkaline dissolves 0-05 per cent. of calcium oxalate, but this figure
decreases greatly at higher concentrations and smaller alkalinities. There
are, therefore, three factors which render calcium oxalate insoluble during
evaporation, viz., the decrease in the amount of solvent, the increased con-
centration of the sugar solution, and the lowering of the temperature. For a
given alkalinity, the solubility of calcium oxalate falls very considerably
between the concentration of 30-50 percent., so that we may expect the heaviest
deposit of this substance in the last vessels, which actually occurs. Indeed,
the scale of the fourth vessel of a quadruple effect sometimes consists exclusively
of calcium oxalate.

Gypsum.—According to Stollet the solubility of calcium sulphate in sucrose
solutions falls in proportion as the concentration and temperature rise. At low
temperatures a sucrose solution dissolves more gypsum than corresponds with
its water content, and this is also the case at higher temperatures in low con-
centrations. But it dissolves less than corresponds with the water content at
higher concentrations.

Calcium  Silicate and Aluminate.—Calcium silicate and aluminate also
dissolve in sugar solutions, especially when the solution is strongly alkaline.
After long continued heating, lime is withdrawn from these compounds, so that
silica and alumina become insoluble and are deposited as scale. Besides the
silica occurring in this form, there is no doubt that it is also present as gelatinous
silica, suspended in the juice and deposited during evaporation. Otherwise,
the fact that acid juices (free from calciumssilicate) deposit silica during evapora-
tion could not be explained.

* "Zeitschr. Riibenzuckerind.," 48, 103.
t Ibid., 50, 321
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Alumina—Aluminais sometimes found in scale, although this constituent
occurs in but small quantity in cane juice. Being specially noticeable in scale
from juice treated by carbonatation, we are justified in concluding that it is
derived from the lime used for the clarification, which sometimes contains
as much as 1 per cent. alumina.

Nitrogen.—The nitrogen content of the dry scae is due to coagulated
albuminoids, and never amounts to more than 0-20 per cent., and in most
cases is less.

Cane Wax.—The scale in the first vessel sometimes contains a relatively
large proportion of cane wax which was suspended in the juice. Some deposits
contain so much wax that the sight-glasses of the evaporators become covered
with a greasy, dark-coloured film. Owing to its low specific gravity, such a
film floats on the surface of the juice, and therefore wax is not a notable con-
stituent of hard scale.

The following is a typical anaysis :—

Cane wax 40-2
Calcium phosphate 487
Silica 57
Undetermined organic matter. 54
100:00

It goes without saying that thorough subsidation, or, if possible, filtration
of the juice, will help to prevent incrustation by suspended matter, and further
that a neutral juice will dissolve less lime-salt than an acid or an akaline one,
and, therefore, will be less liable to deposit scale.

As juices are very seldom exactly neutral, they all deposit incrustations,
and al that can be done is to restrict their formation as much as possible,
and to remove them as soon as they have formed.

Composition of Scale before and after Treatment—The analytical figures
given below relate to the washed and dried scales after treatment with caustic
soda, and are from the same factories as the samples | to IV of Series I,
mentioned on page 193, which were analysed before boiling with caustic soda.
From the insignificant difference in composition before and after boiling with
caustic soda, we see that this reagent has a loosening effect rather than a solvent
action.

Removal of the Scale—Some twenty-five years ago, iron spirals were sus-
pended in the tubes of the evaporating vessels, with the object of inducing the
scaleto deposit on these, rather than on thetubes. About the same time wooden
staves (1/3 inch less in diameter than the tubes) were similarly used, with the
additional advantage of diminishing the volume of juice, and thus increasing
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the heating surface.  The rough surface of the staves was also more favourable
for the deposit of scale than the smooth surfaces of the brass tubes. Though
this novelty was at first regarded very favourably, the staves have since
disappeared.

Such appliances do not obviate the cleaning of the vessels from time to time.
In countries where the mill stops on Sundays, that day can be utilized for this
purpose, while in places where the work continues all seven days of the week
without rest, it iswell to clean and scrape the evaporators, say, once a fortnight.
The practice, sometimes followed, of continuing evaporation without stoppage
until the evaporators are excessively scaed, is to be condemned, because the
capacity of the plant will be considerably reduced during the last days, and also
because the layer of scale has then become so thick that it demands a great
deal of labour and time to remove it.

Boiling with Caugtic Soda—The best mode of cleaning is to boil caustic
soda solution in the vessels, with open valves and with live steam in the steam—
drum, so that the liquid boils at ordinary atmospheric pressure, otherwise the
temperature is not sufficiently high.  After some six or more hours the caustic
soda solution is let out, the vessels are washed a couple df. times with water, and
the scale scraped of with scraping irons.  This last operation, being somewhat
rough, is not without danger to the brass tubes, as appears from the rather large
quantity of brass splinters which were found in every sample of scale examined
by the author. Formerly, the vessels in which the soda solution had been
boiled were boiled again with dilute hydrochloric acid, after the soda had been
let of, and the vessels washed. This was to dissolve the already loosened
scale, but the practice is now discontinued. It istrue that most of the incrusta-
tions dissolve in concentrated hydrochloric acid, but this should not be applied,

Scarr sPrER TREATMENT WiTHE CAUSTIC 50DA.
L II . Iv.
Eozs on ignition . e 20-20 27-80 40-01 53¢
Siicw .. .. .. . T-88 843 2249 8901
Phosphoricacid .. .. 20401 1935 1461 e
Sulphuric scid.. .. .. 87 398 o4 | —
Sulphureus acid N e N —_ =
Carbonic add .. . o 397 408 308 a8
Oxelicacid .. .. .| — - 2049 - 1240
Iron oxide .. o 224 a7 028 56
Alumina i - ‘e — - -— -
Lime ., e . . M 3128 20-16 | 1386
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since it attacks the iron vessels and results in leakages. Diluted hydrochloric
acid dissolves the calcium carbonate found in scale in the first vessels treating
carbonatation juice, but it fails to attack the crystallized oxalate and the silica,
so that the action of thisreagent is very restricted. It also has the disadvantage
of attacking the unscaled portions of theiron plates, with the formation of hydro-
gen, which forms an explosive mixturewith air.  Noworkmen should, therefore,
enter the vessels with a light after boiling with hydrochloric acid before the
latter have been thoroughly washed out with water, and the air drawn off by
the air-pump. Hydrochloric acid does not dissolve much of the scale, neither
does caustic soda, but thislast reagent loosens it, so that it may be more easily
scraped off. Some silica becomes dissolved and calcium oxalate is decom-
posed, but otherwise the composition of a scale is not much changed after
being boiled with caustic soda

Van der Linden* mentions an observation made in a factory, where great
trouble had been experienced in the removal of the scale of the third and fourth
vessels.  On one occasion it was found that after boiling out, the scale from the
fourth vessel was present on the tubes as a gelatinous mass, which offered no
trouble inits removal. Investigation showed that among the drums of caustic
sodawhich had been used, one containing anmonium fluoride had inadvertently
been included. Later on, 15 kilograms of ammonium fluoride were used along
with the caustic soda in the cleaning of the first and second vessels and 35
kilograms each in the third and fourth ones; and in every instance the incrus-
tation was so thoroughly loosened that scraping was very easily accomplished.
In a third case, a fourth vessel having 246 square metres of heating surface
was boiled out successfully with a solution containing 35 kilograms of caustic
soda and 25 kilograms of ammonium fluoride.

Schweizert says that he cannot imagine what reaction is exerted by the
ammonium fluoride on the scale, either on the silica or on the silicates, and he
supposes that possibly one of the other halogen salts, sodium chloride or am-
monium chloride, might be used.

Schmidti boiled out small quantities of scale in the laboratory with caustic
soda and ammonium fluoridein weak concentration, and found that 51 per cent.
had gone into solution, of which figure 73 per cent. was silica Then he re-
peated the same experiment with caustic soda and sodium chloride, when
50 per cent. went into solution, 71 per cent. of which appeared to be silica
There being little difference between the two results, common salt might be
used to replace ammonium fluoride.

Removal of Scale by Fermentation.—A sure but Sow means of cleansing the
vessels after the close of the grinding season isto fill them with diluted molasses
(6-8° Brix) and alow this to ferment. The evolution of gas within the scale
itself loosens the particles of which it consists, and after some three weeks the,

* "Int. Sugar Journal," 1923, 638. 1 Ibid., 1923, 639
+ Ibid., 1923,640,
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fermented wash is run off, and the scale may then be brushed away without
scraping.  As this method requires time, it cannot, of course, be employed
during the grinding season, so that boiling with caustic soda and scraping is
then the only remedy.

Depositsin the Steam Chambers—The deposits so far mentioned are derived
from the juice, but another troublesome deposit occurs in the steam chamber
of the first vessel, which likewise retards the transmission of heat and evapora-
tion. The steam used for heating the first vessel may contain small quantities
of lubricating oils, which collect on coming in contact with the cold tubes
and which, in combination with iron or copper oxides, graphite, and similar
substances, form a greasy, non-conducting layer which causes much trouble.
The author has examined several such deposits, and his analyses, calculated
on dry substance, are recorded here. The first sample dates back to 1892,
and must have been gradually forming during the ten preceding years. The
organic matter chiefly consisted of fatty acids, while in the second and third
samples it consisted of mineral lubricating oils.

. Constitaents. 1 Ii. ji1d
0il “ e .| 284 (fatty aclde) 2850 13-9
Tren oxide .. . 504 5880 B34
Copper axide ., . w00 250 —-
Lead oxide .. .| 10 .54 a8
Graphite, otz .. o 12 40 2

Removal of the Greasy Deposit.—Such alayer is sometimes, but not always,
found in the steam chambers; and as its presence cannot be detected from
outside, it is advisable to inspect the steam chamber every year, and to remove
the deposit if present. Mineral oils do not dissolve in soda or in acids, and
therefore boiling either with acids or alkalis is of no use. It can be removed
by dissolving in petrol (gasoline) or benzine. The fatty deposit is thereby
softened and flows dff as a greasy mud; after which the spirit is run off and the
steam chamber washed free from solvent with water. This method is rather
dangerous because of the inflammable vapours escaping from the spirit. It
should therefore never be attempted during the grinding season, but only when
factory operations have come to a complete standstill.

If this method be considered too dangerous, the only other remedy is to
remove all the tubes and scrape them carefully.



Il —Clarification of the Syrup

Though the greater proportion of the substances which become insoluble
during evaporation deposit on the walls and tubes of the vessels, yet a part
remains in the syrup rendering it turbid.

Compostion of Depost from a Syrup Tank.—The composition of these
floating and suspended substancesis similar to that of scale, as can be gleaned
from an analysis of a deposit from syrup tanks in a factory working with the
defecation process.

Loss on ignition 34.33
Slica 26:95
Phosphoric acid 12.25
Sulphuric acid 2:03
Carbonic acid 023
Iron oxide and alumina 358
Lime 1945
Undetermined 118

100:00

This sample closely resembles the average of the scales from the different
evaporating vessels, and consists of the same elements. It is very important
to remove these impurities, because they become enveloped in the sugar crystals
during the growth of the latter and impart to them a dark tint which cannot be
removed by washing.

Removal of Impurities—It is not feasible to remove these impurities by
filtration through cloth if the syrup has been obtained from defecated juice,
since the gummy constituents clog the filtering media. Consequently one is
compelled to allow the syrup to subside.

Filtration—Sand filters, which were greeted with enthusiasm fifteen or
twenty years ago, do not seem to have fulfilled early promises, since they have
not come into general use for syrup. It seems that the very large quantity of
water required to wash out the syrup from the sand when cleaning is the chief
obstacle to their employment for this purpose.

Subsidation—If we abstain from filtering the syrup it can only be clarified
by subsidation.  The best method is to boil the syrup in eliminating pans after
it leaves the evaporating plant, neutralizing it with lime or soda if necessary,
or, if too akaline, with phosphoric acid.  Sulphitation may be combined with
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this elimination, but a stirring apparatus is then necessary in order to bring the
gases into contact with the syrup. It is advisable to keep the temperature
of the syrup below 70° C. in order to prevent inversion during sulphitation.

If the precipitate subsides slowly, alittle phosphoric acid and lime, soda, or
sodium phosphate, may be added during elimination, but great care must be
taken not to use too much of these, or the precipitate might become too thick.
If possible, the syrup is then filtered. If not, it is run into settling tanks,
similar to those described in the chapter on Clarification. A clear supernatant
syrup then separates from alayer of mud, the thickness of which depends on the
quantity and the flocculence of the precipitate.

It is advisable to decant the subsided syrup as soon as possible, and not to
leave it in the tank too long. According to Herzfeld's tables, mentioned on
page 20, at a temperature of 90-95° C. such a syrup loses 00392 per cent.
sucrose per hour, so that during the six hours which syrup generaly requires
to subside, no less than 0-25 per cent. of the sucrose may become decomposed.

Treatment of the Syrup Scums—As soon as the syrup has settled, it is drawn
off from the precipitate and conveyed to the suction tank of the vacuum pan,
while the precipitate itself is dealt with in various ways. Some manufacturers
mix it with the molasses coming from the centrifugals, and boil them together
to second sugars. There could not be any objection to this plan if the second
sugars always found a market, for the fine particles of the precipitate would be
incorporated in the crystals of the second sugars. In many cases the second
sugars are re-melted in the juice, and the impurities, previously eliminated with
care, are thereby returned into process. Moreover, the practice of returning
molasses to the pan has suppressed the second sugars, so that the mixing of
the syrup scums with first molasses has become impossible.  In other factories,
the syrup scums are run into the scum tank of the mill juice, which proceeding
has the drawback of increasing the work of the scum filters, and thus diminishing
the capacity at that stage. Further, this scumis very slimy, and the particles
are excessively fine, so that they choke up the pores of the filter-cloths. Finally,
these scums contain a highly concentrated sugar solution, and as even the driest
press-cakes contain about 50 per cent. of juice, it is not an economical pro-
ceeding, since we are here dealing with concentrated juice or syrup, in which
a considerable quantity of sugar becomes lost. The best way is to pump the
syrup scums into the juice in the defecation pans; the syrup mixes with the
great volume of mill juice without any visible increase of concentration, and
again undergoes al the operations of clarification and settling, while the fine
precipitate is carried down by the flocculent scum of the mill juice, subsides
with them, and does not give rise to any increase in the quantity of juice to be
filtered by the presses. Moreover, the higher sugar content of this juice is
so trifling that the loss of sugar in the filter-press cakes is not perceptibly
increased.
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Sourness of Syrup by Fermentation.—Sometimes juice which is neutral
after defecation yields a very acid syrup, but in this case no attempt should be
made to remedy the defect by using more lime in tempering, for, strange as
it may appear, this is more apt to increase the acidity of the syrup than to
diminish it. The only thing is to neutralize the quantity of syrup in hand,
and immediately seek the cause of this acidity. In every case where aneutral
clarified juice becomes very acid during manufacture this is generally due to
some ferment or other which attacks sucrose and forms acid from it. As a
rule, lime-salts favour these fermentations, hence an excessive use of lime
promotes the deterioration. This can be remedied by keeping the amount of
lime aslow as possible, and by great carein cleaning all pipes, tanks, and pumps,
and even disinfecting them with a one per cent, solution of ammonium fluoride.
It is, of course, better to prevent such infection by washing out the gutters
and settling tanks daily.

1V.—Boailing

Principle—During the boiling process, the concentration of the clarified
syrup is continued up to the point where there is not sufficient water for the
sugar to remain dissolved, and it becomes partially crystallized.

Rapidity of Crysallization—The rapidity with which sugar crystallizes
out from a solution depends, other circumstances remaining the same, on the
purity of the solution, i.e., on whether much or little foreign substance is present
along with the sugar. When the sugar solution is fairly pure, crystallization
takes place as soon as the concentration has become too great for all the sugar
to remain in solution. When an impure juice such as molasses is evaporated,
crystallization takes place only very slowly, and no crystals are visible, even
when the concentration is much greater than corresponds with the solubility
of sucrose.

The hot concentrated liquid is alowed to cool, and after some time sucrose
crystallizes out, partly because it is less soluble in cold water than in hot,
but chiefly because the supersaturated state sowly gives place to the normal
state of solubility.

Properties of Sucrosein Solution.—In solution in water and during crystal-
lization from such agueous solutions sucrose behaves quite differently from
almost any other substance.

According to Wuff, the differences between sucrose and some salt or other
in solution in water may be characterized as follows : Water dissolves a salt,
at first very rapidly, later on more dowly, but in every case within a short
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time in accordance with its solubility at the given temperature. On dissolving
crystallized sucrose, the first stage is just as in case of the salt, but as soon
as the water has taken up the major part of the quantity which it can finaly
hold, further solution proceeds much more slowly, and notwithstanding the
continuous stirring of crystals and solvent, the ultimate point of saturation is
very hard to obtain.

When, on the other hand, amorphous sucrose, as prepared by the melting
and rapid cooling of the crystallized body, is dissolved in water, solution goes
on more slowly during the first stage, and only after the material is completely
impregnated with liquid does it dissolve with greater rapidity. Actualy
amorphous sucrose dissolves copiously, the concentration of the solution
increasing regularly to the fina point of solubility, in fact even surpassing that
limit, and the more so the greater the excess of sucrose present. Later, the
solution becomes supersaturated, and yet solution proceeds till the moment
when crystals make their appearance, after which concentration sinks till the
maximum point of stability is reached.

Wulff considers these phenomena as a manifestation of an intermixture
of two miscible bodies, viz., water and amorphous sucrose, owing to which,
contrary to true, solution, mixtures in every proportion are possible.

Wulff believes sucrose to be present in solution only in the amorphous state,
so that it has to pass over from the crystallized state into the amorphous on
solution, and back from the amorphous state into the crystallized on crystal-
lization. Since this transformation takes time to complete, this hypothesis
explains the delay in solution and crystallization of sucrose in agueous solution.

Amorphous sucrose is more stable at low than at high temperatures, and
heating rather rapidly transfers it into the crystallized state.

Even the most concentrated sucrose solutions may be cooled very far
before they crystallize out; and the more the solution is cooled, the longer
crystallization is delayed and the greater the interval before its end point is
attained.

Van Ginneken* heated some sucrose solutions to 130° C, and others of
identical composition and concentration to 110° C, when he found after cooling
them al to the same temperature that the time elapsing before the formation
of crystalswas greater in the case of the liquids that had been raised to the higher
temperature, although no decomposition apparently had occurred. He aso
observed that if sucrose were repeatedly crystallized from aqueous solutions
and redissolved, the time taken for the appearance of the first crystal became
longer after each operation, the conditions of supersaturation, temperature,
intensity of movement and of composition, always being the same, the time
required for the re-solution of crystals likewise successively increasing. Other
experiments demonstrated that apparently the history of the sucrose is of some
importancein regard toits crystallizing properties.  Thus he showed that apure
sucrose, obtained by. precipitating a concentrated aqueous solution of refined

* "Chemisch Weekblad," 1919, 1210. “Jour. Soc. Chem. Ind.," 1919, 784a.
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sugar with alcohol and washing with alcohol and ether, crystallizes more slowly
than the refined sugar from which it was prepared. ~ After being kept in a bottle
for a few months that same preparation, however, once more became normal
in respect of its solubility. Van Ginneken's experiments demonstrated that
the optimum concentration for grain formation is 83-5 to 845 per cent. at 80° C;
and he further observed that the time necessary for the formation of the first
crystal is much greater than that required for the appearance of subsequent
ones, temperature and concentration being kept the same. He found also
that with a concentration under 80 per cent. the tendency to form new crystals
(rather than to grow on those already present) is so small as to be negligible.
At 81 per cent. it is greater, but it is not practicable to keep the concentration
as low as this when boiling and cooling, so that in sugar-houses the possibility
of the formation of false grain under such conditions is difficult to preclude.

In order to explain why the first crystal forms so much more slowly than
those appearing later, Van Ginneken suggests two possibilities, namely, (1) the
auto-catalystic effect of the already present crystals on the molecules of sucrose
in their vicinity; and (2) the formation of large complexes of sucrose molecules
which are driven apart by heating, but on cooling gradually condense until
they combine to form crystals, at which point others have approached the same
condition and consolidate very soon after.

These phenomena have already been noticed before by other investigators.
When carrying out his experiments on the formation of molasses, the author
had observed that sucrose crystallized more rapidly when the solution had
previously been heated to a relatively low temperature during a short time,
than when the liquid had been kept at a higher temperature for alonger period.
Van der Linden* showed that a molasses which on cooling readily gave a crop
of crystals failed to do so when the grain was re-dissolved and the Uquid cooled
in exactly the same way as before.

The rapidity of crystallization of sucrose is also greatly influenced by the
simultaneous presence of impurities. In the case of the crystallization of a
salt solution, it proceeds just as rapidly in the presence of other bodies, even
if they are of aviscous nature, as from apure solution. In the case of sucrose,
however, where besides the simple crystallization a transformation from the
amorphous into the crystallized state has to be reckoned with, the non-sugars
from the juice exert a notable delay in crystallization, as the result of which
crystallization of sucrose from impure concentrated syrup and molasses is
slower, more difficult and less complete than from pure liquids.

Different Ways of Boiling—Boailing may therefore be performed in two
ways, one of which is followed when boiling syrup, and the second when
boiling molasses, but, as will be shown later on, this distinction is not strictly
observed.

* " Archief voor de Java Suikerindustrie” 1919, 1517.
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Pure juices are concentrated at not too high a temperature until the sucrose
commences to crystallize in the pan, after which the crystals grow slowly as
evaporation continues and fresh supplies of syrup are added, until ultimately
the whole is transformed into a giff magma (massecuite), consisting of alarge
quantity of crystals and only alittle liquid (molasses). This method is called
"boiling to grain," and can only be applied to pure syrups. If the solution is
too impure for this purpose, it is concentrated at moderate temperatures to
such a degree that the concentrated syrup or molasses only deposits sugar on
cooling, this mode of working being termed " boiling smooth.” In this case,
the consistency of the liquid is such that a sample can be drawn out in the form
of athread, when the liquid is said to be boiled to " string proof."

Boiling in Vacuo—Boailing is always performed in vacuo for the reason
given under the heading " Evaporation,” and for the further reasons that
under atmospheric pressure the temperature at which the heavy material
parts with its water is higher ; and circulation being less perfect, the risk of
local over-heating and consequent decomposition and coloration of the
massecuite increases.

Vacuum Pans—The old vacuum pans were made of copper, but owing to
the demand for pans of large capacity they are now almost exclusively made of
iron, so that copper pans provided with steam-jackets are the exception. The
iron vacuum pans are in many cases lined with copper platesin order to prevent
coloration of the sugar by the solution of iron in the acid syrups and molasses.

Heating—In most cases pans are heated by means of copper coils, to which
either direct or exhaust steam is admitted.

Steam-jackets—As already mentioned, the earliest pans had steam-jackets
in addition to cails, but these were subsequently dispensed with in order to
secure awide discharge opening, and thus to economize time when discharging
the pan. The advantages of a steam-jacket are that the heating surface of the
pan is increased by several square feet, and the massecuite in the pan is less
exposed to the cooling influence of the external atmosphere. Consequently,
steam-jackets have been adopted in many modern pans, even the discharge
door being heated in this manner.

Calandrias—Instead of coils and steam-jackets, many pans have calandrias,
similar to those used in multiple effect evaporators, but with tubes of much
larger diameter to permit the semi-solid massecuite to circulate. In many
cases the circulation is further promoted by a screw revolving in alarge central
tube whereby the boiling massis raised in the centre, and thus induced to flow
downwards at the sides.
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Circulation—It is of great importance that the contents of the pan be
thoroughly mixed ; first, in order to prevent local overheating of the massecuite
where it is in contact with the hot coils; and, secondly, in order to secure
crystals of uniform size. Circulation is especialy necessary when molasses
(previoudly separated from crystas®) is used for diluting the massecuite in the
pan, otherwise the concentrated massecuite settles to the bottom of the pan,
and does not mix with the added molasses. Under such conditions, samples
taken with the proof-stick give false indications concerning the real state of
the contents of the pan. Even when boiling syrup massecuite, the bottom
discharge is often choked by a hard mass of sugar which has been accumulating
for a considerable time, and has interfered with the circulation. In order to
prevent this, and, in general, to promote circulation, many pans are provided
with a perforated copper coil, through which dry low-pressure steam is blown
through the boiling mass, so as to mix it, the vacuum not being perceptibly
lowered. The perforations should be made at the bottom of the coil, in order
to prevent them being choked with sugar crystals when the pan is discharged.
A second device for promoting circulation is to introduce the syrup and molasses
through a bent pipe extending nearly to the bottom of the pan, so that the thin
liquids are compelled to force their way upwards through the massecuite and
so become thoroughly mixed with it, which is not the case if the syrup isintro-
duced at the top of the massecuite. The same end is sometimes gained by
pumping the syrup and molasses through a perforated copper coil at the
bottom of the pan. To prevent choking, this coil is likewise perforated on its
under side.

The Proof-stick.—In order to examine the contents of the pan without
disturbing the vacuum, samples are withdrawn from time to time by means of
the apparatus now to be described. A copper tube is fixed in an inclined
position within the pan in such a manner that the upper extremity projects
through the side of the pan, while the lower extremity terminates at its
centre, and, consequently, is immersed in the boiling massecuite. The
upper extremity of this tube is open, but the lower extremity is closed by a
valve of special construction. When a sample is to be withdrawn from the
pan this valveis opened by means of along brass rod, which is thrust down the
tube and then turned as oneturnsakey inalock. Thisrod, called the " proof-
stick," is provided at its lower end with a plug, by means of which the above-
mentioned valveis opened, and also with asmall cavity, which thereby becomes
filled with the boiling material. During this operation, the upper opening
in the tube is kept air-tight by the closdly fitting rod or " proof-stick." The
latter is then twisted back to its former position, thereby locking the valve,
and then withdrawn from the tube, carrying with it the small sample of masse-
cuite which fills the cavity.

The proof-stick should be of sufficient length that samples may be withdrawn



BOILING 207

from the bottom part of the pan, and the cavity sufficiently large to withdraw
a fairly big sample at each test.

Fittings of the Pans—Chemicals are drawn into the pan through an iron
pipe fitted at the side, whilst a cock near the top of the pan (cdled the butter—
cock) may be used for introducing colouring agents, such as ultramarine, etc.

The pan is connected with an air-pump and injector for removing and
condensing the vapours, and the resulting vacuum permits of syrup, molasses,
chemicals, etc., being sucked into the pan without being pumped, asis the case
in open evaporators. Between the pan and the air-pumps is fixed a kind of
separator caled the "save-all," which keeps back the spray rising from the
boiling liquid and returns it to the pan.

Boiling to Grain—When boiling to grain, syrup is drawn into the pan as
soon as the vacuum permits, and when the bottom coil is covered, exhaust
steam is turned on. As the level of the liquid rises by the constant inflow of
syrup, steam is similarly admitted to the second and, if necessary, aso to the
third cail, the proper charge of syrup being found by experience ; the supply
of syrup is then stopped and concentration commences. The formation of
grain commences at about 80° Brix, and is accelerated in one of two ways.
The syrup is either concentrated until it begins to crystallize, or additional
syrup is suddenly added to the already supersaturated syrup, causing such an
agitation throughout the mass that the sugar (present in a supersaturated
state) is deposited as fine glittering crystals. This addition of dilute syrup
suddenly reduces the boiling point and causes a brisk ebullition and thereby
agitation of the whole liquid, which promotes crystallization. The temperature
in the pan is usually 50° C. (122° F.), and the vacuum 28 inches (71 cm.).

When the pan is heated by a calandria instead of by coils, it is necessary
first to draw in enough syrup to immerse the whole heating surface, after which
the concentration of the syrup up tothe graining point is carried out as before.
But it may be necessary to start with less syrup than will completely cover the
steam chamber, so that coils are to be preferred unless it is practicable to
transfer part of the contents of one pan to another, after the grain has been
formed, and to continue boiling what is left.

Determination of the Graining Point.—Although every pan is provided with
thermometer and vacuum gauges, and the boiling can be perfectly regulated
by means of these instruments, most native pan-boilers prefer to judge the
concentration of the syrup from the appearance of the drops of liquid spattering
against the sight-glasses.

Although this test seems very crude and uncertain, experienced pan-boilers
know pretty well what to expect of the juice with which they have to deal,
and when the syrup does not grain at the point they are accustomed to, they
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will go on concentrating before attempting to " grain " by the sudden addition
of fresh syrup.

As cane juice grains very easily, the artifices sometimes employed in the
beet sugar industry to promote crystallization are superfluous. On the con-
trary, it is sometimes difficult to prevent premature formation of grain.

Composition of Syrups at Graining Point.—The analyses of a great number
of cane syrups at their graining point are set forth here.
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In thistable the sucrose content is assumed to beidentical with the polariza-
tion, on account of the relatively low percentages of reducing sugar. Further,
we have assumed that the solubility of sucrose in the water of the syrup is the
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same as in pure water,* and that the sugar is grained at 45° C. According
to Herzfeld s table on page 4, the solubility of sucrose in water at 45° C is
71-32 parts of sucrose in 26:68 parts of water, or 241-7 parts of sucrose in
100 parts of water. When calculating from these values the amount of sucrose
actually dissolved in the syrup, we can find by difference the amount of sucrose
present in a supersaturated form, which could crystallize out at the given
temperature if the syrup were strongly agitated.

Amount Crystallizing Out on Graining—The quantities of sugar capable of
crystallizing differ very considerably, and in Nos. 16 and 29 the graining point
was very probably missed and the pan-boiler compelled to concentrate again
before obtaining sufficient grain. It is evident that, for a given concentration,
the supersaturation is greater in pure than in impure syrups, and therefore
the former forms grain more readily than thelatter, partly because a pure syrup
contains more sucrose per 100 parts of dry substance, and partly because this
sucrose crystallizes out more easily from pure than from impure solutions.

A few examples taken from the foregoing table will show how the crystal-
lizable sugar varies with the purity of the syrup, although in redlity this
difference is somewhat compensated for by the lower solubility of sucrose in
impure syrups.

19-58 8795 18450 215 905 &1

{ 054 81-37 1210 { 211 708 554
20-88 B3 | 1293 2180 8302 381

' { 25-60 80-14 32 {ssm 85-68 8
21-45 B89 | 581 2261 48 350

{ 2145 8581 476 { 2278 BT 1%

The graining point is, therefore, not only determined by the density, but also
by the purity of the syrups, and it is therefore not surprising when an ex-
perienced pan-boiler sometimes fails to grain a pan of syrup at the first attempt,
only succeeding after a few trials.

* This may be donefor syrup, but in molasses the solubility of sucroseiis less.



210 CONCENTRATION OF THE JUICE

Boiling—Care should be taken, at the outset, to form as large a number
of crystals as will be present in a full-grown state in the finished massecuite.
When making a coarse grained sugar, fewer crystals will be required than when
making a fine grained sugar. In the former case it is customary to grain
"low down," that is to say, to start with only sufficient syrup to form the
required quantity of grain, which is then alowed to grow by constantly drawing
in syrup. In this case, we cannot make use of al the steam-coils, because
steam may only be admitted to those which are covered by the syrup ; conse-
quently, boiling proceeds very sowly. But when making fine grained sugar,
we may at once employ the whole heating surface, because the graining is
performed " high up," when al the coils are immersed.  The pan may, there-
fore, befilledat once and steam admitted to al the coils, and the whole mass be
concentrated to the graining point. But when, owing to evaporation, the
volume of syrup diminishes to such an extent that the topmost coils are exposed,
steam must be shut df from these. It is evident that when graining high up,
the boiling goes on more rapidly than when graining low down, although in this
latter case the operation may be much accelerated by graining sufficient
syrup in one pan to supply two pans with grain, the grained syrup being then
divided between two pans with the same result as if each had been grained
"low down." In this way, coarse grained sugar may be obtained in a pan
heated by a steam chamber, which is not otherwise feasible.

By spreading a proof-stick sample upon apiece of glass plate, an experienced
pan-boiler can judge whether the number of crystals in the grained syrup is
aufficient for the kind of sugar required. If not, he re-dissolves the crystals
by the addition of fresh syrup and by increasing the temperature, and tries
again after he has concentrated a little further.

False Grain—By the careful addition of more syrup, the grain is allowed
to grow regularly, care being taken that the concentration of the liquid (in
which the crystals float) does not become as high as before graining, since this
might give rise to a secondary crystallization (i.e, formation of minute crystals
between those already formed). When thishappens, it is detected by the turbid
appearance of the mother liquor in the samples from the proof-stick, and these
crystals, known as " false grain,” must be re-dissolved. To this end a large
quantity of syrup is drawn into the pan, the injection diminished, and more
steam turned on in order to raise the temperature. The fine crystals are thereby
dissolved, the origina crystals being somewhat diminshed in size; but, by
causing the temperature to fall sowly, the latter commence to grow again.
Syrup is drawn into the pan either in a continuous stream or at intervals
until the pan is full. The pan-boiler must not force the concentration too
much towards the end of the operation, because if false grain is now formed
it can no longer be dissolved owing to imperfect circulation. We are then
compelled to leave it in the massecuite, the consequences of which will be
discussed further on.
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Finishing—When the pan is full, the supply of syrup is stopped and the
contents concentrated to a Brix of 92-93° (a water content of 9-11 per cent.),
usually at a temperature of 65° C. (149° F.) and a vacuum of 730 mm. (287
inches). The temperature and vacuum may be read from the gauges, but the
exact point at which the concentration should be arrested, i.e., the striking point,
has to be found by experience, and is determined by the firmness of a sample
(taken by means of the proof-stick), when suddenly cooled in a pail of water.

The Brasmoscope—Some years ago, Curin* constructed an instrument
which he called a" brasmoscope,” which indicates the density of the saccharine
liquid boiling in vacuo. He started from the observation that between the
limits of 572482 cm. vacuum (22-6-19-1 inches), and 65-74°C. (149-165-2° F.)
every cm. difference in vacuum (mercury pressure) corresponds to a difference
of one degree Centigrade in the boiling point of pure water.

Therefore, if a barometer divided in cm. and a Centigrade thermometer be
together immersed in water boiling in vacuo, the mercury will rise the same
amount in both instruments within the limits mentioned above. Thisis shown
by the following table of the tension of water vapour according to Regnault
and Bloch.
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The agreement is very close in the case of boiling water, but less so with
syrup, especialy when concentrated. But, when once the difference is ascer-
tained empirically, the specific gravity of the boiling syrup can be determined
from thereadings of the thermometer and vacuum gauge.  In Curin's apparatus
a scale of degrees Brix is calculated for the differences between temperature and
vacuum, enabling the density of the boiling liquid to be read df from adiding
scale.

* " Oest.-Ung. Zeitschr. f. Zuckerind. und Landw.,” 1894, 756.
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The brasmoscope is only used for syrups or molasses free from grain ; when
grain is present it only shows the density of the mother liquor in which the
crystals float. When the massecuite contains much grain, the temperature varies
so much in different parts of the mass (owing to imperfect circulation) that the
readings by no means correspond with the average temperature of the massecuite.

Claassen's Apparatus.—Claassen* found as the result of a great number of
experiments that the crystallization of sucrose from boiling syrups and molasses
proceeds most favourably when these liquids possess a coefficient of super—
saturation proper to their quotient of purity. The coeflicient of supersaturation
is defined as the ratio of the normal solubility, at a given temperature, to the
solubility of the supersaturated solution at the same temperature. If the
coefficient becomes too high, sucrose crystallizes out too rapidly and forms
separate crystals instead of adhering to the pre-existent ones. If it is too low,
crystallization takes place too slowly, occasioning loss of time. The optimum
coefficient of supersaturation is the same for syrups of the same quotient of
purity, but rises in proportion as the purity of the juice sinks ; and since,
during boiling, sucrose crystallizes out, and accordingly the purity of the mother—
liquor falls, the coefficient at the end of the process will have to be higher than
at the outset.

Claassen determined the most favourable coefficients for beet juices and
molasses of every range of purity and found that whilst boiling a syrup masse-
cuite it should not exceed 1-20 ; only at the end, when the purity of the mother—
liquor is low, may the supersaturation be raised to 1-30.

The coefficient for after-products massecuites has to be kept higher than
for massecuites from syrup, as has been shown by Claassen, who gave data
for the proper coefficient for liquors of every quotient of purity.

Claassen constructed an apparatus by which the water content, and con-
sequently the coefficient of supersaturation of the mother-liquor in the pan,
can be constantly recorded during the boiling process; this is drawn up on
the same lines as Curin's, only is much more accurate.

He found the following data for beet juices :—

WATER CONTENT

o of the Puity of ths motherliquor.
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* "Zeitschr. Ribenzuckerind.,” 1907, 1232.
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During boiling the water content of the mother-liquor is at the temperature
affixed.
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Rules for boiling Syrup Massecuites.—Up to the present no data have been
collected relating to cane sugar juices and molasses; in fact neither Curin's
nor Claassen's apparatus seems to have found any application in cane sugar
houses. Pan-boilers prefer to work by rule-of-thumb methods, which, itis true,
have, up to now, given excellent results in experienced hands. In order to
form a basis for that work we give here the general rules on the subject prepared
by G. Bartsch* :—

1. The syrup should be clear, and 5° C. hotter than the boiling temperature
prevailing in the vacuum pan.

2. The thinner the syrup the larger will the crystals become, and vice
versa.

3 The bolder and the more regular the crystals required, the weaker the
thread and the lower the final concentration. When making fine-grained
sugar the massecuite should be strongly concentrated before every fresh portion
of syrup is drawn in.

4. When making large crystals, the syrup should be drawn in in large
portions at a time, and when making fine grain the portions should be small
but frequent. In no case, however, should the supply of syrup be so large as
to re-dissolve existing crystals.

5. The more regular and the larger the crystals desired, the slower and the
quieter has boiling to proceed, while a brisk boiling is favourable to the forma—
tion of small crystals.

6. Inthe case of large crystals, the final concentration may be a high one,
since large grain facilitates the spinning-off of the molasses in the centrifugal;
great care ought, however, to be bestowed on boiling-off, as coarse-gram masse—
cuites are liable to form false grain between the crystals.

* “Zeitschr. Ribenzuckerind.," 1921, 285.
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7. When graining, the calandria or the heated coil ought to be kept some
inches under the level of the syrup ; and, according to the size of the crystals
required, the amount of syrup present in the pan at the moment of formation
of the grain should range from 25 to 40 per cent. of the total quantity of syrup
required for the boiling.

8. When graining, the coefficient of supersaturation, as shown by the
appearance of the thread, should be such that after no more than one additional
supply of syrup the necessary number of grains is present. Thisis a cardinal
point for obtaining a regular crystal in the product. If in order to secure the
required number of grains, syrup has to be drawn in more than once, the sugar
will become of irregular appearance.

9. The boiling mass should be kept thin at the outset. If it becomes too
thick, there is danger of false grain being formed. When the boiling is half
completed, it should be still so thin that it runs easily out of the hollow of the
proof-stick.

10. The lighter the colour of the sugar intended, the lower the boiling
temperature should be kept.

11. False grain should be re-dissolved as soon as the stage of the boiling
permits. In the second haf of the boiling process no re-solution in water
should be attempted for fear of entrainment. When re-dissolving the false
grain by raising the temperature, the transition from a high to a low vacuum
should be a dow and cautious one, after which a fresh supply of syrup should
at once be drawn into the pan.

Discharging the Pan—As soon as the massecuite is ready for discharging,
the steam is shut df, the air-pump and injector stopped, and air admitted
to the pan by opening a cock in the top of same. The discharge door can then
be opened and the massecuite falls from the pan into suitable receivers.

Cutting—Whenthe grain is very small and a larger, grain is wanted, only
half the contents of the pan are discharged, and after being again closed fresh
syrup is added and boiled, so asto permit the crystals to grow larger, a process
which bears the name of " cutting.”

Steaming—When the pan is empty, a certain amount of massecuite always
remains attached to the coils and to the walls of the pan, which, if allowed
to stay, would become charred by overheating and produce dark-coloured
lumps in the sugar of the next strike. Formerly, those crusts were removed
by steaming out the pan, when they became loose and fell through the discharge
opening. The steamings were kept separate, so that those from several opera-
tions might be cured together, or they were dissolved in the cane juice. But
later, the discharge opening of the vacuum pan was frequently connected direct
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with the crystallizers, rendering the separate collection of the steamings
impossible.  This difficulty sometimes induced pan-boilers to abandon steaming
out their pans, with a deleterious effect on the appearance of the sugar. The
best remedy is to draw clarified juice into the pan as soon as thisis empty and
ready to receive a fresh charge of syrup. This juice enters the pan through a
pipeof 1 or 2inchesdiameter, carrying a perforated nozzle at the top of the pan.
Thejuicefalsin agentle shower against the coils and walls of the pan, detaching
the crusts of sugar and dissolving them completely, while a fresh supply of
syrup is being concentrated in the pan.

Composition of a Massecuite and its Molasses—One of a series of analyses
of massecuite and of the molasses occurring therein, between the crystals, is
given below. In this example, a pure syrup was concentrated, grained, and
boiled, and from time to time samples were taken from the pan and divided
into two portions. One of these was analysed, and the other cured in ahand-
centrifugal to separate the molasses, which was aso analysed. The following
results indicate the composition of the massecuite, and of the contained molasses
at several stages of the boiling process.
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Solubility before and after Graining—The concentrated syrup therefore
contained 19-57 per cent, of water and 70-21 per cent, of sucrose at the graining
point, or 358:8 parts of sucrose per 100 parts of water. At the temperature of
51° C. sucrose dissolves in water in proportion of 72-44:27-56. When this
syrup had completely crystallized, showing the normal solubility of sucrose
in the water present, the said water would, have been able to dissolve
1957 X 7244 = 51.44 per cent. of sucrose at 51° C., and 7021 — 5144 =

2756
1877 per cent. would crystallize out. In reality the figure for the solubility
of sucrose is much less than the theoretical solubility, as is seen from the
analysis of the mother-liquor, which was obtained later at a temperature of
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28° C In this liquor, 29 parts of water contained 584 parts of sucrose, or
2014 parts of sucrose per 100 parts of water. At that temperature, 100 parts
of pure water can hold 215-3 parts of sucrose in solution. After complete
cooling, only 39-41 per cent. sucrose is retained in solution, and 30-80 per cent.
has crystallized out.

The syrup used in this experiment being of constant composition, the
analyses of the contents of the pan do not show much variation at different
periods. The molasses separated hot from the last sample contained 55-8
parts of sucrose on 2103 parts of water, or 265-3 parts of sucrose per 100 parts
of water at 62° C. The solubility of sucrosein pure water at that temperature
is as 2542 : 74.58, or as 100 : 293-4. Again the solubility of sucroseislessin
the impure water of the molasses than in pure water. The cooled molasses
was rendered turbid by minute sugar crystals, which separated during cooling,
and which were so small that they could not be separated by filtration
through asbestos or glasswool, but passed into the filtrate. Consequently,
the analyses of the filtered molasses gave amost the same results as the molasses
before filtration. In this impure liquid the influence of temperature on the
solubility of sucrose was the same as in pure water. On 100 parts of water
2934 — 2153 = 781 parts of sucrose must have crystalized out, or

781 X 2103 = 16-43 on 100 parts of molasses. The extremely small size
100

of the crystals prevented their direct estimation, so that it is impossible to say

whether this figure was actually obtained, but the quantity did not appear to

exceed a few units per cent. Hence, in these solutionsthe ratio of sucrose to

water is not only influenced by the normal solubility of pure sucrose in pure

water, but also by other circumstances of a much more complicated nature.

I.—MASSECUITE YIELDING WHITE SUGAR.
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Amount of Sucrose crystallizing in the Pan.—It is a fact that the quantity
of sugar crystallizing from a massecuite increases as the water content dimin-
ishes, although thisincreaseis not proportional to the increasein concentration.
The more a massecuite is concentrated, the greater the quantity of sugar that
crystallizes, but in practical working certain circumstances prevent the con-
centration proceeding beyond a certain limit, viz., about 6 to 8 per cent. of
water, causing the composition of a first massecuite, boiled from average juice,
to be —

Sucrose 81-10
Reducing sugars 6-93
Ash 112
Water. 8-66
Undetermined 219

100 00

A massecuite from impure juice may give the following figures :—

Sucrose 7410
Reducing sugars 11.07
Ash 154
Water. 9-02
Undetermined 427

100:00

But, though it may appear absurd, the quantity of crystallized sugar does
not vary very much in the two cases, provided that the amount of water is
approximately the same, as sugar is much more soluble in the liquid portion
contained in a pure massecuite than in that of an impure one.

We may assume that in a pure massecuite, after being completely cooled, one
part of water holds two parts of sucrose in solution, so that in the massecuite
containing 8-66 parts of water, 17-32 parts of sucrose are in a state of solution,
and 81-10 — 17-32 = 63.78 as crystals.

Limits of the Concentration—If we could concentrate this massecuite
further, every part of water which is evaporated should cause two parts of
sucrose to crystallize, so that in a massecuite containing 3 per cent. of water,
only 6 per cent. of sugar would remain dissolved and the balance be present in
the crystallized form. It is, however, impossible to reach such high concentra
tions unless some radical changes are made in the modus operandi, because the
last portions of sucrose to crystallize would not be deposited on the crystals
already formed, but between them, as" falsegrain," owing to the total cessation
of circulation in so siff a mass. We have already remarked that perfect
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circulation is an essentia condition of crystalline growth. Moreover, in the
absence of circulation, those portions of the massecuite which are in actual
contact with the steam coils, or other heating surfaces, would become over-
heated and caramelized, and heat would cease to be transmitted to the more
distant portions of the massecuite. Finally, it is not possible to get such a stiff
massecuite out of the pan, and for these several reasons one is compelled to
leave so much water in the massecuites that 12 to 18 per cent. of the sugar
remains dissolved and is removed in the molasses during curing. But, as an
appreciable portion of that sugar could be recovered as first sugar (owing to
the fact that it passes over into the molasses as syrup), many devices have
been suggested for increasing the fluidity of massecuites and the circulation
in the pan, so as to induce a part of the dissolved sugar to deposit on the crystals
already formed, and thereby be recovered in the first sugars.

Itis, of course, quite asimpossible to recover al this dissolved sugar, asit is
to clarify juices so thoroughly that a pure sugar solution results. The juices
will dways contain certain impuritieswhich have to be separated from the sugar
crystals, and this separation is brought about by converting the sucrose into
a solid (crystal) whilst the impurities remain in solution.

A part of these non-sugars has combined with sucrose to form syrupy
combinations, while a second, not unimportant, part remains dissolved in that
thick material adhering to the crystals.  On increasing concentration, we very
soon reach the point of 81° Brix*, mentioned by Van Ginneken, beyond which
the sucrose crystallizing out has a strong inclination to form minute grains
instead of depositing on aready existing crystals. This inclination would be
strengthened by any defective mobility of the sugar crystalsin the thick mass,
such as hampers circulation and keeps of the sucrose molecules ready to
crystallize out from the planes of those already present, thereby forcing them
to form false grain. Practically, therefore, there is a limit to concentration,
so that simple evaporation of the water from the syrup is not sufficient to
cause al the available sucrose to crystallize out in one operation.

Increase of Mobility by Addition of Molasses—It is, however, possible to
restore the mobility of the growing crystals so necessary for their development
in every sense, by adding molasses, obtained on curing a previous massecuite,
to the already well-concentrated syrup massecuitein the pan. This molasses,
saturated with sucrose as it is, does not dissolve sugar from the crystals, but
dilutes the sticky mother-liquor adhering to them, and alows them to separate
and so reassume their mobility. By this means they are enabled to attract
the crystallizing sugar molecules to their surfaces during the subsequent
evaporation and to grow regularly until at the end of the evaporation the
vacuum pan is full of a mass of sucrose crystals svimming in abath of a thick
mixture, or acombination of sucrose, glucose, fructose, caramel, salts of organic
and inorganic acids, which on further concentration do not give up any more
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crystalized sucrose. As, in the case of impure solutions, the presence of a
large amount of crystal surface is necessary to prevent formation of fase
grain, the proper crystallization is the more certain the smaller the crystals
are, and therefore it is necessary for the highest recovery of sugar crystals from
impure solutions that the grain be small and fine.

But even then crystallization from such impure solutions as are considered
here is much too sow to be completed during the short time of bailing in the
vacuum pan.

After the massecuite has been struck, crystallization goes on, even at high
temperature, owing to the transformation of sucrose proceeding from the amor-
phousinto the crystallized state, and later on, though to amuch smaller degree,
by the lesser solubility at lower temperatures. Owing to the great bulk of the
liquid portion of the massecuite (sometimes amounting to 60 per cent. of its
weight) which is necessary to ensure proper circulation, this after-crystallization
yields an important amount of sugar, so that it is worth while to induce that
sucrose to adhere to the pre-existent crystals and not to form minute crystals
of its own account, which are liable to go to waste in the final molasses.

Practical Disadvantages of Complete Crystallization—But in order to attain
thisend, avery copious addition of molassesto the syrup massecuiteis necessary,
and the capacity of the vacuum pan is diminished in proportion to the amount
of thisuncrystallizable material. Moreover, as much time and storage capacity
are required to alow the last portions of dissolved sucrose to crystallize out
from the hot mother-liquor, this method of effecting complete crystallization
of first massecuites has had to be abandoned and other methods substituted for
it.

Various Methods of adding M olasses—In thefirst attempts, the concentrated
syrup massecuite was mixed with about half its volume of hot molasses of about
80° Brix, and the mixture boiled for a quarter of an hour, and subsequently
cooled in motion.  As the molasses obtained on curing was of the same com-
position and purity as the molasses which had been added, this last had not
lost any sugar, and only served for dilution. The advantages ascribed to this
system were that a diluted massecuite can be discharged from the pan much
more rapidly than a iff one, and that steaming out is obviated by the absence
of hard crusts on the coils, and adhering to the walls of the pan. A better
yield of sugar is obtained on curing, and of better quality than from undiluted
massecuite. But, as the purity of the molasses added to the massecuite was
the same as that yielded by it (viz., from 55° to 60°), the increased yield was
not as great as the inventors claimed.

Concentration of the Mixed Massecuite—A great improvement was effected
by concentrating the diluted massecuite to 93-94° Brix, which yielded molasses
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of 50° purity. Some of the dissolved sucrose in the added molasses then
crystallized out, thereby increasing the yield of the total massecuite. This
improved yield necessitated a decreased yield of second sugar, but as first sugar
fetched a higher price, the advantage was perceptible. In any case, there still
remained a second product, because the volume of diluting molasses and the
required storage capacity would become too great if the dilution were pushed
so far that the finished massecuite yielded first sugar and exhausted molasses.
For if the quotient of purity of the finished massecuite had to be reduced as
low as 60° by diluting massecuite of 86° purity with molasses of 45° purity,
only one-third of the pan capacity would be available for boiling syrup (un-
diluted).

Complete Crysallization In Two Stages—In order to avoid these inconveni-
ences, and yet obtain only first sugar and exhausted molasses, crystallization
is now effected in two stages.  The syrup massecuite is diluted in the pan with
molasses of 45° purity, so that the purity of the mixture amounts to 75°, after
which it is concentrated to 93° Brix. It is cured hot (before being completely
crystallized) and the great bulk of the sugar is thus recovered as first product
without loss of time or resorting to coolers. The molasses obtained on curing
has aso a purity of 45°, so that the added molasses only serves for dilution
without being deprived of any sugar. In addition to the molasses added
to the massecuite, recovered unchanged in composition and purity, we aso
obtain molasses of similar composition originating from the syrup in the masse-
cuite, so that after the separation of the sugar, the total amount of molasses
of 45° purity is increased. This is re-boiled and crystallized, so as to yield
exhausted molasses of 30° purity once or twice aday, depending on the quantity
of molasses and the capacity of the vacuum pans.  To this end, asmall quapitity
of syrup is boiled to massecuite, and mixed with as much molasses of 45° purity
as will reduce the purity of the mixture to 60°. The mixture is concentrated
to 95° Brix, or even higher, dischargedinto coolers, and cooled slowly in motion
down to 45° C. After two or three days' cooling in motion, this massecuite is
cured and then yields sugar of similar quality and appearance as the first pro-
duct, and exhausted molasses of 30° quotient, which passes out of the manu-
facture. When the work iswell conducted, as much exhausted molasses of 30°
purity is removed every day as daily enters into the factory in the juice in the
form of impurities or non-saccharine matter, and the quantity of molasses of
45° purity which circulates in the factory is just sufficient for the necessary
dilutions and admixtures.

Decomposition of Molasses by Repeated Concentrations—Consequently, in
this process, a part of the molasses never leaves the factory, but is repeatedly
returned to the pans, and being partially decomposed by repeated heating and
concentration, it becomes acid and gummy, and contains so many impurities
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that it is no longer possible to reduce the purity of the exhausted molasses to
the desired point, as at the commencement of the operations. Moreover,
the cured sugar develops an unpleasant smell owing to the adhering sour
molasses, and might deteriorate during storage or transport. When such
molasses was boiled separately, and the process started anew with fresh molasses,
the purity of the exhausted molasses at once dropped to the desired figure of
30°, and thisinduced manufacturers to avoid keeping molasses in circulation for
too long a time.

Avoiding Decomposition of Molasses—This is accomplished in the following
manner : a massecuite boiled from syrup is cooled and cured, yielding 30 per
cent. of its weight of molasses dof, say, 70° purity. This molasses is added to
asecond syrup massecuite, the mixture concentrated, cooled, and cured, yielding
molasses of about 60° purity. This is again mixed with a syrup massecuite
until the resulting molasses reaches the purity of exhausted molasses (about
30°). Now al the molasses in circulation is added to syrup massecuite, so
that the mixture has a purity of 60°. The molasses obtained on curing this is
exhausted, and can be removed and the process started anew with fresh syrup.
In this way, al the available sugar may be obtained as first product after
4 or 5 days work, leaving an exhausted molasses, the quantity of molasses
remaining in circulation being small, so that overheating, sourness, and accumu-
lation of decomposition products are avoided.

"Absolute Recovery” Proeess—These operations have been further
modified and led to the so-called "absolute recovery" process, now to be
described in detail.  In order to reduce the purity of the first molasses, that of
the syrup may be reduced to 80° by mixing it with first molasses of, say, 60°
purity. The resulting massecuites of 80° purity will yield molasses of about
60° purity. When the syrup is not higher than 80°, this mixing with molasses
is omitted, but in the case of adding the concentrated molasses to the syrup
care must be taken not to concentrate the latter to the same degree as when
no molasses is mixed with it, for the concentrated molasses would raise the
density of the mixture so high that too small a grain would result. The
massecuite, having a purity of 80°, is cured hot, and yields first sugar and
molasses of the same purity as that used for mixing with syrup, viz., 58-60°.
Sufficient of this molasses is drawn into a second massecuite (of mixed syrup
and first molasses of 80° purity) that the purity of the mixture becomes 70° ;
this is also concentrated and cured without cooling, and yields first sugar
and a second molasses of 48-60° purity. Finally this is added to a third
massecuite of 80°, until the mixture has apurity of 60°. Thisis highly con-
centrated, cooled gradually, and, on curing, yields sugar and exhausted molasses.
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General Rules for the Series of Boilings—These systems have undergone
every kind of variation and change, according to the purity of the syrup, to
the assortment of sugar to be made, to the capacity of the existing plant, etc.
On pages 265, 266 and 267, we give a series of schemes in use in the different
countries of production from which it will be seen that the general features
common to all of them are:—

1. All massecuites are boiled to grain either with seed from syrup or from
molasses sugar.

2. The first strikes are derived from syrup, either in combination with a
seeding by molasses sugar or not, while no more molasses is added than is
needed to dilute the siff mass and alow it to run speedily out of the vacuum
pan.

3. The second strikes are derived from a seed of syrup and the molasses
from the first strike.

4. The third strikes, yielding exhausted molasses, are derived from seed
of syrup and the molasses from the second strike.

5. The first and second strikes are centrifugalled hot without awaiting
the after-crystallization.

6. The fina strikes, yielding the exhausted molasses, have an apparent
purity of about 60°. They are boiled slowly to avery high concentration, and
cooled in motion over along period (even a week or more) in order to get as
much as possible the full effect of the after-crystallization.

Particulars of the Process—The following general rules should be observed
in executing the work :—

Before returning the molasses to the pan, it is heated with steam to a
higher temperature than that of the already formed massecuite in the pan,
because, otherwise, it would not mix properly with the massecuite, and by
suddenly cooling it, a part of the dissolved sucrose would be precipitated as a
"false grain." The molasses is steamed before being drawn into the pan,
and the froth removed by means of wooden ladles. Steaming renders the
molasses more dilute and easier to handle, it dissolves the fine grain usually
present in it, and thereby eliminates the possible formation of a secondary
crystallization, which causes much trouble in the centrifugas by choking the
linings.

In some factories the molasses is diluted with water, but in most cases the
steaming causes sufficient dilution. The steaming pipe must be perforated
on its under surface, otherwise it may get choked by subsiding impurities when
the steaming is' temporarily stopped. As the heavy impurities remain in the
molasses, such steaming and skimming operations are not very effective,
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and it would be far better if the molasses could be completely clarified and thus
be rid of all suspended impurities. As cane molassesis much too gummy for
subsidation or filtration, the author suggests experiments with a high-speed
centrifugal separator (2,000 revolutions per minute), by means of which the
insoluble impurities might be deposited against the interior of the drum and
the clear molasses passed out.

Calculation of Massecuite from Syrup and from Molasses—The quantity of
syrup massecuite which should be in the pan before molasses is drawn in,
that is to say, the ratio between the massecuite boiled from syrup and from
molasses, will depend on the purities of these two constituents and on the use
made of the resulting molasses.

Pasma* gives the following relations between the purity of mixed masse
cuites and the molasses obtained on curing without previous cooling:—

Masseeuite of 90 purity yields a molasses of 75 quotient.
88 B B

w71,
8 N N » 65,
8 ., » B » 62,
80 » » » 60,
n ., » " 250,
65 » N .45,

When it is necessary to add a molasses of 50° purity to a subsequent masse-
euite, the masseeuite yielding such molasses must have a purity of 70°, and so
on. But, if it is customary to use molasses of a fixed purity for al kinds of
masseeuite, the purity of the juice or syrup will decide the quantity of syrup
masseeuite which must be present in the pan when the molasses is added.

For example, supposing that molasses of 50° purity is usually added to the
second masseeuite, the mixed masseeuite should then have a purity of 70°, and
we get this by mixing x parts of syrup masseeuite of purity a with 100 — x
parts of molasses masseeuite of 50° purity. We see that the value for x depends
onthat for a (purity of the syrup) and that the percentage of syrup masseevite
that must be present in the pan before the molasses is drawn in, to fom a
mixed masseeuite of 70° quotient, may be calculated from the formula—

aX x+50 (100 — x) = 100 X 70
a X x—50x = 7000 — 5000

X=2000
a—50.
This percentage becomes 2000 = 57-2, for a purity of the syrup = 85;
p ag e purity syrup
and__2000 = 66-7, for one of 80.
80—50

* " Archief voor de Java Suikerindnstrie” 1904, 624.
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This means that with syrup of 85° purity, 57-2 per cent. of the mixed con-
tents of the pan must consist of syrup, and the balance of hot molasses. With
syrup of 80° purity, this percentage becomes 66-7, and so forth.

Where the same pans are always used, it is advisable to calculate once for
all the height to which each must be filled with syrup massecuite for different
purities of syrup and of mixed massecuite, and to mark the outside of the pan,
so that the pan-boiler may fill the pan with syrup massecuite to a certain mark
in every instance before drawing in molasses.

Massecuites yielding " Green" Molasses are cured hot— When molasses
have to be re-boiled in the course of manufacture, the massecuites yielding such
molasses need not be completely crystallized, and are therefore usually cured hot
to save time and storage space.  The purity of the molasses so obtained without
previous cooling is known by experience, and serves as a basis for calculating
the proportions between the two components.

Massecuites yidding Exhausted Molassss are cooled.—This, however, is
not the case with massecuites yielding exhausted molasses, where every effort
should be made to induce as much sucrose to crystallize as possible, and in
the most favourable form to be recovered, because any sugar which fails to
crystallize or which crystallizes as minute crystals which cannot be separated
in the centrifugals, disappears in the exhausted molasses and is lost. The
boiling, cooling, and curing of the molasses massecuites, therefore, require
much attention and skill, also suitable plant, since any losses which occur
cannot be rectified.

Shape of the Pan for boiling Molasses—The vacuum pan used for boiling
final massecuites should not be deep, the proof-stick should be fixed as low as
possible, the sight-glasses extended to the bottom, and a good circulation
maintained. These conditions are necessary to prevent the concentrated
massecuite settling to the bottom, instead of mixing with the molasses, and thus
frustrating the object aimed at.  Pans provided with steam chambers, so-called
calandria pans, are not suitable for boiling these massecuites, owing to the
difficulty of gauging the quantity of syrup massecuite in the pan before
introducing the molasses.

Method of boiling Final Massecuites—When boiling a molasses massecuite,
we first calculate the proportion of syrup massecuite and molasses to be added
toyield amixture of 60° purity. Usually the proportion of syrup massecuiteis
from one-quarter to one-third of the total volume. Such a massecuite must be
kept free from false grain, and care must be taken to form sufficient grain as will
ensure a proper proportion of fully developed crystalsin thefinished massecuite.
Thecrystalsincreasein size during boiling, but their number should not increase.
Itis therefore advisable to grain high up, so that after two or three additions
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of syrup and concentration, sufficient massecuiteisin hand, and theintroduction
of molasses commences. The molasses is drawn in slowly and regularly, in
not too large quantities at a time. The mixed massecuite is boiled at a
rather high temperature, viz., 66° C. (150-8° F.), at a vacuum of 70 cm. (275
inches), and concentrated to about 96° Brix. Just before discharging, the
massecuite is warmed to 70° C. (158° F.) in order to facilitate its discharge
from the pan, by slackening the speed of the air-pump and diminishing the
injection. The steam supply being then turned off, and the air-pump and
injector stopped, air is admitted to the pan and the hot massecuite discharged
into coolers by opening the bottom door of the pan.

Compastion of Massecuites and their Molasses—A number of analyses of
massecuites and the contained molasses at various stages of the boiling process
are recorded here.  They illustrate the composition of the contents of the pan
and the gradual exhaustion of the mother-liquor during boiling.

|.—MASSECUITES MIXED WITH MOLASSES YIELDING "GREEN" MOLASSES.
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The massecuites were discharged hot, and this explains why in some cases
the purity of the mother-liquor of the finished massecuites is higher than at a
previous stage of the boiling. We again notice a constant lowering of the purity
of the mother-liquor as crystallization proceeds. The advantages of cooling are
shown by the purity of the molasses obtained after cooling, being about ten
points lower than that of the mother-liquor present in the hot massecuites.

Crystallization of Sucrose daring Cooling—This decrease in purity isrealy
due to crystallization of sucrose and not to sourness or inversion during cooling,
as is proved by the relation between the figures for reducing sugar and ash
in the last mother-liquor and in the exhausted molasses. If the molasses
contained more reducing sugar for the same amount of ash than the final
mother-liquor, this would prove that the former had increased at the expense
of the sucrose content and quotient of purity. In the examples cited above,
these ratios are as under :—

l. 1. 1. V.
Final mother-liquor . 301 25 228 234
Exhausted molasses .. 295 249 246 243

andwearejustified in concluding that asthe ratios are not perceptibly disturbed
no appreciable inversion or decomposition has taken place during the cooling
process, and that the decreasein quotient of purity isnot due to decomposition
or inversion but to crystallization of sugar.

The four analyses mentioned above are examples of practical working, and
show us how the mother-liquors become gradually exhausted with the formation
of completely exhausted molasses.

The hot mother-liquors deposited sugar in the sample bottles, but the
crystals were too fine to be determined quantitatively.
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We notice here a constant lowering of the quotient of purity of the mother-
liquor in proportion as the evaporation of water proceeds, such evaporation
being favoured by the better circulation after each addition of molasses.

The molasses separated from the above massecuites are mixed with syrup
massecuites in other pans to form the following mixtures :—

I.—MASSECUITES YIELDING EXHAUSTED MOLASSES.

[
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Ratio of Sucroseto Water in Final Molasses—The ratio of sucrose to water
in the mother-liquors and final molasses cannot serve as a measure of the
solubility of sucrose in the water present in those liquids, since they chiefly
consist of hydrated combinations of sugars and salts, in which the amount of
sucrose depends on the amount of reducing sugars simultaneously present, and
the amount of water on the degree of concentration of the finished massecuite.
It is obvious that if concentration had been carried further, a fev more per
cents. of water would have been driven df from the saline combination, and
although no sugar crystallizes out or becomes dissolved, the ratio of sucrose
to water would be completely changed.

The above examples from practice show that the concentrations, etc.,
referred to attain the desired result, since an appreciably lower apparent
purity of the molasses than 23° will hardly be possible.

Calculation ol Massecuite from Sucrose—Pasma* calculated the total
quantity of massecuite obtained on working up the syrup by various methods,
for different purities of syrup, viz., 90, 88, 85, and 82°, and on abasis of 100
parts of dry substance in syrup and in massecuites, so that the water present
in the different products may be ignored. He classifies the methods of working
ac fallows —

Oﬁ,gimlmethoddaddingthgmﬂaminmwﬁm (pn.geﬂ%}
% With massesuites of ﬁli“qunnent wielding green molasses and
.2

L3 . £l = T " .
By, - w0, .. gem ,, and
I " 80 .. fmal no

B. Themmmodu‘hmeﬂmdufbmhngmthammumqmutyoi
ngilasees i circulation (page 221),
Wlthmmmsoiw‘and‘?ﬂ'quomt ywl(hnggmenmolasmud o
£#0° final

[ .&m peery..” P wi*hont drculating ol  {page 221).
W‘rthmamaiso‘ 887 and 0", at a purity of 00°
T gn 88", B0° ,, W7 » 88+ .
P 8, WO oo 8T
A " RS - T | 82" -
' al.lyieldmgg:rm mulammd.
- Ome ite yiciding fmal and possessing a pusity of 65°.

All calculations are based on theflguresfor dry substance as determined by
the degrees Brix, and on purity as calculated from the degrees Brix and polariza-
tion. The purity of the raw sugar is taken as a fixed value 97-5° (apparent).
In the following formufazewe make use of these abbreviations.—

* " Archief voor de Java Suikerindustrie” 1904, 616.
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m.c. = dry substance in mixed massecuite.

s = dry substance in syrup.

ret. m. = dry substance in returned molasses.

cent. m. = dry substance in centrifugalled molasses.
R = dry substance in sugar.

Further, we will suppose that, without cooling, a massecuite of
90 purity yields a centrifugalled molasses of 75 purity.

one o 8 N » B n,
85 " " " " " 65
82 N N N N N 62
70 " " " " " 50
66 " " " N N 45

Fundamental Formulae—The following formulae may be used for calculat-
ing the proportion of dry substance from syrup occurring in amixed massecuite
of agiven purity, which is formed by the mixing of that syrup and a molasses
of agiven purity.

X X quot. s + (100 — x) x quot. ret. m. = 100 X quot. m.c

The quantity of returned molasses is therefore 100 — x or 100 — s. The
amount of sugar which may be obtained from a given massecuite can be
calculated as follows :—

X or R =_quot. m.c. — quot, cent. mol. X 100
97-5 — quot. cent. mol.

and the amount of molasses obtained on curing becomes 100 — R.

Calculation.—The calculation isfor apurity of 90° in the syrup for the various
methods described above.

A. a 100 m.c. of 65yield .. .. 619 molassesof 45.
For 100 N 65 is requned . .. 556 .. 45
100 m.c. of 65 thus yield a surplus of 63 .. 45

100 m.c. of 60=require 66:7 molasses of 45% which are furnished by
66-7 X 100 1059 m.c. of 65°.
63
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1059 m.c. of 65 are derived from 470-2 m.c.
00 , 60 " ,_ 333 ,
1159 5035
In this case 100 parts of syrup massecuiteyield atotal of 1159 X 100 = 230-2
503.5
parts of mixed massecuite.
A. b. 100 m.c. of 70yield

58 mol. of 50.
For 100 , 70 arerequired 5 , 50
100 , 70 thusyield asurplus of. 8 , 50

100 m.c. of 60° require 75 molasses of 50°, which are derived from
75 X8 100 =938 m.c. of 70°.

938 m.c. of 70 are derived from 469 m.c.
100 , 60 ” N 25

1038 494
In this case 100 parts of syrup massecuite yield atotal of 1038 X 100
494

= 210-1 parts of mixed massecuite.
B. 100 m.c. of 80 yield . ... 487

mol. of 60.
For 100 , 80 arerequired .. .. . . 333 , 60.
100 80 thusyield asurplusof .. .. . 134 , 60.

We saw from A (6) that
100 m.c. of 70 yield

.. 58 molassesof 50 and
for100 , 70 onerequires . . 67 N 60
100 , 60 . . . . 75 N 50.
100 , 60require . . . 75 N 50 and
100 , 70yield . . . 58 B 50;

sothat in order to supply sufficient molasses for 100 m.c. of 60°, therearerequired
75 X 100 = 129 m.c. of 70°. For 100 m.c. of 70°are required 67 X 100 = 500

58 134
m.c. of 80°, or for 129 m.c. of 70° 129 X 500 = 645 m.c. of 80.
100

100 m.c. of 60 are derived from 25 m.c.
3 , 70 B 43
645 , 80 432

875 mixed m.c. is derived from 500 n:ixed m.c.

so that 100 parts of original m.c. from syrup have yielded 875 X 100 = 175
500

mixed mx.
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C. 100 m.c. of 90vyield . .. 33-3molasses of 75.
100 80' " . . 46-7 . 60.

00 , 70 " . .. 580 . 50.

For 100 , 70 there are required .. 667 ” 75.
, 100 , 70 " " . .. 670 N 60.

. 100 , 60 " " . . 750 N 50.

For 100 m.c. of 60° the molassesis furnished by 129 m.c. of 70°,for which the
molasses is furnished by 129 X 67 = 186 m.c. of 80°. The molasses for this
462

portion is again furnished by 186 X 66.7 = 372 m.c. of 90°.

100 m.c. of 60 are derived from 25 origina m.c.

2 , 7 ” . 43
8 , 8 N ., 62
32, 90 . 372

787 mixed m.c. aredérived from Sﬁorigi nal m.c ; or 100 parts of

502 original m.c. have yielded 787 X 100 = 157 parts of mixed massecuite.

Thefiguresfor the purities of syrup of 88°, 85° and 82° may be calculatedin
the same way.

In order to make the calculation complete, the author calculated how much
total massecuite would have come from 100 original m.c. if no molasses were
returned, but had been boiled to string-proof as second products. In our
instance of 90° and 88° purity we reckon 1 m.c. of first sugar for second, 1 for
third, and 1 for last sugar; at apurity of 85° and 82°, only first, second, and last
sugars are made, while at a purity of the syrup of 75°, only first and last sugars
are made.

100 m.c. of 90 yield . . .. 33:3 molasses of 75.
100 75 " . . . 60 N 60.
00 , 60 , . . . 71 . 45.
100 N 45 . . . 100 last m.c.
The total amount is, therefore,
100 first m.c . . . . . . = 100
100 X 33-3 second m.c . . . . = 333
100
33-3 X 60 thirdm.c . . . . . = 200
100
20 X 71 last m.c. . . . . . = 142
100
1675

total amount of m.c. for 100 original m.c. from syrup.
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In the following table the amounts of total dry massecuite are recorded,
calculated on 100 parts of dry substance in syrup for the various quotients of
purities- and for the various methods of boiling.

fuoTent oF THE ORweivat Symor.
= Krrwon. T |
ELi 38 ] B i #e* 75
‘Without retumn- ! !
ing Molagses, .| 2675|100 178} | 108 168-5] 981800 (108 | 253.0| 91
Afay .. L.} 2560158 | 2210|132 | 2080 [124] 195-0 (118 | id6-¢ | 87
Al .. 0| BEO0 126 | 2083 (121 | 1950 |118 | 1800 | 108 1640 | 92
B .. L1760 | 105 | 1700 (102| — (-] — [—) — [ —
c . .. 169-5 1100 1600 | 95| 1850 03] 158-0 [ 96 161-¢| 00
. L

With syrups of high purities, the differencesin the total quantity of masse-
cuite for the different methods are considerable, but they decrease with the
quotient of purity and become imperceptible at purities of about 70°. We see
from the table that with usually high purities of cane juice, the methods B
and C yield much less massecuite than either of the methods A, but this advan-
tage diminishes when impurer juices have to be worked up.

The required pan capacity does not bear any direct relation to the quantity
of massecuite expected, because the duration of the boiling process is not
identical for each method. It is evident that it takes more time to concentrate
a massecuite consisting only of syrup than one consisting largely of concen-
trated molasses.

Syrup massecuites take longer to boil than those to which molasses are
added, but actual figures cannot be given because account must also be taken
of the time required for filling and emptying the pan. A pan which can be
filled and emptied quickly may be charged once more in the same period than
another in which those operations require considerable time, so that as every
pan has its peculiarities the time required to boil any particular massecuite
cannot be definitely stated. A single example may suffice however.

Supposing that a syrup massecuite requires 8 hours, then one consisting of
half syrup and half molasses will require 7% hours, a molasses massecuite, 6,
etc., or on the average 7 hours (filling and discharging being included). If,
as is the case in many places, the molasses massecuites are being boiled much
dower and, eg., occupy the pan for 12 hours, the average duration becomes
more, but we shall stick here to the example cited.

Calculation of the Pan Capacity—To calculate the pan capacity required

for a factory crushing 1000 tons of cane daily, we proceed as follows :—
1,000 tons of cane yield 800 tons of normal juice containing 18 per cent,
dry substance, or 144 tons of dry massecuite,. or 158.2 tons of moist massecuite
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containing 90 per cent, of dry substance. Assuming the purity of the syrup

to be 85, and treating this as in scheme C, we have 155 parts of mixed

massecuite for every 100 parts of syrup massecuite, and for 158.2 tons of the
1588 « 155

letter, Wﬁ—mii&m'ﬁlassecuite. The  spedfic gravity

being 1-513, these 245-2 tons occupy a space of 5724 cubic feet, and as the
massecuites generally remain in the pans for 7 hours, the pan capacity for

1,000 tons of cane per 24 hours will be BE;%T_ = 1670 cubic feet.

Boiling String-proof.—Although at present most syrups and molasses are
grained, yet sometimes molasses are boiled smooth or " string-proof " ; in other
words, they are so concentrated as to become supersaturated solutions at the
temperature prevailing in the vacuum pan. The hot massecuite is then dis-
charged into tanks or crystallizers, wherein the sugar is alowed to crystallize
whilst the massecuite cools. The boiling is conducted as follows—A vacuum
having been created in the pan, molasses is drawn in until the coils are quite
covered. Steam is then admitted, and concentration commenced, molasses
being drawn in from time to time, so as to keep the coils constantly covered.
Now and again a proof-stick sample is taken from the pan and drawn out
between thumb and finger, forming a thread which breaks at a certain length.
If the thread breaks too soon, the concentration has not been carried far
enough; if it does not break at all, it has gone too far. The author is of
opinion that the refractometer will prove a valuable guide as to the exact
degree of concentration of the massecuite. At present the skill and experience
of the pan-boiler alone determines this, partly by the " breaking length " of
the thread, and partly by the appearance of the sample. Generally speaking,
first molasses may be more highly concentrated than second or third, while
the temperature at which molasses are boiled is rather high.

Whereas, in boiling syrup massecuites, the object is to induce sugar to
crystallize in the pan, and to boil at arelatively low temperature, the object
now in view isto concentrate the massecuite as much as possible without forming
crystalsin the pan, in order to obtain subsequently the maximum crystallization
in the cooling tanks. The higher the temperature of such a molasses masse-
cuite, the more sugar can it hold in a supersaturated state, and deposit as
crystals on cooling. In order to avoid decomposing the reducing sugar, it is
advisable not to exceed 70° C. during the boiling. When the massecuite is
sufficiently concentrated, the steam and molasses supply are shut of, the
air-pump stopped, and air admitted to the pan. The contents of the pan are
then run into tanks or waggons placed under the discharge door.

In the chapter on massecuites boiled " smooth " further particulars will be
given concerning the density and other properties of low-grade massecuites.
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Concrete Sugar —What is known as " concrete sugar " is sometimes made in
several countries for direct consumption by concentrating syrup, until after
cooling, it becomes a hard crystalline mass. The find point for the con-
centration of the clarified juice is found by taking up a portion of the boiling
sugar from the pan and cooling it by blowing upon it when, if sufficiently
concentrated, the sample hardens and becomes brittle. The concentrated
mass is taken out of the pan, stirred with a pestlettill it crystallizes, and then
run immediately into moulds where it hardens and forms hard blocks. In
other cases the hot concentrated syrup is led into drying trays, where it is
spread evenly with a spade, and is pushed backwards and forwards over the
tray until it thickens, which happens in about three minutes. ~ After a quarter
of an hour the crystals will have formed and have absorbed the molasses, and
on being turned over and raked, the whole becomes changed into a soft, yellow
crystalline powder free from lumps.

This method of making sugar has become obsolete, since the production of
centrifugal sugar has made so much headway. Y et one does not want to omit
all reference to the procedure of its manufacture from these pages, and here
we mention briefly the different apparatuses that have been in use.

Fryer's Concretor—In the year 1868 Fryer constructed an apparatus,
which he caled a " concretor." It consisted of a series of shadlow trays, set
at a dight angle and fitted with transverse partitions, forming baffle-plates,
by means of which the juice was caused to flow across each tray six times
and to traverse a total heating surface of 400 square feet. After leaving
the series of trays with a density of 55°-60° Brix the syrup was further con-
centrated in a rotating drum, fitted internally with curved blades over which
the liquor flowed, exposing a large surface to the heated air drawn through
it by means of a fan or blower. ~ After about twenty minutes the concentrated
liquor was run out of the drum, when at a temperature of about 200° F.
(93-5° C), and of such a consistency that it set to a solid mass on cooling.

Other devices to the same end have been aftriple effect, the action of which
could be reversed by introducing the clarified juice into the third vessel and
drawing off the concentrated syrup from the first, or hottest one, where crystal-
lization did not take place. Or a series of jacketed pans, standing over a
furnace, which pans were filled with paraffin cil having a high boiling point,
which transmitted the heat of the fire to the concentrated syrup in such a
manner that the latter boiled regularly without danger of being overheated
or charred.

Finally, it is also possible to evaporate the syrup very rapidly in a Kestner
single-effect evaporator, where syrup of 50° Brix can be concentrated to 2 per
cent, of water in a fev minutes by steam at 135° C. (275° F.) and afterwards
cooled to about 100° C. (212° F.)

But, as we have said above, these processes now have lost almost all of
their importance.

'k "ASMMAMKSI A& SMMWIMS N F MV
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Solidified Molasses—In many Java factories it is customary to concentrate
the fina molasses to a hard mass, called solidified molasses, which preparation
can be shipped in bamboo baskets without any trouble.

For the manufacture of this product the find molasses is steamed, by which
it becomes diluted; insoluble impurities rise to the surface, forming a thick
layer of froth, which is skimmed dff, a clear molasses of about 70° Brix resulting.
This is concentrated in a vacuum pan as far as possible till al of the water is
driven out and a thick liquid of melted molasses remains in the vacuum pan.

Concentration should be driven so far that a sample from the proof-stick
cooled in water is so hard that it cannot be impressed by touching it between
thumb and finger, and so brittle that it breaks when dropped on a concrete
floor. In order to prevent decomposition and overheating as much as possible,
the temperature in the vacuum pan should be low and regular, and the
vacuum should be high.  Accordingly, as the molasses froths violently during
concentration, it is advisable to fill the pan no further than three-quarters of
its capacity in order to leave sufficient room for frothing. Boailing over not
only means direct loss, but also a great deal of trouble, as the tough mass
may choke the vapour pipes and the save-all. The time of boiling should not
exceed three hours, and after the proper point of concentration has been
attained the mass should be cooled rapidly. To this end the steam supply is
stopped, but the vacuum is maintained by the air-pump. This latter has a
twofold signification: firstly to drive off the last traces of moisture, and secondly
to remove the gaseous decomposition products escaping from the hot impure
mass. Notwithstanding every precaution, the sticky mass resting on the hot
coils undergoes some decomposition and gives rise to the formation of gases,
which have to be sucked df constantly.

A thorough cooling may be attained by pumping a current of cold water
through the coils, by which operation it is feasible to reduce the temperature
rapidly to 60 ° C. or thereabouts. The air-pump is stopped, air is admitted into
the pan, the discharge valve is opened and the thick mass oozes out dowly
from the pan into baskets placed underneath. The current of this massis
so slow that one may hold it back with one's hands for a moment while the
baskets are shifted, though the hands should be well moistened to prevent
the hot molasses from adhering to the skin and scalding it. The bamboo
baskets are lined with mats and with a paper covering.

It is advisable to fill half of a basket first and to stir the contents with a
stick till the mass solidifies; after the first layer has become hard, the basket
may befilled up and closed with a bamboo cover.

Usually the weight of the basket is 140-160 pounds nett.

Lossof Sucroseduring Boiling.-L osses of sugar may occur during the boiling
process, and may be brought about either by decomposition or by boiling
over, both of which causes are more common in the case of molasses masse-
cuites than with syrup massecuites.
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It is true that in the case of syrup massecuites the boiling temperature is,
as arule, very low, but local overheating sometimes occurs, so that sucrose
is decomposed. The author has several times detected notable percentages of
caramelized substances in scale from the coils, indicating decomposition of
sugar by overheating.

Scale on Coils—A few analyses of such scale calculated to 100 parts of dry
"substance here follow :—

Scala Irom Coils in
1at praduct 2nd product
VREUUM PANA, VROUTM: DENE.

Loss on ignition . . .. 227

Siea .. . . . Lo 3812 .. BTG
Fhesphoric acid . . R . 185
Sulphuric acid .. . . . 820 L 474
Carbonic acid .. . - . 084 .. =
Trom oxide .. - o LoWEe L B
Alusmina - .- .. W 2100 L 328
Lime .. .. . ..o 8T L. 488

Boiling Over —The mechanical losses during the boiling of syrup masse-
cuites are unimportant, the risk of boiling over being small because, when the
pan isfull, the contents are no longer fluid.

Bartsch* gives the following rules for the prevention of boiling over of syrup
massecuites : Boiling over may be occasioned by rapid changes in temperature
and vacuum and by atoo rapidrate of boiling. The syrup should be introduced
into the pan slowly and preferably in a constant current. Its temperature
should be only 5° C. higher than the one prevailing in the pan. The pan
should not be filled above thelevel indicated by the design, and a space of two
or three feet should remain empty. Every leak should be carefully avoided,
and the air inlet should not dip into the massecuite.

In molasses massecuites, however, mechanical losses may be heavier since
decomposition products sometimes accumulate to such a degree that spontan-
eous decomposition may.be brought about by local overheating. Thetempera-
ture then suddenly rises, with the evolution of gases, so that the whole mass
begins to foam violently and passes upwards through the " save all" and
air-pump into the condensed water gutter, leaving only a small quantity of
massecuite in the pan.

Although the author is unable to give figures, he is convinced that the
mysterious losses of sucrose sometimes experienced when boiling molasses
massecuites are solely due to spontaneous decomposition of primary decom-
position products of sugar. This decomposition is brought about by local
overheating, and when once started cannot be stopped. As remarked above,
the effects are inversion and loss by decomposition, owing to the sudden rise
in temperature. This phenomenon will be further discussed on page 262,
under the heading Froth Fermentation.

* " Zeitscfer. Rabenzuckerind,” 1921, 285
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CHAPTER IV
CURING AND FINISHING
|.-Curing of Massecuites Boiled to Grain

Principle—The operations now to be described have for their object the
mechanical separation of the massecuite into crystallized sugar and molasses,
the so-caled "curing " process. It is evident that the most advantageous
way to effect this separation is that in which the maximum of crystallized sugar
is obtained at once as first product, because if portions of it become again
mixed with the molasses; they can only be recovered after much trouble and
expense (and not even then entirely), in the less valuable after-products.
It has been proved that curing is most easily effected, and with a minimum
ol loss, when the sugar crystals are well developed, and the mother-liquor
limpid and free from so-called " fse " grain.

All the preceding operations have co-operated to this end. The mills have
extracted as much juice as possible from the raw material, clarification has
removed matters liable to make the juice turbid, besides which a greater or
less amount of the colloids has been precipitated, and the use of a moderate
amount of lime has minimized the formation of viscous dark-coloured lime
salts. Filtration, if applied, has rid the juice of all suspended particles.
Concentration in vacuo has prevented overheating and decomposition of
sugar ; and, finaly, care has been taken during the boiling process to form
large regular crystals, free from fase grain.  Notwithstanding all this, cardess
working after the massecuite leaves the pan may nullify all the advantages
thus gained.

Crystallization on Cooling—When discharged from the pan, the hot masse-
cuite contains more sugar in solution than it can hold after it has been cooled
down. In massecuites containing much mother-liquor, asin the case of syrup
massecuites which have been diluted with molasses, the quantity of dissolved
sugar is much greater than in undiluted massecuites. Not only is the amount
of liquid larger, but owing to the dow crystallization of sucrose from impure
liquids al the sugar capable of crystallizing has not yet assumed that state
in the pan.

Crystallization at Rest.—We have already seen that the sugar crystals
are in constant movement in the pan and come into contact with al parts
of theliquid from which the sugar iscrystallizing out, the crystalsgrowing in size
by sugar being deposited on them instead of forming new crystals. When
such motion ceases owing to the massecuite being discharged into crystalizing
tanks, or in cases where the massecuite is very diff and no circulation exists,
the sugar afterwards crystallizing out will assume the form of fdse grain.
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With pure massecuites, containing but little false grain, the influence is not
perceptible, but from impure massecuites (especidly when boiled at a high
temperature), a great deal of sugar will crystalize out afterwards and, even
if the boiling is carefully conducted, will cause the cooled massecuite to contain
so much false grain that trouble and loss will arise on curing it.

Thisis especialy the case with massecuites boiled very close and afterwards
diluted with alarge quantity of hot molasses ; if these be cooled down without
certain precautions, a mass would result that could not be separated into
crystals and molasses. Pure massecuites can safely be cooled down in the
crystallizers and then give a maximum yield on curing, but very impure ones
should either be cured hot (in which case the sugar crystallizing afterwards
cannot interfere with the curing) or they should be cooled in motion, which
operation is indispensable for massecuites mixed with molasses.

When first molasses is to be mixed with a subsequent massecuite, the
dissolved sugar will find opportunity to crystallize in the pan, and it is therefore
superfluous to waste time and cooling space.  Those massecuites may be cured
hot, but as there is some danger of forming false grain when the whole of a
massecuite cannot be cured of at once, and becomes cooled, it is advisable to
provide the massecuite tank with a stirring apparatus, or to discharge the
massecuites into a large tank in which an Archimedean screw revolves, and
keeps them in motion.

Crygallization-in-Motion.—When, however, it is desired to obtain exhausted
molasses from the cured massecuites, it is necessary to cool and stir previous
to curing, so as to get al the dissolved sugar to crystallize in such a form that
it may be easily recovered, that isto say, to induce it to deposit on the crystals
dready present. To this end, it is necessary to maintain a gentle movement
and circulation throughout the whole mass, which, at the same time, is allowed
to cool gradually. This so-caled crystallization-in-motion does not increase
the quantity of sugar crystallizing out (as has been repeatedly asserted), but
impartsto the newly crystallizing sugar the same form as that which crystallized
in the pan, and therefore yields a mixture of homogeneous sugar crystals and
alimpid molasses which can be separated rapidly and without loss.

Apparatusfor Crystallization-in-M otion.—Theapparatusfor crystallization-
in-motion may be divided into two classes, viz., open and closed. Both consist
of cylindrical vessels, sometimes provided with a " jacket " into which hot or
cold water can be introduced, and fitted with a shaft with dashers arranged
in spira form, which, by revolving, keep the contents in regular and gentle
motion.

The open vessels are uncovered, and the massecuite runsinto them through
an open trough. On the other hand, the closed vessels have an air-tight
connection with the discharge outlet of the pan and with a mixer placed above
the centrifugals, and are worked under a vacuum. An air-compressor enables
them to be discharged by means of compressed air. When the highly con-



CURING OF MASSECUITES BOILED TO GRAIN 239

centrated massecuite, diluted with the necessary amount of hot molasses
isto be transferred from the pan to the crystallizer,steam is turned off from the
pan,the air-cock opened,also the discharge valve, and the air pumped out from the
crystallizer  The diluted massecuite is drawn into the latter with great
rapidity when the pan is again ready for use. The crystalizer being now
closed the massecuite is dowly cooled in constant motion, after which com-
pressed air is admitted and the discharge door opened, causing the coldmasse-
cuite to pass into the mixer of the centrifugds. In the open systems, the
massecuite runs through an open gutter into the vessel, is stirred and  after-
wards discharged into a suction-tank, from which it is conveyed to the centri-
fugals by means of a chain-pump or an elevator. Before the massecuite is
run into the crystallizer, the apparatus should be heated in order to prevent
he hot massecuite from depositing fase grain on coming in contact with
the cold plates. The shaft should already be in motion for, if started when
the vessel is full, there is risk of breakage. During the stirring and cooling
the massecuite becomes harder, and frequently more hot molasses has to be
added in order to prevent the dashers breaking. After some time, water is
introduced into the jacket (in such apparatus as are furnished with one) and it
is necessary to allow the air to escape from the jacket through a vent-cock as
otherwise the coolingis very irregular. In order to promote rapid cooling, the
inner walls of the jackets must be occasionaly cleaned to remove sediment
deposited from the cooling water.

Progress of Crystallization during Cooling-in-Motion—The following tables
show the gradual decrease in sucrose content in the mother-liquor during the
cooling process. A little massecuite was taken from the crystallizer from
time to time, the molasses separated by filtration, and anaysed in the usual
way.

|. Composition of the Massecuite when discharged from the pan:—
Brix, 93-96; Pol., 68-4; Purity, 72-8°.
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I1. Composition of the Massecuite, Br. 91-32, Pol. 68-4, Purity 74-9°.

Compogition of Mother-Liquar at | Tampera- ) ~ Pey cent.
diilnt:nt Stages of the %m fure in °C.| Brix.’ Pel. Purity. Cirnyauk
MLE.

Before cooling .. .. ..| 68 g786.. 480 | 490 | 4638
After 2 hours' cocling .. ..| 87§ 878 | 414 4740 | 4TH8
. 4 . R BT | 4140 | 4687 | 48542

w B " o] B 2766 | 402 45-0 4877

w 8 » .. B2-E B7-62 | B99 45-5 4621
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n 20 i aoaaf BB 89 Eril] 42-8 6122
- " o] B2 8776 , B7O | 4217 | S146%
Lo A " e wa| Bl 8776 | 368 4141 G201
Separated melasees o] = 83-56 | B6-4 4888 | S0-81

I11. Composition of the Massecuite, Br. 97-70, Pol. 61-80, Purity 63-2°.

Cam?m of Mother-Ligoor at Tmpwa—[ | Par cant.
t Stages of the Work. In °C) Bl Pal. Prgity, | Cryntala

| in me.

Before cooling .. .. .. .. 0 841 3580 | 380 405
After 8 hours” cooling .. ..| 680 987 3383 | 381 42-2
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V. Composition of the Massecuite, Br. 97-70, Pol. 61-30, Purity 62-7°.
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1t will be seen that crystallization progresses continuously during cooling
the increase per cent, massecuite being respectively 2-16, 5-63, 4-6, and 6-7,
on 52, 53-5, 59-5 and 59-8 per cent, of mother-liquor originally present, corres'
ponding to an increase in crystals of 4-1, 10-5, 7-7, and 11-1 per cent on
molasses. As these figures are calculated from the degrees Brix and polariza-
tion, they do not strictly represent the dry substance and sucrose. As the
true figures are given in the tables on pages 226 and 227, together with the
apparent values, and as the decrease in purity during cooling is the same as
in the above instances, we make use of those figures in the table given here.

L " 0. ™.
Gonktitnts, [
:
i g igig SRR
Dry mubstance . . «| B2 A20 | 82T | BB-E | 85-3 | 80-0 | 84-0| 83-2
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Appamank purity . . 64 298 | 3T | 275 ] 54| AT-B | K| TS
- Socroes on 100 wate - 220 | 177 | Séb [ 356 ] e | 261 | 342 | M
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Effect of adding Diluted Molasses—About 9 per cent, sucrose on 100 parts
of molasses has, therefore, crystallized out during cooling, which greatly
reduces the amount of sugar dissolved in 100 parts of water. According
to thefiguresfor dry substance, massecuites Nos. I., Il., and IV. have not
been diluted with water or molasses during cooling, but No. I11. has undoubtedly
received an addition of diluted molasses, as seen from its originally high con-
centration. The ratio of sucrose on 100 of water is consequently affected,
and does not represent the effect of after-crystallization. Attention may be
drawn to the fact that, notwithstanding such dilution, the decrease in purity
is not less than in the other cases, so that dilution has not caused sucrose to
be dissolved, and has not even hindered its crystallization.

Experiments have been made on the crystallization-in-motion of molasses
massecuite boiled to grain.  First molasses was diluted, steamed and skimmed
off, boiled to grain, and discharged into crystallizers and cooled in motion.
As the fine grain did not subside rapidly/it was not necessary to agitate con-
stantly. It was quite sufficient to rotate the stirrer axle of the cooler thrice
in 24 hours for an hour.  After two or three days the cooled second massecuite
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could be cured. The following examples refer to molasses treated in the
indicated manner. When cured, the sugar was purged with water, for which
reason the purity of the molasses is in most cases higher than that of the
mother-liquor in the massecuite.

*  Molasses of 66-7° purity was grained, highly concentrated, and coded in
motion during 2 X 24 hours. The anaysis of the massecuite gave Brix 96;
polarization 64-0; reducing sugar 11-1; purity 66-7°. The compostion
of the mother-liquor during the different phases of cooling was as fdlovs—

Sam| tadm: T Brix. |Paolari: l i Puri Suarmes
Fle ke, tare in "} Ttion, | Swgat. u t?:e:u'
‘When dlscharged .. . 7B 832 | 400 18-2 | 428 | 49
After 12 homes cooling .| 655 919 | 854 182 987 | 485
. 8, " . 8 014 | $28 | 202 | 359 | 48]
Molosses ohteined oo oaring  — 85-8 | 388 | 18-4 | 302 | 484
|

This massecuite was very diff and had to be diluted with water, and yet the
molasses adhered so firmly to the sugar that a good deal of water was required
in purging, causing the purity of the resulting molasses to rise excessvely.

A second molasses was boiled in the same way, but less concentrated;
it was, however, stirred for a longer time and cooled to a lower temperature.

Analysis of the massecuite: Brix 92-6, Pol. 59-2, Reducing sugar 12-25,
Purity 63-9°.

‘ r Sagroes
Snaple tulres. Tmt;pr:v Bdx. anéﬁ.lsnr R;d.;;::mlg Purity, amlb
On striking o 72 919 46-0 16-12 | 4928 | 256
After 2howrs .| & 247 86-8 18-81 | 412! 382
w 4B Lol BE 885 340 1022 | 382 30
w 12, o 88 s 2083 | 8142 | §BH
. ML .| BB 883 1
Beparated molasses — 874 | M0 1984 | 38-90 384
|

-2 . 2127 | 8533, 388

This table shows that the crystallization during cooling fdlows the same
course as was noticed in the case of first massecuites.



CURING OF MASSECUITES BOILED TO GRAIN 243

Rate of Temperature Fall during Cooling—The temperature fals regularly
during the cooling process, but of course more rapidly at first. In crystalizers
provided with jackets, the contents cool more rapidly than in those which
cool by contact with the air, but as the cooling must proceed dowly in order
to obtain a regular crystallization, and be continued down to the desired
temperature, nothing is gained by accelerating or retarding the rate of
cooling.

Sax* mentions that in open crystallizers, without jackets, the temperature
of the contents decreased 14-15° C. in the first 12 hours in some factories, and
10-12° C. in others, while in a jacketed crystallizer the decrease amounted
to 2° C. per hour. It is evident that when the difference in the temperature
between the massecuite and the atmosphere or cooling water is greatest, as at
the outset, the decrease in temperature per unit of time is aso greatest.

Mixing Massecuites with Diluted Molasses—In many cases the massecuite
is so concentrated (to 100° Brix, or 94 per cent, dry substance) that the stirring
apparatus fails to keep the mass in motion, and dilution becomes necessary,
as aso for the subsequent curing operation.  Having previously noted that a
very high concentration of the massecuite is indispensable for a maximum
yield of crystals and a well exhausted mother liquor, it seems strange that
such a mass can be diluted with impunity, yet a massecuite concentrated to
100° Brix can safely be diluted to 96° Brix without dissolving the crystallized
sugar.

First of all, the molasses surrounding the crystals is very probably more
or less supersaturated and unable to dissolve sucrose even after a relatively
large dilution by water. When water is added, the molasses will start by
reaching its stable coefficient of saturation and therefore is not m a condition
to dissolve any of the crystallized sucrose.  And even if this point should be
surpassed, the rate of solution in such a highly concentrated and sod* an
impure medium is so small that during the short time in which the crystals
are in contact with the molasses, the danger of a pronounced re-dissolution is
not great. Such additions of water cannot be made by merely pouring water
upon the concentrated massecuite, because these would not mix and the water
would then dissolve some of the whole massecuite instead of only diluting
the concentrated mother-liquor throughout the whole bulk of massecuite.

Therefore the water is added to the massecuite either through a perforated
pipe in the bottom of the crystallizer, or hot diluted molasses of 80°
poured on top of the massecuite. The hot molasses readily mixes with the
highly concentrated molasses surrounding the crystals,so that the mixture

becomes more fluid and in proper condition for the susequent curing in the
centrifugals. Archief voor de Java Soikerindustrie 1899,296-
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In Example I11., on page 241, where molasses was diluted to 86 Brix, the
purity of the molasses obtained on curing did not rise above 27.3, while, in
another instance when a massecuite was concentrated to 99.5° Brix and diluted
with hot molassesin the crystallizers, the resulting molasses gave 86.1 ° Brix and
26.8 apparent purity. A comparison of theratios of ash to reducing sugar in the
massecuite and the molasses showed that the low quotient of purity was really
due to crystallization and not to decomposition or inversion.

Although it is not possible to state limits which will apply in every case,
we may say that a highly concentrated mixed massecuite may be diluted
down to 96° Brix; the limit of dilution alowed will not then be attained,
still less exceeded.

Van der Linden* does not trust to the chance that no re-solution of already
crystallized sugar will take place during the stay of the mixture of concentrated
massecuite and diluted find molasses in the coolers.  He recommends delaying
the mixing of massecuite with molasses diluted to 85° Brix to the very moment
of curing, and practising this addition in a gutter just previous to centri-
fugalling.

He advises one to boil to a high concentration, viz., 95-98.5° Brix, to
cool rapidly in motion with the aid of both cooling by vacuum and by water
circulation to the temperature of the atmosphere, and to cure after two or three
days' cooling. Just before curing, the massecuite is mixed with sufficient
molasses diluted to 85° Brix to facilitate the spinning df of the mother-liquor.

In a series of experiments in which six massecuites were treated in this
way, the average (apparent) quotient of purity of the molasses spun off was
31-3°, with @ minimum of 29-9 and a maximum of 33-2, while the average
purity.of another series of six similar massecuites treated in the old way by
mixing in the coolers, amounted to 35° or 4° more. The cooling by vacuum
had raised the concentration and therefore achieved the work begun in the
vacuum pan.

Searby mentions a number of modus operandi in use in sugar factories
in the Hawaiian Islands, from which we quote here afew of the most character-
istic, and observe that in those islands the cooling time is continued much
further than in the instances from Java:

1. Base of the No. 1 molasses and syrup, if necessary grained, and finished
up with molasses to 96° Brix, stirred 7 daysin crystalizers, and alittle water
added to prevent supersaturation.

2. No. 1 molasses, 52° purity, boiled to grain and built up to 97°-97-5°
Brix, stirred 8 days in crystallizers, and water added after 4 days to bring
down Brix to 94°.

* Archief voor de Java Suikerindustrie 1922, 111, 142; 1923, IV 208.
" Int. Sugar Journal” 1923, 309.
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3. All No. 1 molasses boiled to grain, dropped at 99° Brix, stirred during
12 days in crystallizers, and water added after fifth day, the Brix faling to
95-5°.

4. No. 1 molasses, 54-62° apparent purity, boiled to proof ; powdered
sugar added, alowed to stand, cut and built up ; cooled 3 to 5 daysin crystal-
lizers, and 4 to 6 days in large cooling tanks, dilution by steam or by heated
molasses to 91° Brix. Na,COg added till low grade is alkaline to litmus.

5. No. 1 molasses, 50-53° apparent purity, grained and built up to
97-99° Brix, stirred during 7-10 days in crystallizers; addition of heated
waste molasses to 92° Brix.

Curing in Centrifugls—The separation of crystals from the molasses is
effected in centrifugal drums with perforated walls, which are made to revolve
at a high speed. The massecuite is poured into the open top of the drum,
which is then set in motion, whereby the massecuite is forced against the
perforated walls of the drums which retain the crystals, but alow the molasses
to percolate through.  Around the revolving drum is an iron casing, in which
the molasses is caught and from which it escapes to a gutter.

Pug-mill —Massecuite cooled in any apparatus for crystallization-in-motion
is ready for curing, but a massecuite cooled at rest must first be broken up
into loose crystals in apug-mill, whereit is mixed with molasses and reduced to
a homogeneous mass, thus obviating the risk of charging the centrifugals
irregularly.

The mixture of molasses-sugar and syrup or purge-syrup used as seed for
the starting of fresh massecuite is aso prepared in similar pug-mills.

Shape of Crysa an Important Factor.—The way in which a massecuite is
boiled and cooled has considerable influence on the yield from the centrifugals.
When the crystals are regular and well formed, and the molasses limpid and
not turbid from minute crystals, the separation is effected very easily and
without loss.  But if the crystals are irregular in size, or if the massecuite
contains false grain, a considerable part of the crystallized sugar passes away
with the molasses and is lost as first product. The minute crystals form an
emulsion with the molasses, which firmly adheresto the large crystals and can
only be removed by a copious application of water. Apart from the minute
crystals which escape with the molasses through the holes of the centrifugal
gauze, the surfaces of the larger crystals are dissolved in the water and increase
theloss. Finally, the molasses obtained isthereby diluted and canre-dissolve
sugar from fresh quantities of massecuite with which it is mixed in the pug-
mill or mixer.

But even if the massecuite on being struck from the vacuum pan is quite
sound and exempt from falsegrain, it may show a great deal of minute crystals
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in case during cooling a secondary crystallization takes place which spoils
the good effect of an irreproachably conducted boiling. For this reason the
cooling down of the massecuites previous to their being centrifugalled is of
great importance and it is advisable to cool every one of them in motion.

With pure massecuites the difference between cooling at rest and in motion
is small, as more sugar crystallizes in the pan and less on cooling, and the
latter has a tendency to form larger crystals than is the case with impure
syrups. As modern methodsinvolve theintroduction of molasses or syrupsinto
the pan in one way or another, after-crystallization of first massecuites is
becoming customary. Even if first massecuites are cured direct, it is still
advisable to keep them in motion before curing, because if this latter operation
be postponed owing to some accident, and the massecuites be allowed to cool
at rest, an opportunity for the formation of false grain is given with all the
inconvenience attached thereto.

A good example of the influence of cooHng-in-motion on the form of the
crystals, and hence upon the yield obtained on curing, is afforded by the follow-
ing analyses of four massecuites, boiled in the same way from rather impure
syrups, but of which three were cooled at rest, and one in motion.

Masscorre Mot < *gg ig :
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It will be seen that the quantity of crystallized sugar did not differ much in
all four cases, neither did the chemical analyses of the massecuites nor of the
molasses; but there were marked differences in the quantity of sugar obtained
on curing. While all the crystallized sugar in the massecuite cooled in motion
could be obtained on curing, in the other cases, where the after-crystallization
had taken place at rest, so much false grain had been formed that no less than
from 13 to 20 per cent, of the crystallized sugar re-dissolved. This table
therefore shows the great influence of the shape of the crystals on the yield
obtained, and how important it is to pay close attention to the boiling of first
sugar, where, for want of care, more loss can be suffered than at any other
stage of the manufacture. Apart from improving the shape of the crystals,
crystallization-in-motion has the further advantage of being acleanly operation
and free from mechanical losses.
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Difficulties met with in Curing.-The curing of first massecuites, boiled
without addition of molasses and derived from pure juice, does not present
any difficulties, but it sometimes happens that the molasses present in the
massecuite is so gummy that it does not permeate the crystaline layer but
remains inside, and cannot be removed by washing. The only improvement
is to stop the centrifugal after it has run for a certain time, mix the sugar with
thelayer of molasses, and then centrifugal again ; but astheloosened mass does
not distribute itself evenly against the walls of the drum, this device is not
very satisfactory.

Sometimes massecuites are so iff that the curing takes too long, and one
bad strike of massecuite retards thewhole curing plant for hours, and occasions
a stoppage in the factory routine. In such a case, it should be ascertained
that the centrifugals are running the prescribed number of revolutions, eg.,
1200 per minute, as (owing to the slipping of the belts) a reduction of a couple
of hundred revolutions per minute may remain unnoticed, but is sufficient to
retard the curing.

It is aso desirable to steam the centrifugal liners once every day and thus
keep the meshes clear of sugar crystals which are apt to choke them.

Regulation of the Curing Work.—Assuming that the centrifugal plant isin
good order, one centrifugal is charged with the massecuite which hasto be cured.
If this sample cures without any difficulty, the whole of the massecuite is
transferred to the mixer of the centrifugas, and cured. But, if the trial
sample cures badly, the massecuite is mixed with hot molasses and another
trial made, If this shows no improvement, the massecuite may be added in
small portions to larger quantities of easily cured massecuite and the resulting
mixture cured with as little delay as possible. But if the quantity be too
large to mix with other massecuites, it is better to store it in a tank for a fort-
night, as the most obstinate massecuite is more easily cured after such a period
of rest.

Crystals in the Molasses Gutter.—Sometimes sugar crystals are found in the
molasses gutter which are much too large to have passed through the mesh of
the centrifugal liners, and which indicate that the liners have been tore or
otherwise damaged. Of course, it is impossible to obtain exhausted molasses
with such a defect, however much care and trouble be bestowed on the bailing
and cooling. It is well to point out this source of loss here, and to advise
the daily inspection of the centrifugal liners, so as to ensure replacing the
damaged ones before too much crystallized sugar has passed through them.

Purging.—It is not feasible to separate &l the molasses from the sugar
crystals in the centrifugals and, consequently, the crystals remain covered
with a thin film of molasses after that operation. When making refinmg
crystals from pure syrup massecuites, this film consists of neutral molasses
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of 60-70° purity, and, being harmless, it will not give rise to sourness or deterio-
ration. But when making white or raw sugar from massecuites to which
molasses has been added, the adhering film of molasses is of low purity and
may cause sourness, so that it is necessary to remove this by pouring water
on the sugar while the centrifugal isin motion. The water dilutes the molasses
which then escapes through the perforated walls of the drum.  This separation
is called purging, covering, or washing, and must be performed very cautiously
in order to avoid dissolving too much sugar at the same time. Usualy, the
water is sprayed upon the sugar whilst the centrifugal is in full motion, after
alowing sufficient time for the molasses to pass out of the drum, leaving the
sugar fairly dry. Owing to the rapid motion, every portion of the sugar
receivesits share of the water, which, after passing through the crystals, escapes
through the liner. Various appliances have been devised to spread the water
in afine spray over the sugar in the drum, and so to moisten a large surface
with asmall quantity of water ; or anearly saturated solution of less valuable
sugar is used for covering, which, while it removes the molasses, cannot
dissolve any crystallized sugar. Finally, steam is used for covering, or a jet
of steam which carries air along with it; the steam becomes condensed on the
crystals, forming water, which dissolves the thin layer of molasses and is
separated with this.

However carefully this work be done, it is impossible to prevent some sugar
being dissolved during purging; evenwhen purging with sugar syrup much pure
sugar will pass over into the molasses. When curing raw sugar, the molasses
from which is to be returned to the pan, this dissolving of sugar is of minor
importance, because it returnsto the pan in aproduct of the same composition
as that from which it came.  But when curing a massecuite yielding exhausted
molasses, any dissolving of the sugar in the purging water is to be avoided,
since this would raise the sucrose content and purity of this waste product,
and result in a palpable loss of sugar. Similarly, when making white sugar,
the mixing of so-called "green" molasses with the purging syrup isirrational,
because much water or steam is required to remove the last trace of colour
from the crystals, and consequently so much sugar is dissolved that a large
amount of covering syrup is obtained, having a higher purity than the original
syrup, and which, when mixed with the molasses, reduces the yield of first
sugar considerably.

Separation of Green Molases and Covering Syrup.—When curing first
massecuites for white sugar and mixed massecuites yielding exhausted molasses,
it is necessary to keep the molasses quite separate from the purging water,
and to collect them in separate receptacles. This has the further advantage
that one may use a free amount of purging water, because the sugar dissolved
therein returns to the pan in the form of a product of the same purity as that
from which the sugar was derived, instead of passing into an inferior product
(molasses).
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The simplest way of performing this separation is to provide two gutters
behind the centrifugals, one for the molasses proper, the other for the purer
washings. A movable outlet from the centrifugal discharges the molasses into
that gutter where it belongs by simply inclining it to one side or the other
This, however, is not quite sufficient, as the viscid molasses has not entirely
left the outer drum when purging has started, so that a partial mixing of the
two in the outer drum cannot be avoided. Moreover, the outlet is not shifted
automatically, and thereis consequently risk of this operation being sometimes
omitted. Another method is an arrangement in the outer casing of the centri-
fugal, which necessitates the centrifuga being able to rotate in opposite direc-
tions by means of an alteration in the driving gear.

A third device is a centrifugal having two casings, one inside the other;
each of which is provided with a discharge outlet. One casing is fixed, asin
the ordinary type, while theinner casing may be shifted up or down by means
of alever. Whilst the true molasses is being separated, the movable casing
is raised, so that the molasses is caught in the fixed one, and passes tlirough
its discharge pipe into the molasses receiver. As soon as purging commences
the movable casing is lowered, and catches the purging syrup, which escapes
through the other discharge pipe into a separate receiver.

All these appliances are very ingenious and work well when properly
handled, but there is arisk that the workmen will sometimes omit to shift the
levers when purging begins or ends. So long as there is a chance of doing
something wrong, nothing will prevent careless workmen from doing so
occasionally. When experiments or trials have been made with such apparatus
they always worked admirably, but in practical working it will occasionally
happen that the rich purgings will get into the receptacle intended for molasses
or vice versa. The first eventuality is the more serious, because if the rich
purgings are once mixed with the exhausted molasses they are lost, and the
loss of sucrose in the waste molasses is unnecessarily increased.

Curing In Two Sets of Centrifugals—To be on the safe side, the curing may
be carried out in two sets of centrifugals. In the first, the poor molasses is
separated, and the raw sugar then mixed with purging syrup in a pug-mill,
and again cured in the second set of centrifugals. The fluid obtained from this
second curing operation is partially used for mixing with the raw sugar, white
the remainder is returned to thejuice. Usually,-the purity of such washingsis
superior to that of the syrup from which the first massecuites are boiled, and
there is therefore no objection to their being returned to the clarified juice.
It is not advisable to return them to the syrup, because, being of higher density,
they might trouble the pan-boner who prefers to work with syrup of uniform
density, especialy when boiling massecuite for white sugar. But when the
purging syrup isreturned to the clarified juice, it passes through the evaporating
plant, and a uniform syrup is supplied to the vacuum pans without danger of
loss of sugar.
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Instead of employing two sets of centrifugals, it has been proposed to
separate the true molasses in a very large centrifugal of special construction
and open at bottom. The massecuite enters it from the mixer when the
centrifugal is running at full speed, the sugar clinging to the walls of the basket,
while the molasses passes through. By slackening the speed of the machine
so as to reduce the centrifugal force, the sugar is caused to slip down until it
fals through the open base of the basket into a second pug-mill, where it is
mixed with purging syrup and then finaly cured in the ordinary centrifugals.

Molasses Sugar—We have noted that white sugars are cured twice, and
that raw sugars, from massecuites which yield rich molasses, may be
purged in the- centrifugals without trouble. It now remains to state what
is done with the sugar cured from second or third massecuites which yield
exhausted molasses. It is evident that purging would, in this case, cause
irreparable loss of sugar, so that curing separates the massecuites into ex-
hausted molasses, and a moist sugar containing a considerable quantity of the
same exhausted molasses.  In an earlier chapter, we explained that in order
to obtain awell-exhausted molasses, the crystalsin these last massecuites ought
to be small, so as to present a sufficient surface whereon fresh sugar may deposit
when assuming the crystallized state. If complete exhaustion of the molasses
is aimed at, we have now to deal with a very fine-grained sugar, coated with
exhausted molasses, and the problem is how to dispose of it to the best profit.

When there is a demand for such sugar, the problem is solved by selling it,
but in many cases such low-grade sugar is not wanted, and the manufacturers
have to work it up in some way or other.

Mixing with First Massecuites in the Coolers—In cases where a fine-grained
first sugar isnot objected to, themost rational and economic planisto transform
this low-grade sugar into first sugar, by boiling the first massecuites to fine
grain and mixing this with the low-grade sugar in the crystallizers. The first
massecuites contain crystals and a mother-liquor of about 50° purity and,
when mixed with low-grade sugar (consisting of crystals and exhausted
molasses) the crystallized sugar from both sources is recovered as a uniform
grain, and a mixed molasses separates, the purity of which will be higher than
30 ° but below 50 °. This mixing has the same effect asif the low-.grade sugar were
mixed with rich syrupin armingler before being cured asecond time, and this
operation is therefore equivalent to curing in two sets of centrifugals. After
being well mixed, the mixture of massecuite and sugar is cured, the sugar is
purged with water, syrup, or steam, and the resulting washings allowed to mix
with the molasses, because these will be reboiled to form a second massecuite®
Inthisway, the low-grade sugar is got rid of without undergoing any loss of the
adhering exhausted molasses, the latter being replaced by a much purer
molasses, which, if necessary, may be removed by purging water, because the;
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portion of sugar dissolving during that operation is recovered in the form of a
product of the same purity as the original massecuite.

It is evident that the purity of the rich mother-liquor, surrounding the
Crystals of the first massecuite, will he reduced hy being mixed with the ex-
hausted molasses introduced in the form of low-grade sugar, and this reduction
in purity depends on the purity and quantity of low-grade sugar added.

Starting from a pure juice, the quantity of low-grade sugar will be much
less than in the case of an impure juice, and, consequently, the decrease in
purity will be much larger in the second case than in the first.

Let us assume an example in which a first massecuite of 80° purity yields
molasses for a second mixed massecuite of 70° purity, the molasses from which
is re-boiled to a molasses massecuite of 60° purity. We can then caculate
how far the purity of the mother-liquors deteriorates by the return of the low-
grade sugars to the first massecuites.

We will assume that in one case a low-grade sugar of 90° polarization is
returned, and in another case one of 85° polarization, and that they are re-
turned into a massecuite of 80° purity or into one of 70° purity, giving one
example of each.

Sugar having 99° Brix and 90° polarization (yielded by a massecuite con-
taining mother iquor of 80° prrity) shows o purity of T 1” —91°and

¢l — B0 % .
———— % — = 86 per cent. crystallized suerese wnd 14 per ot
680 * o0

N N . — B 965
molasses, lemdmhmmmbesdﬁl)’p\mtyywﬁ:H ' %
. #7314

=¢T‘2partxolmoistlow—g_miesmr.wwdlmhm —w 66

contains

parts of exhausted molasses.

A sugar having 98°Brix and 85° polarization shows aquotient of 86-7°,and
contains 79-4 per cent, of crystallized sucrose and 20-6 per cent, of molasses,
while 100 parts of molasses massecuites yield 50 parts of moist low-grade sugar
containing 10-3 parts of exhausted molasses.

According to Pasma'sfigures* and working by Scheme B, we have on every
100 parts of molasses massecuite 130 parts of massecuite at 70°, and 650 at 80°.
When all the molasses sugar is returned into the massecuite at 70°, then, in case
of asuear of 90° polarization, 6-6 parts of exhausted molasses are mixed with 130

- &4 0 i
perts of & massecuite of 70°, or in 100 puisT=51 (Por simpli

fving the cal culation the water contents of the different massecuites are assumed

to be the same) We assume al the massecuites to be 95° Brix, and &l the

molasses to be 90° Brix and that, according to Pasma, a massecuite of 70
* " Archief voor de JavaSuikerindustrie,” 1904, 614; and page 223 of thisWork.
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purity gives molasses of 50° purity, and one of 80° purity gives a molasses of
60° purity.
70— 50 95
—— =38 parts. of
1% 50 100
crystals, and 62 parts of mother-liquor of 50°. To these are added 5-1 parts
exhausted molasses at 30° purity, causing the purity to decrease as follows :—

62 0 X 050 = 31-00
51 X 030= 158
67-1 3253

48-5° or a decrease of 1-5°

100 parts of massecnite at 70° purity contain.

103 x 100
180
hausted molasses would have been mixed with the 62 parts of mother-liquor

bringing down the purity by 2-3 degrees as here shown:—

If thg low-grade sugarhad p o | 8B, =78 t s of ex-

620 X 0-50 = 31-00
79X 030 = 237
69IT 3337

47-7° or adecrease of 2-3°

If, on the contrary, the low-grade sugar had been mixed with massecuite of
80° purity, the decrease would have been much less, owing to the considerable
quantity of that massecuite.

On every 100 parts of molasses massecuite, we have not less than 650 masse-
8 —80 96
i ° puri i N e 3¢ o 475
cuite of 80° purity. 100 parts of this contain 00—80 ® 00 parts

of crystals, or 52-5 parts of molasses at 60°.
6-6 parts of exhausted molasses are added to 650 parts of first masse-

fn . 66X 100 _ , 79 X 100
cuite, or on 100 parts,————= 1 part m one case and——=1-2
650 650
parts in v = in purity in the case of sugar of 90°
becomes &2 w =0-5° and in the case of sugar of 85°
_BE X100+ 12 X 00 0"

o .
: 58T

When calculating these figures for other purities of the juice, we obtain the
following table for the decreasein purity of the mother-liquor in the first and
second massecuites, when all the low-grade sugars are returned to them.



CURING OF MASSECUITES BOILED TO GRAIN 253

Quotient of Purity of the Syrup

018 | 85| 8 | 75

Parts of 1st m.c. on 100 molasses massecuite 650 | 451 | 463 | 162 56
2nd 100 130 j 127 | 123 | 118 | 118

When returning sugar of 90° Polarization
Parts of waste molasseson 100 partsof 1st massecuite| 10 i 14 | 14 | 41 |11-8

Decrease in quotient of mother- Mquor 1st massecuite | 05 08 | 08 | 24 | 42
N 2nd 15 16 16 16 10
When returning sugar of 85° Polarization

Parts of waste molasses on 100 parts of 1st massecuite| 16 . 2-3 | 22 | 64 | 184

00 -,
Decrease in quotient of mother-liquor 1st massecuite 07 1 13| 12 | 35 | 58
2nd 23§ 23| 24| 25| 25

We notice that, when returning low-grade sugar into second massecuite, the
purity of the mother-liquor does not decrease more when the original purity of
the syrup is high, than when it is low.

On the contrary, this purity exerts a great influence on the quantity of low-
grade sugar obtained, which rises considerably when the purity of the syrup
falls. This is clearly shown in the following table, where al the figures are
calculated on 100 parts of dry substance in syrup.

Qoticat of Paxity of the Symup.
] 13 ] 13 1] TS
Totad amount of massecuites .. 178 mo [155 188 |18
Quantity of molassee-massecite ..[ 26 I 42 | 680
o mgerd O° .. L 84 156 | 198 | 288
" . B W 121[ 185 [ 21 -

Whereas, at ahigh purity of the syrup, the amount of low-grade sugar to be
returned is not excessive and will not cause any trouble, it increases considerably
when the purity of the original syrup falls below 85°.  Under these conditions,
it is not wise to return al this sugar into first or second massecuites, since by
doing so the centrifuga work will be increased by 25 per cent.

When, therefore, the juice isimpure, and consequently the amount of low-
grade sugar becomes excessive, it often happens that the centrifugals fail to do
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the required work properly, and that the low-grade sugar still contains an
excessive quantity of molasses owing to its being imperfectly cured. By doing
so, much more exhausted molasses is returned to the first massecuites than the
calculated quantities, so that the purity of the mother-liquors in such masse-
cuites decreases much more than might have been expected. In such cases,
when it is seen that the amount of low-grade sugar is getting too large to be
properly dealt with, it is best not to force matters, but to cure only so much
massecuite as the centrifugal plant can deal with properly, and to store the
remainder in tanks until an opportunity of curing it occurs.

Low-grade Sugar as Seed—This mixing of low-grade sugar into first masse-
cuites can only be done when the size of the grain is of no importance. To
obtain a well-exhausted molasses, it is essentia that the grain of thelow-grade
sugar be fine. In order to mix this with first massecuites, it is evident that the
grain of this ought to be fine also, otherwise the mixed sugar will contain small
and large crystals, and will, moreover, give rise to many difficulties in refining
operations.

When a large-grained first sugar is desired (which is generally the case
since one has experienced that such a sugar has a better keeping quality than
the fine-grained raws), such a mixture is no longer feasible, and the low-grade
sugar may then be used as seed in boiling these massecuites as follows.—
The sugar, well cured in the centrifugals (but without purging), is mixed with
syrup and the mixture drawn into the pan and concentrated. The syrup
washes dff the adhering molasses leaving the sugar crystals clean and brilliant,
just as when graining in the ordinary way. The quantity of grain thus added
must be sufficient (as when graining syrup) to yield the requisite number of
fully grown crystals in the finished massecuite. The small crystals are allowed
to grow by the addition and concentration of more syrup, and the massecuite
finished in the usual way. A great advantage of this method is that the hot
syrup dissolves all the smaller grains from the added sugar, so that ultimately
the seed consists exclusively of well-shaped crystals.

The calculation of the amount of molasses returned into the massecuite
is the same as in the case of returning these sugars into the crystallizers.

If the quantity to be returned is relatively small, this process has no
disadvantages, but in case of alow purity of the syrup the same impediments
arise as have just been pointed out above.

Van Welie advises one to cure the molasses sugar separately in a centrifugal
to a purity of about 97°, and to mix the whitefinely-grained sugar obtained
withsyrap as seed for the first massecuites. The impure purging syrup obtained
on this operation, having a purity of 48-60°, is kept apart and drawn into a
vacuum pan in which a final massecuite is being boiled. The impurities of
that liquid do not therefore interfere with the graining, while the sugar con-
tamed therein serves to build up the crystals already present in the massecuite.
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In cases where the amount of molasses sugar is too large to be disposed of
in one or other of the ways indicated above, we are compelled to melt themin
thejuice, and boil them into first sugar, an operation that cannot be performed
without loss, which in this case is unavoidable.

The following table shows the composition of a number of sugars intended
for re-melting, all of which are taken from practical working. The percentages
of crystallized, sucrose and of adhering molasses are calculated from the re-
ducing sugar content of the second sugars and the molasses separated from them.

| 1
* Reducing 5o
No. 1 Kind of 5 J tum ﬁi = o::[t. Mokassat
. I: ngar. | N ) IiM Crystal_ | 3
L | Ist Molasses sugar 868 | 365 | 1488 | 36 | 264
2 oist - e | 407 704 | 430 | E7O
1 |&nd v 848 b | 2349 774 2B
4 | 3d - o BB 800 | 300 735 265
5 [&d " 8T &1 - Rt 8- 34
€ | 5ed .. " v T4 100 25-0 400 L)
7 l3d " ,,[l 703 -0 b2 B3 37
1

When aproduct, containing a great percentage of exhausted molasses, isto
be returned, the question arises as to which stage of the manufacture is most
suitable.  Some melt the second sugars in the heated mill-juice, by dlowing
the latter to flow over a sieve on which thissugar is piled ; others meltitin the
subsided clarified juice, while others run df the syrup at a relatively low
density and bring it to its proper concentration by dissolving the second sugar
init. All these methods have their advocates and opponents. No lossis to
be feared from dissolving these sugars in the syrup, but then the mistake is
made of mixing the syrup that has been carefully clarified and neutralized
with the (as a rule) acid sugars, and contaminating it with their impunties.
We can only do this on condition that the syrup is afterwards thoroughly
eliminated, neutralized, and alowed to settle. The same must be said with
regard to melting the seconds in the dlarified juice; in this case aso, an acid and
impure body is dissolved in a daified and neutralized juice, though this is
preferable to melting the seconds in the syrup, because they dissolve much more
readily in thin-juice than in the concentrated syrup. One drawback to tins
process is the incrustation of the tubes of the triple effect by the suspended
impurities which settle on them during concentration.

From the point of view of obtaining agood clarification the introduction
the seconds into the mill-juice is more to be recommended, as they will then

Jft't
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again be submitted to al the processes of clarification, against which may be
set the drawbacks of the heavier juice subsiding slowly, and of the juicein the
scum containing more sugar, so that more is lost in the scum-cakes.

The re-melting of secondsis usually avery wasteful operation.  As thereis
not aways an opportunity of disposing of them, they are frequently heaped up,
and at the end of the grinding season, alarge quantity of seconds have to be
melted in an insufficient quantity of juice, causing the last massecuites of the
season to consist almost exclusively of re-melted seconds. The waste due to
re-melting is therefore a mechanica loss.

Returning Seconds into the Vacuum Pan.—This maybe obviated by dissolv-
ing the second sugar in alittle hot clarified juice to the concentration of syrup,
skimming and neutralizing, and drawing it into the pan, in which a first masse-
cuiteis already half finished. Thegrain already formed in thisis suspended in
aliquid, the purity of which isin no way superior to that of the sugar solution
drawn in. In this way there is no loss, the juices are not spoiled by being
mixed with inferior sugar, and no objection can be brought against this plan,
because the grain is already formed, and under ordinary conditions would
increase at the expense of a syrup which is no purer than the solution drawn
in. A good neutralization of this sugar solution is indispensable, as otherwise
the acid molasses remaining between the crystals of the sugar might cause
inversion and deterioration.

Drying the Sugar.—In many countries it is the custom to pack the raw
sugars immediately after their being cured without drying them artificially.
As, however, it has been proved that a dry raw sugar will keep better in storage
and in transport than a moist one, drying the sugar is much more widely
practised now than previously.

Formerly, the sugar was dried in the sun on a plastered floor, but, owing to
the increased output of factories, this method has been generally abandoned,
the more so because it was expensive, dow, and dependent on the weather.
Theimpossibility of drying sugar on rainy days was not so serious then as now,
because wet weather also interfered with the transport of canes and the drying
of bagasse, so that all noanufacturing operations stopped.  Sugar dryers came
into use as soon as railway transport and modern bagasse furnaces rendered the
manufacturer quite independent of the weather and enabled him to continue
crushing even during rainy weather.

Sugar Dryers—At the present day, the sugar isdried in largeiron cylinders,
placed on an incline, and provided internally with scoops. The moist sugar is
thrown in at the top, and the revolving motion of the cylinder causes it to fall
from one scoop on to another until it reaches an outlet at the bottom, after
remaining in the dryer for 7-10 minutes. During that time, a current of hot
airisdrivenin, or drawn through the dryer, the air being heated by being first



CURING OF MASSECUITES BOILED TO GRAIN 267

drawn through a series of pipes built into a furnace under which bagasse is
burnt.  On entering the dryer, the hot air comes into contact with the faling
moist sugar and deprives it of moisture.

Usually the hot air enters the dryer at a temperature of 120° C. (248° F.)
and with awater content of 20 grms. per cubic metre, and leavesit at atempera-
ture of 50° C. (122° F.) with awater content of 40 grms. per cubic metre. As
air, a that temperature, is only saturated when containing 50 grms. of water
per cubic metre, it is evident that this drying processis not as economicd asit
might be. The temperature of the dried sugar is also about 50° C, the refining
crystals then contain 0-50 per cent, of moisture, and the white sugar not more
than O-1 per cent.

In some systems, the drying is effected with steam, or steam is conducted
through heating tubes by means of acurrent of air, but those in which the sugar
is dried by means of hot air are most generally used.

Dullness o Sugar dried in Revolving Dryers—Sugar crystals retain their
brilliancy when dried by means of dry steam in the centrifugals, or in the sun,
though in the latter case they are somewhat bleached, but they become dull
and grey after passing through a hot-air dryer, the commercia value of the
sugar being thereby depreciated. This dullnessis probably due to the rubbing
of the sugar crystals against each other and against the metallic parts of the
dryer; aso to the finely powdered sugar arising from the crystals aready
dried and carried forward by the air current, and deposited upon the moist
crystals entering at the top. In the case of white sugar, which ought to have
a sparkling appearance, the drying should be effected in the centrifuga by
means of dry steam.

Dried Sugar sometimes beeomes Moigt again—Sometimes dried sugar
absorbs moisture from the atmosphere after being passed through the dryer,
and forms into a hard mass. This is observed when diseased or burnt canes
have been worked up, and aso when the sugar has been exposed to too high a
temperature in the dryer. It may be remedied by passing the sugar through a
second apparatus, similar to the dryer, through which a current of cold dry air
isdrawn. If sugar is bagged hot, it often sets into a hard brown mass, which,
being very hygroscopic, readily attracts moisture from the atmosphere, so that
a syrup liquid oozes out of the bags. When white sugar is bagged hot, it
becomes dark-coloured in the centre of the bags after being stored for some
time. These inconveniences are avoided by cooling in a second cylinder.

Sifting and Packing—After being dried, the sugar is passed through copper
strainers in order to remove lumps formed in the vacuum pans or cmtrifuga’.
or pieces of uncured massecuite which have dropped into the centrifugal after
the sugar was cured. The finished sugar is then packed in bags, baskets, or
casks.



1. Treatment of Massecuites Boiled " Smooth

In many factories the last massecuites are not boiled to grain but are boiled
*' smooth." or to " string-proof.”

Before rebailing the molasses a special clarification should not be omitted.
The molasses themselves may contain suspended impurities, which ought to
be removed before a new crystallization takes place, otherwise they may be
occluded by the crystals and impart to them adark colour.  If, on the contrary,
they remain suspended in the mother-liquor after crystallization has taken
place, they are apt to render it viscous and difficult to separate from the crystals.
Finally, molasses obtained from a badly boiled massecuite, or one which has
been cured hot, may contain very minute crystals, due either to fase grain
which has passed through the centrifugal lining, or to after-crystallization of
the hot molasses in the gutters or tanks. When the molasses are boiled
smooth, the crystals settle on the coils and become charred, and also cause an
irregular crystallization by their being mixed with the crystals which form
during cooling. Strictly speaking, we should never omit to reclarify al
molasses before boiling them. To this end they are run into an eliminating
pan, and heated by means of a steamjet; afroth now appears on the surface
which contains al the floating and suspended' impurities of the molasses;
thisis skimmed of. At the same time the steam, and the resulting dilution,
dissolve the fine crystals which passed through the interstices of the centrifugal
linings, and are suspended in the molasses.

The analyses of the froth, and of the molasses from which it is derived, are

given below, both in their origina state, and aso calculated on dry substance
s0 as to eliminate the influence of the dilution.

Mirnlwrar, Froth.

. - Ouigrnal  [-Om Hb Criginst | On 100 Dry
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It follows that the froth chiefly consists of the same constituents as the
molasses, but is rendered gummy by small admixtures of cacium phosphate
and carbonate, wax, and organic cacium salts.

This admixture is similar in composition to the precipitate obtained during
defecation, and to the various sediments encountered during the course of
manufacture. It occurs in the defecation mud, on the copper gauze serving to
filter the clarified juice, in the first vessels of the evaporating plant, in the sedi-
ment from the syrup, in the scale of the vacuum pan, and here again in the
froth of the molasses. This shows how desirable it is to eliminate the scums
after clarification, so that subsequent operations need not be hindered by having
to repeat this operation at every stage of manufacture, thus causing much
annoyance and delay.

It is true that such treatment does not raise the quotient of purity, and that
the effect of clarification cannot be expressed in figures, but the elimination
of the constituents which render the molasses viscous is a greater advantage
than an increase of one or two pointsin purity, since such increase is generally
more apparent than real.

During elimination the molasses can be neutralized with lime or with
sodium carbonate, or may be bleached by means of sulphurous acid, just as
in the case of syrup.

Boiling Smooth.—The diluted and eliminated molasses is drawn into the
pan until all the coils are covered, concentrated, and further molasses added
as the contents diminish through evaporation, being" concentrated to " string-
proof " as soon as the pan is full.

The concentration should be conducted to a point at which the cooled
mass is sufficiently fluid to promote crystallization, yet has-not become so
solid as to retard it.

Great care must also be taken that the concentrated massecuite does not
cool too rapidly, nor commence to crystallize before it enters the crystallizing
tanks. The temperature should therefore be kept rather high during the
finishing stage, not falling below 70° C. This high temperature, however has.
the disadvantage that the unstable products of decomposition whtch haw
become accumulated in the seconds, attain such a degree of concentration tiafc
they may decompose spontaneously, and when once this has started * «j » «
be stopped, as will be shown under the heading " froth fermeniatioa. ~ But®
although a high temperature is sometimes destructive, it is necessary m order
to prevent atoo rapid crystallization of the sugar.  «

Trangort o Massaite to Cryddlizers
boiled smooth, deposits crystals on its way to the crystallizing tanks,there is
great risk of thissSgar interfering with theregular crystallization of the masse-
cuite and theformation of well-developed crystals. These very minutecrystals
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do not grow, but render the mother-liquid (in the cooled massecuite) viscous and
turbid, and interfere with the curing, causing considerable loss. In some
factories, the concentrated molassesflowsinto the crystallizing tanks through
long gutters, or, still worse, through pipes—conditions which offer every
opportunity for irregular crystalization and its attendant evils. For this
reason, it is advisable to convey the low-grade massecuites to the crystallizing
tanks with as little delay as possible, preferably in trolley-tanks which can be
moved rapidly. The author has inspected many factories where the yield
from massecuites was usually very low, and in such cases arather rich molasses
was sent away from the factory, because it would no longer yield any sugar.
These wasteful practices disappeared as if by magic when these massecuites
were no longer allowed to flow slowly through pipes to the crystallizing tanks,
but were carried there rapidly in trolley-tanks.

Cooling in Motion.—At one time second massecuites, boiled smooth, were
cooled in motion, sometimes after addition of sugar crystals as seed, but the
results did not seem satisfactory and the practice was abandoned.

An example of aconcentrated second massecuite, boiled smooth, and cooled
for three days in motion is recorded here. The analyses are of the mother-
liquor surrounding the crystals, and consequently the first one represents the
composition of the original massecuite before crystallization had commenced.

Lo - Suarcee
= . Polariz- | Reducing| - N
Sample tl.hen t“%.m Brix. Yom. Sugar. Pootient, Im ey
Beforecocling .| 0 ! 811 | 608 935 | 667 —
Aftar 24 hours .o B8 858 468 i102 | 639 258
After 43 hours o 47 860 452 1282 | 525 273
Separated molasses | — g 28 42 | 498 m-&

Cooling at Rest.—When concentrating slowly, and at relatively low tempera-
ture, as is now done, molasses cannot be concentrated to the same degree as
massecuites boiled to grain, because they would become too iff to alow of
proper crystallization.

In former times when all molasses were boiled smooth, they had to be left
with sufficient water to alow crystallization to take place in the tanks and to
again concentrate the mother-liquor after separating it from the sugar which
crystallized out. Nowadays, only a small portion of the final massecuites is
boiled smooth and all the rest is done to grain.

tMIk
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We give here an instance from older practice when all molasses were boiled
smooth, and a total exhaustion could only be obtained after repeated con-
centrations and crystallizations. The figures refer to the analyses of a firg,
a second, and a third molasses, before and after boiling, in the same factory.

B

Brix.
pdusing
Water,
Puri

7
First malasses before bolling ..} 5270 | 49-6 | 123 | 504 ; 20-55 | 800
Second |, " " | 8210 | 460 | 13-4 | 6-20 | 227 | 68T

“Third " v .| 8820 | 448 | 17-5 | €-60 { 20-28 | 638
First . after w .| BETD | 638 [ 124 | b46 | 16:8 | 59-B
Second ,, ” w ae| BE4] | 466 180 | 530 | 183 | 661

Third " n .| 200 @-5!17-9 6-87 | 14-10 | 584

In boiling molasses, not more than five or six per cent, of water is evaporated,
hence the yield in sugar from molasses massecuite cannot be very considerable
if, in curing the No. 1 sugar, al the crystals were separated from the molasses.

The molasses massecuites are discharged into crystallizing tanks, where
they are dlowed to cool down, and where the sugar that can now no longer
be retained in solution finds opportunity to crystallize. The rapidity of this
crystallization and the size of the crystals depend on the rapidity with which
cooling goes on, and the nature of the liquid in which they are formed.

Pure sugar solutions crystallize much more quickly than impure and viscous
ones, when the conditions of cooling are the same. The very impure and
sticky molasses under consideration here take three weeks and more before
crystallization has come to anend.  Cooling and crystallization proceed more
rapidly in small iron tanks than in large concrete cisterns built up from the
ground.

Asarule, the tanks should be of sufficient capacity to hold the contents of
one pan, and not so large as to be filled only after three or four consecutive
operations, for in this case the crystallization is disturbed every time a fresh
supply is run in, and the grain is irregular in form.

Danger of Excessive Concentration—The hot massecuite is generally fluid,
but becomes iff and semi-solid during cooling, and as concentration isgenerally
carried too far rather than not far enough, crystallization in the tanks is
generally hindered. Crystals form, but grow so slowly or not at all, that

mM~™"m
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sometimes a massecuite, having a purity of 50°, consolidates into a hard mass
which cannot be cured and is generally thrown away. Itis, therefore, necessary
to concentrate low-grade massecuites to about 94° Brix, this being the limit
for agood crystallization at rest. Storing of the highly concentrated second
massecuites in a hot room has been suggested for keeping the molasses fluid
during crystallization, but the general construction of tropical factories would
prove an obstacle in carrying out this suggestion, which has not gone beyond
a few preliminary trials.

When the last massecuites are very iff, crystallization can be promoted by
covering them with water to adepth of onefoot, and leaving them to stand for a"
month. A few planks are first laid on the top of the massecuite and the water
poured upon them, in order to prevent the latter from directly mixing with the®
massecuite.  The massecuite gradually absorbs water, becoming more fluid and
alowing the sucrose to form into crystals. When crystallization is complete,,
the thin supernatant liquid is scooped off and the massecuite cured as usual.

Froth Fermentation.—During the cooling of low-grade massecuites, the sur-
face sometimes becomes convex and eventually bursts, a brown froth oozing,
out of the crevices. This soon covers the whole surface, rising continuously
and finally flowing over the top of the tank. Gases escape from this froth,
emitting a very unpleasant smell, and having an acid reaction, the whole
phenomenon being called " froth fermentation." With second and third
molasses (in which no hard crystalline crust is formed on the surface) the
wholemass starts frothing from the bottom, but in other respects the phenomena
are the same as with first molasses. Asthis fermentation is not due to micro-
organisms, all efforts to combat the phenomenon by means of disinfecting
agents are fruitless. This froth fermentation does not decompose sugar,,
and as the massecuite is kept in motion by the disengaged gases, crystallization
takes place very easily; hence such massecuites generally contain well-shaped
crystals, and are very easily cured, for which reason it is customary to say
that the froth changes into sugar, but this must not be understood literally.
The most probablehypothesisis that the frothing is caused by the spontaneous
decomposition of products formed by previous decompositions of sucrose or
reducing sugar, forming carbonic, formic, and acetic acids, and caramel.

Perhaps both causes may promote froth fermentation.  The author recollects
avery striking instance of this phenomenon in afactory where the temperature
in the carbonatation tanks had been allowed to rise too high. The first sugar
and first molasses massecuites were quite normal, but suddenly two low-grade
massecuites fermented violently. They entered the crystallizing tanks at a
temperature of 70° C, but after a couple of days this rose to over 100° C_
currents of acid gases escaping with such force that large lumps of the contents
were sometimes flung up and fell back into the tank. Part of the massecuite
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was charred by theintense heat; and, after fermentation, it appeared as ahard
and porous mass of carbonaceous matter, almost insoluble in water, which
extracted the following constituents:—

Per cent.
Sucrose 7-69
Reducing sugar. 384
Free acid (as acetic acid) 341

It has been proved that froth fermentation is also due to decomposition
of products formed by overheating of sugars, and has been obviated by
steaming and skimming the raw molasses, by which means the fine crystals
suspended in the molasses are dissolved and cannolonger become overheated
by contact with the coils, and thus give rise to these troublesome products of
decomposition.

A further proof that froth fermentation is due to decomposition of products
of superheating is the fact that molasses are now no longer boiled repeatedly,
but almost immediately removed as exhausted, and therefore there is less risk
of superheating, with the result that froth fermentation has occurred much
less frequently of late years.

The reason why such massecuites start frothing only while cooling down
is that the unstable bodies decompose spontaneously when the concentration
of the solutions reaches a certain point. As a massecuite cools and sugar
crystalhzes out, the dissolved impurities become more concentrated, and this
promotes decomposition, which goes on steadily in the hot medium, when
once started.

"When thisfermentation isaccompanied by aconsiderableriseintemperature,
sucrose, glucose, fructose, etc., are also decomposed and even charred, but the
decomposition generally stops at the primary products of decomposition which
are already present in the liquid. It is possible that such products are always
present, but that some condition which induces decomposition is absent, and no
fermentation is seen, but some local overheating, or excessive temperature,
dlows the fermentation to start.  Asit ceases when the massecuite cools down,
it is never so violent in small iron tanks which cool rapidly, as in large ones
where the heat is retained for alonger time. Asalready observed, no sugar is
decomposed by thisfermentation, but the mechanical lossesmay be considerable
when the mass foams over the tanks on to the floor.  If thisis prevented by
only half filling them, the available storage spaceis not utilized and the capacity
of the plant diroinished. These are sufficient reasons for trying to prevent the
fermentation, by keeping defecated juices faintly alkaline to phenolphthalein
paper before and during concentration. Further, all molasses should be diluted,
steamed, and skimmed previous to being concentrated, and prolonged heating
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at temperatures above 70° C. ought to be avoided. With these precautions,
froth fermentation may be avoided.

Curing of Seconds—When the grain is large and the crystals do not stick
together, the curing is carried out in the usual centrifugals, but such massecuites
are so fluid that they do not require to be prepared in a pug-mill. Formerly
the centrifugals used for seconds were driven at a low velocity, but nowadays
the seconds are cured in Weston centrifugals, which are started at a slow speed,
and afterwards acquire their usual velocity.

Drying—The second sugar can be washed in the centrifugals if necessary
but-, as arule, thisis omitted, and the moist sugar is sold, used as seed in the
pan, or dissolved in the juice.

Saek Sugar, Tank Bottoms, or Blaek Stroop.—When alow-grade massecuite
has apurity of 45-48°, the grain is generally too small to be recovered in centri-
fugals, so the massecuite is loaded into bags made of special pam-leaf mats.
As soon as some molasses drains off, the bags are refilled with the massecuite,
and this draining of and refilling is continued until the contents have assumed
a semi-solid state. The bags are then sewn up and piled in heaps, by which
means a further quantity of molasses oozes out of the bags. The piles are
shifted a few times, and when the contents are considered sufficiently dry the
sugar is sold as " sack sugar,” " black stroop," or " tank bottoms."

As arule, it contains 65 per cent, of sugar crystals, and 35 per cent, ot
exhausted molasses.

It is not advisable to return so low grade a product into the course of
manufacture. It is better to sdl it even at a low price than to run the risk
of spoiling good juice through mixing it with so inferior a product.




111 —Schemes for Boiling and Curing

|.—SCHEME FOR TURNING OUT ONE GRADE OF RAW SUGAR, THE THIRD SUGAR

BEING RETURNED INTO THE CRYSTALLIZERS CONTAINING THE FIRST
AND SECOND STRIKES.

First Strike.
Using syrup, mixing if necessary the evaporator syrup with molasses of
60° purity to reach a final purity of 80-84°, giving a strike of the said purity
which is boiled to 92° Brix.

I ]
st . " o | oy

Setond Sirike,
Uslng the samne kind of eytop as for the frst strike and all the firet nenlames,
giving a massecnite of 70° pumity and %5° PBrix.

Raw'sugar . : Mintasses
elther pel. $65° or 98° ity 45°

Third Sirike.
{leing syrup s seed and all the second mol giving a crpte of
80 pudiy snd 98° Briz. T

Molasses sugar returred fo the Finad sl
crystallizers in which the frst Pty R
and second strikes are stirreds
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I1.—SCHEME FOR TURNING OUT ONE GRADE OF RAW SUGAR, ALL SECOND AND
THIRD SUGARS BEING RETURNED TO THE VACUUM PAN AS SEED.

First Strike.
Using evaporator syrup mixed with the second and third crop sugars,
giving a strike of 85-90° purity whic‘h is boiled to 91-93° Brix.
|
I |
Raw Sugar Molasses
pel. B3 D.5. I8 2. purity - T0-75°

Socond Strike.
Brix 84-05° ; purity 70-75°

Malasses sugar ’ Molasses
retirned to first striice. purity 45-5¢°
[ |
Third Strika.
Brix 93-89° | pority 50°
‘ i |
Malasses SORAr Waste molasses

alsoretmmed to the first strike.  purity abomt 32

ViZ&itMiSdk"MM
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I1I.—SCHEME FOR TURNING OUT ONE GRADE OF RAW SUGAR, WITH PARTIAL
RETURN OF THIRD SUGAR INTO THE VACUUM PAN.

First Srike.
Using syrup mixed with part of the third sugar giving a strike of 85-80°
purity and 91-93° Brix.
!

r~ I
Raw sugar. Molesnes
putity 70-757, beiled to grain
end mized with w0 wuch of
the second molasses a3 necessary
to mzke up a strike of 78°
peity.
Purity 76°  Beix #5°
| |
Raw sgar, Molusees

purity  BO-56° Part of it
it added to the finst mobowts
fmimsemdm_the

and cocled aver & Joog peiod.




IV.—Composition of Commercial Cane Sugars

Commerdal Basis of Payment—The bulk of cane sugars are "raws"
destined for refining; they are either sold on the basis of polarization, or on
the "net analysis." In the former case, the polariscope reading is stated
without any correction for local temperature. The " net analysis " is found
by subtracting the percentage of glucose (reducing sugar) and five times the
percentage of ash from the polarization.

In many countries the duties on cane sugar are levied on a combined basis
of".polarization and colour.

Dutch Standard—The Dutch Standard (D.S.) consists of a series of samples
of cane sugar, ranging from a very dark No. 7 to an aimost white product No.
25. They are prepared every year by two firms in Holland under the super-
vision of the Netherlands Trading Society (Nederlandsche Handel Maat-
schappij) in sealed sample bottles, which are sent to the various merchants and
Customs depots.  As these grades serve as standards for the different classes
of sugar on which taxes are levied, it isimportant that sugar merchants should
know exactly to which class the sugar belongs that they want to import;
and, therefore, the sets of samples comprising the Dutch Standard are daily
used for comparison in many countries which export cane sugar.

Codour of Sugar an Indication of its Quality.—Although colour is not a
criterion of the quality of asugar, every number of the Dutch Standard (between
11 and 17) corresponds to a certain composition. The analyses of the high-
grade sugars do not differ much from that of pure sucrose, the difference being
mainly one of colour, rather than of composition. On the other hand, the
differences in composition of the dark sugars may be so considerable that
al relation between colour and analysis disappears. The average analyses of
sugars between Nos. 11 and 17 D.S. are as follows—

Aralyais. Ne. 11, | Mo 1% | Re. 3% | Moo 1. | No. 15, | No. 1. | No. 17,
Pduimbir .. 9610 | 9500 | 6710 | 9770 | 98-80 | 0870 | 090
Rednctog Sogar .. T28] T22 | YT [ 002 | 065 | 04z | 020
A .. . 000 | 088 | o84 | 027 028} 014 | 008
Moisture .. . 082 | 080 | 082 | 0%0 | 093 | 032 | 025

Undetermined* ..| 1-10 | 090 | 0-63 | 081 | 088 | 052 | 047

Tokad - JLE-00 10000 10000 100-00 H00-00 (LO0-H0 [100-D0

Nett .. 98-12’ W18 | 9309 | 9443 | 9600 | 9768 | 964

; The temperature ot which these analyses have been madels 26 °C, or &7 C.over the femperatureal which the
Therefore tl 0 s about 8 x 0-003= 0-25 tower than the real surcrose content.
d the figure for " #1900 igh by that amoort.
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Colour of the Crystal.-The colour of a sugar is only partly due to adhering
molasses, being aso due to impurities incorporated within the crystals sucrose
being one of those substances which possess this property of embodying colour-
ing matters, etc. Von Lippmann* mentions that crystals of sucrose can
incorporate logwood extract and congo red, and reports that the colouring
matter in sugar candy is absorbed through the crystals. Further, crystali-
zations of metallic compounds with sugar are familiar, and then we know that
mere traces of iron compounds and of caramel impart a dark tint to sucrose
crystals formed in such solutions.

Coloration of Sugar by Iron Sdts—La Bastidef mentions a case of yelow-
coloured sugar obtained from syrup which had been filtered over sand con-
taining iron. Stolle studied the solubility of iron hydroxide in sugar solution,
and stated that, notwithstanding the fact that ferric hydroxide, ferric oxide,
ferrous oxide, and ferrous sulphide are very slightly soluble, as shown in the table
underneath, yet these trifling quantities were more than sufficient to impart
a yellow colour to the sucrose solution, with the exception of the solution
containing iron oxide, which was coloured red.

The figures given here represent milligrams per Ktre.

Fertichydroxide | Faric oxide  Ferroeo-fomic axids Farmos saipidae

Fxy (OH]y FE, Oy Pr, O, Px 3

Faz cent. -

Suarese. | 1767 &8 | 250 2740 480 | 70 | 1747 480 | oen 1] o | WP
» B¢l 84| 81) 14| 261 —| 103 [108[104) 28| BT BD
30 za| 27, v8f 14| —| — {134 |103|124] 7<) 2a| 72
L] 83| Lpy B4] 08| LI] — 148 |i0K|15-6] -0 10E)|

Herzfeld* repeatedly ascribed a greyish tint of the sugar to the presence of
an iron compound, which remained dissolved in the juice owing to defective
clarification. In bygone years, the author remembers seeing beetroot second
products, that had assumed a greenish or dark brown tint, which exammation
proved to be due to an iron compound.

A number of first massecuites and first sugars were analysed at the com-
mencement of a grinding season, and later on a number of similar products
were again analysed after the rust in the pipes and tanks had been washed
away, so that the juice dissolved less iron compounds than during the first
few days.

* " Die Chemie der Zuckerarten,” 11-, 1662-

't " Archief voor de Java Suikerindustrie” 1903. 954-
$ " Zeitschr. Rubenzuckerind,” 1966, 338.
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Mgzmd. of [rom in LOG grms.
Clasa of Sugar. e
a Bugar. | Massscuite, “i"‘:’;:::'
b 48 55
No.25DS. e -[ o 0 w
i 1 16 24
No.16 DS. R { I N
1 14 28
No. 17 D5 . { 1 s =
1 24 14
Refning Crystals |, 1 I 16 ie
1 1-8 4B
" S I 10 “
I 4.6 52 T4
" oo e i 12 35 55
t1 23 8
" e 1 14 —
1 58 a8 T
- o I 14 16 23
1 2.4 46 40
* - * o II 1-5 44
1 0 265
e " o L 24 23 E
L 44 70 1 93
- S L 35 o 98
L 25 55 |
- .o L, 12 a6
: B3 740
b6 22

The above figures represent milligrams of iron in 100 grms. of sugar,
rnassecuites, and mother-liquor in the latter. The figures|. and I1. refer
to samplestaken at the beginning and middle of the grinding season respectively.

Although the percentages of iron are very trifling, we see that the rnasse-
cuites and sugars contain moreiron at the commencement of each season than
afterwards. The highest figure was 35 mgrms. per 100 grms. of sugar, and in
this case the colour was deep brown and the taste very metallic. A sugar
solution mixed on purpose withiron citrate or with caramel andiron saccharate,
after evaporation and crystallization, yielded an amost black sugar, having a
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very pronounced metallic taste, and containing not less than 100 mgrms. of
iron per 100 grins.

Definition of First and Second Sugars—Merchants often require a strict
definition of first and seconds, and in former years this distinction was easily
made. Firstswere obtained directly from syrup, and seconds were obtained
by the concentration andcuring of the molasses. At the present day, molasses
boiled to grain yields a product which cannot be distinguished from a finely
grained first product; and, on the other hand, amixture of syrup and molasses
boiled smooth produces a product which closely resembles second sugar, so
that a distinction is difficult, if not impossible. It has been suggested that the
smell is agood characteristic of second sugar, but it is evident that thisindica-
tion is much too uncertain to decide whether a given parcel of sugar is really
firsts or seconds.

Polarization of Commercial Raws—Whereas in former years a great
number of assortments of raw cane sugar were encountered in trade, we find
in these days chiefly two kinds of refining crystals, viz., those said on a basis
of 96° and 98° polarization respectively.

The enormous importation of raw cane sugarsinto the United States almost
exclusively consists of the former assortment, asis clearly shown by the average
polarization of the samples analysed in the New Y ork Sugar Trade L aboratory
throughout the different years of its existence.

Your. Hamber of Avoruge Vear. Humwr_ﬂ Nm
1908 8,473 9483 1016 22,354 9630
1908 9.635 08 1827 21 5ok 9671
1810 15,060 2619 " 1918 gﬁ 2:
1811 15,545 Ho8 1910
1Mz 18127 :ﬁ . 620 19,008 *%-0
1813 17083 -7l - 12T 15,147 "~
1914 17,654 W!ﬁ' i0e2 - 42 "%
1916 16934 9ok et sy L

The following table gives a distribution according to the grade of
samples.
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Pobrization. Grade pér cent. Polarlmgtion, ! Dirade per cent,
95-100 i - 81-9% ] 0-264
$4-69 i 0003 50-01 | 0-112
#7188 ! GBRT 85-90 [ 0041
98-67 i 52-928 88-80 . | 024
B5-26 3l-en §7.88 H 0024
400 6860 868-37 a47
- 93-94 1-087 B5-56 9041
9203 0-856 84-86 0030

The sugars polarizing between 96° and 97° comprised 52-92 per cent, of
all samples, whereas during the ten years previous this percentage had varied
from 33-63 to 40-31, and averaged only 38-09. The percentage of samples
between 95° and 96° polarization was about n'ormal, but that of samples between
90° and 95° showed the low record figure of 9-32. Sugars polarizing less than
90° amounted to only 0-21 per cent, of the total, while the number polarizing
above 97 ° was about normal. It would appear from these results that, generally,
the grade of raw sugars has improved, that they have been drier, and that little
deteriorated sugar was received in 1923. Onereason for this condition probably
was the fact that about one-haf of all the sugars was landed between March
and June and that little sugar was stored for any length of time. Low-grade
molasses sugars and mats seem to have practically disappeared.

The average polarization of the Java sugar of both chief assortments of
raws has been as follows :—

Tmar By pg* Bar MO Tur. Bass 08° Basis #-0°
w07 | eeb 9741 1918 9447 w30
1808 98-8 6758 M7 Pa-48 o727
1908 845 w37 1918 09669 o757
1910 9830 9746 119 9842 73
15T 0627 97-30 190 | 954l w728
912 847 9734 1931 0663 o742
1913 %34 o118 g2 | 968 o726
1914 9248 A wR | 985 ]
955 "8 43
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Refining Quality.—Although polarization is the standard by which payment
is effected, yet it fails to yield afull insight into the refining quality of the raws.
It has been observedin the refineries that there exists agreat difference between
the filtration rates of solutions made from raws of different origin. While
some sugars gave clairces (liquors) filtering with great rapidity, others were
very sluggish in this respect and took a very long time to get through the
filters. Generally, an uncommonly large amount of " gum " was believed
to be the reason for this occurrence, while other authors believed alarge anount
of cush-cush- or bagacillo accounted for the phenomenon. That indeed some
raw sugars contain not inconsiderable amounts of fine bagasse is demonstrated
by Hardin*, who showed that in about one hundred samples of Cuban sugars,
picked at random, the average percentage of insoluble matter was 0-094 per
cent., consisting of cane fibre, lime, rust, scale, and earth.

Direct analysis of the insoluble matter gave the following results.—

Lrasluble, Cane Gbee [DoTRADic malter.
0017 . 4011 .. 0006
0042 . 0-040 . 4o
0-b8s - 0060 . 6-006
0074 . 0080 . o014
0084 . 0-080 . oo
0054 . 0048 . o008
108 . 00 . o011
114 . 0087 . 0017
0130 - o118 .. 6014
0148 . 0-150 . 8412
g200 .. - (5T S 008
0130 " 0-13F . 0418
010 2200 . t-oto
o219 .- 199 . o0%
0282 .- 0202 .- 0030
0262 . 0284 “ 028
0280, de 0340 - o-0d0
0-240 . 4818 .- -0
D507 - L DRTR . m
6318 O i © ook
owrs © . .. - Bl . oo
0-200 : P
0428

B30t -

- nlse :

if4”-mkimmMmm>imim.-'




274 CURING AND FINISHING

Smith* showed that actually the " filtrability" depends on the content of
suspended matter, and not on the presence of gums. The gums he found in a
filtered solution were as plentiful asin the unfiltered liquid, and yetits filtration
characteristics were decidedly changed. Neither was bagacillo found to be the
disturbing factor, since, when in an experiment 25 times the normal amount
of bagacillo was added and digested with lime at an alkalinity of 0.025 grams
CaO per 100 c.c. for one and a half hours at a temperature of 35° C, thefiltration
rate of the refined sugar was actually increased more than 10 per cent, in three
tests. It seemed probable that the bagacillo acted in a mechanical way as a
filter-aid to increase the filtration rate of the refined sugar solution, so that it
would not be responsible for the low filtrability of raw sugar containing fine
cane fibre.

It appeared that the matter retarding filtration was nothing else than
cane wax in suspension, which had come from the rind of the cane and had
either not been ehminated by defecation, or been redissolved again from the mud
by steaming and excessive washing and re-introduction of the sweet-waters.

Secondary Kinds of Commerdial Sugar.—Besides the two assortments of
raws referred to above, the cane sugar industry turns out al kinds of sugars
fit for direct consumption, among which may be mentioned the superior first
and soft sugars of Java, the plantation whites and yellows of Louisiana, the
vesou sugars of Mauritius, the Demerara crystal's of British Guiana, the grocery
sugars of Barbados, and other islands, the panela, dolce, gur, rab and further
denominations of that class termed " concrete sugars,” etc., etc. Since,
however, this work solely treats on the manufacture of raw sugar by modern
methods, we shall abstain from going into details of the properties and
characteristics of these other assortments, and confine ourselves to merely
mentioning their names.

V.—Preservation of Sugar during Storage and Transport

As sugar must be of good quality, not only when shipped but also when it
reaches the consignee, care must be taken to prevent deterioration before
delivery.

Decrease in Polarization.—As regards decrease in polarization, this may be
either' very rapid and limited, or ow but continuous. In Java a difference
in polarization has many a time been noticed between the date when the
sugar left the factory and that of its arrival at port a couple of days later.

« Proceedings of the 43rd Mesting of the Hawaiian Planters Association, 1924.
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The difference sometimes amounted to about one per cent, and did not sub-
sequently increase, but actually decreased in many cases.

The buyers insisted upon a very dry sugar, and stipulated that sugar
polarizing under 96-5° was liable to heavy penalties. Each parcel of sugar was
analysed before packing (as it left the dryer) in order to be quite sure that no
single basket of sugar polarized below the limit of 96-5°. Notwithstanding
these precautions, the samples taken from the baskets on their arrival at the
Shipping port repeatedly showed a lower polarization than those taken at the
factory, and consequently the manufacturer sometimes had to incur the loss.
These differences gave rise to complaints from the owners of the factoriesto their
managers, and these latter on their part, complained against the sugar merchant
and his clerks that they had not paid sufficient attention to the sampling, but
had left this work to ignorant coolies, etc. As neither side could adduce
proofs, the dispute frequently ended in suspicion, or even in dismissas.

In one instance, the polarization at the shipping port was 0-8 per cent, lower
than when the same sample was tested at the factory three days previoudly,
and the same difference occurred throughout the whole grinding season.  But,
on arrival in America, the sugar showed the same polarization as at the factory,
proving that there had been no inversion or other decompositon of the sucrose.
However, until this proof was received in Java, it was very naturally concluded
that the sugar had deteriorated after leaving the factory, but whether due to
inversion, absorption of moisture, or actual decomposition, it was impossible
to say, because only the polarization had been determined at the two places.
As all these sugars contained rather high percentages of reducing sugars it
seemed not improbable that some glucose might have crystallized out aong
with the sucrose, giving a bi-rotation which would falsify the direct polarization.
This explanation was disproved by the similarity in the ratio of ash to reducing
sugars as determined in the finished sugar and in the molasses separated from
it: also by obtaining the same polarization in hot and cold solutions, whereby
any possible bi-rotation was ehminated.

As a detailed analysis of these sugars was not made immediately after
drying, their subsequent examination was not carried out, but the fact that
the original polarization decreased after only three days, that such decrease
did not continue after that period, but, on the contrary, disappeared entirely,
coupled with the fact that these sugars contained much reducing sugar, led
to the following hypothesis:—

The crystals under consideration are coated with alayer of artificialy dried
molasses containing much reducing sugar, and are, consequently, very hygros-
copic. Thesugar is packed on an estate situated in adry district of theisland,
and its original polarization therefore representswell-dried sugar.  Thisisthea
forwarded to the shipping port where the atmosphere is generally much more
moist than at theinland factory. The sample of sugar taken from the bags at
once absorbs moisture and shows alower polarization than at thefactory while
the great bulk of the sugar (protected by the bags) retainsits original polariza-
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tion. This sugar ultimately arrives in a country having a more temperate
climate and a drier atmosphere, and when another sample is taken from the
bags this does not absorb sufficient moisture to influence the polarization, which
now strictly represents the bulk, and consequently agrees with the origina
polarization. The sugar in bulk does not change, but the sample taken for
testing absorbs more moisture in a damp climate than in a dry one, and thus
gives rise to the differences observed.

Effect of Inversion and Fermentation—A much more serious deterioration
during storage and transport is due to absorption of moisture and inversion or
fermentation. It is evident that neither inversion nor fermentation are
possible unless the sugar be moist, but whether the sugar was originaly moist,
or has become so by absorption of moisture from the atmosphere is a matter
of indifference.

The fate of enormous quantities of raw sugar held up in the warehouses of
Cuba and Java during the great war proved much more clearly than investi-
gations made with small parcels that all deterioration started with absorption
of moisture and proceeded at a steadily increasing rate.

Causes of Deterioration—This deterioration initiated by absorption of
moisture is due to inversion by fungi and yeasts. Water alone cannot invert
at the temperatures which prevail in the sugar warehouses, otherwise sterilized
sucrose solutions would be rapidly inverted, which they are not. Neither can
fungi attack dry sugar, but when both causes co-operate, i.e., when fungi or
yeasts contaminate moist sugar, inversion proceeds very rapidly ; the newly-
formed invert sugar attracts more moisture with the result that a syrupy
solution of inverted sugar oozes from the baskets and bags.

The analysis of such a syrupy liquid gave these figures—

Polarization - 9-80
Reducing Sugar. 48-00
Ash 0-95
Brix 754

from which the f ollowing composition may be calculated: —

Per cent.
Sucrose 25
Reducing sugar 48
Ash 1
Water. 25
Undetermined .. . . . . . 1

This shows much inversion ; the sugar itself has also decreased in
polarization.
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Action of Micro-organisms—The best proof that deterioration is brought
about by the simultaneous presence of water and micro-organisms is furnished
by an experiment in which portions of dry and of moist sugar (some of which
were sterilized and others not), with pieces of the packing material, were
preserved in tubes over a long period. Every month one tube out of each
set was opened and the contents analysed.  With a view to ascertaining
whether an akaline reaction of the sugar might prevent inversion, one sample
of sterile and one of unsterile sugar were moistened with atwo per cent, sodium
carbonate solution.
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This experiment provesthat dry sugar, even when contaminated with germs,
remains unchanged, but unsterilized sugar in a moist condition is at once
attacked and partly inverted by the germs, though the originad reaction be
neutral.  Sugar in which the micro-organisms have been killed asfar as possible
(sugar cannot be completely sterilized at high temperature without becoming
decomposed), also deteriorates, but by no means so quickly aswhen unsterilized.
Alkalinity of the sugar is not a sufficient protection against inversion. Even
when the reaction is still strongly akaline (0-2 per cent, of sodium carbonate)
inversion proceeds slowly, but as soon as this is' neutralized (either by adds
formed through the action of the fungi or from the glucose), thereis no difference
between neutral and alkaline sugarsin this respect Kameriing* showed that
sugar coming out of the dryer is practically sterile, and that the source of
infection is to be sought in the manipulations during packing and is the packing
material itself.  Indeed, numerous germs cling to the bagsin which the sugar is
packed, including those organisms which feed on sugar and invert it.

This latter fact has been observed as far back as 1874 by Serrurier, who
ascribed the formation of amoist layer of inverted saga* against the sides of the

«-Archief voor deJava Suikerindustrie,” 1903, 122
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baskets arriving in Amsterdam, to the influence of the matsin which the sugar
was packed. This portion of the sugar contained 7 to 10 per cent, of reducing
sugar, while that in the centre contained not more than one per cent. The
fact that the mixed sugar contained only I£ per cent, of reducing sugar proves
that the amount of damaged sugar was inconsiderable and that the inversion
had, therefore, confined itself to the outer layers.

Micro-organisms which cause Deterioration—Among the micro-organisms
which cause deterioration, Maxwell* mentions the organisms of the butyric
and lactic acid fermentations, while Storey ascribes it to fungi, especialy the
PeniciUium glaucum.  Karnerlingf found in dried sugar chiefly a fungus flora
related to PeniciUium (over 20 varieties were observed, and not less than 19
belonged to the group Serigmatocytes, Aspergillus, Penicillium and Citromyces).
After the sugar has become very moist, the yeasts predominate, and among
these are Saccharomyces, Torula, Monilia, &c, which invert sugar strongly,
so that during the course of deterioration of raw sugar, the first attack is made
by fungi, and after inversion and absorption of moisture have commenced,
they are superseded by yeasts which play the principa part in the deterioration.

Greig-Smith and Steelt ascribed it to a bacillus which they called Bacillus
levaniformans, and Noel Deerr and Norris|| report having found five different
species of bacteria, none of which could positively beidentified with the Bacillus
levaniformans.

Schone§ emphasized the importance of moulds and torulae in inversion
and noted the presence of PeniciUia, especialy P. glaucum and Mucor. He
found that considerable acidity was developed in sugar solutions inoculated
with pure cultures of some of these organisms. In another connection he
notes the isolation of PeniciUium and Rhizopus.

Scott] observed the fungi on the surface of sugar solutions, noting
Penicillia and Aspergilli. He found that sugars were attacked by these
organisms in the following descending order: Low Brazilian, Peruvian,
Jamaican and Javanese. The inverting power was noted and precautions
advised against infection.

Amonstt isolated by plating on synthetic agar four Aspergilli, two Penicillia
and a Rhizopus. Mycdliad threads observed in moist sugars were identified as
indicating the presence of P. glaucum in an active "form. The deterioration
of sugar by this fungus was demonstrated by inoculating sugar (sterilized with
absolute acohol) with spores and comparing the absorption of moisture (from
a saturated sterile sugar solution under abell jar) with a sterile check. It was
found that the sterile sugar absorbed no moisture after thirty-three days,
while the inoculated sugars absorbed a considerable amount of water. This
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is interpreted as signifying an appreciable fungus growth which inverted the
sucrose, the hygroscopic reducing sugars being responsible for this absorption
of moisture.

In his mycological observations Browne* isolated and studied the inverting
power of Tomlee and two Monilia (named " nigra™ and " fusca " respectively).
The presence of fungi such as Penicilliawas noted and their possibleimportance
emphasized. Some interesting points are made with regard to sources of
infection and consequent prevention of deterioration of raw cane sugars.

Owent after an exhaustive survey of the activities of bacteria and torula
investigated the role played by moulds in sugar deterioration. From alarge
variety of Louisianasugars heisolated anumber of Aspergilli and studied then-
activity in pure culture in sugar solutions of high concentration.

In an interesting group of experiments concerned with the conditions
limiting the respective activities of the three groups of micro-organismsin
sugars, Owen found that a fungus inoculation caused marked deterioration
in a69° Brix solution, which proved to be of too great a density for the activity
of either bacteria or torulae, the latter two groups inverting sucrose at 52°
and 64° Brix respectively as the upper limits. He regards the fungi as con-
stituting the most dangerous group of micro-organismsin sugar because of their
strong inverting power, their ability to exercise this power in highly concen-
trated solutions of sucrose of varying reaction, and aso on account of their
ability to develop on media which are very deficient in nutrients.

Nicholas and Dllian Kopdoff + isolated in a variety of media fungi from a
wide range of cane sugars, belonging chiefly to the Aspergilli and Penicillia.
Aspergillus niger and a Blue Aspergillus occurred in practically al samples,
A microscopic examination by these authors revealed fungus mycdium in
some sugars.  Sterilized sugarsinoculated with pure cultures of fungi deterio-
rated rapidly when the moisture content was appreciable. Little, if any,
deterioration occurred when the moisture content was reduced to a minimum.
The fungus which appeared with greatest frequency in al sugars, the Blue
Aspergillus, aso had the greatest deteriorative power.

Although different investigators ascribe deterioration to different albeit
kindred organisms, they all agree that some organism or other is the direct
cause, but that the sugar must be moist to alow of their growth and activity.
A dry sugar can be kept unaltered for a long time, while amoist one soon
becomes inverted and fals dof in quality, owing to the activity of micro-
organisms.

Preventing Deterioration—There are therefore two methods of preventing
deterioration during storage or transport. First, by eliminating the micro-
organisms by sterilizing the packing material, and, second, by drying the sugar

* " Louisiana Planter," 1915, 281; " Int. Sugar Journal,” 1915, 331-
1" Louisiana Bulletin,” Nos. 125, 146, 153 and 162. $ibid, No. 166
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and taking care that it does not re-absorb moisture, so that even if the spores
or germs are present they cannot develop, and thus remain inoffensive.

Disinfected Packing Material —Kamerling* found that disinfection of the
packing material by means of a hot one per cent, solution of carbolic acid is
sufficient to kill the germs of the destructive organisms, and suggested treating
* dl the packing material with this disinfectant before bringing it into contact
with the sugar.

Wishing to test this point, the author requested the Director of the
Netherlands Indies Agricultural Society (Nederlandsch Indische Landbouw
Maatschappij) to induce the managers of al the factories belonging to that
Company to pack the same kind of sugar in both disinfected and non-disinfected
material, to alow one package of every kind to stand over for one year and
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to send a sample of the mixed comtents of every package to the Experimental
Station. The mats, baskets, and bags were dipped in a hot one per cent
carbolic acid solution and dried, after winch they were used for packing the

sugar.

During the period of storing, the decrease in polarization was caused by
absorption of moisture quite as much as by inversion, consequently the first-
mentioned factor has been eiminated in the above tables by caculating the
polarization and reducing sugar on 100 parts of dry substance, leaving the
difference due solely to the action of the inversion. We notice that the sugar
in the disinfected packing material was dso partially inverted, but to a less
extent than in the unsterilized bags, and that this was the case with bags as
well aswith baskets. -

Impermeable Packing Material—As it appeared that disinfection was not
sufficient to protect the sugar against micro-organisms, and since the bags and
baskets usually employed did not prevent absorption of moisture, the following
experiments were made by packing the sugar in an impermesble material.

Sugar, which had already attracted some moisture from the atmosphere, was
packed in bags lined with waxed paper, and placed in awarehouse together with
the ordinary bags filled with the same sugar, which latter served as a check.
The analyses at the commencement, and after some time, were as shown on
page 282.

A second experiment was carried out with bags lined with paper rendered
impermeable by immersion in a rubber solution. The bags were filled on
August 12th, and-analysed on the 12th of October, December, and February,
with these results :—

Anguat 12th. | Dctober 13th, [Desaxaber 1ith[Fetrnary Mih
Polarization L meo | e 9810 %0
Reducing Sugar  ..[- 082 o’ 145 1
Ak .. L, L] el - (3] *e
Water . SRR I B R S L C &
et .. .. ] e R T Lo

The lined bags retained the syrupy liquid which gradually collected
between the sugar crystals, and the bags were externaly dean, whereas the
ordinary bags became damp and sticky from the sweating of the contents, but
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Bags Lipsd Limed
ANLLYEES, Single Bag. th Thin with Thick
Waxed Paper. | Waxed Papar,

Ai the Baginning.
Poladzation v o v 86-70 o870 9570
Reducing sugar .. 148 1-48 148
. . ‘. 0-45 0-48 045
Water . . . 978 073 a3
Undetermined .- - 084 064 04d
Total .- 10000 10000 100-00
Mett . .- . 2207 0297 0287

After 3L monihs.
Pelarization . .. 8500 0500 4510
Reducing sugar . 1-48 1-48 1-45
Ash .. . e . . 045 045 a-48
Wit i . P .- 212 214 212
Undetermined . - i8] 093 Q88
Total .- - v 10000 10000 100-00
Hett . e ol e1wg 9127 9130

After L} mronths.
Palarization . . 8880 8810 - B-10
Pelocing Sogar .. - - 284 2-84 232
Ash ., . . - - 348 047 048
Water C e .- . . 391 5-17 314
Undeterminsd e .- . 417 442 398
Total . ] 100-00 100-00 10000
HNett. e e gt 83-3 . 8151 85-98
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did not hinder the free passage of gases and vapours. The sugar attracted
moisture from the atmosphere both in the lined and unlined bags and after-
wards became inverted in the same manner, to the same degree, and in the same
period of time.

Keeping Sugar Dry.—It being impossible to modify the packing material
so that the absorption of moisture and development of micro-organisms may
be prevented, the only alternative is to deliver the sugar dry and to store it
in dry, well-constructed and ventilated stores. If this is feasible, the keeping
power of the sugar is guaranteed, but if not, nothing will prevent it from
absorbing moisture and deteriorating in the end.

Sugar crystals are not hygroscopic, but the surrounding film of molasses is
so, especidly if dried artificialy. In order to determine the hygroscopic power
at various temperatures and moisture conditions of the atmosphere, quantities
of 100 grms. of different qualities of sugar were spread out in porcelain dishes
and placed in aroom the temperature and humidity of which could be regulated.
The dishes were weighed several times each day and the temperature and
humidity of the air recorded.

ORIGIN AND ANALYSIS OF THE SUGARS.
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The following tables contain the readings of dry and wet bulb thermometers
with the corresponding values for absolute and relative humidity of the atmos-
phere, and the loss or increase in weight of the sugars, taking their original
weights as 100. A decrease is shown by a minus sign.
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When the experiment commenced, the sugars had already absorbed the full
amount of moisture corresponding with the humidity and temperature of the
atmosphere at that time.

The experiments indicate that pure sugar is not hygroscopic and contains
very little moisture, whereas sugar crystals coated with molasses can absorb
a considerable amount of moisture and thereby favour the development of
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micro-organisms. The figures for decrease or increase in moisture content
indicate that it is the relative rather than the absolute humidity of the air
which influences the absorption of moisture.

It should be remembered that the absolute humidity is the tension of the
water vapour in the air expressed in mm. of mercury, while the relative humidity
is the relation between that figure and the tension of the water vapour at that
same temperature when the air is fully saturated with water. This latter is
taken as a base, with the figure 100.

It is, therefore, not the tension of the agueous vapour which determines
the absorption or evaporation of water but the degree of saturation of the
atmosphere with water vapour, whereby a given sugar absorbs water and
then gives it df again at different temperatures but with the same tension.

The tables show that at temperatures between 24° and 33° C, refined sugar
and very high-grade raw sugars absorb moisture at arelative humidity of 80°and
over, and give it of under that figure. The limit may be put down at 75° for
white sugars, a 70° for refining crystals and molasses sugar, and between 70°
and 75° for seconds, according to their quality. It made no difference whether
therefining crystals were dark coloured or light, finely or coarsely grained, made
from pure syrup or from mixed syrup massecuite and returned molasses.  The
only active condition is the percentage of adhering molasses.

Owen* investigated the degree of moisture absorption of white plantation
sugar under conditions prevailing in the climate of Louisana
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Weighed portions of a great number of representative samples were exposed
on watch-glasses to water-vapour in a desiccator, placed in an incubator having
atemperature of 30° C. In one series the desiccator contained water, and in a
second sulphuric acid of 25° Brix or 15 per cent.

In the first case the relative humidity was 100 and in the second 93°

The results are shown in the table on page 285, expressed in terms of the
ratio of per cent, moisture increase of the sample examined, to that of a
sample of refiners’ granulated, the latter being taken as unity.

In the following table the results of the experiments are given in actual
percentages of moisture absorbed and the results averaged.
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In studying the tables we find that the average ratio of moisture absorption
of al the samples of plantation sugars to that of the refined was 1 : 1-62 over
water and 1 : 1-87 over the sulphuric acid solution.

In both the series, the highest ratio was during thefirst, and the least during
the third period. We find that in both series approximately one-third of the
samples proved less hygroscopic than the standard granulated sample.

It is evident that the moisture absorption of plantation granulated sugars
is determined less by the minute quantities of non-sucrose solids present than
by the size of grain and more parficulaiiy by the uniformity of grain and



PRESERVATION OF SUGAR 287

presence of broken grain and sugar dust. We thus find that both raw and white
sugar will absorb moisture from the atmosphere as soon as they find an oppor-
tunity to do so and that the packing material is unable to prevent this. The
opportunity arises as soon as the sugar comes in contact with air containing
over 70-75 relative humidity at temperatures prevailing in the tropics.

Factor of Safety—The Colonid Sugar Refining Company of Austraia has
established a factor, which they called the " factor of safety,” which shows
when, there is danger of the deterioration of raw sugar during storage. The
factor is based on the hypothesis that thereis no such danger so long as the
moisture content remains under haf the amount of the non-sucrose. This may

be expressed by stating that when MOiSiUe <0333, the sugar will not
100 — pol.
deteriorate.
For the climate of Australia the critical moisture content for sugar of
various polarizations would be:—

Crirical xanbrrore
e .

032
9060
{165
022
0-3a

,ésazzzzzfi'

Browne* showed that for Cuban and. Porto Rican sugars the value 0-333
istoo high and putsit at 0-3. He found that sugars with a factor lying between
0-313 and 0-346 deteriorate while others with a factor between 0-253 and
0-289 do not. In other climates the critical point is perhaps otherwise, and
our observations made during a series of years In the hot and damp donate
of Java showed us that temperature and humidity of the air in the warehouses
in that island are such that sugar may absorb moisture even in well-ventilated
rooms.

If such a period does not |ast too long and is followed by adry spell in
which the surplus may evaporate again, no great harm will be done, but if

for some reason or other sugar is being stored over along period in amoist
atmosphere, the sugar in the bags at the outside of the piles becomes so moist

** Joornal Soc. Chem. Ind," 1918, 103.
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that the factor of safety is exceeded, after which the ubiquitous fungi and
yeasts start their work of destruction. The sugar becomes partly inverted,
and is then much more hygroscopic than before, while a thick liquid containing
in solution sucrose and inverted sugar is soon observed trickling down the sides
of the piles.

In order to guarantee as far as possible the keeping quality of stored sugars,
we should fulfil the following requirements :

Clarification of the juice should be conducted in such a manner that only
very little cane fibre or bagacillo can be detected in the raw sugar.

During clarification, the cane juice should never be exposed “for more than
a very short while to alkaline reaction at elevated temperature.

The sugar crystals should be uniform and of a reasonably large size in order
to prevent adhering molasses remaining in the product.

The sugar should be bagged in a dry and cold state.

Langguth Steuerwald* enumerates the points to be observed in the con-
struction of storehouses in which sugar has to be kept during a lengthy period,
as the preservation of the product greatly depends on the more or less adequate
design of the rooms in which it is being kept. If these are built in such a way
that moisture cannot penetrate, either by the floor, the roof, or the walls, the
excessive moisture from the atmosphere is very rapidly absorbed by the sugar,
which establishes akind of equilibrium. The composition of the sugar and the
humidity of the air in the " go-down " remain practically unchanged, save for
dlight oscillations as a consequence of changes in temperature.

Any amount of water-vapour, however, penetrating into the warehouse
immediately disturbs the equilibrium, so that practically a similar quantity of
water is absorbed by the sugar, owing to which fact the conditions for the
destructive work of the micro-organisms are improved.

Hence to preserve the stored sugar as far as possible it will be necessary
to keep the degree of humidity low in the warehouses, and in order to be able
to do so, it is indispensable to measureit. The feeling of dryness or moistness-
in the warehouse is a very subjective factor and greatly dependent on the
prevailing temperature; it is therefore advisable to place hygrometers inside
and outside the storehouses, so that one can know when to ventilate the sugar,
and when to keep the doors closed and exclude the free admission of moist air.

Finally, the points of contact between the sugar and the eventual sources
of moisture should be reduced as far as possible by heaping up the bagsin large
and close piles at a convenient distance from the exterior walls of the buildings.

* *Int. Sugar Journal " 1918, 543.



CHAPTER V

EXHAUSTED MOLASSES

|.—D¢finition and Formation of Molasses

Definition—On curing the final massecuites, a syrupy liquid is obtained,
which, on further concentration and cooling, does not give any more crystals,
and bears the name of " exhausted molasses." Although from it sugar can no
longer be crystallized out, it always contains (in conjunction with the accumu-
lated impurities originating from the clarified juice) a considerable amount of
sucrose, which is therefore practically lost. This is due to the fact that the
non-sugars present in the molasses prevent a certain percentage of sucrose
from crystallizing out even if the concentration be pushed still farther.

Impossibility of avoiding Molasses—Unless we succeed in removing from
the juice everything but sucrose and water during clarification, which is an
impossibility, we are sure to find molasses at the end of every process of sugar
extraction ; and systems which claim to make sugar without any molasses can,
without any further investigation, be deemed unreliable* The nature and
conditions of molasses formation have for along time been a point of dispute
between different investigators, and even now the question is not yet definitely
settled, although unanimity exists as regards the principal points.

The Mechanical Theory.—Formerly it was the general opinion that sucrose
could not crystallize from the final molasses because the non-saccharine con-
stituents made the liquid so viscous at high concentrations that the sucrose
molecules were prevented from combining into crystals, and were thus forced
to remain in solution. At first sight, this explanation appears very plausible,

The so-called " concrete sugar * is only an apparent exception to thisrule, as it contains the whole of the
dry substance of the juice, crystals, and molasses in one agglomerated mass and is therefore not a pure
crystallized sugar.

289
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but its probability decreases if we remember that sucrose crystallizes sowly
yet perfectly from very siff jellies, and a sucrose crystal can be made to grow
regularly when suspended in a solution of sugar in isinglass.

Further, this theory is at variance with the fact that sugar crystallizes from
an osmosed molasses (where the non-diffusing viscous colloids are accumulated),
whereas, according to the theory, crystallization should have totally ceased.

Chemical Molasses Theory.—The so-caled " mechanical theory " was soon
abandoned, and the opinion was formed that the prevention of crystallization
was due to chemical influences. A genera idea prevailed that the sucrose
combined with other constituents of the molasses to form very soluble bodies,
so that the solubility of the sucrose and of the accompanying constituent was
much greater than when both were present separately.

Mutual Increase or Decrease of Solubility between Sucrose and Salts—
According to Dubrunfaut, a solution of common salt dissolves more sucrose
than the water contained in the solution would do, if it did not contain the salt.
On the other hand, a saturated sucrose solution dissolves twice as much salt
as the water contained in the solution would alone have done.  Assuming that
sucrose and sodium chloride enter into a very soluble combination, we can
easily explain the formation of molasses; and if this smple conclusion from
Dubrunfaut's experiment had been made sooner, it would have saved much
misunderstanding.

So-called Positive, Indifferent, and Negative M olasses-for mers—In beetroot
molasses, the solubility of sucrose in the contained water is greater than in
purewater at the same temperature, and as in former days beetroot molasses was
the sole object of investigation, the idea arose that the solubility of sucroseis
always higher than the normal in every molasses, and al theories and observa-
tions were based on that principle. Whilst it was known that some salts
increased (as was the saying) the solubility of sucrose, and therefore possessed
a melassigenic power, a great number of substances were tested as to their
property of increasing or decreasing the solubility of sucrose in water, and
thus determining their melassigenic power. Under the impression that the
molasses-forming power was aways identical with the increase in the solubility
of sucrose, the different bodies were divided into positive, negative and indiffer-
ent molasses-formers, according to the increase, decrease, or stability of the
solubility of sucrose in agueous solution in the presence of those bodies. This
division is still in great favour in most treatises and publications, and the
terms positive and negative molasses-formers are still widely used. It was,
however, observed that some bodies proved to be negative molasses-formers
in dilute concentrations, but positive in high concentrations, and finally the
subject led to a mass of misunderstanding and controversy.
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Smple Combination of Sucroee and Salts—The simplest explanation
assumes that all salts, both organic and inorganic, combine with sucrose to.
form hydrated bodies, each having its own solubility. If we first consider
the case where the solution contains as much sucrose and salt as possible, we
observe two alternatives. Either the combination is very soluble in water,,
much salt and sucrose enters into solution, and we may call the salt a positive
molasses-former; or the combination is only slightly soluble, the saturated
solution therefore only contains relatively little salt and sucrose, and the salt
thus belongs to the negative molasses-formers.

Kohler* showed that, in general, the solubility of sucrose in a solution of
non-sugar, and also the solubility of the non-sugar in a sucrose solution, are-
mutually in such arelation that from either body as much is dissolved asit can
dissolve of the other body,* and that solutions containing sucrose and large
quantities of non-sugar contain (with the same proportion of water), sometimes-
more and sometimes less sucrose than corresponds with the solubility of pure-
sucrose in pure water.  The most evident explanation is that, when present in
an excess of both sucrose and salt, water can dissolve so much of both as.
corresponds with the solubility of the new combination formed between the
sucrose and the salt. According to that solubility, the water can dissolve
more or less combined sucrose than if the salt had not been present and the-
sucrose had remained in the uncombined state.

Kdlhler investigated how much salt was dissolved at the temperature of
31-25° C. in 100 c.c. of pure water, and how much in 100 c.c. of a sucrose-
solution saturated at that same temperature, and finally how many grams,
of sucrose were contained in 100 c.c. of this salt solution.

X Grms, of Salt Grams, of
Grins, of Salt in 100 cc. of Sucrose in 100
Name of the Salts. in 100 c.c. of Saturated cc. of the
pure water. Sucrose Solution. Sat Solution.
Potassium Chloride 382 44-8 246-5
Potassium Carbonate .. 95-9 1054 265-4
Potassium Acetate 286-3 293-5 324-8
Potassium Citrate 159-7 219-0 3039
Sodium Chloride 359 42-3 236-3
Sodium Carbonate 220 24-4 229-2
Sodium Acetate 46-9 57-3 237-6
Potassium Sulphate 12-4 10-4 2190
Potassium Nitrate 47-4 41-9 2247
Sodium Sulphate . 45-4 30-5 183V
Calcium Acetate 354 26-3 1903
Calcium Chloride 88-5 799 1351
Magnesium Sulphate .. 47-5 36-0 119-6

* " Zeitschr. Rubenzukerind.,” 47, 441.
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Solubility of the Combinations—As, in every case, a decreased solubility
of the salt coincides with a lower solubility of the sucrose, it is evident that in
every instance, where both the components occur in such large quantities
that they can combine together to their full extent, the solubility of the con-
stituentsis regulated by that of their combination, and no longer by that of the
respective bodies in an uncombined state. In connection with this point
Degener* found that the lowest solubilities of salt and sucrose in solutions
of these two in water correspond with the formulae of NaCl + 4 Cj, HxO11
for the sodium chloride combination, and with CeCl, + 3 Cy3HgOu for the
corresponding calcium chloride combination.

Solubility of Suerose—In the case of one of the constituents being deficient,
it is clear that no more of the combination is formed than corresponds with the
amount of that constituent, so that we can no longer find the solubility of the
combination only, but have now to take into account the amount of the still
uncombined portion of the other constituent.  If it is the salt which is deficient,
then there exists in the solution, besides the sucrose in combination, a certain
amount of free sucrose, the solubility of which may not be neglected although
it may be influenced by the presence of the combination. As these com-
binations are hydrated bodies, we can suppose the solution to consist of free
water, free sucrose, combined water and a sucrose-salt combination. If we
wished to ascertain whether the presence of a salt influences the solubility
of sucrose in water and in which direction, and with that object only took into
account the total amount of sucrose and the total amount of water, we can easily
imagine what highly varying results might accrue, according to the different
proportions in which the four constituents mutually existed.

When the amount of salt is small and that of sucrose considerable, only a
little of the hydrated sucrose-salt combination will be formed, and very little
free sucrose and free water will be withdrawn from the solution, but sufficient to
prevent the remaining free water from keeping all of the remaining free sucrose
in solution, part of the latter crystallizing. We have, therefore, in the remain-
ing portion of free water its full content of sucrose, and in the hydrate alittle
combined sucrose, and if the sum of these two quantities happens to be smaller
than corresponds with the figure for the solubility of sucrose in water, the
total amount of sugar in the total amount of water is smaller than the normal
solubility, and we should call it a negative molasses-former. When the amount
of salt increases, then of course the quantity of salt-sucrose combination
increases equally, until at the end all the sucrose has combined with salt, and
we no longer have to deal with a solution of sucrose in a decreasing amount of
free water, but only the solubility of a sucrose-salt combination, which is, as
we saw before, always higher than that of the sucrose existing in it. This

* " Deutsche Zucfcerindnsttie,” 20, 2149.
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explains why in Herzfeld's experiments* additions of small portions of non-
sugar were apt to lower the solubility of the total sucrose in the total water,
whereas larger portions increased it.

Cases from Practice—In pure juices and syrups we see instances of the
former case; in these products the amount of the combination is far less than
the free sucrose, and accordingly the solubility of the total sucrose in the total
water should be lower rather than higher than the normal figure. In the
exhausted molasses, on the contrary, from which the superfluous sucrose has
been removed by successive crystallizations, and only the saturated sucrose-
salt combination left, it depends solely on the degree of concentration of this
strongly evaporated product how much sucrose is found on 100 parts of water.
In beetroot molasses, crystallized in large crystallizing tanks, this amount of
water is generally such that theratio of sucrose to water is greater than in apure
saturated sucrose solution, but, aswe shall seelater on, thisisonly a surmise ; it
might also have been thereverse.  But because beetroot molasses were studied
almost exclusively, and in this substance the higher proportion was met with,
the idea of supersaturated solutions has unconsciously taken root in the minds
of all investigators who studied molasses and their formation, and they have
aways endeavoured to explain that supersaturation by the hypothesis of the
presence of substances which prevented crystallization.

Definition of an Ideal Molasses—A short definition of molasses {i.e., of an
ideal molasses) according to the author's theory is: A hydrated syrupy-liquid
combination of sucroseand salts*.

After his experience of beetroot molasses, he was struck by the much
smaller ratio of sucrose to water in cane molasses than corresponds with the
solubility of sucrose in water, instead of the higher one he had aways been
led to suppose.

Ratio of Suerase to Water in Cane Molasses—At the average Java tempera-
ture of about 28°C. one part of water can keep in solution 2-162 parts of sucrose,
so that if that solubility was not changed by the presence of other bodiesin the
molasses, the polarization of a molasses with 25 per cent, of water should be
53-9. According to the following table of analyses of mother-liquors crystal-
lized in tanks, the ratio of sucrose to water is generaly less than that of the
two pure ingredients, and generally those containing the most glucose show
the lowest ratio :—

* " Zeitschr. Riibenzuckerind.,” 42, 182, 240.
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Sucrose | Ratio of

. Quotient | on 100 | Red'cing
No. | Dry Sub-| Sucrose. | Reducing| Ash. | Water. o parts of Sugar
stance. Sugar. Purity. | water.* | to Ash.

0 10000 | 216-2

1 7488 | 59-20 729 | 607 | 2512 | 7906 | 2357 20
2 74-29 | 58-70 997 | 382 | 25-71 | 7901 | 2283 | 261
3 82-88 | 47-80 | 1453 | 666 | 17-12 | 57-67 | 2792 | 2-18
4 7469 | 50-20 | 1514 | 435 | 2531 | 67-21 1983 | 348
5 82-90 | 43-70 | 1580 | 650 | 17-10 | 52-17 | 2556 | 2-43
6 72-23 | 49-00 | 1652 | 252 | 27-77 | 67-84 | 1764 | 656
7 83-55 | 47-90 17-44 | 7-00 | 1645 | 57-33 | 291-2 | 2-49
8 71-07 | 42-90 | 19-93 | 300 | 2893 | 60-36 148-3 | 664
9 7155 | 4310 | 20-87 | 339 | 2845 | 60-23 | 151-5 | 616
10 77-10 | 3410 | 2300 | 7-80 | 22-90 | 44-23 | 1489 | 2-95
11 7140 | 32-40 | 2300 | 520 | 28-60 | 4538 | 113-3 | 442
12 76-80 | 36-90 | 26-30 | 497 | 23-20 | 48-05 1591 | 529
13 7586 | 30-90 | 27-47 | 637 | 2414 | 40-73 1280 | 431
14 7388 | 3290 | 2753|372 |2612 | 4453 | 1260 | 740
15 80-90 | 3530 | 27-60 | 808 | 1910 | 4363 | 1848 | 342
16 74-62 | 3405 | 27-78 | 416 | 2538 | 4563 | 1342 | 668
17 7550 | 3370 | 2812 | 365 | 2450 | 4464 | 1376 | 7-70
18 77-02 | 3380 | 2820 | 688 | 22-98 | 43-88 | 1471 | 410
19 73-78 | 3219 | 30-30 | 377 | 2622 | 4364 | 1228 | 804
20 74-23 | 30-69 | 31-73 | 365 | 2577 | 41-34 | 1191 869

Molasses-forming Property of Reducing Sugar —This appears very strange,
since, in existing literature, glucose is always referred to as a molasses-former,
and one would expect high solubilities, instead of the low values found by
actual analysis. Gunning** has said that glucose renders a certain amount of
sucrose uncrystallizable. Pellett put down the melassigenic coefficient of
glucose as 0-60. Flourenst alows various values for that figure, fluctuating

— between 0-30 and 1 -0, whilst Degener§ mentions having found glucose to possess
no melassigenic power of its own, but able to transform sucrose into invert
sugar by the action of its acid products of decomposition. In that connection
Pelletf also mentions two distinct sources of molasses-forming by glucose,
namely, one as a consequence of the inverting action of glucose, which he
calculates as 0-16, and further the pure melassigenic power, at a value of 0-60.
The alleged inverting action, which has, however, never been proved to exist,
may be ruled out of consideration here, where only the melassigenic power
itself is considered.

* At 28T C. *+ Saccharimetxie ea Accjjns. t " Zeitschr. Rfibenznckerind," 1879, 806.
t " Joarnal des Fahricaats de Sucre,” 1880, 40. | " Zeitschr. Rfftenzuckerind/’ 1881, 514.
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While many authors thus ascribe different values to the melassigenic power
of glucose, the author has' made some experiments to ascertain how this sugar
influences the solubility of sucrose in water.

His laboratory experiments led him to the conviction that neither glucose
nor invert sugar affects the solubility of sucrose, and dso that this sugar does
not possess an inverting action under the conditions prevailing on smple
dissolution and crystallization at low temperatures.

Melassigenic Power of other Non-Sugars—Neither can the other con-
stituents of the molasses be made responsible for the observed lowering of the
solubility of sucrose in cane sugar molasses, because they—organic and in-
organic salts, pectin, gums, nitrogenous bodies, caramel, etc—are aso found
in beetroot molasses, and are there looked upon as causing the higher solubility
of the sucrose.

Joint Action of Reducing Sugar and Salts—As the joint action of reducing
sugars and salts might cause the phenomenon aluded to here, the author*
prepared at the boiling point solutions containing sucrose, reducing sugar,
salts of organic and inorganic acids and water. The amounts of sucrose and
of water, which were the same in every one of the solutions, were thus chosen
so that in all probability sucrose would crystallize out after the cooled solution
had been allowed to stand during along time. The amount of salts was such
that the amount of ash was the samein every experiment, while the proportion
of the reducing sugar showed great variations.

When dissolving the salts it was observed that they passed into solution
much more slowly and more difficultly in the thick liquid containing sugars
than they would, have done in the same amount of pure water as was present
in the syrups.

Inversion by Reducing Sugar and Inorganic Salt—The mixtures containing
reducing sugar and inorganic sats revealed a striking fact; their presence
gave rise to so much free acid of a highly invertive power from the inorganic
salt, that at the high temperature at which the solutions had been made some
sucrose was inverted.  For this reason the action of inorganic salts on the solu-
bility, of sucrose in presence of reducing sugar could not be studied, while their
influence in the absence of that body is sufficiently known from Herzfeld's
experiments.  When organic salts were also present in solution, the inversion
occasioned by the far lessinvertive acids was so small that in every case enough
sucrose was left intact to give a supersaturated solution, as is shown by the
large quantities of sucrose which crystallized. Owing to this circumstance it
was only possible to study the action of inorganic salts by comparing them with
mixtures containing organic ones.

“ hrckint voc do Javn Sufpintis 1095, 3. -
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We observe that in every case where reducing sugar and salts were present
in the solutions, the amount of sucrose crystallizing out increased in pro-
portion as the liquid contained more of the reducing sugar for the same amount
of salts.

Identical Aetion of Organic and Inorganic Salts—In the mixtures containing
both organic and inorganic salts, this crystallization is analogous to that found
in those which contain the same amount of organic salts only, which shows
that in this respect the action of organic and inorganic salts does not differ.

A completely identical result cannot be expected, as every salt has an
action of its own, but we see that substitution of a part of the organic salts
by the equivalent weight of an inorganic one has a slight tendency to promote
crystallization of sucrose. Calcium salts exert the strongest influence, next
come potash, and finaly soda salts.

Reducing Sugar can take the Place of Sucrose—Having seen that the
simultaneous presence of any kind of salt and reducing sugar promotes crystal-
lization of sucrose and that crystallization is more rapid when, for a given
amount of salt, the proportion of reducing sugar is greatest, we extended our
hypothesis already mentioned still further. We had aready remarked that,
in absence of reducing sugar, molasses is a hydrated combination between
salts and sucrose, whichis stable in a concentrated state andis only dissociated
in avery dilute state. If we add reducing sugar to that combination, the salts
will combine with the glucose and fructose just as they did with sucrose,
giving rise to a sucrose-glucose-fructose-salt combination, or more shortly, a
sugar-salt combination. The proportion in which the five components (three
sugars, water and salts) occur depends on the nature, of the salt; but in
presence of glucose or invert sugar, less sucrose enters into combination for the
same amount of salt, than when invert sugar is not present in the mixture.
This amount of sucrose then becomes free, and can crystallize out.

If this hypothesis be true, then, when mixing dry glucose with a quantity
of the sucrose-salt combination, we must expect to see a part of the sucrose
displaced by the invert sugar, and so be caused to crystalize.

For the same reason, when bringing together a saturated solution of
sucrose with glucose and a dry salt, the salt will combine with the sugars and
with water, and if the conditions of the experiment are well chosen, there will
not remain sufficient free water left to keep the whole of the still free sucrose
in solution ; that surplus will therefore crystallize.

Definition of an Ideal Cane Molasses—Experiments have corroborated
this hypothesis, and have led us to the following definition of an ideal cane
molasses:—

Molasses is a hydrated combination between sugar and salts, which cannot
be broken up by dissociation in a concentrated state, and therefore cannot
yield sucrose in a crystallized form.
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Its Composition.—The total amount of sugars (sucrose+glucose+fructose)
in an exhausted cane molasses is about 55 per cent., and their relative pro-
portions depend solely on the ratio of reducing sugars (glucose + fructose)
to ash. Thewater content is about 20 per cent., and the ash about 9 per cent.
In the case of juice containing no reducing sugar, the salts combine with
sucrose only, and sucrose is the only sugar represented in the 55 per cent.,
so that the proportion between sucrose and water is in this case as 55 : 20.
If, on the contrary, the juice contains reducing sugar as well, then thiswill aso
combine with a part of the salts, causing the total salts to hold less sucrose
in combination. If, for instance, the amount of reducing sugar be 10 per
cent., and of sucrose 45 per cent., then on 20 parts of water, we find only 45
parts of sucrose; and in a case (which often occurs in cane molasses) of 30
sucrose and 25 reducing sugar, we only find a proportion of 30 sucrose to 20
water.

Sucrose and Water in Presence of Invert Sugar.—The supposed increase or
decrease of the solubility of sucrose in the water of the molasses had long
dominated the study of molasses-formation.  If we accept that idea we notice
the following solubilities for the corresponding relations between sucrose and
invert sugar:i—

Invert Sugar 0 . 275 parts of sucrose on 100 water.
. 5 . 250
., 10 . 25
., 15 [ 200 .
. 20 [ 175
, 2 | 10

It will be seen that the so-called solubility of sucrose falls as the amount of
glucose (or, in general, invert or reducing sugar) rises. Generally speaking, we
can say that with a high ratio between glucose and ash, the solubility of sucrose
decreases.

But this statement is far from being precise, and is apt to give rise to much
confusion. There is no question of solubility of sucrose at al, but only of the
composition of a combination, which containson an average 55 per cent, sugars,
25 per cent, salts, and 20 per cent, water. If there is alarge proportion of
reducing sugar in that 55 per cent., then there is little sucrose; if, on the
contrary, the percentage of glucose is small, the syrupy combination contains
much sucrose.  The ratio between the sucrose and water in such combinations
has nothing whatever to do with apositive or negative melassigenic power of the
constituents of the molasses.

It is evident that in the author's theory there is no place for negative
molasses-formers ; the non-sugars, especialy salts, combine with sugars, and it
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depends entirely on the mutual relation of sucrose and glucose whether much
or little sucrose enters into combination.

Van der linden's Observations—Van der Linden* considered the formation
of molasses from a view-point of the phase rule and distinguished the cases,
in which the constituents of which the molasses is composed, i.e., sucrose,
non-sucrose and water, enter into mutual compounds, and in which they do not.

Further the question may be asked if molasses has or has not to be looked
upon as an undercooled eutectic mixture of the various components, or as an
exactly saturated, either stable or meta-stable sucrose solution.

It is not impossible that in practice both cases may occur, and that there-
fore some molasses must be regarded as eutectic mixtures, while others are
exactly saturated sucrose solutions and very probably stable ones.

In the first case molasses and find massecuites possess the properties
enumerated below, which are identical whether the components mutually
form compounds or not.

1. A fixed vaue for degrees Brix goes with every final massecuite of a
given quotient of purity, below which the massecuite cannot be concentrated
if itis desired to obtain an exhausted molasses after cooling and centrifugalling.

2. Every final massecuite concentrated beyond the degrees Brix referred
to above may be diluted with water to that degree Brix, without the quotient
of purity of the molasses undergoing any noticeable increase.

In this respect two cases have to be distinguished:—
(a) the purity of the exhausted molasses sinks as the water content
rises.
(b) the purity rises with the water content.
The former possibility is the most probable one.
3. If more water is added to the final massecuite so that the Brix comes
down under the limit, the purity will risein both cases.

4. The lower the quotient of purity of a final massecuite the larger the
amount of water, i.e., the lower the degree Brix to which it may be kept.

5. A fina massecuite having a low quotient of purity will stand a greater
dilution with water than a high purity one, concentrated to the same degree
Brix.

6. The higher the degree Brix is to which the final massecuite has been
concentrated, the higher the temperature may be at which it is being cured,
while yet a low purity molasses is obtained.

Here again the two cases mentioned under (2) may be distinguished; that

"4 " yriint voor de Jaen Selkeindustrin,” |15, 1033, 1369,
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is to say, if the purity of the exhausted molasses rises with the concentration,
such a practice will be favourable, but unfavourable in the other case.

In both cases the temperature at which curing is carried out should never
be alowed to rise over the temperature of equilibrium of the corresponding
molasses. This point should especialy be considered in cases where a high
content of reducing sugars is accompanied by alow ash content.

7. Behaviour of exhausted molasses on addition and evaporation of water.

(a) The quotient of purity of the molasses sinks on adding a small
amount of water to an exhausted molasses and cooling the mixture;
and sucrose separates out, thus giving a decrease in the quotient of purity.
If, on the contrary, water is evaporated, the mass will remain homo-
geneous, provided that no non-sucrose separates out.

(b) The quotient of purity of the molasses rises. Addition of water
and consecutive cooling may cause non-sucrose to separate; if thisis not
the case, we only see dilution.

Evaporation of water may lead to crystallization of sucrose, i.e,
decrease of the quotient of purity of the molasses. The limit is only
attained when all of the water is evaporated.

8. A molasses, of which the non-sucrose chiefly consists of salts, will have
a high quotient of purity (beet molasses).

9. A molasses, of which the non-sucrose chiefly consists of reducing sugar,
will have alow quotient of purity (cane molasses).

10. The quotient of purity of the molasses depends on the ratio between
reducing sugar and ash; if theratio is high, the purity will be low, and if the
ratio is low, the purity will be high.

11. Addition of reducing sugar to syrup cannot decrease the purity of the
exhausted molasses to be expected therefrom below a fixed limit.

12 Any body having a low melting point can have the same effect as
reducing sugar in this respect, provided that its molecular weight, does not
differ too much and that it does not separate out.

As regards the second case, viz., that the molasses has to be considered
as an exactly saturated stable sucrose solution, all the properties known by
experience to belong to molasses and final massecuites might be traced back
to that possibility.

It appears that the diagram representing the system sucrose-glucose-salt-
water shows a somewhat peculiar shape, from which the conditions of solubility
of sucrose in presence of salt and glucose can be derived. An explanation of
that peculiar condition of the diagram is not to be expected from the phase
rule, but will have to be evolved from the so-called theories of formation of
molasses.

Since in the literature dealing with sugar no record of investigations could
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Be found giving an absolute answer to the question, as to which of the
two categories referred to here the molasses belongs, it was found necessary
to continue the researches.

The procedure was aready indicated by the definition of the two cases.
If molasses is an undercooled eutectic mixture, no sucrose will be dissolved on
heating molasses with sucrose crystals till the temperature is attained at which
a eutectic mixture of the given composition is just in equilibrium. If, there-
fore, the purity of the mother-liquor is continually ascertained at various
temperatures during a range of sufficient length, the quotient of purity will
be found to remain the same at the beginning and to start rising from a certain
point onward.

If, on the contrary, molasses is an exactly saturated sucrose solution, the
quotient of purity will rise a once if the temperature is raised, since solu-
bility of sucrose in its mother-liquors is increased as temperature rises.

Theresults of the experiments undertaken by van der Linden were rendered
uncertain by the development of very minute sucrose crystals, which separated
from the thick masses and could not be filtered off.

Helderman's investigations—Helderman* directs attention to the deter-
mination of the solubility of sucrose in water in presence of reducing sugar
by Van der Linden, whose tables have been mentioned on page 11 of this
work. These investigations show that, contrary to the views expressed by
many other authors enumerated on pages 294 and 295, reducing sugar diminishes
the solubility in water.

Further, Heldermant, equally contrary to the opinion of a great many
other investigators, maintains that neither sucrose nor glucose enters into
compounds with salts, and corroborates his view-point by references to the
phase rule, which have, however, been contested by others.

He comes to the conclusion that molasses may not be considered as under-
cooled eutectic mixtures, but as exactly saturated sucrose solutions.

Finally he is convinced that the conclusion derived from the so-called
chemical molasses theory, viz., that an exhausted molasses is unable to give
df sucrose crystals on further evaporation, but only loses water of hydration
during that operation, does not agree with the facts.

On the contrary, he is of .opinion that every molasses can crystallize out
Sill further on continued evaporation; only the velocity of crystallization
and the size of the crystals become very much reduced, so that thelast crystals
may be only visible under the microscope.

Helderman gives the following definition for molasses: Molasses is a

*  rchint vope da Javs Scibwtudetin, 1921, |75

+ Tk, 150, 1700 lo2, £ 1931, 167
Tt S Joumal® 1521, 647
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solution saturated in sucrose, the solubility of which is influenced by the
presence of various substances, such as reducing sugar, salts and other sub-
stances, colloidal and crystalloid.

Condusions—We shall refrain from further discussing the theories and
confine ourselves to expressing them one after another. We only want to
observe here that in such concentrated mixtures asfinal molasses we should no
longer use as abasis of comparison the terms of solubility of sucrose in water.

We have seen in the foregoing chapter that final massecuites may be
evaporated to a density of about 100° Brix, and that therefore the amount
of water still left in the exhausted molasses is a very insignificant one. It is
therefore not adequate to apply the conditions of dissolution of sucrosein and
crystallization from aqueous solutions unchanged to those in and from liquids
from which the water as far as possible has been driven out.

If onewants to consider molasses as a saturated sucrose solution, one should
make sure not to think of a solution in water but in a melted mass of non-
sucrose.

Further it is clear that the conditions of the formation of molasses must
be studied under similar circumstances as occur in practical working. We
must, therefore, start from an excess of sugar (chiefly sucrose) over salts,
because in practical sugar manufacture the sucrose aways predominates in the
juices and syrups; it constantly grows less through the consecutive crystalliza-
tions until no more is left than can possibly be left in solution in the iff,
almost anhydrous mass, which constitutes the final molasses.

Hence, in thiswork, the solubility of sucrose in water is not studied beyond
the stage where the juiceis concentrated to syrup.  Sucrose still preponderates
in the concentrated syrups, as compared with the relatively small amount of
non-sucrose, but in the first molasses (from which a great deal of sucrosehas
been withdrawn) this proportion is already so disturbed that it may be regarded
as a solution of sugar in a mixture of reducing sugars, salts and water, which
latter constituent gradually decreases till it reaches its minimum in the ex-
hausted molasses.

This same observation holds as well for the case in which the sugars and
salts enter into compounds, as for that in which uncombined sucrose is smply
dissolved. In the former case the sucrose is immobilized by its being com-
bined with the salts; in the latter it is immobilized by its being dissolved in
the non-sucrose.



Il.—Composition of Exhausted Molasses.

When speaking hereafter of " exhausted molasses/* we only mean that
the molasses removed from the course of manufacture is practically exhausted,
even though it might be possible to extract yet more sucrose from it by some
device or other.

Compostion ol Java Molasses—In the first edition of this work we gave
the full analyses of a great number of Java molasses, dating from 1905.*

We here only reproduce ten of them, divided into two groups, viz., those
obtained from final mixed massecuites boiled to grain and those obtained
from massecuites boiled to string-proof and cooled in tanks.

As the molasses were obtained in the usual course of manufacture, they
were probably somewhat diluted, or might have contained minute sugar
crystals in suspension, and were therefore not identical with the mother-liquors
from the fina crystallization.

E—MOLASSES FROM MASSECUITES, BOILED TO GRAIN.

. . T A5
N L3
R R

ﬁfﬂ”ggeg-ﬂ“ b

I ] ! ‘E E ] ,E!
1 SPOL { Are30 ( XE b AB4Y | WeAR (47FTP20TH( XD OPTI( 128 | —26B | 69 06 265
3 |aa fouez |#ian |31 [350 | 0nEa |41l | 2ed | 1048 | 122 ie0s =031 | BE2 24 | 238
A [ aenk [ msr | S S0 (M0 [ 4007|4535 (2081 | 973 141267 | — 1%6 | ¢TI 1% 58
4 1852 foonh [0 (-2 (300 (3586 (b [ 294 [ BOD [ 2ET[ERGE - 0T | ED [ ALF [ FEF
5 |G | 842 | BI-1S | OB | 3280 | BM26 | 465 _22"]’3 B3| 200 0ED | — T [ 06 | M 70

1A AEANI
{ [ £ 18 0 o X
Vg R B g

1[5l (-3 B[ Gd6 ) 685 [ CoF | DOE] 16| 3H5{ M GE a2 | 164 34 [ P06]
2| ST AR10 1043 | TS| BT Gl | D37 15| Ao | C02| GER| B[ 227 ORI
A lwolan |« Me| P80 00 | 085 [ 017 d0) | DO | 00X 44 | 160 6 | #2)
# [dpd | 40-BY | @00 BTH| SE5| GR [ D8F ) G0 | I3 00| 51| 0BG [ P46 | 017 83X
8 o[t gam ] MO| B[ 0| Gar Gae] 3T D3| oM 1| TS | HE] FEE

= G " Iok Suger Jromal! 1504, Th
B02



COMPOSITION OF EXHAUSTED MOLASSES 303

II—MOLASSES FROM MASSECUITES BOILED TO STRING-PROOF AND
COOLED IN TANKS.
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Since that time conditions in Java have changed in so far that the string-
proof boiled massecuites have dropped entirely into the background, while
amost al final massecuites are now boiled to. grain. Further, concentration
has been pushed much farther nowadays than was formerly the case, causing
the figure for degrees Brix to be now much higher than in the instances given
above.

We give here the averages for the fina molasses in Java during a series
of years derived from the find tables' of the Mutual Control of Java Sugar
Factories.
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DEFECATION.
Goantlusants [ [N LT R T: TN TS R
Brix .. . .| 80-87 | 9144 ] DO-0R | F1.14 | 01.98 | 9235 | 0215 | 9288
Pelarlation . .| 28-85 | 29-44 | 29-70 | 20-19 | 20-48 | 2872 | 2695 | 26.9T
Q.Pﬂfﬂy%.. . .|sa-6 |83-I0]33.70) 321 |821 [Re2 [s1e |4Lg
Suerwte . . | 3935 | B3-2A  $%-80 ( 43-DL | 3382 | EN-40 | 32-93 | 8247
Brix
, PATILY s e | 2 . 0 | 978 - z
QPuntys ¥ng |3k | ST0 | ¥ 4 (352 |37 |22
Redecing Sugar .| 2918 | 39-08 | 27-01 | 26-66 | 27-65 | 87.78 | 2708 | 2871
- e 1 o— L osrrl gl ot | 906 | 98D 82| 1044
DEFECATION—SULPHITATION.
Contiomtn. [LESR T TER T TEAR I 1T O LR T T R - 8
Beix .. LpBL-34 | p2-68 | 01-50 | 92-16 | 93-30 | 92-82 | 9308 | £3A0
Fularizatinn .. .| 29-90 | 2977 | 30-60 | B0-54 | 20-92 | B0-06 | 2041 | 2008
Q.Pudty%:—.. .i32-7 (%234 (3283 (824 {82l |BE.4 (316 [3i-d
Scress - . .)ssas|ax3 | 881K | S5-00 | B3-38 | S3-8E | 5307 | $2-AT
.o, Drix
e . 4] 3541 | 302 5 -k | BE-H | 5 g '
Q.Pnnty‘% B5-41 (02 (581 186 01 | 356 LMY
Reduclng Sogar . o] 288 29-38 | 26-30 | 2700 [ 2629 [ LA-DI | £7-46 | SO-48
AR o oo e wd| — | B28| BegN| 9eld| oebg} 72| 970 (1020
CARBONATATION.
Courtitwatl. o | ek [ otor | twe | ot | o, | sz ) wo.
Brix .. . .. 2T SB8-TT | SU-d [ 9047 1 5118 | D187 [ Q1-51 | H0-80 | H1-8E
Folarieation .. ‘- -] 2-TEA A0-0d | MO-1T 4 30-TA | B)-1F | 30-T73 | 3032 | £9-3T
Brix
Qhﬂ?—ﬁ L|eks [ R0E (382 1BET | ARG [ 396 | 334 [ 320
Sucrose . v .| 32-09 | B5-BL | B2-TT | 8619 | 32-T4 | 33-B4 | 22-06 | 3%-1§
Brix
3 _— .| 8615 | 36-1 |36k |B6-& |85-T |36+ |35-R | 355
0. Pacity = 3615 | 86
Reducing Sugar ve .| ErsE | eSaL | 2680 | 2400 [ 25-76 | 35-70 | 3605 | 27-05
Ath L L . — } — | 22| o3| 922) 907| 8T] 9%

Compostion of Hawaiian Molassess—Van Heemskerk Duker* publishes
the following data concerning exhausted molasses from Hawaii subdivided
according to the methods of boiling and cooling.

" 4 Loushps Dlrater,™ 1926,

JE T
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BOILED TO GRAIN.
A. Prx Crnt. Dmy SUBSTANCE.
o | sobsviace. | “Bimten
Sugrose. Rad. Sogar.  |Total Sugars
1 8010 d46-1B 30-82 19460 5042
2 107 5723 41-55 1803 5938
3 7942 995 43-67 154 60-28
4 ToRg 3447 50-24 27 5051
BOILED TO STRING-PROOF.
D A t PER CENT. DRY SUBSTANCE.
No. Subsllgl/wce. upr?{)?n
Sucrose. Red. Sugar. |Total Sugars
1 74-23 36-43 43-60 1847 62-07
2 78-53 40-36 46-16 1470 60-86
3 77-76 41-33 47-07 1593 63-00
4 847 42-90 49-02 1350 62-52

We also abstract from the periodica statistics of the Sugar Club of Havana
the following instances, picked at random, from the data of 1924, on ex-

hausted molasses in Cuba

Brix Brix
Wo | ez pol. | Socross [PEUC ToL W T from | Red Sagaes
1 ase0 | ;@1 | 8w 2663 454 -
2 8802 - | M08 | 3TN0 3866 425k Y-}
3 8536 | 2706 | 3600 3190 4650 25
4 6303 °| om0 | 3204 3601 2907 1499
5 8692 | 5392 |  greT 3342 4887 -4
¢ a847 | 2785 | e | 31as 4506 208
o gegr | 2pme | s2at [ 8611 3048 1582
8 sp08 | 2748 | 32 | & 43455 2483
g1 sest [ B8] 2B 20-04 3238 T8k
10 8555 [ Mk | 79 3238 4338 20-26
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Compostion of Cuban Molasses—The yearly statistics of the Secretary
of Agriculture, Commerce and Industry in Cuba, mention the following averages
for the quotient of purity of exhausted molasses in the year 1920-21, in the

different provinces.

Pinar del Rio ..
Habana
Matanzas

Santa Clara

Camaguey
Oriente

38-70
32-88
34-87
3411
34-35
34-39

Compostion of Argentine Molasses—Cross* cites the analyses of exhausted
molasses of a number of factories in Tucuman in 1915, to be as below:—

Brix

Polarization

Apparent Purity ..

Solids

Sucrose

True purity-

Reducing sugar

Nitrogen

Ash

Silica

Iron oxide and
alumina

Lime

Magnesia

Potash

Soda

Phosphoric acid ..

Chlorine

Sulphuric acid

Carbonicacidinash

762
256
32-8
73-03
31-90
43-68

.| 201

0-54
744
0-25

0-12
0-71
0-19
334
0-14
013
0-26
0-64
1-32

80-2
380
47-38
76-60
43-37
56-62
151
0-59.
6-82
0-21

014

0-46
0-18
2-96
017

017
0-69
0-80
0-70

82-8
34-4
41-55
76-50
39-50
51-63
125
0-76
10-89
0-46

0-22
0-72
0-22
518
0-26
0-14
148
12
0-90

83-9
31-2
36-71
78-78
37-40
47-47
161
0-85
9-68
0-40

021
0-82
019
387
0-40
0-10
0-78
1
" 109

86-5
284
32-83
80-40
3300
41-04
21-9
0-60
885
0-35

0-18
097
021
411
0-16
015
0-26
0-81
140

80-4
27-7
34-46
76-80
36-40
47-39
22-45
0-55
6-94
0-26

0-11
0-33
0-19
326
0-18
0-13
0-17
0-66
115

831
26-8
32-25
78-20
34-20
43-73
16-9
.0-74
9.54
0-31

0-16
0-95
0-24
405
017
015
0-30
126
1-32

77-6
30-3
39-04
72-70
34-60
47-58
11-3
0-70
10 06
0-30.

013
0-64
0-23
4-93
0-26
0-21
101
121
0-97

Compostion of Philippine Molasses—Westleyt gives the following datare-
garding Philippine molasses.—

* ' Fovigte Indymrlf ¥ Agriccle de Tomman ™ 1922, $5
T " Tt Soger Jocwrml,™ 1924, H
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Average of 13
factories.

1 2 3 4 6 6 7
Brix 85-00 | 87-29 | 91-70 | 85-33 | 88-31 | 87-54.| 86-00 88-29
Apparent
Purity ..| 3210 |32 09 | 31-61 | 33-29 31-86 | 38-80 32-40

These analyses which agree fairly mutually for the various countries give
rise to the following observations.

Degrees Brix—As was said in the case of massecuites and first molasses,
the degree Brix of the exhausted molasses is aways higher than the per cent,
of actual dry substance, due to the fact that many of the impurities which
accompany the sucrose possess a higher specific gravity than the latter in
solutions of equal concentrations.  The specific gravity tables corresponding to
degrees Brix are calculated for pure sucrose, so that the presence of such
impurities causes the degrees Brix (calculated from the specific gravity) to differ
from the actual dry substance. Theimportance of these deviationsis shownin
the following table, in which the actual concentration, specific gravity, and the
corresponding degrees Brix of various substances are brought together:—

Specific Grav.
SUBSTANCES. Concentration. 17-5 Degrees Brix. .
175
10 1-04014 100
Glucose . 10 1-04013 100
Fructose : 10 103990 100
Sodium chloride 10 1-07312 177
Potassium chloride 10 1-06518 159 .
Cacium chloride 10 1-08647 20-7
Potassium sulphate 10 1-08235 198
Potassium acetate 10 1-049%6 123
10 1-0538 13-25.
10 . 10492 122 .
Potassium tartrate 10 1-0650 159
Albumin .. L -10 1-0261 66
Dunder from cane sugar molasses 9-36 1-04356 108
Sodium glucinate* 10-13 1-05494 135
105358 132.
Cdcum i, . . . 992 104769 | - 118"
h& g.m of potasdiam amd
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With afew exceptions, al the substances mentioned here, when in solution,
show a higher specific gravity than sucrose and the two other sugars.

Leaving out of question the possible interaction or combination between
the different constituents, and assuming that each of these retains its own
specific gravity, asolution of the following composition would possess an actual
percentage of 70 per cent, dry substance and yet show a density corresponding
to 77-7 degrees Brix:—

Brix.
Sucrose .. . . . 40 = 40
Glucose 10 = 10
Fructose 10 =10
Sodium chloride . . 10 = 177
70 777

All cane molasses contain salts, and since the degree Brix of solutions
of both organic and inorganic salts is in excess of their actua content of dry
substance, it is very probable that the degree Brix of the molasses is too high.

The analyses of anumber of artificial mixtures proved that when asolution
only contains sucrose and reducing sugars, the sum of the degrees Brix and
the water does not deviate much from 100, but fallsbelow 100 as the proportion
of reducing sugar increases.

When salts are also present, the sum of the degrees Brix and the water
rises above 100.

Brix. Reducing | Sum of
No. 17-5 C° Sucrose. Sugar. Ash. Water.  Brix+Water
1 68 1 6812 00 000 31-9 100 02
2 69-2 66-8 2-4 002 30-7 99-9
3 717 57-5 110 003 27-81 99-51
4 74-7 51-6 21-7 003 24-85 99-55
5 74-8 43-8 29-4 003 247 99-50
6 77-9 43-6 333 003 21-27 99-17
7 84-3 37-4 392 0-03 150 99-30
8 82-4 18 750 0-06 16-6 90
9 68-6 1513 36-5 1051
10 81-8 62-6 192 12-42 26-93 108-73
11 74-9 58-8 2-10 841 29-60 104-5
12 80-5 54-5 11-90 846 25-07 105-57
13 78-5 47-9 152 6-75 26-00 104-5
14 79-6 46-8 21-3 580 24-23 103-83
15 84-2 41-4 31-5 6-45 20-40 104-60
16 835 344 384 4-46 17-83 101-33
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Although the salts of inorganic acids are fully represented in the ash, those
of organic acids|eave carbonates after incineration, the weight of whichisonly a
part of that of the original salt. In the case of salts containing much organic
acid, the amount of ash is smaller than if the majority of the salts had been of
inorganic acids. For this reason, and aso because every salt in solution hasits
own relation between specific gravity and dry substance, no fixed factor can
be found for converting the degree Brix to the actual dry substance in the
molasses. Former researches gave an average factor of 0-6 to 0-7, so that for
an indirect determination of solid matter in an exhausted molasses, the figure
for ash was multiplied by 0-6 to 0-7 and the product subtracted from the degree
Brix at 17-5° C. in order to get the actual dry substance. In the analyses
recorded in the afore-mentioned tables, the author found an average factor of
0-63, with a maximum of 0-89 and a ininimum of 0-47, and only about 20 per
cent, of the molasses showed larger deviations from the average than 0-10.

Polarization.—It has already been observed that the direct polarization
does not yield the true percentage of sugar, because clarification by means
of basic lead acetate precipitates part of the fructose and therefore causes the
polariscope reading to be somewhat high. But, as has already been remarked,
the lack of a suitable clarifying agent, not possessing this or similar incon-
veniences, compels us to accept thisslight error.  From the difference between
direct polarization and polarization by Clerget's method, we can compute
‘the quantity of other optically active substancesin the molasses. Clarification
with the lead reagent named eliminates all the active acids, leaving only the
active sugars, and as the sucrose is already accounted for by polarization by
Clerget's method, the difference between the total polarization and that of the
sucrose is due to reducing sugars.

The rotatory power of the reducing sugar, expressed in degrees Ventzke,
calculated from the data mentioned on page 304, is for factories using the
carbonatation process between —8 and —10-2 ; for those using the common
defecation process between —13 and —15 ; and for those using sulphitation,
of the limed juice between —12 and —13.

One sees from these figures that the processes of manufacture in use now,
where the juice is only very sparingly exposed to alkaline reactions, the trans-
formation of the reducing sugar, as referred to on page 35, is no longer a
considerable one, while, at the same time, the figures show that inversion of
sucrose does not play any important r&le owing to the rapid course- of manu-
facture.

Quotient of Purity.—The Brix being higher than the actual per cent, of dry
substance, and the polarization being lower thanthe actual per cent, of sucrose,
we see that two errors co-operate to make the true purity much higher than
the apparent purity. The former is obtained by dividing 100 X the
per cent, sucrose by the dry substance; and the latter by dividing 100 X the
polarization by the degrees Brix.
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Ash.—The amount of ash in cane molasses is fairly constant so far as the
ash proper is concerned, apart from the sand, clay and other impurities con-
taminating the molasses and not belonging to the real molasses. The per-
centage of ash ranges between 7 and 10 per cent., with only slight deviations
above and below these limits.

Gummy Matter —Under the heading of " gummy matter " are included
all organic substances precipitated by alcohol from an acid solution of the
molasses. In many English and American. textbooks the word "gums"
is used for organic substance precipitated by basic lead acetate, which is quite
another thing.

A sample of the precipitate obtained from an acidified molasses solution
contained 41-8 per cent, of ash. The amount of pentosans, determined by
Tollens method, was 9-13 parts on .100 parts of the organic matter in the
precipitate, while the estimation of galactan by the mucic acid method gave a
content of 7-06 per cent, of galactan on 100 parts of organic matter". A second
sample was found to contain 7-1 per cent, of pentosan on 100 parts of organic
matter.

Hazewinkel and Langguth Steuerwald showed that al pentosan present
in the syrup could be found again in the molasses, and therefore did not undergo
any change or transformation during the course of manufacture. This, however,
was not the case with the percentage of pentosan on 100 parts of total gummy
matter. Whereas gum from syrup contained only 9-7-per cent, of pentosan,
the gum from molasses showed a percentage of 23-6. One or other of the
gum constituents must have been broken up or eliminated from the solution,
while careful analysis of a number of specimens of gums extracted from a
variety of molasses indicated a widely varying constitution.

The gummy matter in the molasses therefore consists neither exclusively
of pectin, nor of gums dissolved from the fibre, nor yet of dime, but of amixture
of the three in varying proportions.

Organic Non-Sugar —The difference between total dry substance and the
sum of sucrose, reducing sugar, and ash is entered in anayses as " organic
non-sugar.”  This includes the gum, and the remainder is divided between
organic acids, nitrogenous bodies, caramel, and other products of decom-
position of sucrose, glucose, and fructose.

The figure for "organic non-sugar " is rather considerable,’ and as yet ho
further subdivision has been made. The carbonic acid in the ash is an
approximate measure of the'amount of organic acids, but does not. yield an
absolute .value becalise we neither know what these acids are,; nor their com-
bining weights. The acids mentioned in Chapter | possess the. following com-
bining weights.; maic acid = 67,succinic acid =.59, and acetic acid = 60,
or,on. an average, =,60. On .decomposing glucose.by. lime, cacium salts of
organic acids are formed containing 21.1 and 18 per, pent, of calcium, oxide
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respectively, or, on an average, 20 per cent, of calcium oxide, equal to 14-3

per cent, of calcium. The combining weight of those acids is therefore 121, for
106 x 20 3

B x® -

These acids were formed by decomposition with large amounts of lime, and
perhaps those formed with smaller quantities possess a still higher combining
weight; but, as not much of these acids is formed on defecation, we obtain
a high figure when we assume the average combining weight of all the organic
acids to be 100. On incineration only 22 parts of carbonic acid are left, so
we may roughly estimate the total amount of organic acid in the molasses to
be about 4 1/2 times that of the carbonic acid in the ash. As the figure for
carbonic acidis already accounted for, the figure for caramel, nitrogenous bodies
and products of decomposition may be found by subtracting 3 1/2 times the
carbonic acid from the figure for organic non-sugar, minus the gum.

Nitrogen—The nitrogen content of cane molasses does not exceed 0-2 per
cent., so that the nitrogenous bodies form not more than 1 per cent, of theweight
of molasses.

Undetermined.—Caculated in this way, we find a balance of about 5 per
cent, left for caramel and the other products of decomposition, though we
must not forget that all errors of analysis are included in that figure, the
accuracy of which is not above suspicion.

We quote from a great many analyses the following two in order to show
how the amount of undetermined matter may be calculated:—

Gummy roariter .. - - 230
Nitrogenoos bodies , . - - 10
Organic acids { = 34 €Oy, - 34 .
—
Balince o o e 851
IL—Orgamic nom-sugar .. - - 1116 .
Gummy matter .. - — 18 - . E
Nitrogenoes bodies , . - - lod ! :
Organic acids { = 3} €O, - 16 0
. ] ~— 68T
. Balanee . o - 49
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Although it is as yet not feasible to determine either the absolute amount
or the real chemical character of the undetermined matter, yet it does un-
doubtedly exist.

Hazewinkel* showed in an extensive examination that actually the balance
remaining unaccounted for on analysing cane molasses is not caused by
analytical errors of some sort or other, but is really due to some organic body.

From an investigation, made by the author in collaboration with Langguth
Steuerwald,t it was found that when a neutral solution of invert sugar was
heated for a considerable time, it assumed a dark coloration and an empy-
reumatic odour, while at the same time the reducing power diminished. Addi-
tion of salts of organic or inorganic acids accelerates and intensifies the reaction.
The colour becomes dark-brown, the amount of solids decreases by the escape
of gaseous decomposition products, which are characterized by the empy-
reumatic odour that they diffuse, and the reducing power is greatly impaired.
Polarization however, in so far as this can be ascertained in the dark-coloured
liquor, does not show great changes. When the salts have been chosen in
such away that they are not precipitated by lead acetate, the solution remains
clear after addition of both neutral and basic lead acetate, before it has been
heated ; but after that operation we observe precipitation of lead compounds,

Duration Total | Undeter-
of Invert Salts. of Degree | Gravity mined
heating, Sugar. Matter Brix. Solids. Organic
Hours. determined. Matter.
l.
0 7-51 858 16-10 190 16-10 0
20 7-45 187 1590
40 7-13 187 1590
64 6-65 857 1522 186 1581 0-59
70 59 8% 14-51 179 1521 114
80 559 857 14-16 180 1530 194
1.
0 821 | 433 408 16-62 242 16-62 0
20 830 | 4-32. 417. 16-79 24-2 1662 | -0-17
35 7-89 | 4-40, 4-08 16-37 24-2 16-62 0-25
55 7-68 | 4-34. 4-18| 1610 24-15 | 1660 0-50
65 7-25 | 4-30. 4-16 1571 24-1 16-58 107

¥ 4 Aokl ynor S8
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which proves that the invert sugar has been broken up with the formation of
bodies giving precipitates with the lead reagents.

When analysing, by methods used for the molasses analysis, a solution of
invert sugar and salts which had been heated over a long period, a balance
was found between the total solids and the total amount of determined” con-
stituents. This is shown in the tables on page 312.

Table |. has reference to a solution of 7-51 per cent, of invert sugar, and
858 per cent, potassium acetate ; and Tablell. toasolution of 8-21 per cent,
of invert sugar, 4-33 per cent, potassium acetate, and 4-08 per cent, potassium
sulphate. Themixtureswere heated at 100° C. over along period and analysed.

At the outset we observe no undetermined matter at all, but gradually a
deficit between total and determined solids creeps in, and we see the same
phenomenon as appears in the analysis of a cane molasses.

It is therefore very probable that during the course of manufacture part
of the reducing sugar has been broken up into other bodies which escape
detection and determination by the usual analytical methods. These products
of decomposition are combustible solids, and are therefore not determined by
the estimation of mixture or ash. They have a very feeble rotative power,
which by direct polarization exerts an insignificant influence on the estimation,
and none at al on the Clerget sucrose determination. Their reducing power
is much smaller than that of the reducing sugar, and since the percentage of
the latter is only derived from the weight of cuprous oxide, separated on
analysis, it is clear that their presence merely serves to raise the amount of
reducing sugar in the analysis sheet slightly above the real percentage, while
the great bulk of the products of decomposition remains unnoticed. They are
soluble in acidified alcohol; and are, accordingly, not found among the
gummy matter, so that in no item of the analysis sheet is either their presence
or their quantity recorded. Under such circumstances we consider ourselves
justified in concluding that among the undetermined matter still unaccounted
for in the analysis of molasses, the decomposition products of reducing sugar
are strongly represented.

This conclusion is further corroborated from the fact that after the data
of the Mutual Control of Java Sugar Factories* the glucose coefficient of juices
constantly sinks during manufacture, thusyielding aproof of the disappearance
of reducing sugar.

Further, we know that every effort to establish a kind of reducing sugar
account in sugar factories has failed to give a satisfactory balance, owing to
the circumstance that in every instance the final amount of this constituent
was found to be considerably under the initial one.

* ™ Apdkief voor b Jon, Snllorrindmtzic,” 1900, 40



IIl—Loss of Sucrose in Molasses

Sucrose Content of Exhausted Molassess—We have shown in the foregoing
pages that the sucrose content of the exhausted cane molasses is a fairly
constant one, fluctuating around the figure of 30 per cent, within rather re-
stricted limits.  The. only exception to this general rule is supplied by molasses
from juices possessing ahigh ash content together with alow amount of reducing
sugar, in which case the sucrose content will be high. On the other hand, a
high percentage of reducing sugar and a low one of ash will produce molasses
having alow sucrose content.

Quotient of Purity—A few examples of exhausted molasses of high purity
follow, and in every case the ash content is high and that of reducing sugars low,
causing a high sucrose content.

ANALYSIS. 1 2 3 4
Brix . . . 90-1 85-7 835 89-7
Polarization 374 380 352 358
Reducing sugar 11-9 154 145 18-87
Apparent purity 41-5 44-3 42-6 40-0
Ash 13-26 933 93 10-86
Potash in the ash 7-64 35 3 576
Reducing sugar: ash 0-90 16 16 17

On some estates the content of reducing sugar is always low, so that arather
rich molasses may yet be considered exhausted.'

Juice from an Egyptian estate contained a great deal of sodium sulphate,
and gave the following analytical results:—

Brix - . . 18-2
Polarization .. 146
Reducing sugar 0-51
Ash 098
Reducing sugar : Ash . . 052
Apparent purity. 80-25

When such juice is worked up without being mixed.with other juice, the
purity of the exhausted molasses will not fall below 50°, and issimilar in
character to beet molasses.

314
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Ratio of Reducing Sugars to Salts—This, however, is an extreme case, but
when the ratio of reducing sugar to ash amounts to 1-5, it will generally be
impossible to reduce the purity of the molasses to 30°.  Thelimit of exhaustion
lies well above that figure, so that further concentration only renders the
molasses more viscous and iff without causing any further yield of sugar.
On this account, it is impossible to reduce the purity of the molasses down to
30° on some estates; in many cases the juice of one cane variety can be
reduced to a molasses of 30° purity, while that of another variety yields
molasses of higher purity even on the same estate. The figures on pages 101
and 102, show that one variety assimilates more saltsfrom the soil than another,
soit isevident that the nature of some cane varieties may prevent the reduction
of purity of the exhausted molasses.

An unfavourable ratio of reducing sugar to ash is the only cause which
lies beyond the control of the manufacturer; the other causes (to be
enumerated below) may be got rid of, so that every juice possessing a
favourable ratio of reducing sugar to ash should yield exhausted molasses of
30° apparent purity or under.

Excessive Evaporation—One reason is excessive evaporation, owing to
which the cooling mass becomes semi-solid with the formation of a very fine
grain, which cannot be recovered but passes through the centrifugal linings
adong with the molasses. When such a massecuite is cooled in rotating
crystallizers, it can be improved by diluting it to a density of 96° Brix with
diluted molasses before curing.* When cooled in fixed tanks, an over-
concentrated massecuite may be improved by covering it with water to a depth
of about afoot, alowing it to stand for a month, after which time the super-
natant layer of water is removed, and the massecuite cured,t

As prevention is better than cure, massecuites boiled to grain should be
diluted at once, and those boiled smooth should not be concentrated too far.

Too Rapid Cooling when Smooth-Boiled.—Another reason why massecuites
boiled to string-proof are difficult to cure is that they are cooled too fast,
crystals being formed during their transport to the crystallization tanks,f
so that an excessive quantity of grain isformed which does not grow, and cannot
be separated from the molasses. This may be prevented by keeping the
temperature of the massecuite high when it leaves the pan. and by transferring
it quickly to the crystallizing tanks.

These tanks should be neither too small (in order to prevent too rapid
cooling) nor too large, but should have a capacity equal to one or two strikes of
the pan. If severa strikes of the pan are required to fill the tank, the
crystallization of the first strike will be disturbed by each subsequent addition
of hot massecuite, which is detrimental to. crystallization.

- F- 8
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High Gran Content—A high percentage of gums aso renders the molasses
thick, so that they cannot be properly concentrated. In some cases, the
molasses contain so much gummy matter that unless a good dedl of water is
left in the massecuite the latter sets hard on cooling. If evaporation be
carried too far, crystallization isinterfered with, and the crystals formed cannot
be separated from the mother-liquor and are consequently lost. If, on the
contrary, sufficient water is left in the molasses to keep them fluid, too much
sucrose remains dissolved, so that in this case, also, the loss of sucrose is

Hazewinkel and Langguth Steuerwald* mention an instance of so high a
gum content of a syrup that this liquid coagulated to a solid block after being
acidified with acetic acid and heated in the laboratory. Evaporation was
greatly interfered with owing to the presence of that body.

Canes grown in some districts contain much gummy matter, while some
varieties of cane, e.g., the Uba, are exceptionally rich in this substance. When
thisis known, a much larger quantity of lime may be used in clarification and
the excess neutralized with sulphurous acid. The heavier precipitate drags
the gummy matter down into the mud, the juice is rendered limpid, and the
molasses can be exhausted to the usual low purity.

Repeated Boiling of the same Molasses—When the same molasses is
repeatedly returned into the massecuites it becomes sticky and difficult to
separate. The following analyses of a fresh molasses and of one that has been
along timein circulation, both from the same factory, may explain the reason :

Molasses a long

Vi  Tmein
Brix 87-62 Circulation.
79-55

Dry substance .. . 83-51 76-47
Polarization 36-00 39-80
Apparent purity .. . 41-09 50 03
True purity. 4311 52-05
Reducing sugar . . 27-00 20-80
Ash 52 4-74
Soluble ash 2-25 2-01
Insoluble ash . . 2-97 2-73
Silica 0-16 019
Iron oxide and alumina .. 0-63 0-48
Lime 0-84 0-80
Carbonic acid in the ash .. 0-75 0-59
Gummy matter  *.. . 19 190

The molasses which has been in circulation a long time contains more
" Aot o o’ Jarn Balextagkmtzle”” 15, 515
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water and sucrose- than fresh molasses, due to the addition of “purging
water " and solution of the sugar, which in itself is an indication that the
molasses were gummy, otherwise purging would not have been necessary. No
increase of gums could be detected by analysis, but a much larger amount
of dirt settled from the old molasses when solutions of the two samples were
kept for some time.

100 grms. of each molasses were dissolved in 100 grms. of water and the
solutions allowed to subside in conical glasses. When the deposits ceased to
increase in volume they were measured; that yielded by the fresh molasses
was 2 -4 c.c, while 11-5 c.c. or five times as much was obtained in the other case.
The deposit consisted of a slimy substance, containing fragments of incrus-
tations and of decomposition products. It is true that a portion of molasses
is withdrawn daily from the course of manufacture and replaced by fresh
molasses, but the dirt seems to accumulate in the circulating molasses and
renders them so much more sticky than fresh molasses. The remedy is,
of course, to reduce the quantity of molasses in circulation* and thus avoid
the repeated re-boilings.

Deficient Clarification—If insufficient attention is paid to the subsiding of
the syrup, or to the steaming and skimming of the molasses, a considerable
g-uantity of agelatinous substance remains suspended in the molasses, rendering
the same very sticky and difficult to separate from the crystals.

The composition of such molasses follows here:—

Brix 85-1
Polarization 308
Purity. - . 36-2
Reducing sugar . . . 2004
Ash 9.1
Soluble ash 6-09
Insoluble ash 3-01
Gummy matter. 2-08

The figures are normal, and do not afford any clue as to the inferior quality
of the molasses. It was, however, very dull in appearance and viscous, whilea
considerable quantity of dirt deposited from a solution in water. A large
quantity of the molasses was diluted with water, and after afew days' rest the
supernatant clear solution was decanted off and analysed. The residua dirty
liquid was brought to the same density and also analysed.

In the subsided dirty portion we find an increase in silica and organic lime
salts, the other constituents being present in much the same proportionin thetwo
liquids. The viscosity, which is here the principal factor, is much greater in the
dirty liquid, the rate of flow being four times that of the clear liquid, and it is
therefore not astonishing that notwithstanding a normal chemical composition
such molasses are very difficult to cure.

= S pugn 221
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Clear Portion.  Dirty Portion.
7 66-8

Brix .

Dry substance 60-9 60-8
Ash . cee oo 69 86
Soluble ash 445 . 4-5
Insoluble ash 245 . 412
Alkalinity of the ash as Ca0 . 418 . 551
Silica ' 023 . 0-5
Lime ) 084 . 15
Magnesa .. 0-15 0-16
Sulphuric acid 015 . 0-15
Iron oxide and alumina 042 . 0-72
Gummy matter 2-40 . 2-21
Viscosity (rate of flow) 11 min. 15 sec. . A47min.

1t follows that good clarification and subsiding of the juice, combined with
careful clarification of the syrup and first molasses, can eliminate these gummy
and sticky substances, so that such inferior final molasses do not occur.

Viscosity—In discussions regarding the yield obtained from low-grade
massecuites, especially when deficient, too much importance is attached to the
viscosity of the molasses, and in many a case this property is made responsible
for every inferior yield of sugar from massecuite. A high quotient of purity
of the exhausted molasses is explained away on the assumption that the
molasses is so viscous that a high sucrose content cannot be avoided. The
author does not believe that the viscosity of juices and syrups is sufficient to
hinder crystallization, but rather that careless treatment can cause any molasses
to become viscous.

It is awell-known fact that the viscosity of pure sucrose solutions increases
with the concentration and decreases as the temperature rises, and that this
latter decrease is stronger than the former increase.

Influence of Temperature on Viscosity—The same thing is aso true of
molasses, and the table given below shows how even a dlight difference in
density of asolution of a given molasses causes a considerable difference in the
rate of flow of 200 c.c. from an Engler's viscometer.

Cane molasses: Brix, 83-2; polarization, 25-0; reducing sugar, 30-8;
ash, 6-13; diluted to the Brix degrees mentioned.

7262 . Rate of flow o a2 4
718 L. “ 2 4
1107 - " 0 o2
| 9082 ' ’ » . a @
7072 . ’ . . 19 a8
8520 . “ & o
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Cane molasses: Brix, 80-2; polarization, 31-2; reducing sugar, 26-9;
ash, 8-34; diluted to the Brix degrees mentioned.

Brix. Mins. Sees.
70-12 Rate of flow 26 44
69-95 " 26 11
69-63 " 25 45

The undiluted molasses was far too iff to flow from the viscometer, and
the experiments were for that reason continued with concentrations of 65-70
per cent, dry substance.

A number of molasses were diluted to about 65 per cent, dry substance,
and the rate of flow of those solutions and of sucrose solutions was determined
at the temperature of 28° C.

VISCOSITY OF VARIOUS LIQUIDS HAVING THE SAME DENSITY.

. Dry Polariza- | Reducing Gummy | Rate of
Brix. |Substance| tion. Sugar.” | Ash. | Matter.| Flow.

Mins. Sees.

16 30

Molasses1 ..| 70-3 | 650 23-4 269 7-60 | 187

2 .| 699 | 6506 | 260 309 677 | 190 | 20 20
3 .| 699 | 649% | 256 24-4 738 | 048 | 2 25
4 ..| 690 | 6524 | 273 235 537 180 24 1
5 .| 707 | 6508 | 2052 | 255 7-18 | 185 | 18 35
Sucrose 650 | 659 65-0 8 57-

" 70-3 | 703 70-3 24 10

Viscosity of Congtituents of Molasses—These results show that for the same
dry substance content, the viscosity of different molasses does not vary much,
but is higher than that of sucrose solutions having the same dry substance
content. But the non-saccharine impurities of the molasses evidently possess
a higher viscosity than sucrose ; so in order to ascertain to which constituent
this property was chiefly due, the author determined the rate of flow of anumber
of substances in solution of 65 per cent, at 28° C.

Mins. Sees.

8 15

Glucose 6 33

Fructose 4 40

Sucrose and Glucose (equal weights) 7 39
Concentrated' dunder ' from a cane sugar molasses

distillery 43 10
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The substance which accounts for the increased viscosity is therefore one or
other of the complex non-saccharine substances, and not the reducing sugar.

The analysis of the concentrated " dunder," or residue left behind in the still
after the distillation of fermented cane molasses, was as follows—

Per cent
Dry substance 61-8
Reducing matter 39
Ash 1513
Soluble ash 340
Insoluble ash 11-73
Carbonic acid in the ash 2-83

It therefore contained some unfermented glucose as well as caramel,
decomposition products of sucrose and glucose, and salts. Half of these salts
were combined with organic and the other haf with inorganic acids.

Viseosity. increased by Impurities—10 per cent, of the different substances
were then added to a 65 per cent, solution of equal parts of sucrose and glucose,
and the viscosity of the mixtures determined at 28° C.

Sobatances of which 10 per cent. is added to the | DegresaBrix | Rate of Fiow.
65 per ¢emt. Sodtose and Clucess Selution. of the Sclution.| Mins. Sess.
Spdinm carbonate .. . . . T6-28 a 3
Sodinm chlotide .. .- o .- . 739 1T 40
Ammonium chloride PPN - . 453 E O
Cofefum chloride . .. .. PP 768 27T . &
Magnesium chiide . . .. - Lre) 8 27
Barium chloride .. . . . . e 9 26
Potassizn cxelake .. . .- . 3 11 &
Sodinm glncinate* . . . o 7061 14 I8
Potamion glocioate* . .. .. e 89-85 w 8
Day substancs from “ donder .. . . 6845 15 40
Gom T . . . . 60 3 0
Sucose and glucose .e . . . B7-8 46 O

As stated by Claassenf sodium salts increase the viscosity more than
potassium salts; and again, cacium salts more than sodium salts, as is very
clearly shown by the organic salts used here.

B T i Ry
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With the exception of gum (which, properly speaking, does not belong to
the class of constituents examined), sugar is the most viscous.  Of the different
substances added to a 65 per cent, solution of sucrose and glucose, the viscosity
was greatest when the addition consisted of sucrose and glucose.

Density the Greatest Factor—This seems strange in view of the fact that
pure syrups (in which sucrose is chiefly represented) are much less viscous than
impure ones, in which the other constituents are accumulated. But this
apparent contradiction is explained when one bearsin mind that a pure sucrose
solution cannot contain more than 68 per cent, dry substance, while impure
molasses can contain even 84 per cent, and over. The greater viscosity of
impure molasses is, therefore, due not so much to certain substances having a
high viscosity, but to a higher density than a saturated sucrose solution can
attain.

As the content of dissolved substances greatly influences the viscosity, it is
necessary to examine the viscosity of molasses in an undiluted state, since a
comparison of the viscosity of molasses which are diluted to the same dry
substance content affords no clue to the viscosity of the undiluted molasses in
the practice of sugar manufacture.

As the minute crystals present in factory molasses interfere with the
viscosity test, the author had recourse to the series of artificial molasses, which
had rendered good service in his studies on the formation of molasses*

A number of mixtures were prepared from sucrose, invert sugar, water,
potassium acetate, and calcium chloride (in which the amounts of potash and
lime were identical), and alowed to stand until al the sucrose which was
liable to crystallize had done so. The saturated mother-liquors were poured
df from the crystals, analysed, and tested in an Engler viscometer at 28° C.
The figures express the rate of flow of 200 c. c. of the liquids.

The experiments showed that viscosity increases with the amount of dry
substance, but not in direct proportion, as is shown by the table underneath.

DRY SUBSTANCE. RATE OF FLOW. DRY SUBSTANCE.| RATE OF FLOW.
Hours Mins. Sces. Hours. Mins-
68-1 0 14 23 75-3 1 21
69-3 0 16 30 77 7 1
704 0 3B 0 7873 4 2
72-19 0 3% 0 796 3 15
73-07 3 11 o0 80-87 10 6
740 2 3 0 82-5 2 1
74-93 2 45 0 8317 66 4
7515 1 9 0 850 118 0

“dut, Segar Jouakal,” 199K, 285,
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A further cause of viscosity of molasses is due to the presence of finely
divided suspended matter. This was proved by the following experiments,
in which three portions of similar sucrose solutions were triturated with 5
per cent, of finely pulverized sugar, 2 per cent, of fineriver silt, and 2 per cent,
of washed and dried filter-press mud respectively. Therate of flow of the four
liquids was as follows :—

Mins.  Secs.

Sucrose solution without addition . . . 13 10
with 5 per cent, pulverized sugar .. 21 0

2 per cent, river silt .. . 18 35

2 per cent, dried mud .. .2 0

This shows how finely divided insoluble substances, such as often occur in
molasses, greatly influence the viscosity and can cause large differences in that
property when the dissolved constituents are normal.

Apart from these differences, due to suspended matter, we are justified in
declaring that the viscosity increases with the dry substance content, and that
a molasses, which has been over-concentrated, has so increased in viscosity
that much labour and trouble are required to separate it from the crystals
during curing operations.

Influence of Temperature—One factor has so far remained unconsidered,
viz., temperature. All the determinations of viscosity recorded here are made
at 28° C. and relate exclusively to that temperature. As Claassen has proved,
temperature has a great influence on viscosity, especialy between 15° and
40° C. In order to investigate this influence three molasses (free from minute
sugar crystals) were tested at different temperatures with these results.—

I 1. 1o
Dry substance 69-73 72-73 . 8050

Polarization 354 280 . 224
Gum 594 172 13
Hrs. Mins Sees Hrs Mins. Sees. Hrs. Mins

Rateof flow28°C. 3 50 0 -|. 3 16 0 | 27 O
3BC 142 0 147 0 19 40

40°C. 0 44 10 0 53 10 6 43

45°C. 0 29 10 0 36 45 4 13

50°C. 0 20 O 0 25 10 2 36

60°C. 0 12 40 0 11 40 1 30

We see then the great influence of temperature, especialy degrees under
45° C.; above this point, a decrease in temperature is not so evidently accom-
panied by an increase in viscosity

These researches have taught us to regard concentration and temperature
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It is a peculiar fact that for a given dry substance content the saturated
solutions containing salts have a greater viscosity than those which only contain
sugars, while in the table for unsaturated solutions given a few pages back*
the solution free from salt was more viscous than one in which the amount of
salt was replaced by sugars. It appears that, at high concentrations, the
viscosity of the complex of sugars and salts differs much from that at low
concentrations. At a concentration of 65 per cent, dry substance, the non-
sugar in the molasses is much more viscous than that of a sucrose solution of
the same concentration, whereas when 10 per cent, of dry non-sugar is added
to a 65 per cent, sucrose-glucose solution, a much less viscous mixture results
than when 10 per cent, of the same mixture of sucrose and glucose is dissolved.
Thisis another warning against judging the viscosity of the molasses from their
behaviour in a diluted state, instead of determining their viscosity in their
original, saturated, but crystal-free condition.

In the case of artificial molasses, some regularity was detected in the increase
of viscosity with an increase of dry substance, but such regularity is not so
obvious in practical working. There, we sometimes encounter very high
viscosities combined with comparatively small dry-substance contents, and this
is due to the presence of other bodies in the molasses than were made use of
in the artificial liquids.

Influence of Gums and Suspended Matter —The most prominent among these
are gummy substances, decomposition products of reducing sugar, and aso
perhapssilica  Itisawell-known fact that cane gum and pectin can sometimes
occur in exhausted molasses to an extent of 5 or 6 per cent., andit is very evident
that such bodies might increase the natural viscosity of molasses to a consider-
able extent.

The decomposition products of reducing sugar also affect the viscosity of
Syrups and molasses.  The quantity of silica found in molasses (not exceeding
0.20-0.30 per cent.) is too small to be capable of increasing its viscosity.

To ascertain the influence of gum, so much cane gum was mixed with a
sucrose solution of 66.5 per cent, that its content anounted to 3.86 per cent, on
100 parts of the mixture. Dry glucose was added to a second portion of that
solution so that the dry substance content was equa to that of the gum-
containing one. The two liquids then contained the same amount of dry
substance, sucrose, ash, etc., but asin one case 3.86 per cent, of the glucose was
replaced by a similar weight of gum, any difference in viscosity was exclusively
due to the gum. The rate of flow of the gum-containing molasses was 31
minutes and that of the other 10 minutes 40 seconds, showing the great influence
of gum on the viscosity. An addition of 0.50 per cent, of dissolved silica had
no influence, while the addition of a heated calcium glucinate solution could
not be ascertained because that substance separated black, greasy flocks, which
choked up the apparatus and thus prevented the determination.

*See page 320,
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as the principal factors of viscosity; and as secondary ones, the content of
gum and the decomposition products of reducing sugar, aso finely divided
impurities, and fine grains of sugar. It is therefore desirable from a manu-
facturer's point of view that the. molasses be as little viscous as possible in
order to enableit to be easily separated from the crystals without much washing
in the centrifugals. This may be accomplished by taking care not to push
the concentration of thelast massecuites too far ; or, in case they have become
too much concentrated, to dilute them with dilute molasses in a judicious
manner.

A water content of 10 per cent, (equivalent to 96° Brix) for massecuites
(boiled to grain) after dilution, and a water content of 18 per cent, (equivaent
to 88° Brix) in the resulting molasses are the most favourable.

The cooling must not be pushed further than 45° C, and should remain
preferably a couple of degrees over that figure, as at that temperature crystal-
lization isfinished, and below that the viscosity increases so considerably that
cooling down to that point only causes trouble without any compensating
advantage.

The increase of viscosity occasioned by secondary circumstances, such as
gummy matter, insoluble substances or falsegrain, can, of course, be avoided by
well-conducted clarification, subsiding, filtering, boiling, and cooling processes.
Thus we see that ahigh viscosity is by no means a property of some particular
juice or syrup ; but, on the contrary, it is within the power of any sugar-
boiler to keep his molasses fluid and capable of easy separation from the sugar
crystals.

Dextro-rotating Impurities in Molasses—A high quotient of purity of
exhausted molasses has been attributed to the presence of a dextro-rotating
substance (other than sucrose) in the molasses. In al such cases, a careful
examination has failed to detect such substances ; on the contrary, the direct
polarization was aways lower than the true sucrose content, owing to the
levo-rotating invert sugar present in all cane products.

The absence of dextro-rotating impurities in molasses may therefore be
considered as settled, and from the foregoing pages it will be seen that there
is no reason why the apparent purity of a fully exhausted cane molasses should
be much above 30°, except in the case of an unfavourableratio between reducing
sugars and ash. Leaving out of consideration cases where thisratio is 1.5 and
thereabouts, we shall only here consider the norma case of an exhausted
molasses of 30° purity, or 27° direct polarization.

Quantity of Molassess—The quantity of molasses and the loss of sugar
therein depend, therefore, on the amount of non-sugar in the juice, since an
impure juice will yield more molasses than a pure one, and we can easly
calculate how much molasses should be obtained on 100 parts of sugar for
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each degree of purity of the clarified juice. We assume the polarization of
the sugar to be 96.5 and calculate the quantity of molasses of 90° Brix and
30° purity obtained on every 100 parts of such sugar for different purities
of the juice. No alowance is made for the loss of sucrose by inversion and
spilling. The figures between the limits of 77° and 92.9° purity are as follows :—

o 1 H 3 4 5 ] 7 & [

-6 | 482 | 460 [45-6 | 453 | 450 | 44-T |ddd | d4-] | 438
48-5 | 43-2 (420 [42-8 | 423 | 4206 [ 41-8 [415 | €12 | 408
40-6 | 40-3 140-0 |38-8 | 305 |88-2 | 38§ |38-6 | 38-4 {381
878 | 37-5 | 573 |R70 | 367 |30-45 | 36-2 | 369 | 367 {354
361 | 349 | 346 |43 | 341 |32-8 | 355 | 383 | 83-0 (327
B2-45; 32-3 | 320 |B1-B | 316 |31-2 | 31-0 |308 §30-5 (308
200 | 20-6 | 294 |20-15| 250 | 28406 | 28+ | 25-15| 290 | 2765
274 | 27-2 |24-9 (267 | 264 |26-2 | 260 | 257 | 255 (252
W0 | 245 | 246 | 243 | 21 | 2386 2340 | 234 | 232 | 229
227 | 225 |28-% | 2240 | 218 |21 | 214 {212 § 20D (207
20-5 | 20-3 {201 |99 | 1547 [1945] 192 [ E90 | 18- {188
184 | 18-2 | 180 |17 | 176 [174 | 172 | 170 | 18-6 | 184
16-35| 19-2 | 160 |I5-8 | 158 |15-4 | 152 [ 150 | 148 | 144
14-¢5 [ 14-5 |14-1 |15 | 13-7 |13-68) 134 1132 | 13-0 | 129
124 | 124 j122 (121 | 1I-9 |11-7 | 115 (1143 | 112 (114
108 | 10-6 {1045 (103 | JO-1 | 995 98 | 98 | 94 | 23
i

SC2ERAIRFEEB2BII

Loss of Sugar in Molasses—At a juice purity of 77°, not less than 46.5
parts of exhausted molasses are obtained, per 100 parts of sugar, but this is
reduced to 9.3 at a juice purity of 92.9°.

To find the probable loss of sugar in molasses these figures are multiplied
py 0% 30

0 = 0.27, and the probable loss on 100 of cane is found by multi-
plying ?hat product by the yield of sugar per 100 cane, and dividing by 100.

A factory recovered 10.95 parts of sugar per 100 cane and the purity of
the claified juice was 85.3°. The probable quantity of molasses on 100 cane
1095 > 248
T

was therefore = 2.66 parts, and the loss of sucrose = 0.72;

assuming that the purity of the fina molasses was 30°, the polarization of the
sugar equalled 96.5°, and that no sucrose was lost by spilling or by inversion.

The statistics of the Mutual Control of Cane Sugar Factories in Java show
the following losses of sucrose in molasses for the last few years :—
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. Loss ar Socaosx 1o Morisszs,
Year. M‘%ﬁ'{dm 16?%1"- ou 100 on

. | on 100 eann :.;:ac::: | Suges ;ﬁh
1808 Bs-7 10-30 LB 788 P42
1808 457 10-28 Q-02 751 B
1910 ag-8 1076 088 781 B-11
1811 88-3 10-80 56 755 58
1912 832 10-21 118 950 11-36
1813 827 10-00 122 B3 1220
1014 811 878 1-01 848 10-38 -
1415 BE-5 945 1-08 038 11-30
191¢ -BET 1042 085 £-84 18
1817 ] 1100 a-p1 71l a8-I7
1968 . a7 11-88 [ 2 B85 S04
1819 | 883 10-4d 0-80 727 £-62
1620 "B 1113 093 711 888
1821 o6y 11-51 iol 718 E:Tv
1022 88-2 11-G8 0-98 T-82 584
1928 883 1143 -80 608 700

IV.—Utilization of the Molasses

1—RECOVERY OF SUGAR FROM MOLASSES

* Polarization — 96.5°.

Extraction of Sucrase from Molasses—Since about 8 per cent, of the sugar
present in the cane is lost in molasses, it is not surprising that attempts have
been made to extract this portion aso. Experiments made on a small scale
with aview to separate salts and sucrose by osmosis have not led to favourable

results.

Steffen’s Extraction Process—Experiments with Steffen's extraction process
and similar methods, which have proved successful with beet molasses, have
been unsuccessful in the case of cane molasses, because of the high content of
reducing sugar and the requirement of low temperatures.
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Deguide's Process—A new process invented by Deguide* ams at the
precipitation of sucrose from molasses by means of baryta and decomposition
of the separated barium saccharate by carbonic acid. As, however, the reducing
sugar is a serious impediment to the proper separation of the saccharate, the
former has first to be got rid of. To this end the cane molasses is diluted with
four times its volume of water and boiled for one to two minutes with a
solution containing twice as much crystallized barytaas the quantity of reducing
sugar to be eliminated. The liquid is filtered and the filtrate, which now is
practically free from reducing sugar is evaporated to a density of 40° Baume\
At atemperature of 63° C, so much of ahot and saturated solution of baryta
is added that the amount of thelatter substanceis 1.2 times that of the sucrose
in the molasses. The mixture solidifies to a porous cake of barium saccharate,
which gives dff freely the mother-liquor fromwhich it is originated. Itiswashed
with ahot 2 per cent, solution of barytatill all of the mother-liquor is removed.
The yellow-coloured sandy precipitate is mixed with its own weight of water
and decomposed by means of a current of carbonic acid gas, till the reaction
of the liquid is no longer alkaline. After filtration from the precipitate of
barium carbonate, the sucrose solution is evaporated and boiled in the usual
way.

The mother liquor and washing waters are aso carbonated, and filtered
from the barium carbonate thrown down during that operation.

The liquid is evaporated, calcined and worked up to potash salts, while
the total barium carbonate obtained is dried, mixed with silica and burnt at a
high temperature to form tribarium silicate:

3 BaCO; + SO, = (BaO); SO, + 3 CO,

When this is boiled with water, it is split up into monobarium silicate and

baryta, which latter may be used again in manufacture.
(BaO); SIO, + 2 H,0 = (BaO) SIO, + 2 Ba (OH),

Beet molasses treated in the way described here gave up 95 per cent, of its
sucrose content, but on treating cane molasses the reducing sugar was found
to give trouble.

An experiment with Java molasses containing 32.60 per cent of sucrose
and 28.50 of reducing sugar showed that per kilogram of molasses 600 grams
of baryta were required for the destruction of reducing sugar and 500 for the
precipitation of the sucrose. 92 per cent, of the sucrose or 300 grams was
recovered in a solution of 99° purity, which has therefore necessitated the
employment of almost four times its weight of baryta

When considering these relations between sugar extracted and chemical
required, one should bear in mind that in many countries the profit obtained
by extracting sugar from molasses is not exclusively due to the value of the
sugar, but chiefly to the difference in duty levied on sugar from the roots or
from the molasses or from sugar imported and domestic sugar. A change in
the tariff may at once wipe out the profit by extraction of molasses and
turn it into a loss,

* Albert Meurice, " I'lngenieur chimiste,” March, 1924,
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2—USE OF MOLASSES AS FODDER

"Molascuit."—Exhausted cane molasses is readily consumed by horses,
mules, oxen, and sheep, but thegreat difficulty isto storeand transport the viscous
fluid and to divide it into proper rations. Animportant step was achieved by
Hughes, who found that a mixture of fine bagasse and molasses formed a dry
meal, having a high sugar content,' and suitable for storage and transport in
bags without sweating or staining the packing material.

This product, named "Molascuit,” consists of a mixture of 75 parts of
molasses and 25 parts of dry, fine parenchyma fibre (pith) of sugar cane. It
should not contain less than 45 per cent of total sugars (sucrose and reducing
sugars) and not more than 15 per cent, of moisture. The mixture should be
homogeneous and dry, so that the bags in which it is transported do not sweat
nor become stai ned, whilethemolascuit itself should not become sticky, nor cake.

Preparation.—The principal condition is that the fibre be exclusively from
the pith cells and not from the fibrovascular bundles, because, aswe showed on
page 99, the absorptive power of the latter is so much inferior to that of the
former. Further, the fibre from the parenchyma or pith cells is much more
digestible than that of the bundles, which moreover exert an irritating action on
the intestines. The fine bagasse (chiefly from the fibre of the pith) can be
obtained by sifting the green bagasse as it comes from the mills. Large sieves
of coarse gauize are placed under the dide of themills, the bagasse falls on them,
and thefiner parts pass through. This fine bagasse is dried to 90 per cent, of
dry substance either by hot air, or by steam, or on the chimney flue, after which
it is sifted again, if necessary, and mixed with hot concentrated molasses of
88° Brix (85 per cent, of dry substance).

3.-USE OF MOLASSES AS FUEL.

Calarific Values—As molasses contains about 70 per cent, of organic sub-
stances, many attempts have been made to use it as fuel. The cdorific value
ot molasses containing 9.28 per cent, ash, and 19.4 per cent, moisture, was
found to be 5515 B.T.U.; or, calculated to 100 parts of dry organic matter,
7366.4. Itis, therefore, superior to that of sucrose (7119), and equal to 80 per
cent, of that of cane fibre (8550).

Mixing with Bagasse.—The use of molasses asfuel presents certain difficulties;
it burns very badly without addition of some other fuel, and, when mixed
with bagasse, forms a voluminous mass of coke, which chokes up the grate
and hinders the free access of air. At a high temperature the lime and akali
of the molasses combine with the silica from the bagasse, forming a kind of
glass, which covers the grate bars and again prevents the admission of air.
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In some factories, where the bagasse was sprinkled with molasses on its
passage from the mills to the furnaces, much labour was necessary to clear the
furnace and remove the slag from the grate, so that in every instance the
addition of molasses to the bagasse was discontinued.

Special Molasses Furnaces—In very large factories it will pay to build
special molasses furnaces, such as are used in several cane-growing countries,
and were described in the Hawaiian Planters Monthly of December, 1903.
These furnaces have no grate, and the air enters under the fuel through holes
made in thewalls. The molasses are either blown into the furnace by means of
a steam jet through a kind of injector, or are poured upon an iron plate in
front of the furnace, allowed to dry, and thence shovelled into the fire. Thisis
started with a little firewood, but, once being lit, it is kept burning with the
dried molasses. The combustion is perfect, the ash fine and almost free from
carbon, while the heating power of two parts of molasses is approximately
equal to one part of dry firewood. In most cases, the amount of available
molasses will be insufficient to furnish fuel for one boiler, so that only very
large factories can profitably adopt this practice.

The ash is very rich in potash, containing as much as 35 per cent, of this
constituent. It may therefore be used by glassmakers, and (after being refined)
by soapmakers, or as a fertilizer.

4—MOLASSES AS RAW MATERIAL FOR RUM PRODUCTION

The principal application of waste molasses is in the manufacture of rum
or arrack in countries where the excise regulations permit of this, and where
there is a market for the distilled product. As this industry is quite distinct
from sugar making, we shall not enter into a discussion of fermenting and
distilling here, although these form a very important item in many sugar
factories.

5—USE OF MOLASSES FOR MOTOR SPIRIT PRODUCTION

A new use for alcohol has sprung up in recent times as liquid fuel for com-
bustion motors. Common denaturated alcohol could not be used as areliable
combustible in such motors since its heat of combustion is not sufficient to
guarantee the steady supply of gas. This may, however, be remedied by
mixing the alcohol with, a proper quantity of a more volatile body such as
naphtha, benzol, ether and the like.

A mixture patented in many countries is " Natalite," consisting of:—

Alcohol (95 per cent.) .. 54.50
Ether 45.00
Ammonia . .. 050

100.00
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While in past times the manufacture of ether in a tropical sugar factory
was a rather awkward operation, owing to its volatility, the introduction of
automatic plants, in which the ether vapours are condensed by acohol and
which turn out a single product, viz.,. finished acohol-ether, have greatly
reduced the danger of conflagration. Besides mixtures of acohol and ether,
a great many other mixtures of acohol and volatile bodies have been success-
fully put on the market and are doing good service.

Instead of lowering the boiling point of acohol by means of ether, raising
the heat of combustion by addition of heavy hydrocarbons, eg., petrol, may
also serve the purpose. In order to obtain mixtures of acohol and petrol,
which are stable and do not separate into two layers on exposure to low
temperature, it is indispensable that the acohol should be anhydrous. Up
to a short time ago, the preparation of absolute acohol was a wasteful and
expensive operation, but now it has been found possible to separate the 95
per cent, alcohol into its two constituents, viz., anhydrous alcohol and
water, in a practical 'manner by a continuous method.

When distilling a mixture of 95 per cent, acohol and benzene, or any other
suitable liquid, in arectifying column, the distillate may be divided into three
fractions. The first consists of a ternary mixture of water, benzene and alco-
hol, of which the boiling point is lower by at least 10° C. than that of acohol.
The second fraction is a mixture of very little anhydrous acohol and much
benzene, while the third portion consists of pure anhydrous acohol.

The first fraction passes into a decanting vessel in which it separates into
two layers. The upper one. containing a large proportion of benzene and a
small quantity of alcohol is returned into the column in order to extract a
further amount of water from it. The undermost layer, consisting of water,
alcohol and very little benzene, is rectified in a small column and separated
into water and alcohol of 95 per cent, contaminated with some benzene, which
is returned to the first column again. The second fraction goes back into
the column too. Mixtures of this anhydrous acohol and heavy hydrocarbons
may be used as motor spirit and will not separate out again.

6.—USE OF MOLASSES AS A FERTILIZER

Some estates employ molasses as a fertilizer, or as a means to break up
rocky subsoil, thus facilitating tillage. When used as manure, molasses is
simply poured over the earth on the banks.

7—OTHER USES

All attempts to manufacture gas from molasses have failed; nor can molasses
be used for the manufacture of cyanides and other nitrogenous substances
as is the case with beetroot molasses, because it contains only trifling amounts
of nitrogen.
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Lime - - - - - - - 165
, Action on Constituents of Cane

Juice 162

» Congtitution - - - - 167

» Cream 167

Constitution - - 168

Preparation - - - 167

» Overburnt 166

Liming back - 156

Lixiviation of Bagasse - - - 112

Loss of Sugar between Cutting of
CaneTopsand Grinding - 74
»  Sucrose on Evaporation 187, 188
inFilter-PressCakes 182
N ., Unaccountable - 235
" " in Waste Molasses - 314

Maceration - - - - 117, 118, 119
N with Last Mill Juice
120, 121, 122, 123, 124

with Sweet-Waters - 125
Magnesa - - - - - 101, 166
Mannose - - - - 35,41

Massecuites, Analysisof, 215, 216,
225, 226, 227, 239, 240, 241, 246

Finishing of - - 211
Measuring Tanks - 151
Mechanical MolassesTheory - - 289
Methyl Fructoside - - - - 43
Glucoside -3
"y Orange - - - - - 157
Phenylosazone 43
Micro-organisms - 29, 142,277, 278
Mills - - - - - - 112
Mills, Regulation of the Work done
by the - - - - 118, 117
. Rollers 112
Molascuit - - - - - - 4
Molasses Analysis R - 258

Boiling - - - - 258

Page

Molasses Boiling, String-Proof - 259
, . Calculation of Amount to

be expected - - - 231

Definition - - - - 293

Elimination - - - 258

as Fertilizer - - - 30

" Formation - - - - 289

" Formers, Indifferent - - 290

Negative 290, 292, 297
Positive 290, 292, 297

as Fuel - - - - 328
Loss of Sucrosein - 314, 325
Massecuites - - 259, 260, 261
Nitrogen Content of — - 311
N as Raw Material for Alco-
hol 329
N as Raw Material for Molas-
cuit
, as Raw Material for Sundry
Substances -
» Separation - - - - 328
Sugar Methods of Boiling - 258
. Treatment - 258,264

Mother Liquor, Constitution of, 215
216,225,226, 227,239,240.241,246,260
Motor Spirit 329
Movement, Crystallization-in - 238, 260
Muto-rotation (See Bi-rotation).

Naphthol - - - 31, 38,44, 189
Natalite - - . - - . - 39
Needle-shaped Sucrose Crystals - 4
Negative Molasses-formers 290, 292, 297
Neutral Salts . . . - 23,295
Nitrogen Content of Molasses - 311
Nitrogenous Substances in Cane - 59
" " Preparations
from Molasses . . . .
Nodes .- - 96

Non-Sugar Substances - - 289, 310
0

Oidiumterricula - - - - - 144

Organic Acids - - - 57
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Page
Organic Matter in Scale
154, 159, 192, 236

Osazone 38, 43

Osmosis - - - 326
Overheated Steam, Effect on Sucrose

19

Overheating, Defecationby - - 153

Loss of Sucrose by 19, 20

Oxalic Acid 57

Oxidation of Sugars - - 29, 37, 43

Ozone - - - - - 29, 37

P
Packing Material - - - 280,281

Impermeable 281, 282
Paper from Bagasse - - -

Parenchyma 94
Pectin - 56, 163
Penicillium 278
Pentosan - - - 48,100, 136, 310
Phase Rule applied to Molasses - 298
Phenolphthalein - - - 150
Phenol Red 150
Phenylhydrazin - - 38, 43,48
Phosphogelose 172
Phosphoric Acid - - - 160, 171
Pineapple Disease, Influence on

Quality of Cane 70
Polarization of Sugars - 268, 271, 274
Polyphenols -

Positive MolassesFormefs 290 292 297
Potash Content of Molasses

302, 303, 329

Potassium Carbonate ... 39

Fructosate 41

" Glucosate 35

N Saccharate - - -"26

Pre-evaporator 189
Preservation of Sugar during Storage

and Transport -
Proof-Stick, Useof - - - - 206
Proportion of the Sugarsinthe Cane 92
Protoplasm

Parity of Cane Juice before and after
Defecation - - - - 163 164

. Page
Purity of Cane Juice extracted with
various Strengths of Mills
130, 131, 132, 133
Purity of Last-Mill Juice - - 119
. Massecuites of First Molasses 261
., Table for the Decrease df,
after Cooling of Molasses
239, 240, 241, 246, 260

Q
Quarez Apparatus - 156
R
Reaction of Juice - - - - 146
Reagents of the Sugars - 31, 38, 43
Red Smut 71
Reducing Sugar 47
. Contentinthe Cane 92
B , Formation - - 62
,  Melassigenic Power 294
Reflnlng Quality of Raw Sugar - 273
Refractive Index of Sugars 16, 34, 40
Remelting of Second Sugars - - 264
Resorcinol 31,44
Revolving Knives - - - - 116
Rhizopus 278
Rind of the Cane 99
Rollers of the Mills - - - -112
Roots of the Cane - - - 65
Rotatory Power of Dextran - - 30
Fructose - - 39
Glucose - - 32
Gum 48
" Reducing Sugar 93
Sucrose - - 12

Rules for bolllng Mixed Massecuites 222
. Syrup Massecuites 213

Saccharates 26
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Saccharetin - P 50 Steaming of Juice - - -152,162
Saccharumic Acid - - - 36 Molasses - - 222,258
Sack Sugar 264 Syrup - - - - 200
Salts, Invertive Action of Neutral - 23 Steffen’s Extraction Process - - 326
Neutral - - 23,295 Sterilization of Packing Material - 280
Salts in Relation to Reducing Storage, Preservation of Sugar dur-
Sugars 314, 324 ing 274
Sandbox 149 Strainers 149
Sand-filters 174 Strontium Carbonate 27
Save-al Chloride - - - - 4
Scale in Deming's Superheat Clarifi- Hydroxide 27
cation Apparatus - - 154 Saccharate 27
Evaporators - - - - 192 Subsldanon - 152, 153, 160, 161
Vacuum Pans - - - 236 Intermittent - - - 160
" Organic Matter in Succinic Acid 57
154, 159, 192, 236 Sucrose - - - - - - 3
Schemes for boiling and cooling in Bagasse - 136
Massecuites - 244 in Cane 64
Schemes for boiling and curing " Decomposition
265, 266, 267 19, 21, 26, 29, 236
Searby Shredder - - 16 Distribution in the different
Settling - 152 153 160, 161, 200 Parts of theCane - - 64
Shredders in Filter-press Cakes 180, 182
Sieving the Sugar - - - - 257 Lossof, during Boiling - 235
Silica 102, 195 , after Cutting - - 76
Skimming Cane Juice - - 152, 161 . N . on Filtration
Molasses - - 222, 258, 259 180, 182
Sodium Carbonate - - - - 197 , by Frost 80
Fructosate 41 . " Overheating - - 19
Glucosate 35 R . of, in Waste Molasses - 314
Saccharate 26 Sugar, Definition of - 3
Soil, Influence on the Qualny of the Cane (See also Cane) - - 3
Cane in the Cane 63
Solidified Molasses - - - - 235 Crystals 3
Solubility of Sucrose in Alcohol -1 . Distribution in the Parts of
. Water - -4 the Cane 65
» » » theWater of . Extraction - 111
7theMolasses - 208, 209, 215, 228 " Mandfacture - - - - 111
Sorbose - - Polarization, Decrease in,
Souring of Last-Mill Julce - - 124 after Delivery - - - 274
Specific Gravity of Sugar Solutions . Salt Combinations
6, 33, 39 28, 37, 42, 291, 292, 293
Rotatory Power of Dextran 38 Storehouses - - 288
Gum - 48 sl phates - 166
Sugars Sulphites v
12, 32, 39 Sulphitation - - - 155,259
Spirit from Molasses - - - 329 Influence of, on the
Stalk Borer. 70 Constituents of the
Standard, Dutch - - - - - 268 Juice - 165
Starch 47 Intermittent - - - 157
Statisticsfrom the JavaMutual Con- Sulphur 169
trol - - - - 91, 126,148,325 Box . 155
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Page
Sulphuring Tank - - - - 155
Sulphurous Acid .169
. Furnace - - 170
W , Preparation -. - 170
Suma-phos - - - - - - 172
Superphosphate - - - - In
Surface Attraction - - - 147
Sweetland Press L - 181
Syrup, Boiling - - - - - 210
Clarification . _ . 200
Elimination - 200
Settling 200
Subsiding - - - - 200
T.

Table for the Concentration of Hy-

drogen lons for
Acids .. . 25

N »  Contraction of Sucrose
Solutions - - - 5

f . Decomposition of Su-
crose by Heat - - 20

" . Decomposition on Eva-
poration - - - 193

" . Decrease in Purity of
Molasses on Cooling

226, 239, 240, 241, 260
B »  Inversion Constants of

Various Acids - - 22
B »  Lime Content of Lime
Cream - - 168, 169
N Refractive Index of
Sucrose Solutions - 16

N » Rotation of Invert

Sugar - - - 45
" . Solubility of Salts in

Sucrose Solution - 291
f . Solubility of Sucrose

in Alcohol - - 12
f . Solubility of Sucrose

in Water - - - 4

Solubility of Sucrose
in Water, when is
present  simultane-
ously Invert Sugar - 11

Page
Table for the Specific Gravity of 10
per cent. Salt Solu-
tions - - - - 307
" . Specific Gravity of
Sugar Solutions 6, 33, 39
Specific Refraction of

Sugars - 16,34,40

" " Viscosity of Sucrose
Solutions - - 17, 18
Tank Bottoms 264
Tanks, Measuring - - - - 161
Tannic Acid L L 57
Tartaric Acid 57
Tartronic Acid - - - - 37,43
Taylor Filters 176

Temperature, Correction for, in
Polarization of Sucrose 10
Tempering 160

" Determination of, on De-
fecation - - - 10
Thielaviopsis aethacetious - - - 31
Top of the Cane 65
Transmission of Heat - - 192,199
Transpiration Water 64

Transport, Preservation of Sugar
during L. .. 214
Trash Turner - - - - - 113
Treatment of the Clarified Juice - 161
.+ Second Massecuites 258

. Scums - - - 1
U

Undeterminable Matter in Molasses 311

Utilization of Molasses - - - 326
\

Vacuum Pans - - - - - 185

Vallez Filter - - - - - 18

Viscosimeter. 18

Viscosity of Molasses - - - 318

" Sucrose Solutions - 17, 18
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Washing Filter-Press Cakes
Wax in Cane
» inFilter-Press Cakes
, in Sugar
. in Syrup
Wood Analysis - -
Cdorific Value
Gum - e -
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INDEX
Page
X
Xanthin Bases
- -1 Xylan
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GEORGE FLETCHER & 0. 170

DERBY, EMGLAND.
London Office: A Cablas:
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DESIGNERS AND MANUFACTU RERS

MODERN CANE SUBAR MACHINERY.

THE EBRITISH FIONEERS IN

ELECT RIGALLY-DRIVEN SUGAR FACTORIES.




AVYRHTIRING TS

Revolntionizing Sugar Refining.

THE GENERAL NORIT QOMPANY ANNOUNCES THAT IT 15 NOW PRO.
DUCING A NEW TYPE OF CARBON ALS0 POSSESSING THE KNOWN FIBEOUS
STRUCTURE, WHICH [S A STILL BETTER FILTERING MEDIUM AND HaS
A DECOLORIZING CAPACITY 5 TIMES THAT OF THE WELL KNOWN
ORDINARY QUALITY NORIT. TH15 BUPRA NORIT IS UNEQUALLED BY ANY
OTHER DECOLORIZING CARBON OR BLEACHING MEDILIM ON THE MARKET.

NORIT PROCESS REPLACES BONECHAR PLANTS ALRBAD\" INSTALLED—
HICH HAVE BEEN ABANDONED
o Suger mad But Bugar Refineries—after having applicd tlm NORIT PROCESS
far numbur of yeats~—have a udw-ed theiy Bogechayr En Teplaced Fame by
installations to rafme mw mger by the NORIT PROCESS %
‘The miulo sdvantages are; A moch ymuller char plant and building te house same requinsd,
mmslﬁﬂ- melmedwwkmd mnch ﬂndkrmlow, Mm’e lagsy yleld of mgar l:ss

wnd i used muml for mglyh.g ddgar, 86 hag thers :a VD ek od'nmlwmc lim;l.nnth[ ﬂw g:-
Flteatlan over el-oti a3 the filtyation and decolorization of meloed Hqaoe are dena 3 oo apml

sgll wmeynt of carhon o tlrealatlen and o eabucn dally; less comamption of steam el

resulting in & fusb-udwiog of ahout 45 pér cont, we compared with bonechar wark,  Melied I[q\mvs an
ha emnommﬂl; filkered, ol Iarge & and decclorlzad at the 3ame Line 2t denstties u&tn 70* Brlx
for best ancl cane sugor soluriooe. ‘l‘he total cogt of reﬁnlns the NORIT PROCESS in
lesa than whm lying bonechar, It i possible by the M PROCESS to alsn refioe
eennnm!caﬂ quantivies of raw eugar daﬂ;
lunr mme by the NORIT PROCESS I eqnal fo the best banechar
L"l““'l“ﬂ BlguT. grades, as cubes, loaves, goides syrup, cte., caw also
lﬂﬂll]lll;:ﬂ red L] /! 0L FlaET. L 11abl
IlﬂlTatrwﬂ:‘hdmlarHdal'mnlnaliulm%d'um“.u‘b,gln ‘:‘a %‘:m‘-:
ity uﬂuﬁr‘md[nm nod an sxcellent lariver, wllleh snsbles FuEcesstolly mad Fithous
peerdl Hlo i decolorsrdon of YOEM 2 aio0s 1D A CRaTLIN:
ﬂﬂnl'r lY rogeiable carbon with & a&ﬁﬂn&m & 83 U to 100 tiuts that of Boaschir
(dwendln; on l‘lle WELILF ol Mm‘eﬂ md ou the qoalliy ¢ meod. RORIT Is notoally in
A0 Hmes, aod anmmu BuctakatTIly Tred dver
i&mn— Tlll dmlml:ln Emﬁ, lm- oML Dok o Al In practlonr a8 misch sa Liat of
prMﬂ morrmt.mp.u oenn{bumr.h hwinladto
nush I‘ha wealiad Galle r\l&bﬂ W
mehﬁraﬂu ad m o srponunhanu.swunt. nux 'I‘nneans—nﬂ —1&.
ordicwy NomT ngaz. dolog the flfmdon so B
olohd’nl%:‘lr&ﬁ'hl&'ln !.?nl'r ingood [ar abeh 80035 1he, of Tvw woger, md dm llh of bonmn:
cost 0f m NORIT lnstaliation i¢ aboat oaeTfth of that of an [nstallstion
undar 1ha bome-char lzmnl A NORIT installatinn ecusldis malaly of mizing taoks and
Elter-presss, the auly ettsntzl mochinery not afrerdy aveilable in g rew mpar Bouss in mainly oar
patented rebuming kito and an acid Rt 1o regeserite the r NORIT.
Any Raw Beet or Faw Cane Snfu Famq' can—with NOBRIT PHOCESS—prodote its swn
mﬁn;d'y bedmgumnqlw iy and nnlityquallowbcl:ulhmdnlnbmnedhylh:
test equipped and best maneped ru , and ab b mech lower cost

NORIT PROCESS USED 1N CONIUNCTION WITH EXISTING
BONECHAR PLANTS

Cane Sogar and Pect Sogar Refnetion o nsing MORIT in conlmeiion with bowechar, i
bonechar planty are alceady available,

The maln advanisges are: Erplaooomt aruktbg dath pre-filimtien by a KOBRIT
filiration which causes alse a lags decolotizetion, which ctables to either redage (he nse of
bomx:harbynbncuWpﬂ::nt..wtumtreul&dﬂapuﬂlyuf&ebnmchvphmbyw et
allowing worldog op nm m.glr Either cax b Idﬂﬂl:?“ and invotves large slvlnga [LY- N
increkes of xqﬁr i wnd Entprovessnt I the quall mefined mgar seed.

‘Tha NOR. RAMCESS o %ym Mewlt, i ectvatad end fidvrgns curbon and
mertvifybng cavne v ve-noe in Ibr Séslm 1914, aud LL THE gNLY PROCESS
IN P'R‘{CTICA.L USE IN THE CANE AND BEET SUGAR ].N'.'PU&TBY whereby
decalodizing carbon, mh:rthnbone:har,hmd:ndwdnﬁﬂmwﬁah

GENERAY. NORIT CO., L.td.

Mm-mrmms,m‘rmmm

Bee alao pages xyiii to xxix




ABTHATIFRAEHM.

FOWaER
GABLE GCULTIVATING
MACHINERY

STEAM AND MOTOR ENGINES USING ALL
E TYPES
IMPLEMENTS OF ALl KIMDS OF FuEL-

WE MAKE DVER 200 TYPES OF PLOUBRS TO StIT DMFFERENT
GONDITIONS OF 501, CLIMATE AND CROP.

INCREASED  INGREASED
CROPS  PROFITS

BY
THOROUGH CULTIVATION
AND SCIENTIFIC METHODS.
Maks arrangements for us (o send ?mw

e hupeottr;ur land mad FeOCMEAMN.
oblining st posaible resulls, o writa Tor Gamlogue o

JOHN FOWLER & CO. (Leeds), Lid,
.  Engineers, {tEEDS.




ATYILTIRENWRTE.

RANSOMES
Ploughs and Implements

FOR SUGAR CULTIVATION.

RANSOMES' EXPANDING DISC manows MQUEEN" and “ROVAL."

Dpushuy danignd, for sultlvating belween rows ol EL0pR wlloh reguive Ua aoll 1o ba - uhm
O Hhiow fawards Hiems. | W, Fnskouta the S Tirs Shopel bas a bigher arl:

RANSOMES' IMSC PLOUQHS,
i slawe from, 1 o Ior snioimd or

fnmensas Mrastor Arangih
an mh& -m. vh:g our"?mid.ent" Eré ™ Dmonibess B, -
-UT‘“M appamstos for ma witn N0 UIOTEe B e e PR
sinsomreen of n British Gulsna
PEGIAT ALL-ATREL PLOUGHY I e Ta Jan, for animal v Erwcior draaght,
# A ety Btad oymtu:ml e BULAR BOLLERS, sic, obo.

Wrtia for [iusvried Ouinbufue donlfag with Pleuchs ol Implomesis for Trapéos! Crogu

RANSOMES, SIMS & JEFFERIES, Ltd., Ipswich, England.
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A. & W. SMITH & CO., Ltd.,,

EGLINTON ENGINE WORKS,

GLASGOW.
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DESIGNERS AND MANUFACTURERS

OF COMFLETE

STEAM OR ELECTRICALLY-DRIVEN PLANT

FOR THE

MANUFACTURE OF SUGAR FROM CANE.




i, AUUBRCIARMENTE,

IF YOU WANT X
COMPLETE PLANTS FOR BEET

- OR —
CANE SUGAR FACTORIES
Thev e deFives- Z:““}:
Lille™ geecinlizing
. sinée Mo Hhan
Talfp-eantury in
the  conntriction
al Wl kindw of
mathinery for
sugar fagtagden
baa erzetad a
conebdarable noo-
ber of complste |

TheCledeFire.
Lille" is the oaly .

existing mabn.
faciurer fully
quipped 1o pro-
duce in s own
dhops every kind
™ machinery af
& moderd sagar
plant telnding
elecerionl  aquip-

saper Fectories all
over [he mworld

FI’ ALL MACHINERY rl

FOR SUQAR FACTORIES - REFINEFRIES - DISTILLERIES

1HGL ELECT QY v

ARPPLY FOR INQUIRIEE AND PFRICESE TO

'€ pe FIVES-LILLE

PARIS - 7 rue Montalivet - PARIS
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THOMAS BROADBENT & SONS, LIMITED

HUDDERSFIELD. ENGLAND.
World Renowned Makers of

CENTRIFUGALS

FOR SUGAR REFINING.

) gkl o
A FOPULAR MACHIN ‘A SmarL Facrony.
Comprising Genirlfugal and Pugmill drives from Stearm Englre through a Cltsh.

the Centrehugal, this chu Ty Rereses st of quar by
mhhwmhhﬂﬂﬂﬁmm‘h m—ﬂm

ilY-DRIVEN MACHINES, |
EF, BELT, STEAM. WATER or ELEGTRGA
HAND POWER. ta all types and sizes—Units_ or Battarion

and sz rmwipl of Edgiry.
avER 10,000 CENTRIFUGAL MACWINES SUPPLIED DORISS THE iAST 48 m_
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Jl]HN MGNEIL & 60., LTD,

ENGINEERS,
Colonial Iron WorkS, GOVAN, GLASGOW.

MANUFACTURERS OF EVERY DESCRIPTION OF

SUGAR-MAKING MACHINERY

WITH ALL LATEST IMPROVEMENTS.




ADVRETLNEMENTE.
2

COMPLETE AND MODERN

CANE SUGAR
FACTORIES

—

17 ROLLER MILLING PLANT. FRoliers, 30in, dis. % 801n. fong.

JOBN McNEIL & CO0, Lid,

GOLONIAL JRON WORKS,

GOVAN, GLASGOW.

ENQUIRIES SOLIGITED.




ADTRALTIE R R,

- THE FILTRATION OF

UNITED FILTERS EQUIPMENT

is especially designed for:—

CANE SUGAR MILLS

Defecaled Juice,
Sulphitation- Defecation  Juice.
Siraight Mill Juice (with Kisselguhr),
Carbonation Jhice,

Bettled Muds, * Cacham,” s,
Thick Juies, Syraps.

BEET SUGAR FACTORIE3

15t and 2nd Carbonation Joice,
Hot and Cald Sacchamate,
Thin and Thick Joice.

KELLy Fiutex (open lof disshargsh

) 'awan—uyn Peurag (cpon tor deachanee).

CANE SUGAR REFINERIES

Washed Sugar Liguor,
Low Grade Wash Syrmp,
Refinery Muds.

United Fillers engineers and equip-
ment have taken a leading part in the
develop of filteati hods seit-
able for we in conjunction with com-
patatively oew filter-gide and bleaching
agents such as Filter-Cel and varicws
vegetable carbons,

In additi tn i Hati:
throughout tha United States and Canada,
oor filtere arg being used in many of the
principal sugar mills and refineriss af
the Argentine Republic, Belgiom, Cuba,

Denmack, Egypt, France, Germany, Great

Britain, Japen, Java, Mexico, Philippine
Islands, Forte Rico and Sante Domingo.

UNITED FILTERS CORPORATION.

Main Office and Works: HAZLETON, PA., U.B.A.
. Branch Odfioss: :

NEW YORX.

CHICAGD.

SALT LAKE CITY.

Expor: Depl: CUNARD BUILOING-25, BROADWAY-NEW YORK.
KERTLEY, WESTERN UHION St Ciltfen, nlf Semdard Codm,  Codu Aldpnat UNIFILTER-NEW 70K




SUGAR JUICES AND SYRUPS

The intelligent selection of the
best type of fifter for any particolar
class of sugar will or refinery work

1 many tecl I and
considerations that are not m:‘requeutly
overlonked. Progressive sugar men are
coming mors and mare to mealize that
this phase of sugar mauu!actune prEsents
a highly specialized & probl
it ltsedf.

For many years certain of our en-
gineers have devoted themselves almogt
exclusively 1o the improvement of
wathods and equipment for clarifying
varions fuices, syrups and liquom em-
countered in different branches of the
Augar industry.

Their bived 1
prackically all the |mpnrtant sugar pro-
ducing countries of the world, both cane
and beet, and is backed op by the foore
separste and disiinet fypesof flters

AMEMCK Convinvory (Farwiy) FITeR

Tsresn Fritumt iy,

which wa mencfgciere. Each of these
types in speciatiy adaptad to certain classes
of service and local conditions, while tea

. line 23 2 whole tharoughly covers the en-

tire field of sagar fliration.

Gur enginetrs art conseqeenily able,
withoot bias or prejedice, 0 recomewead
the genersl type or fypes of Sliec which
in cheir judgment wil hest seree: the seade
of the individoal will. Secoring cmradvics:
in a maiter of this sort placse you eder
abszolutely oo chligeiion to s, although
naterally we bope to mnnoelb prow-
peciive perch
offers the best eqample of whickever
gesiesal bype may be Tecommded.

Altof this seimuotsted eygar Fiadion

experience, a9 wall us the Tacilies of onr
large and modern muncfuctaring plant,
am 2t your dizpesal for the asking. Mendly
et m3 have an coilive of your requirements
snd we will be glad to sebwit, withew
abligation orupennu . & mu
Teport ] eip

UNITED FILTERS CORPORATION.

THEGDORE L. GENTER,

EUROFPEAN BMNOH-.-

O3, Jve dax Clawpe Efywsun, PARUS.
ol Abdeuans URWHTEE, PARL

LOCAL SALES REFR&S:EIIT‘TI?ES B THE FPRINCIFAL OCUNTNIES.




FAWCETT, PRESTON & CO., Ltd., Liverpool, Enland.

tTalegrapkic Hatrenan Paien Seer 0, FIGTORIA STARET, 5.W. L.
MFAWCETT," Livarpaol,

All:[th od 3l Edltiao: &
o | Tl Ul e
Rﬂvrl.nml

HEAVY

CANE-GRINDING
PLANTS

Aben
ALL OTHER CLABSES OF

SUCAR-MAKING MACHIKERY.

COMPLETE
FACTORIES

SUPPLIED. WINE RouLek BrkL, te work I sonfunttion with exiting Thren Roller I and Crocher,

UL TR PO U



ADTRETWENINTE.

i
[

The
FILTER PRESS STATION

together with incidental Mud Tanka,
Oloth Washing, Pumping, and Mnd Disposal

symipment 13 ELIMINATED by use of

THE PETREE PROCESS

BECAUSE,
From 1 to 24 per cent. more Bugar Ia Recovered,
Omne operator replaces ten to fiftesn workers previously
required, - )
Fagtory operattons throughout are simpl:
" Lesa than half the floozr apace is required,
QClarification of the juice is better, _
Massecnites boll more fresly and potge more readily,
Hepater and Hvaporator tubes reguire less cleaning,
Oleaner and better kesplng mugar in produced, :
No fillter cloths nesd be purchased,
- 'Up‘keep Gom of Bguipment snd Fuel Oonsnmpﬂon

iderably red

THE PETREE PROGESS

produces

Mons and BETTER SUGAR at LESS GOST.

E

HYOUmmmdinmmhomsma
please communicsta with

PETREE & DORR ENGINEERS, Ixc.

67, Wall Street,

da,
Banco dal Ganada, NEW YORK.

HABANA.
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ADTIETTRKEN TS,

'U.S.E. |

TED SU.
0$\ G*‘I,{)
ENGINEERS [™

~ SuGaR MACH:NERY ARD PACTORY
DESIGNERS AKD MANUFACTURERS.

Gor’ AssociaTion OF EXPERBNeES TECHNICAL

* ADVISERS wrts SPECIALISING MANUFAGTURERS

ASSURES  WIGHEST HUALAWY AND LOWESF COST OF
EROBECTION,

Heao Orrice - 115 HOLLAND Roap
LoNDoON, W, 14.

MAN, DIRECTOR - - - R BEATCHELL, M.1MuhE

- 184 PARE,

TELEFHCNE -




il ADTLUTIREMENTS,

“WESTON”

CENTRIFUGALS

Belt, Water and Electric-driven, in all sizes.

SECIIONAT. ViKW of ove BOTTDMLESS Bascer,
Motz the slesply slapiog bottam shell! Thls is practitally an sutomatis
sell.discherging machine, comring time and labooy swing, with ﬁrcatly
incrgased opiput.  Can be fitled do ol types of soupended Centrlfugals

We hare other impartaat improvesnents. Please write far Cotologued and fll infermation
1o the Makers:

POTT, CASSELS & WILLIAMSON,
MOTHERWELL—SCOTLAND.

Crblor: “POTY, MUTHERWELL ™




ADTHRITROINTY.

THE SUGAR MACHINERY
MANUFACTURING Co., Lid.

fag = Maad Offica
“PROGFATION, LONDOX.” 78, ELBNAM ROAD.
LONDON, W.T4,

Worka: LVERBEDGE, ENTLAND.

Coser vard: 450 Gl pud 8tk Celtioon, BENTLETS, WESTERN LATON, KERGIUR, FRIVAFE.

zE

Wit Bupwe Factor tag the
g s fogy e
soapilad mpicte ir ooy rapent by the AAM. Co, iy

ALL EQUIPMENT FOR MAKING
SUGAR—-RAW oRrR WHITE,
EXISTING FACTORIES REMODELLED ON MODEEN LINES.

EPEDIALITIES -—
BANE RAKER AND MESHANICAL HANOLING OF CARE BY ALL BVSTEMS.
ROTARY CANE-ENIVES FOR LEVELLWG AND PREPARING FEED FOR MILLS,
MAXWELL PATENT CRUSHER-BHEEDDER.
Fiving fdeal reduction of cama fe fbrs
MAXWELL PATENT JABGED ROLLERS—soild or segmental typst, keown a

Juva ar Mhe BEST rolfer, and withou! dovbt dbe best lep rolter for
affogiing ozne preparation in milis

SYBAR DRYERS.

ALL CLASBER OF GENERAL SUGAR FLANT.
HMPROVED GREEN BASASSE FURNACES. HEAVY MHLLS,
MiGH EFFICIENDY WEATIXG AND EVAPORLTING PLANT,
£ro., Elo.
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HARVEY ENGINEERING C0., Ltd.,

SUGAR MACHINERY MANUFACTURERS,
SCOTLAND STREET ENGINE WORKS,
224, \:’?SdTOﬁ;o;FIIEET GLASGOW‘ MACO:IIE :mLI:SGO\N'

26 In. ¥ 56 in. Elaven Roller Came Crushlug Flant.

CANE & BEET SUGAR FACTORIES &
| LR-EFiNERlES SUPPLIED COMPLETE.




Harvey Engineering o, Ld., Glasghw,’

SUGAR MACHINERY SPEGIALISTS.

SO0LE MAKERS OF THE WELL-KNOWN

HARVEY
EVAPORATOR

WE HAVE NOW .
F CONSTRUCTED

EVAPORATORS

FOR OVER ..
ONE RUNDRED @SS

AND EIGETY
SUGARESTATES,

Harveyt Quadrepls Efst Evaporstor, — ' =
—— [ry Alr Vasunm Pumpiny Eayins, ebé.
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FILTER
PRESSES

FOR
JUIOES, BOTMS and
BYRUFS.

8. H. JOHNSON & CO0, Ltd,

THE ENGINEERING WORES.
STRATFORD,
LONDON, E.15. ENGLAND.

TELAPHONE : HAKYLAND 17, Canidg: FILTHUM, LONLON.

SFHOIAT

PUMPS
WITE
WATER-SHALED GLANDS
FOR BUGAR LIQUORS,
BTEAM, BELT QR MOTOR DRIVEN.

CLARIFYING
FILTERS

TANE TYPE,

FOR BUGAR JUICHS.

OUR DUFLEX CELL BYBTEM
THOUBLEE THE MFLTERING
AHREA IN A GIVEN 8FAOE




ADYNRTEAM RN, il

Successful Application of NORIT
in Cane and Beet Sugar Factories.

NORIT A5 APPLIED SINI;E 1930 IN RAW LAl
" mursﬁ\m CANE 3UGAR FACTORIES
(Extracte frem 2 mx'.h i dhe * Lonigane Plenier,!™ Eﬁw. H. Duttsrons, Tr.
Latw Plagt Manuger of the Sterlmg oy}

THE FOLLOWING TICL
APPLICATION OF T?l% MEI?LWEARLI}:S mmc‘%"ﬁ?&:“ﬁ! DETMLS o

Beenomically wrong for cmme or beet sugar factorten to stand Kle trom 8 ts 10
months out of sach year.

Y O the facy of the #iaiiar, # fooks mrdy eeoioally wromg for 0 Lowiniand supar fasiry,

FATHUSLERG 2 m&:m b ofheraie gboad fwe months owi 10 sand
mammmmqmﬁwr wid oiff for & decade or more, there have bean attempiy
mada to take advantage of the ks rqulpment to the suger Louses, and to refine raw Bogir ;
but it the maln, the crop kas been ground o the usual way, the bonse cleatied P mdmcq
laid ':g‘md no further upsrativas conducted unept the drying of third sugars in (bt anemmer,
snd the neoessary repairs made for the ne:

" Por !hgpg::ttwc Fears the writer Ims'bm omtected with the Surding Rufery, oae of
the largayt ity opeuud m Louiriena, and which plant fus practically schved S shoss

= wnmamaw!ﬂm whmumdmudsa(!hemmmmd.

laztation clarided,

oy of IW 'W"'M vy ORI Ma&
mhmthamd;?“ ‘Mﬂdgﬂ dafly, grinding lnﬂcw lﬂ.ﬂﬂb;l‘h:

e - anul aparatieg as %-Momay g,
Sty can be fnereasad to 258 tone per day by w fow addl ) 1:::!“

ithis it &5 contampiated soem o do."

; .ﬂur smr-m;'u plami. .
ad] prah ayatem, Themu;;-wd(::e“ twe mine-rolier o Mc&ﬁtﬁm:m
‘There areap) prmu:lmnelyimhwugwwo!bonm 1'1605.? dvhu:ﬁum&lﬂngwﬂep

tube boilers. The Juioe e Capid -
ity for the cane umi.. Limm.ghnh,ﬁon:hcm sed wetitlers camprioe the juien
elat| Bew kit w: thehuwe Themudhmmmﬂmk! ﬂmuibyanphnmi
bl ,..andmoderu ta b fiter-preases.

'J."h: bailing capacity eomlat! of fowr peas. Elsht 0" sn;d:inu.m 3" and fwelmm W,
under three mizers, the mekter, twe pasdleler,
revolving scresn, mutamabic seales, bag srwing machime aad ekl:tne trucks, make op G

oomplament of & ‘modern sugar fartory.”
N "13“ thig equipment is housed in two furge four-storey brick rad stec] eotatruction Srepmod
wilditga. '
NORIT plant.

“In additien te €1l the sbowe is the NORIT plant. This congists of # threestorey siel

and galvaniged iren boilding, :nnmnmg the followimg : °x 967 plate-and-freme Doy,
d Biter, twe small bag-filters, Phwes gmh.m:wnudmrhum.m

tecaiving or Atnrage tanks, a WORIT kila, and necessary pompe."

Succesaful refinlog with the sid of NORIT. de

= Searting fas oa abows mumriowed, sngagsd succoanfily in Uie seining of both Lowisiono emd
Tuban raw sisgurs duritg the parisd Jmm.i’quary 120, up to wnd Including i Hme of s
rising, wha the ( malting Tuban rows enalirnsly.

GCambloing raw suger matiufucturs frgm came with raw sugar refining-

A deseription of the ppermtion-of the facbory fuflnw o= Ay the came passcs ot ithe carrier
ta mills it 33 wathed with o zprayer or ;bowu suspended over the carricr, ming condensation
water from the efects. The juice. wtrained lnth&wn-lmyupmmdwml‘\lnmgtﬂh,
Milkof-llte to reduce the aatam] tytonic.zmnicc.nsldd!dgndlh Fiteer-Cul
mthewoporhwofuhautdﬁl‘be per ton of cane. The is added in o wmber

whpengion of about 167 Ba. mlumhmwmpdwm ]
.bout Z189F,. to the settling tanks, Decantimg the clear Juice over the tope o the aatticrs.
it Roed tp the chargs tank of the effects, and iy there conrentrated o w ¥yprap of abont 6%
Brix"

f Crmifirued a: et prge.)




ADT NMTTARMRNTE.,

mlllng system in raw soger exd of tha houss.
* The syrup frorm, the effects ia prumped to the pan floot end first and ascond massecuites
boiled therefeom. The first ms!rml-e in boiled vt about T2 punty. the high purity of the
ayrup Leing reduced by * topping-off ' with solasges ; and the second messecuite & * bail
back " is boiled pt about B0° purity bycm:tmgover irem the fieat pan and 'bwlding op with
polesses.  Tless boil-back strikes ere dvopped into the hotroom cams, 3t in the hot-room
For fonr ar five da;r: md‘then purged_ '.l:‘ rsnleing ruti-off ratiges from 25 o 28° purity,
andis cutgide ag fn
Thpg“g;p:dmemte is dropped inte & mizer and dried ia $8” machines, In, the dryim)
alroue three gullons of water ate applicd wnd the sugar woshed to B9* purity. The ton oE
or molasaes, leaviug the mumgum'bd’nn the water iy applied, iy run through a separate
lrn and inkbe sepatabe tank: that into whmh the wash, or h:ghuk punt;y molarses
Teaves the machines aiter the water ja put om, is dizcharged,  This ron-off is nacd for
- t,u ing off * the fint messcenited and the hu]unoe iz boited up ﬁor second mpgyecnliey, ™
ggl! diapoaition of the wash ly raferrad to leter*
= The serohd maseciites ara dried in 30 1uachines without wasking or with ghont n half
int of water danked imto the reachine when the clutch ig thrown snt, to faeiligate eut
sngar is Hhen conveyed pevest ba 5 buoleet slevatar, carrled vup and discharge
lnto & mingler, where B ig ¥ ingled ** or mived be a proper mmst.ency with the wash nbo\'e
raierred o ot comlng from the washm%:f the firat mansecuite mugar. This mingled second
al falls inta the mixar containing i
nﬁ::\; pwrging, and is washed up with the fimt masseculte sy to 99" pomity, As
previoualy rocived, the ren off fom the pecond magsecuites is boiled either to thirds, or ia
pamped out to ‘e fingl sunlesaes tanks,”
Rpﬂnlu precers with the sid of NORIT daoring the E:: Ing senson.
“ The washed raw sugar of W party then to a melter, with cither e_lea: wltm.
ar high purity aweat- wnu:r. itis d.-saoived Tis liguer, atier baing streined
made of oemizifugs] Users, 1o pumped rulugh a heater where it is brought to 2 0“ F md
discharged Inta NDRIT mixing taoks, NORIT in messored quentities ia added [F13
mlrtute atirred with mechanical atirrers, atd then promped to the top Soor throngh plata-
and-frame presses.""
Qlullur of Uguors wnd refined swgurs obtained.
he filterad Hpuer mwﬁowmnupmdwuymneruuumm Largor disa] dors
o}‘IOMT waed, and e peneral dosage of the Noguor Isaving the vrmumﬂowi ayels
of oparationa, 8 tuch a nearly white solowr ag & parmitafl it
afa hu!la!uiwiou, wandard gronuited sugar, the squal i srery iy 10 e bm bw!ebhd- rpar
predbeed,”

Filtratlon sod decolocization with the ald of NORIT in one aperatiom,

At Bterling three WORIT mnu.g tanks of approximately 4,000 gallone each are uud
altarnately. ﬁlt:rmﬁeg liguor, four 88 plate.anddrame presscs, sgeregativg a
proximately 2,0 square fect filteting surfece sre nied,  In additien,  Swectlnnd flber
slan tised ko augent the eapackty in g monner deserfbed Tater ™

“The MORIT iz nsed tirea times, and occasfoneily, & part four Hmes, before mmmg
tothe kiln to be rebummed pod re-activated, ‘Twe presice are Tan wt the saime me; wrd fo
the waing of the MMRIT the fivat time, dve taoks of liquor with WORFY added, wre pumped
Ehrgugh the bwn prasted b succession, the totsd anowme ud' NDRI‘I’ 4fdded o the fve tanks
baing the amnmmt which fills the chasmbers in the pressss. s ¥nown that the fwo presses
bold 1,84 Ibe. of NORIT \i.rg bagie. In the secomd unng of the RORIT the cotitntn of
the two presscs m divided thrac tavks of lignor which are pmnpad throm
the tors prespes in ancoeasice, The cake in these tym presses la in o air dried, the
cot down and the KORIT meed o third time, To the third using the I B0 The, of NRIT\S
divided equally between two tanks of liguas, which are pomped throngh 1he said two presses.

Eugar recovery and r!v!vlllt:ltlon of NORIT,

HAfter the eycle, the MIRET ia dricd io the preuﬁ Ind

ent dawen, heing now d.ump!d lnbo aweoden cr.atmecH 00 pullons capacity.

mechanical tlreer, gud wabar i aided to the 4weet NORIT, This mirtore is t'hm hmtad

and pumped throngh nother plategnd &m pregs ingtalled for thin purpose and
*sweetencd off,”  NORIT bas the faculty of il the Bed from the
angas Tlgune and the sweet-water coming from Hhie press is avmt to the puelter far di
the washed sugar,  The swecteacd-off NORIT cake from this press palerizes from zero
io I'0 per cent_; generally pnder the Tatter Sgure,”
Rl-'btrnlll NORIT.

awentened -off NORIT b then seut ¢ the NORIT Kin,  This kiln cousists of bwa

pllra ef caxt-iron retorts arranged harisontaliy one abave the ‘ather, and hall the NORIT is
conveysd thremgh oue pairof vetorts, and half throngh the other two, Heet ia supphed by
burning oil {or ooke), el before entering the kiln proper, the NORIT 1a dried in
lotated on top of the Min, which are heated by the gases from the furnace.  The mmrr i
‘aanveyed slowly through the retorts by conTeyorg myide. sud the lower retorts aitaln 4 cheery
red eolour. T;a temperatnre ingide” the lowerTpart of the kiln chember it maintained ot

FCamtinead or waxt gaje.)




ACTERTHEMERTS.

100" . ‘The NORIT iz dlscharged from the Jower matorta of the kiln inte o task of water.
Thl‘s Wator prevents the dry NORLT fromt Ariag ebot, and alss acts 43 o bl on the raberh,

From this tank which is ftted with 4 racthenieal stioer, the mizture of water and
MORIT i cither uged s such, or is g‘mpeﬂ pel!m!.ia:].'l)' up to 9 plate-and frame prem
[natalied for this purpode, and after ¢ press is flled, the cake is well doed with gbr and
thent cut down (a8 in this case}, This B RI'I‘IanUw mad‘ytobemerlowr apRin GEM
batehes of lquer, sod will b ised thres Hmes again befare it is eburaed.”

“Iflh&lc i fed Iy, its fon L& very eatlafact butuammu-almmm

smp[es are taken every bylf-hour, eomposited and tma mede every threr hones
b bollmg & portion of the dry aonlr wlth'a 5 per ceat, mogtic soda aclution, o debermion
the NORIT has been weil Turme

" The MORIY-fitered dquor, in ﬂumng from the pwmu. pasces thraugh o anadl
filter, Thie is o y piamaure to ¥ of say quantity
NORIT getting by o oase of abad cloth in the press or any bnrsu:ng ‘aut dne ig bad
of the prexs. “1t'ds then pumped to the peu fcor and boiled ito grenaleted angur,"
Syskm of bolllng retloed s

* Four beilings ars made as followa:—Two strizes of all it Uguer are bailed in sucotssion,
the ruB-oHs from these twa atrikes bailed tog!thtr for @ second, and the ron-of freom the
pecond held, This opernibor iy repented untl] the second tud. oft from & second bollmg i
obtained, when the two second vusn-ofis are boiled for the thisd  This compkie opemtion
is repeated and when two Tun-offe from thirds sre obtrited & founk i balsd ‘I‘heu
airlkes arg dried in 4" madiines with geod cjeru water oblained hum tke Enil
pans.  Tho frw, sesond and third sugnrs ar olf good sruigh to poak by ﬁs
pans aro Aropping alternately, & mizture is abtained by mixing in the sugnl bin The ﬁ:
frog ihe fourth hoilivg is al.wys I\el.d until it in fallowed by o firtt with which it in mi

*In dtyimg d strikes, the wash and run-of s allowed
Lo mix together, cxoept in the uu of the last boiling, Je drying this strike the wash and
nm-off are s¢ arated ; the wab being of bi h:r panr lﬂd hetber cejant 3 hoikd beck for
& peoond or ¢ granwlated, wnd the ron-o abemt B purity it pumped to the ssme

bowﬂchmpumpcdthawnhhmwmbmgthﬁmwamr 50 that & porilos of it
I3 uned for minglivg the aecond zew sugars which are domble-purged, WWhat iy not dispomd
of i this wey e taken b the mwmwpm-lmgw&thyympmdbonediam
su¥ event this tank i3 Hqoidated every 24 honm.™
Hundling the reflaed wyzar.

**The whits sagar from the centrifuguls i tlevated to o Bin and fed down into the graem-
lators, throngh @ vevolving acreen, to automatic ecales, and ioto M0 Bb. pockets, oris
packed in barefy, The sa um-ﬂuweﬂbyamndzmelu-dedanm ey, which
ata picked up by slectrlc trucks, and carrisd over platfarm acales jor on wdgln
count, and are taken direct to fmght ents for shipaent, or into the warchonss for storage.”

= Phua, $hothe smivsrting of tha judsa ofhmomwemnw:mrmdwm
m»mrmmf,mlmﬁemmnappmahuﬂuﬂwn dream ; and ol a2 8 o

Postlla opera oM.

“Th'?!u mmf'fa withant exeaption been the heat fmm & uimgwmtdm-
in facility nl vwashing op, Btration and decoloriastion ™
Refiming of raw lum durlng the Idle season. .

s:u‘a'mq agreen & “09‘ o ofter e gritding season, the metheds
‘of opezatwn in the lﬂll Inht and pan-house are the same as deseribed as being voed
& Frloding. Tas of getting the raw yogar from the pars, sugwe in taciy b tracks]

-4

t carg of Warshouse, amgarﬁumped to the boot of & bueket elevator, carried
to the and the massacuite wade for whm%s taws. The batiery of nine P4
mchmununedfurthumm and the Taw anger (& washed op to 09 pority, the wadh

wnd the Ton-of s:punlad“
*The wash fa mﬁgmﬁthemwdmpcd &9 in also the ool e the Jast
af abont 78 1o 70", L balled fora
maw"m‘m uhml'l’l’b'y ]

hant 47, 3 ‘
faw fuges sleviter, The roo-of I:nanﬂpw:t.zof. o " o purity, =i

" Thase nmholmomm eryriallioors, aid witet
?'no:\e;: thres am'ﬁ?‘a’;;“m b:-omn. are damped mto the smales purt of the above

nto procesa.’ [




xxTi ALTERTIREMBNTE.

No pre-tiltratico of liyuor required.

T will b okt (far B rofitedby ruats r prrnctiied al Sterling. we feo-fitatton of the washed
sngar Teor it rraorded fo. e Gliminating the eost sal trouble mcidental to laing bag-
Flters ut any Lyfe oF leaf-filtern.  This of enurse puls meére of q bovden on the NORIT and
i tle conrsy of sie the MORIT arenuolles nquantity of miseral mgiter thus zeducing
the carhon tatio, pod parlindly cloguing tlie pores of the NORIT."

D:zcaglonzl chamlcal treatmeang.

Y In ocdez la ceduce Lhit asl jn the NORIT, it is periodically boiled with 4 2 per cent,
Tydeechiutiec aid solution, and also wl Uuwes wieh o b pir cont. costic soda seluting, The
auod teeslownt is given in the wooden cistern, proviowsly referred 10, wlich s also vaed for
awpotcuingoff the MORIT press coke ;oo one o the boon ining taks is wer for the sodo
treatinent,”

" W atlemnpl will be sesde in this article to iake o convpariaon of all 4 relative merits
of refininy with RERIT ol other meilhods, nntally with bomeliock ; Lot it ney be permis-
sible, in passitng, B sbuw allention tre tle sfaplicity of thy frorran, Hin comspnratively smaill
amound af mofecind v prrocems, e skorr @ne elupeiiy freti abe sl £ e Procces feonaapar
and the abriawe adeanigea thereal?!

Yield of reflned sugar.
¢The nipar ohenduad v we good an sibdsrd pronnfoded tugars shoined by modern bandohar

Feftuaring,)

R Aae beets damonagratet beyond o deods thad a eeeorery nf 8 02 of arundant granacinged
sugar per W0 28, of Wi-gzut rown par be abtained [ and mlva thar e proceas ean be rondieered
an g eommaretally profnble mnale'

Adveotages of tha NORIT application in n raw sugar house.

“A NORIT imtalluthen ju g Enetory providen the two-fold beucfit of penuitling the
planter Lo coovert I6d cane into o styges for wlick tlere 3 o Letter demaand thae iy viher
Bugar, &8 well ay Bwing n helter keeping suger, sluadil e sdecide ta bold in lur tnore adv gt eges
eux marketinzg ¢ aned thal of having tic equipiunt available to roles Lhe refining field, buylor
Taiy veighlusee s buwd, or fureign signes, nad Unes Belp to carry ovechend, keep his orgonisalion
1ogueilior, and enlioes 1he ioeloale valoe of s fnctory.”

B. Sawoscany, o Lowisiana sugar espert and late Supeti a of the Giadcl
Refingries *' Reserve '* and ** Elmhall,” which former relinery wses bonechar snd the
lutter has applied NORIT, says in ** Facls about Sugan” s¢
Yield of refined sugars obtained :

* N, ar to actusd Bgures of giald o grawuloges augar of @ baris of o D6 per ooty rat sy
#he poroaheage raconered v mox! plants using NQRIT cmounts to B335, o fighire fuat aw gocd ax
zhe condliated boveshar refinsrise can Doome of. It thus appests that there need be ab-
solutely 1o difference (e yield, whether honechar or vegetable carbons are used as medinm
for refining taw Fugars.”

“ Swestwatens.”

* Bweetwaters, obtained feom NQRIT, for instance, ars of bigh purizy, ond for that reason
can b taben pight Back inee she edrawnt f0 molt wagked pepara, wikile (28 Mentionsd gbove) sueel
tatary priginafing from bomechar are barrad oo gocornt af thedr lote purity and pernml uRfl-
weat. While it may lake more water o the beginning 1o wash raw sugars to a high posity
whea refining witl vegetable carbons, end the amocunt of affination syrup consequently
will be increased, this will be more than compensaied for by the guantity of evaporated
awest-water to be taken care of m 8 boneblack plant.”

In Louirana, * Serling," " Soumdown,' © Ebwhall” and * Sabsbury ™ refinerics are
warking the RORIT process for 8 number of yrars,

Tha NORIT prooeer for refinéng eitheor cane o boet rugar or for the samy faciive of © Dolden
Hyrup,” plucoss or sarmayrien las boen e goteal e mines 1111, Eqeeps rrporiviesially sa
fuotary htn up £0 now (L24) actually appling any oo deealortaing catfon (toith e revivifiention)
i Louisiana, or clsmohars €0 ha werld, for ¢he refining of taw sugar, ather shan NORIT

The NORIT process it werbed in Holland, Pelgiwn, Fronce, Jtaly, Englond, Portepal,

2ecko-Slonakia, D . Comada. the United Seotee of Awierica, Fenesuria, Hong
Hong, Japon, and Mozambigue,

Some faceorien oradies enly whiee spmdard loted supar, oehern fe Beside
granulatcd svpars, Fifeloubes and Jof-svpar bk “Adond™ process, others apain moks pressod
cieben and pressed Iogfoupar and Y Pile™ wohila almn © tolden Syriep " and other nde of
tablo-agripe are prodicsd By tha NORIT process. in Hollmd, $he Scondinavien Talamds,
Germany, fuly, and ehe {54, glieoss mada of maizs awd porcto-siorch 19 manfactared by
e aid of MORIT.

(Cmttnued on wext

Poge)




ADVARTIANWENTR . Exvil.

Application of the NORIT Process in Holland,

"NORIT" process at Dinteloord.

Prof. Dr, A. HERZRELL, the cminent Germen sugsr cxpest and chemist, published in
IHa Daviiachie Keckerinduarricltis ispressiony with NORIT in 1he beet sugar factory Dinlelaerd
where he personslly witnessed the success of thiz process,

The Dinteloon] co-operntive best sugar facinry and refinery, uwnder managempent of
Directer Die. YLEXEE, hag o daily capacity of 3, 000 tony of rogts, and turos out sclely white -
soulated 50 r. mainly for the English market, in a guantity of about 4,000 bags of

00 kilas per
Th: NORIT plmt at Dinteloord comainta of ; 3 mlx:nglr.anks, 4 mentejus, 4 fiter-presees
n‘% liguor, 8 gravity Blerd, 8 wooden aoid tanka, 1 soda-tank, 3 sebumning furnpeey
{I dovble and 2 singls cnes), und 2 amall preaser for washing the carbon,

Method of applying. MORIT.

During 1he sesson all the after-prodoct segesd at D aro affimated (waghed fn
ceptrifogala), melted, treated wilh "KORIY and oxed o with evaporater heet syTup Pray
which sikture the white graunlated supsr (s boiled.  This aystest has the sgvatinge that
the reficed sugar ia boiled from a symp of high purity end Gight coleur, which Jiguor, mere-
over, is gheolutely chear abd brilliant,

The white g AL bomechar refined auger p$
to whitencsa aoil sppescance, Lle sugar turned out day aﬂer day from the beginnlog of

f o the ig of gymrtly the sama whiteness and brilliancy, and gl i the London
merket at the same price ag bonechar gratnleded sagsra.

Aftet the sesscn, hest sugar from or_ha Inctories iz refined at Dinteloord, wud after that,
Jawan and Cuban raw cane Bugal s 7l teeated in the seme factory. In al] these
instsnces NORIT is used, wad oue add the vatne NORIT plant i3 weiised.

Dinteloord has no bonechar plant, abd has vefined heet apd cede sugars dariog the pagt
eight peara solely by the NORIT procsss.

Tle sugar-liguora are mixed with this saybon 1 the mizing tanks, heated to 307 C., and
the NORITED 1lquor is then fllered thraugh plate-and-frame preates, montejus inytead of
;umps bain, whereafier the filtered Jiguote are Tun through Deosk gravity Slten.

ke use of thess gravity filters is oaly & sefety measarm.

At Dinteloord thers i 0o traca of NDRIT to be seen i the factory, which [+ clean throngh-
out.  The WORIT is suspeaded in waier, aud this suspengios & pumped into the angar
liquors. The I(I!RIT i3 maed to the wmoumt of 025 sa 0-50%, for beet gugares ; sod 19 .15
if tanc stguos sre belng workaed,

Prof. Herxfeld's statetneni.

Prof. Dr. A, HERZFELD says iu hic article that the fAlter-presscs ran fast ard brilliant, so
that the aftey-Bliration throngh Danek flters appearcd not to be neccsmary,  The mazimom
piesaire in the NORAT presses is kept ot about 278 Atm, (abont 87§ ]'b; pey 5q. inch}

Regeoeration of NORIT.

After the fiter-presses are Elled with BORIT, the cakes are washed wilh hot water, and
the sweet-water tyed For malting fresh lots of afinated (weshed) vew sugem, Comy
ait Iy weed for d'.ryr.ng the NOQRIT cakes it the preasey.  These calet avs affher “agmin,
or are tr o the plent to be The KORIT to be
Ngenrratvdls prmy :1 ke the wocden arid-tanlo, and cither washed with water or occasiozn-
wllF trenterd with hydrochlaric mcid by ioilig the taixture for about Balf-qu-hebr or so

wt, witee which the actd te, difuted wilh water, is pusiped theongh plate-and-frame

paas. The rakes are wugﬂ in the press with hot water, dried with mmpﬂmd air, and
s::chm'ge\l ot the pre-drying tanke of the fwrnace.  The pre-dried MORIT ia puissed through
the hotace {pnr.ented. bF the GEMERAT NORIT Cnmpm. Iambed! and there qubjecied to
wheat of 5 o BBO° O, the d rarbon is & d imto water in & miTing
tank.

HORIT can he revivified, and re-nsed, eadly abont 5T timas, and when used an pocd
quallty sugars the revimfiration tan be rarried oot atill oftener up to 100 times.

fCuntinted on wxi puge.)




ADTELTISRUENTS.

Application of the NORIT Process in Czecho-Slovakia.

NDRIT process at Radbor.

The fitst cxperiments, en the rcﬁn-ng af rpw beet soger with the aid of RORIT in Czecho:
Slovakia, were catried aut i the Radbar Bugar Pefinery in the oft-ieagon of the 1921.1922
catapaign.  The regult of this erperiment, whicli only lasted cne wealr, wag sech, with
Tagard to the guality of the decolorised liguor aod segar obtaimed, that the owner of the
Radhor Suger Refinery toak the trouble durity the szagan of 19821023 Lo pay o visit to tlw
Dluteloon) Sugar Refluery ln Holland, which sinee 1614 hag refined both raw beet and
cane sugars with the sid of MORIT. "The resuit of this visit was that it was decided at
D.nue tu ot & NORIT plant inte the Radbor refipery.

cisioth 14 instal 2 MORIT plant et Radbor wos made during the heet-yeancn af
19&2 28 ‘The necessary machinery, uicluding the MORIT oven, was erected and completed
S 24 days, which demenatretes clearly the ease and simplicily of the process,

NORIT ceplages anciler type of decolorizlng carbon. .
N previous campeight Radlor refined its heet ::a:n with the wid of ansther decolor-
hing carben (Car! . which was replaced in 1952 by NORIT.

Many factorles ln Czecho-Slovakin follow suit after Radbor intreduced NORIT.
Sines then severnl sugar sefineries in Cxeche-Rlovakia, viz . Hibe-Ensteletz, Kuttenberg,
Lopny wnd Helles followed auft, and Istrednced the MORIT process in their factorics.
Halice, which glao previously refined its sugars with the aid of ahother decolorismg carbon
{Carboraffin], sbendoned it and now HQRIT axly is applled thers,

NQRIT application requires ne pre-filtration.
The wppileation of the other decolorising carbou, which filtesy bedly, demands a pro-
; and, » this Fery exp carbom cannot Be revivife herefore, {m—
ECODOWLIC TERRtmy ita wae i3 necesnarily linaited bo very amell percentages, o do mot reatine
the desired regult.  Piltrotion wnd decoborisation with NGRIT ia carried out in one cperation
whilst thiz carbou o revivified with esss, being vaed over and over ageit many timues.
It taay, therefore, Bo added in larger smeust.
v of resalts obtsined at Ewdbor with NORIT.

‘The Fellowing swwmary of reoults of caperinents mads with NORIT st Hadbor is laken
frout 8T iMpbrtaut article by L, TAR, DADRK (of the Praghe Suger Rxperiment Station) and
ING. K, ZEET [Lj:mw\ to the mbuy&;u refinery], published i the Zeitscheift fér

1] Fe Lt

il) Decolorisation and filtration with WORET iz ens operation proved to b an casy and
vetlable procedure. Werk with MORIT way be conparsd with orditgry flter-press work
CGood bard carbotcakes are obtained.

By Regenetation af the used NOREFT, espacially with the use of the MDRIT oven i carried
qut with sace, and the oven delivers wall reborned NORIT having sbaclutely satisfactary
properties. The Joas of NORIT through reburming, ete., doed not txceed 00 of the
weight of the raw sogar treated,

'§] The deeolorlaalion obtalned depends upon the percentage of RORIT sdded, and Yy
uging I ta 13, on the weight of sugar contained in the liguor, & constant and durable de-
eolurisation of over (0%, fup to B0 | was obtained with the St and second liguors feaid
liquors being treted oo miter the other without the intermediate revivifeation of the
voce used MORIT.)

Further notable polnts mentloned in the game articls:

{#) The rolows of droalorised liquors cqoals that of bonechar-reated liquors, sad the
pwd.urt made Hram the feeted Hguars )3 irtepropehpbly white,

:d)l Cheapusss of the M!I'I? Mozt of the plant wan erected from existbng

inecy (tanks, presses, cte.), the otnly Jtm necessitating purchase being the NORIT oven,

(8} The cheapness of the MORIT carhon (its price being about Gjd. per Ib. @s com-
parcd with the frice of the other tatbon praviously used, costing le, 4, pet Ik, The coat
of regengml.ionri’ndnding the jogs of carben, fuef and Jabour required, come to Jess than g
hull-penny per

(7} Saving was ciected re the reault of t i =3 iom {and the app
Em' this operation, aleo for Sltereloth, llbaur f\ne]. eted; nnd ot the elimingtion of setphitation,

:s] Heonomy in full wes effected through Iwing able to boil sogar from reuser Liquors,
e age Briz., wlwxns p(evwnsly those of sbout D6° Brix, were worked (sud from well-
hq rpeated bailback Thit means per 10 tons of
meskecuite of #° Bcn: 14 ton et water 1o be e\rnpon\.ed ar a ;a\uﬂg of 200350 ky.
{} tem) coal, or 255, lesa "total amr.mnt of gleam necessary fo down to erystal

f&wfunwiw !u.:\f}agk)




ADTERTIONMCETTL

Some of the Factories and Refineries in Europe
using NORIT.

CZECHO-5LOVAKEA.

At Badbor far refining raw beot augar MORIT onfy is uped, likewive at Holics, AL Epbs
Kpatelaz and Kupmoberg NORIT is applied fo conjunction with bomechor for refining raw best
sugar, while Louny uses MORIT for the Elization and decolorisation of best juice (ayrap
frair, the quadruple effact).

l’IOI.LAND.

Lrinteloord, previously & raw beet factory, refiney mmw beet and cate sugars with the 43d of
IGI!IT d\n‘ing md after thn beet saas0L dunn,g the last § years, thus vefining the whole
year round. wnd Oud mwmandrawieeemm

reapectively are nﬁned witk MORIT.

BELOIUM.

‘The Rafiraris Tirlamenoias applics NORIT fu coojunciion with booechar for refiping
nw bthelt. and cane sugers ; wnd the Visun Lo best sugnt factory refines Taw cane stgus
asiog this process.

DENMARK. .

The Phesniz refinery, praviously wing bonechar, now refines cane .smgeél sulely with the
aid of NORIT, prodaecing in addition to standard wh\r.c graculated, cubss and loaf sigars
by the Adwai " prociss, and b masafacturing Wun’d. Pt and press-cibes.

PRANCE.
The ulated sugar and cubesa hm'beezmdm
sumee by the ey T - et s ban e e ST Ty o clask

af an raw augsr, by the NORIT pm:eu‘

ducolorisation of the fire mo! l'mm bm‘.lmg bret-syrups to white granolated
sugers, us well as itz Jaat uhar pmd.nctx. wlnﬁm melied without pfination, eod fﬁxtend and
deeslorised with NORIT In ia preducing white yens from molasses
only after decolorization with NOR|T,

PORTUIGAE.

HORIT & need for 1efinmp aw sugars applying the * concrate white m pw«u =
manufactore from raw cehe sngerd only & white dne-grained sogar, like
prodocng as el

BNGLAND.

Cantlay beet {actory applies NQRIT for refining the afier-producy, obtaited in the manu-
factote of whﬂ;;ugar 50 83 to boil these |:t\:ea wh:tuf:éﬂo The use of :fdl!l'rﬂ;h:s bean
contracted for by momy recntls chcbea et By orics.  Many, induding latger
rafinerien bought, # number of yeary ago, L %m the NQRIT sy 1ts.

Ao w nomber of jew, chocolate, biscuit and other comfectionery factories are pang
MORIT to prodocs white sugar ligners for use in thaly cwn mannfsctnre,

GERMANY.

At Epugow and WM be&t fm:l.oxieu mltl'l‘ i Jied for the teme prrpose, namel:
the T the ‘?}w hite raftmed a ’

Frrthermors lalm is mned i cmde. wm States of America, R::?xmg. Japms,
Brasll, Ve E

GENEBAL NORBIT CO., Ltp.

Head Oifice s den Teastraat 2, AMSTERDAHM, Holland,
Se2 plao page iv Tor other intormation.




ATTRRTIANNENTS,

Notes on Sugar Curing Plant.

HE machinery for the sugar curing precess which 3 described in
chepter IV, begioning on page 237, forme u very impariant part of
lhe complete factery equipment, and, owing to 8 special natore, has toa
great exicnt developed into a specil branch of the sugar enginesring ndustry.

We devote ourselves gotirely to ihis branch of engincering, vamprising
principally crystallizers, centrifugal machines with their accessories, such as
steike o distriboting mixers, conveyors, molasses and massccuitn pumps,
sifters. pug-mills, lab ¥ ventrifiugal hines and testers, etc.

Tu the manufacture of plattation white sugar by the process of double
curing, the mazsecuite from the crystallizers is first coved B on battery of
ordinary centrifugals as shown by fMosteavion 0348, on page xxxil, or Juene
SELF-DISCHARGIFG Maching, for the preliminary separstion of whe thick
molasses.  If 2 seli-lisulurging machine is nacd as in the armngemaent
shawn by ilustralion 4056, opposite, it can i oot aboab ewe to five
tans of sugar per hour, according o the size of the baskel and to the
nature of the sugar. Ouc such machioe can therefors prepare tha suger
for a vonsiderable pumber nf ordivary centrifugals.  The solf-disclirrging
uenlnfug.!l is apen in r.he Bottarn, and. when the sugac is free-deying,

its 1t is stopped, willioul any assislance. Tha
ugar fram the foreworkers or the seli- dmu}mrmng machine is discharged
inta 4 mixing mill or pug mill, where i in mixed with the washings from
the crdinasy centrifugals, and is elevared to the feeding trongh for charging
the centrifugals of ordinary constrnction where the sugar receives its finul
purging and washing in the wsval say.

It will be geen from thie methed that the twa kinds of molasses are
cectually kept separate, and that, 1o alter an existing installalion to make it
suitable for this process, no additienal centrifugals are necessary excepting
one {or two for large installations) of our eslf.dizcharging machines, and
eonsequenly moch less labour is required thau when the machines for the
preliminary sepatation of the thick molasses are of the same ordinary type
as wsed for the final washing.

WATSON, LAIDLAW & CO,, LP,
88, DUNDAS STREET (SOUTH),
GLascow, ©.5.




WATER MOTORS

OFE ARGIRG CENTI L AND 81X QHDINARY
CENTRIFUGALR, ARRANGED FOR MAKING WHITE BOGAR.

The pelf-discharging hasket bas no discharge valve, and it is charged while maning, the massecuile heing fed oo to o distribulins plate
a8 shawn, and thrown sgadnat the wall of the Enhul by ceatrifogal force.  The slope of the basket botloin 6 60 grest thet the dried sagar
will g Bie ot fL when the basket 34 at Test, bat immediately falls, by ils own welght, ond s dircharped tirough {be large asosler g
in the batiom of the hesket.

This basket is particulady sultsble for raw sugar washing, as shown above, Lut has alao been adopied far general wrrk in refineriss and
factorles, and, where angar is amonable to beotmeot, Gt i dhe sinplest method of obtainiog o ferge cutpol wilk reduced laboaor,

WATSON, LAIDLAW & CO., L=,
) 08, DUNDAS STREET (SOUTH}),
GLasGow, 5.
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zzEii- ANVERTINKEETS,

1348

INSTALLATION OF WAIRK-DRIVEN OENTERIFUGAL MACTINES ARRANGED FOR THE
DOUBLECLRING FROCESS BY MEANS OF TWO BATTERIBE OF
OENTEIFLEALE OF OBPINAKY CONETAUCTION,

WATSON, LAIDLAW & CO., L2,

98, DUNDAS STREET (SOUTH),

GLASGOW, C.5.




ADTALTINRATATS. -

FOLE WATER-DEITEN CENTRINUGAL MACHINES ARRANGEDL WITIL TRD FAEDING
TROGGHE, TWO SONYEYORS AND BWIVEL S1I0DTR Tok buY ZUG4R.
A THAT TWO DIPPERENT CLASAES OF SUGAR HAY
BE CURED AT ONE TIME.

WATSON, LAIDLAW & CO., L2,

98, DUNDAS STREET (SOUTH),

GLASGOW, C5.




MIRRLEES

Sugar Factory
Auxiliaries

CENTRIFUGAL
PUMEPS
for every purpome.
DRY AIR PUMPS
WET AIR PUUMPS
and VACUUM
AUGMENTORS.

We alo manufacture &
JET CONDENSERS -

and BAROMETRIC O°

CONDENSERS.
STEAM EJECTOR
AIR PUMPFS
of all deacriptions.

FPatent Condengate Pumg.

MIRRLEES WATSON

InumIlu|||n|w||||||\__‘_~_/""""""""'""""'

ENGINEERS, ACATLAND ETAKET, GLASGOW,
Loodon Office: Mimless Hoose, 7, Crorvenor Gardens, SW.1.
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Mirrlees
Mereller Cane Crushing ML, part of a complrte 5Dm;uhmkﬁw’y'

vecaolly beuilt by RIRRLEFS.

SEARBY SHREDERRS. RAMSAY SCRAPERS.

MEINECKE CONVEYORS. PECE TUICE STRAINERS.

ENGIMEERS, 9coTLAND STREET, GLASGOW.
London Clfices Midass Howse, 7, Grosveper Gardens, 5.%.1.
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[T1L8 ADVEETIETMENTS,

H. W. AITKEN CO., Ltd,,

Sugar Machinery Specialists,
BRITANNIC HOUSE, PAREK CIRCUS, GLASGOW.

R ——

“Diamond” Patent Rollers

Trede-rnark ¢ DLAMOND."

ST

Nuimerous Testimonials.

are used all round the World.

DURING THE YEAR 1928 THEY GROUND
ower 9,000,000 Tons of Canes.




