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SYNOPSIS

Sulfate black liquors increase in viscosity with increased concentration.
Above a totalysolids concentration of 40 percent, the viscosities of the
liquors rise rapidly with increases in concentration, but are markedly de-
creased by increases in -temperature. At concentrations of less then ko
percent the viscosities are, relatively speaking, not much greater than that
of water, and the effect of temperature is relatively slight.

INTRODUCTION

In the evaporation step incident to recovery of chemicals from sulfate dlack
liquors, the liquors are usually concentrated in multiple-effect vacuum
evaporators to total-solids contents ranging from 55 to 60 perceant. 1In

this evaporating process the flow of the liquor and the transfer of heat to
the liquor are two problems confronting both the equipment designer and the
operator. Since the viscosity of a liquid is an important factor (5) in
both of these considerations, the investigation reported here was undertaken
with the objective of measuring the viscosity changes which occur with

changes in temperature and concentration of several sulfate spent or black
liquors.

MATERIALS AND FROCEDURE

Three black liquor samples, designated as liquors 4, B, and C, were studied.
Sample 4 was a commercial sulfate black liquor secured from a Wisconsin mill.
Sample B was a laboratory semicommércial loblolly .pine sulfate black liquor,
and sample C was a laboratory semicommercial jack pine sulfate Dblack liquor.
As these black liquors resulted from various cooking conditions, they can
best be characterized by the data in table 1.
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.tempera*ur in the prescuce of alkali \b) In o

Several samples of each were evaporated on a steam bath., Total solids of
these samples were determined and several batches of each liquor of ‘various
total solids content were prepared from the concentrated liquor. In cases
where the concentrated samples were used prior to making more dilute solutions,
the total solids coxitéat of the samples so obtained was determined. In no
case was the conceniration of a liquor carried beyond 60 percent of total
solids. . )
The total solids were determinéd by means of a modification of the” method
described by C“*ffln f2) A sample of black liquor {20 to 50 cc. denendlng

on the approximafm LG centratisn of the liquor) was weighed, diluted to 500 cc.
with water in & voliLuetris f"‘sk .and mixed thoroughly. A 50-cc. aliquot
was run into a weighsd 10¢ nde porcelaln evanoratlng dish, evaporated, and
then dried for 16 e {over nlght) at -105° C -

The purpose of varying the size of the samples weighed out was to secure
comparable re Sidlﬂllsanol?s,‘ A liquor containing slightly less tlian 20 per-
cent of total toiids will vield a residuial sample that approx1mates 1 gram
when a 50-cc. weighad sampie is taken. 5 Jeoce

T

There is a tendency towards polymerlzatlon and carbonization of ‘the organic
material “n°black licuor which occurs cn ovaro_utlrﬂ especially at high
é"«"TLon of this fact a
sample of 1¢qyor £ was foncennzated by vasunae dAD;'llaLlOﬂ and. used as a
control : -

The relatlve VlSCOSltleb of the black 11quors 'were - determlned by means of

an Engler v1suome+ero This was accompllshea by mPaeur1ﬁg the time of efflux
of 200 ec. of each iiquor throagh the orifice-of the instrument. The time
of efflux for 200 cc..of water at 20° ¢, thf'ugb a standard orifice on the
Engler 1s,51 seconds (3) The relative viszosity of any liquid at-:any
temperature to *that of water at 20° C. may b# computed by dividing its time
of efflux in seconds dy 51, Thig’ is called the "Engler number” or "Engler
ratio," and all the viscosity data secured were so computed,

The absolute viscosity may be approximated from the follow1ng formula (?)
for an apparatus of normal dimensions: : ”f ‘l

= (0.001435T - 3.227T) % . .

where W = coefficient of viscosity in C.G.S. units.

T

time of efflux of 200 ce.
5,=Aspecifiévgravif§ at’the temperature in question.

For this reason the specific gravities of the various liquors at the various
temperatures encountered in this study were determined. A suitable tempera-
ture control apparatus for determining specific gravities at various tempera-
tures was provided by inserting a porcelain disc in the viscometer pan upon
which to rest the small, 5- to 10-cc. pycnometers. Water in contact with
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the pycnometer in the viscometer pan was allowed to come to a equilibrium
with the temperature of the bath and kept there for 10 minutes. The
pycnometers, clean, dried, and desiccated, were weighed. The specific
gravity was determined relative to water at 20°¢ C.

T

The range of total SOllds covered was from 13, 5 percent to 59 7 percent. The
temperature range was from 20° to 96° C.- -

e

RESULTS AND DISCUSSION

The v1écos1ty~temperature~sp601flc gravity data for liquors %, B, and C, at
various degrees of concentratious, are recorded in tables 2; "3, and 4, "and
plotted graphically in figure 1, The data show that the viscosity of black
liquors at 20° C. increased with higher concentrations. The increase in
viscosity was especially rapid for total-solids concentrations above HO _
percent. The viscosities of the liquors above 40-percent %otal solids were
markedly affected by increased temperature. A% concentrations -below 40-per-
cent total sollds the viscosities were, relatively speaXing, not much greater
than that of water, and the effect on viscosiiy due to increase in temperature
was comparatively slight. Moore (E)ureported a similar viscosity-temperature-
total soiids relationship for sulfite waste liquor obtained with a Stormer
viscometer. : .

The viscosity-temperature-total solids relationships of the three liguors
studied are characterized by the curves in figure 1.

Differences in the viscosities of the three liquors are apparent. The vis-
cosity of liquor C above 43 percent of total solids was definitely higher

than the corresponding viscosities of the other two, as shown in-table 2,

The viscosity of liquor B for all degrees of concentration was comparatively'
low at 20° C. Anomalous results are evident, however, and may be attributed -
to errors in total solids determinations, irregularities in temperature 2950
control, and changes in total solids resulting from the variations in time
necessary t0 bring the temperatures of the various solutions into equilibrium
with the temperature-control bath. The latter is an important factor at high
concentrations, for a slight change in total solids in a solution containing
approximately 60 percent of solids will bring about a marked change in vis-
cosity.

It is difficult to attribute the individual viscosity characteristics to
individual characteristics of the liquors. Though differences in the free
alkali content, the heat value of- the residue, and the ratio of ash to total
solids, as shown in table 1, existed in the original liquors, the trend of
these variations cannot be correlated with viscosity.

An attempt was made to duplicate results obtained for seversl concentrations
of liquor A, A sample was concentrated by evaporation on a-steam bath and,
upon being tested, showed a total solids content of 57.0. percent. This
sample was designated as sample Yo. 11, from which samples ¥o. 12, 13, and 14,
corresponding to 54.8-, %1.0-, and 47.3-percent totdl solids were nrepared.
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Viscosities were determined and the results, as plotted in figure 1, did not
correspond with previous results, Total solids determinations on all samples
revealed that they did not check with the calculated values, Further tests
showed that variations of * 1,0 percent in total solids could e obtained.

As these determinations were run in batches which included all the samples

in questlon, the variations may be definitely attributed to day-to-day.
variations in the temperature of the drying oven, which was set for 105° C.
Temperatures as high as 108° C. were observed. Furthermore, the errors
oroduced by the variations of temperature in the oven would be greater at

the hizher concentrations because of the method of sampling.

Sample No, Y4, liquor A (U47.3-percent total solids), which was preocared by
vatuum distillation at 36° C., was found te have practically the same vis-
cosity as sample No. 10, which was prepared from a concentrated steam-bath
Sample. PFPurther work on vacuum-distilled samples was discontinued because
prior work at the Laboratory indicated that the viscosity of sample Fo, 4
was in the range of viscosities of samples obtained by other means of evap-
gration (table 3). Furthermére, viscosity data made available to the Lab-
oratory by Babcock-Wilcox and Company (table L), determined by the Saybolt-
furol viscometer, are not, though similar in character, comnarable to the
data obtained. In view of the above considerations, further work on vacuum-
distilled samples does ‘nét appedr Warranted.

Horeover, in réghrd b techniehal viscometers such as Saybolt, Savbolt-furocl,
Engler, and others, Bingham (1) had 1little to recommend:. They are inaccurate
and have many sourées of error, In the case of the quler when calibrated
with water at 20¢ Ci, the kineticdenergy correction gmounts to 90 percent

of energy expendedi The vis5051ty in, this particular case has but little
part in determining the rate 6f flow.
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Table 2.--A comparison of the viscosities of liquors A, B, and C at
comparable. degrees of concentration.

e Liquor samples -
A 2 c
:Temper-:Engler :Temper-i{Engler :Temper-:Engler
1 ature | ¢ ature : ature
°C., :Number : ©°C. :Number : ©°C. :Number
Total solids ....Percent 24,9 25.0 25.0
20 1.29 ¢ 20 1.31 20 1.51
i 90 ¢+, .95 : 90 98 90 .98
Total solids ....Percent ! 3745 t 35:0 - 35:i0. .
* HEEEEE O e e e S
¢ 20 4 2.12 20 2.00 20 2.
90 1.10 90 1.08 90 1.08
Total solids ....Percent : 47.3 : u5.0 3 43,2
: 20 :10,04: 20 : 5.18: 20 ¢ 7.30
90 : 1.39: 90 : 1.33: 90 : 1l.W
Total solids ....Percent : 51.0 5 50.0 : L3.6
20 25.90 20 15.14 @ 20 36.40
: 90 1,67 : 90 : 1.65: 90 : 1.90
Total solids ....Percent 52.3 he.2 ---
20 47.70 : 20 25.20 ¢ --—- _—
90 1.77 + 90 1.82 ¢ ——- —
Total solids ....Percent : 54. 8 : 53U 3 53.9
. Lo 33,80 : 40 15.63 : 40 : 33.00
90 o 2.77 ¢+ 90 o 2.3%2 ¢ 90 3,37
Total solids ....Percent 57.4 : 58.5 S
60 16.94% : 60 12.39 ¢ —— -
: 95 3.92 : 95 3.02 ¢ -—- o=
Total solids ....Percent : 59.5 : —-—— : h9.7
60 40.30 —— ——- 60 29.90
96 Uyeel s - = 95 6,08
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Table 3.--Viscosity, temperature, density relationship for sulfate black

Total : Temperature. . ;T Specific ;;f " Time of ; Engler
solids y : gravity efflux for
$ i : : : i 200 cc.
. Percemt ¢ ©  °C.: . :. i T Secomds ¢ Number
| 12 Lo L 1.0560 : . omL ; 1,02
| : 52 . ! 1.0500 : . - kg . o-oeu .96
| R 70 : 1.0400 b7 - : .ol
| ol g W © 1.1110 56 ‘ 1.12
: 51 : 1.1030 Lg : .98
: 70 : 1.0935 4g : .96
'y 90 2 1.08%5 L7 - Sl
36 ; 3 : : 1.1670 E 70 ; 1,40
: 58 3 1.1535 56 : 1.12
« 70 : 1.1475 - 52.5 : 1.05
90~ = 1.1375 Lg : .98
Lg : %3 ; 1.2180 276 : 5.52
‘ 58 : 1.2055 ¢ 109 : 2.18
: 71 : 1.1990 g7 : 1.74
g9 : 1.1900 : 72 : 1.46
60 ; 59 . 1.2580 ¢ 1,120 . 2240
1 M + - 1.2520 ¢ 653 : 13.10
90 : 1.2430 272 : 5 Ul 1
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Table 4.--Evaluation of data from Babcock and Wilcox Commsny's viscosity,
temperature charts for sulfate black liguor.l

Total solids

TR e e e R AR G T e e W e R T e Tl e ) b ——— T e

Percent

23.8
23.8
23,8
23.8
23.8

43.8
43.8
43,8
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43,8
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98.9 e
98.9

Saybolt furol b Engler
Number : Number
9.0 : 2.5
8.0 : 2.3
7.3 - 2.1
7.0 : 2.1
7.0 H Dadl
20.0 5.2
16.0 b.2
13.0 : o
11.5 2 Z.1
1C.0 : 2.8
72.0 2 19.0
56.0 1k.5
43,0 : 11.0
33.0 ; 8.8
27.0 : . 1.0
380.0 : 10G.0
230.0 60.0
160.0 41.0
110.0 28.0
6.8 2.0
7.0 2.1
8.0 205
9.5 2.6
25,0 : 6.8
110.0 : 28.0

lConversion of Saybolt furol values
chart by H. G. Nevitt, Chem. and Met. Eng. June 23, 1920.

Mimeo. No. R1416

to Engler values made according to




1

IMPLE &

45 _—l
F 13 I

4 . X kY.

s COMMERCIAL (JACK
TN
30 T =

WA

1]

25 X

i

t PINE) IKLTATE BsCE 13

|

f |

ylll
Ll W e
L -\‘/ 3 @ o
n o /- e “D’
E "f_ = . P e |
~
Q [_ )
3 \ l ' |
S 25 Bl 3 -..- T = : + 8 ”» Ii
3 \ 4 oo T TsamezE 11 ] ]
20 v EXPERIMENTAL (LOBLOLLY PINE) SULFATE Alack LIQUOR,
§ f Y il ! ’._‘_” ] ;
~ =
© 5 : ) J
E 15 J % [ | - -
A AN | i
PN | E
W 2 - = WL
~ Q .--.
3 N va
= £ 8
N H"// £ ‘93 =
3 : ) Al
L I : |
35 - I o . . : .
5 | JANIPLE € 1 ' N i!
o |- k. o kel QACK PINE) SULFATE BLACK Liquor | .
2% \ | f J £t /f
10 - ——]
K VAR
o 1 be ‘OQ o,
5 S 90
o7y ;“%\ __/o/
o —— |
€0 30 40 50 "60 70 60 90 _ /00 25 30 35 40 45 o0 55 60

TEMPERATURE (DEGREES CENTIGRADE)

TOTAL SOLIDS (PERCENT)

FlG. 1

VISCOSITY -TEMPERATURE -TOTAL SOLIDS RELATIONSHIP
FOR. THREE KRAFT BLACK LIQUORS

Z M 35152 ®




	Page 1
	Page 2
	Page 3
	Page 4
	Page 5
	Page 6
	Page 7
	Page 8
	Page 9
	Page 10

