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CHAPTER I

INTRCDUCTICHN



INTRODUCTION

The purpoée of thie investipgation 1g to obtaln
vapor-liguid equlibrium data and to determine speciflc
heate, bollins points, latent heats, and vapor preessures
for the ternary system-ethanol, glycerline, and water. In
s previoue invectigation (1) densitles, viscosities, auf-
face tensione, and refractive indlcies were renorted,

The Data of these two investigetions are to be ueed in
the study of distillation of thie ternary mixture in &
semi-gomm@rcial elght plate fractionating column.

Yelman (2) investigated the pystenm, butanol, acetone,
and water for vapor-liguid equilibrium data snd ¢ .nclud-
ed that these pure matefials can be geparnted by: 1. dln-
t11lling in a fractl ning column glving almost pure acetone,
2. eceparsting the butanol from the water becauce of thelir
imniecibllity ond, Z. murification of the materiale by
further frectionatiocn. It 1e honed that some sinmilar cor-
relation can he made for the sycten--ethanocl, glycerine
and water.

Prunjer and Furnase (8) preparcd vapor-lignid egnil-
Ibrium dlarsrome of two blnary mixturer of commerclelly
important org-nic rolventc: n-butanol-n-batyl acetnie and
n-butanol-~acetone, The COthmer anparatus wno upged 1n ob-

taining the data, and 1t wies found that n—butﬂnol—n-butyl



acetate formed sn azeotropic mixture at 72.% mole %
alcohol, »oiling at 11£.5°¢, at 760 mm. Iercury: however,
the system n-butanocl-acetone formed no azeotroplc mixture.

Ernet, Lltkenhous, and ©panyer determined the boll-
ing pointe, and other physelcal oroperties, of the system-
n-butanol, acetone and waﬁer using a modificetion of the
fottrel Apparatue (10). All boiling roints were found to
be intermediate between those of the pure subrntances.

the deternmination of vanor-liguid equilibrium dats,
speclfic heate, latent heats, bolling polints, and vapor
presoures wag undertaken in thie invertigation and these
pronerties are reported hercin, both graphically and in

table form,



CHAPTER 1II

THEORETICAL



THECRETICAL

The deteruination of the physleal pronerties undertak-
en in this investlgation include those necegsary and direct-
ly used in the study of distillation on a commercial scale.
There properties are all heat functions., In commnercial dis-
tillation, the 11lguid feed to he distilled is usually Iin
gtorage at rocum temperature. Un leaving storage the feed
is pasred through preheators where 1tes temperature 1ic ralced
to the bolling point. Immediately after entering the still
at 1te bolling noint, the fecd 1o vaporized and the vapors
are continuocusly condenced and vaporized on each plate in
the column. The vapors from the ton plate are condensed
and caught in the receiver.

When the feed is pasced through the »reheater, heat
is added to 1t, which ralees the temperature and increarcs
the vapor preesure. %hen the Vapor pres ure 1o ralced to
the preessure of the surroundinge, the boilling point of the
liqguid ieg reached. At this temrerature latent heat nust be
added to vaporize the liguid. Uhen the liguid is vanorized,
1te comroeition con be obtnined from vapor-liculd composl-
ticn date. In thie wvay, the pronertlec determined are apn-
lied to the gtudy of dlstillaticn. For instance,.latant
heats and gpecific hente are uped 1In caleculating the steam

concumption. Bolling points indlcate the steam temperature



and »ressure to be used. From the vapor-ligquld equilibrium
data, can be ealculasted the rersult at any etape of distil-
lation.

According to the kinetlc theory there 1s a continuocus
fllgﬁt of narticles of vapor from the surface of a liguid
1ntb the free space above 1it. flmultaneous to this emmisp-~
ion of vﬁpor particles, there s a reverpe procecs of con-
deneation at the surface of the liquid. If thie system of
vapor and liquid ie in a closed vernnel, there willl exict a
~definite equilibrium betwesn the liquild and its vanor when
the rate of emmirslon 1lp exactly equal to the rate of con-
densation. The »rescsure exerted by the vanor in equilibriunm
with the licuid nphace at a certain temrnerature 1e the vanor
preccure of the liguld at that temnersture., This equilil-
briun 1ls dependent upon the tempersture. For every temnera-
ture, then, there 1ls o definlte equilibrium vressure, and
conversely, for every preecsure there exieste a definite tem-
perature at which vapor and liguld are in equllibrium with
each other., The temperature correcponding to the equilibrium
preecure of T60 mm., of mercury 1s the bolling noint of the
ligquid., The wvapor pressgure of o liquid 1o o constant at a
definite temperature, and irp entirely inderendent of the
anounte of liguid and vapor prerent: however, 1t increareg

ae the temperature 1le increared, Flg. I showa the vapor



pressure of ethanol, glycerine, and woter at varilous
temperatures.,

To increase the temperature of a liguld, energy
is supplied in the form of heat and is called specific
heat. “pecific heat may be defined as the amount of
heat necessary to ralse a unit guantity of substance
& unit change in temperature, or to be specific, 1t
may be defined ae the number of caloriees necessary to
ralse one gram of the liguild one degree centipgrade.

In order to transform a licuid into o vapof,
energy 1s regquired to overcome intermolecular attrac-
tion of the molecules and also to increase the volume
of the fluid aralnst atmospherlc rrescure. Thie energy
ie supplied in the form of heat and 1s called lsatent
heat of v:porizatior and may be defined as the number
of calories of h:nt necessary to convert one gram of a
1iquid at ite bollling polnt into vapor at the same ten-
perature. The 1llquld referred to in this dliecussion
may be a gingle substance or a mixture of two, three,
or four liquide.

A ugeful relatlon hetween varnor nreccure, tem-
perature, and h:=t cof vrnrorlzation var developed by
Clapeyron (7). It may be developed in an approximate
manner with the heln of 2 eingle thermodynanical cycle

gimilar to farnot's.
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Aomlving Tarnoi’es eyele and the rocond 1o of
thermodynenmice, the differentis]l form of the squation

mey be written:

_:: Ip . (3)
3

o]

. 1. A T ¥ [ g
whiler ip known ac the Clareyron ecuntlion,

There T, ma Intent reat of varorizstlion,

Fe el

T = sheolute temnernture.

Vess volune fluid in roeeour elnte,

VB- volume of 1liguld
an . derivative of the -reccure with

ar

Mauriue rhoved

may be flonlified by orrumine thet the vo-or oteye the

1denl roe 1oy, Clouplus chanped from the hwcole of

cne grem to the harle of ocrne mole, Yerloetlne V. whieh

le rmoll eonored to ¥V, and cubetitutine 3770 fo
o ™ .

.
{neocordins to the 19cs) car 1oy}, Me ohiolned:
;i - T P ( ~ ‘
g = e [}
R ey |
a7 i

Crn gonnrntins Gl

woynrisrhlar

on the hroele I, an? 7 onre conctenbro.

T
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where C 1g the constant of integraticn. This equation
lis linear in logaP and 1/T, and when these quantities
are plotted a etraight line results, the slope of
which is -L/R. Using thie fact the vapor pres:-urees
determined in thie Investlgatiocon are shown graphically
in Figures 10, 11, and 12 with log p »lotted against 1/T.
If equation (2) is integrated between the limits

of Pa, Pl and Tp, T.,, the followlng equation resulte:

1

10&59 F2 = zL.J1 -1
P1 R [T, T, (4)

Where P2 is the vapor pressure at To and Pl 1s the

vopor preroure at Ty. Folving equatlon (4) for L,

R~ N BR b = :

b= 25028 1ogy4 18 ["’1 - T] (5)
Where L ieg the lotent heat In calories rer mole.
“quation (%) is used in this Invertigation for cal-

culating latent heate as deecribcd in Chapter IV,



CHAPTER III

APPARATUS and PROCUDURE

12



SFTLRATUS AND PRCCEDUNE

Specific heate (6) were de'ermined by intro-
ducing = measured guantity of electricity into the
pample and recording the tempe ature rise. 4 portable
watt scecond meter and a thermometer with one-tenth de-
gres graduntions were used to determine these values,

A carbon rosiester was ured as a,he&t;ng element. hie
apparatue woe inclosed in o sllver plated glase tube
gurrounded by an evacusated Jacket, a cke'ch of which ie
shovn in Flg. 2.

VATCR LIQUID EQUILIPRIUV. A modification of the
Othmer Apparatus (7) wae used to obtsin the vanor-
1inuid equilibrium data. The aspparatus (Fig. ) con-
elete of a still, a condencser, a recelver, and an over-
flow or r flux connectlon, The sample ie placed in the
£t111 body from which it 1is vayorized.' The c¢~ndenced
vapore fall from the condenser into the receiver. ‘ihen
the latter 1 f1lled, the liquid 1s refluxed to the
£t111 body and the ceycle ie repeated., 4ic the 11huld
falle from the condenser, 1t le fed to the bottom of the
recelver: thir copreratlor inrures thorough =mixing and
equilibrium conditions. The te-rerature riser at the
beginning of the run ntill the recelver ic fillled.

After refluxing beging, 1it‘le change 1in temperature

13
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ie noted. After two houre of constant tomperature
operation, in which time the 1iguld in the receiver
is changed elght to ten times, the liguild and vapor
aamples are taken. The pressure wae aaintalined at
760 mm. mercury throughout the run. The composition
of the samnles was found by determining the refractive
index and denelty. The data from a previous in-
vestigation (1) were used in prenaring Fig. 4. The inter-
eection of the conetant dengity line and constant refraoc-
tive index line locates a point on the triansular dlagram
which reprecentc the comnositlion of the sample. Thus
noint & represente a pample having a refractive index of
1.2600 and a deneity of 1.0200. Ites compoeltlion 1s 40.0%
woter, 2%.5% glycerol, and 26.5%7 ethanol.

The thermometer uced was = 0-200°C. thermometer,

20).

AN

calibrated by the Burezu of Standards (No. 58
The densities of the vapor and liquld samples vwere
determined using a Westphal balsnce. An Abbe refract-~
ometer (5) wze used to obtnin the refr:ctive index.
Theese vrovertlers were run at 9506‘ using a consgtant tem-~
perature =ath ar described in a vrevious dissertation(l).
VAPOR PRYSFURE AND BUILING TCIVT, Flg, © 1ip a dlagran
of a modificeation of the Cottrell apvaratus (12). D3oil-
ing'paints and vaner prescurcs vere deternined in thie

arpparatue., The ermple 1s admitted into the tube ot A
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and the heating element. ¢, heats the liguid to bolling.
Ae the 1liquid bolls it rieses through the percolator, p»,
end in forced continuously upon the thermometer bulb, t.
Any vapore that escape are condenced at 3 and returned
to the system A, and the cyecle ic repeated. The pres-
gure on the syetem was kept constent with the use of the
recélver and menometer, shown in dlagram.

"o determine vapor pressure the stopcock, 8,
was opened to the cuction, and the pressure on the cys-
tem was reduced to 150 mm. mercury abrolute. The heat-
ing coll wse turned on: and sfter continuous percolatlion
and congtant temperature and pregsure were mnaintalned,
readinge were taken. The pregsure, calculated by eub-
tracting the difference in levele of the mercury
in the msnometer columns from the harometer reading,
and the temperature, recorded by the thermometer, re-
rrecent & noilnt on a vapor precsure curve., The prec-
sure 1¢ now changed by oprening stopcock & and another
such reading 1r taken. When the nrescure is 760 mm,
mercury, the t@mpefature recorded ¥a the boliling point.
Thus, with this apparatus, both bolling pointe and vapor
rressures were determined. The thermometer uced wse
calibrated by comparison with a Bureau of Stand-

arde’' thermometer. A mercury barometer was uced, Latent

19



heate were calculated from the vapor pressure data
using the Claueclug-Clapeyron equation ae dlscussed

in Chapter 1I.

20



CHAPTER IV,

EXTERIMENTAL



EXTERIMENTAL

MATERIALS: Ethyl alcohol of the €. P. grade wasg treat-
ed with metallic caleium and'metallic sodium, then dis-
t1lled repeatedly.

Chemically pure glycerlné woe dietilled repeatedly
under reduced pregsure untll s density determination using
a calibrasted pycnometer ghowed the absence of water,

Distilled water war treated with potaesium perman-
ganate to remove any oxidante and then distllled. Treat-
ment with borium hydroxide and succeseive distlllatione
followed. The phyeleal properties of the recultling mater-
1ale and valuee given by other experimenters are shown in

Table I.

PREPARATI: Y OF £2YPLES. The Sanmples were prepared on a
welght percent basie in increments of ten per cent. The
correct amount of glycerine wee added to a pround glace
etoprered flaesk and the correct weight of ethanocl and
wzter added by means of burettees (number of C.C. were cal-
culated from dencsity determination). The compoesitions of
the resulting eixty-six Tamples are chown in Tablle II.
Opecific heats, bolling polnts, latent heatrs and va-
por precsurec were determined for the sixty-six Samples.
Both binoldal =nd triangular dlaprrams have been prepared
for the firest two mentioned properties. Srecific Hea‘s,
boiling pointe, and latent heate for the system are glven

in Table II1I,
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Ethanol

Glyoerine

TABLE I

Sarface Refractive

Density

0.7851 »
0.78506(22)
0.78510(23)

1.2580 *
1.2580(26)
1.25802(11)

0.99707*
0.99707(18)
0.9370708)

Viscosity

1,10 *
1.101(19)

(o)
2:3’;32173

0.893(20)

Tensicn

22,0 ¢
22.03(13)

&n 5 *
63.0(1%)

72,04
72,0(16)
71.86(30)

Index

1,3596 *
-35931{15)

14729 »
1.4730(8)

1.3332 »
1.3325(21)
1.3333(9)

* jathorts experimental values,

* Yaluss accepied for calidration of instruments.
« Glycerine decomposes slowly at 200°C. and above.

Specific
Hesat

O *

o.gs (16)

L2

0.589(25)

1,00



TABLE II
COMPOSITION OF SAMPLES

S en Giyoered Bihanol’  Water
1 100

2 100

3 100
4 10 90
6 20 80
6 30 70
/ 40 60
8 50 50
9 60 40
10 70 30
11 80 20
12 90 10
13 90 10
14 80 20
15 70 30
16 60 40
7 80 50
18 40 60
19 30 70
20 20 80
21 20 | 90
22 10 90



TABIE II Qont'd.
COMPOSITION OF SAMPLES

Sample Wee Pat, Wee Poba We. Pot.
No. Glycerol Ethanol Water

23 20 80

24 30 70

25 40 60

26 50 50

27 60 40

28 70 30

29 80 20

30 90 - 10

31 80 10 10
32 70 10 20
33 60 10 30
34 50 10 40
36 40 10 80
36 30 10 60
37 20 10 70
38 10 30 80
39 70 20 10
40 60 20 20
41 50 20 30
42 40 20 40.
43 30 20 50

44 20 20 60



TABLE II Cont'd.
COMPOSITION OF SAMPLES

Sample Whe POS, Wt. Pot, We, POk,
No. Glyocerol Ethanol Wator

45 10 20 70
46 60 30 10
4" 50 30 20
48 40 30 30
49 - B0 30 40
860 20 30 80
61 10 30 60
B2 50 40 10
53 40 40 20
654 .30 40 30
58 : 20 40 40
56 10 40 | 50
57 40 50 10
&8 30 BO 20
59 20 80 30
60 10 50 40
6l 30 60 10
6e 20 60 20
63 10 60 30
64 20 70 10
14 10 70 20

66 10 80 10



Sample Ko.

1.
2.
3.
4,
5.
6.
T

9.
10.
11.
12.
13.
14,
15.
16.
17.
1.
15.
20.
21.

22,

Table III

a~acifie
Heat

0.537
0.555
1.00

1.036
1.040
0.995
0.964
0.915
0.359
0.784
0,700
0,618
0.579
0.610
0.665
0.715
0.770
0.710
0.770
0.930
0.967

0.550

Physical Pronerties

Boilin
Point

78.3
239.0
100.0

1.7

M3

2

n3.,2

71.8

B,

Latent

Heat Cal./¥ol

9,736
17,740
G, T4
9,520
10,150
10,150
9,730
9,230
9,920
9,742
9,736
10,392
10,057
10,011
9,965
6,520
G,920
9,220



Table III (Continued)

Rample Ho. ﬁpggé{ic ?ggiingﬂ. Hegitggg./ﬁol
23, 0.550 0.5 5,656
o4, 0.549 91.7 9,656
25. 0.543 2.9 9,656
26. 0.550 4.6 WS
27. 0.549 26,2 9,366
23, 0.549 9.7 6,247
29. 0.551 97.0 9,169
30. 0.552 11°.4 9,093
31, 0.571 10%.4 9,656
32. 0.622 57.7 5,614
33, 0.675 o4, 7 9,520
34, 0.741 93.4 9, 30
35. 0,790 92.5 9,742
6. 0.356 52,1 9,375
7. 0.921 91.2 9,875
32, 0.966 91.6 9,488
9. 10,538 90.6 9,530
40, 0.635 17,6 94920
41, 0.671 37.5 9,370
42, 0.735 37.1 9,656
43, 0.210 7.0 9,656

A4, 0.325 37.0 9,920



Table III (Continued)

Cample No. Specific Boillng Latent
C.

Heat Point Hest Cal./Y¥ol
45, 0.953 27.1 9,742
46, 0.501 n6L3 8,776
47, 0.644 15.1 9,726
4, 0.650 34.5 9,230
49, 0.754 4,3 9,614
50. 0.771 34,3 9,614
51. 0.910 84.5 9,614
52. 0.592 34,1 9,614
53. 0.642 3.4 g,656
54, 0.702 33,0 9,730
55. 0.775 32,3 9,614
56. 0.760 2.3 G,130
57. 0.591 32,6 9,699
50, 0,643 12,0 9,330
59. 0.720 31.2 9,330
60. 0.209 31.7 9,730
61. 0.592 71.5 9,920
62. 0.660 30.8 9,920
63. 0.741 30.8 9,920
64, 0.610 30.4 G,920
€5. 0.677 90.2 9,920

66. 0.616 79.4 9,920



30

SPECIFIC HIATS

The anparatus used in determining specific heats
is shown in Flg. 2. Txperlmentally, the values of At,
wy, and g are obtained, where
At = temperature rise of pampnle, oc.

w e watt second = 14,136 gram calories and

g = grams of cample used.
fpecific Heats are calculated from the experimental data
by means of the eguation:

w__ Kat "
5,16 = 8p. ht. in Cal. »er gram per °C.

o1

gat
Where K 1g the calorimeter constant (7.42) and 4.136
electrical equivalent of heat. At< X represents amount
of heat lost to apparatus.
SAFIPLY TALCULATICYT:  Valuep glven are those obtained
for “ample No. 47:
at = 6,00 %c
w/4.,106 = 143%,0 gram calories
Yat = 44,50 calories
g = 25,42 Grams

Substituting in formula one obtalne:

147%,0 - 44,5  $7,5 ~ ., G4k
25.42 y £,00 T152.52

Thie 1 a2 rample of the calculations used for

determining the mpecific heate of the slxty-six sanples,

the repulte of which are rhown in Table III.
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Pig. 6 1s a binoidal graph which shows the
specific heat of the system nlcotited azzinet composition.
The gnecific heate of the water-ethanol binary system

reach a maximum at eighty percent water; then th aluesg

&)
<

drop on a gmooth curve to that of pure ethanol. The
valueg of the binary system glycerine-ethanol lie on
a smooth curve which is almost a stralight line. The

constant percent glycerine lineg show curvature

4]

ginilar to that of the ethanol-water curve: however
the sixty vercent and higher glycerine curvees approach
a straight line.

The triangular dlagram of Fig. 7 ie ancther
graph of the properties. FEach line on this graph
Joineg pointe whiech represcent compositicns having the
same enecific heat.‘ This diagram ic prepaored from
g. 6.

The curvature of the lines in Fig. 7 can be
explalned by the fact that the constant percent gly-

cerine lines and the ethanol-water lines reach maximuns.
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BOILING PCINTS

The boiling pointe of pure ethanol, water
and glycerine are 7 .2, 100.0, and 260° ¢ respec-
tively. The vapor'preaﬁure of glycerine (see Fig.l)
1e lees than five mm. mercury st 100°C. and 1s only
45 mm. mercury at 200°C. From these two facts it
can be reen that the glycerine, in sm~ll rercentares,
will not have a very great effect on the boliling
point of the ternary system., The graph of the boll-
ing nointe (Fig.’ ) showe thie to be true for camples
whoete glycerine rercentare ie Tifty percentvand lesco,
Eeveeclnlly true 1s thie s'stement when the sample con-
taine ten percent or more of ethanol. The bolling
roints for the hlnary sysetem, ethanol-woter lie on a
smooth curve between the valuers for the nure components.
The constant »ercent glycerine lines have a curvature
£imilar to that of the latter, but are displaec 4 to the
risht as the giycerlne nercentare 1e increared.

The trianguler dlarran (Fig.9), contalning the
constant hollins noint lines showe the latter to be
almoot narallel to the eonetant rercent ethancl lines.
Thle ehowe that the ethancl content ~overne the bolling

noint.
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Vapor precpure data for the eixty-eix Sanples
are chowvn in Table IV. Thece data for the blnary systeme
ethanol-vater and water-glycerin are shown graphically
in Fig. 10. Thie grach showe the effect that ethanol
and pglycerin exert upon the vapor pressure of the sys-
teme. Ag the percent ethanol is Incressed, the #nnor
preseure lineeg are puccegelvely dicplaced to the right
of the vapor pressure line for water. This means that,
at a gliven tempersture, the vapor oreseure of the
ethanol-vater rerien isvrespectlvely increased with in-
crease in ethanol content. The vapor prescure lines to
the left of that for woter are those feor the glycerin-
reter gyetem. The pglycerln ~ercentare inerecasres nr the
dietsnce of the vaepor preseure lines.from that of woter
ie increaced. Thug, 1t chowe thezt ony increace in
glycerin nercentare decreascr th- vanor nreceure of the
systenm,

Figures 11 and 12 sghow vapor precsure lines for
some of the e amplee of the ternary syctem., Others have
been omitted becauce they colnclde vwilth those chewn 1n
the figuree: but in a8ll cae e the rlee of the vapor

prensure due to the glycerin 1es anparent,



Table IV

Vapor Presgure Data

“ample No. Vapor Pregcure Temperature Reciprocal

mm. mercury degrees Cent. of Abs. Temp.
x 1000
1. 115.0 54.73 2.052
203.1 76.1 2.365
454 ,0 26,1 2.7.5
607.7 93.9 2.726
760.0 100.0 2.631
905.5 105.0 2.746
2. 271.0 55.1 3.042
550,70 T0.4 2,912
T60.0 ° 78.3 2.347
916.0 23.1 2,707
Do 23.0 170.0 2.257
100.0 227.0 2.000
200.0 246.,0 1.927
395.0 263.0 1.848
605.0 2°2.0 1.702
760.0 279.0 1.779
4, 120.0 49,0 3.106
432,0 77.3 2.755
572.0 4,3 2..99
760.0 91.7 2.742
5. 110.0 44,2 2.153
451.0 T4.2 2 880
600.0 1.3 2,722
760.0 7.3 2,776
6. 270.6 60." 2.995
£26.6 79.7 2,735
760.0 ' 4-7 ’796
Te 276.6 59.2 3.010
4E6T7.7 71.2 2.907
£40.,7 T .6 2.242
760.0 13,2 2,307
902.7 37.8 2.772



Pample No.

8.

.9;

10,

11.

12,

14,

Vapor Trescure Temperature

mo.

Table IV (continued).

Vapor Tressure Data.

mercury

140.0

306.7
7€0,0
902.2

154.7
295,10
5633
760.0
905.3

91

L 2

=3\ r O~ K

O Iy QOv T
O~~~ ~NOROKH =
- - [ ] - » ® [ ] [ »>
QOO0 WMOOWMO W\

913.0

145.0
2G4,0
476,0
760.0
910.0

145,2
249,2
72,2
760.0
39,

. Reciprocal

degrees Cent. of Abs. Temp.

44,1
60.3
T4.4
32.1
36.4

44,3
56.9
73.6
80,3
5.7

46.9
57.0
7243
0.1
35.0

20.1
5640
T1.2
79.2
337

3067
55.7
70.1
7o .4
3242

90.0
110,0
123.1
141,°
1&' "7 * 6

75.9
93.0
106.
120.1
125.5

x 1000

3.154
3,000
2579
2.°16
2.735%

2147
2,013
2.882
2..24
2.739

3,126
3.116
2..°96
2,032
2.793

3,299
3,040
2,905
2,739
2,04

3,043
2,900
20‘:{45
2.'15

2.757
2.611
2,493
2.411
2.372

2.266
2.722
2.633
2.53.
2,509

39



Table IV {continued)

Vapor Prescure Data,

Sample No. Vapor Presrure Temperature Reciprocal

mm. mercury degreee Cent. of Abs. Temp.
x 1000
15. 141.7 6 .9 2.925
' 290.7 6.1 2.7°%
42,2 100.1 2,670
760.0 113.3 2.5.9
“61.7 117.4 2,562
16. 140,0 65.1 2.957
200.1 2% 2,704
430.0 96.9 2.704
760.0 109.,7 ‘ 2.613
793,0 114,72 2.579
17. 140,2 63%.9 2.968
270.7 T9.7 2.835
479.7 92.9 2.733
760,0 106.1 2.734
169.7 111.0 2,604
132, 146,.2 62.1 2.931
290,2 T7.73 2,781
479.7 90.1 2,747
T60.0 103.9 2,653
190.7 107,6 2,621
19. 142.,5 60.1 2,995
291.5 TTe2 2.356
430.5 90.2 2.753
7¢0,0 102.9 2,661
597vo 107.6 2.62!3
20. 147,0 60.0 3.001
263.0 TE A 2,363
43%,0 90.0 2.762
60.0 101.° 2.66°
ae7.0 106.2 2,637
21. 147.0 59.9 3.001
292,0 T5.5 2,769
43,0 Rt 2.767
760.0 100.9 2.674

917.5 105.9 2.639



Table IV (continued)
Vapor Pregsure Data

Samnle ¥o, Vanor Pregseure Temperature Reciprocal

mm. mercury degreeeg Cent. of Abe. Temp.
' x 1000
22, 86.0 33.0 2.263
2°9,0 6.6 3.034
55,0 71.6 2.902
T60.0 793 2.337
399.0 23.7 2.304
23. 140.0 42,5 3.175
2960(3 5”\; .1 3.021
555.1 72.3 2. 90
T60.0 30.5 2.32
593.5 5.0 2.793
297.0 59.1 2.011
569.5 T4.4 2.37.
760.0 31.7 2. 19
800.0 6.4 2.703
25. 0.0 24,0 3.257
310,0 61.1 2,993
577.5 T5. 2.2€7
T760.0 L2.9 2..10
94,5 T2 2.776
26. 255.5 57.4 3.023
430,0 6G.9 2.916
527.5 77 .3 2.°51
760.0 24,6 2.796
904,0 8.5 2.753
7. 2 1.6 €0.¢ 2.995
461'6 72.5 21‘95
56,6 T79.2 2,339
T60.0 26,1 2.734
28. 232.0 63,3 2.973
44,0 T4.9 2..°74
50,0 2.1 2.716
760.0 9.8 2.757

292,0 94.2 2.724



Table No.IV (continued)

Vapor Pressure Data

Sample Ko, Vapor Pressure Temperature Reciprocal
mn. mercury degreee Cent., of Abs. Temp
x 1000

357.0 TE.6 2.361

T60.0 a7.0 2,702

g00,0 106.3 2.637

20. 142.5 70.4 2.912
209.5 G0.5 2.751

430.5 103.4 2.657

760.0 11 .5 2.555

809.5 127.7 2.495

21, 1329.5 €1.0 2.994
295.0 T6.7 2.360

470,5 23, 2.766

760.0 103.2 2,653

906.0 107.7 2.626

z2. 142,11 sS4, 3.051
296.5 T70.° 2.909

473.5 4,2 2,300

760.0 97.3 2.701

g07.0 102.2 2.665

33 144.5 54,2 3.057
291.0 T70.6 2.911

40,0 224 2,327

760.0 S4.7 2,775

904,0 100.8 2.675

24, 143.1 53.6 . 3,062
. 289.1 68.0 2.024
477.6 11.0 2,024

T60.0 ZJh 2.750

904 .6 97,6 _ 2.691

3’5' 1#‘5.2 52-2 3.076
292.2 6.4 2.%33

hd . 2.:’
356:8 13:L 51736
G04,7 97.4 2,700



Sample
No.

36.

37.

39.

40.

41,

42,

Table IV {continued)

Vapor Preceure Data

Varor Fressure
mm. mercury

152.7
290,7
473.7
T760.0
913.2

- 143.7
293.7
483,2
760.0
903.2

149.0
292.0
438.5
760.0
206.0

143%,0
292.,0
435,0
T60.0
G00,0

145.5
297.,0
435.0
760.C
907.0

146.,5
204 ,0
43%,0
760.0
906.,0

158.5
293.5
430.5
760.0
895.5

Temperature
deg. cent.

*« & &

OO~ VW
MBS B Dt
DIV O~ N OWMDD

~3 VY
O QN

Recinrocal
of Abe. Temp.
x 1000

3,060
2.934
2,037
2.739
2.702

3.070
2,932
2.T42
2.T04

3.066
20944
2.834
2.740
2.709

3,068
2.953
2,840
2.752
2.717

7.101
24953
2. 60
2,765
2,737

3,108
24935
2,973
2,747
2.737

3.096
2.974
2.875
2.777
2.743

43



Table IV (continued)

Vanor Preppure Data

GCample Vanor Pregeure Temperature Recinrocal
No. mm,. Merchry dazg. cent, of Abs. Temp.
- x 1000
42, 153.0 49.7 3.059
294.5 6Z2.7 2.970
476,.5 T5.7 2,867
760.0 7.0 2,730
806.5 92,2 2.738
44, 152.5 50.3 3.093
297.5 64.3 2.965
437.5 75.9 2.267
760.0 %70 2.730
266.0 91.6 2,753
45, 146.5 49.5 2,101
202.5 64.2 2.G666
427 .5 75.8 2.367
760.0 7.1 2.777
602.5 91.4 2,741
46. 146.5 46.5 3.130
4°7.8 Th3 2. 79
T60,0 TE.3 2.74
905.0 1.6 2.743
47, 140.5 46,7 132
22%.0 60.7 2.997
471.,0 T2.4 2.791
T60.0 5.1 2,793
902.5 29.5 2.759
43, 142.5 46.7% 3132
279.0 61.1 2.594
471.0 T2.4 2. 95
T60.0 4.5 2.797
363.0 59.1 2.762
49, 139.5 45.7 3,13
274.0 £0.5 2.999
467 .5 T2.0 2,792
760.0 4,5 2.797
9507.5 9.2 2.761



Table IV (continued)

Vapor Prescure Data

famnle Vapor Pressgare Temperature Reclproeal
Yo. mm. mercury deg. cent. of Abeg, Temp
% 1000

50. 13€.4 45,2 2.142
201.4 £O.3 3,000

472.4 72.2 2,397

760.0 24,3 2.799

910.4 8.1 2.762

51. 135.0 45,0 3.145
260.5 £1.0 2.994

476.5 T2.5 2..95

760.0 4.5 2.T97

929.5 9.8 2.756

52 146.0 46.4 3.131
303.0 €1.6 2.97%9

423,0 72.6 2.794

760.0 34,1 2.301

B3 157.7 471 3,124
203.7 0.3 2.996

422 .7 T72.2 2.7397

T60.0 3.4 2.306

997.7 90,7 2.749

&4, 147,0 45.5 3.1329
205.6 £0.7 2.996

490.0 T2.0 2..99

T760.0 "B 4 2409

927.5 174 2.767

55. 277 59.4 2,007
. LN P €3.5 2.928
5T7.3 76.5 2,761

760.0 32,0 2.703

901,74 33,7 2.765

56. 173 49,6 3.100
375.3 66.1 2.949

555.3 75.0 2.374

T60.,0 2.3 2,711

"94.3 7.0 2777



“ample
"0,

57.

53.

59.

60.

61.

62,

Table IV (continued)

Vanor Preprnure Datls

Vapor Precsure
mm. mercury

202.5
279.0
53%.0
760.0
90z,

219.3
373
561.3
760.0
900.3

201.9
372.9
532.4
760.0
910.4

242,58
412,85
567.0
T60.0
795.0

276.5
404.5
591.5
76O aO
900.5

227.0
393.0
570.5
760.0

177.0
270.0
5€1.,5
760.0
173,58

Tempe ~ature

deg,. cent.

DOV PFPONO NN

(2L~ N
~IrowWma
- *

.«

- "

- @

DO OWN

AT A PO

3L~ W

. -« - - >

L
r-S
o)

66.7
4.3

Lad
-3

56.4
65.5
7

é
55
6541

73.2
30.8

]

47,5
634
732.2

14,3

Reciprocsl
of Abs. Tenpn
x 1000

.01
2.957
2,363
2.012
2.777

3,060
2.959
26330
2.710

22772

%2,076
2.962
2,71
2,710
2.779

3.049
2.944
2,779
2,320
2.7 6

7.036
2.954

37T
2,25
2.791

3.067
2.7°8

2.326

3.120
2,972
2,509
2,794



Sample
Ko.

&4,

65,

66.

Table IV (conctinued)

Vapor Fresgure Data

Vapor regsure
mn. mercury

249,85
%04.0
565.0
760.0

153.0
349.1
549.6
760.0
502.1

151.0
354 .5
56€ .5
760.0
905.5

Tempersture
deg. cent.

Reclproeal
of Abs. Temp
x 1000

2.052
2.962
2..60
2.729
2.794

3.150
2,990
2.094
2.332

2.796

3,157
2.953
2,97
2.537
2,202

A7
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LATENT HELTS

The latent heats have been calculated for the entlire
system using the Clausius-Clapeyron‘equation as discussed
in Chapter II. These values are tabulated in Table III
in gram ealorieg per mole.

Samnle Calculations:

Ld 1 —-— 1
Tquatior uped, L = R lo I%t-P. =
; ' NI Y Ta]

Values obt~-ined from vapor n»ressure curve of sample
number 42 are orc followe-

l/Tl = .002968

3./'1’2 - 002742

pl = 200 mm, Hg.
Py = G900 mm. Hg.
1/Ty - 1/Ty = .000226

logg PQ/FI = 2,303 1og,lo z2,000 = 2,303 x 0.47712
fubptituting in equation (7)),
L= 2,30 x 0,47712 x 1,906 . 9,650 calories per mole

. 00022F
It 1¢ noted that in arriving at equation (5) 1t was

appumed that L wae a constant, and thie ic not true. ‘e
know thnt the latent heat of 1liculde varies with the pressure
at which Vamoriz&tiog&akes =~lace., This variastion 1nalatent
heat ie pronortional to ;he change in plope of the vapor
nregpure lines (loz p ve. 1/T). Since the vapor nrecsure
data are uped in this inveetigation to calculate the latent

heste, some error is encountered: however 1t is snall.



52

It ie understood that the latent heate calculated here
do not reprecent the value at a definlte Lemperature and
pressure but over & definite rance, This is t he range
of temperature 2nd preessure relected to ecubstitute in equa-
tion (5), which in thies investigation was between 300 and
€00 mm., mercury absolute,

There data are useful in the study of heat exchange
in distillation, that ie, in calculating cteam consump-

tion, quantity of condenser water, etc.



VAPOR-LIQUID EQUILIZRIUY DATA

Vapor-1iguid egquilibrium data for the ternary
syetem are shown grarhieally in Fig. 13. The composl-
tiocn of the liquld phase 1s represented by the poel-
tion of the emall c¢irele. That 1s, the percent of
woter that any eamnle contzins 1s proportlional to the
distance of the roint reprecenting that sample from the
glde of the triangle opporite the vertex labled water.
Then to find the compesition of any sample proceed ac
followe: From the point reprecenting the compoeitli:n of
the eample, drav nernendlculars to each of the three
rldes of the triangle. The percent by welght of sny com-
ponent 1¢ equal to the ratio of the correrpo ding perpendl-
cular to the sltl ude of the triangle. Tﬁum, samnle No.
& contsine arproximately 3¢% glycerine, 21% ethanol, and
407 water.

The vapor pharce is reprecented by a small dot.
Tach small circle har a correesponding dot bearing the
same numbers. Thus, a cmall cirecle snd a dot with the
same number renresent egullibrium compositions of the 1i-
quid and vapor phases resnectively.

From Fig. 17 1t can be geen that the 1iguid compoel-
tione vary over a wide range, while the vopor phase in

equilidbriu~ with the liguid contzaine no glycerine,



The abrence of glycerine in the vapor phace is to
be expected, becauce of the low vapor preecure of glycer-
ine below 100 deg. cent. as shown in Fiz. 1, It woes found
in this inveetigation that regardlece of the composition
of the liguld, the vapor phare contalned no glycerine ex~\
cent where the liquid rcamnle contained above GO per cent
plycerine, and t hen only a2 trace wis 1in the v:por,

Table 7 ghowe the refractive index and density of
the vapor nnd liquid camplee, from whlch Flg. 12 wee pre-
~ared v1th the nid of Fig. 4.

curve 2 in Fig. 14 showe equilibrium comnosi-

‘tioneg of the binary system ethano”-wnter from the
data of Carey and Lewls (71). The granh 1s plotted
welght percent ethanol in l1i1nuld phase veregus velght
nercent ethasncl in the vapor rhase,

Curve 1 in Fig. 14 1e plotted ueing the came coor-
dinateg, but the dats we-e taken from a ternary syctem
insead of a hinary eystem ar In the cace of curve 7,

t can e seen that ecurve 1 lies arove curve 7 through-
out. Nov coneider *wo mixturee, No. 1 and No. 2, both
containing 0% ethanol, but No. 1 1s a ternary systen
contalning ethanol, rlycerine, and water while No. 2 1s
a binsry syestem of ethanol and woter. From Fig. 14 1t
can he gezn that eample No. 1 will contain more ethanol

in vapor phare than Ko. 2. No. 1 hac 787 ethanol in



vapor phase and No. 2 hae only 70% ethanol in vapor.

It muet be borne iIn mind that curve 1 does not
revresent sll possible conditione, but is an average of
the data contsined. 28 the glycerine composition of the
ternary system decoreases, curve 1l annroaches curve 2.
This 1g to be expected, slince, when the glycerine per-
certare 18 zero, the system will he a2 binary systen
(curve 2). Table VI, containing the data for curve 1
Fig. 14, war obtalned from Fig. 17.

It har 'cen eoncluded that the three componente,
ethanol, glycerine, and water in a mixture can be
separated ac follows:

1. By Fractionation, obtalning almoét pure

ethancl, and

2. By distilling the resldue from 1 in a vacuum.

The latter will remove all phe water beforé

the glycerine distills,

55



famnle No.

10.
1.
12,
1z,

TABLE V

Prorvertiee of Vapor end Liquid Thaces

index

1.3904
1.3549
1.2720
1.3266
1.2687
1.2949
1.4102
1.4300
1.3995
1.3912
1.2591
1.3472

1.269"

Liguid
Refractive Density

0.99%0
1.0137
1.04850
1.0042
1.0707
1.0490
1.0079
1.0380
1.100%
1.1116
1.0500
1.02.0
0.9975

Boiling
noint
depreee
Cent,

70.0
91.1
7.2
99.5
100.0

2.8
76.0
73.2
a7 .4
9% .4
99,6
9g.9

129

Vapor
Refractive Denslity
index
1.262° 0.3277
1.3614 0.3993
1.3620 0. 663
1.3560 0.%.70
1.2235 0.5990
1.3621 0. 141
1.3613 00,3053
S 1.3616  0.3032
1.3622 0. 752
1.3420 0.9750
1.2250 0.5922
1.727240 0.9957
1.2620 0.78530
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fample MNo.

14,
15.
16,
17,

25.

TASLE V (eont.)

Properties of Varnor and .iquld Fhare

index

1.2722
1.2700
1.3377
1.3750
1.,4240
1.4171

620
1.2427
1.2740
1.441°

. N £

1.3342

Liquid
Refractive Density

0.9495%
0. %0
0.9520
0.2640
1.1500
1.0760
0.9726
0.9910
1.0220
1,1790
0.77224
0.917:

Poiling
zoint
deg. Cent.

1.0
79.6
79.3

Vapor

Refractive Dencity

1.3630
1.3623
1.2622
1.3630
1.3630
1.3640

2637
1.3610
1.2676
1.2640
1.3629
1.3622

index

0.3445
0.3235
0.2290
0. 132
0.7770
0.73203
0.725685
0.9060
0.7593
0.3500
0, 066
0.°1°4
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VAFOR LIQUID EQUILIBRIUM

COMPOJSITION DATA
OLIQUID PHASE
* VAPOR PHASE

GLYCERINE

023

0/8 o

5 > 28 A




TABLE VI

Vapor-Ligquid Composition

Sample
No

P O -

(8,

10
11
12
13

ETHANOL  CONTERT
wt. Tot.

VATOR
16.0
58.0
70.3
9.0
0.8
90.0
83.0
94.0
6:.0
16.2
3.4
1.6
76.5



TABLE IV (Cont'd)

VAFOR-LI 'ID CCYTORITICH

Sample

14,
15.

ETHANCL CONTENT
%t. Petbe.

LIQUID
42,5
64,7
49.0
T6€.2
6.0
19.0
22.0
17.0
7.2
4.9
6.4

VAPOR
79.0
35.5
5.0
80.5
16.8
24.5
T4.5
54.0
73.5
77.5
91.5
29.0
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FREEZING POINTS

The primary oblect of this investlipation was
to determine thore pronertier that are directly re-
leted to dletlllation-namely, srpecific heats, boll-
ing »ointe, vapor pregeurer, latent heats, and vapor-
1iguid eguilibrium data: but, sinece the three
materiale are importent in binary mixtures as com-
mercial antifreeze golutions, fre~zing nolinte were
determined.

reetone, cooled with r0lid carbon dloxide, ware
used as the freezing mixture. A toluene thermone-
ter, gradusted in one degre. cuhdivisions, wae uced
to determine the temperaturer, famples containing
lepss than fi1fty per cent voter dAd not glve definite
freezing pointe. These samnles usually roeulted in
the Tormation of pelatlnous maceses, and pave no de-
Tinite freozlngs noint. Table VII contalnes the freez-
ing rointe that were obtained. Fig. 15 is a »lot
of these valuees, The values for the binary syctem

Glycerine-wnter arree vith those of Lane (32).



The constant ner cent water linee rcach a ninimum
when ethanol and rlycerine contente are equal. This
means that for an antifrceze with a certaln freezing
point, a greater water content may be used 1f the
resulting rer cent is made up of equal partes of
ethanol and glycerlne instend of belng made up of
either one separately;

The triangular dlasram (Fig. 16) shows a2ll the

roarible compositione having the pame freezing noint.



TABLE VII

Freezing Folints

Freezlng Points
degreeg Cent,

"’11500
-0.0

Sample No.

34,
35

50.
51.
55.
564
60,

Freezing Point
degrees Cent,

-44.0
~30.0
-19.0
-12,0

-7.0
~-50.0
-34.0
-23.0
-15.0
-53.0
-37.5
-27.0
~52.0
-32.0

"‘50.0
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FREEZING FPOINT DIAGRAM
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CHAPTER V

CORCLUSIOND

61



CONCLUSIONS

Speclfies heate, bolling points, vapor pres-
cures, latent heates, and vapor-liguld equilibriunm
data heve been reported in this Aiseertstion. These
properties and the nroperties reported in a pre-
vious investigation (1) complete the preliminary
wvork on this system in the study of distillation -°
of ternary mixturee, Freezing points have been
added beeaure ethanol and glycerine in agueous fo-
lutions are of interest as commercial anti-freeze
mixtures.

The properties reported in the previous inves-
tigation (1) were n»recented before the id-west regional
meeting of the American Chemical Soclety, Xovember 1,
1635 in Lounlevil'e, Kentucky, a2nd were accepted by
the Journal of Thyeiecel Chemistry for publlecation

end will srpear in Yay, 1¢36 Edition.
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