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SUMMARY

In an attempt to explore more effective methods of separating acetic
acid and water by distillation, the effect of adding a third substance was
investigated. The selection of caleium chloride for this purpose was made
on the basis of existing wapor-liquid equilibrium data and solubility data.

It was found, experimentally, that the addition of calecium chloride
to acetic acid-water mixtures reverses the relative volatility of the sys-
tem, allowing the acid to be distilled overhead, leaving the water behind.
Approximately forty vapor-liquid equilibrium runs were made on the system
acetic acid-water-calcium chloride, covering the entire acid-water range
and including salt concentrations ranging from O to 60 weight percent.

Reversal of the relative volatility of acetic acid and water takes
place at approximately 8f calcium chloride content in the liquid phase.
It appears, from the results obtained, that a fractionating tower, oper-
ated with about 30% calcium chloride in the liquid phase (a very rough
estimate of the economic optimum) would permit the removal of the acetic
acid overhead with a fewer number of plates and smaller heat requirements
than are required for existing distillation processes. A final appraisal
of the commercial possibilities of the method would involve a detailed
economic comparison with existing separation procedures. Actual pilot
plant studies would also have to be made before a final decision could
be reached.

Data are presented on the boiling points of acetic acid-water mix-

tures at 760 mm pressure.



INTRODUCTION

Acetic acid is recovered from pyroligneous liquors obtained from the
destructive distillation of hardwood wastes. The acid is usually available
in dilute solution in water both from the originsl production from wood and
from the process for meking cellulose acetate. As a result, the separation
of acetic acid and water has received considerable economic study. The
separation of acetic acid and water by distillation is quite difficult be-
cause of the small relative volatility of the system, particularly in the
water-rich composition region. Large fractionating towers are necessary
and heat requlrements are high because the water distills overhead. The
existing methods of recovering acetic acld from water have been summarized
in the literature:®

1. Ordinary fractional distillation is difficult and expensive be-

cause of the large mumber of plates required in the fractionating

tower.

2. Transformation of the acetic acid to the calcium salt has been
used.

3. Countercurrent extraction of the acid with a light solveant such
as ether, chloroform, or acetone will yield about 70-90% acid.
Benzene or petroleum ether will yield about 90-99% aeid.

4. Extractive distillation with a heavy solvent such as dibutyl
phthallate, diethyl phthallate and methyl cyclohexanone has been
employed.

5. Separation by freezing out pure acid crystals at -26°C, followed
by subsequent distillation of the water, has beea practiced.

6. Separation by forming 2 complex with an organic base such as
quinoline or quinolidine, which complex can then be broken up after
separation, finds some application.

7. Extraction with an organic solvent, followed by salting out, has
been utilized in some cases.

8. Fixation of the water by hygroscopic agents is used extensively
in the final concentration step. Suggested agents for this purpose

are CaCl,, NaoS0)y, MaSO), CuSOy and z;roh.



9. Distillation in the presence of a fixating agent such as anhydrous
sodium acetate will give around 80% recovery of the acid at a con-
centration of 98.6%. The recovery by this operation is increased

by reducing the pressure.

10. Distillation with a liquid such as xylene, benzene or ethyl ace-
tate which will form a minimum-boiling azeotrope with the water,
finds widespread use today.

It was the purpose of this investigation to find an inorgsnie salt
which would facilitate the distillation of water and acetic acid by causing
a reversal of the relative volatility, thus allowing the acetic aeid to de
distilled overhead while the water would pass out the bottom of the tower.
The reason for this approach was based on the fact that acetic acid is
usually available in dilute aqueous solution. Because large amounts of
water have to be removed overhead ia present-day processes, the cost of
geparation is quite high. A search of the literature revealed several in-
vestigations of the effect of salts on the boiling characteristics of ace-
tic acid-water solutions./»9,13

The work of McBain and Kam’ contains acetic acid-water vapor-liquid
equilibrium data involving a group of inorganic salts. The data are re-
produced in Table I, along with vaporization constants caleulated from these
data. Vaporization constants for those salts, the use of which would de
commercially feasible, are presented in Figure 1. A sample calculation of
derived data from the literature information is presented in the Appendix,
Section I.

In Table I the symbols have the following significance:

N} = Normality of aecid in the liquid phase

Ny = Normality of acid in the wapor phase

R o= Ny/Wy

Ng = Normality of salt in the liquid phase

Vg = Weight percent salt in the liguid phase



X = Weight percent acid in the liquid phase (salt-free basis)
I = Weight percent acid in the vapor phase

K = Y/X = Vaporization constent

TABLE I

VAPOR-LIQUID EQUILIBRIUM
ACETIC ACID-WATER-INORGANIC SALTS

Literature data Calculated values
xl Ng R '. X b
Acetic Acid-Water
0.05 0.662
0.10 0.666
0.20 0.673
0.33 0.680
0.50 0.685
Acetic Acid-Water-Sodium Chloride
0.1-0.2 0.12 0.688 0.70 0.904 0.620 0.687
0.1-0.2 0.21 0.708 1.22 0.905 o.gg 0.704%
0.1-0.3 0.29 0.722 1,§Z 1.202 0. 0.721
0.1-0.3 o.1n 0.742 2 1.210 0.890 0.736
0.13 0.661 0.790 3.77 0.791 0.616 0.780
0.076 1.0% 0.830 5.85 0.465 0.378 0.%13
0.078 1.38 0.90Y4 7.66 0.482 0.423 0.878
0.077 2.30 1.076 12.38 0.485 0.498 1.025
Acetic Acid-Water-Potassium Chloride
0.22 0.2-0.3 0.7146 1.88 1.33 0.943 0.709
0.254 0.4673 0.7389 3.46 1.55 1.127 0.729
0.2157 0.70 0.77\11 2.13 1.32 1.000 0.758
0.2053  0.9228 0.8121 .70 1.27 1.000 0.790
0.22 1.17 0.8383 g8.40 1.% 1.108 0.810
0.219%  1.953 0.9363 13.60 3 1.233 0.880
Acetic Acid-VWater-Potagssium Thiocyanate
0'36-0'23 0.2=0.%4% o.ggog
0. 0.5590 0.729
o.z;g 1.223 0.7693
0.2595 2.451 0.8710




TABLE I (CONTINUED)

Literature data Caleulated values
Acetic Acid-Water-Sodium Sulphate
0.22 0.07 o.Sgg 0.50 1.326 0.883 0.666
0.22 0.13 0.6 0.92 1.325 0.890 0.672
0.25 0.22 0.674 1.23 1.508 1.010 0.670
0.25 0.35 0.683 2. 1.505 1.025 0.681
0.27 0.61 0.710 4.18 1.620 1.150 0.7
0.29 1.10 0.762 7.34 1.762 1.328 0.7
0.21 1.4%0 0.807 9.19 1.280 1.016 0.79%
0.22 1.54 0.839 10.10 1.345 1,080 0.804
Acetic Acid-VWater-Lithium Chloride
0.2-0.22 0.2-0.25 0.7143 0.95 1.270 0.900 0.709
0.2269 0.2799 0.7188 1.18 1 .g‘lo 0.980 0.715
0.2469  0.3930 0.7450 1.65 1.491 1.104 0.740
‘Acetic Acid-Vater-Potassium Nitrate
0.21 0.22 0.6944

0.24 0.3-0.5 0.7198
Acetic Acid-Water-Sodium Acetate

0.11 0.14 0.6822
0.1-0.23 0.4-0.67 0.69u8
0.1-0.28 0.9-1.1 0.7001
0.2900 1.810 0.7244

The curves of Figure 1 are drawn without regard to acid concentration

variation, since this variation is extremely limited.

Quartarolil3 has presented some date obtained from the differential
distillation of acetic acid-water mixtures with salts present. These data
are presented in Table II and are included in Figure 1. In Quartaroli's
work 100 cc of 0.1 N acetic acid plus different weights of salt was added
to a distilling flask and boiled until one-half of the volume was dis-

tilled. The recorded data give the weight percent of the acetic aecid
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charged present in the distillate. Calculated K's were obtained from these
data by the application of the Rayleigh Equation, assuming K to be constant

over the range of compositions involved. A typical calculation appears in
the Appendix, Section II.

In Table II the symbols have the following significance:
8 = Grams of salt added

Wy = Weight percent of charged acid in the distillate
Wg(ave) = Aversge weight percent salt in the liquid phase

X(ave) = Awrﬁe weight percent acid in the liquid phase (sslt-free
basis

K = Y/X = Vaporization constant

TABLE II

VAPOR-LIQUID EQUILIBRIUM
ACETIC ACID-WATER-INORGANIC SALTS

Literature Data Calculated Values
] Vg Wg(ave) X(ave) K

none 32.2 0.0 0.814 0.565
10 g NaCl 51.8 12.9 0.589 1.01
25 glLiCl 88.0 26.7 0.372 3.06
10 gLiCcl 64.5 12.9 0.513 1.23
19.2 g CaClo 63.3 22.0 0.520 - 18

30 g NaBr 65.0 30.3 0.501 1.58

A comparison of the data for the salt-free acetic acid-water system
in Tebles I & II shows the value of K calculated from Quartaroli's data to
be about 15% lower than that obtained from McBain & Kam. A study of the
curves presented in Figure 1 indicates that the more promising salts are
lithium chloride, caleium chloride and sodium chloride. Lithium chloride
appears to be the best with a wvolatility reversal taking place at about
7.5% salt in the liquid phase.



It was necessary to turn next to solubility data. The use of a salt
for reversing the relative volatility of acetic acid and water requires
that the salt be present on all the trays and in solution. The ealt must
therefore be soluble in concentrated acetic acid. A paper by Davidsonl

gives some gualitative data on the solubilities of salts in glacial acetic

acid:

1, Salts readily soluble at room temperature:
lithium nitrate zine iodide
calcium nitrate ammonium thiocyanate
ammonium nitrate potassium cyanide
copper nitrate lithium acetate
calcium chloride potassium acetate
zinc chloride ammonium acetate
ferric chloride lead acetate
antimony chloride cadmium acetate
barium iodide

2. Balts somewhat less soluble
gilver nitrate mercury iodide
aluminum chloride cobalt chloride

mercury chloride

3. Salts soluble to the extent of less than one part per hundred at
room temperature:

sodium chloride ammonium bromide potassium chlorate
potassium chloride ammonium iodide sodium sulfate
potagsium bromide godium nitrate ammonium sulfate
potassium iodide potassium nitrate copper acetate
ammonium chloride barium chloride

4. Salts practically insoluble:
silver chloride mercury chloride
gilver bromide calcium phosphate
silver iodide copper phosphate
silver cyanide calcium carbonate
silver thiocyanate sulfates of Li, K, Cu, , Ba, Ca,
lead chloride Mg. Zn, Cd, Hz(ous & ic), Al, Pb.

Mn, Ni, Co, and Fe(ous & ic)
Quantitative data for some of the more promising salts are shown in Figure
2. These include calcium chloridel®, 1ithium nitratel¥, mercuric ehlo-
ride2, ammonium nitrate3, mercuric bromide?and sodium nitrate3.
Davidson's work shows that sodium chloride is insoluble in acetic

acid, Although solubility data for lithium chloride are not available, it



might be expected that lithium chloride, also an alkali chloride, would be
insoluble. Figure 2 shows calcium chloride to be gquite soluble, however.
It was therefore selected as the salt to work with in this investigation.
Data on the solubility of calecium chloride in water are mila.‘blalh; these
are presented in Figure 3. Data for the boiling points of solutions of
caleium chloride in water are presented in Table III.

TABLE III

BOILING POINT OF SOLUTIONS OF
CALCIUM CHLORIDE IN WATER (760 mm)

Weight Percent

Calcium Chloride Boiling point, °C

55 100.1
2.2 100.2
5.3 100.6
10.0 101.6
32.7 115.1

.0 123.

52.6 133,
75.%4 (saturated solution) 178.2

Vapor-liguid equilibrium data for the system acetic acid-water have
been determined by several investigatorsll,l2, Othmer and Gilmontll have
studied the effect of pressure on this equilibrium. They found that a very
large pressure change was necessary to cause a noticeable shift of the
equilibrium curve. A reduction in pressure shifts the curve closer to the
forty five degree line. From this information it can be assumed that small
fluectuations in atmospheric pressure would have little effect on the equi-
librium curve but it was considered advisable, nevertheless, to operate the
vapor-l1iquid equilibrium still employed in this investigation at 760 mm

pressure so a8 to obtain accurate boiling point data.



HEHE

SN

a e

11

by

i

TEESIRS

11

H

(LN ptint




jawEE paDSS &1

P

e ey

e

s 1

jeFaRERbag pat

aeanana:

ba 8

H

T

ke

“ti e

It

1 :-.. frédt

.
1

i

b

193
5 de

B eas St ain s

S

r

HH

HAS
i

e e
g auas

I_

T

pany
T




12

Analytical Technique

The distillate, consisting of water and acetic acid, was analyzed by
titration of a five ml sample with approximately 1 N sodium hydroxide. The
sample was diluted with distilled water to approximately 25 ecc before ti-
tration. The indicator used was phenolphthalein. The caustic was stand-
ardized against dry potassium acid phthalate. The weight percent acetic
acid in tha distillate was determined from its normality, obtained by ti-
tration, through the use of standard conversion tables .

The residue samples, when free of calcium chloride, were analyzed by
the same method as the distillate samples. The acid analysis of water-
acetic acid-calcium chloride mixtures was made by straight titration with
caustic. Comparison tests showed that calcium chloride, even when pres-
ent to the extent of 40% in the original sample, produced no measurable
effect on the caustic titration. All titrations were run in duplicate and
were reproducible to 0.05 ml, on the average. The chloride conteant of the
residue was obtained by titrating the same sample, already titrated to a
neutral point with canstic, with standard silver nitrate (0.1 N) using
sodium chromate as an indicator (Mohr's Method). It was only necessary to
discharge the pink phenolphthalein color with a fraction of a drop of ace-
tic acid prior to titrating with silver nitrate. This method was found to
be accurate by a series of comparison tests on solutions of kmown calcium
chloride content containing varying amounts of sodium acetate and made
barely acidic to phenolphthalein. The preparation of the residue samples
for analysis consisted of weighing a sample of approximately 25 grams into
a 100 ml volumetric flask and diluting to mark. Measured aliquot portions

of 5 to 30 ce, depending on the concentration range, were titrated and the
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weight percent acetic 2cid and calelum chloride caleulated. 411 reagents
used were analytical grade.

Operational Technlque

The apparatus used in the equilibriwm distiliastion work iz shown in
Figure 4, It was approximately 15 inekes in overall length. It was de-
sizned initlsliy by Jones, Echoenbomm, and vﬁplbzzrn.e Several nmodifications
were made in the originsl dezign. These included the addition of glsss
besds Yo the condensste chamber to redouce the liguid hold-up, thus short~
euing the time necessary to reach equilibrium, the installation of = side
arm at the upper end of the flach reboiler, =nd the substitution of a wick
of glass woel for the spiral of wire in the flash reboiler, Preliminary
runs showed a tendency for the liguid $o momentarily held up in the flagh
boiler, subjecting the glass to thermn) shock and enusing the glass to
brezlz. Congidsrable trouble was experlenced from this souvrce wntil the
glags wool wick was introduced.

The heated surfaces, i.e., the flash boiler, the residue chember, =and
the vapor sectlen were covered with asbestos paper and then wrepped with
84, 80, sad 30 inches, rospoctively, of number 20 Chromel A heating wire,
The flssh boiler was controllsd with o Varitrans tronsformer and the other
two hesters were coantrolled with warisble slide wire resisiances connected
in serics with the hesters. The power reguirements for normsl opsration
on the flash boiler, residue chsamber, and vapor section were spproximately
350, 40, and 10 watts, respactively.

The pressure on the still was mainteined at 760 mm of mercury by the
use of o Model ¥o. 5 Industrizl Cartesism Mancatat, avallable threugh The
Bmil Greiner Qoupsny, New York City. The pressure source used to operate
the mamostat was cc:mpressed nitrogen goe. The controller mointained the

pressure eonstant to zbout §.5 mm of mercury.
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The temperature of the boiling liquid was obtained with a mercury
thermometer inserted in the thermometer well. The temperature was esti-
mated to 0.1°C. Glycerine was used as the contact liquid in the well., It
was attempted earlier to use a thermocouple for this temperature measure-
ment, but the potentiometer awvailable was not sufficiently sensitive.

The solutions prepared for obtaining the necessary wvapor-liquid equi-
1librium data covered the complete acid-water concentration range. These
concentrations were approximately 10, 25, 40, 60, 75, and 90% acid (salt-
free basis). Anhydrous calcium chloride in successively larger amounts was
added to each one of these acid solutions to produce salt mixtures charged
to the still residue chamber. The liquid volumes in the residue and con-
densate chambers during operation were approximately 65 and 15 ce respec-
tively.

The charging of the still consisted of drawing the water-acid-salt
mixture into the residue chamber to the level indicated in Pigure U and
then drawing a sample of ealt-free acetic acid-water solution of the same
relative composition as the material in the residue chamber into the con-
densate chamber. Since the heat of vaporization during normal operation
of the still is supplied in the flash boiler, the purpose of the heating
coil on the residue chamber was primarily to compensate for radiation and
convection losses. Vhen the still was started up, however, it was also
ugsed to bring the liquid up to the boiling point.

Starting up the still is the most critical part of the operation.
When condemsate begins to collect and feed through to the flash boiler,
the stop-cock feeding the flash boiler must de regulated until the boiling
action becomes steady. Then the stop-cock may be opened full and the heat
on the residue chamber cut back to the operating level. Carelessnescs at

this point of the starting procedure can result in a cracked flash boiler
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if excessive liquid is allowed to flow into it.

The still was allowed to operate for a period of three hours before
the taking of the equilibrium samples. Preliminary tests with water and
acetic acid showed no detectable difference between samples taken after 3
hours' running time and tem hours' rumning time. Since these tests were
made before the capacity of the condensate chamber was approximately halved
by the addition of glass beads, there is very little doubt but that equi-
librium was reached at the end of three hours' operating time.

The samples were taken by closing the stop-cock feeding the flash
boiler and withdrawing the residue and distillate fractions as quickly as
possible, After the samples were taken the heat was cut off or left om if
another run was to be made immediately following. The process of draining
the residue sample when in the concentrated salt range required the use of
a Bunsen burner to unfreeze the drain cock before the sample would flow
out. The samples were run into stoppered Erlenmeyer flasks and were ana-
lyzed the same day or the following.
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RESULTS

The first series of runs was made on the system acetic acid-water and
the data obtained are presented as weight percent water in the vapor versus
weight percent water in the liquid in Figure 5 and in the first part of
Table IV. In Figure 5 are also plotted the data of Othmer & Gilmontll and
those in Perry.l2 The curve obtained in this investigation lies between
the other two curves and is very close to that published in Perry.

Ixperimental data for the system acetic acid-water-caleium chloride
appear in Taeble IV. BSmoothed data for thls system appear in Table V and
are presented in Figure 6 as lines of constant weight percent salt in the
liquid phase. These lines were obtained by first drawing the best smooth
curve for zero percent calcium chloride, then taking the points at approxi-
mately 104 caleium chloride, relocating them to exactly 10% by means of
interpolation or extrapolation (with reference to the zero percent caleium
chloride line) along s line perpendicular to the 45° line, drawing the best
10% line through these relocated points, relocating the points for the 208
calcium chloride line by linear interpolation from the previously construc-
ted smooth 10% curve, etc. The boiling liquids in runs number 30 and 34
were very nearly saturated with respect to salt. On the strength of this
indication it was felt that the lines of constant salt concentration of
40 and 50% should be terminated before reaching the origin. A line termed
an "approximate saturation line" has been drawn in Figure 6. The 40 and 50%
curves terminate at this line. If data were available on the solubility of
calecium chloride in acetic acid at the boiling point, then this approximate
saturation line could be located with somewhat greater precision.

It can be seen from Figure 6 that the desired reversal of the vola-

tility of acetic acld-water mixtures is attained with a salt concentration



TABLE IV

SYSTEM ACETIC ACID-WATER-CALCIUM CHLORIDE
VAPOR-LIQUID EQUILIBRIUM AND BOILING POINT DATA
PRESSURE = 760 mm MERCURY

X b 4 T

|
w |
{

Run #
1A 0.0 91.9 93.9 100.2
2A 0.0 glt.s 81.5 100.9
'ﬁ 0.0 1.9 71.9 101.3
0.0 Wy 2 56.2 101,
2: 0.0 23.6 U 104,
0.0 10.6 17.4 108.0
7 9.3 3 83.7 102.0
8 10.1 .5 73.5 162.%
9 9.7 5 59.£ 103.2
10 9.4 4.3 39. 105.0
11 9.6 26.5 25.4 107.6
12 9.5 11.8 11.5 111.6
1 19.7 88.8 79.9 104.2
1 19.3 79.2 65.7 104.8
1 20.0 66.8 9.4 106.2
1 19.8 45.1 30.2 109.0
17 19.0 28.1 18.8 112.0
18A 18.4 15.3 11.0 115.0
19 29.8 93.5 8.5 110.0
20 29.2 83.6 59.7 110.2
21 31.0 79.8 51.3 111.1
22 30.4 4g.7 25.0 115.0
23 31.6 32.1 16.0 120.3
254 %.6 91.0 67.8 115.3
26 S 85.0 50.8 116.8
27 35.6 .7 39§ 11!:.0
28 39.1 5 ; 25. 118.9
294 36.8 323 16.4 121.6
30 gg.a 18. 1.2 127.2
3 % | 84.8 47.8 121.2
32 45.1 ss.g u8.6 120.9
3 45.8 73. 33.0 121.9
3 hg.g 57.1 20.0 128.0
36 53. 90.4% 21.8 127.9
37 23.2 88.6 7.5 127.5
38 .3 97.0 65.0 132.3
ag 60.5 98.5 80.7 138.9
61.0 91.2 50.8 136.0

" 8 = VWleight percent calcium chloride in liquid.

X = Weight percent water in liquid (salt-free basis).
Y = Weight percent water in wapor.

T = Temperature, °C.

18
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TABLE V

SYSTEM ACETIC ACID-WATER-CALCIUM CHLORIDE
SMOOTHED VAPOR-LIQUID EQUILIBRIUM AND BOILING POINT DATA

PRESSURE = 760 mm MERCURY

..........................

-----------------------------

A R RRRIRRI AR NRIGRARRARIZ ARG ©

.............................

ooooooooooooooooooooooooooooo

------------------------------

H8808848888 HEENERYEEE THABRNAES

A A A A A

.................................

.................................

.................................

COOC0C0000OCOO00858889999RRRRRRRRRRR

8 = Weight percent calcium chloride in liquid.

Weight percent water in liquid (salt-free basis).

I = Weight perceant water in wapor.
T = Temperature, °C.

X =
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in the liquid phase of approximately 8F% calcium chloride and that the ef-
fect of salt addition decreases slowly as its concentration level is in-
creased. The curves are quite symmetrical at the lower salt concentra-
tions but show a tendency toward greater volatility reversal at the water-
rich ends of the more concentrated salt mixtures. In the region of 60%
salt concentration three points were determined and the curve extends only
as far as these points allow.

The reliability of the temperature data is indicated by a comparison
in Table VI of the boiling points of acetic acld-water mixtures at even
percentages in the liquid phase with the data of Othmer & Gilmont'l amd
those in Perry.l2

TABLE VI
SYSTEM ACETIC ACID-WATER

BOILING POINT VERSUS CONCENTRATION
PRESSURE = 760 mm

T
Othmer & This
X Gilmont Perry Investigation
0 118.0 118.1

10 108.6 108.2 108.2
20 105.1 105.1 105 .1
zg 103.4 103.% 103.4
102. 102, 102.3
50 101. 101. 101.7
60 101.1 101.1 101.2
70 100.7 100.7 100.8
80 100. 100.% 100.5
90 100.2 100.2 100.2
100 100.0 100.0 100.0

== === =l

X = Weight percent water in liquid.
T = Temperature, °C.

Boiling point curves, based on the data of Table IV, and smoothed by
the linear interpolation method described above, are plotted in Figure 7.
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The curves in Figure 7 represent constant percentages of salt with the
boiling point plotted as a function of the weight percent water on a salt-
free basis. The solid line portions of the curves indicate the extent of
the actual data while the dashed line portions at the high water concentra-
tions are extrapolations to the known boiling points of water-ealcium chlo-
ride mixtures (Table III). Data are mot available on the boiling points

of acetic acid-calcium chloride mixtures. Hence, extrapolation in the
other direction was not possible. Also, for the same reason, a saturation
curve terminating the lines of constant percent calcium chloride between
values of pure acetic acid and pure water could not be drawm.

The boiling point curves show a tendency to reach a minimum at 80 to
90% water on a salt~-free basis except for the O and 10% calcium chloride
curves.

A comparison might be made of the K walues for dilute agqueouns solu-
tions of acetic atid calculated from the work of McBain & Kam, and Quartaroli,
and that obtained in this investigation. These values are 0.67, 0.57, and
0.70, respectively. The McBain & Kam and Quartarocli wvalues are thus ap-
proximately 5 and 20% below that found in the present work. For a calcium
chloride concentration of about 225 in the liquid phase, there is obtained,
from the data of Quartaroli, a value of K of approximately 1.45 (Figure 1).
This is about 25% below the value of approximately 2.0 found in this in-
vestigation for the same concentration region (Figure 6).

A proposed process for separating water and acetic acid by distilla-
tion in the presence of calcium chloride is illustrated in Figure 8, The
water-calcium chloride stream coming from the bottom of the fractionating
colum would be fed to a maltiple-effect evaporator for concentration to
approximately 60 to 70 weight percent calcium chloride. Part of this com-

centrated liquid would be fed to a spray dryer to produce anhydrous calcium
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chloride. This would be dissolved to the extent of spproximately 30% in
the sacetic acld reflux returning to the column. The rest of the concen-
trated salt solution could be introduced directly with the feed. Thus the
galcium chloride would be centinuously recycled, water would be continu-
oualy rejected from the evaporator snd the sprey dryer, and pure scetle
acid would be contimuously obtained as the distillation column overhead
product. HWo deposits of =2lt would be expected in the columm since the
golubility of ecalecium chloride increases with the water content of the acid.
The msterials of construction sultsble for handling both acetic acid
and caleivm chloride in the towers and hest exchange equipment are stone~-
ware, Karbate, and steel lined with Hastelloy B or €, tantalum, silver, or
glass. The distillation itowers might well be of tha packed variety, with
stonewars or carbon packing. Aluminum is commonly used for concentrated

acid storage tanks.
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CONCLUSIONS

From the data obtained in this investigation it may be concluded
that:

1. Calcium chloride reverses the relative volatility of acetic acid-
water mixtures. This reversal takes place at approximately 8% calcium
chloride in the liquid phase.

2. It appears likely that the separation of acetic acid and water
(with the acetic acid as overhead product) can take place readily in a
colum of & small number of theoretical plates, with decreased heat re-
quirements, through the use of calcium chloride dissolved in the liquid
phase. Because the calcium chloride so employed must be recycled, its re-
covery from the aqueous bottoms stream must be considered in the oversall
economics of the proposed process. A simplified flow sheet incorporating
the recycling feature has been presented.

For further work it is recommended that:

1. The boiling point curves for acetic acid-water-sslt mixtures in
the high acetic acid range be obtaimed. This would complete the boiling
point curves obtained in the investigation.

2. An experimental fractionating colummn be operated on a laboratory
scale to confirm the practical wvalue of acetic acid concentration by the
use of caleium chloride.

3. A detalled economic study be made to compare the cost of separ-
ating acetic acid from water by the proposed process with the cost of

existing commercial methods.



13.
1y,

15.

28

BIBLIOGRAPHY

Davidson, A. W., J. Am. Chem. Soc., 50, 1890-5 (1928).
Davidson, A. W., Chappell, V., J. Am. Chem. Soc., 60, 2043-6 (1938).

Davidson, A. V., Geer, H. A., J. Am. Chem. Soc., 55, 642-9 (1933).

Handbook of Chemistry and gics, Chemical Rubber Publishing Co.
Tdition, p. 1 1;_(1%‘5'. ;

International Critical Tables, Vol III, McGraw-Hill Book Company Ine.,
p. 325 (1928).

Jones, C. A., Schoenborn, E. M, & Colburn, A. P., Ind. Eng. Chem.,
35, 666-72 (1943).

Larson, ., Svensk Kem. Tid., 41, 130-41 (1929).

Mayor, Y., Rev. Prod. Chim. 38, 260-4 (1935).

McBain, J. W. & Kam, J., J. Chem. Soc., 115, 1332-46 (1919).
Menschutkin, B, N., Z. anorg. Chem. 54, 89 (1907).

Othmer, D. ¥. & Gilmont, R., Ind. Eng. Chem., 36, 1061-k (19ulk).

Perry, J. H., Chemical ineers Handbook, McGraw-Hill Book Company
Inc., 2nd Edition, p. 1 1).

Quartaroli, A., Aun. Chimi. Applicata, 33, 1M1-6 (1943),

Seidell, A., Solubilities of Imgie & Metal Organic co%-.
D Ven Nostrand Company Inc., Vol I, 3rd ®dition, p. 2 1940) .

Ibid., p. 928.




29
APPENDIX

Section I
Sample Calculation for Table 1

B,(Ha01l) = 2.30
R =1.076

Distillate Composition

By = 0.077 x 1.076 = 0.0829
0.0829 x 60 = 4.98 grams scid/liter solution
T =4,98 x 100 = 0.498 (approximation)

e

1000

Beaidue Composition

82lt: 2.3 x 58.4 = 1344 grams salt/liter solution
sp. gr. of sol'n {agsuming water amd salt only)
= 1,088 (approximately)
(Ref. 4, p. 1528)

Wy = 2340 o 100 _ 1o,
s = 558 = Toos © 20

Acids 0.077 x 60 = 1.62 gramg acid/liter solution

4,62 . _100
1.088 ~ 1000

= 0.425 weight % neid
T =045 x 200 - ohg
5 x 76 = 5
Thersfore ¥ =Y/% =1.028

Section II
Sample Oslewdation for Table II
Charged: 100 ec of 0.1 H acetlic acid + 10 g sodium chleride

co 0.1 ¥ aeid = 0.1 x 60 x 220 = 0.60 g aci
100 cc 0.1 ¥ seid = 0.1 x 60 x o5 0.60 g acid

Therefore water = 99.4 g (by difference) (opproximately)

Information Available:

‘ 100 eec 0.1 ¥ acid plus 10 g WaCl at start
506 of the volume distilled off
51.8 wt.% of total acld in the distillate



Charge:
Wg—qy = ﬁ% x 100 = 9.09 (approximation)
X3 = 0.6
Distillate:
50 ec = 50 g (approximately)
0.518 x 0.6 = 0.311 g acid
¥ =0.311 5 100 = 0.622
50
Regidue:

Weight = 110 - 50 = 60 g

Contains: 10 g salt
0.60 - 0.311 = 0.289 g acid
49.7 g water (by difference)

Vg-g =%§ x 100 = 16.7

yai%ﬂxlmzo.sn

Substituting in the Rayleigh equation and assuming that
Henry's Law holds (Y = KX),

Xy
lnﬂ'ilf ax : In¥y 1 In X3
Wiz T-% V% X-1 Tz
Xg
1n X3/Xg in 0.6/0.578
KE~-1= - = . i
TR 7L : K 1+_h_L’fiL2

in
x=.g_-%+1=1.ms

"(ava) = !.!_:;._.;M = 12.90

L(awe) ' 3.!..‘.;_‘_‘.' = 0.589

W = grams of salt-free mixture
Subscript i = before differential distillation
Subseript f = after differential distillation
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