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SUMMARY 

In an attempt to explore more effective methods of separating ace tic 

acid and water by distillation, the effect of adding a third substance was 

inTestigated. The selection of calcium chloride for this purpose was made 

on the basis of existing Tapor-liquid equilibrium data and solubilit7 data. 

It was found, experimentally, that the addition of calcium 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 Oto 60 weight percent. 

Reversal of the relative volatility of acetic acid and water takes 

place at approximately SC,, calcium chloride content i .n 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 optimwn) 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 a.re presented on the boiling points of acetic acid-water mix

tures at 760 mm pressure. 
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INTRODUCTION 

Acetic acid is recovered trom pyroligneous liquors obtained from the 

desttUctive distillation of hardwood wastes. The acid is usually available 

in dilute solution in water both from the original production from wood and 

from the process for making 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 eomposi tion region.. Large fractionating towers are necessary 

and heat :requirements are high because the water distills overhead. The 

existing methods of recovering acetic acid from water have been summarized 

in the literatu.re:g 

1. Ordinary fractional distillation is difficult and expensive be
cause of the large number 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 solvent such 
as ether, chloroform, or acetone will yield about 70-9CY% acid. 
Benzene or petroleum ether will yield a.bout 90-9% acid. 

4. Extractive distillation with a heavy solvent such as dibutyl 
phtha.llate , diethyl phthallate and meth1'1 cyelohexanone has been 
emplo1ed. 

5. Separation by freezing out pure acid crystals a.t -26°0, followed 
by subsequent distillation of the water, has been practiced. 

6. Separation by forming a complex w1 th 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 eal ting out, has 
been utilized in some cases. 

S. Fixation of the water by h3"groscopie agents is used exten.si vely 
in the final concentration step. Suggested agents for this purpose 
are CaC12 , 1la2S04, MnS04. CuS04 and H3POq.. 



9. Bietilla.tion in the presence of a fixating agent such as anhydrous 
aodium acetate will give around 8°-' recovery of the acid a t a con
centration of 98.~. The recovery b7 this operation is increased 
by reducing the pressure. 

10. Distillation with a liquid such as z:rlene, benzene or ethyl ace
tate which will form a minimum-boiling azeotrope with the water . 
finds widespread use todq. 
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It •as the purpose of this investigation to find an. inorganic s lt 

which would facilitate the distillation of water and acetic acid ~y eauaing 

a reversal 0£ the relative volatility, thus allowing the acetic acid to be 

distilled overhead while the water would paH out the bottom of the tower. 

!he reason for this approach was based on the fact that acetic acid is 

usually available in dilute aq_ueous solution. Because large amounts of 

water have to be removed overhead in pTesent-da.y processes, the cost of 

separation is quite high. A search of the literature revealed several in-

vestigations of the effect of ealts on the boiling characteristics of ace

tic acid-water solutions.7,9,13 

The work of M~ain and xa.m9 contains aeetic acid-water yapor-liquid 

equilibrium data involving a. group of inorganic ealte. 1'he data a.re re-

produced in Table I, along with vaporization constants calculated f'rom these 

data. Vaporization constants for those salts, the use of which would be 

commercially feasible, are presented in Pigu.re l. A sample caleula.tion of 

derived data from the literature information is presented in the Appendix. 

Section I. 

In Table I the symbols have the following significance: 

N1 = liormali ty of acid in the liquid phase 

Hy= Normalit~ of acid in the vapor phase 

R = Nv/N1 

!18 = lformali ty of salt in the liquid phase 

V18 = Weight percent salt in the liquid phase 



X = Weight percent acid in the liquid phase (sa.lt-free basis) 

Y = eight percent acid 1n the vapor phase 

K =I/I= Vaporization constant 

V APOR-L IqUID ~UIL IBllIUM 
ACETIC ACID-WATER-IlfOIIU.NIC S.AL'l'S 

Literature data Calculated -.alues 

lf1 If a Jl • X y 

Acetic Acid-Water 

0.05 0.662 
0.10 o.666 
0.20 0.673 
0.33 o.6so 
0.50 0.685 

cetie Acid-Water-Sodium Chloride 

O.l-0.2 0 .12 o.688 0.70 0.9()4 0.620 
O.l-0.2 0.21 0 .70s 1.22 0.905 o.6~ 
0 .1-0.3 0 .29 0.721 1.,61 1.202 0 .86 
0.1-0.3 0 .41 0.742 2.3 1.210 O.S90 
0.13 0.661. 0.790 3.11 0.791 0.616 
0.076 l.o4 0.830 5.85 o.465 0.37g 
0.07s 1.38 0.904 7.66 o.482 0.423 
0.077 2.30 1.076 12.38 0.485 o.~9g 

Acetic Aeid-Water-Potassi'Wll Chloride 

0 .22 0.2-0.3 0.7146 l.88 1.33 0.943 
0.254 o.4673 o.73g9 3.46 1.55 1.127 
0.2157 0 .. 70 0.7741 5.13 1.32 1.000 
0.2053 0.9228 0.8121 6.70 1.27 1.000 
0 .22 1.17 0.8383 S.4o 1.37 l.108 
0.2194 1.953 0.9363 13.60 l.4o 1.233 

Acetic Aeid-Water-Pota·Hium !b.iocya.nate 

0 .2-0 .23 0.2-0 .34 0.6900 
0 .2673 0.5590 0.7297 
0.2366 1.663 0.7693 
0.2595 2.451 0.!710 

4 

o .6f57 
0.704 
0.721 
0.736 
0.780 
0.813 
0 .!78 
1.025 

0.709 
0.729 
0.75g 
0.790 
0 .810 
0.880 
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'l'ilLE I (CONTINUED) 

Literature data Calculated 't'al.ues 
•1 Ns R fie X I 

Acetic Acid-Water-Sodium Sulphate 

0.22 0 .01 0.669 0.50 1.326 0.883 o.666 
0.22 0.13 o.674 0.92 1.325 0.890 0.672 
0.25 0.22 0.674 1.55 1.508 1.010 0.670 
0.25 0.35 0.683 2.44 1.505 l.025 o.6in 
0.27 0.61 0.710 4.18 1.630 1.150 0.705 
0.29 1.10 0. 762 7.34 1.762 1.32g 0.754 
0.21 l.4o 0.807 9.19 1.280 1.016 0.794 
0.22 1.54 0.839 10.10 1.345 1.080 0.804 

Acetic Acid-Water-Li thium 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 l.18 1.370 0.980 0.715 
0.2469 0.3930 0.7450 1.65 1.491 1.104 o.74o 

Acetic Acid-ffater-Potas1ium Ni trate 

0.21 0.22 0.6944 
0.24 0.3-0.5 0.719g 

Acetic Aeid-Water-Sodiwn Acetate 

O.ll 0.14 o.6s22 
0.1-0.23 0.4-o.67 0.6948 
O.l-0.28 0 •. 9-1.1 0.7001 
0.2900 1.810 0.7244 

The curTes of Figure l are drawn without regard to acid concentration 

variation. since this variation is extremel7 limited. 

Quartarolil3 ha.a presented some data obtained from the differential 

distillation of acetic acid-water mixtures with salts present. 'l'hese data 

are presented in Table II and are included in Figure l. In Q,uartaroli' s 

work 100 cc of O.l N acetic acid plus different weights of salt was added 

to a distilling flask and boiled until one~half of the volllDle was dis-

tilled. 'l'he recorded data give the weight percent of the acetic acid 



6 

ill :l + 

tr; 
j .. ~ 

. 1 

i ..... 

if -! 



7 

charged present in the distillate. Calculated K's were obtained from these 

data by the application of the Ra1leigh 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 sj'lllbola have the following significance: 

S = Grams of salt added 

Wa = Weight percent of charged acid in the distillate 

W8 (aTe) = ATerage weight percent salt in the liquid phase 

X(ave) = .Average weight percent acid ln the liquid phase (salt-free 
basis) 

K =Y/X • Vaporization constant 

'fAPO:R-LIQUID ~UILIBRIUM 
ACETIC ACID-WATER-lBOBGANIC SALTS 

Literature Data Calculated Values 
s Wa We(ave) X(ave) 

none 32.2 0.0 o.nl+ 
10 g NaCl 51.s 12.9 0.589 
25 g LiCl 88.0 26 .7 0.372 
10 g LiCl 64.5 12.9 0.513 
19.2 g CaCl2 63.3 22.0 0.520 
30 g NaBr 65.0 30.3 0.501 

I: 

0.565 
1.01 
3.o6 
l.~ 
1. 
1.58 

A comparison of the data for the salt-free acetic acid-water system 

in !ables I & II shows the Talue of K calculated from Qua.rta.roli Is data to 

be about 15i lower than that obtained from McBain & Kam. A stuey of the 

curves presented in Figure l indicates that the more promising salts are 

lithium chloride. calcium chloride and sodium chloride. Lithium chloride 

appears to be the best with a volatility reversal ta.king place at ab,0ut 

7 .5~ salt in the liquid phase. 
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It was necessary to turn next to aolubili ty data. The use of a salt 

tor reversing the relative volatility of acetic acid and water requires 

that the salt be present on all the trays and in solution. The salt must 

therefore be soluble in concentrated acetic acid. A paper 'by Da.vidsonl 

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

acid: 

1. Salts readily soluble at 
lit.hium nitrate 
calcium nitrate 
ammonium nitrate 
copper nitrate 
calcium chloride 
zinc chloride 
ferric chloride 
antimOJ11' chloride 
barium iodide 

room temperature: 
zinc iodide 
ammonium thiocyanate 
potasdum cyanide 
11 thium acetate 
potassium acetate 
ammonium acetate 
lead acetate 
cadmium aee ta te 

2. Salte somewhat less 
silver nitrate 
aluminum chloride 
mercury chloride 

so.luble 
mercury iodide 
cobalt chloride 

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

sodium chloride 
pota.asium chloride 
potassium bromide 
potassium iodide 
ammonium chloride 

ammonium bromide 
ammonium iodide 
sodium nitrate 
potassium nitrate 
barium chloride 

4. Sal ts practically insoluble: 
ailver chloride mercury chloride 
silver bromide calei'WD phosphate 
silver iodide copper phosphate 
silver e;yanide calcium carbonate 

potassium chlorate 
sodium sulfate 
ammonium sulfate 
copper acetate 

silver thiocyanate sulf ates of Li, IC, Cu, Ag , :Ba, 0a, 
lead chloride Mg. Zn, Cd, Hg(ous & 1c), Al, Pb. 

Mn, Ni, Co, and Pe(ous & 1c) 

Quantitative data for some of the more promising salts are shoW!l in Figure 

2. These include calcium chloridelO, lithium nitratel4, mercuric ehlo

ride2, ammonium ni tra te3, mercuri e bromide2and sodium n.1 tra te3. 

Davidson's work shows that sodium chloride is insoluble in acetic 

acid. Although solubility data for lithium chloride are not available, i t 
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might be expected that 11 thium chloride, also an alkali chloride, would be 

insoluble. .i'igure 2 shows ·calcium chloride to be quite soluble, however. 

It was therefore selected as the salt to work with in this investigation. 

Data on the solubility of calcium chloride in water are availablel4; these 

are presented in Figure 3. Data for the boiling points of solutions of 

calcium chloride in water are presented in ~able III. 

T.ABU III 

:SOILING POINi!' OF SOLUTIONS OF 
CALCIUM CBLORID IN ATER (760 ) 

eight Percent 
Calcium Chloride 

l.l 
2.2 
5.3 

10 .0 
35.7 
44.0 
52.6 
75.4 (saturated solution) 

Boiling point , 0c 

100.l 
100.2 
100.6 
101.6 
115.1 
123.3 
133.6 
178.2 

Vapor-liquid equilibrium data for the system acetic a.eid-w ter have 

been determined by several investiga.torsll ,12. Othmer and Gilmontll have 

studied the effect of pressure on this equilibri '!'hey found tha.t a very 

large pressure change wa necessarr to cause a noticeable shift of the 

equilibrium curve. A reduction in pressure shifts the curve closer to the 

forty five degree line. From th! _ information 1 t can be asmimed that small 

nuctua.tions in a tmospheric pressure would ha.Te little effect on the eq_ui-

librium curve but it was considered advisable, nevertheless, to oper te the 

vapor-liquid equilibrium still employed in this investigation at 760 mm 

pressure so a s to obtain accurate boiling point data.. 
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Anayt1cal 'fechaique 

·!he distillate. eon•isting of water and acetic acid. was analyzed b;y 

titration of a :ti ft ml sample with approxima tel7 1 I' sodium hydroxide • 'fh.e 

aaaple was diluted with distilled water to approximately 25 cc before ti

tration. The indicator used was phenolphthalein. !he caustic was stand

ardized against dry pota•du.m acid phthalate. 'lhe weight percent acetic 

acid in the distillate waa determined from its normali t)r. obtained by U

tration. throuch 'the use of standard conTersion tables. 4 

The residue samples. when free of calcium chloride, were ana.ly2ed by 

the aame method as the distillate samples. !he acid analysis of water

aeet1e acid-calcium chloride mixtures was made b7 straight titration with 

caustic. Comparison tests showed that, calcium chloride, even when pres

.ent to the extent of 4°" in the origiBa.l saaple, produced 110 measurable 

effect on the caustic ti tratiou. All t.itrationa were run in duplicate and 

were reproducibl.e to o.o; ml, on the aftrage. !he chloride content of the 

reaidne waa obtained bJ titrating the same sample, alreaq titrated to a 

neutral point with caustic, with standard silTer nitrate (0.1 W) uaing 

sodium chromate as an indicator (Kohr' e lletmd) . It was only neeet1Sa17 to 

discharge the ptnk phenolphthalein color with a fraction of a drop of ace

tic acid prior to titrating with ailnr nitrate. !his method was found to 

be accurate b7 a aeries of comparison tests on solutions of known caleillll 

chloride content containing Tar)'ing uounta of sodium acetate and ma.de 

barel7 acidie to phenolphthalein. 1fhe preparation of the resid:ae samples 

for analysis consisted of weighing a sample of approximately 25 grams into 

a 100 Ill vol'WDetric flask and diluting to mark. Measured aliquot portions 

of 5 to 30 cc, depending on the eoncen tra ti on range, were titrated and tbe 
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weight, percent acetic acid and cal.eium chloride calculated. All reagents 

used were analytical gr~de. 

Operational Technique 

Fig,:1re 4. I :t was .app:roxim~ttely l 5 :b1ehes in ov~:t"<lll length . 1 t 11ras de

rlgned in:Ud.ally by Jo:ne,s, Sehoenborn t and Colb'U.1'11. 6 Several nzodifieations 

ware E'lf:-1.de in the original design. !hese inelu.ded the addition of gle:s-s 

eniug the time necessi;,,:ey to reaeh equtlil)riu.m, the installation of ~. stet~ 

a.rm ~-t the upper en,l of the flash reboile:r, ::md the sU:b$titu:td.on of a wt.ck 

of gl3,ss woc.l for the @pirel. of wire in the flash :rebotler. Pl"elimi:ne,ry 

J'1:las sr-1.mi\i'ed a tendency far the .l.iqttid to momentarily hold up :i.n the flash 

glass wool wick wa.s in.trodueed. 

fhs presst!re on the still w2,13 m;,intaine.d e.t 760 mm of mercury 'by the 

use of a Mod.el Ne . 5 lndustdal C~rtesian Ma.no stat, ava.!lable through lfhe 
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'i'he temperature of the boiling liquid was obtained with a mereury 

thermometer inserted in the thermometer well. 'l'he temperature was esti

mated to 0.1°0. 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 a-m.1lable was not suf'f'iciently sensitive. 

The solutions prepared for obtaining the necessary vapor-liquid equi

librium d.a.ta covered the colll)?lete acid-water concentration range. 'i'hese 

concentrations were approximately 10 , 25, 40, 60 , 75, and 90% acid (salt

free basis). Anhydrous calcium chloride in. suceessi'f·el y 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 eon

densa te chambers during operation were approximately 65 and 15 cc respec

tivel1. 

'i'he charging of the still consisted of drawing the water-acid-salt 

mixture into the residue chamber t o the level i ndicated in Pigure 4 and 

then drawing a sample of salt-free acetic acid-water solution of the same 

rela tive 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 flaah boiler, the purpose of the heating 

eoil on the residue chamber was :primarily to compensa te for radiation and 

convection losses. en the still was started up, however, it was also 

used to bring the liquid up to the boiling point. 

Starting up the still is the most cri t ical part of the operation. 

When condensa te begins to collect and feed through to the flash boi ler, 

the stop-cock f eed.ill€ the flash boiler mu.st be regulated unt il the boiling 

action becomes stead¥. Then the stop-cock may be opened full and the heat 

on the residue chamber cut back to the opera.ting level . Carelessness a.t 

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

'l'he still was allowed to operate for a period of three hours before 

the taking of the equilibrium samples. Preliminary tests with water and 

aeetie acid showed no detectable difference between samples taken after 3 

houra' running time and ten hours' running time. Since these tests were 

made before the capacity of the condensate chamber was approxiuaatel7 halved 

by the addition of glass beads, there is very little doubt but that equi

librium was reached at the end of three hours' opera.ting time. 

'l'he samples were taken b7 closing the stop-cock feeding the flash 

boiler and with.drawing th.e residue and distillate tractions as quickly as 

possible. After the samples were taken the heat was cut off or left on if 

another run was to be mad.e immediately following. The process ot draining 

the residue sample when in the con.centrated .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 ma.de on the system acetic acid-water and 

the data obtained a re 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 li'igure 5 are also plotted the data of Othmer & Gilmontll an<l 

those in Per17.12 The curve obtained in this investigation lies between 

the· other two Clln'es and is very close to that published in. Perry. 

Experimental data for the system acetic acid-water-calciUlll chloride 

appear in Table IV. Smoothed data for this system appear in Table V and 

are presented in 11gure 6 as lines of constant weight percent salt in the 

liquid phase. 'l'hese lines were obtained by first drawing the best smooth 

curve for zero pereent calcium chloride, then taking the pointa at approxi

mately l o.' calcium chloride, relocating them to exactly lo,t by means of 

interpolation or extrapolation (with reference to the zero percent calcium 

chloride line) along a line perpendicular to the 450 line, drawing the best 

l~ line through these relocated points, relocating the point s- for the 2o.' 

calcium. chloride line by linear interpolation from the previously construc

ted smooth l~ curve. etc. lfhe 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 5°-' should be terminated before reaching the origin.. A line termed 

an "approrl.na.te saturation line" has been drawn in J'igure 6. The 40 and 5~ 

curves terminate at this line. If data were available on the solub111 t7 of 

calcium 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

ti11 ty of acetic acid- water mixtures is attained with a salt eoncentra tion 



TABLE IV 

SYSTEM ACftIC ACID-WA«r.ER-CALCIUM CHLORIDE 
TAPOR-LIQ,UID JlQUiliIIRIOM AND BOiliIN'G POilf'f DATA 

PllSSUU = 76o mm MERCURI 

Run ,f s X T '.! 

u. 0.0 91.9 93.9 100.2 
2A 0.0 74.5 81.5 100.9 

r! 0.0 61.9 71.9 101.3 
o.o 44.2 56.5 101.9 

5A o.o 23.6 34.6 104.4 
6A 0.0 10.6 17.4 108.0 
7 9.3 85.3 83.7 102.0 
g 10.1 76.5 73.5 102.4 
9 9.7 62.5 59,7 103.2 

10 9.4 41.3 39.6 105.0 
ll 9.6 26.5 25.l&. 107.6 
12 9.5 11.S 11.5 111.6 
13 19.7 88.6 79.9 104.2 
14 19.3 79.2 65.7 104.S 
15 20.0 66.3 49.4 1o6.2 
16 19.s 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 81.5 110.0 
20 29.2 83.6 59.7 110.2 
21 31.0 79.s 51.3 111.1 
22 30.4 48.7 25.0 115.0 
23 31.6 32.1 16.0 120.3 
25A 37.6 91.0 67.8 115.3 
26 40.1 85.0 50.s 116.8 
27 35.6 71.7 39.2 114.0 
28 39.1 55.1 25.4 118.9 
29A 36.8 36.5 16.4 121.6 
30 ~6.2 18.4 7.2 127.2 
31 4.7 84.8 47.8 121.2 
32 45.1 85.5 48.6 120.9 
33 45.s 73.4 33.0 121.9 
34 49., 57.1 20.0 128.0 
36 53. · 90.~ ~-8 127.9 
37 53.2 8S.6 7,5 127.5 
38 60.3 97.0 65.0 132.3 
39 60.5 9s.5 80.7 138,9 
40 61.0 91.2 50.s 136.0 

S = Weight percent calcium chloride in liquid. 
X = Weight percent water in liquid (salt-free basis). 
Y = Weight percent water in 'tapor. 
T = Temperature, oc. 
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SYSTEM ACETIC ACID- ATER-CALCIUM CHLONIDE 
SMOO!HED VAPOR-LIQUID EQ,Utt,I:BRIUM AND BOILING POIN'l' DA'f.A. 

PRISSUD == 760 mm MERCURY 

s X -L T s X _!_ - - -
0.0 5.0 8.5 111.0 30.0 5.0 2 . }!. 
o.o 10.0 16.5 108.2 30.0 10.0 4.9 
0.0 20.0 30.3 105.1 30.0 20 .0 10.0 
0.0 30.0 41.S 103.4 30.0 30.0 15.1 
0.0 iw.o 52.5 102.3 30.0 40.0 20.6 
0.0 50.0 62.2 101.7 30.0 50.0 26.5 
0.0 60.0 70.1 101.2 30.0 60.0 33.8 
0.0 70.0 78.2 100.8 30.0 70.0 42.6 
0.0 80.0 85.5 100.5 30.0 80.0 53.6 
0.0 90.0 92.8 100.2 30.0 90.0 71,5 
o.o 95.0 96.3 100.0 30.0 95.0 84.5 

10.0 5.0 4.5 40.0 30.0 12.0 
10.0 10.0 9.0 112.8 40.o 4o.o 16.5 
10.0 20.0 18.2 109.3 iw.o 50.0 21.7 
10.0 30.0 27.6 107 .0 40.0 6o.o 27,7 
10.0 4o.o 37.2 105.4 40.o 70.0 35.0 
10.0 50.0 46.8 164.2 4o.o 80.0 44.6 
10.0 60.0 56.8 103.5 40.0 90.0 61.5 
10.0 70.0 67.0 102.8 40.o 95.0 76.5 
10.0 so.o 77.5 102.3 50.0 60.0 21.0 
10.0 90.0 88.2 102.0 50.0 70.0 26.9 
10.0 95.0 93.8 101.8 50.0 80.0 36.5 
20.0 5.0 3.3 50.0 90 .0 53 .2 
20.0 10.0 6 .5 50.0 95.0 69.0 
20.0 20.0 13 .0 114.6 60.0 90.0 46.5 
20.0 ~0.0 19.6 112.l 60.0 92.5 52.0 
20.0 0.0 26.2 110.1 60.0 95.0 59.2 
20.0 50.0 33.7 108.4 6o.o 97.0 67.0 
20.0 60.0 42.3 107.0 60.0 99.0 Sl.O 
20.0 70.0 53.2 105.9 
20.0 so.o 67.0 104.9 
20.0 90.0 81.6 104.4 
20.0 95.0 90.0 lo4.5 

S::; Weight percent calcium chloride in liquid. 
X == Weight percent water in liquid (salt-free basis). 
I= Weight percent water in npor. 
T == Temperature, oc. 

119.6 
116.8 
114.5 
112.8 
111.5 
110.6 
110.2 
110.3 
125.0 
122.l 
120.0 
118.3 
116.9 
116.3 
117.0 
117.8 
127.5 
125.5 
124.8 
125.1 
126.2 
134.7 
135.0 
136.5 
13g.o 
14o.o 
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in the liquid phase of approximately fl!, calcium chloride and that the ef-

feet of salt addition decreases slowly as its concentration level is in-

creased. The curTes a.re quite aynaetrica.l. at the lower salt concentra.-

tion.s but show a tendency toward greater volatility reversal at the water

rich ende of the more concentrated salt mixturee. In the region of 6~ 

salt concentration three points were determined and the curve extends only-

as far as these points allow. 

!he reliab11i ty of the temperature data is indicated by a comparison 

in !able VI of the boiling points of acetic acid-water mixtures at even 

percenta&es in the liquid phase with the data of Othmer & Gllmont11 and 

those 1n Pe"7 .12 

SYS'l'EM ACE~IC ACID-WA'l'EB 
BOILING :POIIfT VEESUS CONCE!.H'!lA'l'ION 

PRESS'Ullm = 760 mm 

! 
Otbmer A !hie 

X Gilmon.t Penz Investigation 

0 118.0 118.1 
10 108.6 108.2 108.2 
20 105.1 105.1 105 .1 

~ 103.4 103.4 103.4 
102.3 102.3 102.3 

50 101.6 101.6 101.7 
6o 101.l 101.l 101.2 
70 100.7 100.7 100.8 
80 100.4 100.4 100.5 
90 100.2 100.2 100 .2 

100 100.0 100.0 100.0 

X = Weight percent water in liquid. 
! = Temperature, oc. 

13o1l1ng point curves, based on the data of !fable IV, and emoothed by 

the linear interpolatioll method described aboTe, a.re plotted in Figure 7. 
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!be eurTea in J'igure 7 represent constant percentages of salt with the 

boiling point plotted as a function of the weight percent water on a salt-

tree ba&ie. The solid line portions of the cu.nee 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-calciUJll chlo

ride mixtures (!able III). Data are not 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 

curYe terminating the lines of constant percent calcium chloride between 

Talues of pure acetic acid and pure water could not be drawn, 

!he boiling point CUl'T s show a. ten.den07 to reach a minimum at 80 to 

9Cfl, water on a salt-free bads except !or the O and 10;( calcium chloride 

curves. 

A comparison 11lght be made of the I Talues tor dilute a ueous solu-

tions of acetic a"h1d calculated from the work ot McBain & l:am, and Quart&roli, . 
and that obtained in this investigation. 'fheae Talues are 0.67, 0,57, and 

0.70, respectiYely. '!he McBain & !tam and Qaartaroli nlues are thus ap

proximately 5 and 2<:Jfo below that found in the present work. l!'or a calcium 

chloride concentration of about 22', in the liquid phase. there is obtained, 

from the data of ~rtaroli, a value of I of approximately 1.45 (J'igure l). 

~is is about 25~ below the value of approximately 2.0 found in. this in

vest1ga~1on. for the aase concentration region (rigure 6). 

A proposed process for separating water and acetic acid by distilla

tion in the presence of calcium chloride is illustr&ted in J'igure 8. f!lhe 

water-calciUJll chloride stream comtn« froa the bottom of the fractionating 

column. would be fed to a multiple-effect evaporator for concentration to 

approximatel7 6o to 70 weight percent ealci'WII chloride. Pa.rt of this con

centrated liquid would be fed to a sp~ dryer to produce anh1'drous calcium 
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ebloride. !lhis wo'Ul.d 'be dissolved to the extent of approximately 30;£ i11 

the acetic acid reflux retum.ing to, the ·Column. The rest of the eoneen

tra.ted salt solution could be introduced directlT with the feed. Thus the 

eal.cium chloride woul.d be cc>:atinuousl,J ~eye.led. water wcmld be eontinu

ousl-1" rejected :frGm the evaporator and the .sprq dl7er I and pure s;e:etie 

aeid wo't!ld. be continuou.,sly obudned a.a the dis·tillat1on column overhead 

prod-u.ct. lto deposits of' salt would be expected in the column dnee the 

solubility of calci'o.m chloride iacrea.set with the water content of the aeid. 

!he ms.teriaJ.s. of eonst:ru.ction suitable for handling 'IJoth aeetie e.c~d 

a.ad eal.cium cbloride in the towers an;d heat exchange -equipment a,.re stone

ware, Karbate, and steel lined with lfastelloy :Bore, tanta.11lltll. silver, or 

glass. 'fhe distill,..."i.tion towers nd.ght well \e ot the packet variety, with 

stoneware or carbon packing. Alunalnum i.s eo.J!ll1l0n.ly used for conceat:r.a.ted 

acid s.tora.ge tauks . 
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COBCLUSIO S 

7rom the data obtained in this inTestigation. it mq be concluded 

that: 

27 

l.. Calcium chloride reverses the relative wlatiU.ty of acetic acid

water mixtures. 'l'his reversal takes place at approrlmatel7 ~ caleiu:m 

chloride in the liquid phase. 

2. It appears likely that the separation. of acetic acid and water 

(with the aeetie acid as overhead product) can take place readily in a 

column. or a small number of theoretical plates, with decreased heat re

quirements, thraugh the use &f ealctllll chloride dissolved in the liquid 

phase. :Because the calciUll chloride BC!> employed must be recycled, 1 ts re

covery from the aqueous bottoms stream must be considered in the overa.11 

economies of the proposed process. A aimplified now sheet in.corpora ting 

the recycling feature bas been presented. 

For further work it is recommended that : 

l. !be boiling point curves for acetic acid-water-salt mixtures in 

the high acetic acid range be obtained. 'l'his would complete the bolling 

poiat curTes obtained in the investigation. 

2. An experimental 'fractionating col'Ull!l be operated on a laboratory 

scale to confirm th& practical T8.l.ue of acetic acid eoncentra.tion by the 

use of calcium chloride. 

3. A detailed economic s~ be made to compare the cost of separ

ating acetic aeid from water by the proposed process with the cost o! 

existing commercia1 methods. 
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Section I 

Sample C!9lculation for Table l 

N1.::: 0.077 
N9 (NaCl) = 2.30 
R ::: l .Cq6 

Distillate Composition 

iv= 0.077 x 1.076 = 0.0829 
O.os29 x 60 = 4.98 grams acid/liter solution 
I = 4.98 x 100 = 0.49$ {a.:pproximat1on) 

1000 

Residue Composition 

s~,l t: 2 .3 x 58 .4 = 13ti..4 grams salt/liter solution 
sp. gr. of sol•n (ai,suming water elld iamlt only) 

= l. ogg (approximately) 
(Ref*. 4, p. 1528) 

W ~ l:J4.4 X . 100.::: 12 4 
s l .OSS 1000 . 

. leid: fJ.077 x 60 = 4.62 grams a,eid/liter solution 

4.62 X . 100 :::: Q 425. v;ei;,>. ht•· 4J/.. f111C4.A l .OSS 1000 ' . ~ . ,- "" ... u 

X = 0.425 :x: i~°.b = 0.485 

The ref ore K = Y /X = l . 02S 

Section II 

St~ple Calcu.ltV, tion :for ~able II 

Charged: 100 cc of 0.1 N acetic acid+ 10 g sodium chloride 

100 cc 0.1 N a.eid = 0.1 x 60 :x 1~ = 0.60 g acid 

Therefore water = 99.4 g (by difference) fo,pproximately) 

Information Available: 
100 cc 0.1 bi acid plus 10 g N'&.Cl at start 
50;; of' the volume distilled (}ff 
51.s wt.i of total acid in the distillate 

29 



Charge: 
18-i = lO x 100 = 9.09 (approximation) 

110 

X1 = 0.6 

Distillate: 

:Resid~: 

50 cc = 50 g (approximately) 
0.518 X 0.6 = 0.3ll g acid 

Y = 0.311 X 100 = 0.622 
50 

Weight= 110 - 50 = 6o C 

eon tains: 10 g salt 
o.60 - 0.311 = 0.289 g acid 
49.7 g water (b7 d1£ferenee) 

lls-f = ~ X 100 = 16.7 

Xt = 0.2S9 X 100 = 0.57g 
50 

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

X1 
1n Wi -/ dX 

W - Y - X 
f Xf 

ln Wt 1 
Wf= K -1 

ln X1 
·'ft 

K _ l = ln X1/Xf 
1n Yl1/Wr 

K = 1 + ln o.6/o.57g 
ln 2/1 

K = o,goas + l = l.005 
0. 9 

s(ave) = s-1 + Ws-f = 12.90 
2 

Xi+ Xf X(ave) = = o.5S9 
2 

W = grams of salt-free mixture 
Subscript 1 = before differential distillation 
Subscript f = after differential distillation 
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