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SUMMARY 

The effect of dimethylaniline addition on the vapor-liquid 

equilibrium of the system acetic acid-water was investigated. 

The complete range of acetic acid""'U'rater ratios was covered; 

dimethylaniline percentages in the liquid phase ranged from 

zero to ninety weight percent. Separation was increased with 

the addition of dimethylaniline, the greatest increase in 

separation taking place in the acetic acid-rich region. Also 

investig~ted was the vapor-liquid equilibrium of the system 

acetic acid-dimethylaniline and the liquid-liquid equilibrium 

0 at 2, C. of the ternary system, acetic acid-dimethylaniline""Water. 

A method of analysis for the ternary system, based upon 

refractive index and acetic acid titration, was developed ard 

successfully used. 

A schematic flow- diagram for a proposed separation of 

acetic acid and water by extractive qistillation with dime

thylaniline is presented. 
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INTRODUCTION 

A large percentage of the acetic acid used commercially at the 

present time is recovered from pyroligneous liquors obtained from 

the destructive distillation of hardwood wastes. The acid, as such, 

is in a dilute solution and must be separated from a large quantity 

of water. Due to the low relative volatility of this system in the 

water-rich region, distillation is expensive because of the large 

number of plates required. Attempts have been made to improve the 

relative volatility of this system by the addition of a third com-
17,10 

ponent : These methods are summarized: 
---· 
le Counte~current extraction of the acid with a light solvent 
such as ether, chloroform, or acetone will yield about 70-90% 
acid. Benzene or petroleum ether will yield about 90-99% acid. 

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

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

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

2 

5. Fixation of the water by hygroscopic agents is used extensively 
in the final concentration step. Suggested agents for this purpose 
are CaCl2, Na2S04, CuS04, and H3P04, 

6. Distillation-~,n -tbe pre~ence of a fixating asent such as an
hydrous sodium acetate will give around 80% recovery of the-acid 
at a concentration of 98.6%. The recover~ by this operation is 
increased by reducing the pressure. 

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

8. Reversal of the relative volatility with removal of the acetic 
acid in the overhead has been accomplished on an experimental 
basis by distillation in the presence of calcium chloride. 



It was felt that the addition of an organic nitrogen compound 

to the acetic acid-water system might increase the relative volatil

ity of water to acetic acid. This third component must not form an 

azeotrope with acetic acid. Its boiling point should be sufficiently 

high so that its separation from acetic acid would not be difficult, 

and yet not so high as to require extremely high pressure steam for 

vaporization arrl large amounts of steam to meet sensible heat require

ments. 

At first, aniline was investigated because it seemed to posses 

the necessary properties, but it was subsequently abandoned due to 

the reaction between aniline and acetic acid to form acetanilide. 

A method of analysis for aniline, developed during this part of the 

investigation, appears in the appendix. Dimethylaniline, with no 

active hydrogens attached to the nitrogen atom, was then selected 

as the added component to be investigated. 

3 



STATEMENT OF THE PROBLEM 

Since data are available only for the system acetic acid-water, 

to work dealt with the following phases of investigation: 

1. Development of an analytical method for determination of 
dimethylaniline. 

2. Determination of vapor~liquid equilibrium data for the 
system acetic acid~ater and comparison of experimental 
values with values found in the literature. 

3. Determination of vapor-liquid equilibrium data for the 
system acetic acid-dimethylanilinee 

4. Determination of vapor-liquid equilibrium data for the 
system water-acetic acid-dimetnylaniline. 

4 



MATERIALS USED 

1. Distilled water was used throughout the investigation. 

2. Acetic acid: Acetic acid of C. P. grade and assaying 
99 • .5% acetic acid by weight w4s obtained from the J. T. 
Baker Chemical Co. For the dEitermination of the acetic 
acid:..ciimethylaniline vapor-liqui.c' equilibriu.~, and for 
the determination of refracti~e indices of a~etic acid
dimethylaniline mixtures, a more concentrated acid was 
desired. An assay of 99.8% w~s .obtained on material 
prepared by the following method: Anhydrous sodium sul
phate was dried at 120°c. for 12 hours. The sodium sul
phate am acetic acid were placea in a tightly stoppered 
bottle, shaken well, and allowed to stand for 24 hours. 
The acetic acid layer was decanted into a flask and dis
tilled in a three-ball Snyder column. Only the fraction 
boiling between 240~243°F. wa~ used. 

3. Dimethylaniline: Dimethylaniline (free from mono), 
B. P. 192-193°c., was obtained from The Matheson Co. Inc. 
(chemical no. 50.53). It was used directly. During the 
latter part of the investigation it was necessary to 
recover the dimethylaniline for further use. The di
methylaniline was present in solution with water and 
acetic acid. The solution was reacted with sodium car
bonate until it was basic to phenolphthalein. The di
methylaniline layer, which separated from the rest of 
the solution, was removed. It was then washed with water 
and steam distilled. Purity of the recovered dimethyl
aniline was checked against that of the original by re
fractive index. It was also checked for the presence of 
acetic acid by titration with standard base. No acetic 
acid was found. 

INSTRUMENT USED 

For refractive index determinations, an Abbe refract
ometer was used. The temperature was controlled by means 
of a constant=temperature bath and a circ·ulating pump. 
The refractometer was adjusted to read correctly by check
ing with water and with a standard glass prism. 

5 



PROCEDURE 

Solubility Envelopeg 
0 

The solubility envelope at 25 C. for the ternary system water-

acetic acid-dimethylaniline was determined by the cloud point method, 

using burettes with which volumes could be estimated to a thousandth 

of a ml. The samples were run from clear to cloud; they were then 

cleared with a fraction of a drop. The readings ·on the burettes were 

recorded, room temperature was recorded, and refractive indices were 

taken on the clear samples. The composition of samples was determined 

by conversion of the volumes of the pure components to weights by 
. l.112,3,4 

density tables • The results thus obtained are represented by 

6 

Table I, Fig. 1, and the solubility envelope of Fig. 2. Conjugate 

layer compositions at 25°c. for the system water-acetic acid-dime

thylaniline appear in Table II. These data were obtained by tit.rat.ion 

of the conjugate phases for acetic acid content. It is apparent that 

liquid-liquid extraction of acetic acid with dirnethylaniline at 25°c. is 

not feasible. 

Analytical Technique: 

Attempts were made to analyze dirnethylaniline by bromination.11 
11,12 

but the results were too erratic. The physical properties of wate1, 

acetic acid, arxi dimethylaniline were investigated in order that some 

physical differences might be used as a means of analysis. Refractive 

index seemed- to present the best method of analysis, so this property 
0 

was used. Refractive indices were determined at 25 C. for known 

synthetic solutions of acetic acid-water, acetic acid-dimethylaniline, 

and for acetic acid""'W"ater=dimethylaniline in the single phase region. 



The results are presented in Table II and Figure 2. Refractive in

dices of the acetic acid-water system are compared with literature 

values5 in Table IV. The refractive index of dimethylaniline at 25°c., 
0 

calculated from the literature value at 20 C. (1.5587) and the molar 

refraction equation, is 1.55580 The experimental value of 1.5560 

compares favorably with this. 

The individual systems were analyzed as followsg 

Acetic acid-water: Approximately five ml. of sample were 

weighed, diluted to 250 ml. ahd a convenient aliquot taken for 

acetic acid titration with approximately O.lN standard NaOH. 

The caustic was standardized against potassium acid phthalate, 

with phenolphthalein as the indicator. The aliquot titrations 

were made in duplicate; these checked on the average to 0.02 ml. 

Water was determined by difference. 

Acetic acid-dimethilanilineg This system was analyzed by 

taking the refractive index of' the sample and referring to the 

calibration curve (fig.2). The values were occasionally spot

checked by acetic acid titration and found to be consistento 

The titration of acetic acid is not affected by the presence of 

dimethylaniline. This was proved by titration of known synthetic 

mixtures of the two components. 

Acetic acid-.water-dimethylanilineg This system was analyzed 

by one of two methods, depending upon the number of phases present 

in the sample. The single phase samples were analyzed by refract

ive index and by titration of an aliquot with approximately O.lN 

Na OH o The calibration curve (Fig. 2) was used to read off the 

7 



dimethylaniline concentration. Water was determined by difference. 

Two-phase samples were collected in centrifuge tubes, which were 

0 
then placed in a constant temperature bath at 25 C. The tubes 

were shaken frequently over a two-hour period and each phase was 

withdrawn with a capillary pipette. Each phase was weighed sep

arately and titrated for acetic acid. The knowledge of the acetic 

acid concentration in each layer permitted the location of the 

conjugate points on the triangular-plot solubility envel ope; 

these points were joined by a tie line. The lever arm principle 

was used to locate the bulk concentration of the original sampleo 

8 



TAB],E I 

MUTUAL SOLUBILITY OF THE SYSTEM 
WATER-ACE6IC ACID-DIMETHYLANILINE 

AT 25 C,9 CLOUD POINT METHOD 
PERCENTAGE BY WEIGHT 

Experimental Data Smoothed Dci t ~ 

n~5 %HAc ;-H2o %:OMA 1 

1.5384 
1.5191 
1.5136 
1.5120 
l o$07J 
1.4750 
1.4705 

1.4604 
1.4613 
1.4766 
1.4520 
1.4440 
1.4394 
1.4375 
1.4335 
1.4315 
1.4257 
1.4131 
1.4095 
lo4024 
1.3951 
1.3913 
1.3853 
1.3790 
1.3767 
1.3738 
1 .3675 
1.3595 
1.3536 
1.3525 
1.3455 
l .3h50 
1.3436 
1.3387 
1.3385 
1.3384 

9.5 
1906 
22 . 8 
23 .6 
25.8 
36.4 
41.6 
42.1 
45.9 
45.8 
45.9 
47.7 
49 o0 
50o0 
50.5 
50.4 
50 .2 
50.0 
47.1 
45.8 
43o2 
39o3 
37.5 
34 .1 
30.4 
30.3 
27 .4 
23 .2 
18 .4 
14 .7 
13 .8 
8.5 
8.2 
8.5 
2. 2 
3 o7 
3.6 

l.l 
1.6 
2.8 
2.3 
3.1 
6.4 
7.7 
80 5 
906 
9.8 

10._;l 
12.1 
13 .5 
1603 
16. 7 
18.9 
l9o3 
2205 
30.6 
33.2 
38.7 
44.7 
4706 
52., 
57 .8 
59 .5 
62.1 
67 .6 
74 .2 
80 .2 
80.9 
87 . 7 
87 06 
88.4 
93.2 
93 .4 
94.3 

89.4 
78.8 
74 .4 
74 .1 
71.1 
57 .2 
50. 7 
49.4 
44.5 
L4.4 
43 .8 
40.2 
37.5 
33.7 
32.8 
30. 7 
300) 
27 . 5 
22 .3 · 
21.0 
18.1 
16.0 
l4o9 
1J o4 
11.8 
10.2 
1005° 

9o 2 
7o2 
5.1 
5°3 
3.8 
4.2 
3ol 
4.6 
2. 9 
2.1 

* l.5560 
L546S 
1.5370 
1.5275 
1.5180 
1.5085 
1.4985 
1.4887 
1.4765 
1.4625 
l o4S60 
1.4474 
1.4440 
1.4360 
1.4332 
1.4223 
1.4130 
1.4080 
1.3974 
1.3878 
1.3788 
1.3704 
L3625 
1 .3550 
1 .3479 
1.3406 

** ==--== 

o.o 
5.0 

10. 0 
15. 0 
20o0 
25 . 0 
30.0 
35 . 0 
40.0 
45 .0 
47.0 
49 .0 
50. 0 
50.3 
50. 0 
49 . 0 
47 .0 
45 .0 
40.0 
35.0 
30. 0 
25 . 0 
20 . 0 
15. 0 
10. 0 

5.0 
o.o 

CJ O 0 
0 .'1 
O. ) 
1. 5 
2 . 2 
2 0 j 

3.7 
4.6 
6.6 
9., 

11.2 
13.4 
15. 1 
18 . 5 
21 . 5 
25. 5 
31.2 
.3 s .!~ 
43.9 
51.h ss.,· 
65 .3 
72 .2 
79 .0 
85 . 13 
92 . 8 

1 oo .o 

* The refra0tive i ndex of di.methylaniline saturated wHh Wi:.i:d' 

is the same as that of pure dimethylaniline . 

** Dimethylaniline was found to be s oluble in ·water (h:;t T 1 t: ,3 ti . 
to less than 0.1%. 

f'. 
• 0 

~ ' t. 
(' .. · 

r , o · 

r·.::: C) ? 

..... \ "'i 
J\ .. {I 

tJ' 0 's' u .. : 
3? ot 
3h o? 
J L 2' 
28 o5 
25. ~· 
21.g 
] 9.f, 
16. 1 
l:3 . 6 
U. .:: 
9 a 'f 
7. f'; 
::: ' \ ., 0 \ _:, 

1 • ::, 
~i ol 



TABlE II 

CONJUGATE LAYER COMPOSITIONS IN THE SYSTEM 
WATER=ACETIC ACID=DIMETHYLANILINE AT 25°c . 

Wt,. % HAc in Wt. % HAc 
Water Phase DMA Phase 

3.5 0.47 
3.9 * 0.36 * 
6.3 0. 55 
7. 7 * 0. 77 * 
8. 6 o.86 

11.1 1.3 
11.6 * l.4 * 12 .8 L 6 
lh.O L6 
15.1 * 1.7 * 16.2 L 9 
18 .0 2.1 
18.3 2.8 
20 .6 3.2 
21.4 * 2.7 * 22 .9 3 . 5 
24.0 3.3 
25.7 * 4.1 * 26.3 4.2 
28eO 4.5 
28.2 4°5 
29 • .5 5.3 
30.1 * 4.7 * 32 . 2 5.2 
33 .1 5.5 
3h .J * 5°5 * 36 .8 * 6.4 * 43 .1 * 6.8 * 

* Indicates data used in construction of 
tie lines for Fig . 1 . 

in 
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TABLE III 

SYSTEM: WATER-ACETIC ACID-DIMETHYLANILINE 
REFRACTIVE INDICJl:S AT 25°c. 

PERCENTAGE BY WEIGHT 

ExEerimental Data Smoothed Data 

ND 
25 

%HAc %H20 %DMA ~5 %HAc %H20 %DMA 

Systemg Acetic acid-Dimethylaniline 

1.3965 90.0 10.0 1.3691 100.0 o.o 
1.4186 80.0 20.0 1.3965 90.0 10.0 
1.4374 70.0 30.0 1.4185 80.0 20.0 
1.4551 60.0 40.0 1.4375 70.0 30.0 
1.4715 50.0 50.0 1.4550 60.0 40. 0 
1.4870 40.0 60.0 1.4712 50.0 50.0 
1.5041 30.0 70.0 1.4875 40.0 60.0 
1.5204 20.0 80.0 1.5035 30.0 70.0 
1.5385 10.0 90.0 1.5203 20.0 80.0 
1.5560 o.o 100.0 1.5382 10.0 90.0 

1.5560 o.o 100.0 

System: Acetic Acid-Water 

1.3325 0.0 100.0 1.3325 o.o 100.0 
1.3395 10.0 90.0 1.3395 10.0 90.0 
1.3L62 20.0 80.0 1.3462 20.0 80.0 
1.3529 30.0 70.0 1.3528 30.0 70.0 
1.3585 40.0 60.0 1.3588 40.0 60.0 
1.3640 50.0 50.0 1.3640 50.0 50.0 
1.3685 60.0 40.0 1.3686 60.0 40.0 
1.3725 70.0 30.0 1.3724 70.0 30.0 
1.3536 75.0 25.0 1.3750 80.0 20.0 
1.3750 80.0 20.0 1.3755 85.0 15.0 
1.3754 85.0 15.0 1.3756 90.0 10.0 
1.3755 90.0 10.0 1.3745 95.0 5.0 
1.3745 95.0 5.0 1.3691 100.0 o.o 
1.3698 99.8 0.2 

Systemg Acetic Acid-Water-Dimethyianiline 

1.3766 30.0 60.0 10.0 1 • .3771 30.0 60.0 10.0 
1.3826 40.0 50.0 10.0 1.3822 40.0 50.0 10 . 0 
1.3875 50.0 40.0 10.0 1.3876 50.0 40.0 10.0 
1.3919 60.0 30.0 10.0 1.3930 60.0 30.0 10.0 
1.3973 70.0 20.0 10.0 1.3968 70.0 20.0 10.0 
1.3976 80.0 10.0 10.0 1.3983 80.0 10.0 10.0 

1.3965 90.0 o.o 10.0 
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TABLE III (cont.) 

Experimental Data Smoothed D~J.a 
~ 

25 %HAc %H20 %DMA ~5 %.HAc %H2o %DMA 
~ 

System: Acetic Acid-Water-Dimethylaniline (cont.) 

1.4105 50.0 30.0 20.0 1.4107 50.0 30.0 20.0 
1.4154 60.0 20.0 20.0 1.4155 60.0 20.0 2.0;. 0 
1.4193 70.0 10.0 20.0 1.4190 70.0 10.0 20.0 
1.4186 80.0 o.o 20.0 1.4192 75.0 5.0 20.0 

1.4185 80.0 o.o 20.0 

1.4225 50.0 25.0 25.0 1.4225 50.0 25.0 25.0 
1.4256 60.0 15.0 25.0 1.4253 55.0 20.0 25.0 
1.4285 65.0 10.0 25.0 1.4276 60.0 1.5o0 25.0 
1.4286 70.0 5.0 25.0 1.4285 65.0 10.0 25.0 

lo4290 70.0 5.0 25.0 
1.4280 75.0 o.o 25.0 

1.4354 55.0 15.0 30.0 1.4356 55.0 1.5.0 30.0 
1.4376 60.0 10.0 30.0 1.4370 60.0 10.0 30.0 
1.4376 65.0 5.0 30.0 1.4377 65.0 5.0 30.0 

1.4375 70.0 o.o 30.0 

1.4445 51.0 14.0 35.0 1.4445 50.0 15.0 35.0 
1.4446 54.0 11.0 35.0 1.4447 55.0 10.0 35.0 
1.4456 60.4 4.6 35.0 1.4451 60.0 5.0 35.0 

1.4465 65.0 o.o 35.0 

---·---= 

TABLE IV 

SYSTEM:: WATER-ACETIC ACID 
REFRACTIVE INDICES AT 25°c. 

EXPERIMENTAL VERSUS LITERATURE VALUES 

25 25 
Ilp ~ 

Wt. % HAc Exp. Lit. Wt . % HAc Exp. Lit. 

o.o 1.3325 1.3325 18.0 1.3450 1 •. %49 
2.5 1.3343 1.3343 19.3 1 .3LS8 1.3458 
4.5 1.3358 1.3357 21.1 1.34?0 1.34 70 
6.7 1.3373 1.3372 23 .3 1 .3485 1.3LB4 
8.5 1.3386 1.3385 25 .0 1 .3496 1 .3495 

10.7 1»3400 1»3LOO 26.9 1»3508 . J."&3507 
13.2 1.3417 1,3417 28.8 l j 3520 1» 3519 
15.2 1»3432 1»3431 29.0 1)13523 ·lj3523 

Note: No literature values were available for higher concentrations. 
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Operational Technique~ 

Vapor-Liquid Equilibrium 

For the two component system runs and the single liquid 

phase (both distillate and residue) runs for the three component 
6 

systemsj the Othmer still was used. A recently developed two-

phase still by Hands and Norman7 was used for the three component 

system for all the two-phase runs and part of the single=phase 

runs for this system. Pressure on the still was maintained at 
.. + 

760 = 1 mm. of mercury by means of a Model No. 5 Industrial Car -

tesian Manostatj available through the Emil Greiner Companyj New 

York City. The pressure source used to operate the manostat was 

compressed airo The thermometers used in this investigation were 

calibrated in place by checking with distilled water (boiling 

poin\ 100.0°c.) and with dimethylaniline (boiling point 193.0°c.). 

Temperatures were estimated to 0.1°c. The neoprene stoppers 

which held the thermometers in place showed some tendency to 

swell during operation. 

Othmer Stilli (Fig~J) 

The charge to the Othmer still was abou, 450 ml. The still 

was run for forty=five minutes at a rate of 60-65 drops of dis

tillate per minute 1 the temperature was recorded» and disti.llate 

and residue samples of about 5 ml. were withdrawn for analysis. 

Equilibrium was reached in forty=five minutes. This was proved 

by withdrawing a small sample of distillate after for ty~·five 

minutes and another sample after two hours. Comparison of the 
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analysis of these two samples showed them to be the same. Changes 

in the still-pot composition from run to run were made by with

drawing part of the charge and replacing with one of the pure 

components. 

Hands .md Norman Still: (Fig.h) 

The initial charge to the Hands and Norman still was about 

3SO ml. The still was run for about forty minutes, although 

constancy of temperature was obtained after twenty minutes. 

After forty minutes of operation, the temperature was recorded, 

the stopcock turned to mid-position, and a sample (1-S ml.) 

allowed to collect in the distillate chamber. The stopcock was 

then turned so that the sample ran into the sample bottle. It 

was then turned back to its original position and the temperature 

again recorded after it became constant. The composition of the 

still pot was changed by the addition of pure components. Since 

nothing was removed from the still other than the distillate 

sample, the still-pot charge was larger after each run and varied 

from 350-800 ml. Because the Hands and Norman still gives an 

average result, an effort was made to keep the size of the distillate 

sample small relative to the still pot charge (one percent or less). 

Because of the slight pressure in the still relative to the 

atmosphere (the average atmospheric pressure was 7h0 mm.), the 

16 

stopcock was always blown clean when samples were collected. Any 

liquid clinging to the walls of the sampling outlet was removed by 

means of a pipe cleaner. Because it was not known whether the liquid 

clinging to the walls of the sampling tube, centrifuge tube, and capil

lary pipette had the same composition as the whole distill&te s.mple, 

it was desiz,able to know what percentage of the total sample was lost 



in transfer. The amount of sample remaining in the sampling outlet 

was determined by weighing a dry pipe cleaner, cleaning the samp

ling outlet with the cleaner and reweighing it. The centrifuge tube 

and the capillary pipette were weighed dry and again weighed after 

the samples were removed. The total weight of sample lost in transfer 

was thus found to be about O.lg. The weight of the distillate sample 

varied from 0.8 to 7g., depending on the size and composition of the 

still-pot liquid. It is expected then, that the error from this 

source is small. 

A comparison between the Othmer and Hands and Norman stills 

was accomplished by comparing experimental data from the Hands and 

Norman still with the smooth curve drawn from data obtained in the 

Othmer still for the same system. The results, shown in Table V, 

show good comparison between the two stills. 

TABLE V 

COMPARISON OF VAPOR-LIQUID EQUILIBRIA AS 
DETERMINED IN THE HANDS AND NORMAN STILL 

AND IN THE OTHMER STILL 

SysteJJi: Water-Acetic acid 

Wt. % water in 
Liquid Vapor 

Hands and Norman 34.2 46.3 
Othmer 34.2 46.8 

Syst~•.; Acetic acid-Dimethylaniline 

Wt.% Acetic acid 
Liquid Vapor 

Hands and Norman 49.6 89.6 
Othmer L9.6 89.6 

17 
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OTHMER STILL (6) 

SCALE = opp. 1/3 



HANDS and NORMAN STILL ( 7) 

SCALE = opp. I /3 



RESULTS 

with t.he data being determined in the Othmer stilL The da td. 

obtained are presented as vmie;h L p2. rcent. water in the var,o:r· 

versus weight percent water in ths liquid i n Fig . 5 a nd in 

Table VI o Wi th these data are also plotted the ciata of Othme:r 

8 9 
and Gilrnont 9 those of Cornell and Montonna 9 and those of 

10 
Garwin and Hutchison for the same systemo The curve obt.a1ned 

during this investigation l ies very close to the curves of' 

Cornell and Montonna .,, and Garwin and Hutchison,, but i s somewhat 

lower than the c.urve of Othmer and Gilmonto A comparison o f the 

boiling point data here obtained with those of previous workers 

appears in Table VIL It may be seen that the boili ng points 

determined during this investigation are about OoJ°Co 1ower than 

those recorded by previous workerso 

The Othmer still was used for the deter mination of the vapor 

liquid equilibriwn for the system acetic acid~dimethylaniline ., 

The data obtained for this system are presented as weight percE,nt 

a cetic acid in the vapor versus weight percent a cetic aci d in the 

liquid in Figo 6 and in Table VIIL The boiling point curve for 

this system is shown i n Fi.go 7o 

Data for the t ernary system we re determined in bo t h the 

Othrner and the He.nds and Norman stills o The s e data a r e presented 

as weight per eent water in the vapor ( on a dimethylaniline - fre8 

basis) versus weight percent water i n the liqui d (on a dime thyl~, 

aniline free basis) in F'i8o tL The smoothed data for this systr;m 

appear i n Table IXo The curves of Fig o 8 were obtai rn:.:d by d:r-aw1 ng 

the bes t smooth curve for zero percent dimethyla.nilinn" t hen tak in,~ 



the approximate ten percent dimethylaniline=in~liquid F;int,:,, ;_ , f 

relocating to exactly ten percent by interpolation oro ex l. · ,:,p,-; 1 rt t .:h •· 

(with reference to the zero percent dimethylaniline line ) alon6 

a line perpendicular to the forty-five degree line. The best t.en 

percent curve was then drawno The twenty percent points were re

located by interpolation or extrapolation from the smooth ten 

percent curve and the process continued in this manner . 

Boiling point curves for the ternary system are prese:nt.;,,a in 

Figs. 9-1.~ and the smoothed data in Table X. 

Representation of dimethyJaniline concentration in tho vapc,,r 

as a function of liquid composition is given in Fig. 16 and Table 

XI. The approximate ten percent dimethylaniline points ( in the 

liquid )ll were relocated to exactly ten percent by interpola ticn 

or extrapolation between the actual percentage points afai the 

abscissa ( zero percent line) along a line parallel to the o:.rd:im1 l '• . 

The best smooth curve was drawn and the twenty percent po1nts 

were relocated by interpolation or extrapolation between the ap= 

proximate twenty percent points and the smoothed ten percent 

curve . The remaining points were relocated similarly. Thn cmn/1 c, ',;,c•. 

experimental data f or the system water=acetic a.cid=<limethy1anilim!. 

appear in Table XII. Hands and Norman still liquid corri~).,dti ) .1 ',:: 

and distillation temperatures are presesented as aYerag;~ 'c'Ed .1,.'. , ~ 

except for the case of 90% dime t hylaniline in the liqu:1 -i., .,,L,,, t i 

initial, final and average values are all given. 
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f uture living, educators must supp~ · t hose s ubj ects that will lend 

t hemselves to the all-rounded growth of the indivi dual. Industrial arts 

is an important part of general education for girls as well as the boya. 

It has an interesting deve1opment from the beginning to the present 

time. 

IDiustrial ~ ~ 1!f!.• The high school of today can pley a 

large part in the development of the citizens of tamorroff as stated by 

Mr. Jolm Tate2 • in his thesis of 1949. More than half' (aixt;,J percent) 

of the hi gh school students are not getting t he training and prepara

tion needed to make even a moderate succes s in life. School drop-outa 

prove that the students are not getting t he kind of education that they 

need and are interested in. Boys are in a development stage of 11.f'•• 
either physicaJ. or creati ve, where they can see the immediate results 

of t rlEJ ir efforts. The physical development can be cared for in the 

athletic progrrua which at t he pr esent time is on the increase, and the 

creative urge or instinct can be developed in the industri al arts pro

gram.2 

Industrial Arts wit h the many- phases or subject areas that it 

contains is important to the modern secondary schools in America. The 

practical value of skills that are developed are secondary to the val.uea 

t hat are recei ved by t he student. The study of industrial arts by the 

boys and girls i s indeed t he study of the methods and materials of our 

modern civilizati on. Truly the study of industrial arts can be considered 

2 John B. Tate., Instructor of School of Industrial Arte Education 
and Engineering Shopwork. An A=is of Industrial Arts Education Cur
riculums in ~iftbj11ah Selecl:id. oer and t1iiiversities!n t.he uiiitea 
States. I9li • om.a Agricultura ara-11echanical College., sti.J.liater., 
Oklahoma.. 



22 

TABLE VI 

VAPOR-LIQUID EQUILIBRIUM IN THE 
SYSTEM WATER-ACETIC ACID AT 760 mm. 

ExEerimental ~ Smoothed Data 

Wt. % H20 Wt. % H20 

Temp. Vapor Liquid Temp. Vapor L.iquid 
oc. oc. 

100.0 100.0 100.0 100.0 100.0 1.00.0 
100.1 94.6 92.8 100.1 92 .5 90.0 
100.0 89.7 86.2 100.2 85 -1 80.0 
100.2 88.1 84.1 100.7 77.4 70.0 
100.7 77.9 70.4 100.9 70.0 60.0 
100.8 72.6 62.8 101.3 62.2 50.0 
101.2 61.6 49.9 102.1 52 .9 40.0 
102.0 50.7 38.0 103 .2 42.3 30.0 
102 .4 49.9 37 .o 104. 7 30.1 20.0 
103.4 40.3 28.0 107.9 16 .. 7- 1.0 .. 0 
105.1 27.6 18.6 118.1 o.o OoO 
105.2 26.2 17.1 
107.5 17.9 10.4 
108.0 17.1 9.9 
115' .3 2.5 1.5 

!AUVII 

SYSTEM: WATER-ACETIC ACID 
BOILING POINT VERSUS CONCENTRATION 

PRESSURE r 760 mm 

Tem:e. 0 c 
Othmer & Cornell & Uarwin & This 

X Gilmont Montonna Hutchison Investigation 

0 118.0 118.1 
10 108.6 108.2 108.2 107.9 
20 105.1 10.5.1 105.1 lO!i. 7 
30 103.4 103.4 103.4 103.2 
40 102.3 102.3 102 .3 102 .1 
50 101.6 101.6 101.7 101.3 
60 101.1 101.1 101.2 100.9 
70 100.7 100.7 100.8 100.7 
80 100.4 100.4 100.5 100.2 
90 100.2 100.2 100.2 100.1 

100 100.0 100.0 100.0 100.0 

X: Weight percent water in the liquid 
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TABLE VIII 

SYSTEM: ACETIC ACID-DIMETHYLANILINE 
VAPOR-LIQUID EQUILIBRIUM AT 760 mm. 

Experimenta~ Data 
T X Y - - -

193.0 
161.0 
152.6 
141.6 
134.0 
130.8 
127.9 
126.2 
125.4 
122.2 
120.0 
118.0 

o.o 
5.3 
9.3 

17.5 
29.9 
36.8 
49.0 
54.0 
56.5 
71.6 
82.2 
90.5 

o.o 
42.5 
57.2 
72.0 
82.2 
86.0 
88.6 
91.2 
91.2 
94.5 
97.0 
98.5 

Smoothed Data 
T X - -

171.0 
168.3 
160.5 
155.0 
151.3 
148.4 
143.6 
139.7 
136. 7 
134.6 
133.0 
131..~ 
130.1 
127~8 
126.0 
124.5 
123.1 
120.3 
119.2 
118.1 

2.0 
4.0 
6.0 
8.0 

10.0 
12.0 
16.0 
20.0 
21i.o 
28.0 
32.0 
36.0 
40.0 
48.0 
56.0 
64.0 
72.0 
88.0 
94.0 

100.0 

X • Weight percent acetic acid in the liquid. 
Y ~ Weight percent acetic acid in the vapor. 
T • Temperature, 0 c. 

y 

19.8 
34. 7 
45.5 
.53.2 
58.4 
62 .6 
69.l 
74.3 
78.3 
81.2 
83 .5 
85.4 
87.0 
89.4 
91.4 
93.0 
94.8 
97.9 
99.0 

100.0 

24 
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TABLE II 
. -- .... . 

VAPOR..;LIQOID EQOILIBRIUC 
SYSTEM~ WATER-ACETIC .ACID-DIMETH~ NIUNE 

PRESSURE: 760 mm • 
Smoothed Data 

X y 
=- 2 ::"d :. l,;,,.~ .. ... ~:,~.:;~.Ii~~:~~ .. : .. ~_e __ . -··-· -·-··-· .. --

.,;:ao,~·::::-;_: ; __ . j l; .. ·. . .. _70 . ~:~<· . 90 .. 

4.0 7.4 9.8 11.0 12.2 13.6 16.0 18.6 20.6 
8.0 1.3.6 17.6 19.3 21.8 24.6 29.6 3.3.8 40.6 

12.0 19.6 24.0 27.4 30.4 34.8 40.2 45.4 56.4 
16.0 25.0 .30.0 .34.2 . 38.6 43.2 48.4 54 • .3 65.2 
20.0 30.1·· 35.4 40.8 45.8 50.2 54.7 60.1 70.3 
2.L.O 35.1 40.7 47.6 52.2 55.7 59.3 64.l 73.5 
28.0 40.0 46.1 53.3 57.5 60.2 62.6 67.0 75.9 
32.0 44.4 51.2 58.6 61.6 63.3 65.0 69.2 77.9 
36.0 48.8 55.9 63.1 ~4.9. 66.0 . ;97.1 71.2 79.5 
40.0 52.9 60.3 66.4 67.5 68.,:· 69.1 72~9 80.4 
44.0 56.7 64.2 69.0 69.9 70.7 70.9 74.5 81.9 
48.0 60.4 67.5 71.3 71.1 71.7 71. 7 76.1 82.9 
52.0 63.9 70.6 73.3 74.1 74.2 74.2 77.6 83.8 
56.0 67.0 7.3 .4 75.3 75.9 75.9 75.9 79.1 84.6 
60.0 70.0 76.2 77.4 77.7 77.7 77.7 80.8 85.3 
64.0 . 72.9 78.8 79.5 79.7 79.7 79.7 82.6 86.4 
68.0 75.9 81.3 81.7 81.8 81.8 81.8 84.3 87.6 
72.0 79.1, 83.7 83.9 8.3 .9 83.9 83.9 86.2 89.0 
76.0 82.0 86.2 86.3 86.3 8f.3 86.J 88.0 90.4 
80.0 85.1 88.4 88.4 88.4 88·.·h · 88.4 90.0 91.9 
84.0 88.1 90.7 90.7 90.7 90.7 90.7 91.9 9).4 
88.o 91.0 93.0 93.0 93.0 93.0 93.0 93 .s- 95.0 n.-0 94-4 ·· 95,6 9$-¥3-· 95,,3- .. 9$-.'3 95.3 95.9 96.7 
96.0 91.i 'J1 .4 97.4 97.h 97.4 97.4 97.9 98.4 

! ----~ .• 

X = Weight percent water in the !iqu~ (dimethylaniline-fre, basis) 
Y = Weight percent water in the vapof,; (dirnethylaniline-free ' basis) 
Z = Weight percent dimethylaniline i~ the liquid 





TABLE X 

SMOOTHED BOILING POINT DATA 
WATER=ACETIC ACID-DIMETHYLANILINE 

T 
Weight percent dimethylaniline in liquid=-·= · · -

X lQ!.. w.... 30% 40% 50% 70% 90% 
~ 

_.........,, 

0 12000 12L8 123 02 12,. 0 127 00 l)J o) J,1;;2 0 0 

' 11.3 06 11307 11407 115.0 112 . 2 115.5 123 . ) 
10 109.7 10904 110.0 10906 108 . 7 107 . 5 11.1 . o 1, 107 . 0 106.5 106. 7 1os.4 104.7 lO!i.2 H)b 6 
20 10.s . 2 104 . 7 lOL.5 103 .0 102 . 8 102.1 102 . l 
25 104 .2 103 .6 103 00 101.8 101.8 101.0 100. 7 
30 103 .4 102 0 7 102 .3 lOlo) 101. .5 100.5 ] (;{Je () 

35 102 .6 102.0 101.7 101.0 101.2 100. L 99 . 5 
40 102 .o 101 . 3 101.1 100.6 lOLO 100.2 9''/ . ; 
45 101 .L 100. 7 100.7 100.3 100.7 100. 0 9) .2 
50 100.9 100.3 100.3 100.0 100.4 99.8 ?9 . 0 
55 100.5 100.0 100.0 99 .8 100.2 99.6 9fL 9 
60 100. 2 99.6 99.7 99 . is 100.'1 99 .L 98 . b 
65 99.8 99.3 99 .u 99 • .3 99 .7 99 . 2 \~ ,::r ., 

'J \~1 0 [I 

70 99.5 99 .0 99.1 99.0 99.4 99.0 9S .6 
75 99.2 98.8 98 .9 98.9 99.3 98 .8 9B . 1:: 

80 98.9 98.6 98 .7 98.7 98.9 98.6 ry(l .!.i 
85 98.7 98.4 98.5 98.5 98.7 98.5 9B .Ji 
90 98.5 98.3 98 .3 98 .3 96.5 98 .3 98 .2 
95 98 .3 98.1 98.l 98ol 98.2 98 .1 9cl ol 

100 98.,0 98 .0 98.0 98.0 98o0 98.0 9fl .o 
,..___ -=·-¥- .,, ~·"" ........ _____ , ... ,-. -· .. , .. · 

X ~ Weight percent water 
free bas is ) • 

in the liqui.d (dirneth;ylamUnr.' ~ 

T ~ Temperature 9 
oc . 



30 

. . j '"' l - • • , , l • 
' 1. ' . • ~ , -, • 

;; :,t; _:1i: j;: 
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TABLE XI 

DIMETH'YLANILINE VAPOR CONCENTRATIONS 
IN THE SYSTEM WATER-ACETIC ACID-
DIMETHYLANILINE (SMOOTHED DATA) 

B 
I z = 10% 20% . 30% - ~0% 70% 90% 

0 1.3 3.5-- 5.5 10.3 22.0 42 ., 
5 1.4 4.2 6.8 9.6 15.0 27.5 

10 1.7 5.4 8.3 10.1 14.9 22.8 
15 2.2 6.2 9.8 12.7 16.0 20.7 
20 2.8 8.4 11.5 14.8 17.1 20.0 
25 3.5 10.3 13.3 16.6 18.0 19.9 
30 4.6 12.3 15.3 17.9 18.8 19.9 
35 6.1 14.7 17.2 18.7 19.5 19.8 
40 8.0 17.2 18.8 19.2 19.9 19.9 
45 10.4 19.1 19.5 19.5 19.9 19.9 
50 13.5 19.5 19.5 19.5 20.0 20.1 
55 17.2 19.6 19.6 19.6 20.0 20.2 
60 19.l 19.6 19.6 19.6 20.0 20.5 
65 19.7 19.7 19.7 19.7 20.0 20.8 
70 19.7 19.7 19.7 19.7 20.1 21.1 
75 19.8 19.8 19.8 19.8 20.2 21.5 
80 19.8 19.8 19.8 19.8 20.3 21.9 
85 19.9 19.9 19.9 19.9 20.4 22.3 
90 20.0 20.0 20.0 20.0 20.6 22.8 

X = Weight percent water in liquid (dimethylaniline 
free bas is ) • 

Z = Weight percent dimethylaniline in the liquid. 

B = Weight percent dimethylaniline in the vapor. 
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TABLE III 

VAPOR-LIQUID EQUILIBRIUM IN THE 
SYSTEM: WATER-ACETIC ACID-DIMETHYLANnINE 

AT 760 mm. EXPERIMENTAL DATA 

iemp. HAc Diil H~O HAc DMl H20 Nx Ny .. s - Weighi % H20 
c. (Wt.% in Liq (Wt. % in Vap.) DMA free basis 

1,iq. Vapor 

Dimethylaniline in liquid approximately ten weigh\ percent 

98.5 5.2 9.5 85.3 2.8 19.8 77.4 2 2 H 94.2 96.5 
98.5 9.9 9.8 81.3 5 .3 19.5 7;.2 2 2 H 89.0 93 .4 
99.0 14.2 9.2 76.6 7.4 19.4 73 .2 2 2 H 84.4 90.8 
99.1 18.1 9.4 72.5 9.6 19.5 70.9 2 2 H 80.0 88.1 
99.4 21.8 8.9 69.3 11.0 20.2 68.8 2 2 H 76.1 86.2 
99.5 25.1 9.1 65.8 13 .2 19.7 67.1 2 2 H 72.4 83 .6 
99.7 30.4 10.3 59.3 16.2 19.1 64.7 2 2 H 66.l 80.0 

100.1 35.1 10.a 54.1 18.4 19.0 62.6 2 2 H 60.6 77.3 
100.3 39.6 10.1 50 • .3 20.9 17.5 61.6 2 2 H 55.9 74.6 
100.6 42.8 9.8 47.4 24.4 15.6 60.0 2 2 H 52.6 71.l 
101.0 46 • .3 9.7 44.0 27.8 12 .3 59.9 l 2 H 48.5 68.4 
101.6 51.9 a.5 39.6 34.6 7.8 57.6 1 l 0 43 .3 62.5 
101.9 54.6 9.6 .35 .8 37.$ 6.0 56.5 l 1 0 39.6 60.1 
10.3 .o 61.5 9.6 28.9 46.2 5.6 48.2 1 1 0 32.0 51.1 
103 .o 61.; 9.; 29.0 46,9 5.6 47.5 1 1 0 32.0 50.4 
104.4 68.3 10.0 21.7 ;a.a 4.0 38.0 1 1 0 23-1 39.6 
105.0 69.7 11.1 19.2 60.9 3 .9 36.2 1 1 0 20.5 37.7 
107.0 76.2 10.9 13.0 71.l 2.8 26.1 1 1 0 14.7 26.9 
116.0 81.2 13.9 4.9 83 .4 3 .1 13.6 l l 0 5.7 14.0 

Dimethylaniiine in liquid approximately twenty weight perceni 

98.0 5.2 20.1 74.7 3.2 20.8 76.0 2 2 H 93.5 96.0 
98.0 10.9 19.8 69.3 6.5 20.0 73.5 2 2 H 86.4 91.9 
98.8 15.9 19,5 64.6 9.7 20.0 70.3 2 2 H 80.3 87.9 
99.0 20.4 19,2 60.4 12.1 20.5 67.4 2 2 H 74.7 84.8 
99.7 24.6 18.9 56.5 14.1 20.1 65.8 2 2 H 69.7 82.3 
99.8 28.0 18.6 53.4 15.6 20.0 64.4 2 2 H 65.6 80.5 

100.0 33.7 19.7 46.6 19 .. 6 18.7 61.7 2 2 H 58.u 75.9 
100.4 38.8 19,3 41.9 22.Q 18.9 59.3 2 2 H 51.7 73.1 
100.9 42.9 18.9 38.2 24.2 18.7 57.1 2 2 H 47.1 70.4 

Nx ~ Number of phases present in the liquid 
Ny= Number of phases present in the co~ensed va)or 
S, ::: Type of still uaed (othmer or Hands & Norman 
0 - - Othmef' 
H ; Hands & Norman 



TABLE III (conto) 

DimethylanilJihe in liqui(i'-approximately 30 weight percent 
'i •, > L • 

98.0 
98.0 
99.0 
99 .• 2 
9.9~.9 . 

1w~o 
100,5 
too a 

" .• 
101.2 
10lo9 
10202 
103.-0 · 
104.6 
108.0 
108:.4 
112~1' 

57o3 5.7 19.7 74o3 2 
·52.3 10.1 20.0 69.9 2. 
47 .. 1 ·13.0 19 .• 2· 67.8 2 
43.0 ·J5o6 18.5 65~9 2 
39.0 18.2 19"'' 62.3 2 
36.l 2·0.0 I9;0· -61.0 2 
Ji.3 22.8 l8.7 . 58.; 2 
27.4 2$,r4 1.8.8 :55 .. a 2 
24.2 28_ • .3 11.a··.54.o 2 
2;.6 JO.~$ 1.7·o4 .52'!1 . 2 
19.6 · .~3 .~ 16.0 50., 2 
11. r ·J6.·~ i5;a 4a.o 1 
12 .9 . 4.5.9 ij .2 . 40.9 1 
9.6 ·59.6 ' 10.4 .30·~0 1 
7.~ 61;.5 . 10.0 28 .. 5 1 
U~11 ,74.1 8.3 17.6 1 

- ~ . -' 

. 2 
2 
2 
2 
2 

· 2 
2 
2 
2 
2 
2 
2 
1 
1 
1 
l 

Df.iie_thylaniliri~ in liq~id approximaielf:"4~ fi pe~ce~t · 

98.6 6.5 40.4 · 53.1 5.5 21.Q. 73._s 2 2 
99~0 12.0 .40 • .3 . 47.7 9.2 21.0 69;;8 2 · 2 
99.4 . 2(h8, 41.3 37 .9 16.l ,1y·~a- 6h.l' 2' 2 · 
99.6 20.3 40.0 39.7 14._7 .t'20~4 . 64.9 2 2 
99.6 20.3 40.2 39.5 1;.:i, 20t5 .. 64.4 2 2 
99..6 23.6 41.4 35.0 17.J;i 1~ •. 6 63.0 2 2 
99.8 23 ., 4000- ' 36.5 17 ~~ 19;'7 63 ,1 Z' ~ 

100.0 27 • .3 41.6 3lol 20.Q 19.$ 60.5 2 2 
100 • .3 31.9 42 .i 26.0.. 2.3 o5 l8~S ss,..o '2 2 
100.~ .33o9 4lol 2,5 •. 0 25ol 1,8!l,l ;S6·.:"f 2 ':' :2 ,. 
lOloO 37 oh 4lol 2lo5 27 ol lt,:2 54.5 2 · 2 
101.7 1ii.8 41.0 . . 17.2 .32.3 l7.2 50 .. 51 i 2 
102.0 45.4 42.0 .... 12 · •. 6 40.~ ' 15.0 45.0 l ___ , 1 
101.2 51.a 40.9 1.3 57.a 9.5 33.5 1 1 

H 
H 
H 
H 
H 
H 
H 
H 
H 
H 
H 

. II 
0 
0 

' 0 
0 

H 
H 
H 
.H 
H, 
H 
H 
H 
l1 

. H .. 
H 
H 
JI 
H 

88.5 92 .9 
79.1 87.4 
71.7 83.9 
65.2 80.9 
59.5 77.4 
54. 7 75.3 
47.3 72.0 
41.3 68.7 
36., 6,.5 
.33 o5 63 ~l 
29.4 60.l 
26.6 57.0 
19.5 47.1 
12.6 33.5 
11.8 31.7 
7.0 19.2 

31 

89. 0 
80.0 
6h., 
66.2 

-· 66~1 
.. 59 .7 
60.9 
46.5 
ldc. 8 

93 .,0 . 
88.4 
79.9 
81..5 
81 .. 0 , 
78 o3 ,_. ... 

42ob . 
36 .. 4 
29 . 2 
21.8 
12 . 5 

78.6 
1, .2 
~n~2· 
69.3 
66.9 
61 .0 
53.0 
:n .o 
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TABLE XII (conto) 

9.8.~Q. . o.68. 89,.9 
. 9@:.a o.68 90 .• 2 

9.4 .2~0 23~2 14.8 2 
9.1 

* 98:.1 ' 

98.0 1.3~ ~9.5 9.2 3.8 22., 73.7 2 
98~1 1.30 90.0 8.7 

* 98.1 

... ·-9.th l 1.9.3 89., 
·9e.2 1.9, 89.a 

8.6 5.9 21~5 72.6 2 
6.2 

* 96.2 

98o5 2 .60 89.o2 8.2 7 •7 19.5 72 .8 2 
98., 2.,6 89.7 7~7 

* 98.s 

98.8 3.33· 90.0 6.7 9·.1 21.0 69.9 2 
. 981.a 3 .31 89 .3 1.4 

* 98.8 

99.2 4.04 8.8.6 7 .h 10.8 21.9 67.3 2 
99.. 2- 4. 00 ' :88. 9 . 7. 7 

* 99.2 

99.2 4.8 88.3 -6.90 12.0-20.0 68.0 2 
99.3 . 4.8 88~6 · 6.-64 

* 99~:3' 

99.2 
99.3 

* 99.3 

99.3 
99.3 

* 99.3 

,.e .88.6 ·1:..~2 13 .s 20., 66.o 2 
5.9 88.7 5.38 

! 

5.9 . ,. 89 .. l 5.00 14.2· 20.2 6,5.6 2 
6.o · 89 • .3 4.66 

99.4 6.3 89.4 4.27 i,a 20.e 64.1 2 
.9.9 .5 ' ~.,h ; _89 .1 ,, 1 3 .93 * .. 99;5 ,. 

99.8 6.8 89., 3.66 16.0 20.5 62.5 2 
99 .8 6.8 89.5 3 /)4 

* 99,8 ........... 

Note: 

2 

2 

2 

39 

H 93 .3 97 . 5 
93 .2 

* 93 • .3 97 .5 

H 87.,4 95 .1 
87 . 0 

* 87 .2 95 .1 

H 82 .6 92 . 5 
. 8,0 .. 9 

, ·a1 .8 92 .5 

2 H 76 .0 90 .5 
73 .1 

* 74.6 90 .5 

2 H 69 .8 88.5 

2 

2 

2 

2 

2 

69 ol 
* 69 .5 88 . 5 

H 64 .6 86 • .3 
6.3 . 9 · 

* 64.3 86 • .3. 

H sa .1 as~o 
57 .9 

* sa .3 s,.o 
H 49 .$ 83 .0 

47 .8 
* 48 .6 83 . () 

H 45.7 82.J 
43 .5 

* L4 .6 82.3 

* 39 . 2 81.0 

H 34 .8 78 . 5 
32 .8 

* 33 .8 1a . 5 

Liquid compositions aIXl distillation tempe~atures are r ec r.n;-de.d 
before aIXl after removal of distillate samples. 

,. '.', 
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TABLE III (cont • .) 

te!P· ' ·nxc nD ' B2t) Rlc ,. mu · 1¥20 . Ix Ny -~ : ,t. (Wt. % in Liq.) ' (lrt. ·% ,in Vap.) DMA free bas l s 
Liq . Vapor 

" 

100.5 7.5. 89 •. 6 2.9~ 20.1 20~0 59.3 _ 2 2 H 28 .1 74 ul 
101.0 7~1' 90·.o 2.59 25.9 

* 100.a * 27 .0 74"1 

IOl.~.e· 7.9 89.9 2.16 · 23.9 21.4 54.7 2 2 H ?l.li 69.6 
102.4 7.8 90.3 .l.90· 19.6 

* 102.1 * 20. ~-' .. , ... 69 .·6 
,, 

.103.6 8.2 90,l L67 27.9 20.1 52.0 2 2 H 16'.8 65.l 
-10; .i: 8.1 90.5 1.39 140$ 

* 104.b -. * 15.7 .6.s.r 

102.0 9.2 89.0 i:iii -: ·io.J· 20.1' Ii9.6 ·2 '··-'2· H 16 • .3 62 . 0 
103.1 :. 9,0 89.4 1 .. 64· 14. 8 

* 102.6 * 15.6 62 . 0 

105.5 8.6 90.0 1.35 .32.2 21.6 46.3 2 2 H 13.5 59 .0 
107.3 e.; 90.3 1.1; ll o8 

* 106.4 • 12 ,7 59 .0 

lOh,~ 9.3 89.j 1.41' 34.0 ·+s •. 1 47.3 2 2 H 13 .2 58.J 
10,f.9 9.2 a,.~ 1.~9 12 .3 

* 10;.1. * 12 .8 .58 .3 

110.e 9 .l. 90.0 o.88 ,. 40.a 22.8 36.4 l 2 H o.a 47 .1 
112.6 6.9 90.3 0.11 7.9 

* 111.7 * · a.4 47.1 
. . 

69~-S 111.0 9.5 1.02 42.8 21.·6 35.6 2 2 H 9.8 45.5 
~14,2 9.4 89,1 o~a·a· 8.;9 

* 112 ~6 * 9.4 45.5 

118.2 9.7 89.6 0.73 so.s . 2,!', 24.0 1 1 H 7.0 32 .2 
119.a 9~5 89.8 o.66 6.$ 

* 119.0 607 32 .2 

120.1 9.8 89.; o.68 .si.o 27.; 21.5 1 l H 6.5 29 . 6 
12.;h ( 9.6 89.6 0.60 5'.8 

* 12~,.2 : * 6.2 29.6 

126.~ 9.8 8f.8 0.-41 ,e·.:r z;.-5 · rti.? 1 l H L .. o 19.6 
121.e 9.7 a9.9 0.36 3.6 

* 121~.o- * 3. !t 19.6 

* Indica:tes the average values of distillation tempe:rat.urea and 
liquid oo~positions. 



DISCUSSION 

The data show that the addition of dimethylaniline increases 

markedly the relative volatility of water to acetic acid, partic

ularly in the acetic acid-rich region. 

A proposed scheme for separat~ng acetic acid and water by 

extractive distillation with dimethylaniline is shown in Fig. 17. 

The dilute acetic acid is distilled in the first column in the 

presence of dimethylaniline. The distillate from this still 

consists of water and dimethylaniline which separate on condensing. 

The water is discarded and the dimethylaniline is recycled to the 

column. The bottoms product, consisting of acetic acid and dimethy

laniline, is charged to a second still where the acetic acid is 

removed from the top. The dimethylaniline bottoms stream is recycled 

to the first still. Whether a commercial process utilizing this 

principle could compete economically with existing processes would 

require the aquisition of data on the extractive distillation 

carried out continuously, followed by a detailed economic study. 

Factors which would come under consideration, in addition 

to the increased relative volatility and its ccnsequent effect 

on the size of equipment, are steam requirements and materials 

of construction. A suitable material of construction for the 

dimethylaniline recovery column, where no water would be present, 

might be aluminum. It is possible that the first column could be 

constructed of mild steel, since an excess of dimethylaniline could 

be present. If this is unsatisfactory, stainless steel or any 

other alloy commonly employed for acetic acid service could be 

used. 
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APPENDIX 

A procedure for the determination of aniline by bromination~ 

d 1 d O limo k is f 11 14~1s~16 as eve ope in pre 1.nary wor !i as o ows g 

The sample containing aniline is diluted to 200 mlo in a glass 

stoppered bottle o The KBr03-KBr solution (Ool M KBr03=0o5M K:Sr) 

is added in an amount to give a slight excess of Br2 o One half 

mlo of concentrated HCl is added for every mlo of KBr03=KBlr s ol= 
I 

ution and the flask is stoppered and let stand for five to ten 

mintues during which time the following reaction takes place g 

O. air~t ~i -"-

.,,. '!> HBt 
!llr a--

After this time the flask is opened and .the free bromine is 

treated with excess KI to give free iodineo The iodine is titra= 

~ed with Na2S20:3 (OolN=containing 308 grams per liter of borax as 

a preservative)13 and fresh starch solution indicator is added 

near the end of the titrationo 

If 9 after back titrating~ it is found that more than 1 ml . of 

excess KBr03-KBr was used per 100 ml. of diluted sample 9 the amount 

of KBr03-KBr solution should be reduced and the analysis repeatedo 

The time allowed for bromination should not be over ten minutes. 

This method was tested agains t known aniline samples and was 

found to give results accurate to Ool percento 

An attempt was made to titrate the Br2 directly with thio= 

sulfate 9 but very low and erratic titers were obtained . 



SAMPLE CALCULATIONS 

Hands~ Norman Still: 
Three Component System; Single Phase (Residue and Distillate) 

Initial Charge: 300 ml. DMA 
30 ml. HAc (99.5% 

1.15 ml. H20 

Boiling Point before removal of distillate 
Boiling point after removal of distill~te 
Average boiling poin\ 

0 Temp. 31 C. 

126.2°c 
127.8 
127.0 

25 
Refractive Index of distillate sample (nn) 1.4314 

Weight of sample 0.702g. 
Sample diluted to 100 ml. and 25 ml. aliquots taken 
f ·or titration with O. 0948N Na OH. Titer = 17. 91 ml. 

Weight percent acetic acid in distillate: 

ml. NaOH x normality NaOH = Weight percent H.Ac 
grams sample x aliquot x 10 
eq. wt. H.Ac 

17.91 X 0.0948 : 58.3% H.Ac , 
0. 702 X l X 10 
60.05 

Refer to Fig. 2 

HAc = 58.3%, ~5 : 1.4314 • . The point falls midway 
between the 30';'0% and 25.0% DMA lines. DMA = 27.,%. 

On a DMA free Basis: 

HJ.c = 58.3 : 80.4%, : 19.6%. 
100 - 27.5 

Composition of Residueg 

HAc. ml. x density1' 2 x % = 30 x 1.142 x 0.995 ~ 31.1.og. 
4 100 

DMA = ml. x density = 300 x 0.947 ~ 284 g. 

H2o : ml. x densit,J + ml. H.Ac x %H2o in H.Ac x density 
: 1.15 X 0.996 + 30 X 1.142 X .00$ = l.Jl go 

Total Weight 

45 



Weigh'i percenti 

HAc: 31.10/316: 9.8L% 
DMA: 28L/316 = 89.8% 
H20 = 1.31/316 = 0.414% 

On DMA free basis» H20 = O.Ll.4 : L.04% (T). 
100-89.8 

Composition of residue after correction for removal of 
distillate samplet 

Corrected weigh\~ original weight - weight of 
distillate sample. 

HAc ~ 31.10 - 0.702 x 0.583 
DMA: 284 = 0.702 x 0.275 
H20 = 1.31 - 0.702 X 0.142 
Total Weight 

Weight percenti 

HAc: 30.69/315.7 : 9.77% 
DMA: 283.8/315.7 : 89.9 % 
H20: 1.21/315.7 : 0.383% 

= 30.69 
: 283 .8 
::: 1.21 
::: 315. 7 

On a DMA free basis; H20: 0.383 - 3.80% (T). 
100-89.75 

Average H20 in residue: 4.04 ~ 3.80 : 3.92% (T). 
2 

II Three component system; two phases (distillate and residue). 

Initial Charge ~ 50 ml. DMA 0 
25 mlo HAc (99.5%) Tempo 29 C. 

L25 ml. H20 

Boiling point; 98.5°c. 

Distillate sample is separated into phases at 25°c. 
and each phase is analyzed separately. 

Wt. H20 layer DMA layer Total 

Wt. 4.31,g. 0 . 989g. 5 .304g. 
25 1.3384 lo5547 nD 

Refer to Fig. 2. 

HAc composition for each layer is found by locating 
the refractive index on the solubility envelope and 
reading the percent HAc. 

L6 



Note: 

Percent H.Ac by refractive indexg 

H2o layer 
3.5% 

DMA layer 
0.5% 

Reminder of each phase is reweighed and the percent 
HAc is checked by titration, with 0.1002N NaOH. 

H2o layer DMA layer 

Wt. sample 4.216 g. 0.901 g. 
Ml. 0.1002 N NaOH 
for titler 2.42 0.70 

Wt. percent HAc J.50% 0.47% 

On Fig. 1, a tie line is drawn between points represent
ing percent HAc in the water layer and percent HAc in the 
DMA layer which is in equilibrium with the water layer. 
Length of tie line is 22.2 cmo 

The ratio of the weight of the DMA layer to the total 
weight is: 

0.989 : 0.186; 0.186 x 22.2 cm.= 4.15 cm. 
5-304 
L.15 cm. is scaled from the water rich end, and the com
position is read: 

2.8% H.Ac, 19.8% DMA, 77.4% H20 

On a DMA free basis; HAc: ).5%, H20 = 96.5% (T). 

Liquid composition is calculated in the same manner as 
in part 1, above. 

DMA ~ Dimethylaniline 
H.Ac ~ Acetic acid 
H2o: Water 
(T) ~ Tabulated experimental value 
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