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Abstract:
The purpose of this paper is to determine whether the per cent recovery of the less volatile component
in any binary system is independent of the composition of the original charge when separated by means
of azeotropic distillation.

Several different systems were investigated using liquids representing the various hydrogen bond
classes of compounds. The liquids used were hydrocarbons, alcohols, ketones, acids, chlorinated
hydrocarbons, and diethers.

Azeotropic distillations were made upon each of the systems investigated and non-azeotropic
distillations were made wherever possible for control runs.

The investigation showed that the recovery of both the less volatile and the more volatile components
was increased by azeotropic distillation. The recovery of the less volatile component was independent
of the charge composition while the recovery of the more volatile component varied with the charge
composition. The purity of the less volatile component was not improved by azeotropic distillation, but
the purity of the more volatile component was improved when the separation was difficult. 



EFFECT OF COMPOSITION ON RECOVERY FOR 
SEVERAL AZEOTROPIC SYSTEMS

by
HARRY Co CARPENTER

A THESIS
Submitted to the Graduate Committee

in
partial fulfillment of the requirements 

for the degree of
Master of Science, in.Chemical Engineering ,

at
Montana State Collegp

Approved s

Graduate Committee

Bozaman9 Montana 
. August9 .1948



/K?7<f

r̂ f. %- 2
TABLE OF CONTENTS

Abstract „ . . 
I Introduction e e » < * e v e o e o e o < t > e o e e a e 6

II Equipment9 Methods, and Compounds 
A. Equipment . .
Be Methods » . „
C 8 Compounds

e o e •  e ® e  •  «

• • • • • o  e o o » o ® ® o e e
e  e  e e e o e o e o e t o e o e o e

' e e e  o o o o  o o o

o o o o o o o o o o o o o e o o o e o o o

O O O »  O  © O O O O  O O O O O  O O O O O

9 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

III Sample Calculations.
IV Results,
V Conclusions.
VI Acknowledgment
VII Literature Cited, 8 < « < » , © © , © ® © © © © ©
'/'III Appendix© , , a © © © © © © © , © * © © © © © © ©  

Table I •= Azeotropic Data for the Several
Systems Investigated© ..............  ©

Table II - Charge Compositions, Entrainers and 
Recoveries for Azeotropic Runs.

Table III - Charge Compositions and Recoveries 
for Non-Azeotropic Runs 0 * 0 0 0  o o e

Figure

-I Figure

I '
Figure

IN
Figure

Figure
Figure
Figure
Figure

V V

System Toluene-Methylcyclohexane-2- 
Butanone© © © « © » « • © © » ©  # © © ©
- Azeotropic Distillation Curves for the 
System Cyclohexane-Benzene-Acetone» » ©
- Azeotropic Distillation Curves for the
System n-Octane-Ethy!benzene-Acetic 
Acid. © © . © . . © .............. ..

Page
4
5
9
9
11
16
17
19
23
24

25
26 
28
29
30

31
32

System Ethylene dichloride-Dicxane- 
I-Propanol.......... .. 34
- Non-Azeotropic Distillation Curves for
the System Toluene-Methylcyclohexane © » 35
=■ Non-Azeotropic Distillation Curves for 
the System n-Octane-Ethy!benzene. . © © 36
- Non-Azeotropic Distillation Curves for
the System Ethylene Dichloride-Dioxane © 37
- Azeotropic Recovery of the Less Volatile
Component . . . . .  ............  . . .  38

87113



Page
Figure 9 - Non-Azeotropie R e c o v e r y  of the Less

Volatile Component ..................  39
Figure 10 - Azeotropic Recovery of the lore

Volatile Component 40
Figure 11 - Non-Azeotropie Recovery of the More

Volatile Component . . . . .  ........  41
Figure 12 - Effect of Charge Composition on

Azeotropic and Non-Azeotropic Recovery 
. for the System Toluene-Methylcyclohexane- 
2 —!Butanone . . . . . . . o . . . . . .  42

Figure 13 - Effect of Charge Composition on
Azeotropic and Non-Azeotropic Recovery 
for the System Ethylbenzene-n-Oetane- 
Acetic Acid. . . . . 0 . 0 0 0 . 0 . 0  43

Figure 14 - Effect of Charge Composition on
. Azeotropic and Non-Azeotropic Recovery 
for the System Ethylene Dichloride- 
Dioxane-I-Propanol . . . . . . . . o . 44



4
ABSTRACT

The purpose of this paper is to determine whether the 
per cent recovery , of the less volatile component in any "bi­
nary system is independent, of the composition of the original 
charge when separated by means of azeotropic distillation.

Several different systems were investigated using liquids 
representing the various hydrogen bond,classes of compounds. 
The liquids used were hydrocarbons, alcohols, ketones, acids, 
chlorinated hydrocarbons, and diethers.

Azeotropic distillations were made upon each of the 
systems investigated and non-azeotropic distillations were 
made wherever possible for control runs.

The investigation'showed that the recovery of Both the'' I - J
less volatile and the-more volatile components was increased 
by azeotropic distillation. The recovery of the less vola­
tile component was independent of the charge composition;, 
while the recovery of the more volatile component varied with 
the charge composition. The purity of the less volatile com­
ponent was not improved! by azeotropic distillation,' but the 
purity of the more volatile component was improved when the 
separation.#aa difficult.
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I INTRODUCTION

Azeotropic distillation is ttio t$rm applied to distilla­
tion or rectification which involves the formation of con-

. . . . .

stant boiling mixtures» An azeotropic mixture is one which 
boils or distills without change in composition and it has a 
boiling point higher or lower than that of any of its pure 
constituentso (6)

Azeotropic distillation finds one of its principle ap­
plications in the separation of mixtures whose components 
boil too closely together for economical use of simple frac­
tional. distillation. The method is particularly applicable 
when the components to be separated differ in chemical 
structure so that their volatility is changed in differing 
degrees by the addition of a third substance. It frequently 
happens that substances of dissimilar chemical natpre which 
boil close together will form azeotropes between themselves
which are entirely incapable of separation by simple distil-

jIation9 and in these instances 9 azeotropic distillation is 
absolutely essential if they are to be separated by any type 
of distillation process. (I)

In azeotropic distillation a solvent or entrainer not 
present in the mixture to be separated is added to increase 
the difference in volatility between the key components*
This entrainer forms a constant boiling mixture with one or 
more of the key components and some is necessarily removed



with the distillate. (I) A method for selecting the entrain- 
er has been described in the literature by Ewell, Harrison, 
and Berg. (2) By this method liquids may be divided into 
five classes according to their hydrogen bond-forming capa­
bilities o This system of classification makes it possible to 
predict the extent of the deviation from ideality, A system 
that shows a positive deviation from ideality will form a min­
imum boiling azeotrope if any azeotrope is formed, A maximum 
boiling azeotrope may be formed if the deviation is negative. 
The five classes are listed belows (2, 5)

Class I. Liquids capable of forming 3 dimensional 
networks of strong hydrogen bonds.
Class II„ Other liquids composed of molecules con­
taining both active hydrogen atoms and donor atoms 
(oxygen, nitrogen, and" fluorine),

. Class IIIo Liquids composed of molecules containing 
donor atoms but no active hydrogen atoms.
Class IV, Liquids composed of molecules containing 
active hydrogen atoms but no donor atoms»
Class Ve All other liquids, i,e,, liquids having no 
hydrogen bond-forming capabilities.
In the study made by Daly on the binary system methyl- ' 

cyclohexane - toluene, involving various reflux ratios and 
charge compositions, it was found that the weight per cent 
recovery of toluene was independent of the weight per cent 
of toluene in the charge, I=Propanol was used as the entrainer, 
(3) This study was undertaken to determine whether or not 
this system represented an isolated case or a general trend.

6
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The first binary system studied was that of Daly5 methyl" 

cyclohexane." toluene«, (3) The entrainer used was 2"butanone„ 
The hydrocarbons are Class V compounds, 1-propanol is a Class 
II compound, and.2-butanone is a Class III compound, (2)

The second system investigated comprised benzene-cyclo- 
hexane.with acetone, a Class III compound, as entrainer.
The hydrocarbons chosen, benzene and cyclohexane, themselves 
form an azeotrope and cannot be separated by ordinary distil­
lation. (8)

The third system chosen also involved hydrocarbons, 
ethylbenzene and n-octane, but the entrainer was acetic acid, 
a Class II compound.

i
In order to increase the generality of the investigation, 

the final system chosen involved no hydrocarbons. The binary 
system to be separated was dioxanp and ethylene dichloride, 
Class III and Class IY compounds, respectively. The entrainer 
was 1-propanolc

In each of the different systems investigated it was
t,desirable that only the entrainer be soluble in watbr in order 

that it might be extracted and the raffinate analyzed after 
drying by means of a refraetometer.

Non-azeotropic runs were made for all systems except the 
methyleyclohexane - toluene system which was reported by Daly 
and the benzene - cyclohexane system which cannot"bo separated 
by straight rectification. (3, 8)



The purpose of this paper is to determine Whether the per 
cent Recovery of the less volatile component in any Mnary 
system is independent of the composition of the orI^lnhI 
charge when separated by means of azeotropic distillation.

8



II EQUIPMENT, eA tHGDS AND COMPOUNDS 
A e Equipment

The following equipment was used in this investigations 
a precision rectification column, a Corad constant reflux 
ratio condenser, a graduated water-cooled receiver, a Harvard 
type triple-beam balance, a mercury filled "U" type manometer, 
round bottom glass distilling flasks with side arms, a Valen­
tine refractqmeter, a ceramic heater, Powerstats, glass stem 
mercury thermometers, and several 250 ml« separatory funnelse 

The column was constructed of three lengths of glass tub­
ing arranged concentrically and held in this position by 
strips of asbestos.tape and glue* The inner tube, 33 mme in­
side diameter, was packed with 1/8 inch, stainless steel, 
Fenske packing, A thermometer was fastened to the outside of 
this tube neqr the center. The middle tube was wound with 
Niehrome wire to provide heat for the column. The amount of 
heat ,supplied was controlled by. means of a Powerstat, The 
outside tube provided additional insulation and also protect­
ion for the Niehrome winding. The overall height of the 
column was 48 inches. The height of the packing was 46-1/2 
inches.

The Gorad head was attached to the top of the column by 
a 29/42 standard tapered.ground glass joint. It was adjusted 
.to give a reflux.ratio of 20:1, A second thermometer was in­
serted in the head to measure vapor temperature. The .

9
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thermometer was protected from the descending stream of cold 
reflux by a small glass shield built into the head.

The distilling flasks used were one and two liter round 
bottom flasks with 35/25 ground glass ball joints on the necks 
to fit the bottom of the column. Each flask also had a side 
arm ending in anlE/9. ball joint to fit the manometer.

The manometer was constructed of glass tubing bent in a 
"U" shape. One end of the tube was left open to the atmos­
phere and the other connected to the side arm on the distil­
ling flask. The manometer was approximately 12 inches high 
and was about half filled with mercury.

The heater used consisted of Nichrome,coils mounted on 
a ceramic base. The rate of heating was controlled by means 
of a second Powerstat,

The Valentine refractometer was of the glass prism type. 
The refractive indices were read at 20 j: 0.1GC = 9 with the ex­
ception of the readings taken on mixtures of acetic acid and 
n-octane which were read at 30d: 0.1°C.

The Powerstats were small autotransformers manufactured 
by Superior Electric Company. The maximum input was 7-1/2 
amperes.at H O  volts. The output ranged from 0 to 135 volts.
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B 0 Methods

I® Determination of the Azeotropic Compositions ?
The composition of each azeotrope was obtained from the 

literature,, (8) A charge of this composition was prepared 
and distilledc Samples of the distillate were taken until
the refractive index became constant* The composition of* .
the azeotrope was' obtained from a plot of refractive index 
versus composition0 This plot was made by determining the 
refractive index of several samples of known eomposltion0 In 
order to check the experimental value, a new charge was pre*- 
pared using the experimental value of the azeotropic compos!- 
tion* This charge was distilled and samples of the distil­
late were taken until the refractive index became constant»
In all cases this composition agreed with the original experi­
mental value of the azeotropic compobition* In order to use ' 
this method on the acetic acid - n-octane azeotrope, it was 
necessary to determine the refractive index at BG0C0 At 
20<DC o the samples were two-phase and could not be analyzed by 
refractive index* However, at BO0C0 the samples were all 
single-phase * Azeotropic data are given in Table I0 •

2* Preparation of Charges for the Azeotropic Buns:
In each case the charge consisted of BOO grams of the 

two components to be separated, excluding the entrainer* The 
amount of the more volatile component was either 20, 40 or 60 i 
per cent of the 300 grams with the less volatile component
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making up the remainder„ (See sample calculations) Suf­
ficient entrainer, as determined from the azeotropic composi­
tion 9 was added to remove all the more volatile component and 
in all eases two grams excess were added to insure complete 
removalo

.3° . Azeotropic Runss
After drying the column by passing compressed air through 

it9 the charge was placed in the distilling flask and the 
flask attached.to the column4 The manometer was attached to 
the side arm of the distilling flasko The heater and the 
Nichrome winding on the column were attached to the Power= 
stats and the power turned on. The column was allowed to 
flood to insure complete wetting of the packing« After 
flooding3 the Powerstat connected to the heater was adjusted 
until the pressure drop across the packing was 15 ±  I.Bffiio .Hg0 
This pressure drop was equal to approximately SG per cent of 
the pressure drop at the flooding point and was so maintained 
for all of the runs 0 The Powerstat connected to the column 
winding was adjusted until the thermometer on the column 
showed a temperature approximately IO0C0 above that of the 
overhead vapor. The column was then allowed to run at total 
reflux until the vapor temperature became constant, usually 
about one hour„ .

The initial vapor temperature was noted and the distil­
late was allowed to pass into the cold receivere The



temperature was recorded every 5 ml® until the boiling point 
of the azeotropic mixture at this pressure was reached; at 
this time the first sample was taken* Comparatively large 
samples were taken until all of the azeotropic mixture was 
removed* During the transition from azeotrope to less vola­
tile component, the samples were reduced in order that the 
distillation curve might be defined more accurately* Larger 
samples were again taken.after the transition until the 
charge was nearly exhausted from, the distilling flask*

Each sample was weighed and the refractive index deter­
mined* Next, the samples were placed in separatory funnels 
and washed with distilled water until all of the entrainer 
was. removed* They were then placed over calcium chloride 
and allowed to dry* After 'drying, the refractive index of 
each sample was determined again*

The column was allowed to drain back into the distilling 
flask and, after cooling, the flask was removed* The bottoms 
were weighed and the refractive index of the bottoms deter­
mined*

4, Presentation of Azeotropic Data:
Figures 1-4 are examples of the plots prepared from the 

data for each azeotropic run* These figures show only the 
runs containing.40 per cent of the most volatile component* 
Two curves were drawn on each plot* The first is vapor temp­
erature versus weight per cent distilled and the second is

13
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refractive in4@3t versus weight per cent distilled® In all 
eases the refractive index is reported at 20°Co as the 
acetic acid was removed by water washing the U=-Octane0 In 
Figure 4 the refractive index curve is plotted without water 
washingo The weight per cent recovery was determined from 
these plots® (See sample calculations)

5e Norn-azeotropic Ruhss
Charges for the non~azeotropie runs were made in exactly 

the same manner as for azeotropic runs with the exception 
that the entrainer was omitted® The same column was used 
under the same conditions® In each case the total charge 
was 300 grams®

6® .Presentation of Non-azeotropie Data:
The same type of plots were made for the non»azeotrJo$ie 

runs as for the azeotropic runs® The recovery was determined 
from these plots® Examples of the curves are shown in 
Figures 5-7«

7. . Presentation-of-'-Azeotropie^.andl.Ion-Az^otropic Recov­
ery Datas

In Figure 8, the weight per cent Recovery of the less
volatile component Is plotted versus the weight per cent of

. . ■
the less volatile component in, the charge for azeotropic 
distillations ® Figure 9 shows the same plot for no$» 
azeotropic distillations® No curve Iq shown for benzene on 
this plot because there is no recovery of benzene ® Figure 10 
is a plot of the weight per cent recovery of the more volatile
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component in the charge by azeotropic distillation versus its 
fraction of the charge. Figure 11 is the same plot for non- 
azeotropic distillations, No curve is shown for cyclohexane 
because there is no recovery due to the azeotrope formed by 
benzene and cyclohexane.

Figures 12-14 show a comparison between azeotropic and 
$,op.~azeotrpp£e di^ti3,l$tion0
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Ce Compounds

All of the reagents used In this investigation were 
purified by fractionation= Only the fraction having a boil=
ing range of - ± 0®2°C 0 was used.
Compound ■ Grade Refractive Ihidex 

Ob svd1«, Litfe
Source

Hethyley=clphexane Tech, 1.4235 1.4230(4) Dow Chemical Co.
foluene C.P. 1.4965 1.4968(4) J0ToBaker Chemical Co. x
2=Butanone Teeh0i 1.3787 1.3807*(7) Shell Chemical Corpe
Benzene Teeh0 . 1.5010 1.5012(4) General Chemical Co.
Cycldr
hexane

Teeh9 1.4262 1.4262(4) Shell Chemical Corp0
Acetone 99®2 1.3588 1.3588**(7) BeReElk & Co., Ine.

per cent
Ethyls.. ..
"benzene

Tech., 1.4958 .1.4958(4) Dow Chemical Co.
n-Octane Tech.. 1.3979 1.3976(4) Conn. Hard Rubber Co.
Acetic Acid 99®5 1.3683 1.3718(7) Merck & Co., Inc.

per cent
Dioxane Teeh9 . 1.4224 1.4232(7) Carbide and Carbon Chemicals Corp®
Ethylene
Bichloride

Teeh9 1,4449 1.4443(7 ) Dow Chemical Co.
1-Propanol C.P® 1.3859 1.3854(7) Elmer and Amend
* Observed at
** Observed at 19 .4AC.

X



III SAMPLE CALCULATIONS
17

The calculations in this section are all based upon Run 
#1. This run contained 40 weight per cent metby!cyclohexane 
and 60 weight per cent toluene«

a0 To determine the amount of entrainer to add to the 
charges

The azeotropic composition was found to be 74=4 weight 
per cent 2»butanone and 25«6 weight per cent me thyleycIohexan6 
(See Table I)» The total .weight of hydrocarbon charge was 
300 grams.
Weight methylcyclohexan.es

(0,40)(300) ™ 120 gramse 
Weight toluenes

(0,6G)(300) s 180 grams„
Weight 2-butanone plus 2 grams excesss

+ 2 s 351 grams;

Total charge - 120 + 180 + 3?1 = 651 grams.
b. To determine weight per cent recovery of methyl- 

cyclohexane s
Figure I shows that beyond 69®3 weight per cent distill­

ed the Refractive Index curve exceeds 1.4235®
Weight per epnt methyleyelohexane recoverys

(0.693)(65l)(0.256) .(120) = 96*4

'i



is :
Co To deter&ine weight por cent recovery of toltiehe%

Figure I shows that Sit 74»!? weight per eeht distilled the; , . .

Refractive Index ciifvd had reached a viltie of I»4963» 
Weight per cent toluene,recovery;
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IV RESULTS

The first system studied5 methyleyelohexane-toluene with 
2-butanone as the entrainer, gave the same results as were re­
ported by Daly0 (3) When separated by azeotropic distillation 
in a batch column the weight per cent recovery of the toluene 
which is the less volatile Componbnt9 is independent of the 
per cent of toluene in the charge. The recovery of methyley™ 
Clohexane9 the more volatile component9 increased as the per 
cent of methylcycldhexane in the charge was increased® Runs 
1-3 shown in Table Il give a comparison of the recoveries and 
the weight per cents of the components in the original Charge.- 
The purity of the recovered products exceeded 99=5 weight per 
cento Daly (3) showed that when separated by non-azeetropie 
distillation, the weight per cent recovery of the toluene in­
creased as the toluene in the charge was increased. The 
purity of the toluene recovered exceeded 99«5 weight per cent 
but the methyleyelohexane did not reach this purity. The re­
covery of methyleyelohexane of a given purity, 88,5 weight 
per cent, increased as the methyleyelohexane in the charge 
increased. A graphical comparison of the recoveries by both 
azeotropic and non-azeotropic distillation is shown InFig0IR 

To expand further the generality of the study, the 
binary system benzene-cyclohexane with acetone as the entrain- 
er was used. As benzene and cyclohexane together form an

' I
azeotrope, no results are shown in Taple III for the non-



azeotropic separation of this system0* Runs 4-6 in Table II 
show that the purity of the recovered product exceeds 99«5 
weight per cent and that the weight per cent recovery of 
benzene9 the less volatile component? is independent of the 
per cent of benzene in the original charge? while the recov-

1

ery of cyclohexane? the more volatile component is dependent 
on its proportion in the original charge.

Acetic acid was the entrainer employed in the separation 
of m-oetane from ethylbenzene. Table II shows that the 
purity of the- recovered products and the recoveries when 
separated by azeotropic distillation are in accord w^th the 
rest of the study. The results of the non-azeotropie sep­
aration are shown in Table III and correspond with the re­
sults shown for methylcyclohexanei-toluene, A comparison of 
azeotropic and non-azeotropic separations of the binary - 
system h-oetane-ethy!benzene is shown in Figure 12,

A non-hydrocarbon system? dioxane-ethylene dichloride? 
with 1-propanol as the entrainer gave results that were 
similar to the other.systems reported. In TablO III it is 
shown that the purity of ethylene dichlpride that was recov­
ered exceeded a value of 99®5 weight per cent. The fact 
that the purity of ethylene dichldride Obtained by non- 
azeotropic distillation was approximately the same as that 
obtained by azeotropic distillation? namely slightly higher 
than 99*5 per cent? indicates that the purity of the more

20
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volatile component is not always Increased by azeotropic dis­
tillation, Figure 14 shows a comparison between azeotropic 
and non-aseotropic distillation for the system dioxane- 
ethyIene dichloride,

Figure 8 shows that the recovery of the less volatile 
component in a binary mixture is independent of the propor­
tion of that component in the original charge when the mix­
ture is separated by azeotropic distillation. Figure 9 
shows that the recovery of the less volatile component is 
dependent on the charge composition when the mixture is 
separated by non-aze©tropic distillation.

Figures 10 and .11 show that the recovery of the more 
volatile component is dependent on the proportion of that 
component in the original charge when the mixture is separ­
ated by either azeotropic or non-azeotropic distillation.

Comparison of Table II with Table III shows that the 
amount of each component of a given purity that was recovered 
was increased by azeotropic distillation. This comparison 
also shows that the purity of the less volatile component 
that was recovered was not increased by azeotropic distil- , 
lationo The purity of the more volatile component that was 
recovered was increased by.azeotropic distillation for all 
the system where the separation was somewhat difficult. In 
the case of dioxane-ethylene dichloride9 however, the purity 
of the ethylene dichloride was not increased.
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The results of this study are in accord with the results 

reported by Daly0 (3) He reported the recovery for one 
binary system representing two hydrogen bond classes, II and 
V, while this study reports the recoveries for four binary 
systems representing four hydrogen bond classes, II, III, IV 
and V 9 Further studies might well include Class I (5) com­
pounds which were net covered by either of these papers, as 
well as other types of liquids such as ^thers and amineso
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V C ONC LUSIOIS

From the . resy.lts- of this study the following conclusions 
may be made 2

Ii The recovery of the less volatile component in the 
charge is independent of its per cent in the charge 
when the charge is separated by azeotropic distil­
lation 6 ,

20 The purity of the less volatile component in the
charge is not increased by azeotropic distillation 
but the quantity at a given purity is increased,

3« The recovery of the more volatile component in the 
charge is dependent on its per cent in the charge 
for both azeotropic and non-azeotrepic distil­
lation 9

4. The purity of the more volatile component in the
charge is not always increased by azeotropic distil 
lation but the' quantity at a .given, purity recovered 
is- increased*
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TABLE I

AZEOTROPIC DATA
Component Entralner Azeotrope

Boiling Pto0C 9 . 
Refa(S) Obsvd0

press.,mm. Ob^vd/
Azeotrope 

Wt.# Entralner 
Ref. (8) Obsvd.

#6thylcy-
clohexane

2-Butanone 78.0 72.4 639.8 70 74.4

Cyclo-hexane
Aceto## <54.0 48.3 639.4 <85 68.6

H=Oetane Acetic
Aoid

105.5 99.4 639.7' 52.5 55.0

Ethylene 1-Propanol 80.6^ 74.8 '633*7
Bichloride

19.0 16.0
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CHARGE COMPOSITIONS, ENTRAINERS AND RECOVERIES FOR
29

AZEOTROPIC RUNS
Charge Composition ■ Entrainer Weight Per Cent.
Weight Per Cent Recovery

99»5 W t Purity
Toluene Hethyley= 2-Butanone Toluene Methyley-

clohexane elohexane
8b 20 92.3 92.9
60 40 92.3 % i 4
40 66 . 92.6 96.4

Benzene Cyclohexane Adetone Benzene Cyclo­
hexane

80 20 89.5 88.2
60 40 89.3 94.4
40 60 88.1 94.6

Ethyl- n-Octane Acetic . Ethyl­ n-Octane
benzene ..Acid , benzene

80 20 89.5 85.7
60 40 89 o 6 89.4
40 60 89.2 91.4

Dioxane Ethylene 1-Propanol Dioxane Ethylene
Diehloride Bichloride

10 80 20 88.1 48.2
11 60 40 88.3 76.5
12 40 60 88.1 79.3
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TABLE III
30

CHARGE COMPOSITION AND RECOVERIES 
FOR NON-AZEOTROPIC RUNS

Run No0

1 (3)2 (3) 
3 (3)

Charge Composition Weight Per Cent Recovery
Weight Per Cent 99.5 Wt.

Purity % I 88,5 Mt, %
*•,

Toluene Methylcyclo= Toluene Methylcyclohexane
hexane

80 20 77.5 Q 0
60 40 73.4 0 56.4
40 ■ 60 . 66 „3 O .79.2'

Benzene • Cyclohexane Benzene CyclofieSbane 1
1 Separation Impossible^ Azeo-

trope forms between benzene
and cyclohexane

Ethyl= n=Oetane Ethyl- B-Oetane
benzene benzene

80 20 78.5 O 73.1
60 40 75.0 O 87.5
40 60 - 73.7 0 95.9

Dioxane Ethylene Dioxane Ethylene Bichloride
Bichloride not

80 20 65.3 O determined
- _ 6G i* . 40 - o l 50,0 11
40 60 63.6 60,8 1$
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Figure 2. Azeotropic Distillation Curves for the System Cyclohexane-Benzene-Acetone
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Figure 4. Azeotropic Distillation Curves for the System Ethylene Dichloride-Dioxane-I-Eropanol
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Figure 7. Non-Azeotropic Distillation Curves for the System Ethylene Dichloride-Dioxane
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Figure 8. Azeotropic Recovery of the Less Volatile Component
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Figure 9. Non-Azeotropic Recovery of the Less Volatile Component
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