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Introduction

Many binary liquid mixtures, either because of their
narrow boiling range or due to the presence of azedtropes,
cannot be separated by conventional fractionation, If the
two components are of different chemical structure,
however, the addition of a third component or solvent to
the mixture can greatly increase the relative volatility
of the original two components, The process of fractioanation
in the presence of a forelgn substance edded to improve
the relative volatility ie called extractive distillation
and is used at present on a commercial scale for the

separarion of many liquid mixtures.,

The object of the work on which this report is based
wa: the construction and testing of laboratory equipment
to be used in extractive distillation experiments. One
of the items constructed was an Othuwer still (7)) with
which the vapor-liquid equilibrium relationship. of liquid
mixtures can be determined, A thorough knowledge of these
relationships is necetssary for the evalustion and desi:n
of any extractive distillation system. The other piece
of equipment built was a continuous extractive distillation
column of the Dicks and Carlson ( 2) type. Use of this
column‘gives a compérison of the separation obtained
with conventional distillation and with extractive
distillation. A deseription of both units is given as
well as the operating pfocedures used on each, Their use

ig 1llustrated by a study of the system'water-acetic acid-

glycol diacetate, °
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Summary of Acetic Acid Dehydration

The possibility of separating water and acetic acid

mixtures on a commercial scale by extractive distillation

with glycol diacetate as solvent camnot be fulfly

e

evaluated with the data obtained at present. Fowever,

PRI

some very important generalizations can be made, The

presence 2f solvent does produce a considerable increase

in the relative volatility of the water.- Roughly stepping

off the number of plates required for the separation of

such a mixture into products of 99 percent purity at

“total reflux shows that twenty plates are needed when

no solvent is used while only five plates are required

when 80 percent solvent is present in the still,

Fractionation in the presence of solvent, however, cauces

hydrolysis when separating a charge containing less than

65 percent acid and esterification with a charge containing

more than this amount of acid., The monoacetate produced

in hydrolysis, though harmful to the separation, does

not become sufficiently concentrated to materially affect

1t until more than thirty minutes of refluxing,

In a commercisl unit, the solvent, assumed to be

e
S

pure glycol diacetaté, would enter at the top of the column

and descend through a region of very low =zcetic acid

concentration. Hydrolysis would take place rapidly, but,

SR SR

providing the residence time of the solvent in this region




et L S o S

T T R Y IR A T e

was not more than ten or fifteen minutes, the effectiveness
of the solvent in alding the separation would not be
seriously impared, From here, the solvent would pass

into a region >f moderate acid concentration where
hydrolysis would take place slowly. lext, the solvent
would pass into a region of high acid concentration

where esterification would take place., There are two
important consequences of this esterification recction

in the lower part of the column, First, it reg:ncrates
the diacetate and, providing the reaction .ere alloved Lo
go to completion, would permit the rewurn of pure
diacetate to the top of the column, Second, it produces
vater in the lower part of the column, This is undesirable
and constitutes a serious threast to the process wiich
will recuire further investigation. Towever, the
principle advahtage of extractive over azeotropic
distiliation for this mixture lics in the lower heat
resuirenents of extractive distiliation of dilute acid
mixtures, If a case were found in which it were desired
to concentrate » dilute acid solution to one of &) or 90
percent acid, this method might prove more economical then

azeotroplc distillation,
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mouilibrium Still

The vapor-liquid still is of the Othmer Type (7)

and has the following principle parts (fig. 1):

A=still body (50 ce distillation flask)

Bevapor tube

C-condenser

D-condensate trap (capacity approx 1.7 ce)

H=heater, 238 cm of Mo, 26 nichrome wire

Jevent

fr=thermometer, 30 to 300 F

~In operstion, approximately 25 cc of liquid is

cherged to the still through the openins at the top of the

flask and the openin~ closed with a cork stopper containing

the thermometer and heater lead wires, The current is

turned on and adjusted so that the liquid in the flack

boils vigorously, The vapors pass up through the vipor

tube anc into the condenser, After condensation, the

liquidkpaSaes through the condensate trap and back into

the flask, RBecause of the change in composition of the

1 4

liquid in the flask, it is necessary to continue

distillation until equilibrium has been reached, Tests

on the mixture benzene-methanol indicated that approximately

twenty minutes of boiling after the sample trap has

filled is necessary for equilibrium to be atitained.

After reaching equilibrium, the current is turned off, the

éondensate sample removed from stopcock D (Fig, 1), and a
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f ~ sample of residue removed from the flask with a pipette.
é The process is repeated after the addition of the desired
g ‘amount of one of the componente. |
g To check the performance of the still, the vapor=-
% liquid equilibrium of the éystem benzene-methanol was
} determined in the still at one atmosphere pressure and
% compared with that found in the literature. The data is
é given in Table I and a graph of the equilibrium curves
E obtained both from the still and from the litersture (10)
§ is shown in Figure 2. Analycis of the mixture was by
% refractive index at 20%,5 C ( automatic temperature
§ control equipment was not available),
g It is seen in Figure ?Ryhat the curve obtained with
g this still lies slightly outside of the curve found i:
% the literature., This was thought to be due to a small

) % amount of refluxing taking place betlween the rising

vapors and the liquid condensing on the walls of the

: 4 still, To decrease the amount 6f t'is reflux,

_é | | | % approximately one half inch of asbestos insulation was

f ? placed arouhd the neck and bulb of the flask and the

] % experiment repeated, The results obtained under these
? conditions (Fig. 2 and Table TT) followed the literature
% ‘Qalues mich more closely than before, The benzene and

methanol used in the experiments on the insulated flask

were of a higher grade than before, necessitating slightly

1 R | o ; different refractive infex standards (Fig. 3).
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Run  Time Temp, e R.. T, Mole Er, Benzene

no, min, . Condensate Residue Condensate Residue

20 148 1.3379 1,3322 2,5 1
20 1,3468  1,3331 1
20 146 1.3588 1,330 8 2
20 143 1.3793  1,3455 15 5
20° 139 1,4069 1,3672 25 12
20 138 1.4163  1.3842 30 18
20 137 1.4262 1.4124 36 29
20 137 1,4269 1,4288 36 38
20 137 1,4308  1,4440 39 43
20 137 1,4325 1,4560 40 56
20 137 1.4313  1,4649 40 63
20 137 1,4344 1,4800 42 76
| 1” 20 138 1,443 1,4863 42 4
5 ; 14 20 174 1,4974 1,4003 97 100
S : 15 20 172 1,4937 1,4096 98 99,9
;o | 16 20 164 1,4829 1,4991 78 9.9

1RG5 e
1

QOO >N

=
o H O

g ] 17 20 162 1,4572 1,4998 56 99,9
: i 18 45 137 1.4308 1.4716 3© 08
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Vapor =Ligquid “gquilibrium of Bengzene=lMethanol

PR T e

Run Time Temp Re T, kole Fr, Benzene

PR AR A S

No. min, F Condensate Residue Condensate Residue

19 20 137 1.4330 1,4235 43 3545
20 20 137 1.,4304 1,46920 41,5 6545
21 - 20 136 1,4295 1.4485 41 515
22 20 137 1.4203 1.4206 3643 3645
23 20 137 1.4211 1.4000 37 2643
24 20 137 1,4125 1,3732 Hh el
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Contimious Fxtractive Distillation Column

The continuous still is a mndification of the type
described by Dicks and Carlson (2 )., The principle parts
are (see Fig, 4):

| A-condenser and sample cup
B-gsolvent circulation systen
C-contacting seetion, 24 in, long, 5/8 in, diam.,
packed to a height of 20 in, with pieces of 5 mm
glass tubing approx. 5/16 in, lonz

Y-residun trap and withdrawsl tubce

“~r2servoir, capacity 159 ce

F-tube between contacting eection and reservoir

Gestripolng section, 17 in., long, 5/8 in, diafm,,

packed to o height of 14 in, with pieces of Smm

daes tubing approx. 5/16 in, long

U

-tube between reservoir and strinpins section

T-solvent siphon

J=still and heater
The principle sectisns of the apparatus are insulated
with approximately one inch of crumpled aluminum foil,
The strivping and contacting sections and the recervoir
are all made of conde:.ser jackets., Uce (s made of the

water comnections on the jackets as shown in Figure 4.

G
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Figure
Continuous Extractive Distillation‘ Column
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The still is first operated éz a conventional
distillation column by determining the separation
accomplished in the contacting section with no solvent

present, The number of plates under these conditions is

T e A R

calculated from the equilibrium diagram of the system

and the condensate and residue sapple analyses, The still

N DA N o

is them operated as an extractive distillation column

by ecirculating solvent down through the contacting section,

A R O e s

The number of plates under these conditions is calculated

from the equilibrium diagram and the sample analysec on

SRR P,

& solvent free beris, A comparison of the number of

P A

plates under the two conditins reveals the improveient

in separation due to the presence of the solvent,

In opercting as a conventional distillation cslumn,
the contacting section is connected directly to the still,
Phe mixture is.distilled until coanstant vélues of the
sample analyses indicate thet equilibrium has Deen ret:ched,
Since total reflux is used, the number of plates can Dbe

calculated from the Fenske equation (5)

<X') (X;);-
n = log\XY, X9,

log 2.y

200

number of theoretical plates
X'z concentration of more volatile component in
liquid )

X"~ concentration of ‘less volatile component in

liquid




a = relative volatility

subseripts;
D = distiliate

W « residue

e

§ When operrting as an extractive distillation column,
% approximately 300 cc of solvent is placed in the reboiler
ﬁ and heated to boiling., hen the solvent vapors re:ch

} the top of the strippihg section, the reservoir is filled

with the desired mixture of solvent and charge which has

been heated to just below the boiling polnt.: Circulation
of the solvent through the contacting section is then

started by openins the ntopcock in the solvent storage

| line and, when liquid starts to overflow from the
? reservoir into the strisoins section, the siphon from
>

the still is {illed, “ntry of the solvent trom the

Rosiodeiin o

contacting section into the reservoir csuses the mixture
in the reservoir tu overflow into the stripping section,

As this mixture descends into the sirippisT section

against the necending eolvent venors, the charge is
stripped from the s)lvent and parves 1D TNraugh vibes
F and 17 (Fig. 4) i 1> the contacting section. lere the

charge is fractionated in the presence of the solvent,

all of the vapors passing overhe:zd being condenseu aud

R R

RIS

returned as reflux.
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This column differs from the one of Dicks and Carlson

in that tube F extends all the way to the bo'tom of the
reservolr and has holes near the top to permit the
passage of vapors from the stfipping gection up into the
contacting section, In this way, the level of liquid in
the reservoir is held constant at the level of the
overflow tube and mixing of the contents of the reservoir

is provided for by introducing liquid at the bottom and

withdrawing it at the top., In the Dicks gnd Carlson
still, the tube commectin® the coritactidr section anu the
reservoir ended irmediately after entering the reservoir,
The liruid level in the rescrvoir was then controllud

by a stopcock between the bottom of the reservoir and the
top of the stripping section, This method wat tried on
the present equipuent, but it vas found that almost
perpetual adjustment of the stopcock as required to
naintain a cohetant\liquid level, introduction of this

new feature greatly simplified the operation of the still,




16

Dehydration of Acetic Acid

The equilibrium curve for the system water-acetic acid

£

is decidedly pinched in the region of high water concentr.tion

TR

(Fig. 5), making separation into pure components Dy

: g conventional fractionation impossible on a commercial scale.

| f Yost acetic acid manufzctured today is separated from waler

: | - gi by azeotropic distillation using benzene as the entrainer

J ' : ﬁ (6)., Oince extr ctive distillation should also fecilitate

g f; the ceparation of such a mixture, it wac decided to
investigate the sostibility of sepsroting vater from wcecic
seid by extrective distillation usin; the ejuipment é;scribed.
Considerable difficulty Qas encountered in the selection

of & solvent, since most organic compounds of suiTiciently

| high boilinz point sre insoluble in water and nany of those

| ; that cre coluble react with acetic acid, In view oi the

g' ' i sucessful use of acetate esters in the azedtropic distillatién

; : of acetic acid, it wss cecided to atiempt the use of un

% ester for this purnose. 73lycol diacetate was decideu upon

l

g ; since its boiiing noint (1290 €) is surticiently hizh to

pernit separation frow acetic acid, and iis solubility in

G

water (18,1 g per 100 cc vater at 22 C) was thought to be

high enough to avoid the complication of a two phase mixture

| | ; in the column,
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The glycol diacetate used in these experiments wae

obtained from Carbide and Carbon Company and was found

- rer s rr
P Eﬂ;,l"IC L.:.’I."r‘x

by titration to have negligible residual acidity. Analysis

of the ternary mixture water-acetic acid-glycol diacetate

was by a combination of titration and refractive index,

The refractive indices of mixtures having a constant ratio

§ of water to glycol diacetate were observed after the addition
. % of varying amounts of acetic acid (Table TII). The v >lume
- wh 5 :
. T § percent acetic acid was then plotted against the
v . ,
% refractive index with the volume ratio of water to glycol
% diacetate as parameter .and a similar graph on a welght
% basis prepared (Fig.6). In operation, the refractive
; % index of the sample is determineu and the remaining sample
= ’ % weighed, The sample 1s then titrated with sodium |
i &
% hydroxide using phenolphthalein as the indicator. Uhe
: % weight percent acetic acid is calculated from the
; . ; titration and the weizht of the sample and the ratio of
f' , % water to acetate is then found by interpolation on
; 7 ! Figure 6, Recause of the convergence of the ratio lines

at concentrations of acetic acid over 50 percent,

-
oy

analyses in this region would be hazardous. Conseguently,

when it is suspected that a sample will contain over

50 percent acid, a known quantity of water is added

x is taken, The true content

before the refractive inde
of the sample can then be iound by subtracting the weight

s
T

.of water added from the welght of water found .
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Table III
ctive Indices of Water-Acetic Acid-Glycol Diacetate

Glycol

ccC

WVater

ce

1

0
8
6
4
2
0

Mixtures

Acetie Acid, cc

0 1.1

1,3329 1,3400
1, 3567
1.3720
1.3861
1,006
1.4149 1,4112 1,4072 1,4030

2.5 4,3 6.7 10,0

1, 3468 1,3536 1,3595 1,3649
1,3610 1,3652 1.,3692 1,3728
1,3746 1.3763 1,3785 1.3796
1.3872 1,3872 1,3870 1,3864
1,3988 1,3967 1,3943 1,3919
1,3950
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The equilibrium curve of water and acetie acid in

the presence of the solvent was determined in the Othmer

still, The standard operating procedure for the still

was used except that the residue was removed af'ter each

i

run and a fresh charge added. The data obtéined is shown

in Table IV. The compositions of the condensate a.d

residue samples we:e determined from this data, but

.

R A A o R A

material balances for each component baced on these

compoeiti ns showed coneiderable errors, “he most

logical explanation of these errors was thet the

following reaction took place durin: the distillation:

(@HBC-")ZCHE) o 7 HOH :—CH:BC\.)OH 7 CH3(3(‘)2(ZI!201T.~ OH

(]

If this were th. case, analyces of acetic acid could be

made in the usual ma mer but the accuracy of the analyse.

of water and solvent would bg endangercd Ly the preseance

of a ne. comsonent, oth the mono and diazcct tes ere

ARG

relatively non-volatile in comparison with acetic acid

SR,

and water, however, so very little of either are

Therefor, the analysis of

contained in the condencate.

the condencate was eassumed to be correct and the

~composition of the residue w.s crlculated by a materisl

balance, Thus, the amount of each component in the residue

was assumed to be equal to the difference between the

amount charged and the amount withdrawn in the condensate.

The comy)sitions arrived at in thils mammer are shown in

Table V, The water-acetiv acid equilibrium cencentrations

were then plotted in Figure 5 on a solvent free basis,
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Table IV
Bouilibrium Still

‘System Water-Acetic Acid-Glycol Diacetate

Run no. 1 2 3 4 5} 6 7 8

Charge, cc
acetate 15 15 15 15 15 15 15 15

water 4 2 360 5] 25 3 3 3
acid 1 3 1.5 4,5 4,70 2 2 )
Time, min, 37 40 50 15 15 10 40 130
Temp.y F 215 223 220 243 250 217 213 2.7

Condensate
Re Ie 1,3510 1.3652 1,3523 1,3320 1,3310 1,3598 1.3625 1,3753

veight 1,081 1,850 1,793 L.773 1,832 1.<80 1,836 2,069
titration®1loe2 96,3 31,0 172,40 205,50 45,8 54,0 93.7
Residue | , |
R, I. 1.,4070 1,4090 1,4020 1,4083 1.4070 1.4089 1,4089 1,4106
weight 1.325 1,966 2,237 2,250 1.073 1,820 1.800 1,655

~

titration®17.6 45,6 33,2 67,0 32,3 20,1 29,0 24,3

*titration, cc of 0,0984 U "uOK
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Tahle X

gpmposigipns of Bauilibrium Mixtures of Water-Agetic Agide

Glycol Diacetate (Weiqht Percent)

Run no,

Charge

5 :
; % pcetate 75 75 75 75 75 75 75 75

1,25 15 15 15

’-—J
°

)
Do
.
($1]

%4 water 20 10

% acid

Residue

5
[Cx3

acetate 8l.2 31,5 81,8 230.4 31.4 3l.2 30,9

3 water 13,8 5 11 .62 9.1 7.7 10,9

R

3¢,
Ty

S

9.2 8.1

(97}

d

» acid ) 13,3 7.2 19 e

T

\

Condensate

acetate 16,2

% water 79,2 55,5 77 2,2 13,6 66,8 62 44,6

.,

peld 446 30.6 1044 57.5 66,2 14,4 17.4 26,8

N




A study of Figure 5 shows that the presence of

glycol diacetate greatly facllitates the.éeparwtion of
agetic acid-water mixtures. The hydrolysis reaction,

however, introduces an element of unccrtainty into the

nicture which requires a study of the influence of the

r action on the geparation, The position of equilibrium

NN, P Y e F e B0 e e e -

MY

in the hydrolyeis reaction woo deternined fror. an acetic

S G R

acla balence by plotting the percent scetic acid in the

charge (on a solvent iree basis) egainct the ratio of the

e ey P )

acetic acid rrosent after distillation to the weight of

acetic meid in the chrrge( Table VI e Fig, 7). It ie

go¢n in Pig, 7 thet, with a charge conteining less than

G5 percent mcetic acid, wore aeid is »nresent after
distil ation thar before, indicating thet, eince the ncid
ac

is one of the roducte of hydrolyrie, hydrolysis he

taken plece., Whe:. the churpe containg more then 05 percent

s

acetic meid, lesc acid ic prerent after divtillation,
indicating that ecterification has occured, This also

indicates that some glycol monoacetate was drecent in the

solvent,

BT

"he influence of the time of distillati»a on

the rosction wor determined in rung 6, 7, snd 8. Tno these

runs, all using the same charge, distil’ation wor continued

for 10, 40, and 180 minutes respectively. Tt is seen in
Figure 7 that this resulte in a steady increase in the
amount of acetic acid present in the system, The influence
of the digtillation time on the equilibrium'curve is seen

in Figure 5, where the»points.approach'the 45 degree line
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Table VI | .

Acetic Aéid Balance

0o
W
1N
(@21
(03]
~J
U

“un no, 1l

Grams of acetic
acid in;

¢harge 1,05 3,14 1.57 4.72 4,99 2,10 2,10 2,10

residue 1,10 2.64 1,66 3,40 3,52 1,83 1,85 1,09

condensate 08 .57 .19 1,02 1.21 .27 ,32 ,56

residue plus
condensate

T T oy i e N e mar g P T e BTy e e R R RN RS IR e L

&
[
(e
oo
L]

0o
W,

1,18 3,21 1,85 4.42 4,73 2,10

Q
\)

Residue condens:ste 1,12 1,02 1,18 .24 .95 1.0 1.02
Charge
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with increasing time, Tn fact, the equilibrium point for

‘run 8 lles below the equilibrium curve for the system

with no solvent present, This is easily understood,

since the diacetate originally present 1s chemically
similar to the acid and therefore increases the volatility
of the water, The monoacetate, howev.r, has a strong
affinity for water hecause of its one hydroxy group and
consequently decreases the volatility of the water,

As the concentration of the monoacetate increases, tno
effectiveness of the solvert in enhancin the separation
decrenses to a noint where it actually retards the

separ tion,

Two separate attempts we?e nade 10 Pﬁn the systen
water-acetic acid-glycol diacetate in the continuous
extractive distillation column., The charge to the
reservoir iﬁ both cares consisted of 60 percent solvent,
24 percent water, and 16 percent acid, In the first
attempt, the solvent was introduced at room temporature
at the top of e contacting seetion, Solvent circulation
ard vigorous boilinT were contimued for five hours, but
at the end of that time the vapors had ascerded only one
querter of the way up the contacting section. In the
second attempt, the solvent was introduced at
approximatély 100 C and boiling continued for six hours.

The solvent rate was increased almost 1o the point of




i

flooding the stripping section, Névertheleés, the vaporsg

‘rose only half way up the contacting section, This

clearly illustrates the need for reducing the heat

losses from the c¢>lumn, prefferavly by electric heating

coils or vapor jackets,
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Theory of Extractive Distillatiog'

The purpose of extractive distillation is to

make possible the separaztion of mixtures having nearly

enual relative volatilitics or, in the extreme, mixtures

which form azeotropes., Before proceeding t> the theory

involved, it 'rould be adviesable to investigate the fectore

SRR S Y

T )

which cause mixtures of this kind. ™o equatione aircetly

involved are:

Crves

=

Ao = V1%

Yo*1

s

S50

e

5aPo

relative volatilivy

o

-

o
1]

comyositin of the vapor

<
1]

compusition of the liguiid

3
1] ]

partvial pressure

¥ = activity coefficient

B T A R A S O i A o e AN A B SRS e

i subceripts refer to components,

It is seen from equation 3 that & low vialue of' the

relative volatility will result rrom nearly cqual values

of the activity coetticienls and partial pressurcs for

both components, or from the ratio of the activity

coefficients being nearly equal to the inverse of the ratio

of the partial pressures. The first case is
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exemplified by ideal solutions (activity coefficients
near one for both cdmponents at all cpncentrations)”both
componente of which have nearly equal vapox pressures.
Examples of the second case are nonideal solutions in
which the ratios of the activity coefficlents varies
considerably while the ratio of thé partial pressures
remains nearly constant. An azeotrope is the extreme
example of this case, the ratio of the activity
coefficients being equal to the inverse of the ratio of

the partial pres:ures at one composition,

In mixtures of the second type, it hes been found
that the ad ition of appreciable amounts of a dissimilar
material causes « marked alterstion in the activity
coefficients of the original components, If the adced
component, 3, is more similar to component 2 than to 1,
the ratio Zi/aé will increase. Considering component 1
to be the more volatile of the originel two, it is seen
from equation 3 that the highest relative volatility will
result from the activity coefficient of 1 being increased
and that of 2 decreas:d, Consequently, it is advantageous
to seleect a third component which is uore similar
chemically to the least volatile component of the mixture
being separated., Inasmuch as the solvent must be presént
as a liquid during fractionation but must bLe easily
separated afterwards, it should boil considerably higher

than either component of the original mixture and ghould

form no azeotrope.
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Since extractive dletillation always involves at least
three componente and analyses of such mixtures is difficult,
considerable attention hss been paid to methods of
predicting the equilibrium relationships of three component
uixtures from those of the three two component mixtures
involved, Tn the procedures developed Dy Van Laar (2 ),
iargules (11), and vhite (9 ), the activity coefficient of
one component of a binary mixture is related to the
composition of the mixture by equations involving constants
which can be detefmined experimentally. Reddich and

Kister (9) have developed an equation for the ratio of the
activity coefficients of the two components which is very
convenient since multipication of t'is ratio by the ratio
of the partial pressures gives the relative volatility
directly. All of these ecuations can be expanded to
include ternary mixtures, thaugh in some cases ( 8,1)
sdditional constants must be determined from the three
compoﬁent mixture. The equastions of Reddich and Kister

and of ‘hite, however, require no additional constants

and are much more convenient to usé. It is also possible
to determine the activity coefficients in a ternary mixture
by a special method of plotting the activity coefricients
of the binary mixtures (3). Tais méference also describes
a very'convenient method of estimating the Van Laar

constants from data on mutuel solubilities. Such a

»procédﬁre is useful when considering a large number of

sodvents for a given separation,




Bibliography

Benedict, kiansonj Johneon, Ce A.; Solomon,'ﬁrnest; and
Rubin, L. C;, Trans., Amer. Inst. Chem. Engrs.y 4l,
271-92 (1945). |

o. Carlson, N. C., and Colburn, A. P., Ind. %ng. Chem.,

34, 531-9 (1942).

3. Colburn, A. P. and Schoenborn, T. I, Trans, Amer, Inst.
Chem. “ngrs., 41, 421-43 (1945).

4, Dicks, R. S., and Carlson, C. S., Trans. Amer. [nst. Chem,

5. enske, L. 7., Tnd. ng. Chem., 24, 482 (1952).

6. Othmer, D. F., Ind, "ng. Chem., 20, 743-6, (1928).

é 7. Othmer, D. F., Chem, & Liet,, 48, 91 (1941).
redlich, O and nister, A. 7., Ind. “ng. Chem., 40,

1 \ 345-8 (1948),

f; white, Re Rey Trans, Amer, Inst. Chem. Tngrs.,

| 539-54 (1945).

; !

10. illiams, G. S.; Rosenberg, S. and llothenberg, H. A.,
ind. “ng. Chem., 42, 1273-6 (1943).
11, %ohl, ‘urt, Trans Amer. Inst. Chem, "ngrs., 42,

215-49 (1946).,




	Lehigh University
	Lehigh Preserve
	1989

	Construction and testing of equipment to be used in extractive distillation experiments /
	Orrin C. Holbrook
	Recommended Citation


	tmp.1551116526.pdf.KyL_u

