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Abstract:
This investigation was performed to study the application of extractive distillation to the separation of
ethylbenzene from para-xylene.

The experimental work consisted of evaluating extractive agents In order to determine their effect on
the relative volatility of ethylbenzene to para-xylene. During the course of the research, 27 extractive
agents were investigated. The extractive agents were composed of various chlorinated organic
compounds. It was determined that the selection of the proper extractive agent components and ratio of
extractive agent to ethylbenzene-para-xylene mixture is vital to the success of the process.

The major pieces of equipment used in this study were three distillation column set ups having 12, 15,
and 19.5 theoretical plates and a gas chromatograph.

Evaluation of an extractive agent was done by using the extractive agent in an actual extractive
distillation of ethylbenzene and para-xylene. The extractive agent’s effect on the relative volatility of
ethylbenzene-para-xylene was determined by using the separation data obtained from the gas
chromatograph in the Fenske equation.

The relative volatility between ethylbenzene and para-xylene is 1.06. The value of relative volatility
that was considered acceptable for further development was 1.20. Of the 27 different extractive agents
investigated, 15 yielded relative volatilities greater than 1.20, with the best result being a relative
volatility of 1.276. 
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ABSTRACT

This investigation was performed to study the application of 
extractive distillation to the separation of ethylbenzene from para- 
xylene.

The experimental work consisted of evaluating extractive agents In 
order to determine their effect on the relative volatility of ethylbenzene 
to para-xylene. During the course of the research, 27 extractive agents 
were investigated. The extractive agents were composed of various 
chlorinated organic compounds. It was determined that the selection of 
the proper extractive agent components and ratio of extractive agent to 
ethylbenzene-para-xylene mixture is vital to the success of the process.

The major pieces of equipment used in this study were three 
distillation column, set ups having 12, 15, and 19.5 theoretical plates 
and a gas chromatograph.

Evaluation of an extractive agent was done by using the extractive 
agent in an actual extractive distillation of ethylbenzene and para- 
xylene. The extractive agent’s effect on the relative volatility of 
ethylbenzene-para-xylene was determined by using the separation data 
obtained from the gas chromatograph in the Fenske equation.

The relative volatility between ethylbenzene and para-xylene*is 
1.06. The value of relative volatility that was considered, acceptable 
for further development was 1.20. Of the 27 different extractive agents 
investigated, 15 yielded relative volatilities greater than 1.20, with 
the best result being a relative volatility of 1.276.



INTRODUCTION

The purpose of this investigation was to study the feasibility of 
separating ethylbenzene from para-xylene by means of extractive distil
lation.

Para-xylene and ethylbenzene are both, eight carbon-atom aromatic / 
v compounds of the benzene family. Both are commercially important 
compounds with ethylbenzene being used to make styrene and para—xylene 
used to make terephthalic acid and plastics. The principal source of 

both of these compounds is the petroleum industry, both are products of 
the reforming process used in the refining of oil. Ethylbenzene and 

para-xylene are similar not only in that they are both eight-carbon 

aromatics but also in that they have practically the same vapor pressures 

at all temperatures and they both have nearly the same boiling points. 
Para-xylene has a boiling point of 138.4°C at one atmosphere pressure 

and ethylbenzene has a boiling point of 136.2°C at one atmosphere 
pressure. All of these similarities make their separation difficult and 
costly. The present method of separation is that para-xylene is 
crystallized from a solution of xylenes at a temperature between -SO0F to 

-IOO0F with a yield of only about 65%. Ethylbenzene is then separated by 
distillation from the remaining xylene mixture which contains some para- 
xylene. The.distillation columns required to make these, separations must 

■ contain a large number of theoretical plates. This research was done for 
the purpose of determining if the separation could be accomplished with 

fewer plates by employing extractive distillationi(I)

Tbe separation of two chemical compounds by the means of fractional
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distillation depends on the difference in their volatilities. If one 

compound is more volatile than the other then the vapor in equilibrium 
with a liquid mixture of the two chemicals will be richer in the more 

volatile compound than is the respective liquid mixture. The difference 
in the volatilities of two compounds is determined by the difference in 
their boiling points. Since ethylbenzene and para-xylene have boiling 
points which are nearveach other the tendencies of these compounds to 

vaporize is very much the same which means that they cannot be easily 

separated by straight fractional distillation. For this reason, 
extractive distillation was selected as a means to separate these com

pounds. (2)
Extractive distillation is simply fractional distillation in the 

presence of a solvent. In extractive distillation separation of two 
compounds is effected by the addition of a third chemical or component 

near the top of the distillation column. This third component is one 
with a high'boiling point and is nonvolatile relative to the compounds 

that are to be separated. The extractive agent is introduced near the 
top of the column so that it can flow down through the column washing 
the ascending vapors and absorbing one of the components. The temperature 
of the system is such that the liquid and vapor phases can exist. The 
vapor pressure of the absorbed or dissolved compound is lowered which 

raises the relative volatility of the two component mixture that is to 

be separated. By this change in relative volatility a separation can be 

more easily obtained. (.3)
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In this research'the.method used to measure the separation obtained 

between the ethylbenzene and para—xylene was their relative volatility. 
As explained previously volatility is simply the measure of a compound's 

tendency to vaporize and is equal to the mole fraction, of the component 
in the vapor phase divided by the mole fraction of that component in 
the liquid phase. The ease of separation of a mixture by fractional 
distillation depends on the relative volatility of one compound to 

another. The relative volatility of a binary mixture is determined by 
dividing the volatility of one component by the volatility of the other 
component. The volatility of the higher boiling component is generally 

used as the denominator of the ratio in order to give a relative 
volatility greater than one. The higher the value of the relative 

volatility the greater the ease of separation. (3)
The method used to calculate the relative volatility employed the 

use of the Fenske equation which can be written, as follows:

where
a = relative volatility 

n = number of theoretical plates 
Y£ = percent ethylbenzene in distillate 

Yp = percent para—xylene in distillate 

= percent para-xylene in bottoms 

= percent ethylbenzene in bottoms

<



This equation comes from applying the definition of relative 

volatility to every theoretical plate in the column. This same equation 
was used to do the calibration of fhe columns so everything was done on 
a consistent comparable basis.

The method of analyzing samples from the distillate and bottoms in 

order to obtain quantitative values usable in the equation was a gas 
chromatograph. The chromatograph has a column 15-20 feet long with a 

packing of diisodecyl phthalate. The values or mole percentages were 

obtained from a recorder hooked to the gas chromatograph which, had an 

automatic integrater which accurately measured the area under each peak; . 
it was from these areas that the composition of the bottoms and distillate
were determined.



RESEARCH. OBJECTIVES

The objective of this research, was to investigate as many- 

extractive agent systems as possible to obtain relative -volatility 

data for the separation of ethylbenzene from para-xylene„ The ultimate 
purpose of this data is to supply the information needed for the design 
of a commercial ethylbenzene—para—xylene plant.



EXPERIMENTAL PROCEDURES
EQUIPMENT■

To carry out the proposed .study- basically three different distilla

tion column set-ups were used. Each, column set-up was similar but there 
is enough difference between each( one that they will each be individually 
described here.

The first system, the physically smallest system used consisted of 

the following equipment: two sections Of vacuum jacketed I inch inside
diameter distillation columns, each column contained 10 Oldershaw 
perforated bubble plates, Corad condensing head, extractive agent feed 
tank, fluid metering extractive agent feed pump, 1.0 liter still-pot 

with sidearm for sampling, and a still-pot heater. A diagram of this 
apparatus is shown in Figure I. This set-up was used at the outset 

of the research to make sure that the extractive distillation process 

would work before a large sum of money was spent on larger equipment.
This set-up was also used during the later stages when there were 

shortages of some of the components used in the various extractive 
agents and when the larger system was inoperative.

■ The second system used is shown in Figure 2 and it consisted of 
a 6 foot section of disfiliation column with an inside diameter of 

1.97 inches that contained 40 Oldershaw perforated bubble plates. The 
column has a 65/40 male ball-and-socket joint on the bottom and a 

65/40 female ball-and-socket joint on the top. The ground glass joints 

were used to connect the column to a 50 liter still-pot with sidearm 
sampling port and a Cored condensing head. Around the disfiliation
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Figure I. Vacuum Jacketed Distillation Set-Up
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Figure 2. Large Column Distillation Set-Up
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column was a concentric glass tube with an outside diameter of .3.35 inches 
that was wrapped with, a nichrome heating wire that was hooked to a variac 
that allowed the column to be operated at adiabatic conditions. Around 
this second tube was another concentric glass tube with an outside 
diameter of 4.0 inches. This third concentric tube was there for the 

purpose of insulation to prevent excessive heat loss. The extractive 
agent feed system consisted of a 5 gallon stainless steel feed tank 

that was heated by two slab-type surface heaters that were controlled 
with variacs, The feed pump was the same fluid metering pump used in 

the first system. The pump head and pump line were wrapped with a 

nichrome heating wire .and well insulated to keep the extractive agent 
heated and in the liquid state.

The third system used was exactly the same as the second system 

described above except that a stripping section was added between the 

6 foot section of distillation column and the Corad condensing head.
This stripping section was 2 feet long and had an outside diameter of 
1.25 inches and was packed with 1/4 inch carbon steel Berl saddles.
Like the large 6 foot section it had two concentric glass tubes around 
it each with outside diameters of 2.00 inches and 2.62 inches 
respectively. The middle tube was wrapped with.nichrome wire that was 

hooked to a variac to provide adiabatic conditions in the stripping 

section.' This distillation set-up is shown in figure 3.

The distribution of the components in the bottoms and distillate

was determined using a gas chromatograph. The column in the chromatograph
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Corad Condensing Head
Extractive Agent 
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Still-pot
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Figure 3. Large Column With. Stripping Section Distillation Set-Up
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Figure 4. ChromatograpIi Peaks
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was 10-15 feet long and was 1/8 inch, in outside diameter. . The column 

packing was made up as follows: 0.5 gm each of Bentone 34 (an organo 
clay complex, National Lead Bariod Division) and dissodecyl phthalate 
were deposited on 9.0 gm of chromosorb P using the conventional 
vaporization and slurry techniques. This packing was then placed in 
the 10—15 foot column.

The actual apparatus included an Aerograph 660 ionization gas 

chromatograph hooked to a Sargent recorder. Model SR. The operating 

conditions used were: column temperature, 750C,; injection port temperature

200°C;•detector temperature, 140°C; helium flow rate, 20-30 ml. per 

minute; hydrogen flow rate, 20-30 ml. per minute; air flow rate,
250-400 ml. per minute. The separation obtained from the chromatograph 

column is shown in Figure 4.

EXTRACTIVE SYSTEMS
During the course of this research over 20 different' extractive 

agents, or solvents as they are sometimes called, were investigated. The 
composition of the systems and their melting and boiling points at 

640 mm. of mercury are listed in Table I below.

TABLE I. COMPOSITIONS AND BOILING AND MELTING POINTS OF
EXTRACTIVE AGENTS

EXTRACTIVE AGENT ' MELTING,POINT'0C.v •. ' BOILING POINT °C
33.3% polychloro benzene
33.3% pentachloro-phenol " 86.5 222.4
33.3% 1,2,4—trichloro benzene
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TABLE I CCont.)' COMPOSITIONS AND BOILING AND MELTING POINTS
OF EXTRACTIVE AGENTS

EXTRACTIVE AGENT MELTING,. POINT °C . . BOILING .POINT- pC
50.0%
50.0%

paradichloro benzene 
pentachloro phenol 103.4 282.1

75.0%
25.0%

benzene hexachlori.de 
dipropylene glycol, methyl ether - 292.5

50.0%
50.0%

polychloro benzene 
1,2,4,5-tetrachloro benzene 111.1 242.2

33.3%
33.3%
33.3%

chloro toluene 
benzene hexachloride 
2,3,4,6—tetrachloro phenol

- 180.5

33.3%
33.3%
33.3%

polychloro benzene 
'benzene hexachloride 
2,3,4,6-tetrachloro phenol

~ 263.3

25.0%
25.0%
50.0%

polychloro benzene 
benzene hexachloride 
pentachloro phenol

124.1.. 273.2

50.0%
50.0%

polychloro benzene
2,3,4,6-tetrachloro phenol ■ f 52.3 259.0

70.0% pentachloro phenol 
30.0% chloro toluene
52.0% polychloro benzene 
26.0% pentachloro phenol 
22.0% 1,2,3-trlchloro propane
52.0% polychloro benzene 
26.0% pentachloro phenol 
22.0% 2,4-dichloro toluene
67.0% 2,3,4,6-tetrachloro phenol
33.0% chloro toluene
33.3% pentachloro phenol 
33.3% benzene hexachlori.de 
33.3% 1,2,4—trichloro benzene

104.8

79.5

72.5

178:5

188.1

224.4

81.0 229.3
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TAB TABLE I (Coht.) 

EXTRACTIVE AGENT

COMPOSITIONS' AND BOILING AND MELTING POINTS.
OF EXTRACTIVE AGENTS

MELTING POINT pC ' BOILING POINT °C
75.0% benzene hexachlori.de
25.0% 1,2,4-trichloro benzene
75.0% benzene hexachloride
25.0% n—hexyl cellosolve
38.0% pentachloro phenol
24.0% 2,3,4,6—tetrachloro' phenol 85.5
38.0% I,2,4-trichloro benzene

38.0% pentachloro phenol
24.0% 2,3,4,6-tetrachloro phenol 78.5
38.0% 2,4-dichloro toluene
33.3% pentachloro phenol
33.3% benzene hexachloride 85.0
33.3% 2,4-dichloro toluene
25.0% polychloro benzene
25.0% pentachloro phenol ,
25.0% benzene hexachloride
25.0% I,2,4-trichloro benzene

25.0% polychloro benzene
25.0% pentachloro phenol no o
25.0% 1,2,4,5-tetrachloro benzene
25.0% butyl cellosolve
26.67% polychloro benzene
26.67% pentachloro phenol c
26.67% 1,2,4,5-tetrachloro benzene 
20.0% 2,4-dichloro toluene

50.0% 2,3,4,6-tetrachloro phenol
25i0% dimethyl tetrachloro terephthalate —
25.0% I,2,4-trichloro benzene

238.5

226.3

236.7

220.4

271.4

251.8

190.8

226.1

223,7

50.0%
25.0%
25.0%

2,4,5-trichloro phenol
dimethyl tetrachloro terephthalate
I,2,4-trichloro benzene

231.8
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TABLE I (Cont.) COMPOSITIONS AND BOILING AND MELTING POINTS
OF EXTRACTIVE AGENTS

'EXTRACTIVE AGENT MELTING POINT °C BOILING POINT 0C
33.3%
33.3%
33.3%

2,4',5-trichloro phenol 
benzene hexachloride 
1,2,4-trichloro benzene

- 299.4

33.3%
33.3%
33.3%

2,4,5-trichlord phenol 
benzene hexachloride 
polychloro benzene

- 253.6

50.0%
25.0%
25.0%

2,3,4,6—tetrachloro phenol 
benzene hexachloride 
1,2,3-trichloro propane

- 168.2

33.3%
33.3%
33.3%

pentachloro phenol 
1,2,3-trichlorb propane 
polychloro benzene

67.0 176.6

— denotes systems that are liquids at room temperature

OPERATIONAL PROCEDURES

The operational procedure can best be expalined in three parts, one 
section on the operation of the small vacuum jacketed I inch' diameter 
column with a total of 20 Oldershaw'perforated bubble plates, one section 
on the operation of the large 1.97 inch diameter column that contains 

40 Oldershaw perforated bubble plates, and one section on the large 
column with the two foot section of packed stripping section.

SMALL VACUUM JACKETED COLUMN

Operation of the small vacuum jacketed column is the simplest and 

will be explained first. To begin the research, the small column as 

shown in Figure I was calibrated to determine the number of theoretical
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plates present in fie column. The calibration mixture used was 20 wt. % 

ethylbenzene and 80 wt.% para-xylene and has a known relative volatility 

equal to 1.06. By knowing these things and by using the Fenske equation 
which is:

which was explained in the introduction and in the sample calculations, 

n, the number of theoretical plates in the column can be determined. The 

calibration was done at total reflux (all the distillate is returned to 
the column to reflux again) and at a 10:1 reflux ratio. This was done 

to determine if running the column at a finite reflux ratio such as 
10:1 affected the column’s performance. As can be seen in Figures 5 
and 6, the finite reflux ratio drops the number of theoretical plates 
in the column. This was very important because, this indicated that 

the column could not be operated at total reflux and samples drawn off 
intermittently because then the column would not be operating at a 
constant number of theoretical plates and the analysis would not be 

consistent. To insure a constant number of theoretical plates, the 
column was operated at a 10:1 reflux ratio during all of the extractive 

runs and a calibration of 12 theoretical plates was used to determine 
all relative volatility data.

Two other variables were tested during the calibration run. The 

effects of boil up rate and time were analyzed to see if they had any 

effect on the number of theoretical plates. As can be seen in Figure 5
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Figure 5. Theoretical Plates vs. Time for Vacuum Jacketed Column
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Column
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and Figure 6, neither of these variables affected the calibration. It 
appears from the figures that there is no equilibrium time for the column 

according to the calibration but as was found out later in the extractive 

runs this column had an equilibrium time of about 2.0 hours. It was 
at this time that the maximum separation of ethylbenzene and para-xylene 

occurred for any extractive system

After the calibration of the column was completed, the extractive 
runs were made. The procedure for each different solvent was nearly the 
same so an outline of the general procedure will be given with detailed 

descriptions for any variations that were used.

To begin a run in the small vacuum jacketed column, the still-pot 
was charged with a mixture of 20 wt.% ethylbenzene and 80 wt.% para- 

xylene and the heating mantle turned on. All of the other heaters were 
then turned on: the extractive agent feed.tank heaters, extractive
agent feed pump heaters, and 'the feed line heaters. While the heaters 

were warming up and the column filling with still-pot charge the 
extractive agent was prepared. All the different systems and their 

.compositions are listed in the Extractive Systems section. The 
extractive agent systems were prepared on a weight percent basis. When 

the column had still-pot charge on each, plate and was condensing in the 
head and refluxing back into the column, the extractive agent was poured 

into the feed tank and the pump turned on.. The column was then carefully 

watched to insure that distillate was constantly reaching the head and 

running out of the condensing head sampling port, the Cored condensing
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head was ,set on a 10;I reflux ratio. By knowing the' reflux ratio and 
taking a timed sample from the condensing head the rate of boil up in 

the column could be calculated. In this way, a constant boil up of 

about 6.0 ml. per minute was maintained and the feed pump was set to 

deliver about 12.0 ml per minute of extractive agent. This gave a 2:1 
ratio of extractive agent to ethylbenzene-para-xylene mixture.

As the run progressed, the still—pot mantle had to be turned up to 

maintain the proper boil up rate. The reason is that as more extractive 
agent reached the still-pot the boiling point of the mixture in the still- 
pot went up and required more heat to maintain the constant boil up rate 
in the column. ,

Samples of the distillate and bottoms were collected from the Corad 

condensing head and the still-pot at regular hour intervals. These 

samples were shot into.the gas chromatograph and the relative volatilities 
determined at each hour. It was through this data that it was determined 
that the equilibrium time for an extractive run in the vacuum jacketed 

column was about 2.0 hours.

LARGE 40 PLATE DISTILLATION COLUMN

The procedure for operating the large column is basically the same 

as that followed for the small column with a few important exceptions.

As with the small section, the first thing done was the calibration. The 

column, as seen in Figure 2, was calibrated at total reflux and at a 
reflux ratio of 30:1. As can be seen in Figures 7 and 8, the reflux
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Figure 7. Theoretical Plates vs. Time for Large Distillation
Column
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□  = reflux ratio of 30:1
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Figure 8. Theoretical Plates vs. Boil Up for Large
Distillation Column
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ratio had an effect on the calibration. At total reflux the column 

calibrated out to about 22 theoretical plates and at the. finite reflux 

ratio of 30:1 the calibration dropped down to 15 theoretical plates. ,

As before this indicated that the column would have to, be run at a 

finite reflux ratio in order to produce reliable results.
During the calibration, the effects of time and boil up rate were 

again investigated. The results for the large column were the same as 
for the small column as can be seen in Figure 7 and Figure 8. These 
two variables appeared to have no effect on the calibration.

As seen in Figure 2, the equipment set-up for the large distillation 

column was different than for the small vacuum jacketed column. The 

first difference is that the column does not have a vacuum jacket around 
it to create adiabatic operating conditions. This condition was created 

through the use of the nichrome wire wrapped around one of the concentric 
glass tubes surrounding the column. The nichrome heating wire was 

connected to a variac so the temperature of the distillation column, 
to which a thermometer was attached, could be varied by changing the 
power input to the heating wire. Throughout all of the runs the temper
ature of the column was maintained at about 140-142°C, this was hot 
enough to keep the ethylbenzene-para—xylene mixture from condensing on 
the walls of the column.

Another difference between this column and the vacuum jacketed 

column was that there was a thermocouple located in the pump line where 

the extractive agent was fed into the column. This allowed for better
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control of the temperature of the solvent.. The solvent was fed into the ■ 
column varying from 15Q°C to 200°C based on what the boiling point of 

the solvent was. The purpose of this added control was to insure that 

the extractive agent was not entering the column under 138°C. If it was 
fed into the column at less than 138°C it would cause the ethylbenzene- 
para-xylene mixture to condense and run back down into the still-pot 
destroying the equilibrium in the column.

The procedure for making an extractive run in the large column is 

the same as in the small column with a few minor exceptions. The 
procedures of charging the still-pot, regulating the heaters, and control 

during the run were approximately the same. The major differences in 

operation were that the large column was operated at a reflux ratio of 

30:1 for all extractive runs made and the ratio of extractive agent to 

ethylbenzene-para-xylene mixture varied from 1:1 to 3:1 depending on the 
solvent. Another difference of course was that the boil up rate was 
much larger in the large column, for most runs the boil up rate was kept 
at approximately 15 mis. per minute while the solvent rate varied from 
15 to about 45 mis. per minute.

As done with the small column, distillate and bottoms samples were 

collected regularly every hour and the relative volatility determined 
at each hour. From these hourly relative volatility determinations, it 

was found that the equilibrium time for the large column was about 3 

hours for an extractive run.
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LARGE COLUMN WITH. TOO FOOT PACKED:STRIPPING SECTION

This system as shown in Figure 3 is.just the large 40 plate 

distillation column with a two foot packed stripping s,ection placed 

between the Corad condensing head and the large distillation section.
The point at which'the extractive agent is fed in remains at the top of 
the large section with the stripping section going above the feed point.

Just as with the other two distillation set ups the first thing 
done was a calibration of the column. The result of this calibration 

can be seen in Figure 9. The procedure for making the calbiration was 

exactly the same as it was for the large column without the two foot 

stripping section.
From Figure 9 it can be seen that the column calibrated out at 

19.5 theoretical plates which means that 4.5 plates were contained in 
the two foot stripping section.

The operational procedure for making an extractive run is the same 
as for the large 40 plate section with the addition of controlling the 

temperature of the stripping section. The temperature is determined in 
the stripping section by means of a thermocouple placed between the 
packed column and the first concentric glass tube surrounding it.
The temperature is maintained at about 1400C during the run by use of 
the nichrome heating wire wrapped around the inside concentric glass 

tube. The heating wire is hooked to a variac which, acts as the power 

source for producing the heat.

Since'this column set up is different from the others in that it. .
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□  = reflux ratio of 30:1

TIME 
(hrs.)

Figure 9. Theoretical Plates vs. Time for Large Distillation
Column With Stripping Section
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has an extractive section (the large 40 plate section) which, contains 
extractive agent plus ethylbenzene—para-xylane mixture and the two 

foot packed section which contains, only the ethylbenzene—para-xylene 
mixture a different means of determining the relative volatility was 
needed. The method of calculating the relative volatility was done by 
modifying the Fenske equation in the following manner:

a15 x 1.064,5 = x

= relative volatility in extractive section 

 ̂ 1.064 ”̂  = separation obtained in stripping section

Again„ as in the other two distillation set-ups samples of the 
distillate and bottoms were collected each hour and the relative . 

volatility calculated with the above equation. From this hourly data, 
it was found that this set-up had an equilibrium time of about 3 hours.

With this distillation set-up as well as in the one consisting of 
only the large column, a problem of deposits from the extractive agent 

laying down on the plates and column sides occurred. These deposits 
were black and became severe enough that visibility through the glass 
column was blocked. It was found during the course of the research 
that these, deposits could be removed by boiling a strong solution of 

water and sodium perborate up through the column.
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DISCUSSION HDF RESULTS
SMALL VACUUM'JACKETED'COLUMN

During all of the extractive runs, the value of the relative 

volatility (a) that was considered a success was 1.20. It was felt 
that if a solvent could produce a separation that gave a relative 
volatility of 1.20 the solvent could be used in a commercial operation 

and be profitable.

A summary of the extractive agents and the relative volatility 

they gave is found In Table II along with the ratio of extractive agent 
to boil up rate. The information presented in this table is for those 

solvents run in the small vacuum jacketed column only.

TABLE II. RELATIVE VOLATILITIES AND EXTRACTIVE AGENT RATIOS 
FOR THE VACUUM JACKETED COLUMN

EXTRACTIVE AGENT/ RELATIVE
EXTRACTIVE AGENT

33.3%
33.3%
33.3%

polchloro benzene 
pentachloro phenol • 
1,2,4-trichloro henzene

52.0%
26.0%
22.0%

polychioro benzene 
pentachloro phenol 
I,2,3-trichloro propane

52.0%
26.0%
22.0%

polychloro benzene 
pentachloro phenol 
2,4-dichloro toluene

67.0%
33.0%

2,3,4,6-tetrachloro phenol 
chloro toluene

33.3%
33.3%
33.3%

pentachloro phenol 
benzene hexachloride 
1,2,4—trichloro benzene

BOIL UP VOLATILITY

2:1 1.202

2:1 ' 1.180

2:1 1.134

2:1 ' 1.165

2:1 1.276



TABLE II (Cont). RELATIVE VOLATILITIES AND EXTRACTIVE AGENT
RATIOS FOR THE VACUUM JACKETED COLUMN
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EXTRACTIVE AGENT/ . RELATIVE
' EXTRACTIVE AGENT. BOIL UP ' VOLATILITY
75.0%
25.0%

benzene hexachlorlde 
1,2,4—trlchloro benzene 2.1 1.238

75.0%
25.0%

benzene hexachlorlde 
n-hexyl cellosolve 2:1 1.140

38.0%
24.0%
38.0%

pentachloro phenol 
■ 2,3,4,6-tetrachloro "phenol 
1,2,4-trlchloro benzene

2:1. 1.243

38.0%
24.0%
38.0%

pentachloro phenol
2,3,4,6—tetrachloro phenol
2,4-dichloro toluene

■ 211 1.231

33.0%
33.0%
33.3%

pentachloro phenol 
benzene hexachlorlde 
2,4-dichloro toluene

2:1 1.253

25.0%
25.0%
25.0%
25.0%

polychloro benzene 
pentachloro phenol 
1,2,4,5-tetrachloro benzene 
butyl cellosolve

2:1 1.192

26o67% polychloro benzene
26.67% pentachloro phenol . 2:1 1.178
26.67% I$2g4,5-tetrachloro benzene
20.00% 2,4-dichloro toluene
25.0%
25.0%
25.0%
25.0%

polychloro benzene 
pentachloro phenol 
benzene hexachlorlde 
I,2,4-trlchloro benzene

2:1 1.266

50.0%
25.0%
25.0%

2,3,4,6-tetrachloro phenol 2;1
dimethyl tetrachloro terephthalate 
I,2,4-trlchloro benzene

1.222

50.0%.
25.0%
25.0%

2,4,5-trichloro phenol 2;T
dimethyl tetrachloro terephthalate 
1,2,4—trlchloro benzene

( 1.192
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TABLE II (Cent.) RELATIVE VOLATILITIES AND EXTRACTIVE AGENT •'
RATIOS .EOR THE VACUUM JACKETED COLUMN

EXTRACTIVE AGENT/ RELATIVE
EXTRACTIVE AGENT BOIL UP ■ VOLATILITY
33.3% 2,4 ,"5-trichloro phenol

-
33.3% benzene hexachloride 2:1 1.206
33.3% I,2,4-trichloro benzene

33.3% 2,4,5 trichloro phenol ■
33.3% benzene hexachloride 2:1 1.207
33.3% polychloro benzene

As seen In Table II, the ratio of extractive agent to ethylbenzene- 
para-xylene mixture was always 2:1. The reason for this was that since 
the column was small, only 1.0 inches in diameter, the amount of liquid 

the column could handle-was small and very critical. If too much 

liquid was forced into the column by increasing the boil-up rate or by 
increasing the extractive agent feed rate flooding of the Oldershaw 

bubble plates occurred which ruined any separation which might have 
been taking place. It was found during the research-that the column 

operated best at a 2:1 ratio and this was used for all of the runs in the 

samll column.
The problem of flooding was very critical and had to be closely 

watched for. Another factor that was similar to the flooding problem 
was the problem of foaming of the extractive agents in the column. Some 

of the extractive agents-had-a tendency to foam which, would fill the 

whole column full of foam which resembled that of detergent foam.

Fearning had the same effect as did the flooding of the column, it ruined
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or destroyed any separation that had been achieved.

LARGE 40 PLATE DISTILLATION COLUMN

The large column as shown in Figure 2 was used to see if scaling up 

the size of the column would have any effect on the extractive distilla

tion process. The results of the runs made in the large column are 
summarized in Table ILL.

TABLE LLL. RELATLVE VOLATLLLTLES AND EXTRACTLVE AGENT RATIOS 
FOR THE LARGE DISTILLATION COLUMN

EXTRACTIVE AGENT
EXTRACTIVE AGENT/ 

BOIL UP
RELATIVE
VOLATILITY

50.0% para-dichloro benzene 3:2
50.0% pentachloro phenol
75.0% benzene hexachloride 1:1
25.0% dipropylene glycol, methyl ether

50.0% polychloro benzene „ gy,
50.0% 1,2,4,5-tetrachloro benzene

33.3% chloro toluene
33.3% benzene hexachfo.ride 3:1
33.3% 2,3,4,6-tetrachloro phenol
33.3% polychloro benzene ’ ■
33.3% ■ benzene hexachloride 2:1
33.3% 2,3,4,6-tetrachloro phenol
25.0% polychloro benzene
25.0% benzene hexachloride 2:1
50.0% pentachloro phenol
50.0% polychloro benzene
50.0% 2,3,4,6-tetrachloro phenol 2:1

1.16

1.14

1.166.

1.190

1.20

1.218

1.217

For most of the systems listed in Table L U  several runs were made
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because Lt took several attempts before the system could be properly 

run so that there was a minimum amount of flooding and foaming occurring 

in a run. One important point about the large column is that when there 

were problems occurring such as flooding or foaming if,they were remedied 

in a relatively short time the separation of ethylbenzene-para-xylene 

did not appear to be affected and the column could remain in operation 

until equilibrium was reached and the maximum separation obtained. Iff
flooding or foaming took place in the small vacuum jacketed column the 

run had to be started completely over at time zero because the flooding 
or foaming destroyed what equilibrium had been attained at the time of 

the interuption.
As can be seen in Table III the extractive agent ratio varied 

anywhere from 1:1 to 3:1. This could be accomplished in the large 

distillation column because it had a large through-put capacity allowing 

for a large range of ratios.

For several of the systems run in the large distillation column, 
a recycle of the extractive agent was attempted. The procedure was to 

recover the extractive agent from the bottoms after an extractive run 
had been made. The recovery was accomplished in a simple manner. A 

condenser was placed directly on the neck of the 50 liter still-pot 
and the ethylbenzene and para-xylene were driven out of the solvent by 

heating the still-pot. The recovered solvent was then used in another 

extractive run. In all cases except one, the relative volatility obtained 

for the recovered solvent was the same as that obtained for the fresh
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solvent. The case for which.' the recovered solyent did not work was for 
the solvent of 33.3% chloro toluene, 33.3% benzene hexachloride, and 

33.3% 2,3,4,6-tetrachloro phenol. The reason it did not work is because 
the chloro toluene has a high, volatility in comparison to the other 

components and was driven off with the ethylbenzene and para—xylene 
during the recovery process. With a more sophisticated recovery system 

the recovery.could be made without driving off the chloro toluene and 
the recovered solvent would probably work.

LARGE COLUMN WITH TWO FOOT PACKED STRIPPING SECTION

The last distillation set up used in this investigation was the 

one shown in Figure 3.„ This set up was nothing more than the large 40 

plate distillation column with a two foot packed section placed between 

it and the Cored condensing head. The reason this stripping section was 
placed above the extractive agent feed point was to.insure that none of - 

the more volatile components of the extractive agents contaminated the 
distillate reaching the condensing head.. Compounds such as chloro 

toluene and 1,2,3-trichloro propane were volatile enough to get carried 
up into the distillate which caused complications when analysis of the 

distillate was done on the gas chromatograph. Table LV gives a summary 
of the runs made in this column set up.



TABLE IV. ' RELATIVE VOLATILITIES AND EXTRACTIVE AGENT RATIOS
FOR THE LARGE COLUMN WITH TWO FOOT.STRIPPING SECTION

EXTRACTIVE AGENT/ RELATIVE
EXTRACTIVE AGENT •' BOIL UP VOLATILITY
70.0%
30.0%

pentachloro phenol 
chloro toluene 2:1 1.212

50.0%
25.0%
25.0%

2,3,4,6-tetrachloro phenol 
benzene hexachlorlde 
1,2,3-trichlqro propane

1.67:1 1.198

33.3%
33.3%
33.3%

pentachloro phenol 
1,2,3-trichlorb propane 
polychloro benzene

1.67:1 1.185

The last table in this section is a consideration of each of the 

extractive agents ran during the course of this investigation with 
comments on each of the solvents that might be of special interest to 
anyone desiring to run an extractive distillation with one of the solvents

listed
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33.3% polychloro benzene 
33.3% pentachloro phenol 
33.3% 1,2,4-trichloro benzene

EXTRACTIVE AGENT

50.0% paradichloro benzene 
50.0% pentachloro phenol

75.0% benzene hexachloride
25.0% dipropylene glycol, methyl ether

50.0% polychloro benzene
50.0% 1,2,4,5-tetrachloro benzene

33.3% chloro toluene 
33.3% benzene hexachloride 
33.3% 2,3,4,6-tetrachloro phenol

33.3% polychloro benzene 
33.3% benzene hexachloride 
33.3% 2,3,4,6-tetrachloro phenol

EXTRACTIVE AGENT COMMENTS

COMMENTS
Easy to handle and run, has a slight 
tendency to foam.

Has great tendency to foam and also freezes 
in the head when it is run without the 
stripping section.

Easy to handle and to run. Odor of HCl 
detected indicating decomposition. (

w
U i

Slight tendency to foam and the I,2,4,5- I
tetrachloro benzene caused the fluid 
metering pump to leak around the head.

Must be run in column with stripping section 
in order to prevent chloro toluene from 
contaminating the distillate. Easy to run 
and to handle. HCl odor detected.

Very easy to run and to handle. HCl odor 
detected indicating decomposition.



TABLE V. (Cent.)

EXTRACTIVE AGENT
25.0%
25.0%
50.0%

polychloro benzene 
benzene hexachloride 
pentachloro phenol

50.0%
50.0%

polychloro benzene 
2,3,4,6-tetrachloro phenol

70.0%
30.0%

pentachloro phenol 
chloro toluene

52.0%
26.0%
22.0%

polychloro benzene 
pentachloro phenol 
1,2,3-trichloro propane

52.0%
26.0%
22.0%

polychloro benzene 
pentachloro phenol 
2,4-dichloro toluene

67.0%
33.0%

2,3,4,6-tetrachloro phenol 
chloro toluene

33.3%
33.3%
33.3%

pentachloro phenol 
benzene hexachloride 
1,2,4-trichloro benzene

EXTRACTIVE AGENT COMMENTS

COMMENTS

Very difficult to handle, pump line froze 
up several different times during the run. 
HCl odor detected indicating decomposition.

No problems except for a slight tendency 
to foam.

No problems, easy to handle and run

i

Must run this system in a column with the ^ 
stripping section because the 1,2,3- I 
trichloro propane contaminates the distillate.

Easy to handle and run.

Difficult system to run, has a high 
tendency to foam.

Easy to run and handle. Slight odor of HCl 
detected implying some decomposition was 
taking place during run.



TABLE V (Cent.)

EXTRACTIVE AGENT
75.0%
25.0%

benzene hexachloride 
1,2,4-trichloro benzene

75.0%
25.0%

benzene hexachloride 
n-hexyl cellosolve

38.0%
24.0%
38.0%

pentachloro phenol 
2,3,4,6-tetrachloro phenol 
I,2,4-trichloro benzene

38.0%
24.0%
38.0%

pentachloro phenol 
2,3,4,6-tetrachloro phenol 
2,4-dichloro toluene

33.3% pentachloro phenol
33.3% benzene hexachloride
33.3% 2,4-dichloro toluene

25.0% polychloro benzene
25.0% pentachloro phenol
25.0% benzene hexachloride
25.0% 1,2,4-trichloro benzene

25.0% polychloro benzene
25.0% pentachloro phenol
25.0% 1,2,4,5-tetrachloro benzene
25.0% butyl cellosolve

EXTRACTIVE AGENT COMMENTS

COMMENTS
Easy to run and handle. HCl odor detected 
indicating decomposition.

Severe foaming problem and HCl was detected 
indicating decomposition.

Easy to run and to handle, no problems.

Easy to run and to handle.

HCL odor detected indicating decomposition 
otherwise easy to run and to handle.

Ran smoothly, no problems except slight 
odor of HCl detected indicating some 
decomposition.

Ran smoothly except that the I,2,4,5- 
tetrachloro benzene caused the fluid 
metering pump to leak.



TABLE V (Cont.) EXTRACTIVE AGENT COMMENTS

EXTRACTIVE AGENT COMMENTS
26.67% polychloro benzene 
26.67% pentachloro phenol 
26.67% 1,2,4,5-tetrachloro benzene 
20.0% 2,4-dichloro toluene

50.0% 2,3,4,6-tetrachloro phenol
25.0% dimethyl tetrachlorb terephthalate 
25.0% 1,2,4-trichloro benzene

50.0% 2,4,5-trichloro phenol
25.0% dimethyl tetrachloro terephthalate
25.0% I,2,4-trichloro benzene

33.3% 2,4,5-trichloro phenol
33.3% benzene hexachloride 
33.3% I,2,4-trichloro benzene

33.3% 2,4,5-trichloro phenol
33.3% benzene hexachloride 
33.3% polychloro benzene

Ran smoothly except for pump leak caused by 
the I,2,4,5-tetrachloro benzene.

Ran smoothly except for HCl odor detected 
indicating some decomposition was taking place.

Easy to run and to handle.

Easy to run and to handle. Slight HCl odor 
detected indicating decomposition.

Easy to run and to handle, no problems.



TABLE V (Cont.) EXTRACTIVE AGENT COMMENTS

EXTRACTIVE AGENT COMMENTS

50.0% 2,3,4,6-tetrachloro phenol
25.0% benzene hexachloride 
25.0% 1,2,3,-trichloro propane

Must be run in column with a stripping section 
to keep the 1,2,3-trichloro propane out of 
the distillate. Easy to run and handle.

33.3% pentachloro phenol 
33.3% 1,2,3-trichloro propane 
33.3% polychloro benzene

Easy to run and to handle.



/

CONCLUSIONS '
1. It is possible to separate.ethylbenzene front para—xylene by using 

extractive distillation. Extractive distillation will increase 

the relative volatility from 1.06 to as high as 1.276.

2. It is possible to recover the extractive agent and reuse it without 

losing any of its separation effect.
3. By running the extractive distillation in a larger distillation 

apparatus the negative effects of flooding and foaming on the 

separation are decreased.
4. The selection of the proper components of the extractive agent is 

vital to its success. The ratio of agent to hydrocarbon must

be correct.
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SAMPLE. CALCULATIONS
Calculation of relative volatility for the vacuum jacketed 

distillation set up and large column distillation set up.
Fenske Equations

n -'Te- .. :t

where 

a = 
n = 

Y

relative volatility 
number of theoretical plates 

percent ethylbenzene in distillate 
percent para-xylene in distillate 

percent para-xylene in bottoms 
percent, ethylbenzene in bottoms

Sample calculation using the following system;
75% benzene hexachloride 
25% Is 2 s4-trichloro benzene

Yfi = 0.6752 mole fraction ethylbenzene
Yp = 0.3248 mole fraction para-xylene

■ Xp = 0.8621 mole fraction para-xylene

Xe = 0.1379 mole fraction ethylbenzene '
This run was. made in the small vacuum jacketed column so n = 12.Q

12 ' - 0.6752 x 0.8621
“ 0.3248 0.1379'
a = 1.238 '

12.996
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Calculation of relative volatility for the large distillation set up
with the two foot packed stripping section:

Fenske Equation:

15a x 1.064.5 x
X£xe

Sample calculations for the following system:

50.0% 2,3,4,6-tetrachloro phenol
25.0% benzene hexachloride 
25.0% 1,2,3-trichloro propane

1.064*5 = 1.30

0.8333 mole fraction ethylbenzene 

0.1667 mole fraction para-xylene 
0.7966 mole fraction para-xylene 
0.2034 mole fraction ethylbenzene

15 I 0.8333 0.7966B1667 0.20340i 1.3 = 15.06

1.198
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