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SUMMARY

Vapor liquid equilibrium data were_determined {or the
system, paraxylene = orthoxylene and for the system, para-
xylene - orthoxylene - resorclnol. The effects of resorcinol
on the separation of the two xylene lsomers was determined.

A method was devlised for analyzing samples of the vapor and
liquid equilibrium compositions,

A curve from which compositions of xylene solutlons
could be read wlth known refractive 1indlces was determined.
Equilibrium data were determined with an Othmer still for the
system, paraxylene = orthoxylene. A Hands and Norman stilll
was used to determine equilibrium data for the three compo-
nent system whilch included the two xylenes and resorclnol,
Resorcincl concentrations in the liquid phase were 20, 40,
and 90 per cent of the total weight.

The results show that the resorclnol is selective to
o-xylene., The relatlive volatility of p-xylene to o-xylene
is increased wlth 1lncreased concentrations of resorcinol in

he liquld phase, However, lncreased concentrations of
resorcinol above forty per cent do not have as much effect as
Increases 1n concentration up to forty per cent. This 1s so
pronouﬁced that a concentration of resorcinol in the vicinity
of forty per cent would probably be the maximum practlcal

concentration in a distlllation system.



INTRODUCTION

Many methods have been devised to separate the three
xylene isomers to thelr pure state., All of the known methods
are expensive, and the cost of the lsomers in their pure
state 1s very high., Separation of these compounds, m=-xylene,
p=xylene, and o-xylene 1is very difflcult because of the siml-
larity of their structures, and of thelr physlcal properties,
Table XI contalns the physical propertles of these compounds
in tabular form. The problem of this study 1s to explore the
possible use of resorcinol as an extractive arent for use in
extractive distillation of paraxylene and orthoxylene.

The demand for each lsomer in its pure form has besn in-
creasing and the demand will increase more rapldly 1f the
cost of the pure substances can be reducad.l Most of the
xylene produced today 1s used Iln gasolline blends. However,
the o=xylene 1s detrimental to the blend., If this compound
could be removed from the mixture, the two remaining lsomers
would make a blending agent superlor to the mixture of three
xylenes, The extracted ortho isoﬁér has an important use in
the production of phthallc anhydride. Previous to 1945 this
anhydride was produced exclusively from naphthalene. P=xXylene
i1s used 1n the production of Dacron for formlng the compound
terephthalic acid. The para isomer 1s also important for the
productlion of Kylar, a film base.

Three Important methods of separation are (1) distlilla=-
tlon, (2) selective sulfonation, and (3) selective crystalli-

zation, It 1is posalblé to separate o-xylene from the other



two xylenes by ordinary distillation. IHowever, a distilla-
tion column of many plates 1ls requlired for the separation.

If advantage 1s taken of the slight lncrease in relative
volatlility at low pressures a distillation column with a very
large dlameter may be required for the. separation, Selective
sulfonation® has been.used for many:years to separate the meta
compound from 1ts lsomers, orthoxylene and paraxylene. This
reaction 1ls successful because the rate of sulfonatlon of
m-xylene 1s faster than for the other compounds. The faster
hydrolysls of m=xylene sulfonate also alds the usefulness of
this reaction. The third method of separation mentloned is
selective crystallization. The melting point of p-xylene 1s
15.8° C., while those for o-xylene and m=xylene are mlnus 25°
and minus 47.7° respectively. This difference in melting
points 1s a great ald to the crystallization of p-xylene from
a mixture of xylenes. A eutectic is formed,6 however, which
limits the recovery of p-xylene to 50 per cent of the para
present,

The point of view of the author in this work is that of
reducling the cost of separation of o-xylene from the meta and
para compounds by distillation., If the proper substance were
added to the dlstillatlon system as an extractive apgent the
requlired size of the distillation column could be reduced
considerably. The problem was approached from the standpoint
of separating o-xylene from p-xylene., This was done chlefly
because of the difficulties lnvolved In analyzl:iy a ixture
of all three xylenes., It was hoped that 1f aun sxtractive

W e
agent was more selective to the ortho compound with: ‘“zapect



to the para isomer that 1t would also be more selectlive to
the ortho than to the meta compound.

In the sections followlng an attempt has been made to
outline the problem and to descrlibe the procedure used in do-
ing thls work., A sectlon 1s devoted to the results and a
brief outline of what they mean. The possible use of the

data collected and future work to be done are discussed.
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Se

STATEMENT OF PROBLEM

Devise a method of analyzing two and three component
systems,

Determine vapor-liquid equillbrium data for system para-
xylene and orthoxylense.

Determine vapor-liquid equilibrium data for system para-

xylene, orthoxylene and resorcinol,



MATERIALS USED

Orthoxylene:

Orthoxylene with a B. P. range of 143,5-144,5° C, was
obtalned from the liatheson Company, Inc. (Chemical No, 5819).
It was used directly for refractive 1index determinations and
for the vapor-liquid equllibrium determinations of the two
component system. For later runs a compound of 99,0 mole per
cent minimum purity was obtalned from Phillips Petroleum Co,
for use. An attempt was made to purlify thls ortho lsomer
further with a true bolling point stlll which has one hundred
theoretical trays. The refractive index of the product in-
dlcated there was no change 1iIn the compositlon. This chemical

was mixed with some of that obtalned from the Matheson Co.

Paraxylene:

Paraxyléne with a M. P. range of 12-13° C, was obtalned
from the Matheson Company, Inc. (Chemlical No. 5821). It was
used directly for refractive index determinations and for the
vapor-liguld equilibrium determinatlons of the two component
system. Ior later runs paraxylene obtalned from Hastman Kodak
Company was used. This chemlcal was mlxed with some obtained

from the Matheson Company.

Hesorclnol:

Kegsublimed resorcinol of C. P. grade was obtalined from
the liatheson Company, Inc. (Chemical No. 2869). This sub-
stance had a melting point range of 109 - 111° ¢. The origi-

nal resorcinol was tested for purlty by U, S. P. standard



tests (see page 48). However, the chemical discolors with
use due to exposure to lisht and to alr. No attempt was made

to recover the resorcinol to 1lts pure form after usage.



APPARATUS AND INSTRUMENTS

Othmer Still:

An Othmer type still was used for the two component,7s8
single liquid phase runs, This stlll is shown in Figure 1.
It is a continuous dlstlllation apparatus which is construct-
ed to minimlize fractionation of the vapors leaving the llquid
phase. The still has a ;lass tube projecting down Into the
still pot. This tubing 1s a passage way for the vapor sample
and is kept hot by vapors around it In the still pot. Vapor
is thus kept from condensing on the inslde and from causing a
wetted wall column effect. The stlll has a vapor sample
space with an overflow tube which returns condensed vapors to
the still pot. When equilibrium is obtained, the composition
of this overflow ls the same as the vapors leaving the still
pot., The compositlon of the 1llquid does not change as distlil-
lation progresses. Pressure ls maintalined constant in the
still by connecting a conétant pressure sourcs to the top of
the condenser. The pressure regulator used was a Carteslan
Industrial llanostat. The manostat used a compressed alr line
as lts source of pressure. A water fllled manometer was used
to check the stlll pressure with atmospheric pressure. One
lei; of the manometer was open to the atmosphere and the other
leg was connected to the system. A lline drawing of the systenm

1s gshown 1n Figure 4.



FIGURE 1

VIEW OF OTHMER STILL
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Ilands and Norman Sti1ll:

A Hands and Norman stlll was used for the three compo=-
nent, two llquid phase systems.4 This still is shown in
Figure 2. Thls still has a concentrilc tube which projects
down the length of the flask neck. Vapors in the annular
space prevent condensation from taking place within the tube.
The vapors for the sample pass up through this tube and over
to a vertical condenser, At the base of this condenser 1ls a
two-way stopcock which recycles condensed vapors back to the
pot, or collects condensed vapors when shut off, or passes
the condensed vapors into the atmosphere, This last position
is used to take a sanple for analysis. The still 1s a dynam-
ic distillation aﬁparatus and has the disadvantage of error
in the liquid compositlion. The composltion of the liguid
changes as the vapor sample 1s collected. Thils change in com-
nosltlion 1s small for large amounts of liquld but 1s consider-
able when small amounts of liquld are used. The advantage of
using this still over that of using the Othmer still for this
work 1ls that thls still has no tublng connected to the bottom
of the still pot., In the Othmer stlll, the heavier resorcinol
layer would so0lidify in the low sectlions of the tubling. The
Hands and Norman still has a device which helps prevent vapors
from condensing inslde the tube 1n the neck of the flask, A
condenser 1s attached at the top of the annular space to allow
hot vapors to pass all of the way up the neck before they con-
dense, The reflux from the condenser passes back down the

anaulus to the still pot. The hot vapors in the annulus help



FIGURE 2

VIEW OF HANDS AND NORMAN STILL
AND AUXILIARY APPARATUS

11
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to form an adlabatlic column for the vapors in the tubilng.
Insulation around the neck of the still flaslt also alded the
formatlon of an adiabatic column. The constant pressure
source was connected at the top of the reflux condenser, The
Carteslan Manostat and the manometer were used as with the

Othmer still.

Abbe Refractometer:

An Abbe Refractometarz

was used to determine the refrac=-
tive 1ndices of the xylenes. However, there are two reasons
for not using this instrument for the analytical work, First,
1ts precision can only be certaln at & 0.0002 index units.
Since the difference between the refractive indices of the two
xylenes was only 0.0077, observed compositions could have an
error of 2,6 per cent induced by the index readings alone.

The second disadvantase for this work is the fact that the
Abbe Refractometer uses only a few drops of liquid for read-
Ing. Since the xylenes are qulte volatlle, error could be

Introduced by evaporation of the sample before the prlisms were

closed and readlngs taken.

Zelss Dipping Refractometer:

A Zelss dipping refractometer2

was used for the analysls
of liquid and vapor samples. This instrument uses from five
to ten milliliters of liquid into which a prism is Immersed.
Vials, contalnlng the samples, were immersed in a constant
temperature trough which was constructed for use with the

Zelss Refractometer. A support held the refractometer in

posltion so that the glass prism at its base was suspended
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in the vials at the correct angle to recelve light which
passed vp through an aperture on the bottom of the trough and
through the liquid sample in the vial. A fleld of vision
with a scale numbered from zero to one hundred 1s seen when
looking into the top of the Instrument. The instrument has
several detachable prisms which connect at the base. Iach
prism covers a small range of refractive index units. For
this reason precision 1s carrled out to the fifth decimal
place of refractlve index. The difference between readings
for the two xylene isomers 1s about 25 units on the scale.
Zach unit can be read accurately to the tenth of a unit, the
uncertainty being in the hundredth decimal. The error 1n
reading 1s reduced to 0.4 per cent with this instrument.
Error due to evaporation of the samples 1s reduced to a ain-
Imum because of the comparatively large sample used. The
instrument does take longer to glve correct readings because
there is more liquld to reach the temperature of the bath.
Also, the constant temperature bath 1s more affected by room
temperature because of the large volume of water in the
trough at all timea; Cooling water for the bath had to be
refrigerated during the hot summer days because tap water was
at a higher temperature than that desired. The refractometer
is plctured in Figure 3 along with the constant temperature
control. TFigure 5 1s a line drawing of the system shown in

the photograph.



FIGURE 3

VIEW OF ZEISS REFRACTOMETER AND
TEMPERATURE CONTROL EQUIPMENT
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FIGURE 4

LINE DRAWING OF STILL
AND AUXILIARY APPARATUS
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PROCEDURE

Analytical:

(Two Component System)

The method used for analyzing mixtures of p-xylene and
o=-xylene was that of refractive index determination. The
Abbe Refractometer was used to determine the refractive index
of mixtures of the lsomers in known proportions at 25° C.
Table III 1s the tabulated data for refractive index and per
cent p=-xylene in the soclutlion, Figure €6 1s a plot of these
results. Values of refractive 1ndex for the lsomers were
found in the literature and a comparison of these with the
author's values 1s made in Table I. The author's value for
o-xylene 1s favorabie while the value for p-xylene is qulte

low as compared with the values found 1n the literature.

TABLE I

Refractive Indices of Paraxylene -
Orthoxylene at 25° C,

This Work  Literature
o=-xylene 1.5008 1.50282 (Forzlati, 1946)
p-xylene 1.4931 1.49319 (Forziatl, 1946)

For this analysis work a Zelss dlppling refractometer
was used. A brief description of this instrument is given on
page 12. This instrument had to be calibrated for refractive
index and for per cent p-xylene iIn the mixture. These results
are tabulated in Table IV and plotted in Figures 7 and 8 re=-

spectively. The temperature at which these values were
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FIGURE 7
REFRACTIVE INDICES OF SCALE
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determined was 24.8° C. This temperature was measured wilth
a Zelss thermometer which was callbrated with a standard

Bureau of Mines thsrmometer.

(Three Component System)

The analysis of samples for the three component system
with 20 and 40 per cent concentrations of resorcinol was much
the same as that for the two component system. 1o detectable
amount of resorclnol was found in the vapor samples, The
liquid sample of xylenes was decanted from the still after it
cooled to room temperature. Tests showed that the resorcinol
was less than 0,25 per cent soluble In the xylenes at 25° C.
There was no dlfference ln the refractive iIndlces of the pure
xylenes and of those xylenes saturated with resorcinol. How-
ever, the samples decanted from the still proved to have
different compositions than the actual overall compositions
of the resorcinol-free Xylenes 1in the stlll., Tests were run
by heating mixtures of resorcinol and known concentratlions of
xylenes to bolling and then allowing the mixtures to cool.
The xylene was then decanted. In every case thls decanted
mixture of o-xylene and p-xylene had a lower concentration
of the para isomer than did the origlinal mixture. The actual
composition of the resorcinol-free liquid 1s plotted against
values of observed readlngs in Figure 9. These values are
tabulated in Table V.,

The analysls of the liquld and vapor 1In equilibrium for
the three component system with 90 per cent resorcinol in

the liquid phase was made in a very different manner. Slince
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FIGURE 9

DEVIATIONS OF OBSERVED COMPOSITIONS
FROIM ACTUAL COMPOSITIONS IV LIQUID
PHASE OF THE TIHREE CONPONENT SYSTEM
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liquid xylene could not be separated from the resorclnol after
cooling, the composition in the llqulid phase was calculated.
The vapor samples still had no detectable amount of resorcinol
in them. The vapor samples were welghed and analyzed. An
amount of pure xylene equal to this sample was added to the
still, The composition of the resorclinol-free xylenes changed
as the vapor sample was collected. The beginanlng and end com=-
positlons were calculated and an average of the two values

wags used for cdetermining vapor-liquid equilibrium.

Operatlonal Technlque:

(Othmer Still)

The Othmer equllibrium still was used for determining
vapor-liquld equilibrium data for the paraxylene - orthoxylene
system. This still could not be used for the systems contaln-
ing resorcinol because the resorcinol solidifled in the lower
gsection of the recycle tube. The still was charged with
approximately 350 gm. of xylenes, The Carteslan Manostat was
ad justed to hold the pressure in the still at 760 &4 2.5 mm.
Hg. A Fisher burner was used to produce heat for the still.
After condensed vapors started to return to the still the
flame was ad justed to a height that would boll the liquld at
a rate of sixty drops per minute. The still was then allowed
to reach equilibrium. Samples of condensed vapors and of the
liquid were then removed for analysls. The time required for
the stlll to reach equilibrium was determined by removing
vapor samples at fifteen minute lntervals from forty-five

minutes to one hour and fifteen minutes. The results agreed
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closely. One hour of bolling was therefore consldered suffl-

clent, Table II has tabulated results for thls test.

TABLE II

The Bolling Time Required for
Equilibrium to be Obtalned
In Othmer Still

Time (Min.) % P in Lliquid % P in Vapor

45 2l.4 25.5
60 21l.1 25,5
75 20.3 24.4

(Hands and Norman Still)

A Hands and Norman stlll was used to determine vapor-
liquid equilibria for the three component system. The system
had two liquid phases. The stlll was designed for use with
two liquid phases. Also, with thls still, no difficulty was
encountered by having resorcinol freeze out while maklng the
runs, The still was charged with 300 gm. mixtures wilth
varied proportlons of resorcinol to xylene. The per cent of
resorcinol was held constant for a set of runs 1In which the
proportions of p=xylene and o-xylene were variled. The concen-
tratlons of resorcinol used were twenty, forty, and ninety per
cent of the total welght. The pressure over the liguld was
held constant at one atmosphere wlth the Carteslan Manostat.
This system required a much larger flame than did the Othmer
still system. As soon as the condensing vapor interface
reached the top of the flask neck, alr was removed from the

recycle system by openling the stopcock to the atmosphere for
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a fraction of a second. Vapors were then allowed to condense
in the vertical condenser and return to the still pot through
the return tube. Ten minutes of bolling and recycling was
sufficlent for the vapors to reach equilibrium with the liquid
in the pot. Vapors were then collected for analysis by shut-
ting the two-way stopcock, Liquid for analysia-was removed
after the pot cooled down. The xylene mlxture was pipetted
from the cool solid-liquid mixture in the pot. An amount of
pure xylene was added to the pot to restore its net weight to
300 gm. In the system with nlnety per cent resorcinol there
was not enough xylene iIn the liquid phase to allow removing
1t from the stlll after coollng, so the composition of the
liquid in the still pot was calculated. The amount of pure
xylene to be added to the still was equal to the amount of

vapor sample collected.
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HESULTS

General:

The results of experimentation are tabulated 1n Tables
VI through X, Table VI 1s a smoothed tabulation of all the
equilibrium vapor-liquid composltions. All compositions are
on a resorcinol-free basis. Table VII is a tabulatlon of the
vapor-liquid equilibrium data for the paraxylene - orthoxylene
system. It 1lncludes the temperatures at which the data were
taken. Tables VIII-X iInclude the data for the system o-xylene,
p-xylene, and resorclinol at various concentrations of resorcin-
ol iIn the liquid phases. All xylene concentrations are, again,
on the resorcinol-free basis.

Figure 10 1s an x-y dlagram for the system at various
concentrations of resorcinol in the liquid phase. Figures ll-
14 are bolling point dlagrams for the systems. All data were
taken at a pressure of 760 & 2.6 mm. Hg.

The data Indicate that there 1s a definite increase 1in
the relative volatility of p-xylene to o-xylene due to the
additlon of resorclnol. Ilowever, the increase In the relative
volatility due to an increase in the resorcinol concentration
is slight. Thls seems to be more the case 1n the p-xylene
rich mixtures. The curves for 40 and 90 per cent resorcinol
concentratlons are nearly superimposed at hi:zher concentra-

tions of p-xylene.
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FIGURE 11

BOITING TEMPERATIURE DIAARAM 7OR
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Phase Helatlions:

A phase dilagram for the'system, orthoxylene = paraxylene -
resorcinol was not determined., At room temperature the
resorcinol 1s solld and only very slightly soluble in the
xylenes. Data above the meltling point of resorcinol was not
accurate because of the high volatility of the xylenes at
high temperatures. It would have been deslrable to obtain
data necessary for a complete analysls of phase relations at
the high temparaturas. However, use can be made of observa-
tions made durlng still runs and a phase dlagram for the
three component system can be sketched.

The system with 20 per cent resorclnol was very near to
complete miscibllity at its boiling points. The heavier re-
sorcinol phase became very thlin as the liquid was heated.

The boiling 1liquid appeared to be clear but as soon as the
heat was removed a very thin resorcinol phase appeared. The
40 per cent resorcinol mixtures were cloudy whlle bolling and
the resorcinol phase which separated after the heat was re-
moved was about one-third of the entire liquid phase. The 90
per cent resorcinol system was clear whlle bolling but a very
thin layer of xylene seemed to remaln on top of the resorcinol
layer during the bolling. It 1s suspected that the 20 and 90
per cent resorclinol mixtures were very close to complete
miscibllity at their bolling temperatures. A phase dlagram
for the three component system at one atmosphere pressure and
approximately 140° C. could look like that 1n Figure 15.

his dlagram affords an explanation of why there 1s little



FIGURE 15

PHASE DIAGRAM FOR THE THREE COMPONENT SYSTEM
ORTHOXYLENE « PARAXVLENE ~ RESORCIKOL
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increase of relative volatilitles with Increased resorcinol
concentrations. Line AB.in Figure 15 indicates the approxi-
mate solubility of resorcinol in xylenes at temperatures near
boiling. Line CD represents the approximate solubilities of
xylene mixtures in resorcinol., Tie lines were not determined
but could be closely represented by the solid lines connect-
ing points on AB to polnts on CD. The dotted lines connect-
ing points of zero per cent resorcinol with the one hundred
per cent resorcinol apex represent polnts of constant para-
xylene to orthoxylene ratlos with varied resorcinol concen=-
trations 1n the system. Since none of the tle lines cross
each other their slopes will be very near those of correspond=-
ing dotted lines, The data iIndicate that these llines are
nearly superimposed. Thus, any change 1In the resorcinol con=-
centration for a glven xylene mixture will have little effect
on the composition of the two liquid phases represented by the

ends of the tle lines.

Relative Volatility:

The relative volatilitys’g of paraxylene to orthoxylene
at various concentratlons of resorcinol was determined, The
relative volatlllty of the more volatile lsomer to the less

volatile compound 1is

s Jde X _Xo
c7< X X Yo

The relative volatility varies with different proportions of
the xylenes as can be seen in Figure 16. In this figure para-

meters of resorcinol concentrations are shown., This
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correlation glves a qulclk cstimation of the effects of
resorcinol concentrations on the separabllity of the two
isomers, The greater the deviation ofod from ualty, the
creater ils the ease of separation., As an exauple, the rela-
tive volatllity of p=xylene to 1ts lsomer at 80 per cent
p=xylene 1n the liquid 1s 1.25 with no resorcinol in the
aystemn, With 20 per cent resorcinol in the system this ratio

1s lncreased to 1.75 or 1.4 times as muech.

Activity Coefflclents:

The activity coefflcient,Y g’ 1s used in this papeor to
show the deviations of solutions from the ldeal behavior ex-
pressed by Raoult's law,

77" Y1 =P X3
Thus, any devlations can be accounted for by placing the
coefficlent on the right side of this equatlon, and we have

777 V1= Y4 P17 X
The deviatlon of any component from ldeallity varles with the
concoentratlion of that component in the liquld phase. As tlie
concentration of a substance apprcocaches purlty the activlty
coafficient of that substance approaches unity. GCamma can be
calculated for system whenever vapor-liguld eguilibria data
are avallable., The usefulness of this factor ls found In
correlation of data with empirical and seml-enpirical equa-
tions (page 50). The actlivity coefficlents for paraxylene and
orthoxylene have been calculated from the data at various

concentrations of resorcinol In the system. A plot of these
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values is shown in Figure 18, The concentration of xylene 1is
on the resorcinol-free basls. The coefflclents of o=xylene
and p-xylene at 20, 40, and 90 per cent resorclnol systems
approach the value of the activity coefflcient of the respec-
tive lsomer in solutlon with resorclnol at the respective
resorcinol concentrations. Figure 17 1s a plot of activity
coefficlents of single zylene 1somers 1in solution with
resorcinol. Figure 17 shows that p-xylene deviates from
ideal behavlior more than does the o=-xylene for all concen=-
trations in resorcinol. Figure 18 shows that this same
effect 1s present when both xylenes are in solution with
regsorcinol. The difference is even greater because each
l1somer tends to deviate more from ideallty iIn its dllute

solutions.
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FIGURE 18

ACTIVITY CCEI7ICIZNTS OF XYLEZRES AT 760 mm, Hg
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DISCUSSION

Resorclnol is shown to have positive effects upon the
separation of paraxylene from orthoxylene., The effect 1s
small and costs of the extractive distlllatlon process would
have to be compared with those of the ordinary distillation
process now in use. The physical properties of metaxylene
Indicate that the separation of o-xylene from this compound
would not be as pronounced as it is from the para isomer.

The polarity of the meta lsomer 1s 0,40 D while that of the
ortho compound 1s 0,55 D and that for p-xylene 1s 0.0 D. It
would seem that the deviations of o-xylene and m-=-xylene from
1deal behavior will be more nearly the same than are the de=-
viations of the ortho and para 1lsomers 1ln resorcinol solutlons,
Another factor which probably would decrease feasibility of
separating the meta compound from the ortho isomer 1ls the
boiling polnt separation of these two compounds. Metaxylene
bolls at a slightly higcher temperature than does the p-xylene,
Thus, the relative volatility of m-xylene to o=-xylene would

be lower than the same relationshlp between the para and ortho
isomers.

The most practical concentration of resorcinol in a
distlllation system with p-xylene and o-xylene 1s approxi-
mately 40 per cent., The increase of relative volatilitles
of the two compounds 1s not great enough at higher resorcinol
concentrations to warrant use of those concentrations.
Thirty-two theoretical trays are required for separation of

the compounds to $9 per cent purity at zero resorcinol
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concentration and at total reflux. The number of trays can
be reduced to thirteen by adding resorcinol to a forty per
cent concentration in the liquild,

Resorcinol fulfills many of the desirable qualitlies of
an extractive agent. It 1s easlly obtainable. Although 1t
ls expensive, 1t 1s not too unreasonable as far as cost 1s
concerned. The compound 1s very soluble in water, a property
particularly desirable since the melting point of resorcinol
1s so high. 1In the event that resorcinol lines were cooled
down before the compound could be dralned, water could be
used to flush the lines out.

It would be desirable to obtaln more equilibrium data
for xylene systems. Data for a three component system includ-
ing all of the xylene isomers as well as for the system of
four components which would lnclude resorclilnol would be desir-
able. Data of thls sort would be difficult to obtaln. How-
ever, data for the systems metaxylene - orthoxylene and meta-
xylene - orthoxylene - resorcinol would be sufficlent to
determine the vapor-liquid equilibria for the four component

system.
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NOMENCIATURE

B - Constants in Van Laar equation

P - Vapor pressure

X - Welght fraction of xylene 1in liquid phase on the
resorcinol-free basis

Y - Welght fractlon of xylene in vapor phase on the
resorcinol-free basis.

Z = Welght fraction of resorcinol 1in liquid

b,c - Constants in Margules! equation

x = Welght fractlion of component in liquid

y - Weight fraction of component in vapor

«{ - Relative volatlility

¥ - Activity coefficient

7T '- Total pressure

~Subscripts:

m - Metaxylene
0o - Orthoxylene

p - Paraxylene

39



APPENDIX

TABLE III

Refractive Indices of Paraxylene -
Orthoxylene Solutions at 25° C,
Abbe Refractometer

Experimental Data ' Smooth Data
Refractive Refractlive

% P Index % P index
0 1.5008 0 1.5008
30.3 1.4985 10 1. 5000
36.8 1,4978 20 1.4992
58.6 1.4964 30 1,4985
60.8 1,4960 40 1,4977
67.6 1,4956 50 1,4969
86.0 1.4941 60 1,4961
87.0 1.4942 70 1,4954
100.0 1,4931 80 1.4946
90 1.4939

100 1.4931
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TABLE IV

Scale Readings and Refractive Indices
of Xylene Solutions with the Zeiss Refractometer
at 24.8° C.

% P-xylene Refractive Index Scale Readlng

0.0 1.5008 100,0
18,2 1. 4988 03,5
41.1 1,4978 89.8
56,7 1,4968 86.0
75.0 1.4956 8l.5
89.4 1,4946 7749

100.0 1.4931 75.2
TABLE V

Devliations of Observed Values From
Actual Values of Xylene Concentrations
In the Equillbrium Still

20% Resorcinol 40% Resorcinol
% P - Observed Actual % P % P - Observed Actual % P
71.8 76.8 65.0 T1.9
46,2 51.9 51l.5 47,0
20.4 54.0
15.3 21.3
12.5 15.0
7.0 " 82.5
9ed 13.8

1.5 2.0
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TABLE VI

Equilibrium Compositions of
Vapor and Liquid for the
System Orthoxylene = Paraxylene = Hesorcinol
At A Pressure 760 mm. Hg

X b 4

Z = 0 20 40 90
10 13.2 16,3 18,5 20,0
20 24,2 28,7 31.5 32.7
30 34.6 39.3 42,5 43,0
40 45.0 50.0 52.5 5343
50 5545 60,0 61.6 63,6
60 65.7 69.7 70.3 7343
70 75.2 80.0 79.7 82.0
80 84,93 88.0 89.7 89,0
90 92.5 95,2 95.0 95.5

‘X = Wt, per cent of p-xylene 1in liquid, resorcinol-free basils
Y = Wt, per cent of p-xylene in vapor, resorcinol-free basls

Z = Wt. per cent of resorclnol 1in liquld phase



TABLE VII

Vapor=-Liquid Equilibrium In the
System Paraxylene - Orthoxylene

Experimental Data

Wt. % Paraxylene

Temp.

© ¢. Liquid
143.6 0.0
143.6 10.0
143.5 21l.1
143.0 532
142.0 43,0
141,.7 50,0
141.0 55.5
140,5 65.5
140,0 77«5
139.0 84,4
138.4 90,7
1386.3 100.0

43

Wt., % Paraxylene

Vagor
0.0

13.2
24,2
34.6
45.0
55.5
65.7
75.2
B84.3

92.5

at 760 mm,
Smoothed Data
Temp.
Vapor © ¢, Liquid

0.0 143.6 0.0
13.2 143.5 10.0
25.5 143.3 20,0
37.3 142.9 30.0
47,7 142.4 40.0
55.5 141.8 50.0
6l.2 141.1 60.0
71.2 140.3 70.0
B2.5 139.4 80,0
88,0 138,6 90.0
93.0 138,35 100,0

100.0

100.0



TABLE VIII

Vapor-Liquid Equililibrium
In the System Paraxylene -
Orthoxylene - Resgorcinol at 760 mm,

Resorcinol in Liquild Twenty Weight Per Cent*®

Experimental Data Smoothed Data
Wt. % Para® Wt, % Para®
Temp. Temp.
_°c. Liquid Vapor ' B Liquid Vapor
143.7 12,0 19, 143.7 10.0 16.5
143,.2 175 28.93 443,2 20.0 28,7
143.,0 26,0 30,7 142,6 30,0 39.3
142,5 34,0 43.0 141.9 40.0  50.0
142.0 41.0 50.5 141.1 50.0 60.0
141,0 50.0 59.2 140,53 60,0 69.7
141.0 02,5 62,0 139,7 70.0 80.0
"~ 140.5 55.0 65.7 139.2 80.0 88.0
140.2 57.0 66.7 138,58 80.0 95.2
140,0 65.4 6.7
139.0 81,0 88.5
139.0 88.8 94.0

* All percentages of paraxylene and orthoxylene are on the

resorcinol=free basis.



Vapor-Liquid Equilibrium
In the System Paraxylene -

TABLE IX

Orthoxylene - Resorcinol at 760 mmn.

Resorcinol in Liquid Forty Weight Per Cent¥

Experimental Data

Temp.
8"c.

144.0
143.3
142.5
141.5
141.0
140.9
140.0
140,0
139.5
139.0

Wt. % Para®

Ligquid Vapor

15,5
23.5
35,0
43.5
51.0
57.0
68,0
76.9
79.5
95,0

26,5
36.2
48,3
34,5
60.7
69.5
76.3
85.8
86,6

99,0

Smoothed Data

Wt. % Para®

Temp.

0 Ce Ligquid Vapor
144,.2 10.0 18.5
143.6 20,0 31,5
142,.8 30.0 42,5
141.9 40.0 52.5
141.1 50.0 61.6
140.5 60.0 103
140,0 70.0 79."7
139.6 80.0 89.7
139.3 90.0 95.0

45

* All percentages of paraxylene and orthoxylene are on the

resorcinol=-free basis.



Vapor-Liquid Equilibrium
In the System Paraxylene =

TABLE X

Orthoxylene = Resorcinol at 760 mm.

Resorcinol in Liquid Ninety Welsht Per Cent¥

Experimental Data

Wt, % Para®
Tempe.

9 C. Liquid Vapor
144.8 9.9 20.0
144,0 22.5 35.8
143.9 51.9 42,0
143,0 43.8 50.0
141.7 50.2 66,8
140,5 61,1 74,4
140,0 73.5 B83.6
140.0 80,5 89.3
139.5 84,7 92,5

Smoothed Data

Tgmpo

144,8
144.4
143.8
143.1
142,.2
141.1
140.3
139.5
139.1

Wt., % Para¥

Liquid Vapor

10,0
20,0
30,0
40.0
50,0
60,0
70.0
80,0
90,0

20,0
32.7
43.0
5343
63.6
7543
62.0
89.0

95.0

46

* A1 percentages of paraxylene and orthoxylene are on the

resorcinol-free basis.
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Physlical Properties:

(Xylenes)
' Some of the properties of the xylenes are listed 1in
Table XI below. All data except the dipole moments were ob-
1tained from Timmerman's "Physico-Chemical Constants of Pure
Organic Compounds" (1950). The dipole moments were found in

Water's "Physical Aspects of Organic Chemistry" (1950).

TABLE XI

Physlcal Properties of Xylenes

Metaxylene
Boiling point (© C.) 139.091 (Wo jelechowskl -
1939)
Freezing point (© C.) -47.89 (White and Rose -
1932)
Density (gm./cc.) 0.8600°  (Perkin - 1896)
Refractive index 1.49467"  (White and Rose -
1932)
Dipole moment 0.40 D
Orthoxylene
Boiling point (© C.) 144.4 (Stuckey and Saylor =-
1940)
Freezing point (© C.) =25.22 (Gibbons - 1946)
Density (gm./cec.) 0.87583 (Forziati, Glasgow =-
1946)
Refractlve index 1,50282 (Forzlati - 1946)
Dipole moment 0.55 D
Paraxylene

Boiling point (© C.) 138, 348 (Forzlatl - 1946)

Freezlng point (° C.) 13.28 (Gibbons - 1946)
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TABLE XI
(continued)

Physical Properties of Xylenes

Paraxylene
Density (gm./cc.) 0.8567 (Williams and Xrchma -
1927)
Refractive Index 1.42319 (Forziatl - 1940)
Dipole moment 0.0 D

* 011 data for densitlies and refractive indices were

taken at a temperature of 25,0° C.

(Resorcinol)
The following data were obtained from Kirk and Othmer's
"Encyclopedia of Chemical Technology" - 1953:
Boiling point  281.4° C.
Freezlng point  109.8° C,
Dipole moment 2.07 D
This chemical should be kept in light resistant, dry,
cool places to prevent decompoﬁition. It is very hygroscopic.
U.S5.P. assay 1s 99.5 per cent resorcinol. Standard tests for
purity are listed below.
l. A solutlon (1 in 20) of resorcinol in water is neutral
or acid to litmus paper.
2. One gram of resorcinol 1s soluble in 1 ml. water.
3. Melting range 1s 109 to 111° C.
4, On dryling over sulfuric acld for four hours 1t will
not lose more than 1 per cent by weight.
5. A solution (1 in 20) in water gives no odor of phenol

when heated.
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6., Absence of pyro-catechol 1s shown by negative results

with the lead acetate test.

Thermometers:

(Calibration Thermometer)

A National Bureau of Standards liquld in glass thermome-
ter was used to calibrate the Zelss thermometer which was
used with the constant temperature bath., The nomenclature
for the standard thermometer 1s as follows:

N. B. S. 93071
Bureau File 3.1
Test Number 117074

Callbration of Standard Thermometer

Reading (° F.) Temperature (° F.)

67,00 66.91
72.00 71.90
77.00 76.88
82.00 81.89
87.00 86.83
92.00 91.83
97.00 96.81
102.00 101,78

(Zeiss Instrument Thermometer)
The thermometer used in conjunction with the Zelss
Refractometer was made in Germany:
Immersion 15 cm.

Mid-temperature 20° C,
Range 10° - 30° C,
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(Boiling point thermometer for
three component system)

The thermometer used to measure temperatures in the
Hands and Norman still was a Sargent thermometer. It was
made 1In the U.S.A.

Immersion 76 mm.

Range -20° to 360° C,

Empirical Equations:.

Correlation of the data was attempted with two accepted
sets of equations. The first was largules' empirical

9

equatlions,” which can be written in the following form:

]'n_xLB - b + CXo

a

——-—f-z-—-—- = b + C (0.5 + xo)

When the values on the left hand slide of the equatlion are
plotted against (x,) and (x, + 0.5) respectively, stralght
lines-with a slope equal to ¢ and an Iintercept equal to b
should be formed. The constants, ¢ and b, can be solved for
directly from the equatlons if one experimental value 1s
known, 1In the case of thils thesls, however, there 1ls no
correlation with these equations. This is chiefly due to the
fact that the activity coefficlents are so close to unity
that small experimental errors are greatly magnifled when
logarithma of the actlivity coefficlent are used.

9

The second set of equations used was that of Van Laar,

These equations are semi-empirical, that 1s, they have a
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derivatlon based on the thermodynamics of solutions but cer-
tain assumptions have beecn made to simplify the form of the
equations., In thelr forms which are used for graphlcal solu-

tions of the constants the Van Laar equatlons are as follows:

1 1 A X
/T 18 v TR *(:75 ) *o

o /A () 2

Plots of the left hand terms against (x./x,) or (x,/xr,)
should yleld two stralght lines which are closely related.
For thls system, however, straight lines were not obtained
for the same reason the Margules equation falled. Values
of A and B were calculated 1Individually at different pro-
portioﬁs of the xylenes in the two component system. They
were of the same magnitude but the percentage error was

quite large.
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SAMPLE CALCULATIONS

Concentration of p-xylene in liguld phase of the three com-
ponent system containing 90 per cent resorcinol In the liquid
phase:

(Data)
Welght of vapor sample = 4,.44235 gm.
Per cent p-xylene in vapor = 35.5

Welght of xylene in llquid at start = 30.0 gm.
Per cent p=xylene 1n liquld at start = 23.6
Weight of p-xylene iIn liquid at start = 7.066

(Calcnlations)
Welght of p=xylene in vapor sample
0.355 x 4,442 = 1,578 gnm.
Weight of xylene in liquld after run
30,0 = 4,44 = 25,56 gnm.
Weight of p-xylene in llquld after run
7.066 - 1,578 = 5,488 gn.
Welght per cent of p-xylene in liquid after run
5.488 / 25.56 x 100 = 21.5
Average per cent of p-xylene in liquid

23.6 21.5 = 22.5
e

4,442 gm. of p=xylene were added to the stlll pot to
bring the total welght of xylene back to 30.0 gm.
Weight of p-xylene in liquid
4,442 5.488 = 9,930 gm.

Welght per cent of p-xylene 1ln liquid at start of
next run

9.930 / 30.0 x 100 = 33,1%



Relative Volatility:

Casls: BRun I, two component system
(Data)

0.132

y?
Y, = 0.868

x 0.100

g
X, = 0.900

(Calculations)

o = Yo Fo . 1.363
% Vo

Activity Coefficlent:

Basis: Run I, two component system
(Data)
Tenperature = 143.6° C,
¥ ® 0.132
Xp = 0.100

P, = 866 mm. Hg

(Calculations)
Y = T Y 1.160
P Pr Xp
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