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Abstract:

This investigation was performed to study the separation of ethylbenzene from para-xylene by
azeotropic distillation. The apparatus consisted mainly of a fractionating column with a Corad
condensing head, a refractometer, and a gas chromatograph.

The entraining agents were chemical compounds that were available at a reasonable price, that boiled
from about 40°C below to 20°C above the boiling point of ethylbenzene, and that contained active
oxygen, nitrogen, or halogen atoms since compounds having these atoms are likely to azeotrope with
ethylbenzene. For each entraining agent a mixture of the entraining agent and ethylbenzene was
charged to the column and distilled. The overhead product, which should be the ethylbenzene-entrainer
azeotrope, since all azeotropes formed were minimum boiling azeotropes, was analyzed to determine
the azeotropic-composition, The usual method of analysis was reading the refractive index of the
sample and then determining the composition from a previously prepared plot of refractive index
versus composition. The charge to the column was then adjusted so that there was enough entrainer to
azeotrope with all of the ethylbenzene present./Also, about as much para-xylene was added to the
charge as there was ethylbenzene. This charge was distilled at total reflux for at least three hours. Then
samples of the overhead and bottoms were analyzed for percent ethylbenzene and para-xylene on the
gas chromatograph so that relative volatilities could be calculated using the Fenske equation.

If the entrainers did not azeotrope with ethylbenzene, or if the azeotropes were less than 10%
ethylbenzene* the entrainers were not used for a relative volatility determination. This method for
determining azeotrope compositions seems to be reasonably good. The azeotropic composition
between ethylbenzene and cellosolve found by this method at 640 mm. of mercury was 59 weight
percent ethylbenzene. The literature(8) gives this azeotropic composition at 735 mm. of mercury as
56.7 weight percent ethylbenzene.

The relative volatility between ethylbenzene and para-xylene using no entrainer was 1.037. The relative
volatilities obtained from the best four entrainers were: 2-methyl butanol, 1.079; methyl isobutyl
carbinol, 1.075; n-hexyl amine, 1.073; and methyl amyl alcohol, 1.073. The ratios of the number of
plates needed to obtain 95% separation in the overhead and bottoms products using an entrainer to
using no entrainer were .48, .50, .51, and .51, respectively for these entrainers.
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ABSTRACT

This investigatlon was performed to study the separation of ethyl«
benzene from para-xylene by azeotropic -distillatlon. The apparatus
consisted mainly of a frictionating column With a Corad condensing
heady a.refractometer; and a gas chromatograph.

The entraining agents were chemical compounds that. were available
at a reasonable pricey that bolled from about 40 °C below to 20 °C
above the hoiling: point of ethylbenzeney and thaf contained aetive
oxygen, nitrogen, or halogen atoms sinee compounds having these -atoms

. are likely to azeotrope with ethylbenzene. For each entraining agent

a mixture .of the entraining agent and ethylbenzene was .charged to the
column and distilled. The overhead producty which shiould be the ‘
ethylbenzene=entrainer azeotrope; since all azeotropes formed_were min+
imum_boiling azeotropes, was analyzed to determine the azeotropio
composition, The usual method of analysis was reading the refractive
index of the sample and then determining the composition from a
previously prepared plot of refractive index vérsus composition4 . The
charge to the column was then adjusted so that there was enou '
entralner to. azeotrope with all of the ethylbenzene present. Also}
about as much para-xylene was added to the charge as there was ethyl~"
benzene. This .charge was distilled at total reflux for at ledst three
hours. Then samples of the .overhead and bottoms were analyzed for
pertent ethylbenzene and parasxylene on the gas chrematograph so that
relative. volatilities could be calculated using the Fenske equatioen.

If the entrainers .did not azeotrope with ethylbenzene@ or if the
azeotropes were less than 10% .ethylbengeney the eéntrainers were not
used for a relative volatility determination. .This method foxr deter-

'mining azeotrope compositions seems to be reasonably good; . The azeo=

tropic-compesition between ethylbenzene and cellosolve found by this
method. .at 640 mm,. .of mercury was 59 welght. percent ethylbenzene., The

literature(8) gives this azeotropic composition at 735 mm, of mercury

as 56.7 weight percent ethylbenzene.
.The relative volatility between efhylbenzene and paraaxylene )
using no entrainer .was 1.037. The relative volatilities obtained

from the best four-entrainers were: Zumethyl butanoly; 1. 079, methyl

isobutyl carbinoly 1,075 n-hexyl aminey 1. 073; and methyl amyl

alooholy 1.073. .The ratios.of the number of plates needed to

obtain 95% Separation in the .overhead.and bottoms pfoducts using an.
entrainer to using no entralner were 48) 50y . 51 and. ;51y respectively
for these enbrainers.




INTRODUCTION AND THEORY

The purpose of this inwvestigation was to study the ease .of

separation of ethylbenzene and parapxylene by %§§§§trggig)distlllation

Ethylbenzene and para-xylene are twozimportant.commerqiai chemicals.
Ethylbenzene iﬁﬂused to make styrene; and para-xylene is.used.to make
terephthalic aeld and plasties. The present method of separation of
parg-xylene and ethylbenzene from an ethylbenzene-~xylene mixture is
quite .costly. Para=-xylene is crystallized frpm a solution at aboﬁt -63 o
ﬁi_tht a }kydiel,d._pf oni_y about 65 percent. Ethylbenzene is then sé’parated
by distillation,frOm.thenremaining,xylenesx_which includes someé para&~'

Xylene. The distillapion colums used for this separation require a

large nﬁmber‘of theqretical}platesé/(This study was undertaken 4o seé

if the separation.could be accomplished,using,a smaller number of

plates by employing.ézeotropic~distillation.

Distillation is a procass .of éeparation based on the difference in-
¢composition between a liquid and the vapor formed from it. Since the
difference in éompositioﬂ'between a.liquid aﬁd the vapolr fqrmed_is
SOmewha£ dependent on the Qifference-in;boiling points .of the¢eonstit« )
uents, compounds with close boiling polnts such as ethflbenzene and
parasxyléne are.difficult to sSeparate by straight -distillabion. For
this reasony azéotﬁopiq distillation was seléected .as one me%hod,to

separate these two compounds:.,

The methqdlseleated:to measure the separation between ethylbenzene
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and parae-xylene was their- relative Vélatility, The volétility,dfaa
compound is a measure of its tendency to enter the vapor phase; and
Is equal to .the mole fraction -of thg-component in_the.ﬁapor=phése
divided by the mole fraction of the component in the liquid phase.’
The ease.of separation of a binary mixtynre by,ﬂractional~distillation
depends .on the relative volatility. of one.component to the other

N

Qomponent.//The purposg of azeotropic distillation is to change~thé
N <

relative volatilities.of the components present.
.8incde gll .systems for this study were homogeneous y the discussion
thaﬁ follows,will,be for homogeneous systems .only. An azeotrope is
a constant bbiiing.ﬁixtpre and 1s wusually the result of deviations
from ideélity caused by hydrogen bonds or internal pressure. A °
minimum boiling binary azeotrope 1s a mixture.of the twonpuré compounds
that has»a;bqiling point which is less than ﬁhe boiling point of any-
other mixture containing the pure components. .In the sense-thgt an
azeotrope will distill with no. change in:cdﬁgositionj'i$ aets like
‘a.pufe.compoundJ .HQWevgrg'the cqmpositiqn_oﬂ.azeotropes,f

] .
ecoryresponds tofany simple fqrmula¥ and the zzeotropic qombosition

arely

changes if thefpﬂeséunelof distillation changes. A maximum boiling
azeotrope is a mixbure of the two:pure:cﬁmpounds that hasna.boiling
_point whigh 1s greaber than the boiling point of any bther mixtuve
pqntaininguﬁﬁe‘two‘pure compoﬁents& . No maXimum boiliﬁg,azgotropes

were encountered in this study. The reéQOn.theﬁe were none is discushed

in the section CHEMICAL COMPOUNDS,
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Azeotroplec distillation has_been used quite successfully. to
separate different classes of compounds. However, the separation

of isomers or homologues generally presents a more difficult problem.

One example of this type of separation is between 216?lutidine;

3=picoline-and 4-picoline(6) using acetic acid which,foﬁmsfa maximum

boiling. azeotrope with each of these.gompounds.

The equatlon used to calculate the relative volatility was the

Fenske eduation whieh can be written as follows:

N+l

.®<

it
T
P
St

where o = relative volatility

n = number of theoretical plates in column

Ve = percent ethylbenzene in.overhead
yp = percent parasxylene in overhead
x=p = percent para=-xylene in bottoms
%, = percent ethylbenzené in bottoms

This formula resulbs from applying the definition ef relative
volatility to eaech theoretical plate in the column and to the still«-pot
which acts as one theoreticalyplatew

The method of analyzing samples to. obtain quantitabive values

for the overhead apd bottoms .compositlons was a‘gas,chﬁomatagraph;

Gas chromatography uses a gas as the mobile»phase. THe solute travels
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through the.celumn as a plug .of gas which 1s partially dissolyed in,
6 adsprbedjoni the stationary phase. A sample of the mixbture to be
analyzed 1s flash~evaporated.at one end of the colum, The time
required for each component to emerge from the column if knowr as
its retention time. This retention time is characteristic of the
compound., .The chromatograph used had a thermal conductivity cell

that detects each component as it emerges from the column.,

A continuous recorder precords .each component as.a peak .on the
recording paper. .If two compounds have equal thermal cenductivities
but different retention times, the areas under the peaks for each
of the compounds should be proportional_to.the-volume pereent of
each compouﬁd in the zample. .This method was used in this study
since the thermal conductivities of ethylbenzene and para-xylene
should be nearly equal. The accuracy.of this method is.evaluated in

the DISCUSSION OF RESULTS section.




RESEARCH OBJECTIVES

The main objective of this project was to'effect a separation
between -ethylbenzene énd para-xXylene usihg. azeotropie . distillation
that would require a smaller number of plates than would be needed
to. effect the Same separation using straight distillation. . Thée separ
ation obtaineawwas to be measured by relatiye volatility between ethyl-

benzene and para~xylene for each entrainer used.

A secondary ohbjectlve was to determine azeotropic .compositions

between ethylbenzene and various entraining agents.




EQUIPMENT

The equipment used .in this study consisted .of .a fractionating
-columns Corad condensing heady still-poty electrical heater, refrac~
tometer, Westphal balance, Ohaus balancey Christian Beécker chainomatic

balance, and .gas. chromatograph with a Minneapolis-Honeywell recorder,

The fractionating,column“was made.frqm.three'concentriq glass.
cylinderé,each,48 incheg high. The . digmeters of the three cylinders
were 1.0, 1,75, and 2.5 inches, respectively. The inside cylinder
contained 45 inches of randomly packed¢.one3eighth.ingh stainless
steel heiiCe,paqking‘(Fenske rings). supported.on a cone-shaped wire
support. 'Thé middle column was .wound with a Nicrome heatiﬁg,coil 80
that the column could be operated nearly adigbatically. The~heat‘éqpé
plied was controlled.with‘aﬁVariacﬁéonnected‘tq the heating ¢oil. A
mercury thermometer was attached to fhe outside of the inner column.
The. inner .column hadAground.glass Jjoints at top and bottom -s0 that the
quad“cqndeﬁsing‘head,and the.stillepotVCOulq_be.éonnectedﬂeaéilﬁ but
tight enough to prevent any vapor frém.leaking.from the,columnito the

air.

The still-pot used was a one~liter flask with a sidearm for sampling -
.and. a thermomster well.. .This still-pot was heated with a small eleebric
heater connected to a Variac. - The Variac‘was,used_tobcqntgol the heat’

input tozthelgolumn,

A quadvéondén$ing head was used to ¢ondense the vapors rising from




. .
the»fraetionatingwcolﬁmq. Using this‘headg.neflux_ratios.qf 2.5 to 1,
5 to.14 10 .to 1y 20 to i, and, .30 to 1 cQuld\be obtalned, This head #Wds
used.at totalufeflux_except when oyerhead samples,werertékeﬁ, Duriﬁé

this time,.a 30 to 1 reflux ratio was used.
A diagram of this .equipment is shown in Figure 1.

An Ohaus laboratory balance scale was used to.weigh-fhe amounis of

the various components charged to the column.

.In determining azeotropic qompositiongﬁza.Valentine,refractOméter"
and .a Westphal balance were used. A constant fempepaturé water,path,was
used to keep the temperature of the samples in .the refractometer at 20

dégrees Centigrade.

An Aerograph.gas.Chromatograph made by the Wilkens Instrument
and.Reéearch Cdmpany was used to analyze the ovepheadfand bottoms prod~
ucts for percent ethylbenzene and para=xylene. 1Two packedﬁchnomatégraph
~ ecolumns wereﬁusedﬂ .One was a l/ueinph’cqppgr.pubei lz_féetilongg'packedA
lwith 60e86,mesﬁ Chromosorb P'acid~wa$héd,packingi,containigg zo,perceht
of 7#8~benzoquinbline,substrate. . This cp;umn was .operated .at 100 5@
with a helium flow rate of about 90 m;lliliteré per minupef .The separ-
ation,obtainedmbgtween ethylbenzene and para=xylene for this column is
shown in Flgure 2. .The:othef-cplumﬁ“was_a l/uvinch,cppper~tubéél8'feet
long, packed with 30&603mesh Chromosorb P agidﬁwashed\packinggpqgagginimg

15 percent of ;—chlpronaphthalene,substrate. .This .column was .operated at
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about 50 °¢ with a helium flow rate of about 175 mllliliters per minute.
The separagtion obtained between ethylbenhzene and para—xylene for this
column is shown in Figure 3. A Minneapolis-Honeywell recorder was used

with the chromatograph.

A Christian Becker precision chalnomatic balance was used to weigh
the pieces of paper represénting the. aréas under the peaks from the

chromatograph.




CHEMICAL COMPOUNDS

Chemicals.used’for this investigatilon were the varilous entraining
.agents ethylbenzenei and para-xylene. The ethylbénzene and parasxylene
were obtalned from Phillips Petroleum Company. .These  compounds were. not

less than 99 mole percent pure,.and were not fedistilled.

All liguilds can be divided into the,féilowing'ﬂive classes .of
compounds : (2)

1. "Liquids capable of forming threé«dimensional netwonks of strong
hydrogen. bonds._

2. .Other liquids composed of molecules .containing both active
) hyergen-atoms and. donor atoms.,

3. Liquids composed..of molecules containing donor atqms buf no
active»hydrogen atoms.

4, Liquids composed of molecules conbaining.active hydrogen.atoms
but no donor-atoms

5. ALl .other liquids.”

Ethylbenzene and para=xylene are class 5 liquids. Any liquid that
azeptrqbés wlth -a class B.cpmppuhd,willualways give positive devigﬁions

from Raoult’s law which causes minimum boiling azeotropes,

,Thé enfralners were selected far,the fqllpwinéﬁrgasonép

1. be.aﬁailable at a reasongble price,

2. boil close to the bolling point of ethylbenzene%

3, conﬁainnoxygenm_nitrogenﬁ or halpgendatomSQ.Qn groups .containing

these atoms.

The boiling points of the entrainers Were.usually‘from:40.°cvbelow




to 15 °C above the boiling point of ethylbenzene. However, .a few

entrainers were tried that boiled below this range to check the effect

this would have .on the relative wolatility.

Entrainers that were water

soluble and that did not azeotrope with water would be desirable for

separation of the entrainer from the ethylbenzeney, but the number of

compounds having these propertiss in this boiling range 1is Smaliq

The foliowing,list shows the entrainers that were used for this-

investigation:

2-methyl butanol
methyl isobutyl . carbinol
n-=hexyl amine |
n=butanol

amyl acetate
5-hexen-2«one

methyl propyl_éarbinol
l-nitro propane

methyl 1soamyl ketqne
2+ethyl hutanol |
2-methyl pentanol
2-nitro propane
.diethyl carbinol
methyl .chloio acetgté

dimethylamino propyl amine

2;6@dimethyl,morphdlin§
isobutyl carbhinol
acetic acid ~
ethyl chloro acetate
N-methyl piperazine
dimethyl .ethanolamine
2;4*bentaﬁedione
;xﬁwdiamino pfppane
n~=propanol.

n-amyl alcohol

2=~ehloro -efhanol

nitroethane

N=ethyl morpholine
methyl amyl acetate

dimethyl isopropanolamine




isobutanol
pyrrole
cellosolye

methyl cellosolye

propylene .diamine

2=picoline

11

1 4=dioxane

ethyl bubyl ketone
ethyl butyrate
p=f£luoro toluene
isobutyl acetate

methanol

ethylene diamine methyl ethyl ketone
morpholine ' . methyl isobutyl ketone
allyl proplonate N-methyl morpholine
amyl formate _ | p-methyl piperidine -
-secondarj butyl slcohol piperazine

tertiary putyl alcohol n«propyl propionate
chloro%éférOpgnone pyrazine .

l§3edimeﬁhyl butyl amine tetrachloro ethylens

Table I giyes the structures.and boiling points of these entrainers

at 760 mm. of mercury.

.Most of the entrainers were .obtgined from Union Carbide Chemicals
Company y Eastman Kodak Companyy. and. Fisher Scientific Company. These .

entralners ywere redistilled to remove high and low boiling Jmpurities.-




. OPERATING PROCEDURE

During this investigationy,néafly-the same.expeniméntal_pﬁOCedure
was used for.edch entrainer. ThereforeJj this section will»pfesent the
general procedure used, with detalled. descriptions of .any Variaxions

in this proeedure.

.The f£irst step in this investigation was to determine azeofropic
compositions between the eﬁtrainer-andiethylbenzene@ A rough estimate
of the ééeotyopic compos}tion was madgjﬁrdmﬁthe difference in boiling
points .of the entyrainer and;the gthylbenzene. A-mixture of this.compo~
"sition was then.chérged\tq the .column. - Distildation at a 30.to 1 reflux
ratlo was used until the,distiliate temperature became c¢onstanf, Since
the azeotriope 18 the;lowest boiling maperdaly it should be the. first
materdal to coﬁe.dﬁf as .distillate. A .distillate éample;at this reflux

ratlo was then takeén.

The .distillate sample Wés then analy;edhtbyqefermine ageotropic
composition, Fop nearly all.of the entrainers, the refractive index
.of the éntraiﬁér-was mich loWér than the,iefnaCQiVe index,df‘the ethyl;
benzene. If so, the,reﬁraétive.iﬁdexuoi,phe.®merhead from the golymn
(the azeofrope} ﬁas‘found‘using the,refraatometerﬁ’andnthe.compositioh
of the azeotrope was. determined from a. prevlously prepared plot of

,refractiye index Jersus .composition,

In some ¢a$es the refractive index of thé entrainer was too .c¢lose

te the refragtive index .of the ethylbenzene, Two methods. were used, to -
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.'d,efc.e';t’min'é the .azeotropic ..c‘;qmppfsition of these ‘s‘a,mv‘pl'es . _Soﬁe .0f the

azeotropes were-run through the .ehnomatograpp and analyzed by méasuri’ng
the areas. under the peaks as deseribed in more .deball laber in this

section f.o-‘r': 'ethﬁrl_-benZene and para-Xylene. .However, since the thermal.

,condu_c_.tivities of _the entrainer and thé‘. éi;_hylbénmne might be. quite
different, .samples .of known weight percent ethylbenzene and entrainer
.Were run -on the chromatograph, .Then a plot of actual .weight pexrcent
versus chromatograph area percent. was made. From the area ‘pe‘rceni‘,‘for '

the azeotrévp‘e;;\, the -azeotropic composition was then detérmined from .this -

plot. This method was used for the following entrainers; 2=picoliney.

p-fluoro tolueney pyrazine and pyrrole.

. The .other method used when the refractive indices .yerg too close

was to measure differences in-den's,ities with the Weé,tph_a,l balanée;,

.This was used.on enly oOne entrainep. .This, entrainer was tetrachloro

ethylene which did not azeotrope above 10 percent ethylbenzene,

After the gzeotropic composition had been _.dét_e‘:_cfminédl_@. gnough.
-additional entrainer 'or- ethylbenzene ;;ﬂ‘as added to the column 50 that
all of the entrziner would.azeotrope with 8ll ef the et,hylbenz‘en,e:,
Enough para-xylene was added to the .column $¢. that the amount of para-
xylene yas about edual to the amqu.m of ethylbenzene. in, the, column., _
Howevery the exact amoun}t of paraale‘e‘né added is no} Amportant s,i_nce

the overhead. and bottoms samples were analyzed on the chromatograph.

Distillation.-at a reflux ratio of 30 to 1 .was used until the
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temperature of the oyerhead became constanf at the temperatﬁre of the
azeotrOpe; .The Corad.condensing head was then turned to infinixe.geflux
(811 .distillate returned to the .xolumn). :The.cplumn was then.OPeréted
at total reflux for at least three hours. At this time;aaone milliliter
sample of the oyerhead.and bottoms were taken. The reflux ratio used

was 30 to 1 to keep the column as close to total"réﬁlux as possible.

The samples of the overhead and bottoms products were then injected
into the gas chromatograph with the column containing the 7y8«henzo~ :
quinoline substrate for anglysis. If the entrainer did not come out
atxthe same tiﬁe as the ethylbenzene or para~xXylene, the areas under
thé‘peaks,for ethylbenzene grid psra-=xyléne were gnalyzed by tracing
the peaks on a plece of paper. .These tracings,ﬁere then cut from the
paper and welghed on.the Christian Becker chainomatic balance. .The
areas under the respective peaks were taken as a measure of the relative
amounts of ethylbenzene and para-xylene present. If the entrainer did
come oﬁt at the same time as the ethylbenzenes or para-xylene using this
.column, the column cbntaining the l~chloronaphthalene substrate was
used. . Hopevex:y, the»separation-on‘this.coiumn was not quite as good as
the eolumn centaining the 7,8+«benzoguinoline (see Figures 2 and 3).
‘Since the chromatograph ¢olumns did not completely separate .ethyl-
benzene from para~xyleney the lines. werd¢ extrapolated as though .only

one .component had heen ﬁreSént ds SHGWn.in.Figures.z,aﬂd.B?




DISCUSSION OF RESULTS

The method wsed. in this inyestigation to determine azeotropic.
cdmpositipn.is probably not the most accurate method since the column
used cannot completely sepsrate a homogeneous azeotrope from a pure
compongnt. Hoyevery if the boiling point of the .ethylbenzene~entrainer
azeobtrope 1s more than a few degrees below the bolling point of the
ethylbenzene; nearly complete separation should beé obtained. The
literature(8) gives the azeotnqgic.gompésition.between ethylbenzene
and qellosolvé ag 56.7 weight percent éthjlbenzene at 735 mm@.oflmercur&.
A value determined by the method used for-this investigation gave a
value of 59 welght percent ethylbenzene at 64Q mm,.of mefcury.

Considefing‘théudifference in pressurey ‘this agreement seems quite good.

When thé'azeotﬁqpic-compositippﬁwas,determined to be less than 10
percent ethylbenzene, the entrainer was not used for a relative vol-
atility &e%erminétion. The main feaépn these entrginers were not used
is that the possibility_of one.qf these.éﬁtrainéfs.making such a separ—
atlon ec¢onomical is small sinc§ so. much entrainer would have %o be. used
for a small amount of ethylbenZene. iAlSGy if the azeotropig ecompesition
appears to be only three .or fourléeggen$'ethylbenzenek it is,possible-
that the separation in the column was not good &nough to separate
completely the fwo:pure components. ;This mesns that the gompounds .

might not have ewyen azeotroped.

The methods ofranalysis-for‘azébtrqpié gompositions were reasonably

accurate., .The temperature of the refractemeter was controlled
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at 2,0i—0.5 °C. .The refractive index method is .pro‘babl_y themost accurate
method of analysis wsed., For the. ch:;oinafograph} five samples of known .
concentrations of ‘ethylbenzene=para~xyleng >mixtures. were analyzed on
the chromatograph. The average error for these determinations was.one ‘
percent. "Howevery since the ethylbenzene and entrainers rpr‘o,babiy had, | ‘
different thermal .conductivities,,: plots. of actual weight percent
entrainer to ¢hromatograph area percent entrainer were made. . Since
this introduces. another . source . of error, the error in these analyses
was probably between -one and two percent. Although using the Westphal
balanc;e to determine d'ens‘\itiejs .shopld. give reasonably accurate azéotropic
compositions,, the .acc;‘l_lré,ey of thils method is nof important in this |
report éinqe‘, the .only system that was &nalyzed this way did riot seem
t0 ind_i'caté an az‘,‘eofc,rfqpe be,tween, .fhe entr‘-‘éjiner a_nk_i fh.e ethylbenzene. :
.The enfralner for this system (tetraghloro &thylene) hab a.,deris‘ity

of 1.623 gm/ml while the ethylbenzene has a .density of 0.867 gm/ml.

.The relstive yolatilities found in this inyestigation. should be
‘elose toy ‘pxit not pr_ecisely equal toy actual. relatiye volatilities
singe. the exach. number of ,thgp;'efcigat_; plates .was not known. The. value
used in this report, 23 theoretical platesy should be .close to the -
actual value. ,HQM&VE‘;‘%,.I'CI‘ comparing the ir,g,:cfiou's entralnersy the
caleulated ralative. volatilities .does glye a yalid rating of the
e'n_tzfainex?s except f..OI;‘- errors in measu;*exnent.é as discussed in the next )
'parag:rf.aph,. .Table I lists the Jg_elat_'i;ygé yolatilities for the entralners.

aiding seperation while Table IV-lists the relative volatilitles for
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the entrainers that did not enhance the separation. Alsoy the ratio of
percent of plates needed using an enbralner to using no entrainer
(Table V) should be correct even though.the.number of theoretical
plates may not be exact, The following discussion .of ervor will deal
only with error assuming the column was found experimentally to haye 23

theoretical plates.

The avéragé.errorAiﬁ area percents from the chromatography as
determined. from knoyn samples , was one percent. An exror of ong percent
in ovezhead.aﬂd bottoms samples could have caused an error in the
relative volatility of 0.004 units. Alsoy several factors.such as
boil~up rate in the column can change s1ightly the number of theoretical
plates in the c¢olumn, A change .of one theoreticé}_p@ate (as from 23
to 24 theoretical plates} would change the relative volatility by -016003
units. As an example of the reproduéibility of resultsy two Béparate
trials using no entrainer were performed. .The relative velatilities
for these runs were 1.035 and 1,039, .For calewlations the ayerage of

1.037 was used.

Two cérrelations of relatlve yolatlillty with some property of the
entrainers were examined. The firstg_boiling‘poinxx did not seem fo
have any correlation with relative»vblatility.' This can be seen from
the boiling points listed in Table I which has .entrainers arrange in
decreasing order .of relative volatility. The second correlation

examined was the type of compound.  S&veral of the best entraimers
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were aleohols. Howevery sé‘\v‘eral..of the. O\the;r' alcohols :ejgjsher réi-d ot
azeotrope -or gave much émailer relatiye volatilitiés. Correlation of
alcohols by bolling i)oint.s -alsoe. did not seeém to show any meaningful

trend.




CONCLUSIONS

It 1is possible to effect a glven separation. betyeen _-ethy_ibenvzene

)

and para-xylene with about one-half as many theoretical plapes using

certain entraining agents as by st,rai,g;ht distillation.




SAMPLE CALGULATIONS
Caleculatlon of relativé volatility
Fenske. équation

o n+l | ye x ﬁ‘
yp Xe

ll

where = relative volapility

',n__..= number of th‘ebfé.tj_eal plates in column

]

Ye = percent ethylbenzens in oyerhead

: percent para=xyleng in oyerhead

S
]

percenp_paraﬁx&LéneAin,bottbmg

&

P
@
i

pércent ethylbenzene in bottoms

Semple calgulation using 2emethyl butangl runs

R
)
I

= 0,785 mole fraction ethylbenzene,

=-0.215 mole fraction parasxylene

o
i

= 0,627 mole. fragtlon para-xylene

&
B | I

= 0:373. mole fraction ebhylbenzene

24 o D 785 0,627 -
I il v e Sl

[T

1.Q79

Caleulatien of number of plates needed using éntrainer divided
by number:.of plates needed by straight distillation to obtain 957

sgparation .at. total reflux,

Ay = rel.atiyfé ¥olability using 2-mefhyl butanol (1,079)
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=5 = relapive volatility using no entrainer (1.03%7)
n ,—'_.'numberﬁ.'df fplé’ces using Zemethyl butanol.

n = number of plates using no entrainer

A et Lo a4

l’J: 1 _ 0095 ’0°95 —
<ot 8 x 235 - 56

ne+l = 77 ° 5

N = 76:- 5
d?“:%l

1,037t = 361
ng +l = 162

ng = 161

& [
It
15*\{;
u
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