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Abstract:

The purpose of this paper is to show the effect upon recovery both in quantity and purity, of varying
percentage composition of charge in the separation of a binary mixture by means of azectropic
distillation The binary methylcyclohexane-toluene with n-propyl alchohol as the entrainer was chosen
as the system to use in making this study.

Non-azeotropic distillations were made upon the system in order to obtain data with which to compare
the results obtained by azeotropic means.

The distillations were carried out using a labor-atory rectification column that calibrated 32 theoretical
plates.

The following conclusions may be drawn from data ob-tained: 1. Azeotropic distillation is superior to
non-azeotropic distillation in the percentage recovery of a given purity of both the components of the
binary.

2. In azeotropic distillation? the recovery of the least volatile component in the charge is indepen-dent
of its relative quantity in the charge. In non-azeotropic distillation the recovery of the least vola-tile
component in the charge is dependent on its rela-tive quantity in the charge.

3. The recovery of the most volatile component is dependent upon the amount of that component
charged both in azeotropic and non-azeotropic distillation. The greater its proportion In the charge the
greater will he the recovery of a given purity.

4. The purity obtainable in azeotropic distillation of the most volatile component is higher than in
non-azeo-tropic distillation.
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" The purpose of this paper ls 4o show the effect .
“ypen devovery buth fn quantiby gnd purity, of vaying -

‘percentage composition of eharfe in' the sepivation of
a bipary mixbure by means of azeetropld distallawions

. The binary methyleyelohessnesbolusne wilth Hwpropyl’
aleohol as the siitrainer was chosen ag the systen Ho-usé
in meking this stodys . ' : . -

. ' ﬁ%ﬂr&ﬁé@%ﬁﬁpié'dis%iﬁ&&ﬁiﬁmﬁuﬁﬁf@RM@ﬁ@'ﬁp&hfﬁhéz'
sysben in opder ho obbein dala wibdh which e compaveé -

" the resulbs ¢bbtained by azeotiopie meansy

The digtillations were carvied onb using @f&ﬁﬁ@%&
_aiwiy restifienbion eoluny that salibrated 32 thebdretisal
piBtEREs- _ . . g

The following éonelugions way be drawn frow daka obe
taineds | . ‘

Ly Azevkwopie. distillation is superdor to nons
azectiople distillation in the percentape Yetovery of -
a given purity of bobh the components of the Binarys

2y In azeckrople distillatiom, the recovery of

- the least volatile component in the charge ls indgpen~
dent of itz relative guaniity in the cha¥des In nops
azgotropic dletillaliion the reeovery of the least volas
tile component in the charge is dépendent on ity Felas
tive guentity in the dharges. - ‘ '

35 'The veeovery of the mest volatile component ds
dependent upon the amount ef thet pompohent charged both
in apeobropis ang mﬂﬁﬁaﬁﬁﬂtﬁgpiﬁ'@iﬁﬁi&i&ﬁi@ny The :
greater 1ts propeftion in the charge The greater will be

the recovery of a given puritys’ _

4y  'The purity obtaineble in agzeotropic distillation
of the most voletile compénent is higher than in non-azeos
trople distillatiohs |
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The purpose of this paper is ﬁa’shaw the eﬂfee% apmn res
coveryy bolh in,aﬁantxty ant puriﬁyg af va%yimg pef&eﬂt&ge eam«v
pasiti@n of charge 1n‘the separatmmn af’a binary mith&e by
meang of azeatraplc &msvzllaﬁlmhq_ R ,

Thﬁ ﬂystem %@1uanemme%hy&eyﬁichexane9 wiﬁh h»pfepyl aleew
hol as the enbr&imarg was ahesen begatse this syst@m shows
eertain. desirahla chawaatariﬁtics far a study mﬁ %his sorts
The hydyosarbons an& the ale@ha& are eas&ly obtaineﬁ in.a high
grade of purity ané the*break-in the distillaion Gﬁf?éAef‘this
systen is sharp? The refraetive 1nﬁiees of the two hyéraearbmns
are fay enmugh ay&rt ta p@nmit analy81s @f fraﬁﬁi&n&l‘euts ﬁy
use of 2 refxawtametera and the. emmﬁtituenms of the aza@trmpeﬁ
me%hyleyalehexane—nmpr@pyl aic@hwlg are easily separatea by
water washing¢ . ; - :

In the sepama%i@m by @lsﬁlllatl@h.@f binary Syﬁtem$q it is
often Emund thaﬁ tbe components of the gystem have bﬁiliag
paiﬂtﬁ qm ma&rly ﬁh@ same ﬁh&t seyarati@n is axeeaﬁingly 4if-
fieult without vavﬁrtinb te a colummn wmﬁh a great number of
piates and/or a very high reflux raﬁia¢ ane~maans tha% has
been suggested to make saeh a sepazatmmn.ln aalumns of noymal
_size at moderste Teflux ratios is the use of an entrainer to
form an azectrope with one or both of the components (354475

An mﬁaeﬁﬁapiﬁfmizﬁumg‘may'hﬁ‘deﬁiméﬁ as one that yields,

upon mixingy e¢ither a vapor pressure greater than that of the
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lowest boiling Gompenenty or yields a vapor pressure 1@9@f%h&ﬁf-‘
the Va@ﬁr-éréssuré of ‘the ﬁigh@#ﬁ-béiiing:66mponénﬁ¢'i“ﬁé‘f@@mﬁ
ér is- aailed mﬁﬂimum boslxﬂg azentrﬁpaﬂ thﬁ 1aﬁﬁ@ﬁ & mamimum
boiling azeotrope - {?;Q' in m&kiﬂg %eparatianw by‘méans ef @isw f;
tillaﬁien oL azamtrggia miyiureaﬁ the minimum balling azegtyope
is nore’ satisf&at@ryq L ' ' ' ‘

| An eﬁtrainer may be de&mﬁed a8’ the agenﬁ ﬁhat is aﬁded ts
the binary .,gz\‘;’»t_em to i‘emm an azeﬁ;:ﬁ;apg W.;nth one or bcaﬁz of - the™
¢omprinentss There"is available in the‘liﬁexaﬁnre:a'méﬁéﬁﬁﬁéf'f
swount of data @ram‘whiéh‘azeaﬁrapﬁe'hémpdsi%ibns may be ass
certained (546)s. Thre is als@ avazlabla in.tha Adterature u _
. method of saientzng &’ suztable antrainew f@r @ givem.ﬁeparaﬁlan
(14 o S S
o The ‘3&?&@&‘1&?@%@?&75 by azgotropie: @isi@i@i&ﬁi&ﬂrkg' of 2 40 weisght
'y@ﬁbﬁﬁkﬂm@%ﬁyi@yﬁiéhgﬁamég~é@iw@ighﬂv@aﬁgent-t@lméﬁé mixbire
has béén“répmmﬁﬁﬁ“%ﬁfﬁerg'a&ﬂ“ﬁ%@xié@h (1)  No a%%éﬁ?%“was'ma&e
Yo study the effeaﬁ upﬂn.?éeﬂvﬁfy of varyiﬂg the pereemﬁagﬁ GOt
pasi&zgm of ‘the hyﬁr@carﬁam charﬂao e S S
' Beesude nhe data wer “gvailable from the 1iteraﬁure of the
actual peycenszeéwyery_poséibleqby:strﬁighi reeﬁifiaatiﬁn of the
systen mé%hyiﬁyéiﬁhezaﬂé*#‘%ﬁluéﬂégfiﬁ‘%aa nééé$$ary te’mak&‘f
several sueh runs, &ﬁfing‘%his studys to provide the novessary
data For e@mpariscb purposes, These data ara_%ﬁbﬁi&%ed"iﬂ:%his
Teports | o |
Belling temperatures of ocuts 1isted in this paper were 1o




worgected Lo standard m@ssm{@'}s;i:;w&’ 116 good method is mrﬁiamé
to convert the bolling poinl of ”a‘z@éﬁmpiﬂ: nixtures, from one: .
pressure; .*ho zxmthem S:he ave?ag@ bammﬁtefﬁ s ea.r% zzg &b bhe P
gtatim w’rzem i:hw wzﬂ:k was done ia 63‘5 Wi

P
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LI BQUIPMENT, METHODS, AND CONPOUNDS
. A, EQUIPMENT

The equipment used in this work e@ﬁsisted of a presigion
reetifleation asiﬂmmg a Qorad c@nstant reflﬁxfratmﬁ @@ﬂﬂ&ﬂﬁ@fg
F:) graauated‘wabﬁ?»ecaieﬁ T@CQIVETy a Harvard tyge tyiple heam
balange, a mereuwy fallea ﬂﬁ" %ype m&ﬂﬁm@teTg r@aﬁd battam glass
@igtilling flask& with side armﬁ & Valentine r@fragﬁﬁmeﬁerg 2
ceramic hemkemg twm &m@aﬁr&m&farmews and two glass stem mercuLy
thermameters, _

The column'mas cenﬁtrne%ea ef three a@ncent?ia glass tubes@
The innermas» tube. was 33 iy in élaMéue?g packeé with Eanska.
oneseighth ineh @taiﬁleaé'stéel heliceés, A thermameﬁe? was
-fasﬁéuad %m ﬁe puusiﬁﬁ smrface of the inner %u@a about halfway
be@W@en twp and. hotﬁQM¢ Th@ ﬁ@éﬁﬁﬁ or mlﬂﬁle %uba was wWanped
with Niahrmme Wiwe.mhiah was ¢@nnacte& 6 a smail 110 vt autow
transfsrmew to prmvzﬁe heat ta the columns, The thiﬁa,@rvgaﬁer
tube served as 'a praﬁeator apd imsulatar;- The ¢®lﬂMm'was'far%yﬁ
eight iﬁeheﬂ~ﬁigh4' &t tatal reflux the &GZHmn ealzbrsted 2.
theoreticgl plﬁt&sﬁ Ehe Garad head iz so ﬁesaaned as to gmve
constant reflux ratlas af 5,13 104 1g 2031, and 30tl. ,

The man@metar useé wa& a hgh shapad bube abmu@ twelve 1nchas
in ﬁaight Wwith one’ end apened 1o tbe a%MGS@haye and the aihe%
leading %hraugh;aﬁStmpe@@k-tﬁta ball jaint~¢9nmeaﬁiﬁg.to'a_$i@e
arm of the distilling flask. This devide was used %w_meas&re

pressure drop in the ¢olumn,
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The distilling flasks used were of two sizes, one liter
and two liter, with a side arm ball joint that fitfed into the
manometer and anbther ball joint at the fop that fitted intﬂ

the botton of the columny’
- The heaber: umed had a earamlc base’ wzth 2 eeﬁeave depresﬁ

sién- 1n.which”were chhreme c@iis¢ The flasks fltted appr@ziw*
mately’ lﬂtﬂ‘ﬁhgvéﬁﬂédve depression, The current input’ tothe
“heatér was confrolled by another small 110 volt autahﬁaﬁs%%%ﬁerq
-The=refré¢ﬁ@métér‘Was a Vﬁlgn%iﬁe of the glassxﬁﬁi$m~%ypa
capeble of rekdlag fo sixz significent figuréz; 'A11 refractive -
indicés ware rga& at 20 degreas Gantig?ade plus or mimug 0¢i
desrees Gentigrades EEE o
%heauta%ramsfmzm@rs:wgre;ﬁﬁp&riéw:ﬁlegtric.GmmpanyuP¢Wewm
staby of seven and one-half ampa@aﬁagiﬁumrinpum,gtlaia'vélﬁa
Bl s @ﬁéféﬁ%pﬁty @@'@@@ﬂﬁdsyygm&a& fﬁsaﬁ3a% six amperes with -

‘& volbtage wvange of 0 to 135 voltse
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1. - Determining the Azeobrepile Compositions

 The compositien ef’%he-mgthﬁlcyéiﬁhaﬁ@ﬁgwﬁ4§r@@?&valé@héE'
‘azéotrope was obtalned from the Literaiure (1) ‘This value was
chesked by ‘the use mi‘an‘ﬂﬁhmex-vagarﬁlﬁguié'@@uilibwium gb11a :
and was found Yo be I agreement with pup @mp@rim@mﬁally'déﬁerw
mined vilye even though the literaturse value had beer obt todned
at a & pressure of 760 . miny and our experimemtal value at a pﬂessuvé
of 640 mmy The value found in the 1iterahmre§ anﬂ.expermﬂ&ntally
cheeked by us, was 65 weight per@an% meﬁhyl¢valeﬁexaﬁe and 35
weight gef@eﬂt népropyl aleoholy - . ‘

Mg obtain & Surther ¢heok upop this value fwo charges were
made upj one éﬁﬁ%@iﬁingiéa*Weighﬁ'@éaeeﬁﬁ ma@hyléyaighezane and.
37 W&*ighﬁ pemem n-propyl aleohel, and the other 67 weight =
pergent methyleyelohesang and 33 weight percent n-propyl ale.
echols Bach charge was then refluxed in the ¢olumn for zn hour ‘
and a azali ovaﬁh&aﬁ eut obbaineds ?he‘refrﬁcéiva’iﬁ&iéﬁs of
. the two éverhaad ﬁﬁﬁs were meagured and Bhe deviation of these
.mafraetxve 1muleas fram the. refraetive index of %ha @riganal
charge pl@ﬁ%eﬁ<agaiﬂﬁt pepdent eompositions Sinee the charges
selected straddled the correct azeobrople aampﬂﬁi@i@ﬁg ong
deviation was positive and the other negative, The intersection
of a line cﬂnﬁégﬁiﬁg the two points with %héizerm:&é?ia%iéﬂ 1ine
inddeated thggﬁe%ceﬁt composition of the azeotropes fThis Wﬁé

found to be 65,7 welght @emeeﬂﬁ methyleyclohexane and 34.3 weight
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‘perceht nipropyl aleohels. This value was used bhrous hs;m; m ek
iﬁg up the éharge$ For the azeatvopic GiEtillationg
mhkiag»nga@hafg@s foip Azaaﬁwmymm:ﬁansz,

| 'ﬁh&éﬁe$ were mada’ﬁp‘bn‘é'We&éﬁ$-ﬁerﬁeni‘basiéiusiﬁg‘é'
Harvard bype triplésbedm bAlance. Dué to the operabitnal Weldip
of the eblumn it Waé-féﬂné negessary to meke up the charge so thatb
there was at 1ga$ﬁ‘15§'grﬁms'éﬂ the least'valéﬁiie:éémyﬁﬁémt@
"wﬁé sma1lesﬁ ﬁh&?éﬁtﬁseﬁ'was 300 gmamv'%@%al'@f h&dfﬁeaﬁﬁéﬁsg
the &mﬁunt of enbrainer added was depanmant upon am@umm &f methy1~
eyﬁlehexaﬁe presents, (Bee sample ealoulations). Im YV easgs a2
twoe gran éxeess of &wpw@pyl mleokvl, was added to 1&%&%@ @empzeﬁe
removal of all the methyléyelohexancs ’

B Mahiﬁg %ﬁﬁ.AEﬂ@ﬁTOpiﬁ Rufiss

ﬁa¢h~ahargavwas yimceﬁ in the 8istilling flask and heat
flow adjusted by means of the autolransformers, The colum’ was
aliﬁwgﬁfﬁa_fla@a'émﬁ-%ﬁea]te‘wan at total weflix for ons heurs =
'ﬁa@ﬁﬁ'veieaity #hgaﬁgh the ae&nmm‘was-képt.aﬁ,%ﬁﬁﬁﬁaﬁaﬁ$rﬁalmé
by adjusbing ﬁhe”ﬁééﬁ'flaw to the still ped and the columh by
control of the a&tmﬁramaﬁawm@rso The vapor vai@ei%y'Whiah s
&iveatly grmpcfti@nal te the préssura drep across the eﬂtira '
aolumn Was mea ured by meaﬁs ef the manometer, 4 vapor veiaeity
of 80 pmraant mf the primxmg @? fl@a@aug va&mcity gorresponding
to a gr@ssure~éwap<aemmas the coltzan of A5 m piua:@r minds 1 mm,
was méimiaineéfthﬁémghmum a1l ﬁﬁa‘THEQQ A

After %he~ém1umn,haﬁ,been allowed to come to equilibrium, .
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the reflux redic Wés set am&'avgﬂﬁaad ﬁaﬁé'wnrn'%aRQﬂs ih@
v&pmr “temperature aﬁﬁ mmiﬁhy of eath cuﬁ Waslpwﬁad.ané %hase .
data used in makmng up %ha pl@tsi- whe qize ef ‘the ﬁntﬁ %a&%n
depended upon the rete of inevease of the apor temperatures.
Jﬁh@ﬁ‘tha breek or mid-fragtlon apt wag reawhéﬁ; ém%iiﬁmféﬁﬁﬁ
ware baken in.order bo define @&w@@?lv the ‘@lstillation ouvve,
Rutls wepre nadé @ﬁom vonpositions of 10 wewm@nt heluene @n@ o6 -
y@ﬁ ent methyﬂayaﬁshpx%ma to §0 percent talman& anﬁ PQ geﬁaanx :
:m@%ﬁyleyalameman@§'ﬁa¢h composihion maiﬁg=wun at f@ﬁr~ﬂm§fﬁg@mt,'
rofiux rabioss - Fsl, 10sl, 2031 and 30414 )

Phe refractive. indaex . of eséh ek was decafmimed gnd hh@n
the eub was w&a&aﬁ wgﬁh:@isﬁill@é waher to remuve the nwpxﬁpy& -
aioohols The water waﬁha&'éu%“~w&w@~ﬁﬁumfﬁﬁiaé avsw*@@aaiam
'e%iﬁrié@ apd the refractive index of euch was m@aeure& againﬂ

In the puns of 10 percent tolusne and 90 pereesth methyls

ﬁngahexaﬁe e@mp@ait¢mna ‘the size of, the charge, whieh dncluded

350 grams of t@kaena and 1350 grams of maLnyl@yqlahpzaﬁe p&ns
'entrainaxg %@c¢ma»hma &&mge for the still poté avaalabi$ﬁ: S&ﬂﬁe

.150 gr@ms @@ &leane rapr@qeﬂﬁeﬁ the' mindiun amelnt ﬁzwessa@y

;%o takegcare'@g ga@umn_hQWdup anﬁ completely drive off the

azeﬁﬁfnpeg a”qhésérfwas.intmaﬁueﬁd# The use of & eha§aripeﬁ~-
miﬁ%eé“auﬁtiﬁéfﬁhé aharge‘@ava size suibable for proper handling,

=Gumene Was ih@ Ph&S@ﬂ msaa bﬁeause 1% ferMS no. azamhrmreﬁgf Lo

'teiﬁana@ meﬁhy?cyal@heXanea ap nmyrayyl aicahwi ﬁmd ?xa bre&k in

the dasﬁillatioﬂ CUTYE b@ﬁWeem.wumeﬂe ‘and @wluane is very shﬁw?o




e 32 ’

WEﬁ-siz@‘@f the ehargey uvsing e theser, could be out o ﬁﬁfgvamﬁf
of wluem@ »:f,s’@ grams of mm‘:b‘fiw:ﬁmﬁmmm, ) 5’3 grams of cvmene
yixﬁ Qﬁf?diﬂefﬁ This . nethod of eﬁhﬁlmg down on ibu ga&ﬂtﬁty of
’@h&ﬂma alse oliminabéd the poar &g@wraay fosulbing frem | jiﬁhﬁz B
degks ﬂuring umm @mtenﬂa& pﬁiiﬁﬁ mf tima m&aﬁggaxy %@ fﬂﬂ,eff
th@ &argﬁr wh&?geﬁ

4, - Plobbing the Dats of Azeolvepic Runsy ,

fhe data @@ﬁﬁgﬁiﬁﬁtﬁﬁ a8 vwelght garéenﬁ_ﬁis%iil@ﬁg'varéma

vapor température, snd sleo weight pévesnt dfstilled wersus wids

" polnts @%‘@ﬁéﬁ'&aﬁ%&&ﬁ%ﬁﬂ fridew sheps Flgure 1 ds a sample plod

Fer an azestrepic wun dotbtaining & ehavge of 6O Weigh% @ﬁ?ﬁeﬁt
tolueney 4@ wamﬁﬁﬁ p@waaﬁt pethyléeyelohauana ot 4 ?éiﬁu% %ati@
of 20sl, Ruﬂ Tuber 11, Table L. Thie pereent reﬁmvawy of methyls
ﬁ&&&mﬁ%@aﬁeﬁané’ﬁﬁ@weﬁe.wassébﬁaimaﬁ f&ﬂw these oUPveds 'g$ga
=:gsampxéﬁﬁé%@miaﬁi%ﬁq'amﬁ Flgure Nowber Ly)

A Eanaaﬁﬁa%ra@ic uings

Tn owdes ¥ f{;n.ﬁata with whms% %o compare. b the ¢ffi QiEﬁﬁy
ef Pecovery by alaﬁtraple ﬁistiila@ienﬁ 8 weries af a@ntwo& runs
wele madesy %he ruus Y made vusiog the same ?&ag&ﬁ£S‘&Sf®hesa

o that wayﬁ ﬁs@@ xn ﬁbe & mmtwapla FUnS in the sane aa&umﬁﬁ'ané th@
&ﬂm@‘ﬁﬁaﬁﬁﬁﬁ.mﬁﬁﬁgwﬁﬂﬁ-@ﬁ&ﬁﬁiﬁ@? “The eentral Funs were aamrmaﬁ
out ot only &gﬁfﬁﬁﬁiﬁ# rabdes 2021, A& ebasary ﬁﬁmﬁn@g g nme&
£or the 10 pe?@éé%'ééiuen$?'ﬁa pereent m&ﬁhy&@awiﬂaﬁxawﬁ. anﬂ ﬁhe
20 pﬁ?ﬂ&ﬁﬁ tﬁiﬁéﬂ&g 8@:§ercenm m@&hyiayciehezame\chmrg95¢ Theﬁe

data are tebulated in ma@l& Iib_,,

Y



































































