New Jersey Institute of Technology

Digital Commons @ NJIT

Theses Electronic Theses and Dissertations

6-30-1954

A study of methods for predicting the change in azeotropic
composition with pressure and with temperature

Adolf Joseph Pribush
New Jersey Institute of Technology

Follow this and additional works at: https://digitalcommons.njit.edu/theses

6‘ Part of the Chemical Engineering Commons

Recommended Citation

Pribush, Adolf Joseph, "A study of methods for predicting the change in azeotropic composition with
pressure and with temperature” (1954). Theses. 2269.

https://digitalcommons.njit.edu/theses/2269

This Thesis is brought to you for free and open access by the Electronic Theses and Dissertations at Digital
Commons @ NJIT. It has been accepted for inclusion in Theses by an authorized administrator of Digital Commons
@ NJIT. For more information, please contact digitalcommons@njit.edu.


https://digitalcommons.njit.edu/
https://digitalcommons.njit.edu/theses
https://digitalcommons.njit.edu/etd
https://digitalcommons.njit.edu/theses?utm_source=digitalcommons.njit.edu%2Ftheses%2F2269&utm_medium=PDF&utm_campaign=PDFCoverPages
https://network.bepress.com/hgg/discipline/240?utm_source=digitalcommons.njit.edu%2Ftheses%2F2269&utm_medium=PDF&utm_campaign=PDFCoverPages
https://digitalcommons.njit.edu/theses/2269?utm_source=digitalcommons.njit.edu%2Ftheses%2F2269&utm_medium=PDF&utm_campaign=PDFCoverPages
mailto:digitalcommons@njit.edu

Copyright Warning & Restrictions

The copyright law of the United States (Title 17, United
States Code) governs the making of photocopies or other
reproductions of copyrighted material.

Under certain conditions specified in the law, libraries and
archives are authorized to furnish a photocopy or other
reproduction. One of these specified conditions is that the
photocopy or reproduction is not to be “used for any
purpose other than private study, scholarship, or research.”
If a, user makes a request for, or later uses, a photocopy or
reproduction for purposes in excess of “fair use” that user
may be liable for copyright infringement,

This institution reserves the right to refuse to accept a
copying order if, in its judgment, fulfillment of the order
would involve violation of copyright law.

Please Note: The author retains the copyright while the
New Jersey Institute of Technology reserves the right to
distribute this thesis or dissertation

Printing note: If you do not wish to print this page, then select
“Pages from: first page # to: last page #” on the print dialog screen



The Van Houten library has removed some of the
personal information and all signatures from the
approval page and biographical sketches of theses
and dissertations in order to protect the identity of
NJIT graduates and faculty.



A STULY OF METHOUS
FOR
PREDICTIRG THE CHANGE IN AZEOTHOPIC COMPOSITION
WITH
PRESSURE AND WITH TE4PEHATURE

BY

ADULP ¥YRIBUSH

A THESIS
SUBKITIED TO THE PACULIY OF
IHE UEPARTMERT OF CHEMICAL BNGIREERIRG
oF
NEWARK COLIEBGE 0P EHGIHEBERING

I1E PARTIAL FPULPILLMENT OF THE
BEQUIKEBLENTS FOR THE LUEGHES

CF

HASTER OF SCIENCE
IR CHRUICAL HERGINBERING

NEWARK, HEW JERSE
1954



APPROVAL OF THESIS

POR

UEPAKTMENT OF CHZRICAL ENGINEERING
HEWARK COLLEGLZ OF ZNGIRETRING

BY

FACULYY COMMITTEE

APPROVED:

NEVARE, W JERSEY
JUHE, 1954

i1



SOKNOWLE GRMENT

Thie work was csrried out under the guldsnce of
Joseph Joffe, Department of Chemical Bngineering,
Bewark College of Engineering.

iid



TABLL OF CONTELDS

e A £
APNTOVE]L PBEG. v seuvsvenstssscenssnasssonsocssssvsane
Acknowledgement.cecacescrnarssorrsnanssensrasncnnsna
Lint of PigureSeseeserocosansssosscnvosssonascvasnns
List Of Pobl@Beenrvsrscontssennanssnosonssosnsssensss
IntroduotioNesnscvassvonsinsssasosossessnsssonsassass

wbjact'0.‘!“0’00’!'1“"(!i.."l"ti!‘iiD!‘Q‘Dl

OO PCasessssartsransnnacannssssnenpradscsanssnns
Limitatiansioiintiwﬂ»lotb*‘oo»ccn!ﬁqnvciao

Hﬂteriﬁlﬁ and Equipm%nﬁna«.;....s...;..»..oe...
PrOCe A I e Baveesservastsannbsssatonssssonnssstsme
yindingglintlcidﬁtutt.,tﬁ##.ﬁ&&dtu&aaa‘:uc;‘&ac

Plan 0f ThegiBesesscrsssansocrsenvscsovraatsses
befinitions and Theory of Azeotrope Formation.......

ﬁ&finitiﬁnﬁtbﬁtttottﬁ&"t&n.ilcbto#u-o.tt.vﬂnno
Formation of AZCOLTOPPBveossstnsercsscsssunssone

General Effeots of Pressure and Tempeérature on

Aﬁeﬁtrgpsacaottéuqau«&;»«gt;:;u-n-..etaa---nsqy

Effect of Preamsure snd Temperature on
Qﬂfﬂpﬁﬁi%iﬁﬁu-.;».;anqv..wguuno...-...--.«nxt.a,
?r@&ﬁur@*?ﬁm@@rﬂtur& E%l&tiﬁn&hip.....¢.....-..

Publighed Methods for Predicting tvhe kffeoct of
Presgure and femperature on the Composition
Qf 3.39031“3@13 3yﬁtamﬁlct»iho¢Qnnt‘-#to.».&&aiﬁa

The lodified Clausiug-CQlapoyron Equatiofsecvesss
Bguetion Based on the Two-suffix Margules

BougtioNesessesvrnnscersssssessasnoscsnsvocssnnns
Mathod of Carlson and Colburfieussscessvsconsese
The Reference Point douatioRecosvecerscecsossens
%B curvea of Ecrsely‘.“*“"*‘.“a..Q".‘EQ’.
The Log x qumﬁiaﬂttdilni FEA e r s st EBET L AN
the T-par&bﬂl& Equatiaﬂsﬁ0¢'uto§iO.souobtcotvﬁi

Page
i

ii
ii1
vi
vii

crir W BRI M NN

11
11

12
13
ib
16
16
i8

iv



doguations Tested for Adequscy in Predieting Chenge
in Azeotropie Coumposition with Chsnge in
Presszure sild TenpeTrabtulGscssssssessussarassannn

The Reference point mquation {Pressure vs.
gampﬁﬂitiﬁﬂttu.»o:;an¢.¢ou»canuaowa:bo:pcot'&no

Hethod of ?eﬁﬁiag.c(’*oti’in’ti’d*t.co’&l.

Finaiﬂga‘l‘l.it‘QQ'.Q.QQD*.‘“""IOQ.II.'I

The Log x Bqguation {Composition ve. Temper-

&tare)n0-'*0-'&to&t'o..t‘cw.lQQQQQi"Qn‘hOGOOﬁ*

Hethod of T&Stingoouuot~.a¢.¢w‘...a...»..-

ﬂin&iﬁgs’ttﬁt!#Gcﬂ#hbncclt'.nalqlivtnotiﬂ*
Qgﬂglusigna’.“ﬁiﬂ.“’.‘.’...."‘.""".".‘C.."‘Q'
A}Tpandix’wntc-co:wwy;ao#é%;oﬁatonééasn-‘laqayqnvcntt

Raf&waﬁe&aﬂlﬂdﬁlttﬂttbt’c#i&tanné'*‘nttttﬁatqi-n-#ﬁn

21

21

21
23

25
26

24
bb
68



Fage

Figure 1. Comparison of Vapor Pregsure lurves
fOr kiyﬁl‘{)gaﬂ @hlériﬁé--.--*»-«...ﬁ...-u‘ 4@

fgure 2. Comparigon of Vapor rfressure (urves
far Ii;?ﬁm‘@gen BromidBarevrsvosseresnrsonnse 41

vi



Table

Table

Table

Table

Taeble

Table

Table

Teble

Table

"nble

Table

Tfable

Table

lsa.

2.

Be

4

b

b

7

8

Ye

10

108.
1l.

LIBE OF T4BL2B

Syetems Used To Test Hgustlon He.vsevenes
Summary of Respulte for kguation bBes.sssn

Praediction of Azeotrope Preszsure Irom
Bquation & 4in the kthyl Aleohol-Vater

Syaﬁam...;.-‘......«g,..ﬁ..a;.........-‘;

Prediction of Azeotirope FPressure From
Bguastion 5 in the rthyl aAcetste-LEthyl
Alcohol Syatﬁmltat&'.t&‘o‘oo.ao’c*ﬂulinb'

Prediotion of Azeotrope Pregaure From
Fguation b in the Nethanol-Benzsene

Systam,-’c;,-.a.a.;au..‘,;........ata.-go

Prediction of aseotropse Pregoure ¥From
Bguation b in the Csrbon Tetrachloride-
Ethyl Acetate aystamuﬁoiwtan»:na»vq;o;»ua

Prediotion of isgeotrope Pressgure From
Kguetion & in the n~pubtape~3ulfur
Hiaxi&& ﬁyﬁt&m.wos«*;-‘;.».'.;---uu...a«a

Prediction of Asooirope Pressure From
Equatlion b in the vrane-Z2-Butene-~
Sulfur Dioxlde SyBTOlecsrsnsonsesnvenssos

Predietion of izeotrope Presgure From
Zguation 6 in the n-Propansl-Water

Gyotlofiesessarenncnnsvescrnrccrnnsnncscsany

Prediction of Azeotrope Pressure From
Bguation b in the Hthyl scetate-VWatler

Bystam"i“b‘.*".‘ﬁt”'iﬂOlitQ‘.ltlloint
Gystems uUsed to Test Equation Ge.vvecess
Summary of Results for Lguation G6eeeeevs

bevistions From (bserved Values io
Predicting Aszeotrople Compositions

Prom Bquation 6 in the isthyl Alechol-
Water Syatelessssssncesssnconcavesrenene

31

o2

33

34

&b

£
o

&7

38

39
42
43

44

vii



Table

Table

Table

rable

Table

Table

rable

Table

Table

12.

18,

14.

15.

16

17.

18.

19,

20,

Deviationg From Cbeserved Values in
Predicting Azeotropie Compositions

¥rom Sguation & in the nthyl icetate~-
Gthyl sleohol SystleMessessncsscnsssnsesa

Deviatviong From Observed Values in
Predicting izeotropie Comupositions

From Bgustion 6 in the Methznol«
Benzgene System.,¢*...n*a....¢..».,....s.

Devistions From Observed Velues in
Predicting Azeotropice Conpositions

From Tquetion & in the Carbon
Petrachloride-snthyl Acetate SysteMeecsess

Deviatione ¥From Ubserved Veluep in
Predioting Aszeotropie Compositiocns

rrom Equation 6 in the n-Butane-

Sulfur Hoxide 3yslelesesrcocososnnennse

Deviations From Ubgerved values in
Predieting Areotropic Compogivions

Prom Xquation 6 in the Isobutene~
Sulfur Moxide SYBTEHlesesssvuvennrevvons

bevistions From Ubserved Valuee in
Predioting Ameotroplce Compositions
From dguetion & in the Dichlore~

di{finoromethane~1 ,l~viflucroethane

SyeleMessnconsnssnvsssssacsnssnssscnsons

Leviations From Obgerved Valuee in
Predicting Areotropie Compositions

rras Equation b in the Kthyl scetate~
,@.&tar ﬁ?ﬁ‘:am¢ﬁt0iiitottbculoucon.ultubﬂt

Deviatione ¥rom Cbserved Valueg in
Iredieting Azeotrople Compositions

From Souetion & in the Hydrogen
ahlﬁriéﬁ“W&ter 3y5t6m.‘........a.¢..c...

peviations From Observed Values in
Predioting Ageotropic Compositions

¥rom xquation & 1n the Hydrogen
Bronide-%ater Sy&tam....--;-.-...*.¢....

45

46

47

48

4y

b0

bl

52

b3

viii



Table 21.

A Uomparison of the Log x and the
r~Parabols Hquations for idegquacy in
fredicting the Teuperature-Lompogition
Helationghip and Ron-gzeotropic Polnts
of Azectropic 3ysltemSececcoscacssnnosnee

Tables of Pressure-Temverature~Compogition lats
tfor Binsry aszeotropes and rhysical Properties of
Their Components:

Table
Table
Table

Table

Table
Table

Table
Table
Tsble

Table
Table
Table

22
23.
24.
2b.

£6.
27,

28.
29.

i‘;thyl Aleohol~Water Syﬁt&ﬁ'it cesasrues
Ethyl scetate~Ithyl Alcohol Systen.
Hethanol-Benzene SysteMecevsesensssns

Carbon Tetrachloride~Ethyl icetate

Syﬁtsmuu.n»n;“.-..qun«.....;.
n~Butsne-Sulfur Jioxide Systenes.es

trang~E=Butsne~-sSulfur Dioxide

3?&%&5&-&».:..:‘*‘:'-..-au.unuuo‘.
Isobutens~sSulfur Hoxide Jystemeuss
n-Propanol-Water SystemMeccessccsnss

Dichlorodifluoromethane~1,1~Di~
fluoroethane Syotoflevevosenvsessnne

Gthyl Acetate~Water Systellesscecens
Hydrogen Chloride~Water Systemeeses

Hydrogen Bromide~Water Systemessess

54

b6
57
58

60

61

63

64
65
66
67

ix



IRTRODUCTION

Huch dats can be found in the literature giving the
pregsure~tenperature~conpoeition relationship for azeotropie
aystems at one pregpure, ususlly stmospheric. Coupsratively
few dave, however, have been published giving compositions
over & range of pregeures snd temperatureg ror azedtmpie
systems. Such dats may be useful in appliecation to the
geparation of liguid wixtures by aszeotropic distvillatious,
or even gimple fractionations, at pressures other than
atmogpheric. It may be found, for instance, that s
particular system that forms sn mzeotrope at atmospherie
pressure (and therefore tannot be separated beyond the
ageotrople composition by means of s eimple fraetionstion
at atmospheric pressure) begomes non-eszeotropic at
another pressure, ensbling & oomplets peparation by

meang of a simple fraotiocnation.

In the sbsence of oonmplete pregaure-temperature~
gompoeivion date for meny azeotropic systems, it is
desirable to nave reliable mathemptical relstisnships
svailable for prediocting such date. A number of
relaviongnive for prediocting the chenge in ageotropie
compouition with change in premsure and temperature
gan be found in literature, but pot sll of them have
been checked gufficiently againgt experimental data %o

ensble thelr use with & knowledge of the degres of



ageuracy tnat can be expected.

gbjset

The objoct of this paper is to preseant the results
of a ptudy of uethods 1or predioting tae chenge in
azeotropic comvosition With pressure apnd with teupersture,

and to iundleste the ugefulnesg of the methodsg.

goope
4 etudy weas made of the fypes and formation of
azeotropes, the general effegt of pressure and tewrersture
on ageotropes, aio ,w.l..lLcd mathods for prenicting t e
effect of pressure and tempersture Qﬁ‘thﬁ composition of
szeotropes, dach of theme phases of study is presented

in congecutive order to supply bockground inforuation.

wimitations, Two methodg were ftested with ex-

perimental dota. Haeh method wss tesgted witn experinental
@utu for ten aseotropic systens for which t.e most
complete dats could be found in litersture. (nly

binary systems were used, The systems included msxiuum
snd minimum~boiling nomogensous azeotropes, wnd one
minimun~bolling heterogensous zzeotrope. One of the
methods tested repregents a presgure-compogition relation-

ship, and the other reypresents s temperature-composition

relationship.

Zae informution presented in this pzper is bised on



g litersture search covering the yeasrs 1ud7-1ubd.

Haterials and squipment

All caloulations were made with a csleulating
maehine in eonjunction with 8 five-place logarithw
table. The calounlstions are reported 1o av least one
place beyond that of the dats found in the iltereturs.
Yhere vopor presgure deta ror pure gonponents appsured
with szeotvropic data, it was used in %the caloulastions
made for itg regpective sgeotropic system for the geke
of congistency. V¥here vapor pressure dava for pure
gouponents did not amppear with thelr respective
gzeotropic gystene, published vepor presgure tables

were uged,

Zrogedures

In the emsse of the eguation tested Tor predieting the
azsotrople teuperature~aomposition relstionship, the
ponstants were determined by two methods. <he method
of lsagt sgusreg was used for those aysteme having ten
or fewer pointe, and the rnethod of averages wag used for

those systems having more than te® pointa.

The vapor pressure data for pure components used
in the eguation tested Yor predioeting szeotropic pressure-

eompogition relstionsghip was obtained from the gources

mentioned above, using a 1og vapor pressure versus 1/(°C#230)



relationship.

#indings

vhe findings, and tue aszeotropic end pure component
vapgr pressure data obtained Trom the litersture, are

pregented in table form fTor eagy referscuce.

Plan of dhegis

the plen of the theals is to presment general in-
formation concerning definitions, theory of formation,
and relationship of presgure, Yenperature, snd couposition,
of ageotropes for background informetion. A short review
18 then given of published methods Tor predicting the
change in composition of apeotropes with the change in
preggure and tempersture, iudicsting the nature of their
derivation, references, and expected szecuraey. The
regults of vesting two equations for adeguecy in predicting
the ohange in composition of szeotropes with tre change in
pregeure and venperature are then presented snd evaluated.
In the tinasl seotion of the text, conelusiocus are glven
coucerning the work covered by this paper.

o " o N .



LEATHITIONS ARD THACLY OF AZuLTho. 8 PUsisTIoN

safinitions

An azeotrope is ocharacterized by & constant boiling
point and compogition, at s Tixed prescure, of a mixture
of two or wore liguid compounds. 1% is aleo called 8
eonstant boiling mixture {U.B.k.). An azeotrope cannot
be sepsrated into its components by s simple frractisnetion
8% a8 given pressure, since the composition and boiling

point will remaisn congtant.

some sgeotropes exist ms one liguid phase (homogeneous
mizxtures) and others exist &s two Or nore liquid phases
{heterogeneous mixtures}. Thig gerves ss & bagis for the
claggification of ageotropes. They are further sub-
clagsiftied se minimuw~bolling or positive azeotrorpes,
and maximam-boliling or negative azeotropes. +he positive
and negstive olmgeifications indicate that the mixture
ghows positive, or negative, deviations from napuit's lew.
Homogeneous szeotropes have been found vo exist ss nin-
imum and saximum-boiling mixtures, A4ll reported hetero-

geneous aszeotroper are minlmun~-boiling mixtures (16).

Foruation of Azepiropes

The partial pregssure of & oouponent in eguilibrium
with a soluvion in = binary 8ysvem that adheres to Haoult's
law will be direotly proportional to 1ts mole framotion in

the system. For guch a system, the vapor preesure of the



mixture eould not be grester than that of The component
with the highest vapor pressure, or lege than that of the
eouponent with the lowest vapor presrure, and sn szeotrope
could not oecur. Suoh & system would be ideal, and the
nean~ideality activity coeificlient would be equal to unity.
However, only s few binary mixturse trollow nsoult'e law

st all ooncentrations. Host systems exnhibit either
pogitive or negative devistions frow Haoult's law.

ror thoge csges where a cowbination of the magunitude of
deviation from ksoult's law, plus the magnitude of the
boiling pcipt difference of the two componentg is suoch
thet the vapor pressure of the system will be grester

than that of the component with the higheet vapor pressure,
or lege than that of the component with the lowest vepor
pressure, an azeotropes will eccur. Heterogeneous
azedtropes tend to Yform when the devistions are of

guch magnitude that jmmisoible liguid phuses sre forued.

A W T B A T e S A S W Yk . .



GiuBaal BFPECTD OF PICIS UnD o0 PELVERATULE OH ALECTLOPIES

Effect of Pressure and Yemperature on Composition

in examining the experimentsl dats oI binary
ageotropie systens, 1T czn be seen that the compogition
changes with & e¢haenge in pregsure snd teuperature.
The nature of thie change in coumposition is indicsted
by Wrewski's rule which can be steted ss follows:™
“¥hen the boiling poeint of a positive azeotrope
riges, 1ite composition ehanges in favor of the
component with the higher molecular latent hest
of vaporization.~~-~Uonversely, in the csse of
negative azeotropen, when the boiling poinv
risea, there is an inereage in the conceantration

of the component with the lowsr lavent heat ol
vaporization.”

4 graphical representation of this rule 1sg given for s
poaitive ageotrope by Swietoslswski (21}, It is pointed
out by swietoslawski, that the upper 1limit ia the
increase of pressure (temperature) is the oritical

polnt of one of the components. Some sgeotropes are
known to become nan~aaaat%apie before thig point ig
reached, and others are known to be azevtropic up teo

the critloal point of the componentes. Kxperimentsl

deta for the ethyl aleohol-wster greotrope showe that

this aystem ¥ollows ¥rewski's rule (see Table Lo. 22).

*porry, J. H., ed., Chemical Engineers' Handbook,
Third xdition, p. 631,




The wole fraction of water (the cowmpopent having the
higher molecular latent hesat) inoresses se the pressure
{temperature;} inoresses. 7The data ghows that tne systenm
becomes nan~azeotropie at low pressures. It should be
possible theoretically, theretfore, to obtein s complete
geparation of alecohol from water by means of & simple
fraotionation using s pressure at which the syeten ls

non~ageotropic (16},

Fregsure-rempersture Helstionshiyp

in s study or the ¥apor pressure-temperature relation-
ghip of sgzeotropes, Lieht and bLenzler (8} found that
eguations snalogous $o the Olapeyron eguatisn should
apply to-8ll types of sgeotropes. ‘they Tonnd thet
szeotropes have vapor pressure~tempersture curvee that
are similar to those of pure c¢omponents, and sxtend
over the pressure range of the ageotrope for s particu~

lay system.

Othmer and fen kyek (13}, uasing the Clausius-
Clapeyron equation as 8 bapis, and The Tmot that the
gompogition or the liguid phase is the scame as that of
the vapor phase (x3i=yl) for an szeotropic system 1in equi~
librium, derived a serieg of eguations that show strsighs
line relationshipe on 8 logarithwie plot. In one set of
eguations the variables are partisl presrures, compo-

sitione (of either vepor or liguid;, snd sctivity ococelilicients,



versus the total presgure of the ageotrope. In snother

set ol eguations the variebles sre total pressure,

partial pressures, compositions (of either vapor or liquid),
and serivivy ooefricients, versue the vapor pressure of

& pure component. 'Tthe glopeg of the equations involve
lstent heat ratios and heate of solutions. However,

these equations do not exsotly define the ageotropic

gystenm bsoausge the heat ratios were agsumed constant in
their derivetions in order to allow invegration of the

basic differeantlial egquation.

the Uox cohart, which is8 & plot of the 4ntoine sguation,
hag been uged by Huttiog and norsely (12) to prediet the
szeotropic vapor pressure-temperature curve from two
pointe of szeotropic data, or from the aversge slope
of the pure eonpoOnent vspor prescure curves snd one
point, of gzeotropic data. All three curves are represented

a8 8 8vtraight line on the Qo0x chart.

log 2 = 4 ~ B/(t # 280) Antoine eguation 1

where:

= DPresgure.
= temperature, °U.
= Sonstant.
= constant.

|- ool

It 48 shown by Penpington (14}, however, that oue

intoine lipe on & Uox chert esn only repregent one



10

azeotropie composition &% some tempersture, but not sil
ageotrople compogitions st once. He therefore objects
to the idea That an azeotrope osn be repregented by a
gtraight line. He indiesves a method, in his paner, for
determining the trus sgeotropic ourve by the use of &
seriss of ianvoine lines, esch one repregenting one
sgeotropic eomposition at svme tempersture. He states
that the slope ¢f such & curve can be used to ealculate
the true molar latent hest 0% vaporization when

pubstituted in the (lasusius~Ulapsyron egustion.

i e A Wil Bl S T SN T T W o oy -
’



PIBLISHKY 4NTHODY FOu PREDICTING TH ZFPECT UF PHESSURE

AND TEMPRuATURE ON THH QUMPOSITION OF AZLOTHOPIC SYSTHMS

4 pomber of methods for predicting the effect of
preggure and temperature on the composition of azeotropic
gystems can be found in litergture. Some of the methods
are bsse'd on theoretical congiderations, and otherg have
been derived empirioslly. Heveral of these methods are

reviewed in this seotion.

the modified Ulsugius~Clepeyron eguation. As

mentioned eariler ia this paper, Uthmer and Ten Kyck (13)
have derived a group of égquations That show straight line
relationships on logarithmie plots when vertsin properties
of ageotropic systems are plotted asgainet others. They
vsed the Ulsusiug~Ulapeyron eguation ag & baeis, snd also,
the condition that x5 ¥ for an azeotropio system in
equilibrium. The ratio of the heat guantities was aszumed
constant in the derivetion. une of the egquations derived
is represented by HBquation &, whilch gives the relationship
of an azeotroplo gystem in terms of compoeition and

asgeotropi¢ pressure ag & @traight line on & loparithmie plot.
log ¥y = (L1/Lg=1) log Py # © 2
where:

¥y 0= gompoaition of component 1 in vepor phase
{mole or wh. “bj.

Li = molsl latent hest of component 1 from solutiogn.
Ly = molel latent heat of szeotropic solution.

Py = total pressure of apeotrope.

€ = constant.



1g

vging the relationship represented by sgustion £,
ageotrople pfinte at two pressures, oOr one ageotropie
point and heat dats {slope), will completely define an
azentroplic system. The disadvantage of tnig equation
is that szeotropic data 8T more than one pressure, znd
beat data, are not uguslly svailsble, Othmer and Ten
Gyck point out that the error involved, in the sssumption
that the hest ratic ig constant, wonld be smell, since the
gshange 4in partial heat of solution of the pure eomponent
with oconcentration change ig extromely small ocomparsd to

the latent heat of vaporisatvion of the purs somponent.

A number of aseotropic systems sre plotted on a
logasrithmie plot by Othmer and Tsn Kyek, snd the experi-

aental points are ahown o fit very well on & straight lige.

Bguation based on the two-auffix mergulss egustion.

Another method for predioting the composition of azeotropio

gyatems with a ¢hange in pressure is gilven by kquation 3.

1/8
1/x; = (W f1 3
log Fy/Pe
where:

x; - eoncentration of the mors volatile component in
the liquid phase (mole Iractionj.

Py = total pressure of ageotrope.

24 = vapor pressure of pure component 1 at azeotrope
boiling point.

Py = vapor pressure of purs component 2 av azeotrope

boiling point.
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BEquation & was derived from the gsymmetricel two-suffix
Margules eguation for esleoulating sotivivy coefficients.
It nmay be used for estimating the compositiocn of binsry
azeotropes when only vhe total pressure of The 8260TroHpve
end the vapor pressures of the pure couponents st the
boiling point of the sgeotrope are known. An secursey of

better Than £ 10% is claimed for this method (16).

dethod of Uarlson sand Colburn. 4 methoa for predicting

the composition of s homogeneous agzeotrope with change in
teuwperature, Yhat ipg based on lkgustion 4 and the properiy
0f homogeneoug aze60tropss that x; = ¥y, 18 given in &

paper by Usrleon sad Uolburn (3}.

P yl = rl 2?1 X1 4

Pa¥y Py zrp Py 4a

ry/rg = Pp/Py 4
where:

P = total prespure 0f tne system.

?7 3 Vapor pressure of pure component l.

Pp = vepor pressure of pure cowponent 2.

ry = nop~ideality mcetivity coefficient for component 1,

re = non~ldeality sctivity ovefiiclent for componeat 2.

X} = Goncentration of component 1 in the liguia

phage (mole fraction or mole percent}.
¥y, = concentravion of component 1 ic the vapor

phase {nole frection or mele percent).

The relationghip 4b is developed from sgustion 4 for the
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condition that %3 = y3» If & »lot is msde of ry/rp versus
the mole fraotion of the most volitile ocomponent, and
another is wmade of P,/iq versus vemperature, both on the
same scale, then szeotropes can be picked off where the
ordinstes Tor the Two curves are egusl. this method ean
be used when activity coefiicleny and vapor pressure dats

sre svaileble for the pure components of & gysten.

Yhen sotivity cosrfieient deta are uot svailable,
they oen he eptimated from szeotropic davta &U one Yemper-
ature using ¢ither the dsrgules or the Van lLear sguations.
{Carlson and Colburs have Yound that better results are
obteined with the Van Lear squations than with the
Hargules egquations (3).} The Van Lear conatamis are
determined from the apeotropic componitvion date st one
temperature, and sre then pubgtituted back inte the Van
leer eguations to estimate the activity ovoefiicients uv
other concentravione, Sinee the activity coverticient data
are obtained from deta A% one tempersture, some error will
be involved in extrapoleting to eother temperatures. This
method will be most scourate when applied to systems where
the sgoeotrope is in the middle halyr of the gomposition

TRIALE .

Ageotropic pressures can then be obvained, from date

already calouleted, by means of Hquation 4a.
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the reference point squation. It ig suggested py

Hougen and Jatson {7) that the szeotropiec eomposition dsts
over s range 01 temperstures, obtained by the sbove method
of Carlson end Colburn, be used ia conjunction with

“guation b to ocaloulate ageotropic prescures.

¥ B 1
}?g - ?..E {xw }‘ XoFe) &
L 5% ] 3
{31?1 )‘ xgi’é}
where:
?g = vapor pregsure o0f the mgestrope at temperavure T.
¥y = Yvapor pressure of component 1 &t vemporature .
?8 T vapor pressure of component £ av temperature t.
?z =~ vapor pregaure of the sgeotrope &t the reference
temperaturs t'e.
P! = vapor pressure of component 1 at the reference

1 temperaturs t'.

?é = vapOr pressure of component £ st the reference
temperatare t'.

Xy = mole Irsction of component 1 in the ezeotrope
at vYemperature T.

Xp = mole fraovion of gomponent 2 in the azeotrope
at Temperature t.

xi = mole fraetion of component 1 in the aszeotrove
8t the referense temperature t'.

x} = mole fraction of component £ In the azeotrope

at the reference temperature t'.

The pressures thug obtained oan then be uged in sguation
4a To obtaln more relisble sotivity coefficient dste,
which might be uged to obtain s complets eguilivrium curve
by means of the Mergules or Van lLasr eguastionz. It is
pointed out that insufficient work glong this line hasm
been done t¢o allow an eveluation of the poesidble errors

involved,
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Bguation b is &sn empiriosnl eguation tor prediocving
azeotropic pressures Trom azeotroplc oompoesition dsta at
different azeotropic boiling points and component vapor
pressure data st corresponding tenperntures. It is one
ot the equations tested in this peper mgaingt experimental

data. The results sre given iu the next section.

The curves ot Horsely. A series of plots for Torty~

tive systems have been published by Horsely (b) that cen
be used to estimate boillaog polat snd composition deva ftor
azeotropes. These plote were based on equatvions developed
by Lecst or certaln relaved groups of binary systems.
Using the plot for the methanol~bengene aystem, Horsely
was able To prediet the bollipg polnt ol the azsotrope to
within £ 1 to # 3°C, and the composition to an sseurscy
of tﬁl to ﬁ,ﬁ welght percent, over & range of pressures
rrom' 200 to 11,000 ¥m. Hg. Boiling point data at differ-
ent pressures for the pure compounents &re reguired in
order to use the plots., Horsely hes Yound that sgreement
betwesn predieted and experimental valuesg Tor nost systens
is not too good, snd suggests That the value of this
method lieg mainly to serve sg a guide in estimating the

effeor of pressure on 8%e0LtIopPeB.

The log % equation. 4 linear relationship for the

saeotropic oompoegivion as & funotion of the azeotropie
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boiling point has been introduced in s psper by Skolnik

{19}, The relationship is expresged by iquation 6.
log = = & ~BT 6

where:

mole percent of one component in the aszeotrope.
azeotropic boiling poiut (°%).

a congtant.

a8 congtant,

[+
nmnoauas

Skolnik shows by & geries of plots that this equation
rerresentg s number of homogeneous maximum-boiling and
nydrocarbon-water heteroazeotropes very well., However,

the msjority of these gystems shown have four or legs
points., In the homogeneous minimum-bolling elasasitication,
the methanol-benzene gysten is shown to be repregented
Tairly %sll, but the ethanslewsater znd ethyl acetate-

garbontetrachloride szeotropes are not represented too well.

jome mzeotropic systems become non~ageotropie before
the eritiesl pointes of the components are resched. <the
point of non~azeotropy would be repregented by uguation 6
tor a eondition when x = 100 mole percent. It would slso
be the point where the veror presgure ocurves of the
azeotrope and one ot the pure components crogsed. ukolaik
found thie point for tue methanol-benzene aysten solving

the Antoine eguation for methanol and Tor the aseotrone,
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aind checked the corregponding teuperature with that

obtained from sgnation & when x = 100 mole persent ror
methanol. ‘the temperature obtained rrom the Antoine
equations was 202°C, and that obtained from the lug x
equation was £21y%0, Skolnik felt that thie wes a good
gheck conaidering the possibility for error in extrapnlasting

the vapor pregsure datlae.

penniogton {14) considered the log x eguation as a
poseibility for reprementing the 1,l-dixluoroethane~
dishlorodifiuoromethane system. He rejected it on the
grounde that 1t doses not sllow x to become zero and
therefore cannot truely represent an azeotropic system
it swietoglawaki’s (21} grephiocsl representation of g
maxinuw-pregegure type of ageotrope ls ocorrect, Peunington
aleso oheoked the log x eguation egainst experimental data
from four azeotropic systems and Yound thet it did not 1it
the observed date as well ss the T~parsbolas type of eguation

which %ill be considerey nNEXss

The T-parabols eguation. The T~parabolas equation

of the type repregented by Kguation 7 was selected by
sennington (l4) to repregenty the 1,l-difluorcethane-
diehlorodifluoromethane system after rinding that it

geve n better f£it than several other sguations tested

seaingt experimental dets for this and three other systeas.
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¢z af Bx £ Ox° 7
where:

¥ = poiling point of the azeotrope {%K).

x = conposition of one oomponent in the szeotrope

(mole ‘%),

A = 8 constant.

B = 8 ceonstant.

0 =

& constant.

the T-parsbole equation also allows x to becowme zero,
which allows extrapolation over the entire ranges of
gzeotropism for tThe gystem using this cone equation.
However, at leust three azeotropic points are reguired
to determine the gonstanteg and it is not & linear
relationship, therefore, it omunot be applied as resdily

s8 the log x eguation.

Two of the foregoing eguations were seleoted for
Tepting againet experimental sgeotropie dutae, zoustions
5 and 6., Louation b was selected becpuse no indication
of 4ts applicability or adequsey in predioting the
pregzsure~oomposition relationship for aszeotropic systens
sould be Tound in the literature. Hguation 6 was selected
for tegting becsuse it appeared to be the most esslily
appliceble, being & linear relationship and reguiring
ouly two azeotropic points to define & system. ¥For those
gyutems that beocome non-azeotroplie vefore the eriviesl

pointe of the ocomponents are reached, only one azeolropie
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polint and vhe point of non-azeotropy, determined from

the antoine equation, sre reguired. HLxtrapolsting over
the entire range ot the mzeotrope is made possidle by
solving the equation Yor each ocouponent peparstely, ror
when one component ig 100 wole percent, the other is zero
mole percent. In this manger, the polnte of nop-azeotropy
oun be determined st both ends of the azeotropic systen,
1t guch points exist. The work of sSkeolnik (19) and
tennington (14) indicsted that the log x equation repre-
sented most ageotropic systewms fairly well, and therefore,

it wag decided %o check this eguation more extensively.

The regults of vesting Xouations B and b agalinst
publighed experimental agzeotropic dasts sre given in the

next geation.

-
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UQUATIORS THITED MOLK 4JBCUACY IN PHEDICTIHG CHANGE IN AZLO-

THOPIC COMPOSITION WITH CHANGE IN PRESSURE ANV TiuiiEkATURE

Ihe Reterence Point souavion (rressure vg. Composition)

Hethod of testing., PFublisghed dats from ten binary

szeotropic systems were used in testing kquation b. The
gystems ineluded seven homogeneous minimuu-boiling, two
homogeneous meximum-boiling, and one heverogenesus mini-
num~-boiling szeotrope. The azeotropic reference point
ugsed in making the caloulationg wae that for stmospheric
pressure, or as close to atmeospheric ss was given in the
axperimental data. IVt wes Telt that this point would be
the moat accurete glage iv ¢ould be most eapily ochecked
against the resgults of other Iinvesvigstore. aleo, it
represented a8 mid-point for most syetems. Wherever possible,
experimental data from only one investigator were uged To
avoid the possibility of introdueing errors in messurement

due to different techniques used by different investigstors.

In making the ealculetions, Hgustion b wae siwmplified

to Bguation ba.

Py = K' (%127 # xp¥p) Ba

The wvapor pressure dats of The pure components were obtained
by interpolating snd extrapolsting from published vapor
pressure dats using & log P versus 1/(°G f 230) relation~

ship. 1he ealeulations were made with a oeanloulating
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machine in conjunction with a tive~place logarithm table.

For all syestems except the two homogeneous minimum~
boiling systemg, the experimental szeotropic composition
dats, and the vapor pressure date for the pure ocomponepts,
were gubstituted into the eguation and The corresponding
ageotropie preésuraa were caloulated and compared with
the observed values of totsl pregsure. In the csse of
the two homogeneous maximum~boiling systems, hydrogen
chloride~water and hydrogen bromide~water, the azeotropie
boiling pointg were gbove the eritical points of hydrogen
ehloride and hydrogen bromide except for the lowest point,
Therefore, no vapor pregeure deta existed for these two
couponents in the renge of The szeotrope, =snd the equation
could not be spplied. Instead, the equation was revised
to Hquation bb and used ss such %o oslonlste pseudo wvapor

pressure dats for thege two couponentg.
By = (B/E' = xpPp) / ® 5b

The reference points used for these gystemg were the
loweat given in tue experimeuntal data, since they were

the only points below the criticsl pointe of the componpents
ia guesvion. *his peeudo vapor pressure dats wes Then
plotted on vapor pregeure graph psper slong with & plotv

ot vapor pressure dats extrapolated Irow below the critioesl

pointe oY the Two components, Ior the purpose of comparison.
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rindiops. The systems used ond 8 gummsry of the
resultas sre preseunted in Tablesg 1 and ls. ‘rables 2
Through ¢ give tThe results tor the inaividusl systems
vested with vhe exception of the two homogeneous maximum-
bolling sysvtems, te which the squation (Equation &) did
not spply. Figures 1 snd 2 represent the results obtained

for these two systens using guation bHbd.

In the homogeneous minimum-boiling group, Hquetion 5
predicted the aszeotropic pressures To an overall accursacy
of £ 3% 1in all gystems except the methanol-benzene aysten.
¥or this system the eguation's soocurgey was of the order

ot f 15% ovsrall.

There was a trend for the equation toO become legs
sscurate as the pressure ineressed, or decreassed, from
the reference pregsure. For those gygtems wherse the
oversll accursoy waes # 3%, the deviations were as high
8s tlﬁﬁ at pregsureg of one stooephere distsnt frow the
reference pregsure. An exception to thisg was the n~-propancl-
water gystem, Yor which the percent devietion stesdily
decressed as Iar as seven stuogpheres away from the
reference pressure. The wethanol-bengene systewn also
ghowed the general trend of increasing percenty deviation
with inerease, or decrease, in pressure from vie reiereunce

pregeures, The Tact that it showed &0 frest a deviation
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is probably due in part to the faot that this system was
tested over s much wider span of prepsures than any of
the other asystems. A contributing fsotor to vhis trend
ie the probable reduced accuracy of vapor pregsure dats
at low and high pressures. A straight line relationship
was used to extrapolate the vapor preassure data, and the
vapor pressgure curveg are probably mon-linear at very low
pregsureas. AV high presswres, s slight error in vue data

uged Tor exvrapolation oan he magnified & grest aeal.

The faot that & olear-eut trend for all systema of
this type wes not obtained probably indicstes that errors
are present in the experimental aszeotropie data. ¢his
appears to be eppecially the eéaa for the methanol-bengene
gysten, Yor which other experimentsl dats c¢an be Iouna
in toe literature whieh do not agree with the data uged

in thig paper (6}.

Generally, vhe results indicate that Yor homogeneous
minimum-boiling ageotropes, Hguation B will predict the
total azeotropic pressure with an accuraey of from £ 8%
to ﬁ‘éﬁ, within the range of one atmogphere ahove or below
the reference presgure {atmospherie), with the higher
deviaetion osourring se The pregsure incresses Or degreases
from the reference preasure., Al pregsures grester than
one atmosphere from the referensce pressure (stmospherie),

deviations in the magnitude oY £ 20% to £ 30% can be expestsd.
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¥or the one heterogeneous minimum-boiling system
tested, (Teble ¥, ethyl acetate-water) the results indicate
that Bguation b spplies in the pame menner ss for homo-
geneous minimunm-boiling szeotropesg. Although larger deyi-
ations were obtalned at low pressures (F 16%) there is no
Justitication for etating that this applies vo s8ll systens

of this type, since only one such system was tested.

Figures 1 and 2 ghow that the vapor pressure dsta for
hydrogen chloride and hydrogen bromide, above their
respective oritical points, obtained by substituting
experimental data into IDguation be, does not coineide with
the vapor pressure data For these eomponents extrapolated
past their critiesl points from experimental dsts below
their eritical points. Therefore 1t can be ooncluded
thatv Eguation b doeg not apply to homogeneous maximum~

boiling systems sbove the eritieal pointe of the eomponents.

The Log x Eoguetion (CQomposition ve. Temperature)
Method of tegting. Fublished data from ten azeotropic

binary systems were usged in testing kguetion 6. The
aystems linoluded seven homogensous minimum-boiling, two
homopgeneous maximum—-bolling, and one heterogeneous minimume
boiling szeotrope,. The method of lesst squares wag used

for those aystems having ten or fewer pointg, and the method
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of averages was used for those systems having more than
ten polints. The eguation wae Tested Yor both components

of sach pystemn,.

¥indipgs. The systems used end s swamary of the
regults are pregented in Tables 10 and 10a. The results
are given for each aystem geparately im Tables 11 through
20. 1In general it was fTound that agreement botween osleuw
lated and observed regulte was fairly good, lees than one
mole percent sversge deviation for a majority of the
pystems. Eguation 6 seomed to represent gll types of
gystems equslly well, oonsidering the nsture of the

experimentsl dets used for each case.

The equation wae polved for eaeh component of each
system primarily to eansble the predietion of non-aszeotropic
points Tor the systems. It wag found Thet in momt ogses
better sgreement bevtween caloulated and observed values
vag obteined using one somponent than when the other com-~
ponent was used, when predicting sszeotropic compositvious.
The reagon for this 1a not apparent from the regults since
no pattern or trend osn be detected, and therefore, no
eonclusions oan be drawn as TO whieh component vo uge in
& purtiounlar cese tO obtain the best repults (e.g., the
moBt ,or least, volatile component, or, the oomponent at
the upper, or lower, end of the eomposition range of the

gystem) .
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¥gustions 6 and 7 sre compared in Pable 21 for their
abilivy tvo prediet non-azeovropic points and to Tit sx~
perimental data for Ifour aystems. The T-parabola type of
equation is shown to be superior to the log T type of
equation not only when compared to the log x eguation
ag one eguation, but alse when The other component ig
repregented by x. However, the ditferences in the regults
of the two equationa are not great. 7Thesge results sgree

with Pennington's findings for these two eguations {14).

e A AR AL T A S O WO e e e T
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It hus besn shown that the reterence point eguation
{Zquation B} ocuzn be used To estimste the pressures of
binary homogeneous minimum-boiling and heterogeneocus
sinimum~boiling azeotropes, from azeotrope teuperature~
couposition data, with an accuracy of from £ 8% to £ 6%
for most systems in the rapge ol one atngsphere presgure
sbove or below the referenve pressure {astuospherie}. at
higher pressures, an accursey of f B0% to 7 30% should be
expested. The acourscy of this eguation is dependent upon

the gpoouracey of the pure gomponent vapor preggsure dats uged.

It has sleo been shown that Houstion § aoes not spply
to binary homogeneous maximum-boiling azeotropes in the

range sbove the eriticel points of the components.

Constants for the log x equstion {(Equstion 6} hsave
been caleulavted snd tebulated Xor both components of ten
binsry azeotrople gystems. It has been ghown that the
log x sguatvion represents the conmposition-tempersture
relationshipy for thege systema very well, HNon-uzeotropia
pointe of & system oan be estiunted, when they exiast, by
golviog the log x egquation tor x = 100 wole percent for

aath conponent separstely.

A comparrison was made between the log x equation

and the T-parabols equation {Eguation 7) for their edequacy
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in predieting The tveuperature~compogition relavionship

end non-ageotropic points for four binery szeotropic
gyostems. It was shown that ths T-parabolas eguaetion gave
results That ocompared more favorably with observed dala
than did the log x eguation, slthough the difisrences

were not markedly greet. However, the T~parabolas is not

& linear relationshivy and reguires at lemst three ageotrople
points in order to determine the oonstante. In this respeoct
it is not as essy to apply ae the log x equation, whieh ism

& linear relationship reguiring only two agesotropic pointe

to determine the oongtantg for s systen.

In sddition, severel other methods Tor predicving
the eyfect of temperature and presgure on the composition
of binary ageotropic systems, found in the literature,
have been reviewed briefiy snd evalusted on the basis of

evidence pregpented by other investigators.

#inaelly, the somplete experimental dave, found in
the literature, for the thirteen azeotropic aystems uged
in testing Kguations b and & have been tabulated and

presented in the appendix for easy relerence.

W o A S s P S SO A Al N W W
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TABLE 1. UYSTBAS UDZAD T0 FEST EoUATION b
gompo~
Temp. Presepure si%iana
Bange, Hange, Henge, Heler-
No. system %G, b o uole % ence
Homogeneous Minimum-Boiling Agzeotropes
1 Bthyl aleshol~ E&u BB~ G4, G- 88.6y- (11,22)
water 96«55 1461.3 100
2 #thyl scetate- e 3T~ £5.0~ 78,01~ {10)
ethyl sleochol ¥1.36 1475.B 45.13
3 MHethanol~ 26~ 200~ bb. T~ (5}
benzene lay 11,000 BG.7
4 0014~ 47. 86~ 285, 7~ b.6~ (17,18}
a‘.’:h}?}. acetate 76418 Y84Y.2 58.8
5 n~-Butane- w EBw- 84y .6~ 40 4 b~ ( Y )
3Qp g 2014 3546
& trang-g2-Butene~ -2y~ B4Y. 6~ BYe7= {9)
508 3 1868 S2.5
7 n~¥ropanol- 87~ 740~ 45,17~ (8}
water 151 by B0 45.1b
Heterogensous uinimum~poiling Azeotrope
8 ?}thyl agetate~ wl W 50=- b0 64,95~ t:ﬂ}}
weter 89.08 1441.8 84 .56

10

Homogeneous Maximum-Boiling Azeotropes

HC1~
water

HBr~
water

48. 724~

i22.98

?é»lg"‘
137.34

50=
1220

100~
1200

10.624- {2}
13.186

16.506~ {1}
18.091

Bgomposition given 1s for that of the rirst component listed.
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Lverage Lverage
bevietion Veviation Ho. of
Ho, System Mme. He Percent Points
Homopeneous Minimum-Boilling Azeotropes
1 xthyl aleohol- 6.25 2.04 8
water
2 Kthyl acetate- .58 1.70 10
ethyl aleohol
3 Hethanol- 1190 15.73 5
bengzene
4 0014~ 6.84 1.87 6
ethyl ecetatls
5 n~Butane- 45.40 2.5y 5
80,
6 trans-2-Butene- 27.88 2.04 4
500
7 n~-Propancl- 8245 2.7 4]
water
Heterogeneous Minimum~Boiling Azeotrope
8 H“thyl scetate- 15.75 627 20
water
Homogeneous Meximum-Boiling Azeotropes
¥ HCl- - - 17
water
10 HBr- e - 12
water®

Bxquation 5 does not 8pply in the range tested.
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TABLE £. PREDICTION uF AZEQTROPH PRESIURE FHOM SCUATIOR b

IR Pl STHYL ALCOHOL~WATER GYSTEM

Ageotrope Lgeotrope

Pregsure Pregoure

Obzerved®, (mloulsted, vevietion, beviation,
Ho. M. Hg Mm, Hg dm, Hg Feroent
i 94.9 100.58 “5.65 5938
2 100.0 104.98 -4.83 4,980
3 1890 7 13&& ?ﬁ P 02 4» 643«.
4 198.4 208465 ~5. 25 £2.646
6" 760.0 o - e e e
7 10764 1070.01 .39 0.501
8 1461.8 1443.12 8.18 0.864
Av. deviation gisregarding sign-~ 6.26 B.03Y

*Reference point.

Bheference tor aseotropls date: (11,22).
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TABLE B. FPREDICTION OF AZEOTIROPE PRUSSURE FROM BCUATION 5

IN TuB ETJUYL ACBTATRH-DTHYL ALCOHOL SYSTEM

Lzeotrope Azeotrope
Presgure Pressure
pbserved®, Celeoulstead, Devistion, Deviation,
Jo. Hm. Hp ¥m, Hg Hm. HE Percent
1 25.0 24.43 0«57 2. 280
2 7.4 75.98 1.45 1.873
3 11i7.2 116.16 £2.04 1.741
4 219.9 £216.186 4.7 2.160
B 4BB.0 418.19 4.81 1,187
6 578.2 578.67 4.63 0.801
7™ 760.0 s e - e
8 $48.0 95627 ~5.87 0.872
9 1121.0 1129.07 ~18.07 1.612
10 1475.5 1516474 ~41.2Y 2.798
Av. deviation disregarding sign~- 9.58 1.697

*Referenoe point.

®ieference for ageotropic data: (10},



TABLE 4, PHHEDICTION OF AZEOTROPE FRESCOURE FROM EnUATIOR B

e
ik Ll

IH THE METHAHOL-B BE BASTER

Azeotrope Agentrope

Zreasure rregsure

Ubserved®, Calouleved, beviation, wveviation,
Bo. M, Hg M. HE Mm. Hg Percent
1 800 183 17 8.50
2 400 Bv3 7 1.78
3* 760 - —— ————
4 6,000 7,271 ~-1871 £1.18
5 11,000 14,466 ~3465 31.50
Av. devistion disregarding sign-- 1190 1b.73

*Heference point.

&Rafareﬂas For azeotropie data; (B).
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TABLE B, PRIDICTION OF ALNOTROPE PRESSURE FROM BQUATICN b

IN THE CARBOH TRTRACHLORIDL-UTHYL ACUTATE S¥ST UM

Azeotrope Azeotrope
Prepsure Pressure
Observed®, Caleulated, Deviation, Veviation,
HO. H¥m. Hg Hm. Heg im. Hg Percent
1 385&7 aﬁﬁaﬁ? "809? 1:94
2 385.8 581.856 .35 0.87
3 484.5 474.18 10,38 2.18
4 B83.7 b73.82 .88 1.6y
5 685.0 677,50 7.70 1.12
s 789.2 ———— - -
Av. deviation dlesrsgarding sign-- 6.84 1,37

*Referenoe point.

Sneference tor aseotropic data; (17,18).
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PABLE 6, PRUDICEION OF AGBOTROPE PHESSURE PROM LQUATION 6

IN THE n-BUTANV~SULFUR DICXIDE 3Y5TEM

Azeotrope Ageotrope

Fregsure Pregsure

gbserved®, Caloulsted, peviation, Deviation,
Bo. Mm. iég o .gg Hime g_g Pergents
1 549.6 246408 557 1.082
2% 752.4 - o o - -
k-] 1436 .6 1418.24 23.16 1.861
4 1436.5 1416.02 £0.48 143
Av, devistion disregarding sign-- 43, 80 2.5%

*Reference point,
4eforence Yor ameotropic data: (9).
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TABLE % PREDICTION OF AZEOTROPE PuESSUKE FPHOM BCUATION B

IH THE TRAH~2~BUTBNE~-5ULPUR DIOXIDE S¥JTIM

Agzeotrope hszeotrope
Prepgaure Pressure
Ubzerved®, Caleulated, peviation, JUeviation,
B0 . By e % Ainte a,g Percent
1 549&5 5@1093 "‘2055 eoﬁ?
2* ‘fﬁg.é, " o i " - - - -
& 1428.8 1471.73 -42.93 3.00
4 1558 l§96a3? “56;37 2:46
Av. deviation disregarding sign-- 27.88 204

*Reference point.

®xeference tor eseotropie deta: (9).
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TABLE B. PREDICTION OF 4Ji0TRUPE »BUaSURE FROM BQunTION B

IE 24E p~PROPANOL-JATHR SYSTEH

Azeotrope Ageorrope
Pregaurs Pregeure
Obgerved®, Calculated, bevietion, Dbevistion,
Ho. Um. Hp Mm. Heg Mm. Heg Percent
1 * ?40 o e . v -
2 1790 1787 63 BB
3 2830 2728 107 3.8
4 5660 3770 g0 £+8
5 &30 5860 70 1.8
Av. deviation disregarding sign-- - B2.5 2.7

*Reforence point,

Sieference Tor sseotropic data: (8).
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TABLE Yo PREDICTION OF aZuUTROPE HMBOUxE FROK BCUATION B

IN TR YTHY. SAUDTATE-WATER SYSTLM

Agzeotrope Ageptrops

Pressure Prepsure
Ubservea®, taloulated, bevistion, JDleviation,
Ho. Mm. Hg Hm. HEg M. Hg Percent
1 2509 39116 *4.18 1@:?2
2 50.0 84,10 -8,10 16.20
5 ?805 90&?6 “"12&2@ 15#62
4 B2.2 85,08 ~-18.86 1b.83
b 150.0 166.09 -16.0¢ 10.73
7 2500 268. 78 ~18.78 7.51
8 329.8 548,13 ~18.83 5.56
9 420.0 43678 ~16.78 & 88
10 4462 - &4B.74 S. 406 0.78
11 606.0 613.17 ~7+17 1.18
12 6132.8 63beYY -22.1% B+ 62
13 745.0 746.89 ~1.8Y 0.26
14¥ TEO O e e o —
1ib 875,00 871.7y Ee21 0.37
is 403, 5 86, 37 . 7,18 0.79
17 084.3 971,96 12.34 1.26
18 11779 11bg.80 - . 25,10 2,13
1y 14180 1369.9 45.06 318
20 1441.8 1395.15 46.15 3. 20
Av. deviation aipregerding sign-- 1D.78 6.27

*Reference point.

& oferonce for azeotropic data: (10}
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TABLE 10. SYSThRS URDL T0 PEST HGUARION 6
Gonipo=-
Temp. freasure sition
sange, Kange, Kange®, Heter-
Ho. System °g. m. iole % ence
Homogeneoug iinimum-Boiling sseotropes
1 w#thyl slsohol- 85.86~ Yo Y~ 8B8.69- (11,87)
water $b.3H 1451.3 100
2 Kthyl acetate- ~1le 3T 26,0~ 78,01~ {10)
ethyl aleohol ¥l. 386 1476.5 45,13
3 Methanol~ 26~ 200~ Bbe7~ 15,19}
benzene 149 11,000 80.7
4 001~ 47+ B6m 285, 7~ B5«6= (17,18
ethyl asoetate 76.16 78%.2 88.2
§ np~-Butane- ~Bh~ 349,86~ 40+ b~ {9}
50, 3 2014 &b.6 {
6 Isobutene- ~Gh~ 549+ 6~ 46,0~ {9)
50, s 1824 7.5
7 vcoFu- o0 CR— 65.36-  (14)
pFE® 40,08 Bb. 25
Heterogensous Rinimum-volling Aseotrope
8 Ethyl acetate- 1oy 25,0~ 84456~ t 10}
wvatey 8y.,08 1441.9 6d b
Homogeneous Meximum-Boiling Ageotiropes
Y HCl- 484724~ 50~ 13.186+- {2)
. water 122.98 1220 10.624
10 HBr- 74412~ 100~ 18.091~ {1}
waver 137.34 1200 16.505

Boomposition given is Tor that of the Yirst component

bﬁﬁDFﬁ = dishlorodifiuoromethane.
®upE = 1,1~diflnorosthane.

listed.



TABLE 10m. SIESARY OF RESULDS FOK EGUATION ©

45

A¥e
Devi-
Constanta® ation, Ho. of
Hos dystem A B Mole % Points
Homogeneous iinimum-yoiling Azeotropes
1 &thyl aleohol- 2.82630 D.000%718 0.88 8
warTer -4, 06609 =0.0143068 2.10
£ sthyl acetate~  2,4884v (.0021885 1.76 10
ethyl aloohol 0.,18968 =0.004%2b40 0,37
% Rethanol- 1.3608 ~{3. 0018158 0.5686 10
bengzene 2452933 0.0028802 1.40
4 COl,~ 3.07827 0.0380781 0.5% 6
ethyl aeetate ~0.87244 ~0.0072289 0O.74
5 p~Butane~ 11,9968y 0.001600% 0,42 K4
80, 1.86771 ~0.0008954 0.4
6 Isobuvene~ 2.14299  (0.001y357 B.l4 &
7 UCDEMP- 2.06855 0.0010246 0,12 4
.QFEG 10 163@5 "“{}a Gﬁlﬁ‘}bb 0124
Hetorogeneous Minimum-Boiling izeotrope
8 Ethyl scetate~ R.31008 0,00137%  0.26b6 20
rater *Ch. 13654 “&tﬁ@ﬁ?ﬁ?(} 0.64
Homogeneous Haximum-Boiling Azeotropes
g HQl- 1.57192  0.0018772  0.046 17
watey 1.87674  ~0,0001807 G037
16 KBr- 1.628786 0. 0007596 0.068 12
vater 1.780Y2 ~0,00038631 0.508

——

81he constanva for both eomponents of easch system are given
{log x = &4 =~ BT, where: x = mole %, T = “K).

bﬂ%ﬂ?ﬁ = diehlorodifliuoromethane.
CuFE = 1,1-difluoroethans.
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TABLE 11, DEVIATIOHNS FuQld UBSERVID VALUBS IR FRUSICTIHG

ABOTROPIC COMPOSIZIONS FuOM HQUATICN 6 LN THE

DEHYL ALCOHOL-TATUR 3YSTEM

Azeotrope Azeotrope
Boiling  composition®, veviation®,
Point®, sole % Hole %

No, %K. EYhOH x=Eth0H x=H0
1 206451 g8.78 1.00 -1+ 86
2 307.56 98.68 1.07 ~0. B2
& 312.36 ¥6.74 0.08 0.869
4 22079 WS E7 ~1.8y s 28
B 336,20 91.94 =074 3.89
33 ﬁb}., 3}. 851»4? "0»?5 1.2{3
Y1 $60.828 B8. 491 0,10 1,45
8 368,51 88.69 1.18 -6+ 20
4V. deviation uisregarding sign-- 0.8 2.10

Breference for azeotrople date; (11,28).

bﬁeviatiana have n pogitive sign when vhe caloulsted

value ig smaller.
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TABLE 12, UBVIATIUHD FROM OB3ERVED VaLUHS IHN EREDICTING

4Z0FR0r,TIC COMPOSITIORS FLOK EQUATION & IN T0Y

BTHYY ACHTATE=-LPHYL ALCOHOL %5 ToM

Azeotrope Azeotrope b
" Boiling Compoaition®, pevistion”,
roint®, Mole % Hole %

Ho. UK. BEthao xsithio x=5thOH
1 2Y1.7Y 78,01 ()« 827 w04
3 991: 8? 75’5? gc ﬁﬁ ”Gt 51
& B00,18 71.00 2+156 ~{3e BY
4 318,66 Bb.08 2.68 le46
5 32947 60.08 1483 0t
¥ 244.27 bBG.87 -0 BY 0. 26
B 5610 gﬁ 510 12 “'10 32 Q»GQ
o 36621 49,03 2,18 -{}, 38

10 264.51 46418 ~B.98 - 81

Av., deviation disregarding sign-- 1.786 0.87

®ueference for azeoctropis dsta: (10).

bﬁaviatiﬂﬂs heve & positive sign when the caleulated
velue iz smaller.
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TABLYL 18, DEVIATIONS FROM OBSIRVED ¥aLUds IR PREDICTING

ASROTROPIC COMPOSITIONS YROM BQUATIOR & 1N ThE

METHARQL~BMENGENE SYSTEHR
A

AZOOTrope Azeotrope

Boilipg Composition®, veviation®,
reint™, Hole % Mole %

Ko, Oz, Bethanol x=iethanol =Henzene
1 299.16 65.7 080 ~2428
2 298:1& 551& 0:3? "2»%3
3 315‘3‘6 b?is ”ot?b 0»66
& ‘513.1*2 58&? {3'83 "‘lo 16
6 5&9’8& 59#9 "‘1&&9 2:14
7 3514406 &l.6 0.20 D.96
8 280.16 6l.y 094 0.82
] BuY 416 \ F4.8 0.13% D.91

10 428%.16 B80.7 : 0.16 -1.28

Av. devigtion disregerding sligpe- 0.586 1440

®neference for ageotropiec data: (5,19).

®jevistions have a positive gign when the calculated

volue 1s smaller.
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TABLYE 14, DEVIAPIONS FaOM OBSERVEAJ Vailis IR reiDICTING
AZROTROPIC QOMFOSITIONS PHOM BLUATION 6 IN Jux

CARBON TUTHACHLUxIDE=LTHYL ACEPATE SYSTEM

Azeotrope Azeotrope b
Boilipg Gompositisn®, Devistion®,
Point®, Mole % Mole %

Ho. . %k GOl x=001y4 x=Ethac
1 320.62 72,50 O.48 ~1l.64
2 ZEB. 58 67.75 1e48 0.89
& 334.48 55! ?3 ”{3007 {}‘83
4 3849.88 6076 -0+ 10 0.88
5 7 544072 !:%8.2 ”Q&Ig "“Gu}.?
ﬁ 549.51 5516{} “Qné% “"Q-yl
AV. devigtion algregerding sign~-~ 0.58 OeT4

®referense for aseotropic data: (17,18).

bﬂeviatiaas have 8 positive gign when the caloulsted
value is smsller.
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TABLY 1B, OEVIAPIOND PROM OBoxhVED VALUES IN PREDICTING

AZSOTROPIC COMPOSITIONS FHOM SQUATION 6 IN 2HE

n-BUTARE-S ULFUR DIOXIDE SYSTHM

Ageotrope hszeotrope

Boiling  GComposition®, beviation®,
Point®, Hole % Hole %

Ro. SK. n-Butane =n~Butane =80z
1 258 40 4B -3 ¥7 O g
2 266 B3 C.b% ~Qeb
S 265 8.9 0,14 “0el
4 254 SUa 7 079 ~(e8
5 263 55&9 “"3365 E}kg
6 268 26.6 -0+ 35 0.5
7 2876 3b4.6 ~(e 88 O.4
Av. devistion disregarding sign~- D.48 D4

®Rreference for ggeotropie data; (9).

bﬁeviatiﬁna have & poeitive sign when the caleulsted

value iz smmller,
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TABLE 16+ DEVIATIONS FROM OBoInViID VALUES IN PHEUVICTING

AZEOTHOPIC COMPOSITIONS PO SGUATION 6 1N THE

ISOBUTENE-3 ULFUK DIOXIDE S8l

Azeotrope Agsotrops

Boilling Gomposition®, ﬁaviatiaﬁb,
roint®, Kole % ___Mole %

o, ox. Isobutene x=Isobutens x=50a
1 243 46.0 ~1.11 1.2
2 25y 44.2 0.38% G.0
5 o 4{)#5 4;58 "3:9
4 3'75 &ﬁ 54 5!18 “4. ?
b 276 36 “%467 5.0
6 276 \ 375 ~3.17 Zeb
av. deviation disregerding sign-~ 8,14 Z.1

Bpeference for azeotropic data: (9).

bﬁeviatimas have & positive sign when the saleulated
velue ia swaller,
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TABLE 17, DEVIATIONS PhOM UBSLuVEBL VALUES IN PREOICTIN

AGZOPROSIC COMPOSITIONS FiOM BOUATION € IN THE

PICHLORODIFLUOROMETHAN -] , 1= DI PLUOKOETHANE SYCTEM

Assotrope Ageotrope b
Boiling  Composition®, Deviation",
roint®, Hole % Mole %

No. oK. DCDRR x=DODFN X UPE
1 242.66 65,56 0.06 ~0. 28
2 273.16 60460 ~0s17 049
bt £u8.086 b7e47 0.17 ~0.056
4 3130 24 ?}5;32 ““{} »Q& ‘*Ua%
aAv. deviation disregarding sign-- 0,12 0«24

®keference for szeotropic data: (14).

bﬁaviatimna have & positive sign when the ¢aloulated

velue is smaller.
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TABLE 18, DEVIATIONS FROM OBSCBVED VALUES IN PRUDICTING

AZEOTROPIC COUPUSITIONS Pllw SCUATION 6 IN T.0

STHYL ACETATE-TATER SYSTH.

Azeotrope Azeotrope
Boiling  Composition®, beviation®,
Point?, iole % Hole &

Ho. e Bthac x=ithic xsHp0
1 271.26 8‘39 b6 “2006 ~0e41
2 283.21 B3.82 ~0.19 -0.89
b 291,61 8l.v¥ 0.76 ~1.07
4 292.54 B1.63 0.64 -5.87
5 304.561 78.21 0.83 0485
& 307.98 7751 0.38 0.34
7 318.71° 75. 382 0,05 0.8
Y 828.10 78,38 0.00 1.02

10 589 .60 72426 D.22 C.77

11 58749 70.42 0.16 0.60

12 Z87.76 70,22 0.028 0.73

13 348,99 69418 0.13 e85

i4 543.54 68.85 -0.08 0.83

15 247.54 68,08 ~-0.01 Dely

16 348039 67¢ ?8 "‘0»1& 0'21

17 360,82 67438 0.02 ~0.10

18 556.11 66418 -~0.06 ~(.58

1y 861,65 66.05 -0,04 ~1s17

20 268.24 64,95 =-0.08 ~1+s26

av. deviation disregerding sigo~-~ 0.265 0.68

®reference for szeotropic data: (10).

bﬁevﬁaﬁioas have & positive sign when the caloulsted
value is smeller.



TABLE 19.

bg

DEVIARIONS POl OBSISRVED VALUMS IN PRESICTING

AZEOTROPIC COMPOSITICNS FRO. EQUATION & IN 248

HYUROGEN CHULORIDE-VATEH SYSTiM

Ageotrope &seatrepea b
Boiling Composition™, Deviation ,
Point®, Hole % Hole %

Ho. %%. HQ1 X=HG1 X=Hp0
1 %21.864 1%.126 ~0 B8 0.169
b4 343.116 12.687¢ -0.014 ~(3 010
3 264,365 12,158 0.027 ~0.088
4 B63. 397 11.87M0° 0.088 -0,064
5 565.240 11.76848 D.084 ~0.017
6 568,189 11.655° 0.045 «0.026
4 370,758 11.557 0.040 ~-0.020
8 872.818 11.471° 0,030 -0.011
g 3754569 11.285° 0.0%86 ~0..080

10 277.127 11.308 0.019 -0.006

11 378,724 11.247 0.018 -0.00B

12 379,584 11.214¢ D.016 ~0.005

13 381.019 11.1858 0.010 -0.001

14 281.744 11.130 0.008 0.001

15 585,167 11.08y 0.017 -0,011

16 . 289,245 10.8%1 “0.086 0.017

17 395.14° 10.624 ~0.088 0.009

Av. deviation digregarding sign-- 0.0486 0.007

8neferense for aseotropie data: (2).

bﬁeviationa have & positive slgn when the csloulated

value is smeller.

ciatﬁryclatad.



TABLE 80, DEVIATIONS PRyl OB riiVio VALUKES IK PRUDICTING

LHEZORROPIC CUMPONITIONS FrOi S0UATION 6 IN THE

HYDROGEN BROMIDE~¥ATER 5YS TN

Azeotrope Azeotrope
Boiling Qomposiﬁioaa, Eaviatianb,
Point®, Hole % Mole %

Bo. og. HBr x=HBr Xaiio()
1 347.28 18.091 ~0.308 l1.182
2 563:51 171?55 “Qol@h 0.383
5 573;07 1?’535 *000?1 “QQOOS
4 ﬁBQ:lB 1?051& ”Q»Gﬁl ‘01393
b 386,10 17.166 ~0.018 -0« 546
& 5$0193 17.03@ ~Q.038 “Qu?ﬁl
8 298.956 16,800 ~0.01% ~1.=G0

10 408,28 16638 0.008 ~1.878

11 407.96 16.566 04018 -1.494

12 410,80 16.508 -0.012 ~1.614

Ave deviation disregerding sign-- 0.062

0.909

SReference for azeotropie deta: (1).

b

value lg smaller.

Deviations have & positive gign when the caloulated
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ZABLE 21. & COJPARISON OF 748 LOG X ARD THE T-PARABOLA

EQUATICNS POR ADBGUACY IN PARDICTING THE 95uCBRATURE-

COMPOSITION RELATIONSHIP AlD NON-AZALOTRCPIC POINTS OF

AZBOTHOVIC SYSTHUS

AV,
Com~ evi-

:?am;) « at

Hon-

azeotropy, %K.

Hethod  poment sation, AV Low At High BRefer-
System Used {x) Hole % ¥Yrescure Pressure enced
CDPMP~ log x DFR 0e24  mww-- 534.9
prEo log x DCDFM  0.12 63 -
T-parabols DFE 0.11 118 967 {14)
pthoids log x Ethae  1.76  £25.8  =weem-
Ethac® log x EthOH 0444  we-me 425.4
Z-parabola ZthOH 0.24 184.4 401.1 {14)
BthOH~ log x KAhOH 0485  =mww- 423,58
water lJog x water 2410 2u8.4 -
T-parabols water - 214.0 BED. 3
Experiumental wamm EOT em———- {14)
%ﬁéﬁf~ log x Benzene 1.40 183.8 2 w~ee-
Benzens log x HeORH 0eB6  wmme- 492.6 (14,19}
f-parabols HelH .56 HNeg. value 481 {14}
Antoine e UH - emm—— 475 {19}

%4nere no reference is given, the date wes csloulated by

the Author.

bﬁ&ﬁ@ﬁ = dichlorodilliucromethane.

CUFE = 1,1~-difluorosthane.

d48h0H = ethyl slcohol.

®ithac = ethyl acetate.

fmaﬁﬁ =z wethyl aleohol.



APPERUIX

TABLES
OF
HE~COMPOSITION DATA
FOK
BINARY AZBOTROPES

ANRD
FHYSICAL PROPERIIES OF THEIR COMPONENTS




Component 1 Lompogent 2

Systen Zthyl Aleohol Water
Formula CpH, 0 Hs0
Formnule Veight 46.07 18.016
Formal Boiling Point, °C. 78.4 100.0
Melting Point, 9C. -112 0.0
Gritioal Temperature, “C. 243.5 B74.2
Critical Pressure, Muo. HE 47,956 165,680

ageotropie uata®

Bofiing Jompowition, Vepor Presgure of Pure
Point, Pressure, Hole % Conmponents, Mm. Hg
Fo. 9¢. Mm. Hg Compopent 1 Component 12 Component 28
) R 70.0 100,00 m——— emeae
2 $%.%b 4.9 968+ 78 4.7 &8.0
5 E"éuﬂ 10‘:}‘{) "38&63 9809 :'5’9:9
4 39.80 129.% 96.74 12v.4 B2.7
B 47.63 198.4 $3. 37 198.1 81.7
6 63.04 404.6 91.94 403.0 171.2
7 78& 15 ’?60;»@ 5904? T6b. 4 252%.0
8 87.12 1075. 4 88.91 1066.4 470.5
9 98.88 1451 .3 88.69 1439.3 642.0

SHefersnce: (11,87).



Component 1 Component 2

System Bthyl Acetate Ethyl Alecohsl
Formula : C4lgln Gzﬂbe
Pormuls Weight 88.10 46.07
Rormel Boiling »oint, °C. 77.1 78.4
Melting Point, °C. 82.4 ~112
Gritieal Temperaturs, “C. 260,1 243.5
Criticsl Pressure, im. Hg 28,804 47,9566

Ageotropie Data®

oiling Gomposition, Vapor Pressure of Pure
Point, Freseure, Mole % Components, Mm. Hg
o, 9C.  Mm. Hg Component 1 Component 1% Component &P
1 ““1& 57 g{)a@ ?6»‘31 22.2 10.7
2 18.71 77.4 7387 68.7 4G.4
& 27.02 117.8 7100 108.5 b6a.d
4 40.50 218.9 66.08 191.2 138.2
B B6.81 485.0 60.08 $62.4 £98.2
& 64.47 578.2 56.88 487.7 427.9
7 T1.81 76,0 53,87 838.0 B86.2
8 78.18 448.0 51l.12 784.7 ‘ 754.8
9 85.08B 1121.0 4Y.,03 920.4 914.3
0 uvl.35 1476.5 4b.13 . 1190.8 1246.7

ok

BReference: (10).

bReferenae: {11).
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Pabih 24
Component 1 Component 2
System Hethanol Bengens
Formula CH,40 Cplg
¥ormule Velght $2.04 78.11
Formal Boiling Point, °C. 6447 80,1
Melting Point, °C. ~47.8 5.5
Critical Temperature, -G 240.0 290.5
Oritiecel Pressure, lLm. Hg by,812 z8,076

Ageotropie Data®

Boiling Composition, Vapor Pressure of Pure
roint, Preassure, iole % Components, Mm. Hg
¥o. °C.  um. Hp Component 1 Component 1P Component 2°
i B8 200 Eb.7 1864y 55.08
g £b 2258 bia.6 120.4 907
3 42 400 B7.5 £79.0 101.9
& 40 - o b8.7 24428 176.6
5 5647 T25.5 BY.y 5372 S41.7
6 567 787 BUa% 5E387.8 241.7
? 56-5 ?ﬁg 61.E ““““““““““
8 &7 760 61.9 544.2 24545
Y 124 6,000 T4.8 §118.2 £bv4.%8
10 149 11,000 80.7 Yubl.8 458%.8

BReferences: (5,19).

’bﬁeferanee: {B).
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TABLL 28

Component 1 Component 2
Syetenm Serbon Tetrachloride thyl .estate
Formula 6314 &43862
Pormula Weight 153.84 88.10
Normal Boiling Point,°C. 76,75 77.1
Melting Point, °C. ~8246 ~82.4
Critiosl Temperaﬁura,as. 2838.1 260.1
Critiesl Premsurs, Mm. Hg 24,200 28,804

Ageotropic ﬂgt&a

Boiling Composition, Vapor Fressure of Pure
Point, Pressure Hole % Compogents, Mm. Hg
No. Pc. Hm. He Component 1 Component 1® gomponent 2°
1 47.%6 286.7 72460 270,86 280.°
2 55.22 385, 2 6775 B66.93 348,26
3 6l.32 484.b 63,73 453.66 4251.93
4 66,72 583.7 60.76 547,06 52766
5 71«56 68540 58.2 643,57 627 .46
& 76.16 789.2 55.860 746.78 786,88

8.

Heferences;: (17,18}

bheterence; (20).
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T4BLL BB
Component 1 Component 2
Systen n~sutane Sulfur pioxide
Formuls CgH10 30,
Poromule Weight 5E8.12 64.06
Kormsl Boiling Point, °C. ~0.6 ~10.0
Melting Point, °C. -186 -78.8
Gritieal Temperature, °C. 162.8 1572
Uritieal Pressure, Ma. Hg 27,860 by ,052
Agsaotropie Uat &
Boiiing Bomposition, VYapor Pressure of Pure
Point, Pregsurse, Hole % Gomponente, Mm. He
Ho. ©O0. Mm. Hg Compopent 1 Uomponent 1P Gomponent zP
1 -3b 549.6 40,8 164.89 204.80
2 "13 ?53#4 59«3 $9§,75 516.88
3 -18 7T82.4 3B.% 2u4.78 516.80
4 =19 T62.4 9.7 286,68 491,46
5 ”5 1455»5 36;$ %ﬁﬁ-ﬁ% 959914
& -5 14%@15 5&&& 4&%.22 956014
7 & 2014 35.6 869.12 1031637

Breference: {(9).

bﬁefar@n@a: {20}«
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TABLE BY
Gomponent 1 component £
System trang-2-Butene guliur Lioxide
Formuls Caly 302
Formula Welght 656410 64.06
Normal Boiling Peint, °C. 1.0 ~10.0
Helting Point, °C. «105.4 NN
gritical Temperasture, "C. “—— 167.2
Critiocsl Pressure, im. Hg ot By, 062
Ageotropie Data®

ﬁeiiiag Compomition, Vapor Pressure of Pure

Point, Pressure, MNole % Components, im. He
Ho. ©C.  m, Hg Component 1 Tomponent 1P Component 2@
1 -89 3449.6 32.5 £207.10 289.0y
2 -l4 762 .4 Bl.8 414.23 6L8.94
1 1 1428.8 27.8 762.88 1226.37
4 S 15658 877 BREZ.T2 1381.37

@reference: (Y.
Bueference: {20).
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TABLE 24
Gomponent 1 Component 2
Syatem Isobutene Sulfur Dioxide
Formuls CyHy 80g
Formula Welght 56.10 64,086
Bormal Boiling Point, 9C, -84 7 -10.0
Helting roint, 9C. o -73.8
Criticsl rempersture, 9C. ——— 167.2
gritieal Pressure, ¥m. Hg e n by ,0b8
._.,_.Aa.ge__mmwﬂ,{r_,
Boiling vompoagivion, Vapor Preggure ol Pure
Point, ~Iressure, Nole % Gomponents, im. He
No, ©%c.  wm, Hg Componemt 1 Component 1 Upmponent 2P
1 -3 343&5 wai} hidanlahad 273.34%
2 ~14 T52.4 44;% uthdatad b28.94
3 0 1428.8 4b.6 i 1176, 38
4 0 1488.8 46.4 e 1176.28
5 3 1702.4 36 e 1331.,3%
6 g 1824 37,8 ——— 1831. 87

SReferencs: (Y}«

bﬁaferaﬂae: ({205
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TABLE BY
Componeut 1 vomponent £
Systen n-fropanol ¥ater
Formula Cnlgl Be O
Pormuls Weight 60 .0y 18.016
Normel Boiling Point, 20, Y7.8 100.0
uelting roint, °C. “127 0.0
¢ritiosl Temperavure, °C. 263.7 B74.2
Critical FPressure, Me. Hg 37,924 . 165,680

Aseotyopie Latad

Boiling Composition, Vapor Prepsure of Pure
Poinv, Pressure, Mole % Componentvs, MNm. Hg
Ho. 9C.  mm. Hg Oomponent 1 Component 1° gomponent 2°
1 BY? 740 43,17 G93.5 468.7
2 110 1790 43.78 1191.3 1074.5b6
3 124 2880 44.07 188b.6 1687.81
4 135 2860 44.B2 2byb. 0 2547.26
6 1581 BeEC 45415 4006.1 3667.00

Bporavence: (8).

Bueferencae: (16].

Creterence: (4,15).
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TABLE 30

Component 1 Gomponent 2
System pe R oPED
rormula ¥p0Clg Coli Fy
Yormula Weight 120.92 66.05
Normal Boiling Poinz, °C. -29.2 -24.7
nelting Point, °U. ~16b v or o
Critical Temperature, °C. 111.8 108
Critical FPressure, Hm. Hg 30,096 -

Aseotropie pata®
Poliling Composivion, ?ager Pres&ara of Lu?&

Eainﬁ Pregsurs, Mole % gmponente
Ho. ©C. km. Hg Oomponent 1 Gomponent 1 éﬁmpoﬂeﬁt 2

1 =B0WB0  mem- 65. 36 — ———
2 QQGQ o - bChﬁf) - htniinded
& 24. 9‘@ - 5?;4? haduniudd ' bbbk
4 40,08 ——-m- 55,22 —— ——

BDCDRM = dichlorodiflnoromethans,
PIPE = 1,1-difluoroethane.
Creferenge: (14).
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TABLE &1
Component 1 Component 2
Syatem ) Bthyl Acetste Water
Pormuls 348303 HpO
Formulas Weight 88.10 18,016
Normal Boiling Point, °¢, 77.1 10040
HMelting roint, 9C. ~82.4 0.0
Oritical Temperaturse, °C. 250.1 B74.2
Critiesl Pressure, Mm. Hg  £8,804 165,680
Ageotropie ﬁatgﬁ
BoTling Gomposition, Vapor Pressure of Pure
Point, Pressure, Mole % omponents, Mm. Hg

Ho. °c, Mn. Bg Component 1 Gomponent 18 Gomponent 29
i "'3—. gﬁ 2500 8‘&0 ﬁﬁ glnﬁ S 938
2 10.08 50,0 " 88.28 43.1 9. 240
3 18.456 78.5 81,99 67.8 16.921
4 19.%8 82.2 81.63 71.8 16.872
6 Bl.3B 160.0 78.21 12%.8 24.273
6 24.82 176.0 77.861 149.3 41.756
7 482.5b 250.0 7H.82 209.1 63. 296
8 49.06 829.8 73.5b 2793.1 B8.284
8 Bd.v4d 420.0 TR. 38 245.7 ' 117.7
10 B6.44 446.2 TR EE . S64.1 126.4
11 64.33 606.0 70.48 484.4 18l.¥
12 54.60 615.8 70482 498.4 184.2
1z 6y.83 F45.0 by, 18 bup.d PEE.O
14 70.38 760 .0 68,85 603, B 2575
15 74.%8 878.0 68,08 698.9 218486
16 7B5.28 908.5 67.78 713.0 2¥l.y
17 77.66 9B4.3 67.588 772.8 G28.8
18 82.98 1177.% t6.18 Y917.6 599.8
19 8B.49 14158.0 65,08 1089, 7 496.4
20 B8Y.08 144143 64. 95 1109.56 BO7Y

ﬁhefarena@: {10} .

breferences: {4,15)»
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TaBLy 82
Yomponent 1 Component 2
System Hydrogen Chloride Hater
Formula HC1 Hpo
Pormuls Weight 36447 i8.0186
Hormal Boiling Peint, ©C. -85 100
Melting Point, °C. ~114.3 0.0
gritical Tempsrature, °C. 5l.4 B74.2
Critiosl Pressure, Mm. Hg 62,016 165,680

Aseotropie Date®

Boiling Composition, Vapor Presswre of Pure
point, Preasure Mole % Components, Mm. Hg
Ho. ©9C. ¥m, Hg Compoment 1 Component 1P Component 2°
1 48.724 5O 18.126 58,891 86.81
2 bY.9B6 150 12,5574 ———— 233+
3 81,208 250 12'1535 o o 372.7
4 90. 237 370 11.870 o BB20.51
§  u2.080 400 11.7&4§ - . B68.65
) 95&929 450 1l. 6&5 R e o o o 654 .58
7 97,578 BOD 11‘55?& - e 696.55
8 99,658 540 llﬁﬁ?lﬁ o 2 780.62
5 108.209 600 11.388 i 821,80
10 108.967 640 11,808 o o 874,06
11 105.564 680 11.2&?§ - o e o e YE2.54
12 106.4824 700 11,814 2 memen- 9bl.67
132 107.88% 740 11.1858 = e 999,59
14 108,584 760 11,180  meeee— 1024.46
16 110.007 800 114089 = e 1074.81
16 116.18 1000 10.881 o o 1317.80
17 122.98% 1220 10.624 e e e 1635.53

8feference; (2).
bﬁetsran&a: {20},
CReference; (4,15},
d1nterpolated.
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TABLE 53
Component 1 Component &
System Hydrogen Bromide Water
Foranula HBr He0
Formuls VWeight 80.92 18.016
Hormsl Boiling roint, °c. -67 100
Melting Point, °C. ~-87.0 0.0
Critical Temperature, 2. 90.0 B74.2
Criticel Preseure, im. Hg 64,144 165,680
Azectropie Deta®
Bolling ompogition, Vapor Pregsure of Pure
roint, Pressure, 0le % Qomponents, ¥m. Hg

No. %C. _ um. Hg Oomponent 1 Component 1° Component 2°
1 74.12 100 18,091 46,620 278.52
2 90.35 200 17,785 - o 532460
& 89.91 200 17.588 o o o 757.56
4 107,00 400 17. 3816 - e 970460
§ 112.94 500 17.156 - e e 1187.81
6 117.82 600 17,080 ———— 1289.15
7 122.00 00 16.901 e 1586.04
8 126.79 800 16.800 o 1785.68
¥ 1PY.13 900 16,710 - - s 1974.01
10 132.12 1000 16.638 e e £21b68.086
11 1324.80 1100 16.566 e o e £853%.84
12 137.24 1200 16.B50H o £512.64

Sheforence: (1).
bﬁefaraﬁaa: {20).

®Reference: (4,15).
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