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THE PREDICTION OF HIGH TEMPERATURE VAPOR-LIQUID EQUILIB- 
RIA FROM LOWER TEMPERATURE HEAT OF MIXING DATA’ 

A method for predicting high tcmpcnturc vapor-liquid cquilibris using only 
Iovwr tcmpcralure heat of mixin_e data and pure component vapor prcssurc data is 
prmcntcd, Ten binary hydrocarbon liquid mixtures were studied- The method consists 
of evaluating the parameters of the LEAF equation at dilfercnt tcmpcnturcs from 
isothermal heat of mixing data of the binary pair at the rcspcctivc tcmpcraturcs_ The 
parameters obtained are cxtnpohtcd as a lincar function of tcmpcnturc to the 
tcmpcrarurc at which the VLE data arc to bc calculated. The pammeters arc used to 
compute aclivcly cocfftcicnrs which in turn arc used rogzther with pure component 
xxpor prcsrurcs to calcu!atc VLE data, Results wcrc also obtained when huts of 
mixing data for a giwn system were available at only tw tcmpcraturcs. 

For the systems studied, this method predicted the composition of the vapor 
phase with an awxagc standard deviation of -S-S:< for those systems where heat of 
mixing data is available at three or mart tcmpcrztturcs and of lO-l2~$ for those 
systems where only two sets of heat of mixing data are available_ 

i3esi~et-s of separation cquipmcnt for the chemical process and petroleum 
industries need accurate vapor-liquid equilibrium (VLE) data, often at a variety of 
conditions. Although Iargc amounts of such data arc awailablc in the Jiteratuw one 
frequently finds that data arc not available for the conditions at which a dcsigt must 
bc made- in such a situation, the dcsigncr must either make new measurements of 
VLE data at appropriate conditions or estimate the required data by means of some 
data corrckttion or mod4 in which hc has confidence, Because of the dificultics 
;usociatcd with obtaining good VLE data experimentally, the dcsigncr often turns to 
estimation methods to get his data, cspccially for preliminary design work- 

Reliable VLE data arc rciatively scarce for tcmpcraturcs much in CICCCS of 
100 ‘C and almti noncx&nC for tcmpcraturcs in excess of 200 ‘C- If one has available 
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(z was et to a constant value of0.3 as rccommcndcd by Rcnon and Pnusnirt*) the 
pa8xmcwrs c..hibilcd a distinct rempcrJturc dcpcndcncc. Hanks ct al. lo studied the 
panmctric behavior of scvcnl currently used g" mod& and found thai the LEAF 

model * ’ which is cswnlially the NRTL cqualion with z = - I, bchswd &t under 

cstrcmc conditions This model will bc used hcrc.. 
The LEMF model is described by Ihe following cquationswo. ’ t 
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The method used hcrc consists of titling cqn.=(-S) to a SCL of cspcrimcntal hE 

data at P +zn wmpcraturc by a numerical iurvc fitting tcchniquc’, Two or more 
sets of hE &[a, each a1 a diircrcnt rcmpcnturc, arc riucd in this manner and the 

wducs of &I 3 - zrz) and (gt2 - gl, 9 thus oblaincd arc cxtrapolatcd as a linear 
function oftcmpcrature fo the tcmpcnlurc at which the VLE data arc to bc calculated, 

The ~~lucsof&~,, - ,gz29 and (gt2 - gII ) dckrmincd by this cxtnpolation tcchniquc 
arc used in cqns, (5) and (6) lo compw the seGvity cacllicicnts 7r and yz_ Thcsc in 
turn arc used, costhcr with pure csmponcnt vapor prcssurw P, and PL, to calculate 
the VLE data from 

which prcsumcs idcal gas b&&or in the wpor phJr_ For the tempenturcs and- 
pnnsures cncountcrcd here? vapor phas nonidulity corrections are minor6. In order 
fa be strictly cor&istcnL thermodynamically with rcspcct EQ cqn- C_)_ one should 
include the tcmpcnturc-dcpcndcnt funclions for (g, z - .gr2) and (gr2 - g, *) in the 
cxprusion for g” as done by Assclinuu and Rcnon’_ This, howvcr, renders the 
cqmtions for b” so complex as to bc practicall_v usclcss The prcscnt method is 
thcrmudynamimlly correct for isothermal systems. In csscncc, w-hat 11~ arc doing hcrc 
is obwving Ihat a number of scpwatc isothermal systems, each of which is itself 
fhcfmodynamically consistent at its own icmpcraturc, can bc empirically corrclatcd 
by the scheme used when a particular model (the LEM F model) is used- This observa- 
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Gm permits us to awid (hi dtzi compkdy enforced by the mom rigorous 
nunisotbcmuiapprvach * ahi& rct&ing thermodynamic consktcncy txtwsxn P-* 
data at any given tfxnpefatunr, 
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The purpose of the pwent study ws to see if the above method of predicting 
VLE &Ma could k wzd to Stimatlc VLE data at tcmpcEaturc5 nthcr substantially 
remwud from thast fi dii I8 data arc availabk- A surwq~ of VLE Iitcnturc for 
nonassa&ting nonckct~I~~c misturrs mrakd some 15-S? binary systems w-&h VIE 
data in ahe !?&XlO’C xan_ec- HowxrF uruivailabifity of hr data at mm than one 
temperature rcducd the number of qstems which could bc studied to ten, Of thcsc, 
only @ii had fl data auaibbk at thms or more tcmpwatuws- Thcsc ftvc systems wrc 
(t) bwznc (f)-c#okuc (2); (11) benzene (lb-n-hrptants (I): (111) bcnzcnc 
(Ib_toiwne (2); (IV) mcthy!cy3ohesauc (I)-n-hcptaw (2); and (V) cyelohcxanc 
(1 j-nz-kptam (2)_ Tht mast c~r~cnsivc h’ data KWNX awailabk for q~crn I_ 

The fl &ta for five dilisrcnt tempatuvzs for system I were fitted with cqn_ @) 
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Fig 3. Comparison of prcdicfcd (solid kc) with cqxrimcntal data (data points) IL 183 atm for 
sptcm knzmc (l)+y%kxanc (2)_ (Data of Kumarkrishna Ftao CI al_lz_ 

and the rcspectiuc panmctcrs obtained arc shown in Fig_ 1 as a function of tcmpcra- 
Cure It is apparent from Fi g 1 that, for this system at least, both (gII - g, ,) and 

kl2 - g:=) arc linear functions of tempcraturc, Similar results were found for n=stcms 
II-V althou* the data for them arc not so cxtcnsivc as for system I. 

To examine for system I the infiucncc of the tempcraturc at which the /rE data 

wcrc obtained upon the accuracy of prediction of VLE data at hisher tcmpcraturcs, 

the following procedure was used- The constants (glz - g, *) and (gE2 - ,or=) 
obt&xd at uch tcmpcraturc for which l.8 data were available (SEC Fig 1) were used 

to estimate isothermal VLE data for system I at 119-3pG- Thcsc estimated rcults were 
then compared with the actual txpcrimental data”, For each of thcsc compxisons, 
a stdisticd standard deviation, Ok was computed where Go is the percent standard 
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dksiatiotw of the fit&xi VLE data from the qxrimcntal %aluu_ 7hc \-alucs of<r, thus 
obtained arc shcw-n in Fi= 2 as a fimction of the tcmpuaturc of the 11~ data used far 
the determination of the LEAF paramctcrs AlsO shown is a ualue of oF = 9-37: 
c&aid with LEb?F paramctrrrs cxtrapobtcd to 119°C from Fig I_ 

Two okervations may kr made coneming the rcsuk in Fig 1- First, it is 
cvidcnt that much bcttcr estimates of the VLE data (lower Go vducs) are obtaiucd 
u&en the LEMF parzmets are obtained from hE data at temperatures closer to the 



tcmpcraturc of the VLE data- Second. it appears that the linear extrapolation of the 
LEAF parameters to the hi-&r rcmpcnrurc where no IJ” data arc available is 
fusibk and produces the bt estimates (lows~ Go value) of the VLE data. 

As a further test of the cstrapolation mcthd for system I, the isobaric data of 
Kumarkrishna Rao et al- ’ ’ at I$_3 atm (?I X7-2 19-5 ‘C) wxe predicted and a value of 

% = 3_4sc was obtained_ The ruults of this calculation arc shown in Fis 3_ These 
results show that the extrapolation method can product acccptablc VLE data for 
isobaric as well as isothermal systems. 

Table I contains a complete summary of the results obtained by the extra- 
polation method for all Iivc systems- The VLE data wcrc evaluated at tcmpcraturcs 
ranging from 20°C to as much as Z;IS’C higher than the highest tcmpcraturc at which 
the h’ data were mcasurcd- 

With tbc cxccption of the two sc1s of hcnzcnc (I )-tolucnc (2) data (system III) 
above ZOO”c, all predictions arc quite acceptable- The largr Go values for the 200zC 
and 2W”C data for system Iii arc probably due to the cxtremc rangz of temperature 

Fig 4 comparison of prcdiclcd tijlues (- ) wilh rhe isokrmal data of Roynoff et al-l3 at 79-7X 
(0). the isobaric data of Htzerfjcs~~at 1 arm @1-2-108.8’C) [a). and the isokrmal dara of Griswold 
ctaL=at Im%(~)forthsyslcm ilmzatc w-cduarc Cl- 
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LESIlf paramctcrs for systems VI-X whcrus three or more WCJC used for systems 
I-V. From Fig. I, it can bc rccn that if only the IS “C and 25 ‘C points had lxcn used 
to m&c the extrapolation of (,g, = - gr I ) and (gr = - gzt) for system I, considcnblc 
error in the higher temperature predictions wuld haw occurred, The very low G, 
value listed for system VII in Tab& 2 is thcrcforc quite probably fortuitous_ 

Because of the rcquircmcnt that /J’ data be a\-;lilabIc at two or more tcmpcr- 
aturq only ten binary s_ystcms wwc studied- Many of thcsc systems wrc nearly ideal 
as indicated by the fact that for nearly half the systems Raoult’s low gave a tr value 
which was cqual to or kss than the tF vaiue rcponcd in Tables I and 2, Work is now 
in progrc~ to measure hr data as a function of tcmpcnturc to cstend the method IO 
systems that show large dcriations from ideal solution behavior- 

The results of this study su5e_ccst that if I.” data arc available at three or more 
tcmpcraturwv one may rcascnably cxpcct to predict VLE data zt higher tcmpcraturcs 
to within 4-5 @Jg using the LEAF moc!el and cxtnpobtin~ its panmctcrs linearly with 
temperature If two SE% of h” data ore a\ztilable one may reasonably expect IO-12’pL 
accuracy in predictin g VLE data at higher tcmpcraturcs- All thee estimates apply to 
tcmpcraturc extrapolation of the order from 20 to I5O”C. Further II” data is nccdcd 
as a function of tcmpeaturr: to extend the method ta more non-id4 misturcs- 

This pork was sponsored by a grant from the Union Cxbidc Company, South 
Charicston. West Virginia- 
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