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Correlation of Vapor—Liquid Equilibria of Mixtures
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An extended regular solution model, in which an exponent—type mixing rule is introduced to the
interaction term and a composition—dependent interaction parameter between unlike molecules is adopted,
has successfully been applied to correlate vapor—liquid equilibria (VLE) of mixtures containing polar
molecules. It is found that the exponent parameter is effective to represent VLE of polar systems such as
ethanol + hydrocarbon binary systems. However, it is noted that the activity coefficient equations derived
from the regular solution model become inadequate in the infinite dilution condition according to the
exponent parameter. The behavior of activity coefficients in the extremely dilute region is discussed.

Key Words : regular solution model, exponent—type mixing rule, vapor—liquid equilibrium,
activity coefficient, infinite dilution condition

1. [ZCHIZ BF GRS TH A HFIRE
SR BAGR L, ZRE RGO MM R VIR AR AERETH L ﬁ%f%é

CLTEHEETHY, HxrORAWIZHOWTH
EEPHREINTND, Tk AFEEFFICEW
TIE, 26 OHEMOMHEBEC, HEMD 72
WROHERNEFE L /0D, T O, WMHEOTE
BEREEEZVDICRBTH0NEE Y, 2
NETICH Wilson X V&2 1Z 0 & LTHAR
EEREAARESNTWD, 255 9

WA A — A TRl E @(@ﬁ&pf‘/v
A —H LRIRE VAR X VIS EREZRD D
N TEDEARIETT NV OYLEEZ R T
X7, T/hbb, EANRKTT VIZFEETRIRE
BRIPYZHIICHA L, ORIy TR S
LR ORIR s OS2 FIREIC LT, RRBRTY
BN SN RT A — 2%, oy

D, 53D IE AR A IR A B BB L
AT LIR#EETHD Z RSNz, +
ZC. EEEDMRUSIC /N S WEI T O IERAR S
KOZEFZONT, ARG Z W TEL LT,

2. FEFR#HK

TE R T 71 D 0 kE BAE ISR AR
Eﬂw%ﬁﬂb\ﬁﬁ&ﬁ@%ﬁtﬁtﬁﬁA
TFRIFHEAER ST A —% Q%AW T, 2 %
RAYOWAIERRIEA KD D L kK L7252,

@ 4 an l—a, Jx, v, +ap,x,v
RT|n7/1:¢1 12¢2 Alz{( 21) 171 12742 2}+ (1)

X1

4(x1v1 TXpVs )”12x25152¢1a12 $,"" + RT('” ¢1 & ]

X X1



36(36)

@y an A x v, + (L=, )x,v
RT|n72=¢1 ¢2 Alz{ 217171 ( 12) 2 2}_
X, )

Axyvy +x,v, )1y, X, 5,5,4,2 9, + RT[In ¢—2+1—¢—2J

T, MMAEAE AR TR TEZ BN 5,

4, = (51 -0, )2 +21,,6,6, (3)
Ly, =my, +ny, (xl - xz) (4)

EdoRXQ)BLVQ) LY. EEEE  BXIO
yo, RO D=L, F5E T A—H ag. on
ERAENERH RT A —H myp, np DLE L7205,
=L, REINTG A—Z 2T 5720, bk
DX VRN Z 1 LT D ERRIINT 0 238D
B LR 25D 0nml LT 5, BT,
WIREE NS XA —58 5§ BX OISR 2 HH
THZODENRE v DB L 2 B0R, F1
PR TRDZ Z LR TEB ™Y,

s %)

v

0,

t
t

Vi :V25+ﬂ(t_25)1 ﬁ:m ©)

t, — 25

T2 CTOWEMEINT A —H GBI
25°C TOEIVEFE vos 1. FHE4 Fedors @
FikE TR H LN TE S, o, AR
Mt \ 2B D AR vy 13, Le Bas D515 10
THHFR TX 5,

3. [RTHDIER
BEN RS KA EEKA TR T
EDHBITIE, 2 AR O B (x—)
FRATROOEND,

y = 7iX.Py v, = VoXo Py (7
p p

T IT, x T EGER, y IRAEEL SR

ThHY ., yITEERETH D, £/ plIBET

Ho, kK TROHND,

p= 7/1xlp1o + 72x2p20 ®)

Z 2T, pP I E DZKE T, Antoine 27
ETHRITHZENTED, Lo T, K
(DB LVQ) & W IEEREy, B LV, 23R
HNDDT, (TP LB % WV TRk -y
BfREEHETL N TE D,

4. @AM

AR 2 THRIED RS F & LT g ) —b
ZELD BT, RAGKFE (~FH o AT H
Fo R Aty NPy ML
T) & D 2 5y RIE IR A O FHEE A 7R
Frlz, ZDOFER AGHRT A —H oy, DEANIT
B THDHZ PRI NTZ, £O—HlE LT,
TH ) —IL(1)+~F Y (2) R R - D AR
BARE R % Fig.1 12 g, BHRIC B2 R
% TableLIcE & O TrT, 2k, K@)
D L DB D B D EAER ST A —
2 (mpBLWnyp) ZHWDHZ LT, HHEE
FESC T BIfR 2 RELTE 2, 5y Cldis
Wy ZHUTK LT, FBERT A—H ap, EA
THZ LT, AREWBICHBETE S Z LR
Shb, T7bb, BEORW X ) —Ly
F LR~ S DOIREW TIX.
FIREIZBITD ) VT U ARANEETH
LHZENEEIND, o, FRED x— 7
— & ZHNT, R(7) &L RS DTS By,
B LY, 2k, K (1)B L OQR) DR R &
T Fig2 IR T, ZNEY ap DEAT,
TEERE MR OB L X< EH S,
ZORER x—y BROMEBE LRI b DL
Ezbhb,

5. BEARIERH

TEEREECO ERAPUIRAE (72 & 213 x,=0)
TEDX I MR & D%, EERMA L2
%, T7bb, MIGIZEED/N S WEKTO
EHDOIEEEEZMD Z LN TELING
Thb, £Z T, R TRHRE LI T
A= ap HEFTIGEARBED, ED X5 7ex
Fh L DHMER L CAIZ, ZITIES 11
HEHLTKOIZOEMEEINZ D & o DFE
MNIEE L TCROFERME BN D,

Table 1 Physical properties of hexane and ethanol?

Substance Vo5 Vb 05 ty Constants of Antoine’s equation”
[cm®*-mol™] [em®-mol™] [(J-cm~)%9 [C] A B C

Hexane 1314 140.6 14.9 68.75 13.80433 2691.08 48.94

Ethanol 59.6 62.5 25.7 78.35 16.89694 3803.98 41.68

*In p°[kPa] = 4—{B/(T[K]-C)}
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Fig.1 Correlation of vapor-liquid equilibria of
ethanol(1) + hexane(2) binary system at
101.3kPa. Experimental™: (O);Correlations
(—) with 012 20827, mip = -0.0722 and
Ny = —00189, (“‘) with 1= 1, myp =
—0.0556 and ny; = —0.0478
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Fig.2 Activity coefficients of ethanol(1) +
hexane(2) binary system at 101.3kPa.
Experimental™: (O); Correlations: (—)
with o= 0.827, myp, = —0.0722 and Ny =
-0.0189; ("') with o12=1, myp= —0.0556
and nyp,=-0.0478
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Fig.3 Activity coefficients of ethanol(1) in the
extremely dilute region for ethanol(1) +
hexane(2) binary system at 101.3kPa.
Correlations: (—) with @;,=0.827, m,=
—0.0722 and ny,= —0.0189; (---) with a;,
=1, my, = -0.0722 and n;, = -0.0189;
( """" ) with a1,=1.2, m;, = —0.0722 and ny»
=-0.0189
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A =interaction term [J-cm™]
l = interaction parameter between unlike molecules
m = interaction parameter between unlike mOlECIEle]S
n = interaction parameter between unlike moIeCLElgs
P = total pressure [F[’a}
p° = vapor pressure of pure component [Pa]
R =gas constant [3-mol™-K™]
T = absolute temperature [K]
t = temperature ['C]
v = liquid molar volume [cm®-mol ]
X = mole fraction of liquid phase [-]
y = mole fraction of vapor phase [-]
a = exponent parameter [-]
B =expansion coefficient [cm®-molt-C Y
y = liquid phase activity coefficient —
6 = solubility parameter [(3-cm™)°9]
¢ =volume fraction [-1
<Subscript>

b = normal boiling point

1 = component 1 (ethanol)

2 = component 2 (hydrocarbon)

25 = standard temperature (25°C)
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