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Abstract—The boiling points and vapor phase compositions of two binary n-hexane-phenol and benzene
-phenol systems were measured according to liquid compositions at 1 atm.

The vapor-liquid equilibrium data of those binary systems were known to be consistent by the thermodynamic
consistency test, and the parameters in the model were estimated by correlating the binary vapor-liquid data
with the UNIQUAC model, and those binary interaction parameters were extended to predict the ternary vapor
-liquid equilibria and solvent selectivity by extractive distillation.

The boiling points and compositions of the vapor phase for ternary systems were measured according to
varying the concentration of phenol used as solvent in a binary n-hexane-benzene system lorming the azcotropic
mixture at 1 atm. and the experimental data were compared with values predicted by the binary interaction

parameters.
And the experimental relative volatilities for the n-hexane-benzene system with solvent and without solvent

were also compared with calculated values.
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Fig.1. Schematic diagram of experimental
apparatus.
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Table 1. Physical properties of reagents used.

Materials  Density Refractive B.P. Source
f25T) Index (20C) ()
n-hexane 0.6592 1. 3746 68.7 Merck
benzene 0. 8788 1.5023 80.0 Merck
phenol 1. 0765 1. 5432 181.6 Merck
(40C) 40T)
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Table 2. The binary interaction parameters in Table 4. Experimental data and calculated va -
UNIQUAC equation. lues for the n-hexane-phenol system
sysiem parameier value (K) at 760 mmHg.
n-hexanel1)-benzene(2) a,, 71.39 ¥ Vi exn i car Texp (KD Tt (KJ
g -23.75 0. 1013 0. 9582 0. 9568 399. 2 399.3
n-hexane(1)-phenol (3) a3 329. 33 0.2033 0. 9805 0. 9800 379. 3 379.3
as -60. 94 0.2972 0. 9856 0. 9856 369. 1 368. 9
benzene(2)-phenol (3) ay; 393. 24 0. 3985 0.9875 0.9877 361.3 361. 4
ag, - 157. 89 0. 4998 0. 9886 0. 9885 356. 6 356.7
0. 6062 0. 9895 0. 9889 353.1 353.2
Busxure = Z £ w1y, B,, ) 0. 7004 0. 9904 0. 9895 350.6 350.5
< L 0. 8020 . 9919 . R
InP=C,+C,/T+C,T+C, InT+C, T? 18) 0 0.9908  347.9 347.8
0.9022 0. 9939 0. 9938 344.6 344.7
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at 760 mmHg.
Table 5. Experimental data and calculated va-
X Yi.exp Yicar. Texp. Tear. lues for the benzene- phenol system at
(K) (K)
760 mmHg.
0.0513 0. 1080 0. 1068 3511 351.1 i
Xy Vi exp Yi. car Texp (K) Tea: (K)
0.1216 0.2160 0.2183 349. 1 349.1
0.2189 0. 3340 0. 3347 347.0 346.9 0. 1031 0. 7490 0.7424 413.8 413.8
0.3108 0. 4220 0. 4229 345.6 345.5 0. 2025 0. 8978 0. 8938 392.9 392.9
0.3811 0. 4830 0. 4826 344.7 344.7 0. 3007 0. 9457 0. 9436 380.6 380.7
0.5030 0. 5790 0. 5786 343.6 343.5 0. 3987 0. 9666 0. 9655 372.6 372.6
0.6031 0. 6570 0. 6353 342.9 342. 8 0. 4986 0.9777 0.9770 366. 9 366. 8
0.7171 0. 7460 0. 7449 342.3 342.3 0. 5990 0. 9843 0.9838 362. 8 362. 8
0.7982 0. 8140 0.8119 341.9 342.0 0. 7001 0. 9888 0. 9882 359.7 359.8
0.8982 0. 9020 0. 9005 341.8 341.9 0. 8009 0.9921 0.9914 357.4 357.5
0.9402 0. 9420 0. 9403 341.7 341.8 0.9013 0. 9950 0. 9945 355.2 355.5
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Table 6. Vapor-liquid equilibria data and cal-
culated values for n- hexane(1)- benze-
ne(2)- phenol(3) system at 760 mmHg.
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Fig. 6. Vapor-liquid equilibria for the n-hexane-
phenol system at 760 mmHg.
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Fig.7. Vapor-liquid equilibria for the benzene-
phenol system at 760mmHg.

ARyl 2N S48 E}E wHLE(AYE)
24 dehaol st Se 194¢ AHgstaleh

a Y1 ( Xz Y2 Xi )
e .V +¥. XX, yity: XX
Vi X
— =172 (19)
Y Xy

olz. R x, ol W a9 AFASG A
£ plot 3t} Fig. 8ol =A% Az ¢5d AdAF
g A2 A£% phenol o FE7} Z71e

of ule} vl3lute v Z7beHg okobch

Hoteo]

5. 2 &

Aok (1atm) stoll 4] 2EZFo Add
7] Ystol 3AEA] s-AHY G

hal =
o] 2 9sted 2 A9l n-hexane(l)-

% o3l
24 shelc

benzene(2), n-

hexane(1)-phenol(3), benzene(2 )-phenol(3)2} ®] & =
58 %724 UNIQUAC =9 3 45 o 3417 o}
slojel 2 2xsln wA o BYFrl2dE AL
olch

wah 2 48 steteleE 3AEAY 7- HH
&9 o ZabEd sAEden, 3A4RAS] A
A Ag ol vlmd ofaabA A Edch

OJ i Aol g vlHEE
W FES EAE AH

=
S

Folsdel SAAEE ol 51

3, \] \
o]

\ © 0.5 mol phenol

2.8 Q 2 0.4 mol phenol

L \ T 0.3 mol phenol

\ @® 0.2 mol phenol

o A 0.1 mol phenol

2.6F a W without phenol

Cal. by UNIQUAC

2.4} \
pay

P
./

-

U/ i
/|>

yd
O/

e

N

=)
T

a

o

=)
T

[ ]

relative volatility @123

/l
o
/
/CI
/D

1.4

AN
- N\,
1.2 \ ‘\
-
AN
1.0 I L I ]
0 - 0.2 0.4 0.6 0.8 1.0
Xi2
Fig.8. Influence of solvent concentration on

the relative volatility for n- hexane-
benzene- phenol system at 760mmHg.

k3 AxE wokow wl”o| FAqF  n-hexane
-benzene Aol tE} phenol &) <332 Fig, 8ol &
& u}g} 7Fo| phenol ¥E7} F7hatol whah v
=7} Z7}3}2 2 n-hexane-benzeneAl 9 F /< ph-

enol ol S]] &olahAl o]0} A 4 Uk A
Z ddgict

NOMENCLATURE
a . constants defined by eq.(14), (15)
a,, - UNIQUAC binary interaction
parameter X)
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B., second  virial coefficient for i
interaction (cm3/gmole)

¢, -Cs - constant

£ the liquid reference fugacity at zero
pressure (cal/gmole)

AH heat of mixing in binary mixture

(cal/gmole)
AG” excess Gibbs free energy (cal/gmole)

I, . term defined by eq. (5)

N serial number of experimental data
n, the number of mole of component i
n, the number of total moles

P£*° P7*: experimental and calculated pressure

of componenti (mmHg)

P; pure component saturated-vapor pressure
Pc, critical pressure of component i
q, area parameter of pure component i
q, . modified area parameter of pure com-
ponent i
R gas constant (cal/gmole K)
T, volume parameter of pure component i
S . objective function
T absolute temperature (X)
Te: critical temperature of pure
component i (K)
T T experimental and calculated
temperature (X)
T, reduced temperature
U,, UNIQUAC binary interaction parameter
(cal/gmole)
A . pure component saturated-liquid molar
volume (cm3/gmole)
X, liquid mole fraction of component i
xgxe xcai: experimental and calculated liquid com-
position (gmole)
ye=o yea': experimental and calculated vapor com-
position (gmole)
Z . lattice coordination number

(set equal to 10)

Z the modified Rackett parameter of com-

Ti

ponent i

Greek Letters

a . relative volatility
v :  activity coefficient of component i

sistost M25H M1E 19873 28

=

Ox

T

B,

10.

11.

12.

13.

14.

area fraction defined by eq. (7)

area fraction defined by eq. (8)

standard deviation of pressure of
component i (mmHg)
standard deviation of temperature
of component i (OC)
standard deviation of liquid composi-
tion of component i (gmole)

standard deviation of vapor composition
of component i (gmole)
UNIQUAC binary interaction parameter
volume fraction defined by eq. (6)
fugacity coefficient of vapor phase
of component i
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