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Abstract— The mixing rule with excess Gibbs Energy was introduced into PR equation of state and UNIQUAC eq.
was chosen as an expression of excess Gibbs energy. The interaction parameters of UNIQUAC were determined so as
to reproduce vapor-liquid equilibrium data. As the result, the parameters of paraffin system are small enough to be ne-
glected, but the parameters of other systems including polar components are large enough to act an important role in
the fugacity coefficients of their mixtures.

In fact, vapor-liquid equilibria for binary paraffin, nitrogen-ethane, alcohol-water, acetone-water, and acetone-me-
thanol systems could be successfully reproduced in the range of low to high pressure by the mixing rule with UNIQUAC.
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Table 1. Standard deviations of total pressure(atm) and vapor-phase mole fraction.

General mixing rule

System

The mixing rule using UNIQUAC eq.

i a(k;) a(Cy2,Ca1)
No. o {atm) o 0 p{atm) ay
4 ¥1 ) ¥l
Ethane(1)-Propane(2) (9]
1 0.240 0.009 0.242(0.415%) 0.010(0.008)
Nitrogen(1)-Ethane(2)[10,11]
2 1.213 0.021 0.509 0.011
3 5.049 0.026 1.160 0.009
Acetone(1)-Water(2)[12]
1 0.416 0.097 0.053(0.054) 0.020(0.020)
5 1.031 0.051 0.057(0.084) 0.016(0.017)
‘ 2.058 0.047 0.221(0.179) 0.005(0.004)
2.523 0.042 0.442(0.334) 0.010(0.012)
Methanol(1)-Water(2)[12]
3 0.091 0.022 0.038(0.076) 0.029(0.030)
9 0.204 0.019 0.209(0.241) 0.021(0.024)
10 0.397 0.012 0.424(0.396) 0.014(0.013)
Acetone(1)-Methanol(2)[12]
11 0.105 0.014 0.074(0.068) 0.020(0.020)
12 0.294 0.029 0.097(0.103) 0.027(0.030)
13 1.131 0.049 1.132(0.602) 0.051(0.052)
Ethanol(1)-Water(2)[13]
14 0.169 0.017 0.114(0.104) 0.006(0.007)
15 0.551 0.0138 0.327(0.237) 0.005(0.006)
16 1.035 0.016 0.483(0.448) 0.012(0.012)
2-propanol(1)-Water(2)[13]
17 0.512 0.043 0.106(0.093) 0.013(0.013)
18 1.556 0.037 0.188(0.132) 0.008(0.007)
19 1.702 0.025 0.139(0.190) 0.013(0.017)
20 1.792 0.034 0.292(0.185) 0.023(0.026)

( ): the values cited from the literature (7}.
(*): the values calculated here
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Table 2. Interaction parameters of the general mixing rule and :
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rule with excess Gibbs energy

of UNIQUAC eq.
System No. of Temp. Pressure General rule The rule using UNIQUAC eq.
No. data () range(atm) a(k a(Cy2,Co1)
points k) Ciz2 Cai
Ethane(1)-Propane(2) (9]
1 13 37.8 13.6 — 49.7 -0.0036 40.0 113.1
Nitrogen(1)-ethane(2)(10,11]
2 15 6.85 29.5— 82.3 0.0507 -12303 35235
3 9 -73.15 6.6—130.2 0.0000 -3145 17758
Acetone(1)— Water(2){12]
4 22 100 1.1— 3.6 -0.2625 26798 20301
5 17 150 49— 114 -0.1671 24456 432
6 25 200 1-.8— 30.1 -0.1336 20139 123
7 13 250 39.9— 66. -0.1062 17448 37992
Methanol(1)-Water(2){12)
3 16 100 1.0— 33 -0.0908 -21982 53930
9 14 150 50— 13.6 -0.0776 -21879 57990
10 15 200 16.1— 38.9 -0.0712 -23000 59332
Acetone(1)-Methanol(2){12]
11 14 100 35— 40 -0.0083 35257 -13841
12 15 150 11.5— 139 0.0010 44456 -17666
13 10 200 29.1— 393 0.0060 29043 -11545
Ethanol(1)-Water(2)(13)
14 17 150 55— 97 -0.0780 -2275.6 38929
15 17 200 17.7— 29.1 -0.0701 -2773.2 40430
16 13 275 60.6— 99.1 -0.0624 -4013.4 40582
2-propanol(1}-Water(2) [13]
17 19 150 51— 8.5 -0.1382 12359 38691
13 13 200 18.2— 258 -0.1218 15152 37330
19 16 250 42.5— 64. -0.1183 10048 41369
20 13 275 68.1— 91.7 -0.1070 6554 17201

Table 3. The comparison of azeotropic points be-
tween the literature and this work.

System This work The literature
No. Ylcal Pgdatm) Yiexp Peylatm)
Acetone(1)-Water(2)[12]
5 0.799 11.8 0.818 11.8
6 0.634 30.0 0.685 30.1
Acetone(1)-Methanol(2)[12]
11 0.523 3.96 0.507 3.97
12 0.221 14. 0.228 14.1
2-propanol(1)}-Water(2){13]

17 0.649 3.95 0.672 9.05
18 0.634 27.5 0.640 27.6
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Wenzel -C,(w)b  Cy(w)b
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NOMENCLATURE
ab : parameters in PR equation of state
i : defined in eq(2)
(T — R'TE,
ai(Te) Q P,
RT.
b =Q, ?il
Cy : interaction parameters in r;(= exp-—~ ) of

UNIQUAC eq.(atm cm® mol™)

molar Gibbs Free energy
interaction parameter associated with a

: Soave-type slope parameter
number of components in mixture or num-
ber of moles

NT  : number of experimental points

NP : number of parameters

P : total pressure(atm)

q, q’ : pure-component area parameters in UNI-
QUAC eq.

: gas constant (=82.0562 atm cm’K”’ mo]_‘)

: temperature(K)

:© molar volume(cm3 mol” )

: liquid-phase mole fraction

. vapor-phase mole fraction

: compressibility factor

: lattice coordination number in UNIQUAC
eq.

:57700

NN< X < -

Greek Letters

a : defined in eq.(3)

Y : activity coefficient

Tp : standard deviation in pressure(atm)

oy : standard deviation in vapor phase mole frac-
tion

¢ : fugacity coefficient of mixture

#F . fugacity coefficient of pure component i

é. : fugacity coefficient of component i in mix-

HWAHAK KONGHAK Vol. 26, No. 1, February 1988
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ture
: Pitzer's acentric factor
: coefficient associated with a, (T.) (=0.45724,
set for PR eq. of state)
2, . coefficient associated with by, (= 0.07780, set
for PR eq. of state)

0 e
®

Superscripts and Subscripts

c : critical property

cal : calculated

exp : experimental

E : excess property

1,2,i,j : component 1,2,i,j

ii, jj : pure component i,j

r : reduced

] : at infinite pressure

* . pure state
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