UOU Report Vol.17. No.1. pp.97~106. 1986 AT A7 4 15 pp. 97~106. 1986

3R REHBK A8 + = UNIQUAC o &3 BE&sA

P =1 B
s % ¥ 3 s
(1985. 9. 30 A )

' o2

B Gibbs il 12 o] E& kRS Soave-Redlich-Kwong kR R0l
UNIQUAC | AT fefiisbelel 8l & 21 sk eh, shelal ol ol g shebele =
As 2 HERA AL BAWY UM E RS d35k43 9 g 2 el adx deE—ERE
Ao st At goelulE s Snel A ﬂfﬁaaz] v,

F[:
-l
>
e
o
I
fru
i
K

AA2 o] iAoz stebyl 205k = & WA, dv—&, oM E—% 2 oA E—l e
o B H - Aghell A metd g4 A 3H o HHY 5 slgleh

The mixing rule with UNIQUAC applicable
to cubic equations of state
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{Abstract)

The mixing rule with excess Gibbs energy was introduced into SRK equation of state and
the interaction parameters of UNIQUAC were determined so as to reproduce vapor-liquid
equilibrium data. The parameters of paraffin systems are small enough to be neglected and the
parameters of other systems including polar components are large enough to change the fugacity
coefficients of these mixtures. In addition, the interaction parameters hardly depend on temperature
except for ethanol-water systems.

In fact, vapor-liquid equilibria for binary paraffin, propane-benzene, alcohol-water, acetone-
water, and acetone-methanol 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.

The general mixing rule The mixing rule using UNIQUAC eq.
No. e
a(k:;) a(Cyz, Ca) a(Ci, Ca)
Op Oy gp Ty agp gy
Ethane(1)-Propane(2)”
0. 257(8. 324) 0.018(0.019) 0. 157 0. 009
2 0. 328(3. 047) 0. 032(0. 028) 0.137 0.013
Propane(1)-Benzene(2)?
3 0. 304 0.011 0. 049 0. 009
Acetone(1)-Water(2)®
4 0. 415 0. 093 0. 054(0. 054) 0. 02000, 011) 0. 183 0. 051
5 0,977 0. 053 0. 084(0. 044) 0.017(0.011) 0. 111 0,015
6 1. 966 0. 045 0.179(0. 171) 0. 004(0. 011) 0. 359 0. 006
7 2. 806 0.044 0. 334(0. 274) 0.012(0.011) 1. 030 0. 015
Methanol(1)-Water(2)®
0.075 0. 027 0. 076 0. 030 0. 078 0. 036
0. 283 0. 021 0. 241 0.024 0. 291 0. 021
10 0. 577 0.011 0. 396 0.013 0. 634 0.013
Acetone(1)~Methanol(2)®
11 0. 097 0.014 0. 068 0. 020 0.081 0. 025
12 0. 285 0. 031 0. 103 0. 030 0.139 0. 030
13 1.122 0. 050 0. 602 0. 052 1. 170 0. 051
Ethanol(1)-Water(2)»
14 0. 162 0.017 0. 104 0. 007
15 0. 503 0. 016 0. 237 0. 006
16 1. 158 0.016 0.704 0. 011
17 1. 221 0. 023 0. 448 0.012
2-propanol(1)-Water(2)®
18 0. 503 0. 045 0. 093 0. 013 0. 102 0.013
19 1. 483 0.035 0.132 0. 007 0. 287 0. 009
20 1.772 0. 026 0. 190 0. 017 0.434 0. 015
21 1,942 0. 036 0. 185 0. 026 0. 463 0.024
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Table 2. Interaction parameters of the general mixing rule and the mixing rule
with excess Gibbs energy of UNIQUAC eq.

No. of Temp. Pressure The general rule The rule using UNIQUAC eq.
. °C
No.  data O range GIm) g, a(C1s Ca) a(Cu, Tu)
points ki Ci2 Ca (cm® atm mol-1)
Ethane(1)-Propane(2)”
1 13 48, 89 17 ~&1 —0. 0007 183. 65 375.34
2 9 71,11 27.2~50. 2 0. 0056 343.97 258. 76
Propane(1)-Benzene(2)”
3 15 104, 4 2. 7~43.5 0.0116 -13, 592 21,576
Acetone(1)-Water(2)®
4 22 100 1.1~ 3.6 —0. 2097 26,782 20,274 C2=22,564
5 17 150 4,9~11.4 —0. 1687 22,246 30,165 C21=29,080
6 25 200 15.8~30.1 —0.1351 19, 284 33,377
7 13 250 39. 9~66. —0. 0904 21,945 32,305
Methanol(1)-Water(2)®
16 100 1.0~ 3.3 —0.0922 —20, 355 47, 570 Co=—22,712
14 150 5.0~13.6 —0. 0805 —23, 588 63,721 Ca= 57,129
10 15 200 16. 1~38.9 —Q. 0787 —24,192 60, 096
Acetone(1)-Methanol(2)®
11 14 100 3.5~ 4.0 —(0. 0081 30,398 —11,692 Ci= 35,185
12 15 150 11,5~13.9 —0, 0041 42,778 —18,007 Co=—14,690
13 10 200 29.1~39.3 0. 0018 32,380 —14,372
Ethanol(1)-Water(2)¥
14 17 150 5.5~ 9,7 ~-0.0766 -2,631.8 40,062
15 17 200 17.7~29.1 -0,0725 —3,933.6 41,109
16 18 250 40. 3~70. 8 ~0,0674 —1,946.5 36,149
17 13 275 60, 6~99. 1 -0, 0707 —4,842,4 41,970
2-propanol(1)-Water(2)®
18 19 150 5.1~ 8.5 -0.1355 11,980 39,684 C2=11,920
19 18 200 18.2~25. 8 -~0.1215 14,084 37, 810 C2.=39, 637
20 16 250 42, 5~64. —0.1181 11,949 38,510
21 18 275 68, 1~91.7 -0, 1042 9,703.6 42,543
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RT.,
o, BT

interaction parameters in z;;

(=exp—-§5) of UNIQUAC eg.

(atm cm?® mol™1)
molar Gibbs Free energy
interaction parameter associated
with a
Soave slope parameter
number of components in mixture
or number of moles
number of experimental points
number of parameters
total pressure(atm)
pure-component area parameters in
UNIQUAC eq.
gas constant (=82.0562 atm cm?® K™*
mol™)
temperature(K)
molar volume (cm?® mol™)
liquid-phase mole fraction
vapor-phase mole fraction
compressibility factor
lattice coordination number in UNI-

QUAC eq.
Greek Letters

defined in eq. (3)

activity coefficient

deviation in pressure(atm)
deviation in vapor-phase mole fra-
ction

fugacity coefficient of mixture
fugacity coefficient of pure comp-
onent ¢

fugacity coefficient of component ¢
in mixture

Pitzer’s acentric factor

coefficient associated with a,(7.,)

(:"9(2;7];—__“1*)“, set for SRK eq. of

state)
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2, coefficient associated with &;;
2l/3 _— 1
<-—:—3-~, set for SRK eq. of state>

Superscripts and subscripts

c critical property
cal calculated
exp experimental
E excess property
1,2,7,j component 1,2,7,7
ii, jj  pure component Z,j
r reduced
- average
oo at infinite pressure
* pure state
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