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Abstract— Using a circulation-type apparatus, equilibrium compositions of a superceritical CO,-C.H{OH-H,O system un-
der the conditions of 50 °C and 101-178 bar were measured experimentally and were compared with the values predicted by
the Peng-Robinson equation-of-state. In applying PR-EQS, a new mixing rule including a new adjustable parameter g(g,, €,
i) was proposed and the equilibrium compositions predicted using the & were compared with the results based on the con-
ventional mixing rule. Equilibrium compositions computed by using the parameter € agreed with the experimental data
within 4% AAD. It was found that the prediction by the newly developed procedure was quite salisfactory for the su-
pereritical fluid phase. resulting in 1.5 %% AAD. From the experimental observations, an empirical correlation of £ with tem-
perature was proposed which may be applicable tor the operating conditions between 40-60) °C and 101-185 bar.
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Fig. 1. Comparison of experimental and calculated vapor-liquid equi-
librium data of CO,-C,H,OH system at 304 K.
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Fig. 2. Schematic diagram of experimental apparatus.
1. Equilibrium cell 8. Gas chromatograph
. Carbon dioxide cylinder 9. Three way valve
. Liquid feed inlet
. Fluid sampling valve
. Liquid sampling valve
. Pressure gauge
. Thermocouple

10. High pressure pump
11. Back pressure regulator
12. Cooling bath

13. Water bath
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Fig. 3. Comparison of experimental data at 50 °C.
2 Lim[10], 101 bar, - Lim[10]. 105 bar, .".
® This work, 103 bar.

Furuta[23]. 101 har,

Table 1. Equilibrium compositions in weight fraction for CO,-C,H.-
OH-H,0 system at 50 °C

Pressure Feed composition(wt% EtOH, CO -frec)
Phase  Comp.

(bar) 20 40 60 30
103 Fluid CO. 09799 09535 09389 (18829
CHOH 00175 00432 00575 (L1109
H.O 0.0026 0.0033 0.0036 0.0062
Liquid  CO. .0609 0.0961 0.1830 0.3891
C,H.OH (.0950 .2537 01.4285 04719
H.O 0.6441 0.6502 (1.388S 0.1390
151 Fluid CO. 0.6567 (19238 O.8812 01.8044
C.H.OH 0.G392 0.0701 0.1106 01788
H.O 0.0041 (LOV6] 0.0082 rL0]68
Liquid  CO, 0.0643 0.0819 0.1656 0.3848
C,H:OH 0.1174 0.2184 0.3832 4411
H.O (.8183 0.6997 0.4512 0.1741
178 Fluid CO. (1.9536 09214 (18598 0.7841
C.,H.OH (1.0420 0.0729 0.1274 0.1947
H.O 0.0044 0.0057 0.0128 0.0212
Liqud CO, 0.0739 (L0868 0.1588 0.3876
C.H.OH 0.1053 (1.1995 0.3652 0.4300
H.,O 0.8208 0.7137 0.4760 0.1824

3teboal ool gl eof Wel=

0.850<¢<1.200
0.850<Cg, < 1.200
0.850< g, < 1.200
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Table 2. Parameter € and %AAD
T(°C) P(bar) £ £, £y %AAD Equil. data
40 101 0.951 1.030 .16t 1.178 {21}
142 0.954 1.032 1.165 1.740
185 0.960 1.039 1.178 2.269
50 103 0.951 0.987 1.132 3.703 This work
151 0.958 0.996 1.135 3.751
178 0.935¢ 1.001 1.134 4.554
60 101 0.92% 1.006 1.136 1.416 [21}
142 0.952 1.003 1.143 1.623
185 0.958 1.016 1.153 1.563
Table 3. Comparison of average absolute deviations at 50 °C
wit %AAD
C.H.OH Liquid phase SCF phase Overall*
(bar) .
(CO-ree) € k, 13 k, 3 k,
103 30 1485 3355 0960 11.167  1.222  7.261
6l 7.735 13.091 0705 5.084 4.22 9.087
40 8597 13566 1.598 3123 5008  8.345
20 8.024 2 277 0.520 0.675 4272 1476
Average 6505 8072 0946 5.012 3703 6.542
151 80 2737 12,692 1950 15250 2343 13971
60 7.132 24682  1.566 9.729 4349 17.205
40 6.815 144860  1.178 2967 3997 K727
20 7.604 1405 1.058 2155 4336 1.780
Average 6.075 13316 1438 7525 3751 10421
178 80 2879 16362 4136 14.897  3.508 15030
60) 6.937 29523 L.S16 11.250 4227 20.386
40 84200 10,708  1.743 2873 5081  6.790
20 9430 3587 1367 2604 5399 3096
Average 6.917 15045 2191 7906 4554 11.476
Average 6499 12144 1.525 6814 4.003  9.480

* Arithmetic mean value of %AAD between liquid and SCF phase.
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and by Eq. (4) for mixtures

b : constant of PR-EOS(1). defined by Eq. (3) for pure component
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F : parameter

k, : binary interaction parameter
N : number of data points

P : pressure
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