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Abstract—High pressure vapor-liquid equilibria for CO,-C;HsOH-H,0 system were measured at two temper-
atures of 3132 K and 333.2 K using a circulation type of apparatus in which both vapor and liquid phase
were continuously recirculated over a pressure range from 7.9 MPa to 185 MPa. The ethanol concentration
in feed varied from 20 wt% to 70 wt%(CO, free basis). The Patel-Teja Equation of State with Adachi-Sugie
mixing rule predicted the experimental data better than the same equation of state with Wilson type mixing
rule and Group Contribution Equation of State, but could not accurately represent the behavior of the separa-
tion factor and distribution coefficient.
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Fig. 1. Phase equilibria for CO,-C;H;OH-H,O system.

Table 1. Measured VLE data(in mole fractions) for CO,-
C;HsOH-H,O system at 313.2K

Ethanol
. Pressure
in feed

rwa)r MPA O, GH,OH H0 €O CHsOH H,0
20 10.1 0978 0.015 0.007 0.027 0.082 0.881
142 0973 0.019 0.008 0.032 0.071 0.897
185 0969 0.022 0.009 0.038 0.068 0.894
40 79 0989 0.006 0005 0.051 0.195 0.754
10.1 0948 0.041 0.011 0.054 0.187 0.759
142 0921 0.051 0016 0.058 0.179 0.763
185 0921 0.058 0.021 0.062 0.176 0.762
60 79 0986 0.009 0005 0.119 0313 0.568
10.1 0923 0060 0.017 0.123 0.307 0.570
142 0.895 0080 0.025 0.128 0.300 0.572
185 0.879 0.092 0.029 0.136 0.294 0.570
70 79 0987 0.009 0004 0202 0.378 0.420
101 0907 0.073 0.020 0.188 0.350 0.462
142 0876 0.095 0.029 0.193 0.341 0.466
185 0.861 0.106 0.033 0.190 0.330 0.480

*CO; free concentrations

Vapor phase Liquid phase
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Table 2. Measured VLE data(in mole fractions) for CO,-
C;Hs;OH-H;O system at 333.2K

Ethanol

Vapor phase Liquid phase

rweals P €O, GHOH H0  COp CpH:OH H,0

20 10.1 0984 0.009 0.007 0.028 0.079 0.893
142 0966 0.022 0.012 0.030 0.067 0.903
185 0960 0.027 0.013 0.032 0.063 0.905
40 101 0.975 0.016 0.009 0.056 0.191 0.753
142 0918 0.054 0.028 0.062 0.185 0.753
185 0.895 0.069 0.036 0.064 0.178 0.757
60 101 0972 0.019 0.009 0.126 0.316 0.558
142 0901 0.073 0.026 0.141 0.298 0.561
185 0.859 0.101 0.040 0.150 0.288 0.562
70 10.1  0.967 0.023 0.010 0.174 0.367 0.459
142 0.884 0.087 0.028 0.209 0.341 0.450
185 0.816 0.133 0.051 0263 0.331 0.406
*CO, free concentrations
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Fig. 2. Comparison of calculated and experimental VLE

data for the system C,H;OH-H,O.
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Table 3. Values of binary parameters at 313.2K and 333.2K
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“Cho et al.[6], *Wiebe and Gaddy[6], ‘DECHEMA[10]

Table 4. Comparison of calculated VLE results by means of Patel-Teja EOS with the Adachi-Sugie mixing rule and

the Wilson type mixing rule

Mixing Average absolute deviation? RMSE?
rule AXl AXQ AX;; AY1 AY2 AY3

A-S 0.2059 0.0847 0.0374 0.0305 0.2170 0.6442 0.3166
Wilson 2.3237 0.1555 0.2085 0.0355 0.7175 0.5128 1.0561

¢ Ax=Z{ [xP%— x| x *} /No. of data
Ay=ZX{|yP—yLa |y} /No. of data

PRMSE=[Z{ (Ax)?+ (Ax2)?+ (Ax3) 2+ (Ay1) 2+ (Ayz) 2+ (Ay;)?} /Total no. of data]®®

3|55t H29H M43 199149 83
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Table 5. Comparison of calculated VLE results by means
of GC EOS and the Patel-Teja EOS with the
Adachi-Sugie mixing rule

Average absolute deviation®
EOS b
Axi  Ax; Axs Ayi Ay Ay RMSE
GC  0.1499 0.0284 0.0060 0.0103 0.4845 0.3755 0.1053
P-T 0.1903 0.0086 0.0066 0.0059 0.1012 0.3898 0.0743

?and ®same definitions as Table 4
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Fig. 5. Cmparison of claculated and experimental VLE
data for the system CO,-C;H;OH-H?O.
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NOMENCLATURE
a : model parameter defined by eq. (1a) [J/cm?®]
b : model parameter defined by eq. (1b) [cm?]
c : model parameter defined by eq. (1¢) [cm®]
F : model parameter in eq. (1g) [-]
K - distribution coefficient [-]
l;, m; :binary parameters for the i-j mixture [-]
P : pressure [MPa]
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: gas constant [J/K-mol]

: temperature [K]

: molar volume [cm®/mol]

: mole fraction of liquid phase [-]

: mole fraction of vapor phase [-]

: separation factor [-]

: parameter in the Patel-Teja equation of state
[-]

: binary parameter for the i-j mixture [-]

: interaction energy between i and j molecules

]

Subscripts

C

i k

m

1
2
3

: critical properties

: properties of components i, j and k
: properties of mixture

: properties of CO;

: properties of C,H;OH

: properties of H,0O

Superscript

: CO, free basis
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