HWAHAK KONGHAK Vol. 31, No.4, August, 1993, pp. 448-456
(Journal of the Korean Institute of Chemical Engineers)

— [
EEAP - 0|42 - ABY - UM - HOy7|* - 0|8B* - Mal$

aH sty §atyata)
*gh3a}ek7] 4 CFCH A7) & Al E
(1993 14¢ 30 A4, 1993y 44 13 )

A Study on Concentration of Ethanol Solution by Supercritical CO,

Jeong-Shik Cho**, Kyong-Rok Lee, Jong-Sung Lim, Jae-Duck Kim*,
Dae-Ki Choi*, Youn-Yong Lee* and Hai-Soo Chun

Department of Chemical Engineering, Kovea University
*CFC Alternatives Technology Center, KIST
(Received 30 January 1993; accepted 13 April 1993)

e ¢

ZYAFAART AN EFE AL A £ 7]+ circulation typed] 514}
OH-H,07 % CO"-C2H50H74]°11 g mgAEFAY S Tyl on, et es REER g5 A 210E
zApslgdch 2 A3t 4ol ete wEFEG AT 7]-of 244e] FFEEY) Hq 27, F 2 24 Al fHo)
CO,-C;H;0HA| 2] a1 A9t (P, ,,=0.1203T —29.44) o] 3}, o &b &~ AFh38]124 (894 mol%) o) 422 of
B2k 2o 7}5§e & o ik E olukgo] Bof i BEjAl U A fAd 2o oeke Ll s A
ZAbgh A3}, Patel-Teja AFelWAAlS o] &3te] &k AldlAl AP Yagror e o xg volx|yt
AP ZE FAR S Jepde o U

Sl

A A E o1 gsted COCHy

:10

Abstract—High pressure vapor-liquid equilibria for CO,-C,HsOH-H,0 and CO,-C;HsOH systems were meas-
ured using a circulation type of apparatus in which both vapor and liquid phase were continuously recircula-
ted. The conditions to obtain the high ethanol concentration were also investigated. It was possible to concen-
trate ethanol above the atmospheric ethanol-water azeotropic composition(89.4 mol%) when the system pres-
sure was below the critical pressure(P, ,»=0.1203T—~29.44) of CO,-C;H;OH system at which vapor-liquid
two phases were coexisted at the ethanol high concentration regime. In the relationships between separation
factor(ethanol to water) and ethanol solubility in the supercritical fluid phase, it was found that the calculated
values by Patel-Teja equation of state had some errors quantitively with the experimental data, but qualitively
represented the similar tendencies.
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Table 1. Measured VLE data(in mole fractions) for CO,-
C;HsOH-H,O system at 323.2K

Pressure Vapor phase Liquid phase

[MPH:] COg CZH5OH Hzo COg CgHsOH HzO
9.05 0.981 0.010 0.009 0038 0.132 0829
0.981 0013 0.006 0.131 0326 0.543

0981 0.014 0.005 0.248 0393 0.359

0976 0.021 0.003 0505 0381 0.114

0972 0.026 0.002 0.664 0296 0.040

0969 0.029 0002 0693 0.280 0.027

0966 0.032 0.002 0.707 0.269 0.024

105 0978 0012 0.010 0.029 0.067 0904
0960 0.028 0.012 0054 0.173 0.773

0944 0.043 0.013 0.130 0299 0.571

0932 0.054 0014 0211 0351 0438

0904 0077 0019 0353 0369 0.278

0.840 0.129 0.031 0537 0313 0.150

11.8 0975 0017 0.008 0032 0.070 0.898
0946 0.040 0014 0053 0.167 0.780

0923 0.059 0.018 0.130 0291 0.579

0904 0075 0021 0216 0343 0441

0.868 0.103 0.029 0348 0359 0.293

0.787 0163 0.050 0518 0312 0.169
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Table 2. Measured VLE data(in mole fractions) for CO;-
C,HsOH-H,O system at 333.2K

A - Hoh7] - o4 - Bal 5

Table 3. Measured VLE data(in mole fractions) for CO,-
C,HsOH-H,;O system at 343.2 K

Pressure Vapor phase Liquid phase Pressure Vapor phase Liquid phase
(MPa] CO» CH;OH H,0 CO, CHsOH HzO_ [MPa] CO, C,HiOH H,0 CO, CH;OH H,O
10.1 0984 0.009 0.007 0.028 0.079 0.893 11.3 0975 0.014 0011 0040 0.124 0.863
0975 0.016 0.009 0056 0.191 0.753 0969 0.020 0011 0.092 0.248 0.660
0972 0.019 0.009 0126 0316 0.558 0966 0.024 0010 0139 0317 0.544
0967 0.023 0010 0.174 0367 0459 0965 0.026 0.009 0.220 0.392 0.388
0968 0.024 0.008 0293 0416 0.291 0950 0.042 0.008 0466 0402 0.132
0962 0.032 0.006 0452 0413 0.135 0942 0.053 0005 0543 0395 0.062
0960 0.036 0004 0564 0.370 0.066 0933 0.063 0.004 0584 0376 0.040
0958 0.040 0002 0618 0347 0.035 0930 0.067 0.003 0.622 0.357 0.021
0954 0.044 0002 0622 0350 0.028 11.8 0970 0.018 0012 0.041 0.121 0.838
10.5 0973 0016 0011 0.036 0.133 0.831 0957 0.030 0.013 0.099 0265 0.636
0969 0021 0010 0.088 0249 0.663 0951 0.037 0012 0272 0372 0.356
0969 0.023 0008 0.137 0311 0.552 0.927 0062 0.011 0513 0363 0.124
0968 0.024 0008 0.246 0378 0.376 0907 0.085 0.009 0638 0307 0.055
0953 0.040 0.007 0499 0374 0.127 0876 0.115 0009 0.709 0256 0.035
0.938 0.057 0.005 0633 0313 0.054 0.853 0.141 0006 0.753 0230 0.017
0.937 0.059 0.003 0706 0.265 0.029 14.2 0961 0025 0014 0034 0075 0.891
0925 0072 0003 0.720 0.259 0.021 0935 0.044 0021 0054 0.176 0.770
11.8 0965 0023 0012 0034 0103 0.863 0920 0.059 0021 0.150 0284 0.566
0953 0.035 0012 0065 0.202 0.733 0906 0072 0023 0.236 0342 0422
0944 0043 0.013 0137 0295 0.568 0.867 0.102 0031 0.388 0351 0.261
0933 0052 0015 0225 0350 0425 0812 0.146 0042 0.526 0306 0.168
0911 0071 0018 0357 0371 0272 185 0920 0.046 0.034 0.040 0.099 0.861
0.888 0.090 0.022 0453 0355 0.192 0.890 0.068 0.042 0.062 0.164 0.774
14.2 0966 0.022 0.012 0030 0.067 0.903 0.855 0.102 0.043 0.162 0279 0.559
0924 0054 0.022 0062 0.185 0.753 0.822 0.127 0.051 0.271 0310 0419
0901 0073 0026 0141 0298 0.561 0699 0.204 0.097 0469 0.293 0238
0.884 0.087 0.028 0209 0341 0450
0.829 0.130 0.041 0373 0351 0.276
0.718 0.207 0.075 0.558 0.280 0.162 Lo
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Fig. 3. Variation of ethanol concentration between vapor
phase(CO; free basis) and liquid phase(CO; free
basis) at 323.2K.
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Fig. 5. Variation of ethanol concentration between vapor
phase(CO, free basis) and liquid phase(CO, free
basis) at 343.2 K.
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Fig. 6. Phase equilibria for CO;-C;H;0H-H;O system at
343.2 K/14.2 MPa.
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Fig. 7. Phase equilibria for CO,-C;H;OH-H,O system at
343.2 K/11.8 MPa.
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Fig. 8. Vapor-liquid equilibria for CO,-C;HsOH system
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Table 4. Experimental VLE data for CO,-C;HsOH sys-
tem at 343.2K

Mole fraction

?;;;Zgre Vapor phase Liquid phase
CO, C,H:OH C0O, C,HsOH
9.0 0968 0.032 0421 0579
105 0.950  0.050 0.550  0.450
11.5 0906  0.094 0691 0.309
11.56 0.895 0.105 0.708  0.292
11.64 0.893 0.107 0.718 0.282
11.70 0.877 0123 0.738  0.262
11.75 0.873  0.127 0.743 0257
11.80 0865  0.135 0.762 0238
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Table 5. The critical pressure for CO;-C;HsOH mixture
at various temperature

ot constant temp.

CaHsOH

TLK] P.[MPa] References
304.2 ca. 7.22 Takishima et al. [9] plait point
308.2 ca. 767 Takishima et al. [9]
3111 793 Baker and Anderson [17] Hel Ca.
3132 ca. 8.1 Cho et al. [14]
3139 8.27 Baker and Anderson [17]
31838 8.96 Baker and Anderson [17] P=p
3210 9.27 Baker and Anderson [17] e
323.2 ca 93 Cho et al. [14] (COe~ CaOK rixture )
3332 ca. 106 Cho et al. [14] P
343.2 ca. 11.9 This work
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Table 6. Measured VLE data(in mole fractions) for CO,-C;H:OH-H,O system

Temperature Pressure Vapor phase Liquid phase .

(K] [MPal €0, CHOH HO Co. GHOH H0 ¢ ™
308.2 7.05 0.986 0.013 0.001 0.814 0.163 0.023 0876 1.83
313.2 7.60 0.976 0.022 0.002 0.673 0.294 0.033 0899 1.23
323.2 8.10 0.988 0.011 0.001 0.460 0.484 0056 0896 127

9.05 0.972 0.026 0.002 0.664 0.296 0040 0881 176

3332 10.10 0.958 0.040 0.002 0.618 0.347 0035 0908 202
10.50 0.937 0.050 0.003 0.706 0.265 0029 0901 215

3432 11.30 0.933 0.063 0.004 0.584 0.376 0040 0904 168
11.80 0.876 0.115 0.009 0.709 0.256 0.035 0.880 175
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Table 7. Measured VLE data(in mole fractions) for CO,-C;HsOH-H,O system at feed concentration of 40 wt%

Temperature Pressure Vapor phase Liquid phase N
[K] (MPa] ~ CO, CHOH H0 CO, CHOH HO * *
3132 7.9 0.989 0.006 0.005 0.051 0.195 0.754 0.205 4.6
10.1 0.948 0.041 0.011 0.054 0.187 0.759 0.198 151
14.2 0.921 0.051 0.016 0.058 0.179 0763 0190 136
18.5 0.921 0.058 0.021 0.062 0.176 0.762 0188 120
3332 10.1 0.975 0.016 0.009 0.056 0.191 0.753  0.202 7.0
14.2 0.924 0.053 0.028 0.063 0.183 0.745  0.195 94
185 0.896 (.068 0.036 0.064 0.180 0.756  0.192 7.9
*CQ, free concentration.
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Fig. 10. Relationship between separation factor and etha-
nol solubility at feed concentration of 40 wt%.
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P= vR—Tb - v(v+b)ic(VAb) (A1)
a=0,(R*T*/P)a(T,) (A-2)
b=6,RT./P, (A-3)
c=0RT/P (A-4)
0,=36°+3(1—26)0,+ 0+ 1—3E (A-5)
05+ (2-38)0,2 + 3620, ~ £3=0 (A-6)
0.=1-3¢ (A7)
«(T) =[1+F(1- T, (A-8)
T,=T/T, (A-9)
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an=ZZ xxa;  4i=(3a)" (A-10)
% == X0,/ (2 XeMer) (A-1D)
=exp{ — (A~ X:)/RT} (A-12)
b, =Z x,b; (A-13)
Cn=Z X (A-14)
o714 x,& B2 i FHo gle B3¢ FYEEE
o, 24 ¥4k x 2H-g-u}ejn|E) = Cho 52 B.u[14]
N gk g ARgEkdch
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a : parameter of P-T EOS defined by eq. (A-2)
[J/em®]
b : parameter of P-T EOS defined by eq. (A-3)
[em?]
c : parameter of P-T EOS defined by eq. (A-4)
Lem?]
F : model parameter in eq. (A-8) [—]
P : total pressure [MPa]
R : universal gas constant [J/K - mol]
T . :temperature [K]
X :mole fraction in liquid phase [—]
y : mole fraction in vapor phase [ — ]
v : molar volume [cm*/mol]
ax  : separation factor of ethanol to water [—]
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: parameter in P-T EOS [ ]
: binary parameter for the i-j mixture [—]

: interaction energy between i and j molecules
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10.

11.

12.

13.

14.

15.

: CO, free basis

: critical properties

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

: properties of CQO.

: properties of C,HsOH

: properties of H,O
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