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Abstract—High pressure vapor-liquid equilibria for CO,-C,H;OH system were measured at three tem-
peratures of 313.2K, 323.2K and 333.2K using a circulation type of apparatus in which both vapor
and liquid phase were continuously recirculated over a pressure range from ca. 5 MPa up to near mixture
critical point.

The critical pressures of the mixtures were about 8.1 MPa, 9.3 MPa and 10.6 MPa at the three temper-
atures, respectively. This result shows that the temperature increases with the critical pressure of
the mixture. The high pressure vapor-liquid equilibrium data for C0.-C;H;0H and CO»-H;O systems
were satisfactorily correlated by applying the Patel-Teja equation of state with the Adachi-Sugie mixing
rule.
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1. Equilibrium cell 9-13. Three-way valve
2. Duplex high pressure pump 14-16. Two-way valve

3. Gas sampling valve 17. CO; cylinder

4. Liquid sampling valve 18. Check valve

5. Pressure generator 19. Line filter

6. Pressure gauge 20. Gas chromatography
7. Rupture 21. Helium gas

8. Thermocouple 22. Liquid reservoir

Fig. 1. Schematic diagram of experimental apparatus.
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Fig. 2. Comparison of VLE data for CO,-H,0 system
obtained from this work and Wiebe.

a2 ZE COE 7HAlAlch 43 cello] Yshe
H-27hA] Abshd o] Abstet 4 F4]%-2] valve(14) £
3 v} pressure generator(5)E system?] 9t
dals qrEo s Mis) wach exe) qreo] M

23 2w valve(9) & zAstel ool 7+ A

N 1o g afo m\rt 2

4
3t lines F 709 heads 2t b Z(2)e] A2
shin, F 47ke] o] Gurs] o) FoiA WA Hol
e F Qw39 cell | 2 AbY) BES £
A7)k,

AT of 1417 F7E o) 108 2oz 74
29 A4ARE GC FH3le] 2L 2gho] £5d

N

ola} 3 Ate) 7kA] dx|stw Heo =iy HFE}
ich Hol] TeHgh & o 4} sampling valve(4) 2} 7] 4}
sampling valve(3)oll 9 7+ 4ke] 2 8F 43 s}o],
porapak Q7} %1%l stainless steelZ+21 (OD 1/8” X 350
cm) g o443 TCD 7t~z 2ole 2= (20) 2 7t

#4shsleh

=

o
Ag =

2-3. AR

Ao 214e A EE COx 999 mol%, CH:OH=
SARERA )AL AE L2 GCol o8k #47H Merk
A AEINE) 995 voloes] =M W] HAl 9]
of Az Abgslgon] e AHg-ahodet.

Zz=Z 2
I T &

3. ZAnt ¥ AE
= A dofH Hre] AWAE Al

HWAHAK KONGHAK Vol 29, No. 1, February, 1991



114

80f[
! CO,-C.H;OH
i T=3082K
751 °
< L
ja Y L
=
8‘ [ )
5 wwﬂﬁ/xf
g
=70t
OCOOO Exp.(Takishima et al.)
0000® :xp.(This work)
6500 U e s
70 80 90 100
Mole percentage of CO,
Fig. 3. Comparison of VLE data for CO,-C,H;OH sys-

tem obtained from this work and Takishima et
al.

2}sled 323.2 Kol 4 CO,-
H:OHA| o] A38&

H,O# % 308.2 Kell 4 CO,-Cy-
=7} &lo] Wiebe[ 10], Takishima
50819 F-&l=e} 7t7h wlwsielc) 2 AaE Fig 29}
3ol Zhzk el A3 A9k B 7L & dxsta
oF 4 olch whepd B ool 4 Alg-gt
2 Eagel da4el selssick
3132 K, 323.2 K, 333.2 Kol 4
¥ CO,-CH,OH#A 2] 7] 3 8] %)
Twml‘QF@4ﬂ1+qmﬁq-ﬂ
glo] 2-3vi o) ubE-413lS aislgl o] ol Aol &
2yEge AEARI} 0002 714
uejek U )4

[« 3K+l
ASS g
]

ol
s

5=
z

L/gaa 7re

-
o
=
~
el

ek = Xl S7bsbeE EgHEe
7dsldar, 7 e uhE EghEo)
Kell 4] 8.1 MPa, 323.2 Kol 4] 9.3 MPa, 333.2
MPa A=<l 7128 ZA =i}

E Ao A Foix CO.-C.H:OHA % Wiebe[ 1017}
238 CO-H,0A2] 71y xp5 & Patel-Tejal6] 3
e A (olat P-TA R A 7 AAA|A B
gkl P-TA& CO., CH:OH, HO %, &A% x3}
2425 o &sh=dl 3219 van der Waals3 o] t}&
AeigtA Ao} 453 ¢ A3E el 4}
Aol ghsix 9low(8,9], vhg} o] F

]’4 10.6

sjsiZst

Hi29H 15 199144 28

Table 1. Experimental VLE data for the system CO,-
C;H;OH at 313.2K, 323.2K and 333.2K
Mole fraction, —
Vapor phase Liquid phase

Pressure, MPa

CO, CHOH CO, C,Hs;OH
T=3132K
6.35 0.985 0.015 0.427 0.573
6.83 0.983 0.017 0.500 0.500
7.38 0.984 0.016 0.641 0.359
7.65 0.986 0.014 0.766 0.234
777 0.984 0.016 0.842 0.158
7.86 0.983 0.017 0.895 0.105
8.03 0.978 0.022 0.950 0.050
T=3232K
5.30 0.985 0.015 0.266 0.734
6.47 0.973 0.027 0.342 0.658
7.40 0.986 0.014 0433 0.567
8.20 0.973 0.027 0.537 0.463
9.10 0.963 0.037 0.748 0.252
9.18 0.952 0.048 0.850 0.150
9.24 0.944 0.056 0.876 0.124
T=3332K
8.20 0.962 0.038 0412 0.588
9.10 0.966 0.034 0.507 0.493
10.05 0.954 0.046 0.653 0.347
10.30 0.935 0.065 0.721 0.279
10.37 0.930 0.070 0.730 0.270
10.48 0.906 0.094 0.782 0.218
10.53 0.896 0.104 0.806 0.194
_ RT a
b= v—b vlv+b)+clo—b) &
a=8,(R*T4/P.)a(Tr) (1a)
b=0,RT./P, (1b)
c=06.RT./P, (1c)
0,=3C2+3(1—20)6,+6,2+1- 3 (1d)
0,°+ (2—30)0,2+3820,— £*=0 (1e)
8,=1-3¢ (1)
a(T,)=[1+FQ~-T,") 7 (1g)
T,=T/T. (1h)
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Fig. 4. Experimental VLE data for system CO,-C;Hs
-OH at 313.2K, 323.2K and 333.2K.
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Table 2. Fitting accuracies and binary interaction parameters for CQ,-C;H;OH and CO;-H,O systems

System Temperature Binary parameter AAD%
K { 12 my2 Ax Ay
CO.(1)-C,H;OH(2)* 304.2° 0.083 0 23.28 15.88
3132 0.087 ~0.001 26.12 24.96
0.083 0 25.71 26.06
323.2 0.093 —0.001 2040 24.78
0.090 0 20.01 26.22
3332 0.080 ~0.005 452 3342
0.070 0 6.18 36.45
CO,(1)-H,0(2)? 304.2 0.042 0.175 0.05 12.08
—0.116 0 0.05 843.68
3232 0.062 0.175 0.07 1342
—0.098 0 0.06 323.94

@ Ax=Z{|x % — x| /x "} X 100/No. of data
Ay=Z{yPel — y, 5| fx Pt} X 100/No. of data

¥ Data from this work, except where noted.

“ Data from Takishima et al.[8]

4 Data from Wiebe[8]
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APPENDIX
i v (onb,,/on)RT
In <P =RTIn o—b. + o—b, RTInZ
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Z=Puv/RT (A-2)
a=—(b,+c.t0)/2 (A-3)
B=—(butc,t0)/2 (A-4)
0= {(by =+ Cu) 2+ 4bpcm} (A-5)
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NOMENCLATURE
a : model parameter defined by eq.(la) [J/cm®]
b : model parameter defined by eq.(1b) [cm®]
c : model parameter defined by eq.(1c) [cm?®]
F : model parameter in eq.(1g) [-]
f : fugacity [MPs]
l;, m; : binary parameters for the i-j mixture (-]
n : mole number [mol]
P : pressure [MPa]
R : gas constant [J/K-mol]
T : temperature [K]
v : molar volume[ cm®/mol]
X : mole fraction of liquid phase [-]
y : mole fraction of vapor phase [-]
Z : compressibility factor [-]
¢ : parameter in the Patel-Teja equation of state
-]
Subscripts
c : critical properties
1, ],k :properties of components i,j and k
m : properties of mixture
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