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Solubility of Carbon Dioxide in Phenol and in Catechol 
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Department of Chemical Engineering, National Cheng Kung lJnivers&, Tainan, Taiwan 70 10 1, ROC 

The rdublllty of carbon dloxlde In phenol and catechol 
has been measured In a semlflow vapor-llquld equlllbrlum 
apparatus over the temperature range from 75 to 150 OC 
for Codphenol and from 125 to 200 OC for CO,/cakchol 
at pressures up to 50 atm. Henry's consiant and the 
parilal molar volume at lnflnlte dllutlon are determined 
from the rolubllky data. 

Introductlon 

Vapor-liquid equilibrium (VLE) data are an essential element 
in the design and development of some industrial processes. 
The solubilities of carbon dioxide in aromatic solvents are of 
interest in a number of industrial processes, including processing 
of petroleum products, production of coal liquids, and enhanced 
oil recovery operations. The work presented here is part of our 
continuing studies on the phase behavior of carbon dioxide in 
n-tetracosane and in ndotriacontane ( 7 )  and carbon dioxide 
in phenanthrene and in pyrene (2). In  the present study, the 
solubilities of carbon dioxide in phenol and in catechol at tem- 
peratures ranging from 75 to 150 OC and from 125 to 200 OC, 
respectively, and pressures from 10 to 50 atm have been 
measured. Henry's constant and the partial molar volume at 
infinite dilution of the dissolved gas are obtained by fitting the 
Krlchevsky-Ilinskaya equation (3) to the data. 

Experimental Sectlon 

A semiflow vapor-liquid equilibrium apparatus is used for the 
measurement of gas solubility in this work. The experimental 
facilities and sampling procedure have been described else- 
where (4). Briefly, in the course of an experiment, the molten 
aromatic solvent was kept in a presaturator and an equilibrium 
cell, which were housed in series in a thermostated nitrogen 
bath. Carbon dioxide from a high-pressure cyllnder continuously 
passed through these two cells. Upon saturation, the sample 
in the equilibrium cell was withdrawn, reduced In pressure, and 
collected In a trap. The collected aromatic Wen t  was weighed 
with an analytical balance, and the liberated gas from the trap 
was measured volumetrically in a buret for the liquid phase and 
in a wet test meter for the gas phase. The temperature of the 
equilibrium cell was measured to an accuracy of 0.2 OC by a 
type J thermocouple inserted in the equilibrium cell. Pressure 
was measured by a Heise gauge to f1.5 psi. 

M8tdak. The purity of carbon dioxide used in this work is 
99.5+ mol %. Phenol was purchased from Wako Pure 
Chemical Industries, Ltd., and catechol from Aidrich Chemical 
Co., Inc., with a minimum purity of 99 mol %. The chemicals 
were used without further purification. 

Results 

Table I presents vapor-liquid equilibrium data for carbon 
dioxide with phenol at four temperatures: 75, 100, 125, and 
150 'C. Table I1  presents vapor-liquid equilibrlum data for 
carbon dioxide with catechol at four temperatures: 125, 150, 
175, and 200 OC. At each temperature, five pressures (10,20, 
30, 40, and 50 atm) were investigated for all systems. The 
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Table I. VLE Data for the Carbon Dioxide-Phenol System 
T, O C  P, atm x2 Y2 K 

75 10 0.0311 0.9985 32.09 
20 0.0644 0.9991 15.51 
30 0.0925 0.9992 10.80 
40 0.1220 0.9992 8.191 
50 0.1535 0.9991 6.510 

100 10 0.0227 0.9939 43.75 
20 0.0520 0.9965 19.15 
30 0.0762 0.9976 13.08 
40 0.1016 0.9975 9.823 
50 0.1292 0.9966 7.711 

125 10 0.0226 0.9851 43.53 
20 0.0456 0.9919 21.74 
30 0.0666 0.9929 14.92 
40 0.0887 0.9935 11.21 
50 0.1069 0.9924 9.282 

150 10 0.0209 0.9603 46.01 
20 0.0411 0.9786 23.83 
30 0.0604 0.9844 16.30 
40 0.0799 0.9870 12.35 
50 0.?010 0.9885 9.788 

Table 11. VLE Data for the Carbon DioxideCatechol 
System 

T, "C P, atm 3c2 Y2 K 
125 10 0.0152 0.9969 65.76 

20 
30 
40 
50 

150 10 
20 
30 
40 
50 

175 10 
20 
30 
40 
50 

200 10 
20 
30 
40 
50 

0.0304 
0.0444 
0.0594 
0.0716 
0.0130 
0.0260 
0.0397 
0.0528 
0.0655 
0.0123 
0.0258 
0.0378 
0.0508 
0.0625 
0.0116 
0.0244 
0.0367 
0.0486 
0.0605 

0.9981 
0.9985 
0.9984 
0.9986 
0.9939 
0.9967 
0.9975 
0.9975 
0.9979 
0.9875 
0.9925 
0.9947 
0.9957 
0.9962 
0.9772 
0.9886 
0.9896 
0.9921 
0.9937 

32.82 
22.50 
16.81 
13.94 
76.69 
38.33 
25.13 
18.90 
15.24 
80.35 
38.54 
26.31 
19.61 
15.94 
84.02 
40.48 
26.94 
20.41 
16.42 

reported data were the average values of at least four replicate 
samples at each experimental condition. The samples were 
generally reproducible within 2% in the mole fraction of carbon 
dioxide for the liquid phase and 0.05% for the vapor phase. K 
values of carbon dioxide listed in Tables I and I1  were calcu- 
lated from the average values of x and y according to the 
definltbn K = y / x .  I t  can be seen that the solubility of carbon 
dioxide increases with pressure and decreases with rising tem- 
perature under the conditions of the experiment. 

Cwrdafkn. As was the case for our previously measured 
solubility of carbon dioxide in the paraffinic ( 7 )  and aromatic (2) 
sokents, the present data may be represented adequately by 
the modiRed Soeve equation (5) with one interaction parameter. 
For the modified Soave equation, the specific relations are 

RT a p = - - -  
v - b  v(v+ b) 

where 
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Table 111. Critical Properties and Acentric Factors Used in 
the Eauation of State 

substance T,, K Pc, atm w ref 
carbon dioxide 304.1 72.8 0.239 6 
phenol 694.2 60.5 0.438 6 
catechol 772.2 77.7 0.641 7-9 

Table IV. Correlation of VLE Data with the Modified 
Soave Equation 

T, Prange, data 
solvent OC atm D ~ S  k;; APIP, % A.Y X 10' 

phenol 75 
100 
125 
150 

catechol 125 
150 
175 
200 

10-50 
10-50 
10-50 
10-50 
10-50 
10-50 
10-50 
10-50 

0.0753 
0.0772 
0.0719 
0.0631 

-0.0377 
-0.0399 
-0.0541 
-0.0653 

1.69 
4.42 
0.90 
1.28 
0.85 
2.05 
1.58 
1.57 

2.24 
5.15 

13.08 
20.76 
12.35 
12.10 
8.46 

25.27 

Table V. Thermodynamic Parameters for Carbon Dioxide 
Solubility 

solvent T, "C Hz, atm A, J/mol uzm, cm3/mol 
phenol 75 326 1347 45.3 

100 379 1465 48.6 
125 430 1531 52.1 
150 467 1597 56.3 

catechol 125 637 1762 43.3 
150 721 1877 45.6 
175 765 1887 48.1 
200 797 1960 51.2 

b = c z l  b, 
I 

a,, = (a, au)0.5(1 - k,,) (4) 

ai = 0 . 4 2 7 4 8 ~ ~ ~  R 2 T c i 2 / P C l  (5) 

b, = 0.08664RTc,/Pci 

a, = [ 1  + m,(l - T,,0.5)]2 

m, = 0.48508 + 1.551710~- 0.156130,~ (8) 

The critical data and acentric factors of carbon dioxide and 
phenol requked in the equations were taken from the property 
data bank of Reid et ai. (6). The critical temperature and 
pressure of catechol were calculated by means of the Ambrose 
method (7, 8).  The acentric factor of catechol was estimated 
by the Lee-Kesler correlations (9). Those critical data and 
acentric factors are listed in Table 111. The optimum values 
of k! were determined by minimizing the bubble pressure var- 
iance. 

The calculated resub wlth the optimum values of kt for each 
isotherm are listed In Table IV.  For the majority of isotherms, 
the calculated bubble pressures agree with experimental data 
within 4% on the average. Figures 1 and 2 show the corn- 
parlsons of calculated and experimental solubilities of carbon 
dioxide In the two aromatic solvents studied, respectively. I t  
can be seen that the calculated results are In agreement with 
experimental data over the entire temperatwe and pressure 
ranges of data. 

Henry's constant and the partial molar volume at Infinite di- 
lutbn are determined by fitting the Krichevsky-Ilinskaya equa- 
tion (3) to the data. The equation is 

In ( f , / x , )  = In H, + A(x12 - l ) / R T  + P,"(P- P l * ) / R T  

When the Krichevsky-Ilinskaya equation and the modified 

(9) 

0 75 OC 
0 100 O C  
A 125 OC 

0 10 20 30 40 50 60 
P,atm 

Flgwo 1. Comparison of calculated solubllity of carbon dioxide In 
phenol wlth experimental data. 

0 125 O C  
0 150 :C 

0.08 
0 200 O C  

X 

0.04 

0.02 

0.00 
0 10 20 90 40 50 60 

P,atm 
Flguro 2. Comparison of calculated sokrbHity of carbon dioxide In 
catechol with experimental data. 

Soave equation are combined, Henry's constant, the partial 
molar volume at Infinite dilutbn, and the Margules parameter 
can be calculated (70). The expressbns of the three param 
eters can be derived from the modified Soave equation ac- 
cording to the following relations: 

RT a 
2 ax ,  

A = - - -(in aZL + in P),,, 

When the optimum values of ku In Table I V  are substituted 
into these expressions, the three Krichevsky-Ilnskaya param- 
eters are obtained. The resulting parameters are kted In Table 
V. The values of all parameters Increase wlth temperature. 

Q b r Y  
A Margules constant 
a ,b 
f fugacity 
H Henry's constant 

parameters in the modified Soave equation 
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K vaporization equilibrium ratio, ylx 
k binary interaction parameter 
n number of moles 
P pressure 
R universal gas constant 
T temperature 
V total volume 
V molar volume 
v partial molar volume 
X 

Y 
z 
&e& Letters 
cp fugaclty coefficient 
w acentric factor 

Superscripts 
L liquid phase 
S saturated property 
m Infinite dilution 

mole fraction in the liquid phase 
mole fraction In the vapor phase 
mole fraction (liquid or vapor phase) 

Subscripts 
1 component 1 (solvent) 
2 component 2 (solute) 

C critical property 
i j 
r reduced property 

components i and j 

Reglrtry No. COP, 124-38-9; phenol, 108-95-2; catechol, 120-80-9. 
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Isobaric Vapor-Liquid Equilibria for the Binary Systems CH3SiHC12 
with (CH3)3SICI, (CH3)2SiC12, CH3SiC13, or SiCI4 

Trandaflr Ruglni and Llvlu Sic6rescu 

Institute of Macromolecular Chemistry "P. Poni", Aleea &&or@ ohica V d  4 lA, 6600 Iaqi, Romania 

Thk paper reports isobaric vapor-liquid equlllbrlum (VLE) 
data for four binary systems containing 
dkhloromdhykllane, CH3S1HCi,, and chlorotrlmethyl-, 
dkhlorodlrmthyl-, trlchloromethyl-, or tetrachlorosllane, 
(CHs),-,SiCi, ( n  = 1-4). The VLE data were determined 
~ l ~ t r l c a H y  at atmospheric pressure, and the 
experhnental tmpwatuns were corrected for 760 mmHg. 
The pure component vapor pressures were calculated 
using Uteratwe Antdne constants. The VLE data were 
then corrdated by means of the Wikon, nonrandom 
twdlquid (NRTL), and Gothard equations. 

Introduction 

Vapor-liquld equilibrium (VLE) data for binary methylchloro- 
silane systems are scarce. In  view of the importance of these 
data for the design of rectification columns in manufacturing 
silicon derivatives, we developed a data base for this class of 
substances. All the VLE data published until now on methyl- 
chiorosllanes were tested using a rectification process com- 
puter simulator and were verified on an industrial pilot plant. 

Expertmental Section 

M a w .  The methylchiorosilanes were Fluka products wtth 
98% stated purtty. They were purified by distillation on a lab- 
oratory column until no Impurities were chromatographically 
detectable. 

The physicochemical constants of the purified substances 
are compared with literature data in Table I .  

w a h m  and he". The expeh.lental apparatus was 
a Swietoslawskl-type ebullometer ( 1 ) .  

The experimental boiling temperatures, t ' , were measwed 
to within 5.10-2 OC with a Beckmann thermometer calibrated 
in our laboratory with benzene for high boiling points and 
CH,HSICI, for low boiling points. The atmospheric pressure, 
P', was read on a Hg barometer to within 0.1 mmHg. The 
liquld, x,, and vapor, y,, mole fraction compositions of the two 
phases at equilibrlum were determined by means of a gas 
chromatograph (2) packed with a mixture of 70% FS 1265 + 
30% SE-30 on AW/DHCS Chromosorb P, 60-80 mesh. The 
overall uncertainty In the equfflbrium mole fractions is estimated 
to be (0.1-1) X The t o  values at pressure P' were 
corrected for normal pressure, Po = 760 mmHg, using the 
foliowing equation (3): 

t = t' + ((dtl/dP)X, + (dt,/dP)X,)(PO - P') (1) 

where t, is the boiling temperature of pure component i calcu- 
lated with the Antolne equation from 

(2) t,/OC = B,/[A, - log (Po/mmHg)] - C, 
The experimental data are shown in Tables 11-V. 

Rnuits 

The liquld-phase activity coefficients, T,, were calculated 
from the experimental P-x-y data at each temperature. The 
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