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Abstract—The solubilities of phenol, p-chlorophenol, 2,4-dichlorophenol, 2,6-dichlorophenol and 2,4,6-trich-
lorophenol in carbon dioxide were measured under the supercritical conditions of pressure range between
8 and 20 MPa, and 309.2 K, 318.2 K and 333.2 K, using the flow-type apparatus that was newly manufactured.
The solubilities were good agreement with the equilibrium data predicted by using Peng-Robinson equation
of state, although temperature of system is close to/or a little higher than the melting point of solid. The
parameters of a and b in the equation of state were obtained by regression method utilizing the experimental
solubilities and they are little affected by the temperature for a binary system. The enhancement factor
obtained from the solubility data was linearly related in semi-log plot, and the relations were affected by
the temperature of a binary system.
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Fig. 1. Schematic diagram of experimental apparatus to measure the solubility in supercritical CO,.

A : CO, gas cylinder
E : Surge tank F : Pressure regulator
I : Thermostat J : Throttle valve
M: Rotameter N : Wet gas meter

B : Liquid pump
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(O: phenol at 9.97 MPa and 309.2 K, @: phenol
at 19.84 MPa and 309.2 K, 4: p-chlorophenol at
9.97 MPa and 309.2 K, a: p-chlorophenol at 19.84
MPa and 309.2 K, O: 24-dichlorophenol at 9.97
MPa and 3092 K, m: 24-dichlorophenol at 19.84
MPa and 309.2 K, ¥: 26-dichlorophenol at 9.97
MPa and 3182 K, ¥: 2,6-dichlorophenol at 19.84
MPa and 3182 K, <: 2,4,6-trichlorophenol at 9.97
MPa and 318.2 K, @: 2,4,6-trichlorophenol at 19.84
MPa and 3182 K)
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Table 1. Solubilities of phenol in supercritical carbon dio-

xide
Pressure Solubility Pressure Solubility
(MPa) (y2.X10%) (MPa) (y2X10%)
T=3092 K
8.00 1.20 9.68 9.36
8.39 2.51 9.97 13.50
8.79 4.62 10.46 17.73
8.93 6.50 10.96 21.13
8.98 6.00 12.14 25.43
9.32 8.32 12.93 31.07
9.97 11.96 13.92 34.52
10.30 16.14 1491 38.00
10.98 16.96 15.89 4221
11.06 16.15 17.87 44.56
11.87 20.79 19.84 49.12
11.94 18.40 T=3332 K
12.36 22.01 8.00 1.73
13.03 21.36 8.98 2.50
14.02 22.85 997 3.65
14.91 22.00 10.96 6.06
15.10 23.53 11.94 11.50
16.29 2555 12.44 15.26
17.87 25.11 1343 20.74
18.85 27.10 13.92 26.34
19.84 31.99 1491 30.01
T=3182 K 15.89 3345
8.00 1.61 17.87 50.02
849 2.06 19.84 59.87
8.98 291
9.38 557

Table 2. Solubilities of p-chlorophenol in supercritical car-

bon dioxide
Pressure Solubility Pressure Solubility
(MPa) (y.x10% (MPa) (y2X10%)
T=309.2 K
8.00 221 11.94 17.89
8.39 5.20 12.93 22.68
8.79 8.03 13.92 25.99
9.18 11.93 1491 2842
9.97 16.21 15.89 32.54
10.96 2044 | 17.87 35.98
11.94 23.05 i 19.84 38.82
12.93 24.76 T=3332 K
1391 26.36 ‘ 8.98 0.83
15.10 28.03 9.97 1.75
15.89 29.68 10.76 2.48
17.87 3143 11.45 4.05
19.84 32.59 12.83 10.14
T=3182 K _ 11.94 5.97
8.00 1.60 13.92 13.74
849 2.74 1491 15.80
8.98 457 15.89 20.33
997 9.07 17.87 27.68
10.96 12.63 19.84 36.44
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Table 3. Solubilities of 2,4-dichlorophenol in supercritical
carbon dioxide

wWag -

Table 5. Solubilities of 2,4,6-trichlorophenol in supercriti-
cal carbon dioxide

Pressure Solubility Pressure Solubility Pressure Solubility Pressure Solubility
(MPa) (y;X10%) (MPa) (y2 X 10%) (MPa) (y2X10%) (MPa) (72X 10%)
T=309.2 K T=3092 K
7.01 0.45 9.97 31.89 7.86 042 13.73 15.29
8.00 3.10 10.96 40.04 8.14 155 1471 1828
g'}g ‘r;'gg g'g‘; gg'g; 8.53 5.06 15.69 2227
8.49 1153 13.92 65.88 883 6.92 17.65 26.69
898 16.88 1471 77.04 981 897 19.61 29.42
9.97 23.28 15.89 89.99 10.69 9.70 T=3332 K
11.05 36.32 17.87 98.32 11.87 1156 7.85 0.40
11.85 38.81 19.84 121.64 12.85 12.68 8.83 0.54
1293 54.63 T=3332K 14.71 14.37 9.81 0.90
13.92 61.92 8.00 142 16.67 16.40 10.79 131
1491 67.12 8.79 1.98
1579 7137 598 904 19.32 1843 11.28 1.66
16.88 82.12 9.97 404 T=3182 K 11.77 3.66
17.87 84.54 10.96 7.98 7.85 0.26 12.16 497
18.85 91.19 11.94 1442 8.34 0.58 12.75 6.88
19.84 97.53 12.93 29.17 8.83 1.84 13.73 10.17
T=3182 K 13.92 50.88 9.32 351 14.71 1317
8.19 156 1491 70.70
8.98 404 15.89 87.89 981 599 1569 17.58
938 "t 16.88 103.34 10.79 8.80 16.67 20.81
977 2909 17.87 120.32 11.77 1141 17.65 2441
19.84 151.34 12.75 13.83 1942 35.18
Table 4. Solubilities of 2,6-dichlorophenol in supercritical oo e S Ee) I WIS Jehind oy g

carbon dioxide

Pressure Solubility Pressure Solubility
(MPa) (y:X10%) (MPa) (y2x10%)
T=309.2 K B
7.80 0.98 13.92 42.13
8.00 4.26 14.91 49.28
8.19 7.96 16.09 54.77
8.98 18.08 17.67 5945
9.97 23.26 19.45 68.19
10.96 26.55 T=3332 K
11.94 27.96 8.00 097
12.93 31.87 8.98 1.36
13.92 34.80 9.97 240
1491 35.13 10.96 440
15.89 36.70 11.35 5.72
17.87 40.84 1194 7.93
T=3182 K 12.34 10.08
8.00 0.93 12.93 17.25
898 2.53 13.52 22.81
9.18 4.99 14.51 34.49
948 8.38 14.91 40.69
997 15.79 15.89 68.79
10.96 23.11 16.88 77.34
11.94 30.24 18.85 98.04
12.93 36.51
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Table 6. Physical properties of substances

Substance m.p. T, P. ® vo© H; P X 10*(MPa)
(K) (K) (MPa) ) (cm®/mol) (cal/mol) 3092K 3182K 3332K
phenol 314.7 421 6.05 0.438 87.9 14589.6 9.770 19.207 54.937
12.45* 26.25* 83.19*
p-chlorophenol 316.6 - - - 1014 15644.5 4,966 10.294 24475
2,4-dichlorophenotl 318.0 - — — 1179 18032.7 3.565 8.178 20.802
2,6-dichlorophenol 340.0 - - — 117.9 18764.9 1311 3111 11.838
2,4,6-trichlorophenol 342.7 - - - 132.6 19794.6 0.369 0918 3.759

vs*: Molar volume, H.: Heat of sublimation, Py: Sublimation pressure, *: Obtained from ref. [15]

33328t 31 M6E 1993 128



29 Aee] ol stskiol olg A¥ 1 lshel saE 24 643
Table 7. Values of a, and b, regressed by chserved data
System Temp. aQXl()l"’ bz Data source
(K) (MPa, cm®/mol?) (cm®/mol)

C0.(1) + Naphthalene(2) 318.2 6.534 129.6 Tsekhanskaya
7.206* 119.5* et al[1]

CO0.(1) + Naphthalene(2) 3282 6.310 1230 McHugh et al.[8]
7.020* 119.5*

C;Hs(1) + Naphthalene(2) 318.2 7.723 1415 Schmitt et al.[9]

C;Hg(1) + Benzoic acid(2) 3182 9.131 1313 Schmitt et al.[9]
8.004* 106.7*

*: Calculated by using the critical properties

Table 8. Values of a; and b, regressed by our experimental

data
System Temp. a X 10 6 b
(K) (MPa, cm®/mol¥) (cm®/mol)
CO.(1) +phenol(2) 3092 3.375 61.30
4.401* 73.30*
318.2 5.288 106.79
4.346* 73.30*
3332 5.301 110.25
4.246* 73.30*
C0.(1) +p- 309.2 5.319 98.74
chlorophenol(2) 3182 5.767 112.19
333.2 5448 105.10
CO,(1)+24- 309.2 5426 92.38
dichlorophenol(2) 318.2 6.210 112.44
333.2 7.908 150.20
COz(1) +2,6- 309.2 7.855 134.59
dichlorophenol(2) 3182 8.131 141.71
333.2 7.380 131.90
309.2 8.778 143.96
CO,(1)+24,6- 3182 10.685 183.38
trichlorophenol(2) 333.2 9.292 163.11

*: Calculated by using the critical properties
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Fig. 8. Relationship between enhancement factor and density of supercritical fluid.
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: defined in Eq. (7) [MPa, cm®/mol*]
: defined in Eq. (10) [cm®/mol]
: enhancement factor [-]

: heat of sublimation [cal/mol]

: pressure [MPa]

: critical pressure [MPa]

: subrimation pressure [MPa]

: gas constant [MPa-cm®/K-mol]
: temperature [K]

: reducing temperature [-]

: critical temperature [K]

: molar volume [cm®/mol]

: mole fraction in fluid [-]

N< < ST TYUmm o e

: compressibility factor [-]

azjo|A EX}
® :fugacity coefficient [-]

®

A

ij

10.

11

12.

13.

14.

15.

16.

17.

18.
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: acentric factor [-]

S}
: components
: solid
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