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Abstract— The solubility of less volatile substances in supercritical fluids can be predicted by thermodynamic rela-
tions of solid-gas and liquid-gas equilibrium. For the prediction, it is necessary to utilize the equation of state which
can represent accurately the supercritical state of mixture composed of gas and less voletiie matter. In present work,
the solubility is calculated by using the equations given by Peng-Robinson and Soave that are relatively simple and ac-
curate. It is shown that the observed data to be available in literature may be well correlated by using thermodynamic
relationships and the equations of states mentioned above. We present also the values of interaction parameter includ-
ed in the equations. The effect of enhancement factor (E) on temperature and pressure is discussed. 1t is empirically

known that In E may be correlated to reciprocal of absolute temperature.
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Table 1. Comparison of experimental data with calculated results for the systems supercritical gases(1) + solutes (2)

Run System Temp. Press. Range Peng-Robinson Eq. Soave-RK-Eq. No. of Data
No. (C) (atm) | Ay, l 9. I A y,\ 6. Data  Source
Co,(1) +
1  Benzoic Acid(2) 45 118.4276.3  344x10¢ 0.024 3.20x10* 0.031 5 6
2 65 " 4.02x105 0009 228x10° 0.011 5 6)
3 55 " 196x10* 0.016 1.74x10* 0.020 5 6)
4 CHM + 25 55.4-300 2.04x103 0015 1.81x10% 0013 44  8)9)10)17)
Naphtharene(2) 45 40.6-300 321x10% 0026 280x103% 0.021 38 8)9)17)
7 35 8.0-300 1.71x103 0.024 1.42x103 0.020 32 5)8)9
3 oo 2703 375x108 0.032 345,193 0030 30 59
9 65 12.0- 56.2 6.04x10% 0.155 5.84x105 0.127 9 5
10 12 50.0-300 1.90x10° 0.024 1.64x103 0022 19 8)
14 12 140.2-237.4  4.78x10% 0.023 2.68x10% 0.022 4 9
34 12 38.0-103.1 8.85x10¢ 0.008 4.49x10¢ 0.017 19 10)
20 CH®M+ 50 137.0-477.3  3.31x10% 0.033 5.77x10° 0.048 7 1D
21 Anthracene(2) 70 103.0-375.2 3.70x10%° 0.020 3.51x105 0.049 9 17
85 109.9-409.3 4.18x10° 0.044 5.12x105 0.03¢ 13 17)
23 CHQM + 25 55.4-307.2 6.17x10¢ 0.071 5.80x10¢ 0.070 14 4)17)
24  Phenanthrene(2) 45 69.0-276.3 2.19x10* 0.059 4.02x10¢ 0.056 16 6)17)
25 70 69.0-273.1 1.03x10* 0.048 1.36x10% 0.053 8 17
30 55 118.4-276.3 4.08x10% 0.049 4.98x10* 0.046 5 6)
31 65 118.4-276.3 6.72x10* 0.042 6.3d4x10% 0.042 5 6)
26 CO,) + 45 " 9.88x105 0.116 1.29x104 0.121 5 6)
27  Phenanthrene(2) 55 " 6.88x10° 0.114 9.75x10% 0.119 5 6)
28 65 " 3.86x105 0.113 6.58x10° 0.118 5 6)
50 50 102.9-409.1 1.35x10* 0.115 2.33x10% 0.117 6 4)
51 70 ” 1.29x10% 0.130 1.81x10%* 0.131 7 4)
32 COu1) + 36 78.3-246.2 1.90x10% 0.107 1.76x103 0109 25 7)
33 Phenol(2) 60 112.1-238.6 2.09x103 0082 1.85x10% 0.081 16 7)
38  Ethane(l) + 35 34.9-205.0 3.62x103 0.046 3.13x103 0.046 6 4)
39  Naphtharene(2) 45 48.6-245.8 2.89x103 0.052 5.25x103 0.051 8 4
40  Ethane(1) + 35 103.0-477.2  4.23x10° 0.083 540x105 0.100 4 4
41 Anthracene(2) 50 102.9-443.1 5.32x10° 0.077 7.01x10% 0.075 10 4)
42 70 137.0-409.1 6.80x10° 0.063 9.01x10% 0.060 7 4
43 CO,(D) + 50 89.4-409.1 231x10° 0.118 2.87x10% 0.122 10 4)
44  Anthracene(2) 70 116.6-409.1 2.36x10° 0.108 3.54x105 0.114 9 9
45 40 137.0-341.1  1.67x10* 0.073 4.70x10* 0.050 4 4
46 60 69.0-409.1 2.91x10% 0.085 9.61x10%* 0.056 7 4
56 CZH4(1) + Hexa- 25 62.2-477.1 456 x 1074 0.042 6.59x10%¢ 0.041 9 4)
57  methylbenzene(2) 45 " 5.81x10% 0.037 9.88x10* 0.030 9 4
58 70 75.8-341.1  2.80x10* 0.035 5.73x10* 0.025 6 4
59 CO,1) + Hexa- 50 69.0-341.1 " 0.117 2.73x10* 0124 10 4
{0 r.ewry.enzene(2) 70 5204770 BeAST 005 8.532xivC U.auo 10 4)

Spsta st Hi2e™ M3 S 19844163
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Run System Temp. Press. Range Peng-Robinson Eq. Soave-RK-Eq. No. of Data
No. ) (atm) I Ays l 5. | Ay, 8. Data  Source
61  CH,Q + 25 75.8-477.1 457x10* 0.058 2.30x10% 0.054 6 4)
62  Fluorene(2) 45 69.0-477.1 4.66x10* 0.063 2.59x10* 0.052 7 4)
63 70 4 9.31x10* 0.063 6.90x10% 0.050 11 4)
64 CO,(1) + 35 82.6-409.1 153x10* 0.117 1.01x10* 0.120 6 4)
65  Fluorene(2) 50 69.0-409.1 1.79x10* 0.122 6.20x10° 0.122 9 4
66 70 82.6-477.1 255x10% 0.128 1.14x10% 0.125 8 4
67 C,H,(1) + Pyrene(2) 45 103.3-477.3 1.89x10% 0.082 2.35x10* 0.095 8 4)
68 75 82.6-477.2 3.90x10* 0.075 4.17x10% 0.077 7 4)
69 CO,(1) + Pyrene(2) 35 " 6.97x105 0220 6.61x10° 0227 7 4)
70 50 103.0-477.1 1.04x10% 0.213 996x10° 0.218 7 4)
71 70 " 1.18x10* 0.194 1.15x10% 0.203 8 4)
73 CO,(1) + 35 85.7-252.0 9.06x10% 0.106 9.69x10* 0.109 9 3)
74 Naphtharene(2) 55 81.1-284.0 2.50x103 0.109 2.92x10% 0.111 16 3
75 60.4 107.0-287.6  4.35x103 0.117 3.64x103% 0.119 19 3)
76 64.9 149.8-229.2 251x10°% 0.119 2.30x103 0.121 10 3)
77 Co,(1) + 35.8 104.6-4354 5.55x10% 0.103 4.83x103 0.103 8 K}
78 Biphenyl(2) 45.4 151.5-442.5 5.43x103 0.095 4.73x103 0.098 8 3)
79 49.5 153.6-469.0 6.71x10° 0.100 5.43x103 0.098 8 3
80 55.2 109.2-484.9 5.40x102 0.128 4.76x10% 0.120 15 3)
81 57.5 356.8-424.8 3.39x10% 0.109 1.11x102 0.100 4 3)
85 C0,(1) +2,3 Dime- 35 97.7-275.3 1.64x10% 0.097 3.06x10% 0.103 5 6)
86  thylnaphtharene(2) 45 " 2.88x10* 0102 1.31x10* 0.106 5 6)
87 55 " 2.60x10* 0.106 6.44x10% 0.062 5 6)
91 C,H,(1)+2.3 Dime- 35 76.0-276.3 2.78x10* 0.027 5.53x10* 0.025 6 6)
92 thylnaphtharene(2) 45 79.0-276.3 7.08x10% 0.023 1.09x10% 0.020 6 6)
93 55 ” 2.10x10% 0.018 2.88x103 0.013 6 6)
94 COy(1) + Hexachlo- 35 97.7-276.3 4.84x10* 0.130 1.41x10% 0.135 5 6)
95 roethane (2) 45 98.7-276.3 4.92x10* 0.124 1.56x103 0.130 5 6)
96 55 95.7-276.3 1.13x103 0.117 1.65x103 0.118 5 6)
97 C,H,(1) + Benzoic 45 118.4-276.3 2.62-x10* -0.034 2.42x10* -0.037 5 6)
98 Acid(2) 55 " 3.06x104 -0.038 2.76x10% -0.044 5 6)
99 65 " 3.22x10% -0.045 2.90x10% -0.052 5 6)

55. 5atmol] A= Falo

Ethylene2] <A qt2ial 49.
2} A4S ehy A
5. &

ol

=)

) o

s}

&3l

i

F A gk o]

9. 66atmol] 7}7+$ Aoy ot

Sahele,

2
[

A el Z)A (el) ol sl A) wa (§

FAbshgich,

2qboll4 EAle| el & 2 $3 5 Peng-Robi-
nson?] 3 Soave®] 44 Redlich- Kwong* & A& 3}
of kA Ao ST E AAlsla A3 9} u)

e Ang A

HA P 1 o] 5}eq &aﬂ 2 A
AL& 3} /4]/.})3_49}
g, & Aol A
gatz=st 2 A

HWAHAK KONGHAK Vol. 22, No. 3, June 1984



136 DR A B R
. F T
. ——a
> P 107"
2. e
! yw%wMﬁf1¥%m
> Masuoka and Yorizane (1982) ] 00 0942 A'ﬁmw‘mﬁw‘-ﬁ)“:&?()‘%}(
1073 . Tsekhanskaya (1964) 1072 o ° o
" Diepen and Scheffer (1953) e — * Peng-Robinson Eq.
= . Peng-Robinson Eq. « / -t Soave Eq.
10 ‘L / - I Soave Eq. o
R ' ’ . T |
| | 100 140 180 220 260
1 . 4
100 200 PRESSURE (atm)

PRESSURE (atm)

Fig. 1. Solubility of naphtharene(2) in ethylene
(1) at 308K
10‘3: o o
L o> 1 =358K
L 2ee==TT = 343K
Y, D

T = 323K

1074 . O : )
+ & o Johnston and Eckert (1981)
VAN

— ! Peng-Robinson Eq.

5 ... - Soave Eq.
1 | | L
100 180 260 340 420
PRESSURE (atm)
Fig.2. Seolubility of anthracene(2) in ethylene(1)
>
1077}
9’"&’},.50"‘”"
107}
o C © Johnston and Eckert (1981)
N A Kurnik et al (1981)
10 — . Peng-Robinson Eq.
. Soave Eq.
_ 1 I SR SN | .
100 200 300
PRESSURE (atm)
Fig. 3. Solubility of phenanthrene (2) in ethylene
(1) at 318K

3 2 198116

Fig.4. Solubility of phenol(2)in carbon dioxide (1)

10° P~
£a]
10* b=
o O 1118.4 atm
i AT157.9
® :197.4
A 2369
L 12763
10° =
t i
0.003 0.0035
/T

Fig.5. Effect of E on temperature and pressure
for carbon dioxide(1) +benzoic acid (2)

system



137

woys

-As (g)ouareyyydeu 4 (7)duad[lyje I0oj ain

-ssa1d pue arnjeradwa) uo 5 jo 309539 9 81

L/1
GE00°0 " €00°0

T 0\_IQ|

-

0E1 - &
Gl o
00T @ <>
06.w
8. @
9L
we §es ;) C

01

01

,0L

wIISAS (Z)audryyuayd 4 (1)

aud[Ay)d 10y dinssaid pue

armjeradwa) wo 5 jo 31935y LS

L/1

SE00°0 £00°0 §200°0

' _ !

Sy L O
Gel ;v
tune 1°¢.7: O

O

<01

.01

wasAs (

7) Quaryjueuayd

(1) 9pIX0Ip UOQIBD 10J JINSSAJ pUE

arnjeradwid) uo 3 jo 393539 '8 314

L/
5£00°0 £00°0
1 T
PRI O i
6451w i
V6l v 7
6957 ® O
wie €92 0
ot
- oOﬁ

HWAHAK KONGHAK Vol. 22, No. 3, June 1984



138

10°

10*

10°

Fig. 9.

10*

10°

10°

N

-
- O 197.7 atm
- A0 142
L O 1192
® [ 238
L A 12763
d 4 |
0.0025 0.003 0.0035
1/T
Effect of E on temperature and pressure

for carbon dioxide(1) +2,3-dimethylna-
phtharene (2) system

L
- O :118.4 atm
X A 157.9

O 1197 .4
! ® :236.9

A 2763

| L

0.0025 0.003 0.0035

1/T

Fig.10. Effect of E on temperature and pressure

for carbon dioxide (1) +hexachloroethane

(2) system

i3 T 1984:7 6

[oa

BN

L -
2. 2H-
o] Table 1 ol

/{4 o] 04 04 tlr

o]

mlo

~
e

AL

AZdoleol 4] ol

A
el
Lol &3t Txol Ao o &

af

m

3. Enhancement factor (E)
sted InE vs. 1/T9 3A 7}

of Axog #A U

ozsol AYL
ol 4
L3l s
3} Soaved]
2wl Fo} mel 2 abol7} ol

=]
&

5 Anatal A8
4% Redlich-Kwong 4] &
.

A)
A

l Ay, l #*o

T

eng - Robinson

7+ A}

% e dFAegn st Tl AUg W
of o olxl Aolch AFE AUste] FAI Aginl
Fol 2AbE =3uc

NOMENCLATURE

A, B : Defined in Eq.(1)

a, b ! Defined in Eq.(12)

E ! Enhancement factor

f . Fugacity

N  : Number of data

n . Moles of component
P Total pressure

R . Gas constant

T : Temperature

V  : Total volume

v . Molar volume

y . Mole fraction in gas phase
7 . Compressibility factor
k . Number of component
8, - Interaction parameter
¥ . Fugacity coefficient
w . Acentric factor

Superscripts
. Solid

S
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sat . Saturated

V . Vapor phase

Subscripts
1.2 : Components 1 and 2
i,j : Components i and j
c . Critical property
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