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Abstract—The solubilities of chlorodifluoromethane(R-22) and dichlorodifluoromethane(R-12) in organic
solvents were measured in the rangé of low pressures and several temperatures(278-338 K). Organic solvents
used in this system were olive oil and oleic acid. Henry’s law is applied in the lower temperature range
and the solubilities of R-22 show negative deviations from Raoult’s law. In this study temperature and pressure
dependence were correlated. The correlation of gas solubility data, using Krichevsky-Kasarnovsky equation
and Van't Hoff expression are obtained. Values of Henry’s constant, partial enthalpy and partial entropy
in organic solvents have been determined for both gases. The solubilities increase with increasing pressure
and decreasing temperature and both gases are more soluble in olive oil than in oleic acid. The solubilities
of R-22 in organic solvents were higher than those of R-12 because of hydrogen bonding between solvents
and solutes.
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Fig. 1. Experimental apparatus of equilibrium solubility
for manometric method.

1. N, Cylinder 7. Vacuum pump

2. Flowmeter 8. Circulation water bath

3. Equilibrium cell 9. Gas mixing tank

4. Vacuum gauge 10. Magnetic stirrer

5. Vacuum trap 11. Thermocouple

6. Temperature 12. Gas sampling port
controller 13. Liquid injection port
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Fig. 2. Solubility of R-12 in oleic acid at low pressure.

Table 1. Solubility of R-12 in oleic acid at low pressure
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Fig. 3. Solubility of R-12 in olive oil at low pressure.

278 K 288 K 298 K

308 K

318 K 328 K 338 K

X P(bar) X P(barx) X P(bar) X

P(bar) X P(bar) X P(bar) X P(bar)

0.0038 0.021 0.0041 0.031 0.0038 0.038 0.0031
00063 0035 0.0052 0.038 00045 0045 00045
0.0088 0.049 0.0073 0055 0.0063 0.063 0.0063
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Table 2. Solubility of R-12 in olive oil at low pressure

s ol&g - ol&g- - A

278 K 288 K 298 K 308 K 318 K 328 K 338 K
X P(bar) b P(bar) X P(bar) X P(bar) X P(bar) X P(bar) X P(bar)
0.0053 0.024 00053 0031 00049 0038 00041 0.041 00035 0045 0.0031 0051 0.0032 0.059
0.0085 0.039 0.0067 0.039 00058 0045 00058 0.059 00050 0.065 0.0044 0071 00044 0.084
0.0114 0.048 00094 0055 0.0081 0.063 00081 0.082 00065 0085 0.0057 0092 00055 0.110
0.0165 0.071 00128 0075 00107 0.083 00099 0.100 00085 0.110 0.0074 0120 00074 0.147
0.0220 0.095 00175 0102 00142 0.110 00120 0.121 00101 0130 0.0092 0150 0.0089 0.175
Table 3. Solubility of R-22 in olive oil
278 K 288 K 298 K 308 K 318 K 328 K 338 K
X P(bar) X P(bar) X P(bar) X P(bar) X P(bar) X P(bar) X P(bar)
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Fig. 4. Solubility of R-22 in olive oil and oleic acid.
(Filled: oleic acid, hollowed: olive oil)

o o8l AAH P2 FHHY, EEol 3 JEEE
Van't Hoff £%[8]& A% F 3r}. 714k} 7h27t
Fosicha 7k sk FAAE e Ad H9 WA
lelgtx & 4 9le=9] &7} w3 dAdelzle 71
sloll Krichevsky-Kasanovsky#]-2- Van't Hoff 3¢
At &3 Ze] & ¢

x,=P exp(A+BP)exp(—C/T) €Y

Table 3ol vehd A¥ 5L A (D& oj&35o A
P17 A3#AE Vel Bd Fig 59 o] Ag e}
A 9A 288 5 9ok =¥ $E Maximum like-
lyhood ¥H[10,111% o] 83}y o] w7 A, B,

aistalet M2 Hiex 19944 128

Mole fraction
Fig. 5. The measured and the correlated solubility of R-
22 in olive oil.
(line: calculated, symbols: measured)

Table 4. Solubility data for R-12 and R-22 in olive oil
and oleic acid at 1 atm

Solvent Olive oil Oleic acid

Solute R-12 R-22 R-12 R-22
278 K 0.262 0.381 0.172 0.198
283 K 0.189 0.298 0.124 0.157
298 K 0.140 0.238 0.093 0.125
308 K 0.106 0.192 0.070 0.105
318 K 0.081 0.157 0.052 0.094
328 K 0.066 0.130 0.033 0.084
338 K 0.051 0.109 0.021 0.076
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Fig. 6. Solubility of R-12 in olive oil and oleic acid as
a function of temperature.
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Fig. 7. Solubility of R-22 in olive oil and oleic acid as
a function of temperature.

Table 5. Parameters for Eq. (2)

A C(K)
olive oil/R-12 —-10.654 2590.4
oleic acid/R-12 —13.087 3177.7
olive oil/R-22 —8.0015 1957.2
oleic acid/R-22 —7.0567 1497.7
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Fig. 8. Test of Eq. (3) for both gases.

Table 6. Molar heat of soluton and partial molar entropy
change of gas

Ahy(cal ASy(cal

gmol K™Y gmol™")

olive oil/R-12 —51549 —16.8
olive oil/R-22 —3894.8 —12.7
oleic acid/R-12 —6323.6 —20.7
oleic acid/R-22 —2980.4 —-97
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Table 7. Henry’s constants of R-22

Temperature(K) Henry’s constant(bar)
278 1.564
288 2.349
293 3.025
308 3.582
318 4.271
328 5.238
338 5.900
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A :constant in Eq. (1) [dimensionless]
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B :constant in Eq. (1) [bar™']

C  :comstant in Eq. (1) [K]

P  :total pressure [bar]

R  :gas constant [82.06 atm cm® gmol 'K!]

T :absolute temperature [K]

X; :mole fraction of gas in the oil phase

A :constant in Eq. (2) [dimensionless]

Ah; : molar heat of soluton of the gas [cal gmol™!]

AS; : partial molar entropy charge of gas [cal K-!

gmol 1]
HoE#
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