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Abstract— Adsorption isotherms for CFC-12 and HFC-32 at 0-1 atm, and binary adsorption equilibria of these mixture at
100 mmHg were measured on an activated carbon fiber(ACF) at 283-323 K. In this experimental range, ACF showed better
selectivity for CFC-12 in the pure and binary experiments. For pure gas adsorption isotherms, the Langmuir-Freundlich
model showed better predictions than the Langmuir model did. In the case of the binary adsorption equilibria, the IAS and
IH-SPD-NAS models predicted the isotherms much better than the Extended Langmuir-Freundlich did. The analysis of the
IH-SPD-NAS model indicated that the small positive deviations from Raoult's law were generally exhibited in CFC-12,
while the moderate positive deviations from Raoult's law occurred in the dilute region of HFC-32(Y s~ 1.0). However, the
nonideality in the adsorbed phase can be negligible under these experimental conditions.
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Table 1. Characteristics of activated carbon fiber

ACF diameter(1) 17-18
ACF strength(kg/mm’) 7

Specific surface area(m’/g) 1400-1450
Surface area(m’/g) 0.3-0.7
Gravity(g/m’) 180-220
Packing density(g/m’) 0.045
Pore volume(m’/g) 0.3-0.7
pH 7.9
Adsorption amount(mg/g) 1550
Adsorption capacity(wt%) 45

Table 2. Properties of CFC-12 and HFC-32

CFC-12 HFC-32
Critical properties

T.[K] 385.0 351.6
P [bar] 41.4 58.3
V. [em’/mol] 216.7 120.8

Z, 0.280 0.241

Acentric factor, ® 0.204 0.271
Saturated liquid volume at T,{cm’/mol] 81.30 4341
T, [K] 2432 2200
Debye No. 0.5 2.0
~1fr

13 s

1a 34

15

3

a-2

Fig. 1. Schematic diagram of experimental adsorption system.
1. Cahn electro-microbalance 9. Oil rotary vacuum pump

2. Hangdown tube 10. Gil diffusion pump

3. Constant temperature bat 11. Cold trap

4. Cahn balance console 12. McLeod vacuum gauge
5. Recorder 13. Gas buret

6. Ball joint 14. Sample cell

7. Gas storage cell 15. Thermocouple

8. Mercury manometer 16. Sample port
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Fig. 2. Adsorption isotherms of pure CFC-12.
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Fig. 3. Adsorption isotherms of pure HFC-32.

Table 3. Related parameters of equilibrium models

Langmuir

Component Temperature[K] n,[mmol/g] B[1/kPa]

CFC-12 283 13.9598 0.0628

303 12.5411 0.0407

323 10.7710 0.0289

HFC-32 283 17.0508 0.0188

303 16.6263 0.0114

323 14.7956 0.0078

Langmuir-Freundlich

Component Temperature[K]  n,[mmolig]  B[1/kPa]’ n[-]
CFC-12 283 24.7060 0.0793 1.7811
303 16.7854 0.0524 1.3423
323 17.2302 0.0342 1.3965
HFC-32 283 31.9081 0.0182 1.3362
303 27.9089 0.0104 1.2022
323 23.7180 0.0066 1.2917

IH-SPD-NAS
Temperature[K] Cpy q q-

283 3.75E-3 1.002E-2 1.115E-1
303 3.95E-3 8.025E-3 7.950E-2
323 4.04E-2 1.008E-3 1.062E-2
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Fig. 4. Isosteric heats of adsorption on activated carbon fiber.
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Table 4. Average relative deviations of CFC-12/HFC-32 mixture by
multicomponent adsorption models at 100 mmHg

Model ARD(%) 283K 303K 323K :l:g(‘;g)
Extended Langmuir N, 4.9 4.5 8.7 6.0
Nee 5.5 3.6 8.5 59
Xore 1.2 3.5 3.9 2.9
Extended Nyt 5.8 3.2 5.6 49
Langmuir-Freundlich Neye 16.5 5.2 7.3 9.7
Xere 114 3.0 4.0 6.1
1AS Myt 0.6 1.3 0.9 0.9
Nyre 1.6 6.1 4.2 4.0
Xere 1.5 5.6 4.0 3.7
1H-SPD-NAS Xewe 1.1 5.1 4.0 34
5 4 2
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ABIIZ
A - surface area of adsorbent [m’/g]
B : Langmuir constant [1/kPa]
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c, : coefficient in Eq. (19)

E - energy parameter defined by Eq. (18) or (19)

: Gibbs free energy
— AH,: isosteric heat of adsorption [keal/mol]
n : adsorbed amount [mol/g]
! : adsorbed amount of i component from pure gas at the same

total pressure [mol/g]

n, : monolayer adsorbed amount [mol/g]

n, : total adsorbed amount [mol/g]

P . pressure of gas phase [kPa]

Py : saturation vapor pressure [kPa]

P/(m) : equilibrium pressure for pure component i corresponding to
spreading pressure m [kPaj

q : structural parameter in Eq. (15)

R : universal gas constant [kcal/mol K]

T : temperature of adsorption system [K]

X, - mole fraction of component i in adsorbed phase [-]

Y, : mole fraction of component i in vapor phase [-]

azlola 2xt

Y, s activity coefficient in adsorbed phase [-]

0 : fractional coverage [-]

8 : chemical potential [KJ/mol]

T - surface spreading [N/m]

T : energy parameter defined by Eq. (17)
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