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Abstract— This study is to predict adsorption equilibrium data for binary gas mixture systems using the vacancy
solution model (VSM).

The single component adsorption isotherms of propane and n-butane on a 5A molecular sieves (Davison C-625)
were determined experimentally and from these isotherms the parameters in a single component adsorption isotherm
equation by the vacancy solution model (n}” by, A3, A3;) were calculated. A nonlinear regression method and an op-
timization method were employed in the calculation of the parameters. The parameters were then used in the predic-
tion of the binary gas mixture adsorption equilibrium curve through a trial-and-error method.

The experimental mixed-gas adsorption data for varying composition of propane-n-butane mixture were in good
agreement with the predicted equilibrium curve based on the VSM.
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Fig. 1. Schematic diagram of adsorption experiment system.
1. Cahn electro-micro-balance 8. Sample positioner 15. McLeod vacuum gauge
2. Hangdown tube 9. Gas storage cell 16. Adsorbate storage cell
3. Electric furnace 10. Ball joint 17. Needle valve
4. Constant temperature bath 11. Mercury manometer 18. Gas from adsorbate gas cylinders
5. Temperature controller 12. Vacuum header 19. Vacuum valve
6. Cahn balance console 13. Oil diffusion pump 20. Gas buret
7. Automatic recorder 14. Mechanical vacuum pump 21. Sample cell with gas sample port
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Table 1. The parameters of the Vacancy Solution
Model for pure gases on zeolite 5A mole-
cular sieves (C-625)

by

Gas ture (K) (mmole/g) (mmole/ A3 Ag
g'-mmHg)

Adsorbate Tempera- ny=

C4Hg 298 1.288
n-C4H 10 298 1.253

0.238 4.290 0.087
5.330 9.669 0.276
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Fig. 2. Prediction of propane adsorption isotherm

on 5A molecular sieves (C-625).
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Fig. 3. Prediction of butane adsorption isotherm

on 5A molecular sieves (C-625).
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Fig. 4. Spreading pressure of propane on 5A mo-
lecular sieves at 298K.
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Fig. 5. Spreading pressure of butane on 5A mole-
cular sieves at 298K,
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Fig. 6. Prediction of the adsorption equilibrium
phase diagram for C;Hgn-C,H,, mixtures
on 5A molecular* sieves at 298K and 80
mmHg.
*Davison C-625
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Fig. 7. Prediction of the total amount adsorbed
from binary mixtures on 5A molecular si-
eves* at 298K and 80 mmHg: H Hgn-
*Davison C-625
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NOMENCLATURE

a, : partial molar surface area of i (cm*mmole)

A : surface area of adsorbent (cm%g)

b; : Henry’s law constant of i (mmole/g-mmHg)

n; : number of moles of i in surface phase (mmole/
9

n;” : maximum number of moles of i in surface
phase (mmoles/g)

n;, : total number of moles of mixture in surface
phase (mmole/g)

ny” : maximum total number of moles of mixture in
surface phase (mmole/g)

P : pressure of gas phase (mmHg)

T : temperature of adsorption system (K)

X; : mole fraction of i in vacancy-free adsorbed
phase

x; : mole fraction of i in adsorbed phase vacancy
solution

y; : mole fraction of i in vacancy-free vapor phase

y; @ activity coefficient of i in adsorbed phase va-

cancy solution
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: activity coefficient of i in bulk gas mixture

: fractional coverage

: Wilson's parameter for interaction between i
and j

. surface spreading or osmotic pressure (N/cm)

: chemical potential of i in bulk phase (J/mole)

: standard state chemical potential of pure gas i
at 1 bar (J/mmole)

: chemical potential of i in adsorbed phase
vacancy solution (J/mmole)

: standard state chemical potential of pure gas i
in adsorbed phase vacancy solution (J/mniole)
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