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Abstract — Adsorption experiments for H,, CO,, CO, and their binary mixtures on zeolite SA were performed by static
volumetric method. Experimental data were obtained at temperatures of 293.15, 303.15 and 313.15 K and at pressures to
25 atm. The parameters obtained from single component adsorption isotherm. Multicomponent adsorption equilibria could be
predicted and compared with experimental data. Langmuir isotherm, Langmuir-Freundlich isotherm and Dual-Site
Langmuir isotherm be used to predict the experimental results for binary adsorption equilibria of CO,/CO and H,/CO,
on zeolite SA. Dual-Site Langmuir isotherm showed the best agreement with the experimental results.
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Table 1. Characteristics of Adsorbent

Zeolite 5A (W. R. Grace & Davision Co.) Value Unit
Type Sphere, MS 521
Nominal pellet size 4~8 mesh
Average pellet size 1.57 mm
Pellet density 1.16 g/em?
Bulk density 0.764 g/em?
Heat capacity 0.22 cal/gK
Bed porosity 0.36 -
Total void fraction 0.77 -
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Fig. 1. Schematic diagram for Mixture gas-Adsorption equilibrium system.
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Fig. 2. Adsorption of pure CO, on Zeolite SA, @ 293.15 K, ¥ 303.15 K,
H 313.15 K, — Langmuir model, --- L-F model, -—- DSL model.
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Fig. 3. Adsorption of pure CO on Zeolite SA, @ 293.15 K, ¥ 303.15 K,
H 313.15 K, — Langmuir model, --- L-F model, -—- DSL model.
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Fig. 4. Adsorption of pure H, on Zeolite SA, @ 293.15 K, ¥ 303.15 K,
H 313.15 K, — Langmuir model, --- L-F model, --- DSL model.
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Table 2. Pure component parameter for Langmuir model on Zeolite SA
Component Temperature [K] q,, [mmol/g| B [1/atm] ARD [%]
CO, 293.15K 430733 12.56815 4.0963
303.15K 421826 9.02783 3.64254
313.15K 4.17013 6.85502 3.56558
CO 293.15K 3.03406 0.4722 4.71761
303.15K 2.95327 0.36797 4.7912
313.15K 2.75952 0.3372 4.48051
H, 293.15K 0.79481 0.02659 2.55067
303.15K 0.54464 0.03656 2.37304
313.15K 0.45723 0.03756 3.966
Table 3. Pure component parameter for Langmuir - Freundlich model on Zeolite SA
Component Temperature [K] q,, Immol/g] B [1/atm] 1/n ARD [%]
CO, 293.15K 4.38345 7.96137 0.8328 3.72695
303.15K 4.24466 7.94235 0.95176 3.56853
313.15K 420604 5.88915 0.93919 3.49256
CO 293.15K 3.77267 0.42404 0.64101 0.32351
303.15K 3.70819 0.3397 0.6647 0.40794
313.15K 3.40275 0.31147 0.70649 0.72999
H, 293.15K 0.69627 0.02963 1.03012 2.87216
303.15K 0.44963 0.04022 1.0817 3.19762
313.15K 030114 0.04462 1.21089 5.35532
Table 4. Pure component parameter for Dual Site Langmuir model on Zeolite SA
Site 1 Site 2
Component Temperature [K] q,,[mmol/g] B,[1/atm] q,,z[mmol/g] B,[1/atm] ARD(%)
CO, 293.15 K 4.145 11.9625 0.492 0.0615 3.2202
303.15 K 4.145 8.3397 0.492 0.0207 0.9820
313.15K 4.145 5.9496 0.492 0.0075 03143
CO 293.15 K 2.294 0.2021 0.954 3.3279 0.0042
303.15 K 2.294 0.1454 0.954 2.3309 0.0059
313.15 K 2.294 0.1069 0.954 1.6702 0.0194
H, 293.15 K 0.784 0.0252 0.00716 5.1537E + 17 0.1789
303.15 K 0.784 0.0209 0.00716 1.1211E + 17 0.0728
313.15K 0.784 0.0176 0.00716 2.6882E + 16 0.1772

Amount adsorbed [mmol/g]

1

Pressure [atm]

Fig. 5. Adsorption of pure CO, on Zeolite SA, @ 293.15 K, ¥ 303.15 K,
M 313.15 K, — L-F model, - DSL model.
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Fig. 6. Adsorption of pure CO on Zeolite SA, @ 293.15 K, ¥ 303.15
K, H 313.15 K, — L-F model, ... DSL model.
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Fig. 7. Adsorption of pure H, on Zeolite SA, @ 293.15 K, ¥ 303.15
K, H 313.15 K, — L-F model, -.. DSL model.
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Fig. 9. Adsorption of H,/CO, Mixture gas on Zeolite SA at 303.15 K,
@ 2 atm, V¥ 9 atm, Closed symbol: CO, Open symbol: H,
— Extended Langmuir model, --- Extended L-F model, ---- DSL
model.
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Fig. 10. Adsorption of H,/CO, Mixture gas on Zeolite SA at 313.15 K,
@® 2 atm, ¥ 9 atm, Closed symbol: CO, Open symbol: H,
— Extended Langmuir model, — Extended L-F model, ---- DSL
model.
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g. 11. Adsorption of CO/CO, Mixture gas on Zeolite SA at 293.15 K,
® 2 atm, V¥ 9 atm, Closed symbol: CO, Open symbol: CO
— Extended Langmuir, --- Extended L-F, ---- DSL.
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@ 9 atm, — Extended Langmuir, --- Extended L-F, --- DSL.
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Fig. 15. Adsorption of H,/CO, Mixture gas on Zeolite SA at 303.15 K,
@ 9 atm, — Extended Langmuir model, -+ Extended L-F model,

--- DSL model.
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Fig. 16. Adsorption of H,/CO, Mixture gas on Zeolite SA at 313.15 K,

@ 9 atm, — Extended Langmuir, --- Extended L-F, --- DSL.
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A : surface area of adsorbent, [m%/g]

B : Langmuir and Langmuir-Freundlich constants, [1/atm]

B, : virial coefficient

B, : virial coefficient

C : concentration of adsorbate, [mol/g]

k,~kq : dual-site Langmuir isotherm model parameter

M : molecule weight

n : Langmuir-Freundlich constants

N : number of component

P : total pressure [atm]

P. : reduced pressure

q : equilibrium moles adsorbed [mmol/g]|

qp, : maximum equilibrium moles adsorbed and total moles adsorbed
of mixture [mmol/g]

R : universal gas constant [kcal/mol-K]

t : time [s]

T : temperature [K]

T, : reduced temperature [K]

veared - amount adsorbed calculated [mmo/g]

Vobsd - experimental amount adsorbed [mmol/g]

X : adsorbed phase mole fraction of component [i]

y : mole fraction of gas phase

Y : gas phase mole fraction of component [i]

zZ : compressibility factor

J2lo|A =X}

ay : parameter describing nonideality in adsorbed phase induced by
interaction between species i and j

® : acentric factor
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a,1  :adsorption cell, loading cell
i j : component i, j

m : mixture
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