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Abstract — Adsorption equilibria of the gases CO,, CO, CH, and H, and their binary mixtures on Li-X zeolite (UOP)
were obtained by static volumetric method in the pressure range of 0 to 20 bar at temperatures of 293.15, 303.15, and
313.15 K. Using the parameter obtained from single-component adsorption isotherm. Multicomponent adsorption equil-
ibra could be predicted and compared with experimental data. Extended Langmuir isotherm, Extended Langmuir-Fre-
undlich isotherm (L-F) and dual-site Langmuir isotherm (DSL) were used to predict the experimental results for binary
adsorption equilibria of H,/CO,, H,/CO, and H,/CH, on Li-X Zeolite. Extended Langmuir-Freundlich isotherm pre-
dicted equilibria of CH, and H, better than any other isotherm. One the other hand DSL isotherm predicted equilibria of
CO, and CO very well.
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Table 1. Characteristics of adsorbent

Li-X Zeolite (UOP) Value Unit
Type Sphere, VSA-10
Nominal pellet size 8~12 mesh
Bulk density 0.592 g/em’
Pellet density 1.30 g/em’
Specific surface area 563.03 m*g
Micro pore volume 227.584 m’/kg
Average pore diameter 225 nm
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Table 2. Langmuir isotherm parameter of pure component on Li-X

Zeolite
Temperature B ARD
Component lEK] [m?)'f/g] [1/bar] %]
293.15 6.17E-03 2.96E+00 9.11
CO, 303.15 5.98E-03 2.36E+00 4.57
313.15 5.80E-03 1.91E+00 3.61
293.15 3.26E-03 2.48E-01 2.06
CcO 303.15 3.00E-03 2.30E-01 7.97
313.15 2.77E-03 2.15E-01 3.87
293.15 4.04E-03 9.81E-02 8.01
CH, 303.15 3.97E-03 7.28E-02 5.40
313.15 3.51E-03 7.06E-02 3.77
293.15 3.90E-04 3.14E-02 5.59
H, 303.15 2.84E-04 3.45E-02 2.98
313.15 2.93E-04 2.31E-02 3.72
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Fig. 1. Schematic diagram for mixture gas-adsorption equilibrium system.
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Fig. 2. Adsorption isotherm of CO, on Li-X zeolite, @ 293.15K, @
A 303.15K, H 313.15K, - langmuir - langmuir-freundlich,
-- dual-site langmuir.
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Fig. 3. Adsorption isotherm of CO on Li-X zeolite, @ 293.15K, A
303.15 K, M 313.15K, - langmuir ... langmuir-freundlich, -.-
dual-site langmuir.

3
K .-—...’
22 g < -
£ A o
— ® x" "‘ -
3 g P
E /‘, 2
[*]
7]
-]
©
e
a1
E
<
Z
0
0 5 10 15 20

Pressure [bar]

Fig. 4. Adsorption isotherm of CH, on Li-X zeolite, @ 293.15K, A
303.15 K, M 313.15 K, - langmuir - langmuir-freundlich, -.-
dual-site langmuir.
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Fig. 5. Adsorption isotherm of H, on Li-X zeolite, @ 293.15K, A
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Fig. 6. Adsorption isotherm of H,/CO, on Li-X zeolite at 293.15 K, @

8 bar, clsoed symbol: CO,, open symbol: H,, - langmuir
- langmuir-freundlich, -.- dual-site langmuir.
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Table 3. Langmuir-Freundlich isotherm parameter of Pure component on Li-X Zeolite

100 Y
N >

J

J

J
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Component Temperature [K] q,, [mol/g] B [1/bar] I/n ARD [%]
293.15 6.12E-03 3.00E+00 1.11E+00 6.81
Co, 303.15 5.95E-03 2.40E+00 1.06E+00 3.69
313.15 5.78E-03 1.95E+00 1.02E+00 3.44
293.15 3.46E-03 2.31E-01 9.54E-01 6.11
CO 303.15 3.07E-03 2.26E-01 9.86E-01 7.11
313.15 2.68E-03 2.22E-01 1.02E+00 4.19
293.15 3.06E-03 1.09E-01 1.28E+00 1.43
CH, 303.15 2.82E-03 9.51E-02 1.25E+00 0.947
313.15 2.67E-03 8.39E-02 1.18E+00 0913
293.15 9.50E-04 1.86E-02 7.32E-01 3.78
H, 303.15 7.46E-04 1.43E-02 8.76E-01 1.52
313.15 5.41E-04 1.12E-02 1.01E+00 1.95
Table 4. Dual-Site Langmuir isotherm parameter of Pure component on Li-X Zeolite
Component Temperature Site 1 Site 2 ARD
K] q,, [mol/g] B, [1/bar] q,,» [mol/g] B, [1/bar] [%]
293.15 5.79E-03 3.48E+00 3.76E-04 6.36E-01 2.8
CO, 303.15 5.79E-03 2.56E+00 3.76E-04 6.73E-02 5.45
313.15 5.79E-03 1.92E+00 3.76E-04 8.23E-03 3.84
293.15 2.00E-03 1.58E-01 1.36E-03 3.94E-01 1.81
CO 303.15 2.00E-03 1.07E-01 1.36E-03 3.71E-01 7.06
313.15 2.00E-03 7.50E-02 1.36E-03 3.50E-01 247
293.15 1.02E-03 5.26E-02 3.37E-03 8.85E-02 7.98
CH, 303.15 1.02E-03 2.15E-02 3.37E-03 7.81E-02 5.96
313.15 1.02E-03 9.27E-03 3.37E-03 6.94E-02 4.40
293.15 2.83E-04 5.07E-02 1.55E-06 2.25E-33 3.88
H, 303.15 2.83E-04 3.46E-02 1.55E-06 9.79E-34 3.03
313.15 2.83E-04 2.42E-02 1.55E-06 4.57E-34 4.07
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Fig. 7. Adsorption isotherm of H,/CO, on Li-X zeolite at 303.15 K, @
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Fig. 8. Adsorption isotherm of H,/CO, on Li-X zeolite at 313.15 K, @
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Fig. 9. Adsorption isotherm of H,/CO on Li-X zeolite at 293.15 K, @
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Fig. 13. Adsorption isotherm of H,/CH, on Li-X zeolite at 303.15 K,
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Fig. 14. Adsorption isotherm of H,/CH, on Li-X zeolite at 313.15 K,
@ 8 bar, clsoed symbol: CH,, open symbol: H,, - langmuir
« langmuir-freundlich, -.- dual-site langmuir.
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Fig. 16. Adsorption of mixture gas on Li-X zeolite at 303.15 K and
8 bar, @ CO,, A CO, H CH,, - langmuir - langmuir-freun-
dlich, -.- dual-site langmuir.
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Li-X ARg#e|EeM2] CO,/CO/CH/H,

=
A : surface area of adsorbent [m?/g]
B : Langmuir and Langmuir-Freundlich constants [1/atm]
By : virial coefficient
B, : virial coefficient

k;~ks : Dual-site Langmuir isotherm model parameter

M : molecule weight

n : Langmuir-Freundlich constants

N : number of component

P : total pressure [bar]

P. : reduced pressure

q : equilibrium moles adsorbed [mmol/g]

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

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

T : temperature [K]

T, : reduced temperature [K]

vealed : amount adsorbed calculated [mmol/g]

vebsd . 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]

Z : compressibility factor

Je|A 2K}
oy : parameter describing nonideality in adsorbed phase induced

by interaction between species i and j

® : acentric factor
SHXL
a, l : adsorption cell, loading cell
i, : component [i, j]
m : mixture
anes
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