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Abstract : Carbon dioxide is an undesired component of biogas and landfill gas. As a result, it needs to be removed from these
mixtures in order to increase their heating value and reduce corrosion during treatment. Zeolites are a class of microporous materials
that can be used as adsorbents for the separation of carbon dioxide from gas mixtures. In this work, the pure gas adsorption
isotherms of methane and carbon dioxide and the selectivity of their mixture onto LTA-4A, FAU-13X and FAU-NaY adsorbents at
temperatures of 273, 298 and 323 K and pressures up to 30 bars were calculated by the Monte Carlo method. Also, the influence of
a flexible framework in a set of zeolites on the separation of methane and carbon dioxide was studied. Carbon dioxide adsorption
onto the zeolites used in this work was more favorable than methane adsorption. The FAU-13X adsorbent had the highest adsorption
capacity among the studied adsorbents. However, the selectivity of carbon dioxide over methane for LTA-4A was the highest. The
adsorption capacities of a rigid framework were higher than those of a flexible framework. The influence of the framework flexibility
in FAU on adsorption capacity was small. In contrast, its influence on selectivity seemed to be much larger.
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Table 1. Some important properties of zeolite used in this work
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Table 2. Nonbonded potential parameters for Lennard-Jones potential

Molecular type LJ site o (A) el (K) q; (e) Bond length (A) Ref.
Si 2.970 31.98 +1.4130 [19]
Al 3.140 24.00 +1.0720 [19]
Zeolite 04" 3.011 52.00 —0.7065 [19]
0, 3.011 55.04 —0.8713 [19]
Na* 3.230 234.13 +1.0000 [19]
Methane CH, 3.730 148.00 0.0000 [31]
C 2.757 28.129 0.6512
Carbon dioxide leo = 1.149 [32]
0 3.033 80.507 —0.3256

The oxygen atom has two types: (a) Oy connected to two silicon atoms, and (b) O,, connected to an aluminum.
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Figure 1. Experimental (open symbols) and simulated (lines)
adsorption isotherms of carbon dioxide (black) and
methane (red) at 298 K in FAU-13X. The results obtained
in this work are compared with experimental data taken
from Ref. [37].
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Figure 2. Radial distribution function of interatomic distances in
SOD (red lines), LAT-4A (black lines), and FAU-13X
(blue lines): (a) Tetrahedral atom - Tetrahedral atom, (b)
Tetrahedral atom — Oxygen atom, and (c) Oxygen atom —
Oxygen atom.

ot FAUE 97 422 A7 @R ugl & HiA|=HA HZ
o A T-T 327} Yol o= o= vt Aol S
Uepdlich T-00 thgt RDF= AALR7F Joid oz T 4=}
o vJg] 23 o]¥Ad 2B(anisotropic motion)°] T Z7]| W&
o 2 5742 ehit To9 A Ak T.09| B Aeel
1.6 AoA &7 6}_’ 2 7 oj=o] YEith 0-02] RDF= 2
2 A WA o] 3k AR oA ErteE A5 e, o
2 Ya= AdEeE §2 EXE YESIH

3.2 MEFT} O|AFBIENA O] CHIMEL S}

qgHeR qUanrs dolo ARE BIT + g
78] 98] F3o] go] 9L, ol A% F5e A AR
AT B ozt 7] 2 WEE LANAS $83 U
2oz HIAY S5 ek Foldl Bel2 9lste] AuF F

5.0

4.0

3.0

2.0

Adsorption Excess [mmol g-!]

0.0 U SN T TR TN SN SN TN NN NN SN THNY SN SN SN SN SN SN SN SN TR TN T SN SN S S T 1
0.0 5.0 10.0 15.0 20.0 25.0 30.0

P |bars]

h 2
> o

»
)

g
o

Adsorption Excess [mmol g!]
w
)

—
>

0.0 5.0 10.0 15.0 20.0 25.0 30.0

ol
o

P |bars]

Figure 3. Excess adsorption isotherms of (a) methane and (b)
carbon dioxide at 273 K (triangle symbols), 298 K (circle
symbols), and 323 K (square symbols) on rigid (black)
and flexible (red) LAT-4A. Filled symbols and solid lines
represent adsorption process. Open symbols and dashed
lines represent desorption process.
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Figure 4. Excess adsorption isotherms of (a) methane and (b)
carbon dioxide at 273 K (triangle symbols), 298 K (circle
symbols), and 323 K (square symbols) on rigid (black)
and flexible (red) FAU-13X. Filled symbols and solid
lines represent adsorption process. Open symbols and
dashed lines represent desorption process.
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Figure 5. Excess adsorption isotherms of (a) methane and (b)
carbon dioxide at 273 K (triangle symbols), 298 K (circle
symbols), and 323 K (square symbols) on rigid (black)
and flexible (red) FAU-NaY. Filled symbols and solid
lines represent adsorption process. Open symbols and
dashed lines represent desorption process.
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