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Abstract

In this work, the Monte-Carlo molecular simulation was applied to study Received: 27 November 2022
the adsorption of H,S and CO; from natural gas onto silica chabazite Accepted: 9 April 2023
zeolite. The isothermal adsorption curves of pure CHs, CO2, and H,S on Page Number: 85-99

zeolite were simulated in a pressure range of 0-200 kPa at
the temperature of 298, 323 and 348 K. The heat of adsorption analysis
indicated that the physical adsorption has occurred. The simulation
results showed a good agreement with experimental data and the average
relative error of simulated results in 298 K for those gases were reported
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as 18.31%, 6.6%, and 9.8%, respectively. The isotherm of dual and triple Keywords:
combinations of these gases has been studied in the composition range of Adsorption,

70-90% of CH. Results indicate that the tendency of chabazite for Chabazite Zeolite,
adsorption of H2S is much more than two other gases, because of its high Hydrogen Sulfide,
polarity. In addition, results report that the selectivity of CO, and H.S on Molecular Simulation,
chabazite in dual and triple gas mixtures are almost 2 and 4, respectively. Monte Carlo Method
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Figure 1. Molecular structure of optimized chabazite zeolite.
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Table 1. Partial charges (mulliken) calculated by DMoL3
module for all system atoms.

Si (zeolite) 1.549
O (zeolite) -0.774 (avg.)
C (CHq) -0.738
H (CHq) 0.184
C (COy) 0.484
0 (COy) -0.242
H (H2S) 0.251
S (H2S) -0.501
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Figure 2. Comparison of simulation and experimental results of adsorption of pure methane, carbon dioxide, and hydrogen sulfide gases

on zeolite (chabazite) at three different temperatures.
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Table 2. Relative error of the simulation with the experimental results of adsorption of pure gases on
Chabazite zeolite in terms of percentage.

Adsorption temperature

Gas type
CH4 18.31 19 17
CO2 6.57 8.8 8.07
H2S 9.81 - -
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Table 3. Comparison of Langmuir isotherm parameters obtained from simulation with experimental results.

psim bExP
(MPa) (MPa?)
H2S 298 9.2 4.5 5.72 10.36
298 4.93 5.7 6.8 3.84
CO2 323 4.98 29 6.07 2.06
348 3.87 1.7 5.57 113
298 3.58 1.81 3.21 171
CH4 323 3.9 0.72 247 1.07
348 0.6 0.9 1.83 0.7
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Figure 3. Probability of energy distribution related to the simulation of the adsorption of all three gases
separately on CHA zeolite in 298K.

(s el L S Lda (6 jleudands oaslcauads ia slo S duwlis ¥ Jgua

Table 4. Comparison of the heat of adsorption obtained from simulation with experimental results.

Adsorbed

molecule
CO2 4,96 5.01
CHas 3.77 3.82
H2S = 5.61
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Figure 4. The simulation results of the adsorption of a two-component mixture of methane and carbon dioxide,
respectively, by composition percentages of (a) 90-10, (b) 80-20, and (c) 70-30
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Figure 5. The results related to the selectivity of the two-component mixture of methane and carbon dioxide on chabazite zeolite.
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Figure 6. The simulation results of the adsorption of the two-component mixture of methane and hydrogen sulfide,
respectively, by composition percentages of (a) 90-10, (b) 80-20, and (c) 70-30.
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Figure 8. Simulation results of three-component mixture adsorption of methane, carbon dioxide, and hydrogen sulfide, respectively, by

composition percentages of (a) 80-10-10, (b) 85-10-5, and (c) 85-5-10.
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Figure 9. The results related to the selectivity of the ternary mixture of methane, carbon dioxide, and hydrogen sulfide on chabazite
zeolite. The circular and triangular shapes are respectively related to the selectivity of carbon dioxide
and hydrogen sulfide over methane.
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