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Abstract

The increasing demand to obtain clean fuels and useful products has Received: 3 September 2023
created an interest in finding active and selective catalysts for Accepted: 12 June 2024
the conversion of carbon monoxide into desired products. The Page Number: 31-43

hydrogenation process of carbon monoxide is often polymerized into
liquid hydrocarbon chains using catalysts. In this research, density
functional theory (DFT) calculations have been used to investigate the
reaction mechanism of Fischer-Tropsch synthesis on the catalytic surface
of silica. Silicon dioxide is known as a catalytic substance that can be a

suitable surface for hydrogenating the carbon monoxide molecule and Keywords:

thus reducing the amount of pollutants in the atmosphere. For this Hydrogenation,

reason, in this study, we investigate the thermodynamic calculations of all Carbon Monoxide,
reactions related to the hydrogenation of carbon monoxide on the most Catalyst,

stable form of silica (alpha quartz) as a catalyst and its conversion into Silicon Dioxide,

more useful products such as methanol and methane. Density Functional Theory
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Figure 1. bulk structure of a-SiO; (a) Side view and (b) Top view.
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Figure 2. a-SiO; (001) surface (a) Side view and (b) Top view.
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Figure 4. The adsorption geometries of the studied species during CO hydrogenation on the a-SiO, (001).
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Table 1. The adsorption energies of species on the a-SiO, (001).

Species Adsorption energy (eV)

H -2.97

CH -5.67
CH, -5.04
CHs -2.73
CH, -3.01
co -0.25
COH -1.54
HCO -2.74
Cis-HCOH -1.83
Trans-HCOH -2.37
CH,OH -2.35
CH3OH -1.64
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3\' g Figure 5. Side views of t_he lowest-energy co-adsorption configurations of each intermediate and H on the a-SiO, (001).
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N Table 2. Calculated reaction energies for all hydrogenation elementary reactions on the a-SiO, (001).
j 3; REEWI Thermal properties Energy (eV)
3_ 73 CO+H — HCO Exothermic 0.5
) 3) CO+H — COH Exothermic 0.8
33 of CO+H — CH+O Exothermic -0.4
- ;— CH+H — CH, Endothermic 0.4
a\\ - CH,+H — CH3 Endothermic 0.2
3 CHs+H — CH,4 Endothermic 0.4
3{ HCO+H — cis-HCOH Exothermic -0.7
9 HCO+H — trans-HCOH Exothermic -1.0
g\\ COH+H — cis-HCOH Exothermic -0.4
COH+H — trans-HCOH Exothermic -0.7
\3’ Cis-HCOH +H— CH,OH Exothermic -0.2
v, Trans-HCOH +H— CH,OH Endothermic 0.1
5 CH,OH +H — CH3;0H Exothermic -0.3
X
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Table 3. Calculated activation energies for all reactions on the a-SiO, (001).

Reactions Activation energy (eV)

CO+H — HCO 0.90
CO+H — COH 1.68
CO+H — CH+O 0.9
CH+H — CH; 1.05
CH;+H — CH;, 0.87
CHz+H — CH4 0.8
HCO+H — cis-HCOH 12
HCO+H — trans-HCOH 1.2
COH+H — cis-HCOH 1.06
COH+H — trans-HCOH 0.96
Cis-HCOH +H— CH,0OH 0.73
Trans-HCOH +H— CH,OH 0.43
CH,0OH +H — CH30H 0.51

q Iranian Chemical Engineering Journal — Vol. 24 - No. 139 (2025)
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Figure 6. The reactions with their corresponding transition states.
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