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Direct Synthesis of Liquefied Petroleum Gas from Car-
bon Dioxide Using Modified SBA-15 Hybrid Catalyst

Mehdi Sedighi *

* Department of Chemical Engineering, University of Qom, Qom 3716146611,

Iran

Research Subject: The conversion of carbon dioxide into hydrocarbons
is a potential process that can reduce and control greenhouse gases.
According to the United Nations Development Program’s sustainable
development goals, liquefied gas is an environmentally friendly fuel.
Hydrogenation of carbon dioxide over a suitable catalyst can be used
directly to synthesize light hydrocarbons.

Research Approach: This study investigated the direct synthesis of lig-
uefied petroleum gas from carbon dioxide hydrogenation using SBA-15
catalyst modified with copper and zinc nanoparticles. In this study, hy-
drogen and carbon dioxide were used as reactant gases, and the opera-
tion conditions such as reaction temperature and residence time were
evaluated.

Main Results: The results showed that by modifying the catalyst with
copper and zinc active sites, the active surface of the catalyst was re-
duced to 542 m2g?. Furthermore, SEM results revealed that the addi-
tion of metal oxides ZnO and CuO resulted in uniform distribution in the
internal channels of the 1CulZn/SBA-15 catalyst, with no aggregation.
LPG production is optimal at a temperature of 360 °C and a residence
time of 10 g.h.mol™. These conditions yielded a CO, conversion rate of
24.6% and a LPG selectivity of 64.8%, respectively. The amount of LPG
produced increases as the temperature rises, and after reaching the op-
timum temperature, there is no significant increase in the amount of
LPG produced. The percentage of CO, conversion does not change much
when the residence time is increased after the optimum value, indicat-
ing that the reaction has reached its thermodynamic theoretical range.
According to the catalytic lifetime test of 1CulZn/SBA-15, CO, conver-
sion percentage and LPG selectivity do not change after 85 hours. Based
on the results of the experiments, the synthesized catalyst can hydroge-
nate CO, efficiently to LPG.
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Figure 1. XRD pattern for synthesized catalysts
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Table 1. Specific surface area and pore characteristics of catalysts

Catalyst SBET (m’ g) Smicro (m*g”) | Sexternal (m’g") V (ecm’ g") D (nm)
SBA-15 710 625 85 0.956 6.48
1CulZn/SBA-15 542 512 30 0.782 4.92
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Figure 5. Temperature effect on different hydrocarbon distribution (residence time= 10 g.h.mol", P= 4 bar)
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Table 2. Reaction results with difference inlet gas composition

Inlet Gas CO, Conversion (%) HCs selectivity Product distribution (%)

CH, CH, CH-CH, 6 C»
H,/CO, 24.6 38.9 87 98 64.8 16.7
H,/CO,/CO  27.4 41.5 76 102 669 17.1
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Figure 8. Catalyst lifetime test (residence time = 10 g.h.mol?, T= 360 oC, P = 4 bar)
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