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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 1Cu1Zn/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 (em’ 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 6. Residence time effect on CO, conversion, CO selectivity, and hydrocarbon selectivity (T= 360 °C,
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,/C0,/CO  27.4 41.5 7.6 102 669 17.1
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Figure 8. Catalyst lifetime test (residence time = 10 g.h.mol?, T= 360 oC, P = 4 bar)

Celw AO L wlin (g lanly caSoslodngs 495Gl
CO, J=us jlacie oe (ml L5 aes o i 095
ols ylis ol auS sed (6 i LPG (5,8 Ol
b LPG 4 €O, Joos 0] B (sl 595U ol as

‘53|.>)..\§ 3 M’% y
Sleaz g,5l8 a8, i 6,8 o 5l aJlie oo oy
el g el iules] Sleas cb ST slasol>

SrSai ¥
Sdgs s1m €O Ggealis oee al b asdllas (0l 5o
aslllas 3,5 VCUNZN/SBA-\O 455 IS (c5, ,— LPG
$395ABL 3, hos 1o S50 alide Jslge (285 )8
2 ez 990 €O (599531 5 Caldl (s s s
FSTas gl age byl a s ols lis mols s 3
0CYF+ slas 3 LPG (5,mdy bl 4 CO_ Jod oo
Socie ol ol o ccwl Ve ghmol™ clsl s g
FYIA 1ol LPG (s iy lseil 5 7 YEIF 1, CO, Jus
J=as oo (iaSTy gles rilal L ol cvoa %
= €0 iyl oo s (Hg b oo 2381 CO,

FY ool - ooed oo 6901 b g gl Ay o (b9 (ool anlibiad


https://arcpe.modares.ac.ir/article-38-67518-en.html

[ Downloaded from arcpe.modares.ac.ir on 2024-12-26 |

S danSTss il mle 38 et w

&=l

[1] Hu ], Yu F and Lu Y., Application of
Fischer-Tropsch Synthesis in Biomass to Liquid
Conversion, Catalysts, 2, 303-326, 2012.

[2] Unruh D., Pabst K. and Schaub G., Fisch-
er— Tropsch Synfuels from Biomass: Maximiz-
ing Carbon Efficiency and Hydrocarbon Yield,
Energy & Fuels, 24, 2634-2641, 2010.

[3] Ghasemi M., Mohammadi M. and Sedighi
M., Sustainable Production of Light Olefins from
Greenhouse Gas CO, over Sapo-34 Supported
Modified Cerium Oxide, Microporous and Mes-
oporous Materials, 297, 110029, 2020.

[4] Sedighi M., Ghasemi M., Mohammadi M.
and Hassan S.H., A Novel Application of a Neu-
ro-Fuzzy Computational Technique in Mod-
eling of Thermal Cracking of Heavy Feedstock
to Light Olefin, RSC Advances, 4, 28390-28399,
2014.

[5] Sedighi M. and Mohammadi M., Sim-
ulation of Fluidized Bed Reactor Using Com-
putational Fluid Dynamics in the Process of
Methanol Conversion to Light Olefins; Kinetic
Modeling Study, Journal of Petroleum Research,
31, 103-115, 2022.

[6] Sedighi M. and Mohammadi M. CO,
Hydrogenation to Light Olefins over Cu-CeO,/
SAPO-34 Catalysts: Product Distribution and
Optimization, Journal of CO, Utilization, 35,
236-244, 2020.

[7] Saeidi S., Najari S., Fazlollahi F, Nikoo
M.K., Sefidkon E, Klemes ].J. and Baxter L.L.,
Mechanisms and Kinetics of CO2 Hydrogena-
tion to Value-Added Products: A Detailed Re-
view on Current Status and Future Trends, Re-
newable and Sustainable Energy Reviews, 80,
1292-1311, 2017.

[8] Numpilai T., Wattanakit C., Chareonpan-
ich M., Limtrakul ]. and Witoon T., Optimization
of Synthesis Condition for CO, Hydrogenation
to Light Olefins over In,0, Admixed with SAPO-
34, Energy Conversion and Management, 180,
511-523, 2019.

[9] Gao J., Jia C. and Liu B., Direct and Se-
lective Hydrogenation of CO, to Ethylene and
Propene by Bifunctional Catalysts, Catalysis
Science & Technology, 7, 5602-5607, 2017.
[10]  Park Y.-K,, Park K.-C. and Ihm S.-K., Hy-
drocarbon Synthesis through CO, Hydrogena-
tion over CuZnOZrO,/Zeolite Hybrid Catalysts,

Catalysis Today, 44, 165-173, 1998.

[11] Li C, Ban H., Cai W,, Zhang Y., Li Z. and
Fujimoto K. Direct Synthesis of Iso-Butane
from Synthesis Gas or CO, over CuZnZrAl/Pd-8
Hybrid Catalyst, Journal of Saudi Chemical Soci-
ety, 21, 974-982, 2017.

[12] LiZ,Wang]., QuY, Liu H, Tang C., Miao
S., Feng Z., An H. and Li C,, Highly Selective Con-
version of Carbon Dioxide to Lower Olefins, ACS
Catalysis, 7, 8544-8548, 2017.

[13] Owen R.E, Plucinski P, Mattia D., Tor-
rente-Murciano L. Ting V.P. and Jones M.D,
Effect of Support of Co-Na-Mo Catalysts on
the Direct Conversion of CO, to Hydrocarbons,
Journal of CO, Utilization, 16, 97-103, 2016.

[14] Li C, Yuan X. and Fujimoto K. Direct
Synthesis of LPG from Carbon Dioxide over Hy-
brid Catalysts Comprising Modified Methanol
Synthesis Catalyst and B-Type Zeolite, Applied
Catalysis A: General, 475, 155-160, 2014.

[15]  Sedighi M., Mohammadi M. and Sedighi
M., Green SAPO-5 Supported NiO Nanoparticles
as a Novel Adsorbent for Removal of Petroleum
Asphaltenes: Financial Assessment, Journal of
Petroleum Science and Engineering, 171, 1433-
1442, 2018.

[16] Nouri M., Sedighi M., Ghasemi M. and
Mohammadi M., Evaluation of Solvent Dearo-
matization Effect in Heavy Feedstock Thermal
Cracking to Light Olefin: An Optimization Study,
Korean Journal of Chemical Engineering, 30,
1700-1709, 2013.

[17]  Fujiwara M. and Souma Y., Hydrocarbon
Synthesis from Carbon Dioxide and Hydrogen
over Cu-Zn-Cr Oxide/Zeolite Hybrid Catalysts,
Journal of the Chemical Society, Chemical Com-
munications, 767-768, 1992.

[18] Lan L., Wang A. and Wang Y, CO, Hy-
drogenation to Lower Hydrocarbons over
ZSM-5-Supported Catalysts in a Dielectric-Bar-
rier Discharge Plasma Reactor, Catalysis Com-
munications, 130, 105761, 2019.

[19] Kruk M, Jaroniec M., Ko C.H. and Ryoo
R., Characterization of the Porous Structure of
SBA-15, Chemistry of Materials, 12, 1961-1968,
2000.

[20] Verma P, Kuwahara Y., Mori K., Raja R.
and Yamashita H., Functionalized Mesoporous
SBA-15 Silica: Recent Trends and Catalytic Ap-

rorly = (oo (it 63,5 Sl Ao sl 4y e (Shgfy oole aclilad FY


https://arcpe.modares.ac.ir/article-38-67518-en.html

[ Downloaded from arcpe.modares.ac.ir on 2024-12-26 |

[

plications, Nanoscale, 12, 11333-11363, 2020.
[21] Hoang V.-T.,, Huang Q., Ei¢ M., Do T.-O.
and Kaliaguine S., Structure and Diffusion Char-

acterization of SBA-15 Materials, Langmuir, 21,
2051-2057, 2005.

[22]  Yang C.-M., Zibrowius B., Schmidt W.
and Schiith F, Consecutive Generation of Mes-
opores and Micropores in SBA-15, Chemistry of
Materials, 15, 3739-3741, 2003.

[23] Rahimi K., Towfighi J., Sedighi M., Ma-
soumi S. and Kooshki Z., The Effects of Si02/
AlLO, and H,0/A1,0, Molar Ratios on SAPO-34
Catalysts in Methanol to Olefins (MTO) Process
Using Experimental Design, Journal of Indus-
trial and Engineering Chemistry, 35, 123-131,
2016.

[24]  Petre A, Carbajo ., Rosal R., Garcia-Cal-
vo E. and Perdigén-Melon J., CuO/SBA-15 Cat-
alyst for the Catalytic Ozonation of Mesoxalic
and Oxalic Acids. Water Matrix Effects, Chemi-
cal Engineering Journal, 225, 164-173, 2013.

[25] Gervasini A. and Bennici S., Dispersion
and Surface States of Copper Catalysts by Tem-
perature-Programmed-Reduction of Oxidized
Surfaces (s-TPR), Applied Catalysis A: General,
281, 199-205, 2005.

[26] Sing K.S., Reporting Physisorption Data
for Gas/Solid Systems with Special Reference to
the Determination of Surface Area and Porosi-
ty (Recommendations 1984), Pure and Applied
Chemistry, 57, 603-619, 1985.

[27] Cai L., Li H,, Zhang H., Fan W,, Wang |.,
Wang Y., Wang X., Tang Y. and Song Y., Enhanced
Performance of the Tangerines-Like CuO-Based
Gas Sensor Using Zno Nanowire Arrays, Materi-
als Science in Semiconductor Processing, 118,
105196, 2020.

PV ook - oond (it 63, o Gy (ol b o (Shpgy (oole aolilad

R T L e


https://arcpe.modares.ac.ir/article-38-67518-en.html
http://www.tcpdf.org

