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ABSTRACT

Research subject: Multi-component catalysts based on metal-organic frameworks (ZIF-8), combined with various additives such as cerium oxide
(Ce0,) and zirconium oxide (ZrO,), have been developed separately to investigate the role that metal oxides, in combination with metal-organic
frameworks, play in the conversion of CO, to Methanol. The study seeks to explore how these metal oxides interact with ZIF-8 and contribute to
improving the catalytic performance for the efficient conversion of CO, into Methanol, which is an important process for reducing CO, emissions and
producing renewable fuels.

Research approach: The structural, physical, and chemical properties of the synthesized catalysts were meticulously analyzed using a variety of
advanced techniques. These included XRD, FT-IR, BET, SEM, TGA, TPR, and H,/CO, TPD. Unlike earlier studies focusing on a single oxide, this
work highlights the comparative effect of two key oxides within the same catalytic framework using advanced characterization techniques. Cerium oxide
(Ce0,) plays a pivotal role in the catalytic system by creating strong basic sites, which are essential for activating COy. It also facilitates the formation
of different oxidation states (Ce®* and Ce**), which enhance the reducibility of the catalyst and increase its specific surface area. Meanwhile, zirconium
oxide (ZrO,) significantly improves the dispersion of active sites within the catalyst structure, which leads to an increase in the number of active sites
available for the CO, hydrogenation process. Moreover, a controlled thermal treatment was applied to refine the formation and distribution of these
active sites, resulting in an overall enhancement in catalytic performance.

Main results: The presence of cerium oxide improves the conversion of CO, to Methanol by introducing more abundant and active basic sites, which
facilitate the reaction. On the other hand, zirconium oxide improves the dispersion of active sites across the catalyst surface, leading to a significant
increase in Methanol selectivity. These two metal oxides, when used in combination, play complementary roles in improving both the efficiency and
selectivity of ZIF-8-based catalysts in the hydrogenation of CO, to Methanol. The synergistic effect of these oxides makes the catalyst more effective,
allowing for a more efficient CO, conversion process.
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Figure 6 N2 adsorption and desorption isotherm and BJH

adsorption to investigate pore- volume
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Table 2 BET surface area, pore volume, and pore diameter of CNC
and ZNC catalysts, highlighting the effect of CeO2 and ZrO2

modification
Catalyst 9 1 "
sample Seer(mégrt) Vp(cm3gr1) Po (nm)
ZNC 135 0.198 5.88
CNC 176 0.232 5.27
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Figure 4 FTIR spectra of synthesized CNC and ZNC catalysts,
showing MOF structure and metal—-oxide functional groups
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Table 1 Constituent elements and their weight percentages in
different catalyst samples

Elemental Content FE-SEM/EDS Wt.%

Catalyst | o |z | ¢ | N o | ce| zr
Sample
ZNC | 3913 | 1945 | 720 | 161 | 2471 | - |s811

CNC 3894 | 1933 | 7.06 | 1.99 | 25.11 | 7.57 -
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Figure 8 Hz-TPR profiles of CNC and ZNC catalyst samples,
highlighting their reducibility behavior
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Table 3 Investigation of the average diameter of the synthesized

samples, degree of reducibility (DOR%), and dispersion of active
sites using H.-TPD/O: titration analysis

Catalyst b . .

Sample D3nm) | DP(nm) DOR% | Dispersion%
ZNC 8.02 9.48 84.21 12.46
CNC 8.32 11.04 86.03 10.48

D? from XRD and DP from H,-TPD
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Figure 7 TGA pattern of synthesis catalyst samples
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Table 4 Evaluation of the catalytic performance of the synthesis
samples at a constant temperature of 523 K and GHSV=4000 h-!

Selectivity (%)
STY of
Catalyst P CO, Methanol
Methanol
Sample (bar) | Conv(%) ethano o (mol
kg.cat'h™)
ZNC 25 16 68 21 44
ZNC §7' 18 69.5 16.5 53
ZNC 30 21 71 10 6.1
CNC 25 17.5 51 41 49
CNC 17' 20 53 36 5.8
CNC 30 23 56 29 6.6
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Figure 9 CO2-TPD profiles of CNC and ZNC catalysts,
demonstrating the distribution and strength of basic sites on the
catalyst surface
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