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NATTANON THREERATTANAKULPRON : SYNTHESIS OF CuO/ZnO@N-DOPED
CARBON NANOTUBE (CuOQ/ZnO@N-CNT) CATALYST FOR CARBON DIOXIDE
HYDROGENATION PRODUCING METHANOL IN A BATCH REACTOR.

THESIS ADVISOR : ASSOC. PROF. NIKOM KLOMKLIANG, Ph.D., 148 PP.

Keywords: Catalyst/Nanorod/Methanol/Hydrogenation reaction

The current global warming issue has become a critical concern drawing
attention from researchers worldwide due to the continuous increase in carbon dioxide
emissions from exponentially srowing human activities and demands. As a result, there
has been a focus on investigating carbon dioxide capture, utilization, and storage
(Carbon Capture, Utilization and Storage: CCUS) technologies. This study explores the
utilization of carbon dioxide by converting it into methanol, a high-value compound
with extensive applications as an industrial feedstock, solvent, and fuel for vehicles.
However, methanol synthesis typically requires high temperature (200-300°C) and
pressure (50-100 bar) conditions, which directly impact production costs and safety.
Consequently, developing catalysts that can mitigate these harsh conditions, increase
yield, and reduce undesired by-products such as carbon monoxide remains a significant
challenge. This research aims to address this challenge by synthesizing copper-zinc
catalysts with ordered nanostructures and well-distributed active sites through the
preparation of CuZn-BTC coordination polymer using the "Acidic etching-Self assembly"
technique with ZIF-8 as a precursor. Additionally, promoters such as Ga, 03, TiO,, and
ZrO, were incorporated to enhance the catalyst properties for the methanol synthesis
process via hydrogenation reaction.

The study investigates four main aspects: the optimal ZIF-8:Cu ratio, the
temperature used for material activation to prepare the catalyst, the influence of
promoters added to the CuZn-BTC catalyst, and the suitable temperature for
methanol synthesis. The results reveal that a ZIF-8:Cu ratio of 1:1, a pyrolysis
temperature of 200°C, and the addition of 6.0 wt% TiO, promoter are the most suitable
conditions for synthesizing the CZB-Ti (CuZn-BTC with TiO, promoter) catalyst with

optimal properties. These properties include a well-developed porous structure



(surface area of 37.26 m2/g), uniform dispersion of CuO nanoparticles (Cu dispersion
of 5.46%), high sensitivity for H2 adsorption and activation (high amount of active Cu
sites), and CO, adsorption (strong basic sites up to 3173 pmol/g), as well as a strong
metal-support interaction between Cu-ZnO-TiO,. These findings are consistent with
previously reported mechanisms, highlighting the importance of the strong interaction
between Cu and ZnO for the formation of Cu-ZnO interfacial sites, which are highly
active for the direct conversion of CO, to methanol. The CZB-Ti catalyst exhibits the
highest catalytic performance compared to catalysts prepared under other conditions,
achieving a CO, conversion of 76.67 %, methanol yield of 11.93%, and methanol
productivity of 2.13 g-kg-cat-h at the optimal temperature of 300°C without any CO
formation. Moreover, TiO, enhances the thermal stability of CZB-Ti, maintaining its
nanorod structure after pyrolysis, and demonstrates long-term stability without
significant deterioration of the structure and Cu-ZnQ interaction, which is advantageous
compared to catalysts prepared by the co-precipitation method that suffer from severe
Cu nanoparticle agglomeration after use.

In conclusion, the CZB-Ti catalyst developed in this study shows high potential
for efficient and sustainable industrial-scale methanol production from CO,. The
findings contribute to the mitigation of the global warming problem caused by carbon
dioxide emissions and promote the development of green chemical and energy

industries in the future.
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