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ARISA KAEWPRATUM : INNOVATIVE CATALYST DESIGN FOR CO, REDUCTION REACTION:
A COMBINED ULTISCALE MODELLING AND MACHINE LEARNING APPROACH.
THESIS ADVISOR : ASSOC. PROF. SUWIT SUTHIRAKUN, Ph.D. 78 PP.
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The levels of atmospheric CO, are a crucial issue, making it necessary to find innovative
solutions to mitigate its impact. One promising approach is the CO, reduction reaction (CO,RR)
to valuable products. This thesis introduces a multiscale modeliné and machine learning (ML)
framework designed to accelerate the discovery of CO,RR catalysts. The methodology began
with the creation of a 1,632 structures catalyst database, including pure metals and bimetallic
alloys. We used a ML potential, Fairchem, to calculate adsorption energies, which served as
input for a microkinetic model to predict rates and selectivity. We also developed ML
models for rapid performance prediction. An Artificial Neural Network was optimal for
predicting selectivity, while a Support Vector Classifier performed best for predicting the
overall rate. To enhance accessibility, a web application was created for instant predictions
based on a chemical formula input. A key limitation is the discrepancy between our
predictions and experimental results. This is attributed to the general nature of
the Fairchem potential and the exclusion of experimental factors like solvent effects and
dynamic properties. The way to improve accuracy is by fine-tuning models with specific DFT
data or implementing a delta learning approach. This research provides a practical workflow
for rational catalyst design, offering an alternative to traditional high-cost computational

screening and contributing significantly to the field of sustainable energy material discovery.
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