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Abstract of Thesis

The production of syngas (H, and CO) through dry reforming of methane (DRM) is a promising process which
simultaneously utilizes two greenhouse gases, i.e., CH; and CO,. Co was made the focus of research in this
project to address the cost and carbon deposition issues. Theoretical research combined with experimental
studies were conducted to investigate and develop an efficient carbon-resistant Co—based catalyst for DRM.
Density functional theory (DFT) calculations were adopted to investigate the surface reactions of CO, with
C* on Co nanoparticles. The high preference for C-C coupling over CO% production on Co (111) has been identified
as the origin of carbon graphitization. Step and less—common surfaces (Co (211), Co (221), Co (100)) on the
other hand, do not favor C—C coupling. Meanwhile, the results were being compared with Ni. CO, activation was
discovered to be far more favored on Co than on Ni, which accounts for the lower carbon deposition on Co.
Next, redox exsolution method was used to synthesize Co/Co—Al spinel for experimental DRM. Investigations
on the effect of Co loading revealed that optimum Co loading is needed to control the Co particle size, providing
balance between limiting carbon deposition rate and preventing dissolution of Co into the support. The best
performing catalyst, Co—15, produced a stable 81.5% and 87.4% conversions for CH; and CO, continuously over
24 h of reaction time with 13.51 wt% of carbon deposition. Following that, the promoting effects of Fe on
Co were examined, with a focus on CO, surface interaction. The strong adsorption strength of CO, adsorption
but high activation energy of CO, dissociation on the surface of Fe—doped—Co compared to undoped—Co could
suppress carbon deposition but reduce catalytic activity. Specifically, 0.5%Fe doping reduced the carbon
deposition by “35% but also reduced the CH, and CO, conversion by 5.9 and 3.4% respectively. In addition,
the addition of Fe inhibited the formation of graphitic carbon. Finally, the details of C0O, activation were
studied on Pt (997) surface. TPD desorption peaks were observed at ~79 K, 88-89 K, 92 K, and ~103 K, which
were respectively assigned to desorption of CO, from multilayer CO,, CO, from terrace, CO, from step, and CO,
from defect sites. The corresponding measured adsorption energies were —0.21 eV, —0.23—0.24 eV, —0.28 eV
and —0.34 eV, respectively. These adsorption energies were successfully reproduced using theoretical
calculations with great accuracy. In short, theoretical and experimental studies on DRM over cobalt-based
catalysts were conducted to gain insights into carbon dioxide activation and carbon deposition. This work
demonstrated the possibility of developing catalysts with desired properties by combining theoretical and
experimental approaches, as well as providing a potential pathway for future research to produce catalysts
with higher efficiency for DRM.
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