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Abstract

Heterogeneous catalysts play a pivotal role in large-scale industrial processes, yielding
significant economic benefits by facilitating the production of value-added chemicals such as
methanol. Methanol stands as a crucial building block for petrochemical industries and finds
diverse applications. The development of catalysts and processes is imperative to address energy
demands and mitigate the climate crisis, aligning with the urgency outlined in the Sustainable
Development Goals (SDGs), of particular relevance are SDG-7, emphasizing 'Affordable and
Clean Energy,’ and SDG-13, focusing on 'Climate Action." These underscore three primary
concerns: reducing CO2 emissions, closing the anthropogenic CO: cycle, and exploring
alternatives to fossil fuels. Given the challenges associated with pure CO2 feed conversion,
including higher activation barriers and stable CO2 molecules, attention shifts towards CO2 co-
fed syngas as a potential solution. This approach not only aids in closing the anthropogenic CO2
cycle but also facilitates the formation of C1 chemicals, representing a form of CO:2 utilization.
Furthermore, CO2 co-feeding with syngas has been shown to improve catalytic activity. In
industrial settings, methanol production typically occurs in fixed bed reactors (FBRs) operating
at 200-300°C and 50-100 bar, employing CuZnOAI20s catalysts. However, FBRs are prone to
catalyst deactivation primarily due to sintering and coke formation induced by excessive heat
and inadequate temperature control. These drawbacks are addressed by slurry reactors, which
maintain isothermal conditions and mitigate catalyst deactivation, thereby enhancing the

efficiency of methanol production.

In this study, an investigation was conducted to examine the influence of solvent, basicity, and
defect sites on a Cu-based catalyst synthesized via combustion, with subsequent performance
testing in a stirred tank slurry reactor. Experimental findings were corroborated by theoretical
insights, shedding light on the significance of moderate polarity in CO hydrogenation.
Multicomponent Cu-based catalysts incorporating ZnO, MgO, and CeO2 were synthesized using
the solvent combustion method. The catalyst activity test was conducted for the hydrogenation of
CO, COz2, and mixed feed to methanol. The promotional effects of ZnO, CeO2, and MgO on the
physicochemical and structural properties were investigated, alongside their correlation with
catalytic activity in the slurry reactor. The CuMgCe catalyst exhibited notable performance,
achieving a conversion rate of 49.8%, methanol selectivity of 95%, and a space-time yield (STY)

of 646 gmeor/kgea-nt. Furthermore, methanol-assisted synthesis led to a 5% increase in STY.

v



Additionally, the promotional role of CeO2 on the CuzZnMg catalyst demonstrated enhanced
turnover frequency (0.0074 s) and stability compared to CuMgCe.

In-depth characterization techniques unveiled the formation of CO2 during CO temperature-
programmed desorption coupled with mass spectrometry (CO-TPD-MS) and CO temperature-
programmed reduction coupled with mass spectrometry (CO-TPR-MS), attributed to lattice
oxygen. This process enhances the presence of surface species CO2>, which serves as a highly
active intermediate for the formation of intermediates like formate. Additionally, in-situ diffuse
reflectance infrared Fourier transform spectroscopy (DRIFTS) demonstrated that formate
intermediates play a significant role in the selective synthesis of methanol on the CuMgOCeO:
catalyst. A mechanistic study elucidated the promotional effect of MgO and CeO: on the
CuMgCe catalyst, synthesized in the laboratory, in enhancing methanol formation during CO2-
cofed syngas conversion to methanol. Density functional theory (DFT) calculations and in-situ
DRIFTS experiments were conducted for micro-level studies and to elucidate the reaction
mechanism. CuMgO and CuCeO: were found to exhibit higher activity for CO and CO:2
hydrogenation, respectively. Furthermore, the role of initial methanol concentration was
investigated through in-situ DRIFTS, revealing insights into the mechanism of methanol-assisted
synthesis. In summary, optimizing the methanol yield involves considering factors such as defect
sites, basicity, initial methanol concentration, and tuning catalyst properties through the effects of
supports. These findings underscore the importance of a comprehensive understanding of

catalyst characteristics and reaction mechanisms in enhancing methanol synthesis efficiency.
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