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ABSTRACT: Thermochemical methanol synthesis from CO,
hydrogenation over Cu/ZnO-based catalysts generally suffers from
low CO, adsorption and poor methanol selectivity. To address this
issue, a Zr-doped CuZnGa catalyst with abundant oxygen vacancies
was prepared to promote CO, adsorption. Incorporation of Zr
promoted electron transfer from Zr atoms to Cu atoms and Zn
atoms, which strengthened the metal—support interaction between
Cu/ZnO through electronic rearrangement. XPS and EPR results
showed that the 2%Zr-CuZnGa catalyst generated more oxygen
vacancies on Cu/ZnO interfaces to increase weak and moderately
basic sites. In situ DRIFT spectra indicated that these oxygen
vacancies promoted the formation of HCO;*, which was further
hydrogenated to form key active intermediates HCOO* and

CO, +3H, —— CH,OH+H,0

co. H

CH,0H
e
4 \ W HoO

® zr

CH;0%* in the formate pathway. Zr incorporation enhanced CO, adsorption on the Cu/ZnO interface of the 2%Zr-CuZnGa

catalyst, which achieved higher CO, conversion (22.0%) and methanol STY (0.540 gy.on g ' h™
CO,H, = 1:3, P = 5§ MPa, and T = 250 °C.

under the conditions of GHSV = 12,000 h™},

1. INTRODUCTION

Large-scale CO, emissions have led to severe ecological and
environmental problems, which threaten the sustainable
development of human society.” The green synthesis of
methanol from hydrogen and CO, is an international frontier
research hotspot, as it promotes the reduction and utilization
of carbon emissions and addresses the bottleneck in the
development of the hydrogen energy industry.” Methanol has a
high volumetric energy density and low storage and trans-
portation costs as well as low safety risks. It can be directly
applied to the existing energy system and has broad application
prospects.

The use of an appropriate catalyst is a key point for
hydrogenation of CO, to methanol due to its high
thermodynamic stability. Cu/ZnO-based catalysts have been
extensively studied in the field of CO, thermocatalytic
methanol production due to their low cost and high methanol
synthesis efficiency.” In these catalysts, metallic Cu is the active
component, while ZnO, as a typical support, acts as a structural
and electronic promoter.5 The Cu/ZnO interface provides the
key active sites for CO, hydrogenation to methanol due to the
strong metal—support interaction (SMSI) effect between Cu/
Zn0.%”

The single Cu/ZnO-based catalyst has low CO, adsorption
ability and poor methanol selectivity.”*” Moreover, the large
size of Cu particles makes them prone to aggregation, which
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compared to the CuZnGa catalyst

reduces the catalyst lifespan. Appropriate supports are
beneficial for achieving SMSI between Cu/ZnO, which can
modulate the oxidation state, size, and dispersion of active Cu
species, thereby enhancing catalytic performance.”'’ The
addition of promoters such as ALO,,'"'" $i0,,'* 7r0,, "
and Ga,0,'°™"? was reported to impore the stability and heat
resistance of Cu/ZnO-based catalysts. In particular, the
incorporation of Ga can significantly enhance the catalytic
performance. Extensive research has been conducted on the
mechanism of Ga doping in Cu-based catalysts. For instance,
the formation of a thin layered double hydroxide (LDH)
precursor structure in CuZnGa catalysts improved the
dispersion of Cu particles on the catalyst surface.'” The Cu-
supported ZnGa catalyst prepared by microwave-assisted
methods enhanced the SMSI between Cu/ZnO.'® CuZnGa
catalysts prepared under different pH conditions have d1fferent
specific surface areas, which affects catalyst performance.'® Ga
also acts as an electronic promoter in Cu/ZnO catalysts,
reducing activation energy and facilitating CO, activation."
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