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Carbon dioxide is well-known greenhouse gas. Chemical utilization of CO; is a
challenging and important topic. The objective of this thesis aims at development of
various efficient catalysts for the process of conversion of carbon dioxide to syngas and
valuable produce. The thesis contains two main parts. The main content of first part is about
catalytic conversion of carbon dioxide to syngas. This part contains chapter 2, chapter 3 and
chapter 4. The content of second part is about catalytic conversion of carbon dioxide
downstream product dimethyl carbonate (DMC) to dipropyl carbon via transesterification.
The detailed contents are displayed as following:

In chapter 2, Ni nanoparticles loaded inside or outside carbon nanotubes (CNTs) were
selectively prepared via wet chemical method to study the different catalytic site position
effect such as inside and outside CNTs for methane dry reforming reaction. The catalysts
were characterized by N, adsorption, transmission electron micrographs (TEM), X-ray
diffraction (XRD), Hs-temperature programmed reduction (H,-TPR), X-ray photoelectron
spectroscopy (XPS) and Raman spectroscopy. TEM images and XPS demonstrated that
most of nickel nanoparticles were controlled to be loaded at interior or exterior surface of
CNTs. The H,-TPR analysis results showed that the nickel oxide at the inside of the CNTs
was easier to be reduced by H,, which was attributed to the confinement effect of CNTs,
The effects of catalytic sites position at interior or exterior surface of CNTs on catalytic
activity were researched by CO, reforming of CHy4. The reaction results showed that the
catalytic activity and stability of interior-Ni/CNTs was higher than that of exterior-Ni/CNTs
catalyst. All these can be ascribed to the electric density difference between interior and
exterior surface of CNTs and the confinement effect of CNTs. The analysis of spent

catalysts indicated that amorphous carbon formed on the catalyst with Ni particles inside



CNTs channels, while another type of graphite carbon appeared on the catalyst with Ni
particles outside CNTs channels.

Mesoporous metal oxide with uniform pores, high surface, and narrow pore size
distribution is highly desirable for catalysis applications. In chapter 3, Ni and Pd were
impregnated on this support to obtain both monometallic and/or bimetallic catalysts. The
fresh and spent catalysts were characterized by N, adsorption—desorption isotherms,
transmission electron micrographs (TEM), X-ray diffraction (XRD), H,-temperature
programmed reduction (H,-TPR), Raman spectroscopy and temperature programmed
hydrogenation (TPH). Characterization results indicated that the catalysts had uniform
mesoporous structure and the metallic particles were well dispersed on the surface of
mesoporous alumina (MA). TPR results displayed that trace Pd significantly enhanced the
reducibility of catalyst. The catalytic data demonstrated that Pd promoted Ni catalyst had
higher catalytic activity compared to monometallic Ni/MA and Pd/MA catalysts. The TEM
and coke analysis results indicated that different carbon species were formed according to
the active metal, which was the key reason for catalyst deactivation. The trace Pd addition
could prevent the formation of filament carbon, which caused the breakage of catalyst and
pressure drop in the reactor.

In chapter 4, a mesoporous Ni-Al (Ni-Al,O3) composite oxide catalyst (NiIMA)
prepared by a single-step surfactant-templating method and a nickel supported on
mesoporous Al,O3 catalyst (Ni/MA) prepared by impregnation were tested in methane dry
reforming. Both catalysts exhibited high BET surface area, large pore volume and narrow
pore size distribution. Nickels species were well dispersed in the form of surface nickel
aluminate phase for both catalysts. During the reduction and reaction, nickel aluminate was
gradually reduced to generate highly dispersed nanosized nickel particles. Both catalysts
showed good catalytic performance in dry reforming reaction, due to the small nickel
crystalline and strong metal to support interaction, since highly dispersed nickel species
could suppress coking, the strong metal to support interaction could resist sintering.
However, NIMA catalyst exhibited better catalytic performance than Ni/MA catalyst. This

can be explained by higher nickel dispersion and stronger nickel-alumina interaction for



NiMA than those for Ni/MA. Hence, NiMA catalyst prepared by one step template method
could be served as a superior catalyst candidate for carbon dioxide reforming of methane.
Dipropyl carbonate (DPC) has larger molecular weight, higher flash point and stronger
antioxidation than DMC; it can be used as a more stable and safer electrolyte for lithium
ion batteries in extreme environment such as high temperature and oxygen environment. In
chapter 5, Dipropyl carbonate (DPC) was selectively synthesized via transesterification of
dimethyl carbonate (DMC) and n-propanol over Mg-Al composite oxide containing La
catalysts. The effect of La content (nmg:narni,=3:1:x) in the catalyst on the synthesis of
DPC was investigated. And the catalyst exhibited the highest catalytic activity when x was
tuned to 0.7. Under the optimized reaction conditions, the DMC conversion and DPC
selectivity were 98.4% and 95.4%, respectively. These catalysts were characterized by
thermogravimetry differential thermal analysis (TG-DTA), X-ray diffraction (XRD),
nitrogen adsorption-desorption, Fourier transform infrared (FT-IR), temperature
programmed desorption with CO, (CO,-TPD) and scanning electron micrograph (SEM). It
was clarified that the amount of basic sites of moderate strength, formed by chelating
bidentate carbonate, was enhanced with the La content increasing until x=0.7, which were
the catalytically-active sites for this reaction. But when La content x reached 1.0, these sites
were transformed to bridging bidentate carbonate, leading to a loss of the catalytic activity
to some extent. These findings indicated that La content controlled the catalytic

performance of the composite oxides catalysts via structure change of the basic sites.
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