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The utilization of fossil fuel resource, including coal, petroleum and nature gas, has
promoted the high speed development of economy and society since the beginning of the
industrial revolution. However, excessive consumption of fossil fuel has caused serious
environmental problems and the depletion of energy reserves. Abundant researchers
consider the development and employment of renewable and cleaner energy as substitutes
for fossil fuels. Biomass is a kind of renewable source of energy, which can be derived
from the green plants, perennial grasses, forestry and other plant residues, as well as
organic wastes. Converting biomass to produce clean energy, such as hydrogen, syngas,
hydrocarbons and other fuels, is one of the most promising option to use renewable energy
sources and to decrease the fossil fuel dependence.

Syngas (CO+H>), a type of non-petroleum resource, can be produced from biomass,



natural gas and coal. It is an essential platform to transform the lower carbon resource
into high value-added products, such as dimethyl ether (DME), light olefins, liquefied
petroleum gas (LPG), diesel, even aromatics. Among the process of syngas conversion to
hydrocarbons, there are two primarily catalytic approaches in current situation: Fischer-
Tropsch synthesis (FTS) and syngas-methanol-hydrocarbons synthesis. Therefore,
producing of high value-added chemicals and fuels from syngas has been intensively
explored owing to its academic and industrial value.

As we all known, catalyst design is a vital factor in enhancing the catalytic efficiency
of catalysis reaction. Moreover, catalyst with unique structure exhibit unexpected
performance in catalysis application. As typical representatives, bimodal or core-shell
(zeolite capsule structure) structure have attracted wide attention due to their enhanced
mass transfer efficiency and specific selectivity to target products. Therefore, in this thesis,
we mainly concentrate on the design and application of high performance catalysts with
special structure for production of hydrogen from biomass and conversion of syngas into
valuable chemicals: (1) the Ni/ZrO2-SiO2-B bimodal pore catalyst for enhanced hydrogen
production by steam reforming of vegetable oil (Chapter 1); (2) the Pd/SiO.-SZ zeolite
capsule catalyst for direct synthesis LPG from syngas (Chapter 2); (3) the Cr/Zn-
Zn/Z5@S1 hybrid catalyst with Zn/Z5@S1 core-shell structure zeolite for one-pass
conversion of syngas to para-xylene (Chapter 3).

In chapter 1, a new Ni/ZrO»-SiO2-B bimodal catalyst with specific bimodal structure
was developed and applied for hydrogen production from steam reforming of vegetable
oil. The bimodal (ZrO.-SiO2-B) support was first successfully fabricated by self-
assembly of nanosized ZrO: inside pores of a commercial silica gel Q-30. For comparison,

aunimodal (ZrO2-SiO2-U) support was prepared by impregnation of Q-30 with zirconium



nitrate. Ni supported bimodal and unimodal ZrO,-SiO», and pristine SiO2 (Q-30 and Q-3)
catalysts were comparatively studied in steam reforming of vegetable oil to hydrogen.
Among all catalyst studied bimodal Ni/ZrO2-SiO2-B catalyst exhibited highest oil
conversion and H, formation rate with good stability due to the improved Ni dispersion,
enhanced Ni-support interaction, as well as facilitated diffusion of reactant and products,
benefiting from bimodal structure and promotional effect of ZrO..

In chapter 2, we employed the prepared Pd/SiO2-SZ zeolite capsule catalyst for the
direct synthesis of LPG from syngas. The millimeter-sized zeolite capsule catalyst
(Pd/SiO2-SZ) with a core-shell structure was prepared by a developed dual-layer crystal
growth method: coating silicalite-1 and H-ZSM-5 zeolite orderly as double shells
encapsulating the Pd/SiO. core catalyst. In the reaction, the zeolite capsule catalyst
showed excellent LPG selectivity than the single core catalyst of Pd/SiO2and the physical
mixture catalyst prepared by a simply mixing core and shell catalysts.

In chapter 3, we presented a promising hybrid catalyst, named Cr/Zn-Zn/Z5@S1, to
effectively realize one-pass conversion of syngas to para-xylene. This hybrid catalyst
exhibited enhanced activity on syngas conversion, good stability on catalyst lifetime and
considerable selectivity of para-xylene. The characterization and catalytic performance
evaluation revealed that the well-designed core-shell Zn/Z5@S1 zeolite, as a vital part of
this Cr/Zn-Zn/Z5@S1 hybrid catalyst, substantially contributed its extreme performance
for para-xylene one-pass precise synthesis from syngas. The concerted combination of
two components in this hybrid catalyst can effectively depress the formation of unwanted
by-products and facilitate the oriented synthesis of para-xylene from syngas with
unprecedented efficiency at the same time.

In conclusion, three types of catalysts with special structures were successfully



designed, synthesized and applied to transform the biomass/syngas resource into high-
value-added chemicals. The physical-chemical properties and catalytic performances of

these efficient catalysts were also studied.
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