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Abstract

This research has focused on the development of high performance
catalysts and processes for efficiently producing hydrocarbons from
synthesis gas (syngas) via Fischer-Tropsch (FT) synthesis and methanol
synthesis. Concretely, the studies are divided into the five aspects, and the
following conclusions have been achieved.

1. The development of cobalt catalysts for long-chain hydrocarbon
production from FT synthesis

Eggshell cobalt catalysts were developed to ensure the active cobalt
atoms were deposited on the external surface of supports. Due to this
characteristic, the eggshell catalysts had better FT synthesis performance
than conventional impregnated catalysts: CHju selectivity decreased from
22.98 % to 9.68 %, Cs+ selectivity increased from 61.66 % to 79.45 %, and the
chain growth probabilities (o) also increased from 0.84 to 0.90. The weak
point of eggshell catalyst is the cobalt atoms concentrated deposited that
will easily cause sintering and quickly deactivation.

To overcome the deficiency of eggshell, sol-gel method was adopted to
design and prepare the high synthesis performance FT catalyst. Cobalt
atoms were highly dispersed on the external surface of support owing to the
Co-0O-Si siloxane network, which could also prevent catalyst sintering. The
FT synthesis in slurry phase demonstrated that the SGE catalysts gave the
merits of high activity (2 times of eggshell catalysts’), well stability, high
selectivity for long chain hydrocarbons and relative low CHy4 selectivity. The
SEM, EPMA, XRD and XPS characterization results theoretically explain
the fundaments of high activity and well stability with SGE catalysts.

2. The production of long-chain hydrocarbons over cobalt catalysts in
tri-phase fixed-bed FT synthesis system

In order to utilize compact reaction system, SGE catalysts were conducted
FT synthesis in a tri-phase fixed-bed reactor by introducing n-decane as the
solvents. Introduction of n-decane would efficiently remove the reaction
heat and generated heavy hydrocarbons from the catalyst surface that could
increase the stability of the catalysts in the reaction.

3. Direct synthesis of gasoline from syngas over iron-based hybrid catalyst



To efficiently synthesis of gasoline from the biomass-obtained syngas,
compact reactor system and hybrid catalysts were developed in this section.
Direct synthesis gasoline under low pressure (0.8 MPa) was achieved over
iron-based hybrid catalysts, in which iron FT catalysts were mechanically
mixed with solid-acid isomerization catalysts.

4. Synthesis of light hydrocarbons from syngas over Cu-based hybrid
catalysts

Hard heat removal and high CO; release were the two major drawbacks
for the gas-phase light hydrocarbon synthesis through methanol synthesis.
To overcome these drawbacks, near-critical phase and slurry-phase reactor
were employed to synthesis of light hydrocarbons over Cu-based hybrid
catalysts. Introduction of near-critical fluid remarkably decreased the yield
of CO2 and increased the stability of the catalyst. The synthesis in the
slurry phase showed Cu in the zeolite had a great influence on the activity
and stability of catalysts and the selectivity of light hydrocarbons through

removal of water from zeolite.
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