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Development of New Types of Fischer-Tropsch Synthesis

Reaction with Nano-Structured Catalysts
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Fischer-Tropsch synthesis (FTS) is a complicated heterogeneous catalysis process,
whereby syngas can be converted to paraffins, olefins, or oxygenated hydrocarbons with
different carbon numbers. The hydrocarbon distribution of the traditional FTS products
is dominated by a chain growth mechanism named as Anderson-Schulz-Flory (ASF)
law. Therefore, without any additives in feedstock, it is very hard to selectively obtain a
part of desired hydrocarbons, like jet fuel product (Cs-Cy6), against ASF law. For the
extensively demanded gasoline, additional hydrocracking and isomerization steps are
usually employed for the production of gasoline in industry. But these steps increase the
operating cost and complexity of the processes. So it is more promising for the direct
synthesis of gasoline components (rich in middle isoparaffin) from syngas without extra
processes.

As we known, metallic cobalt is an excellent catalyst for CO hydrogenation,
yielding higher hydrocarbons in FTS. The high dispersion of cobalt metal is usually
realized by the deposition of a cobalt salt on high surface area supports, such as silica
and alumina, followed by calcination and reduction. The support with large surface area,
however, usually contains small pore size, which results in poor intra-pellet diffusion
efficiency of reactants and products. Hence, the ZrO,-SiO, bimodal support which with
large pores and small pores at the same time is designed. The large pores provide
pathways for speedy molecular diffusion, and small pores provide a large active surface
area to increase metal dispersion.

Zeolite crystals with inherent micropores, high acidity, uniform micropore size and
shape selectivity have been widely applied as heterogeneous catalysts or catalyst
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supports in the petrochemical and fine chemical industries. Considering that zeolite is
powerful in cracking and isomerization of hydrocarbons owing to their unique shape
selectivity and acidity, and that the intrinsic cracking rate of linear hydrocarbons
increases with the carbon number enhanced gasoline production with improved
isoparaffin content can be obtained when a conventional FTS catalyst is combined with
a zeolite.

In Chapter 1, a new Co/ZrO,-SiO, catalyst with specific bimodal structure was
developed and applied for jet fuel direct synthesis from syngas in Fischer-Tropsch
synthesis (FTS) with varied 1-olefins as additives. In a slurry-phase reaction process,
1-olefins as additives were introduced into reaction system to enhance the selectivity of
jet-fuel-like hydrocarbons (Cg-Cy6), at the same time suppressing the formation of light
hydrocarbons including CH, and CO..

In Chapter 2, we designed the Fe base micro-capsule catalyst with unique size
about 1-2 um. This novel iron loaded micro-capsule catalyst with interior Fe/Silica core
and exterior H-ZSM-5 shell was synthesized by the steam-assisted crystallization (SAC)
process via in-situ crystallization route on Fe/SBA-15 catalyst and applied for direct
synthesis of middle isoparaffin from syngas in a fixed bed reactor. Comparing activity
test results of the original Fe/SBA-15 catalyst achieved a low selectivity of isoparaffin
as 8.2 %, while the performance for isoparaffin synthesis of the as-prepared
micro-capsule catalyst achieved an excellent consequence with the selectivity up to
46.5 %. Furthermore, the physical mixture catalyst (Fe/SBA-15 and H-ZSM-5) gave
lower isoparaffin selectivity result with 33.9 % than that of the micro-capsule catalyst.
The spatial confinement effect of the micro-capsule catalyst played a crucial role for the
high selectivity synthesis of isoparaffin.

In Chapter 3, mesoporous zeolite Y was introduced as FTS support for direct
synthesis of middle isoparaffin. A two-step method consisting of acid leaching and base
leaching was developed and applied to create hierarchical pores on a general
microporous Y zeolite. The hierarchical zeolite Y supported Co as catalysts were
employed to catalyze the hydrogenation of carbon monoxide to form hydrocarbons
through Fischer-Tropsch synthesis (FTS) reaction. The CO conversion and Cs.g;
selectivity on Co/Y-ABXx catalysts increased significantly compared with those on the
pristine Y supported Co catalyst. The isoparaffin selectivity of Co/Y-AB4 catalyst
reached up to 52.3 %.
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