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OBJECTIVE:

Heterogeneous catalysts play an essential role in converting syngas (CO/H, mixtures) to fuel.
The Fischer—Tropsch (F-T) synthesis is used for several years to produce liquid aliphatic
hydrocarbons and oxygenates by the hydrogenation of CO. The significance of synthesis of
higher alkanes lies in liquefying natural gas for easy transport, rocket fuel production, and fuel
cell production. Nanoscale and well-dispersed fine particle catalysts in sol-gel support offer a
large number of advantages such as least diffusion resistance, easy accessibility to reactants, and
large number of active sites. The state of the unfilled d-shells and unpaired electrons,
morphology and metallic charge distribution of the transition metal (Fe, Co) catalysts are known
to govern both their catalytic and magnetic behavior. One of the objectives is to develop
methods to prepare effective nanoparticle incorporated heterogeneous F-T catalysts. This
objective was achieved through following steps: 1) synthesize nanoparticle precursors-
Fe(acac)s;, Co(acac),, and Cu(acac),, 2) synthesize Fe, Co, Cu nanoparticles using chemical
methods, 3) incorporating the nanoparticles into alumina sol-gel and improve metal loading, and
4) prepare the catalyst granules for syngas conversion to yield higher alkanes production.

ACCOMPLISHMENTS:

We have developed effective nanoparticle incorporated heterogeneous F-T catalysts starting with
the synthesis of Fe, Co, Cu nanoparticles using Fe(acac);, Co(acac),, and Cu(acac), precursors
and incorporating the nanoparticles into alumina sol-gel to yield higher alkanes production.
SEM/EDX, XRD, BET, VSM and SQUID experimental techniques were used to characterize the
catalysts, and GC/MS were used for catalytic product analysis.

The nanoparticle oxide method gave the highest metal loading. In case of mixed metals it seems
that Co or Cu interferes and reduces Fe metal loading. The XRD pattern for nanoparticle mixed
metal oxides show alloy formation between cobalt and iron, and between copper and iron in sol-
gel prepared alumina granules. The alloy formation is also supported by DTA and VMS data.
The magnetization studies were used to estimate the catalyst activity in pre- and post-catalysts. A

lower limit of ~ 40% for the reduction efficiency was obtained due to hydrogenation at 4500C for
4 hrs. About 85% of the catalyst has become inactive after 25 hrs of catalytic reaction, probably
by forming carbides of Fe and Co. The low temperature (300 K to 4.2 K) SQUID magnetometer
results indicate a superparamagnetic character of metal nanoparticles with a wide size
distribution of < 20 nm nanoparticles.

We have developed an efficient and economical procedure for analyzing the F-T products using
low cost GC-TCD system with hydrogen as a carrier gas. Two GC columns DC 200/500 and
Supelco Carboxen-1000 column were tested for the separation of higher alkanes and the non-



condensable gases. The Co/Fe on alumina sol-gel catalyst showed the highest yield for methane
among Fe, Co, Cu, Co/Fe, Cu/Co, Fe/Cu. The optimization of CO/H; ratio indicated that 1:1 ratio
gave more alkanes distribution in F-T process with Co/Fe (6% each) impregnated on alumina
mesoporous catalyst.

FUTURE WORK:

We plan to prepare Fe/Co nanoparticles loaded in hybrid alumina/silica mesoporous granules.
We will vary the alumina/silica and also Fe/Co ratios. We will characterize them using BET,
XRD, and SEM/EDX and compare with alumina supported catalysts reported previously. We
expect the hybrid alumina/silica catalysts will have higher surface area and different (smaller)
pore sizes. We will optimize the catalytic systems for higher alkanes production.
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