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Disclaimer

This report was prepared as an account of work sponsored by an agency of the United
States Government. Neither the United States Government nor any agency thereof, nor any of
their employees, makes any warranty, express or implied, or assumes any legal liability or
responsibility for the accuracy, completeness, or usefulness of any information, apparatus,
product, or process disclosed, or represents that its use would not infringe privately owned rights.
Reference herein to any specific commercial product, process, or service by trade name,
trademark, manufacturer, or otherwise does not necessarily constitute or imply its endorsement,
recommendation or favoring by the United States Government or any agency thereof. The views
and opinions of authors expressed herein do not necessarily state or reflect those of the United

States Government or any agency thereof.



Abstract

CAER

A mathematical model has been developed to describe the product distribution of Fischer-
Tropsch synthesis, based on the recognition that the termination path to olefin is reversible. The
observed product distribution at the reactor outlet consists of the contribution from intrinsic chain
propagation on the catalyst surface and the effects of olefin reincorporation. The 2-alpha
distribution can be attributed to the effect of vapor liquid separation of hydrocarbon products.
The reaction product does not follow ASF single alpha distribution any more even on the catalyst
surface. A tight fit between model prediction and experimental data has been demonstrated.
Also, the deviation point of the product distribution is precisely predicted to be within carbon
number 8-14 under typical FT conditions.

UcC/B

In-situ X-ray absorption spectroscopy (XAS) studies on Fe-Zn-Ru-K oxides indicated that
Fe-Zn-Ru-K oxides reduce and carburize to Fe carbides rapidly in synthesis gas at 523 K (<4 h).
The oxidation of initially formed Fe carbides to Fe,O, requires a large CO,/CO ratio (>13.0) at
the FTS conditions investigated (543 K and 1 atm). The temperature-programmed reduction and
carburization of Fe-Zn-Ru-K oxides in H, and CO showed that Fe-Zn oxides reduce at lower
temperatures than pure Fe,O; because of the presence of ZnFe,O, which acts as nuclei for the
conversion from Fe,0, to Fe;O,. Ru addition increases Fe oxide reduction by providing H,
dissociation sites and increases carburization rates by dissociating CO. The addition of K slightly
inhibits H, and CO reduction but increases carburization rates by assisting CO dissociation. Ru
increases FTS rates by increasing reduction and carburization rates and by providing more active

sites. Combined with K, Ru-promoted Fe-Zn oxides showed slightly higher initial CH, formation



rates and reached steady state values (~0.03 mmol/g-atom Fe s) earlier than the sample without
K. Ru-promoted Fe-Zn catalysts appear to have the best performance among all the Fe-based
catalysts studied for the FTS reaction. These catalysts had a higher FT activity than both the Fe-
Zn-Cu and Fe-Si systems studied previously. Experiments conducted with Fe-Zn-Ru-K showed
that the addition of K increased FT rates at low temperatures (235 °C and 220 °C), but decreased
them at high temperature (270 °C). However, the other effects usually associated with K-addition
such as increase in CO, selectivity, decrease in CH, selectivity and an increase in a~olefin/n-
paraffin ratios were observed at all the conditions. In spite of having a selectivity to CO, that is as
high as that on the Cu-based catalyst, Fe-Zn-Ru-K appears to be the most promising catalyst due
to its optimum combination of high FT rates and high selectivity to Cs, hydrocarbons. A
nonlinear multivariate regression program was used to test the validity of two reaction
mechanisms proposed for FTS reaction kinetics on Co-based catalysts and both the mechanisms
appear to be consistent with the reaction data. After recalibration of the TCD response factors,
the hydrocarbon selectivities obtained on a 21.9% Co/SiO, appear to be much closer to the ones
previously reported and the minor differences that still exist between the data is due to

hydrogenation taking place on the wall of the reactor.
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