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OBJECTIVES

The overall objective of this project is to develop a comprehensive kinetic model for slurry
phase Fischer-Tropsch synthesis on iron catalysts. After a thorough review of literature kinetic
models will be formulated utilizing the current state-of-the-art understanding of reaction
mechanisms for formation of reaction intermediates and hydrocarbon products. Models will be
based on adsorption/desorption phenomena for reactants and product species. Discrimination
between the rival models will be based upon the goodness of fit, supplemented with statistical
tests on parameter values and the physicochemical meaningfulness of the estimated parameter
values. Kinetic models will be validated with experimental data obtained in a stirred tank slurry
reactor (STSR) over a wide range of process conditions. These models will be able to predict
concentrations of all reactants and major product species (H,O, CO,, linear 1- and 2-olefins, and
linear paraffins) as a function of reaction conditions in the STSR.

ACCOMPLISHMENTS TO DATE

During the reporting period (October 2002 — March 2005) we have completed three STSR tests
with a precipitated iron catalyst obtained from Ruhrchemie AG (Oberhausen-Holten, Germany).
This catalyst was initially in commercial fixed bed reactors at Sasol in South Africa. Ruhrchemie
catalyst (11-25 g) was calcined in air at 300°C and a fraction between 140-325 mesh was loaded
into the reactor filled with 300-320 g of Durasyn 164 oil (a hydrogenated 1-decene
homopolymer, ~ C,, obtained from Albemarle Co.). After the pretreatment the catalyst was
tested initially at 260°C, 1.5 MPa (200 psig), 4 NL/g-Fe/h (where, NL/h, denotes volumetric gas
flow rate at 0°C and 1 bar) using CO rich synthesis gas (H,/CO molar feed ratio of 0.67). After



reaching a stable steady state value (~60 h on stream) the catalyst was tested at different process
conditions. Experiments were conducted in a 1 dm® STSR (Autoclave Engineers) at: P = 8, 15
and 25 bar, T = 220, 240 and 260 °C, H,/CO = 2/3 and 2/1 at different gas space velocities to
obtain conversions of a limiting reactant ranging from 9% to 84%. Data were obtained at 26 sets
of process conditions. Test duration was from 337 to 696 h. Reproducibility of catalyst
performance (activity and selectivity) in three tests was excellent, and the catalyst deactivation
was moderate.

Quialitative analysis of the effects of process conditions on FTS and WGS activities and product
distribution (lumped hydrocarbon distribution, carbon number product distribution, 1-olefin and
2-olefin selectivity) was completed. It was found that 1-olefins participate in secondary
reactions, whereas 2-olefins and n-paraffins are formed in these reactions (e.g. 1-olefin
hydrogenation, isomerization and readsorption). The extent of secondary hydrogenation and
isomerization reactions increased with increase in partial pressure of hydrogen. Gas residence
time had pronounced effect on selectivity of ethylene and gaseous 1-olefins.

The work on modeling of STSR, incorporating vapor-liquid equilibrium (VLE), has been
initiated. Kinetic model of Lox and Froment (Ind. Eng. Chem. Res., Vol. 32, p. 71 1993) has
been modified for use in the STSR.

FUTURE WORK

The work planned for the remainder of this grant will focus on estimation of kinetic parameters
from experimental data in STSR tests using different types of kinetic models. Discrimination
between the rival models will be based upon the goodness of fit, supplemented with statistical
tests on parameter values and the physicochemical meaningfulness of the estimated parameter
values.
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