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DISCLAIMER

This report was prepared as an account of work sponsored by the United States
Gavernment. Neither the United States nor the United States Department of
Energy, nor any of thejr employee§. makes any Qérranty, express or ymplieg, or
assumes any legal 11ability or responsibility for the accuracy, completeness,
or usefulness of any information, apparatus, product, or process disclosed, or
represents that its use would not iInfringe privately owned rights. Reference
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mark, manufacturer, or otherwise, does not necessarily constitute or imply irs
endorsement. recommendation, or favoring by the United States Rovernmeat or
any agency thereof. The views and opinions of authors expressed here\nbdo not
necessartly state or reflect those of the United States Government or any
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EXECUTIVE SUMMARY

The preparation, characterization and performance of cobalt and ruthen'un
carbonyl cluster-based catalysts for use in slurry-phase Fischer Tropsch (F1)
technology was investigated. The use of meta) carbohyls as active metal
precursors allows for the possible control of meta) particle size on the
support surface and thus offers the potént1al for better control of activity
and selectivity of the FT reaction. K>y accomplishment; fncluded reproducible
catalyst preparation, improvements in activity by use of a silica support,
understanding differences between nitrate and carbonyl precursors, and good

activity maintenance in the slurry reactor.

A Coa2(CO)e/2r(0Pr)a/Si02 catalyst (3.5% Co, 6.6% Ir) was developed as

the most active system in the slurry reactor and also gave the best liquid
fuel selectivity. Selectivity patterns correlated to the Schulz-Flory
prediction. Silica suppoit provided the hichest catalyst activities because
it showed the lowest metal-support interaction. For this best catalyst in the
slurry reactor, Synﬁas conversion was 25 to 71%, with bulk activity ranging
from 16 to 54 mols syngas/kg cat/hr. Selectivity to gasoline range

{Cs-C1r1) products was 20 tokas% and to diesel range (Ci2-Cie) products

was 17 to 32% in the slurry reactor. These results were obtained under the
following conqitions: 240°-280°C, (0/M: feed - 0.5 - 2.0, 300 psig and

space velocity = 1.0-2.0 1/g cat/hr.

This catalyst was successfully tested in ar extended slurry-phase run that
achieved 6 months on <tream with a 1(% loss in activity. A kinetic rate

expression that took water inhibition into account was derived from the data



of thic extended test. An activation anergy of 97 kl/mole was o! :ained for
s&nqas conversion ranging from 34 tc 71% at 24C to 2E0°C. Dieset fuel oroduct
produced by this catalyst was high quality, meeting Y of 11 ASTM

specifications for Nc. 1-D diesel fuel) oil.

The activity of the Coa2(C0)e-bas2ad catalysis decreased with changin)

supports as follows: S10z >> Ti0a2 > Ala0a > Mg0.5102. The

Co/T102 catalyst gave unusually high selectivity to Cy~« 2iefins.

Zirconium was found to he the best promoter, compared to Ti, for enh.nc1ng'
activity and selectivity, with the optimum Co/Zr ratiec between 0.5 énd 1.0.
Catalyst activity remaired unchanged and eventually dec!ined as the Co loading
was increased from 4 to 14X. The Ru -ataly<ts showed the highest a:tivity in
the fixed-bed reactor but dea-tivated rapidly in the slurry reactor. 1ine
water-gas shift (WGS) activity of the {2 catalysts was not improvec by the
addilion of fu/Zn WGS catalyst nor by the incorporation of Fe, mak ng these

catalysts less attractive for processing n0-rich syngas directly.

The cobalt catalysts have been optimized to some extent during this study but
more work must be done, especlally with the catalysts having high Co loadinys
where the potential for very high bulk activity exists. Comparative gas phase
tests at constant we . ;ht hourly space Qeloc1ty would be more revealing.
Further optimization would require more detailed catalyst characterization,
especially the use of a reaction chamber on the ESCA instrument. A method for

increasing dispersion at higher metal! loadings would be desirable.

“Analysis of the data cbtained from laboratory Fischer-Tropsrh rea.tors yielded

kinetic conitants for the following functionality:
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" the above model was cnhosen as best for a variety of physical reasons. The
most signiticant reasonc gyre tnat this mocel represents the data quite well
cver the entire range ¢t collected data and has heen shown by other
investigators to effectively describe data with high water concentrations

{such as ts the case here gue to .he low WGS aciivity of the catalyst).

¥hile there 15 a physical basis ior selection of thris model, it 15 not
possible, with the current data, to statisticaiiy discriminate among the rival
models. A Bartiett's F-tost revealed that it would require sixty data points
(with data 4t *he wame degree of error as those aiready reported) to
Justiidably perforn such a discrimination. With tighter error control,
through reiined aralytica’ measufements, this number of oxperiments could be

reduced signifiogntly.

In the analys:: of the kinetic data, catalyst deactivation was assumed to
proceed lineaily between baseline experiments at fixed temperature. Thie
1Vnear cecay assumption Droved tg he approximately true and allowed
elucidationn of the Intrinsic rate phenomena. The underlying causes of the
deactivaticn are not fully understood. Additional studies are required to
determine if the decay 15 caused by thermal or process effects and the extent
to witcn the decay 's rever<ible. Such studies would ultimately result in the

definiticn of regeneration procedures.
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The current study has, therefore, resulted in identification of tne most
likely kinetic functionality and evaluation of the asscclated kinetic
constants. If the model were to be used for scaleup purposes, additional
experiments would be required to ensure that the kinetic paraherers were
sufficiently accurete. Experimenfaf design techniques could be used in order
to minimize the number of runs and tc ma> 11ze the informative power of the

data.
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