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Supported Metal Carbonyls: New Catalysts for the Indirect Liquefaction of Coal

‘Gordon A. Melson |

The synthesis, characterization and evaluation of two series of supported
metal catalysts has been achieved during the first six months of the contract
period. The first series of potentially catalytic materials consisted of iron
and cobalt and iron/cobalt mixtures on synthetic zeolite supports; the second
series comprised iron and iron/molybdenum, iron/manganese and iron/ruthenium
mixtures on oxide supports. The materials were prepared by using procédures re-
cently PGPOFtEdf$a. Characterization of the materials was accomplished both in
our laboratories at Virginia Commonwealth University and also by using facili-
ties in the Analytical Chemistry éeiﬁfDivision at PETC; techniques employed in-
cluded x-ray diffraction G*Raff ion-scattering spectrometry 6%55Yf secondary ion
mass spectroscopy é&%ﬁsfz electron spectroscopy for chemical analysis 6Eﬁﬁ¥§j
scanning electron microscopy fSEﬂfland thermogravimetric analysis 6TGﬁ7: The
ability of the prepared materials to catalyze the hydrogenation of carben monox-

ide was evaluated by using micro-reactors in the Process Sciences fPSﬁPBivision

at PETC.
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Zeolite-supported Metallic Catalysts

It is concluded from the characterization studies that in the prepared ma-
terials, the metals are present on the surface of the supports (zeoiites ZSM-5,
Nu-1 and mordenite) as small particle-sized (<50 Ry, highly dispersed metal ox-
ides (XRD and ESCA). Calcination of the materials at 300-500°C in air leads to
an increase in the particWe size of the metal-containing species and the fokma—
tion of the oxides Fe203 and,Co3O4 for the iron and CobaTt cantaining species
respectively (XRD and ESCA). Calcination also Teads to changes in appearance of
the materials (SEM); however, individual metal-containing particles cou]d-hot be
detected at magnifications up to 30,000X. From ISS and SIMS techniques it is
concluded that for both the mono- and bi- metallic species the metal component(s)
are present in layers on the surface of the supports (depth profiling studies
using 20Ne as the ion‘soqrce). The catalytic ability of some of the materials
was evaluated using 1:1 H,:CO gas mixtures at 300 psi in a continuous flow reac-
tion sysfem. The effects of catalyst pre-treatment (calcination) and reaction
temperature were evaluated. The results are presented in Table 1. It is appar- -
ent that the materials are effective catalysts for the production of both gase-
ous and'1iquid hydrocarbons from an artifiéia] synthesis gas mixturé. The yield
of "oil" is significantly higher than is obtained by us{ng supported:iron,and
cobalt catalysts prepared by conventional procedures (impregnation, precipita-
tion). Analyses of the 1iquid hydrocarbon products have not yet been received,
but are anticipated shortly. Spent supported iron catalysts were recovered after
completion of the catalytic runs; XRD and ESCA data are cons%stent.with the pres-
ence éf the relatively unstable carbides Fe5C2 and Fe,C on the support, Evalua-
tion of catalytic ability for other prepared and characterized materials is cur-
rently in progress.

Oxide-supported Metallic Catalysts

Characterization studies indicate that the prepared materials consist of

highly dispersed, small particle-sized metal oxides on the support surface (XRD



and ESCA). Calcination in air at 500°C results in the formation of compounds be-
tween the metal (iron) and the support, e.g., MgFe,0, for the Fe/Mg0 system. TGA
studies demonstrate that reduction of both the as prepared and calcined materi-
als occurs in flowing H2 in the temperature range of 350-450°C. The catalytic
ability of the iron on oxide support materials was evaluated as previously de-
scribed (2:1 H,:CO mixture); reduction of CO was not observed. Material recov-
ered from the reaction system and characterized by XRD consists of the very
stable carbide Fe3C on the support. HMosshauer data on both as prepared and
"spent" catalysts are being obtained to confirm the conclusions concerning the
nature of these materials. The effect of pre-treatment conditions on catalytic
activity is currently being evaluated.

In conclusion, work completed during the contract period has shown that sup-
ported metal species prepared by procedures recently developed in our laboratory
are significantly different from those prepared by conventijonal procedures and
that they have significantly different cetalytic abilities, Some preliminary
conclusions concerning the relationship bLetween catalyst structure and catalyst

effectiveness for the hydrogenation of carbon monoxide have been drawn. These

studies are continuing.
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