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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 f i r s t  six months of the contract 

period. The f i r s t  series of potential ly catalyt ic 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 procedures re- 

cently reported ~'I~. Characterization of the materials was accomplished both in 

our laboratories at Virginia Commonwealth University and also by using f ac i l i -  

ties in the Analytical Chemistry ( ~ D i v i s i o n  at PETC; techniques employed in- 

cluded x-ray di f f ract ion ~ ,  ion-scattering spectrometry ~ ,  secondary ion 

mass spectroscopy ( ~ d ~ ,  electron spectroscopy for chemical analysis (o 

scanning electron microscopy ~ a n d  thermogravimetric analysis ( -T~.  The 

ab i l i t y  of the prepared materials to catalyze the hydrogenation of ca~'-bon monox- 

ide was evaluated by using micro-reactors in the Process Sciences ~ D i v i s i o n  

at PETC. 



Zeolite-supported Metal l ic  Catalysts 

I t  is concluded from the characterizat ion studies that in the prepared ma- 

te r ia ls ,  the metals are present on the surface of the supports (zeoi i tes ZSM-5, 

Nu-I and mordenite) as small par t ic le-s ized (<50 A), highly dispersed metal ox- 

ides (XRD and ESCA). Calcination of the materials at 300-500°C in a i r  leads to 

an increase in the par t ic le  size of the metal-containing species and the forma- 

t ion of the oxides Fe203 and.Co304 for  the iron and cobalt containing species 

respectively (XRD and ESCA). Calcination also leads to changes in appearance of 

the materials (SEM); however, individual metal-containing par t ic les couldnot  be 

detected at magnifications up to 30,O00X. From ISS and SIMS techniques i t  is 

concluded that for  both the mono- and h i - m e t a l l i c  species the metal component(s) 

are present in layers on the surface of the supports (depth p ro f i l i ng  studies 

using 2ONe as the ion source). The cata ly t ic  a b i l i t y  of some of the materials 

was evaluated using I : I  H2:CO gas mixtures at 300 psi in a continuous flow reac- 

t ion system. The effects of catalyst pre-treatment (calc inat ion)  and reaction 

temperature were evaluated. The results are presented in Table I .  I t  is appar- 

ent that the materials a)'e ef fect ive catalysts for  the production of both gase- 

ous and l iqu id  hydrocarbons from an a r t i f i c i a l  synthesis gas mixture. The y ie ld  

of "o i l "  is s ign i f i can t l y  higher than is obtained by using supported:iron and 

cobalt catalysts prepared by conventional procedures (impregnation, prec ip i ta-  

t ion) .  Analyses of the l iqu id  hydrocarbon products have not yet been received, 

but are anticipated short ly .  Spent supported iron catalysts were recovered af ter  

completion of the ca ta ly t i c  runs; XRD and ESCA data are cor,~istent.with the pres- 

ence of the relat ively--unstable carbides Fe5C 2 and Fe2C on the support, Evalua- 

t ion of ca ta ly t i c  a b i l i t y  for other prepared and characterized materials is cur- 

rent ly in progress. 

Oxide-supported Meta l l ic  Catalysts 

Characterization studies indicate that the prepared materials consist o f  

highly dispersed, small par t ic le-s ized metal oxides on the support surface (XRD 



and ESCA). Calcination in a i r  at 500°C results in the formation of compounds be- 

tween the metal ('iron) and the support, e.g.,  MgFe204 for the Fe/NgO system. TGA 

studies demonstrate that reduction of both the as prepared and calcined materi- 

als occurs in flowing H 2 in the temperature range of 350-450°C. The cata ly t ic  

ab i l i t y  of the iron on oxide support materials was evaluated as previously de- 

scribed (2:1 H2: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 tile support. I.iossbauer 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 cata ly t ic  

ac t i v i t y  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 s igni f icant ly d i f ferent  from tho~e j)repared by conventional procedures and 

that they have s ign i f i cant ly  dif ferent cEtalyt ic  ab i l i t i es ,  Some preliminary 

conclusions concerning the relationship between catalyst structure and catalyst 

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

studies are continuing. 
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