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Abstract 

Procedures fo r  the synthesis of some new ef fec t ive catalysts for  the in-  
d i rec t  l iquefac t ion  of coal via the hydrogenation of carbon monoxide have 
been developed. These catalysts are synthesized from solut ions of t rans i t ion  
metal carbonyls and high surface-area aluminas as I /8"  extrudates or pel lets 
by an extract ion procedure. The catalysts produced are a i r -s tab le  but are 
usually stored in the absence of l i gh t ;  evidence from opt ical  and scanning 
electron microscope studies indicate that they have an even d is t r ibu t ion  of a 
metal carbonyl on the alumina surface and there is no evidence for  the pres- 
ence of crysta ls  or i r regu lar  deposits of the carbonyl. The degree of pene- 
t ra t ion  of the metal carbonyl into the extrudate or pe l le t  is dependent on 
the carbonyl, the alumina, the solvent and the reaction time employed. The 
alumina-supported carbonyls have been characterized by the appl icat ion of 
spectroscopic and thermogravimetric techniques; i t  is concluded that a strong 
interaction between the alumina and the carbonyl is present. Decarbonylation 
may be achieved by heating the supported carbonyls in flowing He, N 2, or H2., 
Effective methanation catalysts can be derived from the supported carbonyls 
after reduction in flowing H 2 at elevated temperatures. 



The in i t i a l  phase of the research has involved the synthesis and characteri- 

zation of some materials which may serve as catalysts for the indirect lique- 

faction of coal; more specifically the new catalysts should be capable of the 

selective production of both new and cvrrently used fuels from synthesis gas (main- 

ly CO and H2). 

Procedures for the synthesis of some new effective catalysts .for the CO/H2 

reaction have been developed. "These catalysts are synthesized from solutions of 

the carbonyls Ru3(CO)12, Ir4(CO)12, Rh6(CO)i6, and Os3(CO)12 and high surface 

area aluminas as I/8 "extrudates or pellets by an extraction procedure. The de- 

veloped procedures ~re similar for the synthesis of each catalyst, however the 

solvent and reaction times employed vary with the carbonyl and the alumina used. 

The catalysts produced may be handled in air but are usually stored in the ab- 

sence of l ight;  evidence from optical and scanning electron microscope studies 

indicate they have an even distribution of metal carbonyl on the alumina surface 

and there is no evidence for tile presence of crystals or irregular deposits of 

the carbonyl. ( I t  should be noted that by using previously reported conditions 

(l-lO) for reactions between some of the carbonyls'and alumina, uneven d is t r i -  

butions of crystals of the original carbonyl on the alumina are produced. The 

physical properties of these materials are identical to those obtained for sam- 

ples prepared by dry mixing of the reactants; i t  is concluded that a physical ad- 

sorption takes place and that a high degree of dispersion of the carbonyl does notre- 

sult by using the~e previously reported reaction conditions.) The degree of pene- 

tration of the metal carbonyl into the extrudate or pellet is dependent on the 

carbonyl, the alumina, the solvent and the reaction time employed. X-ray f luor- 

escence and scanning electron microscope studies have enabled a distribution pro- 

f i le  of the carbonyl through the extrudate or pellet to be determined. Catalysts 

have been prepared in which the penetration varies from very l i t t l e  ( i .e. surface 



distribution) to complete distribution through to the center of the support. Ad- 

sorption/reaction of the carbony! is accompanied by significant changes in the 

carbonyl stretching region of the IR spectra of the materials, however, the degree 

of penetration of the carbonyl does not affect the frequencies of the observed 

bands. The alumina.-supported carbonyls have been further characterized by a vari- 

ety of spectroscopic (IR, Raman, ESCA, SEM, X-ray fluorescence, X-ray diffTaction) 

and thermogravimetric techniques. The ph)sical properties of these species are 

significantly different to those obtained for species prepared by the equivalent 

oF the dry mixing procedures reported by other workers. Thus, we conclude from 

the characterization studies that a strong interaction between the alumina and the 

carbonyl is present and that the species we have produced are significantly dif- 

ferent from those reported by others. Depending upon the conditions of the prep- 

aration, reaction may be accompanied by partial or complete decarbonylation of the 

metal carbonyl and oxidation of the metal to form metal-surface oxygen bonds. 

When the alumina-s~:pported carbonyls are heated, both in air and in an inert gas 

by using thermogravimetri.c analysis equipment, decarbonylation results which is 

accompanied by marked changes in both the appearance and spectroscopic properties 

of the product. By careful choice of the temperature and conditions, part ial ly 

or completely decarbonylated species can be prepared. These species have been 

characterized by the techniques mentioned above; i t  is concluded that decar- 

bonylation achieved by this procedure also gives rise to oxidation of the metal. 

Decarbonylation achieved by heating the supported carbonyls in flowing H 2 at tem- 

peratures up to 450 ° however produces distributions of the unoxidized metal on 

the surface. For catalysts derived from Ru3(CO)12 and Ir4(CO)l 2 by this proced- 

ure, chemisorption experiments (H 2 adsorption) indicate a high degree of disper- 

sion of the metal on t~e alumina support. This dispersion is greater than that 

produced for catalysts derived from aqueous solutions of the transition metal 



halides of the same percent loading. Preliminary experiments for evaluation of 

the catalytic activity of some of these species have demonstrated that effect- 

ive methanation catalysts can be derived from the Ru3(CO)12, Rh6(CO)16 and 

Ir4(CO)12 supported carbonyls after prior reduction in flowing H 2 at temperatures 

up to 45D °, (Feaction conditions 3:1 ~i2:CO at approx, 4 atm. pressure; tempera- 

ture 400°). Deactivation o{ the catalysts occurs after several hours, however, 

reactivation can be achieved by reheating in hydrogen~ 

Thus, during this in i t ia l  phase Of the research we have developed proced- 

ures for the synthesis of some highly dispersed metal carbonyls on alumina sup~ 

ports and demonstrated that these species may be used to form effective cata- 

lysts for the hydrogenation of carbon monoxide. The application of a variety of 

physical techniques has enabled us to make conclusions concerning the chemistry 

of the dispersed carbonyls and the interactien between the carbonyls and the sup- 

port. 
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