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Abstract 

The evaluation of some iron/zeolite catalysts for synthesis gas convers.ion 
has been conducted. Effects of.% iron loading, pre-trea~ment and support have 
been determined. 
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New Catalysts for the Indirect 
Liquefaction of Coal 

During the second three months of tile second year of support under grant 

No. DE-FG22-80PC30228, evaluation of the catalytic a b i l i t y o f  some zeolite sup- 

ported iron catalysts for synthesis gas conversion has been conducted. The 

catalysts were prepared from Fe3(CD)I 2 and the zeolite support ZSM-5 by the 

extraction technique previously reported. The weight percent iron loadings were 

approximately 7 and 15% Fe; these catalysts are designated "as-received" or "AR". 

The AR catalysts were calcined in air at 500°C to produce the "H, 500" catalysts L 

Previous studies have demonstrated that calcination leads to an increase in the 

particle size of the supported iron oxide. These materials allowed the effect of 

percent iron loading and increase in particle size of the iron component to be 

evaluated. Data obtained previously and reported in the First Quarterly Technical 

Report for some Fe/13X catalysts has been used for comparison in order to deter- 

mine the effect of the support for similar zeolite-supported iron catalysts. All 

catalysts have been evaluated by using a synthesis gas mixture of H2:C0, 1:1 at 

300 psig and at 280 ° and 300°C with a Chemical Data Systems Series 804 CF-HP micro- 

reactor. Effluent gases were analysed by gas chromatography; liquid products by 

FIA chromatography as described in previous reports. Each catalyst was evaluated 

for a period of approximately three weeks. 

The catalytic data obtained are present in the attached tables. The effects 

of % Fe loading, calcination and support wi l l  be discussed separately. 

1. % Fe Loading. 

Table I presents a summary of the data for 7.0% Fe/ZSM-5 and 15.0% Fe/ZSM-5, 

as-received catalysts. I t  can readily be seen that an increase in % Fe loading 

leads to an increase in % CO and H 2 conversion and to approximately twice the 

yield of h'drocarbons in the reactor effluent. However, within the overall hydro- 

carbon product, the distribution does not vary signif icantly. For the l iquid by- 



-2 

drocarbons, an increase in % Fe loading increases the % olefins, accompanied by 

a decrease in % aromatics and % saturates. I t  should also be noted that the 

increase in hydrocarbons in the effluent is accompanied by a ~ignificant increase 

in the % CO 2 produced. 
-. 

2, Calcination 

Table 2 presents a summary of the data for 15.0% Fe/ZSM-5, as received and 

15.0% Fe/ZSM-5, calcined at 500cC. The differences in product distribution may 

be associated with differences in particle size of the iron oxide component. For 

the as-received catalyst, the high % CH 4 obtained, compared with the yield for 

the H, SO0 catalyst/ is consistent with the presence of small particle sized 

species, It  should also be noted that the yield of liquid hydrocarbon product 

is significantly greater in the H= 500 catalyst compared With the AR catalyst. 

The composition of the liquid hydrocarbon product is also aCfected by the change 

in particle size of the iron oxide; for the H, 500 catalyst the yield of olefins 

is increased and the aromatics and saturates are decreased. The increase in 

particle size leads to an increase in the % CO and H2. conversion although the 

% CD 2 is increased by the calcination pre-treatment. Further studies are in pro- 

gress concerning the relation bet~een particle size and product distribution. 

3~ Support 

In Table 3 is presented some data for Fe/ZSM-5 ~nd Fe/13X catalysts of simi- 

lar weight % Fe loading in order to determine the affect of the support on cata- 

lyt ic activity and product distribution, Both catalysts are in the as-received 

form. I t  should be noted that the Fe/13X catalyst results in a heavier hydrocar- 

bon product distribution compared with the Fe/ZSM-5 catalyst. The hydrocarbon 

product distribution is also different for the two catalysts, the Fe/13X produc- 

ing lower yields of aromatics and olefins and higher saturates. This result may 

be associated with the larger pore size of the 13X support compared with the 



ZSM-5 support and the lack of a'Vailable acid sites in the 13X support. Further 
"C 

studies are in progress to determine the role of the support in zeolite-support- 

ed metal catalysts. 

Work will continue to determine the factors which are important to maximize 

th~ yield of liquid hydrocarbon product and to correlate catalyst structure with 

product distribution. 
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