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The synthesis of two series of supported metal catalysts has been achieved 

during the period of the contract. The f i rst  series consisted of iron on the 

oxide supports, MgO, ZnO, TiO 2, Al203, SiO 2 and Th02~ the second compri.sed iron, 

cobalt and iron/cobaltmixtures on the zeolite supports ZSM-5, NU-I, mordenite 

and 13X. All potentially active catalytic materials were prepared by techniques 

developed in our laboratory during the previous contract period (Contract No. 

DE-AC 22-79PCI0318) using metal carbonyls as the source of the metal component; 

metal loadings ranged between l and 20%. Characterization of some of the mate- 

rials was achieved by using the techniques of X-ray powder diffraction (XRPD), 

ion-scattering spectrometry (ISS), secondary ion mass spectroscopy (SIMS), elec- 

tron spectroscopy for chemical analysis (ESCA), scanning electron microscopy 

(SEM) Mossbauer spectroscopy (MS} and thermogravimatric analysis (TGA). Evalua- 

tion of the catalytic abi l i ty of some of the materials for the hydrogenation of 

carbon F, onoxide was conducted. 

pxi de - Supported ~letal I i c Catalysts [ ' ~ r l  

I t  is concluded from the character~at,~on studies that the "as - prepared" 

materials consist of highly dispersed, sm~l particle-sized (<50 A) iron oxides 

n " ' " 2+ 3+ l co..talnlng both Fe and Fe on the supjp'or~ surface (XRPD, ESCA). For the 

Fe/MgO and Fe/ZnO systems, the Fe:Mg an/d' Fe:~n ratios decrease on sputtering 

with Ne gas, (ISS, SIMS). Calcination/of, the~aterials \ in air at 500°C results 

in the formation of a layer of larger/particle .~ized iron oxides, e.g. ; e30 ~ 
I 

and/or compound formation betv.~een th~ iron and t~e support e.g. MgFe204, ZnFe204 

for the Fe/MgO and Fe/ZnO systems r/spectively (X~PD, ESCA). TGA studies demon- 

strate that reduction of both the as - prepared anR calrined materials occurs in 
/ 

flowing H 2 in the temperature range 350-4500C. The~catalytic abil i ty of the iron 
/ \ 

on oxide support materials was !e~aluated by using, a _\~°ntinu°us-fl°w micro reactor 

system. Typical conditions wer~ 2:1 H2: CO synthesis{gas mixture at 300 psi, 

\ 
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flow rate - 20 ml/min., temperature 300-325%. Prior to eval,.ation, all mate.- 

rials were reduced at 400°C for two hours in 112 and then carbided for l hour at 

250% with the 2:1 synthesis gas mixture. Reduction of CO was not observed for 

the MgO and ZnO supported iron materials. Samples recovered from the reacticn 

system and characterized by XRPD and MS consist of both the Unstable carbide 

Fe5C 2 (H~gg) and the very stable carbide Fe3C (cementite). • For the iron on alu- 

mina and si l ica materials, evaluation of catalytic activity under similar condi- 

tions to those described above showed that they are active for the synthesis of 

gaseous hydrocarbons, both paraffins and olefins. The product distribution of 

mainly l ight  gases (C l and C 2) and LPG {C 3 and C 4) hydrocarbons does follow an 

Anderson-Schultz-Flory plot. The yields of gaseous hydrocarbons from catalysts 

prepared by our developed synthetic procedure are significantly higher than for 

those materials .prepared by conventional procedures (incipient wetness or precip- 

itation). I t  was further noted that for the Fe/SiO 2 sys.tem, selectivity for 

higher hydrocarbons and percent CO conversion both increase with an increase in 

particle size. Used materials recovered from the micro reactor showed the pre- 

sence of Fe5C 2 with the Fe/Al203 catalysts and both F.esC 2 and Fe3C for the Fe/SiO 2 

catalysts (XRPD, MS). 

Zeolite - Supported Metal{ic Catalysts 

Characterization studies indicate that the "as - prepared" materials comprise 
O 

small particle-sized highly dispersed metal oxides (<50 A) on the support surface 

(XRPD, ESCA); the metals Co and Fe are present in both +2 and +3 oxidation states. 

For the as - prepared Fe/ZSM-5 material, the Fe/Si ratio increases on sputtering 

with a noble gas (ISS, SIMS). In thP. supported bimetallic Fe/Co samples, the 

metals are both present in the +2 oxidation state (ESCA), suggesting the deposi- 

tion of cobalt results in reduction of the previously deposited iron. Heating 

the prepared catalysts in air at 500°C produces the oxides ~-Fe20 3, Co304 and the 

mixed oxide Fe2D3.CoO (XRPD). The behavior of the mixed oxide materials" is simi- 
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lar  to the Fe/MgO and Fe/ZnO systBn~ discussed earlier. Catalytic evaluation of 

the Fe/ZSM-5 materials (as - prepared, calcined at 500%) showed that the pro- 

duct distribution from the as - prepared sample differed considerably from that 

obtained with catalysts prepared by conventiona'i impregnation techniques, i.e. a 

much lower percentage of CO 2 ~.las produced (- 27~ vs 50-60%) and the aromatic j 

fraction of the oi l  product, as analyzed by FIA, was more than doubla that obtain- 

ed by using a "conventional" catalyst. For the material heated at 500°C, the 

product distribution was similar to that obtained by using a conventional catalyst. 

I t  is proposed that this difference in catalytic behavior is due to differences in 

the chemical and physical nature of the iron on the ~upport and to differences in 

the distribution and interaction of the iron with the support. Preliminary data 

from the Fe/NU-I materials indicate similar behavior to that found for the Fe/ZSM-5 

system. Characterization of the used catalysts indicates the presGnce of FesC 2 

for the as - prepared materials whereas the used catalysts from the heated samples 

showed th-. ?resence of Fe5C 2, Fe2C, Fe3C and some unreduced iron oxides (XRPD). 

The Co/ZSM-5 and Co/NU-I materials produce oi l  at rates which are comparable with 

those prepared by conventional techniques and the product distributions were simi- 

lar. XRPD analysis of the used catalysts showed the presence of both high and low 

temperature forms of Co metal and the carbide Co2C. 

In conclusion, work completed during the period of the cc:ntract has lead to 

the deveinpn~ent of two series of met~.l-supported materials which have been charact- 

ized by a variety of spectroscopic techniques and evaluated for their  ab i l i t y  to 

cat~tlyse the hydrogenation of carbon monoxide. Some of the newly-developed mate- 

r ials have been shown to produce distributions of products which are signif icantly 

different from those which are obtained by using co~iventionally - prepared cataly- 

t ic  materials. Preliminary attempts to correlate catalytic act iv i ty  with the 

nature of the catalyst have been made. Further studies are needed to more fu l ly  

characterize these new materials and to determine those factors which are important 
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in producing catalysts which give rise to "non Fi • " • scher-Tropsch product distribu- 

tions. 
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