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Fischer-Tropsch Product Distribution for Rh/Ti02 

The Fischer-Tropsch synthesis shows a 
wide range of product distribution. This re- 
action is considered to occur through a kind 
of polymerization mechanism in which a 
basic monomeric unit is produced on the 
catalyst surface from CO and HZ and the 
product results from the polymerization of 
this monomer. The hydrocarbon and alco- 
hol products typically show a logarithmic 
(Shultz-Flory or Anderson (I)) distribution 
frequently indicating a constant ratio of 
propagation and termination rates espe- 
cially in molecular range above C3 (l-4). 

log(mole% C,) = K + C, log (Y 

where log(mole% C,) shows linear relation 
to C, (carbon number of product). The 
probability of chain growth is tu; (1 - a) is 
the probability of chain termination, i.e., 
product formation (1-4). 

We have studied the mechanism of alco- 
hol formation catalyzed by Rh/TiOz using 
the isotopic tracer method and have shown 
that methanol is produced by a nondis- 
sociative (CO) mechanism (5). Related 
isotopic tracer studies have shown that 
ethanol is not produced by an enol 
condensation mechanism nor by a CO in- 
sertion into an adsorbed methyl species; a 
CO insertion into carbene mechanism 
which explains the isotopic composition of 
the product ethanol has been proposed (6). 
The majority of the ethanol is produced 
from CO + H2 directly; the homologation 
of product methanol is a minor route (7). 
Carbon atoms deposited on Rh are not 
readily hydrogenated to form methane, 
methanol, or ethanol, in contrast to the be- 
havior on Ni (8). 

In this paper, total product distribution 
from CO hydrogenation catalyzed by Rhi 
TiOz is considered. CO hydrogenation was 

catalyzed by 3.0 wt% Rh/TiO* at 423 K; the 
catalyst (0.10 g) was prereduced at 473 K 
(5). The logarithm of mole percent of hy- 
drocarbon and alcohol products is plotted 
versus their carbon number in Fig. 1. Curve 
a is the carbon number distribution for hy- 
drocarbons, curve b is the carbon number 
distribution for alcohols, and curve c is the 
carbon number distribution for the total 
products (hydrocarbons plus alcohols). C2 
in the hydrocarbon distribution falls seri- 
ously below the curve. 

This type of undershooting of C2 has been 
observed for Ni, Fe, and Co catalysts and 
has usually been explained by invoking the 
rapid insertion reaction of product ethylene 
leading to higher carbon number products 
and reduced CZ product concentration (3, 
4, 9). Carbon number distribution for alco- 
hols does not show an extended linear be- 
havior because, in these experiments, 
higher molecular weight alcohols were not 
detectable; the product was composed 
mainly of methanol and ethanol. Higher 
pressure CO hydrogenation experiments 
produced alcohols in decreasing concentra- 
tion through C6 (10). 

If the total products, hydrocarbons plus 
alcohols, are plotted for the Rh/TiOZ, the 
product distribution shows Schultz-Flory 
and Anderson type behavior as shown by 
curve c in Fig. 1. Curve c shows a curva- 
ture indicating the change in the value of (Y 
from about 0.22 at C2 to an apparently con- 
stant value of about 0.54 above C.,. There 
were essentially no olefins, indicating com- 
plete hydrogenation to their respective par- 
affins. Thus we infer that the large deficit in 
CZ hydrocarbons cannot be attributed to re- 
action of product ethylene but appears to be 
due to the formation of ethanol. This result 
suggests that a common intermediate may 
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478 NOTES 

surface carbene. These results indicate that 

----- HC 
- - - Alcohol 

- Total Products 

reaction mechanisms are open to further 
evaluation and require careful, detailed ex- 
amination over a broad range of catalysts to 

IHC + Alcohol) - establish appropriate mechanisms and their 
generality to a range of Fischer-Tropsch 
catalysts. 
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FIG. 1. Product distribution from CO hydrogenation 
on RmiOr. Curve a C,(HC) as mole% of total hydro- 
carbons; curve b C.(alcohol) as mole% of total alco- 
hols, curve c C. (HC + alcohols) as mole% total prod- 
uct. 

be involved in the formation of hydrocar- 
bons and alcohols from CO + Hz catalyzed 
by Rh/Ti02. We suggest that the behavior 
observed may be explained by 

co F 
lalcohol 2alcohol 3alcohol 

+ - I, - I2 - 13 - etc. 
Hz 

i. 
LIHC L2HC L3HC 

This is consistent with the reaction mecha- 
nism proposed for Fischer-Tropsch synthe- 
sis catalyzed by Rh/Ti02 (6). Therein, 
methanol and methane were assumed to be 
formed from CHOHad, although it is possi- 
ble that the common intermediate for CI 
products is adsorbed CO. The ethanol, eth- 
ane, and ethylene are assumed to be pro- 
duced from an adsorbed ketene or oxirene 
intermediate formed by CO insertion into a 
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