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Introduction 
Cobalt based Fischer-Tropsch synthesis (FTS) catalysts are the systems of choice 

for use in gas to liquid (GTL) processes [1]. As with most catalysts, cobalt systems partially 
lose their activity with increasing time on stream. Various mechanisms have been proposed for 
the deactivation of cobalt based catalysts during realistic FTS conditions which include 
poisoning, sintering, oxidation, metal support compound formation, restructuring of the active 
phase and carbon deposition. Most of the current research activities on cobalt catalyst 
deactivation during the FTS have been focused on loss of catalyst activity due to oxidation of 
metal and support compound formation [2]. There are relatively few recent studies on the topic 
of carbon deposition on cobalt based FTS catalysts. 
 
The purpose of this paper is to integrate the existing open and patent literature on the topic of 
carbon deposition with our current work to provide a clearer understanding on the role of 
carbon as a deactivation mechanism of cobalt catalysts in the FTS.  
 
Materials and Methods 

To determine if inert carbon deposits form in FTS the Co/Pt/Al2O3catalysts samples 
were first wax-extracted in an inert environment, using an in-house developed procedure. We 
then applied a combination Temperature programmed (TP) techniques, energy filtered 
transmission electron microscopy (EFTEM), high sensitivity low energy ion scattering 
(HSLEIS) and hydrogen chemisorption to obtain information on the amount, reactivity and 
location of carbonaceous phases formed on the catalysts during realistic FTS conditions.  

 
Results and Discussion 

TPH profiles of the wax-extracted catalyst in Figure 1 showed three broad peaks 
which could be assigned to various types of carbonaceous species based on literature. The 
more stable peak which is hydrogenated at 425 °C corresponds to polymeric carbon [3] To gain 
information on the amount of this polymeric carbon, the catalysts were hydrogenated at 350 °C 
for an hour, cooled down to room temperature and flushed with helium and then exposed 
ramped to 900°C in oxygen to quantitatively determine amount of polymeric carbon from the 
resultant CO2 evolution.  There was an increase in the amount of polymeric species with time 
on stream over a period of 6 months up to around 2 wt% polymeric carbon. Assuming the 
dispersion of a freshly reduced catalyst is 16% then this translates to 4 carbon atoms per 
surface cobalt atom. The amount is thus significant to cause geometric blocking even if a small 
part of the total polymeric carbon sits on the cobalt active phase. The hydrogen chemisorption 

capacity of the cobalt decreases with the amount of polymeric carbon. The correlation holds 
even if we include the contribution of sintering and poisons to the decrease in chemisorption 
capacity. HSLEIS and EFTEM analysis of samples containing this hydrogen resistant, 
polymeric carbon showed that it is dispersed largely over the support as well as on the cobalt 
phase. 
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Figure 1. Methane TPH profile of a wax extracted Co/Pt/Al2O3 catalyst taken from the slurry 
bubble column operated at realistic FTS conditions 
 
Significance 

An inspection of available literature shows that although the FTS does occur in the 
presence of active surface carbon and various hydrocarbon products there may be a gradual 
transformation into inactive more stable forms of carbon in extended runs. This carbon could 
be possibly detrimental for catalyst activity. In support of this postulate, we showed in our 
work that polymeric carbon build-up may occur on Co/Pt/Al2O3 FTS catalysts, taken from a 
100-bbl/day slurry bubble column reactor operated at commercially relevant FTS conditions. 
Using a new approach with EFTEM and HSLEIS we showed that this polymeric carbon is 
located both on the support and on the cobalt phase. The results are important in understanding 
the role of carbon deposition on the deactivation of cobalt based-FTS catalysts at industrially 
relevant conditions. 
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