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Abstract−− The dependencies of Fischer-Tropsch 

synthesis liquid hydrocarbon product distribution on 
operating pressure and temperature have been stud-
ied for unpromoted and potassium-promoted iron 
catalyst. The study followed an experimental plan-
ning and the results were analyzed based on surface 
response methodology. The effects of different oper-
ating conditions on the distribution of the liquid 
product were compared based on number-average 
carbon number and distribution dispersion. Results 
showed that high pressures (25 to 30 atm) favor the 
production of heavy waxes that can be converted 
into liquid fuels through hydrocracking, while 
greater selectivity towards liquid fuels are favored 
by low temperature (240ºC) and low pressure (20 
atm). The liquid product distribution produced us-
ing potassium promoted iron catalyst presented 
higher number-average number of carbons, lower 
dispersion and lower skewness when compared to 
product distribution obtained with the unpromoted 
iron catalyst. The use of potassium as a promoter 
resulted in the production of longer hydrocarbon 
chains with higher selectivity of a specific narrow 
carbon number range. 
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I. INTRODUCTION 
In recent years, the Fischer-Tropsch synthesis (FTS) has 
become a subject of renewed interest particularly in 
converting natural gas (NG) into liquid transportation 
fuels. This can became a major advantage when dealing 
with natural gas because its storage is a big logistic 
problem, especially regarding exploration in off-shore 
exploitation platforms. A palliative transportation solu-
tion, which has been in relatively widespread use for 
years involves the conversion of NG into liquefied natu-
ral gas (LNG). However the LNG approach has a sig-
nificant drawback since it is a relatively expensive proc-
ess and the storage vessels requires rigorous thermal 
design and construction specs due to the required low 
temperatures. For that reason, if the FTS process is fur-
ther developed and performed efficiently, it may be-
come an economically viable alternative for delivering 
natural gas across large distances. 

Fischer-Tropsch synthesis (FTS) is a process that 
converts natural gas into liquid transportation fuels. In 

this process, natural gas is converted to synthesis gas 
(carbon monoxide and hydrogen mixture) via steam 
reforming, carbon dioxide reforming, partial oxidation 
or catalytic partial oxidation. Syngas is then converted 
into hydrocarbons by the FT reaction: 
 ( ) OHCHHCO 2222 +−−⎯→⎯+  (1) 
Iron-based catalysts have been studied for Fischer-
Tropsch synthesis (FTS) by many investigators (Raje 
and Davis, 1997; van Steen and Schulz, 1999; Donnelly 
and Satterfield, 1989; Eliason and Bartholomew, 1999), 
and its performance in producing liquid fuels and waxes 
is satisfactory. Most researches have focused on reac-
tion conversion and overall rate of reaction (Raje and 
Davis, 1997; Eliason and Bartholomew, 1999). Several 
studies were also carried out to understand the complex 
kinetic mechanism and the effects of operating condi-
tions on the distribution of the FTS product (Huff and 
Satterfield, 1984; Mandon and Taylor, 1981; Donnelly 
and Satterfield, 1989; Li et al. 2002; Patzlaff et al., 
1999; van der Laan and Beenackers, 1999; Fernandes, 
2005, 2006; Fernandes and Sousa, 2006). These studies 
have shown that iron-based catalyst produces paraffins, 
especially low molecular weight paraffins (light gases, 
gasoline and diesel cuts) and a large quantity of olefins 
depending on the operating condition employed, on the 
catalyst and on the reactor that is used. The use of po-
tassium-promoted catalysts also is known to improve 
the performance of the FT synthesis. Although iron 
catalysts are known to have a better performance at high 
pressures only few reports have addressed the Fischer-
Tropsch synthesis at pressures above 20 atm (Bukur and 
Lang, 1999; van der Laan and Beenackers, 1999; Wang 
et al., 2003; Farias et al., 2007, 2008) and more infor-
mation is still needed on the behaviour of the FTS at 
pressures above 20 atm. Van Berge (1997) has shown 
that iron-based catalysts present better performance than 
Co-based catalysts at high pressures (over 10 atm, pref-
erably above 20 atm) and space velocities.  

In recent studies, our group has evaluated the per-
formance of iron-based catalysts on the production of 
liquid hydrocarbons, under high pressure Fischer-
Tropsch synthesis. In this study we have examined the 
effect of a potassium-promoted and an unpromoted iron 
catalyst, supported on alumina, on the distribution of the 
liquid product of the FT reaction carried out under pres-
sures between 20 and 30 atm. 

 


