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Abstract—The aim of this study was to investigate the effect of 

the operating temperature on the performance of a Fe/Al2O3 catalyst 

with low Fe loading during Fischer-Tropsch reaction. The catalyst 

was prepared by incipient wetness impregnation method and 

evaluated at 250 – 300 oC. The experimental results show that both 

selectivity and catalyst activity are strongly affected by the operating 

temperature. Increasing the temperature leads to increased catalytic 

activity and shifts the selectivity of products towards lighter 

hydrocarbons. While a clear dependence of the olefin-to-paraffin 

ratio (O/P) for C4 and C5 hydrocarbons on the operating temperature 

was not obtained, the O/P for C2 and C3 hydrocarbons was found to 

decrease with an increasing temperature. 

 

Keywords—Fe/Al2O3 catalyst, Fischer-Tropsch, Reaction 

temperature. 

I. INTRODUCTION 

ICHER-TROPSCH (FT) processes convert synthesis gas 

(or syngas) into a wide-ranging mixture of hydrocarbons, 

predominantly consisting of n-paraffins and α-olefins. In 

smaller quantities, molecules of branched paraffins and 

oxygenates such as alcohols, aldehydes and carbon acids are 

also present in the product stream. Developed by German 

researchers Franz Fischer and Hans Tropsch in the 1920’s at 

the Kaiser Wilhelm Institute [1, 2], FT synthesis has remained 

a vital aspect in the energy sector for decades. It plays an 

essential role as a promising environmentally friendly process 

for the production of transportation fuels, chemicals and 

waxes. Since the mid-1950’s, coal-based FT synthesis has 

been successfully practiced on a commercial scale by Sasol, a 

renowned integrated energy and chemical company based in 

South Africa. In its early years, Sasol used circulating 

fluidized-bed reactors (CFBRs) and tubular fixed-bed reactors 

(TFBRs) packed with promoted iron as the catalyst for its 

operations [2]. FT synthesis has since then evolved into a 
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broadly industrialized technology that is applied by other 

companies around the world such as BP, Shell, Chevron and 

Exxon-Mobil [3]. 

Syngas, the feedstock for FT processes can be derived from 

natural gas, coal, biomass or heavy oil streams [4, 5].  The 

desired FT product slate determines the choice of the synthesis 

reactor, catalyst and the operating conditions, all of which 

subsequently determine the required composition and 

characteristics of the syngas [6]. 

Transition metals such cobalt, iron and ruthenium are used 

to catalyze the FT process. Both iron and cobalt are presently 

commonly commercially used at operation temperatures of 

200-300 °C and pressures of 10-60 bar [7]. In comparison to 

cobalt catalysts, iron catalysts are more suitable to use with 

coal derived syngas as it is much more challenging to prevent 

catalyst poisons derived from the coal with cobalt catalyst [8]. 

Most iron-based catalysts that are used for commercial 

applications and in many scientific studies possess a high 

loading of Fe. Reports on catalytic properties for low-loaded 

Fe-based catalysts are limited in literature. It is expected that 

different levels of interactions of Fe and the support exist in 

high-loaded and low-loaded Fe catalysts and may lead to 

changes in catalytic performance for FT reaction. Hence, the 

aim of this study is to investigate the effect of operating 

temperature on FT reaction over a low-loaded Fe catalyst 

(10%Fe/Al2O3).  

II. EXPERIMENTAL DETAILS 

A. Catalyst Preparation 

Alumina powder was first mixed with distilled water at a 

1:1 mass ratio and air-dried for 24 hours at 120 °C.  It was 

then calcined in flowing air 500 °C for 24 hours. Following 

calcination, the support was crushed and impregnated with an 

aqueous solution of iron (III) nitrate with the aim to produce a 

10%Fe/Al2O3 catalyst. The impregnated support was 

subsequently dried at 120 °C for 24 hours before calcination 

in air at 500 °C for 24 hours. 

 

B. Catalyst Characterization 

The prepared catalyst was characterized using temperature 

programmed reduction (TPR) in order to determine the 

appropriate activation temperature before FT reaction. The 
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analysis was performed in a glass reactor connected to a 

thermal conductivity detector (TCD). 100 mg of the catalyst 

sample were first loaded in the reactor and heated (10 oC/min), 

under a flow of N2 (30 ml/min) form room temperature to 150 
oC were it was held for 30 min in order to remove volatile 

contaminants. After cooling below 60 oC, the analysis gas (5% 

H2 in Ar) was introduced and the TCD signal was monitored 

until a stable baseline was reached before ramping (10 
oC/min) the temperature to 600 oC to complete the analysis.  

 

C. Catalyst evaluation 

The schematic drawing for catalyst testing setup is shown 

in figure 1. 

The reactor had an inlet gas supply line which was 

connected to three supply lines that could be switched through 

the use of valves. The three separate supplies were of syngas 

(H2:CO = 2:1), N2 and H2. Nitrogen was used for reactor 

pressure testing in order to check for leaks.  

Before the FT reaction, 500 mg of catalyst were first 

activated at atmospheric pressure using pure hydrogen (30 

ml/min) at 300 oC for 6 hours then at 330 for 2 hours. The 

activated catalyst was subsequently cooled under the flow of 

H2 to 100 oC where the synthesis gas (10%N2, 30% CO with 

H2 balance) was introduced in the reactor and the pressure 

increased to 20 bar using of a mass flow controller upstream 

of the reactor and a back pressure regulator located at the 

reactor exit. When the operating pressure was reached, the 

operating feed flowrate was set at 10 ml/min. The reaction 

was performed at various temperatures, i.e. 250 to 300 oC. 

The analysis of the reactor exit gas was performed on-line 

using a Dani Master gas chromatograph (GC) equipped with a 

flame ionization detector (FID) and a TCD which were 

connected to a Supel-Q Plot fused silica capillary column 30m 

x 0.32 mm and a 60/80 Carboxen 1000 column, respectively. 

C1-C9 compounds were detected on FID, while H2, CO2, CO, 

CH4 gas and N2 were detected on TCD. 

III. RESULTS AND DISCUSSION 

A. Catalyst Characterization 

The profile for the 10%Fe/Al2O3 is presented in figure 2. 

The data show that significant reduction starts at ca. 275 oC 

where a peak started and was followed by another peak that 

started around 360 oC and which reached a maximum value at 

ca. 425 oC. These peaks that extend over a wide range of 

temperature suggest the reduction of iron oxide species with 

various types of interaction with the Al2O3 support. Based on 

these data, temperatures of 300 and 330 oC were selected for 

catalyst activation prior to the FT reaction.   
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Fig. 1. Schematic diagram of catalyst evaluation setup. 
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Fig. 2. TPR profile for calcined 10 wt% Fe/Al2O3 catalyst 

 

 
 

B. Catalyst evaluation 

Effect of temperature on CO conversion rate (-rCO) 

and CO2 formation rate (rCO2). The effect of temperature 

on iron-catalysed FT synthesis has been reported in numerous 

fundamental FT studies [1, 9 - 12]. The consensus is that as 

the temperature is increased, the CO conversion rates increase.  

The data shown in figure 3 are in agreements with the 

literature as –rCO increases with an increasing temperature 

from 250 to 300 oC. The rates of CO conversion showed close 

to a linear increase with the rise in temperature. In FT 

synthesis, the dissociation of the C-O bond and the subsequent 

reaction with H2 represents the commencement of the FT 

reaction mechanism. Higher operating temperatures instigate 

and promote the rate of these two steps [13]. This results in an 

increase in activity as the operating temperature is increased 

and explains the resulting observation.   

The CO2 formation rate and selectivity also showed a 

similar trend with a rise in temperature as presented in figures 

4 and 5, respectively. CO2 was not present in the feed stream, 

and thus can only be a product of the WGS reaction. 

The slight increase in WGS activity with the rise in 

temperature can be due to kinetic effects [14]. However, 

literature suggests that at temperatures of 250 °C and above, 

the WGS reaction may reach equilibrium on iron catalysts [2, 

15]. This may explain the sluggish increase in the CO2 

production in our temperature range.  

 

Effect of temperature on product selectivity. 

Experimental results in Figures 6 and 7 respectively show that 

the methane selectivity rises strongly while the selectivity for 

C5+ hydrocarbons decreases with an increase in temperature. 

These findings have remained consistent throughout decades 

of numerous studies that have shown that regardless of the 

type of catalyst and feed gas composition, an increase in 

temperature results in a rise in methane selectivity [2, 16 – 

23]. In another standpoint, a rise in methane selectivity with 

increasing temperature is reflective of the decrease in the 

probability of chain growth and thus a shift to lighter 

molecular mass compounds results. The methanation reaction 

is highly governed by the rate of H2 adsorption on the catalyst. 

Another aspect to consider is the dissociation of the C-O 

bond. This process is essential in providing the active carbon 

atoms that will bond with the available H2 molecules [16- 21]. 

Studies have shown some controversy on the analysis of the 

effect of temperature on the O/P ratio with chain propagation 

or increasing molecular weight. Some authors reported 

increasing behaviour [2, 24 - 29], others reported the opposite 

[30]. Our experimental results also showed mixed results for 

the O/P ratio with temperature for C2 to C5 hydrocarbons. 

 

Figures 8 a and b show that the C2 and C3 O/P ratio 

decreases with an increase in temperature. Another 

observation is that the O/P ratio decreases rapidly between 

temperatures of 250 and 270°C and slowly above 280°C. A 

decrease in the O/P ratio can be caused by higher activation 

energy of chain hydrogenation, n-paraffin formation, 

compared to the desorption of 1-olefin. 

The C4 and C5 O/P ratio presented by figure 8 c and d, show 

mixed results. The C4 O/P ratio decreased between 250 and 

270°C and from that point onwards, a rise was observed with 

an increase in temperature. The C5 O/P ratio fluctuated with 

an increase in temperature. The data also showed that the C5 

olefins formed only at temperatures above 260 oC. High 

reaction rates that were measured with a rise in temperature 

can cause an increase in the partial pressure of water that may 

subsequently inhibit secondary olefin reactions, ultimately 

resulting to higher O/P ratio [31]. This can explain the 

increase in the O/P ratio with a rise in temperature.
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Fig. 3. CO conversion rate against temperature. H2/CO = 1.8; P=20 bar. 

 

 

 

 

 

 

Fig. 4. CO2 conversion vs. temperature. H2/CO = 1.8; P=20 bar 
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Fig. 5. CO2 selectivity vs. temperature, H2/CO = 1.8; P=20 bar. 

 

 

Fig. 6. Methane selectivity vs. temperature. H2/CO = 1.8; P=20 bar 

 

 
Fig. 7: C5+ selectivity vs.  temperature 
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Fig. 8. Olefin to paraffin ratio for a) C2, b) C3, c) C4 and d) C5.   

 

 

 

IV. CONCLUSION 

 This work has shown that the activity of a 10%Fe/Al2O3 

catalyst and the selectivity of products during an FT reaction 

are strongly dependent on the temperature. Increasing the 

temperature leads to increased catalytic activity, subsequently 

resulting in higher FT conversions. However, the product 

distribution is adversely affected by high temperatures which 

shift the selectivity towards lighter hydrocarbons.  

The O/P ratio for C2 - C3 decreased with increasing 

temperatures. 
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