
Abstract
Fischer-Tropsch synthesis is a direct method to produce fuels with low aromatic and sulfur content. Among various 
types of catalysts used for Fischer-Tropsch synthesis, the perovskite catalysts are more effective in a wide range of 
chemical reactions and have significant applications for gas-solid reactions. This study investigates the application of 
LaFe(1−x)CoxO3 perovskite catalyst with various Co to Fe ratios in Fischer Tropsch synthesis. The perovskite oxides 
are prepared via the sol-gel method and characterized using temperature-programmed reduction (H2-TPR), X-ray 
diffraction (XRD), Transmission electron micrographs (TEM), and BET surface area techniques. In addition, the cata-
lyst is tested in a fixed bed reactor at 240, 260, 280, and 300 °C and 20 barg pressure. The results show that the crystal 
structure of LaFe(1−x)CoxO3 perovskite catalyst is changed and demonstrated high activity due to the iron active site; 
therefore, by increasing the amount of iron catalyst structure shifts to the orthorhombic and the CO conversion in-
creases noticeably. Results show that the LaFe0.7Co0.3O3 catalyst at 280 °C is a possible candidate for Fischer-Tropes 
synthesis.
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Introduction
Fisher-Tropsh synthesis (FTS) is used to convert 
syngas to a mixture of hydrocarbons, mainly paraffin 
and olefins [1, 2]. Due to the availability of immense 
natural gas resources, producing chemicals such as 
olefins, aromatics, and oxygenates via the FTS is highly 
desirable. Many efforts have been made to industrialize 
the catalysts [3-5]. The hydrocarbon produced using 
Fischer-Tropsch synthesis is considered clean fuel due 
to its low sulfur content compared to fossil fuels [6-
8]. However, the catalysts in the current process are 

usually iron and cobalt-based [9]. Cobalt-based catalysts 
have higher CO conversion, C5

+ selectivity, and lower 
WGS (Water gas shift reaction) activity than iron-based 
catalysts [7-11]. Recently, demands for perovskite 
catalysts have increased due to their high thermal 
stability and good performance in all reactions [12-15]. 
The perovskite catalyst is effective for various chemical 
reactions [1, 3, 16-21] and has significant applications in 
gas-solid reactions [16, 17]. In addition, it is efficient for 
the hydrogenation of alkenes and alkynes and well known 
for oxidation reactions, including carbon monoxide and 
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total/partial methane oxidation [1, 2, 14, 18-22]. The general 
structure of the catalyst is ABO3, in which A and B are metal 
groups (A and B are large and small cations, respectively) 
[23-34]. Due to the stable structure and high matching 
capacity, various metals with distinct atomic sizes and 
physicochemical properties can be substituted in the A and B 
sites [24]. However, the catalyst activity is restricted by the B 
site, but the thermal stability of the catalyst is determined by 
the position of A and B cations [35-39].
Although perovskite oxides are ideal catalysts for converting 
syngas due to their high thermal stability [25-36], the 
application of the catalysts due to low surface area is limited 
[38-42]. Moreover, the perovskites depend on the active 
metals (A and B sites), and the catalyst preparation method 
has various spatial structures such as triclinic, rhombohedral, 
tetragonal, orthorhombic, and monoclinic [32]. 
In the current study, the effect of the Co/Fe ratio in the B site at 
the La Fe(1−x)CoxO3 perovskite catalyst has been investigated 
for Fisher-Tropes synthesis. The catalyst is prepared via the 
sol-gel method and characterized using XRD, BET, TEM, 
and H2-TPR. In addition, the activity of the catalysts for 
Fischer-Tropsch synthesis was tested in the fixed bed reactor 
at the temperature and pressure of 240, 260, 280, 300°C, and 
20 barg, respectively. 

Materials and Methods
Materials

The deionized water was utilized for the synthesis of catalysts. 
All other materials were utilized in their original form: Iron 
(III) nitrate (Fe(NO3)3.9H2O, Merck, 98%), Cobalt (II) nitrate 
(Co(NO3)3.6H2O, Merck, 99%), Lanthanum(III) nitrate 
(La(NO3)3.6H2O, Merck, 99%), Glycine (NH2CH2COOH, 
Merck, 99%)

Catalyst Preparation
According to the literature, several methods have been 
reported for synthesizing perovskite catalysts, such as 
hydrothermal, microwave, precipitation, and sol-gel [11, 43]. 
In the current research, the perovskite catalysts were prepared 
using the thermal sol-gel method. In this method, lanthanum, 

cobalt, and iron salts are solved in deionized water; then 
glycine is added dropwise and mixed for 2 hours at 80 °C for 
gel formation [44]. The remaining gel was oven-dried for 4 
hours at 180 °C and then calcinated at 550 °C (5°C/min) for 
5 hours under the N2 gas stream.

Catalyst Characterization
XRD: The perovskite catalysts were analyzed using the XRD 
(Philips PW1729) instrument. The diffraction pattern was 
obtained using a CuKα lamp with wavelength of λ = 1.542 
°A in the angle range 2θ = 1 to 2θ = 80 and step size of 
0.06. The particle size was determined based on the XRD 
information and using the Scherer equation.
BET: The catalyst’s surface area, pore volume, and mean 
pore diameter were measured using the BET (ASAP 3020 
Micromeritics) instrument.
H2-TPR: The Temperature Programmed Reduction (H2-
TPR) test was carried out on the 0.011 g of catalyst, which 
was heated from 28 to 750 °C (5 °C/min) under a mixture 
of H2 and Argon (5% and 95%, respectively) gas with total 
gas flow rate of 50 Ncc/min using H2-TPR (Chembet 3000) 
instrument. 
TEM: The Transmission Electron Microscopy (TEM) test 
was carried out on the catalysts using the TEM (CM120 
microscope, Philips) instrument.
Laboratory System 
The prepared catalysts were loaded into the reactor 
accordingly to investigate the catalyst performance in 
Fischer-Tropsch synthesis.
The setup consists of feeding, reaction, and product separation 
and analysis.
The general outline of the laboratory system is presented in 
Fig. 1. 
The stainless steel fixed bed reactor had a diameter of 8 mm 
and a height of 700 mm. The reactor was divided into three 
equal zones. The lower zone was filled with 2g of a catalyst 
supported by carborundum both below and above the catalyst 
till the entrance of the reactor. The reactor temperature is 
controlled by a furnace with a temperature controller around 
the reactor. 

Fig. 1 Laboratory system schematic.
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The system is equipped with two traps (hot and cold) to 
capture light and heavy liquid products to prevent reactor 
outlet blockage in case of heavy hydrocarbon formation. The 
feed section is equipped with three mass flow controllers 
(hydrogen, carbon monoxide, and nitrogen) that let the 
gases pass and enter toward the catalyst bed. The gases were 
preheated before entering the catalyst bed. The pressure is 
adjusted at 20 barg using a pressure valve at the reactor outlet.

Laboratory System 
The prepared catalysts were loaded into the reactor 
accordingly to investigate the catalyst performance in 
Fischer-Tropsch synthesis.
The setup consists of feeding, reaction, and product separation 
and analysis.
The general outline of the laboratory system is presented in 
Fig. 1. The stainless steel fixed bed reactor had a diameter 
of 8 mm and a height of 700 mm. The reactor was divided 
into three equal zones. The lower zone was filled with 2g 
of a catalyst supported by carborundum both below and 
above the catalyst till the entrance of the reactor. The reactor 
temperature is controlled by a furnace with a temperature 
controller around the reactor. The system is equipped with 
two traps (hot and cold) to capture light and heavy liquid 
products to prevent reactor outlet blockage in case of heavy 
hydrocarbon formation. The feed section is equipped with 
three mass flow controllers (hydrogen, carbon monoxide, and 
nitrogen) that let the gases pass and enter toward the catalyst 
bed. The gases were preheated before entering the catalyst 
bed. The pressure is adjusted at 20 barg using a pressure 
valve at the reactor outlet.
Afterward, during the reduction process, the mixture of hy-
drogen and nitrogen gases with a ratio of 1 to 10 (H2 / N2 
= 1/10), under atmospheric pressure and temperature of 450 
°C, passes through the catalyst bed for 24 hours.
Then, the reaction process is executed at various tempera-
tures of 240, 260, 280, and 300 °C, with a constant pressure 
of 20 bar, while the syngas (H2/CO=1) is passed through the 
catalyst bed. In addition, the CO conversion is determined 
using Equation (1):

in out

in

moles of CO -moles of CO
moles of CO

% conversion of CO =  100% ×         (1)

The liquid products are discharged from the traps in the 
product separation part, while the gas products are sent to GC 
(Agilent 7890) via a stainless steel tube. After performing 
the quantitative analyses of C1-C4 hydrocarbons, the C5

+ 
hydrocarbons selectivity is defined using Equation (2):
SC5+ = 100- SC1

+SC2
+SC3

+SC4
+SCO2                                             (2)

Results and Discussion
The BET, XRD, TEM, and H2-TPR tests were carried out on 
the perovskite to characterize the catalyst properties. 
BET Surface
The BET results are represented in Table 1. The results show 
that under the same calcination conditions, the higher surface 
area of the catalyst corresponded with higher iron content. 
Increasing iron content transforms the structure of the 
perovskite catalyst from rhombohedral to orthorhombic [1]. 
Furthermore, previous studies on perovskite catalysts have 
demonstrated that the rhombohedral structure has a lower 

activity toward CO conversion [1, 24, 28, 45, 46]. Adding iron 
to the perovskite metal phase decreases the Co concentration, 
and the catalyst structure shifts to the orthorhombic. The 
results show that the catalyst surface varies from 9 m2/g at 
X=1 to 23 m2/g at X = 0.3. 
Table 1 Specific surface area of La Fe(1−x) Cox O3 after calcination 
at 550 °C.

Sample SBET (m2/g) Pore Volume (cm3/g)
La CoO3 9 0.0454
La Fe0.3Co0.7 O3 17 0.0807
La Fe0.5 Co0.5 O3 19 0.0852
La Fe0.7 Co0.3 O3 23 0.0959

XRD
All the perovskite catalysts were calcinated at 550˚C and test-
ed using XRD to define the catalyst’s morphology. The XRD 
diagram of  LaFe(1−x)CoxO3 with various iron content was 
presented in Figs. 2a-d. The Figs. 2a, b, c, and d correspond 
with the amount of iron in a catalyst structure. As depicted in 
Figs.2 a-d, there are two types of crystal structure, depending 
on iron concentration, determined by the typical diffraction 
peaks of the perovskite at 2θ and the range between 30-40. 
Therefore, by increasing the x factor in LaFe(1−x)CoxO3, the 
crystal structure transforms from rhombohedral to orthor-
hombic, which is in line with studies of  Bedel et al. and 
Traversa et al. [1, 47, 48].
LaFe(1-x)CoxO3 crystal size was calculated according to X-ray 
diffraction data with Scherer’s Equation, and the results are 
reported in Table 2 [49]: 

Kd = 
cos
λ

β θ
                                                                                  (3)

Table 2 Calculated crystal size with Scherer’s Equation.
Sample Crystal size (nm)
La CoO3 28.3
La Fe0.3Co0.7 O3 27.1
La Fe0.5 Co0.5 O3 24.5
La Fe0.7 Co0.3 O3 22.4

Fig. 2 XRD pattern after calcinations at 550˚C: (a) LaFe0.7Co0.3O3, 
(b) LaFe0.5 Co0.5 O3, (c) LaFe0.3Co0.7 O3. (d) LaCoO3.
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TEM
Figs. 3a-d represents catalyst granules' size along with their 
distribution diagram. TEM result shows a homogeneous 
distribution of the catalyst grains. The size of grains is in the 
range of 10-120 nm, and by increasing the amount of iron, 
the grain's size is increasing accordingly. 

H2-TPR
In the H2-TPR results presented in Figs. 4a-d, two reduction 
peaks correspond with the amount of iron in the catalyst 

structure. The first and second reduction areas are at 
temperatures around 280 ˚C and 380 to 430 ˚C, respectively. 
Two sharp peaks in H2-TPR profiles demonstrate two 
reducible cations in the B site [24]. The results agree with 
previous studies [1, 24, 27, 34].
However, the literature confirms that the reduction temperature 
is greatly influenced by the catalyst’s preparation, chemical 
composition, structure, and morphology [1, 31]. Still, the 
LaFe(1−x)CoxO3 reduction properties were affected by the Co/
Fe ratio.

Fig. 3 Transmission electron micrographs: (a) LaCoO3, (b) LaFe0.3Co0.7 O3, (c) LaFe0.5 Co0.5 O3, (d) LaFe0.7Co0.3O3.
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Fig. 4 H2-TPR profiles perovskite catalysts: (a) LaCoO3, (b) 
LaFe0.3Co0.7 O3, (c) LaFe0.5 Co0.5 O3, (d) LaFe0.7Co0.3O3.

Moreover, the hydrogen consumption rate is a function of 
the cobalt amount in the catalyst. The amount of cobalt 
is presented in Fig. 5. Conversely, the linear increase in 
hydrogen consumption with X elucidates that the redox cycle 
of Co is easier to achieve than the Fe redox cycle.

Fig. 5 mmole of H2/g consume during reduction for LaFe(1−x) 
Cox O3.
Fischer-Tropsh Synthesis
The CO conversion is investigated on all catalysts with 
different amounts of Fe and Co under diverse operating 
conditions (temperature range of 280-340˚C and the constant 
pressure of 20 bar). In Fig. 6, the conversion of CO was 
depicted over different amounts of X. As you can see, a 
higher CO conversion was achieved when the iron content 
was high. Therefore, at X = 0.7, a significant amount of CO is 
reacted, which could be described by structural modification 
of perovskite from rhombohedral to orthorhombic [1, 29]. In 
fact, with increasing the amount of iron, the structure of the 
catalyst changes to the orthorhombic; as a consequence, CO 
conversion increases accordingly [1, 3]. The conversion of 
carbon monoxide at different temperatures is presented in Fig. 
7. As reported in Fig. 7, CO conversion increases while the 
temperature increases, which happens for all catalysts. Due 
to the stable structure of perovskite catalysts, the catalysts are 
activated at high temperatures; therefore, the CO conversion 
increases with an increase in temperature. On the other hand, 
it should be noted that increasing the temperature in the 
Fischer-Trposch process is not always favorable.

Fig. 6 Effect of Fe on CO conversion at 300°C.

Fig. 7 CO conversion (%) vs. Fischer Tropsch reaction Temperature.

The catalyst's selectivity is a function of temperature, and it 
was estimated by the amount of CH4, CO2, and C5

+ in the 
production. The selectivity diagram and yield of C5

+ products 
are depicted in Fig. 8 (a,b). It is observed that at a temperature 
of 240 °C, the catalyst activity is insufficient to produce 
hydrocarbons, but at a temperature of 300 °C, the selectivity 
of CH4 and CO2 was increased significantly, opposite to C5

+ 
was decreased. Therefore, the reaction proceeds towards the 
light products. It seems the suitable temperature for Fischer-
Tropsch synthesis is 280 °C. Furthermore, the selectivity 
of CH4 vs. C5

+ is linear for every four catalysts. It is noted 
that the linear correlation can be obtained for all perovskite 
catalysts at the same operating condition [50]. 
In Fig. 9, the selectivity of CH4 vs. C5

+ was depicted for all 
perovskite catalysts discussed in the current study. In addition, 
the negative slope of the line indicates that by increasing the 
CH4 selectivity, the C5

+ selectivity was decreased, and the 
selectivity is not influenced by catalyst characteristics such 
as crystallite size and pore size. The current results are in 
agreement with previous studies [51]. Table 3 compares 
different types of perovskite catalysts concerning selectivity 
of C5

+. Among them, the selectivity of LaFe0.7 Co0.3 O3 is 
higher than others, with a value of 39.36%.
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Fig. 8 Fischer-Tropsch (a) product Selectivity (b) C5
+ yield  of LaFe0.7Co0.3O3.

Fig. 9 Relationship between CH4 and C5
+ selectivity for perovskite catalysts.

Table 3 The selectivity of literature overview and present work for Fischer-Tropsch synthesis.
catalyst P (bar) T (˚C) H2/CO GHSV (1.h-1) Selectivity (%) Reference

C1 C2-C4 C5
+ CO2

LaFe0.7 Co0.3 O3 20 280 1 3000 23.5 18.45 39.36 18.69 Present Work
La CoO3 30 300 2 3500 48.33 23.19 19.02 8.80 [24]
La0.9Sr0.1 CoO3 30 300 2 3500 37.5 20.91 29.02 11.8 [24]
LaFe0.6 Co0.4 O3 10 280 1 3000 52.30 36.20 11.50 24.80 [52]
La CoO3 67 275 2 5000 48.00 - - 10.00 [29]

Conclusions
In this study, LaFe(1−x)CoxO3 perovskite catalyst was evaluated 
for Fisher_Tropes synthesis. One notable advantage of 
these catalysts is their robust crystalline structure, which is 
achieved by incorporating a diverse array of metals within 
their composition. The catalysts were prepared using the sol-
gel method. The results of the XRD analysis demonstrated 
that as iron content increases, the structure of the catalysts 
transforms from rhombohedral to orthorhombic, leading to an 
increasing surface area that is preferable for Fisher-Tropsch 
synthesis. Adding iron improves the catalyst's performance at 
high temperatures (above 300°C) significantly; furthermore, 
adding iron enhances CO conversion and catalyst stability 
at high temperatures. Although the selectivity of heavy 
products such as C5

+ increases, the WGS reaction will 
prevail, and more CO2 will be produced. Therefore, due to 
its high thermal stability and efficient CO conversion, the 
LaFe0.7Co0.3O3 catalyst at 280 °C is a possible candidate for 
Fischer-Tropes synthesis.
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