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 In this paper, catalytic oxidation of CO over LaFe1-xCuxO3 (x= 0, 0.2, 
0.4, 0.6) perovskite-type oxides was investigated. The catalysts were 
synthesized by sol-gel method and characterized by XRD, BET, FT-IR, 
H2-TPR, and SEM methods. The catalytic activity of catalysts was 
tested in catalytic oxidation of CO. XRD patterns confirmed the 
synthesized perovskites to be single-phase perovskite-type oxides. The 
synthesized perovskite catalysts show high activity in the range of 
reaction temperature (50 - 300 ºC). The substitution of Cu in B-site of 
the perovskite catalysts enhanced their catalytic activity for CO 
oxidation. Among different synthesized perovskite catalysts, 
LaFe0.6Cu0.4O3 has the highest activity: nearly complete elimination of 
CO was achieved at 275 ºC with this catalyst. Kinetic studies for CO 
oxidation were performed based on power law and Mars-van Krevelen 
mechanisms. According to kinetic calculations, the most probable 
mechanism is the MKV-D (dissociative adsorption of oxygen) which 
can predict the experimental data with correlation coefficient of R2 > 
0.995. 
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1. Introduction 
Carbon monoxide is one of the main gaseous 
pollutants, which is generally released from 
the combustion of fossil fuel in diesel engines 
[1]. There are many methods for removing 
CO including adsorption, thermal elimination, 
and catalytic oxidation. Catalytic oxidation of 
CO is proved to be one of the most efficient 
techniques to remove this pollutant [2, 3].  
   Precious metals Pt, Pd, and Rh supported on 
alumina and ceria have been considered as the 
most efficient for the control of exhaust gas 

[4-7]. Due to the high cost and low stability of 
precious metal, considerable efforts have been 
paid to the utilization of perovskite catalysts 
[8-10]. 
   Perovskite-type oxide catalysts are 
alternatives for supported noble metal 
catalysts. Perovskite-type oxides with the 
general formula ABO3 can crystallize in cubic 
structure [11]. Their high activity, versatile 
and stable structures make them suitable 
catalytic materials for chemical processes. 
The larger A-site cation is often a rare earth, 
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an alkaline earth, or an alkali metal cation, 
and the B-site cation is typically a smaller 
transition metal cation [12, 13]. Both 'A' and 
'B' cations can be partially substituted, leading 
to substituted compounds with a general 
formula of A1−xA′xB1−yB′yO3 [14-16].  
   Among the perovskite-type oxides, Iron 
containing perovskites has attracted more 
attention for CO oxidation due to their special 
oxygen nonstoichiometries [1]. Highly 
dispersed Cu2+ was generally regarded as an 
active site for CO oxidation [17-19]. So, by 
incorporation of copper cations into the B-site 
of the perovskite structure, a good 
performance can be achieved. However, few 
works reported on the effect of Cu 
substitution on the physicochemical 
properties of LaFeO3 perovskite as well as 
their catalytic performances for CO oxidation. 
   Gao et al. [20] investigated LaFeO3 
perovskite-type catalyst for CO oxidation, and 
found that this catalyst has high activity in 
reaction temperature range. Catalytic activity 
of LaMn1-xFexO3 perovskite was investigated 
by Zheng et al. [21] for catalytic oxidation of 
CO. They found that it is possible to reach a 
high active catalyst by appropriate x value. 
LaMn0.4Fe0.6O3 has the highest activity in the 
studied catalysts. In another work, Yan et al. 
[17] investigated perovskite-type oxides with 
general formulation of LaCo0.5M0.5O3 (M = 
Mn, Cr, Fe, Ni, Cu). LaCo0.5Mn0.5O3 catalyst 
showed to be inclined towards much higher 
activity in CO oxidation, compared with 
LaCo0.5M0.5O3 (M = Cr, Fe, Ni, Cu), due to 
different kinds of valence state and lattice 
oxygen content. Abdolrahmani et al. [22] 
investigated a series of LaMn1-xCuxO3 
perovskite-type catalysts, with x range of 0 to 
1, for CO oxidation, and found that the 
catalytic activity was the highest for x = 0.2. 
Tien et al. [18] investigated the effect of Cu 

substitution in the LaCoO3 perovskite 
structure. They found that the cobalt atom in 
the reduced perovskites played an important 
role in the dissociation of CO; however, the 
presence of a neighboring copper along with 
remnant sodium ions on the catalyst surface 
has remarkably affected the reactivity of 
cobalt for CO hydrogenation. 
   In this paper, effects of substitution of Fe by 
Cu in B-site of perovskites on chemical–
physical properties and activity of catalysts 
were investigated. For this aim, a series of 
perovskite-type oxides LaFe1-xCuxO3 (x=0, 
0.2, 0.4, 0.6) were prepared by sol-gel method 
and characterized by XRD, BET, FT-IR, H2-
TPR, and SEM. The catalytic performances of 
prepared catalysts were investigated for the 
catalytic oxidation of CO. To investigate the 
kinetics of CO oxidation reaction, kinetic 
studies were conducted based on power law 
and Mars-van Krevelen mechanisms, and the 
rate constant and activation energy were 
evaluated under specified operating condition. 

2. Materials and methods 
2.1. Catalyst preparation 
The solids of the general formula LaFe1-

xCuxO3 (x= 0, 0.2, 0.4, 0.6) were prepared by 
sol−gel method. La(NO3)3·6H2O, 
Fe(NO3)3.9H2O, and Cu(NO3)2·3H2O and 
Citric acid monohydrate were the starting 
materials. Citric acid was added over the 
stoichiometric amount to an aqueous solution 
containing La, Fe, and Cu nitrates with cation 
ratios La:Fe:Cu, of 1:1-x:x in order to assure 
complete complexation of the cations. The 
ratio of citric acid to nitrates was kept 0.525. 
The resulting mixture was evaporated at 80 
°C with continuous stirring, until a sticky gel 
was obtained. In order to carry out gel 
decomposition, temperature was raised to 200 
°C and, finally, the decomposed gel self-
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ignited and turned into a dark powder. The 
gel burned at 200 °C and turned into a dark 
powder. Then, the powder was calcined for 5 
h at 700 ºC. 

2.2. Characterizations 
The crystal structure of the catalyst was 
determined by an X-ray diffractometer (D-
500, SIEMENS) with a Kα line of copper (λ = 
0.154 nm). Measurements of the samples 
were collected in the 2θ range of 20−80 °. 
The BET surface area was determined by N2 
adsorption–desorption porosimetry at 77 K 
using a micro pore analyzer (ASAP 2010, 
USA). Infrared (IR) spectra were recorded 
with a Bruker 27 FT-IR spectrometer using 
the Universal ATR Accessory in the range of 
4000 to 400 cm−1 with 4 cm−1 resolution. H2-
TPR experiments were carried out using a 
NanoSORD NS91 apparatus. The H2-TPR 
experiments were performed on 30 mg of 
each catalyst placed in a U-shaped quartz 
reactor. Prior to each TPR run, the catalyst 
was degassed in a flow of 10 cm3 min-1 Ar at 
300 °C for 1 h and cooled down to room 

temperature under the same atmosphere. The 
sample was then reduced by 10 cm3 min-1 of 
5.0 % H2/Ar mixture while the temperature 
was raised to 950 °C with a heating rate of 10 
°C/min. The morphology of the synthesized 
particles was observed by scanning electron 
microscopy using a Tescan instrument. 

2.3. Catalytic activity 
Catalytic activity tests for CO oxidation were 
carried out in a straight quartz reactor (l = 60 
cm, i.d. = 0.8 cm) at atmospheric pressure and 
different temperatures (50 - 300 ºC). 200 mg 
of catalyst was placed between two quartz 
wool plugs. The temperature was controlled 
using K-type thermocouple. Total flow rate of 
feed will be 100 cm3 min-1 (GHSV= 6000 h-1). 
Feed composed of 2 % CO, 20 % O2, and Ar 
as balance. The feed and product gases were 
analyzed using a Shimadzu 2010 gas 
chromatograph (GC) equipped with a TCD 
detector and a HP-Molesieve (Agilent, USA) 
column (l = 30 m, i.d. = 0.53 mm). The 
schematic of the used setup is shown in Fig. 
1. 

 

 
Figure 1. Schematic of experimental setup. 

 

3. Results and discussion 
3.1. Structural properties 
The structure of catalysts with different 

compositions was investigated using the X-
ray diffraction method. XRD pattern for the 
catalysts is shown in Fig. 2. A comparison of 
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XRD patterns with the pattern of LaFeO3 
(JCPDS 37-1493) indicated that catalysts 
were single-phase perovskite oxides. There 
were no additional peaks corresponding to 
secondary phases or starting materials in 
XRD pattern of perovskites, suggesting that 
metals were completely dissolved in the 
perovskite structure. By introduction of Cu, 
no segregation phase was observed in the 
perovskites. By 2θ comparison of the 
catalysts’ main peaks, it was revealed that the 
main peak of each catalyst was observed in 
shifted 2θ, which is the result of modifier 
metal insertion in the LaFeO3 structure and 
change of the unit cell size. 
 

 

Figure 2. XRD patterns of LaFe1-xCuxO3 
perovskites. 

   Specific surface areas of the synthesized 
perovskite catalysts are shown in Table 1. As 

seen, the specific surface areas are in the 
range of 5−8 m2/g. From Table 1, it is evident 
that substitution of Fe by Cu reduces specific 
surface areas of perovskites.  
   The infrared spectra in the range of 400–
4000 cm-1 of the synthesized perovskites are 
presented in Fig. 3. It can be seen that few 
organic groups are present in the synthesized 
perovskite catalysts. The band at 3440 cm-1 is 
assigned to O-H stretching vibration [19]. The 
band around 1640 cm-1 is assigned to C=O 
stretching in carboxyl or amide groups [23]. 
This band can also be related to the 
adsorption of carbon dioxide on the surface of 
samples. The bands around 600 cm-1 and 480 
cm-1 are characteristic metal–oxygen bond 
[19]. These bands are assigned to Fe-O and 
Cu−O bonds. 
 

Figure 3. FT-IR spectra of LaFe1-xCuxO3 
perovskites. 

 
 

Table 1 
T50 % and T90 % of CO conversion over synthesized perovskites. 

Catalyst BET (m2/g) 
T50% (°C) T90% (°C) 

LaFeO3 8 203 245 
LaFe0.8Cu0.2O3 6 192 238 
LaFe0.6Cu0.4O3 5 177 217 
LaFe0.4Cu0.6O3 7 186 225 
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The H2-TPR studies were carried out to 
investigate the effect of partial substitution of 
Cu in B site on the reducibility of catalyst. 
H2-TPR curves of the perovskite samples are 
shown in Fig. 4. Regarding the H2-TPR 
profile of LaFeO3, there are two reduction 
peaks at 493 and 576 °C. The first peak 
corresponds to Fe4+ which is reduced to Fe3+, 
and the second peak corresponds to Fe3+ 
which is reduced to Fe2+ [24, 25]. In the 
profile of LaFe1-xCuxO3 samples, one peak is 
observed at 275 °C, which can be attributed to 
the reduction of Cu2+ to Cu0 and Fe4+ to Fe3+, 
respectively [26, 27]. The second peak 
corresponds to Fe3+ which is reduced to Fe2+. 
   In the TPR profiles of LaFe1-xCuxO3, the 
reduction temperatures of Fe4+ and Fe3+ 
decreased, compared to reduction 
temperatures of Fe4+ and Fe3+ in LaFeO3, and 
hydrogen consumption increased, revealing 
that the introduction of Cu promoted the 
reduction of iron in the perovskites. LaFe1-

xCuxO3 has the highest hydrogen consumption 
and the lowest reduction temperature among 
the other synthesized catalysts. 

Figure 4. H2-TPR profiles of LaFe1-xCuxO3 
perovskites. 

   The morphology and particle size of 
synthesized perovskite catalysts were 
investigated by scanning electron microscopy 
(SEM). SEM images of perovskite are shown 
in Fig. 5. It is observed that sol-gel method is 
able to produce nanosized perovskite crystal 
close to 100 nm. All catalysts are formed by 
large agglomerated/sintered particles with 
random shapes. It is observed that the particle 
sizes are different for the samples. 

 

 

Figure 5. SEM images of LaFe1-xCuxO3 perovskites: (a) x=0, (b) x=0.2, (c) x=0.4, and (d) x=0.6. 
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3.2. Activity of catalysts 
Results from the catalytic activity tests in CO 
oxidation are shown in Fig. 6. The 
temperatures for 50 % and 90 % conversions 
of CO (T50 % and T90 %) on LaFe1-xCuxO3 
are listed in Table 1. By considering          
T50 % and T90 % of CO conversions as a 
criterion of activity, the following order was 
observed for performance of catalysts: 
LaFeO3 < LaFe0.8Cu0.2O3 < LaFe0.4Cu0.6O3 < 
LaFe0.6Cu0.4O3. Obviously, partial 
substituting of Fe by Cu in B-site has large 
effect on catalyst activity. Therefore, among 
the studied LaFe1-xCuxO3 perovskites, 
LaFe0.6Cu0.4O3 was found to be the most 
active one.  
   In addition, the stability of catalysts was 
studied at 225 °C for 20 h. The result of the 
stability of catalysts is shown in Fig. 7. The 

catalysts showed good stability; after 20 
hours, the CO conversion for all catalysts is 
not changed. 
   Catalytic activity of perovskites for CO 
oxidation depends on reducibility of transition 
metal cations, oxygen vacancy concentration, 
and specific surface area. Substitution of Fe 
by Cu in the perovskite reduced the reduction 
temperature of iron and increased the 
reducibility of perovskites [28]. Substitution 
of cations in the perovskite modifies the 
surface structure of catalyst by increasing the 
oxygen valances in the surface regions, 
resulting in high activity. Based on BET 
results and catalytic performance for 
synthesized perovskites, no direct relationship 
was observed between activity and specific 
surface area of perovskites in catalytic 
oxidation of CO. 

 

 

Figure 6. Conversion profile of CO as a function of 
temperature over synthesized perovskites. 

 

Figure 7. Stability of perovskite catalysts. 
 

   Table 2 shows the comparison between the 
obtained results in this work and other 
literature. The results show that the best 
catalyst in this work, compared with other 
catalysts, has a good performance. 

3.3. Kinetic modeling 
In order to extend the analysis of the reasons 
further for the different behavior of LaFe1-

xCuxO3, the investigation of the kinetics and 
mechanism was carried out. Power law 
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kinetic models (PWL) and two Mars–van 
Krevelen models were fitted with the 
experimental data. The Mars–van Krevelen 

models (MVK) suppose non-dissociative or 
dissociative adsorptions of the oxygen. 

 

Table 2 
Comparison of the catalytic activities of LaFe0.6Cu0.4O3 catalyst with other catalysts from literature. 

Catalyst CO % O2 % Flow rate (ml/min) Conversion at 250 °C 
LaFe0.6Cu0.4O3 This work 2 20 100 96 

LaFeO3 Gao et al. [20] 1 20 100 84 
LaFe0.6Mn0.4O3 Zheng et al. [21] 1 20 20 15 
LaCo0.5Mn0.5O3 Yan et al. [17] 1.5 20 550 93 
LaMn0.6Cu0.4O3 Abdolrahmani et al. [22] 2 20 50 70 
La0.5Sr0.5MnO3 Jaenicke et al. [29] 8 4 100 48 

LaCoO3 Femina et al. [30] 6.8 17.6 440 96 
 
   PLW model: Kinetic equation for the power 
law model (PLM) will be derived as in 
equation (1): 

𝑟𝑟 = kCCO
n1 CO2

m1 (1) 

k is expressed as in equation (2): 

k = k0exp �
−Ea
RT

� (2) 

   MVK-ND: First, MVK model hypothesized 
non-dissociative adsorption of oxygen (MVK-
ND). In this case, reaction steps are based on 
equations (3) and (4), and the rate equation is 
derived from equation (5). 

CO + S→ (CO)S (3) 
  

O2 + S→ (O2)S (4) 
  

𝑟𝑟 =
𝑘𝑘𝑟𝑟𝑟𝑟𝑟𝑟𝑘𝑘𝑜𝑜𝑜𝑜𝑃𝑃𝐶𝐶𝐶𝐶𝑃𝑃𝑜𝑜𝑜𝑜

𝛾𝛾𝑘𝑘𝑟𝑟𝑟𝑟𝑟𝑟𝑘𝑘𝐶𝐶𝐶𝐶 + 𝑘𝑘𝑜𝑜𝑜𝑜𝑃𝑃𝑜𝑜𝑜𝑜
        𝛾𝛾 =

1
2

 
(5) 

where S is a surface active site.   
   MVK-D: Second, MVK model 
hypothesized dissociative adsorption of 
oxygen (MVK-D). In this case, reaction steps 
are based on equations (6) and (7), and the 
rate equation will be derived from equation 
(8). 
CO + S→ (CO)S (6) 
  

O2 + 2S→2(O)S (7) 
  

𝑟𝑟 =
𝑘𝑘𝑟𝑟𝑟𝑟𝑟𝑟𝑘𝑘𝑜𝑜𝑜𝑜𝑃𝑃𝐶𝐶𝐶𝐶𝑃𝑃𝑜𝑜𝑜𝑜

1
2�

𝛾𝛾𝑘𝑘𝑟𝑟𝑟𝑟𝑟𝑟𝑘𝑘𝐶𝐶𝐶𝐶 + 𝑘𝑘𝑜𝑜𝑜𝑜𝑃𝑃𝑜𝑜𝑜𝑜
1
2�

        𝛾𝛾 =
1
2

 
 
(8) 

kred and kox are expressed in equations (9) and 
(10), respectively: 

kred = k0,𝑟𝑟𝑟𝑟𝑟𝑟exp �
−Ea,red

RT
� (9) 

  

Kox = 𝑘𝑘0,COexp �
Ea,ox

RT
� (10) 

   Regarding the specifics in deriving the rate 
equations for MVK models, detailed 
description is given in the literature [31, 32]. 
   The catalytic bed, which has been modeled 
as a one-dimensional system, is treated as a 
plug flow reactor. The mass balance 
equations in the steady state condition are 
according to equation (11). 

𝑑𝑑𝑐𝑐𝑖𝑖
𝑑𝑑𝑑𝑑

=
1

𝑢𝑢𝑟𝑟𝑒𝑒𝑒𝑒
�𝑣𝑣𝑖𝑖𝑟𝑟
𝑗𝑗

    𝑖𝑖 = 𝐶𝐶𝐶𝐶 𝑎𝑎𝑎𝑎𝑑𝑑 𝐶𝐶2 
(11) 

   For fitting the kinetic parameters, continuity 
equations for CO and oxygen in the steady 
state condition are solved numerically. These 
simulations were created by writing computer 
codes in MATLABTM 7.2 software. A non-
linear least square algorithm minimizes 
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average absolute derivation between the 
experimental and calculated data. 
   Further evaluation of the efficiency and 
accuracy of the proposed models was 
performed by utilizing some statistical 
parameters. These parameters included 
average absolute deviation (AAD %) and 
correlation coefficient (R2), which are 
represented as in equations (12) and (13), 
respectively [33, 34]. 

𝐴𝐴𝐴𝐴𝐴𝐴 % =
100
𝑁𝑁

� �𝑥𝑥𝑖𝑖
𝑟𝑟𝑜𝑜𝑒𝑒 − 𝑥𝑥𝑖𝑖𝑐𝑐𝑐𝑐𝑐𝑐�

𝑁𝑁

𝑖𝑖=1
 

(12) 

  

𝑅𝑅2 =
∑ �𝑥𝑥𝑖𝑖

𝑟𝑟𝑜𝑜𝑒𝑒 − �̅�𝑥�2𝑁𝑁
𝑖𝑖=1 − ∑ �𝑥𝑥𝑖𝑖

𝑟𝑟𝑜𝑜𝑒𝑒 − 𝑥𝑥𝑖𝑖𝑐𝑐𝑐𝑐𝑐𝑐�
2𝑁𝑁

𝑖𝑖=1

∑ �𝑥𝑥𝑖𝑖
𝑟𝑟𝑜𝑜𝑒𝑒 − �̅�𝑥�2𝑁𝑁

𝑖𝑖=1

 
(13) 

where N is the number of data points, 
𝑥𝑥𝑖𝑖
𝑟𝑟𝑜𝑜𝑒𝑒Pi

exp is the ith experimental conversion, 
𝑥𝑥𝑖𝑖𝑐𝑐𝑐𝑐𝑐𝑐 is the ith calculated conversion, and �̅�𝑥 is 
the average value of experimental conversion 
data.  
   The estimated kinetic parameters, the 

correlation coefficients (R2), and average 
absolute derivation (AAD %) for various 
models are listed in Table 3. These 
parameters are calculated based on 
differences between experimental and 
calculated data for each catalyst. Comparisons 
between experimental and modelling results 
for CO conversion for all models are shown 
in Fig. 8.  
   Based on results, PLW model can predict 
the experimental data with good accuracy; 
however, this model does not give any 
information about the activation energy. 
Based on the results, MVK-D [CO + S→ 
(CO)S; O2 + 2S→ 2(O)S] model was 
observed to provide a consistent mechanism 
for the studied catalysts. Therefore, MKK-D 
mechanism is has highre possibility to work 
than MVK-ND mechanism. It is clear from 
Fig. 6 that there is good agreement between 
experimental and calculated data for MVK-D 
model. 

 

Table 3 
Kinetics parameters for applied Mars–van Krevelen and power law models. 

PLW model 
 AAD % R2 K0 Ea m n 

LaFeO3 1.65 0.9941 9.37E+09 76800 0.51 0.43 
LaFe0.8Cu0.2O3 2.65 0.9931 4.54E+09 72600 0.46 0.39 
LaFe0.6Cu0.4O3 2.23 0.9945 3.37E+09 69300 0.42 0.36 
LaFe0.4Cu0.6O3 2.62 0.9921 4.01E+09 71000 0.43 0.38 

MVK-ND 
 AAD % R2 k0,red k0,ox Ea,red Ea,ox 

LaFeO3 2.22 0.9883 7.76E+09 6.86E+10 44.3 89.8 
LaFe0.8Cu0.2O3 3.36 0.9834 3.23E+09 2.72E+10 41.5 83.4 
LaFe0.6Cu0.4O3 2.89 0.9912 2.39E+09 3.72E+09 38.2 75.1 
LaFe0.4Cu0.6O3 2.52 0.991 2.57E+09 3.98E+09 39.9 76.4 

MVK-D 
 AAD % R2 k0,red k0,ox Ea,red Ea,ox 

LaFeO3 1.81 0.9967 1.92E+06 9.77E+06 29.6 58.7 
LaFe0.8Cu0.2O3 0.96 0.9985 1.08E+06 7.31E+06 27.2 56.1 
LaFe0.6Cu0.4O3 0.95 0.9989 8.16E+05 6.91E+06 24.6 53.6 
LaFe0.4Cu0.6O3 1.07 0.9985 9.18E+05 7.05E+06 26.3 54.5 

 



 
Experimental and Kinetic Study of CO Oxidation Over LaFe1-xCuxO3 (x=0, 0.2, 0.4, 0.6) Perovskite-Type 

Oxides 

Iranian Journal of Chemical Engineering, Vol. 15, No. 2 (Spring 2018)                 99 
 

 
Figure 8. Comparison between experimental and simulated data for various models. 

 

Substitution of iron by copper reduces the 
apparent activation energy for CO oxidation. 
The lower apparent activation energy 
coincides with the observed increase in 
catalytic activity. LaFe0.6Cu0.4O3 which has 
the lowest activation energy (Ea,red=24.6 
kj/mol and Ea,ox=53.6 kj/mol),was also found 
to be the most active catalyst in the 
synthesized perovskites, and LaFeO3 had the 
highest activation energy (Ea,red=29.6 kj/mol 
and Ea,ox=58.7 kj/mol). The values of 
activation energies do not show sensible 
changes with B cations and x value. Chan et 
al. [35] found the apparent activation energy 
of La1-xSrxMnO3 perovskites between 48.3 
and 66 kJ/kmol. Wang et al. [36] calculated 
activation energy of LaSrNiO4 to be equal to 

49.3 kJ/mol. Variation of activation energy 
with introduction of cations in B site is small. 
These values are compared satisfactorily with 
the values calculated in this work. 

4. Conclusions 
Catalytic performance of sol-gel synthesized 
LaFe1-xCuxO3 (x= 0, 0.2, 0.4, and 0.6) 
perovskite catalysts was evaluated in the 
catalytic oxidation of CO. The XRD results 
confirmed that the sol-gel method produced 
pure perovskite structure. SEM results also 
revealed that all catalysts were formed by 
large agglomerated/sintered particles with a 
random shape. Among the studied LaFe1-

xCuxO3 perovskites, LaFe0.6Cu0.4O3 was found 
to be the most active catalyst. Substitution of 
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Fe by Cu in the perovskite reduced the 
reduction temperatures of Fe4+ and Fe3+, 
compared to reduction temperatures of Fe4+ 
and Fe3+ in LaFeO3; hydrogen consumption 
was increased, which resulted in high activity. 
The catalysts showed good stability; after 20 
hours, the CO conversion for all catalysts did 
not changed. Based on power law and Mars-
van Krevelen mechanisms, kinetic studies 
were performed for CO oxidation, where 
kinetic parameters (including k0, E1, k0,CO, 
ΔHCO, k0,OX and ΔHOX) were estimated. The 
study showed the MKV-D mechanism [CO + 
S→ (VOC)S; O2 + 2S→ 2(O)S] as being 
more probable than other mechanisms. These 
findings indicated that the proposed model 
could be successfully used to predict catalyst 
activity in CO oxidation. 
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