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Abstract

In this work LaFeO3, LaFe0.7Mn0.3O3 and LaMn0.7Fe0.3O3 nanocatalysts with perovskite structures have been synthesized by sol-gel method. 

The selective catalytic reduction of NO with CO (CO-SCR) using synthesized nanocatalysts was investigated in a plug flow reactor. The 

kinetics of CO-SCR process was studied and three kinetic models were used to describe the behavior of the system, including power 

low model (PLM), kinetic model 1 (KM1) and kinetic model 2 (KM2). The KM1 was the best model with correlation coefficients of 0.9924, 

0.9911 and 0.9902 and the sum of squared errors of 0.0504, 0.0488 and 0.0397, for LaFeO3, LaFe0.7Mn0.3O3 and LaFe0.3Mn0.7O3 catalysts, 

respectively. By comparing experimental results with the predicted results of the KM1, it was found that the proposed model can predict 

the performance of catalysts in the CO-SCR process with considerable precision. The structure and morphology of perovskite-type oxides 

were characterized by means of X-ray diffraction (XRD) and scanning electron microscopy (SEM), respectively.
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1 Introduction
One of the main sources of air pollution is the combustion 
of fossil fuels, which leads to the emission of toxic gases [1]. 
The most important emissions from combustion of fossil 
fuel are nitrogen oxides (NOx), sulfur oxides (SOx), carbon 
monoxide (CO), volatile organic compounds (VOC) and 
particulate matter which discharged into the atmosphere 
through the exhaust of cars, factories and power plants 
[2, 3]. Generated NOx in the combustion process gener-
ally refers to a mixture of NO and NO2 [4-7]. Emissions of 
nitrogen oxides are great concern for human life and envi-
ronment because of acid rain and photochemical smog for-
mation, global warming due to the greenhouse gas effects, 
and the depletion of the stratospheric ozone layer [5, 8-11].

In addition, producers of these gases are increasing 
every day [12]. The control of emissions of toxic gases 
such as emitted NOx from mentioned sources has become 
a very important issue. Among different pollutant removal 
methods, selective catalytic reduction (SCR) using CO as 
the reducing agent has been found effective and attractive 
method [13, 14]. The use of CO as a reducing agent has 

benefits for practical applications. One important reason 
is presence of CO in automobile exhausts in significant 
amounts, In addition, CO is a poisonous gas and there 
are strict government regulations for CO emissions. Use 
of CO as reducing agent in SCR process of NO leads to 
the control of two important pollutants simultaneously in 
mobile sources especially in the automobile industry. In 
CO-SCR, CO is oxidized and NO is reduced to harmless 
or less harmful CO2 and N2 respectively [14].

Perovskites were used widely for SCR process due to 
their high catalytic activity and thermal stability; also 
these catalysts can be synthesized easily with acceptable 
cost [1, 15-17]. Perovskite-type mixed oxides have a gen-
eral formula of ABO3, where A is lanthanide and/or alka-
line earth metal ion, B is a transition metal ion and O 
is oxygen atom [17-19]. Multicomponent oxides of per-
ovskite can be formed by partially substitution of A and 
B with other elements. Partial substitution of the B site 
influences the catalytic activity and stability of the crys-
talline structure [13, 18].
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The aims of this research are including; preparation 
and characterization of perovskite nanocatalysts with 
formula of LaFeO3, LaFe0.7Mn0.3O3 and LaMn0.7Fe0.3O3 
by sol-gel method, evaluation of the synthesized cata-
lyst activity in CO-SCR process for reduction of NO in a 
plug flow reactor, and finally kinetic modeling of process. 
Based on our knowledge, the modeling of CO-SCR pro-
cess using the under study catalysts in the plug flow reac-
tor was performed for the first time in this work.

2 Experimental
2.1 Catalysts preparation
Perovskite nanocatalysts with formula of LaFeO3, 
LaFe0.7Mn0.3O3 and LaMn0.7Fe0.3O3 were prepared by sol-
gel method. Low reaction temperature and well-crystalized 
nanocatalysts with high surface area are the main advan-
tages of sol-gel method [20]. For preparation of catalysts 
suitable amounts of Fe(NO3)3.9H2O (Merck), La(NO3)3.6H2O 
(Merck) and Mn(NO3)2.4H2O (Merck) based on stoichiom-
etry, were dissolved in distilled water to get a sol and the 
obtained solution was stirred vigorously using magnetic 
stirrer. The solution was heated on a hot plate; when the 
temperature of the solution was raised to 70 °C, a suitable 
amount of citric acid (C6H8O7.H2O) (Merck) was added and 
temperature was justified at 80 °C to evaporate the water. 
During the dehydration process a polycondensation reaction 
carried out between nitrate ions and citric acid leading to 
formation of gel. When the gel was formed, the tempera-
ture was raised to 200 °C to burn the organic contents and 
reaction products turned into the dark powder. The obtained 
powder was calcined at 700 °C and was cooled slowly to 
room temperature and stored for applications [21].

X-ray diffraction (XRD) was used to study the crystal-
lite structure and to determine the crystallite size using 
Scherer equation. XRD analysis were performed using 
Siemens D500 diffractometer with a Cu Kα radiation at a 
wavelength of 0.15406 nm. 

In addition, the morphology, particle size and sur-
face homogeneity of the LaFe0.7Mn0.3O3 (optimum cata-
lyst) was studied by scanning electron microscopy (SEM) 
(MIRA3 FEG-SEM Tescan, Czech).

2.2 Evaluation of Catalytic performance in CO-SCR 
process
The schematic of the setup used to evaluate the activity 
of the prepared catalysts in the CO-SCR process, is given 
in Fig. 1. The setup constructed of an electric furnace 
which is equipped with a temperature control system, 

plug flow reactor with length of 2 cm and inner diameter 
of 0.8cm and flow controlling system. Plug flow reactor 
was connected to a gas chromatograph (Shimadzu, Japan) 
analyzer equipped with a thermal conductivity detec-
tor (TCD) and a HP-Molesieve column (l = 30m, i.d. = 
0.530 mm) to analyze the reactants and products.

For each test, gas mixture containing 3000 ppm NO and 
3000 ppm CO in Ar as balance gas with total flow rate of 
200 ml/min was passed through the catalyst. By changing 
the volume of the catalyst at STP by the constant volumetric 
flow rate, the space velocity can be obtained as follows [22]:

GHSV
V

V
.exhaust

catalyst

=  (1)

Where GHSV is the gas hourly space velocity (1/h), Vexhaust 
is the volumetric flow rate of the exhaust gas (m3/h), and 
Vcatalyst is the volume of the catalyst (m3). Lowering the space 
velocity can improve the SCR DeNOx performance because 
the residence time of the exhaust gas increases, but it may 
also lead to various problems with the layout of the vehi-
cle installation and may increase costs due to the increased 
volume of the catalyst [22]. Therefore, to investigate the 
effect of GHSV on the CO-SCR performance, a series of 
experiments has been conducted for different space velocity 
(24000, 12000 and 8000 h-1) in lab-scale plug flow reactor.

The conversion of NO and CO were calculated as follows:
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Where [i]in and [i]out are concentration of component i at 
inlet and outlet flow, respectively.

Fig. 1 Schematic diagram of the lab-scale CO-SCR process setup.
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3 Kinetic modeling of CO-SCR process
Experiments were performed on the powder catalysts 
under atmospheric pressure and at different temperatures 
(100–500 °C) to obtain kinetic parameters of each cata-
lyst. In all experiments, at first the catalyst was heated at 
100 °C for 20 mints to reach the steady-state conditions.

For kinetic modeling of under study process, below 
mentioned mechanism (Eq. (4)-Eq. (12)) utilized accord-
ing to Ladavos and coworkers [18, 19, 23]:

NO NOads.→  (4)

NO N Oads. ads. ads.→ +  (5)

CO COads.→  (6)

CO O COads. ads. 2+ →  (7)

2N Nads. 2→  (8)

N NO N Oads. ads. 2 ads.+ →  (9)

N O N O2 ads. 2→  (10)

N O N O2 ads. 2 ads.→ +  (11)

2O Oads. 2→ .  (12)

These reactions can be expressed by the following two 
main routes [16, 23]:

A) 2NO 2CO N 2CO2 2+ → +  (13)

B) 2NO CO N O CO , N O N
1

2
O2 2 2 2 2+ → + → + .  (14)

Pathways A and B (Eq. (13) and Eq. (14)) were con-
sidered as the main reactions of process. Three types of 
kinetic models were selected to describe the behavior of 
the system, including power low model (PLM), kinetic 
model 1 (KM1) and kinetic model 2 (KM2).

3.1 PLM
Kinetic equations (Eq. (15) and Eq. (16)) for the power 
law model (PLM) for both of the pathways (A and B) are 
as followings:

r k C C1 1 CO

n

NO

m1 1=  (15)

r k C C2 2 CO

m

NO

n2 2= .  (16)

3.2 KM1
In the kinetic model 1 (KM1), the kinetic equations 
(Eq. (17) and Eq. (18)) for each reaction are expressed as:

r k C C1 1 NO CO=  (17)

r
k C C

1 K C K C
2

NO CO

NO NO CO CO

2
=

+ +( )
2 .  (18)

3.3 KM2
In the kinetic model 2 (KM2), the kinetic equations (Eq. (19) 
and Eq. (20)) for each reaction are considered as follows:

r
k K C C

1 K C 1 K C
1

1 NO NO CO

NO NO CO CO

=
+( ) +( )

 (19)

r
k K C C

1 K C 1 K C
2

2 NO NO CO

NO NO CO CO

2
=

+( ) +( )( )
.  (20)

In the all discussed kinetic models, reactions rate 
constants (ki) and adsorption rate constant of equilib-
rium (Ki) were obtained from Arrhenius and Vant Hoff 
laws, respectively.

k = A exp E RT1 1 1−( )  (21)

k A exp E RT2 2 2= −( )  (22)

K A exp H RTNO NO 1= ( )∆  (23)

K A exp H RT .CO CO 2= ( )∆  (24)

Where ri is the ith reaction rate, Ci is concentration of 
species i at gas phase (mol/m3), Ki is equilibrium constant 
of adsorption of NO and CO (m3/mol), ki is rate constant 
of reduction of NO, Ei is activation energy of reaction i 
(KJ/mol), Ai is pre-exponential factor of rate constant 
of reaction

i
(m ) mol

gr .hr
,i = 1,2

.3 n m 1- n +m

cat.

i+ i i i( )( )  
and

 (m )

mol.gr .hr

3 2

cat.

 

for PLM, KM1 and KM2, respectively. ANO and ACO are 
pre-exponential of the equilibrium constant of adsorption 
of NO and CO (m3/mol), ∆Hi is enthalpy of absorption 
reaction of NO and CO (KJ/mol), R indicates the gas con-
stant (KJ/mol.K) and T is the temperature (K).
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3.4 Parameters of kinetic models
The objective function (∅) for estimating the kinetic 
parameters is equal to the sum of the squared of differ-
ences between the theoretical and the experimental con-
version (Eq. (25):

∅ = −( )
= =
∑∑
i

n

j

m

ij ijX X
1 1

2
* .  (25)

Where Xij
* is vector of calculated conversion, Xij

* is 
vector of measured conversion, n is number of experi-
ments and m indicates number of variables.

For solving the function equations, ordinary differential 
equations (ODE 23, Runge-Kutta algorithm) of MATLAB 
(MATLAB v7.12.0.635) software was used. Then based 
on the well-known Levenberg - Marquardt (LM) method 
the parameters were corrected.

4 Results and discussion
4.1 Catalytic studies
Results of experimental studies of NO reduction using 
LaFeO3, LaFe0.7Mn0.3O3 and LaMn0.7Fe0.3O3 at different 
GHSV s̓ as a function of temperature have been illustrated 
in Fig. 2 (a)-(c) respectively. Also, conversion curves of CO 
at the same conditions have been shown in Fig. 2 (d)-(f).

As can be seen from Fig. 2, by increasing the operat-
ing temperature and decreasing GHSV conversion of NO 
and CO were improved, because the residence time of the 
exhaust gas increases. According to these figures when the 
temperature increased from 200 °C, the reaction rate and 
conversion of the both pollutants accelerated due to sup-
plying the activation energy at temperatures above 200 °C.

Comparison of Fig. 2 (a) with Fig. 2 (b) and Fig. 2 (d) 
with Fig. 2 (e) indicate with substitution of manganese 
and increasing mole fraction of manganese in the LaFeO3 
(LaFe0.7Mn0.3O3) structure, the conversion of NO and CO 
increased. So when iron and manganese there are simul-
taneously in the B sites, perovskite catalytic activity 
improved compared with the case of LaFeO3 which only 
the iron present at B site. This can be attributed to the syn-
ergistic effect between iron and manganese ions [21].

It is observed from Fig. 2 (c) and (f) that the more 
substitution of manganese in the B site of perovskite 
(LaMn0.7Fe0.3O3) makes Mn as dominant B site ion and as 
a result decreases NO and CO conversion rate due to the 
decreases of the catalyst activity. So, it is proved that best 
choice to improve activity, is saving Fe as dominant B site 
ion and partial substitution of that by Mn.

4.2 Evaluation of kinetic parameters
In this section, for each model in addition to evaluation of 
kinetic parameters of CO-SCR process, kinetic model com-
parison with experimental data carried out and discussed.

4.2.1 Kinetic parameters in PLM
Using experimental data and optimization, the values 
of the PLM parameters (kinetic equations, Eq. (13) and 
Eq. (14)) are obtained and shown in Table 1.

Comparison between experimental and theoretical data 
by the power law model of CO-SCR process for each cat-
alyst has been illustrated in Fig. 3. Fig. 3 (b), (e) and (h) 
compare NO conversion rate using the power law model 
and experimental data as a function of operating tempera-
ture. Also for better evaluation of the conformity between 
the experimental data and the power law model, compar-
ison between conversion rate of NO and CO were per-
formed. As can be seen from Fig. 3 (a), (d) and (g), the 
results of modeling and experimental study have inappro-
priate distribution around the line 45° .

According to Fig. 3 (b) and (e), the precision of the model 
for predictions of the experimental results are high for 
LaFeO3 and LaFe0.7Mn0.3O3 catalysts at GHSV of 24000 h-1. 
But this model is not suitable for performance prediction of 

Fig. 2 Effect of operating temperature and GHSV of LaFe0.7Mn0.3O3 ((a) 
and (d)), LaFeO3 ((b) and (e)) and LaMn0.7Fe0.3O3 ((c) and (f)) catalysts 

on the conversion of NO and CO in CO-SCR process.
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LaFeO3 and LaFe0.7Mn0.3O3 catalysts at GHSV of 12000 and 
8000h-1. This model showed correlation coefficient value of 
0.9790 and squared error of 0.0852 for LaMn0.7Fe0.3O3 and 
so, has good precision only for prediction of the experi-
mental results about LaMn0.7Fe0.3O3 for each GHSV.

4.2.2 KM1
Using experimental data and optimization, the parameters 
of KM1 (kinetic equations Eq. (14) and Eq. (15) for the 
perovskite catalysts are given in Table 1.

The comparisons between experimental and theoretical 
data of KM1 for CO-SCR process are shown in Fig. 4 for 
each catalyst. Fig. 4 (b), (e) and (h) show the NO conver-
sion rate obtained from KM1 and experimental values as a 
function of operating temperature. This model showed cor-
relation coefficient values of 0.9911, 0.9924 and 0.9902 and 
squared errors of 0.0488, 0.0504 and 0.0397 respectively 
for LaFe0.7Mn0.3O3, LaFeO3 and LaMn0.7Fe0.3O3. Therefore 
this model could predict the CO-SCR process with con-
siderable precision. For good evaluation of the conformity 
between the experimental data and simulated results by 
KM1, comparison between conversion rate of NO and CO 
were performed. As can be seen from Fig. 4 (a), (d) and (g), 
the results of modeling and experimental study have good 
distribution around the line 45° and shows the KM1 have 
reasonable ability for prediction of process kinetics.

4.2.3 KM2
Using experimental data and optimization, the parameters 
of KM2 (kinetic equations Eq. (16) and Eq. (17)) for the 
perovskite catalysts are given in Table 1.

Comparison of experimental and theoretical results of 
KM2 is given in Fig. 5. According to Fig. 5 (b), (e) and (h) 
which illustrate the NO conversion rate from KM2 and 
experimental results as a function of temperature. As can 
be seen from Fig. 5 (a), (d) and (g), this model showed cor-
relation coefficient values of 0.9858, 0.9873 and 0.9814 and 
squared errors of 0.0775, 0.0841 and 0.0754 respectively 
for LaFe0.7Mn0.3O3, LaFeO3 and LaMn0.7Fe0.3O3 . Therefor 
this model has higher precision than the power law model 
for prediction of the experimental results. Compared to 

Table 1 Kinetic parameters of the PLM, KM1, and KM2 in the CO-SCR process in the region of 100-500 °C.

LaMn0.7Fe0.3O3LaFe0.7Mn0.3O3LaFeO3Kinetic 
parameters KM2KM1PLMKM2KM1PLMKM2KM1PLM

854.2276.078 ˟ 1047.93 ˟ 104654.2276.206 ˟ 1075.26 ˟ 104204.0252.314 ˟ 10108.56 ˟ 104A1

0.033368.4971.0520.02358.858295.3070.1136.949745.307A2

52.11464.74149.87644.05253.34862.85375.75285.78366.853E1

2.1823.40126.5411.9372.45432.0632.13722.03935.063E2

44.05264.7410.88752.11453.3480.16975.75285.7830.112m1

1.9373.4010.1462.1822.4541.0512.13722.0391.141m2

38.06564.9210.70135.70166.2140.94739.065110.6200.977n1

8.63251.7380.8467.43249.7380.2139.9597.1300.263n2

75.7622.077 ˟10-388.7621.677 ˟ 10-321.0001.312 ˟ 10-5ANO

15.5528.130 ˟ 10-319.1986.019 ˟ 10-30.02111.739 ˟ 10-5ACO

35.70164.92138.06566.21439.065110.620∆H1

7.43251.7388.63249.7389.9597.130∆H2

Fig. 3 (a), (d), (g) NO and CO conversion obtained from the power law 
model and experimental results for each catalyst, (b), (e), (h) effect of 
operating temperature and GHSV of each catalyst on experimental 

(symbols) and simulated (lines) NO conversion, and (c), (f), (i) effect 
of operating temperature and GHSV of each catalyst on experimental 

(symbols) and simulated (lines) CO conversion rate in CO-SCR process.
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KM1, KM2 doesn’t have acceptable fit to the experimen-
tal data especially at higher temperatures.

For evaluation of the models for each perovskite cat-
alyst in CO-SCR process the bar graphs of correlation 
coefficients and the sum of squared errors were used. 
Comparing these figures (Fig. 6 (a)-(f)) confirm the KM1 
has better fitness with the experimental data than KM2 
and PLM. So the KM1 is selected as the best model for pre-
diction of the CO-SCR process on the perovskite catalyst.

4.3 Catalysts characterization
The XRD patterns of the catalysts summarized in Fig. 7. 
Comparison of XRD patterns of synthesized LaFeO3 and 
its standard peak (ICSD 084941 card) indicated that there 
is good conformity between diffraction pattern of synthe-
sized LaFeO3 and the standard data. The mentioned stan-
dard structure has orthorhombic structure. This result 
approves the synthesis of LaFeO3 and indicates the single 
phase perovskite with orthorhombic structure. The average 
crystallite sizes of the perovskite using Scherer equation 
(Eq. (26)) considering the sharpest peak is given at Table 2.

d K
=

λ
β θcos

.  (26)

Where d (nm) is the crystallite size, θ is the Bragg angle, 
K, is the constant of diffraction (0.89), λ (0.154056 nm), 
is the X-ray wavelength and β is the peak width at the 
half-maximum, corrected for instrument broadening.

Fig. 7 (a) shows XRD patterns of synthesized 
LaFe0.7Mn0.3O3 and LaFeO3 and also, their main peaks with 
magnification. The synthesized catalyst shows orthor-
hombic structure similar to the structure of the LaFeO3. A 
slight shift to the right in the main peak of diffraction pat-
tern of the modified catalyst (LaFe0.7Mn0.3O3) can be seen. 
This is because of the introduction of Mn in the crystal-
lite structure of LaFeO3 which changes the unit cell size. 
In fact, this is due to the unequal ionic radius of Fe and Mn. 
Which, in turn, changes the size of the unit cell. It appears 
by changing the distance between the plates and therefore 
the peak in the XRD pattern. Such changes demonstrate 
the entrance of Mn into the structure. However, as can be 
seen, there is good agreement in the diffraction patterns 
of the modified catalyst and standard pattern and such an 

Fig. 4 (a), (d), (g) NO and CO conversion obtained from the KM1 and 
experimental results for each catalyst, (b), (e), (h) effect of operating 
temperature and GHSV of each catalyst on experimental (symbols) 

and simulated (lines) NO conversion, and (c), (f), (i) effect of operating 
temperature and GHSV of each catalyst on experimental (symbols) and 

simulated (lines) CO conversion rate in CO-SCR process

Fig. 5 (a), (d), (g) NO and CO conversion obtained from the KM2 and 
experimental results for each catalyst, (b), (e), (h) effect of operating 
temperature and GHSV of each catalyst on experimental (symbols) 

and simulated (lines) NO conversion, and (c), (f), (i) effect of operating 
temperature and GHSV of each catalyst on experimental (symbols) and 

simulated (lines) CO conversion rate in CO-SCR process.

Fig. 6 (a), (c), (e) Correlation coefficients and (b), (d), (f) Sum 
of squared errors of kinetic models for CO-SCR process on the 

LaFe0.7Mn0.3O3, LaFeO3, LaMn0.7Fe0.3O3 catalyst.
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agreement proves that the synthesized catalyst has the 
orthorhombic structure.

XRD pattern of LaMn0.7Fe0.3O3 and standard XRD 
pattern of LaMnO3 (01-086-1228.CAF card) have been 
depicted in Fig. 7 (b). XRD of LaMn0.7Fe0.3O3 is consistent 
with the standard XRD of LaMnO3 and approves the syn-
thesis and rhombohedral structure of the prepared catalyst. 
For better comparison and to prove the introduction of the 
iron ion in the LaMnO3, the main peak of XRD patterns of 
the synthesized LaMn0.7Fe0.3O3 and standard LaMnO3 are 
shown with more magnification. A slight shift to the right 
hand side in the diffraction pattern of the modified catalyst 
can be seen. This is due to the substitution of Fe in the B 
site of the crystallite structure of LaMnO3. By introduc-
tion of Fe to the Mn perovskite, its rhombohedral struc-
ture is preserved but each of the peaks shifted as a result 
of change in cell size due to the presence of ions with dif-
ferent sizes and thereby changing the distance between the 
planes slightly. This change confirms the presence of the 
iron ion in the structure of manganese perovskite.

Based on Scherer equation and XRD pattern of each 
catalyst, crystallite size of them were calculated and sum-
marized in Table 2. According these calculations, size of 
catalysts crystallites are below 30 nm.

Fig. 8 shows the SEM image of the optimum catalyst 
(LaFe0.7Mn0.3O3). According to this figure the morphology 
of the particles are spherical approximately and some of 

them are as irregular shaped grains. Most of particles have 
sizes less than 100 nm are observed in the image. 

5 Conclusion
In this research LaFeO3, LaFe0.7Mn0.3O3 and LaMn0.7Fe0.3O3 
perovskite nanocatalysts were prepared by sol-gel method 
successfully. The catalysts were used for reducing NO emis-
sion using CO while the reduction process was performed in 
the plug flow reactor. Experimental results indicate by sub-
stitution of manganese in the B site of the LaFeO3 catalyst, 
the conversion rate of NO and CO was increased due to the 
synergistic effect between manganese and iron. But, Iron 
and manganese in the structure of perovskite should have an 
optimized stoichiometric ratio for good performance. The 
LaFe0.7Mn0.3O3 showed good activity than other catalysts.

To investigate the effect of GHSV on the CO-SCR per-
formance, a series of experiments was conducted for dif-
ferent space velocity (24000, 12000 and 8000 h-1). The 
results indicated that conversion of NO and CO improved 
by increasing the operating temperature and decreasing 
GHSV, which can be attributed to the increase in the resi-
dence time of the exhaust gas.

In this work, in addition to studying the function of 
synthesized catalysts and finding the optimal catalyst in 
the CO-SCR process, according to the process mecha-
nism, three new mechanical models were proposed for this 
process for the first time and According to the obtained 
results, our models can predict the experimental data with 

Table 2 Crystallite size of catalysts based on 
XRD analysis and Scherer equation.

Catalyst Crystallite size (nm)

LaFeO3 27

LaFe0.7Mn0.3O3 16

LaMn0.7Fe0.3O3 15

Fig. 7 XRD profiles of synthesized LaFe0.7Mn0.3O3 and  LaFeO3 (a), and 
XRD profiles of synthesized LaMn0.7Fe0.3O3 and standard pattern of 

LaMnO3 (01-086-1228.CAF card) (b) Fig. 8 SEM image of LaFe0.7Mn0.3O3 catalyst.
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a good accuracy. This study shows that one of the reported 
new models can successfully be used for prediction of cat-
alyst activity in CO-SCR. The model KM1 with correla-
tion coefficients of 0.9924, 0.9911 and 0.9902 and sum of 

squared errors of 0.0504, 0.0488 and 0.0397 respectively 
for LaFeO3, LaFe0.7Mn0.3O3 and LaMn0.7Fe0.3O3 catalysts 
was the best model for prediction of the CO-SCR process 
using the synthesized perovskite catalyst.
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