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ABSTRACT

The sol gel method was used in preparing a series of A site partially substituted La1�xBaxCoO3 (x ≥ 0.1
≤ 0.4) perovskite catalysts coded LBC1, 2, 3, and 4 and their potential as catalysts for soot oxidation
were evaluated. The Brunauer–Emmett–Teller (BET), Inductively Coupled Plasma Atomic Emission
Spectroscopy (ICPAES), Thermogravimetric/Differential Thermal Analysis (TGA/DTG), X-ray analysis
(XRD) were used in characterizing the prepared perovskite catalyst. The result shows that at (x≥ 0.2 ≤

0.4), there was an increase in surface area when we compare it with that of x 5 0. The increase in
surface area helps in increasing the catalytic performance of the catalyst. Also, when evaluating the
catalytic performance of the synthesized catalysts, it was observed that doping the perovskite catalysts
helped in the general improvement of the catalytic performance for soot oxidation. The best perfor-
mance in this research study with a T50 of 484 8C was observed at x 5 0.2 catalyst (LBC2). This shows
that the non-noble perovskite catalysts prepared in this research study has the potential to replace the
noble metal based catalysts used presently in the diesel automotive industry.
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1. INTRODUCTION

Diesel engines in recent times have been widely used as a means of transportation. However,
these automotive systems suffer from a high level of discharges which are most times soot [1–
3]. In the advent of this, reducing diesel exhaust to permitted environmental levels is of
utmost importance and cannot be achieved by engine modifications alone, but by also
considering the catalytic after treatment process [4]. Literature review reveals that one of the
most widely used techniques for soot reduction in diesel engines is the wall-flow filter, which
involves the entrapment of the soot, after which the deposited soot is burned off as a result of
the catalyst placed on the filter [5, 6]. This technology has proven to be successful worldwide.
Several reports have argued that the perovskite metal oxide has the ability to promote the
conversion of soot into CO2 in catalytic traps. The perovskite metal oxide is a general formula
ABO3, in which the A site is generally occupied by the lanthanide and actinides groups, while
the B site is generally occupied by the transition metal groups coordinated to oxygen atom.
The metal on the A site usually gives stability to the perovskite structure, while the metals on
the B sites are the ones responsible for the catalytic activity of the perovskite metal oxide. The
partial substitution of the A or/and B site can give structural modifications which can result
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into crystal lattice distortion as well as oxygen vacancies
generation, hence the thermal stability and catalytic activities
can be tailored. Some of the factors affecting the catalytic
activity for soot oxidation (surface area of catalyst, the redox
properties of catalyst, the position at which the substitution
of the catalyst is taking place) have been given a conse-
quential attention in recent times. Several reports have
shown that perovskite catalyst can be an effective catalyst for
soot oxidation in diesel engines. However, out of all the
researched catalyst, LaCoO3 has been found to be the most
responsive to soot oxidation due to the fact that it possesses
high catalytic capability and can form well-structured
perovskite crystallite at highly substituted conditions.
However, the effect of dopant on the catalytic activity of soot
in DPFs has been properly dealt with in literature.

Therefore, in this research study, the A site component
of LaCoO3 was partially substituted with Ba in the range of
0–0.4. The prepared catalyst was characterized using the
various characterization techniques such as the X-ray
analysis (XRD), ICP-AES, EDAX, Brunauer–Emmett–
Teller (BET), Thermogravimetric/Differential Thermal
Analysis (TGA/DTA), while catalytic evaluation for soot
oxidation was performed using the TGA method. The
results obtained tend to help in the formulation of a viable
commercially available perovskite catalyst for diesel
exhaust purification.

2. MATERIALS AND METHODS

2.1. Synthesis of La1�xBaxCoO3 perovskite catalyst

All the chemicals used for this experiment were purchased
from Sigma Aldrich Ltd, and were used as purchased without
further purification. The method used for the preparation of
the above mentioned perovskite catalyst was the citrate EDTA
sol gel synthesis method. According to this method, the
appropriate metal nitrate solutions were mixed with EDTA
and Citric Acid, which acts as chelating agents. The mixture
was stirred at 90 8C for 4 h on a hot plate. The gel like ma-
terial obtained after a temperature raised to 100 8C was
calcined at 750 8C for 5 h to obtain the final perovskite
structure. Several catalysts were prepared by varying the ratio
of barium used (x5 0, 0.1, 0.2, 0.3, 0.4 coded LBC 0, 1, 2, 3, 4,
respectively).

3. RESULTS AND DISCUSSION

The TGA/DTA analysis of the prepared perovskite catalyst
is shown in Fig. 1 below. A representative catalyst LBC2
dried at 200 8C for 5 h was used for the thermal behaviour
investigation of the prepared catalyst.

The phase changes mechanism of the prepared catalysts
was monitored by the percentage weight loss in relation to
the temperature from the range of 0–1,000 8C. The weight
losses that were observed at temperatures below 600 8C can
be attributed to the thermal decomposition of water, citrate

precursor, and carbon monoxide [5, 7, 8]. At temperature
higher than 600 8C, no change in weight was observed.
From the TGA/DTA profiles, about three major weight loss
stages were observed. The first endothermic weight loss
(A1) was observed around 0–150 8C, which could be
credited to the loss of surface water molecules [1, 9, 10].
The second weight loss (A2) was observed around 150–260
8C, which is attributed to the loss of crystalline water. The
major decomposition stage (A3) was observed at the tem-
perature between 250 and 400 8C and can be credited to the
decomposition of the citrate, EDTA and organic pre-
cursors. The minor weight losses that were observed above
esent [11, 12]. This is accompanied by a strong exothermic
DTA peak. It was also observed that the changes in the
DTA at temperature between 0 and 400 8C are small when
compared with the ones at temperature above it. This in-
dicates that the reactions involve small amount of energy in
comparison with those at higher temperature. Since the
measurement of the TGA/DTA analysis was performed
under N2/O2 environment, the combustion of the organic
materials under the O2 condition resulted in the large DTA
peak [13–15]. The stages of the weight loss observed from
the TGA along with the chemical processes that was
observed in the DTA suggests that the stepwise thermal
decomposition of the prepared perovskite catalysts came to
an end at about 600 8C.

The Xrd diffraction pattern of the prepared catalyst is as
shown in Fig. 2. Figure 2 shows the evolution of the crys-
talline phases of the precursor (LBC0) dried at 200 8C and
the doped catalysts (LBC1-4), calcined at 750 8C. It was
observed that the XRD diffractogram of the precursor ap-
pears to be completely amorphous. This suggests that at a
temperature of 200 8C, the formation of the perovskite phase
has not been achieved, which could be a result of impurities
contained in the precursor which has not been completely
burnt off. However, there was clear and distinct peak when
the catalysts were calcined at 750 8C. Also, the peaks cor-
responding to LaCoO3 perovskite phase (JCPDS-ICCD 48-
0123) were observed and indexed using the QualX software.

Figure 1. TGA/DTA of LBC2 dried at 200 8C
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Isolated phase or impurity such as La2Ba2O5, BaLaCoO4,
metal-EDTA, metal nitrate, metal citrate was noticed in the
Xrd diffractogram [16, 17]. This indicates that the prepa-
ration technique used and the calcination temperature was
effective in the attainment of the single phase perovskite
structure.

Also, upon the introduction of Ba into the perovskite
structure, there was a shift at the angle (2q5 32�33, as shown
in Fig. 3) towards the lower angle 2q. This shift can be said
to be a result of the structural and stoichiometry changes
occurring due to the charge difference created between the
exchanged lanthanum cation (þ3) and the barium cation
(þ2).

Similarly, the unit parameters of the prepared catalysts
were carried out using the software QualX and the results
are recorded in Table 1. The results obtained from both the
doped and undoped catalysts are well in agreement with
previous reports in literature [13]. It was observed that the
partial substitution of the La3þ by the Ba2þ cations resulted
into the increase of the cell volume and c (�A) parameter.
Also, the average crystallite size was calculated using the
QualX software and also validated by the Scherer equation
using the (104) peak. The result obtained is recorded in
Table 1. It was noticed that upon the doping of the perov-
skite catalysts, there was a significant drop in the crystallite
sizes of the catalysts. The crystallite sizes range between 25
nm and 32 nm. This is similar to what has been previously
reported in literature [18]

The elemental composition of all the prepared perovskite
catalysts was done using Inductively Coupled Plasma
Atomic Emission Spectroscopy (ICPAES) and the result is as

shown in Table 2. The results validate the percentage
composition of all the elements present in the perovskite
catalyst. The percentage composition of La, Ba, Co obtained
from the ICPAES was observed to be close to that obtained
from the theoretical values (in parenthesis). This indicates
that the metals were well mixed during the preparation stage
and that the method used is efficient for the intended
perovskite catalyst design.

Also, the SEM-EDAX of the prepared catalysts is as
shown in Fig. 4. The SEM-EDAX of the catalysts confirms
the presence of La, Ba, Co and O, hence suggesting that the
designed perovskite catalyst have been formed. The bar
chart presented in Fig. 4 compares the differences between
the theoretical values and the experimental values which
show that they are close, hence validating the earlier results
from the ICPAES.

The specific surface area analysis of the prepared cat-
alysts was done using the BET method and the result

Figure 2. XRD diffractograms of all the prepared catalysts
Figure 3. Extended XRD plots of the prepared catalysts

Table 1. Physio chemical properties of the prepared catalysts

Catalysts a (�A) c (�A)
Unit cell volume

(nm3)
Crystallite size

(nm)

LBC0 5.4403 13.112 0.3361 32.5
LBC1 5.4516 13.147 0.3385 30.3
LBC2 5.4357 13.184 0.3394 29.6
LBC3 5.4471 13.200 0.3401 27.5
LBC4 5.4406 13.218 0.3408 25.2
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obtained is as recorded in Table 2. The surface area ob-
tained in this research appears to be low, which could be a
result of the calcination temperature used, although
various materials scientists have reported that calcination
temperature generally lowers the surface area of perov-
skites [19–21]. In this research study, the surface area
ranges from 18.80 to 26.37 m2/g. It was observed that the
surface area of the catalysts increases upon doping with
barium suggesting that doping the catalysts has the ability
to improve the surface area. There was no specific trend in
the increase of the surface area upon doping and this
might be a result of a randomly dispersed carbonate of
barium (formed from the combustion of EDTA and Citric
acid), which may have blocked the pores of the perovskite
catalysts, thereby suppressing the surface area [22–24].
The surface area obtained in this study was observed to be

greater than the ones earlier reported in literature (1–11
m2/g) [4, 25, 26].

The plots of the data obtained from the TGA oxidation
of the soot is as presented in Fig. 5. The plots were stan-
dardized by removing the weight loss, which occurred
below 300 8C. This is because several reports have sug-
gested that at 0–300 8C, only weight loss associated with
surface water, desorption of adsorbed water and decom-
posable oxygen complexes on soot happens [27]. The
standardized oxidation plots of the soot over the prepared
catalysts LBC1, LBC2, LBC3 and LBC4 are shown in Fig. 5.
In order to appropriately evaluate the catalytic perfor-
mance of the soot, a blank soot was run without the
catalyst mixed with it. The catalytic performance of the
soot was studied by evaluating the T50 of the catalysts.
(This is considered as the soot ignition temperature of the

Table 2. Elemental analysis of the prepared perovskite catalyst

Catalyst Surface Area (m2/g) % La % Ba % Co % O

LBC0 18.80 66.34 (63.45) 0.00 (0.00) 11.34 (10.98) 22.32 (25.57)
LBC1 23.78 54.67 (55.6) 3.20 (3.50) 21.2 (22.2) 23.61 (17.7)
LBC2 24.66 52.78 (53.7) 4.60 (4.20) 21.30 (22.50) 21.32 (19.60)
LBC3 25.75 50.35 (51.0) 5.79 (5.90) 21.4 (22.30) 22.46 (20.80)
LBC4 26.37 48.30 (47.30) 6.89 (6.30) 21.62 (22.40) 23.19 (24.00)

Figure 4. SEM-EDAX of prepared perovskite catalysts
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soot i.e., the temperature at which 50% of the soot is
oxidized or converted.) It was observed that the T50 of the
raw soot was about 610 8C. However, upon the introduc-
tion of doped catalysts into the soot, the T50 reduces to
550, 530, 520 and 490 8C for LBC1, LBC3, LBC4 and LBC2,
respectively. Furthermore, out of all the catalysts prepared,
LBC2 gave the best catalytic performance with a T50 of
490 8C indicating that the reactivity of the surface oxygen
was higher in the LBC2 catalyst than in the other prepared
catalysts. Several literature reviews have reported that the
high catalytic activity of perovskite and ceria based cata-
lysts are as a result of the presence of oxygen species and
not because of the various reactants such as soot, carbon
monoxide, propane or methane [21, 28, 29]. Therefore
with all the above explanations, we can argue that in this
study, the oxygen species in the catalyst is what is
responsible for the catalytic activities of the catalyst. One
other factor that could be responsible for LBC2 having
been the best catalysts might be a result of Ba enriched
surface and larger amount of mobile surface bound oxygen
species [30].

4. CONCLUSION

La1�xBaxCoO3 (x≥0.1≤0.4) nano perovskite catalysts have
been successfully prepared using the sol gel method. The
prepared nano perovskite catalysts were also characterized
using the various characterization techniques. The results
obtained from the TGA/DTG analysis confirmed that the
metal complexes pyrolysis occurred at temperature range
0–350 8C and that the perovskite phase was obtained at
temperature around 750 8C. No isolated phase was observed
from the XRD analysis confirming the formation of pure
perovskite nano catalysts. The phase confirmation was
further proven using the QualX software. The partial sub-
stitution of the A-site parent perovskite catalysts by barium
help in improving the catalytic activity of the catalysts when
compared with the one without barium. The LBC2 was
observed to give better catalytic activity than other prepared

catalysts. In conclusion, the perovskite prepared in this
research study have proven to be a potential alternative to
the noble metal catalysts presently used in the DPF in diesel
engines.
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