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ABSTRACT
The uses of automobiles have been increased exponentially day to day and hence also the tremendous
increase in emission like CO, HC, NOx, particulate matters etc. These pollutants have negative impact
on air quality, environment and human health that leads in stringent norms of pollutant emission.
Perovskite oxides of general formula ABO3 (where A and B are usually rare earth and transition metal
cations, respectively) promising alternatives to supported noble metals  have attracted much attention
for exhaust gas depollution because of their low cost, thermal stability at rather high temperatures,
great versatility and excellent redox properties.Porous perovskites type complex oxides LaCoO3,
LaCo0.8Cu0.2O3, La0.8Sr0.2CoO3 and   La0.8Sr0.2Co0.8Cu0.2O3 were produced by citric acid method and
calcined at 973 K for 5 hr. The properties of these porous materials such as crystal structures, particle
sizes, pore size, surface area and pore volume were characterized by X-ray diffraction (XRD), Scanning
electron microscope (SEM)- Energy dispersive X-ray spectroscopy (EDX or EDS) and BET surface
analysis. The formation of the perovskite structure has been shown by X-ray diffraction (XRD) for all
samples except La0.8Sr0.2CoO3. The porous catalyst (LaCoO3) has been tested for carbon monoxide
catalytic combustion and the results showed that these catalysts possessed high catalytic activity.
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INTRODUCTION

Human Activities generate three broad sources
of air pollution: stationary or point, mobile (outdoor)
and indoor1-3. Air pollution generated from mobile
sources such as automobiles contributes major air
quality problems in urban and industrialized
areas3-5. The use of automobiles is increasing
exponentially day by day6,7. About 50 million cars
are produced every year and over 700 million cars
are used worldwide6,8,9.
The main pollutants in exhaust gases from vehicle
engines include carbon dioxide, carbon monoxide,
unburned hydrocarbon (Hydrocarbon mixture
contains a large variety of hydrocarbons out of
which mainly present hydrocarbons are ethylene,
acetylene, propane and propene), nitrogen oxides
(NOx), sulphur dioxide and particulates matter can
cause serious environmental problems such as
photochemical smog, acid rain, ground level ozone
and respiratory diseases3,7-16. Thus, the use of
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catalysts for purifying exhaust gases is absolutely
necessary and indispensable in every vehicle. The
technology to convert simultaneously all three
pollutants (CO, HC, and NOx) into innocuous
materials is referred to as three way catalysis or
three way catalytic converter (TWCs)17. The
important role of automotive catalysts in catalytic
converter contain precious metals palladium (Pd),
platinum (Pt) and rhodium (Rh) is widely
recognized for the conversion of three pollutant-
emissions such as carbon monoxide (CO) into
CO2, nitrogen oxides (NOx) to nitrogen and
unburned hydrocarbons (HC) into CO2 and water
in engine exhaust gases (Car’s tail pipe)5,7,17-26.
Catalysts are composed of several components
including noble metals (Pt, Pd and Rd) as active
site, alumina-based supports with a high surface
area and metal oxides as promoter material7,19, 23,25.
The catalytic converters are, in fact, reactors that
consist of monolithic honeycombs skeleton made
of ceramic or metallic materials. Monolith is first



965

Journal  of  Environmental  Research  And  Development Vol. 6 No. 4,  April-June 2012

coated with high surface area oxide like γ-Al2O3
and the process is called wash coating. After wash
coating, the three ways catalyst [Pt, Pd and other
platinum group metals (PGM)] usually called active
phase is coated over monolith26-28.
Due to their high activity and thermal stability,
much attention has been paid to perovskite-type
oxides, of general formula ABO3 (where A and
B are usually rare earth, alkaline earth, alkali and
other large ions such as Pb2+, Bi3+  that fits in to
the dodecahedral site of the framework and 3d,
4d and 5d transition metal ions which occupy the
octahedral sites (surrounded by six oxygen atoms
in octahedral coordination) respectively), as
catalysts for complete oxidation of hydrocarbons
and CO in substitution of the very active noble
metals Pt and Pd which are more expensive and
do not resist to operating temperatures exceeding
850 K. Due to the great stability of the perovskite
framework a large number of metallic trivalent
cations can occupy the A and the B sites provided
that the tolerance factor

 t [t = (rA + rO )/  2(rB + rO )]
is in the range 0.8–1.029-32. Perovskite-type oxides
are attractive alternatives because of their high
activity even at moderate temperature as well as
stability at high temperatures (up to 20000 C)33.
Perovskite compounds can also tolerate significant
partial substitution (A and/or B with metals (A’, B’

correspondingly) of different oxidation states) and
non-stoichiometry while still maintaining the
perovskite structure. Metal ions having different
valence can replace both A and B ions. This may
generate a non-integral number of oxygen
atoms.18,22,24

The catalytic properties of perovskite-type oxides
basically depend on the nature of A and B ions
and on their valence state. The A site ions are
catalytically inactive. The nature of these ions
however also influences the stability of the
perovskite phase. Catalytic activity is generally
determined by the B cation. The substitution at A
site with ions having lower valence can allow the
formation of structural defects such as anionic or
cationic vacancies and/or a change in the oxidation
state of the transition metal cation to maintain the
electro neutrality of the compound. When the
oxidation state of B cation increases, the relative
ease of the redox process generates larger

quantities of available oxygen at low temperature
and the overall oxidation activity enhances.
Moreover, the oxygen vacancies favour the
catalytic activity in oxidation reaction because they
increase the lattice oxygen mobility. Generally
speaking, A-site replacement mainly affects the
amount of sorbed oxygen whereas B-site
replacement influences the nature of sorbed
oxygen.23,28

In particular, partial substitution of La with divalent
ions, e.g. Sr2+ can increase the average oxidation
state of the cation in position B. These effects
are proposed to enhance the oxidation catalytic
activity of this type of systems either by facilitating
oxygen mobility or by enhancing the redox activity
of the Bn+ cation.
Several synthesis methods for preparation of
perovskite phases have been proposed and
developed over the years. These methods include
pyrolysis, co-precipitation, citrate complexation,
spray-drying, freeze-drying, micro emulsion sol–
gel process etc. Among those, the benchmark
methods are co-precipitation and citrate methods.
Calcinations at high temperatures is necessary for
almost all of these methods. Such treatments often
result in a sharp decrease of the surface area of
the catalyst thus yielding low catalytic activity per
unit mass. For example, Co-based perovskite
catalysts prepared by the conventional citrate
complexation method have a surface area of only
4–7 m2/g after calcinations at 6000C for 6 hr. Garin
and his co-worker synthesized LaCoO3, Co3O4
and a mix of them and studied the automotive
exhaust reactions. Two preparation methods were
used: simultaneous precipitation and sol–gel. The
CO oxidation reaction was performed under dry
or wet atmospheres for a binary CO+O2 gas
mixture. Under the complete wet gas mixture, the
perovskite LaCoO3 showed lower activation
energy for the CO oxidation reaction than for
Co3O4

34-37.

MATERIAL   AND  METHODS
Catalyst preparation
The citrate compound was prepared by
complexation of the nitrate salts with citric acid.
A concentrated solution of the metal nitrates was
mixed with an aqueous solution of citric acid by
fixing at unity the molar ratio of citric acid to the
metal cations. Metal nitrates (La(NO3)3–6H2O,
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Sr(NO3)2,  Co(NO3)2–6H2O, Sr(NO3)2,
Cu(NO3)2–3H2O) were first dissolved in distilled
water (25 ml). Citric acid (10% excess over the
number of ionic equivalents of cations) was
separately dissolved in distilled water (25 ml) and
added to the precursor solution under vigorous
stirring for 15 min. Excess water was evaporated
under slow stirring in oil bath at 80 0C until a gel
was obtained. The viscous gel was then dried at
100 0C overnight in hot air oven. The obtained
spongy material was finely ground and calcined
under air atmosphere at 700 0C to  750 0C for 5
hr.34-36

Catalyst characterization
X-ray Diffraction
Phase analysis, lattice parameters and particle sizes
were determined by X-ray diffraction (XRD) using
PW1774 Spinner Diffractometer system XPERT-
MPD operated at 40 kV and 30 mA with Ni-filtered
Cu Ká radiation ( = 1.5406 Å). Spectra were
recorded with step scans from 20 to 990 in 2 angle
and 1 s for each 0.050 step. Lattice parameters
were calculated from the reflections appearing in
the 2 = 2–990% range using the software program.
The identification of the crystal phases took place
using the JCPDS data bank.
Particle sizes (D) were calculated by means of
the Scherrer equation D = K/cos  after
Warren’s correction for instrumental broadening.
K is a constant equal to 0.9,  the wavelength of
the X-ray used,  the effective linewidth of the
observed X-ray reflection, calculated by the
expression  2 = B2 - b2 (where B is the full width
at half maximum (FWHM), b the instrumental
broadening determined through the FWHM of the
X-ray reflection at 2   of crystalline SiO2
with particles larger than 1000 Å),  the diffraction
angle of the (1 2 1) considered X-ray reflection
(2  320).
Energy dispersive X-ray spectroscopy (EDX
or EDS)
Energy Dispersive of X-Ray (EDX) of samples
was carried out in JEOL made instrument
JEM2100 model which has attached detector
OXFORD Instrument INCA X-SIGHT model.
EDX was used to investigate the morphology as
well as the elemental composition and distribution
of all the catalyst compositional analysis.
BET surface area

BET Surface area of the materials were measured
by nitrogen adsorption at the liquid nitrogen
temperature (-196 0C) using a volumetric all glass
apparatus.
The specific surface area of the materials
calcinedat 700 - 750 0C for 5 hrs was  determined
from nitrogen adsorption isotherms measured at
-196 0C using a Micromeritics ASAP 2020
instrument. Samples were degassed at 300 0C
under vacuum (10-3 Pa) until complete removal
of humidity (about 3-4 hrs) prior to adsorption–
desorption experiments. Nitrogen adsorption
measurements were performed up to a relative
pressure P/P0 = 1. The specific surface area was
determined from the linear part of the BET curve
(P/P0 = 0.01– 0.10). The pore size distribution
was calculated from the desorption branch of N2
adsorption/desorption isotherms using the Barrett–
Joyner–Halenda (BJH) formula. Pore volume and
average diameter were also obtained from the
pore size distribution curves using the software.
Catalytic activity
The catalytic oxidation tests were carried out in a
stain steel fixed bed reactor (I.D. 1.805 cm, O.D.
1.905 cm and L.50 cm) equipped with flow
controllers and heating system.
Before the activity tests, the catalyst in the bed
was activated by passing N2 (90 %) and O2 (10 %)
at 440 cm3 min-1 for 2 hr at 500 0C below the
calcinations temperature to remove adsorbed
moisture.
CO oxidation test was carried out in a fixed bed
of catalyst particles (ca. 1 gm) placed between
two ceramic blanket wool and inserted into the
reactor. The reactor was placed in a tubular PID-
regulated oven and the temperature was monitored
with a K type thermocouple positioned in
correspondence to the catalyst bed. The gaseous
flow rates were measured by rotameter and
mixed at atmospheric pressure to obtain inlet
concentrations of 7 % CO, 10 % O2, N2 as balance
with a space velocity of 28620 Ncm3 g-1 h-1. After
it was cooled down to 100 0C with N2 flow, the
reactant gases were switched on and samples
were taken between 100 to 500 0C and product
stream was analyzed by gas-chromatography (GC
2010 Model) using a Shin Carbon ST
Micropacked column and a µTCD detector.
The CO conversion in activity tests was defined as:
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XCO= (Ff,CO - Fp,CO)/ Ff,CO
Ff,CO: Molar flow rate of CO in feed stream
Fp,CO: Molar flow rate of CO in product stream

RESULTS  AND  DISCUSSION
Catalyst characterization
XRD measurement of LaCoO3, LaCo0.8Cu0.2O3,
La0.8Sr 0.2CoO3 and  La 0.8Sr 0.2Co0.8Cu 0.2O3
(calcined at 700° for 5 hr) were prepared by
citric acid synthesis method and its XRD patterns

are presented in Fig.1. The comparison of these
spectra with JCPDS charts indicates that all Co
based samples except La 0.8Sr 0.2CoO3 are
essentially perovskites type mixed oxides
(JCPDC card 00-025-1060, 00-006-0491). Other
phases such as SrCoO2.8 (JCPDS  card 00-039-
1084) in the case of   La 0.8Sr0.2CoO3 was
detected in addition to the major  ABO 3
Perovskite phase.

(a) Position [02Theta (cupper (Cu))]  (b) Position [02Theta (cupper (Cu))]

Fig. 1 : XRD patterns of (a) LaCoO3 (b) LaCo0.8Cu0.2O3 (c) La0.8Sr0.2CoO3

and (d) La0.8Sr0.2Co0.8Cu0.2O3

(c )  Position [02Theta (cupper (Cu))] (d ) Position [02Theta (cupper (Cu))]
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Phase formation is closely related to the
calcination temperature. At 700 0C, all the catalyst
samples except La0.8Sr0.2CoO3 completely
transformed lanthanum and cobalt nitrates into
LaCoO3 perovskite phase.  No spinel phase
La2CoO4 (that normally tends to form at
higher temperatures) was observed in
these samples.
Moreover, a small shift of diffraction peaks in
XRD patterns of Cu substituted samples to low
diffraction angle (2¸) with respect to unsubstituted
one implied that Cu had indeed been introduced
into the perovskite lattice. The crystallite sizes of
prepared perovskites calculated by Scherrer’s
equation after Warren’s correction of instrumental
broadening are also reported in Table 1.
Considering that the average pore diameters of
these materials (within the range of 25–56 nm)

are a little larger than crystallite sizes (around 10
nm), it was inferred that the prepared perovskites
had a porous structure formed via clustering of
primary crystallite particles. Moreover, the
morphologies of Co-based perovskites reflect a
slight agglomeration in accordance with a small
decrease in BET surface area after Cu
substitution.
According to semi-quantitative EDX results,
Table 1 shows the relative atomic concentrations
of La, Sr, Co and Cu for , LaCo0.8Cu0.2O3 ,
La0.8Sr0.2CoO3 and  La0.8Sr0.2Co0.8Cu0.2O3
catalysts. The values shown in Table 1 were
calculated by the EDX software using an
averaged signal from several thousand particles.
The compositions of the catalysts intended and
the EDS test  results seem to be in good
agreement.

Table 1 : Sample compositions determined by EDX

Concentration (atomic %)

       Sample La Sr Co Cu O

Exp Theo. Exp Theo. Exp Theo. Exp Theo. Exp Theo.

LaCo0.8Cu0.2O3 21.46 19.97 - - 16.14 15.97 5.41 3.99 56.99 60.10

La0.8Sr0.2CoO3 18.77 13.61 4.44 0.853 21.72 21.40 - - 54.87 64.11

La0.8Sr0.2Co0.8Cu0.2O3 19.94 14.7 3.55 0.912 18.61 14.71 4.46 0.922 53.44 69.22

Surface area and porous structure
The results for the nitrogen isothermal sorption
at 77 K for LaCoO 3,  LaCo0.8Cu 0.2O3,
La0.8Sr 0.2CoO3 and  La 0.8Sr 0.2Co0.8Cu 0.2O3
perovskite- type mixed oxides are presented in

Fig. 2, respectively. All the isothermal results
show hysteresis loops, whose characteristics
exhibit dependence on the structure of the
samples which are confirmed to be with a porous
morphology.
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(c) (d)

Fig. 2 : N2 adsorption-desorption isotherm of (a) LaCoO3 (b) LaCo0.8Cu0.2O3

(c) La0.8Sr0.2CoO3 and (d)  La0.8Sr0.2Co0.8Cu0.2O3

The specific surface area (BET surface area),
pore size and pore volume of the samples
synthesized by citric acid after calcinations at 700
0C for 5 hr are listed in Table 2.
Adsorption-desorption isotherms of the catalysts

have shown similar characteristics. Barett-Joyner-
Halendar (BJH) analysis showed that catalyst
pores were macro and meso size and the average
pore sizes were found to be in between 1 and 50
nm.

Table 2 : Properties of Co-based catalysts after calcinations at 700 0C for 5 hrs

700 0C

Catalytic oxidation of CO
The temperature corresponding to 50%
conversion of CO is defined as the catalyst “light
off” temperature and it is an important parameter
in catalytic reactions. The lower the light off
temperature, the more active the catalyst is. The
light off temperature for a new catalyst varies
for about 420 0C for CO.
The catalytic activity of the perovskite samples
chiefly depends on three factors: chemical
composition, degree of crystallinity and the

crystals morphology (including particle sizes, pore
size distribution and specific surface area of the
perovskite catalyst). All these factors are affected
by the synthesis method and the specific synthesis
operating conditions. Adding impurities to the
benchmark LaCoO3 perovskite sample, in general
may enhance the rate of combustion due to an
increase in the oxygen mobility in the bulk of the
solid.
Activity tests of the catalysts shows  that LaCoO3
has 50 % conversion for CO at 420 0C and the

S/N Sample Calcination Crystallite Phases Specific Pore Pore
T Size (nm) Surface diameter volume

area (m2/g) (nm)  (cm3/g)

1 LaCoO3 35-56 P 8.78 9.77 0.0214

2 LaCo0.8Cu0.2O3 29-42 P 3.04 11.29 0.0086

3 La0.8Sr0.2CoO3 25-56 P+O 3.91 8.32 0.0081
(SrCoO2.8)

4 La0.8Sr0.2Co0.8Cu0.2O3 25-34 P 3.75 9.97 0.0093
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Fig. 3: CO conversion as function of temperature for LaCoO3 perovskites by citric acid

maximum conversion was found around 58%
even it has large surface area due to less active
site available for catalytic activity and also low
residence time of the reactants in the bed.  The
higher residence times would yield 100%
conversion. Therefore, it is intended to further
investigate the activity of the catalysts with lower
GHSV (Gas Hourly Space Velocity).

CONCLUSION
Perovskite catalysts with 4 different compositions
were prepared with citric acid method.  XRD tests
showed the existence of LaCoO3, SrCoO2.8
phases. BET surface area measures indicated that
the most porous catalyst has also the largest
surface area. Activity tests of the catalysts shows
that LaCoO3 has 50 % conversion for CO at 420
0C even it has large surface area due to less active
site available for catalytic activity and also low
residence time of the reactants in the bed.
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