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Perovskite-type
Lao.~SrO"Co03 oxides have been prepared by solution combustion synthesis and their catalytic
performance for CH.j combustion reaction has been studied. The prepared samples have been characterized by XRD. IR.
BET and TPR. The effect of organic fuels on the struclllre and the catalytic activities of LaosSro"Co03 catalysts have been
investigated. Results indicate that all the LaO~Sr02Co03 catalysts prepared by solution combustion synthesis have lal'ge
specific surface area. and the struclllre and catalytic activities of the catalysts are related to the organic fuels. The best
catalytic activity is shown by the Lao.sSro."CoO.1 catalyst prepared with DL-alanine. The activity of the catalyst can be
explained in terms of smaller crystallite size, larger specific surface area. lower activation energy and more mobility of
chemisorbed oxygen on the surface and in the vacancies.

Due
to more
stringent
legislation
concerning
emissions of NOx, CO and HC during the last two
decades, catalytic combustion has emerged as a very
promising
technique
for gas turbine applications.
Several reviews published in this area clearly show
the potential of this technique to achieve ultra-low
vels of emissions'-'.
The most common fuel for gas
.!mines is natural gas~, which mainly consists of
nethane.
Compared
with flame combustion,
the
emperature
needed
for catalytic
combustion
of
'latura] gas is lower, and this leads to a decrease the
formation of thermal NOx.
Perovskites, ABO, (B =Mn, Co, Fe), have been
extensively studied due to higher catalytic activity for
11ethane combustion
and high thermal ability as
compared to that of noble metals!.5. However. the
hIgh calcination temperature of the prepared catalysts
inevitably leads to large crystallite size and lower
specific surface area (less than 5 m2/g) of the
catalysts6, limiting the potential applications of these
materials.
Therefore,
new methods
which yield
perovskite-type
catalysts
with increased
specific
surface area are required.
e report herein the synthesis
of perovskite
Llo.sSrO.2CoO,
oxides
prepared
by
solution
combustion,
with a view to boosting
catalytic
performance by enhancing specific surface area Of' the
catalyst. The ehects of organic fuels on the structure
and the catalytic activities of Lao.SSrO.2Co03 mIxed

oxides are also reported. The prepared samples have
been characterized
by XRD, JR, BET and TPR and
have been used successfully for CH4 combustion.

Materials and Methods
Preparation

and characterisation

of catalysts

Different organic fuels (DL-alanine,
glycine or
glJ cero!) were used to produce Lao.sSro.2CoO., mixcd
oxides via SCS technique. Lanthanum, strontium and
cobalt nitrates
in the desired
molar ratio werc
dissolved in deionized water with constant stirring. To
this solution, organic fuel, DL-alanine (or glycinc.
glycerol), was added, keeping he organic fuel: cobalt
nitrate mole ratio as 2.4: 1(or 4: I, 1.5: I). 1n addition to
reacting with the precursors (i. e., metal nitrates), the
'rganic fuels also form complexes with metal cations
n aqueous solution. This ensures good solution
homogeneity,
ruling out preferential precipitation or
;onic species. The overall combustion reactions can
be written as follows:
0.8 La (NO,), + 0.2 Sr(NO,)2 + Co(NO,), + 2.4 CI-hN02
+:U02
--+

LaOSSrO.2CoO, + 7.2 CO2 + 8.4 H20 + 3.6 N2

0.8 La( '0,), + 0.2 Sr(NO,)2 + Co(NO,), +

Lao.sSrruCOO, + 8 CO2 + 10 H20 + 4.-+ N2

--+

0.8 La(NO,),
->

<+ C2H,N02

+ 0.2 Sr(NO,12 + Co(NO,),

~"'k~r02CoO,+

+ 1.5 C,HsO,

...1.5 CO2+ 6 H20 +:2 -+ N'T

0.-+5 O2

The prepared aqueous solutions were transferred
into a ceramic dish and placed into an oven, preheated
at 450°C. After water evaporation, the heat released in
the fast reaction allowed the formation of the catalysts
as powder. Then the powdered catalysts were calcined
at 700°C
for
2 h. Finally,
the synthesized
LaosSro2Co03 catalysts were pulverized to ca. 60-80
mesh size.
Powder X-ray diffraction (XRD) data were obtained
using an X-ray diffractometer
(type D8/ADVNCE,
Germany) over the range 20°::; 28 ::;80°, at room
temperature, operating at 40 kV and 30 mA, using
Cu Ka radiation combined with the nickle filter.
BET surface area and porous texture were evaluated
by N2 adsorption isotherms obtained at 77 K using an
ASAP2020
(micrometrics)
equipment.
Before each
measurement, the samples were degassed at 623 K in
vacuum (0.13 Pa) for I h. The sUlface area was
calculated with the BET equation.
The Ff-IR spectra were recorded by a Nicolet 5700
Fourier transform instrument. The skeletal spectra in
the region 1600- 400 cm·l have been obtained with KBr
pressed disks and a KBr beam splitter.
Temperature-programmed
reduction
(TPR)
was
carried out with an in-house apparatus over 0.1 g
catalyst. Prior to TPR, the samples were pretreated at
700°C for 2 h in air and cooled to room temperature.
Then the pretreated samples were heated from room
temperature to 700°C in N2 (35 ml/min) at a rate of
10°C/min in order to remove any impurities. After
cooling to room temperature under Nz, a gas mixture
consisting of H2 and N2 (5:951'/v) was introduced into
the system and heated at a rate of 100C/min for
recording the TPR spectra.
Catalytic

47.8 and 59.4°, which correspond
to (012), (110).
(202), (024) and (214) planes of LaosSro 2COO, mixed
oxides, respectively.
The results of XRD clearly
indicate that all the samples prepared by different
organic
fuels
have the rhombohedral
distorted
perovskite structure.
The distortion of the active unit BOr, is one of the
important reasons for showing different activity. For
the evaluation of average crystallite size and lattice
distortion,
Scherrer
equation,
L=O.9)JWcos8)
and
2?
?
'J
,.,.
,.,
~ cos-e =417c (IJLt + 32(fn Sln-e, were used. Herc. L
is the average crystallite size, Ie, the X-ray wavelength
(0.154nm), ~, the half-peak width, 8, the diffraction
angle and (£2)112,the lattice distortion in the direction
of the (1lO) plane. The average crystallite size or thc
particles is in the range of 13-17 nm as determincd hy
Scherrer's equation. Solution combustion synthesis is.
therefore, effective for the preparation of nanosized
materials of uniform composition.
During solution
combustion
synthesis,
the reactants are unirormly
dispersed at the molecular level in the combustion
mixture. When combustion occurs, the nucleation and
growth of the particles take place only through shortdistance diffusion of the nearby atoms. Due to the
short Iife span of the combustion
reaction. long
distance diffusion of the atoms is not facilitated
resulting in the formation of nanosized materials7 As
compared with Lao.SSrO.2Co03 catalysts prepared by
glycerol and glycine, the average crystallite size or
Lao.SSrO.2Co03 catalyst prepared by DL-alanine
is
smaller, although
the lattice distortion
is greater

activity

The catalytic combustion experiments of methane
were performed
in J continuous
microreactor
by
feeding a gaseous mixture of CH-l (2 vol. %), O2
(12.5 vol. %) and N2 (rest) over 100 mg catalyst with
20000 ,,-1 GHSV and 350-650°C reaction temperature.
The gas composition was analysed before and after the
reaction by an online gas chromatographic
set up with
thermal conductor detector (TCD), connected with a
computer integrator system and Porapak Q column.
The activity of the catal sts was measured as CH-l
conversion.
40

Results and Discussion
The X-ray diffraction
patterns of LaOSSrO.2Co03
mixed oxides are shown in Fig.l. The diffraction
peaks are observed with 28 values of 23.4, 33.3,40.9,

Fig. !-XRD
SCS method.
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patterns of the LaOSSrp.2CoOJ catalysts
[a. alanine: b, glycero:; c, glycinel.

prepared

h)

(Table I). The increase of lattice distortion increases
the B- 01 bond length and decrease B-011 bond length
(01: oxygen in the c lattice axis; 011: oxygen in x-y
lattice plane). As a result, the mobility of 01 will
increase, which facilitates the process of oxidation
reactions-,o.

large BET surface areas (largest surface area is seen
for the sample prepared with DL-alanine). Thc BET
results show that the surface areas of the porous
samples prepared by SCS method are much larger
than those of the samples prepared via conventional
synthesis routesl2 (SS-6m2/g), which is advantageolls
for the combustion reaction of methane.

BET surface area

N~ adsorption-desorption
isotherms
of the
Lao sSro 2C003 catalysts prepared by SCS method were
studied. All the isothermal results show hysteresis
loops, which conform to a porous morphology. Such
isothermal curves exhibit an intermediate
profile
between type Band D with a porous morphology,
typical of lamella structure perforated by a large
number of pores II. On the other hand, the isothermal
profiles of the samples show a slow increase at the
relative pressure, P/Po = 0.32-0.96, which indicates
that the samples have a broader pore-size distribution.
The BET data of the samples are presented in
Table I. For Lao.SSrO.2Co03 prepared by DL-alanine,
glycerol and glycine, BET surface area decreases
gradually. The resulting small particle sizes lead to
Table I-Catalytic activity, specific surface area, average
crystallite size, lattice distortion of the LaOSSrO.2CoOJ
catalysts
prepared by SCS method
Organic
fuel

Tso
(DC)

T11X)
(DC)

Alanine 470 550
Glycerol 485 560
Glycine 505 620

Specific
Average
Lattice
surface
crystallite
distortion
area (m2/g) size LillO)(nm) (£2)1/2(10-3)
20.31
19.0I
15.31

13.04
14.56
17.21
..

_/

/"

a ... ··

100

4.58
4.46
4.20

FT-IR studies

The Fr-IR spectra of the Lao.SSrO.2CoO, catalysts
prepared by SCS method are shown in Fig. 2. A II
samples show two strong absorption bands about at
600 cm-I and 400 cm-I, which may be attributed to
Co-O stretching vibration (vco-o mode) and O-Co-O
deformation
vibration (oo-co-o mode), respectivcly.
The vibration bands found here agree with the
reported values for Lao sSro 2C003 prepared by the solgel method using stearic acidl3. The results of IR
spectrum confirm that the perovski te phase is formed,
which is in accordance with the XRD result~.
Hz-TPR studies

The TPR profiles of the catalyst provide lIsel'ul
information abollt the reducibility of Col/+ species in
the Lao.SSrO.2Co03 catalysts prepared by SCS mcthod,
since La3+ and Sr2+ of the A-site both arc nonreducible under the condition of H2-TPR. As shown
in Fig. 3, there are two peaks (a and ~) for all the
catalysts, suggesting the occurrence of a multirle step reduction. Conceivably. the partial substitution of
La3+ by Sr2+ would result in increase 111 the
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Fig. 2-1R spectra of the Lao.SSrO.2CoOJ
catalysts prepared by SCS
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Fig. 3-H2-TPR profiles of the Lao.SSrO.2CoO)
catalYSISpreparcd b:
SCS method.la. alaninc; b. glycerol; c. glycine].

concentration of C03+ and oxygen vacancies due to
charge compensation accomplished by oxidation from
Co]+ to C03+ and by the formation of an oxygendeficient perovskite-type
AB03, which would lead to
an increase in the reducibility. The peak a may be
attributed to chemisorption
oxygen and the partial
reduction of C03+, i.e., 2C03+ + 02. + 1-12 ---+2Co]+ +
H20, with the Lao sSro 2C003 catalysts still preserved
in the perovskite-type
phase structure as a whole. The
temperature
of a-peak
reflects
binding
capacity
between the sample and oxygen. Most likely, peak ~
corresponds to the reduction of C02+ to Coo, which
leads to the breakdown of the perovskite-type
phase.
It may be seen that temperature of the a and ~ peaks
of Lao.SSrO.2Co03 catalyst prepared .by DL-alanine is
lower than that of the catalyst prepared by glycine or
glycerol, demonstrating
that the activities of oxygen
vacancies and lattice oxygen over the Lao.SSrO.2Co03
catalyst prepared by DL-alanine are the maximum,
and the binding capacity between C03+ and oxygen is
lower. Thus, chemisorbed and lattice oxygen over the
Lao.sSro.]Co03 catalyst prepared by DL-alanine move
easily, which is favorable to the methane combustion
reaction of methane.
In view of the above data, catalytic combustion of
methane may be considered
to proceed via the
'
. steps 14 ..IS :
sc Ilema tIC
f o IIOWlllg

as the critical characteristics. The overall kinetics will
also depend on the availability of the reactive oxygen
species, as expressed by the rate of step 4 (I'~). It is
easy to understand that 1'4 should be related to the
overall oxygen mobility. In accordance
with the
schematic steps of catalytic methane combustion. we·
may conclude
that the enhancement
of oxygen
mobility
was favorable
to methane
comhustion
reaction.

H1C-H + [0] [Co"+Om] ---+[H3C'] + [OH][Co"+Om]

Catalytic actiYity in methane combustion

[H.1C·] + [OH][ Co"+Om] ---+[H3C'] +[Co"+Om] ---+
[CO(I1·I)+Om-3CO2] + [OH]]
[Co (11-1)
+ CO]] + [OH]] ---+H]O and CO2 desorption
[Co (11-1)
+ Ox] + O2 ---+[0] [Co"+Om]
In the first activation step, the initial C-H bond is
broken, most probably homolytically. The initial step,
typically the slowest or controlling step, is followed
by a presumably faster reaction. This reaction, step 2,
is apparently spillover type, or at least involves a
movement of the methyl (alkyl) radical leading to the
reaction with additional oxygen species favorably
coordinated around a strong electron acceptor Co"+.
This step leads to surface bound carbon dioxide and
water. 1n many cases, desorption of these products,
(step 3), is comparatively
slow, thereby inhibiting the
overall rate of catalytic combustion. The presence of
[Co"+Om] seems essential
for fast and complete
oxidation with carbon dioxide and water as the only
products.
It is reasonable
to consider octahedral
coordination
and (sufficiently)
fast oxygen mobility
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Fig. 4-Catalytic
activity
prepared by SCS method.

profiles of the LaosSrocCoO,
cal;i1ysts
la, alanine: b. glycerol: c. glycincl.

reaction

The catalytic activity of CH~ combustion over the
Lao.sSro.]Co03 catalysts, prepared by SCS method. is
shown in Fig. 4. Comparison
of Tso, Tloo and the
conversion curves of CI-I~ combustion shows that the
organic fuels have a significant effect on the catalytic
activity for CH~ combustion.
Tso and
TI(XJ of CH~
combustion over Lto.SSrO.2Co03 catalyst prepared by
DL-alanine
are lower than those of the catalysts
prepared by glycllle or glycerol (Table I). which
indicates
that catalytic
activity of Lao.SSrO.2Co01
catalyst prepared by DL-alanine for CH~ combustion
is the highest. Influence of the three organic fuels on
CH-I combustion is in the order: alanine> glycerol>
gl, cine. The catalytiC oxidative
activity
of the
Lao.sSrO]Co03 is higher than that reported earlier
1-1-11,.
This may be explained as due to the different effect of
the [ue s on the process. A carboxylic and an ;llllinc
group 1Ilthe aianlne molecule would posscss a differcnt
tendency to form complexes WIth metal catlon~. The
tranSlllon metals <Ire most effectively eompiexed hy
amllle group. ,md tnis may be the rea"on for ,he morc
intense reaction
occurring
with DL-..Jlanine. I; e
I.

catalyst
prepared
by DL-alanine
LaOSSr02Co03
possesses higher catalytic activity for CH.j combustion,
which is strongly related to the higher sUlface area,
acti vi ties of the oxygen and lattice distortion 17.

Table 2-Apparent
activation energy of the LaO.XSr02CoO,
catalysts prepared by SCS method
Organic

Reaction kinetics

Methane combustion on metal oxides is known to
follow a redox mechanism and a variety of kinetic
models for this reaction exists IS-20. The models are
based on either a Langmuir-Hinshelwood
bimolecular
type process, or on a Marsvan Krevelen type process,
or are purely empirical. 1n general, the reaction rates
are first order in methane, while the order in oxygen
may vary, usually from zero to -0.5. Although, the
general equation for the oxidation-reduction
model is
relatively complex, for most catalysts this may be
reduced to a simple first-order kinetic model:

fuel

Apparent

activation

Alanine

66.6

Glycerol

70.1

Glycine

80.3

energy(kJ/inol)

the activation energy by the catalysts. The apparcnt
activation energy of the studied catalysts prepared by
SCS method is shown in Table 2. 1n comparison to
catalysts prepared by glycine or glycerol, the apparcnt
activation
energy
of the catalysts
prepared
by
DL-alanine
is lower by 3.5 and 13.7 kJ/mo!,
respectively.
The lower the activation energy, thc
greater is the constant K, and faster is the reaction
which agrees with the present experiment results.
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