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This work shows the catalytic activity of the methane oxidation reaction on catalytic
powders such as perovskite - aluminate oxide Lai1xSrxAlOs-s, with x =0, 0.1, 0.2, 0.3. The
Lai1xSrxAlOs-5 (0<x<0.3) matrix was prepared by the co-precipitation method, the pure
phase was characterized by X-ray diffraction (XRD) , thermal and differential gravimetric
analysis (TG/DSC), Fourier transform infrared spectroscopy (FTIR), Specific surface area
(BET). SEM micrographs showed spherical grains and uniform. The maximum catalytic

activity of the different LaixSrxAlOs-scatalyst (x = 0.1, 0.2, 0.3) for CH4 combustion
reactions was observed on the surrogate samples (x = 0.1, 0.2, 0.3) by the analytical system
used in gas chromatography (GC) (IGC 1025 FL INTER SMAT). A higher degree of
substitution produces an increase in catalytic oxidation activity.

1. INTRODUCTION

Catalytic activity of perovskite -based materials (ABO3)
has been widely illuminated in the literature for energy and
environmental applications and has been widely used as
competitive catalysts in various oxidation reactions due to its
unique structure, considerable redox properties and wonderful
elasticity of the crystalline network available for cation
substitution [1].The perovskite ABO; type is considered to
have a movement of three dimensional frame structure where
sharing the top BO6 octahedral build the structure and ions A
are placed in 12- cubes sites last lattice [2].This recently years
different chemical methods such as the hydroxide, cyanide
nitrate solution[3] carbonate[4] acetate oxalate[5]co -
precipitation and homogeneous precipitation of urea followed
by a thermal decomposition method[6],these methods should
normally be at a low temperature of preparation and highly
dispersed decomposition of homogeneous perovskite oxides
compared to conventional ceramics.

In the perovskite structure a represents the cation of
alkaline earth or alkaline metal while B represents the
transition metal. In perovskite, A and/or B-site cations may be
substituted by other metal elements, resulting in multi-
component oxides(A1.xA’xB1yB'yOs), which could create
structural defects or modify oxidation states (in Site B) [7].

The structure was also used as a catalyst for oxidative
coupling of methane and the hydrogenation and
hydrogenolysis of hydrocarbons .The catalytic properties of
La;xMxCO3.5(M= Na, K, Ce, Ca, Sr, Ba, =0,0.05,0.1,02,0.3)
doped, were studied coupling of the methane reaction[8].
Catalytic plays a very important role in many industrial,
energy and environmental applications, in the petrochemical
industry, total combustion for energy production, selective
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catalytic NOx reduction,COzreduction. Metal oxide catalysts
have become increasingly interested in replacing noble metal
catalysts.Along with all perovskite catalysts used for catalytic
oxidation of methane on matrix perovskites, LaMnO; and
LaCoOs have attracted much attention for their excellent
catalytic activities and good thermal stability[9].The
networked properties of oxygen and the conductivity of the
perovskite catalysts' oxygenated ions are key factors in
determining catalytic activity and should therefore be
precisely controlled for the systematic design of effective
catalysts[10].

La1-xSrxAlOs5 (x = 0,0.1,0.2,0.3) powders prepared by the
co - precipitation method are used as electrodes to monitor the
electrochemical evolution of oxygen in KOH 1M solution at
25°C.The results showed that the effect of the substitution rate
x of the electrode increases the electrochemical activity is
produced an amount of oxygen at the surface of the interesting
electrode [11]. In other cases the electrochemical activity of
the Ca1.xSrkMnOj3 oxides synthesized by the co-precipitation
method is preferable for the most strontium-rich for better
oxygen evolution[12] in 0.1 M KOH at 25°C.It also has
potential application to the Fuell cell solid oxide (SOFC) and
also as an electrolyte material when it is doped with the cation
such as Sr?and Mg?* due to the improvement of the
conductivity of the oxygen at temperatures (600-800°C)[13].
The oxygen reduction reaction is one of the most important
electrochemical reactions in energy conversion and storage
technologies, such as fuel cells and metal—air batteries [14].

The work we have carried out applies to lanthanum,
strontium and aluminum oxides. It consists of determining the
optimal conditions for the synthesis of these materials and
studying their catalytic behavior with a view to possible
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applications as a catalyst to increase catalytic performance for
the oxidation of methane.

2. EXPERIMENTAL
2.1 Chemicals

Obtaining the amorphous precursor Nitro - hydroxyde
already used to produce LaAlO3;SrMnOs[15]. We used La
(NOs3), 6H,0,purity >99% supplied by Prolabo and Al
(NO3)2 9 H0 purity >99% supplied by Prolabo and Sr
(NOs3), purity > 99% supplied by Sigma-Aldrich and NaOH
purity >98% supplied by Sigma-Aldrich

2.2 Preparation

La1-xSrxAlOs5 (x = 0,0.1,0.2,0.3) were synthesized using
aqueous co-precipitation method The precipitate was prepared
using stoichiometric amounts of analytical grade
La(NOs3),,6H,0,AlI(NO3)3,9H,0 and Sr(NOg), ,by dropping
slowly at a rate 0.5cm3/min into dilute KOH solution 14N.The
pH value was kept in a range of 10-12 by adjusting the amount
of KOH to from white precipitates. After the reaction was
completed, the white precipitates were then washed in distilled
water by centrifugation for 15min/6000r/min. Subsequently,
the precipitates were dried at 110°C for 24 h and then fired at
1000°C for 6h.

2.3 Characterisation

Thermo gravimetric analysis (TGA) and differential
scanning calorimetry (DSC) were carried out for the hydroxide
precursor at heating rate of 10°C/min under static helium on
NETZSCH STA 409C/CD.The Infrared spectra a
SHIMADZU, FTIR - 8000, Spectrometer (400-4000 cm™)
Samples were prepared as KBr pellets. The formation of
perovskite phase was confirmed by recording the XRD
powder pattern of the base oxide on an X-ray diffractometer
(BRUERK AXS DB8Advance) using Cu-Ka radiation
(A=1.5406A). The specifique surface area of the powder was
measured by the BET technique with nitrogen
QUANTACHROME AUTOSORSB I. The catalytic properties
of the lanthanum- and aluminate-based mixed oxides doped by
strontium with respect to the methane oxidation reaction were
determined by gas chromatography (GC). Scanning electron
microscopy (MEB) JEOL JSM 7001F was used to study the
morphology of the by aqueous co-precipitation method.For
catalytic activity investigations, the oxide powders were
analysis by the analytical system used is a branded gas
chromatography (GC) (IGC 1025 FL INTER SMAT)

3. RESULTS AND DISCUSSIONS
3.1Thermal Analysis of Precursor

The TG/DSC of the La;xSrAlOs.; precursor powders were
precipitated at pH =11 and at a heating rate of 10K/min in
Figl.The decomposition started below 100°C, which
correspond to absorbed water, in a temperature range 100 -
600°C,this shows the decomposition of La(OH)s,
Al(OH)3,Sr(OH), to its amorphous oxide state[16] .The TG
cuves which were observed in a the temperature rang 600-
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850°C are due to the removing of residual. The thermal
decomposition behavior is an association of endothermic and
exothermic effect. In the DSC cuves, the first decomposition
step assignable removal of adsorbed and chemisorbed water is
indicated by broad endothermic peak around 109°C.The
second decomposition is shown by broad endothermic peak
around 600°C which may be due to the final stage of
decomposition La(OH)3,AI(OH)s3,Sr(OH),[17].

Clear exothermic peak 717°C corresponds to the
crystallization form.
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Figure 1. TGA-DSC curves of the hydroxide precursor
x=0.2

3.2Powder X-Ray Diffraction Studies

The XRD with Cu Ko radiation was used to characterize
the phase purity and scanning rate set at 2°/min in 2© range
between 10° and 70°. Fig.2 Show the patters of structure La;.
xSIkAlOszs at x = 0, 0.1, 0.2 and 0.3 respectively calcined at
1000°C in static air for 6h. The phase analysis demonstrates of
the LaAlOs; showed complete crystallization peaks, which
could be indexed on orthorhombic symmetry, and space R-3c
confirmed the theoretical values of LaAlO; perovskite
[18].Results demonstrated that values cell parameters of Lay.
xSrAlO3.5 (0 <x<0.3) of the lattice parameters,” a’ and ‘c’ and
‘v (Tab.1) some what in the presence of Sr in the LaAlO3
lattice. This increased in the ‘a ‘and’ ¢’ and’ v’ values may be
ascribed to the replacement of the La®*ion (1.023A) by a
relatively larger Sr?*(1.18 A) ion in the oxide matrix. As a
comparison, the chemical stability of structure La;«SrxAlOs.
5(0<x<0.3) no apparent impurity phase this indicates good
chemical compatibility.

Table 1. Cell parameters of La;.xSrkAlOs5 (0 <x<0.3)

LaAlO; 5.354 13.100 325.24
Lao,gsro,l A|O3.5 5.357 13.119 325.12
Lao,gsro,z A|O3.5 5.380 13.772 325.72
Lag7Sro3AlOss 5.356 13.748 325.93

The XDR pattern of LageSro1AlOss powders with
different calcinating between 500°C-1000°C for 6H are shown
in Fig. 3. After being heated at 500°C in air for 6H there are
some weak XDR peaks with impurity peak disappear .Heating
between 700-900 °C the XDR patterns are in good increased
intensity of the X-ray peak and no other phases peak are
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observed compared with results of Taspinar et al[19].The
powders still amorphous. When increasing the heat to
1000°C,the diffraction peaks become stronger, reflecting
greater crystallization.

It is noted that the strontium substitution leads to an
increase in the a and b parameters.The ¢ parameter for the
composition x =0, 0.1, increases significantly compared to the
compositions x = 0.2, 0.3, probably due to the change from
cubic to rhombohedral structure.

A small change in volume indicates the transition from
cubic to rhombohedral form, the substitution by anion  (rsr-+
= 1.44 A), since the latter has a radius size closer to the radius
size of lanthanum (rias+ = 1.36 A), which does not cause the
volume change.
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Figure 2. XDR patters of the Lai.xSrxAlOs5 (0<x<0.3) co-
precipitation synthesized at 1000°C for 6h

3.3 Infrared Spectra

The important regions in the infrared spectra of the
powders prepared by a co precipitation are (i) in a rang of
(3600-3200 cm) (assigned to the O-H),(ii) 1600 -950 cm
!region (assigned to the N-O stretching vibrations),(iii) 950-
400 cm™ region (assigned mostly to the Al-OH and La-OH
stretching vibrations) [20] .The IR spectra of precursor Las-
xSrxAlO3.5(0<x < 0.3) shows in Fig .3.The spectrum between
3500 cm? is associated with the O-H stretch of intermolecular
hydrogen bonds of molecular water [21] .The absorption band
at 1600 cm™ is attributed to moisture in the sample [22].The
peaks due to the stretch vibration in NOgat 1440 cm (strong
bands) are evident [23]. However, the peak at 616 cm™ may be
attributed to the characteristic M-O vibration.That is typical
for the M-O (possible La-O and Al-O stretching frequencies)
vibration for perovskite structure[24].
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Figure 3.FTIR specter of series of as — formed samples of La;-
xSAlO3.5(0<x<0.3)

3.4 Specifique Surface Area

Table 2 show the variation specifique surface area
variation of the La;xSrkAlO3.5(0<x<0.3) precursor powder
was measured by B.E.T technique in nitrogen

Table 2.Variation of particle size with different specifique
surface area

Oxides Surface Area OdBJH
(m*/g) (nm)
LaAlO; 7.6607 5.65
LaogoSro1 AlO3; 8.9650 6.67
LaggSro, AlOss  11.6236 8.17
47.8660 33.82

Lag.7 Sro3AlOz5

The particle size was calculated from data of specifique
surface area. In Fig. 5 specifique surface area of the Laj.
xSrkAlO3.5(0<x<0.3) adsorption isotherm have been increased
by way of the Sr atomic ratio in LaAlO; either A site,
isothermal adsorption dinitrogen allow highlighting the
textural properties of materials. As part of this study, the shape
of the isotherms Type IVis confirmed[25] in Fig. 4.
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Figure 4. Typical N adsorption isotherm of the
La;xSrkAlOs.5(x =0, 0.1, 0.2, 0.3).

The BJH method provides access to the distribution of pore
size Fig .5, justifying the presence of mesopores. The
mesoporosity of the environment has a volume in the rangeof
0.1t0 0.4 cm® g'* and the surface area is in the range of 10-100
m?2 g1[26].
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Figure 5. Pore volume distribution of the La;-
xSrkAlO3.5(0<x<0.3) measuredB.E.T by method in N2
at 77.407K.
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3.5 Catalytic Activity
3.5.1 Supply system

To carry out the catalytic tests, an experimental device has
been implemented at the gas supply is carried out from three
cylinders, the first of the methane CH4 diluted in air and its
concentration varies according to needs (0 to 2.5%) and the
other two bottles contain one oxygen and the other pure
nitrogen. The gas flows are adjusted using a flow meter
system.

Enregistreur

Catalytic bed

Toxic gas
CHy

Figure 6.Gas chromatography system
3.5.2 Analytical system

All gases from methane (CO,, H,QO) conversion reactions
were separated and quantified by gas chromatography
analysis. The analytical system used is a branded gas
chromatography (GC) (IGC 1025 FL INTER SMAT). We use
helium as a carrier gas. At the exit of the column is a detector
connected to a recorder when a component of the mixture
passes through it, a peak appears on the recorder.

3.5.3 Reaction system

This system consists of a pyrex glass tube in U shape, the
glass tube containing the catalyst is connected to the inlet to
flow meters to inject the gas in proportion as the outlet to the
CPG device. This system is housed inside a tubular furnace
that allows the sample to be heated to a temperature of 500°C.

3.5.4 Analysis system

The output gas is collected directly to the gas
chromatography unit. The CPG is applied to samples that are
gaseous or likely to be vaporized without decomposing in the
injector. The mobile phase is then a gas (helium, nitrogen,
argon or hydrogen), called carrier gas, which continuously
sweeps the column. The latter is placed in an oven. The
separate chemical mixture is analyzed by flame ionization
detector. At the exit of the column is a detector connected to a
recorder when a component of the mixture passes through it, a
peak appears on the recorder.
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3.5.5 Calculation formulas

Methane is noted as a reference molecule, given its
resistance to oxidation. The combustion of methane is
governed by two different temperature-based mechanisms
(T<500°C), the mechanism that describes the reaction is
superficial. And the speed of reaction obeys the Rideal —
Eleymodel [27].
r=KL.P CH4 (1)
Ky: consistency of specific speed
Pcha: partial methane pressure

At higher temperatures, methane reacts with the surface
oxygenates supplied as the crystalline network reacts thus the
overall speed of the reaction can be written in two parallel
reactions

r =KL.PCH4 + KCH4.PCH4 2
Kcna: consistency of methane adsorption equilibrium
3.5.6 Catalytic activity procedure

The oxidation reaction of methane on lanthanum -

aluminate catalysts can be written as follows:

Lal.x Sr X A|O3

CHa (g) +202() =———- COy(g) + 2H20(q)
T=500°C

®)

A catalyst quantity of 100 mg is placed between two caps
of a U-shaped pyrex glass reactor [28]. To eliminate the
possibility of high pressure losses in the reactor at the fill level,
the catalyst powders obtained by synthesis have been well
sieved and installed in the reactor support, then placed in a
furnace at temperature T = 500°C. A residence time before
each reaction, the catalyst is preprocessed for 15min at 500°C
under 20% O flight at a total flow rate of 100cc/sec.

The catalytic test starts first with a flow of He gas (15cc/5s)
and then followed by a flow of oxygen (1cc/5s) mixed by a
flow of CHa (1cc/6s) for a period of 5min at a temperature of
500°C until methane conversion. Finally, we accompany the
kinetics of the CH, oxidation reaction for a catalyst
temperature T = 500°C, based on chromatograms recorded by
the brand-name gas chromatography (IGC 1025 FL INTER
SMAT) device. The chromatograms recorded by the gas
chromatography device (GC) show the conversion of methane
into CO, and H,O produced according to the different
catalysts. The LaixSrxAlOs.5 catalyst efficiency guide (x =0.1,
0.2, and 0.3) for the methane oxidation reaction to CO, and
H.0 is given by the following relationship:

hCO2 = "% 4 hcH4
hCO02

(4)
h: peak height in chromatogram

Applying the relationship of the kinetic evolution of methane
for conversion to CO, and H,O[29], we processed the
chromatogram peaks of the different catalysts La;xSrkAlOs.
(x=0.1, 0.2, 0.3) using the intensity of each peak to measure
methane conversion to CO; and H20.Fig.7 shows the
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evolution of the conversion of methane to CO, over time in the
presence of the different catalysts La;«SrkAlOs.5 (x = 0.1, 0.2,
0.3)

Intensity
Intensity

Tin:e(l\ﬁn) V T‘ime(l\ﬁ;:) ;Memﬁn) .
Figure 7.Evolution of the conversion of methane to
COyover time in the presence of the different catalysts Las.

(SIyAlOs; (x = 0.1, 0.2, 0.3)

Table 3. Conversion of methane to CO,and H,O

Mixed oxide Conversion to COz (%)
Lao,98r0,1A|03.3 28.94
Lao,ssl'o,zA|Os.5 29.26
Lao,7S|'o,3A|Os.5 36.36

We see from the peaks that represent the conversion of
methane to CO,and H,O after a given time, a rate of evolution
in methane conversion each time the catalyst undergoes a
change. We notice that the gaits present three parts[30]. The
first part shows the stage of peak inactivation that is helium
gas that plays the role of a carrier gas. The second part shows
the activation of the catalyst which results in a rapid increase
in the conversion rate of methane. This may be due to the
increase in the number of CH4 molecules adsorbed on the
catalyst [31]. The third part pairs the CO, and H,O peaks. The
maximum catalytic activity of the different catalysts Las.
xSrkAlOs.5 (x = 0.1, 0.2, 0.3), for the combustion reactions of
CHy4, was observed on the surrogate samples (x = 0.1, 0.2, 0.3).
A higher degree of substitution produces an increase in
oxidation catalytic activity. The factor responsible for catalytic
activity is related to the formation of a real oxide mixture due
to the substitution of lanthanum by strontium inducing
perovskite structure [32].

3.6 Scanning Electron Microscopy (M.E.B)

The snapshots of the Scanning electron microscopy of
(a)Lao,gSr0,1A|03.5 (b)La o,esro,z A|O3.5 (C)Lao,7SI’o,3A|O3.5 after
calcinations Fig.8 prepared by co-precipitation technique
correspondingly of various forms and sizes are observe. In
LagSro.1AlOs., particles are in irregular morphologies and the
powder is incompletely agglomerated[33]. However some
particles agglomerate as shown in La 0gSro2 AlOs;5.The
structure of agglomerate is perhaps due low distribution of
particles size Furthermore. In Lao7Sro3AlOs.5 shows big hard
spherical grains agglomerates of different sizes, Fig.5 which
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confirms this. The observed morphology was qualitatively the
good lateness of their chemical composition.

4.0kV SEI

Figure 8..MEB micrographs of as — formed:
(a) Lao,gSfo,1A|03.5, (b) LaggSro2AlOz.5 (C) Lag 7Sro3AlOz 5
(calcined at 1000°C 6h)

4.CONCLUSIONS

The powders of LaixSrkAlOs5(0<x<0.3) have been
successfully prepared by the co - precipitation process.T
he catalytic activity has been well identified by applying the
relationship of the kinetic evolution of methane for conversion
to CO; and H20, we processed the chromatogram peaks of the
different catalysts La;xSr«AlOs.s (X = 0.1, 0.2, 0.3) using the
intensity of each peak to measure methane conversion to CO,
and H,O.The maximum catalytic activity of the different
catalysts La1.xSrkAlOsz5 (x = 0.1, 0.2, 0.3), for the combustion
reactions of CH,, was observed on the surrogate samples (x =
0.1, 0.2, 0.3). A higher degree of substitution produces an
increase in oxidation catalytic activity. The factor responsible
for catalytic activity is related to the formation of a real oxide
mixture due to the substitution of lanthanum by strontium
inducing perovskite structure.
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