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Abstract

Until recently, for reducing the environment pollution, the combustion catalysts based 
on noble metals was considered the most active, practically irreplaceable. Their high cost, 
high thermal instability, high sensitivity to deactivation and to the attack of some harm-
ful elements or compounds determine the intensification of studies to replace them with 
new cheaper and stable catalysts. Numerous experimental data from literature indicate 
that the semiconductive oxidic compounds can compete with combustion catalysts based 
on noble metals from catalytic activity standpoint. Recent studies led to the realization of 
remarkable catalytic activity at moderate (350–600°C) and high (over 600°C) temperatures 
at some oxidic perovskite compounds, which contain transition metals. In this study are 
presented a series of nanostructured oxidic compounds with perovskite structure, based 
on transition metals and synthesized by the precursor method of self-combustion, using 
polyvinyl alcohol as colloidal medium, for catalytic combustion of some volatile organic 
compounds at low (50–350°C) and moderate temperatures. The catalytic activity of the 
perovskite compounds in the total oxidation reactions of the gases is largely determined 
by the amount of weakly bound surface oxygen species which in turn depends on the 
presence of oxygen vacancies.

Keywords: perovskites, nanostructures, oxidation, self-combustion, catalytic 
combustion

1. Introduction

Until recently, for reducing the environment pollution, the combustion catalysts based on 

noble metals were considered the most active, practically irreplaceable. Their high cost, high 

thermal instability, high sensitivity to deactivation and to the attack of some harmful elements 
or compounds determine the intensification of studies to replace them with new cheaper and 
stabler catalysts.

© 2018 The Author(s). Licensee IntechOpen. This chapter is distributed under the terms of the Creative
Commons Attribution License (http://creativecommons.org/licenses/by/3.0), which permits unrestricted use,
distribution, and reproduction in any medium, provided the original work is properly cited.



Catalysis is a procedure through which the kinetic of a chemical reaction is positively or 
negatively influenced by the presence of another substance, called catalyst. The catalyst is 
a substance, which participates in reaction, but is found unchanged at the end of reaction. 

The catalyst does not appear in the equation of the chemical reaction, nor is it in an apparent 

stoichiometric ratio with the reacting substances.

Catalyst important property consists of that it can reduce the reaction activation energy. In this 
way, the reactions can be triggered and developed in such conditions of temperature, pressure 

or concentration at which the reaction could not occur without catalysis. The catalyst can only 

accelerate or trigger the thermodynamically possible reactions, namely spontaneous reactions 

running freely toward the equilibrium, therefore reactions with negative free enthalpy.

Catalysts can be metals, oxides, bases, salts, and so on, which once introduced in the reaction 
medium in small or very small amounts, take part in a certain stage of chemical reaction, 
but at the end of the reaction, they can be found in the initial quantity without suffering any 
chemical transformation.

Catalysis can be of two types:

• Homogeneous catalysis in which both the catalyst and the reacting substances are miscible 

and form a homogeneous system consisting of a single phase, gaseous or liquid, for instance an 

acid added in an aqueous solution of reagents. Catalyst intervention is exclusively chemical.

• Heterogeneous catalysis, in which the catalysts and the reagents form a heterogeneous 

system consisting of several phases. The catalyst is usually under solid state, while the 

reagents are in solid or gaseous state. Catalyst intervention is both chemical and physical.

Heterogeneous catalysis occurs in three successive stages:

• adsorption of reagents molecules on catalyst surface;

• reaction between adsorbed molecules, with the participation of catalyst active centers;

• desorption of reaction products, that is, the substances resulted from reaction pass into the 

environmental medium.

Adsorption can be of two kinds: adsorption though van der Waals forces, and activated 
adsorption (chemosorption). Adsorption though van der Waals forces occurs rapidly and at 
low temperatures, and the van der Waals heats are small. Activated adsorption (chemosorp-

tion) is slow and accompanied by a bigger heat elimination than in the previous case because 
bonds of chemical nature are also established, as the result of the interaction between reagents 

molecules and the atoms of the catalyst active centers.

Combustion (burning) of a gas in air is a homogeneous reaction at high temperature and 
occurs in certain conditions [1]. The air/gas ratio has a minimum value and a maximum value 

(defining the flammability interval) within which the combustion can occur, interval specific 
to each flammable gas. Flammability interval increases with the increase of temperature and 
decrease of activation energy.
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At a high enough temperature or at a small enough activation energy, combustion can occur 

for any air/gas ratio. Burning in the air the most usual combustibles, hydrocarbons, is accom-

panied by the release of polluting gases, especially carbon monoxide (CO), nitrogen oxides 
(NO

x
) and various unburnt hydrocarbons (HC). Figure 1 shows the variation of polluting 

gas concentration (pollution level) with temperature during hydrocarbons burning in air. 
At higher burning temperatures, the concentration of nitrogen oxides increases. With the 
decrease of burning temperature, the amount of carbon monoxide and unburnt hydrocarbon 

increases. One can state that burning any combustible in air is unavoidably accompanied by 
polluting gases generation.

Catalytic combustion is the reaction of combustible gas oxidation in the presence of a catalyst. 
In almost all the cases, it is an heterogeneous reaction, the catalyst being a solid substance. 
Depending on catalyst, the reaction can occur at low, medium or high temperature, at very 

small concentrations of gas in air, and can be complete without generating polluting gases.

Unlike the noncatalytic combustion, at which the reaction thermally propagates through-

out the available volume, in the case of catalytic combustion, the reaction only occurs at the 

catalyst surface. The model of the catalytic combustion describes a flux of reagents molecules 
toward the catalyst surface, and a reverse flux of reaction products molecules, as well as a 
heat flux. Catalytic combustion can be amplified by increasing the catalyst surface or the gas 
velocity at catalyst surface.

Usually, the catalyst consists of a substrate (metallic or ceramic) which provides the cata-

lyst its form and mechanical strength, a ceramic support (alumina, zirconia, magnesia, silica, 
ceria, hexa-aluminates, etc.) with high specific surface area (aria/mass), and an active sub-

stance impregnated in support or deposited on it [2–4]. Sometimes, the active atoms are also 

introduced in the oxide composition support [5].

Catalytic combustion can occur at low (between 50 and 350°C), medium (between 350 and 
600°C), or high (above 600°C) temperature.

Figure 1. Variation of the pollution level with temperature during hydrocarbons burning in air.
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Catalytic combustion at low and medium temperature is used to eliminate from air the pol-
luting gases, volatile organic compounds (VOC), such as solvents vapors, mine gases, com-

bustible gases released from industrial installations, and so on. Combustion occurs according 
to usual reactions, such as:

  2 ⋅ CO +  O  
2
   → 2 ⋅  CO  

2
    (1)

   ( C  
x
    H  

y
    O  

z
  )  +  O  

2
   →  CO  

2
   +  H  

2
   O  (2)

Generally, it is used when the concentration of combustible gases in air is very reduced and 

unable to keep the fire alive [6]. Still another possible utilization now studied is at combustible 

cells that can work at such temperatures. In this case, catalysts efficient at low and medium tem-

perature which significantly reduces the activation energy of combustion reactions are used.

High-temperature catalytic combustion pursues complete burning and diminution of pollut-

ing gas emission. It is generally used in the installations which generate heat and energy. The 
concentration of combustible gases is high enough for a homogeneous combustion, but the 

purpose is a complete burning and diminution of polluting gases. The diminution of activa-

tion energy results in catalytic combustion of combustible polluting gases, while the decrease 

of the burning temperature decreases the concentration of nitrogen oxides. Through this type 

of catalysis, one can produce stable burning of combustible gases with small caloric power, 

different types of biogases, as well as of some gases considered as noncombustible, such as 
ammonia, chlorinated hydrocarbons or nitrogen monoxide, like in the reactions below:
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   → 2 ⋅  N  

2
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2
   O  (3)
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  4 ⋅ NO + 4 ⋅  NH  3   +  O  
2
   → 4 ⋅  N  

2
   + 6 ⋅  H  

2
   O  (5)

The utilized catalysts in this case are from the category of those stable at high temperature, 

which yet are not the most active. For this reason, usually a number of catalysts are used in 
several stages of the combustion device temperature.

A special category of catalytic combustion is that used to reduce the pollutants from burnt 

gases evacuated by gas turbine and car motors (catalytic post combustion). The reactions 
occur in difficult conditions: moderate temperature, reduced oxygen amount, big number 
of polluting compounds in small concentration. A combination of catalysts is used, having 

both a reducing character to reduce the nitrogen oxides, and oxidizing character, for unburnt 

hydrocarbons oxidation [7]. There is also a mechanism of nitrogen oxides catalytic reduction 

by the combustible gases (unburnt hydrocarbons and carbon monoxide).

Until the recent years, aiming to reduce the environment pollutants, catalysts based on noble met-

als (platinum, gold, palladium, rhodium, iridium), as well as their alloys with other metals have 
been considered the most active, practically irreplaceable. Yet, their high cost, high temperature 

instability, high sensitivity to deactivation and to noxious elements or compounds, determined 
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an intensification of the studies meant to replace them with cheaper and more stable catalysts 
[2, 8, 9]. Due to the high cost of the noble metals, the utilization of these catalysts is restricted 

to industrial processes where the noble metals from used catalysts are recovered. The literature 

indicates that the oxide compounds can enter in competition with catalysts based on noble metals 

in terms of catalytic activity. Remarkable catalytic properties have been discovered to a number 
of oxide compounds: oxides of some metals, ferrites, perovskites, and so on. Recent researches 
resulted in the realization of remarkable catalytic activities at medium and low temperatures at 
some oxide compounds with perovskite structure. The first practical results were reported more 
than two decades ago, but most of the researches were performed in the last years.

Simple perovskites have the general formula ABO3, the same as the natural mineral 

“perovskite” (CaTiO3) with face centered cubic crystalline structure, but the perovskites can 
also have other crystalline structure [10]. The elementary cell of a simple perovskite with 
cubic structure consists of a single molecule. In the peaks of the cube there are the A type 
ions with big ionic radius, which can be, for instance, Ca2+, Ba2+, Sr2+, Cd2+, Pb2+, La3+, Pr3+, Nd3+, 

Gd3+, Y3+. In the cube center, there are B-type ions with smaller radius, for example Fe3+, Mn3+, 

Cr3+, Al3+, Ti4+, Mn4+. The oxygen ions are located in the cube face centers. The sample surface 

properties (surface composition and specific area) are also important in the case of catalytic 
combustion that uses perovskites.

Porous nanocrystalline compounds have a quite large surface area. Nanocrystalline particles can 

have a normal crystalline core and a shell with altered crystalline structure, their composition 

being different from that of the core. Their properties can be controlled through substitutions 
at A and B positions or by modifying the oxygen quantity. Through a slight modification of 
the initial composition of perovskite material, following a heat treatment, the dopant ions are 
concentrated at particles surface and influence to a great extent the physical surface properties.

A catalyst good for catalytic combustion of gases or vapors must satisfy four major conditions:

• reduce the combustible gas concentration to minimum;

• activate at minimum values of gas concentration;

• manifest catalytic conversion at minimum temperature;

• have a maximum utilization duration until deactivation (poisoning).

Since the heterogeneous catalysis is a surface phenomenon, its efficiency is determined by 
both chemical composition and catalyst surface structure. Generally, nanostructured oxide 

compounds are used [2, 11–13] obtained by various procedures [11, 12, 14, 15]. The nanostruc-

ture is the one which provides a large specific surface area and a superior catalyst reactiv-

ity [15]. Generally, a nanoparticle possesses a single phase crystalline core and a shell with 

altered crystalline structure and with several secondary phases, having a composition dif-

ferent from that of the core. When the material composition is non-stoichiometric, the atoms 
in excess are concentrated into the phases which form the particle shell that takes effective 
part in catalysis. Particles shape, dimension and superficial structure are determined by their 
preparation procedure. If the oxide nanoparticles are obtained through special synthesis and 
growth procedures, they have special catalytic properties which depend on the preparation 

procedure and the used support [11, 16].
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There are numerous procedures to produce nanoparticles of oxide compounds, some general 

and other specific to catalysts. A procedure specific for catalysts preparation is support impreg-

nation. The support is realized under the form of a ceramic microporous material and is impreg-

nated with salts solutions [4, 7]. By assembly calcination, oxide compounds with nanostructure 

are formed inside the pores. The catalytic reaction occurs inside the pores and is intensified by 
a forced gas circulation through the catalyst. Preparation procedures for nanoparticles with 

catalytic properties represent the object of numerous researches and invention patents. The 

composition of combustion oxide catalysts is very diversified. The substances are stable oxide 
compounds and contain various active metal ions. Utilization of nontoxic compounds, easy to 

prepare, with high thermal and chemical stability and a low cost is preferred.

2. Reports from the specialized literature on a series of perovskites 

used for catalysts realization

Systematic studies of a big number of oxide compounds have proved that the catalytic activity 

represents a common phenomenon for the oxide compounds, perovskites included [17–30]. 

Recent specialized literature reports on a series of perovskites used for catalysts realization.

One of the first studied oxide catalysts [17] was simple perovskite CuCoO3 on γ-Al
2
O3 sup-

port. This has been analyzed in comparison with a classical catalyst with platinum, in pro-

pylene elimination from the gases released in polypropylene preparation installations. It was 
found that this catalyst can successfully replace the classical catalyst with platinum.

Milt et al. have prepared perovskites LaCoO3 and LaFeO3 by the explosion method obtaining 

methane catalytic conversion over 650°C [18].

Hammami et al. obtain simple lanthanum LaMnO3+y prepared by citric acid gel process and 

heating at 700°C obtaining methane catalytic conversion over 600°C [19].

The complex perovskite with oxygen deficit La1−xAx
FeO3−δ, (where A = Ca, Sr. and x = 0.1–0.2) 

prepared through the method of complexing with citric acid was studied for catalytic com-

bustion of ammonia at temperatures of 700–1000°C. A good catalyst selectivity to the reaction 
of nitrogen oxide formation was found [20].

Batis et al. obtain good catalytic properties in methane combustion over 800°C using manga-

nite La0.4Ca0.6MnO3.03 prepared by thermal decomposition of a liquid precursor of lanthanum 

and calcium nitrates and manganese acetate, followed by calcination [21]. Ponce et al. found 

that the stability of Mn4+ ions seems to be the crucial factor determining the catalytic activity 

of manganites in the oxidation of methane in the temperature range 200–800°C [22].

Alifanti et al. synthesized LaCoO3 perovskite on Ce1−xZr
x
O

2
 (x = 0–0.3), for which the support was 

prepared by complexation with citric acid and calcined at 700°C for 6 h. The support was succes-

sively impregnated with excess aqueous solution of La and Co nitrates (La/Co ratio 1/1) and citric 
acid, and the surface area achieved was between 23.6 and 22.7 m2 g−1 for the 10 and 20 wt% sup-

ported catalysts, respectively, and 11.3 m2 g−1 for the unsupported perovskite. The same study 
reported that LaCoO3/Ce0.9Zr0.1O2

 (20 wt%) achieved the best performances completely oxidizing 
1700 ppm of benzene and toluene (air flow 100 mL/min) at around 450 and 350°C, respectively. It 
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also found that the bulk perovskite achieved a total conversion of benzene at a similar tempera-

ture while a higher temperature of 450°C was needed to fully oxidize toluene [23, 24].

Zhang et al. realized a study on some perovskites type La–Sr–Co–O, being able to obtain in 
the case of the compound La0.7Sr0.3CoO3 the catalytic combustion of CO over 125°C [25].

Huang et al. prepared La0.8Cu0.2MnO3 and La0.8Sr0.2MnO3 for the removal of toluene (6000 ppm 
GHSV 5000 h−1) in the presence of dodecyl mercaptan and both catalysts lost activity over 
time due to the formation of CuSO

4
 or SrSO

4
. The activity decreased with the increase of SO

2
 

concentration and dropped to around 30 and 20% of toluene conversion over 150 h operations 
with SO

2
 of 60 ppm for La0.8Sr0.2MnO3 and La0.8Cu0.2MnO3, respectively [23, 26].

3. Obtaining nanomaterials with perovskite structure by the 

precursor method of self-combustion

A recent method of nanoparticles preparation, including those with perovskite structure 
is the precursor method of self-combustion [31–38], which uses as colloidal precipitation 

medium the polyvinyl alcohol in various mass ratios with the metals. This method permits to 

obtain oxide compounds with homogeneous nanograined porous highly pure structure and 

reproducible properties. It is superior to other known conventional methods.

In essence, the precursor method of self-combustion consists of the co-precipitation with 
ammonia of the hydroxides from a mixture of nitrates solutions in a colloidal medium of 

polyvinyl alcohol. The dried precipitate contains an intimate and very homogeneous mixture 

of hydroxides, ammonium nitrate and polyvinyl alcohol. Microstructure of the precipitate 

and the final product can be modified by changing the ratio between the mass of polyvinyl 
alcohol and the mass of metal ions [32]. As in the case of a pyrotechnical mixture, the dry 

precipitate is enflamed at a point and suffers a rapid autonomous combustion which results, 
due to the very short reaction time, an oxide compound with nanometer structure, under the 

shape of powder (Figure 2(a)). A subsequent heat treatment will result in a controlled increase 

Figure 2. Getting perovskites by the precursor method of self-combustion (a); SEM micrography for a perovskite 
obtained by this method (b).
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of crystallites to the size necessary for applications, with single phase core and a possible 

poly-phase superficial layer.

In the SEM micrography of a sample of LPMO perovskite (Figure 2(b)), one can notice agglom-

erations of sub-micron grains of irregular shape, with inter-grains pores and large tubular 

pores (under 1 μm), favorable to gas access into the samples. This open-pores system appeared 
during the self-combustion reaction, through which a large amount of gases was eliminated. 

This porous structure appears at all the oxidic compounds prepared through this method.

4. Nanostructured perovskites for catalytic combustion of gases and 

of some volatile organic compounds

In this subsection are presented and characterized a series of perovskites (SrMnO3, SrCoO3, 

MnFeO3 and GdAlO3) obtained by the precursor method of self-combustion use for catalytic com-

bustion of some volatile organic compounds (acetone, benzene, propane and Pb free gasoline).

4.1. Catalysts preparation and characterization

Nanograined perovskite powders of nominal compositions: SrMnO3 (P1), SrCoO3 (P2), MnFeO3 

(P3) and GdAlO3 (P4) were prepared by the precursor method of self-combustion followed by 
heat treatment. It was used metal nitrates, ammonium hydroxide and polyvinyl alcohol (PVA) 
as starting materials. A solution containing metal nitrates was mixed with an aqueous solution 

(10% concentration) of polyvinyl alcohol. A small amount of NH
4
OH solution (10% concentra-

tion) was dropped to adjust the pH value to about 8. This produced a sol of metal hydroxides 
and ammonium nitrate. By drying at 100°C for 12 h, the sol was turned into a dried gel. The 
dried gel was ignited in a corner and a combustion reaction spontaneously propagated through 

the whole gel. The obtained powders were calcinated at 500°C to eliminate the residual organic 
compounds. Finally, the calcined powders were annealed in air at 1000°C, 7 h.

The structure and surface properties of the heat-treated samples were investigated by X-ray 

diffraction (XRD), scanning electron microscopy (SEM), energy dispersive X-ray analysis 
(EDX) and Brunauer-Emmett-Teller (BET) analysis.

The catalytic testing of the perovskite catalysts in the flameless combustion of some selected 
gases was carried out at atmospheric pressure in a flow-type set-up (flow rate of 100 cm3/min 

and VOC concentration in air of 1–2‰). The catalyst powder (0.3–0.5 g) was sandwiched 
between two layers of quartz wool in a quartz tubular microreactor (diameter of 7 mm) 
placed in an electrical furnace. The increase of the temperature was made in steps of 50°C, 
from 50 to 550°C. At every predetermined temperature, as a result of catalytic combustion, 
the gas concentration at the exit of reactor will be smaller than the inlet gas concentration. 

The catalytic activity of the perovskite catalysts under study was evaluated in terms of the 
conversion degree of gases over catalysts calculated as [28, 29, 39]:

  C =   
 c  
in
   −  c  

out
  
 ______  c  

in
     × 100 (%) ,  (6)
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where c
in
 and c

out
 are the inlet and outlet gas concentration, respectively, measured by a photo-

ionization detector (PID-TECH) for gases and VOCs. Data were collected when the flameless 
catalytic combustion had reached a steady state, after about 20 min at each temperature. These 
experiments were repeated decreasing the temperature and similar results were obtained, 

indicating the stability of perovskites over time, and the absence of the deactivation [39–41].

4.2. Results and discussion

4.2.1. Structural properties

The XRD patterns at room temperature of the analyzed perovskites are shown in Figure 3. 

From the analysis of these diffractograms ensue that samples have a good crystallinity in the 
specified thermal treatment conditions. All samples were indexed as perovskite structures, 
without the presence of any foreign phase.

Figure 3. X-ray diffraction patterns of the investigated perovskites.

Nanostructured Perovskites for Catalytic Combustion
http://dx.doi.org/10.5772/intechopen.77727

83



The structure of crystalline phases, average crystallite size D
XRD

, derived from XRD data, 

specific surface area SBET and pore volume obtained from nitrogen adsorption/desorption 

isotherms at 77 K, are given in Table 1.

The average crystallite size derived from XRD data was found to be in the range of 40–89 nm. 
The smallest crystallites were identified in the GdAlO3 perovskite.

The surface morphology of the studied perovskites is shown in SEM micrographies given 
in Figure 4(a–d). Generally, the samples are characterized by a very fine structure being 
composed of aggregates of nanograins with irregular shapes and sizes, with a pronounced 

intergranular porosity and channels that are favoring the adsorption or desorption of the gas 

around particle agglomerates.

The chemical elemental composition of the powders heat treated was confirmed by the energy 
dispersive X-ray spectra (EDX). The obtained chemical elemental composition is typical for 
this perovskite (any foreign element is absent). Figure 4(e–h) presents the EDX spectrum for 
this perovskites. Moreover, the composition of the sample is similar to the nominal one, ABO3, 

that is, the A/(A + B) or B/(A + B) ratio is close to 0.5 (where A and B are given in at.%).

4.2.2. Catalytic activity of perovskites

The catalytic performances of the studied perovskites in the flameless combustion of some 
VOCs (acetone, propane, benzene and Pb free gasoline) were investigated in the temperature 
range 50–550°C. The results are presented in Figure 5(a–d), where the gas conversion was 

plotted as a function of the reaction temperature for each perovskite composition.

The catalysts exhibited substantial differences in catalytic activity, in the studied temperature 
range. Increasing the reaction temperature facilitates gas combustion. The gas combustion 
over SrMnO3 catalyst started at much lower temperatures (at about 100°C) compared to the 
other perovskites. The greater activity of SrMnO3 catalyst toward the conversion of VOCs 
indicates the availability of reactive oxygen species on the catalyst surface. This suggests 

oxygen may be less anchored on the perovskite surface and be more available for VOCs 
oxidation, probably because of the presence of a noteworthy amount of Mn4+ ions [39, 41].

The MnFeO3 and SrCoO3 catalysts exhibited high catalytic activity only toward acetone con-

version and proved poor catalytic performance in catalytic combustion of propane, benzene 

and gasoline. This behavior may be related to some rearrangement of their lattice structure 
and, as a consequence, of the active site structure, on which the catalytic properties of these 

perovskites depend. It is interesting to point out the strong influence of temperature on the 

Sample symbol Crystalline phases D
XRD

 (nm) S
BET

 (m2·g−1) Pore volume (cm3·g−1)

P1 Hexagonal 88.9 2.2 0.0010

P2 Hexagonal 59.9 1.9 0.0030

P3 Cubic 59.2 3.2 0.0044

P4 Orthorhombic 39.6 9.8 0.0018

Table 1. Structure characteristics of investigated perovskites.
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Figure 4. SEM micrographs (a–d) and EDX spectra (e–h) for the studied perovskites.

acetone conversion over the MnFeO3 catalyst. The acetone conversion started at a low tem-

perature (150°C) and the conversion degree sharply increased from 10 to 80% as the tem-

perature increased from 200 to 300°C (Figure 5(a)). This behavior was not observed with the 
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other perovskites. In contrast with the MnFeO3 catalyst, the SrCoO3 catalyst started the acetone 

conversion near 200°C and 80% acetone conversion was obtained at a higher temperature, of 
450°C [41].

In Table 2 are given the values of the gas conversion at 500°C and the values of the kinetic 
parameters (reaction rate and apparent activation energy) for gas oxidation over the studied 
perovskite catalysts. The apparent activation energies for the catalytic reactions were calcu-

lated by means of the Arrhenius type plot of the natural logarithm of the rate constant k at 
low conversion (below 10–15%) versus inverse temperature (1/T). This plot is a straight line, 
and from its slope, the apparent activation energy was calculated. One can observe that the 
reaction rate normalized to specific area changes from 3.8 × 10−2 to 140 × 10−2 μmol s−1 m−2. 

The higher the reaction rate is higher, the more active is the catalyst. Note also the wide vari-

ation in activation energies from 40 kJ/mol (SrCoO3 toward gasoline combustion) to 98 kJ/
mol (MnFeO3 toward acetone combustion). The smallest values (31–37 kJ/mol) of the appar-

ent activation energy were obtained for the SrMnO3 catalyst with the best catalytic activity.

The differences observed between the activation energies suggest that the nature of the 
catalytic sites differs from one perovskite to the others. The smaller values of the activation 

Figure 5. Conversion vs. temperature for catalytic flameless combustion of acetone (a), propane (b), benzene (c) and Pb 
free gasoline (d).
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energy for the samples SrCoO3 and SrMnO3 can indicate a contribution of the mass transfer 

effects [41, 42]. The values of the kinetic parameters obtained by us are comparable to those 
presented by other authors for other perovskite type oxides and VOCs [18, 41, 43].

The SrCoO3 and MnFeO3 catalysts were able to convert 85% acetone at 500°C, whereas the 
conversion of the other gases was below 30%. The SrMnO3 catalyst was able to convert 

95% propane, 83% Pb free gasoline, and 75% acetone at 500°C. The low specific area of the 
SrMnO3 perovskite does not seem to take part in the higher activity of this catalyst. The 
improved catalytic activity of SrMnO3 may be ascribed to the higher oxygen mobility due to 

the oxygen vacancies generated by the presence of manganese ion with variable valence. The 

difference in the catalytic activity of the studied perovskites cannot be explained by their 
different specific surfaces. There are many hypotheses about the mechanism of oxidation 
of VOCs on the oxide compounds. According to one accepted opinion, at low temperatures 
(below 400°C), the catalytic activity of the perovskite oxides in the total oxidation reactions 
of the gases is largely determined by the amount of weakly bound surface oxygen species 
which in turn depends on the presence of oxygen vacancies [41, 44]. The weaker the oxygen 
binding at the catalyst surface is, the more active the catalyst for complete oxidation of gases 

VOC Sample Conv
500

 (%) Reaction rate (μmol s−1 m−2) Activation energy (KJ mol−1)

Acetone P1 75 140 × 10−2 37

P2 85 16 × 10−2 41

P3 85 65 × 10−2 98

P4 78 67 × 10−2 89

Propane P1 95 9.8 × 10−2 31

P2 32 3.8 × 10−2 48

P3 32 6.1 × 10−2 80

P4 65 7.8 × 10−2 71

Benzene P1 55 26 × 10−2 35

P2 32 56 × 10−2 44

P3 32 17 × 10−2 45

P4 62 6.5 × 10−2 68

Pb free gasoline P1 83 55 × 10−2 36

P2 30 11 × 10−2 40

P3 20 12 × 10−2 47

P4 25 4.2 × 10−1 62

aReaction rate for VOC concentration at low conversion per unit surface area of catalyst.
bApparent activation energy for low conversions.

Table 2. VOCs conversion at 500°C and kinetic parameters (reaction ratea and activation energyb) for perovskite catalysts.
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is [45–47]. The surface oxygen species (O, O
2

−, O2−) involved in the catalytic combustion may 
come from the gaseous molecular oxygen and from the lattice oxygen [41, 48, 49]. The inter-

action of surface active oxygen species with reactants has an important role in mechanism 

of VOCs total oxidation (suprafacial mechanism) over perovskites oxide, and this is widely 
accepted to explain the gas oxidation over mixed oxide catalysts [39, 41, 44].

5. Conclusions

The oxide nanostructured materials, especially the perovskites, can have special catalytic com-

bustion properties, and during the last years, there are several works and accomplishments in this 
connection. Such materials are especially interesting due to their high thermal stability, reduced 

cost, wide diversity, selectivity to various reactions, as well as to their availability in large amount 

for wide consumption products (exhaust muffler, filtering installations, addition in liquid com-

bustibles, cigarettes filters, etc.), as well as for work and environment protection equipment.

A recent method of nanoparticles preparation, including those with perovskite structure 
is the precursor method of self-combustion, which uses as colloidal precipitation medium 

the polyvinyl alcohol. This method permits to obtain oxide compounds with homogeneous 

nanograined porous highly pure structure and reproducible properties. It is superior to other 
known conventional methods.

By the precursor method of self-combustion followed by heat treatment in air, several nano-

structured perovskites with various compositions (SrMnO3, SrCoO3, MnFeO3 and GdAlO3) 
were prepared for catalyst applications. The catalytic tests of the perovskites in the flameless 
catalytic combustion of acetone, propane, benzene, and Pb free gasoline evidenced that the 

degree of the catalytic activity varied considerably with the composition of perovskite. The 
SrMnO3 catalyst is generally more active than the other catalysts. The SrMnO3 catalyst is 

able to convert 95% propane, 83% Pb free gasoline and 75% acetone at 500°C. The SrCoO3 

and MnFeO3 catalysts are able to convert 85% acetone at 500°C whereas the conversion of 
the other gases was below 30%. It is worth noting the sharp increase of the acetone con-

version over MnFeO3, from 10 to 80% as the temperature increases from 200 to 300°C. The 
difference in the catalytic activity of the studied perovskites cannot be explained by their 
different specific surfaces. A possible explanation for the change in the catalytic properties as 
result of modification of perovskite composition may be either the different reactivity of the 
active oxygen species involved in the catalytic oxidation, or the variation in the number of 

active sites on the perovskite surface determined by the specific structural properties of each 
perovskite [41, 50].
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