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The MexFe3-xO4 (x = 1 for divalent metal, Me = Mg, Co, Ca and x = 0.5 for monovalent 
metal Me = Li) ferrites were prepared by self-combustion method and then heat treated at 
9000C to assure chemical and thermal stability for catalyst applications. The 
morphological and structural characterization of the ferrite powders have been performed 
with various techniques: X-ray diffraction (XRD) to determine the phase composition and 
the crystallite nanosize, SEM observations to show off the agglomerate formations, EDAX 
spectroscopy to evaluate the chemical composition and BET analysis to determine the 
specific surface area. The ferrite powders have been tested as catalysts in combustion 
reaction of three diluted gases: acetone/air, ethanol/air and methanol/air. The results 
revealed a dependence of the gas combustion minimum temperature on the ferrite catalyst 
composition. The gas combustion process over Mg ferrite surface can start at lower 
temperatures than over the other ferrites.  
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1. Introduction 
 
In the last years there is an interest in investigating the catalytic combustion of 

hydrocarbons using ferrospinel-type metal oxide compounds as catalysts. The catalytic combustion 
makes possible to drastically reduce the temperature required for a complete combustion. Thus, 
while thermal combustion proceeds at temperatures above 1000oC, in the catalytic process the 
temperature for a complete combustion can be below 7000C.  

The main objective is to find a thermally and chemically stable solid-state catalyst to 
ignite the combustible gases at low temperature, without the use of flames. Current catalyst 
compositions that have shown promising results are based on transition metal oxide compounds.  

Several research reports [1 - 6] have proven that the spinel ferrites (ferrospinels) have a 
great potential not only as a refractory material, but also as a catalytic material for the combustion 
of the volatile organic compounds (VOC), given their high melting point, hardness, thermal and 
chemical stability and low cost.  

For catalytic purposes, the microstructure has a predominant role. The achievement of 
ferrites with the high specific surface areas and nanosized particles is a priority in the performance 
of a ferrite catalyst.  In nanostructured ferrites, the interface between the nanoparticles and its 
surrounding media plays a major role compared to the bulk. Also, the strong curvature of ferrite 
particles due to their small radius leads to an increased number of the structural defects at the 
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nanoparticle surface which enhance the surface reactivity. To obtain spinel ferrites with superior 
microstructures, various chemistry based synthesis methods have been proposed, such as sol-gel 
technique [7], coprecipitation [8, 9], citrate precursor [10, 11], hydrothermal synthesis [12, 13], 
spray drying [1], combustion reaction [1], and flash combustion method [14].  In this work, self-
combustion method [15 – 17] was applied to synthesize ferrite nanoparticles. Among the various 
methods known, the self-combustion method allows a good control over the size of the material 
particles, which in turn decides their structural properties. The procedure offers the advantage to 
produce ultra-fine, homogeneous and reproducible, multicomponent ceramic powders and with 
precise stoichiometry. The preparation way is relatively simple, implies a low energy cost by 
utilizing an exothermal reaction and allows a controlled growth of the crystallites by subsequent 
heat treatments. 

 
 

 
 

Fig.1    Processing of ferrite powders by self-combustion route. 
 
 
The purpose of this work was to find new ferrite compositions with suitable properties for 

catalyst applications. Spinel-type ferrite nanopowders of chemical composition MexFe3-xO4 (x = 1 
for divalent metal, Me = Mg, Co, Ca and x = 0.5 for monovalent metal Me = Li) were prepared 
through self-combustion procedure. Some structural and morphological aspects of the four ferrite 
nanopowders were investigated to clarify how compositional changes affect properties and 
characteristics of ferrites. 

X-ray diffraction (XRD), nitrogen adsorption by BET, scanning electron microscopy 
(SEM) and energy dispersive X-ray (EDAX) techniques were used to investigate the structural and 
chemical properties. The catalyst activity of the ferrite powders was tested. It is known that the 
starting temperature for combustion reaction of volatile organic compounds (VOC) depends on the 
composition of the catalyst and the nature of the compound to be oxidized [18]. The minimum 
temperature of the catalytic combustion reaction of diluted gases (ethanol/air, methanol/air and 
acetone/air) over ferrite nanopowder catalysts was determined and the effect of Me-type was 
analyzed. 
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The catalytic combustion has received much attention mainly due to the possibility of 
lowering the combustion temperature thus practically reducing emissions of NOx, CO and 
unburned hydrocarbons [19].  

 
2. Experimental   
 
The synthesis of MgFe2O4, CaFe2O4, CoFe2O4 and Li0.5Fe2.5O4 spinel ferrite particles was 

accomplished through self-combustion route. In this method, the thermal energy for synthesis 
reaction of ferrites was provided by a quick exothermic reaction. Metal nitrates, ammonium 
hydroxide and polyvinyl alcohol were used as starting materials. Metal nitrates are the salts we 
preferred because they contain nitrogen and are water soluble (a good homogenization can be 
achieved in solution). Hydrate salts are even more favored, although the water molecules are 
irrelevant for the chemistry of the combustion. The preparation procedure by self-combustion is 
given in Fig.1. This route included the following procedures: (1) dissolution of metal nitrates in 
deionized water; (2) polyvinyl alcohol addition to the first solution to make a colloidal  solution; 
(3) NH4OH addition to increase pH to about 8; (4) stirring at 800C; (5) drying the gel at 1200C; (6) 
and finally self-combustion. The dried gel was ignited at one end by using an electrically heated W 
wire (0.5 mm in diameter) and an exothermic combustion reaction began. The combustion front 
spontaneously autopropagates and converts the dried gel in a loose powder. The as burnt powders 
were calcined at 500oC for 30 min to eliminate any residual organic compounds. Then, calcined 
powders were heat treated at 9000C for a short time of 10 minutes, to obtain a good crystallinity of 
the powder without a sesizable increase of the crystallites. The detailed step-by-step procedure has 
been reported elsewhere [15 - 17].   

     The structural homogeneity, crystal structure, phase formation and crystallite size were 
determined by X-ray diffraction (XRD), using PANANALYTICAL X’ PERT PRO MPD 
diffractometer and CuKα radiation (λ = 1,542512 Ǻ). The diffraction patterns were recorded in the 
range 2θ = 20÷800 at 20min-1. The average crystallite size was calculated from Scherer’s equation 
[20]  

                                                             


cos
9.0XRDD ,                                             (1) 

 
where λ is the wavelength of the target, β is the full width maximum of diffracted (311) plane and 
θ is Bragg angle.              

The surface morphology was examined with scanning electron microscope (QUANTA 
2000 3D Dual beam model). The specific surface area (SBET) was calculated from the nitrogen 
sorption data using the Brunauer-Emmett-Teller (BET) equation [21]. Adsorption/desorption 
isotherms of nitrogen were measured at ~ 77K with NOVA 2200 apparatus. The pore size 
distribution (PSD) curves were obtained from the sorption isotherms using BJH (Barret, Joyner 
and Halenda) method [21]. The chemical composition of the ferrite particles was determined with 
an energy dispersive X-ray spectrometer (EDAX: Genesis). Incident electron beam energies from 
0 to 14 Kev have been used. In all cases the beam was at normal incidence to the sample surface 
and the measurement time was 100 s. All the EDAX spectra were corrected using the ZAF 
correction. 

 
3. Results and discussions    
 
The X-ray powder diffraction was employed for phase identification and nanoparticle 

formation. The XRD patterns of the ferrite powders before and after heat treatment at 9000C are 
shown in Fig.2. Except for Ca-containing composition, the cubic spinel phase formation with 
Fd3m space group for Co, Mg and Li ferrites was detected before and after heat treatment at 
9000C. The most intense peaks in all specimens are (220), (311), (400), (422), (333) and (440). 
Monophase crystalline materials were obtained. 

After calcination at 5000C for 30 min dicalcium ferrite, Ca2Fe2O5 (Fig.2 - a) was formed, 
with orthorhombic brownmillerite structure belonging to the space group Pcmn with lattice 
parameters: a = 5.42 Ǻ, b = 14.77 Ǻ and c = 5.59 Ǻ. Ca2Fe2O5 brownmillerite structure regarded as 
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Nitrogen adsorption/desorption at ~ 77 K was used to obtain the informations about the 
specific surface area SBET and the pore volume of the ferrite particles. Some characteristic 
isotherms are presented in Fig. 3 for samples before and after heat treatment at 9000C. These 
isotherms can be classified as type II in IUPAC classification [21]. The pore size distribution 
graphs (PSD) obtained from N2 sorption isotherms by BJH method [21] are shown inset of Fig.3.  

 

 
 

Fig. 3    Nitrogen adsorption/desorption isoterms at 77K for two ferrite powders (◦◦◦ is the 
adsorption branch and ▫▫▫ is the desorption branch; n – samples after calcination at 5000C  
   and t – samples after heat treatment at 9000C; inset: the pore size distribution graphs) 
 
The obtained results for all samples heat treated at 9000C for 10 min are summarized in 

Table 2. DBET, was calculated using the SBET measured values (by assuming that all particles have 
spherical shape) with the formula [21] 

                                                   
XBET

BET dSD 6 ,                                                  (3) 

where 6 is the shape factor and dX is the X-ray density. One can see from Table 2 that the surface 
areas, SBET, have reasonable values, in the range 3.91 – 2.77 m2/g and the particle diameter ranges 
between 337 and 455 nm. The pore volume is very small (0.06 – 0.038 cc/g). The pore volume and 
particle size markedly influence the surface area. It is interesting to note that the Mg ferrite has the 
largest SBET and pore volume, yet these are smaller than those measured on the samples calcined at 
5000C, but without heat treatment at 9000C. For comparison, in Table 3 are given SBET, DBET and 
pore volume for Mg- and Co- ferrites calcined at 5000C. One can see that the particle diameter 
increased after annealing at 9000C. This increase is probably due to the presence of nanometric 
particles which favor the coalescence.  Although SBET value of the thermal treated samples is 
smaller, these samples were chosen for investigation because the annealing at 9000C assures the 
good thermal and chemical stability required by catalyst applications.   
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Fig.6   Bar diagram for the minimum combustion temperature of acetone, ethanol and methanol 
 vapour in air in the presence of ferrite catalyst and without catalyst 

 

It is known that the oxygen species (  OOO ,, 2
2 ) adsorbed on the oxide compound 

surface play a major role in the catalytic combustion [24 - 26].  The interaction of surface active 
oxygen species with reactants determines the mechanism for gas oxidation over mixed oxide 
catalysts, but the surface defects are sites for oxygen adsorption [27]. However, the possibility of 
involvement of the surface lattice oxygen in the gas combustion over mixed oxides cannot be 
excluded [21]. The valence of Mg2+, Li+, Ca2+ or Co2+ ions, lower than that of Fe3+ ion, can cause 
the formation of oxygen vacancies and modification of the lattice oxygen mobility. 

In the present study, a possible explanation for the temperature differences in the gas 
combustion reactions catalyzed by various composition ferrites can be either different reactivity of 

the oxygen species adsorbed on the ferrite surfaces ( O is more active than 2O ) or various 
densities of the active surface sites. The improved activity of Mg containing ferrite can be mainly 
ascribed to a larger density of surface active oxygen species, weakly bonded on the ferrite surface, 
which can facilitate the ferrite to oxidize the combustible gas when this comes into contact with 
ferrite surface. Also, the larger surface area of Mg ferrite presumes much more intensive 
interactions between the ferrite surface and the gas which can promote the gas oxidation at lower 
temperatures. The weakly effect of Ca and Co ferrites suggests less active oxygen species 
available for the combustion reaction.  

The obtained results incite to investigate also other ferrite compositions to find a catalytic 
material with the best properties.     

 
 
4. Conclusions 
 
The synthesis by nonconventional method, self-combustion, has favored the production of 

Mg-, Li-, Co- and Ca ferrite powders with nanometric crystallites.  
The X-ray diffraction confirmed the crystallinity and the nanosize of the ferrite crystallites (36 – 
52 nm). 

SEM micrographs evidenced the presence of agglomerates of fine particles. The 
agglomerate sizes are in the range from 1 to 5 μm.  
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The specific surface area SBET and the pore volume obtained from nitrogen 
adsorption/desorption isotherms depend on the ferrite composition; Mg ferrite has the largest SBET 
and pore volume. 

The catalytic tests revealed that the minimum temperature for catalytic combustion of 
diluted gases in air environment remarkably decreases when using Mg ferrite powder as catalytic 
material. A probable explanation has been proposed. 
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