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Abstract: CoFe2O4 powders were synthesized by combustion reaction using glycine as fuel, 
aiming obtaining nanosized and monophase powders. Thus, different conditions of external 
heating during the synthesis were investigated. The powders were prepared according to the 
propellants and explosives theory, using glycine as fuel in the stoichiometric proportion (Φe = 
1). During the synthesis the flame temperature and time were measured. The resulting powders 
were characterized by X-rays diffraction and scanning electronic microscopy (SEM). The results 
show that the condition in which the synthesis was realized it influences in the combustion 
flame temperature and time and contributes for the obtainment of powders with majority phase 
without secondary phases. Crystallite size varied of 33 to 50 nm. All powders presented 
morphology constituted by soft agglomerated formed by nanoparticles.  

1. Introdução 

Historically, the nanoferrite spinel-type (A2+Fe2
3+O4) has attracted considerable attention in 

recent years in technological applications such as absorbers of electromagnetic radiation at 
frequencies in the microwave band, ferrofluids in magnetic refrigeration systems and in 
particular in catalysis [1-2]. The ferrites are ceramic materials containing iron with crystal 
structures and chemical compositions varied; found that in the case of nanoparticles of cobalt 
ferrite ions Co2+ and Fe3+ have no preference for tetrahedral and octahedral sites, with 
predominantly mixed crystalline structure of inverse spinel [3-5].  
A variety of methods are used to ferrites synthesis. Among them is the method of production by 
combustion reaction, which is based on the existence of highly exothermic reactions generated 
by the decomposition of the fuel, which are self-sustaining, thus becoming energy efficient. 
Another important feature is that the combustion reaction reaches temperatures high enough to 
ensure the crystallization and formation of powders in a short period of time, with the release of 
large amounts of gases. These factors are very positive because they minimize the 
agglomeration state of particles formed. Thus, this method is simple, it no involves many steps 
and produces powders with high purity, chemical homogeneity and almost always with particle 
size in nanometer scale [1, 6-7]. 

Depending on the conditions in which the synthesis is performed, i.e., level and type of 
fuel (urea, glycine, citric acid, aniline, carbohydrazides, etc..), container type (beaker, 
glass silica crucible, porcelain crucible, the stainless steel crucible, etc..) and an external source 
of heat (muffle furnace, hot plate, a heating pad, microwave oven, etc..) may interfere in the 
parameters of flame combustion time and temperature, which define the final characteristics of 
powder. Thus, it is guaranteed to obtain pure powders, crystalline and easily desagglomeration 
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suitable for obtaining products of high sinterability, uniform microstructure and excellent 
properties [8-10]. This work aims to characterize the structure and morphology of cobalt ferrites 
synthesized by combustion reaction using different forms of external heating and glycine as 
fuel. 

 
2. Materials and Methods 
 

For preparation of cobalt ferrite (CoFe2O4) by combustion reaction using glycine as fuel, 
the proportion of reagents was calculated according to the stoichiometric determined to φ = 1 
following the propellants and explosives theory (φ coefficient stoichiometric) [11]. The reagents 
used in synthesis were: cobalt nitrate hexahydrate (Co(NO3)2.6H20), nitrate monohydrated iron 
(Fe(NO3)3.9H2O) as oxidizing agent and sources of cations, and glycine (C2H5NO3) as a 
reducing agent. The entire reagents used have 98% purity. 
The reagents were placed in a vitreous silica crucible and the reaction took place under three 
different heating conditions: 1) ceramic plate with resistance spiral-shaped exposed to air 
(maximum temperature around 600oC), 2) resistive type muffle furnace with pre-programmed 
temperature of 500ºC, and 3) microwave oven. For this last heating condition, the reactants were 
subjected to heating in the ceramic plate prior to solubilization, and then induced to the solution 
in the microwave oven stainless steel king size Brastemp model, pre-programmed power of 700 
Watts and exposure time of 5 minutes. The temperature and flame combustion time was 
measured by using an infrared pyrometer (Raytek, modelo RAYR3I ± 2ºC) and a digital 
chronometer (Technicos). The reactions products were desagglomerated in a mortar, passed 
through sieve # 200 mesh (74 µm). The powders were designated FCG1, FCG2 and FCG3 
heating the ceramic plate, muffle furnace and microwave oven, respectively.  

The powder characterization was done by X-ray diffraction (Shimadzu, model XRD 6000, 
Cu K radiation). The phase identification was performed using the crystallographic forms of 
JCPDS (Joint Committee on Powder Diffraction Standards). The mean size of the crystallite was 
estimated from the widening line of the X-ray diffraction (d311) through the deconvolution of the 
line of secondary diffraction of polycrystalline silicon (used as standard) and Scherrer’s 
equation [11]. The lattice parameters were obtained by DICVOL91 routine for Windows, from 
FullProff computer program [12]. The powder morphology was done by scanning electron 
microscopy using a scanning electron microscope (SEM) model XL30 FEG, Philips. 

.  

3. Results 

Figure 1 illustrates the temperature profiles of powder cobalt ferrite obtained using the 
ceramic plate and muffle furnace as heat source, respectively. Through the temperature profile, 
it is observed that the powders reaction synthesized in muffle furnace pre-programmed at 500ºC 
reached temperatures above 525oC, remaining almost constant until the reaction time of about 
70 seconds. About 75 seconds of reaction there is an increase in temperature to 625oC (ignition), 
reaching the maximum temperature (750oC) abruptly in about 83 seconds of reaction. For 
heating the ceramic plate (approximate temperature 600oC) notes that even the board having the 
temperature about 600oC, a little higher than the temperature programming the oven to 500oC 
was the same temperature profile is observed, more reaction is a little longer. The temperatures 
recorded were around 200°C lower than that recorded in the synthesis performed in the furnace 
and which remains constant until about 90 seconds of reaction. The ignition is observed in 
around 95 seconds at a temperature of 475oC and reached a maximum temperature of 525oC, in 
100 seconds of reaction.  
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Figure 1 - Temperature profile in function reaction time of powder CoFe2O4 with heating in the 
ceramic plate (FCG1) and heating in the muffle furnace (FCG2). 

 
 

This temperature difference observed when comparing the heating in muffle furnace for 
heating the ceramic plate, given the fact that the ceramic plate blend is exposed to the 
atmosphere, the reaction occurs with heat transfer by conduction, while heat transfer the reaction 
took place in the oven takes place by conduction and convection, and this makes the reaction 
occur faster in less time and with higher temperatures. Unable to check the reaction temperature 
in the microwave because of Faraday's protector plate to prevent the infrared pyrometer to 
penetrate the interior of the oven to check the temperature and the accumulation of gases inside 
the furnace can not with good precision assessment of color and the flame combustion time. 
But conceptually the heat transfer in this type of heating occurs by conduction, convection and 
radiation, making the combination of these three mechanisms will cause the reaction reaches 
higher temperatures and occurs in smaller time, and is a volumetric heating occurs initially in 
solution. 

Fig. 2 shows the X-ray diffraction of powder cobalt ferrite obtained by the three heating 
conditions. Can be observed that all samples showed the formation of the inverse spinel 
CoFe2O4 desired. The presence of discrete phase hematite (Fe3O2), secondary phase was 
observed in the powder produced (FCG3), obtained in the microwave oven. This was probably a 
result of rapid heating produced by microwave.  

Table 1 shows the crystallite size and lattice parameters of powders, calculated from the 
X-rays diffraction data. The structural results show that the form heating influence the ferrite 
powders characteristics. Can be observed that the heating in a microwave oven presented the 
highest crystallite size, while compared with crystallite size of the powders produced in the 
ceramic plate, and in the muffle furnace and, possibly showing that the form of heating in the 
microwave is faster and promotes a higher temperature of combustion, which implies a higher 
growth of crystals. If we compare the values of crystallite size for the powders synthesized with 
the ceramic plate and the furnace, there is this same effect, i.e., the furnace because the heat 
more evenly the ceramic plate favors higher combustion temperature, which leads to a powder 
with larger crystallite size.  
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Figure 2 - X-rays diffraction patterns of cobalt ferrite obtained in the ceramic plate 

(FCG1), muffle furnace (FCG2) and microwave oven (FCG3). 
 
 As for the lattice parameters calculated, there is a slight variation of 0.13, 0.19 and 

0.14% smaller than the lattice parameters calculated by FullProf for powders in ceramic plate, 
muffle furnace and microwave oven, respectively compared with theoretical data (a = b = c = 
8391 Å) of the crystallographic form (JCPDF-22-1086) used to identify the phase of cobalt 
ferrite.  
 
Table 1 - Crystallite size and lattice parameters 

Sample *Crystallite Size (nm) **Lattice Parameters (Å) 
FCG1 33 8.380 
FCG2 35 8.375 
FCG3 50 8.379 

*estimated by Scherrer equation [11] 
**structural theoretical parameters a = b = c = 8.391 (JCPDF – 22-1086)  

 
 Fig. 3 shows the morphology of the powders obtained by scanning electron microscopy 
of the samples FCG1, FCG2, FCG3. Por meio das micrografias, verifica-se de maneira geral, 
que o pó obtido por reação de combustão em placa cerâmica, forno mufla e forno microondas, 
apresentaram a formação de aglomerados irregulares, aspecto de esponja, não densos e 
constituídos de partículas finas, com porosidade elevada. Os pós obtidos em forno microondas 
apresentaram aglomerados maiores e aparentemente com formação de partículas pré-
sinterizadas, o que os torna com menor porosidade interpatícula, isto, possivelmente devido a 
maior temperatura da combustão e a maior uniformidade no aquecimento. Este resultado é 
confirmado pelo resultado de tamanho médio de cristalito, em que estes pós apresentaram 
cristalitos 33,8 % e 29,8% maiores que os pós obtidos na placa e na mufla, respectivamente. A 
placa cerâmica produziu pós com aglomerados menores, e possivelmente com maior porosidade 
interpartícula, pois a temperatura alcançada na síntese são inferiores as temperaturas atingidas 
na síntese usando o forno mufla e possivelmente do forno microondas. Considerando os 
aspectos do equipamento usado para o aquecimento, a placa cerâmica é a mais viável, pois é 
simples, custo baixo, menor consumo de energia, possibilita produção em grande escala, isto, 
quando comparamos com o aquecimento no forno mufla e o forno microondas. 
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Figure 3 - Scanning electron microscopy of the powder of cobalt ferrite: (a) heating the ceramic 
plate (FCG1), (b) heating in muffle furnace (FCG2) and (c) heating in a microwave oven 
(FCG3). 
 
  
4.  Conclusions 
 

According to the results it was observed that the combustion reaction method using the 
three forms of heating is feasible and advisable, as it can in a short period and produce 
nanocrystalline powders. The XRD patterns showed that the powders in a microwave oven had 
higher crystallite size and larger agglomerated, due probable high temperatures reached during 
the combustion reaction. Reactions using the ceramic plate produces powders crystallites, 
smaller crystallite size, smaller agglomerated size, monophase and economically viable for 
large-scale production. 
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