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Ferrites with the spinel-type NiFe,04 (NiF), CoFe,0,4 (CoF) and hexagonal BaFe,,0, (BaM) structure were obtained
using the auto-combusting reaction method. After the temperature-initiated auto-combusting reaction, different oxide mixtures
were obtained. In the next step by calcination at 800 °C for BaM and CoF and at 1000 °C for NiF, corresponding ferrite
compounds of a high level of purity were obtained. Auto-combustion reaction temperature was determined by
thermogravimetry (TG) analysis. The obtained substances (crystalline phases) and their crystallite size were investigated by X-
ray diffraction (XRD) analysis. Powder-forming particle sizes were characterized by atomic force microscopy (AFM) and by
scanning electron microscopy (SEM). AFM images revealed particles of nanometer dimensions under 50 nm.

Introduction

Ferrites, due to their electric and magnetic proper-
ties, have been widely used in high-frequency techniques,
electronics, electroacoustics, magnetic elements of me-
mory, etc. for many decades [1-3].

Different oxide compounds can be prepared by almost
all existing techniques of solid state chemistry. Nowadays,
attention is focused on the application of nanoparticles,
which leads to the development of various techniques of
synthesis having a common feature — all reagents in them
are mixed on the atomic or molecular level [4-8]. Most
popular among them are the co-precipitation method [4];
the precursor method [5]; the sol-gel method [6]; the
hydrothermal method [7]; the microemulsion method [8].
The above-mentioned methods have various typical
drawbacks: the reaction may result in products with a
wide particle size distribution; the composition of the
obtained compounds may be inhomogeneous; expensive
reagents are needed to perform the reaction; to maintain
the reaction process, elevated operating temperatures are
often required; most of these procedures include a
complicated preparation technique [9].

The above disadvantages are the reason why at pre-
sent, to obtain different oxide compound nanoparticles,
sol-gel auto-combustion method is used. The advantage
of this method is that it can be performed relatively
easily, without using special equipment, and low energy
consumption is characteristic of the method. The sol-gel
auto-combustion method gives a homogeneous powder
with a high level of purity and a low particle size
distribution [3].

The method is based on dissolution of correspond-
ing metal salts and an organic complexing agent; after
gelation, the obtained gel should be dried before the
oxidation-reduction reaction. The auto-combustion proce-
eds within a few seconds, resulting in oxide mixture
formation. The obtained oxide mixture is annealed, and a
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corresponding pure ferrite compound can be obtained
[10].

The reaction is affected by the nature of the organic
complexing agent, the stability of the metal ion complex
and the flame temperature of the auto-combustion
reaction. In their turn, the stoichiometric ratio of the com-
position, the crystallite size of the obtained compound,
the specific surface area and agglomeration tendency of
particles, as well as the content of admixtures and the
magnetic properties of compounds are affected [11].

As organic complexing agents, frequently ethylene
glycol (C,H¢O,) [12], glycine (C,HsNO,) [13], hydrazine
(N,Hy) [11], carbamide (CH4N,O) [13], citric acid
(C¢HgO7'H,0) [25] are used. In our work, synthesis of
different ferrite compounds was performed using citric
acid which is known to form stable metal ion complexes
[11]. It is well known that by increasing metal ion
complex stability the selective deposition of metal ions is
decreased, resulting in the invariability of the compo-
sition stoichiometric ratio [11].

Frequently, for obtaining sol-gel auto-combustion
precursor solutions, nitrates and complexant agents were
used, while the pH level was adjusted by adding
ammonium hydroxide (NH,OH). Changes of pH affect
the rate of the auto-combustion reaction; as a result, the
size of the obtained particles and admixture content could
be reduced [15]. By increasing the pH level of the
solution, the morphology of dried gels is affected — flufty,
less dense, three-dimensional network structures with on
elevated pore content are formed. This effect is due to the
increasing content of volatile gases during the gel-
forming process [15]. Additionally to the consequences
described above, with increasing the pH level increases
the content of the crystallized ammonium nitrate
(NH4NO;) phase in the dried gel [16]. The decomposition
of ammonium nitrate leads to O, liberation. At the same
time, at pH > 8, metal ion complexes become unstable,
and the stoichiometric ratio of the composition again may
be affected [14].


















