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The aim of the present work was to create and study ferrite nanocrystalline materials of the system
(ZnxMg1 – x)1 – yFe2 + 2y / 3O4 with spinel structure using sol-gel technology with participation of auto-com-
bustion. This method is a cheap and low-temperature technique that allows for the fine control on the pro-
duct’s chemical composition. It was found physical and chemical processes and mechanisms of combustion,
which take place in the synthesis of ferrites using this technology. It was shown that the process of the dry
gel auto-combustion the resulting exothermic reaction at a temperature of about 483 K occurred, due to the
interaction of carboxyl groups and NO3¯ ions. It was revealed that the synthesized powders were agglom-
erated. The thermal analysis of ferrite nanopowders was performed using the DTA technique. The results
obtained that elimination of small pores between the crystallites or particles of the agglomerates occurs at
the heating. It was shown that in the samples peculiarities in transitions of iron cations in octahedral crys-
tallographic position occur, that affects the degree of reversibility of spinel and leads to a weakening of an-
tiferromagnetic interactions between the A-and B-sublattice. The role of zinc concentration of the Mg-Zn
ferrite samples in the FMR absorption curves was determined and analyzed.
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1. INTRODUCTION

Currently, soft magnetic ferrites which are compounds
of ferric oxide with oxides of other metals take an impor-
tant place among ferromagnetic materials. Ferrites, as a
rule, possess high electrical resistance and, as a consequ-
ence, small energy losses during remagnetization. They
are the base of many important devices of microwave en-
gineering, computer science and radio electronics [1].

Structure of a ferrite spinel represents a dense cubic
face-centered packing of oxygen ions with filling by iron
ions and bivalent metal of 1/8 of all tetrahedral (A) and
1/2 octahedral (B) pores [2]. Magnesium-zinc ferrites [3-
7], which are technologically important materials when
they are used as magnetic cores on the radio frequencies,
take a special place among ferrites with the spinel stru-
cture [8]. They are also of great scientific interest in the
field of magnetism of complex crystals. Their magneto-
electronic structure determines the magnetic and elec-
trical properties. Unlike many other ferrites with the
spinel structure, magnetic properties of Mg-Zn ferrites,
which are conditioned by the presence of only one mag-
netic Fe3+ ion [9], depend on the distribution of magnet-
ic atoms over two crystallographic non-equivalent posi-
tions with tetrahedral and octahedral environment by
oxygen anions of metal ions. Because of the fact that the
specified materials are assigned to the non-compensated
antiferromagnets, directions of the magnetic moments
in Mg-Zn sublattices are mutually opposite.

It is known that choice of the corresponding synthe-
sis process is the key factor to obtain ferrites of high qua-
lity [10]. Structure [11], dielectric [12] and magnetic [13]
properties of magnesium-zinc ferrites obtained at very
high temperatures are well studied to date. A deviation
from stoichiometry is often observed if use ceramic pro-

cessing to obtain Mg-Zn ferrites [14-15].
A tendency to magnetic nanomaterials technology has

appeared recently. It is shown in [16] that particles’ size
influences the distribution of cations over ferrite Ni-Zn
sublattices that, in turn, influences their magnetic pro-
perties. Nanocrystalline Mg-Zn ferrites are characteri-
zed by the size effects [17]. In particles, whose sizes are
comparable with the interatomic distances and surface
plays the major role, magnetic structure requires a de-
tailed study. Moreover, it was interesting to ascertain
how the production technology and chemical composition
influence the stoichiometry of the samples of the sys-
tem (ZnxMg1 – x)1 – yFe2 + 2y / 3O4, where у is the stoichi-
ometry index. It is known that ferromagnetic resonance
(FMR) line width is an important parameter of ferrites
in the microwave band [18]. Thus, since physical prop-
erties of Mg-Zn ferrites depend not only on the particles’
size, but also on the technique of their synthesis, the aim
of the present work is the synthesis, structural, thermal
and magnetic investigations of magnesium-zinc ferrite
nanopowders obtained by the sol-gel method with parti-
cipation of auto-combustion.

2. DESCRIPTION OF THE OBJECTS AND
METHODS OF RESEARCH

2.1 Synthesis of magnesium-zinc ferrites

The most widespread production technologies of ox-
ide materials are the methods of deposition or mixing of
the corresponding components with the subsequent sta-
ges  of  thermal  treatment,  as  a  rule,  embarrassing  to
obtain the single-phase products from binary and more
complex systems. A great attention is currently devoted
to the sol-gel methods among the production technolo-
gies of nanomaterials.
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Ferrites of the (ZnxMg1 – x)1 – yFe2 + 2y / 3O4 system (see
Table 1) were synthesized by the sol-gel method with
participation of auto-combustion [19] which is the vari-
ety of sol-gel synthesis techniques of the chemically mo-
dified materials which has found a wide application in
practice now. This method is rather simple and it does
not require any complicated and expensive equipment,
therefore, it is one of the most promising production
technologies of nanomaterials that allows to synthesize
complex oxide systems including ferrite powders of dif-
ferent chemical compositions for magnetic devices and
nodes of electronic engineering.

Table 1 – Formula of ferrite powders

x y Formula
0.0 0.0 MgFe2O4
0.2 0.0 Zn0.2Mg0.8Fe2O4

0.44  0.05 Zn0.42Mg0.53Fe2.03O4
0.44 0.0 Zn0.44Mg0.56Fe2O4

0.44 – 0.05 Zn0.46Mg0.59Fe1.97O4
0.5 0.0 Zn0.5Mg0.5Fe2O4

0.55 0.0 Zn0.55Mg0.45Fe2O4
0.6 0.0 Zn0.6Mg0.4Fe2O4

From the point of view of the power inputs, sol-gel
method with participation of auto-combustion compared
with the ceramic one is a cost efficient production techno-
logy of the complex oxide systems [20]. The idea of the
method is to use the exothermic reaction heat in the
synthesis of powders. In a number of cases, this process,
namely, the use of the exothermic reaction heat to ma-
intain the reaction, is steadily developed, i.e. a narrow
combustion zone, in which, in fact, the reaction occurs,
passes  over  the  sample.  The procedure of  this  method
consists in the synthesis of the materials with the speci-
fied physical and chemical properties including the pro-
duction of the sol and its successive transformation into
the gel. For example, 0.01 mole of magnesium nitrate,
0.02 mole of ferric nitrate and 0.03 mole of citric acid in
the ratio of molar masses of the metal nitrates in citric
acid of 1 : 1 are used in the synthesis of MgFe2O4 in
order to obtain the sol. Presence of citric acid is expla-
ined as follows: formation of the nitrate-citrate comple-
xes of metals eliminates the difference in the individual
behavior of cations in the solution [21] that promotes a
more complete mixing and allows to avoid separation of
the components in the further stages of the synthesis.
Distillated water was used as the dispersion phase. Hyd-
rolysis reactions leading to the formation of the sol, in
which particles of metal hydroxides (whose size does not
exceed a few nanometers) serve as the dispersion phase,
occur during mixing of precursors:

 Mg(NO3)2 + 2H2O → Mg(OH)2 + 2HNO3, (1)

 Fe(NO3)2 + 3H2O → Fe(OH)3 + 3HNO3. (2)

Neutralization reaction of the dispersion medium [22]
takes place upon addition of NH4O to the obtained col-
loidal solution

NH4OH + HNO3 → NH4NO3 + H2O + 145 kJ/mole. (3)

Neutralization of the dispersion medium using 25 %
aqueous ammonia to the level of рН = 7, in turn, leads
to the intense formation of aggregates of particles. To
provide the gel-formation process, in this case, energy
injection to the reaction system is necessary even if the
neutralization reaction is exothermic one. Increase in
the concentration of the dispersion phase results in the
initiation of the coagulation contacts between particles
and beginning of the structuring, i.e. formation of the
monolithic gel in which molecules of solvent (water) are
in the flexible, but rather stable three-dimensional net-
work, which is formed of the particles of hydroxides.
Moreover, injection of additional energy is required for
the subsequent drying of the gel in order to transform
it into the xerogel due to evaporation of the dispersion
medium. During drying, xerogel spontaneously catches
fire with the formation of a single-phase ferrite with the
spinel structure and combustion products. Auto-combu-
stion occurs as follows: ammonia water in combination
with nitric acid (generated in the hydrolysis reaction)
forms ammonium nitrate (NH4NO3) and water. At the
end of the evaporation process of the dispersion medium
at the temperature of about 483 K, decomposition of the
ammonium nitrate with release of heat of 38 kJ/mole
takes place. Effect of the ferrite formation from metal
oxides also promotes the combustion process:

MgO + Fe2O3 → MgFe2O4 + 20 kJ/mole. (4)

The confirmation of this at the temperature of about
483 K is the exothermic peak on the differential-thermal
curve (see Fig. 1) which indicates that dry gel formed of
metal nitrates and citric acid is burned during the auto-
combustion process which propagates rapidly until xero-
gel is burned down, resulting in the formation, in this
case, a friable nanodispersed powder. Change in the xe-
rogel mass is approximately equal to 75 %.

Thermally induced anion oxidation-reduction reac-
tion promotes the combustion process of the dry gel [23].
Due to this reaction, a sufficient amount of energy is
released for the formation of the ferrite phase in a very
short time. Because of the auto-combustion of xerogel,
organic residues, i.e. citric acid, are burned out. Power
inputs during initiation of the auto-combustion reaction
are significantly less than those which are necessary to
perform a long-term high-temperature annealing during
ceramic synthesis.

Fig. 1 – DTA-TG curves of the MgFe2O4 xerogel



SYNTHESIS AND STUDY OF THE PROPERTIES OF NANOFERRITES … J. NANO- ELECTRON. PHYS. 7, 01023 (2015)

01023-3

2.2 Research methods

Phase composition was controlled by X-ray structural
analysis performed on the diffractometer DRON-3 using
Cu(Kα)-radiation. Morphology of the powders was inve-
stigated by the scanning electron microscope NeoScope
JSM-5000 by JEOL.

Thermal analysis of the samples was carried out by
the synchronous thermal analyzer STA 449 F3 Jupiter
in linear heating mode with the rate of 10 K/min in the
temperature range of 298-1073 K that resulted in the
experimentally obtained curves of the thermogravimet-
ric (TG) and differential thermal analysis (DTA). Mass
change upon heating was determined with the accuracy
of 10–6 kg.

Mössbauer absorption spectra of magnesium-zinc sa-
mples are obtained at room temperature using spectro-
meter MS-1104Em. 57Со of the activity of 100 mCi in a
chromic matrix was used as the source of g-quanta. The
scintillation counter, in which crystal NaI served as the
sensing element, was used for the detection of g-quanta.
Decomposition of the experimental Mössbauer spectra
into the components is performed using the universal
program “Univem MS”-2.07 by approximation by the sum
of analytical functions describing separate components
of the experimental spectrum.

FMR spectra were detected at room temperature by
the modernized commercial spectrometer SE/X-2013. The
obtained FMR spectra were analyzed using the programs
“Origin 7” and “SimFonia“ by Bruker.

3. DESCRIPTION AND ANALYSIS OF THE
RESULTS

3.1 Phase analysis and particles’ size of the
obtained powders

According to the performed analysis, experimental X-
ray diffraction patterns of the samples (Fig. 2) obtained
by the sol-gel method with participation of auto-combu-
stion indicate the cubic spinel structure of the spatial
Fd3m group. This implies that ferrites are directly for-
med after auto-combustion of xerogel.

Fig. 2 – Diffraction patterns of the (ZnxMg1 – x)1 – yFe2 + 2y / 3O4

system

As seen from the X-ray diffraction patterns of mag-
nesium-zinc samples, they all are almost single-phase.
When substituting Mg2+ ions for Zn2+ ions, one observes
the presence of the zinc oxide phase, amount of which
increases with increasing parameter x in  the  system.

The maximum content of the ZnO phase, which accounts
for 3 % of the total composition, is observed for the sa-
mple Mg0.4 Zn0.6Fe2O4.

The average diameter of particles of magnesium-zinc
powders is established using the Scherrer formula:

0.9
cos

D l
b q

=
×

, (5)

where β is the integral width of the diffraction reflex,
broadening of which is conditioned by the influence of
the sample dispersivity; l is the X-ray radiation wave-
length; θ is the angle between the diffracted and inci-
dent rays. Particles’ size according to the peak (222) is
about equal to 20-35 nm.

Micrograph of the magnesium-zinc powder (Fig. 3)
confirms the above statements. Comparison of the crys-
tallite size according to the results of the X-ray analysis
and scanning electron microscopy indicates that ferrite
powders obtained by the sol-gel method with participa-
tion of auto-combustion form agglomerates.

Fig. 3 – Morphology of the Mg0.5Zn0.5Fe2O4 powder

Depending on the degree of diamagnetic substitution,
parameters of the crystal structure of the studied samp-
les are calculated (see Table 2). The values of the lattice
constant a and X-ray density dx are obtained by the fol-
lowing formulas:

2 2 2

2sin
a h k ll

q
= + + , (6)

θ are the angles, at which the peaks were observed; h, k,
and l are the Miller indexes;

38x ad M N a= , (7)

where М is the molar mass of the sample; Na is  the
Avogadro constant.

Table 2 – Dependence of the lattice constant and X-ray density
on the composition of the samples

Mg1 – xZnxFe2O4

х а, nm dx, kg/m3

0.0 0.8383 4.51
0.2 0.8383 4.69

0.44 0.8406 4.88
0.5 0.8406 4.93

0.55 0.8407 4.98
0.6 0.8416 5.01
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It was of interest to determine in ferrites of the stoi-
chiometric composition by the X-ray diffraction method
the cation distribution over sublattices in the structure
of ferrites using the dependence of the integral intensi-
ties of diffraction lines from the position of atoms in the
unit cell and their atomic number.

As known, for the materials with the spinel structure
reflections from the planes (220) and (422) correspond to
the diffraction on the tetrahedral cations and reflections
from the plane (222) – on the octahedral ones. I220/I400
intensities ratio is sensitive to the change in the cation
distribution and I111/I400 ratio  –  to  the  change  in  the
oxygen parameter.

Magnesium-zinc ferrites belong to the mixed ferrites
which, besides Fe3+ ions, contain two other sorts of ca-
tions with the tendency to occupy the same holes of the
crystal lattice which they would occupy in the correspon-
ding monoferrites. For example, in the mixed ferrites with
the normal spinel structure, namely ZnxCd1 – xFe2O4, Zn2+

and Cd2+ cations occupy the tetrahedral holes, while Fe3+

cations are located in the octahedral spaces. If solid so-
lutions of two ferrites have the reversed spinel structure,
then a half of cations is located in the tetrahedral holes
and the other half and the rest, typical for the specified
spinel, of cations – in the octahedral holes. The situation
should not be changed even for the case when solid solu-
tions consist of the normal and reversed spinels. Thus,
if Zn2+ or Cd2+ ions will enter the composition of the mi-
xed spinel, they will occupy the tetrahedral spaces, and
Mg2+, Ni2+, Co2+ ions and others – the octahedral ones.
With increasing concentration of the normal structure
spinel, amount of Fe3+ caions in tetra-holes decreases,
respectively. The latter are displaced by Zn2+ and Cd2+

cations into the octahedral spaces. However, depending
on the method and conditions for producing, some devia-
tions from the above rules are possible. It is known [24]
that Mg2+ and Ni2+ cations contained in the mixed fer-
rites can occupy both the octa- and tetra-positions after
rapid cooling.

Composition and structure of the ferro-spinel with a
glance to the cation distribution over the crystallographic
positions can be described by the structurally-chemical
formula Mg1 – x – lZnxFel[MglFe2 – l]O4, where l is the deg-
ree of reversibility of the spinel structure; square bra-
ckets contain metal atoms located in the octahedral posi-
tions and before brackets – in the tetrahedral positions.
Since amount of the zinc oxide phase in magnesium-zinc
samples is so insignificant, its influence on the cation
distribution can be neglected. Taking into consideration
this fact, the structural formulas for each of the studied
samples are obtained (see Table 3).

Table 3 – Cation distribution in magnesium-zinc ferrites

Degree of sub-
stitution, х

Cation distribution of ions
over the spinel sublattices

0.0 (Mg0.22Fe0.78)[Mg0.78Fe1.22]O4
0.2 (Mg0.21 Zn0.20Fe0.59)[Mg0.59Fe1.41]O4
0.44 (Mg0.11 Zn0.44Fe0.45)[Mg0.45Fe1.55]O4
0.5 (Mg0.11 Zn0.50Fe0.39)[Mg0.39Fe1.61]O4
0.55 (Mg0.08 Zn0.55Fe0.37)[Mg0.37Fe1.63]O4
0.6 (Mg0.04 Zn0.60Fe0.36)[Mg0.36Fe1.64]O4

According to the tabular data, an insignificant part of
Mg2+ cations occupy the position in the tetra-sublattice

displacing thus Fe3+ cations into the octa-sublattice. As
a rule, Zn2+ cations tend to be placed in the spinel tetra-
sublattice that is confirmed experimentally.

Since sol-gel method with participation of auto-com-
bustion is a little studied technique for production of na-
nomaterials, it is important to establish the cooling mode
of particles after the auto-combustion process based on
the data of the cation distribution over sublattices of the
magnesium-zinc ferrites.

Since cation distribution of magnesium ferrites is sen-
sitive to the temperature-time mode of the material syn-
thesis, degree of reversibility focusing on the unsubsti-
tuted magnesium ferrite correspond to the rapid cooling
mode from 1473 K. According to [25], during rapid cool-
ing of the ferrite obtained by the ceramic method, degree
of reversibility of the spinel structure is equal to 0.78.
During slow cooling of the magnesium ferrite l ≈ 1. As
seen from Table 3, degree of reversibility of the spinel
during rapid cooling coincides with its numerical value
for the magnesium ferrite obtained by the sol-gel method
with participation of auto-combustion. This conclusion
is important from the point of view of understanding the
kinetics of the processes occurring during such a little
studied technique as the sol-gel method with participa-
tion of auto-combustion.

3.2 Thermal analysis of the synthesized powders

Since it is difficult to regulate the processes of com-
bustion and thermal synthesis, there is a real possibility
to correct the synthesis modes conducting an additional
controlled thermal treatment. In order to explain the
auto-combustion process of the nitrate-citrate xerogel,
the DTA and TG analyses have been performed. It was
established in [23] that the process of xerogel combus-
tion can be considered as thermally induced oxidation-
reduction reaction, at which the citrate ions act as the
reducer and the nitrate ones – as the oxidizer. Due to the
presence of NO3¯ ions which provide the decomposition
of the organic component, rate of oxidation reaction re-
latively increases. This results in the release of a suffi-
cient amount of energy for the formation of the ferrite
phase in a very short time.

Thus, exothermal peak on the DTA curve (see Fig. 1)
corresponds to the oxidation-reduction reaction between
the nitric and citrate systems.

DTA of the obtained magnesium-zinc powders has
not shown the pronounced intensive in value and short
in time thermal effects, therefore, an additional differ-
entiation of the obtained DTA-data has been performed
(Fig. 4) that allowed to establish with high precision the
start temperature of the thermal effects. Intensive mini-
ma correspond to the points of inflection on the thermo-
gram taken by thermal analyzer, when thermocouple on
the sample shows the decrease in the temperature com-
pared with the standard, i.e. the endo-effect beginning.

As seen on the temperature dependence of the dE/dT
derivative (Fig. 5), heating of the Mg1 – xZnxFe2O4 sam-
ples to the temperature of about 473 K induces the be-
ginning of the endothermic effect. This effect does not
depend on the chemical composition of ferrites and is not
accompanied by the mass change. Probably, the speci-
fied endo-effect is conditioned by the re-distribution of
particles in the powder on account of the destruction of
the organic combustion residues.
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Fig. 4 – Temperature dependence of the DTA-curve and its
derivative for the Mg0.4Zn0.6Fe2O4 sample

400 600 800 1000 1200
-0,010

-0,005

0,000

0,005

0,010

0,015

0,020

dE
/d

T,
m

V/
m

g
·K

T, K

MgFe2O4
 Mg0,8Zn0,2Fe2O4
 Mg0,5Zn0,5Fe2O4

Fig. 5 – Temperature dependence of dE/dT of magnesium-zinc
samples

With further heating of the powders to higher tem-
peratures, another effect, which takes a heat, appears.
However, in this case, endo-effect significantly depends
on the content of Zn2+ cations in the composition of the
powders (Table 4) and is not almost accompanied by the
change in their masses

Table 4 – Influence of the heating temperature of the samples
on the beginning of the thermoeffects

Composition, х 1-st endo-effect, K 2-nd endo-effect, K
0.0 468 753
0.2 469 773
0.44 471 803
0.5 468 823
0.55 470 833
0.6 468 848

The second endo-effect, most likely, is associated with
the phenomena occurring on the surface of the samples
during their heating. Elimination of small pores between
crystallites or particles in agglomerates can belong to
these phenomena. We should note that the given endo-
effect is not connected with the healing of possible point
defects in the powders, since the temperature, at which
the endo-effect takes place, is substantially lower than
the temperature of the diffusion processes in ferrites [26].
As the concentration of Zn2+ cations in the composition of
the samples increases, the second endo-effect is shifted
toward the range of high temperatures (Table 4). Since
Zn2+ cations are heavier than Mg2+ cations, then substi-
tution of  Mg2+ cations  in  Mg1 – xZnxFe2O4 system leads

to the intensification of the agglomeration process of
particles into nanoclusters.

3.3 Mössbauer investigations

Since magnetic properties of ferrites significantly de-
pend on the chemical composition and microscopic struc-
ture, the microscopic properties of magnesium-zinc sam-
ples have been studied. Investigation by the Mössbauer
method of the effective magnetic fields, electric field gra-
dients on nuclei of different ions in ferrites and energy
shifts of the absorption spectra allows to obtain informa-
tion about the symmetry of the environment of a sepa-
rate ion, nature of the transition to the ordered state and
electron density on nuclei. Judging by the line intensity
of the Mössbauer spectra, it is possible to estimate the
relative number of nuclei located in different crystallo-
graphic positions.

Line width is the property of the g-radiation without
recoil. If lattice becomes excited with g-quantum release,
then effective width of the g-line is equal to the phonon
energy by the order of magnitude. For the case, when
lattice is not excited, width of the phononless radiation
component is characterized by only the width of nuclear
levels, between which the transition occurs.

Asymmetrical Zeeman pattern is discovered in the
Mössbauer absorption spectra of the investigated sam-
ples  obtained  at  room  temperature  (see  Fig.  6)  that  is
confirmed by different signs of deviation from the expe-
riment for positive and negative velocities.

a

b
Fig. 6 – Mössbauer spectra of the samples of MgFe2O4 (a) and
Mg0.5Zn0.5Fe2O4 (b) compositions

Broadening of a magnetic sextuplet is observed with
increasing of zinc ions in the composition of magnesium-
zinc ferrites. Moreover, intensity of the central quadru-
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pole doublet grows along with the increase in the concen-
tration of Zn2+ ions. Increase in the paramagnetic dou-
blet intensity is associated with a number of magnetic
phenomena, namely, existence of superparamagnetic par-
ticles [27] and magnetic phase with noncollinear arran-
gement of the magnetic moment vectors. In this case,
irrespective of the degree of substitution x, presence of
the magnetic-ordered phase is clearly observed.

Increase in the Zn2+ content in the samples leads to
the decrease in the value of the effective magnetic fields
in nuclei. Obviously, the decrease in the magnetic fields
induces weakening of the A-B interaction in the spinel
structure.

3.4 Features of the ferromagnetic resonance
study of nanoferrites

It is known that ferromagnetic resonance frequency
depends both the value of the external magnetizing field
and the crystallographic anisotropy field, demagnetizing
field of the particles shape and possible defects of the sa-
mples structure. For the ferrite powders, the FMR-spe-
ctra were taken at room temperature and the field de-
pendences of the derivative of the imaginary sensibility
on the magnetic induction are shown (Fig. 7).

Fig. 7 – FMR-spectra of Mg1 – xZnxFe2O4 ferrites

Based on the experimentally obtained FMR-curves,
we have calculated the FMR-absorption line width ∆Нpp,
Landé factor (or g-factor) and gyromagnetic ratio g (see
Table 5). Line width ∆Нpp is characterized by the dis-
tance between the sides of the resonance absorption
curve at its half-height.

Table 5 – Parameters of the FMR-signal of the studied nano-
crystalline ferrites

х g-factor g, 1011 (s·T) – 1 ∆Нpp, 10 – 3 T
0.0 2.85 ± 0.02 2.50 ± 0.02 128.0 ± 2

0.44 3.43 ± 0.02 3.02 ± 0.02 101.0 ± 2
0.5 3.20 ± 0.02 2.81 ± 0.02 79.0 ± 2

According to the analysis of the performed experimen-
tal study for magnesium-zinc ferrites, FMR line width
decreases with increasing concentration of Zn2+ ions in
the samples composition. Parameters of the FMR-ferrites
considerably depend on the magnetic ion components
entering each spinel sublattice [28]. In the case of ferrites
of the Mg1 – xZnxFe2O4 system, only Fe3+ ions possess the
magnetic moment and which with increasing degree of

substitution x tend to occupy the octahedral crystallo-
graphic positions that leads to attenuation of the anti-
ferromagnetic interaction between A- and B-sublattices
resulting in the decrease in the FMR line width. Obvi-
ously, degree of reversibility of the spinel (which also
decreases with the growth of the parameter x) influences
the FMR line width.

Thus, experimental data of the FMR-investigation of
magnesium-zinc ferrites confirms the results of the cati-
on distribution obtained based on the X-ray structural
analysis of the samples.

For ferromagnets, resonance line width is connected
with the magnetic relaxation time by the relation

2 ppHt g= D . (8)

Using formula (8), the dependence of the magnetic
relaxation time on the concentration of Zn2+ ions in the
studied ferrites is calculated (see Fig. 8). Obviously, with
increasing parameter x, relaxation time increases and
leads to the decrease in the FMR line width. Small re-
laxation time (10 – 11 s) during the resonance energy ab-
sorption in magnesium-zinc samples can indicate that
the spin-lattice and the spin-spin relaxations take place
simultaneously [28].

Fig. 8 – Dependence of the relaxation time and FMR line width
on the diamagnetic substitution in Mg1 – xZnxFe2O4

We should note that during the FMR investigation
of nickel-zinc ferrites, relaxation time was in the same
range that for the magnesium-zinc samples. Increase in
the relaxation time with increasing x implies  that  at
low content of Zn2+ ions the spin-spin relaxation occurs
faster that at high content.

4. CONCLUSIONS

The mechanisms and processes occurring during the
synthesis of complex oxide systems by the sol-gel method
with participation of auto-combustion have been studied
based on the results of the performed investigations. It
is established that in the production of ferrite powders,
hydrolysis reaction takes place leading to the beginning
of the sol formation. The neutralization process of the
dispersion medium is carried out upon addition of am-
monia water to the obtained colloidal solution resulting
in the formation of ammonium nitrate. Drying of the sol
leads to the increase in the concentration of the disper-
sion phase and beginning of the gel formation.

It is revealed that dry gel at 483 K catches fire beca-
use of the decomposition of ammonium nitrate and due
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to the thermally induced oxidation-reduction interaction
between the citrate and nitrate ions. A sufficient amount
of energy is released in this case for the formation of the
single-phase ferrite powders.

Investigation results of the obtained ferrite samples
have shown that nano-sized particles of the powders are
formed into aggregates during synthesis. Based on the
data of the cation distribution of magnesium-zinc ferri-
tes it is established that after passing of the auto-com-
bustion process, cooling rate of particles corresponds to
the quenching mode.

It is established that broadening of a magnetic sex-
tuplet is observed with increasing number of Zn2+ ions in
the composition of magnesium-zinc ferrites. Moreover,
intensity of the central quadrupole doublet grows with
increasing concentration of zinc ions. Rise of the para-
magnetic doublet intensity is associated with a number
of magnetic phenomena, namely, with the existence of
superparamagnetic particles and magnetic phase with

noncollinear arrangement of the magnetic moment vec-
tors. Here, irrespective of the degree of substitution x,
the presence of the magnetic-ordered phase is clearly
observed. Increase in the Zn2+ content in the samples
results in the decrease in the value of the effective mag-
netic fields in nuclei. It is obvious that the decrease in
the magnetic fields induces weakening of the A-B inter-
action in the spinel structure.

The FMR line width decreases with increasing con-
centration of zinc in stoichiometric ferrites that is con-
nected, as it turned out, with the decrease in the degree
of reversibility of the spinel. This means that parama-
gnetic iron ions tend to occupy only one crystallographic
position with increasing zinc concentration. In this case,
antiferromagnetic interaction between iron ions located
in the A- and B-sublattices weakens leading to the de-
crease in the value of ΔНрр. The FMR-method confirms
the results of the X-ray structural investigations of the
cation distribution.
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