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Abstract

MnxNi0.5 _ xZn0.5Fe2O4, (x = 0.05, 0.1, 0.2, 0.3, 0.4) ferrites synthesized by the citrate precursor method are investigated in
the present work. Compositional variation of AC resistivity is studied and values up to 103 times greater than those for samples
prepared by the conventional ceramic method are observed. It is found that resistivity decreases with increase in Mn
concentration except for x = 0.3, where it shows a rise. Frequency variations of both dielectric constant and relative loss factor
(rlf) are reported in the present work. It is observed that dispersion in dielectric constant is greatly influenced by the Mn
concentration. Possible mechanisms contributing to these properties are discussed. Hysteresis properties are also reported.
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1. Introduction

In recent times, processing of ferrites by non-
conventional solution techniques has gained impor-
tance with a view to obtaining high quality and high
performance materials for various applications. Supe-
riority of citrate precursor method over the conven-
tional ceramic method for the preparation of ferrites
has been established [1,2]. Mn-Zn ferrites are known

to posses high initial permeability [3] but low resis-
tivity (f 100 V cm ) [4]. On the other hand, Ni-Zn
ferrites posses higher resistivity (f 106 V cm) [5] but
relatively much lower initial permeability [3]. For
high frequency magnetic applications, ferrites with
high permeability as well as high resistivity are
needed. A combination of these two ferrites is envis-
aged to meet these requirements. Although Ni-Zn
and Mn-Zn ferrites have been investigated exten-
sively, literature on the mixture of these two ferrites is
scarce [6,7]. The effects of Mn substitution on the
electrical and magnetic properties of Ni-Zn ferrites
prepared by the citrate precursor method are reported
in this paper.
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2. Experimental

The polycrystalline MnxNi0.5 _ xZn0.5Fe2O4 (x =
0.05 to 0.45) was synthesized by the non-conventional
citrate precursor method. The staring materials were
manganese nitrate (98.5%, Merck, Germany), zinc
nitrate (96%, Merck, India), nickel nitrate (97%,
Merck, India), iron (III) citrate (Merck, Germany)
and citric acid (99.5%, Merck, India). The chemicals
were weighed in stoichiometric proportions. Solution
of iron (III) citrate was prepared in distilled water by
heating at 40 jC under continuous stirring. Citric acid,
with a few drops of water, was added separately to
manganese nitrate, nickel nitrate and zinc nitrate.
These solutions were heated at 40 jC for 15 min
and then added to iron citrate solution. The precursor
mixture was evaporated to dryness at 40 jC to obtain
a transparent brown colour glossy materials contain-
ing the constituent metal ions homogeneously mixed
at the atomic level. The obtained powders were
calcined at 500 jC. X-ray diffraction of all samples
taken on a Rigaku Geiger Flex 3 kW diffractometer
confirmed the single-phase structure of ferrites. Cal-
cined powders were pressed into pellets (diameter:
13.00 mm, and thickness: 1.25 mm) and toroids
(thickness: 2.30 mm, inner diameter: 7.80 mm and
outer diameter: 15 mm) by applying pressures of 10
and 5 tons, respectively. All samples were sintered in
air at 1200, 1300 and 1400 jC. The X-ray diffracto-
grams of samples sintered at 1200, 1300 and 1400 jC
were also taken; no additional lines other than those of
spinel structure were seen. The SEM photomicro-
graphs of fractured surfaces were recorded using
Cambridge Stereo Scan 360 scanning electron micro-
scope. The dielectric constant, en was calculated
from the capacitance measured on a HP 4284 LCR
meter. The corresponding loss tangent, tan da, was
also measured. AC resistivity, q, was calculated using
the formula q = 1/(xara0tan da), where x is the
angular frequency and A0 is the permittivity of free
space. HP 4192A impedance analyzer was used to
measure inductance and the corresponding loss factor,
tan d, of toroids wound with around 56 turns of 30
SWG enameled copper wire. Permeability, l, was
calculated using the formula l = L/L0, where L is the
measured inductance and L0 is the air core inductance
calculated using the dimensions of the coil. B-H
loops were obtained using a computer-controlled

Hysteresis loop tracer. All measurements were carried
out at room temperature.

3. Results and discussion

It is observed that the compositional variations of
AC resistivity in the frequency range 100 Hz-1 MHz
of all the samples are identical. Typical variation at 1
kHz is shown in Fig. 1. The observed values, which
are in the range 106-109 V cm, are much higher than
those reported in the literature for Ni-Zn ferrites
prepared by the conventional ceramic method [5-7].
The resistivity, in general, is observed to decreases
with an increase of Mn concentration except for the
sample x = 0.3. Iron primarily goes as Fe3 +, while Mn
goes primarily as Mn2+ in the spinel lattice. Any
small amount of Mn3 + going into the lattice at the
cost of Ni2 + creates charge imbalance. In order to
maintain charge neutrality, Fe3 + ions get converted to
Fe2 +. The conduction in ferrites is reported to be due
to hopping of electrons on application of electric field
[8]. The increase in Fe2+ and Mn3 + concentration in
the sample increases the hopping between Fe2+ and
Fe3 + ions and between Mn3 + and Mn2 + ions result-
ing in the decrease in resistivity.

In spinel ferrites, it is known that Ni and Zn ions
occupy B (octahedral) and A (tetrahedral) sites, respec-
tively [9]. Although Mn2 + and Fe3 + exist at both A
and B-sites, the probability of their occupying A and B-
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Fig. 1. AC resistivity as a function of composition for the system
MnxNi0. 5 _ xZn0. 5Fe2O4 at 1 kHz.
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sites, respectively, is appreciably more. When Mn2 + is
introduced at the cost of Ni2 +, some of the iron ions
migrate from A to B-sites, increasing thereby the Fe3 +

concentration at B-sites. There is a possibility of some
Mn2+ going to B-sites, resulting in [10]: Mn2+ +
Fe3 + Z Mn3 + + Fe2 +. Therefore, the increased num-
ber of Fe2+ and Mn3+ ions at B-site increases the
hopping between Fe3 + and Fe2 + ions and between
Mn2 + and Mn3 + ions; as a consequence, the resistivity
decreases. The exceptional behavior of x = 0.3 sample,
as observed in the present work, is also reported by
others [11] in other ferrites. Such an exceptional
behavior, which cannot be explained on the basis of
the above processes, needs further investigation.

The grain sizes obtained in the present work for the
samples sintered at 1200 jC are in the range 0.5-2
Am, which are much smaller than those for the
samples prepared by the conventional ceramic method
[7,12]. Typical photomicrograph of sample x = 0.05 is
shown in Fig. 2. The ferrite particles prepared by
citrate precursor method being small in size, a ten-
dency towards agglomeration is observed. Smaller
grains result in large number of grain boundaries,
which act as scattering centers for the flow of elec-
trons and therefore decrease the conductivity. In con-
ventional ceramic method, the sintering temperature
being higher, the grains are relatively bigger. Further,
the extensive ball milling required in the conventional
method may result in loss of few grains of the material
and the introduction of impurities. This would result

100

Fig. 2. SEM photographs of fractured surfaces
Fe2O4 sintered at 1200 jC.
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Fig. 3. Frequency variation of dielectric constant ar and loss tangent
tan da for the sample Mn0 05Ni0 45Zn0 5Fe2O4.

in non-stoichiometric and non-homogeneous sample.
In the citrate precursor method, these possibilities
being negligible, higher resistivity of the prepared
sample is expected.

As reported by others [13,14], at higher sintering
temperature, the probability of production of ions in
more than one valance state is high. It is therefore
expected that for samples prepared by the citrate
precursor method, which utilizes lower sintering tem-
perature, the resistivity would be higher.

In order that losses at high frequency are low, it is
necessary that sample should have high resistivity. As
can be seen from Fig. 1, the resistivity of the sample
x = 0.05 is two orders of magnitude higher than those
of the other samples. The subsequent work was there-
fore limited to x = 0.05 composition only. The fre-
quency variation of dielectric constant ar is shown in
Fig. 3. The value of ar is around 15 which is more
than 103 times lower than those usually reported for
ferrites obtained by the conventional ceramic method
[15-17]. This low value of dielectric constant is
attributed to the method of preparation, i.e., the citrate
precursor method, which, as stated earlier, suppresses
the formation of Fe2 + ions. On application of electric
field, the electrons reach the grain boundary through
hopping and since the resistance of the grain boundary
is high, electrons pile up at grain boundaries and
produce polarization. Low dielectric constant indi-
cates lower interfacial polarization because of high
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Fig. 4. Frequency variation of relative loss factor, tan d/li, for the
sample Mn0 05Ni0 45Zn0 5Fe2O4 sintered at 1200, 1300 and 1400

resistivity of the sample, which is due to the absence
of appreciable number of Fe2 + ions. There is very
little variation in the value of ar with frequency. This
is in contrast to the pronounced dispersion usually
observed up to about 1 kHz in ferrites with high
dielectric constant [15-17] which is due to the fre-
quency sensitive interfacial polarization.

The plot of dielectric loss tangent tan da with
frequency is shown in Fig. 3. Very low values of
tan da, of the order of 10 ~ 3 in the MHz range, which
are about three orders of magnitude lower than those
observed in other ferrites [15-17], are obtained. The
values of tan da decrease rapidly with frequency up to
100 kHz and then decrease slowly at higher frequen-
cies. Dielectric loss arises if the polarization lags
behind the applied alternating field and is caused by
the presence of impurities and structural inhomoge-
neities. The low dielectric loss obtained in the present
work is therefore attributed to more structurally per-
fect and homogenous ferrites processed by the citrate
precursor method. The decrease in dielectric loss
tangent with increase in frequency is in accordance
with the Koops [15] phenomenological model.

The variation of relative loss factor, rlf, which is the
ratio of the magnetic loss tangent to the initial perme-
ability, with frequency is shown in Fig. 4. High
permeability and low magnetic loss, i.e., low rlf, are
required for high frequency magnetic applications. It is
observed that rlf decreases with frequency up to about 2

MHz and shows a rapid increase at higher frequencies
up to 13 MHz, the upper frequency limit up to which
measurements are made in the present work. The
increase is an indication of the presence of resonance
at higher frequencies. The values of rlf observed in the
present work are in the range of 10 ~ 4 -10 ~ 3, which
are about one order of magnitude lower than those
reported by others [ 18]. In ferrites, two resonance peaks
are normally observed, one due to the domain wall
oscillations at lower frequencies [19,20] and the other
due to Larmour precession of electron-spins at higher
frequencies [20]. From the shape of the curves in Fig. 4,
it is concluded that the resonance frequency of domain
wall oscillations is slightly higher than 13 MHz. The
threshold frequency, frequency at which the relative
loss factor is minimum, is observed to shift towards
lower frequencies with increase in sintering temper-
ature. Since the resonance frequency of domain wall
oscillation is inversely proportional to the grain size
[21], the threshold frequency is expected to shift
towards lower frequencies at higher sintering temper-
atures. The initial permeability and loss tangent depend
on porosity, grain size, magneto-crystalline anisotropy
and Fe2 + concentration. Increase in rlf with increase in
sintering temperature is due to the combined effects of
all these factors.

The B-H hysteresis curves are taken for samples
sintered at different temperatures. The values of
hysteresis parameters are shown in Table 1. The
(Bm — Br)/Hm ratio, where Hm and Bm are the values
of the applied field intensity and the magnetic flux
density corresponding to magnetic saturation and Br is
remanence, is observed to increase with increase in
sintering temperature. From the values of (Bm — Br)/
Hm ratio as given in the Table 1, it follows that sample
sintered at 1200 jC has better potential for applica-
tions in memory devices. Coercivity is also observed
to decrease with increase in sintering temperature. It is

Table 1
Hysteresis parameters of Mn0.05Ni0.45Zn0.5Fe2O4, sintered at 1200,
1300 and 1400 jC

Sintering Br Bm Hc (Bm-B,)IHm

temperature (Gauss) (Gauss) (Oe) (Gauss/Oe)

1200
1300
1400

1208
1894
796

1978
3502
2216

1.52
1.12
0.48

45.79
67.73
78.63
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known [6,22] that the grain size and the porosity
increase and decrease, respectively, with increase in
the sintering temperature. Bigger grains tend to con-
sist of more number of domain walls. The phase lag
between domain rotation and applied field is greater
than that between applied field and domain wall
displacement. Therefore, the magnetization/demag-
netization due to domain rotation requires more
energy than that due to domain wall displacement.
The decrease in coercivity with increase in sintering
temperature is therefore expected.

In conclusions, the resistivity of Mn-Ni-Zn ferrites
prepared by the citrate precursor method is three orders
of magnitude greater than those for ferrites prepared by
the conventional ceramic method. The magnetic rela-
tive loss factor is at least one order of magnitude lower
than those reported for conventionally prepared fer-
rites. The values of ar and tan da are also significantly
lower as compared to those reported for other ferrites.
The B-H hysteresis loop of sample sintered at 1200 jC
is more rectangular as compared to those of the samples
sintered at higher sintering temperatures.
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