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Abstract

NiJV[n0 4_JCZn0 6Fe2O4, with x = 0.1-0.4, are synthesized by the citrate precursor method and their DC resistivity,
dielectric relaxation intensity, relative loss factor, Curie temperature, saturation magnetization and the B-H loop
parameters have been studied. Resistivity and dielectric relaxation intensity are observed to increase and decrease,
respectively, with increase in nickel content. The relative loss factor is observed to be in the range of 10~2-10~4.
Saturation magnetization increases up to x = 0.3 and then decreases. Curie temperature is observed to increase
continuously from 370° C to 490° C with increase in nickel content. Almost rectangular B-H curves and reasonably low
coercivity are observed.

PACS: 75.50.Gg; 81.20.Ev; 75.30.Kz
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1. Introduction low permeability at high frequencies. Although
Ni-Zn and Mn-Zn ferrites have been investigated

Mn-Zn ferrites are widely used for magnetic extensively, the literature on the combination of
applications due to their high permeability and these two is scarce [1]. Many efforts have been
high magnetization. However, their resistivity made to develop low loss materials operating at
being low, the eddy current losses at high high frequencies. Attempts towards improving the
frequency are very high. Ni-Zn ferrites on the technological performance of ferrites have there-
other hand posses high resistivity but relatively fore led to the development of various new

compositions curve and non-conventional proces-
sing techniques. In the present work,
NixMno.4_xZno.6Fe204, with x = 0.1-0.4, are
synthesized by the citrate precursor method and
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their DC resistivity, dielectric relaxation intensity,
complex initial permeability, Curie temperature,
saturation magnetization and the B-H loop
parameters have been studied.

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

3. Results and discussion

2. Experimental

The polycrystalline NixMno.4_xZno.6Fe204

(x = 0.1-0.4) were synthesized by the non-conven-
tional citrate precursor method [2]. The ferrite
powders were calcined at 500°C. X-ray diffraction
of all samples taken on a Rigaku Geiger Flex 3 kW
X-ray diffractometer confirmed the single-phase
structure of ferrites. Calcined powders were
pressed into pellets (diameter 13 mm and thickness
1.25 mm) and toroids (thickness 2.3 mm, inner
diameter 7.8 mm and outer diameter 15 mm) by
applying pressures of 10 and 5 tons, respectively. It
has been reported by authors [2,3] in an earlier
work that samples sintered at 1200°C showed
better compositional stoichiometry and homoge-
neity. Therefore, in the present work, all samples
were sintered in air for 1 h at 1200°C. The heating
rate was kept at 2.5°C/min. Samples were cooled
slowly after the sintering. The X-ray diffraction
patterns of sintered samples show all the expected
intense lines of spinel structure, and no lines that
do not belong to spinel structure are seen. DC
resistivity was measured by the two-probe method
using Keithley electrometer (model 610). The
dielectric constant, A0, was calculated from the
capacitance measured on a HP 4192A Hewlett-
Packard impedance analyzer. Inductance of tor-
oids wound with 56 turns of 30 SWG enameled
copper wire and the corresponding loss factor
tandmi, were measured with a 4192A Hewlett-
Packard impedance analyzer. Permeability m, was
calculated using the formula m = L/L0, where L is
the measured inductance and L0 is the air core
inductance calculated using the dimensions of the
coil. The Curie temperature was measured by the
arrangement described by Soohoo [4]. Saturation
magnetization was measured by a vibration
sample magnetometer of EG&G Princeton Ap-
plied Research (model 155). B-H loops were
obtained using a computer controlled hysteresis

The observed values of DC resistivity r of
different samples are listed in Table 1. Resistivity
is observed to increase with increase in nickel
content. The observed values, which are in the
range 105-107O-cm, are about one order of
magnitude higher than those reported in literature
for Ni-Zn ferrites prepared by the conventional
ceramic method [5]. An increase in resistivity is
observed with increase in nickel content. It is
known [6] that zinc and nickel ions occupy
tetrahedral (A-sites) and octahedral (B-sites) posi-
tions, respectively, while iron and manganese ions
occupy both A and B-sites; however, probability
of finding iron and manganese ions at B and
A-sites, respectively, is more. Both Mn and Fe ions
exist in 2+ as well as in 3+ states. To maintain
the electric charge balance, a decrease in Fe2+ and
Mn3+ concentration is expected with increase in
nickel content [2]. The number of electrons
hopping between Fe + and Fe + therefore de-
crease resulting in increase in resistivity. The
average grain size was measured from the observed
photomicrograph by the linear-intercept method
[7]. Typical photomicrograph corresponding to
x = 0.1 is shown in Fig. 1. Increase in grain size is
observed with increase in nickel content, Table 1.
It is known [8] that resistivity decreases with
increase in grain size. The observed resistivity
variation vs. x shows that the effect of cation
distribution is dominant over that of the grain size.

Table 1
Values of average grain size, resistivity and dielectric relaxation
intensity of NixMn0 4_^Zn0 6Fe2O4

Composition
(x)

0.1
0.2
0.3
0.4

Average grain
size (mm)

1.5
1.7
2.1
2.5

DC resistivity
(O-cm)

1.4 x 105

5.8 x 105

3.0 x 106

7.3 x 107

DRI

568
350
290
125
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Dielectric relaxation intensity, DRI, which is the
difference between the values of the dielectric
constant at low frequency and at high frequency, is
calculated from the measurements of dielectric con-
stant. The low and high frequencies for this pur-
pose are taken as 100 Hz and 13 MHz, respectively.

Fig. 1. SEM photographs of fractured surfaces of
Ni0. 1 Mn0 3Zn0 6Fe2O4.

The dielectric constant at low frequency is ob-
served to be high (100-600 depending on the x
value) while at high frequency it is almost constant
(B 14). The observed values of dielectric relaxation
intensity for different samples are shown in Table 1.
A decrease in dielectric relaxation intensity is
observed with increase in nickel content. The
observed dielectric relaxation intensity is attribu-
ted to space charge polarization. The space charge
polarization is governed by the number of space
charge carriers and the resistivity of the sample. As
mentioned in the preceding paragraph, with
increase in nickel content the resistivity increases
and the number of charge carriers decreases. The
polarization and hence the dielectric relaxation
intensity is therefore expected to decrease.

The observed frequency variations of relative
loss factor (rlf) which is the ratio of the magnetic
loss tangent to the initial relative permeability, are
shown in Fig. 2. For the magnetic applications at
high frequencies, high permeability and low
magnetic loss, i.e., low rlf values, are required. It
is observed initially that rlf is practically indepen-
dent of frequency up to about 4 MHz and shows
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Fig. 2. Frequency variation of relative loss factor, tan 8^, for the sample NixMn0 4_^Zn0 6Fe2O4.
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Table 2
Values of saturation magnetization, Curie temperature,
(Bm—Br)/Hm and coercivity of NixMn0 4_^Zn0 6Fe2O4

Composition
(x)

0.1
0.2
0.3
0.4

Ms

(emu/gm)

46
51
57
52

Tc

(°C)

370
415
457
490

(Bm-Br)/Hm

(G/Oe)

54
106
132
15

Hc

(Oe)

1.05
0.35
0.54
0.78

an increase at higher frequencies up to 13 MHz,
the upper frequency limit up to which measure-
ments are made in the present work. The increase
is an indication of the presence of resonance at
higher frequencies [9,10]. The values of rlf
observed in the present work are in the range
10~4-10~2, which are about one order of magni-
tude lower than those reported by others [9,11].
Normally two resonance peaks are observed in
ferrites, one at lower frequencies due to domain
wall oscillations [9,11] and the other due to
Larmour precession of electron-spins at higher
frequencies [10]. As is evident from Fig. 2, the
resonance frequency of domain wall oscillations is
higher than 13 MHz.

An initial increase followed by a subsequent
decrease in magnetization Ms is observed with
increase in nickel content, Table 2. For lower
nickel contents (i.e., high manganese contents) the
amount of Fe + ions at A-site being low [3], the
exchange interaction experienced by the iron ions
at B-sites is not sufficient to align all the B-site iron
ions in one direction. This results in spin canting of
the iron ions. Since a small fraction of nickel
introduced in the system goes to B-site, this results
in the transfer of Fe 3 + ions from B to the A-site
[3]. An increase in the magnetization of the
A-sublattice is thus expected. The increasing iron
content at A-site gradually increases the A-B
interaction as experienced by the B-site iron ions
and this reduces the canting of spins of B-site iron
ions. The magnetization of the B sublattice there-
fore increases. At the same time, decreased iron
contents at B-site reduces the magnetization of the
B sublattice. The observed initial increase in
magnetization suggests that the effects of spin

canting are dominant over the combined effects of
increase and decrease of iron ions at A and B sites,
respectively. The reverse holds for samples with
nickel concentration above x = 0.3.

Curie temperature Tc is observed to increase
from 370°C to 490 °C with increase in nickel
contents, Table 2. It is known [6] that nickel and
iron have preference for B-sites, while manganese
has preference for the A-sites. As already men-
tioned earlier, when Mn is replaced by Ni, some of
the iron ions shift from B to A site, resulting in an
increase in the A-B interaction as observed by
B-site iron ions without significantly effecting the
A-B interaction as felt by the A-site iron ions. This
results in increase in the values of Tc.

The B-H hysteresis curves are taken for all
compositions. The observed values of coercivity
Hc and of (Bm—Br)/Hm ratio, where Hm and Bm

are the values of the applied field intensity and the
magnetic flux density, respectively, corresponding
to magnetic saturation and Br is remanence, are
given in Table 2. The (fim—Br)/Hm ratio and
coercivity are reasonably low compared to those
reported for Ni-Zn and Mn-Ni-Zn ferrites [1] and
the near rectangular shape of the B-H curves show
the possibility of using these ferrites for memory
applications.

4. Conclusions

Substitution of Mn by Ni in Mn-Ni-Zn ferrites
increases the resistivity by two orders of magni-
tude. Space charge polarization is the primary
contributing factor to the dielectric relaxation
intensity. The values of relative loss factor are
also significantly lower as compared to those
reported for other ferrites. Spin canting effects
are observed in samples with lower nickel content.
The samples show almost rectangular B-H curves
and reasonably low coercivity.
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