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Microstructure and magnetic properties of Ni-Zn ferrites doped with MnO,
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Abstract: To improve the performance of Ni-Zn ferrites for power field use, the influence of MnO, additive on the properties of
Ni-Zn ferrites was investigated by the conventional powder metallurgy. The results show that MnO, does not form a visible second
phase in the doping mass fraction range of (0—2.0%). The average grain size, sintering density and real permeability gradually
decrease with the increase of the MnO, content. And the DC resistivity continuously increases with the increase of MnO, content.
The saturation magnetization (magnetic moment in unit mass) first increases slightly when mass fraction of MnQO, is less than 0.4%
MnO,, and then gradually decreases with increasing the MnO, mass fraction due to the exchange interaction of the cations. When the
excitation frequency is less than 1 MHz, the power loss (P.,) continuously increases with increasing the MnO, content due to the
decrease of average grain size. However, when the excitation frequency exceeds 1 MHz, eddy current loss gradually becomes the
predominant contribution to P.,. And the sample with a higher resistivity favors a lower P, except for the sample with 2.0% MnO,.
The sample without additive has the best P, when worked at frequencies less than 1 MHz; and the sample with 1.6% MnO, additive
has the best P, when worked at frequencies higher than 1 MHz.
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1 Introduction

Recently, with the downsizing of various electronic
components, the power transformers, inductors, choke
coils and other electromagnetic components are required
to work at higher frequency. Polycrystalline Ni-Zn
ferrites find their utility for power applications at
frequency over 1 MHz because they have many
attractive characteristics for high frequency usage, such
as high electrical resistivity, high cut-off frequency and
chemical stability[1-4]. The electromagnetic properties
of Ni-Zn ferrites have been investigated by many
researchers[5—8], and many additives, such as
V,05/Nb,Os, B,O3 and Co,03, have been introduced into
Ni-Zn  ferrites  to magnetic
properties[9—11]. However, researches on Ni-Zn ferrites
for power field use are less. Important requirements for
this kind of Ni-Zn ferrites are the high saturation
magnetization and low core loss. Saturation
magnetization of the spinel ferrites is mainly determined
by their compositions; however, core loss of the ferrites
is also very sensitive to the microstructure, impurity
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species and levels. In this work, the composition of the
Ni-Zn ferrites was fixed as Niy;Zng3Fe;O,, which
presented a relatively high saturation magnetization and
cut-off frequency, and the effects of MnO, additive on
the microstructure, sintering density and magnetic
properties of the Ni-Zn ferrites were investigated to
improve the performance of Ni-Zn ferrites for power
field use.

2 Experimental

The conventional ceramic processing was used to
prepare the samples. First, the raw materials (Fe,Os, ZnO,
NiO) were weighed in stoichiometric proportions and
wet-mixed for 4 h in a ball mill. After drying, the
mixtures were calcined at 1 000 °C for 2 h in air. Then
the calcined powders were mixed with a prescribed
amount of MnO, ranging from 0.0 to 2.0% (mass
fraction) in step of 0.4% and each wet-milled for 6 h in
planetary mills. Following the addition of polyvinyl
alcohols (PVA), the milled powders were granulated and
pressed into toroidal and disk shapes, which were finally
sintered at 1 230 °C for 3 h in air and left to cool inside
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the electric furnace.

The phases were identified by X-ray diffractometry
using Cu K, radiation. Micrographs were taken on a
scanning electron microscope (SEM). The sintering
density was calculated as the mass/volume ratio. The
saturation magnetization was measured on a vibrating
sample magnetometer (VSM, BHV-525). The DC
resistivity (p) at room temperature was measured by the
bridge method with silver paste contacts. The
permeability spectrum was measured on a RF impedance
analyzer (HP4291B) within the frequency range of 1
MHz-1 GHz. The core loss was measured on a B-H
analyzer (IWATSU, SY—8232) at room temperature.

3 Results and discussion

The XRD patterns of samples without and with
2.0% MnO, are shown in Fig.1. A single phase spinel
structure is observed for the two samples, which means
that MnO, additive does not form a visible second phase
in the tested samples.

Fig.2 shows SEM images of samples with different
MnO, contents. The average grain size gradually
decreases from 4—6 pum for the undoped sample to
approximately 1—1.5 um for the sample doped with 2.0%
MnOQO,. Furthermore, MnQO, is in favor of restraining
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Fig.1 XRD patterns of Ni-Zn ferrites without and with 2.0%
Mn02

Fig.2 SEM images of Ni-Zn ferrites with different MnO, mass fractions: (a) Without MnO,; (b) 0.4% MnO,; (¢) 0.8% MnO,;

(d) 1.2% MnOy; () 1.6% MnO»; (f) 2.0% MnO,
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abnormal grain growth.

Tablel shows the variations in sintering density,
saturation magnetization (1 kA/m=1 emu/g) and DC
resistivity with MnO, content. MnO, prevents grain
growth, which leads to the continuous decrease of
sintering density. The saturation magnetization has first a
slight increase, and then decreases with increasing MnO,
content. Due to the saturation magnetization being the
magnetic moment in unit mass, it is not influenced by
sintering density. And the variation could be explained
on the basis of cation distribution and exchange
interaction between iron and manganese ions at
tetrahedral (A) and octahedral (B) sites. It is known that
Zn*" and Ni*" ions occupy A and B sites, respectively.
Although iron and manganese ions exist at both A and B
sites, they have preference for the B and A sites.
respectively[12]. When manganese ions are introduced
into the ferrite samples, they prefer to occupy A sites,
which leads to some iron ions migrating from A to B
sites and increases magnetic moment of B sublattice.
Furthermore, although the magnetic moment of Mn*" is
the same as that of Fe** (5 uB), the exchange interaction
between manganese and iron ions is small. And there
will be canting of spins of Fe’" and Mn?®" ions at the A
sites, which leads to decreasing the magnetic moment of
A sublattice[12]. So, the molecular magnetic moment of
the ferrite, which equals the balance of the B and A
sublattices’ magnetic moment, increases with the MnO,
content first. However, when the mass fraction of MnO,
exceeds 0.4%, the saturation magnetization exhibits a
slight decrease. This may be attributed to the fact that
some Mn®" ions appear in the ferrites and weaken the
magnetic moment of B sublattice. Furthermore,
microstructure also has a slight influence on saturation
magnetization. A smaller average grain size favors a
lower saturation magnetization. MnO, additive leads to
the decrease of average grain size and favors the
decrease of saturation magnetization. The DC resistivity
continuously increases with increasing MnO, content. It
is known that the dominant conduction mechanism in
spinel ferrites is an electron exchange between Fe*" and
Fe’* ions on octahedral sites. The occurrence of Mn*"
ions during the slow cooling can decrease Fe®'
concentration by following reaction[13]:

Fe* +Mn*" — Fe** + Mn?*

and the n-type conduction generated by ferrous ions
diminishes. Also, the p-type conduction will be
eliminated by Mn*" ions that have a smaller ionization
energy (342 eV) than Ni** (36.1 eV) oxidized by
following reaction[13—14]:

Ni** +Mn?* — Ni?* + Mn**

Furthermore, the decrease of sintering density and
average grain size also favor the increase of resistivity.

As a result, the DC resistivity gradually increases with
the increase of MnO, content.

Fig.3 shows the permeability values of samples.
Permeability gradually decreases with increasing MnO,
content. This fact is attributed mainly to the decrease of
average grain size and sintering density. Fig.4 shows the
dependence of frequency on power loss for the samples
under the induction flux density of 5 mT.

Table 1 Sintering density, saturation magnetization and DC
resistivity of samples

Sintering Saturation DC

Sample density/ magnetization/ resistivity/
(grem ™) (kA'm ™ (Qcm™)

Without MnO, ~ 5.142-5.154 71.5 8.44x10°
0.4% MnO,  5.116-5.128 723 1.81x10°
0.8% MnO,  5.045-5.057 71.6 7.72x10°
12%MnO,  4.966-4.978 70.5 1.95%10’
1.6% MnO,  4.908-4.920 69.7 5.21x10’
2.0%MnO,  4.824-4.836 68.7 8.86x10’
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Fig.3 Permeability values of samples with different MnO, mass
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Fig.4 Dependence of frequency on power low (P.) under
induction flux density of 5 mT
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When the excitation frequency is less than 1 MHz,
the sample with a less MnO, content and bigger average
grain size obtains a lower P.. However, when the
excitation frequency is higher than 1 MHz, the sample
with a higher MnO, content and smaller average grain
size obtains a lower P.,, except for the sample with the
maximum MnQO, content. It is known that the P, of
ferrite materials can be divided into hysteresis loss (Py),
eddy current loss (P.) and residual loss (P,). Since Ni-Zn
ferrites have a relatively high resistivity, the predominant
factor in P, is P, when the ferrites are worked at
relatively low frequencies[15]. With increasing MnO,
content, average grain size gradually decreases and
porosity gradually Both of the grain
boundaries and pores make against domain wall motion
and lead to the increase of P,. So, the sample without
MnO,, which has the biggest average grain size and the
lowest porosity, obtains the lowest P.,. With a further
increase in frequency, the contribution of P. in Py,

increases.

gradually increases and becomes the predominant factor
when the excitation frequency exceeds 1 MHz. The
sample with a higher resistivity favors lower P, and P.,.
This fact becomes more obvious at the highest frequency.
However, the sample with 2.0% MnO, presents a
different variation at high frequency. Although it has the
highest resistivity, it also obtains a higher P, than the
sample with 1.6% MnO,. This abnormal phenomenon is
probably attributed to the fact that the sample has the
least average grain size and the lowest sintering density,
which makes against domain wall motion and rotation
magnetization; furthermore, the negative influence of
increasing P, is more prominent than the positive
influence of decreasing P.. As a result, the sample with
1.6% MnO, has the best P., when worked at frequencies
higher than 1 MHz.

4 Conclusions

1) The microstructure, sintering density, DC
resistivity, permeability and power loss characteristics of
the Ni-Zn ferrites are largely affected by doping MnO,
under the specified preparation conditions. The average
grain size, sintering density and permeability of the
ferrite samples gradually decrease with the increase of
MnO, content. And the DC resistivity continuously
increases with increase of MnO, content.

2) The saturation magnetization first increases
slightly, and then continuously decreases with increasing
MnO, content. P, increases with the increase of MnO,
content when the excitation frequency is less than 1 MHz.
But it decreases with the increase of MnO, content when
the frequency is higher than 1 MHz, except for the

sample with 2.0% MnO,. These are attributed to the fact
that the predominant contribution to P, is changed from
Py, to P, with increasing frequency. And the partitioning
frequency is about | MHz.
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MnO, $5Z% Ni-Zn $k S K BYRI0 25 # A g 1% B
A M, RIRK, BRA, HEZ
YRR RS A s R E A%, Al 610054

8 . T OGE Ni-Zn BREEMRHY DI 2 8RR RFIE, T WA S N R 45 A 9T MnO, #5220 Ni-Zn B8 LR G
PERERISEMT . BHFFURIL, 78 0~2.0%(5T & 7 E0 B G H N, MnO, A3 58 M BRI FAARSE M) 1] Ni-Zn 25K
B SRR RT L Bl B DA S s 3 28 R B MnO, 5 A% it R385 ITage i = I, [RIIs, 2RAUAR IR W BEL 28 R 28 1T
LT A B SE (AT BB AE (R A ) SE B 0.4% MO, M8 A BEE L TFF, 115 BEE MnO, 5% & B InFe4: N %,
XFTRRZ AR ST A AT AR T A e . S IRATRAR T | MHz B, BRI DIFE(Pe) B MnO,
BAE M INFRSE ETE, A 1 MHz 5, BT S BURE  y E R A,  HBE R R R
AR TR IIHE, (HIX— T T 2.0% MnO, BRI RMAEH . ST S, U8R T 1 MHz I, A&
2% MnO, ) Ni-Zn BREFE S BEREIRIB AR TRE; 1 480288 1| MHz Ji5, $52% 1.6% MnO, 1) Ni-Zn S5 14 fe
PAFBARII TIFE -
FKHEIE: Ni-Zn P58 MnO,: 7% WitkRE
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