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Abstract—The structural and microwave properties of (y) Ni1−x Cdx
Fe2 O4 and (1 − y) Ba0.8 Sr0.2 TiO3 (x = 0.2, 0.4, 0.6 and y = 0.15, 0.30
and 0.45) composites synthesized by self propagating auto combustion
route was studied. X-ray diffraction patterns reveal this method
can produce two phases simultaneously. The porosity increases with
increase in ferrite content in the composite. The SEM morphologies
show the growth of cadmium substituted nickel ferrite grains which
are well dispersed in barium strontium titanate (BST) matrix. The
composite material shows microwave absorption of about 0.575 in
a broad band from 8–12 GHz. The permittivity varied from 7 to
around 43 with increase in ferrite content. The microwave conductivity
measurements reveal the loss of polaron conduction which supports the
dielectric loss in the microwave region.
1. INTRODUCTION
Materials which can absorb microwaves can eliminate electromagnetic
wave pollution. Wide spread applications of electromagnetic absorbers,
have inspired engineers to explore about optimal design with available
algorithms. Ideally a thin, light weight and wideband absorber is an
optimum one [1]. Many types of the magnetic microwave devices
have been devised with dielectric and magnetic substrates [2]. The
presences of magnetic material in the propagating structure results
in energy losses due to eddy currents which significantly dampen
the electromagnetic waves, thus, the composite with high value of
saturation magnetization of ferromagnetic material with extremely low
electrical conductivity are used to for microwave tunable devices. One
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can fabricate the phase shifter with frequency agile materials whose
electromagnetic parameters can be changed by applying magnetic field
composite [3].
The efforts so far on such composites have primarily focused on
low frequency (10 Hz–1 kHz) phenomena [4–6]. An adaptive controlled
system which can enhance the performances of a wireless system also
requires the tunable devices and circuits such as tunable phase shifters
and tunable filters [7, 8]. The magnetic tuning could be achieved
over a very wide frequency range, but is relatively slow, noisy, and
requires high power for operation. Therefore the devices but with
some unique advantages could be realized by replacing the ferrite with a
ferrite-ferroelectric composite [9] for the enhanced output in microwave
tunable filters. Many techniques have been developed to measure
the permittivity [10–12]. The complex permittivity is an important
factor which can be altered to achieve maximum absorption of the
electromagnetic waves.
Most of the known single phase bulk magnetoelectric (ME)
materials do not exhibit strong ME coupling, have Néel or Curie
temperatures far below room temperature, and also difficult to grow in
thin film form [13]. The extrinsic ME response in the composites is due
to the composite effect of the two phases, implying that a property like
magnetoelectric effect can be induced in two different phases. Zheng
et al. [14] have successfully demonstrated growth of self-assembled
nanopillars of magnetostrictive material (CoFe2 O4 ) in a piezoelectric
BaTiO3 matrix by Pulsed Laser Deposition (PLD). Hence, looking
into the inexpensive methods of preparation the composite using
self propagating auto combustion route was synthesized. The auto
combustion process is different from pyrolysis techniques since once
ignited it does not require external heating.
In the present paper, the studies on morphological and microwave
properties of (y) Ni1−x Cdx Fe2 O4 + (1 − y) Ba0.8 Sr0.2 TiO3 (x = 0.2,
0.4, 0.6 and y = 0.15 0.30 and 0.45) composites prepared through
the self propagating auto combustion route is reported. To the
authors knowledge there are no reports on the composites of ferriteferroelectric containing cadmium as a non-magnetic material using this
method. The cadmium has high value of dielectric constant, low eddy
current losses, high electrical resistivity and high value of saturation
magnetization which may useful for microwave tunable devices.
2. EXPERIMENTAL PROCEDURE
The high purity AR grade Ni (NO3 )2 6H2 O, Cd (NO3 )2 4H2 O, Fe
(NO3 ) 9H2 O were used to prepare Ni1−x Cdx Fe2 O4 (x = 0.2, 0.4, 0.6).
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The raw material is heated to evolve NO2 , CO2 and H2 O at 80◦ C. The
10% PVA (polyvinyl alcohol) and sucrose were added to the nitrates
solution. The sucrose acts as a fuel for the combustion purpose and
that of PVA is to form polymer regions with the metal ions trapped in
it. The dried and fluffy gel gets burnt in self-propagating combustion
manner at about 200◦ C. The prepared ash was calcined at 600◦ C for
6 hours. The same procedure was followed to make Ba0.8 Sr0.2 TiO3
by using Ba (NO3 )2 , Sr (NO3 )2 and Ti (NO3 )2 as a precursor. The
prepared ash was calcined at 900◦ C for 10 hours. The mixture of (y)
Ni1−x Cdx Fe2 O4 + (1 − y) Ba0.8 Sr0.2 TiO3 (x = 0.2, 0.4, 0.6, y = 15%
(0.15), 30% (0.30) and 45% (0.45)) were uniaxially pressed into pellets
and annealed at 950◦ C for 9 hours.
The crystalline phase of the samples was determined by XRD
(Model-PW-3710) with Cu-kα radiation.
The microstructures
were characterized by SEM (Model-JEOL JSM 6360). Microwave
absorption was studied in the X-band (8–12 GHz) using the waveguide
reflectometer set-up [15]. The permittivity at microwave frequency
was measured by using Voltage Standing Wave Ratio (VSWR) slotted
section method. By measuring the displacements of maxima and
minima, the permittivity of the composite has been determined. The
real and imaginary parts of the permittivity were calculated by using
Smith chart [16].
3. RESULTS AND DISCUSSIONS
Figure 1 shows the coexistence with good compatibility with each other
of (y) Ni1−x Cdx Fe2 O4 and (1 − y) Ba0.8 Sr0.2 TiO3 sample confirmed by
X-ray Diffraction pattern. The intensity of ferrite peaks increases with
its percentage in constituent composite phase.
The change in structure was not observed for individual phase in
the composite. The XRD pattern for other composition of ferrite in
the composite has already been reported in our previous paper [17].
The (110) and (311) peak shows presence of both pervoskite and cubic
phase. The x-ray diffraction pattern reveals that the intensity as
well as number of the ferrite peaks decreases on increasing the ferrite
content [18].
Knowing the values for x-ray density and actual density, the
percent porosity of the composites can be calculated
dX − da
× 100
Porosity(%) =
dX
where, dX = X-ray density and da = Actual density of composite.
The x-ray density and the percent porosity variation as a function
of Cd content for all the series are shown in Figs. 2(a) and (b)
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Figure 1.
XRD pattern for (y) Ni0.8 Cd0.2 Fe2 O4 + (1 − y)
Ba0.8 Sr0.2 TiO3 composite, ∗ Ba0.8 Sr0.2 TiO3 phase, • Ni0.8 Cd0.2 Fe2 O4
phase.

(a)

(b)

Figure 2. Variation of (a) x-ray density and (b) porosity with Cd
content.
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Figure 3. SEM micrographs pattern for (y) Ni0.8 Cd0.2 Fe2 O4 + (1 − y)
Ba0.8 Sr0.2 TiO3 composite.
respectively. As the Cd content increases the x-ray density and porosity
increases. Also it is seen that as the density of ferrite phase increases in
the composite the density and porosity increases. The porosity for the
entire sample lies in the range of 17% to 25%. The maximum porosity
for (0.45) Ni0.4 Cd0.6 Fe2 O4 ferrite + (0.55) Ba0.8 Sr0.2 TiO3 composite
of 24.16% was observed among all the studied samples. The increase
in porosity may responsible to lower the conductivity of the materials
in the microwave region.
Figure 3 shows the SEM micrographs for (y) Ni1−x Cdx Fe2 O4 and
(1 − y) Ba0.8 Sr0.2 TiO3 (x = 0.2 and y = 0.15 0.30 and 0.45) samples.
It reveals the agglomeration of ferrite grains with ferroelectric grains
with average size about 200 nm. This may be due to interaction of
small sized ferroelectric grains with ferrite grain.

60

Shelar, Jadhav, and Puri

Table 1. Variation of grain size of the constituent phase and their
composites.
Composition (y)

Average grain size (µm)

(y) Ni0.8 Cd0.2 Fe2 O4 + (1 − y) Ba0.8 Sr0.2 TiO3
0.15

1.25

0.30

0.46

0.45

0.30

(y) Ni0.6 Cd0.4 Fe2 O4 + (1 − y) Ba0.8 Sr0.2 TiO3
0.15

1.05

0.30

0.90

0.45

0.10

(y) Ni0.4 Cd0.6 Fe2 O4 + (1 − y) Ba0.8 Sr0.2 TiO3
0.15

0.50

0.30

0.32

0.45

0.17

Figure 4. Microwave absorption of (y) Ni1−x Cdx Fe2 O4 and (1 − y)
Ba0.8 Sr0.2 TiO3 (x = 0.2, 0.4, 0.6 and y = 0.15 0.30 and 0.45).
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The average grain size of composites goes on decreasing with
increase in ferrite content. Larger grain size of ferroelectric phase as
compared to ferrite phase can effectively reduce the leakage of electric
charges induced by the chain formation of ferrite phase particles.
Table 1 gives the dependence of grain size of the constituent phase
and their composites.
Figure 4 shows the microwave absorption of (y) Ni1−x Cdx Fe2 O4
and (1 − y) Ba0.8 Sr0.2 TiO3 (x = 0.2, 0.4 and 0.6, y = 0.15 0.30
and 0.45). The increase in cadmium in ferrite phase increases the
absorption of microwaves. At x = 0.6 the absorption increases up to
0.59 at frequency 8.5 GHz. The presence of cadmium in ferrite increases
the grain boundaries which would be responsible for the increase in the
absorption.
Figures 5(a) and 5(b) shows the graphs of real (ε0 ) and imaginary
00
(ε ) parts of the permittivity of (y) Ni1−x Cd0x Fe2 O4 + (1-y)
Ba0.8 Sr0.2 TiO3 (x = 0.2, 0.4 and 0.6, y = 0.15 0.30 and 0.45). The

(a)

(b)

Figure 5. (a) Real part (ε0 ) and (b) Imaginary part (ε00 ) of
permittivity for (y) Ni1−x Cdx Fe2 O4 + (1 − y) Ba0.8 Sr0.2 TiO3 (x = 0.2,
0.4, 0.6 and y = 0.15 0.30 and 0.45).
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real and imaginary parts of dielectric constant were calculated using
the Clapham equation [19].
Ã
√ !
µ
¶
∆φ × λ0 2
∆Aλ0 ε0
00
0
and ε =
ε = 1+
360 × d
8.686πd
where, ∆φ = Phase angle in degree, λ0 = Guided wavelength, d =
Thickness of film
∆A = Difference in attenuation in dB
A sharp decreases in dielectric constant is observed between 8.5
and 9.5 GHz, beyond which the decrease is very small. The value for
ε0 for (y) Ni1−x Cdx Fe2 O4 + (1 − y) Ba0.8 Sr0.2 TiO3 (x = 0.2, 0.4, 0.6
and y = 0.15 0.30 and 0.45) varies from 7 to 43. The maximum value
of ε0 observed for (0.45) Ni0.4 Cd0.6 Fe2 O4 + (0.55) Ba0.8 Sr0.2 TiO3 was
about 42.59. High value of permittivity at lower frequency is observed
due to maximum accumulated charge carriers at the interface [20].

Figure 6. Microwave conductivity for (y) Ni1−x Cdx Fe2 O4 + (1 − y)
Ba0.8 Sr0.2 TiO3 .
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The imaginary part of permittivity which has a similar nature
as that of real part with frequency and becomes almost constant
beyond 11 GHz. The increased content of ferrite increases the dielectric
relaxation at lower frequencies around 0.80.
Figure 6 shows the microwave conductivity for (y) Ni1−x Cdx Fe2 O4
+ (1 − y) Ba0.8 Sr0.2 TiO3 (x = 0.2, 0.4, 0.6 and y = 0.15 0.30 and
0.45). The increase in content of ferrite in composite increases the
interaction of electrons with lattice ions through long range forces.
Lower value of conductivity of ∼ 0.25 S/cm is observed for (0.45)
Ni0.4 Cd0.6 Fe2 O4 + (0.55) Ba0.8 Sr0.2 TiO3 composition.
The resulting interaction produces lattice polarization acts as
a potential well. This hinders the movement of an electron and
hence decreases the mobility of the material. This indicates the
loss of polaron type of conduction which supports the dielectric loss
in microwave region. This lower value of conductivity is suitable
composition for the microwave tunable devices [21].
4. CONCLUSION
A series of (y) Ni1−x Cdx Fe2 O4 and (1 − y) Ba0.8 Sr0.2 TiO3 (x = 0.2,
0.4, 0.6 and y = 0.15, 0.30, 0.45) composites were prepared by self
propagating auto combustion route and characterized using X-ray
diffraction and SEM technique. The increase in porosity of ferrite
lowers the microwave conductivity of the composite. The increased
content of cadmium in ferrite phase permits the higher absorption of
microwaves. The higher dielectric constant observed in turn decreases
with increase in ferrite content. Lowering the dielectric loss value
supports the microwave tunable devices operation. The decrease
in microwave conductivity from 0.37 to 0.24 S/cm shows the loss of
polaron type of conduction in microwave region.
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