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a b s t r a c t

A series of Zn1–xNixFe2O4 nano ferrite (with x¼0, 0.2, 0.4, 0.6, 0.8, and 1) compositions were synthesized
using the combustion technique. The powder samples were characterized by XRD. The X-ray analysis
showed that the samples were single phase spinel cubic structure. The AC resistivity decreases by in-
creasing the frequency from 1 kHz to 10 kHz. As the frequency of the applied field increases the hopping
of charge carrier also increase, thereby decreasing the resistivity. A shift in dielectric maximum is ob-
served toward higher temperature with increasing the Ni content from 536 K to 560 K at 1 kHz. The
HRTEM (high resolution TEM) images of four compositions have lattice spacing which confirms the
crystalline nature of the samples. The surface morphology SEM of the sample consists of some grains
with relatively homogenies distribution with an average size varying from 0.85 to 0.92 μm. The values for
entropy change in this work are still small but are significally higher than the values that have been
reported for iron oxide nanoparticle. The magnetic entropy change was calculated frommeasurements of
M (H, T) where H is the magnetic field and T is the temperature. The maximum value of entropy change
(ΔS) obtained near Curie temperature which makes these material candidates for magnetocaloric ap-
plications.

& 2015 Elsevier B.V. All rights reserved.

1. Introduction

The magnetocaloric effect (MCE) is definned as the heating or
cooling (i.e., the temperature change) of a magnetic material due
to the application of a magnetic field. This effect has been called
adiabatic demagnetization for years, though this fenomenon is one
practical application of the MCE in magnetic materials. For ex-
cellent reviews on the magnetocaloric effect, see references [1,2].
The magnetocaloric effect was discovered in 1881, when Warburg
observed it in iron [3]. The origin of the MCE was explained in-
dependently by Debye [4] and Giauque [5]. They also suggested
the first practical use of the MCE: the adiabatic demagnetization,
used to reach temperatures lower than that of liquid helium,
which had been the lowest achievable experimental temperature.
Nowadays, there is a great deal of interest in using the MCE as an
alternative technology for refrigeration, from room temperature to

the temperatures of hydrogen and helium liquefaction (300–
4.2 K). The magnetic refrigeration offers the prospect of an energy-
efficient and environtment friendly alternative to the common
vapor-cycle refrigeration technology in use today [6,7].

Magnetic refrigeration is rapidly becoming competitive with
conventional gas compression technology because it offers con-
siderable operating cost savings, mechanical stability, light weight
and better performance [8]. For many years magnetocaloric effect
(MCE) has been successfully used to reach ultra-low temperatures
in a research environment. Gd5Si1.5Ge2.5 is the best known ex-
ample of a material that exhibits giant MCE [9]. Additionally, most
of the current bulk MCE materials rely on the entropy change
associated with the paramagnetic–ferromagnetic transition at the
Curie temperature. The MCE shows a maximum around the Curie
temperature and drops rapidly on either side [10]. It has been
theoretically shown that by reducing the average particle size
close to the single magnetic domain, magnetic entropy change
increases by several orders of magnitude as compared to the en-
tropy change in bulk materials [11]. In addition, the large surface
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area in nanostructured materials has the potential to provide
better heat exchange with the surrounding materials.

The MCE can be measured directly or can be calculated via
different methods using the field dependent specific heat values
[12]. Also, the MCE can be calculated from magnetization (M)
measurements, through a thermodynamic Maxwell equation,
which can be derived from the first law of thermodynamics [13]
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In this paper, we have presented our results on the entropy
change in Ni and zinc ferrite nanoparticles. The present work is
mainly focused on the morphological and electrical properties of
ferrite. The effect of Ni on MCE and resistivity is analyzed. The aim
of the present work is to study the electrical and magnetic prop-
erties of Zn1�xNix Fe2O4 nanoparticles prepared by solution com-
bustion method, and to indicate its ability as magnetocaloric
material.

2. Materials and methods

Nanoparticles of cobalt ferrite were prepared by solution
combustion method. Analytical grade nickel nitrate (Ni
(NO3)2 �6H2O), zinc nitrate (Zn(NO3)2 �6H2O) and ferric nitrate (Fe
(NO3)3 �9H2O) was taken as oxidants while glycine (CH2NH2COOH)
(98%) was employed as fuel to drive the combustion reaction.
According to propellant chemistry, the total oxidizing valences the
metal nitrates should be balanced by total reducing valences of
fuel in order to release maximum energy. A stoichiometric mixture
of fuel and oxidant is one in which the quantity of oxidant present
is theoretically correct for complete oxidation. The combustion
reactions can be represented as follows:

M(NO3)2þ2Fe (NO3)3þz NH5C2O2 (aq)-MFe2O4 (s)þz CO2(g)þ
(5þz)N2(g)þ(9þ2 z) H2O(g)

Where, M¼Zn and/or Ni and z¼4.555, is the multiplication
factor in order to get fuel lean (ϕ¼1). In case ϕ¼1 represents the
stoichiometric condition at which oxygen content of oxidizer can
be reacted to consume fuel entirely [14].

In typical procedure, the stoichiometric amounts of cobalt ni-
trate, ferric nitrate and glycine (1:2:4.555 M ratios) were taken in a
glass beaker. A minimum amount of distilled water was added
with stirring to completely dissolve all constituents. The beaker
was then kept on furnace preheated to 400 °C. The whole com-
bustion reaction process was complete in less than 5 min whereas
actual time of ignition was less than 5 s. the remaining fluffy
product was collected from the beaker. This synthesis route needs
no subsequent heat step.

X-ray diffraction patterns (XRD) were obtained using Bruker
diffractometer D8-advance with Cu-Kα radiation. Determination of
the lattice constants were made by least squares refinement of the
X-ray diffraction data. Indexing of the powder patterns and least
squares fitting of the unit cell parameters was possible using the
software X'Pert HighScore Plus [15]. The powders morphology was
investigated using SEM (JOEL, Model: JSM-5600, Japan.) equipped
with secondary electron detector and EDX. All samples were
coated with gold. The high resolution transmission electron mi-
croscope was performed using Jeol -2100 HRTM in NRC. RLC
Bridge of type BM 591 was used for the measurement the di-
electric constant (έ), dielectric loss (tanδ), AC resistivity and
magnetic permeability (μi) for all toroidal samples at 1 kHz and
different temperature. The temperature of the sample was mea-
sured by Ni Cr–Ni thermocouple. The measurements were carried
from room temperature up to 825 K. The magnetization as a

function of temperature and magnetic field has been measured in
the previous work using Faraday method [16]. The entropy chan-
ges were calculated from magnetization crves using Maxwell's
equation.

3. Result and discussions

3.1. structral analysis

The x-ray diffraction patterns for the nano ferrite Zn1�xNixFe2O4

synthesized by solution combustion technique are shown in Fig. 1.
The existence of (111) (220) (311) (222) (400) (422) (511) and (440)
major lattice planes in the XRD patterns confirms the formation of a
single phase spinel cubic structure of space group Fd-3 m for all
Ni1–x ZnxFe2O4 samples with x values up to 1.0. The strongest re-
flection comes from (311) which characterize the spinel structure. A
shift occurs of (311) XRD peak to higher angle (2θ) with the increase
of Ni content because the sample with higher Ni content has a
smaller lattice parameter. These shifts are larger for Ni nano crystal
ferrite compared to the same compositions in bulk state.

This means that the present combustion synthesis resulted in
complete conversion of reactants to yield ferrite as a single phase
without any calcination processes. The cell parameters were ob-
tained from the fitting of x-ray diffraction patterns carried out
applying the XPert HighScore Plus program, are given in Fig. 2.
Results showed that increasing the Ni content (x) decreases cell
parameter. The small changes in the lattice parameters are due to
the incorporation of the slightly small Ni ion in place of the Zn ion.
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Fig. 1. XRD patterns of the system Zn1�xNixFe2O4, x¼0.0, 0.2, 0.4, 0.6, 0.8 and 1.0.
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