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Abstract The powder of Ni0.40Zn0.60Fe2O4 nanoparticles
is synthesized using a microwave-assisted combustion
method. X-ray diffraction and IR spectrum analysis show
that the sample has a single-phase spinel structure. Debye–
Scherrer formula reveals a crystallize size of 49 nm ±5 %,
whereas transmission electron microscopy (TEM) results
show particle sizes in the range of 10 to 60 nm. Superpara-
magnetic nature of the sample was confirmed from a close
hysteresis loop. The Curie temperature (TC) was found to be
422 ◦C and 30 K as a blocking temperature.

Keywords Ni–Zn ferrites · XRD · TEM ·
Superparamagnetism · Blocking temperature

1 Introduction

Ferrite materials are commercially important due to their
uses in electrical devices operating at high frequency [1].
Superparamagnetism property of nanoparticle ferrites can
be exploited in the area of inter-body drug delivery [2],
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bioseparation, and magnetic refrigeration [3]. In particu-
lar, the research on magnetic properties of nanocrystals of
nickel–zinc (Ni–Zn) ferrite has been extensively carried out
its use in high-frequency applications such as rod anten-
nas and cores of inductors and transformers [4, 5]. The
properties of ferrites are sensitive to a method of prepa-
ration, compositions, particle sizes, and size distribution
[6]. In the present work, superparamagnetic nanoparticles
of Ni0.40Zn0.60Fe2O4 were synthesized using a microwave-
assisted combustion method and properties such as parti-
cle sizes, saturation magnetization, Curie temperature, and
blocking temperature are reported.

2 Experimental

Nanoparticles of Ni0.40Zn0.60Fe2O4 were synthesized using
a microwave-assisted combustion method as reported in our
previous paper [7]. The X-ray powder diffraction pattern
was recorded on a Rigaku X-ray diffractometer using CuKα

radiation and scanning angle from 20◦ to 80◦. Shimadzu
Fourier transform infrared (FTIR) 8900 spectrometer was
employed to record IR spectrum of the sample using KBr
powder. Transmission electron microscopy (TEM) image
was recorded on Hitachi H7500. Variation of magnetic
moment with applied magnetic filed up to 2 T at tempera-
tures of 5, 10, 100, and 300 K was recorded using a vibrating
sample magnetometer (VSM) (Lakeshore model 7404). The
zero-field-cooled (ZFC) and field-cooled (FC) response of
magnetization as a function of temperature (5 to 300 K) was
measured at a field of 0.1 T using a superconducting quan-
tum interference device (SQUID). The Curie temperature
was estimated by studying the temperature variation of mag-
netic moment of a sample using an automated low-field AC
susceptibility apparatus described by Likhite et al. [8].
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Fig. 1 XRD pattern of Ni0.40Zn0.60Fe2O4

3 Results and Discussion

3.1 X-ray Diffraction and TEM Analysis

The positions of the peaks in the X-ray diffraction (XRD)
pattern of the sample in Fig. 1 are complying with reported
JCPDS file no. 8-234 and AMCSD card 99-101-2527. This
confirms that the synthesized sample has a single-phase
cubic spinel structure. The lattice constant was found to be
8.4168 ±0.0009 (Å) which is comparable with the reported

Fig. 2 TEM image and histogram of particle size distribution of
Ni0.40Zn0.60Fe2O4

Fig. 3 IR spectrum of Ni0.40Zn0.60Fe2O4

literature [1]. Nelson–Riley method [9] was used to cal-
culate lattice constant. Crystallite size for 311 planes was
calculated using the Debye–Scherrer formula given in (1).

D = 0.89λ
/

β cos θ
(1)

where D is the crystallite size in nanometer, λ is the X-ray
wavelength in Ångström, β is the line broadening at full
width at half maximum (FWHM) intensity in radians, and θ

is the Bragg angle.
Crystallize size was found to be 49 nm ±5 %. The par-

ticle sizes obtained from TEM varies in the range of 10 to
60 nm. Figure 2 represents size distribution histogram and
TEM image.

3.2 IR Analysis

The IR absorption spectrum in Fig. 3 shows two absorption
bands. The higher band (ν1) is between 600–550 cm−1 and
the lower band (ν2) between 450–385 cm−1. This indicates
that the ferrite sample has a single-phase spinel structure
with two sub-lattices [9–12]. The highest band corresponds
to intrinsic stretching vibrations of metals at the tetrahedral

Fig. 4 M–H loop of the Ni0.40Zn0.60Fe2O4 sample at 5, 10, 100, and
300 K
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Fig. 5 Temperature dependence of the magnetization in ZFC and FC
regimes of Ni0.40Zn0.60Fe2O4

site, and the lowest band is assigned to octahedral metal
stretching.

3.3 Magnetic Measurements

Figure 4 shows the variation of magnetization (M) with
static applied magnetic field at different temperatures. The
magnetization increases with magnetic field and attains sat-
uration for more than 0.50 T. The magnetic moment of the
samples increases with lowering temperature, which can be
attributed to less spin canting and spin fluctuations due to
lower thermal energy [13]. The room temperature saturation
magnetization (Ms) was found to be 69 emu/g. This value is
higher compared to some reported results [1, 14] which may
be attributed to higher exchange interactions between Fe–Fe
ions and, in turn, may be attributed to a method of prepara-
tion. The close hysteresis loop with nearly zero coercivity
represents superparamagnetic (SPM) nature of the sample.
ZFC and FC performance of the sample is shown in Fig. 5.
The ZFC curve shows a broad peak in the temperature range
of 10 to 40 K. The peak at 30 K for the ZFC curve represents

Fig. 6 Variation of normalized AC susceptibility with temperature of
Ni0.40Zn0.60Fe2O4

a blocking temperature of the sample. The variation of nor-
malized AC susceptibility with temperature to estimate TC is
shown in Fig. 6. The susceptibility of the sample decreases
sharply near 250 ◦C. This region can be considered as a
main magnetic phase; however, short-range correlations of
the moments exist even at temperatures higher than 250 ◦C,
and hence, TC extends up to 422 ◦C. This broadening of fer-
romagnetic transition can be attributed to nanosizes of the
particles [15].

4 Conclusions

Nanoparticles of Ni0.40Zn0.60Fe2O4 were successfully syn-
thesized via a microwave-assisted combustion method. The
crystallite sizes from XRD data and the particle sizes from
TEM image are comparable. The superparamagnetic behav-
ior of the sample was revealed using VSM and SQUID
measurements. Higher Curie temperature due to broaden-
ing of ferromagnetic transition is attributed to nanosizes of
the particles. The study of resistivity and porosity for sensor
applications can be undertaken in the future.
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