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Abstract Nanoparticle Ni1−xZnx Fe2O4 (x = 0.35,0.45)
samples were prepared successfully via microwave assisted
combustion method. Synthesis of nanosize materials at a low
temperature using a domestic microwave oven is the unique
feature of this method and is being tried for the first time to
produce NiZn ferrites. Single-phase formation of the sam-
ples was confirmed from X-ray analysis and IR spectrum.
XRD data reveals that lattice parameter increases with Zn
content ‘x’. Particle sizes calculated from XRD analysis are
in good agreement with TEM results. Extent of spin cant-
ing at octahedral B-site is deduced from Yafet–Kittel angles.
Surface properties and reduced particle size affects the Curie
temperature.
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1 Introduction

Spinel ferrites are technologically important class of mag-
netic oxides because of their magnetic properties, high elec-
trical resistivity, low eddy current and low dielectric loss,
high Curie temperature, high permeability, etc. [1]. Among
the soft ferrites, Ni-Zn ferrites are of commercial importance
due to their high frequency applications in different devices
such as radio frequency coils, transformer cores, etc. [2].
Owing to impact of fine particles on properties of Ni-Zn fer-
rites and considering its possible consequent effects on the
technological applications, synthesis of solids possessing
desired structures, stoichiometry and properties continues to
be a real challenge for researchers. Various wet chemical
methods involving synthesis of metal and mixed metal ox-
ides using metal hydrazine complexes of oxalate, malonate,
succinate, maleate, tartrate, and fumarate, etc. have been de-
veloped [3]. In the present paper, it is decided to do study
of magnetic properties of nanoparticle Ni-Zn ferrites pre-
pared using microwave assisted combustion method. This
method yields NiZn nanoferrites at low temperature. Syn-
thesis of ZnO, cadmium substituted lithium ferrites, etc. via
microwave assisted combustion method using domestic mi-
crowave oven has been already reported [4].

2 Experimental

Calculated amount of raw materials namely ferrous nitrate,
nickel nitrate, and zinc nitrate (all salts of AR grade) in sto-
ichiometric proportions were dissolved in double distilled
water and mixed thoroughly using magnetic stirrer. This
mixture was then added to a solution containing appropri-
ate amount of nitrilotriacetic acid and hydrazine hydrate
(both AR grade). The precursor solution was then heated
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and stirred using a conventional magnetic stirrer. Heating
of the solution was continued, until mixture gets converted
into a thick paste resulting in to a solid sticky mass. The
solid sticky mass was collected in a crucible and then de-
composed using domestic (600 W, 2.4 GHz) microwave
oven. The sample is obtained in the form of residue after
combustion. The powder obtained was thoroughly ground
in an agate mortar and used for characterization. The X-
ray powder diffraction patterns were recorded on a Rigaku
X-ray diffractometer using CuKα radiation and 2θ scan-
ning range from 20° to 80°. IR spectra for all the sam-
ples were recorded using Shimatzu Fourier transform in-
frared (FTIR) 8900 spectrometer in the range of range of
300 cm−1 to 1000 cm−1. Samples were prepared in the form
of pallets with KBr to specimen ratio as 1:100 for IR mea-
surements. Transmission electron microscope (TEM) im-
ages were recorded on Hitachi H7500 transmission electron
microscope. Saturation magnetization, coercivity, and reten-
tivity at room temperature were measured using automated
high field Hysteresis loop tracer. The low field A.C. suscep-
tibility measurements in the temperature range 300–800 K
were done using Likhite’s automated double coil set up.

3 Results and Discussion

3.1 XRD Analysis

The X-ray diffraction (XRD) patterns for the samples of
Ni1−xZnxFe2O4 for x = 0.35 and 0.45 are shown in Fig. 1.
The strongest refection coming from the (311) plane de-
notes the spinel phase. The positions of the peaks comply
with reported ones in JCPDS file no 8-234 and AMCSD

Fig. 1 XRD patterns for Ni1−xZnxFe2O4

card 99-101-2527. This confirms that samples under study
are having single phase cubic spinel structure. Exact lattice
parameter for each samples were calculated using Nelson–
Riley method [5]. The values of lattice constant ‘a’ are in
good agreement with reported literature [2]. It is observed
that lattice parameter increases with increasing Zn concen-
tration. The increase in ‘a’ can be explained on the ba-
sis of the ionic radii, i.e., Zn2+ (0.74 Å) > Ni2+ (0.69 Å)
[5, 6]. Also, an increase in lattice constant with increasing
Zn content confirms the formation of compositionally ho-
mogeneous samples. The crystallite size of the nanocrys-
talline samples were calculated using the Debye–Scherrer
formula given in Eq. (1).

D = 0.89λ/β cos θ (1)

where D is the crystallite size in nm, λ is the X-ray wave-
length in Å, β is the line broadening at full width half max-
ima intensity (FWHM) in radians, and θ is Bragg angle. Av-
erage crystallite sizes were calculated for seven major re-
flections (220), (311), (222), (400), (422), (511), and (440)
from XRD.

Average crystallite size D = 45 nm pattern of each sam-
ple (see Table 1). Average crystallite size for Zn = 0.45 was
found to be 45 nm. TEM image and particle size distribution
for Zn = 0.45 is shown in Fig. 2 and Fig. 3, respectively.
TEM results of particle sizes are in agreement with crystal-
lite sizes obtained from XRD data.

3.2 IR Analysis

IR absorption spectra of samples show two absorption bands
as shown in Fig. 4. The higher band ν1 is between wave
number 600–550 cm−1 whereas lower band ν2 between
450–385 cm−1. This is a common feature of all the fer-
rites indicating single phase spinal structure having two sub-
lattices [5, 7–9].

The highest band ν1 corresponds to intrinsic stretching
vibrations of metals at the tetrahedral site, Mtetra–O, whereas
lowest band ν2 is assigned to octahedral metal stretching,
Moct–O. The ν2 band values are less compared to that of

Table 1 Miller indices (hkl), full width half maxima of peaks
(FWHM), Bragg’s angle (2θ ) and crystallite size using Scherrer equa-
tion for nocrystalline Ni0.55Zn0.45Fe2O4

hkl FWHM deg 2θ deg Crystallite size nm

220 0.166 30.10 49

311 0.170 35.45 48

222 0.144 37.12 58

400 0.182 43.09 46

422 0.188 53.42 47

333 0.274 56.94 32

440 0.246 62.53 37
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Table 2 Zinc concentration (x), lattice constant (a), average crys-
tallite size (D), saturation magnetization (Ms), coercivity (Hc), re-
tentivity (Mr), observed and theoretical magneton number (nBobs

and nBth), Yafet–Kittel angle (θYK) and Curie temperature (TC) for
Ni1−xZnXFe2O4 nanoferrites

Zn (x) a (Å) D nm Ms emu/g Hc Oe Mr emu/g nB obs µB nB th µB θYK deg TC °C

0.35 8.3839 56 73 58 5.3 3.098 4.8 38° 474

0.45 8.3855 45 79 61 4.5 3.123 5.6 45° 480

Fig. 2 TEM image for Ni0.55Zn0.45Fe2O4

Fig. 3 Particle size distribution derived from TEM image for
Ni0.55Zn0.45Fe2O4

the ν1 band. This is due to the fact that the tetrahedral site
dimension is less compared to the octahedral site dimension.

3.3 Magnetic Measurements

The saturation magnetization (Ms) and the magneton num-
ber (nB) increases with Zn concentration. Similarly is the
report by Jadhav et al. [2] for x < 0.40 and Kakatkar et al.
[10] for x < 0.30 in case of NiZn ferrite prepared by the
standard ceramic method. The net magnetization of the sam-
ple is given by M = MB − MA, where MA and MB are the
magnetic moments of A and B sites, respectively. Substitu-
tion of Zn (Zn ion prefers A site) will lead to an increase
in Fe3+ ions on B site, and hence B site magnetization. At
the same time, the magnetization of the A site will decrease
due to a decrease in Fe3+ ion on A site. Thus, net mag-
netization will increase with increase in Zn content. Even

Fig. 4 IR spectrum for Ni1−xZnxFe2O4

though a replacement of a magnetic Ni2+ ion by a non-
magnetic Zn2+ ion leads to decreases in A–B interaction,
the net difference of magnetic moment between A and B
site ion increases showing increase in saturation magnetiza-
tion Ms, and magnetic moment nB. The observed value of
(Ms) for x = (0.35,0.45) are found to be higher compared
to some reported results [2, 10] which may be due to a mi-
crowave assisted decomposition technique used in prepar-
ing these samples. The magnetic parameters such as satu-
ration magnetization, coercivity, and retentivity are given in
Table 2. Samples also shown for low hysteresis loss, low co-
ercivity, and low retentivity. Magnetic hysteresis loops for
Ni1−xZnxFe2O4 samples are shown in Fig. 4.

Calculation of magneton number (saturation magnetiza-
tion per formula unit) was done based on the site prefer-
ences of the ions in NiZn ferrites and on cation distribu-
tion reported in the literature [11]. Discrepancies in the ob-
served and theoretical magneton number indicate that signif-
icant canting exists at B-site. This suggests that the magnetic
structure is non-collinear. Yafet–Kittel angles were found to
be increasing with Zn content (see Table 2).

Preparation method, chemical composition, microstruc-
ture, and grain size plays crucial role in deciding magnetic
susceptibility. Thermal variation of magnetic moment for
the samples x = 0.35 and 0.45 is as shown in Fig. 5 and
can be used to determine Curie temperature (given in Ta-
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Fig. 5 Magnetic Hysteresis loops for Ni1−xZnxFe2O4

ble 2). It is a known fact that Curie temperature gener-
ally goes on decreasing with the addition of non-magnetic
zinc ions. This is attributed to a decrease in A–B interac-
tion resulting from the replacement of magnetic Fe3+ by
non-magnetic Zn2+ ion. According to Neel’s model, A–B
interaction is most dominant in ferrites and Curie tempera-
tures of the ferrites are determined from overall strength of
A–B interaction. Strength of A–B interaction is a function
of number of FeA

3+–O2−–FeB
3+ linkages, which, in turn,

depends upon number of Fe3+ ions in the formula unit and
their distribution amongst tetrahedral (A) and octahedral [B]
sites. In this system, Ni2+ (2 µB) ions are replaced by Zn2+
(0 µB). This results in a decrease of A–B interaction, which
may lead to decrease in Curie temperature (TC). However, in
present case, there is slight increase in TC with increase in
Zn, which is unexpected. It can be seen from Fig. 6, the rate
of decrease in magnetic moment for x = 0.45 slows down
after 350 °C. As temperature approaches to TC, it further
slows down compared to that of x = 0.35. This leads to in-
crease in TC of sample x = 0.45 compared to x = 0.35. This
effect is attributed to particle size, particle shape, and lattice
fluctuations. The magnetic properties of nanoparticles are
found to be affected by both particle shape and lattice fluc-
tuations [8, 12]. To study Curie temperature, surface proper-
ties such as number of surface atoms, variations in exchange
coupling of surface atoms, and lattice fluctuations should be
considered. Particle shapes are important for TC estimations
because it determines the number of surface atoms whose
reduced coordination number affects the exchange energy
locally. Lattice fluctuations are also important because they
increase with temperature and have an impact on Heisen-
berg exchange. Also, smaller particles are expected to have

Fig. 6 Variation of normalized susceptibility with temperature for
Ni1−xZnxFe2O4

relatively large thermally induced fluctuations of the lattice.
Note that in our case particle size for x = 0.45 is less com-
pared to x = 0.35. Thus residual magnetization near Curie
temperature may be arising due to their small sizes. In a
small system, exchange interaction is strong enough to in-
duce short-range correlations of the moments even at tem-
peratures higher than TC of the main phase. As the size of
the system is reduced to values close to correlation length
it becomes more difficult for the system to achieve zero net
magnetization and in these cases correlations are completely
destroyed at temperature much greater than TC of the main
phase. This effect may lead to broadening of the ferromag-
netic transition. Broadening of the ferromagnetic transition
becomes more pronounced as the particle sizes are reduced.
Thus, higher TC for x = 0.45 may be attributed to small par-
ticle size effect.

4 Conclusions

Nanoparticle Ni1−xZnxFe2O4 for x = 0.35 and 0.45 was
prepared at low temperature via microwave assisted com-
bustion method using domestic microwave oven. Average
particle sizes were found to be 45 nm, 56 nm for Zn = 0.45,
Zn = 0.35, respectively. Lattice parameter increases with in-
creasing Zn concentration. Variation of magnetic moment
(nB) with Zn content is not governed by two sub-lattice
models and a magnetic structure is non-collinear with sig-
nificant spin canting at B-site. Yafet–Kittel angles increases
with Zn concentration. The residual magnetization near
Curie temperature and broadening of the ferromagnetic tran-
sition may be arising from surface properties and reduced
particle size.
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