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In this study, nickel-zinc ferrite nanoparticles, with the chemical formula of Ni0.3Zn0.7-xCuxFe2O4 (where x = 0.1-

0.6 by step 0.1), were fabricated by the sol-gel method. The effect of copper substitution on the phase formation

and crystal structure of the sample was investigated by X-ray diffraction (XRD), thermo-gravimetry (TG),

differential thermal analysis (DTA), Fourier transform infrared spectrometry (FT-IR), scanning electron

microscopy (SEM) and transmission electron microscopy (TEM). The XRD result shows that due to the

reduction of Zn content,the crystallite size of the sample increased. The results of the vibration sample

magnetometer (VSM) exhibit an increase in saturation magnetization value (Ms) for samples with x ≤ 0.3 and a

linear decrease for samples with x > 0.3. The variation of saturation magnetization and coercivity of the

samples were then studied.
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1. Introduction

Ferrites are a class of spinel oxide which is technically
very important [1-4]. The general formula is MFe2O4, in
which M is one or a combination of divalent ions. From a
crystallography perspective, the structure of bulk nickel-
zinc ferrite is shown in Eq. (1):

(1)

The cations inside the parentheses occupy tetrahedral
sublattice (A) and those inside the brackets occupy octa-
hedral sublattice (B). One of the magnetic parameters
which play a crucial rule in the magnetic properties of
ferrites is permeability. In general, the maximum value of
nickel zinc ferrite permeability can be obtained in three
different ways: providing Fe3+ ions [5], setting zinc content
(z) at 0.7 [2], and substitution of copper ions (Cu2+) in
nickel zinc ferrite [6].The other benefit of the copper ion
substitution in zinc nickel ferrite is the prevention of the
magnetic losses (energy losses) that cause a transition in
the structural phase [7]. This transition is accompanied by
a reduction of the crystal symmetry that occurs as a result

of the Jahn-Teller effect [8]. In this study, samples were
synthesized via the sol-gel method by using polyvinyl
alcohol as a chelating agent, because of its properties
including high polarity and resistance to aqueous solvents.
The structure, morphology, and magnetic properties of the
samples were investigated.

2. Experimental

NiZnCu ferrite, with the chemical composition of
Ni0.3Zn0.7-xCuxFe2O4 where 0.1 ≤ x ≤ 0.6, was prepared by
the sol-gel method using nickel nitrate (Ni (NO3)2·6H2O),
zinc nitrate (Zn (NO3)2·6H2O), copper nitrate (Cu (NO3)2·3H2O,
and iron nitrate (Fe (NO3)3·9H2O). The nitrates were weight-
ed according to the required stoichiometric proportion and
dissolved in deionized water. Polyvinyl alcohol (PVA)
was then added to the solution. The molar ratio of total
metal ions to PVA was maintained to be 1:2. With
continuous stirring at 70oC, the PVA was dissolved so that
the brown sol was formed. The resulting sol was heated at
90 oC for 24 h to obtain dried gel. The dried gel was then
annealed at 1000 oC for 2 h.

3. Results and Discussion

3.1. Thermal Decomposition characterization

Figure 1 shows a typical TG and DTA curve of the
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dried gels. From the TG curve, three parts are estimated:
weight loss, endothermic peak, and two exothermic peaks.
The first step of weight loss occurs in the thermal range
of 52.25-165 oC, which is associated with an endothermic
peak of 172.19 oC in the DTA curve; this endothermic
peak is related to the loss of dried gel humidity physically
and chemically. The second step occurs in the thermal
range of 165-285.71 oC, due to the decomposition of
nitrates in the dried gel. The sharp endothermic peak of
362.32 oC in the DTA curve depends on the crystalli-
zation of the spinel structure of the copper zinc nickel
ferrite [1, 9]. At a temperature higher than 362.32 oC, no
weight reduction is observed, which suggests that the
thermal process has not yet been completed. 

3.2. Structural characterization

Figure 2 shows the X-ray diffraction pattern of the
samples. It can be seen that the powders possess a pure
cubic spinel structure. The average crystallite sizes of

samples were determined using Scherer's formula (Table
1). Crystallite size grows by increasing the Cu content.
The growth of crystallites can be attributed to the reduc-
tion of zinc content, which can be explained by the effect
of surface temperature on the molecular concentration at
the surface of the crystal [12]. The formation of zinc
ferrite is more exothermic (ΔHZnFe2O4

 = −2.68 Kcal/mole)
than that of copper ferrite (ΔHCuFe2O4 =5.05 Kcal/mole) [13].
Thus, it is expected that less heat will be liberated by
decreasing the zinc content in the system. This increases
the molecular concentration at the crystal surface and
hence the growth of the grains [12, 14]. Also, the lattice
constant increases linearly with the copper ratio, which
can be attributed to a larger copper ionic radius (0.87 Å)
compared to the zinc ionic radius (0.74 Å) (Table 1) [15].

3.3. FT-IR analysis

Figure 3 shows the FT-IR spectra of the samples. With
respect to ferrite structures, the most prominent part of IR
is in the 800-250 cm−1 range [10]. This range is assigned
to the vibration of metal-oxygen bands in octahedral sites.

Fig. 1. DTA and TG plots of the dried gel of Ni0.3Zn0.6Cu0.1Fe2O4.

Fig. 2. (Color online) Characteristic parts of XRD patterns of

Ni0.3Zn0.7-xCuxFe2O4.

Fig. 3. (Color online) IR spectra of Ni0.3Zn0.7-xCuxFe2O4 nano-

powders calcined at 1000 oC.

Table 1. Lattice parameter, crystalline, and particle size calcu-

lated from XRD spectra of Ni0.3Zn0.7-xCuxFe2O4nanopowders

calcined at 1000 oC for 2 h.

Particle size 

(nm)

Crystalline size 

(nm)

Lattice constant

 (Å)

Cucontent

(x)

87 21 8.399 0.1

114 28 8.401 0.2

120 29 8.409 0.3

134 39 8.414 0.4

146 40 8.418 0.5

168 43 8.420 0.6
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However, in our spectra, only a stretching vibration in the
tetrahedral site can be observed. From the FT-IR spectra,
the existence of a slight shift can be seen for the tetrahedral
absorption peak towards the higher wave number with u
substitution. Such shifts indicate changes in the metal-
oxygen bands and also the effect of atomic weight due to
substitution [11].

The electron scanning microscope (Fig. 4) shows that
the increase of copper substitution has no significant effect
on the morphology of the samples. However, this sub-
stitution increases the average grain size from 87 to 168
nm.

3.4. Magnetic measurements

Figure 5 shows the magnetic hysteresis loops of the
samples measured at room temperature. It can be seen
that saturation magnetization increases with copper content
up to x = 0.3 and then decreases for x > 0.3 (Fig. 3(a)).
The behavior of the saturation magnetization can be ex-
plained on the basis of cations distribution and super-
exchange interactions. A recent study shows that zinc
ferrite and nickel ferrite over 50 nm have normal spinel
and inverse spinel structures, respectively [16-18]. More-
over, CuFe2O4 is known to be largely an inverse spinel,
which is confirmed by Mossbauer measurements in an
applied magnetic field [19]. Therefore, by substitution of
copper ions in nickel-zinc ferrite, Cu+2 ions occupy the
octahedral sites, so the cation distribution of the samples
can be expected as Eq. (2).

 (2)

According to Eq. (2), the increase of magnetic Cu+2 ions
(1.73 µB) [20] in the octahedral site and the migration of
the same amount of Fe+3 ions (5 µB) from the octahedral
to the tetrahedral sites causes an increase in superexchange
interaction for all samples. The increase of the superex-
change interaction decreases the spin canting in both sub-
lattices, and consequently the Neel’s collinear arrangement

shows its effect at a higher concentration of Cu+2 ions.
The observed increase in saturation magnetization for
samples with x ≤ 0.3 can therefore be attributed to increases
of the A-B superexchange interaction. Thereafter, the
decrease of saturation magnetization for samples with
x > 0.3 can be explained by the anti-parallel alignment
effect on the basis of Neel's model (Fig. 3(b)). With the
increase of copper substitution, the magnetic coercivity of
samples increases. It is well known that Cu+2 ions have
more magneto-crystalline anisotropy than Zn+2 ions [21].
The observed increase in coercivity can therefore be
attributed to the increase of Cu content. 

4. Conclusions

In summary, copper zinc nickel ferrites were prepared
by the sol-gel method using polyvinyl alcohol. The average
crystallite size was increased from 21 to 43 nm. This
increase is attributed to the reduction of zinc content. The
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Fig. 4. SEM image of Ni0.3Zn0.7-xCuxFe2O4 (x = 0.2 and 0.3)

nanopowders annealed at 1000 oC.

Fig. 5. (Color online) (a) Magnetic hysteresis loops of

Ni0.3Zn0.7-xCuxFe2O4 samples and (b) variation of saturation

magnetization and the coercivity with the Cu content.
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variation of the saturation magnetization of the samples
was explained on the basis of superexchange interaction
and Neel's model. Also, the observed increase in coercivity
values is attributed to the increase of magneto-crystalline
anisotropy. 
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