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a b s t r a c t

The Cu–Zn mixed ferrites viz. Cu1−xZnxFe2O4 (x = 0, 0.25, 0.50, 0.75 and 1.0) were synthesized by the
oxalate co-precipitation method. Formation of the cubic ferrite phase was confirmed by X-ray diffraction
studies. Microstructural and compositional features were studied by scanning electron microscopy and
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energy dispersive X-ray analysis technique. Magnetic properties were measured by B–H hystersis loop
tracer technique. The variation of saturation magnetization, remanent magnetization and coercivity were
studied as a function of zinc content. The substitution of zinc ions plays decisive role in changing structural
and magnetic properties of copper ferrite.

© 2010 Published by Elsevier B.V.
-ray diffraction
agnetization

EM and EDAX

. Introduction

Spinel ferrites have potential applications as electrical compo-
ents such as memory and microwave devices due to their high
esistivity and low loss eddy current [1–5]. In the recent years,
anosized spinel ferrites have attracted considerable attention

or their interesting structural, magnetic and electrical proper-
ies. Copper ferrite has potential applications in nanoscience and
echnology. Non-magnetic Zn doped copper ferrites are of inter-
st in fundamental understanding of the properties and variety
f applications such as radiofrequency circuits, transformer cores,
ntennas and read/write heads for high speed digital tape and in
igh quality filters [6–9].

In the present investigation, an attempt has been made to
tudy the structural, magnetic and microstructural properties of
u1−xZnxFe2O4 ferrites with x = 0.0, 0.25, 0.5, 0.75, 1.0. We report
ere, the synthesis of ferrites by the new chemical route like oxalate
o-precipitation method [10] and their characterization using X-
ay diffraction, scanning electron micrograph, EDAX measurements
nd magnetization.

. Experimental

.1. Sample preparation
The mixed metal oxide system Cu1−xZnxFe2O4 with x = 0.0, 0.25, 0.50, 0.75
nd 1.0 was prepared by oxalate co-precipitation method. Initially, stoichiometric
mount of high purity AR grade copper sulphate, zinc sulphate and ferrous sulphate
ere carefully dissolved in doubly distilled water. The precipitation was carried out

∗ Corresponding author. Tel.: +91 231 2609381.
E-mail address: p hankarep@rediffmail.com (P.P. Hankare).

925-8388/$ – see front matter © 2010 Published by Elsevier B.V.
oi:10.1016/j.jallcom.2010.03.178
by adding 10% oxalic acid solution till the pH reaches 4.7.The chemical reactions
proceed as follows:

CuSO4 + 2H2O + C2O4
2− → CuC2O4·2H2O + SO4

2−

ZnSO4 + 2H2O + C2O4
2− → ZnC2O4·2H2O + SO4

2−

FeSO4 + 2H2O + C2O4
2− → FeC2O4·2H2O + SO4

2−

The reaction mixture was heated on water bath for 4 h. The precipitate was
filtered and washed several times with double distilled water to remove excess acid
and sulphate ions with barium nitrate test. The compounds were dried at 110 ◦C in
an oven and finally sintered at 900 ◦C for 6 h. The sintered powders were mixed with
2% polyvinyl alcohol as a binder and uniaxially pressed at a pressure of 8 tons/cm2

to form pellets. These pellets were gradually heated to about 773 K to remove the
organic binder material.

2.2. Characterization

The phase formation of the samples was confirmed by X-ray diffraction (PW1710
Philips) with CrK� radiation (� = 2.2897 Å). The surface morphology and grain size of
sintered powders were studied by scanning electron microscopy (SEM: Model JEOL-
JSM6360). The grain size of all samples was calculated by Cottrell’s method while
elemental contents were determined using an energy dispersive X-ray spectroscopy
(EDAX). The room temperature magnetic measurements for all the compositions
were performed by using a computerized high field hysteresis loop tracer (Magenta,
Mumbai) at the magnetic field strength of 2.5 kOe.

The lattice parameters were calculated for the cubic phase using following rela-
tions.

1
d2

= h2 + k2 + l2

a2
(1)
where a = lattice parameter;(h k l) = Miller indices and d = interplanar distance.
The crystallite size was estimated using Scherrer’s formula.

t = 0.9�

ˇCos �
(2)

where symbols have their usual meaning.

http://www.sciencedirect.com/science/journal/09258388
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Fig. 2. Variation of lattice parameters with Zn content.
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ig. 1. X-ray diffraction patterns of Cu1−xZnxFe2O4 ferrites with x = 0.0, 0.25, 0.5,
.75, 1.0.

The actual density (dx) was calculated according to the formula

x = 8M

Na3
(3)

here ‘M’ is the molecular mass, ‘N’ is the Avogadro’s number, and ‘a’ is the lattice
arameter.

The percentage porosity of sample was calculated using the formula

(%) =
(

dx − da

dx

)
× 100 (4)

here dx = actual density and da = theoretical density.

. Results and Discussion

.1. X-ray diffraction analysis

Fig. 1 shows X-ray diffraction patterns of ferrite samples
u1−xZnxFe2O4 ferrites with x = 0.0, 0.25, 0.5, 0.75 and 1.0. The
iffraction patterns confirm that, the single cubic phase is formed

n all the samples. The lattice parameter increases with increasing
n content as shown in Fig. 2., which is attributed to the fact that
onic radius of Zn2+ ion (0.83 Å) is greater than that of Cu2+(0.70 Å)
11]. Similar results were observed by Lipare et al. [12] and Mazen
t al. [13]. The actual density decreases with substitution of zinc
ontent. This confirms the observation that, the addition of zinc
n copper ferrites results in the lowering of density of the material.
he theoretical density of the ferrites was determined accurately by
he hydrostatic method. Plot of therotical density vs. zinc content
s shown in Fig. 3. It can be seen from the figure that the theoretical

ensity increases up to x = 0.5 and there after decreases with further

ncrease of Zn content. The data on Lattice constant (a), crystallite
ize (t), actual density (dx), theoretical density (da) and percentage
orosity (P) for the samples is listed in the Table 1.

able 1
ata on lattice constants, crystallite size, actual density, theoretical density and porosity

Sr. no. Composition (x) Lattice constant
(a) (Å) ±0.01

Crystallite si
(t) (nm) ±0.0

1 0.0 8.36 37.34
2 0.25 8.39 47.10
3 0.5 8.42 47.60
4 0.75 8.43 46.72
5 1.0 8.44 45.59
Fig. 3. Variation of theoretical density Zn content.

3.2. Scanning electron microscopy

The SEM micrographs of the samples are shown in the
Fig. 4(a–e). The study reveals that, all the samples show fine grains.
The average grain size was calculated by Cottrell’s method [14].
The average grain size lies in the range 0.267–1.058 �m. The aver-
age grain size of ferrite increases up to x = 0.5 and later on decreases
with further increase in x. From the micrograph, it is observed that
the porosity decreases with increasing grain size.

3.3. Energy dispersive X–ray spectroscopy
The chemical composition of the products was determined by
EDAX spectra analysis shown in Fig. 5(a–c). The spectra show the
presence of Cu, Zn, Fe, and O in the samples and do not contain

for Cu1−xZnxFe2O4 samples.

ze
1

Actual density
(dx) gm/cm3

Theoretical density
(da) gm/cm3

Porosity
(P) (%)

5.43 4.67 14.0
5.39 4.81 10.7
5.34 4.84 9.4
5.33 4.81 9.7
5.33 4.59 13.8
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Fig. 4. Scanning electron micrographs of Cu1−xZnxF

Table 2
Elemental analysis of Cu1−xZnxFe2O4 samples by EDAX.

Composition (x) Theoretical ratio Ratio from EDAX

Cu/Fe Zn/Fe Cu/Fe Zn/Fe

0.0 0.5 – 0.452 –
0.5 0.25 0.25 0.222 0.235

a
i
r
s

�B = MW × Ms

5585
(5)
1.0 – 0.5 – 0.464

ny other elemental impurities. The results indicate that, the cation

mpurities do not take part in the reaction. The average atomic
atios of Cu/Fe and Zn/Fe were calculated theoretically from the
pectra and are listed in the Table 2.
e2O4 samples with x = 0.0, 0.25, 0.5, 0.75, 1.0.

3.4. Magnetic hysteresis

Fig. 6 shows the magnetic hysteresis loops for the samples. The
hysteresis parameter such as saturation magnetization (Ms), rem-
anant magnetization (Mr), coercive field (Hc) and magnetic moment
(�B) are listed in Table 3. The saturation magnetization increases
up to x = 0.5 and there after decreases as shown in Fig. 7.

The magnetic moment per formula unit in Bohr magneton (�B)
was calculated by using the relation [15].
where MW = molecular weight of composition (in grams);
Ms = saturation magnetization (in Oe).
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Table 3
Data on magnetic hysteresis for Cu1−xZnxFe2O4 system.

Sr. no Samples Saturation magnetization
(Ms) at 250 K (emu/gm)

Coercive field
(Hc) (Oe)

Remanent magnetisation
(Mr) (emu/gm)

Magnetic moment (�B)
Bohr magnetons

1 CuFe2O4 8.90 225.3 1.89 0.38
2 Cu0.75 Zn0.25Fe2O4 10.87 190.63 3.54 0.47
3 Cu0.5 Zn0.5Fe2O4 17.53 156.32 5.38 0.75
4 Cu0.25 Zn0.75Fe2O4 13.81 159.45 2.99 0.59
5 ZnFe2O4 2.37 390.26 1.05 0.10

t
n
n
o

Fig. 6. Hysteresis loops for Cu1−xZnxFe2O4 samples.
Fig. 5. EDAX spectra of Cu1−xZnxFe2O4 samples.

The Zn2+ ions occupy tetrahedral A-site and Cu2+ ions are dis-

ributed over the tetrahedral A and octahedral B-sites. Due to
on-magnetic substitution of Zn2+ ions at tetrahedral A-sites mag-
etic moment decreases [16,17] Similarly due to the substitution
f Cu2+ ions at tetrahedral (A) and octahedral (B) sites in place of
Fig. 7. Variation of saturation magnetisation (Ms) with zinc content.

Fe3+ ions, the magnetic moment of octahedral B-site also decreases.
However, A-site magnetic moment is less than B-site magnetic
moment for all the compositions. The net magnetic moment (�B)
increases initially up to x = 0.5 and then decreases with further
increase in Zn content due to Yafet and Kittel spin arrangement
[18].

4. Conclusion

A series of Zn-substituted copper ferrite powders were suc-
cessfully synthesized by oxalate co-precipitation method. X-ray
diffraction patterns reveal the single cubic structure of all the sam-

ples. Scanning electron micrographs indicate the increase in grain
size up to x = 0.5 and later on it decreases with Zn content. The
contents of the metals in the resulting spinel ferrites are close to
the theoretical values as shown by EDAX measurements. Magnetic
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ysteresis measurements indicate that, all the compositions are fer-
imagnetic in nature. The saturation magnetization increases with
n content upto x = 0.5 and then it decreases due to Yafet and Kittel
pin arrangement on the B-site.
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