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Abstract

Nanocrystalline CuFe,04 and CuFe,0,/xSnO, nanocomposites (x=0, 1, 5 wt%) have been successfully synthesized by one-pot reaction of
urea—nitrate combustion method. The transmission electron microscope study reveals that the particle size of the as synthesized CuFe,0, and
CuFe,04/5 wt%Sn0, are 10 and 20 nm, respectively. The SnO, coating on the nanocrystalline CuFe,O4 was confirmed from HRTEM studies.
The resultant products were sintered at 1100 °C and characterized by XRD and SQUID for compound formation and magnetic studies,
respectively. The X-ray diffraction pattern shows the well-defined sharp peak that confirms the phase pure compound formation of tetragonal
CuFe,0y,. The zero field cooled (ZFC) and field cooled (FC) magnetization was performed using SQUID magnetometer from 2 to 350 K and the

magnetic hysteresis measurement was carried out to study the magnetic properties of nanocomposites.

© 2005 Published by Elsevier Ltd.
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1. Introduction

Nanocomposites have recently gained considerable interest
because of the possibilities of getting unique properties
compared to their individual counter parts [1]. Due to their
smaller size, these nanocomposites have potential applications
in magnetic recording media, information storage devices,
magneto optical devices, bio-medical fields and also catalytic
anodes for high temperature applications [2,3]. The CuFe,O,
has an inverse spinel structure, where eight Cu®* ions occupy
octahedral (B) sites and 16 Fe>* ions share the octahedral (B)
and tetrahedral (A) sites. The magnetic moment of the above
system mainly depends upon the uncompensated Cu®* ions,
which may due to the cancellation of antiparallel spins of the
Fe*" ions in tetrahedral and octohedral sites.
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Due to the enhancement of emerging properties for novel
applications, the magnetic ferrites are embedded in a non-
magnetic oxide matrix [4]. Several researchers have studied
the structural, electrical, magnetic properties of individual
ferrites like CuFe,0y, [5], NiFe,Oy4 [6], ZnFe,O, [7], CoFe,0,4
[8], MgFe,O4 [9], and their composites like, NiFe,0,4/Si0,
[10], NiFe,04/Sn0O; [11], CoFe,0,4/Si0, [12], ZnFe,04/TiO,
[13], ZnFe,04/SiO0, [14] and CdFe,04/SiO, [15]. The
structural, magnetic and electrical properties of the ferrites
mainly depend on the method of synthesis, starting materials
chosen and sintering temperature. Methods available for
preparing the nanomaterials and their composites are
combustion synthesis [16], sol-gel method [17], hydrothermal
process [18], citrate-gel method [19], reverse micelle
technique [20] and sonochemical method [21]. Hence,
considering the importance of ferrite nanocomposites as
electrode materials for the replacement of carbon anodes in
electrochemical systems [22] an attempt to synthesise and to
understand the structural and magnetic properties of CuFe,O.,/
SnO, nanocomposites have been highlighted in this com-
munication, using the techniques of XRD, TEM, HRTEM,
and SQUID.
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2. Experimental

The nanocomposites of CuFe,04/Sn0O, (x=0, 1, 5 wt%)
have been prepared by using novel combustion synthesis
method. The experimental procedure and the thermo dynami-
cal calculations of parent CuFe,O, and CuFe,0,/SnO,
composites are already explained elsewhere [23,24]. The
stoichiometric quantities of starting compounds like
Cu(NO3)2‘6H20, FC(NO3)3‘9H20, SHC14, HNO3, CO(NH2)2
were dissolved in 100 ml distilled water. The mixed nitrate—
urea solution was heated at 110 °C, with uniform stirring and
evaporated the excess water to form a highly viscous gel
denoted as precursors. The gel was heated at 300 °C
continuously, get ignited with an evolution of large number
of gaseous products, resulting the desired nanocomposite in the
form of foamy powder. The powder was then pressed at a
pressure of 3.5 tons/cm” into 1 and 2.5 cm diameter pellets
under identical conditions. The pellets were sintered at 1100 °C
for 5 h. The crystalline phases of the prepared powders were
identified by powder X-ray diffraction technique using Cu K,
radiation (o=1.5405 ;\). The particle morphology of all the
samples was determined by transmission electron microscopy
(TEM; JEOL-JEM 100SX microscope) at an accelerating
voltage of 200 kV. The TEM specimens were prepared by
placing a drop of the sample suspension on a carbon-coated
copper grid (400 mesh, Electron Microscopy Sciences) and
allowing them to dry in air. High-resolution TEM (HRTEM)
images were taken using a JEOL-3010 with 300 kV accelerat-
ing voltage. A conventional monochrome CCD camera, with
resolution of 768512 pixels, was used to digitalize the
images. The digital images were processed with the digital
micrograph software package (Gatan, Inc., Pleasanton, CA,
USA). The effects of temperature and applied magnetic field on
magnetization have been carried out using superconducting
quantum interference device (SQUID) quantum design.

3. Results and discussion
3.1. Structural properties

The X-ray powder diffraction patterns of the combustion
synthesised CuFe,04/Sn0O, nanocomposites are presented in
Fig. 1. It shows the presence of sharp well-defined peaks
corresponding to the planes (220), (311), (400) and (440),
indicating the spinel structure of CuFe,O, without any impure
phase. The lattice constant values confirmed that the pristine
CuFe,Qy, is a tetragonal structure with the lattice parameters of
a=8.2740 A and ¢=8.4814 A, which is perfectly match with
the standard data [PDF No. 6-545]. From the Debye—Sherror
formula, the average particle size has been calculated to be
30 nm, which is larger than the observed TEM values due to
high temperature sintering. Interestingly, no significant change
was observed in the 1 wt% SnO, coated samples. On the other
hand, at higher concentration of 5 wt% SnO, an extra peak of
(110) and (101) corresponding to SnO, also emerges. The
X-ray lattice parameters (Table 1) are also changed an
indication of phase transition from tetragonal to cubic due to
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Fig. 1. XRD patterns of CuFe,O; (a), CuFe,04/1 wt% SnO, (b),
CuFe,04/5 wt% SnO,.

the 5 wt% added SnO, that originates from the difference in
ionic radii.

Figs. 2 and 3 show the TEM and HRTEM images of as
synthesised nanocrystalline CuFe,O, and CuFe,0,/SnO,
nanocomposites. Both the samples exhibited the presence of
1020 nm sized particles individually. The particles are
regular and uniform in size. The HRTEM images of
CuFe,0, confirmed the well-defined lattice fringes with a
definite ‘d’ value of 2.51 A, which corresponds to the
prominent plane of (311) for copper ferrite. The SnO, layer
coating over the ferrite material is confirmed from the HRTEM
image (Fig. 3). It also confirms the composite behaviour of
spinel (113) with a ‘d’ value of 2.63 A and layered SnO, (110)
with a ‘d’ value of 3.35 A, which are structurally integrated
and leads to the structural compatibility and the stability of the
composites [25].

3.2. Magnetic properties

The magnetic measurements of CuFe,O,4 and its composites
were carried out by SQUID magnetometer. Fig. 4(a)—(c) shows
the ZFC and FC curves of nanocrystalline CuFe,Oy, its
composites of CuFe,04/1 wt% SnO, and CuFe,04/5 wt%
SnO,, respectively. For ZFC magnetization measurements,
the sample was first cooled down to 2 K without applied
magnetic field and then the magnetization was measured from
2 to 350 K in the applied magnetic field of 1000 Oe. At ZFC
condition the magnetic moments of the particles are randomly
oriented due to the Brownian motion, after the applying field
the dipole moments of the particles reorient along the field
direction generates the net magnetization. For the field-cooled

Table 1
XRD parameters

Sample Lattice parameters

a(A) cA)
CuFe,0y4 8.2740 8.4814
CuFe;04+ 1 wt% SnO, 8.3904 8.4189
CuFe,04+5 wt% SnO, 8.4125 -
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Fig. 2. TEM (a) and HRTEM (b) images of CuFe,O,4 nanoparticles.

measurements, the sample was cooled to 2 K with applied
magnetic field and then the measurement of magnetic moments
was carried out. Fig. 4(a) shows the ZFC-FC curve of
nanocrystalline CuFe,O,4. It can be observed that the ZFC
magnetization, the temperature increases from 2 to 350 K, the
magnetization values reaches a maximum of 26.45 emu/g at
83 K and starts to decrease with further increasing temperature.
The FC magnetization shows the maximum magnetization of
269 emu/g at 2K and steadily decreases with increasing
temperature. From the Fig. 4(a), the irreversibility temperature
(Tyy) and (T,,.x) were measured and the results are given in
Table 2. In general, the T, represents the blocking temperature
of particles with highest energy barrier and T,y is the average
blocking temperature. The difference between T,,.x and T,
corresponds to the width of blocking temperature distribution
[26]. Below the blocking temperature, the separation can be
observed which may be due to the freezing of disordered
surface spins that leads to the glassy state. Under ZFC
condition, the FC values are larger than the ZFC value that
causes the magnetic nanoparticles reduce its magneto crystal-
line energy [27]. It is also seen that, below the blocking
temperature the non-zero magnetization was observed which is
a characteristic features of ferrimagnetic materials [28].

Spinel (113) fringes

Fig. 3. TEM (a) and HRTEM (b) images of CuFe,04/5 wt% SnO,
nanocomposites.

Fig. 4(b) shows the ZFC and FC curves of CuFe,04/1 wt%
SnO, nanocomposites. In this case, at 2 K the magnetization
values are increased when compare with parent CuFe,O,. It
can also be seen that the blocking temperature is decreased
with the addition of 1 wt% SnO,. After the Ty the ZFC and FC
curves are superimposed which shows the narrow particle size
distribution of the nanoparticles [29]. The saturation magne-
tization of CuFe,0,4/1 wt% SnO, at 2 K is 40.2 emu/g, which is
higher than the parent CuFe,O4 of 26 emu/g. The increase in
Ms value may be due to the cation redistribution of inverse
CuFe,0, structure. Similar type of observations has already
done on NiFe,0, [30]. Because, Sn** has strong preference to
occupy octahedral sites, hence it may replace some of the
FeT/Cu®" ions from B-sites to A-sites due to the balancing
the ionic distribution of cationic sites. Therefore, the saturation
magnetization increases due to the change in magnetic moment
of A and B-sites.

Fig. 4(c) shows the ZFC and FC magnetization curve of
5 wt% SnO, coated CuFe,O, nanoparticles. It is seen that the
ZFC and FC curves separated and broad up to 350 K. The
saturation magnetization values are decreased as compared to
the above two systems which may be due to the magnetic
dilution effect and the large percentage of surface spins, with
disordered magnetic orientation [31]. Surprisingly, the block-
ing temperature also not in regular manner, which may be due
to the consequence of compositional changes of composites
and the critical size of the particles.

The magnetizations of CuFe,04/xSn0O, (x=0, 1, 5 wt%)
nanocomposites with varying applied field have been
studied using SQUID magnetometer at room temperature.
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Fig. 4. Dc magnetization behavior of CuFe,04 (a), CuFe;04/1 wt% SnO, (b), CuFe,04/5 wt% SnO, (c), M—H loop (d).

Table 2
SQUID parameters
Sample SQUID Ms from hysteresis loop T (K) Tinax (K)
at 300 K (emu/g)

Ms from ZFC at 2 K Ms from ZFC at 350 K

(emu/g) (emu/g)
CuFe,0,4 26 24.3 30 83.3 225
CuFe,04+ 1 wt% SnO, 40.2 34.8 35 50.03 175
CuFe,04+5 wt% SnO, 8.4 7.4 11 27.39 350

The magnetic properties of ferrite materials are mainly
depending on the particle size, sintering temperature,
measuring temperature, milling time, additives, micro structure
and external field. Fig. 4(d) shows the ambient temperature
M-H curve of above said nanocomposites. The M—-H curve
indicates that the particles are superparamagnetic at room
temperature with zero coercivity and remanance. It suggests
that the thermal energy can overcome the anisotropy energy
barrier of a single particle, and the net magnetization of the
particle assemblies in the absence of external magnetic field is
zero [32]. Table. 2 give the saturation magnetization values of
different composites measured at 300 K using SQUID. It can
be seen that the SnO, addition shows an anomalous behavior.
Because the 5% added sample gives the lower saturation
magnetization of 11 emu/g. The reduction of Ms value from
30 emu/g for pure CuFe,0, is due to the surface effects arising
from the non-collinearity of magnetic moments that may be
due to the coated SnO, is impregnated at the interface of ferrite
matrix and pinning of the surface spins [33], which is
visualized from the HRTEM images of CuFe,0,/SnO,
nanocomposites. And also the increasing particle size as well

as the surface disorder with higher concentration of SnO, the
saturation magnetization values are decreased.

4. Conclusions

Combustion synthesis is found to be a suitable method for
preparing nanocrystalline CuFe,O4 and coated composites.
The particle size of copper ferrite is less than 10 nm and the
particle size of coated composites is around 20 nm, as evident
from TEM and HRTEM images. The X-ray diffraction pattern
confirms that CuFe,O4 possesses tetragonal structure and its
composites with cubic structure. The ZFC and FC magnetiza-
tion curves show the blocking temperature and the ferrimag-
netic behavior. The M-H curve and temperature dependence
magnetization studies confirm that all the studied materials are
superparamagnetic in nature at ambient temperature.
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