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Abstract

Nano-sized Cobalt ferrites doped with copper as an additive element Co,Cu.xFe,O4 (Where
x =0,0.2,0.4,0.6,0.8,1) are synthesized using co-precipitation method. Cobalt-Copper ferrite samples
sintered at 600°C are subjected to X-ray diffraction to calculate the average particle size and lattice
parameters using Debye — Scherrer formula. The FT-IR spectra of these samples are recorded to ensure
the presence of the metallic compounds. The variations of dielectric constant and dielectric loss for all the
samples are studied as a function of frequency. The crystalline structure of composite nano particles are
characterized by Transmission Electron Microscope (TEM).
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1. Introduction

Studies on the properties of nano sized ferrite particles have drawn considerable interest in recent years
because of their importance in the fundamental understanding of physical processes as well as their
proposed applications for many technological purposes. Cobalt ferrite, a ferromagnetic ceramic has
emerged as one of the important material due to its high electrical resistance and low eddy current losses.
Cobalt ferrite nano particles have cubic spinel structure and have been extensively studied because of
their interesting magnetic and electrical properties. Structural stability of the cobalt ferrite nano particles
is essential in all technical applications.

In chemical methods of preparation of nano sized particles with desired physical properties, the
structural and chemical properties of the constituents are of prime importance. Because of mixing at
molecular level, good chemical homogeneity can be achieved. Also, these methods allow good control
on the shape and size distribution during particle synthesis.
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Due to these reasons the chemical routes of preparation have emerged as very popular synthesis tools
for nano particles of spinel ferrites. Among the various available preparation methods, to obtain nano
crystalline ferrite particles, viz hydrothermal synthesis [1-4], coprecipitation [5-9], sol-gel [10-13],
spraydrying [14], solid-state, microemulsion processes [15-17], and mechanical alloying [18-21],
coprecipitation method is chosen in the present work for preparing Co-Cu mixed ferrites. As it is well
known, co-precipitation is an economical way to produce homogenous nano ferrites. As prepared Cobalt-
Copper ferrite samples are sintered at 600°C and are subjected to X-ray diffraction. The FT-IR spectra of
these samples are recorded and the crystalline structure of the composite nano particles is characterized
by Transmission Electron Microscope (TEM).

2. Experimental

Nano crystalline Cobalt ferrites Co,Cu(.nFe,04 (x=0,0.2,0.4,0.6,0.8,1) are prepared by co-
precipitation method. The desired composition is obtained by taking stoichiometric amounts of
Cobaltous Chloride [CoCl,.6H,0], Cupric Chloride [CuCl,.2H,0] and anhydrous Ferric Chloride [FeCls]
dissolved in distilled water. The neutralization is carried out with sodium hydroxide solution. The Py of
the solution is maintained at 10 and it is stirred for 2hrs. The precipitate is thoroughly washed with
distilled water until they are free from impurities. The product is dried to remove water contents. The
dried powder is mixed homogeneously and is sintered at 600°C.

Cobalt-Copper ferrite samples sintered at 600°C are subjected to X-ray diffraction to calculate the
average particle size using Debye — Scherrer formula. The FT-IR spectra of these samples are recorded to
ensure the presence of the metallic compounds. The variations of dielectric constant and dielectric loss for
all the samples have been studied as a function of frequency. The crystalline structure of composite nano
particles are characterized by Transmission Electron Microscope (TEM).

3. Results and Discussion

3.1 Structural Analysis

Fig.(la-1c) represents the powder X-ray diffraction patterns of CoxCu(xFe,O,4 sintered at
600°C. All the peaks of CoCuFe,04and CuFe,04 could be indexed with the standard pattern reported in
the JCPDS card [22-23]. The XRD pattern reveals that the as prepared powder is a single phase ferrite
with spinel structure. This indicates that Co-Cu ferrites can be directly formed with calcination [24]. The
average crystallite sizes of prepared powders are calculated using the Debye-Scherrer formula and lattice
parameters are estimated and reported in Table (1). It is seen that the powder of synthesized ferrites
consists of nano crystalline particles with size in the range of 3—18 nm. Also it reveals that the addition of
copper found to obstruct the grain growth which results in a decrease in the crystallite size. Recent reports
[25-26] claim that there is a decrease in crystallite size with increase in Cu substitution for ferrite
nanoparticles.
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Figure (1.a). XRD pattern of CuFe,O, nanoparticles by Co-precipitation method
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Figure (1.b). XRD pattern of Co,Cuy;.xFe,O4 (x=0.8,0.6,0.4,0.2) nanoparticles by

Co- precipitation method
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Figure (1.c). XRD pattern of CoFe,O4 nanoparticles by Co-precipitation method

Table. (1). Structural parameters of Nano crystalline Co,Cuy.xFe;O4 ferrites

Composition Crystallite size (nm) Lattice parameter(A)
CoFe;04 6.11 8.08
Cog2CugsFe04 3.71 8.14
Co09.4Cug 6Fe,04 5.30 8.22
Cog6Cug4Fe,04 6.15 8.17
Co0sCug2Fe;04 17.29 8.18
CuFe,04 18.16 8.12

3.2 IR Spectral Analysis

Fig.(2) shows the FT-IR spectra of Co,Cuy.,Fe,Osnano crystalline particles sintered at 600°C. This
spectra shows that the ferrites can be formed as continuously bonded crystals, via ionic, covalent or
vander waals forces, to the nearest neighbours. In ferrite the metal ions are situated in two different
sublattices, namely tetrahedral (A-sites) and octahedral (B-sites) according to the geometrical
configuration of the oxygen nearest neighbours. The band around500 cm™ is attributed to stretching
vibration of tetrahedral complexes and the band around 400cm™ to that of octahedral complexes [27].

This explains that the normal mode of vibration of tetrahedral cluster is higher than that of
octahedral cluster. The absorption bands at 3400cm™ and 1630cm™ are ascribed to the O-H stretching
modes and H-O-H bending vibration of the free or absorbed water. The band at 1380cm™ is associated
with the anti-symmetric CI*" stretching vibrations directly arising from the residual chloride groups in
the sample.
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Figure. (2). FT-IR Spectrum of Co,Cu(;.xFe,04 (x=1,0.8,0.6,0.4,0.2,0) Nano particles obtained by Co-
precipitation method

3.3Dielectric Properties

The variation of the dielectric constant €' and dissipation factor with respect to log frequency at an
annealing temperature of 600 °C are shown in figure (3a & 3b). These variations can be explained on the
basis of space charge polarization model of Wagner and Maxwell and are in agreement with the Koop’s
phenomenological theory. As these ions are polarized to the maximum extent, it is seen that the dielectric
constant €', decreases with increase in frequency at all temperature as expected.

The dielectric constant starts to reach a steady state at 522.31. This steady state is retained for all the
remaining higher orders of frequency, whereas samples with higher Cu substitution and lower Co
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substitution at 600° C exhibit a decrease in dielectric constant value even at the stable state. These
behaviours are expected because, the high thermal energy as well as the high frequency is enough to
disturb the ordered dipoles, and thus it decreases the polarization and dielectric constant. Similarly the
dielectric constant value varies from 522.31 to 10.44 at 600° C. This high value of dielectric constant is
attained due to the lower particle size and higher value of crystallinity.

Dielectric loss
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Figure. (3.a & 3.b). The variation of Dielectric Constant (¢') and the variation of Dielectric loss (¢”') with
respect to Frequency (Hz) for Cu substituted Co ferrite nanoparticles
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The dielectric constant decreases due to the electronic exchange which arises because of the local
displacement of electrons in the direction of the applied electric field. This induces polarization in the
ferrite [28]. Figure (3b) shows a high dielectric loss initially, which decreases at higher frequencies. The
high loss can also be due to hopping conduction between Fe® and Fe**ions [29]. But a very low variation
in the dielectric constant is observed for the CuFe,O,.

3.4 Transmission Elec

Mi

Fig(4) The Transmission Electron Microscope (TEM) image of the CoysCug sFe,O4 nanoparticle

Fig (4) shows the TEM images of CogsCuy. 4Fe,O4 nanoparticles prepared by co-precipitation
method. The image shows the small agglomerates of Co-Cu ferrite nano particles of size around 15-20nm.

4. Conclusion

CoxCu.xFe,04 nanoparticles are successfully prepared by co-precipitation method. The FT-IR
spectra show main absoption bands at ~500 cm™ to 400 cm™ corresponding to the vibration modes of all
spinel compounds. The XRD pattern reveals that synthesized ferrites are made of nano crystalline
particles with size in the range of 3—18nm. It is also observed that the crystallite size decreases with Cu
substitution. The dielectric constant value varies from 522.31 to 10.44 at 600° C and this high value of
dielectric constant is attained due to the lower particle size and higher value of crystallinity.
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