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ARTICLE INFO ABSTRACT

The selection of suitable chelating agent for particular ferrite composition becomes critical in attaining
an optimum particle size with a precise control. Since the increase in viscosity and prevention of cation
segregation due to addition of chelating agent and the nature of cat-ions play crucial role in controlling
the particle size. In this view nano crystalline Nij 45Zn, 35Fe,0, ferrites have been synthesized by sol-gel
technique using PVA and PEG as chelating agents at different annealing temperatures. The heat treated
samples were characterized by X-ray diffraction, FT IR spectra, transmission electron microscopy and
VSM. The impact of chelating agents on the crystallite size, particle size, and saturation magnetization
at different annealing temperatures has been studied as part of investigation. FT IR spectra reveal the
presence of PVA and PEG in the ferrite samples up to 600°C.
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INTRODUCTION

Study of ferrites has been the subject of many researchers for
the past several years due to their novel electromagnetic
properties. Though the performance of these ferrites markedly
improved, effective function in microwave frequency range
still remains a challenging task. It is well known that chemical,
structural, and magnetic properties of ferrite particle are
strongly influenced by their composition and microstructure
which are sensitive to method of preparations and annealing
temperatures (Li ef al., 2004; Caruntu et al., 2002). The study
of nano crystalline spinel ferrite particles has attracted great
interest among researchers due to their relevance to application
in biological fields, magnetic resonance imaging enhancement,
magnetically guided drug delivery, sensors and pigments
(Sugimoto, 1999; Safarik, 2002). This goal is achieved more
easily using wet chemical methods such as sol-gel process.
Polymerizable complex method seems to be the easiest and the
most elegant variation of sol-gel methods.

*Corresponding author: GSVRK Choudary,
Department of Physics, Bhavan’s Vivekananda College, Sainikpuri,
Secunderabad 500094, India.

The completion of this technique requires only inexpensive
chemicals, a beaker, a stirrer, a hot plate and a furnace. It is not
sensitive to the presence of water, it does not require inert
atmosphere and even without careful control of gel processing
time and stirring rate one should be still able to obtain samples
of excellent homogeneity (Hiromitsu Kozuka and Sumio
sakka). It is the combination of these factors that explains the
growing interest of this method for the synthesis of ferrites
among the researchers. The basic idea of this approach
involves preparation of a precursor solution, in which the ions
are well mixed on a molecular scale. The precursors are heated
to cause decomposition of chemical constituents and produce
the desired multi-component oxide phase. The homogeneity of
metal ions distribution achieved in the solution allows
formation of nanoscale powders at lowering synthesis
temperature due to shorter diffusion path. The chelating agent
dissolved in de-ionized water is added to precursors so as to
arrest particle growth while heating. The addition of chelating
agent increases viscosity and in some cases changes the pH of
the precursor solution. The increase in viscosity is often
referred to as gelation.
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A chelating agent forms several bonds with a single metal ion
providing necessary environment to prevent cat-ion
segregation. The increase in viscosity and prevention of cat-ion
segregation allows outstanding control in arresting the particle
growth. Also the nature of cat-ions affects the rate of viscosity
increase (Arima et al., 1996; Kakihana et al., 1997). Therefore
selection of suitable chelating agent for particular ferrite
becomes critical in attaining an optimum particle size with a
precise control. In the present investigation a familiar Ni-Zn
composition NiggsZng35Fe,04 has been chosen and processed
through sol-gel method using two chelating agents polyvinyl
alcohol (PVA) and polyethylene glycol (PEG). A systematic
investigation by procuring enough information through various
techniques has been carried out to optimize the method of
processing, heating temperature, and particle size.

Experimental

The method of preparation of samples was described elsewhere
(Mahesh Kumar et al., 2008). FT IR spectra of finely crushed
powder were recorded for the all samples in the range - 4000
em’ to 400 cm' on MAGNA 550 Nicolet Instruments
Corporation wherein KBr is used as solvent in 1:3 proportions.
The spectrum, transmittance (%) against wavenumber (cm™)
has been used for the interpretation of the result. The XRD
measurements were carried out using Bruker D8 Advance
X-ray diffractometer. The x-rays were produced using a sealed
tube and the wavelength of x-ray was 0.154 nm (Cu K-alpha).
The x-rays were detected using a fast counting detector based
on Silicon strip technology (Bruker LynxEye dtector). The
TEM (Hitachi H-7500) at required magnifications is used to
obtain structural information from the samples that are very
much thin to transmit electrons. Room temperature
magnetization of the sample was measured using a VSM (115
PAR-EG&G Model) under an external magnetic field of 20
kOe.

RESULTS AND DISCUSSION

The XRD patterns of asprepared NiggsZng35Fe;04 with PVA
and PEG matrices are shown in Figure 1(a) and 1(b).
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As the observed x-ray diffraction peaks of as prepared powder
(figure 1(a)) correspond to nickel oxide [d= 18.373°jcps 85-
1977], zinc oxide [22.329° jcps 78-1124], ferric oxide [29.96°,
jeps 87-1166] and magnetite [29.831°jcps 19-0629], the initial
ingredients are simply converted into oxides with no indication
of ferrite formation at 100 °C. To initiate the formation of
ferrite via the solid state reaction among the ingredient oxides
present in asprepared powder, the sample were annealed to
higher temperatures.

At 200 °C (Fig 2a and 2b) start of ferrite formation has been
observed with the appearance of the standard peaks
corresponding to characteristic reflection of Ni-Zn JCPDS Card
no. 08-0234. In the PVA sample annealed at 200 °C (Figure 2a),
non-reacted nickel oxide and zinc oxide has been observed to
persist in the material. In order to obtain single phase spinel
structure with narrow peaks, it is thought necessary to anneal
the materials to higher temperatures. The required ferrite
formation has been observed to be completed at 400 °C and
X-ray diffraction pattern of the material (Figure 2a and 2b)) has
shown single phase spinel structure with broad peaks
representing smaller crystallite size.

The observed gradual increase in sharpness, intensity and
decrease in full width at half maximum of X-ray diffraction
peaks of powders annealed at 600 °C and 750 °C in both PVA
and PEG matrices (Figure 2a and 2b) asserts the improved
crystallization process with annealing temperature. Crystallite
size estimation in all the samples has been made from full
width at half maximum values of x-ray diffraction patterns
using Scherer equation. Crystallite size at 400°C, 600°C and
750°C has been found increasing with increasing annealing
temperature (Table 1). The growth of crystallite size beyond
400°C was assumed to depend solely on annealing temperature
as polyethylene glycol (PEG) and polyvinyl alcohol (PVA) are
known to leave the system between 200 °C and 400 °C (Nasser
et al., 2008; Caruso et al., 1999; Koseoglu et al., 2011; Xiaotun
et al., 2003). To ascertain this fact, FT IR spectra were
recorded for the samples containing both PVA and PEG heated
at 200°C, 400°C, and 600°C in the range - 3000 cm’ to
400 cm” on MAGNA 550 Nicolet Instruments Corporation as
shown in Figure 3(a) and 3(b).
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Figure 1(a, b). XRD patterns of the basic Ni-Zn (as prepared) ferrite with PVA and PEG matrices
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Figure 2(a), 2(b). XRD patterns of the basic Ni-Zn ferrite annealed at different temperatures with PVA and PEG matrices
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Figure 3(a, b). FT IR spectra of Ni-Zn ferrite annealed at different temperatures with PVA and PEG matrices

Figure 4(d) PEG 400°C Figure 4(2) PEG 600°C Figure 4(f) PEG 730°C

Figure 4 (a-f). TEM images of Ni-Zn ferrite at different annealing temperatures with PVA and PEG matrices
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In these FT IR spectra several characteristic band were
observed. The bands at wavenumbers ~590 cm™ (v,) and ~425
em’ (vy) correspond to two sublattices, tetrahedral and
octahedral sites of spinel ferrite while the bands at 3404 cm™,
2924 cm™, 1407 cm™ in PVA spectra and 3397 cm™, 2901 cm™,
1360 cm' in PEG spectra are attributed to O-H stretching, C-H
stretching and C-H bending respectively . With increase in
temperature, it is observed that the transmission intensity of
bands corresponding to O-H stretching, C-H stretching , and C-
H bending in PVA and PEG spectra gradually decrease
indicating that both the chelating agents were present to certain
extent in the samples even at 600°C attributing to good control
of particle size.

From these spectra it is found that each spectrum consist of two
significant absorption bands which reveal the formation of
single phase of spinel ferrites having two sublattices,
tetrahedral site and octahedral site. The observed first band at
higher wavenumber of ~590 ¢cm™ (v;) and the second band at
lower wavenumber of ~425 cm™ (v,) have been attributed to
the stretching vibrations of bond between cation and oxygen
ions at tetrahedral and octahedral sites respectively. The
difference in the positions of absorption bands (v;, v;), has
been attributed to the difference in bond lengths (cation and
oxygen ions) within tetrahedral and octahedral sites (Rao,
1963). It is also observed that there is no shift in wavenumbers
corresponding to tetrahedral and octahedral sites indicating no
change in cation distribution with increase temperature. Figure
4(a) to 4(f) shows transmission electron micrographs of basic
nickel-zinc ferrite annealed at different temperatures with PVA
and PEG matrices where fine and uniform particles have been
observed. The average particle size has been estimated from
volume averages of number of TEM pictures for a particular
sample by fitting the particle size distribution with a Lorentz
function. These fittings for all samples at different annealing
temperatures with PVA and PEG matrices are shown in Figure
5(a) and 5(b).
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PVA and PEG matrices

Crystallite size is usually referred to particle whose size is less
than 100 nm. In case of nanomaterials, Scherrer equation using
full width at half maximum corresponding to experimentally
observed x-ray diffraction peaks would provide crystallite size
(Hall, 2000; Cullity and Stock, 2003). The particle size has
been determined from shape analysis of transmission electron
micrographs. The crystallite and the particle sizes are observed
to be comparable for all the samples (Table 1). This results
show that the synthesized powder has nono- sized crystallites.

Figure 6(a) and (b) show room temperature magnetic hysteresis
loops of basic composition, Nij¢sZng3sFe,O4, annealed at
different temperatures with PVA and PEG matrices. These
curves highlight two very important facts, one the increase in
specific saturation magnetization and the other, broadening of
the hysteresis loop (inset picture in Figure 6(a) and 6(b))
indicating increase in coercivity of these samples with
annealing temperature. The obtained values of saturation
magnetization are lower than those of bulk ferrite (Smit and
Wijin, 1961). The lower value of saturation magnetization at
smaller size is attributed to the surface effects that appear as a
result of finite size of nonocrystallites and which lead to a non-
colinearity of the magnetic moments at the nanocrystallite
surface. The effects reduce as the crystallite size increase and
the surface/volume ratio decrease (Kodama et al., 1996; Caizer,
2002; Mollard et al, 1977). Also increasing annealing
temperature causes an increase in density of the material and a
decrease in the number of pores that act as pinning centers for
the electron spins (Smit and Wijin, 1961). The gradual increase
in particle size with annealing temperature may produce larger
magnetic domains with improved spin alignment. The field
required for the rotation of spins in such a case increases and
thereby causing higher coercive force in the material. All these
factors contribute and naturally lead to increase in saturation
magnetization.

Parbcls 3= [nmj

Figure 5(a, b). Histograms of particle size distribution of Ni-Zn ferrite at different annealing temperatures with PVA and PEG
matrices
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Table 1. Comparison of crystallite size, particle size, saturation magnetization and coercivity
of Ni-Zn ferrite annealed at different temperatures with PVA and PEG matrices

Annealing Crystallite size XRD (nm) Particle size TEM (nm) Saturation Magnetization M (emu/gm)  Coercivity (Oe)
Temperature  (°C)
PVA PEG PVA PEG PVA PEG PVA PEG
400 26.32 25.38 23.02 26.98 26.83 25.13 12.06 14.06
600 36.8 41.05 31.8 44.32 40.70 50.82 64.96 74.96
750 40.76 54.31 43.3 57.54 46.15 53.96 105.71  106.7
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Figure 6(a) and 6(b). Room temperature magnetic hysteresis loops of Ni-Zn ferrite different temperatures
with PVA and PEG matrices

As the particle size increases, coercivity increases initially and
attains a maximum at a critical size which is controlled by the
anisotropy energy responsible for opposing spin rotation away
from the easy axis of magnetization. Further increase in particle
size, beyond the critical value, results in transition from single
domain to multi-domain behavior where the coercivity starts
decreasing with increasing particle size (Pankhurst and Pollard,
1993). At transition from single domain to multi domain,
magnetization increases due to domain wall movement under
the action of the magnetic field. Though PVA and PEG served
as good chelating agents in controlling the crystallite size, the
effect of annealing temperature on the crystallite size
established PVA matrix is better of the two due to lower
particle size. This might be the due to the fact that PVA has
provided high dense matrix in controlling the crystallite size
than PEG. But higher saturation magnetization and coercivity
have been noticed for Ni-Zn ferrites in PEG matrix due to
larger grain growth.

Frequency {Hz}

Observed variations in magnetizations also seem to following
the same trend as that of the crystallite sizes in both the
matrices under study.

Conclusion

As more flexibility lies with smaller crystallite size to tailor the
properties, PVA is considered as suitable chelating agent than
PEG for nickel Zinc ferrite in attaining an optimum particle
size with a precise control. Further heat treatment beyond
750°C would give better idea to ascertain this fact.
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