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Abstract:

Cobalt manganese aluminum ferrite systems CoMn;_ Al,FeO,4 has been synthesized by auto — combustion method
from corresponding metal nitrates. X-Ray diffraction pattern indicate well defined peaks of crystalline F.C.C. phase
which confirms spinel cubic structure formation. The lattice parameters are found to be decrease with increasing

AP" substitution. X-Ray density of all sample decrease with AI’* substitution due to influence of atomic weight.

1 Introduction

Magnetic nanoparticles attention recently due to their technological applications in microwave devices,
high-density magnetic recording, electronic devices and medical instruments [1-4]. The spinel ferrites magnetic
nanoparticles are technologically important due to their various applications and the interesting physics and
chemistry involved in. The recent trend is focused on the doped ferrites prepared using various synthesis techniques
with different cation concentrations which affects the various properties like, electrical, dielectric, and magnetic

behavior. [5-8]

Ferrite materials are important magnetic materials, which have various applications in power conditioning
and conversion. Due to their distinct magnetic properties, ferrite materials have been widely used to prepare many
electromagnetic devices such as inductors, converters, phase shifters and electromagnetic wave absorbers [9,10]

Since, the temperature dependence of the magnetoelastic properties is strongly dependent on the
magnetostriction and magnetic anisotropy, as well as coercivity, permeability, and chemical composition of the
material. As per the literature review these properties appeared excellent with Co-Mn ferrite, therefore in our present
study we have kept Co-MnFeOj, as a basic composition for further investigation.

A variety of techniques have been used to prepare ferrite materials of nano-scale including co-precipitation
method [11-15], sol-gel process [16-18], glass crystallization [19], the mechanical alloying method [20] self-
propagation microemulsion, microwave, hydrothermal, and ultrasound-assisted synthesis.

Keeping the importance of Co-Mn ferrite and the need to prepared these samples in nanometer dimensions
it was decided to synthesize CoMn;Al,FeO, (x = 0.0, 0.25, 0.5, 0.75, 1.0) ferrite system. The structural and

l3+

magnetic changes in the Co-Mn ferrite brought by the Al™" substitution synthesized via sol-gel auto-combustion

method is discussed here.



2 Experimental

Sol-gel auto-combustion route was adopted to achieve the homogeneous mixing of the chemical
constituents at the atomic scale and better sinterability. AR grade cobalt nitrate (Co(NOs),-3H,0), aluminum nitrate
(AI(NO»);-9H,0), manganese nitrate (Mn(NOs),-6H,0),iron nitrate (Fe(NO;3);-9H,0) and citric acid
(C¢HgO;-HyO),were used to prepare the CoMn, Al,FeO, (x = 0.0, 0.25, 0.5, 0.75, 1.0) ferrite compositions.
Reaction procedure was carried out in air atmosphere without protection of inert gases. The molar ratio of metal
nitrates to citric acid was taken as 1:3. The metal nitrates were dissolved together in a minimum amount of double
distilled water to get a clear solution. An aqueous solution of citric acid was mixed with metal nitrates solution, then
ammonia solution was slowly added to adjust the pH at 7. Then the solution was heated to 90 °C to transform it into
gel. When ignited at any point of the gel, the dried gel burnt in a self-propagating combustion manner until all gels
were completely burnt out to form a fluffy loose powder. The auto-combustion was completed within a minute,
yielding the brown-colored ashes termed as a precursor. Finally, the as prepared ferrite powder was annealed at 600
°C for 4 h. in order to compete the crystallization.

The crystal structure of prepared samples was characterized by X-ray diffraction technique using Phillips
X-ray diffractometer (Model 3710) equipped with Cu-K,, radiation (A=1.5405A). The microstructure was examined
on the fracture surfaces of the samples using thermal field emission scanning electron microscope (SEM).
Transmission electron microscope (TEM) measurements were recorded on Philips (Model CM 200). The samples
were prepared by dispersing the powders in acetone and dropping the suspension on a lacey carbon film supported
on a 300-mesh copper grid. The infrared spectra of all the samples were recorded at room temperature in the range
300 cm™ to 800 cm™ using Perkin Elmer infrared spectrophotometer. Room temperature magnetization of the
samples was measured using the pulse field magnetization set-up.

3 Results and discussion

3.1 Structural Analysis
Prepared samples were tested by X-ray diffraction. Fig. 1.shows the XRD patterns of the samples with
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different doping levels of Al’" substitution.
Fig. 1 X-ray diffraction pattern of CoMn;_Al,FeO,4 (x= 0.00,0.25,0.50,0.75,1.00)

The reflection from the planes, (22 0), (31 1), (22 2),(400),(422),(333) and (4 4 0) appeared for all

samples. The patterns indicate well-defined peaks of crystalline FCC phase which confirm spinel cubic structure



formation for the samples and belong to the (Fd’m) cubic spinel space group. The lattice parameters have been

computed using the d-spacing values and the respective (h k 1) parameters from the classical formula given in Eq.1
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Where d is the inter-planer spacing and (%4]) is the index of the XRD reflection peak. The lattice constant is affected
by the cationic stoichiometry. The lattice parameters are found to decrease almost linearly by increasing AI’*
substitution. The values of the lattice parameter exhibit an almost linear dependence, thus obeying Vegard’s law **as

shown in Table.1.

Comp. a dx DXRD dB P
X A) (g/em’) (nm) (g/em’) (%)

0.00 8.394 5.249 16.028 4121 21.50
4.050 21.74

0.25 8.349 5.175 18.132

0.50 8.339 5.034 9.482 3:923 2207
3.818 22.1

0.75 8.321 4.905 12.276 ’
3.782 23.32

1.00 8.214 4.932 9.070 ’

Table .1. Lattice constant (a), X-ray density (d,), crystallite size (Dxgrp), bulk density (dg) and porosity (P)

The X-ray density (dx) of all the samples of the series was obtained by the following relation:
_8M
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where ‘8’ is the number of molecules per unit cell, ‘M’ is the molecular weight of sample, ‘N’ is the Avogadro’s
number and ‘a’ is lattice constant. It can be observed from Table 1, the value of d, decreases with A" substitution.
This may be due to the fact that the density and atomic weight of AI*" are smaller than that of Mn®" ions. The
density and atomic weight of A" is 2.70 g-cm™ and 26.98 respectively whereas it is 7.23 g-em and 54.93
respectively for Mn’* ion.

However, the bulk density (dg) calculated from the Archimedes principle depicted in Table.1,shows the
smaller value as compared to that of dx. The smaller value of dg than that of the d, is due to the existence of pores
that depend on the sintering and pressing conditions. The peaks of (22 0), (31 1),(222),(400), (42 2),(333)and
(4 4 0) have been deconvoluted to Lorentzian curves for the determination of the crystallite size using full-width at
half maximum value. The crystallite size of the nanocrystalline samples were measured from XRD line broadening
analysis applying Scherrer’s formula :
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Where Dxyp is the dimension of the crystallites, A the wavelength of the X-ray radiation, 6 the Bragg angle, k is a
shape factor taken to be 0.94 and B the peak width measured at half of the maximum intensity. The values are
presented in Table 1.The values of the Dxgp are in the range of 18 to 9 nm and showed reasonable decreasing trend
with the increase in AI*" substitution in Co-Mn ferrite.

The percentage porosity (P) is calculated using the following relation:

P= M %100
dy ) e Q)

Where dx and dp are the X-ray density and bulk density respectively. Table 1. shows that the porosity of the samples
increases with AI’" substitution; this maybe due to the release of oxygen from the samples during sintering i.e., the
decrease in oxygen ion(anion) diffusion would retard the densification. The increase in porosity with AI’"
substitution is also related to the decrease in bulk density and decrease in crystallite size.

L, and Ly i.e. the hopping length for tetrahedral A- and octahedral B-sites respectively were calculated

using the following relation:
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The variation of hopping lengths L, and Ly with Al" 'substitution is depicted in Fig. 2 It is observed from Fig. 2 that
the distance between the magnetic ions (hopping length) decreased with AI’* substitution.

13+

Comp. Hopping length dox dix Tetra edge Octa edge dgxe 4)
* La(A) Ly (A) @ ® d(,i)(E Shared unshared
0.00 3.6347 2.9677 1.905 2.052 3.110 2.825 2.975
0.25 3.6152 29518 1.894 2.041 3.093 2.810 2.959
0.50 3.6109 2.9483 1.892 2.038 3.089 2.806 2.956
0.75 3.6031 2.9419 1.888 2.034 3.083 2.800 2.949
1.00 3.5568 2.9041 1.864 2.008 3.043 2.764 2912

Table.2. Hopping lengths (L, and Lg), Tetrahedral bond (dx), octahedral bond (dgy), tetra edge (daxg) and
octahedral edge (dgxg) (shared and unshared) of CoMn;_ Al,FeO,
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Fig. 2 Hopping length L, and Ly

This behavior of hopping lengths with AI** substitution is in agreement with the variation in lattice constant with
A’" substitution. The variation of L, and Lg may be related to the difference in the ionic radii between AP’ and
Mn®" ions. The substitution of AI’" ions instead of Mn®" ions makes the magnetic ions become smaller to each other

and the hopping length decreased.

4 Conclusions

Al*"substitutedCo-Mn ferrites nanoparticles with a chemical formula CoMn, ,Al,FeO, where x = 0.0, 0.25, 0.5, 0.75,
1.0 were synthesized via the sol-gel auto-combustion method. Co-Mn ferrites nanoparticles synthesized by sol-gel
auto-combustion method has been characterized to be single phased cubic spinel belonging to the space group Fd
3m.The lattice constant of Co-Mn ferrite decreased linearly with the increase of Al*'substitution and may be related

to the smaller ionic radii of A’ ions as compared to that of Mn®" ions.
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