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Abstract

The ultrafine ferrite material having general formula
Niz+xMnyFe2.oxOs; where 0.0 < x < 0.6 were prepared
through double sintering solid state reaction technique using
A.R. grade oxides of respective ions. The phase purity of all
the samples was checked by X-ray diffraction technique.
The X-ray diffraction pattern shows all reflections belonging
to cubic spinel structure. No extra peak other than cubic
spinel was observed in the X-ray diffraction pattern. Using
X-ray diffraction pattern data and using Braggs law, the

lattice constant was calculated for all the compositions. The
lattice constant decreases linearly with Mn** substitutions
and obeys Vegard’s law. The magnetic properties
(saturation magnetization, magneton number, coercivity
etc.) were investigated using pulse field hysteresis loop
technique at room temperature. The values of coercivity
decreases with Mn*" content increases. The saturation
magnetization and magneton number both significantly
decreases with increase in Mn** substitution.
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1. Introduction

Now a days the researcher was attracted by magnetic materials. Ferrite is a good magnetic material, which are magnetic
oxides, form a class of very good magnetic material because of their high electrical resistivity, low eddy current and dielectric
losses, high saturation magnetization, high Curie temperature and high permeability (1. These important properties of ferrites
are the basis of its technological importance in many fields. These remarkable properties of ferrites are useful in many
applications such as transformer core, antenna rods, memory chips, magnetic sensors, drug delivery etc. . The important
magnetic and electrical properties of ferrites mainly depend on methods of preparation, type and amount of dopant, cation
distribution etc. B,

On the basis of crystal structure, ferrites are grouped into three important classes, namely spinel ferrite, garnet and hexa-ferrite
41, Spinel ferrites are represented by the formula AFe,Oq4, where A is a divalent metal ion. The crystal structure of ferrite
consists of two interstitial sites, tetrahedral (A) and octahedral [B] sites; in which cations are occupied. The magnetic
properties are linked with the A-B magnetic interaction between the magnetic atoms on the tetrahedral (A) and octahedral [B]
sites. Thus, it is essential to know the distribution of cations over available tetrahedral (A) and octahedral [B] sites in order to
understand magnetic properties of spinel ferrites. The cation distribution in spinel ferrites can be studied by using X-ray
diffraction method !, magnetization 1, Mosshauer [l and neutron diffraction technique 1. Among the spinel ferrites, nickel
ferrite is a typical inverse spinel ferrite and is extensively used in many applications because of its large permeability at high
frequency, remarkable high electrical resistivity, moderate saturation magnetization, Curie temperature, chemical stability and
cost effectiveness I, Nickel and substituted nickel ferrites have been studied for their various properties by many researchers
(10111 The effect of divalent and trivalent ions on the structural, electrical and magnetic properties of nickel ferrite has been
reported in literature 2 131, In the literature, effect of tetravalent substitution of Mn4+ ions on the properties of nickel ferrite
have been reported by very few workers . However, cation distribution and their correlation with magnetic properties have
not been reported in the literature. Mn** is a non-magnetic ion, when two Fe3* ions are replaced by Mn** ions in combination
with divalent Ni%* ions, may result in improved magnetic and electrical properties of nickel ferrite. To our knowledge, the
structural and magnetic properties of Mn** substituted nickel ferrite has not been investigated in detail and correlated with the
cation distribution.

In this research article, attempt has been made to synthesize nickel ferrite with Mn** substitution with the chemical formula
NizxTixFe2.2x04; Where 0.0 < x < 0.7. The physical and magnetic properties were investigated by means of X-ray
diffractometry, magnetization spectral studies.
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2. Experimental

The polycrystalline samples of NiyxTixFe2.2xOs, where 0.0 <
X < 0.7, in the step of 0.1were prepared by double sintering
ceramic technique 3, The A.R. grade oxides (SD Fine) of
corresponding ions (NiO, TiO, and Fe;O3) were mixed in
stoichiometric proportions. Each sample was wet ground for
4 hours using agate mortar. The samples were pre-sintered
in a muffle furnace at 900°C for 12 hours. The pre-sintered
samples were reground and compressed into a pellet form
using hydraulic press with a pressure of 6 ton per inch?
These pellets were sintered at 1200°C in air for 24 hours and
were slowly cooled to room temperature. X-ray diffraction
(XRD) patterns were recorded at room temperature in the 20
range of 20° to 80° to confirm the single-phase cubic spinel
structure. The cation distribution was estimated through X-
ray diffraction technique. The magnetic properties were
studied using pulse field hysteresis loop technique at room
temperature [26],

3. Results and discussion

3.1 Structural properties

Room temperature X-ray diffraction patterns of typical
samples 0.1, 0.2 and 0.3 the samples of the series Niy+xMny
Fez-2x04; where x = 0.0 < x < 0.6, are shown in Fig 1. XRD
analysis showed that the samples under investigation have
cubic spinel structure; no extra peak has been observed other
than the cubic spinel. All the peaks are found to be sharp
and intense.
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Fig 1: X-ray diffraction patterns of typical samples of Niz+xMnx
Feo.ox04; where x = 0.1, 0.2 and 0.3

The values of Miller indices (hkl), Bragg’s angle (20), inter
planer spacing (d) and peak intensity for each Bragg’s peak.
It can be observed that the inter planer spacing value (d)
changes with the addition of Mn content x. The XRD data
was used to calculate the lattice constant of all samples. The
values of lattice constant obtained from XRD data with an
accuracy of + 0.002 are given in Table 1.

www.multiresearchjournal.com

The variation of lattice constant with Mn content x is
observed from Table 1, that the lattice constant of
NizxMnyFe 204 increases from x = 0.0 to x = 0.1, beyond
x = 0.1 the lattice constant decreases with Mn content x. The
decrease in lattice constant with Mn content x is attributed
to the difference in ionic radii of constituent ions i.e., Ni?*,
Fe3* and Mn*. In the present series Nii+xMnyFe;.xOs two
Fe** (0.67A) ions are replaced by combination of
Ni2**(0.72A) ions and Mn**(0.52A), thereby decreasing the
lattice constant of the system should decrease. A similar
result of wvariation of lattice constant in tetrahedral
substitution is observed (171, The decrease in lattice constant
is almost linear and obeys Vegards law [8],

Table 1: Values of Lattice constant (a), Particle size, X-Ray
density and % Porosity of Nii+xMnx Fe2-2xO4; where x =0.0 < x <

0.6 system
Mn cgntent Lattice constant (A) X Ean};lgggilty :{azgl(%
0.0 8.337 6.781 499
0.1 8.362 6.452 454
0.2 8.355 6.198 555
0.3 8.349 5.942 454
0.4 8.336 5.696 501
0.5 8.327 5.443 499
0.6 8.323 5.179 416

The X-ray density (dx) was calculated for all the values of x
and the values are presented in Table 1. Table 1, indicates
that X-ray density decreases linearly with Mn content x. The
decrease in X-ray density is attributed to the fact that
decrease in mass over take the decrease in volume of the
unit cell. Similar behaviors of X-ray density were also
reported in the literature (19,

The particle size of each sample was determined by
considering most intense peak (311) of the XRD pattern.
The particle size was determined by using Scherrer formula,

_ 09
Pcoso

The values of particle size of each sample were reported in
the Table 1.

3.2 Cation distribution

The study of cation distribution in spinel ferrite is important
to understand the magnetic behaviour of the samples. X-ray
diffraction ! Neutron diffraction Y and Maéssbauer %2 are
the techniques available to determine the cation distribution
in a given spinel ferrite. In the present work X-ray
diffraction method has been used to study the cation
distribution. In X-ray diffraction method, X-ray intensity
ratios of a selected plane were calculated and the calculated
intensity is then compared with the observed intensity ratios.
The intensity ratios were calculated for various distributions
of cations at tetrahedral (A) and octahedral [B] sites. An
agreement factor given by,

obs cal

R = Ih.kl _ Ih.kl
- Iobs Ical
k' k'l

The minimum value of R gives the best possible cation
distribution. The intensity ‘I’ of given diffraction line can be
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calculated using following relation.
I = | Fra |° P Lp

Where, Fnq is structure factor, P is multiplicity factor, and
Lpis Lorentz polarization factor.

_ 1l+cos’0
P $in’0 - cos20
The structure factor, multiplicity factor and Lorentz
polarization factor are taken from the literature 3, In the
present work (400), (422), (440) planes were considered to
calculate intensity ratio. These planes are assumed to be
sensitive to the cation distribution. The temperature and
absorption factors are not taken into account in our
calculations as they do not affect the intensity calculations.
The cation distributions calculated from X-ray intensity ratio
calculation is illustrated in Table 2. The table shows that
Ni2* occupies octahedral (B) and tetrahedral [B] sites where
as Mn* and Fe3* both occupy tetrahedral (A) and octahedral
[B] sites.
The mean ionic radius of the tetrahedral (A) and octahedral
[B] sites (ra and rg) can be calculated by the following
relations.

ra=[1- (x-y) r Fe®* + (x-y) r Mn*] and
re = [1- (x-y) r Fe3" +yr Mn*" +(x-y) r Ni]

Where, y is concentration of Mn** in octahedral [B] site.
The values of ra and rg with average value of ‘r’ are given in
Table 2. It is clear that both ra and rg is decreases with
decrease in Mn content x. The decrease in ra and rg is due to
the replacement of Fe3* ions (0.67A) by smaller Mn**
(0.52A) at both sites.

Table 2: Site preference of cations in ferrite and ionic radii ‘ra’,
‘r’, average ionic radii of Ni1+xMnx Fe2-2xOs; where x = 0.0 < x <

0.6 system
Site 'I_'ype of cations R_Fe:[ﬂ] ra rs | Averager
Ni2* | Mn** | Fe3* Fe'wy | (A) | (A) A

00820000 =001 1000 |0.640/0.690 0.665
015209 3005 0935 0636 0695 0.666
0252002052 0860 |0.6320.700 0.666
034 g:g 8:12 ggg 0.707 |0.628/0.705 0.667
0452022 878 0579 |0624/0.720 0667
058 T roo0 o0l 0420 06200715 0.668
06/ g:g 8:22 8:‘152 0.250 |0.616 0.720| 0.668

3.3 Infrared spectra
The infrared spectra of all the sample of the ferrite system
NizxMnyFes.oxOs were taken at room temperature in the
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region 200 cm™ to 800 cm 1 IR spectra of typical sample
(x=0.3) are shown in Fig 2.
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>
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Fig 2: IR spectra of typical sample (x=0.3) for Niz+xMnx Fe2-2xOs;
where x = 0.0 < x < 0.6 system

Table 3: Values of vibration band frequencies ‘vi’ and ‘v2’ with
force constant ‘Kt and ‘Ko’ ofNizxMnx Fe2-2x04; where x=0.0, 0.3
and 0.5 system

Mn content x Vi V2 Kt =105 Ko x10°
cm? cm?t | dynes/cm | dynes/cm

0.1 605.34 | 408.9 1.557 1.019

0.3 602.96 | 408.1 1.539 1.020

0.5 608.41 | 413.56 1.561 1.052

The spectra show two prominent absorption bands near
400cm and 600cm™ The high frequency band v.(600cm-
tand low frequency band v, (400cm™) is assigned to intrinsic
vibrations of tetrahedral and octahedral groups respectively.
The position of two absorption IR bands v; and v is listed
in Table 3. The difference in band position for the various
compositions was expected because of the difference in the
distance for the octahedral [B] site and tetrahedral (A) site
ion.

A similar IR spectrum has been reported by various workers
[24.25] The IR data have been used to evaluate force constant
K: and K, for tetrahedral (A) and octahedral [B] sites
respectively by using the following relation:

K= 7.62 x My xv12x 1073
Ko=5.31x M, x Uzzx 103

Where, v1 is high frequency band and v, low frequency
band he values of force constant K: and Kq are listed in
Table 3.

3.4 Magnetic properties

The magnetic hysteresis curve of NipMnyFes2xOs for
typical sample x=0.4 and x=0.5 as shown in Fig 3. It can be
seen that all the samples show ferrimagnetic behavior which
decreases with increase in Mn content x. These hysteresis
curves are used to determine, saturation magnetization (Ms),
magneton number (ng), coercivity (Hc) and remanence field
(My).
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Fig 3: The magnetic hysteresis curve of Nii+xMnxFe2-2xO4 for
typical sample x=0.4 and x=0.5

The values of all these magnetic parameters are presented in
Table 4. It can be observed from Table 4 that saturation
magnetization (Ms) increases with Mn content X up to x =
0.3. After x = 0.3 Ms decreases with Mn content x. The
observed behavior of saturation magnetization is similar to
that of another well-known spinel ferrite 61, The observed
behaviour of magneton number (ng) is tried to explain on
the basis of Neel’s two sub-lattice collinear spin model.
According to Neel’s two sub-lattice collinear spin model
magneton number ‘ng’ is given by,

ng= |Mg—Mal|

According to Neel's theory ng is the difference between
magnetic moments of ions on A- site and B-site, Where Ma
and Mg are the A and B sub lattice magnetic moment in pg.
The calculated values of magneton number are given in
Table 4.

Table 4: Values of magnetic moment of tetrahedral A-site and
octahedral B-site and observed and calculated magneton number
(uB) NizxMnxFe2-2x04 (x=0.0 < x < 0.6) system

Mn Magnetic moment (us) [Magneton number ‘ns’ (us)
contentx | Ma Ms Obs. Cal.

0.0 5.0 7.0 1.82 2.0

0.1 4.8 6.7 2.08 1.9

0.2 4.6 6.4 2.25 1.8

0.3 4.4 6.1 2.30 1.7

0.4 4.2 5.8 1.72 1.6

0.5 4.0 55 1.15 15

0.6 3.8 52 0.82 14

It is seen from Table 4 that Neel’s magneton number
decreases with increase in Mn content x. The calculated
values of magneton number are given in Table 4. It can be
seen from Table 4 that there is a discrepancy in the observed
and calculated values of magneton number for x > 0.2. Thus,
Neel’s theory fails to explain observed behavior of
magneton number 271,

4. Conclusions

The experimental results on structural and magnetic

properties of Mn** substituted nickel ferrite system leads us

to draw the following conclusions:

1. The prepared samples of NiixTixFez2:04 (0.0 < x <

0.7) are single phase in nature with cubic spinel

structure.

The lattice constant decreases with Mn** substitution.

3. The cation distributions shows that Ni?* occupies
octahedral (B) and tetrahedral [B] sites where as Mn**
and Fe®* both occupy tetrahedral (A) and octahedral [B]
sites.
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Both ionic radii ra and rg is decreases with decrease in
Mn content x. The decrease in ra and rg is due to the
replacement of Fe®* ions (0.67A) by smaller Mn**
(0.52A) at both sites.

Saturation magnetization (Ms) increases with Mn
content x up to x = 0.3. After x = 0.3 Ms decreases with
Mn content x and also magneton number, both decrease
with Mn** substitution.
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