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ABSTRACT

The structural, dielectric and magnetic properties of the spinel ferrite system Co

Ni Mn, ,Fe,0, (x=0.05,0.1,

0.7-x" " 'x

0. 15) have been reported. Polycrystalline samples of this series have been prepared by the double sintering
ceramic method. The phase identification and structural parameters such as the lattice constant and x-ray
density have been determined by using X-ray diffraction technique. An IR studies show the presence of absorp-
tion bands at around 600 cm™ (v,) and 400 cm* (v,); these indicate the presence of tetrahedral and octahedral
group complexes, respectively, within the spinel lattice. The dielectric behavior of the system has been studied
by measuring the real (¢") dielectric constant in the frequency range 20Hz-1MHz at room temperature. All
compositionsexhibit normal dielectric dispersion behavior, attributed to M axwell-Wagner type interfacial polar-
ization mechanism. The room temperature magneti zation measurements showed that the saturation magnetiza-
tion (Ms) increaseswith increasein Ni content, which is an anomal ous behavior observed than that of expected.
The maximum Ms of 82 emu/gm is observed for composition x = 0.15 which will be best suitable constituent
phase for making the ferrite- ferroel ectric magnetoel ectric composite materialsin future.
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INTRODUCTION

Thefield of ferritesiswell cultivated, duetotheir
various potential gpplicationsand theinteresting phys-
icsinvolvedinthem. Even after morethan half acen-
tury, scientists, researchers, technologist and engineers
aredill interested in varioustypesof ferritematerids,
substituted with different cations, prepared by different
techniques, and their various propertiesasafunction of
composition, temperature, frequency, etc, inbulk, thin
film and nanoparticleform. The studiesof electricand
dielectric behaviour are equally important asthose of
themagnetic properties, from both theapplied and fun-

damental research points of view!¥. It iswell known
that theintringc propertiesof ferriteslargely depend on
chemica composition and preparation conditions?. By
introducing reaively smdl amount of divaent metd ions,
the structural, magnetic and dielectric properties of
ferrites can be modified®4. Several researchershave
integrated various substitutions and studied the mag-
netic, dielectricand thermal propertiesof ferrites, such
asNi-Co>9. Further, CoFe,O, isbeinginvestigated as
an alternative ceramic material for developing novel
magnetodtrictivesmart materid 9. Itisshownthat Mn-
subgtituted Coferritesareexcellent candidatesfor stress
sensors dueto alarge magnetomechanical effect and
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TABLE 1: Sructural, Infrared, didectricand magneticdata
of Co-Ni-Mnferritesystem

X-ray . .
Composition A density vy Vo cgrresltﬁ; I;:I Hc Mr Ms
(x) (A  Dx  (cm?) (cm?) (1KH2) (Oe) (emu/gm)(emu/gm)
(glem’)
0.05 8.39 5.065 588.12398.13 55.39 29161 15.13 48.67
0.1 3.38 5.079 584.45401.84 64.63 21150 11.29 73.33
0.15 3.38 5.085 591.26412.17 66.85 176.26 22.84 81.79
high sensitivity to stresg*4,

It isreported that the composition x ~ 0.3 of Co__
Mn Fe 0O, isan optimum composition showingacom-
paratively higher magnetostriction at relatively lower
magnetic fieldg™®. Nowadaysahighly magnetostrictive
and res stiveferrite phase hasbecomean essentia part
of ferrite-ferrod ectric magnetoel ectric (M E) compos-
iteswhich show the magnetoel ectric effect*517, It has
been reported by Devan et d that, in order to obtaina
good magnetoe ectric responsein M E composites, the
ferrite phase should be highly magnetostrictive possess-
ing high resistivity!*®l. Focusing onthese objectives, we
havepreparedthe Co,, Ni Mn Fe O, (x=0.05,0.1,
0. 15) systemand report ther r structurai magneticand
dielectric properties.

EXPERIMENTAL

Samplepreparation

All the compositions of Co,, Ni Mn .FeO,
(x=0.05, 0.1, 0. 15) system were prepared by double
sntering ceramic method. TheAR grade starting mate-
rids such as NiO, CoCO,, Mn,O, and Fe,O, were
taken intherequired stoichiometricratioand milled for
3hrs. inan agate mortar. Themilled powder was pre-
sintered at 1000°C for 4 h in ambient atmosphere.
Thesepowderswereuniaxidly pressedinadietoform
pellets (thicknessof 2-3mm and diameter of 15mm)
using hydraulic press. Polyvinyl alcohol (10% of its
weight) was used as abinder during the formation of
pellets. The resulting pellets were fina sintered
at1050°C for 4 h. The heating rate of 1 °C/min and
natural cooling was adopted for the both heat
trestments.Mn,O, formation and presence of Mn** was
observed in MnFe, O, when heated above 1050°1*,

Characterizations
Theconfirmation of Sngle-phaseformationwascar-

ried out by X-ray diffractometer (XRD) (PhilipsModd
PW-3710) using Cr-Ka. radiation (A = 1.54056 A°).
For electrical measurements, al the samples were
pai nted on both sideswith silver pasteto ensure good
ohmic contacts. Thereal (¢') dielectric constant was
measured at room temperature asafunction of gpplied
frequency rangefrom 100Hzto 1 MHz by using LCR
precision meter (Model HP4284A). Thereal (¢') di-
electric constant was cal cul ated by using therelation,

. Cd
T gA (1)

where, Cisthecapacitanceof thesample, disthethick-
nessof thesample; A isthecross-sectional areaand e,
isthe permittivity of free space (8.854x10* F/cm).

RESULTSAND DISCUSSION

X-ray diffraction

X- ray diffraction (XRD) patterns of Co,,
Ni Mn_ Fe,O, (withx=0.05, 0.1, 0.15) areshownln
figure 1 TheX RD patternsreved thepolycrystaline
nature of the samplewith cubic spind structure, con-
firmed by analyzing the patternswith JCPDS cards 74-
2081, 74-2403 and 22-1086. It observed that, thelat-
tice parameter (a) decreaseswith increase of Ni con-
tent, whichisattributed to the replacement of larger
ionicradii Co* ions(0.78A) by smaller ionicradii Ni2*
ions (0.74A°) and thus obeysthe Vegards | aw(2021,

Theoretical density wasestimated by usngthere-
lation?,

D, = 1o ®
where M isthe molecular weight of ferrite, N isthe
Avogadro'snumber and & isthevolumeof unit cell. It
isobserved that the X-ray density increaseswith in-
creasein Ni content. Thismay be dueto thefact that
density of pure CoFe,O, is (5.29 g/cm®) and that of
NiFe,0, is(5.38 g/cn).

Infrared (IR) spectr oscopy

The IR absorption bands in ferrites (MFe,O,)
mainly gppear dueto thevibrationsof oxygenionswith
cations. Asthe concentration of divalent metal ionin-
creasesinferrites, it givesriseto structural changein
spind lattice. Figure 3 shows, the R absorption bands
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Figure 1 : X-ray diffraction (XRD) patterns of Co,
Ni Mn__Fe,O, system
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Figure3: Thefrequency dependenceof real dielectric con-
stant (¢[) of Co,, Ni Mn FeO,system

for Co,, Ni Mn .Fe,O, compositions and the ob-
served valuesof absorption bandsarelistedin TABLE
1. It showsthat higher absorption bandsareintherange
from 584 cm! to 591 cnrtand | ower absorption bands
intherangefrom 398 cm*- 412 cm* attributed to the
stretching of intrinsic vibrations of thetetrahedral (A)
and octahedrd (B) sitesof spingl |attice respectively.
Thedifferencesintheband postionsfor tetrahedrd site
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Figure2: ThelR absorption bandsof Co,, Ni Mn .FeO,
system
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Figure4: B-H loopsof Co , Ni Mn_,Fe O, system

(v;) and octahedral site (v ) are expected because of
thedifferencein Fe?*- O? bond length for the tetrahe-
dral site(0.189nm) and octahedral site (0.199nm) of
thespind lattice??4, Asthevibrational frequencyis
proponational to theforce constant, force constant in-
creaseswithincreasein Ni content for tetrahedral Site.
Theobserved vauesof forcecongtant aregivenin Teble
1. Theforce constant values are cal culated using the
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Fc=4n’c’v’m (©)
wherecisvelocity of light =2.99x10%cm sec' v isthe
vibrationa frequency of tetrahedral and octahedral site

of Co,, Ni Mn,.Fe O, and m is the reduced mass
=2. 06>< 1023gm

Dielectricproperties

Thefreguency dependence of real dielectric con-
stant (1)) for all the sampleswas studied at room tem-
perature. Figure4 showsthevariation of red diglectric
constant with frequency. Itisobserved that thee’ sharply
decreasesat |ower frequenciesand remain constant at
higher frequenciesrevedingtheusud didectric disper-
sion behavior attributed to Maxwel|-Wagner type in-
terfacial polarization mechanism. The polarizations
mainly occur dueto, (1) Randomdistribution of charge
carrier densities (spacecharge polarization). (2) Dis-
placement of positive and negativesublatticesunder an
appliedfield (ionic polarization). (3) Displacement of
negatively charged € ectron shell againgt the positively
charged core (el ectronic polarization).

Thedecreasein permittivity with frequency can be
explained on thebasis of Koopstheory!?, which con-
Sdersthedidectric structureasan inhomogeneous me-
dium of two layersof the Maxwell-Wagner type!?”. In
thismodel, the dielectric structure is assumed to be
consisting of well conducting grainswhich are sepa-
rated by poorly conducting grain boundaries. It was
found that for ferrites, the permittivity isdirectly pro-
portional to the squareroot of conductivity?®. There-
forethegrainshave higher valuesof conductivity and
permittivity, whilethegrain boundarieshavelower val-
ues. At lower frequenciesthegrain boundariesaremore
effectivefor conductivity and permittivity than grains.
Therefore permittivity ishighat lower frequenciesand
decreases asfrequency increases. According to SEM
grainsizeisfound to bedecreased withincreasein Ni
content which resultsinto more number of grainsand
grain boundaries. Thusdielectric constant goesonin-
creasingwithincreasing Ni content.

M agnetic properties

Room temperature magnetic hysteresesfor dl the
compositionsof Co0.7-xNixMn0.3Fe204 system are
showninfigure5. Itisseen that the saturation magneti-

zation Msincreaseswithincreaseof Ni content for Co-
Mnferrite system. Actualy, the M shasto bedecrease
with the substitution of Ni?* (2uB) for Co?* (3uB), but
itisincreasing with Ni showing an anomaousmagnetic
behavior. Thisincongruity arisesmainly dueto cation
distribution of spind lattice?. Theincreasein satura-
tion magnetization can bewel | explained with thehelp
of Nedl’s two sublattice model according to which, satu-
ration magnetization isgiven by therdation®,
M¢=Mg-M, 4
where, M, and M | are the magnetic moments of cat-
ionsat B-siteand A-siterespectively. Onthebasis of
this, we can say that magnetic moment of spinel lattice
inferriteismainly dependent on magneti cionspresent
at A and B-sites. Assuming Co,_Mn_Fe O, asparent
ferrite (for x = 0.0) addition of N| [ ons [ ncreasesthe
magnetic moment of B-siteasNi?* prefers B-sitel*!,
During high sintering temperature, thereisapossibility
that Mn can change from Mn#(4 ;) to Mn*(5 )
duetoitsvariableoxidation statesand resultsin higher
magnetization. InMnFe,0,, 20% of Mnissubstituted
in octahedral site as Mn** and therefore equivalent
amount of Fewill be present as Fe?* for charge com-
pensation?°233 thustherandom distribution of Mn?*
and Mn**at A-steand B-site contributesto higher mag-
netization . Magnetic momentsof theformulaunit are

calculated by using therel ation?,
_MxM, 5
e = "o5es ®

where, M isthe molecular weight of particular compo-
stionand M issaturation magnetization (emu/gm).

CONCLUSION

The Co,, Ni Mn ,FeO, (x =0.05, 0.1, 0. 15)
system havebeen succesf uI Iy prepared by doublesin-
tering ceramic method. The X-ray diffractiontechnique
confirmsthe phaseformation and reved sthespinel cu-
bic structure of thefinal product. The IR absorption
spectrashow the presence of two absorption bandsin
theCo- Ni -Mnferrite systlem which confirmsthepres-
ence of two sublattices (A- siteand Bsite). The pres-
ence of Mnmay beresponsiblefor anomal ous behav-
ior in magnetic aswell asdielectric properties of the
Co- Ni-Mnsystem. All the samplesexhibit thedielec-
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tric dispersion behavior. TheMsof Co-Mn systemin-
creaseswith the addition of Ni content, maximum Ms
of 82 emu/gmisobserved for composition x = 0.15
whichwill bebest suitable congtituent phasefor making
theferrite- ferroel ectric magnetoel ectric composite
materidsinfuture.
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