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ABSTRACT

Polycrystalline spinel ferrites of Zn, M Dot TiF. O, (wheret=0.05 and x=0.2, 0.4, 0.6) series are prepared with

t 22t~ 4

traditional double sintering ceramic method. The structural and surface morphological studies are carried out by
using X ray diffraction and scanning electron microscope. An IR studies shows the absorption bands at around 600
cm* (v,) and 400 cm* (v,); this indicate the presence of tetrahedral and octahedral group complexes, respectively.
M agnetization curvestaken at room temperature showed that saturation magnetizationincreaseswithincreasein Zn
content. The value of magnetic moment per formulaunit increases up to x=0.4 and the sampl e become nonmagnetic

forx=0.6 © 2011 Trade Sciencelnc. - INDIA

INTRODUCTION

Noneother than soft ferriteshave beenfoundto be
an gppropriate choi ce of magnetic coresintransferring
energy effectively withminimum lossesover awidefre-
guency range from kil ohertz to gigahertz because of
their high saturation magnetization coupledwithhigndec-
trical resistivity. Thestudies of electricand dielectric
behaviour are equally important as those of the mag-
netic properties, from both the applied and fundamen-
tal research pointsof view™, Itiswell known that the
intring c propertiesof ferriteslargely depend on chemi-
cal composition and preparation conditions?. By in-
troducing rdaively smal amount of divalent metd ions,
the structural, magnetic and dielectric properties of
ferritescan be modified®*4. MgFe, O, isapartially in-
verseferriteand isn-type of semiconductor. ZnFe,O,
is also n-type semiconductor so addition of Zincin
Magnesium isexpected to retain n-type conduction®.
Themagnetizationin Manganeseferriteisenhanced by
addition of Zinc. Recent data reports an increase of

resigtivity of ferritewith thetetrava ent ion substitution
(likeTi*,S**and Ge*)[® Focusing on these objectives,
theZn M g@_Xﬂ)Ti F,,0, (Wheret=0.05andx=0.2,0.4,

0.6) seriesisprepared and their structural, magnetic
and electric propertiesarereported.

EXPERIMENTAL DETAILS

Samplepreparation

All thecompositionsof Zn M g(l_xﬂ)Tl F,,0, (where
t=0.05 and x=0.2, 0.4, 0.6) system were prepared by
doublesintering ceramic method. TheAR gradestarting
materidssuchasZnO, MgO, TiO, and Fe,O, weretaken
intherequired stoichiometricratioand milledfor 3hrs.in
an agatemortar. Themilled powderswere pre-sintered
a 700°Cfor 8 h. Thesepowderswereuniaxidly pressed
inadietoform pdlets(thicknessof 2-3mm and diameter
of 15mm) using hydraulic press. Polyvinyl acohol (10%
of itsweight) wasused asabinder during theformeation of
pellets. Theresulting pelletswerefind sintered a 1000
°Cfor 4 h. Thehestingrateof 1°C/minand natura cool-


mailto:sanjayeenrgyindia@gmail.com

MSAIJ, 7(4) 2011

C.H.Bhosale et al.

239

ingwas adopted for the both heeat treatments.
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, all the samples were
painted on both sdeswith silver pasteto ensure good
ohmic contacts.

RESULTSAND DISCUSSION

X-ray diffraction

X-ray diffraction (XRD) patterns of Zn Mg,
sy .20, (Where t=0.05 and x=0.2, 0.4, 0.6) are
showninfigurel. The XRD patternsreveal thepoly-
crystalinenature of thesamplewith cubic spind struc-
ture, confirmed by anayzing the patternswith JCPDS
cards. It observed that, the lattice parameter (a) in-
creaseswithincrease of Zn content, whichisattributed
to the replacement of smaller ionic radii Mg? ions
(0.75A) by larger ionic radii Zn* ions (0.8A) and thus
obeystheVegardslaw("3.
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Figure 1 : X-ray diffraction (XRD) patterns of Zn,M 9o
TiF,,O, system.
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Where M isthemolecular weight of ferrite, N isthe
Avogadro'snumber and & isthevolumeof unit cell. It
isobserved that the X -ray density decreaseswith in-
creasein Zn content.

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 2 shows, the R absorption bands
for Zn,M g(l—X+t)TitF2—2tO , compositions and the ob-
served va uesof absorption bandsarelistedin TABLE
1. It showsthat higher absorption bandsareintherange
from 590 cm! to 602 cnrtand | ower absorption bands
intherange from 442 cmr?- 450 cm* attributed to the
stretching of intrinsic vibrations of thetetrahedra (A)
and octahedral (B) sites of spinel | attice respectively.
Thedifferencesin theband positionsfor tetrahedrd site
(v;) and octahedra 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 latticg01Y,

Scanning electr on microscope

Scanning el ectron microscopy was used to study
the surfacemorphol ogy. Figure 3 shows SEM images
for al the compositionsof Zn M g(l—X+t)Ti Fr00,5Ys
tem with heat treatment of 1000 ?C for 4 h. Figure 3
shows SEM micrographsof theZn, M g(l_Xﬂ)Ti F...0,
Itisobserved that samples consist of small poreswith
many contactsamong thegrains. Thedense microstruc-
turewaswell demonstrated by the density measure-
ments. Asthe Zn content increased, sample become
lessdenser whichisin agreement with density mea-

surementscarried out by us.
M agnetic properties

Room temperature magnetic hysteresesfor dl the
compositionsof Zn, M g(l_Xﬂ)Ti F,,.0, (Wheret=0.05
and x=0.2, 0.4, 0.6) system arecalculeted. It isseen
that the saturation magnetization Msincreaseswithin-
crease of Zn content for Mg-Ti ferrite system up to
x=0.4 and decreases after x=0.6. Actually, theMshas
to be decrease with the substitution of Zn?* (Zero uB)
for Mg?* (2uB), but it is increasing with Zn showing an

anomal ous magnetic behaviour. Thisincongruity arises
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Figure2: ThelR absor ption bandsof Zn M 9(1-x+t)Tith.z.O4
system

mainly dueto cationdistribution of spind latticd'3. The
increaseinsaturation magnetization canbewd |l explained

TABLE 1: Sructural,infrared, and magneticdataof M g-Zn-
Tiferritesystem.

Composition

x)

X-ray
A Density v, v, Hc Mr/ Ms

(& Dx (cm? (cm™) (0e) (emu/gm)
(glem?)

0.2 835 4.69 500 442 29161 0.36
0.4 836 4.87 604 445 21150 0.30
0.6

842 3.49 602 450 -

P

Figure 3 : Scanning electron micrographs for Zn M 9u
TiF, O

X+t) 't 224

withthehelp of Ned’s two sublattice model according
towhich, saturation magnetizationisgiven by therela-

tion™3
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M,=M,-M, 4

Where. M, and M, arethemagnetic momentsof cat-
ionsat B-siteand A-siterespectively. Onthe basis of
this, we can say that magnetic moment of spinel lattice
inferriteismainly dependent on magneticions present
at A and B-sites. Assuming MgTi  .Fe,O, as parent
ferrite (for x =0.0) AsZn prefersA-diteit reducesthe
magnetic moment dueto replacement of Mgions. Thus
increasing thetotal magnetization™. Magnetic moments
of theformulaunit areca culated by using therd aion?,

MxM,

Mg = 5585 ®)

WhereM isthemolecular weight of particular compo-
sition and M issaturation magnetization (emu/gm).

CONCLUSION
The Zn M g(l—X+t)TitF2—2tO , (where t=0.05 and
x=0.2, 0.4, 0.6) system have been successfully pre-
pared by double sintering ceramic method. The X-ray
diffraction and scanning €l ectron microscopetechniques
confirmthe phaseformation and revea sthe spindl cu-
bic structure of thefinal product. The IR absorption
spectrashow the presence of two absorption bandsin
theZn-Mg-Ti ferrite system which confirmsthe pres-
enceof two sublattices (A- Steand B Site). Thesatura
tionmagnetization (M s) of Mg-Ti systemincreaseswith
theaddition of Zn content.
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