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ABSTRACT

The ferrite compositions Co Zn, Fe,O,withx =0.0, 0.25,0.50.75 and 1.0,
were synthesized by sol gel auto-combustion method. The powders were
calcined at 950°C/6 h. Theseferrite sampleswere characterized by using X -
ray diffraction, Scanning €l ectron microscopy, thermo-gravimetric and dif-
ferential thermal analysis, FTIR spectroscopy, Electron dispersive analysis

and transmission electron microscopy. The powders showed the presence
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of crystalline cubic spinel ferrite with about 28-32 nm crystallite sizes.
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INTRODUCTION

Themost important advancesweremadein ferro-
magnetisminthefield of magnetic oxides. Theadvance-
ment in the high frequency ferrite was initiated by
Snock¥, The chemistry of theferriteswith the spinel
structure havetechnol ogically important potential ap-
plicationssuch asmagnetic resonanceimaging?, mag-
netic drug delivery™, magnetic recording media, mag-
netic storagefluids, sensorg®, pigments® and Photo
catalystd”. Thefine particles of mixed metal oxides
possessing spinel structure and its property have been
investigated by number of workerg®*3. These proper-
tiesdepend upon the nature of ionsand their Sitedistri-
bution amongst tetrahedra and octahedrd sites.

In recent years, synthesisand application of transi-
tion metal doped Zn ferritenanoparticlesisbecominga
subject of intense research because of their properties,
and variety of applicationg4*, Thepolycrystalline Cu

-Znferritescould be considered asthe most versatile
ferrites, duetotheir high resistivity andlow eddy cur-
rentlosses. Generdly Cu-Zn ferriteswerecommercidly
used inradio frequency circuits, transformer cores, an-
tennasand read/write headsfor high-speed digital tape
andinhigh qudity filterg61,

These applications mainly depend upon micro-
structure and surface properties of the fine powders
which depend upon the method of preparation*.
Mixed metal oxidesare prepared by various methods
such as sol-gel?, hydrothermal?!, citrate precur-
sort?, co-precipitationi® etc. The method of prepa-
ration playsavery important role with regard to the
chemical, structural and magnetic property of mixed
spinel ferrited?+?, Inthisinvestigation in order toun-
derstand behavior of these ferrites, Co-Zn ferrites
were prepared by sol-gel auto combustion method and
were characterized by using FTIR, SEM, TGA/DTA,
EDS, XRD and TEM.
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Reagent grade purity chemicalswere used. Zinc
nitrate, cobalt nitrate, iron nitrate and glycinewere pre-
pared in deionized water. In abeaker 0.25M zinc ni-
trate wastaken, drop wise 0.25 M cobalt nitrate was
added toit with contineous stirring at 80° C followed
by addition of 0.25iron nitrate. Glycinewas added to
this mixture and P was adjusted to 9 by adding am-
moniasol ution. Thiscontent was stirred and heated at
80°cfor 3hoursto obtain gel. Thisgel washeated on
hot plateto obtain the Co Znferrite powder.

X-ray diffraction (XRD) study of the synthesized
product was carried out by using Philips model PW-
3710 x-ray diffract meter with Cuk ¢=1.54Ao. Scan-
ning el ectron microscopy (SEM) observation was per-
formed withaJEOL JSM -6360 scanning e ectron mi-
croscope. Electron dispersive X-ray spectrometry
(EDS) was used for elemental analysis of these
nanoparticles. A Perkin-Elmer Spectrum100 Fourier
transforminfrared spectrometer (FTIR) wasused for
IR study of these nanoparticles. The TGA-DSC mea-
surements were carried out using SDTQ600V20.9
Build 20 thermo gravimetric analyser. Particlesize of
these materialswere confirmed by the Transmission
el ectron microscopeworking at 100 kV (JEOL- JEM
100 SX microscope).

RESULTSAND DISCUSSION

XRD analysis

Figure1 showsthe XRD patternof cacined sample
at 950°C for 6 hours. Thispattern correspondsto pesks
of (111), (220), (311), (400), (422), (511), (440),
(533). Thesepolycrystaline nanoparticlesexhibit cu-
bic spinel structure ZnFe,0, (JCPDS 89-1012) and
CoFe,0, (JCPDS.22-1080) card. Lattice parameter
of Co,Zn, Fe,O,withx=0.50 wasfoundto be8.4437
A°. Theaveragegrainsizeof Co,Zn,_Fe,O,withx=
0.50iscalculated by Debye-Scherrer equationto the
half intensity width of (311) peak.

d=0.9%/p cosd

where) isthewavelength of Cuk 6=1.54A°, 3 isthecalibrated
half intensity width of the selected diffraction peak (degrees)
and 6 is the Bragg’s angle (half of the peak position angle).
From this equation the average size of Co Zn, Fe,O,with x =

0.0, 0.25, 0.5 nanoparticle was estimated to be 28 to 32 nm.
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Figurel: XRD pattern of theCoZnferrite

TGA-DTA analysis

TGA- DTA analysisof these nanoparticles heated
at therate 10°c/ minutefrom 0to 1000°C, isgivenin
figure2. The DTA curve showsthat thermal decompo-
stionof Co Zn,_Fe O, nanoparticlesa 170°Cwithan
endothermic peak and this peak isascribed dueto ther-
mal decomposition of residua water fromge. Thede-
hydration a so produces TGA weight lossintheregion
of 100-200° C may be dueto autocatal ytic oxidation
reduction reactionsof nitrateswith glycind?,
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Figure2: TGA-DTA micrograph of as-prepared Co Zn
ferrite

SEM and EDSanalysis

The SEM micrographsof Co Zn, Fe,O, synthe-
sized by sol gel auto combustion method showsmore
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interlinked interconnected beads(Figure 3). Theel-
emental analysis of the sample was carried out by
using energy dispersive X-ray spectrometer (EDS)
andisshowninfigure4. TheEDSresult clearly shows
Coand Zndopedintoferritecrystal lattice. The Co
and Zn doped into theferrite crystal may be respon-
siblefor the observed morphol ogy of the nanoparticle
and it also minimizes the surface energy of these
nanoparticles.
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Figure3: SEM micrograph of CoZnferrite
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Figure5: TEM imagesCoZn ferritenanocrystals

CONCLUSIONS

A smplesol gd auto combustion processusing gly-
cine was employed to synthesize CoZn ferrite
nanoparticles. Size of nanoparticleswasfound to be
28-32 nm and were formed by calcination at 950°C
for 6 hours. EDS analysisof thenanomateria confirms
that the material is composed of Co, Zn, O and Fe
without any impurity. Particlesize obtained from TEM
analysiswasfound to bein good agreement with the
vaueobtained from XRD pattern.

> Ful] Paper
TEM and IR analysis

FTIR spectraof Co Znferritenanoparticleisgiven
infigure5. It shows characteristic two strong absorp-
tion bandsin therange of 600 to 450 cm*which are
attributed to tetrahedral and octahedra site®=0. TEM
image (Figure6) of the Co Znferritenanoparticleshows
the agglomeration of these particlesand haveparticle
size 38 nmwhichisin agreement with the value ob-
tained from XRD pattern.
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Figure4: EDSanalysisof elementsdetected in thesample
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Figure6: FT-IR spectraof CoZnferrite
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