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ABSTRACT

Nanosi ze particles of mixed ferrite have been prepared by chemical route i.e Sol-gel technique and characterized by
FMR and VSM . Resonance linewidth and g factor with Zn substitution has been discussed. When size of the
particles reduces and convert into single domain nanoparticles, transition of ferrites takes place from ferromagnetic
to superparamgentic state which was observed due to decrease in remenant magnetization with crystallite size.
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INTRODUCTION

The unusual magnetic properties exhibited by narigtes and their promising technological applioas have
attracted much interest in recent years. Magnetipgrties of ferrites strongly depend on microgtce;, particle
size and surface to volume ratio. The saturatiogmatization for the nanocrystalline ferrites, imggal is found to
be lower compared to their bulk value, which isrilatited to surface spin effects.The advancemenhigh
frequency ferrites was initiated by work done by&nwho found that Mn-Zn and Ni-Zn ferrites providdamily
of magnetic materials useful for radio and TV stavell as mobile telephone. Mn-Zn ferrite has besed widely
in high frequency devices such as transformer aagmetic heads[1]. Maganese zinc ferrites exhibitesanique
properties such as enhanced coercivity, modifigdraion magnetization, superparamagnetism, andstedile
cation distribution. Mn-Zn ferrites possess a spataucture in which Mfi, Zn** and Fé" cations are distributed
among two interstitial tetrahedral and octahedtassso Mn-Zn have mixed spinal structure[2]. Thecebmagnetic
properties of Mn-Zn ferrite such as magnetizatipermeability and electrical resistivity are alsosdly related to
eddy current. Ferrites are manufactured by diffetechnique. The resulting product is hard andléritt is also a
semiconductor, which means that its electricalstasiy is at least a million times that of a metahis very large
resistivity means in turn that an applied altemm@atmagnetic field will not induce eddy currentsairferrite. This
property makes ferrites almost ideal materialshigh — frequency applications. The ferrites areda@ompounds,
and their magnetic properties are due to the magiuwets they contain. Eddy current loss of Mn-Zrrife is widely
reduced by increasing the electrical resistivitg dagh permeability. Mn-Zn ferrite is having lowisotropy(high
anisotropy is structure sensitive). Required stmecbf composition of Mn-Zn ferrite is only obtabia with very
low anisotropy which also reduces loss of magngtimaHigh permeabilities of Mn-Zn nanoferrites centrates
flux density inside the coil and enhances the itahue [3,4].

MATERIALSAND METHODS

Nanosize Ma,Zn,Fe,0, ( X= 0 to 1) have been synthesized by chemiaaterd.e. sol-gel technique .The process
has the advantage of inexpensive precursor , sieqléoment , low temperature and the resulting dgemous
nano sized particles. Analytical grade of precursalts of MnCGl.4H,0O, FeC}.6H,O, ZnCh.4H,O were taken in
the stoichiometric amounts and dissolved in 75ahl distilled water. It was stirred well so thadt salts get mix
Completely in water[5]. The'Pof the solution was varied between 2-3 as it pkty crucial role for producing
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sample in nanosize. At lowef Precipitation of Mn is incomplete and for highl Ehere may be a zinc loss from
composition therefore, optimuni'for gel formation of solution was found to lie eeen 2 to 3.

During heating we add citric acid which removes thsoluble residue with formation of cationic ditracid
complex and holds the metal ion together. Ethylgiyeol has also been added for homogeneity. Mnrégepred

over Zn in nucleation process during the partiglewgh. This is due to fact that Zn has a very girehemical
preference for A- site.

The purpose of clacination is to start the proagsféorming the ferrite lattice. It inter-diffusesid substituents
chemically and crystallographyically uniform struet. One advantage of clacination is that it redwsteinkage for

final sintering. Also it helps to homogenize thetemel. The introduction of non-magnetic ion likea & MnFgO,
results in lowering the total anisotropy[6].

RESULTSAND DISCUSSION
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Table 1: Crystallite size & remenantmagnetization

Crstallite size (nm) remenant magnetization
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Graph (1) of Rem. Mag. And Crystalitesize

In the cubic system of ferrimagnetic spinels, thagmetic order in mainly due to a super exchangeraction
mechanism occurring between the metal ions in ABusdblattices. Hence by varying the degree of utys8tution
the magnetic properties of fine particles can beeda[7]. It has been observed that as Zn subgtitutlegree
increases the remenant magnetization) @écereases. The substitution of non magneticoAnaihich is having a
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preferential A site occupancy results in reductidrthe exchange interaction mechanism occurringvbet the
metal ions in A and B sublattices.

Std graph

The samples prepared by Sol-gel technique showpdrgaramagnetic behavior which was documented by th
hysteresis loop, measured at room temperature whightime with the results obtained by other ezshes. The
variation of Hc can be interpreted in terms of thar activation of spins, according the superparanagm theory.
Hc tends to decrease due to the thermal activafiaime particle volume shown in graph 1.

From the ESR, it has been observed that the resenlarewidth is decreasing with temp. & resonaneddfis
increasing with Zn substitiution. The increase bé tEPR resonance signal is due to random orientaifo
ferromagnetic particle in samples[8]. It has alserbobserved that as Zn substitution increases @@, 0.35, 0.5,
Ot Values decreases from 2.57, 2.04, 2.03.

The FMR data tend to yield g value slightly largiean the free electron value. This can be explamedpin spin
and spin lattice relaxation models. The spin lattielaxation process is characterized by a timeteoit, which is
function of static magnetic field and depends anrtite at which microwave energy can be absorbédliasipated.
The relaxation time is correlated with the line thidf ESR. The spin spin relaxation time limits threadening of
line width. [9].

Table 2: Zn Substitution ver ses Resonance Line width

Zn substitution | Resonance linewidth AH O,
0 1060
0.2 1100
0.35 262
0.5 210
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Graph (2) of Resonance linewidth and Zn substitution

Table 3: Zn Substitution and Resonancefield Hr

Zn substitution | Resonance Field H,
0.2 2525
0.35 3197
0.5 3205
0.6 2900

Table4: Zn substtution and ges

Zn substitution | Qe

0.2 2.57
0.35 2.04
0.5 2.03
0.6 2.24
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Graph (3) of Resonance Field Hr and Zn Substitution
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Graph (4) of g« and Zn substitution

As in case of ESR, it has been observed that asddition increases, resonance line width decreaskigh
indicates that the sample have low electric lossaArery important applications, the studied femith Mn content

has a lower loss of electric energy than that withdn which makes it very useful as cores of transkrs in the
microwave region[10].

CONCLUSION

Ultrafine magnetic particles exhibit the phenomewdrsuperparamagentism due to the thermal flucinatof the
magnetic moments.
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