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ABSTRACT

The variation of resistivity and thermo emf witmfeerature for the ferrites with Ni¢e, O, has been studied. The
conduction process in the first region < 450 K ttriauted to impurity conduction while for secorggion > 450 K
due to polarons. The samples show p-type andrpsasition takes place at 450 — 500 K. Abnormaleditric
behavior is observed for the samples with x = 0n8l 4.0 at 10 MHz and 2 MHz respectively. Thisus tb
increase of P-type carriers.

INTRODUCTION

Nickel ferrites are considered among the most videdarrite families. They have found widespregaplications in
microwave devices because of their high electniealstivity, low eddy current and dielectric losé. number of
investigators have studied the influence of divakamd tetravalent substitution on the various prisge of Nickel
ferrites [1]. Electrical properties of these fegsitare of great interest to many workers [2]. @8s@n on the
electrical properties of ferrites is usually basedthe band structure or carrier hopping modelwéicer, until now
no conclusive theory has been formulated for thedootion mechanism in ferrites. In this paper, report the
electrical resistivity and thermoelectric poweraafsinction of temperature of Cr substituted NBg The dielectric
behavior in the frequency range of 1 KHz to 10 Mslalso studied to supplement the understandirgpodluction
phenomenon in these samples.

MATERIALS AND METHODS

Samples of the system NiEe,.,O, (Where x varies from 0.2 to 1 in steps of 0.2)avprepared by usual ceramic
method. The completion of solid state reactm confirmation of spinel phase was checked by X-riffyattion
[3]. The variation of resistivityp) with temperature in the range of 300 to 700 K wasasured by two probe
method. For better ohmic contact silver paste aydied on both surfaces of the pellet. Seebeefficent ()
was measured in the same range of temperature dpjirigethe temperature difference of about 15 K sgithe
pellet. The dielectric measurement was carriedoouthe pellet in the frequency range of 1 KHz ®oMHz with
the help of HP 4192 LF impedance analyzer.

RESULTS AND DISCUSSION

The variation of log versus 1/T is shown in Fig. 1. Ferrites are semdactors; they obey the relatipr- p, ex (-
AE/KT). The plots display the linear relationshighachanging slopes. The activation energies ¢aled by using
this relation are given in Table 1. These regiaresattributed to the change in conductivity medrarfrom one
type to the other.
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The variation of Seebeck coefficiert)(with temperature is shown in Fig. 2. Initiallylawer temperature all the
samples show p type behavior and then p to n tiandakes place at about 450-5%Q The values of thermo emf
at room temperature increases with increasingTRis indicates that more and more p-type carrieesggnerated
with Cr content.

Numbers of workers have observed three regionsriitds [4, 5]. According to their analyses cortihrcin first
region is due to impurities (extrinsic type), irteed due to polaron hopping (intrinsic type), amdhiird it is due to
magnetic ordering. According to Verwey et al [Bptconduction mechanism in ferrites is due to emghaof
electrons from cations in the same octahedral Bitde lattice. In this case conduction can gagdie attributed to
change of electrons between’Fe. Fe*, Ni** _ Ni*". These ions, along with oxygen valancies, mayobmed
during the sintering process [7]. The conductiar tb Nf* - Ni** gives p-type character and’Fe. Fe* gives n-
type character. In the present systeni' e replaced by Gf which ultimately reduces the ¥eformation.
Therefore observation of p-type behavior at roomperature may be due to formatiorf Ni- Ni**. The activation
energy in region-l i.e. 43 is about 0.2 eV. The conduction in this regioay be attributed to the presence of
impurities.

In this region where the conduction is due to omel lof charge carriers say holes, the relation betwSeebeck
coefficient @) and Fermi energy ¢kis given by

Er=ea T — AKT

Where A is the term related to the kinetic enerfijyhe free hole. The calculated values @fds a function of
temperature for A = 0 and A = 2 are plotted in KR). for the sample x = 0.6. The values gfektrapolated to
absolute zero, Fig. (3) for the sample x = 0.6e Values of Eextrapolated to absolute zero, i.¢(@®), are noted in
the Table 1. These values agree well WiEy values obtained from resistivity at low temperattegion Table 1.
This point out that impurity conduction plays arpontant role in this region.

In ferrites, the transport properties have beetagx@d on the basis of polaron model just as inctige of transition
metal oxides [8] Kilinger et al have reviewed thmge transport phenomenon in ferrites. Accordingbnduction
by hopping process is taken over by polarons whieh characterized by large effective mass and |@hility
carriers. The temperature dependence of elect@aductivity in such cases involves less tempeeatiependant
concentration of carriers and is mostly associatik temperature dependant mobility. For the pmestudy it is
noted that the activation energi@si,) in the region of > 456K are greater than 0.7 eV which is much higher than
the energy required for hopping, (0.2 eV). Themfthe conduction due to polarons is favourediis tegion. The
mobilities are calculated for these samples bygusasistivity and thermo-emf values. The activatamergy from
mobility (AEW) is noted in the same Table 1. From the Tableid dbserved thaAE, and AEp are same which
itself confirms the conduction process in this oegis due to polarons. Therefore it is reasonablycluded that
conduction in the region < 450 K is due to impestwhereas it is due to polarons for region > 450TKe variation
of dielectric constant with frequency is shown ig.F. From the plots it is observed that the etiric constant
decreases rapidly at lower frequencies and remsieady for higher frequencies remains steady ahehig
frequencies. The similar behavior is observed tbeoferrites [9,11]. The dielectric behavior damexplained on
the basis that the mechanism of polarization pooeterrites is similar to that of conduction pess.

The dielectric constant)) decreases continuously with increase in freqyemlich is natural because any species
contributing polarizability is bound to show laggirbehind the field at higher and higher frequenci€ghe
sensitivity of the spices like Be Ni**, oxygen, grain boundary, pores to the composiod frequency would give
rise to large dispersion at lower frequencies. ties ionic polarization lags behind, only the elenic part gets
reflected i)’ at higher frequencies showing constancy at lafiggruencies.

The dielectric loss tanwith frequency is shown in Fig. 5. The samplethwi= 0.8 and 1.00 show peak at 10 MHz
and 2.0 MHz respectively. An abnormal behavioobiserved in Ni ferrite [10]. The abnormal dielectsehavior

in ferrites is due to a collective contribution pfand n-type carriers to the polarization [12,13]herefore, local
displacement of p-type carriers takes part in thianzation in an opposite direction to that ofexternal field. In
addition, the mobility of p-type carriers is lowdran that of n-type carriers and their contributtorpolarization
decrease more rapidly at lower frequencies. Thegethe position of peak depends upon majority lwdrge
carriers. In the present system the value agicreases with increase in Cr content and alkdraples are p-type at
room temperature. Therefore increases in p-typgeca decreases the maximum frequency to lowaguigacy
side, hence the observed behavior.
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Fig 1- Variation of Log p with 1/T for NiFe,4CrO4
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Fig 2: Temperature variation of thermoelectric powe for NiCr \Fe;xO4
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Fig.3: Fermi energy (&) as a function of temperature calculated from theSeebeck coefficientd) for x = 0.6

Fig.4: Variation of dielectric constant (') with Frequency for NiCr \Fe&,..04system
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Table 1: Values of activation energy&E), transition temperature (T), for NiCr \Fe,.xO4 System

Content Activation energy (eV)
X Fz)én Reswgll\znty From Mobility AEp | From Band Theory Ex(O) Transition Temperature T1(Kk)
1 2
0.2 0.22 0.86 0.86 0.20 473
0.4 0.20 0.70 0.72 0.21 448
0.6 0.16 0.76 0.83 0.19 498
0.8 0.15 0.80 0.82 510
1.0 0.15 0.65 0.54 0.13 498
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Fig 5: Variation of dielectric loss tangent (tand) with frequency

Acknowledgement

One of authors (SCC) thanks the University Graramfission, New Delhi for awarding Minor researchjpct.
Author(2) is grateful to Management, Executive Diog and Principal of Textile and Engineering Ihgg
Ichalkaraniji for constant support and Inspiration.

REFERENCES

[1]Srivastav C.M. and Patani M.J. (Eds) (Proc. OF15 India) Advances in Ferrites Vol. 1 IBH and @nd Univ.
Publ. New Delhi 1989.

[2] Patil M.G., Mahajan V.C., Bhise B.V., ChendakéJ., Patil S.APhys.Stat Soli§L994 (a) 144 ,415.

[3]A.K. Ghatage, S.C. Chaudhari, S.A. Patil and.SKranjpe). Mat. Sci. lett§ 1996 15, 1548-1550.

[4].Ghani A.A, Eatah A.l., Mohamad A.A., FerriteBroc. Of Int. Conf. on Ferrites ICF-, Japa®&0 3, 216.
[5].Bhise B.V., Patil M.G., Dongare M.B., SawanRS.Patil S.AlInd. J. Pure and Appl.Phy§1992 30,385.
[6].Verwey E.J.W., Haymann P.W., Romejin FICChem. Phyq1947, 15, 181.

[7].Ph. Tilhadas P.Ch. Mollard A. RoussetMag. And Mag. Materials04 (1992 969.

[8]-Kilinger M.1., Phys. Stat. Solid{1977) , (B) 79, 9.

[9].Vishwanathan B., Murthy V.R.K. (Editors) Feg#, Materials, Science, Technology, Narosa Pub &idiesw
Delhi (1990.

[10].Rezlescu R. and RezlescuHhys. Stat. SolidiLl974, A 23, 575.

[11].Chaudhari S. C., Patil R. NAdvances in Applied Science Resea®ti 2 3 (6):3848-385

[12].Darokar Suresh. SAdvances in Applied Science Resea(2d12), 3 (3):1395-1398

[13].Khetre S. M et.al. Advances in Applied Science Resea(28l]), 2 (4):503-511

51
Pelagia Research Library



