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Abstract: Nanocrystalline Strontium hexaferrite was synthedizby co-precipitation method and
characterized with X-Ray diffraction. Ac electricaludies of the sample were carried out by impeelanc
spectroscopy for frequency range of 1Hz to 1MHz Yarious temperatures from 313K to 513K. The
impedance data show anomalous electric relaxationitawas modelled with electrical equivalent citand
Cole-Cole relaxation function. Hopping and conduttshow a non-Arrhenius behaviour which is an iation

of temperature dependence of activation energy. pidveer law behaviour of ac electric conductivity thé
sample has been used to analyse polaron condutimnmerfield scaling of ac conductivity did notléeV at
high frequency. The mechanism of electron hoppidj@olaron conduction is discussed.
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Introduction and Experimental:

Generally ferrite materials are used for magngtiglieations. Many ferrites have applications ortalc
high frequency electrical application. Stfk&y is used in microwave devices, telecommunication an
electronic industry. In present work, the anomalelestrical conduction of Sric€, is discussed.

Chemical co-precipitation method was used to peefaFe.Oy, ferrite [1]. Analytical grade Sr(N£
and Fe(NQ)s3.9H,O used for synthesis. Sodium hydroxide (NaOH) wssduas precipitating agent. Metal
nitrates were dissolved in doubly distilled waterrequired molarities and mixed thoroughly with stamt
stirring to form a homogeneous solution. The aqeemixture was slowly heated to 7G. NaOH of 2M
concentration was added drop wise to the abovetisol@nd pH was adjusted to 11.5. To achieve good
homogeneity and optimum crystal size, the soluti@s continuously stirred for 3 hr. The precipitasasnple
was washed several times with distilled water agmtrifuged at 2000 rpm. It was kept in an oven oigt to
dry out and later calcinated at 9@ for 1 hr at a heating rate of 6. Finally sample was pressed to form pellet
and sintered at 900C and subjected to electrical studies. Material wharacterized by powder X-ray
diffraction at room temperature using X'Pert PANglgl X-Ray diffractometer (XRD). Complex impedance
data were taken for a frequency range of 1Hz to 2Nut temperature range 313K to 513K with Novocointr
broadband dielectric spectrometer.
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Results and Discussion:

XRD spectrum of SrReOyg sintered at 900°C is taken and confirmed the formation of pure
magnetoplumbite structure. The crystallite size walsulated by Scherrer formula and was obtainegBasm.
Impedance data of the sample show anomalous radaxalyquist plot of the impedance is a depressaal o
which indicates the deviation from ideal resista(iReand capacitance (C) parallel combination bihay The
anomalous electrical relaxation is obtained dudeation of distribution of relaxation time frorddal case.
This anomalous nature is incorporated in empiycilimulated Cole-Cole function with a parametiewhere
0O<o0<l. The parametar=1 indicates Debye type relaxation (R-C parall€)e Cole-Cole relaxation function
can be considered as constant phase element (GP&llepwith R. CPE has impedance forreZ1/Q(im)*
which behaves as a constant phasenf#f. Relaxation time in Cole-Cole function can béaied byr=(RQ)".
Figure 1 shows Cole-Cole function fit of the impeda data and parameters are used to obtain thectity
and relaxation time [2].

1.2x10 o 5

log(1/s])
(4]
(Brwosl " o)bo

8.0x10° 3

Z"(m) [0)]

4.0x10°

0.0 Cole-Cole

DIU 4 ()a‘dl)E 8 0\:‘105 1 ?)11[}*7
Z(w) [
Figure 1. Ac impedance data and Cole-Cole function fit. tref®ws Arrhenius plot of conduction and hopping

processes

The conductivity expected to follow Arrhenius edoaf og4.T=0y exp(-E/ksT) where Ea is the
activation energy. Hopping process expected toWllhi=1/tq exp(-B/ksT) where E is the activation energy
for hopping and %4 is the attempt jump [3]. The inset of Figure 1whdhe conduction and hopping which
deviates from the Arrhenius behaviour due to thiatian of activation energy with temperature. Slayf the
Arrhenius plot gives the activation energy for eaemperature and it is obtained as it varies froB6€éV to
0.63eV with increase of temperature. It indicatesihcrease of number carriers with temperatusaition to
increase of mobility with temperature.
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Figure 2. Ac conductivity data and power law fit

Ac conductivity data show a frequency independentegjion and dispersive high frequency region as
shown in Figure 2. Most of the dielectric materifdlow the Jonscher’s power law/(w)On" for the ac
conductivity. The ac conductivity is analysed witlmond-West formulatiors'(®)= oqd1+(@/wp)") wherew, is
the hopping frequency [4]. Polaron is a quasi-pltof electron and lattice deformation producee do
motion of electron through the dielectric. The paeter n increases with increase of temperaturetlael
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decreases with increase of temperature as shoimsenof Figure 3. Variation of parameter n witmperature
indicatethe mechanism of conduction, n increases with aszef temperature indicates that the small polaron
conduction is predominant and n decreases witre@se of temperature is an indication of predomieafc
large polaron conduction [5]. This studies indictitat the conduction mechanism in the present ahisra
combination of small and large polaron. The anomakemperature dependence of conductivity occuestalu
the variation of number of polaron with temperatimeddition to the variation of mobility. The pote may

be originating from the &-SP* valences and oxygen vacancy assisted polaronFehi6]. The Summerfield
scaling of ac conductivity deviates at high frequeas shown in Figure 3 which indicates the vasiatf
mechanism of dc and ac conduction.
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Figure 3. Summerfield scaling with the dc conductivity. Inshows variation of power law parameter with

temperature.

Strontium hexaferrite was synthesised by chemiaabprecipitation method. Anomalous electric
relaxation and conduction were investigated anéatzan of activation energy with temperature wasesled.
Ac conductivity studies indicate a mixed small #argie polaron conduction.
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