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ABSTRACT

Polycrystallineferrites, Li Mn Fe

0.5-0.5x X ~2505x 4

0.9 and 1.0), were prepared by using ceramic method. The impedance
measurements have been determined in the frequency range 100 Hz—-1 MHz.

O, (wherex=0.0,0.1,0.3,0.5,0.7,
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The complex impedance spectra shows the presence of two semicirclesfor
x=0.0, 0.5, 0.7, 0.9 and 1, and only one semicircle for x=0.1 and 0.3. The
analysis of the data shows that the resistive and capacitive properties of
the Mn ferrite are mainly due to processes associated with grain and grain

boundaries. © 2014 Trade Sciencelnc. - INDIA

INTRODUCTION

Polycrystdlineferriteshavevery important struc-
tural, magnetic, el ectrica and diglectric propertiesthat
are dependent on variousfactors, such as method of
preparation, substitution of cations and microstruc-
ture*2. Introduction of arelatively small amount of
foreignionscan changethe propertiesof ferrited?. It
can provideuswith information for obtaining ahigh-
quality ferritefor particular gpplications. Modification
in electric and magnetic propertiesof lithium ferrites
by substitution of differentions hasbeen extensively
studied“®.,

LithiumferriteLi, Fe, O, isaunique member
of the spind class of ferrimagnetsand isdominating
the field of microwave applications because of its
rectangular and square hystersis|oop characteris-
tics, high curietemperature, large value of saturation
magnetization, low microwave dielectricsand low
costs.

Inthisarticle, wereport theinfluence of Mn substi-

tution on theimpedance propertiesof Li ., MnFe, .
150, ferriteasafunction of frequency at room tem-
perature.
EXPERIMENTAL TECHNIQUE

Polycrystalinespecimensof Li ... MnFe, ... O,
(x=0,0.1,0.3,0.5,0.7,0.9 and 1.0) were prepared
by using the standard ceramic technique. Thestarting
anaytica reagents(Fe,0,, Li,CO, and MnO) withhigh
purity weremixed and grounded in avery fine powder.
Themixtureswerepresintered at 750**C for 10 h. The
powders were then re-grounded, compressed in the
toroidal shape and finally sintered at 1200 °C for 10
hrsingaticair. Thenthey werecooled gradudly toroom
temperaturewith rate of 2°C/minute. Impedance mea
surementswere conducted at room temperature over
100 Hz - 1 MHz by using aRLC (Model PM6306
FLUKA). Disk samplesof 13 mmindiameter and 3-5
mm in thicknesswere used for the measurement with
slver dectrode.
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RESULTSAND DISCUSSION

Impedance spectroscopy is considered to be an
important tool to investigatethedectrica propertiesof
ferrites asthe impedance of grains can be separated
from the other impedance sources, such asimpedance
of electrodesand grain boundaries. Theimpedancere-
gponsein polycrystdlinemateria sisnormally comprised
of thegrain, the grain boundary and the materia elec-
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trodesinterface processesin order of decreasing fre-
quency. The Cole— Cole plot is particularly useful for
the material that posses one or more well separated
rel axation processes with comparable magnitudesand
obeysthe Debyeor Cole—Cole functional forms(®.
Figure 1 showsthe measured complex impedance
spectrumfor Li-Mnferrites. It isobserved that the plot
iscomposed of two overlapping semicirclesfor x=0.0,
0.5,0.7,0.9and 1. Thefirst samicircleat thelow fre-
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guency range represents the resistance of the grain
boundary. The second semicircleat thehigh frequency
rangerepresentstheres stance of thegrain (bulk). Since
therdaxationtimeof grain and grain boundary are dif-
ferent, theimpedance spectroscopy alows separation
of two, thusresulting in separate semicircle. But only
single semicircle was obtained for the sampleswith
x=0.1and 0.3, which suggests a predominance of the
contribution from the grain boundary and that contribu-
tionfrom thegrainisnot resolved for these samples.
Hence, conductivity inthesetwo samplesismainly due
to thegrain boundary contribution.

The complex impedance has been cal culated from
therdation:
Z*=R(1—jwRC)/ (1+ w*R*C?)
so that thereal and imaginary componentsare
Z' =R/(1+ w?R*C*)
and
Z = wR?*C/(1+ w?*R*C?)

Themeanrelaxationtimesfor thegrainand grain
boundary processesare cal culated from theinverse of
the peak frequencies® ’ and ® " respectively.
Since,'?:g = i = R_gcg

Y
1
3

gh = = Ry, C

gb
() ab
so that the capacitances (Cg and Cgb) can be calcu-
lated.
Theexperimenta datahasbeen anayzed usng com-
plex nonlinear |east squarefitting method in order to

obtainthebest fit. The variousimpedance parameters
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calculated have been tabulated in TABLE 1. Itisob-
served that the grain boundary resistances are higher
than those of the grain. Thiscan be dueto thefact that
the atomic arrangement near thegrain boundary isdis-
ordered dueto theincreasein electron scattering.
From the microstructure point of view, itiswell
known that theferrite sampleiscomposed of parallel
conducting regions (grain) separated by resistivere-
gions(grainboundaries). Theobta ned resultsfor x=0.0,
0.5, 0.7, 0.9 and 1 can be approximately modeled by
anideal equivaent circuit based ontwo paralel R—C
elementsin series. Fgure 2ashowsthe proposed modd
for the analysisthe impedance spectroscopy datafor
x=0.0,0.5,0.7,0.9and 1, where, the parametersR |
and Cgb, correspond to theresi stance and capacitance
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Figure2: Theequivalent cir cuit model (a) for x=0.0,0.5,0.7,
0.9and 1 (b) for x=0.1and 0.3

TABLE

x=0.0 x=0.1 x=0.3 x=0.5 x=0.7 x=0.9 x=1.0
Ry (Q) 2320 - - 12000 9480 9090 4780
Ry () 3290 2889 3809 18880 36720 22210 5854
Cy (pF) - - - 0.66 0.56 0.58 0.48
Cyp (PF) 4.84 6.89 2.79 0.45 14.45 23.89 90.67
14 (10°9) - - - 7.96 5.31 5.31 2.27
g (10*9) 0.16 19.9 10.61 0.08 5.31 5.31 5.31
g (deg.) 34 - - 31 53 32 25
ogb (deg.) 26 32 42 22 40 29 29
ag 0.378 - - 0.344 0.589 0.356 0.28

0.289 0.36 0.47 0.244 0.44 0.32 0.32
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of thegrain boundary, respectively and R, and Cg, cor-
respond to theresistance and capacitance of thegrain,
respectively. Figure 2b showsthe proposed model for
theanaysistheimpedance spectroscopy datafor x=0.1
and 0.3.

CONCLUSION

Manganese subdtituted lithium ferritewere prepared
by using thestandard ceramic method. Impedance mea-
surement analys sconfirmed that the conductionisdue
tograin and grain boundariesfor x=0.0, 0.5, 0.7, 0.9
and 1. Meanwhilethe conductionisdueto grain bound-
ariesforx=0.1and 0.3.

REFERENCES

[1] PPHankare, R.PPatil, U.B.Sankpal, S.D.Jadhav,
I.S.Mulla, K.M.Jadhav, B.K.Chougule; J.of
Mag.and Mag.Mater, 321, 3270 (2009).

[2] E.Wolska, K.Stempin, O.Krasnowska-Hobbs; Solid
State lonics, 101, 527 (1997).

[3] A.Y.Lipare, PN.Vasambekar, A.S.Vaingankar;
Phys.Status Solidi, 2(a), 372 (2003).

[4] S.A.Mazen, S.F.Mansour, E.Dhahri, H.M.Zaki,
T.A.Elmosdami; J.of Alloysand Compds, 470, 294
300 (2009).

[5] Tatsuya Nakamura, Hiroyuki Demidzu, Yoshihiro
Yamada; J.of Phys.and Chem.of Sol.,69, 2349-
2355 (2008).

[6] PPHankare, et a.; J.of Mag.and Mag.Mater, 321,
3270-3273 (2009).

[7] S.Akhter, M.A.Hakim; Mater.Chem.and Phys.,
120, 399 (2010).

[8] Mustaffa Hj.Abdullah, Ahmad Nazlim Yusoff;
Pertanika J.Sci.& Technol., 6(2), 95-105 (1998).

Au Tudian Yourual



