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ABSTRACT

The polycrystalline samples of the Li-Ti mixed nanoferrites, Li
150, (0.02=x=0.1) were prepared by combustion method. The IR spectra
intherange 400 - 800 cmwererecorded at room temperature. Thermoel ec-
tric power measurement shows n-type conductivity. Dielectric constant and
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loss values increase with increase in temperature and decreases with in-
crease in frequency. Two relaxations were observed in the temperature de-
pendence of tand. The activation energy required for the relaxation was
calculated from the conductivity data. These relaxations were attributed to
the electron hopping between Fe?* and Fe* ions on octahedral sitesand the

creation of oxygen defects.

INTRODUCTION

Lithiumferriteshave becomevery attractiveinmi-
crowave application and a so asreplacement for gar-
nets and other spinel ferrites because of their good
remnance and squarenessratio a ong with the highest
T_among spinel ferrites™. Jefferson and West'> 3 have
reported that Ti** substitution asareplacement for iron
inlithium ferriteenhancesits physical propertiesby re-
ducing saturation magnetization values. Theincorpora
tion of titanium into lithium ferrite necessitates the ad-
justment of both monova ent lithium and trivalent iron
ions. Many recent researcherg*® have studied IR ab-
sorption spectraof somemixed ferrites. Theresultsfrom
IR study can be used to interpret the electrical and
magnetic properties”. PolycrystdlineLi-Ti mixedferrites
are supposed to be good dielectric materials. More-
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over, thedidectric propertiesof ferritesare dependent
onseverd factorsincluding themethod of preparation,
the sintering temperature® and the sintering atmo-
spherel?, Several studies have been reported on di-
el ectric™ 12 and thermoe ectrici*> 4 properties of Li-
Ti mixed ferrites. However, nanoscal e ferrites have
shown anoma ousdiel ectric behavior®. Inthe present
investigation, the e ectrical propertiessuch asthermo-
electric, eectrica and dieectric measurementscarried
out for Li-Ti mixed nanoferritesat different tempera-
turesarereported.

EXPERIMENTAL

Polycrystaline samplesof Li-Ti mixed nanoferrites
Li Ti Fe 0O, (0.02=x=0.1) wereprepared

0.5+0.5x 2.5-15x 4

by combustion method. The detail s of the method of
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preparation weregivenintheearlier publication®. The
notationsLT1to LT5 represent, respectively x =0.02,
0.04,0.06, 0.08, 0.10Ti concentrationin the samples.
The IR spectra in the range 400-800 cm™* were re-
corded at room temperature. Thethermo-emf devel-
oped acrossthe sample dueto the temperature gradi-
ent has been measured over atemperaturerange 30—
300 °C. Hewlett Packard HP-4192A Impedance Ana-
lyzer was used to study theanomaliesinthedielectric
properties. €” and tand were measured at Six selected
frequencies (5K, 10K, 100K, 200K, 500K and
1MHZz) during controlled heating from room tempera-
tureto 400 °C.

RESULTSAND DISCUSSION

IR study

ThelR spectraof prepared samplesshow first pri-
mary band at 587cn whichisdueto stretching vibra:
tionsof thetetrahedral group (v )!*"*4. It hasastruc-
ture consisting of three subsidiary bandsv, (1), v, (2),
v, (4) at 710, 670 and 547 cm* respectively. It has
been shown by Patakovaet a® that the presence of
Fe?* ionsinferrites can producethe splitting/shoulders
on absorption bands. Thisisattributed to the John-Tel ler
distribution produced by the Fe?* ions, which causes
local deformation inthelattice owing to the non cubic
component of thecrystal field potentia and henceleads
tothe splitting of thebandv,. Theband at v, (1) andv,
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Figurel: IR transmission curvesof LT1to LT5 at room
temperature
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(2) at 468 and 441cm? respectively can be attributed
toLi-Ovibrationg*?.

Astherearefour cations (Ti*, Fe*, Fe** and Li*)
on octahedrd sites, itisdifficult to attribute the occur-
rence of the primary band v, to particular octahedral
cation-oxygen complex. Thefrequency band that ap-
pears around 540-710 cm? and 441 - 470 cm* are
separated markedly because the bond lengths of Fe**-
O? arenot equd for thetetrahedra and octahedrd metd
complexes.

Thermoeectric power

Using thevauesof thermo-emf, the Seebeck coef-
ficient (S) for each composition has been evaluated,
and givenin TABLE 1 thesevaluesarein agreement
with reported vaue®®. FromtheFigure2 it isobserved
that Seebeck coefficient ispositiveindicating that all
the samplesunder investigation were n-type semicon-
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Figure2: Variation of Seebeck coefficient (S) with tempera-
ture

TABLE 1: Theactivation energy fromregion | andregionl
for LT1toLT5

Region Region

Sample Notation (5|70 (3|5|0 C?;feﬁ?;t
P 80K s SHV/°O @
Ea(eV) Ea(eV)

LiosiTioooFe4;0s LT1 036 050 44.30
LiosoTioosFe440s LT2 024 055 30.00
LiossTioosF€4:0s LT3 028  0.68 60.27
LiossTioosFer260s LT4  0.45 45.96
LiossTioaFe 30,4 LTS5 0.47 22.59
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ductorsup to 300 “C. In the case of n-type semicon-
ducting materias, the hot surface becomes positively
charged asit loses some of itselectronswhereasthe
cold junction becomesnegatively charged owingto dif-
fusonof eectrons.

Didectric behavior

¢’ and tand were measured at Sx selected frequen-
cies(5K, 10K, 100K, 200K, 500K and 1M Hz) dur-
ing controlled heating from room temperatureto 400
°Cfor LT1toLT5samplesand areshownintheFigure
(3,4). Didectric constant and lossva uesincreasewith
increasein temperatureand decreaseswith increasein
frequency. With therisein temperaturethe number of
carrier’s increases, resulting in an enhanced build up of
space charge polarization and hence anincreaseinthe
didectric congtant, which arein agreement with reported
vaues'?,

The samples under investigation were in
nanoscal €¢ and two rel axations were observed for
LT1toLT3 samples. Thisobservation wassimilar to
those reported by Fang™!, whilein samplesLT4 and
LT5 only onerel axation wasobserved, asit was shifted
above400°C (shownin Figure4). Relaxationisoften
better understood fromthe changesinthedieectricloss
tangent (tand), whichisshowninFigure4for LT1to
LTS.

AC conductivity

Thevariationsof conductivity with temperature of
LT1toLT5areshowninFigure5. Similar behavior
wasreportedintheliteraturd* 9. Clearly tworegions
canbenoticedinLT1toLT3whereasinLT4and LTS5
thereisonly oneregion and which can be confirmed
from Figure 4. Sincethe Curietemperature of Li-Ti
mixed ferrites, Li ., . Ti Fe, ., O,, (0.02=x=0.1)
was greater than 480 “C*°! and as the range of tem-
perature measurement wasup to 400 °C, it isexpected
that relaxationsin LT4 and LT5 samplesmay be seen
at temperaturesabove 400 °C. Theactivation energies
calculated from thetwo different regionswere attrib-
uted to electron hopping andionic conduction. Theac-
tivation energy, E, was calculated for all compositions
fromthe slopesof thecurvesin Figure5, at different
frequencies. Themeanvauesof E, for thesamplesare
given TABLE 1. The E, fromregion | (570680 K)

was attributed to the el ectron hopping between Fe**
and Fe* ionson octahedral sitesand werelesswhen
compared to theliterature values'®. These activation
energy valuessuggest theactivation energy for electron
chargetransfer inLT1to LTS. However, theE,, from
region |l (350— 550 K) indicates the energy required
for ionic conduction and the formation of theionscan
be explained asbelow. During pellet formation high
pressurewas applied, which will lead to theformation
of defectsat theinterface as predicted by Fang*® and
hence those defects will trap space chargesto form
dipoles. Hence, therewill belargenumber of dangling
bondsin theinterface and combinewith space charges
and polar moleculessuch asH,O inthe atmosphere,
which causesrel axation with longer relaxationtimeor
higher activation energy. Hence, the activation energy
required for these defects are cal cul ated and tabul ated
INTABLE 1for LT1toLT3, whereasforLT4andLT5
relaxation peak was shifted above 400 °C asshownin
Figure4. Thehigher activation energy inregion |1 sug-
geststheionic conductivity asreported inthelitera-
ture4,

CONCLUSIONS

ThelR studiesconfirm theformation of spind struc-
tureand givesinformation about thedistribution of ions
between tetrahedral and octahedra sites. Thermoelec-
tric study confirmsthat the prepared nano Li-Ti mixed
nano ferrite was n-type semiconductor up to 300 "C.
Thedieectric study reveal stwo relaxationsand the ac-
tivation energy were cal culated from the conductivity
data. Thefirst relaxation wasattributed to € ectron hop-
ping between Fe** and Fe* ionson octahedral sites.
Thehighvaluesof activation energy for second relax-
ationinregion Il wasattributed to lithium-ion conduc-
tion process.
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