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structures with the samples under investigation [7]. The 250 - {h)x=05 —e_300K
decrease ir' with increasing in frequency takes place when \+\ —+— 33K
the hopping frequency of the charge carriers (electrons ar e —a—358 K
holes) cannot follow the alternating frequency of applied AC 2907 N —+—410K
electric field beyond a certain critical frequency [8]. All the Sy 453K

) | e 3 —— 502K
samples have high values of ranged from 1% 10 (at 150 Lo . _BBE K
frequency 16 Hz and temperature range 300- 595K). Suct § \r\*
high values of¢' were observed for Ni-zn [7, 9, 10], Mn-Mg 100 Yoo\
[9, 11], Mg-Zn [6], Cu-Ge [12], and Li- Ni [13] ferrites. LY \\
However, the high values ef at low frequencies (and the 50 -| ¥, "
decreasing in ¢'(F)) could be explained on the basis of M *’*m:::«;mu
Koop's theory [7] for the inhomogeneous double-layel ¢ s el smmmmen oo i e o——
dielectric structure. The dielectric structure was supposed | . . . . .
be composed of two successive layers of the Maxwell 2 3 4 5 8
Wagner type [14,15]. The first layer is the fairly good Log F (Hz)

conducting ferrite grains, which are separated by the secdrigure 2: Frequency dependence of dissipation factodtan

thin layer of poorly conducting grain boundaries [16]. The selected temperatures for the samples x = 0.25 and x=0.5.

grain boundaries were found to be more effective at lower

frequencies, while the ferrite grains were more effective at Higher frequencies [716, 17]. So, the very high valuesf
dielectric constanat low frequency region are mainly related

{a)x=025 to the presencef the grain boundaries. During high sintering
40k . ' —e— T=510K temperature the ferrite containan amount of easily
“a‘ polarizable Fe* and/or Ni** ions. Owingto the disordered
20 | \ i structureof the grain boundaries, the polarizatisndue to
'...__ discontinuous hoppingf charge carriers between localized
0 L . | —— . statesas a result of manybody interactions betweerits
9 " ‘ constituent parts [18].
6| L -
3L "lv.. ] Iwauchi reported that there is a strong correlation between the
ol "--...___..___ conduction mechanism and the dielectric behavior of ferrites

[19]. Hudson has shown that the materials with low

0.6 | - —=—T=375K resistivity exhibiting high dielectric loss and dielectric
oA \ y g hig

': 0.3 -—nt constant and vice versa [20]. It is reported that for certain
= i .\‘ ] spinel ferrites the value of dielectric constant is
0.0 L — i approximately inversely proportional to the square root of the
' - ' o315k resistivity [21- 23]. The values of dielectric constant for pure
0.6 - - cuns '... 1 Ni ferrite (x=0) increases as the temperature increase while
0.3t J for t he sampl es w ithe hvalu® .ofl 2 5 <
\...__ 'decrease gradually up to a certain temperatuyg) (@fter
0.0 . . —— ] that increases with increasing temperature (Fig. 1). From the
04l ;'-..,_. —n—T=315K foregoing, we can conclude that the pure Ni ferrite has a
,f . semiconductor behavior at all temperature ranges, whereas
0.2 / . T the substituted Ti -Ni ferrites have a metallic like behavior up
0.0 L A -"'--.___ A to a certain temperaturey, after that the samples have a
) L L L semiconductor character. The values of metal/semiconductor
2 4 6 transition points, s and dielectric constant (at,d&1KHz)
log F, {Hz) were determined frora(F) curves and listed in Table 1. The

values of transition temperatureg,d in table 1 gives as
qualitative agreement with the results of AC measurements
on Ti-Ni ferrite in our previous [24]. The abnormal behavior
of dielectric constant and consequently the resistivity may be
related to different aspects such as the presence of some
impurities, the presence of different types of charge carriers,
cationic migration and/or spin canting. In our case there is no
such possibility in the presence of any impurities as
confirmed by X-ray analysis [3]. The cationic migration and
presence of different types of charge carriers in such samples
may give rise to metallic behavior in the samples. The spin
canting is the final possibility for the appearance of such
phenomenon. With the variation of both temperature and
composition, the spin canting angles might change and this
may be responsible for such metallic behavior of the samples
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[25]. In TiyNi.Fe.O, ferrite, NP ions occupy octahedral gradually with increasing compositional parameter x, so, at
B-sites, whereas both ¥eand Tf* ions are distributed over constant temperature (e.g. room tempméist be decreased
tetrahedral (A) and octahedral (B) site [5]. The presence with increasing x, as we observed in this work. On the other
Ti* ions at B-site will act as an electrostatic trap for electrdrand, as the temperature rises for certain sample the mobility
exchange between ¥eand Fé' by forming electrostatic of localized charge carriers can be activated by temperature
bonds with F& ions [26]. At the same time the replacementand this increase hopping probability or briefly for a certain
of iron ions by Ti* ions will reduce the concentration ofsample as temperature increase maximum relaxation
Fe**/F&" ions and the entry of nickel ions at the octahedrfiequency f must move toward higher frequencies, which
site will increase Nfi/Ni** concentration. The transition give a good agreement with our results for samplef wit
metal cation in octahedral sites is an intermediate of an aniorx 0 . 2 5 .

sublattice. When strong cation-anion-cation interactions

dominate over the weak cation-cation interactions, theséable 1: Transition temperatur@ ), dielectric constant
materials will then have semiconductor behavior. In the case(e' at Tys &1KHz), relaxation activation energy {jgand

of strong cation-cation interactions between octahedral B- maximum frequency,ffor Ti-Ni ferrite

sites, materials with a metallic behavior will be formed 2 7 [ sample | x=0 | X* X= X= X= X=
0.125| 0.25 0.375 0.50 0.625

In pure NiFgO, ferrite with cation distribution _Ts K —- | 332 | 316 364 | 358 363

(FENiZE€")03™ (here the parentheses and square brackets - — | 155 | 149 144 | 13 | 110

refer to the tetrahedral A- site and the octahedral B—cita,Eﬂ e_\ll 0.2 0'5Z 0'631

respectively), the cation-cation interactions are less f 1S 10| 10 10

predominant whereas the cati@mion-cation interactions are ]
stronger between [BeO?-Fé*] and [NE-O%-Ni% [27]. In general the relaxation peaks for loss tangernit tean be
Accordingto ligand field and crystal field theories, the {Ni explainedby a Rezlscu model [29]. Accordirtg this model

O%-Ni?] interactions are dominant, which makes this sampi€ Peak®f tan ( furvescanbe ascribedo the presencef
to be semiconductor (seig 1). collective contribution polarization. For the ferrite under

investigation, the conduction process attributedl the
An increasein Ti**and Ni?* ions in octahedral site reduce Présenceof two typesof charge carriers; n-typas electron
[Fe*-0?-F€"] and increase [Nf-O*-Ni*] interactions. transfer betweefre’” andFe&”*, and P-typeashole exchange
Also, an increasein temperature causean increasein betweenNi?* and Ni** at the octahedral sites [3]. Since the
hopping of the localized charge carriers between®[f@?- directionof displacemendf electronsis oppositeto that of
Fe"] and [N2*-0%-Ni%] linkages andn this way give riséo holes under the applicatioof external electric fieldin the
the semiconductor character with the gradual transfer fromS@me time the mobilitpf holesis relatively very small with
typeto p-type [3].It is presumed here that metallic interval, eSPecto thatof electrons, the resulting polarizatiofiboth
diminishing localized states and alignmeatshe spins give YPeSof charge carriers will give rist peaking behavioas
rise to the efficient conductive channétsthe formof [Fe**- N Fig.2 for samples withx < 0 . The dielectric losscan

F&] and [NZ-Ni*] links. These channels may cause the2usedby the impurities and imperfectionis the crystal
delocalizationof the charge carriers arab a result, cause lattice. Structural defects give rise trapping centers for the

metallic behavior for theamples. charge carriers, also knowascorrelated states [30]Ve have
indicated that relaxation peaks move toward low frequencies
3.2 Dielectric Loss Tangent ascompositional parametex, increase. For the samples with

x > 0 .the Selaxation peaks not observed because the grain
Figure 2 (a)- (b) for loss tangent fams a function of boundary _defects are effectiv_a_t low frequ_encies. The
frequency F (at selected temperatures) showed abnorfggPOnse timef the charge carriein the trapping centeris

behavior (relaxation peaks ighgr than ﬂ}eﬂir@e t§k%nnfﬂ§ popring Refween the %ﬁeso .2
normal behavior for higher substitution x>0.25 (the typicAl'® charged ionsit thus follows thatwe cannot desct the

figure is showed for samples with x=0.25, 0.5). ThEelaxation peaks for samples with> 0 .aCldw frequency
decreasing in tah with increasing frequency can be explainéﬁsOO_HZ) ‘ﬂ’h'Chh resullts from cor]rrerl]ated ¢ states,_ but
according to Koops theory and Maxwell Wagner theory &XPerimentally - the ~relaxationsat higher = frequencies
discussed in the case efF). The loss tangent relaxationcorreSpo.ndStO the hoppingof charge carriers between
peaks can be observed in the samples when the hoppqnarges ions were observed far & . 2 5 .

frequency of the charge carriers coincides with the freque . . .
of external electric field [19]. At room temperature forlfxe temperatgre depengené:i)f 32d|.electr|c relaxation
NiFe;04, Tig.129Ni 10961 7604 and ThNis -6 50, Samples requency fcanbeexpressety [31, 32];

tand shows a maximum at a frequency of 32KHz, 914Hz and

600Hz respectively. The resonance condition for observi%rfg_ f.exp (-B/KT) (1)

maximum tad ismr = Where o= 2nf, is the angular o 0 Eis the activation energy for the dielectric relaxation
frequency at maximum andis the relaxation time [19]. The

: . : : o - process, f is the maximum frequency andikthe Boltzmann
relaxation timer is related to the jump probability per unit.ystant. The activation energydhd £, were estimated from

time (p) by the relation = 1p) erZo p. Jump g ER MY Us! rediprocabf the temperature for samples
(p) has directly proportional to temperature and inversefyy x < @5 and listedn Table1. It is noticed from Table 1
proportional with jumping length (L). Eraky et al. [3lthatasTi andNi existin the ferrite a marked increasiiy
reported that for Ni-Ti ferrite the jump length increaseg|axation activation energy occur and the maximum
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frequency § jumpsto be approachedo the optical phonon [9] P.V. Reddy, T.S. Rad; Di e | kebavieuiok mixed
frequency ( ~ ' &"). Since the mechanisrof dielectric Mn-Mg ferritesat low f r e q u e & tesssGomnion
polarization in ferrites is similar to that for electric Met. , (105),pp.63-68,1985.

conduction [29], this leadso the result that the higher[10]C. Prakash, J.S. Bijal,“ Di e 1 ebehaviour cof
dielectric polarizationis associated with a lower activation  tetravalent titanium-substituteldi-Zn f e r r J.Less , ”

energy for dielectric relaxation and vise versa. Common Met., (107)pp.51- 57,1985.
[11]J. Peters,K. Standly, “ T hDRielectric Behaviourof
4.Conclusions Magnesium Manganese Ferritdroc. Phys. Soc., (71),

pp.131-133,1958.

1.The real dielectric constastand dielectric loss factor tan [12]S-A. Mazen, A. M. El Taher, “ T h eonduction
decreases as the frequency of electric field increases, this is Mechanismof Cu-Ge f ¢ r r Solide State Commun.,
the normal dielectric behavior of ferrite and were (150),pp.1719 1724,2010.
explained on the frame of Koops theory. [13]M.F. AI.-HiIIi, S. Li, K.S.. Kassim,* S't ru analy'sis, al
2.¢' decreases as temperature increase up to certain magnetic and electrical propertieof samarium
temperature (f<) after thate' increases. This abnormal ~ Substituted lithiumnickel mixed f e r r iJ.t Magn. ”
behavior for ¢'(T) lead to suggestion of metallic like Magn. Mater., (324)pp. 873879,2012.

behavior for the samples. The metal/semiconductcg?’d']J'C' Maxwell, Electricity and Magnetism, Oxford

phenomena in the samples under investigations can be uEf lér:/l\\//e:/svltyPress[,)'Lord?.n,87tBﬁ der Elektrotechnik. ed
in some technological applications such as sensors V. Wagner, Lie Isolierstolie der clekirotechnik, ed.

switching applications. H. Schering, Springer -Verlag, Berlih924.

3.tamd F,(T) curves showed abnormal dielectric behavion‘m]g.' :—|abf_erey,|H.P: V‘.“J'”'“ IEf foia”'gem?eratureoﬂr;;he .
(relaxation peaks) for pure and low substitutions. These SIth(érclJ(I:i Ez)a)f;g;nmz:ff i/ggyBSta inet err ye. s,
peaks shifts towards higher values of frequency ﬁﬂMA. Ahr.ned’ MApEI Hiti M- El Nimr M. Amer
temperature increases. The activation energy for dielecttic ¥ " ", Vo o e '
relaxation increases as’Tions contents increases. D1 esl. tmehawau6r1n Ci’;#gsltg%eig%'?ﬁ errdtes,

4.The relaxation peaks not detected fo s a mp | ¢ s I]e]ﬁ M ter.x o {zett.z( p- ' '

because the grain boundary defects and correlated state Lﬁ t. rJonz?,é:7er, 2;72 61;911 1197V7 dielectricl response;
effective at low frequency region. ature, ( ; ‘?pp._ ' . . .
[19]K. Iwauchi,“ Di e 1 Propertiesot Fine Particlesof
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1520 1528,1971.
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