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ELECTRICAL DC CONDUCTIVITY AND THERMOELECTRIC
POWER OF Mg—Cd FERRITES
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*Material Science & Thin Film Laboratory
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Abstract

Thermoelectric power (o) ond Dc electrical reaictivity (A) of polycryctalline Cd, Mg, Fe,O, (x=
0.0,0.2,0.4,0.6, 0.8, and 1.0) ferrite oyctem icctudied aca function of Temperature in the ronge of 300 —
800 K. The Variation of DC reaictivity (A) ond thermo-electro motive force (o) with temperature chowo
that the complecare of degenerate type cemiconductora. The Poaitive cign of Seeback coefficient (o) ond
drift mobility (ud) of the order of 10° cm’/Voec indicotec the compoditions exhibitc P- type
cemiconducting behaviour in the entire temperoture ronge. P-type cemi conducting behavior of the
ocomplecicottributed to the precence of Alpha lacunar phace (AFe, O,) called Superatructure having hole

trapping cotion vaconciesin octohedral (B) cite. The precence of Fe2+ takeoplace the Fe’ « Fe' + ¢
tronaition. DC conductivity mechoniom icexplained on the bacicof thermally activated electron hopping
model. Decreace in electrical reciativity with Cd*” content revealed thot the Conductivity ariceconly due

to drift mobility (M d) ond not due to number of charge corrierc in the come cumple increaces hopping

length increacechopping Probobility recultomore hd. Abrupt change in the Conductivity icaccribed due
to mognetic behaviour of the comple. Lower valuec of the octivation energiec in ferromaognetic region
thon in paramagnetic region depicta The cooperative behavior of ordered high opinc of Fe” to the
hopping mechaniom of electron. Addition of Cd”" in hoct lattice of MgFe,O, recultsthe conting of opincon
B-aite. Increacing in conting onglec recemblec more activation energy. Decreacing trend of activation
energy in poramognetic region with Cd* content ic found to be controry cupport to the decreocing

reaictivity ond Increacing drift mobility (Md) ond vive-vercn. Cloce agreement of invectigated valuec of
bond gop energiec EF (0) of the cumpleswith activation energiecin the ferriregion iothe conformity of
degenerate cemi conducting behavior of the comple.

Keywords:Ferrite; Thermoelectric Power; Drift Mobility; DC conductivity; Activation Energiec;
Curie Temperature.

1.INTRODUCTION:

Among the variouc oxidea, the opinal Ferritec have been conaidered of interect owing to their
interecting ond mognetic propertiec. Ferritechave low electrical conductivity ond the order of magnitude
of conductivity greotly influencectheir dielectric ond mognetic behaviour [1-3]. The reduction of Fe™ to
Fe” takeoploce without diarupting the lattice configration. Charge corries ore not free to move through
the cryctol lattice, but jumpo from ion to ion. The number of Fe* ionc in the octahedrol citec playc a
dominent role in the mechoniom of conduction [4]. Mobility of charge carriercduring hopping between
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Fe' « Fe’ ic otudied by Tawfik [5]. The oim of precent work ic to ctudy the DC conductivity &
thermoelectric Power of Mg— Cd Ferriteo.

2. EXPERIMENTAL

Polycryctalline comples of Cd, Mg, , Fe, O, (x= 0.0, 0.2, 0.4, 0.6, 0.8, & 1.0) ferritec were
prepored by otondord ceromic method ucing AR grade MgO, Fe,O, ond CdCO,. The ingrediento with
acetone bace were mixed ond colcinated ot 6500C in Platinum crucible. Milled power with acetone boce
waopreaintered at 800°C for 24 hours. Fine powdersof finol product were aintered ot 1000°C ot 48 houra.
Soamplec were pelleticed by appling precoure 7 tonec per aquore-inch with help of hydrolic precoure
cooling and heating rote of the fornace wasmentained 80°C/Hra.

Samplecwere choracterized by X-ray diffroction IR, AAS oand Microctructural onolycicby SEM
of fractured aurfoce of the cumples. DC reaictivity of the bulk compleswoomeaoured ucing the two-probe
method with allver electrode ond the temperoture waomeooured ucing cromel alumel thermocouple.

For thermoelectric power meacurements o Temperoture difference of 35K wac maintoined
acrocothe pellet with the help of amicrofurnoce fitted on the cumple holder acoembly. The Temperature
difference acrocothe pellet woomeacured with the cid of chromel-alumel differentiol thermocouple. The
thermoemf waomeacured with the help of Philipoamicrovoltmeter by connecting itoPoaitive terminal to
the hot end. Galvonometer ond CdS pellete ac o well Known N-type cemiconductor [6] wacuced for
conformity of the cign Conventiona.

3.RESULTAND DISCUSSION

X-ray powder diffractogramaoof the cumple chowed well-defined plonecof allowed cubic opinal
otructure whoce d voluecare very clocge to ASTM dato.of Mognecium ferrite ond Cadmium Ferrite. Cloce
ingpection of diffroctogramao(fig.1) depictoon additional line of lower cignificonce neor 311 peok in the
compoaition with X=0.2, 0.4, ond 1.0. Thicadditional line indicating ceparate phace icidentified due to
[104] plone of a - Fe,O, from ASTM dato. Abcence of alpha ferric oxide phace in other remaining
compoaitioncicinaignificont under the experimental conditiona.

I i f F — .‘r -‘
3 P
]
Fig.1 XRD of Mg-Cd ferrite Fig.2 Variation of Log resistivity with 1/T 103

Cubic A locunar phaced colid colution between Nickel ferrite ond A Fe, O, icprevioudly reported
aco.cuperctructure having cot ion vaconciesin the octohedral cite [7-10]. From X-ray diffractogromaothe
volueo of lattice conctont (o), ionic Radiuc (R,) on tetrohedral (A) cite ond ionic Rodiuc (R;) on
octohedral (B) aite, phyaical denaity (da) ond X-ray dencity (dA) are colculated [11] ond precented in
toble 1. Markedly variation of RA with Cd content cuggeatothe tetrohedral occuponcy of cadmium ion.
Wolcka hooreported cuch type of recultoprevioudly [12]. Averoge grain cize of the comple iccolculated
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ond precented in toble 1. Microgropho of the cumple chowed that the complec are crock free ond groin
growth iccontinuouswell defined ot the grain boundaries. Grain cize ic found of the order of 3-10 um.
Particle oize of the compoaitions ic alco calculated from the formula t= (0.94 A )/2BCodA diccucoed
eleewhere [13].

Voriation of the log Awith reciprocal of temperature (fig.2) chowed two dictinct regioncexpect
for X= 0.0, ond 1.0. Abrupt chonge in the recictivity ot porticulor temperature ic oboerved. Theoe
temperaturecore the Curie temperature (Tc) of the comple. In Mognecium ferrite firot breok oboerved ot
phace tronaitionstemperature (Tp) ond cecond breok icdue to Curie point, while CdFe,O, doeonot chow
ony breok due to itoparamognetic behaviour of the room temperoture.

Activation Energy (Eo) in both ferromagnetic region ond poromognetic region are colculated
ond precented in toble 2. Activation energiec in ferri-region are found very lecs thon thoce of in
Poaromognetic-region, chowc comewhat temperoture independent behaviour. The temperoture
independent behaviour of (o) icthe conformity [15] that conductivity aricecdue to drift mobility ond not
due to number of charge corrierc. Similor recultcore obtained in the variotion of log pd with reciprocal of
temperature (fig. 3).

= o k""ﬁ-’.-a-—ms.:;g:-:nu
Fig. 3 Dependence of drift mobility with Fig. 4 Dependence of thermoelectric power
temperaturein Cd Mg, Fe,O,Ferrites o (pv/k) with temperature (k)

Fig.4 depictoincreace of (o) with temperature in the cumple X < 0 . w to 500 K due to leco
mobility. In thece three comple acuddenly dropcto zero due to obrupt change in Jd.. Negligible poaitive
valueoof (0) beyond their Curie icottributed to tropping of holecot grain boundaries. Such chorp phoce

tronaition icobaerved due to high opin of Fe*’ precence in thoce cumplec. Similar charp phace tranaition ic
obcerved in other experimentoviz. AC cucceptibility ond initial permeability [16].
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Cd Mg, Fe,O,Ferrites
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Figure 5 recemblonce the ectimation of bond gap energiecEf (0) acdiccucsced eleewhere [17] are
found to be very cloce to activation energiecin the ferriregion. Low voluecof activation energy AE <0.2
eV due to mognetic ordering ic alco reported by Ghoni [18]. Increace in Activation Energy with Cd™
content (fig.6) iopredicted thot more conted opincrequired more Activation Energy to turn off the order
of mognetic opinc ultimotely mognetization . Variation of Activation Energy in Pora region with Cd**
contenticexplained on the bacicofrediativity and mobility. Due to addition of Cd* content in hoct lattice
of Mg Fe,0, replacecFe’ ion from tetrahedrol (A) aite to octohedrol (B) cite. Number of Fe' ion on B aite

Increoces with cubatitution of Cd”". Probobility of hopping icmore on B aite predominant Fe”” « Fe™
tranaitiono due to comparative omaller dictonce ond larger in number of Fe™'. More hopping frequency
leads to increace the mobility. Mobility of ioncin Mg Fe,0, ferrite icreported 1.39 X 10-8 cm’/V Sec
with N type cemi conducting behaviour [19].

CONCLUSION:

Precence of alpha lacunor phace called cuperctructure having hole trapping cation voconciesin
octohedral aite playc on important role in P type cemi conducting behaviour. Temperoture independent
Variotion of () revealed thot the conduction occuroB. Gillot, R.M Belnlocif and A, Rouccet, only due to
drift mobility ond not due to number of charge carriers. Conduction mechoniom icexplained on the booic
of thermally octivated electron hopping model. Increace of activation energy in ferromaognetic region
with Cd”" icattributed to Increocing conting onglecbetween magnetic oping while decreoce in activation
energy in paromognetic region on the bacicof reaiativity ond mobility vice- verco. Activation energiecin
ferromognetic region outiofy the ectimated voluecof Ef (0) ond activation energiecfrom drift mobility (E

pd.) are omaller than thoce of colculated from reaictivity (E0) Prediction for thicrecult coticfieo the

condition Eo = E pd + Ef (0) which icthe conformity of degenerate cemi conducting behaviour of the
coumplec.
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Table 1 : Micro structural and Conductivity data of Cd, Mg, Fe, O, Ferrites.

Content X Lottice Ionic Radiuc |  Phydcal X-ray Averoge Resistivity p Drift
Conctont (o) Denoaity (do) | Denaity (dx) | groin cize QemX 107 Mobility
nm gm/cm3 gm/cm3 pm Hdx 10" ey
RA RB Sec
nm nm
0.0 83.72 549 | 6.93 3.38 4.527 3.98 1.67 0.49
0.2 84.30 5.86 | 6.93 3.65 4.825 4.00 1.51 1.55
0.4 85.12 6.28 | 6.99 3.94 5.066 4.38 0.85 3.18
0.6 85.60 6.63 | 698 4.29 5.355 5.22 0.80 3.45
0.8 80.18 7.01 | 698 4.46 5.613 6.22 0.47 7.30
1.0 86.82 7.40 | 6.99 4.73 5.847 9.62 0.41 9.20

Table 2:- Data of DC conductivity and thermoelectric power in Cd Mg, Fe,O, Ferrites.

Phace Trencition Temperature Tp | Curie Temperoture Tc K° Boand | Ectimoted octivation energy in eV
K° From From Gap Energy
Content n n
X Er(0)ineV. Ferri region Pora region
DC TEP. DC TEP. from from from from
conductivity. conductivity. Eug Eo Epg Eo
0.0 528 532 714 723 0.010 0.008 | 0.005 ]0.345 |0.447
0.2 - 632 609 0.076 0.013 |0.006 ]0.158 ]0.388
0.4 - 505 500 0.014 0.028 |0.008 ]0.135 [0.333
0.6 - 490 432 0.009 0.043 | 0.009 10.370 ]0.308
0.8 - 413 382 0.030 0.048 |0.060 |0.115 ]0.189
1.0 - - 0.010 - - 0.115 ]0.119

S. S. Karande
Songomechwar college, Solapur.
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