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ABSTRACT

The structural and thermo-electrical properties of Cd®* and Cr** substituted are studied by synthesizing the spine
solid solutions series CdMg;,..Fe,.,Cr,O, Spinel samples of this serieswith x = 0, 0.2, 0.4, 0.6, 0,8 and 1.0; y = O,
0.05 and 0.1 were prepared by double sintering ceramic method. X-ray diffraction (XRD) and FTIR absorption
methods are used to obtain the structural characterization. The structural details like: lattice constant, A-O, B-O, ra
and rg have been deduced through XRD data analysis. Lattice constant increases with Cd®* concentration and
decreases with Cr*" concentration. These changes in |attice constant are attributed to the difference in ionic radii of
Cd?*, Cr®* and Fe*ions. Seebeck Coefficient of each composition was measured in the temperature range 300 K to
750 K. The Seebeck coefficient is negative for all the compositions showing that these ferrites behave as n-type

semiconductors. On the basis of these results, an explanation for the conduction mechanism in Cd** and Cr®
substituted Magnesium ferrites are suggested.

Keywords: preparation of ferrites, Seebeck coefficientPTHaeasurement.

INTRODUCTION

Usefulness of ferrites is determined by their pbysthemical properties, which found to be sensitivehe method

of preparation and heat treatment during prepardfih Many researchers tried to prepare thettsrby different
methods, like

Chemical methods [2-4], microwave sintering metfm@], Citrate precursor method [7], wet chemicathod [8]
and Sol-gel method [9] etc. The ceramic method dotibe easiest method of preparation of ferritethe bulk
form. In this paper the results are presentedefelrites prepared by double sintering ceramidhoukt

In case of magnetic materials such as ferritesh&gecoefficient §) measurement gives better insight into the
conduction mechanism. The sign of Seebeck coefftgjives the information regarding the type ofrgkacarriers

in the conduction mechanism. Nikolski [1] measuttezlthermoelectric power (TEP) of My ,..FeQ, (x=0,0.2, 0.4
and 0.6) and observed that the compositions x ad)xa= 0.2 shows n-type conductivity while remagitwo
compositions shows p-type conductivity. The meanerd of Seebeck coefficient in Ni-Zn ferrites ipoeted in the
literature [10,11]. Murthy et al [12], from the diof dc resistivity and TEP concluded that irorcess ferrites
show n-type conductivity and those with iron dediti shows p-type conductivity. TEP in Bdubstituted Cu-Cd
ferrites were studied by Kolekar et al [13Characterization anthermoelectric power studies of ferrites with
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various substitutions was well documented [14-Batuctural properties of M§ and AP co-substituted lithium
ferrites were studied by Modi et al [16]. X-ray ainfrared studies of chromium substituted magnediemite was
reported by Kawade et al [17] and found that, titéde parameters decrease witi*Gubstitution and the X-ray
density decreases as®Ccontent increases. The distance between magoeiicin both octahedral and tetrahedral
sites decreases with increase if*Cmfrared spectral studies of Zn-substituted Li—Fégites were reported by
Shaikh et al [20].

Following this introduction, the paper focuses aeparation, characterization and Seebeck coeffigany of
CdMg;..Fe,,Cr,O, ferrite system.

MATERIALS AND METHODS

A series of ferrites with general formula 84, «Fe,.,Cr,O, (x = 0, 0.2, 0.4, 0.6, 0,8 and 1.0; y = 0, 0.08 arl)
were prepared by double sintering dry ceramic neeiling starting oxides F@;, CdCQ, MgO and CyO; (AR
grade, LOBA Chemi India). These oxides were weigbedhe single pan microbalance in the requiredemdar
weight proportion and were mixed and milled thordygn agate mortar with acetone base for abowb@$ The
dried power was then transferred into clean andadogibles. The powder was presintered in a teatpes-
controlled furnace at temperature 7for 12 hours. The temperature of the furnace meaasured by using well-
calibrated Chromel-Alumel thermocouple. The fumagas cooled at the rate of 80 per hour to room
temperature.

For sintering process, the temperature was maiedaatn 1050C for 24 hours. The sintered compositions wera the
mixed with 5% PVA and again milled thoroughly.

The pellets of 1cm diameter and 4-5 mm in thickneegse prepared by applying pressure of 7 tonesfsgsing
hydraulic press, for 5 minutes. These pellets viexaly sintered at 1056C for 24 hours for better compaction.
Using soft metal paper, pellets were polished.

The powdered samples of each composition was desized by X-ray diffraction method (XRD) on Ph#ip
computerized X-ray diffractometer (PW 3710) usingKx radiations. The samples were also characterigd® b
absorption spectroscopy at room temperature, imahge of 350 crhto 800 crit by using FTIR spectrophotometer
(Perkin -Elmer).

For the measurement of Seebeck coefficient the pellet holder required was fabricated in lddgoratory. This
pellet holder has an auxiliary supply to its onel evith which the temperature difference of 10 Koistained
between two ends. A Chromel- Alumel differentia&tmocouple was used to measure the temperattieeedite.
The sign of Seebeck coefficient was decided from giblarity to the non-auxiliary end of the specimas the
charge carriers diffuse from hot to cold parts [13]

RESULTS AND DISCUSSION

3.1 Characterization

Typical X-ray diffractogram is presented in FigStudy of X-ray diffraction reveals that all the goositions under
investigations were found to be face centered capiogel structure. The values of lattice constahfor all the
compositions are presented in table 1. From thidetdt is found that lattice constant increaseshw@d’
concentration. Such increase in the lattice conigtae to addition of cadmium content is also reggbin literature
[13,21]. The increase in lattice constant is latied to the difference in ionic radii of €don (1.03A) and Fé'ion
(0.67A%[21]. On substitution on EF ion, the lattice constant found to decrease. Tialso attributed to the
difference in ionic radii of Gf ion (0.634) and F&'(0.67A"[21]. The X-ray data is presented in table 1. Ftbia
table it is seen that tetrahedral metal-oxygen Hendth (A-O) and cationic radiusajrincreases with increase in
Cd®* content which suggest that the®Cébn occupies A-sites. With the substitution of r*dn Mg-Cd ferrites,
octahedral metal-oxygen bond length (B-O) and iawidius (g) found to decrease slightly. These observations
conclude that substituted Coccupies B-sites. From the same table it is asm $hat, the X-ray densities increases
with substitution of C# and decreases with Trsubstitution. Such variations are also reportethin literature
[17,21].
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Typical IR absorption spectrum is presented inZighe far infrared spectra obtained at room temipee in the
range 200 to 800 cthshows two absorption bands. The high frequencyl lfah and low frequency band-j are
assigned to the tetrahedral and octahedral compleespectively [17,20,22]. Table 2 lists the valwé these
absorption bands and force constants of tetrah@dfaland octahedral site g

The force constant s found to be greater tharkh all compositiondWith substitution of C#f the force constant
K+ decreases while &increases [17]. This is attributed to the increiagte A-O bond length with addition 61f",
the energy required for breaking of longer bondefss. This supports the occupancy ofCdn A sites. On
substitution of C¥ the force constant Kincreases which is due to decrease in the B-Quulist The substituted
Cr*" ion occupies B sites, which causes decrease int®+@ length. This supports the occupancy df @m at B

sites[21].

3.2 Seebeck Coefficienta()
Seebeck Coefficient) was determined by the equation,

a = AV/IAT
Where AV is the change in thermo-emf

AT is the temperature difference between hot and eodl.

The plots of Seebeck coefficient versus temperdturall compositions under investigation are présé in Figs 3-
5. From these figures it can be noted that, fiathal compositions Seebeck coefficient is negagwjbiting n-type
of conductivity in these samples. Such type ofdtmtivity is attributed to the hopping of electrdmstween F&
and F&" ions on octahedral sites,

F92+ —> Fé+ +e
Bhosale et al [23] and Ladgaonkar et al [24] regbgtimilar results for Cdk®, and MgFeO, respectively.

On substitution of Gf, Seebeck coefficient decreases due to occupanGrdfions on B-sites. This results into
decrease in Péions on B-sites. The &rdoes not contribute to the hopping process butigesvimpedance to it
and hence conductivity decreases resulting intoedse in Seebeck coefficient.
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Fig. 1 Typieal XED Pattem of Cd, Mg, Fe 2oy Cr, O, Fervite System with x=0.6, y=0
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Table 1 Structural parameters of CdMg...Cr,O, ferrites system.

Lattice lonic Radii lonic Radii i Bond Length A-O Bond Length B-O X-ray Density dx
X y costant 0 0 0 0
o 0 A A A A gmicc
a’ A

0.0 8.36 0.58 0.71 1.91 2.03 4.53
0.2 8.43 0.62 0.72 1.94 2.04 4.81
0.4 | 0.00 8.50 0.65 0.72 1.97 2.04 5.08
0.6 8.57 0.68 0.73 2.00 2.05 5.33
0.8 8.63 0.72 0.73 2.04 2.05 5.58
1.0 8.70 0.77 0.73 2.09 2.05 5.80
0.0 8.35 0.59 0.71 1.91 2.03 4.50
0.2 8.42 0.62 0.71 1.94 2.03 4.80
0.4 0.05 8.48 0.65 0.72 1.96 2.04 5.05
0.€ ' 8.5¢ 0.67 0.72 1.9¢ 2.0t 5.3Z
0.8 8.60 0.72 0.72 241 2.04 5.53
1.0 8.66 0.76 0.73 2.08 2.04 5.80
0.0 8.34 0.58 0.70 1.90 2.02 4.47
0.2 8.40 0.61 0.71 1.93 2.03 4.78
0.4 0.10 8.46 0.65 0.71 1.97 2.03 5.04
0.€ ' 8.52 0.6t 0.72 1.97 2.0¢ 5.3¢
0.8 8.58 0.71 0.72 2.03 2.04 5.47
1.0 8.64 0.76 0.73 2.08 2.04 5.70

Table 2. Wave number and force constant of Gi1g,.4Fe,.,Cr,O, ferrites system.

Compositions Frequlency of vibration Force constants dynes/cm
cmr

X y 121 V2 Kr Ko

0.0 571 434 249880 118670
0.2 575 472 256528 125398
0.4 550 471 265079 124616
06 | 000 53 466 247099 | 118687
0.8 556 451 230809 107879
1.0 540 441 230809 105852
0.0 541 434 267160 118671
0.2 540 431 245313 124305
0.4 581 470 255312 124317
0.6 568 465 241916 120102
0s | 005 559 437 237581 108889l
1.0 550 457 238760 111010
0.0 623 423 279871 104042
0.2 604 425 279871 107072
0.4 590 471 265989 124643
06 | 910 [5gs 467 265070 | 118712
0.8 574 456 255125 110103
1.0 559 439 237553 119801

CONCLUSION

Lattice constant increases with substitution of*ddns and on substitution €rion, it found to decrease. The
variations in lattice constant are attributed te tlifference in ionic radii. A-O and increases with increases in
Cd®* content, which suggest that the’Cibn occupies A-sites. On substitution of Tion, B-O and g found to
decrease slightly suggesting substitutetf Gccupies B-sites. The far infrared spectra obthateroom temperature
in the range 200 to 800 ¢Mmshowed two absorption bands. With substitutionCaf* the force constant K
decreases while Kincreases. On substitution of *Cthe force constant increases. For all the compositions
Seebeck coefficient is negative, exhibiting n-tydeconductivity in these samples. Such type ofdumtivity is
attributed to the hopping mechanism in the ferrites
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