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ABSTRACT

Polycrystalline spinel ferrites with general forranCu; 6,04 (x=0, 0.2, 0.4, 0.6, 0.8 and 1.0) were prepared by
oxalate co-precipitation method. On characterizatioy X —ray diffraction, they were found to be cubpinels
except x = 0, which is tetragonal in nature. Dedatfical resistivity suggests conductivity was daehopping
mechanism. The cation distribution of the systeas imvestigated by employing Upadhyay and Baldhdeno
wherein relative weighted magnetic interaction germula unit is considered. The Curie temperatwas
calculated theoretically by employing this modelaafunction of distribution parameter. The catioistdbution
investigated reveals that the €tion distributes partially among A and B —siteshuibaximum occupancy on A —
site for x = 0.20.

Key words: Cation distribution, Copper ferrites, electricasistivity.

INTRODUCTION

Structural, electrical and magnetic properties iamportant for applications of ferrites in variougléls. They are
found to be depending on the distribution of cateonong A and B site [1]. Therefore the estimatidrcation
distribution in ferrite systems turns out to be ortant. Many workers reported the estimation ofocadistribution
in ferrite systems by employing the magnetizaticgthod [2, 3]. Using Gilleo method, Cation distriloatin Cu-Zn
ferrites system was reported by Kulkarni et al [@illeo method [5] assumes three magnetic ionSgenula unit.
It can be used to investigate the cation distrdytbut for the ferrites like Cu-Zn, Cu-Cd, Co-®dlg-Cd etc which
consists two magnetic ions for formula. Upadhyayle[ 6 ] modified the Gilleo model consideringlative
weighted magnetic interaction per formula unit.isTimodified model was used by Ladgaonkar et abf¥] Kolekar
et al [8]. Vasambekar et al [9] further modifiee thpadhyay model for trivalent substitution.

In this communication we are reporting results stfreation of cation distribution using modified Ujteyay model
for Cu-Zn ferrite system prepared by oxalate preaumethod.

MATERIALSAND METHODS

Polycrystalline spinel ferrites with general formunCu,,F&0, (x=0, 0.2, 0.4, 0.6, 0.8 and 1.0) were prepased b
oxalate co-precipitation method using CuSENnSQ and FeSQ( LOBA Chemi, INDIA). The materials required in
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their atomic weight proportion were mixed with déildistilled water. The pH of solution was maintd to be 1.
The solution was warmed and excess amount of anumookalate was added in order to complete the psoé
precipitation. The pH of precipitation was foudde 10. The reaction mechanism involved is glwgn

CuSa + 2H,0 + GOy ——— p CuGO42H,0O + SQ’
FeSQ+ 2H,0 + GOy ——— » FeGO,2H,0 + SO

This mixture was filtered through Whatman filtempea No. 41, using Buckner funnel. The filtrate veesmmined
for presence of sulphur ions by Ba@st. The washed and dried powder was presingrg80°C for 1 hour in a
electrical furnace. The furnace temperature waasored by well-calibrated Chromel-Allumel thermogleu
Presintered powder was wet milled in agate morsarguiacetone base and was sintered £a0fr 2 hours. Pellets
of 10 mm in diameter were formed by applying presi 7 tones/cfusing hydraulic up to 5 minutes. The pellets
were finally sintered at 1000C for 2 hours for better compaction.

The powdered samples were characterized by X- iffnaction method. The dc electrical resistivity aseirement
of palletized samples was carried out by two protethod in temperature range 30&- 850° K. The cation
distribution of the system was investigated by eiplg Upadhyay and Baldha model.

RESULTSAND DISCUSSION

A typical X-ray diffractogram is presented in Fig-fom the X-ray diffraction study, it is seen tttz completion of
solid state reaction and the formed of spinel campg. Typical X-ray diffractogram is presented igufe 1. All
the samples exhibit a cubic phase, except x = Gzhwixhibits tetragonal character. The lattice tamiscalculated
increases with Zn concentration and obeys Vedawd’

The plots of logp Vs 1000/T obeyp = pg exp (AE/KT), Wilson relation and show change in the stopecertain
temperatures, which corresponds to the Curie tesmtyper (Tc) in the respective samples. The sampilésx= 0.8
and x= 1.0 show no such change in slope, whichestgghat these samples exhibits paramagneticimenat room
temperature. The resistivity decreases with ineéagemperature. Such type of conductivity washaited to the
hopping of electrons on an equivalent octahedtas dietween F& and F&" ions as F& . Fe* + €. The values
of Tc obtained from the plots are presented ingtdband are used to determine cation distributierem this table
it is found that the Curie temperature decreas#s werease in Zii ion concentration. Zfiion resides A site, this
site preference reduces the A-B interaction [8] thaesponsible for the decreases in Curie tentpera

Cation distribution
The formula for determination for Curie temperataseput forth by Upadhyay and Baldha [ 6] is,

M*(x=0)n(x) D)
Te (%) = T:(x=0)
M*(x)n (x=0)

Where M* (X) = 2+(1-XMm/ Hre 2

T. (x=0) is the Curie temperature of unsubstitutedités ' the magnetic moment of magnetic iqu the
magnetic moment of Fe ion, x is the non magneticdoncentration and n(x) is the number of relatiagghted
magnetic interaction per formula unit. The valfi@) is given as,

24
nx = —— [BPW (W Z) UMt WZ PR L 3)
uzFe
Where,
Z=1-x0 4
w=1=xt0 (5)
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0 is the fraction of magnetic ion on A —site.

Above equation were used to calculate cation 8istion and Curie temperature of the Cu-Zn ferritstem. The
values of magnetic moments of Fe and Cu ions use8.8 and 1.1 respectively [8]. Theg(X=0) value was taken

from dc resistivity data.

Substituted Zfi" resides A- site [7] and Glions occupies both A —site and B- site [8], theme the formula used
to proposed cation distribution is,

[Zn X CU5 Fel—x 45]A [CU 1-x -5 Fel+x+5] BOA

Curie temperatures were calculated theoreticallyagying distribution paramete¥ from 0 to 1-x and plotted
againstd. The exact value dj is then obtained from these plots. The resuktspaesented in table 1. From this
table it is found that the values of Tc obtainedirfrde resistivity measurements and calculated anesgjood
agreement; suggesting probably the correct catistnittlition and the excellent fit of model to thgstem under

investigation.

On inspection of table 1, it is found the coppen distributed partially on A and B sites, showingximum
tetrahedral occupand/for the composition x= 0.20 and decreases foh&rrvalues of x.

Table 1. Cation distribution and Curie temperature data of Zn,Cu,«Fe0, ferrite system

T.obtained from | T.obtained theoretically

X Cation distribution dc r&eistoivity plots from eqouation( 1)

K K
0.0 | [Zno.ooc Cth.ozt Fenesc ] * [ Clo.ssoFeLas ] ° Oa 667 664
0.2 | [Zny.20 CUoas Feo.a7d A [ Cuparc Feisa] 0, 549 550
0.4 | [Znyao Cthorc Fessd® [ Closac FeLard® Os 500 499
0.6 | [ Zrb.s0 Cthooz F&3ed * [ Closzes Fere0d O 417 409
0.8 | [ Zmysor Clyooc F&v2od A [ Cuo.o0c Fevsoc ] PO, - -

1.0 | [Znyoc CthoooF&r.00c]* [ Clhooor Fes.00d ® Os
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Fig.1. Typical X-ray diffractogram of Zn,Cu,.«Fe,O,ferrite system
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Fig.2. Typical Plot of logp ver sustemperature of Zn,CuyFeO,ferrite syssem

CONCLUSION

Preparation of ferrites by oxalate precipitationtime is easiest method and gives good results mfidton of
ferrites than standard ceramic method. All the dampave cubic spinels except copper ferrite whaghibits in
tetragonal character. Study of resistivity showat tresistivity decreases with increase in tempegatkerrites
change theie property from ferri-magnetism to paegnetism at Curie temperature. Curies temperatlresned
from the graph is in good agreement with calculatetlies of Curie temperatures. Zinc ferrites exhfara-
magnetic in nature hence it will not show Curie pemature. The substituted Zrions occupy A site. The cation
distribution obtained from the Upadhay model igaond agreement with the previously reported values.
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