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ABSTRACT

Temperature dependence normalized AC susceptibility and Curie
temperature of spinel ferritesCd Mg, Fe, Cr 0, (x=0,0.2,0.4,0.8and 1.0;

y=0, 0.05 and 0.1) study revealsthat MgFe O eX| bits multi domain (MD)
structure with high Curietemperature On substltutl onof Cd?*, MDto Single
Domain (SD) trasitionstakes place and Curie temperature decreasesdue to
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decreasein A-B intraction. On substitution of Cr®*in Mg-Cd ferrite system
peak obtained in MgFe,O, is supressed which is attributed to decrease in
grain size and further decrease in Curie temperature is attributed to the
decrease in B-B interaction. This is because Fe-Fe interaction is greater

than Cr-Feinteraction at B-site

INTRODUCTION

Susceptibility, amagnetic property of ferriteswas
found to depend upon grain size, grain boundary and
domain structure¥l, Ferritesconsistsof Multimomain
(MD), sngledomain(SD) and superparamagnetic (SP)
particles. Thetransition from one domain to another
mainly dependson substitutiong?. Thesedomain states
can be studied by the technique of low field AC
sussceptibility™. TheMD particlescontaindomainwals
(DW)®“ and DW motion are responsiblefor magnetic
changes. Formation of domain mainly depend on par-
ticlesize. Asparticle size decreases, formation of do-
mainwallsbecomesenergitcaly unfavorable, thenitis
sadtobesingledomain (SD) particle. Insuch aferrites
magnetic changesdo not takes place through DW mo-
tion but requiretherotation of spinsresultinginlarger
coersivity. If particle sizefurther decreases, spinsare
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affected by thermd fluctuationsand the system becomes
SP particle. SP particle nature reduces magnetic char-
acter of the material. Cd?** substitution isinteresting
subgtitutioininthespinels¥. Additionof Cr¥*inNiFe,0,
the domain structure changesfrom MD to SDI®. Al3*
substitued mixed Cu-Cd ferritesexhibit mixtureof SD
and MD particed™.

Inthe present investigation the effortsare madeto
understand thedomain naturein Cr* substituted and
unsubgtituted Mg-Cd ferritesysemusinglow fieldAC
sussceptibility measurements.

EXPERMENTAL DETAILS

Polycrystalinespinel ferritewith general formula
Cd Mgl- Fe, Cr,O,(x=0,0.2,04, 0.6, 0.8 and 1.0;
y=0, 0.05 and 0.10) were prepared by Standard ce-
ramic method using AR grade oxides of Fe, O,, MgO,
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CdO and Cr,0O, (LOBA Chem. India). These pure
oxideswere accurately weighed accordingly to weight
ratio required inthefina proportionson singlepan mi-
crobaance. The powdersof each samplewere mixed
together and wet milled using acetonebase. Dried pow-
der of sampleswasprisintered at 700° C for 12 hours
and then sintered at 1050° Cfor 24 hours. The pellets
of sampleswereformed by applying 10° Kgcm2 using
hydrolic press. The pelletsagain sintered at 1050°C
for 24 hoursfor better compaction.

The powdered samples were characterised by
XRD on philipscomputerised X-ray diffractometer (
PW 3710) using Cuko radiation. TheAC susceptibility
messurmentsof ploycrysalineferrite samplewasmade
on Helmoltz doublecoil set up operated at 260 Hz with
constant field of 7 Oe, in thetemperature range 300K
to 800K . Platinum-Rhodium thermocouplewas used
to measure temperature of the powder sample. The
Curietemperature of all the pelletized samples was
measured by using modified LorriaSinhamethod.

RESULTSAND DISCUSSION

Characterization

A study of X-ray diffraction revedsthat dl thecom-
positionsunder investigation wereface centered cubic
spind structure. Typica X-ray diffractogramispresented
inFigure 1. Itisfound that | attice constant increases
with Cd?* concentration. Suchincreasein thelattice
constant dueto addition of cadmium content wasre-
ported intheliterature®. Thisincreaseinlatticecon-
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Figurel: Typical X-ray diffractogramof Cd M g,,Fe, Cr 0,
ferritewithx =0.6 y =0.00.

stant isattributed to thedifferenceinionicradii of Cd?*
ion (1.03A% and Fe**ion (0.67A%). On substitution on
Cr¥ ion, thelattice constant found to decrease. This
was also attributed to the differenceinionic radii of
Cr®ion (0.63A% and Fe**(0.67A°).

Normalized susceptiblity

Theplotsof normalized susceptiblity (/ x.,) verses
temperature are presented in the Figures.2-3. From
thesefiguresit can be seen that for magnesium ferrite,
the susceptibility slowly increases and reaches peak
vauewithtemperature and suddenly dropsto zero. The
sudden drop of y/ x., curve shows the formation of
single phase cubic spinell®. The incresase in
sussceptibility with peak values suggests there is
existanceof multidomain partidesinthematerid®. The
peak isfound to suppresed with substitution of Cré*in
MgFe,O, and also Curietemparature (Tc) decreases
with Cr®* content. For thecompositionx =0.2,y =0,
0.05and 0.1, susceptiblity isfound to beindependent
on temperature upto Tc and after Tcit suddenly drops
to zero. Such nature of curveindicatesthat the pres-
ence of SD particlesin the material §9. Joshi et all*
alsoreported similar behaviour inMg-Znferritesys-
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Figure2:Theplotsof normalized susceptibility (y/ ) verses
temperatureCd M g,.Fe, Cr O Ferr itewithy =0.05.
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Figure 3 : The plots of Normalized susceptibility (x/ x.,)
versestemperatureCd M g,,Fe, Cr O,Ferr itewithy =0.10.
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TABLE 1: Curietemperaturedata from susceptibility measurement and L oria-Sinhamethod for thecomposition Cd, Mg,

. Fez_yCryO -
Conc.Cd*(x) Conc.Cr¥(y)  Tcfrom AC susceptibility measurement® T from Loria-SinhaM ethod.’K

0.00 715 720
0.20 600 590
0.40 0.00 495 490
0.60 450 445
cseo e
00 e -—--
0.00 669 670
0.20 550 555
0.40 0.05 445 435
0.60 420 425
0.80
1.00 -—-- -—--
0.00 613 600
0.20 520 520
0.40 0.10 430 425
0.60 395 390
0.80
1.00

tem. Thecompositionswithx =0.4andx =0.6fory =

0, 0.05 and 0.1 shows exponential decrease in sus- CONCLUSIONS

ceptibility indicating SD to SPtrangition. Thecomposi-
tionwithx =0.8andx =1,y =0, 0.05and 0.1 shows
paramagnetic behaviour at and above room tempera-
ture. Curietempratures(Tc) obtained from susceptibil -
ity plotsare presented TABLE 1.

The Curie temparature measurement of all the
sampleswas a so been carried out by the method sug-
gested by Lorria-Sinha and also presented in the
TABLE 1. Thesevausarefound to bein good agree-
ment with the val ues obtai ned from temperature de-
pendence of normalized susceptibility. Onsubstitutiion
of Cd?* in MgFe,0, Curietemperaturewasfoundto
decrease. Thisis because substituted Cd?®*ion occu-
piestetraheda (A) site, resultinginto decreasein A-B
intereaction®?, Thecompositionwithx =0.8and 1.00
shows paramagnetic behaviour at room temparature,
their Curietemperatureliesbel ow room tempetature.
Subdtitution of Cr3*ion, Curietemperatureof each com-
positionisfoundto decrease. Thisisattrbuted to dilu-
tion of B-B interaction. On substitution Cr3* ion oc-
cupiesB-stereplacing equivalent Fe** ionsand so also
decreasein magnetization at B-site.

Temperature dependent normali zed susceptibility
measurementsreveal sthat MgFe,O, exhibit MD par-
ticle and on substitution of Cd?*, domain structure
changesfrom M D to SD and for higher concentration
SD to SP. Curie temperature was found to decrease
on subgtitution of Cd?*, whichisattributed to thedilu-
tion of A-B interaction. On substution of Cr®", peak
obtained in the graph of normalized susceptibility of
MgFe,O, is suppresed may be attributed to the de-
creaseingrainsze. Further decreasein Curietempera
turein Mg-Cd ferrite system dueto substitution of Cr3*
isattributed to thedilution of B-B site.
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