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Abstract - :

Ferrite powders of Cuy,Cd,Fe;0q (x = 0.0 - 0.6) have been prepared by using ceramic (C) and wet chemical eo-
precipitation method (W), The powders were characterized by room temperature X-ray diffraction technique and
hysteresis techniques. Structural parameters like Inttice parameter (a), X-ray density (dx)and particle size (f) were
caleulated by using the most intense peak of XRD plots (311). The difference in patticle size for different preparation
techniques chdnges the structiral and magnetic properties. Saturation magnetization (M), coereivity (Hc), renmant
magnetization (M, ) and magneton number (nj) Were caloulated.
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INTRODUCTION '

Variety in technological and industrial applications aftracts scientists fiom physics and chemistry to put their
efforts for studying the ferrite materials at nanoscale dimension [1-4]. Reduced size of materials towards nano-scale
than the bulk has unique and unlike propetties in particular copper ferrite with spinel structure. The microstructure and
the surface morphology of such fine powdets bave krge implication in controlling the parameters required for 4ny
particular application which in turn depends on the method adopted fot synthesis [S]. The structural and magnetic
properties of ferrites depend upon chemical composition, methods of preparation and sintering temperattire [11, 12
Physical methods, such as conventional ceramic method has some limitations for the synthesis of ferrite powders at
nano structure. But in chenmical methods which mcludes chemical eo-precipitation [6], sol-gel {7], oxalate precipitate
method [5], hydothermal [8], citrate method [9], and combustion method [10] overcomes the Hmitations of physical
methods. Tn the present paper we have reported our resuls on CujCdFea0y (%= 0.0 - 0.6) prepared via ceramic and
co-precipitation method.

EXPERIMENTAL: "

Cuy.CdFe,04 (for x = 0.0 - 0.6) composition have been prepared by solid state reaction technique and co-
precipitation technique. To obtain the samples by ceramic method, powders of Copper oxide (CuQ) from Reidel
(99.9%), cad mium o xide (C4 O) from Loba Chemicals (99%) and ferric oxide (Fey(3) from Reidel Chemical (99% ) was
taken as initial raaterials. Appropriate amount of required powders wis mixed thoroughly and grinded for three to four
hours in agate mortar pestle. These powders are pre sintered at 950 ¢ for 12 hours and reground for two hour. The pre-
sintered powders are then pressed into disc shaped pellets and are finally sintered at 1150 C for 24 hours and slowly
cooled at room temperature as to obtain the final products. Cupric Sulphate (CuSO45H,0) of Qualigens (99.5%),
Cadmium Sulphate (3C4S048H;0) A.R. grade (99%) and Ferrous Sulphate (FeS0,7TH,0) of Qualigens (99%) are used
to prepare the Cutp.CdiPesQy fetrite sanmples by using co-precipitation method. All the starting materials were mixed
together by their weight proportion, A two molar (2M) Solutioni of NaOH was prepared as a precipitant. It has been
suggested that the solubility product constant (Ky,) of all the constituents always exceeds when the starting solution &
added ini fo the precipitant. Therefore, in order to achieve simultaneous precipitation NaOH and Hz0; was added to the
mixture of sulphates (pH = 3). A suspension (pH =11} contenting dark intermediate precipitation was heated and kept
at a temperature 60 ¢, while oxygen gas was bubbled uniformly into the suspension to stirrer it and to promote the
oxidation reaction until all the intermediate pracipitant changed into the dark brownish precipitate of spinal ferrite. The
samiples were filtered, washed several times by distilled water and acetone and then dried. The samples were heated at
150°C for 4 hours to remove the water content. The wet samples were finally annealed at 950°C for 12 hours. The
prepared samples were then characterized by XRD for the determination of stotural parameters and room temperature
hysteresis loop technique to study the magnetic propertigs, :

RESULTS AND DISCUSSION:
X-ray diffraction: ;

The powder X-ray diffiaction (Philips, USA) of the prepated sample hay been recorded to identify the crystalling
phases present in the sample. When monochromatic beam of X-ray is incident on pawder sapple~djs reflected, th

<

reflected rays interfere and interference is constructive only if the path difference betweenfthe intgriading Is in
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ME composite ol

| Fig. 2. Hysteresis loop for (1-5) CuFes0y + (9 KNBO;

It is seen from hysteresis loop that the hysteresis loops of the composites shift towards the field axis with
decreasing ferrite content, The hysteresis loops are used to obtain the values of saturation magnetization (M,),
repenent magnetization (M), and coercive ficld (H,). The values of saturation magnetization (M,), remancnt
magnetization (M,) and coercive ficld (H.) and magneton number (ng) ar¢ given in Tablel. The sdturation
magnetization (M) decreases as forrte content decreases., Using the values of saturation magnetization (M,), the
magneton number n (the saturation magnetization per formuls unit in ) was also calculated for all the composition,

; The retmanent magnetization (M,) values obtained fiom M-H plots shows decteasing nature with increase in
fermaelectric content. For x= 1.0 (pute ferroelectric), the M-H plot is not seen. The decrease in remanent magnetization
(M.} is due to increasing  KNbOj content, It is evident from Tablel, that the coerecivity of the composites deoreases
with KNbO; addition. S Ly
' Table: 1.8aturation magnetization, Rermant magnetization, Coercive field

and Remanence ratio for (1-x) CuFe; Oy +(x) KNbO3) (x= 0.0-1.0)

&

i

Conelusion: Tith fr : :

The ME composites of (1-x) CuFes0+(x) KNbO; were prepared by solid state reaction method, Fenite phase has a
tetragonal structure and ferroelectric phase has a tetragonal perovskite structure was confirmed by XRD studies.the
magnetic properties of above mentioned composites were investigated by using puke field magnetic hysteresis loop
tracer supplied by Magneta Company (Mumbai) at room temperature. The decrease in magnetic 'behwiéq:fagsﬁobsﬁsmﬁ

e

from the values of Ms, Mr and He of conposits under investipation is due to the reduction in the ferrite content é:g"thc
conposite. i : -
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integral multiple of the wavelength of incident Xeray beam. The condition of constractive interference is given by

2dsinf = s ] £ i
whers,  d is the mtéra;x}mnm sg&acmg, 68 giammg amglaai ks waveima gth of incident mzhaiwn and n is an integer.
The diffraction pattemn were recorded in the 20 range 20" 1o 80° with scanning rate of 2% per minute using Cu-K,
radiation of wavelength 1.5418 A. The unit cell dimensions are determmed from the d-spacing of a line by making use
of the cubic foromla for iﬁim g}&mr spaging.

a=d @'+ ¥ (2}
where, 2 is the latties ﬁ:ﬁmﬁk@z@t, d i inter-planer spacing and (h k 1) is the miller indices,
Scherrer [5], shows that the mean diatmeter d of the crystalline composing & powder is related to the X- my diffraction
b‘tﬁaﬁaﬁmg (B) by the equation,

pedit. @
 Bomg
where; ;'& 5 iiwwwek‘fmgth afme;dent radiation, B is the :f‘uii width of ha;if mmma} and 0 is glancing angie for (311)
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Fig. I: Typical XRD gxatmm Jorx=10.0 of Wand (l‘ samples of Cup , Cd Fer04

Fig. 1 shows the typical X-ray diffraction peaks of the W and C samples for x = 0.0. The reflection intensity peaks
(220}, (311),(222), (400), (422), {333), (440) arc observed for both C and W samples. The peak broadening is found
slightly thick for W samples and the peak intensity is found sfightly high for C samples. This difference in peak
broadening and peak intensity is due to the fine particle nature of W samp les and similar behaviour was reported earlicr
[5, 6]. For the sample x = 0.0, the structure is tetragonal and above x 2 0.1 the structure of the sanples become cubic
spinel. The XRD data was used to determine struetural paramieter, like lattice constant (a), X-ray density (ds), unit cell
volume (V), and particle size (). For x = 0.0 both ‘a’ and “¢" were calculated. The values of structural parameter for W
and Csamples are reported in Table L It is observed from Table 1 that the lattice constant of W sample is found higher
than that of Csanple. The synthesis method plays important role which changes the particle size of prepared materials.
The fine particles make the difference in structural parameter of the bulk samples. The higher values of lattice constant
for W samples cannot be explained only on the basis of degree of inversion. This can also be explain on the basis of
different degrecs of crystallinity of the W and C samples resulting from the différence in the temperature of
crystallinity. The lotwer values of particle size are due to the difference of method of preparation and the heat treatment.
The W samples are prepared at lower tempetature, where as C samples were prepared at higher temperature,
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“Fig.2: Scanning electron micrographs for CityxCdFe;04 prepared by ceramic and wet chemical co-precipitation

technigue.

The average crystallite size of Cu-Cd series was determined by Scherrer formu la and the data refated to the
strongest peak of (311) of the XRD pattem. The average sizes of the particles ranges from 25 to 27 nm for W osamples
and 177 - 287A for C samples. The values of particle size obtained from Scheter formula are given in Table 1. The
ciystalfite size was also determined from SEM (Scanning Electron Micrograph). The SEM images are given in Fig. 2
for typical samples. The particle size obtained fom SEM data is given in Table 1.

Table 1: Lattice constant {a), X-ray density (dy), bulk density (d), particle size (1) and average grain size for Cuy.
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Magnetic hysteresis loops for all samples of the series Cuy..CdFe,04 were recorded at room temperature.
Magnetization loops for the W samples with x = 0.0 -0.6 are given in Fig. 2. Using hysteresis loops, the values of
sataration magnetization (My), coercivity (He) and remanence magnetization (M,) are obtained. The values of magnetic
parameters obtained from hysteresis loop are given in Table 2. The magneton mumber (ng) caleulated from observed
values of saturation magnetization is listed i Table 2. It can be seen from Table 2, the higher value of saturation
magnetization for W samplos compare to the C samples is sttributed to the strongef co-valiancy effect effects arising

' from smaller cationic sites dimension. Further, accqrding to spin alignment the net magnetic moment of W sample is
expected to be low because of the higher degree of inversion, compare to the Csamples= & ; },_i?;m magnetization

M; is high for W samples, the magneton nunber np s also low camper to C sgfnpley. Iherc .;___ﬁl‘.n’\i.f values for W
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samples are found to be large for W samples caa»mpare to C sanp Ies, fh;s ¢an {w atmlmted to tlw faet that the partm[e
size efﬁw Csamizes is vary iow mnmm tx:a W sm:q;ies e : _ _

Fig.3: Hysteresis loops for the sainples '

’I’ahléz Nhgngﬁzamﬁ _parameters for Cuy xCdxFe,04 for (C) and (W}_S;stm le.
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CONCLUSIONS

The samples of the series CuyxCdgFes(y were successfully preparcd by us;ulg eemmic and wet chexmcal co-

precipitation method, XRD data confirms the cubic spinel structure of the samples. Addition of Cd in copper ferrite
decreases the net magnetization and also the coercive force. The mntunng teﬁ’g‘sezatum changes the particle size which
affect on the structural and magaetic pmpemes @f copper ferrite. _
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