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ABSTRACT: Nowadays, ceramic magnets are produced artificially under precisely managed sinteringand compositional circumstances. As a result, copper doped cobalt ferrites with the general chemicalformula CuxCo(1-x)Fe2O4 (x=0.0, 0.4, and 1.0) were made using the standard ceramic method undervaried sintering conditions using AR grade oxides. The formation of a single-phase spinel structure isdemonstrated by X-ray diffraction. The morphological investigation, which indicates thatdensification, causes grains to develop and the magnetic characteristics, which suggest that lowersintering temperatures cause increase in magnetization, were carried out as part of thecharacterization processes.
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1. INTRODUCTIONFerrites are ceramic magnetic materials basedon iron oxide that exhibit ferromagneticbehaviour. Ferrites' compositions and sinteringconditions can be modified to alter theirmagnetic characteristics. Ferrites can be used ina variety of applications, and factors likepermeability, coercivity, remanence, andsaturation magnetization can help determinewhich applications. The spinel structure isphysically flexible, which results in a wide rangeof physical properties and hence usefulapplications in many frequency ranges. Themagnetic characteristics of ferrites are mostlyinfluenced by the porosity and grain size [1-4].Faraz et al [4] used two-sub lattice model toshow ferrite magnetization. As a result,magnetic ions with uneven magnetic momentsin the opposing directions inhabit the A and Bsublattices. The resultant magnetization iscaused by the different magnetic moments of

sublattices A and B.According to Weiss [5], there are magneticdomains, and each domain's magnetization iscaused by the Weiss molecular field, whichtends to arrange atomic dipoles in parallel. Thespecimen becomes spontaneously magnetizedas a result of the vector sum of its domains [6].By connecting magnetic ions by electrontransfer via intermediate anions,Andersondeveloped the super exchangeinteraction to explain the magnetization innormal and inverse spinel ferrites [7]. Grainsize, grain orientation, grain boundaries, pores,inclusions, and crystal flaws are the most crucialaspects of microstructure. Grain directionfavours maximal BH, and grain boundaries actas current barriers and internal lamellae to limiteddy current losses. By generatingdepolarization zones that cause a drop inmagnetization, the porosity pinning the domain



Int. J. Adv. Sci. Eng. Vol.9 No.2 2678-2685 (2022) 2679 E-ISSN: 2349 5359; P-ISSN: 2454-9967

Mudholakar et al.,

International Journal of Advanced Science and Engineering                             www.mahendrapublications.com

wall motion and introducing internalinhomogeneous magnetic field [8,9].Severalroutes have been employed to prepare ferritessuch as sol-gel auto combustion method [10-11], Co-precipitation method [12-13], aerosolmethod [14] and sucrose precursor sol-gelcombustion [15], andsolid state method [16]and microwave method [17] and oxalateprecursor method [18]. Compared to the wetpowder preparation routes, the solid-stateroute is comparatively inexpensive andpostulates simple apparatus and facilitates largevolumes of powder can be prepared. Theobtained powder demonstrates relatively highagglomeration, and large particle size as well asrelatively limited homogeneity. The mainobjective of our work is to synthesize theCuxCo(1-x)Fe2O4 (x=0.0, 0.4, and 1.0) by standardceramic method. Systematic structural studyhas been performed by XRD, SEM and MagneticProperties characterizations.
2. EXPERIMENTAL

In the present case, ferrites with generalchemical formula CuxCo1-xFe2O4,where x=0.0,0.4 and 1.0, were synthesized by standardceramic method.Generally for solid statemethod all copper oxides, cobalt oxide andferric oxides in stoichiometry, compositionalweights of AR grade oxide powders were mixedphysically in molar proportion and blended inagate mortar in acetone medium (with 99.90%purity)[19]. After drying, the mixture wassintered at 8000 and 9000 C for 20 and 30 hoursin muffle furnace. The pre sintered powderswere subjected to hard milling process inacetone medium. Structural, magneticproperties and Scanning Electron Microscope ofsynthesized materials were characterized aftereach sample then all sample applied forpalletisation process with applying a pressureabout 5 tons per square inch for 5 minutes bykeeping the powder of about 1 gram in a die of 1cm in diameters. The final sintering was carriedout on pellets to complete the solid statereaction [19].The schematic presentation ofwork is shown in Fig.1

Figure 1 Synthesis method standard ceramic method

3. RESULTS AND DISCUSSION
3.1 X‐ray diffraction and structural studiesThe X-ray diffraction patterns of the sampleswere obtained from RSIC, University of Nagpurto confirm the formation of single-phase ferrites(Fig.2), by using Fe k-α radiation of wavelength1.9360 A⁰. The saturation magnetization of astandard nickel sample was used to calibratethe hysteresis loop and calibration factor wascalculated by the relation. Cobalt ferrite, copperferrite, and Cu0.4Co0.6Fe2O4 made using the

solid-state technique were the materials tests.By using stoichiometric amounts of cobaltoxide, cuprous oxide, and ferric oxide and thengrinding them for 4 hours in an agate mortar inacetone medium, the necessary composition canbe achieved. Following drying, the mixture wassintered in a muffle furnace for 20 hours at800°and 900°C and the produced materialswere evaluated. The cubic structure of allCuxCo1-xFe2O4 ferrites was single-phase andclosely matched the data from the standardJCPDS card no. 25-0283 and JCPDS card no. 17-
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0464.[20,21].The lattice parameters for thesamples CoFe2O4, a = 8.389 Å, Cu0.4Co0.6Fe2O4, a = 8.3744 Å and CuFe2O4, a = 8.2543 Å.
3.2 Magnetic propertiesThe schematic way of representation to find themagnetic properties using hysteresis loop isshown in Fig. 3. The hysteresis loop is drawn byplotting the magnetic field strength H againstthe magnetic induction B in the core material. If
a current is flowing through a coil, it will cause amagnetomotive force F. The magneticproperties of ferrites have be calculated usingfollowing equations:

= = = 0.10099 ⁄ ⋯(1)Then vertical displacement for each sample on CRO was noted to calculate the saturationmagnetization by relations,
′ = calibration factor X vertical displacement in mv = ( f x v ) emu … (2)and ′ = / ⋯(3)Similarly saturation magnetization in emu/cc was calculated using the relation= (1 − ) ′ ⋯ / ⋯(4)Where p = porosity = dx = x - ray density, da = actual densityLastly magnetic moment per molecular formula unit in Bohr magneton was calculated by the relation.= ℎ ×5585 ⋯ ℎ ⋯(5)1μB= 5585 emu/mole

Figure 2 Refine Rietveld X-ray diffraction graphs for each sample

Figure 3 Schematic representation of magnetic
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Table – 2: The data on composition, sintering conditions and CRO records
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0.0 CoFe2O4 800 20 850 32 308 3.714900 862 24 350 3.99530 905 20 386 4.041
0.4 Cu0.4Co0.6Fe2O4 800 20 136 30 111 1.306900 161 23 142 1.53330 170 15 158 1.482
1.0 CuFe2O4 800 20 270 34 48.9 0.7042900 326 31 60.0 0.998430 341 29 65.0 0.8884The calculated values of magnetization andmagnetic moment are represented in Table 2.The sample fired at 9000C for longer time showgreater magnetization than others. Thisbehaviour is attributed to redistribution ofcations and microstructural changes brought inby firing conditions. At the same time thereduced porosity at higher sintering conditionshas considerable effect in enhancing themagnetization of samples [22].Prince et al [23] has reported inverse spinelstructure in CoFe2O4 by neutron diffraction. Insuch a case the theoretical magnetic momentwould be 3 Bohr magneton. As Zn2+ ions occupytetrahedral sites, nickel (Ni2+) ions occupyoctahedral sites and manganite (Mn2+) ionsoccupy tetrahedral sites. Cobalt (Co2+) ions arereported to occupy A-sites up to a maximum of10% in cobalt ferrite depending on theannealing temperature. From Mossbauer studyof cobalt-zinc ferrite it has been observed thatthe amount of cobalt at A-site decreases from10% with the increase of zinc content. Howeverin the present examples it varies from 3.714 to4.041 Bohr Magneton [Table-2].This can be ascribed to the contribution oforbital and spin movement along with thedegree of inversion. Sawatzky et al [24] havereported partial inverse spinel structure inCobalt ferrite.  Hence in the present case partialinverse spinel structure is assigned to Cobaltferrite and accordingly cation distribution isgiven by From experimental values of µB forCoFe2O4 , δ comes out to be 0.18, 0.24 and 0.26,depending on sintering conditions. Hence it can

be concluded that normalcy varies from 15 to30% depending on heat treatment.
- … (6)Where δ = coefficient of normalcy of cobaltferrite <1.The resultant magnetic moment performula is given byµB = 3 + 4δ   … (7)The magnetic moment of CuFe2O4 ferrite isfound to vary from 1.306 to 1.533 Bohrmagneton [Table-2]. However theoretical valueis only 1 Bohr magneton. The same behaviourwas reported by earlier workers suggesting thepartial inversion CuFe2O4 [25]. Hence in thepresent case, copper ferrite is supposed to havepartial inversion spinel structure andaccordingly the cation distribution is given by… (8)Where, δ = coefficient of normally <1.Theresultant magnetic moment of copper ferriteper formula unit is given byµb = 1 + 8δ  … (9)From experimental values of µB for CuFe2O4(Table-2), δ is found to vary from 0.0375 to0.06662, leading to 93 to 97% of inversion,depending on sintering conditions which aresupported by earlier results [26].The addition ofcopper to cobalt ferrite, makes the copper ionsto occupy A sites, replacing Fe3+ ions, which inturn occupy B sites, as per site preferenceenergies, vacating Co2+ ions. This results in thedecrease of magnetization of A site, as copper is
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diamagnetic in nature. Basically, as increase inMs as x increases can be explained by thepossible substitution of Co2+ by Cu2+ at thetetrahedral sites of the spinel ferrite lattice.These observed trends in the variation of Mscan be justified by Neel's two-sublatticemagnetization model. According to Neel's two-sublattice magnetization model, magnetization(in μB) is given by M (μB) = MB −	MA, where MAand MB are the net magnetic moments of A(tetrahedral) and B (octahedral) sites,respectively. The magnetic moment of Cu2+(1μB) is less than that of Co2+ (3 μB) and due tothe substitution of cobalt by copper at thetetrahedral sites, hence net magnetizationincreases. At higher levels of substitution (onlycobalt ferrite) it is possible that part of cobalt issubstituted at the octahedral sites so that thenet magnetization decreases due to thedecrease in the value of MB[27,28].The cation distribution at X=0.4 can berepresented as
. . . … …..(10)From experimental results for Cu-Co ferrites,at X=0.4, the value of δ is estimated to be inbetween 0.97 and 0.998. Hence it can beconcluded that A and B sites are almost equallyoccupied by Fe3+ ions and resultantmagnetization is mainly due to ions at A siteswhich contribute small amount tomagnetization. Hence observed magnetizationis comparatively small. At higher sinteringconditions, net area of grain boundarydecreases due to densification and low porosity.As a result, the domain walls become moremobile to increase the magnetization. Thisimplies that when crystallites become largewith negligible porosity, crystalline anisotropydecreases and makes the magnetization easierone. Lower sintering temperature and timecause for many small grains whereas highersintering conditions give rise to small number oflarge grains and consequently leads to lowporosity. The domain structure is modified dueto interaction between the neighbouring grains[29]. This leads to the linear relationshipbetween permeability and grain diameter andcauses for the increase in magnetization withincreased grain diameter, whereas the decreasein magnetization at a low sintering temperatureand time is attributed to the formation of closedpore chains which cause for diamagnetic field todecrease the magnetization [30-31].

Surface morphologyThe maximal grain growth across in a samplesintered at 8000 and 900oC for 20 to 30 hours isshown from SEM micrographs (Figure-4). Whenclosed pores become trapped inside the grainsand become isolated from grain borders, theycan no longer contract, which causes theexcessive grain growth [22, 31-34]. Accordingto SEM, there is agglomeration, and the crystalsare spherical with irregular shapes and theirsize ranges from micro-meter size.It can beobserved from the figures that theaverage grainsize decreases with increasing copperconcentration, which is because,the ionic radiusof Cu+2is smaller than that ofCo+2. Therefore, thedecrease in grain size may bedue to diffusion ofcopper during heat treatment [35]. Due of anuneven diffusion rate, the migration ofvacancies from pore or grain borders results inthe development of porosity at the base. Largegrains could be a result of oxygen vacanciesbrought on by reduction during heat treatment.Large pores at grain boundaries are thought tobe caused by metal ion vacancies brought on byoxidation or appropriate doping[36].Thus, it canbe stated that the diameter of grains increasesdue to densification via decreasing porosity andincreasing sintering temperature and duration.

Figure 4 SEM images of theCuxCo(1-x)Fe2O4 (x=0,
0.4 and 1) sintered at 800 and 9000C
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CONCLUSIONCuxCo(1-x)Fe2O4(x=0,0.4, and 1.0) wassynthesized using the traditional solid-statemethod and lattice constant lies in the range8.2543 Å- 8.389 Å and confirms cubic structure.Morphological research reveals that themicrostructure of the grains grows due todensification, lowering porosity and raising thetemperature with sintering process. Highersintering temperatures that result in areduction in the grain boundary, which makesthe domain walls more movable and increasesmagnetization. A lower sintering temperatureresults in a more significant number of tinygrains that form closed pore chains and providea diamagnetic field that lowers themagnetization commonly used in high-densitystorage media, ferromagnetic fluids, catalysts,magnetic drug delivery systems.
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