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Abstract: iTo istudy, iNiFe2O4 isamples iprepared iby iair ioxidation iof ian iaqueous isuspension icontaining 

iNi2+, iZn2+and iFe3+
 iin iproper iproportions. iThe iwet isamples iof iNi-Zn isystem iwere iannealed iat ia i8000C 

ifor i12 ihrs. iand iwere icharacterized iby iX-ray idiffraction i(XRD). iThe imagnetic iproperties iof isoft iferrite 

ilike isaturation imagnetization i(s) iand imagneton inumber i(nB) ihave istudied iusing ithe ihigh ifield 

ihysteresis iloop itechnique. iThe imagnetization idata iwas irecorded iat iroom itemperature. 
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1. iIntroduction 

 Magnetic ioxides iare inaturally ioccurring 

iminerals. iMagnetic ioxides, iFerrites iare iform ia iclass 

iof idielectric imaterials. iIt iis idue ito iit’s ihigh iresistivity 

iand ilow iloss iproperties. iAmong ithe ibroad 

iclassification iof imagnetic ioxides, ithe ispinel iferrites 

igain imore iimportance ibecause iof itheir ilow icost, ihigh 

imagnetic ipermeability iand ilow ipower ilosses iwhich 

imakes ithem isuitable ifor ihigh ifrequency iapplications. 

iIn iorder ito iunderstand itheir iunique iproperties iand 

itheir iutilization iin itechnological iapplications, ione 

imust iunderstand ithe irelation ibetween istructure, 

iparticle isize iand iprocessing. iThese iproperties ihave 

imade ithem ito ibe iused iin imany itechnological 

iapplications iover ia iwide irange iof ifrequencies 

iAlthough imajority iof iferrites icontain iiron ioxide, ithere 

iare isome iferrites ibased ion iMn, iNi, iZn iand iother 

ielements. i 

It ileads iferrites ito ibe iused ias ia icatalyst, igas isensor, 

isuper icapacitor iand imagneto-caloric imaterials ifor 

ifuture irefrigeration i[1–3]. iThe isintering 

itemperatureiand isintering iconditions, itype iand 

iamount iof idopants iand imethod iof ipreparation iare ithe 

imain ifactors iwhich iare iresponsible ifor iobtaining 

ichanges iin ithe iproperties iof ia iferrite imaterial. 

 The imethod iof ipreparation iplays ia ivital irole 

iin igoverning ithe ielectrical iand imagnetic iproperties iof 

iferrite. iSoft iferrites iare iusually iprepared iby iceramic 

imethod. iRecently isome ichemical imethods ihave ibeen 

iused ito isynthesize isoft iferrites ifor ithe ireason ithat ithey 

iproduce inano-size iparticles. iThe isystems imade iup iof 

inano-particles iare iintensively istudied iboth 

itheoretically iand ipractically, idue ito itheir ielectrical 

iand imagnetic iproperties ithat iare isensibly idifferent 

ifrom ithose iof itheir ibulk icounter i[4, i5]. 

 Ni-Zn iferrites iare ivery iimportant isoft 

imagnetic imaterials ithat ihave imany iapplications iin 
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iboth ilow iand ihigh ifrequency idevices iand iplay iuseful 

irole iin imany itechnological iapplications ibecause iof 

itheir ihigh iresistivity, ilow idielectric iloss, ihigh iCurie 

itemperature iand ichemical istability i[6, i7, i8]. iNi-

Zniferrites ihave ibeen iused ifor iRF icoils, itransformer 

icores iand iantenna irods. 

2. iExperimental 

The ispinel iferrite isystem iNi1-xZnxFe2O4 iis 

iprepared iwith ivariable icomposition i(x i= i0.0, i0.2, i0.4, 

i0.6) iby iair ioxidation iof ian iaqueous isuspension 

icontaining iNi2+, iZn2+and iFe3+
 ications iin iproper 

iproportions. iIn ipreparing ithe isolution, ithe imolarity iof 

iFe3+
 iis iassumed ias i0.5M iand ithat iof iNi2+

 iand iZn2+
 iis 

iassumed ias i0.25 iM. iA itwo imolar i(2M) isolution iof 

iNaOH iwas iprepared ias ia iprecipitant. iIn iorder ito 

iachieve isimultaneous iprecipitation iof iall ithe 

ihydroxide iNi i(OH)2, iZn i(OH)2, iand iFe i(OH)2, ithe 

istarting isolution i(pH3) iwas iadded ito ithe isolution iof 

iNaOH iand ia isuspension i(pH=11) icontaining idark 

iintermediate iprecipitation iwas ifound. iThen ithe 

isuspension iwas iheated iand ikept iat ia itemperature iof 

i600C, iwhile ioxygen igas iwas ibubbled iuniformly, ithe 

isuspension iwas istirred ito ipromote ithe ioxidation 

ireaction iuntil iall ithe iintermediate iprecipitant ichanged 

iinto ithe idark ibrownish iprecipitate iof ithe isoft iferrite. 

iThe isamples iwere ifiltered, iwashed iseveral itimes iby 

idistilled iwater. iThe iwet isamples iof iNi-Zn isystem 

iwere iannealed iat ia i8000C ifor i12 ihrs. 

The iX-ray ipowder idiffraction ipatterns iwere 

irecorded ion iat iroom itemperature. iThe imagnetic idata 

ifor ithese isamples iwere iobtained iwith ithe ihelp iof ihigh 

ifield ihysteresis iloop itechnique i[9]. iThe ilow ifield ia.c. 

isusceptibility imeasurements ion ipowder isamples iwere 

icarried iout iin ithe itemperature irange i300-800K iusing 

idouble icoil isetup i[10] ioperating iat ia ifrequency iof i263 

iHz. 

3. iMagnetization 

The imagnetic iproperties iof isoft iferrite ilike 

isaturation imagnetization i(s) iand imagneton 

inumberi(nB) ihave ibeen istudied iusing ithe ihigh ifield 

ihysteresis iloop itechnique i[9]. iThe imagnetization idata 

iwas irecorded iat iroom itemperature. iThe ivalues iof 

isaturation imagnetization i(s) iand imagneton inumber 

i(nB) i(the isaturation imagnetization iper iformula iunit iin 

iµB) iobtained ifrom ihysteresis iloop itechnique iare igiven 

iin iTable i1. iIt iis iclear ifrom iTable i1 ithat imagneton 

inumber iincreases iup ito ia icertain ivalue ii.e. ix i= i0.4 iand 

ithen idecreases iwith iincrease iin iZn-concentration ix. i 

In ithe ipresent iseries iof iNi1-xZnxFe2O4 

imagnetic iNi2+
 iions iare ireplaced iby inon-magnetic 

iZn2+
 iions iand imagnetic iFe3+

 iions iare ireplaced iby 

inon-magnetic iZn3+
 iions. iThus, iA-B iinteraction 

idecreases iin ithe isystem. iHowever, ifor ix i i0.4 ithe 

idifference iof imagnetic imoment iof iA iand iB isite 

iions iincreases iand itherefore inB iincreases. iFor ix i> 

i0.4, inB idecreases iwith ithe iincreasing iNi-Zn 

icontent ix. 

According ito iNeel’s itwo-sublattice 

imodel iof iferrimagnetism, iNeel’s imagnetic 

imoment iper iformula iunit iin iB, i

N

B
n  iis iexpressed 

ias 

N

B
n  i= iMB i(x) i– iMA i(x) i  i i i i i i i i i i i i i i i i i i i i i i i i i i (1) 

where, 

 MB iand iMA iare ithe iB iand iA isublattice 

imagnetic imoments iin iB. i 

There iis ivariation iof icalculated ivalues iof 

inB, iobtained iby iusing ithe ication idistribution 

i(Table i1) iand iNeel’s ieq. i(1), ias ia ifunction iof ix. i 

The ivariation iof inB iwith ix ifor ix i> i0.4 ican ibe 

iexplained ion ithe ibasis iof iYafet-Kittel imodel i[11]. 

iThe iY-K iangles iwere icalculated iby iusing ithe 

ifollowing iformula, 

nB i= iMB i icos iyk i– iMA    

and iare igiven iin iTable i1. 
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 Thus, ithe ichange iof ispin iordering ifrom 

icollinear ito inon-collinear ishows ia istrong iinfluence ion 

ithe ivariation iof isaturation imagnetic imoment iper 

imolecule ias iseen iin ithe ivariation iof i imagnetization. i 

Table i1 i iSaturation imagnetization i(s), imagneton 

inumber i(nB), iCurie itemperature i(TC) iand i 

Yafet iKittle iangle i i(yk) iof iNi1-xZnxFe2O4 

 

Compositio

n 

‘x’ 

‘s’ 

(emu/gm

) 

‘nB’ 

(B) 

‘TC

’ 

(K) 

‘yk’ 

(degree

) Obs

. Cal. 

0.0 54.39 2.28 
2.0

0 
--- 00 

0.2 65.27 2.75 
3.6

0 
839 24.50 

0.4 76.15 3.23 
5.2

0 
796 45.60 

0.6 59.83 2.55 
6.8

0 
704 59.45 

 

4. iConclusions 

The ianalysis iof ix-ray idiffraction ipatterns 

irevealed ithe iformation iof isingle iphase icubic 

ispinel istructure. iThe isaturation imagnetization 

iand imagneton inumber iboth idecreases idue ito ithe 

isubstitution iof inon-magnetic iZn2+
 idopants. iThe 

iobserved iand icalculated imagneton inumber i(nB) 

ishows idifferent ivalues ifor ix>0.4 iindicating ithat 

icanting iexists iat ioctahedral i[B] isite. 

iSusceptibility idata ishows ithat iall ithe isamples 

iexhibit iferrimagnetic ibehaviour iwhich idecreases 

iwith ithe isubstitution iof iZn2+
 idopant. i 
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