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ABSTRACT

Cubic spinel ferrites are one of the most sougtdrahaterials, which have attracted interest in mdields. They
are the subject of extensive research owing tortheide range of applications in areas like hyperth@&,
information storage systems, gas sensors, microvdawéces, magnetic recording media, humidity ses)setc.
Magnesium ferrite, zinc ferrite and the solid swns between these two ferrites crystallize intbicuspinel
structure and have several important technologaggplications. In this study synthesis of soft nedignspinel Mg-
Zn ferrite(MgZn,«x Fe,0,4, where x= 0.2, 0.4, 0.6, and 0.8) nanoparticlessvearried out using the precursor
method. Structural and magnetic properties havenbstadied in detail. XRD data revealed that theicture of
these nanoparticles is spinel and crystallite size in the range 20-44 nm. Lattice parameter desesawith
increasing Mg concentration due to the smaller éorsdius of the Mg ion. FTIR spectroscopy also confirmed the
formation of spinel ferrite by showing the charaistic absorption bands in the range of 405-396'cand 566—
555 cnt. The magnetization showed an increasing trend initheasing Mg concentration up to x =0.6, duehe t
rearrangement of cations at tetrahedral and octahédites, while the coercivity remained smallislbbserved that
both structural as well as magnetic properties of-Eh ferrite nanoparticles strongly depend upon?®Mg
concentration.
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INTRODUCTION

Mixed spinel ferrites have been studied exhaustieekr the last few years due to their wide rangipglications
[1-4]. Spinel ferrites have the chemical formulaefB, in which M can be any divalent metal ion or a migt of

metal ions having average valence of two. The cmilitis cubic. The oxygen ions form a nearly clpseked face
centered cubic structure and the metal ions inuttiecell occupy the interstitial positions withuiofold and six fold
oxygen coordination. The metal ion surrounded hy foxygen ions is called A site which is tetrahédnmad that
surrounded by six oxygen is called B site whicbdtahedral. There are 96 interstitial positionshvétt A sites and
32 B sites. However 8 cations occupy A sites andddipy B sites. The occupation of position of rhigtas over
two sites depends upon the relative site preferemak energies of cations present. This governsirtimsic

properties of ferrites.

Depending upon modes of occupation of A and B ditemetal ions and on the basis of cation distidruBarth
and Posnjak [5] have classified spinel into thriesses as: Normal ferrites, Inverse ferrites anddBen or Mixed
ferrites.

In normal ferrites all divalent metal ions occupysites and all the B&occupy B sites- Mé[Fe,**]O,. Ferrites like
ZnFe0, CdFeO, etc are normal ferrites and they are non-magristicature. In inverse ferrite all the eight
divalent metal ions and half the ¥déons occupy B sites while remaining half of Feccupy A sites- B4 Fe**
Me?]O,. Examples are Mgk®,, NiFe;0,, CoFe0,, FeO, etc. Physical properties are strongly influencgdhe
preference of metal ions on these lattice sites TBEe concentration and types of cations substitutilso have
effects on the physical properties [7, 8]. The Bgats methods, chemical composition, and anne&timperature
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are responsible for the control of structural amalgnetic environments of these two lattice siteacZerrite has
normal spinel structure, in which Zncations mainly occupy tetrahedral sites [9]. Whilagnesium ferrite has an
inverse spinel structure with the preference of Mmtions mainly on octahedral sites [10,11], BotifZand Md*
divalent ions are non-magnetic in nature. An attewss made to see the influence of the doping ajrmasium
cation in the zinc ferrite and study its effectstructural and magnetic properties of zinc femigmoparticles.

EXPERIMENTAL SECTION

Mg-Zn ferrite (MgZn;x Fe,0,, where x= 0.2, 0.4, 0.6, and 0.8) nanoparticleseveynthesized using a precursor
method. The chemical used in this synthesis wemgnesum nitrate Mg (N€), 6H,0, zinc nitrate Zn (Ng), 6H,0O
and ferric nitrate Fe(N§s 9H,0. All the chemicals were of analytical grade. &t@metric amount of Mg(Ng»
6H,O , Zn(NQ), 6H,O and Fe(N@s; 9H,O were dissolved in minimum quantity of deiomizevater under
constant stirring, to obtain a clear solution. fhes solution calculated amount of hydrazinium tate ligand
solution was added slowly with constant stirringl @was thoroughly mixed. The mixture was thentkep drying

on a hot plate. The mixture dried to a solid mak&kwauto-catalytically got decomposed into the gemform and
these powders were used for characterization amty sif structural, electrical and magnetic propetti

The structural characterization of the prepared vigferrite nanoparticles was carried out using RigaX-ray

advance Power diffractometer using Cu Kadiation § = 1-54183 A). The step size employed wa®Z?, in the
range of 26-8(F. Infrared Spectroscopy (IR) is one of the versatiols for both qualitative and quantitative
analysis of molecular species. It is employed witie intensity measurements for chemical and stractu
identification, and for the quantitative measuretaef chemical substance shows a marked selective piiisoin
the infrared region. After absorption of IR radieis, the (bonds) molecules of chemical compounkdsate with
different rates of vibration producing a close gatlabsorption bands called IR absorption spectrimma typical
experiment, the solid ferrite sample was finelywd along with the pure and dry KBr, in the ratid@ Fine
grinding is required for the sample to be unifodmahixed with KBr. The mixture was then put in argale holder
and placed in the sample chamber of the IR spduttometer. The absorption spectrum for the samms w
recorded in the wavelength range 1000tm00cn. The experiment was repeated for all the samples.

The average particle size was calculated using most intense peak (311) ermgothe Scherer formula. The
particle size and morphology studies were carrigdusing Scanning Electron Microscope ModEIOL 5800LV.
The saturation magnetization measurements of allsdimples were carried out at room temperatureg i3itse
Field Magnetic Hysteresis Loop Tracer, suppliedMagneta India Model PFMHT-1. Magnetization, coeitgiand
remanence magnetization were calculated from tséehgsis loops.

RESULTSAND DISCUSSION

Intensity
1

Figure 1: X-ray diffraction patter ns of samples M gxZn;.x« F&;04

Figure 1 shows the X-ray diffraction patterns ofmgptes Mgzn,, FeO,, where x= 0.2, 0.4, 0.6, and 0.8
nanoparticles. All the peaks correspond to cubieedferrite structure for all the samples and aonfthe formation
of single phase ferrite.
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Table 1: Variation of lattice constant for various Mg-Zn ferrite samples synthesised

samples aincm
Mgo2ZnosFeO,s | 8.445x10
Mgo.ZnosFe:0, | 8.437x10
Mgo.cZnosFe0, | 8.411x10
MgosZnooFe0, | 8.396x10

The values for lattice constants were calculateciioMgy Zn;.,F&0, nanoparticles using the characteristic (311)
peak from XRD pattern. The values of lattice contstare given in Table 1 and plotted as shown gute 2. The
lattice constantd’ is found to decrease with increasing the magnesiament. This decrease in lattice constant
with increasing Mg concentration can be attributecthe ionic size differences, where ¥gons (0.66A) are
substituted by 74, ions with a larger ionic size (0.82A) [12]. Thattice parameter ‘a’ was calculated using lattice
spacing (d) values and respective miller indicdd) (hsing the formula given in equation 1. Theitgtparameters

are in the range 8.445 A -8.396 A

a = df (Fké+?) *

8.44 \

8.42

8.40

lattice parameters in A°

8.38 . ;

(1)

0.3

T T 1
0.6 0.9

Concentration of Mg

Figure?2 : variation of Lattice Congtant with Conc. of Mg
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Figure 3: IR spectra of MgyZn,«Fe0Ossamples

Infra red (IR) absorption spectroscopy helps tmidg the spinel structure. The three typical vifivaal bands
associated with spinel structure [13] are at (19-6BOcm' (2) 450-385 cil (3) 350-330cri for metal-oxygen
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band. Fourier transformed infra red (FTIR) spectopy studies of the nano particle ferrite samplesevearried out
between 1000 - 400 chras shown in figure 3.

In spinel ferrites, the bands in the ranges of 680-cm' and 450-385 cthare assigned to tetrahedral and
octahedral metal ions vibrations with oxygen iaespectively, which are also characteristic barfdgpmel ferrite.
As can be seen from the figure 3 the presence @btvong absorption bandsin the range of 566—555 chandv,

= 405-396 cri for the as prepared samples. The band positipasdv, are listed in Table 2 as a function of Mg
content. The bands corresponds to stretching vibration mode due toviheation of the chemical bond O-\M-O

in location of tetrahedral position and the bap@&orresponds to vibration of the chemical bond@+—O in the
metal-oxygen vibration in octahedral sites. Thespnce of these absorption bands indicates thefimof spinel
structure of ferrite samples. It is also obsentet the O—N;—O band is shifted to higher wave numbers with the
increase in Mg concentration. It is reported by saasearchers [14] that there is a shift in altetleal band of Mg-
Zn ferrite towards higher wave number as compavebe Zn ferrite, due to increasing Mg concentratidich also
gives an indication that preference of Mg ions ¢oupying tetrahedral lattice sites in addition tbatedral sites. It
is quite evident as per the literature availablg] fthat the M§" ions prefer both tetrahedral and octahedral sites i
Mg ferrite nanoparticles.

Table 2: Variation of Wavelength.

Composition of Mg Wavelength cr
Vi \'%)

0.4 555 388

0.6 560 391

0.8 566 396

Average crystallite sizes were calculated by usinkRD data by measuring the full-width at half maxim
(FWHM) for most intense characteristic (311) lp&a each sample with the help of the Scherer tdanas given
in equation 2, and are in the range 20-44 nm iféerént Mg concentrations.

T=0.9M/Dycod 2)

Where, Tis the average crystallite size,is the X-ray wavelength, Dthe angular line width of half maximum
intensity and is the Bragg angle in degrees. The particle sizéd@.Zn,.« F&,0,4 where x= 0.2, 0.4, 0.6, and 0.8
nanoparticles with Mg concentration is given inléaB. The crystallite sizes are scattered andhénrange 20— 44
nm for different compositions. It is observed tinainimum crystallite size of 20 nm is observed fbe tferrite
sample with Mg concentration of x=0.8 which maydoe to the smaller ionic radius of fdons.

Table3: Variation of particlesize

Samples Particlesizein nm
Mgolzzno,sFQOL; 44.1
M0o.4ZNo.c F&04 41.9
Mgolezno,;; FeO, 32.8
M0o.eZNo.2F&04 20.5

As can be seen in Figure 4(a), (b) and (c), theastcucture of Mg- Zn ferrites reveal that the naamicles are
agglomerated due to the presence of magnetic aiiens and are of uniform grain size.

@ ' (b) | R ©
Figure4: shows SEM images of MgyZn(.xFex04 (X = 0.2,0.6 and 0.8) nanoparticles
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Magnetization measurements were carried out at rmonperature with a maximum applied magnetic fiegfdb
kOe. Saturation magnetization is found to increaik increasing Mg concentration till x=0.6 and nhdecreases
for the sample with x=0.8 as shown in Figure 5. Tiial increase in saturation magnetization withreasing Mg
content can be explained on the basis of Neel'ssuimlattice models, which proposes the increasesultant sub-
lattice magnetic moment. Neel [16] consideredahyges of exchange interaction between unpairectreihs of
two ions occupying A and B sites. A-B interactiaahily predominates over A—A and B-B interactiofise A-B
interaction aligns all the magnetic spins at Assiteone direction and those at B site in the ojeatrection.

|

Saturation Magnatisation

0 . ; . ; ; .
0.3 06 0.9

Conc. of Mg

Fig5: variation of saturation magnetization values of Mg-Zn ferrite

The net moment of the lattice is therefore theetdldhce between the magnetic moments of B and Aadtites, i.e.,

M = Mg-Ma. The magnetic moment of each composition dependbe distribution of F& ions between the two
sub lattices A and B. The pure bulk Mg ferrite dsitsi inverse spinel structure in which Képns prefer octahedral
sites, as itis known that the Mg-ferrite in npadicles form is a spinel with certain degreemyersion and shows
magnetic behavior due to its incomplete inverseedpstructure at nano-scale [10,11]. The incredsth® net
magnetization with increasing Mg concentrationts do the distribution of B&ions on octahedral and tetrahedral
lattice sites. This distribution of Feions strengthens the A-B super exchange interactidnich results in the
increase of the net magnetization [17]. Thus theymatization of Mg-Zn ferrite nanoparticles deperufs the
distribution of F&" ions among tetrahedral and octahedral lattices $iecause both Migand Zi3* ions are non-
magnetic in nature.

Table4: Saturation Magnetization values of Mg-Zn ferrite

Samples Saturation Magnetization | Coercivity | Retentivity
(emu/g) Hc M,
Mdo.2ZNo.eF&04 18.2 112.7 1.65
Mdo.4ZNo.c F&04 22.6 104.9 2.42
Mdo.eZno.4FE0, 34.5 119.1 3.64
Mdo.eZNo.2F&:04 26.4 111.5 2.96

With further increase in nonmagnetic Mipns content, an increasing dilution in A siteseklace, which results
to the collinear ferromagnetic phase breaking datvr = 0.6. Further for Mg-Zn ferrite with x=0.Bet triangular
spin arrangement on B-sites is suitable and thisse&s a reduction in A-B interaction and an increais&-B
interaction. Therefore, the decrease of saturatiagnetization can be explained on the basis ottbtb lattice
Yafet-Kittle model [18]. The coercivity (Hc) flucates in the range of 100— 120 Oe as the Mg corat@niris
increased from 0.2 to 0.8. Smaller values of cedycifor all the as prepared samples indicate thié magnetic
nature of these ferrite nanoparticles and alsafgidime presence of ferromagnetic behavior at réemperature.

CONCLUSION

The present study was carried out to synthesize fiiarticles Mg-Zn mixed metal ferrite material widrmula
MgyZn; Fe,0, with x=0.2, 0.4, 0.6, and 0.8 the samples werpgmed using a wet chemical method.

103



Vikas J. Pissurlekar J. Chem. Pharm. Res,, 2015, 7(11):99-104

Samples were obtained at low temperature and waerfirmed by different methods of characterisationlsas IR
spectral analysis, XRD and SEM analysis.

The lattice constant for the samples are in thgeaif 8.445R-8.396A . The values are in close agreement with the
reported values. The average particles size cadmilasing Scherer formula was in the range of 2@n#finm.

Saturation magnetization (Ms) values of sampled@rad to increase as magnesium content increagesp Mg

content x = 0.6, and decreased for x -0.8 wtischtiributed to the change in the cationic distidyuat tetrahedral
and octahedral sites. Smaller values of the cogycdhowed the soft magnetic nature of this Mg-Zixed metal

ferrite.Thus, it can be concluded that the difféergimanges occur in the properties of Mg —Zn femigémoparticles
due to the rearrangements of Mg and Zn divalenahogtions at different lattice sites.

REFERENCES

[1] 1 Sharifi; H Shokrollahi; S AmiriJ. Magn. Magn.Mater2012, 324, 903—-915.

[2] N Gupta; A Verma; SC Kashyap; DC DulJe. Magn. Magn. Mater2007, 308,137-142.

[3] M Srivastava; A K Ojha; S Chaubey; A Maternl.Alloys and Compoungd2009, 481, 515.

[4] N Gupta; A Verma; SC Kashyap; DC Dub& Magn. Magn. Mater 2007, 308, 137-142.

[5] T FBarth; E Posnjak. Z Krist1952, 82,325.

[6] E Rezlescu; E L Sachelarie; N RezlestuOptoelectronics and Advanced Materj&806, 8, 1019-1022.
[71M A EI Hiti; A | El Shora; SM HammadMater. Sci. Technal1997, 13.

[8] T Nakamura; Y. OkanoJ. Phys. IV Fr, 1997, 7 (C1), 101.

[9] K P Thummer; MC Chhantbar; KB Modi; GJ Baldha; Hiékhi.J. Magn. Magn. Mater2004, 280, 23-30.
[10] J Smit; HPJ Wijn. Ferrites, Wiley, New York959, p. 143.

[11]Y Ichiyanagi; M Kubota; S Moritake; Y Kanazawa; TaMada; T Uehashi. Magn. Magn. Matey 2007, 310,
2378.

[12] H Spiers; | P Parkin; Q A Pankhurst; L Affleck; Gteen; D J Caruana; M V Kuznetsov; J Yao; G Vauglan
Terry; A Kvick.J Mater. Chem 2004, 14, 1104-1111.

[13]R D Waldron Phys. Rey 1955, 99, 1727.

[14] S J Keny; J Manjanna; G Venkateswaran; R Kavaezn.Corrosion Scienc2006, 48, 2780-2798.

[15] A Pradeep; P Priyadharsini; G Chandrasekadaiagn. Magn. Mater2008, 320, 2774.

[16] | Neel.Ann. Phys 1948, 3, 137.

[17] A Goldman. Modern Ferrite Technology, secodd &pringer, New York2006.

[18] M Ajmal; A Magsood J. Alloy. Comp 2008, 460,54-59.

104



