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ABSTRACT

The cobalt substituted Li-Ni-Zn ferrites with thengral formula LgsNig1s5 Coy 1 Znys F&,0, were prepared using
auto combustion method. Structural characterizatbthe samples was carried out using X-ray powvdiiraction
technique. The lattice parameter of the sample foasd to be 8.376A .The surface morphology of ¢hétds was
studied by Scanning Electron Microscopy (SEM) ghessosized grains. Nanocrystalline nature of fesitvas also

confirmed by Transmission Electron Microscopy (TENR absorption spectra show two prominent bands
characteristics of A and B site vibrations.
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INTRODUCTION

Ferrite materials technology has now reached a admanced stage, in which the design engineergatatie
properties to a large extent, to suit the particdievice. The mixed valence ferrites have attratziege scientific
interest in the recent years because of their andétg magneto-transport properties [1]. The seleobdf ferrite
material for specific applications depends maintytbe basic constituents of the composition as aglbn the
preparation conditions [2]. During the preparatioin polycrystalline ferrites slightly reducing catidns, the
divalent iron ions formed in the bulk of the matériead to high conductivity grains separated byaulthin
insulating layers , so that the samples behavetesriogeneous dielectric materials.

Amongst ferrites, Li and Li-substituted ferritesvhaachieved greater importance in applications leeaf their
square hysteresis loop such as in memories applsaand microwave components [3]. To improve tleetacal
and magnetic properties of Li-ferrites, divalemiyalent and tetravalent ion substitutions weredgtd earlier [4].
Cobalt ferrite, with its high magneto crystallineisotropy and remarkable stability, is one of thestrpromising
candidates for biological application that requireagnetic nanoparticles, ranging from recording et
photomagnetics [5]. Magnetic resonance imaging (MR magnetic fluid hyperthermia (MFH) [6-8].

A recent literature survey on the preparation ahdracterization of various spinel nanocrystallieerifes is
discussed here in brief. Gul et al. [9], have fotimat as Zn concentration increases in.£on , F&0,; the iron

ions migrate from A to B sites to accommodateitiveeased number of Zh ions on the A sites. Bhavikatti et al.
[10]
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Cobalt is invariably doped in various ferrites fitre rapid relaxation of the lattice. Thus we exptwt, Co
substitution in Li-Ni-Zn ferrites may improve theiicrostructural, morphological and other propertié ferrites. In
the present work our prime aim is to achieve thesssful synthesis of these ferrites by Pramanithotk[11] and
to study the possible effects of Co substitutionttemicrostructural aspects of Li-Ni-Zn ferrites.

Ferrite particles in nanoscale can be produced dfy chemical methods, such as co-precipitation-ged|
hydrothermal synthesis etc. The Pramanik methodhbaa chosen in the present case as the condifi@ysthesis
in this method are highly controllable and furtitgerovides homogeneous powder. Chemical synthesites play
a crucial role in designing the final product afgbahey are better and less cumbersome for thduptimn of fine
grained mixed oxide products. The use of chemistithe preparation of materials can avoid threeompjoblems-
diffusion, impurities and agglomeration. The reabeing that the fine grained powders allow for shmodiffusion
distances and improved homogeneity. The chemieaypsor used can be easily refined to increaseuhgy, and
careful control of solvent removal from the precurgill lead to the production of crushable aggloates.

MATERIALS AND METHODS

Theactual method of sample preparation consists ofst@ps. In the first, the stoichiometric amount&\Bf Grade
individual nitrates viz. nickel nitrate [Ni (N{B.6H,O], zinc nitrate [Zn (NG@),.6H,0], cobalt nitrate [Co
(NOs),.6H,0], lithium nitrate [LING;] and iron nitrate [Fe (Ng),.9H,O] are mixed together with 10% aqueous
solution of polyvinyl alcohol (PVA) and aqueouswgan of sucrose (2 mole per metal ion).

The resulting solution is heated slowly at 200°C & in air to form the viscous liquid. The evagmma is
accompanied by evolution of brown fumes of nitrogérxide (NQ) due to decomposition mixture of nitrates. This
distributes the cations throughout the polymerditne so that precipitation is prevented during ¢lwaporation
process. In the second step is precursor is evigabcampletely to produce the fluffy carbonaceoyrslysed mass.
The dry mass is calcined at 400°C for 6 hr. Theinel powder is granulated using PVA as a binder \aare
uniaxially pressed at a pressure of 5 tof/ton 5 min to produce pellet specimen having 10diameter and 3mm
thickness .The specimen are finally sintered af@d0r 6 hr in air [12] for densification.

Confirmation of single phase formation of the sagsplvas carried out using Philips x-ray diffractoengPhilips
Model PW 3710) operated at 40 KV and 30 mi&X.542A). The 8 angle was varied from 2Go 80. The
microstructure of the sample was recorded usingrsng electron microscope (SEM Model Hitachi S34RON

The nanoparticle morphologies were investigatediging transmission electron microscopy (TEM Modeilips
“CM 200 super twin STEM"). The IR spectra of thergde were recorded using PERKIN EMLER IR Spectranet
(Spectrum 100) in KBr medium, in the wave numbege300 to 800 cih

RESULTS AND DISCUSSION

3.1 X-ray diffraction analysis:

The XRD patterns of the sampleybNig15 Coy 1 ZngsFe04 shown in Fig. 1. The patterns indicate well-define
peaks of crystalline fcc phase which confirm spioebic structure of the sample. No any additionabks
corresponding to impurity phase were observed.cFjstallite size (t) of the samples was calculaisitig Scherrer
formula [13]. The patrticle size of a crystal, ‘¥’ calculated from the full width at half maximumtbé XRD peaks
at A, using the Scherrer formula

D = 0.9\ B (cos6)

Where), is the x-ray wave length afids the FWHM in radians.
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Fig. 1. X-ray diffraction pattern of Li sNig15 C0p1ZngsFe04

For cubic spinel structure the interplaner distaficéne lattice constant ‘a’ and the Miller indieé€hkl) of reflecting
planes are related by the equation

d= a

vh? +k? +1?
The data on lattice constant, crystallite size kédansity 8.376.&), 23 nm and 5.123 g/cin

3.2. Surface morphology by TEM and SEM

Fig .2 Transmission Electron Microscopy of LjsNig 15 C0Op 1 ZNg sFe,04
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The Transmission Electron Microscopy was used toneethe size of the ferrite particles. Typical THMages of
the synthesized powder captured at different magibns of the sample Fig 2, which confirm theino
crystalline nature.

Most of the particles appear spherical in shape elvew some elongated particles are also presente Mor
agglomerated particles of low polydispersity in esithan separated particles are present in the Bnage
Agglomeration appears unavoidable due the absenserfactant. The average particle size is foundecround

30 nm. The size of the particles as observed by T&bbnsistent with the average particle size ofd24 nm as
estimated from XRD analysis.

The samples for TEM analysis were dispersed ingmopwith the aid of ultrasound, and then applieé tcopper
grid, where they were allowed to dry and were latewed on TEM. The selected area diffraction (SAdajterns
and bright field images for samples were also oleti Fig. 3 shows the SAD patterns for the samplielwone can
clearly see the diffraction rings. This studiesidates the polycrystalline nature of the ferrite vesll as the
uniformity of particles in both morphology and siistribution [14, 15].

Fig 3 SAD patterns for the s LysNio.15 Cop1 ZnosFe:04ample

Fig. 4 shows SEM micrographs of the samples. dhiserved that the majority of the grains are sphkin shape.
The Mechanical behavior and physical propertiesaterials are strongly influenced by their microsture.

176
Scholars Research Library



A. T. Pathanet al Euro. J. Appl. Eng. Sci. Res,, 2012, 1 (4):173-178

Fig.4.SEM micrographs of the samples

Thus microstructure studies are essential in oimlemderstand the relationship between the provggsarameter
and the behavior of the materials used in pracéipglications. The average grain size is foundd® rim.

3.3. FTIR Studies
Fig.5 shows the IR spectra of the prepared sametesded in the range of 1000-300tm

The spectrum elucidates the position of the ionthéncrystal structure and their vibration modekicl represents
the various ordering positions on the structurapprties of the synthesized compound.
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Fig5 The FTIR spectra of sample
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The absorption bands for the synthesized ferrigdrathe expected range. It is well known fact tha normal and
inverse cubic spinels have four absorption bandsifging (vi, vz, vs and vy It is noticeable that the main
absorption bandsv{, andv,) have appeared in all series of the investigatedté system. These two bands are
comman in almost all spinel ferritéehey are located around 600 and 400"cnespectively. In the present work,
the absorption bano, around 400 cfis attributed to vibrations of octahedral compkexehereas the absorption
bandv, around 600 cm is attributed to those of tetrahedral compleX&e value ob, are higher than those of
indicating that the normal mode of vibrations of tietrahedral complexes is higher than that ofctireesponding
octahedral site. The variation in the band positiee due to the difference in the *FeC? distances for the
octahedral and tetrahedral complexes [11].

CONCLUSION

The LipsNig1s5 Coy1 Znos F&O, ferrite was prepared by Pramanik method. The ftonmaof ferrite phase was
confirmed by XRD studies. The particle size obtdifitem XRD data is found to be around 23 nm whitltlose
agreement with the average particle size of 30 htained from TEM studies. The main absorption basfdspinel
ferrite have appeared through IR absorption spaetarded in the range of 1000-300 trThe analysis of IR
spectra indicates the presence of splitting inatteorption band owing to change in cobalt concgatra
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