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ABSTRACT

Microwave energy is highly efficient for heatingdaprocessing ceramic materials. Microwave sintergfgloped
barium strontium ceramics led to higher densifioatiand the fine microstructure and improved magneti
properties. Effects of the substituted amount 6f Alad C3* on structure and magnetic properties of, B8, sFe;».
«Ni,Ca0;9 compounds have been systematically investigated-iay diffraction (XRD), high resolution scanning
microscope (HR-SEM) and vibrating sample magneten{®SM). In our results, the suitable amount &t NCo**
substitution slight decreased saturation magneatzatFor Substitution of Ni-Co content ofk4 the saturation
magnetization varied from a range of 60.58 to 63A6%/kg and while coercivity decreased from 805.3786.28
Gauss respectively.
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INTRODUCTION

Hexagonal ferrites, the prototype of which is reprded by MeRgO,9 (M= Ba, Sr or Pb) belongs to a class of
ferrimagnetic oxides. They have interesting apfilices not only as microwave devices but also aditiomal
permanent magnets, potential magneto optical deyice

High density magnetic recording media and compéstdbomicron powders) for high-frequency devices. The
following are considered to be important: 1) diffieces in samples resulting either from differermnpositions,
different synthesis conditions or both and 2) défeces in methods of sintering. Thus, cobalt dofingarticular
has been the subject of many such investigatioA3][TThe magnetic properties of a hexagonal fed&eend on the
intrinsic magnetic properties of the M-type phaBee M-type ferrite crystallizes in a hexagonal stawe with 64
ions per unit cell on 11 different symmetry sitése 24 F& atoms are distributed over five distinct siteseéh
octahedral sites (12k, 2a and 4f2), one tetrahddfa) site and one bipyramidal site (2b). The n&gnstructure
given by the Gorter model is ferromagnetic withefidifferent sub lattices, three parallel (12k, Bd &b) and two
anti parallel (4f1 and 4f2) which are coupled bpeuexchange interactions through tHé ions [4]. Several cation
combinations such as faCd”*, G*—C*, Nb**-zr?*, Ir**-zr?*, Sm*-Cd”*, Ti*-Mn?*, Ti**-Ni?" and TH*-Cc**
have been attempted by several researchers [5Fh8]reason for Nf substitution is an attempt to increase the
saturation magnetization as guided by referencelk aa [11, 12]. Since coercivity is dependent andhisotropy
constant, k1. The reason for Taubstitution is simply our attempt to control tbeercivity to achieve values
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appropriate for recording materials [13]. We Ndiattthe k1 of Ct containing ferrite is generally positive and
much higher than most of the negative k1 of thewférrites, for example K1 of Cof@, is +2000 ergs/c Hence
positive k1 and negative k1 values partially caremth other to give the desired values. As regangésrequired
charge neutrality it would occur by the system atljlg itself, involving formation of vacancies [14h order to
increase saturation magnetization &d decrease intrinsic coercivity Jrbf anisotropic Sr ferrite magnets have
been carried out concerning cationic substitutids].|

Microwave heating and sintering are fundamentalffecent from conventional sintering. Microwave kieg
involves conversion of electromagnetic energy thiermal energy. The advantages of this mechanismaaid and
highly efficient heating, time and energy savingd @ high temperature reached short time. Microwsating has
been widely used as an alternative to conventigesistance heating and gas fired heating to siceéeamic
materials for the advantage of very high efficiescirapid heating, significant reduction in mantdeng costs due
to energy saving and shorter processing times PJ648 the present study, Ni-Co substituted bari8trontium
hexaferrites were prepared by sol-gel method. Tiience of Ni-Co ions substitution on the struetwand
magnetic properties was discussed.

EXPERIMENTAL SECTION

The starting reagents Ba(W@ Sr(NG),, Fe(NQ)s- 9H,0, Ni(NOs),.6H,0O, Co(NQ),-6H,0 and D-Fructose were
of analytical grade. Metal nitrates and D-Fructwsthe molar ratio of 1:1 were dissolved in distillwater to form
agueous solutions using magnetic stirrer. The tasusolution was continuous stirring and heatetoup0°C to get
a sticky liquid gel. The gel was heated in hot@ien for two days to get precursor. The calcinediqe was
uniaxially pressed into pellets using a hydrauless and polyvinyl alcohol (PVA) as a binder. Migawe sintering
was completed by using a VBCC 2-magnetron microwseating furnace in which the compacted samples wer
sintered at 1150°C at a rate of 50°C/min and sod&edO0 min followed by fast cooling to room tematrre at a
rate of 20°C/min. The sintering temperature wassueal with a pyrometer and it was standardized wetbrence
to a thermocouple and the emissivity was measuselet between 0.90 and 0.98 for the different sasnpfe
strontium hexaferrite. The microwave output powarel was about 2.2KW with 2.45GHz frequency andiats
controlled by a Eurotherm PID controller.

The pressed pellets were for 10 minutes. The Powdeay diffraction [23] patterns were collected @n
(PANalytical X'pert pro) Cuk radiation at 45kV and 40 mA € 0.15406 nm) in a wide range df 20°<2<80°).
The microstructure [24] observation of the specisneras performed in FEI Quanta FEG 200-High Resmtuti
Scanning Electron Microscope (HR-SEM). Hysteresapk were measured at room temperature using matifilg
Sample Magnetometer (Lakeshore 7304).

RESULTS AND DISCUSSION

Structural Analysis

The XRD patterns of microwave sinteredyB3( sFe»_»Ni,Co,019 samples with x = 0.0-0.8 mol% are shown in
Fig. 1. Clearly, all of these possess a magnetdpitensingle phase (JCPDS-51-1879). The main pekmatched
with barium strontium hexaferrite and extra secopdalpha-FeO; phase is observed around 33~34 dél).
diffraction peaks of the Ni-Co substituted sam{22~0.8 mol%) are shifted toward a higher angleamparison
with these of non-doped sample (0 mol%). In genénal shift toword higher 2 theta values indicatslight
reduction in the d-spacing values. This is to beeeted since Fé&ionic radius differs slightly from Nf and C8*
ionic radii and slight lattice distortion could accdue to vacancy formation for charge-neutralijuatment
mentioned before.

The lattice parameters ‘a’ and ‘c’ show that thiuga of ‘a’ remain almost constant but the value's’ancrease by
increasing the Ni—Cr content, x, as shown in Tdbld# indicates that change of easy magnetizedisiaxarger
than a-axis with Ni" and C8" ions substitution. This is due to the fact that idmic radii of Nf* (0.69A°) and C&'
(0.745A°) are larger than that of ¥€0.645A°) [25]. The change in lattice constansoalaries with the distance
between magnetic ions resulting in change of exghdanteraction and thus magnetic properties aexedt with
substitution [26].
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Fig. 1 pattern of microwave sintered BasSro sFer,-2NixC0oO19 With different doping concentration

Table 1 Variation of lattice parameters with Ni-Cosubstitution

S. No Hexaferrites attice Parameters Lattice Parameters System
(1150C) a=b c

1 BasSto sFer20i0 5.886 23.13

2 BassrolsFEﬁ.l,d\“ozCQ)‘zolg 5.891 23.14

3 BasSh sFei1 Nig 4Cn.4On9 5.892 23.16 Hexagonal

4 BasSto.sFe108Nio.6C00.6010 5.897 23.19

5 Bassl’o‘sFﬁogNio‘ECQ)‘solg 5.90 23.21

Surface Morphological Analysis

The FE-SEM images of microwave sintered of Ni-Cbssituted samples (x = 0.2, and 0.8 mol%) are ppteskin
Fig. 2. The sintered samples exhibit hexagonalefdtd structure and grain sizes increased witheaging
substitution level to 0.8 mol%. Addition of Ni-CeMel is increased to 0.8 mol% increases the giasmand also
forming dense microstructure. This suggests tha€dlsubstitutions encourage the grain growth. Bndigpersive
X-ray (EDX) analysis of BgSh sFer«NixCaO19 (X = 0.8 mol%) sample shows the evidence for tres@mce of
Zn-Nb in Fig. 2b (inset).

Magnetic Analysis

Fig. 3 clearly shows that the value of saturaticagmetization (N first increases for lower a substitution (0.2%)
and then decreases slightly on higher Ni—Co suitistit. This variation in the value of magnetizatiaith
substitution (Ni-Co) is related to the distributioh Ni-Co ions on the five Fe sites. In M-type hgaaal ferrite,
Fe* ions occupy seven octahedral sites 12k and 2mnal site 2b with spins in one direction, two betdral sites
4fl and two tetrahedral sites 4fll with spins inpogite direction. Magnetization variation is rethte distribution of
substituents on five crystallographic sites, i.2k-22a-2b (spin-up) and 4fl-4fll (spin-down). Thepaw of Fe3+
ions in spin up state reduces magnetization aimgriéases with substitution on spin-down state.[27]
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Fig. 2 FE-SEM image of BasSro sFe12.2NixC0O19 (X = 0.2, 0.8 mol%) microwave sintered at 1150°@F 10 minutes
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Fig. 3 The specific saturation magnetization (M) and the coercivity ( H) of microwave sintered BasSrosFe12-2,NixC0xO19 as a function of
substitution content ‘x’ mol% at room temperature
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Teh et al., reported [28] Gbhas a preference to occupy tetrahedral sites nergfally (4f1) and Belous et al. also
reported [29] larger Co ions occupy the larger octahedral 2a position. §hedual decrease of saturation
magnetization was explained on the Kikuchi et @ Bane et al reports [30, 31]. This change maitthjbaited to
the decrease in molar magnetic moment caused bipglop CG* (~4 uB) for F& (~5 pB). However, this decrease
of Ms is larger than the expected degree accordirije decrease in molar magnetic moment. Increfibg with
lower substitution (0.2%) is due to the’Nions replacing F& ions at the 4f2 site for x ~ 0.1, and at the 1igk for
larger values of doping [31]. The steep fall ireivity translates hard ferrite to soft ferritehel decrease of
coercivity may be one of the reason, related taribeease of grain size conformed from HR-SEM rssimilar
trend has also been observed by Charanjeet Sirgh &t Co-Ru substituted hexagonal ferrite [32].

CONCLUSION

Single-phase nominal composition ofy BaysFe,.NixCoO9 (X = 0.2, 0.4, 0.6, 0.8mol %) were successfully
synthesized by sol-gel method. XRD data of the lmsized samples point to the formation of singlegmeto
plumbite phase structures. The variation in magrgrameters is described in terms of preferesiti@loccupancy
of the substituted cations. The lattice paramesard magnetic properties are found to be affectemhséd
controllable, by doping with nickel and cobalt. Tinansition from hard phase to soft phase resolt®duction of
hysteresis loss area per cycle. The microwave rdetkofound to be simple, fast and quite general tfor
preparation of technologically important electroaseics. Fine microstructure and better densificatice the main
advantages of the microwave sintering in this study
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