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ABSTRACT

In the present investigation, the series of alumimiand cobalt substituted lithium hexaferrites witiemical
compositional formula LkisFeys+Al1o0x Cox O19 (Where x=2,3,4,5 and 6) was synthesized using gerfe
stoichiometric mixtures of oxide by standard ceransolid state reaction method at 12Q0for 120 hrs. The
chemical phase analysis of all compounds has bbenked by X-ray powder diffraction (XRD) which donéd
the formation of the ferrite structure. It showkare hexagonal magnetoplumbite (M -type) structuithout traces
of uncertainly ambiguous reflection having unitl@iinension ‘a’ in the range from 5.6953 A.U to 58 A.U and
‘c’ varies between 21.2626 A.U to 22.3234 A.Ugqiaeing the space group R&mc (No.194). The mass density of
the ferrites were found linearly varies and depengsn the mass and volume of sample. The magnetpeies of
polycrystalline sample are studied by using theegl applied magnetic field up to 10 KOe and ibwh the
moderate values of coercivity {{ saturation magnetization @yiand retentivity (M.This measurements were
carried out on a vibrating sample magnetometer (Y.SM

Keywords: Lithium hexaferrites, coercivity , saturation matir&tion and retentivity etc.

INTRODUCTION

In the family of ferrites or ferrimagnetisms, thexagonal ferrite be the most important materidiaf has been
attracted a considerable attention in the fieldewhnological applications by low cost, easy maotfring and
interesting electric and magnetic properties. Tlhenmium and cobalt substituted barium, strontiand calcium
hexaferrite are widely used in permanent magneketamnd wide availability of raw materials. Permaneagnets
are characterized by high remanance, coercivitylg¢tcAnother advantage is the great chemical Etalif these
oxides, which make in such a context of little imyggment of their magnetic properties of great ingwe. Ferrite
are technologically important materials becausehefr interesting physical and chemical propertiest have
attractive microwave devices, radio frequency ctiigh density recording media, computer memory chip
transformer coil etc. [2-4]. In my present work @l@eminium and cobalt substituted lithium ferritéhwchemical
composition LsFes+Al1o0x Cox O9 where (x=2,3,4,5 and 6) having magnetoplumbite cttines were
synthesized using perfect stoichiometric mixturésooxide by standard ceramic method. From XRD resull
shows a single phase formation of lithium hexaferrhagnetoplumbite structure pertaining to the spgwup
P6/mmc (No.194). The lattice parameters and (h k |) values confirms the formation ok&gonal unit cell. The
magnetic properties of polycrystalline compoundghsy external applied magnetic field up to 10 K@e studied,
which shows the moderate values of saturation niagnien (M), remenace or retentivity (Mand coercivity
(Ho). By the experimental result it is found to deseeavith increase in the value of substitutiori*Alons, which
attributed to occupation of sublattice spin-up apth-down sites by Af ions and magneto crystalline anisotropy.
The variation in magnetic parameters gives risthéopossibility of controlling magnetic propertieg varying the
degree of substitution. The magnetic behavior tfium hexagonal ferrites depends on the intrinsegnetic
properties of the M-type phase. The M-type fertitgstallized in a hexagonal structure with 64 ipes unit cell on
11 different symmetry sites. The 24*Eatoms are distributed over five distinct sitese¢éhoctahedral sites (12k, 2a
and 4%), one tetrahedral (4fsite and one bipyramidal site (2b). The magnsttiacture given by the Gorter model
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in the ferrimagnetic with five different sub-lati, three parallel (12k, 2a and 2b) and two ardifsraf, and 4§
which are coupled by superexchange interactiorutiir the Qions [5-6]. In the present investigation initjatb
understand the lattice behaviour of M- type ferresignificant improvement of the intrinsic magiegtroperties of
compounds can be obtained by the partial substitugf Co and Al ions. It has been recently shovat tta and Co
substitutes SrRg0, 4 ferrite have improved magnetic properties [2- A d7- 8]. This improvement is largely
associated with the increase of coercivity)(&hd underlying magneto crystalline anisotropy.timother hand, the
complete substitution of Sr by La induces an inseeaf the anisotropy field [2]. In this way, a ra&&th ion may
contribute to a change of new magnetic interactidhss improving the magnetic properties. In thespnt
investigation, the structural analysis of M-typiilim ferrite with composition of Al and Co inddFeg s:gMeio.ox
Oy9 (where Me = Al - Co) prepared and observed theatiarn in the magnetic properties.

MATERIALS AND METHODS

All the multicrystalline powdered samples Hrey 5.Al 12.0xC0OxO19( Where x = 2, 3, 4, 5 and 6) were synthesized by
using high temperature standard solid state @addchnique. The stoichiometric ratio of weigh#dR grade
oxides LpO, FeO,,Al,0zand CeO;were mixed thoroughly in acetone medium for 5mi pre sintered at 50@

for 10 hr for homogenize & calcinations. Calcinapenivder were pressed into pellet, sintered at 120@®r 120 hrs
continuously and then cooled slowly to room terapee at the rate of’6/min using a microprocessor-controlled
furnace. The X-ray diffractograms were obtainechgsCu- K, radiation on a Philips X-ray diffractometer. The
XRD pattern shows a single crystalline phase withiaces of impurities. The patterns were indexetexagonal
magnetoplumbite structure pertaining to the spacemP&mmc (No.194). The X-ray powder diffraction pattern
of sample L sFey 54+Al 12.2¢C0x 019 (X = 2) is shown in Fig.1 and X-ray diffraction datre enumerated in Table-1.

X-Ray ditfracticn pattern of

LipsFe;.5C024l9019
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Fig.-1. XRD Diffraction of compound LiosFe,sAlsC0,019

Table-1: Comparative ‘d’ values of compounds LgsFe, sAlgC0,019 and  Lig sFes 5Al ,C0g019

ops(A.U) | deal(AU.) | lobe h k | ops(A.U.) | dea(AU.) | 1o h k |

4.802 4,944 164 1 0 ] 4.825 4.889 10 10 |
2.941 2.93 403 1 1 ( 4,796 4572 1151 1 0 P
2.816 2.883 134 1 1 1 2.943 4,943 291 1 0 p
2.7 2.7 3050 1 0 7 2.92 2.898 1770, 11 D
2.513 2.537 1000 2 O 2.875 2.872 1121 1 1 [
2.464 2.464 279 2 2 2.508 2.508 100 20D
2.455 2.45 290 1 1 § 2.448 2.447 16.8] 2 0 P
2.444 2.445 349 1 0 2.075 2.065 1921 2 0 Pp
2.402 2.401 293 2 0 1.694 1.682 8.5 21 p
2.007 2.02 13.3 1 1 4 1.6 1.599 166] 3 0 ¢
1.843 1.857 9.3 2 1 3 1.565 1.562 588 3 0 pb
1.691 1.695 144 3 0 1.478 1.474 8.2 30 F
1.606 1.618 13 3 0 4 1.472 1.472 268 2 0 1p
1.59 1.585 243 2 0 1L | 1.468 1.448 276 2 2 D
1.58 1.58 102l 2 1 4§ 1.271 1.27 7.6 317
1.47 1.484 323 3 0 1 1.268 1.255 8.5 40 D
1.466 1.464 31. 2 2 1.078 1.079 4.4 32 F

X- Ray diffraction Result of LisFe sAlsC0,019 X-Ray diffraction Result oflde& sAl,C05010
a=5.8594 AU and c=22.3234 AU a=5.6953 AU and c= 21.2626 A.U
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The lattice parameters, X-ray density and molecwaight were calculated for each sample. The méagnet
properties of polycrystalline sample have been nmeakby using a vibrating sample magnetometer énatbplied
field upto 10 KOe at room temperature. In ordeavoid rotation of the powder grain, pressed sasplere used.
The transition temperature {Thas been measure by using a Gouy’s balance.

RESULTS AND DISCUSSION

The X-ray diffraction pattern of all the samplesowks that all these are belongs to hexagonal strictlihe
reflection from the planes appearance proved tmatsamples are M-type ferrite. The interplanetadise ‘d’
(A.U.) was calculated using Bragg's law and theugabf lattice constan@a® was determined. The observed and
calculated d-values of the interplaner distancestfe sample LisFey s+,Al12.2xC0oxO19 (X = 2, 3, 4, 5 and Gre
depicted in Table-1. Thus obeying the Regard’swhich may be attributed to the replacement of sen&lE" ions
(0.64 A.U.) by larger ionic radii of the combinai® of cobalt and aluminium ions in glsFey 5:,Al 15.2xC0xO1g
(where x = 2, 3, 4, 5 & 6) system. The X-ray dgnstgiven in the Table-2, the variation of X-ragnsity with the
concentration of C8 and Al”® with F€® which may be due to the ionic difference betweéit £.50 A.U.) and
Co™ (0.64 A.U.) as reported in the literature [7]. Thelk density is determined and value as a functén
concentration is observed that the bulk densityeiases with concentration Co and Al. At sinteriegperature of
1200°C, the number of pores is reduced, as a resulthiéhwindividual grains come closer to each othat tre
effective area of grain to grain contact increaagslso described [8]. The sample comprises heghgmamticles
indicating improved homogeneity and grain size otidn of the starting powders.

Table- 2.Consolidated X-Ray diffraction analysis d&a of Lio sF€p 5+l 12.2xXC0xO19(X= 2,3,4,5 & 6)

Compound a(AU) | c(AU) | Mol. Wtingm| X-ray density (gm/cin
Lig:Fe AlgC0,05 | 5.8594 22.3234) 780.89 3.9065
Lio:Fe:AleC0:0 | 5.8181 | 21.8796 841.79 4.3578
Lio:Fe, sAl4C0019 | 5.8076 21.8411) 902.66 4.6992
Lio:F65:Al,Co0s | 5.7948 | 21.8077 963.54 5.0473
Lio.cFe5.:Cas01¢ 5.6953 21.2624 1024.42 5.6963

Table-3 is to summarize the crystallographic charéstics of five different sublattice together mithe spin
alignments corresponding to the collinear magnsttigcture. The value of saturation magnetizatiopexsformula
unit in Bohr magnetron at 300 KG for all the samspdbtained from field dependence [9].

Table 3: Five iron lattice sites, their spin direcion, point symmetry, number of Fe ions per formulaand block situation in M-type ferrite

Sublattice| Type Point symmet lons  Spip5| Block
12k Octahedral m6] UP 1| S-R
Af; Tetrahedral 3m2| Down | S
4f, Qctahedral 3m2| Down| R
2a Octahedral 3m1l| UP i S
2b Five Fold Bml | UP 1 R

Table-4: Magnetic parameters of L s-€p5+Al12.2xCoxO19(X = 2, 3, 4, 5 and 6)

Compounds Magnetization| Retentivity | Coercivity H Magnetic Magnetic susceptibility
M(10°emu/g) | M,(10°%emu/g) Moment() 10°emu/Oe
LiosFe.:AlsC0O05c 10.918 1.369 1.116 12 1091
Lig:Fe; sAlsC0:019 25.476 5.094 1.652 16 2547
Lio.sFer Al :C0sO19 38.219 12.734 1.938 30 3821
Lio.sFes:Al,Cos01c 50.515 15.048 2.223 63 5015
LiosFe.:CosO1g 57.036 17.813 2.753 94 5703

The magnetic result of the compounds e 5.,Al 12.2xC0oxO19 (X = 2,3,4,5 & 6) are given in table- ebmpared
with Ca sSty 5(Co-Al)g sFe10:9 and CagsSr o 5(Co-Ti)y sFe11019, found that the saturation magnetization, magnetic
moment and retentivity, coercivity values are lar@éis is due to the increase of Fe and decreb&kamntent, the
contribution towards saturation magnetization du€e-O-Fe exchange interaction gets reduced. Thavim is in
good agreements to that observe by Bertant E.FgHa@sps A, [10-12] etc, when Fe is substituted by@d and Cr
in M-ferrites affect the lattice dimensions, sitistdbution, Curie temperature and saturation mégaton. It is
observed that saturation magnetization decreases W& ion is substituted by Af with increasing concentration.
In compound LjsFeys5.Al100xC0ox019 (X = 2, 3, 4, 5 & 6) the magnetic moment from tletabedral surrounded
ferric F€2 ions in the spinel blocks and those in the trigdiipyramidal sites are opposed by a minority afite
ions in tetrahedral sites of the spinel block alavith octahedral sites. Which in case of compoundHe s.,Al 12
xC0oxO19(X =2, 3, 4, 5 & 6) larger value of saturation matiration is observed, which is obvious as subiftituof
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ferrimagnetic ions such as Co in spinel blocks fg ™M- structure occupying the octahedral sites X1#he
interaction energy increase so high, which in timcreases the saturation magnetization [13].The Btrve
measurements were also carried out at room temyerathe observed results are explained on thes ldssite
distribution. The saturation magnetization, Moerecivity H, magnetic moment and retentivity, decreased with
Al substitution. It is evident from the fact that* ions is weaken the magnetic in nature. In this pound the
magnetic moment from octahedral surrounded feams iin the spinal blocks and those in the trigdmayramidal
sites are opposed by a minority of ferric ionsedtrahedral sites of the spinel block along withabedral sites. The
large value of Mand H are attributed to the fact that the interacgoergy is so high, which in turn increases the
saturation magnetization [14] have shown that teraction 2a-12k is of immense importance androgtes the
magnetic behaviour of the compounds. Thé&®Rens have high magnitude of superexchange andaittens,
particularly when all the 24 sites 2a, 2b;, #f, and 12k are filled by magnets and ferromagnetis ialone Fe
(12k) sublattice making the link along octahedRa$& structural blocks is subjected to very stronggpetitive
exchange interaction in Table 4. A plot of invenselar magnetic susceptibility versus temperatuneigTinear for
the samples containing Co and Al ions, resemblgsrf@gnetic behaviour. The variation in magnetiomeat of
Co™ and Fé& ions are different ferromagnetic are formed. Thghhvalue of T demonstrates that some inter
substitute exchange interaction between two cldss,sare decisive for strong magnetic charactessl|/]; while
the low value of T means that the cations of the additive substifotehe Fé&° of the 2b or the 12 k sites will
weaken the total distance or angle due to the sMpkange interaction Fe—O-— Fe [18]. The int@yadbetween
close site such as 2a -2k, 2a r, 4ind 4f-12k are decisive for strong magnetic characterel@lrer magnets ions
are present in these sites, strengthening of sypeaege interaction produces an increase in theneatig
characteristics such as Curie temperature, magtietizetc. In case of M-structure, the orientatiohthe magnetic
moments of the ferric ions in the crystals are galhealigned along the c-axis in antiparallel wéhch other. The
neutron diffraction and NMR studies in Ba M- feggt[19] shows that the *fiions are mainly distributed with Af
and12k sites C6 ions occupy mainly 4fand 12 k sites [20], because of 4hd 4§ with down spin have larger
value of magnetic moment can be obtained accortfiegcationic distribution deduced from the neut®oiNMR
studies using the Gorter collinear spin model. Aamdield analysis of the exchange interaction intylde
hexaferrite has been carried out by [21-22]. Tieilteshows that the Fe (12k) sublattice making Enmkong R-S
structural blocks is subject to very strong contpetiexchange interaction. So wherFens in the 12k sublattice
are subjected to non magnets viz:>Abns weaking of superexchange interaction betweagnetic ions results in a
fairly inclined ferrimagnetisms [23-25].

CONCLUSION

In the present work, the samples were checked rodtion of hexagonal ferrite containing Al and Co*® ions
along with Fe"? ions of lithium ferrites ceramic. All these compais have M-structure through the site distribution
changes. No changes occur in the charge distributiat the site distribution is change due to siotetric
changes. The intensity of magnetisation of the Iktobantent compounds decreases linearly by incngasi
concentration of Al ions as well as decreasing the magnetic momeamn Ftysteresis tracing, all compounds at
room temperature indicative a ferrimagnetic in nat’he coeresivity, retentivity and saturation metgation of
cobalt content samples are decreases with incgeabim substitution of Al ions preferentially performed on
spin up Fe site and made a magnetic dilution. Nagimatic collinear Fe-O-Fe superexchange interactiag be
weakening by AP substitutions in the compounds.
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