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ABSTRACT

In the present investigation of series of the commpls with a substitution of aluminum in lithiuenrite ( M type)
with the general chemical formula olsFe, 5.« Al12.xO19 Were synthesized using reacting oxide by higtpegature
solid state reaction technique. The structural cwerization of compound has been carried out frEmay
diffraction powder pattern. The compounds are imgk hexagonal phase without traces of uncertaamhbiguous
reflection. From XRD pattern lattice parameters hasorded with increasing doped aluminum elementérange
from a = 5.807 A to 5.906 A and ¢ = 22.507 A to58B. A pertaining the space groupftmc (No.194). The mass
density of the ferrites were found linearly vareesd depends upon the mass and volume of sampleX-Rey
density has depends upon the lattice constant aidaular weight of the compounds. The average gartize was
also estimated. The compounds were studies maglhetiy using Guoy’s method in the temperature a8§0 to
800K; the result shows that the compounds are pagamatic in nature. The Curie molar constant wasknaut.

Key words: Lithium hexaferrites, Gouy's method, Curie molar constisfatgnetic Properties.

INTRODUCTION

In the ferrites belonging to the family of magntoplutatM-type hexagonal structure like Bak®,9and SrFe0;,
have attracted more attention due to wide rangapplication in industries particularly as permanerggnets,
recording media and microwave devices. There has lensiderable interest in the past years in theysof
ferrites from the point of view of their innumerabapplications in science and technology. The pg$talline
ferrites are low cost materials that have attractivicrowave device application owing their highistgity A
substituted M-type ferrites with, Ba and Sr aresagtvely studied, while lithium substitution aret neported so far
[I-4]. The calcium hexaferrites Ca f84 (5-7) have been less studied and have a magnefperies comparable
to BaM and SrM. Many workers have been made taoepFe’ ions with AF*, CF* and Cd" etc in BaM and SrM
ferrites [8-9]. A combination of bivalent and tetadent cations was also used to replace'Heée Ur-Ti, Co-Ti,
Co-Sn, Zn-Mn. etc [10-11] without any apprecialfiarges in BaM / SrM structure, wher®Fens are replaced by
non magnetic ions like Ti, Srf* etc. The reduction in magnetic parameter is otesenAlso calcium hexaferrites
substituted with Co/Cr/Al has been studies magaktyicelectrically and structurally [12].

In the present study of aluminum substituted lithiferrites with the chemical formula dgFe s+,Al1,,019 are
reported. In calcium ferrites[13] forming solid stibn of the end members considering a bariumtéBaFg0; o,
the unit cell contain 38 oxygen ion, 24 ferrite Soand two barium ions. Oxygen ions occupy five atight
crystallographic sites viz, 2a,2b,44f, and 12k of these 2a,Adnd 12k are octahedral, 4$ tetrahedral site and 2b
the tetragonal bipyramide site. The unit cell cordawo spinal blocks, in which aside from sligliffetent in the
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lattice parameters, the ionic position are idehtigéh those in the spinal structure with the csagf the hexagonal
unit cell oriented along the (111) axis of the gpistructure.[14].With a view to understand theistural properties

of the compound with the chemical for formulag 4 Fe 5.,Al 15,019 (X = 2 to 6) were prepared by classical ceramic
method with the proper molar ratio and characterizg X-ray diffraction (XRD).The XRD pattern shouddsingle
phase with hexagonal structure of M-type ferritegerestingly as expected value of the lattice pester of
LigsFe s Al 1o0.x O 19 (X = 2 to 6) were found to be in the range of Gadds and CaFgOy [15] and hence may be
consider as a solid solution of the end membetienappropriate properties. Further characterimatias carried
out for other properties such as electric and miégpeoperties.

MATERIALS AND METHODS

Preparation method:

All samples were prepared by classical standardneiertechnique with AR grade oxides were mixechia tolar
ratio 1: 2: 4 of LiO, Al,Osz: F&O3 and grinding using AR grade acetone in agate mdtté]. Then the power was
heated in air at 128G for 120 Hrs in an electric furnace, which wasntleeoled at the rate of 280VHrs. up to
500°C and then cooled naturally to room temperature: fidrd sample thus formed and then grinded for tatnoe
hours [17] for experimental investigations.

X-ray Diffraction (XRD):

The sample was analyzed using a Philips X-ray atifsmeter and Cuglkradiation with the wavelength 1.542 A.
The X-ray pattern showed a single crystalline phagkout impurity and un-reacted oxide reflectidrhe XRD
patterns were indexed as a hexagonal magnetoplestbitcture with a space groupsRémc or Oy, [18-19]

Magnetic properties:

The magnetic properties such as magnetic susdéptiti powered samples were studied by Gouy’s roetfR0].
The sample were paramagnetic nature at room textyser The variations of inverse molar susceptitiliy;,)
versus absolute temperatur@8<Twere measure as shown in figure (2). From thepagnetic behavior of the
sample the curie molar constany; @as calculated and match with theoretically expeaotalue of ¢ with spin
(FE™). Also, the electrical conductivity of the samplere measured by two terminal method reported itieea
paper [21].

RESULTS AND DISCUSSION

The crystallographic analysis data of alumiminiuobstituted lithium ferrite with general chemicalrifaula
LigsFesuAl 1. 010 (X = 2 to 6). The ions in BaM compounds can beaeplpartly by Al* or completely by
Li**and combination of P& and AP* ions without changing the crystal lattice symmetryall the specimens, the
substituted ions would be chosen to keep eleclyicedutral and to have similar ionic radii. In tkeerrites the
aluminium plays an important role in the propertiesiation [22]. Formations of samples were conéithby XRD
technique which has hexagonal M type structurerfgdato a space group @&mc (194), as shown in fig.-1.
The replacement of Feions by Al® ions has been investigated because of resembidribe ionic radii. It is seen
that the former ions are very easily replaced at swbstitution ratio without changing the crystaogetry.
The lattice parameten” and ‘c’ decreases linearly with substitutionieain all the compounds. The decrease in
lattice parameters:’’ and ‘c’ may occurs due to closed packing ofitats in the materials. The numerical values of
compositional data such as observed and calcuthtemiues, observed intensities with the reflectiogices are
indicated in Table -1. Also, the lattice constargll volume and X-ray density are reported in Tebland has
reported as same nature as in Sr/ Ba-M ferrit8f [2

The temperature dependence of magnetic suscefgtiii#asurement was made upto temperatur@B0the curve
for variation of 1y, versus temperaturé’ {K) were shown in figure (2). The compounds areap@agnetic in nature
in the studied temperature range.The determineg@uular constant ¢are tabulated in Table-3. The theoretically
predicted values of gare in good agreement with experimentally obsemadde. The fair agreement in the value
of Cy implies that there is no change in valence distidm, as the lattice contains both magnetic antmagnetic
ions with different site preferences. It is possibd guess the site distribution from Mdssbaueregrpent and
hypothecated that the Rlions enter the 2a and 12k sites in lattices iarrifg to the X-ray investigation, they came
to the conclusion that Al first occupy 2a sites then 12k sites.There assomgptare theoretically support by
Mdéssbauer studies [24-25]. The presence of magiogtin the site 2a and 12k shown strong magneti@bior.
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X -Ray diffraction pattern of X-Ray diffraction patten of
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Fig- 1: X-ray diffraction pattern of Li gsFessAl 6019 and LiosFer sAl10019

Table -1: X-Ray dataof LigsFessAl 6010 and  LibsFesAl10019 ( dobs, dear | sis@and hkl  Plane)

Li o5 Fees Al 6 O 1¢ | Lios F&s Al 10019

d obs dcal | obs h k I d obs dcal | obs h k

(A (A (A *A)
3.676| 3.676| 32.3 0 0 ¢ 5.646 5.646 10{3 00 ¢
2.696 | 2.670[ 100.0| 1 0 1 3.674 3.674 3614 0 0
2514 | 2.514| 66.6 2 0 Q 2970 2.822 15(8 0 0
2.29C | 2.29( 54 1 1 2.69% | 2.72¢ | 100.( 1 0
2.204 | 2.203| 16.9 1 0 9 2.55[ 2.55%7 15{12 0
2.077| 2.076| 2.3 2 0 6 2551 2.542 13|22 0
1.981| 1.996/ 3.5 1 1 8 2.50f 2.509 62(50 0
1.840 | 1.840| 31.5 2 1 3 2458 2.471 88 1 1
1.835| 1.835| 145 2 0 8 2438 2.422 12|52 0
1694 | 169 | 235 | 0 0 1 2341 | 2.42¢ | 12.¢ 2 0
1.690 | 1.689| 20.3 2 1 ¢ 2.208 2.225 19(52 0
1.599 | 1.604| 9.5 3 0 4 2.08Dp 2.069 12|20 1
1.486 | 1.484| 23.2 3 0 1 1.986 1.934 18}4 2 1
1.458 | 1.465| 21.9 1 1 13 1.837 1.829 29142 1 4
1.450| 1.451| 114 2 2 Q 1.695 1.700 20{93 0
1.402 | 1.404| 4.2 2 2 4 1.692 1.692 30{92 0 1
1.311| 1.311| 8.3 2 2 7| 1.68f 1.686 20{93 0
1.259 | 1.257| 5.1 4 0 0 1.52p 1.536 14|72 1
1.101| 1.101| 4.3 3 2 5 1.508 1.508 7.8 3 0
1.039 | 1.038| 1.7 4 1 7| 14790 1.478 1919 2 2
0.908 | 0.909| 4.3 4 2 7 1.4501 1.458 22(8 2 2

- - - - 1.404| 1.404 217 2 2

- - - - 1.394| 1.394 20.1] 3 1

Table-2: Consolidated data of LjisFe s« Al 12-xO 19

Compound Lattice Parameters Cell Voslume Mol .Wt . in | X-ray Densit
a (a) c (n) (A) gm gm /cc
Lios Fes Als O1c | 5.807 22.507 644.26 832.35 4.290¢
LiosFes.s Al7 O 1¢ 5.811 22.081 645.86 803.48 4.1318
LiosFeys Al 5O 1¢ 5.827 22.208 653.03 774.62 3.939(
LiosFess Al 6O 1¢ 5.852 22.452 665.92 745.75 3.718¢
Lios Fes Al1gO 1¢ | 5.90¢ 22.58¢ 682.2¢ 716.8¢ 3.489¢

In M type compoundsthe orientations of the magnetic moments of theidéons in the crystal are genera
aligned along the c-axis in apérallel with each otlr [26-28]. Hrst considered from theoretically point of vie
that these alignments of magnetic ions can bezezhlby supe-exchange interaction through oxygen ion, which
also been proved from experimental facThese exchange interaction are responsible fin alignment.
In magnetoplumbite the interaction been two close sites, such as 2a-12k, 2aafid 44-12k are decisive for
strong magnetic character. Sehen Fi”ions in thel2k sub latticare substituted by t non-magnetic AP ions,
weakening of the supexchange interaction between magnetic, results in a fairy inclined paramagnetic nati
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The presence of Al ions in 2a and 12k sites in the lattice imply theemase in interaction energy and ther
decrease in Curie tempé&uee has een seen in the compound.
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Fig—2: Inverse molar susceptibility(1m) vs. Temperature T K
Table -3
Sr.No Compounds Curie molar constant Curie molar constan
' P Cw (expected) Cu (Observed)
1 LigsFessAl 6 O 10 28.43 28.00
2 Li 05F6 5 A|7 O 19 24.06 23.85
3 LiosFes s AlgO 1 19.68 19.30
4 Lios FessAl 90 19 15.31 1522
5 LigsFe sAl 160 19 10.93 10.70
CONCLUSION

In the present work,he aluminium substitutelithium ferrites was synthesized lstandard ceramic method.
The X- ray diffractionstudies confirr the formation of samples containing'#ibns aloni with Feions. All these
compounds have Mtructure through the sitdstribution changes. No changescurs in the charge distributi but
the site distribution is change dwesdtrichiometric chang and the value ofa” and ¢’ of the sample supported t
conformation. The structural studies have conformed the spaceapgof samplesto be P63/mmc (No. 194
The mass density dérrites have been founwearly varies and depends ug@amples mass and volur The X-ray
density dependents upon the lattice cons'a’ and ‘c’and molecular weight of sampl

The magnetic susceptibility arshturation magnetization decreases with the sutistit of AP* ions. Thus the
substitution of Af* ions in lithium hexaferrites changes the magnetic character of#neple. The decrease
magnetization is therefore attrileat to A" ions occupying on the spin up Bites ancmagnetic dilution or non
collinear structure F&0O- F€* superexchan(interaction may be weaken by*Akubstituting in to some | *'sites.
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