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Abstract :

Al-substituted M-type hexaferrite is a highly anisotropic ferromagnetic material. In the present study, Microwave
solgelauto combustion method for synthesis of SrLayFeiaxyAlxOisgpowders were explored . It was attempted to
prepare aluminum-substituted strontium hexaferrites with compositions Sr La yAlxFei2-x yO19 having x=0,2,4, 6,
and 8. The precursors were prepared by using stoichiometric amounts of Sr, Al and Fe3* nitrate solutions with
urea as the precipitating agent. The hydrothermally prepared precursors were calcined at temperatures in the
range of 800-1200 °C.It shows hexagonal magnetoplumbite (M) structure having unit cell dimensions ‘a’ and ‘¢’
varies between 5-6 A and 21-23 A with same space group P63/mmc (No. 194). The temperature dependent
electrical conductivity measurements were carried out at 300-650 K. The compounds are ferromagnetic nature
upto Curie temperature and above this show paramagnetic nature. The activation energy has been observed more
in paramagnetic region than ferromagnetic region. The temperature dependent magnetic susceptibility
measurement has been carried out and from this Curie molar constant has been found to decrease with the
increase in Al concentration with respect to Curie temperature. There is no significant variation in lattice
parameter with Al concentration. The experimental results have shown that Al3* ions substitute Fe3* ions in the
sublattice, and the samples remain in the hexagonal magneto plumbite phase. The saturation magnetization Ms
and remanence M:of M-type Sr La yAlsFei2-x yO10 nano particles linearly decrease when x increases.
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Introduction :

M-type hexaferrites possess excellent
magnetic  properties, a  relatively  high
magnetocrystalline anisotropic field, and plate-
like morphology. This makes this type of ferrite
very suitable for microwave devices, computer
memory chip, perpendicular magnetic recording,
radio frequency coil, transformer coils and
antennas etc Certain cation substitutions have

computer memory chip, perpendicular magnetic
recording, radio frequency coil, transformer coils
and  antennas etc. In the present
communication, we report the results concerned
with the influence of Al substitution on
structural, magnetic and electrical properties of
Sr-la ferrite system. The lattice behavior of the
M ferrite are also studied

Experimental Details : In this investigation the
different compositions of alloying metals (Al) in
Sr La jyAlxFeiz—x —yOi19, where (0 <x < 8)were
synthesized by solgelauto combustion method.
The pellets of 15 mm diameter were prepared
and sintered 10400C in air atmosphere for about
24 h using a microprocessor-controlled furnace.
The lattice constants of the powders were
calculated using the d, h, k, and [ values of the
strong (110), (008), (107),(114), (203), (2011),
and (220) peaks in the XRD patterns according
to the equation

been shown to further change the anisotropy
such as the Al substituted Ba-hexaferrite
powder and Sr-hexaferrite film[1,2].Many
process routes have been devised for the
preparation of hexaferrite powders with refined
particle size, narrow particle-size distribution,
minimal particle agglomeration, and high
crystallinity In recent years, the sol-gel
combustion process has been widely studied for
the synthesis of this type of ferrite
powders[3,4,5,6]. Various chelating agents have
been explored for the formation of homogenous,

3a2

stable, and transparent sol solutions, and dPpi)= 4(h2+hk+k2)

likewise, various reducing agents such ascitric The unit cell volume (Vcell of the hexagonal
acid [5,6], stearic acid[3](Wang et al 1996) system was calculated as follows

glycine, and urea[4] have been studied to find Veell= 0-866a2c,

out the one that supplies the requisite energy to where the numeric factor is constant for the
initiate the exothermic reaction amongst hexagonal system. The XRD patterns have been
oxidants. These studies are important since the taken to identify the phases formed and to
synthesis route can affect the characteristics of confirm the chemical reaction by using Phillips
the synthesized powders. microwave devices, X-ray diffractometer using CuKa-radiationX-ray
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diffraction pattern showed a single crystalline
phase without traces of impurities. The patterns
have been indexed hexagonal
magnetoplumbite structure pertaining to the
space group P63/mmc (No. 194).

The lattice parameters and x-ray
densities of the samples have been calculated
from Xray diffraction pattern. The sintered
density has been determined by mass and bulk
volume of samples from which the porosity for
each samples found out. Electrical conductivity
measurements have been carried out by two
probe method from room temperature to 650 K
using a LCR-Q meter-sortor (Aplab-4912).
Electrical resistivity has been measured by the
methods and equipment used as described
elsewhere[7, 8]. The conductivity was measured
at various temperatures from 300-650 K.

to

Results and Discussion :

The typical X-ray diffraction pattern of
SrLayFei12xyO19 (0 < x < 8) ofall samples have
been shown in Fig. 1. The narrowing of the area
of peak is attributed to the enhancement in
crystalline size and the high intensities result
from decreasing degree of disorder in the g The
grinding process for 15 hr leads to powders with
a fine grain microstructure and average grain
size is reduced to about -calculated from
Scherrer formula. The intensities of diffraction
peaks of the compounds are 10-47Achigher,
which is probably due to the relaxation of
internal strain forming during the milling
process. The pattern for the samples annealed
at temperature 10400C indexes well on the
hexagonal magneto plumbite (M-type) structure
of space group P63/mmc. The crystallographic
analysis of the studied samples shows single
phase with magnetoplumbite structure. It has
been observed that the XRD pattern for all the
five samples contain common planes viz. (0 O 6),
(1 06), (1 13), (200 (107) etc. individually
with almost same intensity, this shows the
resemblance in crystal structure. The volume
and density of crystal structure indicates the

doping concentration in various sites is
proportional to the replaced ions.
Transmission electron microscope

showed that all the ferrite samples have crack
free and well packed continuous grain structure
with continuous grain boundaries Fig. 2The
hexaferrite powder consists of hexagonal
crystals with average grain size is found to be
43.78 nm for SrLaAlsFe7Oi9.which increases
with increasing Al content. The electron
diffraction shows ring pattern superimposed
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with spots, revealing the poly-crystallinity of
individual crystallites.

Log ovs inverse temperature plot has
been found to be linear with a kink to the Curie
temperature as shown in Fig.4

The percentage porosity (p) of the
samples has been calculated as depicted in
Table-1 and is plotted againstAl*3concentration
Fig. 3. It shows decline trend with increase in
dopant concentration. This is due to the fact
that the values of lattice parameter decrease
with increasing Al*3concentration, which leads
to decrease in porosity. In this context another
reason might be the difference in melting points
of the reacting oxides used. The number of
pores gets reduced at higher temperature as a
result of which the individual grains come closer
to each other and effective cross-sectional area
of grain-to-grain contact increases. This in turn
results in greater densification and less porosity
as reported [9].lattice constant ‘@’ undergoes
slow variation with substitution x. Lattice
constant ‘¢’ rapidly decreases linearly at lower
substitution and slows down at a higher
substitution which shows that ‘¢’ is more
susceptible to stoichiometric changes than ‘a’ It
follows the fact that all hexagonal ferrites exhibit
constant lattice parameter ‘@’ and variable
parameter ‘¢’ [10]. There is a decrease in the
values of ‘¢’ with dopant concentration
pertaining to the fact the ionic radii of doping
ions AI3*(0-50 A) compared with Fe3+(0-64 A). As
the doping concentration increases other
intermediate phases like hematite, magnetite
lowered down in the intensities. The small
particle size of precursor powder increases the
diffusion area of the particles thus enhancing
the volume diffusion The Fe+3 ions
accommodate in five different sites i.e. 2a, 2b,95
4f1, 4f2 and 12 K with different concentration.
When it is being replaced by doping, it may
perturb the crystal lattice. Similar results have
been observed in Ba/Ca ferrite systems [11].The
variation in the lattice parameter results in the
variation of cell volume and x-raydensity which
in turn influence the porosity of the compounds.
The mean crystalline size of the sample
calcinated at 1040°C has been estimated from
the XRD line width of the(1 1 3) peak using the
Scherrer equation, d = 0.91/bcos 6

The activation energy have been found
to be in the range of 0.24 to 1.leVin the
paramagnetic region and about 0.40 to 0.52 eV
in ferrimagnetic region. as depicted in Table 2.
In the paramagnetic region, the activation
energy increases dueto valence exchange
mechanism between Fe*3 and Fe +2 [12, 13].

‘X,
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The plot of inverse  magnetic
susceptibility vs temperature is linear above
Curie temperature, which resembles
ferromagnetic behavior Fig. S5The Curie
temperature Tc is in the range of 475 to 590 K,
which is lower in comparison to Tc (718 K) of
CaFe12010due to substitution of Al*3 ions for
magnetic Fe *3 ions, which occupy the fivefold
site [14]. The low value of Tc demonstrates that
some intersublattice exchange interactions are
strongly diminished. Moreover in hexaferrites
the interaction between two close sites, such as
2a-12 K, 2a-4fl and 2b-12 K, is decisive for
strong magnetic character [15, 16].

Curie temperature, magnetization etc.
increases due to the increase of strengthening of
super exchange interaction. This increases due
to magnetic ions i.e. Fe *3, are present in these
sites. The saturation magnetization Ms and
remanence M: of M-type Sr LayFeizxyAlxO19 (O
<x < 8) nanoparticles linearly decrease when x
increases.as shown in fig.5
Retentivity, (c) Coercivity, (d) Bohr Magneton, (e)
Anisotropy Constant, ()Mr/Ms

A mean field analysis of exchange
interactions in M-type hexaferrite shows that Fe
(12 K) sublattice making the link among
octahedral R-S structural block, is subjected to
very strong competitive exchange interactions.
[17]Therefore, when the Fe*3 ions in the 12 K
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sublattice are subjected to ferromagnetic and
non-magnetic ions viz. Al*3, the weakening of
super exchange interaction between magnetic
ions results

in lowering the magnetic intensity.

Table. 1- x-ray, density(dx), Mass density (d),
Average grain size for the
compoundsSrLayAlxFe11-x-yO19 (0 < x < §)

Compounds xX-ray Mass Average | Porosity
density |density | grain (%)
(dx), (d), size

SrLaAlOFe1:019| 5.7105 |[2.6367 | 8.0362 |53.82

SrLaAlbFesO19 | 5.4235 |[2.5427 |49.2190 | 53.12

SrLaAlsFe7O19 | 5.3819 [2.2144 |18.0139 |49.87

SrLaALeFesO10 | 4.63471 | 2.1078 | 7.2398 |[48.21

SrLaAlsFe3O19 | 4.29422 | 2.0634 | 10.3546 | 46.12

Table. 2- Lattice parameters ‘a’,c’,Curie
temperature (Tc)and Activation energy for the
compounds

SrLayAlxFe12x-yO19 (0 < x < 8)

Activation
Compounds ad)|c@) |Tc Energy

(K) Ferri |Para
eV) eV)

SrLaAloFe11019 | 5.86(22.36|475 |0.3952|1.1106

SrLaAlFe9019 | 5.98|22.08|518 [0.4928|0.5473

SrLaAlsFe7O10 [5.89(21.51|528 |0.5040]0.3860

SrLaALesFesO19 | 5.86(21.16|590 |0.5251|0.2420

SrLaAlsFez019 | 5.95|21.08|604 |0.5452|0.1671

Fe12xyO19(x = 0-8) compound

ao AlAa
i Al's
g ! : , A
o o =5 5 55 o 5 ey
Figure. 1- XRD pattern of Sr LayAlx Figure. 3-TEM results for sample SrLayAlxFe11-x-yO19
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Figure. 3 (a) and (b) Lattice Parameters, (c) Porosity, (d) Particle Size, (€) Volume, (f) Bulk Density, (g)
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Figure. 4- Plots of Inverse of Temperature vs logarithmic conductivity of Sr Lay Alx Fei2-x-y O19x = 0-8)

compounds
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Figure. 5. Magnetic Parameters for SrLaAlxFe11-xO19 (x = 0-8) (a) Saturation Magnetization, (b)

Conclusions :

TEM study reveals the hexagonal crystal
structure of the ferrites. The average grain size
of SrM-ferrites estimated from TEM studies,
which in the range of 43.78 nm All the
compounds have magnetoplumbite (M-
structure). The lattice parametersviz. ‘@’, ‘¢’ and
are found to with

volume decrease
increasing concentration of substituents Al*3.

cell
The activation energy in ferromagnetic region is
observed to be less than that in paramagnetic
region. X-ray density and bulk density of all the
compounds decreases and porosity decreases
with The
saturation magnetization Ms and remanence M:
of M-type nano particles linearly decrease when

increasing Mn-Zn concentration.

X increases.
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