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Abstract

In the present work, aluminium doped strontium ferrite nanoparticles (SrAlFe;,O19, X=1, 2, 3, 4) are used as inclusions in
Linear Low Density Polyethylene (LLDPE) matrix to develop a composite. SrAl,Fe;,.,Oyq is prepared for three different annealing
temperatures, i.e., 800°C, 900°C and 1000°C. The X-ray diffraction study is conducted on SrAl,Fe;,.,O19.The complex permittivity
and complex permeability is measured at X-band. Reflection loss of SrAl,Fe;; O1o/LLDPE composite is determined using
transmission line modelling (TLM) from the measured permittivity values. Thickness optimization carried out for the same sample
from 1 mm to 4 mm, showed maximum reflection loss for 3 mm thickness and -10 dB bandwidth (i.e. 90% absorption) of ~3.02
GHz (8.70 to 11.72 GHz) for SrAl,Fe;,.,O1/LLDPE composite (x=3).

1. INTRODUCTION

Increasing use of wireless communications, radar systems
and military applications in the gigahertz frequency range
has increased the demand of electromagnetic shields and
microwave absorbing materials. To minimize em wave
reflections from large structures such as aircraft, ships and
tanks and to cover the walls of anechoic chambers
microwave absorbing materials (MAMS) have been widely
used. In general, RAMs are fabricated in the form of sheets
that consist of polymer, like natural rubber, epoxy resin,
novalac phenolic resin and magnetic or dielectric loss
materials such as ferrite, permalloy, carbon black, and short
carbon fiber. Microwave absorption characteristic of
material depends on its dielectric properties (complex

permittivity, &, = 8; - jg‘r'), magnetic properties (complex

permeability, 4, = ,u; - j,u:), thickness and frequency

range. Magnetic materials, such as, M-type hexagonal
ferrites are known to have high saturation magnetization,
large dielectric and magnetic losses, high curie temperature,
stability over the time and low synthesis cost.In order to
change the magnetic properties, the hexaferrites are doped
with special cations [1].

The intrinsic magnetic properties of hexaferrite can be
significantly improved by substituting Fe®" in different sites
with other suitable ions, such as Cu™, Cr**, Ti*, AI*[1-9]
for Fe** ions of hexaferrite. The microwave studies on AI**
substituted SrFe;,Al,O.9 are not reported yet. In general,
the nonmagnetic AI** ions substitute the octahedral sites at
low AI** doping level.

In the present work, synthesis of aluminium doped strontium
ferrite nanoparticles (SrAlFe;,O19, X=1, 2, 3, 4) is carried

out which is used as inclusions in Linear Low Density
Polyethylene (LLDPE) matrix to develop a composite, is
studied. The developed composite is characterized
forcomplex permittivity andcomplex permeability in X-
band. Using transmission line (TL) technique,reflection loss
of the SrAlFe;,O/LLDPE composite is additionally
addressed, for conductorbacked single layer
structure. Thickness optimization carried out for the same
sample from 1 mm to 4 mm.

2. MATERIAL SYNTHESIS AND STRUCTURAL
CHARACTERIZATION

Nanosized Al-substituted barium ferrite particles are
preparedusing co-precipitation technique. According to the
stoichiometriccomposition of SrAlFe;»,O19 (X=1, 2, 3 and
4), strontium nitrate (>98%), aluminium nitrate nonahydrate
(>98%) and iron (III) nitrate nonahydrate (>98%) are taken
as precursors and dissolved indeionised water. Sodium
hydroxide is addeddropwise in the solution to control the
size of the particles. Oleicacid is used as surfactants in order
to reduce inter-particle interaction and prevent
agglomeration. The precipitate powder is dried in the hot-air
oven and then, annealed atthree different temperatures
800°C, 900°C and 1000°Cfor two hours to get the
powder.XRD studies of the synthesized powder is carried
out at different temperatures as shown in fig.1.
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Fig 1: XRD pattern of SrFe;,014 annealed at (a) 800°C, (b) 900°C and (c) 1000°C.

Formation of single phase M-type strontium ferrite is
confirmedfrom X-ray diffraction (XRD) pattern, using
Rigaku, Miniflex 200X-ray diffractometer with Cu Kaline
of wavelength A=1.541841 A recorded at 20values from 10°
to 70°. Fig. 1(a—c) shows XRDpattern at different annealing
temperature. Reflection planes, (101),(102),(006), (11
0),(107),(114),(203),(205),(1010),(209),(2011),
(22 0) and (2 0 14) indicates M-type hexagonal structureof
the aluminium substituted strontium ferrites. The planes
aredetermined from JCPDS card number 33-1340. No

characteristicplane of Al**ions is observed confirming that
the Al*"ions enterthe lattice of strontium ferrite as the ionic
radius of AlI*'ion(0.0535 nm) is less than that of Fe*ions
(0.065 nm)[10]. Crystallinity and size of the particles are
calculated using Debye—Scherrer formula [11] and are found
to be in nano size given in Table 1 along with the lattice
constants. The lattice constantsaand cincrease with
increasingannealing temperature.

Table 1 Calculated crystalline size (D) and lattice parameter ofSrAl,Fe;,,O19 (X=1).

. Average  crystalline | Lattice Lattice
. Annealing . o ¢
Ferrite temperatures size, parameter ‘a’ | parameter °c
D (nm) (A) A
800°C 19.69 5.861 23.022
(S)::Al'fel?'xolg 900°C 24.27 5.875 23.039
1000°C 28.8 5.887 23.047

It is noteworthy at lower sintering temperatures additional
diffraction peaks are seen which s are absent at 1000°C,
showing complete annealing of the precursors.
Subsequently, all the Al-doped ferrite powders (for x=2,3
and 4) are annealed at 1000°C.

Composite samples with 60wt. % of nanosized SrAl,Fe;,.
xO19 (for x=1,2,3 and 4) in LLDPE matrix is developed
using Al- doped strontium ferrite annealed at
1000°C.LLDPE is wused as the polymer matrix.The
composite is prepared in situ by mixing mechanically 60 wt.
% of the filler material into LLDPE powder and heating it
for 2 hours. Then, the evaluation of complex permittivity
and complex permeability of the samples in X- band (8-12.4
GHz) was determined by a vector network analyzer.

3. MICROWAVE CHARACTERIZATION

Complex  permittivity( &, = 8; - jg‘r') and complex

permeability( 4, = 4, — ju, )for 60 wt. % of SrAlFer,.

«O19-LLDPE  nano-composites over the X-band is
measuredusing Nicolson—Ross methodusing
AgilentWR-90x 11644A rectangular waveguide line
compatible with Agilent8722ES vector network analyzer.
For microwave characterization,pellets of dimensions 10.38

mmx22.94 mm x 4 mm are prepared.The frequency plots of
&', dielectric loss tangent, 4" and magnetic loss tangent are
given in figures Fig. 2 (a-d).With increase in AI** ion
substitution, ¢ /increases. The maximum ¢ is observed for
the SrAlFe;»O1o-LLDPE composite with x=4. But the
dielectric and magnetic loss is more for x=3. With increase
in the AI** ions, the exchange phenomenon between Fe** to
Fe?" reduces but the number of free Fe®*ions increases in
comparison to Fe*ions, thus leading to increase in complex
permittivity values.
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Fig 2: (a) Real part of complex permittivity (¢'), (b) Dielectric loss tangent (zan J,), (c) Real part of complex permeability (u,),
(d) Magnetic loss tangent (tan 6,) of SrAl Fe;,«O19-LLDPE (x=1, 2, 3 and 4) composite.

The SrAl,Fe;,O19-LLDPE nanocomposites are studiedfor
its microwave absorption properties. Thickness optimization
istheoretically carried out using TLM.

4. REFLECTION LOSS COMPUTED USING
TRANSMISSION LINE METHOD (TLM)

The reflection loss of the designed singlelayer absorber
based on TLM [12], is optimized with thickness for all the
stoichiometric SrAlFe;,.4O19-LLDPE nanocomposites using

Eq.(1).

Zin — Z0

RL =201log 1)

in + 0

Z,,=Z, tanh[j 27(;31‘(11/#@(} 2

where, Z;, is the input impedance at the air-absorber
interphase, Zgis the impedance of free space, f is the
frequency of operation and d is the thickness of the
composite. Fig. 3 shows the schematic of a single layer
absorber material.
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Fig 3: Schematic of a metal backed single layer absorber
material.

The thickness of the absorber sample is varied from 1 mm to
4 mmin step of 0.5 mm. All the four SrAl,Fe;,,O.o-LLDPE
composites (x=1, 2, 3, 4)show -10 dB reflection loss
bandwidth over the X-band ford=3 mm, as shown inFigs.
4(a-d).
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Fig 4: RLof SrAl,Fe;,,O19-LLDPEcomposite with thickness varying from 1mm to 4mm for (a) x=1 (b) x=2 (c) x=3 & (d) x=4 in
X-band frequency range.

It can be seen that for SrAlFe;»Oq9-LLDPE, x=3, the
calculated reflection loss is highest among all the cases

atd=3. Thus, d=3mmthickness sheets for all the
compositions can be fabricated formeasurement of
absorption.

5. CONCLUSION

Thickness optimization carried out for the same sample
from 1 mm to 4 mm, showed maximum reflection loss for 3
mm thickness and -10 dB bandwidth (i.e. 90% absorption)
over the whole band for SrAl,Fe;;,O1o/LLDPE composite
(x=3). Substitution of Fe** with AI** is found to increase the
absorption properties of strontium ferrite. The results of this
investigation exhibit the possibilities of developing thin,
light weighed and broadband microwave absorbers using
nanosized SrAl,Fe;,.,O49 in LLDPE.
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