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Abstract—This paper presents the design, development and 
characterization of the M- type nano-sized hexagonal ferrite powder 
[SrAlxFe12-xO19, x=3] as magnetic filler, where aluminium is the 
dopant. The developed ferrite powder is mixed with Linear Low 
Density Polyethylene (LLDPE) matrix to form a composite. The 
complex permittivity and permeability of the composites for different 
weight % are measured in the X-band. The experimental results for a 
single layer microwave absorber have been reported. It has been 
found that it shows the broadband characteristics with minimum 
reflection loss of -26.7 dB and -10 dB bandwidth (i.e. 90% 
absorption) of ~3.02 GHz for a minimum thickness of 3 mm in over 
the X-band.  

1. INTRODUCTION 

Microwave absorbing materials are of two types: dielectric 
composites and magnetic composites based on the filler 
material. In order to achieve broadband absorption, the 
electrical/ magnetic properties of the absorbing materials as 
well as the structure are modified. In dielectric composites, 
there is no magnetic loss, so the thickness of the absorber is 
increased in order to get good absorption. Since in magnetic 
composites, both magnetic and dielectric losses exist, it helps 
to attenuate the wave within a smaller thickness. The design of 
these structures depends on material properties such as 
complex permittivity, complex permeability and conductivity. 
Nano- particles have high surface to volume ratio, which 
creates a large interaction zone and hence increases interfacial 
polarizations and magnetic interactive loss mechanism, which 
leads to enhanced dielectric and magnetic properties [1, 2]. 

Magnetic materials, spinel as well as hexagonal ferrites have 
been studied for absorption purpose [3, 4]. Spinel ferrites 
having isotropic properties show absorption up to 3 GHz while 
anisotropic properties of hexagonal ferrites with increased 
ferromagnetic resonance enable its use for applications above 
3 GHz. M- type hexagonal ferrites have great importance due 
to their high dielectric and magnetic losses in the microwave 
frequency range. In order to change the magnetic properties, 
the hexaferrites are doped with special cations [5].  

The intrinsic magnetic properties of hexaferrite can be 
significantly improved by substituting Fe3+ in different sites 
with other suitable ions, such as Cu2+[5], Cr3+[6], Ti4+[7-9], 
Al3+[10-14] for Fe3+ ions of hexaferrite. The microwave 
studies on Al3+ substituted SrFe12-xAlxO19 are not reported yet. 
In general, the nonmagnetic Al3+ ions substitute the octahedral 
sites at low Al3+ doping level.  

In this paper M- type nano- sized aluminium doped strontium 
hexagonal ferrite powder [SrAlxFe12-xO19, x=3] is studied as 
magnetic filler. The developed ferrite powder is mixed with a 
thermosetting polymer, LLDPE matrix to form composites to 
be used as X-band microwave absorbers. Subsequently, the 
complex permittivity, permeability and microwave absorbing 
performance are investigated in detail. 

2. MATERIAL SYNTHESIS AND TESTING 
METHODS 

Strontium nitrate (≥98%), aluminium nitrate nonahydrate 
(≥98%) and iron (III) nitrate nonahydrate (≥98%) precursors 
are used as the base materials. NaOH is added dropwise to 
control the size of the particles. Oleic acid is used as surfactant 
in order to reduce inter-particle interaction and prevent 
agglomeration. Aqueous solutions of strontium, aluminium 
and iron salts are prepared separately by dissolving the salts in 
stoichiometric proportion in minimum amount of deionized 
water. The molar ratio of strontium to aluminium to ferric 
nitrate is set up as 1:3:9. Then the iron, aluminium and 
strontium salt solutions are mixed together by continuous 
magnetic stirring on a hot plate for 1 h. The solution is 
allowed several minutes to cool down to room temperature. 
Subsequently, the brownish precipitate is washed twice with 
distilled water and ethanol to get the precipitate free from 
sodium and nitrate compounds. Finally, the precipitate is dried 
in the hot-air oven. The dried powder is crushed and annealed 
at 1000˚C at 10˚C/min for 2 hours to get the powder. XRD 
studies of the synthesized powder is carried out. 
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Phase and morphology of the doped ferrites were respectively 
studied by X-ray diffraction analysis. LLDPE is used as the 
polymer matrix. The composite is prepared in situ by mixing 
mechanically desired weight % of the filler material into 
LLDPE powder. Then, the evaluation of the reflection loss of 
the samples in X- band (8.2-12.4 GHz) was determined by a 
vector network analyzer. 

3. CHARACTERIZATIONS AND DISCUSSIONS 

3.1 Microstructural Characterizations 

 

Fig. 1. XRD pattern of Sr3Fe9O19 annealed at 1000˚C. 

Fig. 1 shows XRD pattern of SrFe12O19 annealed at 1000˚C. 
Reflection planes, (1 0 1), (1 0 2), (0 0 6), (1 1 0), (1 0 7), (1 1 
4), (2 0 3), (2 0 5), (1 0 10), (2 0 9), (2 0 11), (2 2 0) and (2 0 
14) indicates M-type hexagonal structure of the aluminium 
substituted strontium ferrites. The planes are determined from 
JCPDS card number 33-1340. No characteristic plane of Al3+ 
ions is observed confirming that the Al3+ ions enter the lattice 
of strontium ferrite as the ionic radius of Al3+ ion (0.0535 nm) 
is less than that of Fe3+ions (0.065 nm) [14]. Crystallinity and 
size of the particles are calculated using Debye-Scherrer 
formula [15] and are found to be 28.8 nm. 

3.2 Microwave Characterizations  

Permittivity and permeability of composites are measured 
using Thru-Reflect-Line (TRL) method [16]. Pellets of 
dimensions 10.16 mm x 22.86 mm x 3mm, of different weight 
% of composite is placed in Agilent WR-90 X11644A. The 
measurements are carried out using Agilent E8362C Vector 
Network Analyzer, in the frequency range 8-12 GHz, The 
permittivity is determined using Nicolson-Ross technique. 

Complex permittivity and complex permeability 

Evaluation of complex permittivity ( '''
rrr j  ) and 

complex permeability ( '''
rrr j  ) of the samples are 

done in X- band. Fig. 2 (a-d) shows the real part of 

permittivity, dielectric loss tangent, real part of permeability 
and magnetic loss tangent respectively. 

 

(a) 

 

(b) 

 

 (c) 
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(d) 
Fig. 2: (a) Real part of complex permittivity (ε′r), (b) Dielectric 
loss tangent (tan δε), (c) Real part of complex permeability (μr′), 

(d) Magnetic loss tangent (tan δμ) of  
SrAl3Fe9O19-LLDPE composite. 

Sample with 60wt. % SrAl3Fe9O19-LLDPE composite has 
higher real part of permittivity, permeability and higher loss 
tangent. The composites with three different weight 
percentages are fabricated with a thickness of 3 mm and used 
to measure the reflection loss (RL) experimentally and hence 
the absorption.  

Absorption studies 

To determine RL, single layer conductor backed configuration 
is considered. Using (TRL) method the RL is determined 
experimentally for all the three composites. When an 
electromagnetic wave strikes the surface of a metal- backed 
microwave absorber at normal incidence, the reflection loss is 
a function of frequency, thickness, permittivity and 
permeability of the absorbing material. The electromagnetic 
attenuation offered by absorbing materials may depend on the 
three mechanisms which are reflection of the incoming wave, 
absorption of the wave as it passes through the material's 
thickness, and multiple reflections of the waves at various 
interfaces. 

The reflection loss of the metal-backed single layer absorber is 
given by, 

ܮܴ ൌ 20 log|ሺܼ௜௡ െ ܼ଴ሻ ሺܼ௜௡ ൅ ܼ଴ሻ⁄ | (1) 

where ܼ଴ ൌ ሺߤ଴ ⁄଴ߝ ሻଵ ଶ⁄  is the free- space impedance, and the 
input impedance at the air- absorber interface is given as 

ܼ௜௡ ൌ ܼ଴ሺߤ௥ ⁄௥ߝ ሻଵ ଶ⁄ tanhൣ݆2݂݀ߨሺߤ௥ ⁄௥ߝ ሻଵ ଶ⁄ /ܿ൧ (2) 

where f is the frequency, c is the velocity of light and d is the 
thickness of the absorbing material. From the equations it can 
be seen that how the complex permeability and complex 
permittivity affect the absorption along with the thickness of 
the absorbing layer. Fig.3 shows the measured refection loss 

of the fabricated composites. It can be seen that among the 
three weight fractions, 60 wt. % shows the maximum RL 
value of -26.7 dB with a -10 dB absorption bandwidth of 
~3.02 GHz. 

 
Fig. 3: Measured reflection loss of Reflection Loss (RL) of the 

conductor backed single layer SrAl3Fe9O19-LLDPE  
absorber for different weight percentages. 

4. CONCLUSION 

Diffraction pattern shows the formation of cobalt doped 
strontium ferrite and the size of the particle is found to be in 
nanometer range. A maximum RL of -26.7 dB and -10 dB 
absorption bandwidth (i.e. 90% absorption) of 3.02 GHz over 
the X- band is found for 60 wt. % for SrAlxFe12-xO19/LLDPE 
composite (x=3). Substitution of Fe3+ with Al3+ is found to 
increase the absorption properties of strontium ferrite. The 
results of this investigation exhibit the possibilities of using 
SrAl3Fe9O19-LLDPE composites as thin, light weighed and 
broadband single layer microwave absorbers. 
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