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The synthesis of M-type Bao.sSrosCoxGaxFe12-2xO19 hexagonal ferrite has been performed using conventional ceramic method
on which electromagnetic wave absorption in the frequency ranges from 8.2GHz to 12.4 GHz has been observed for the
variable composition values. This help us to infer that the refection loss boosts -33.36 dB in the composition x=0.4 at 9.62
GHz at thickness of 2.0 mm. The variations were from -10dB to -20dB in the frequency range of 8.2GHz to 8.704 (B.W 0.5
GHz) & 9.96GHz to 10.97GHz (B.W 1.01GHz) and less than -20dB in the range of 8.78GHz to 9.88GHz (B.W 1.1GHz). Hence
the synthesized magnetic ferrite can be used as a substrate for different antennas in X-Band because of the deduced insights

in the paper.
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1. Introduction

In the present scenario, whole world is very much
dependent on growing electromagnetic wave technologies
like Wi-Fi, WIMAX, and Mobile communication, adhoc
Network, RADAR and Satellite Communication. These
large electromagnetic radiations in the atmosphere interfere
with each other and create EMI effect. This EMI effect not
only degrades the functioning of our electrical/electronic
devices but can collapse them also. To counterpart this, the
need of electromagnetic absorbing material (EAM) has
fascinated a lot of researchers and M-type hexagonal ferrite
was being identified as a best microwave absorbing
material. To further increase the absorption capability of
ferrites, process of doping has been adopted [1][2]. These
ferrites are non-metallic materials having high resistivity,
chemical stability and strong magnetic properties Since a
few decades, various studies were being done on the
substitutions of dopant in hexagonal ferrites to change their
properties like permittivity, permeability, hysteresis,
coercivity and absorption properties. Mosleh et al.
synthesized a M-type BaixCexFe12019 hexagonal ferrite and
found -16.43dB reflection loss in the X-band [3]. Baykala
et al. had reported that microwave absorption got enhanced
with the addition of Pb?* in M-type Ba-Sr hexagonal ferrite
[4]. Syazan et al. synthesized a Co-Ti and Mn-Ti substituted
Barium Ferrite and observed a significant dip in reflection
loss of -31.27dB and -26.73dB respectively [5]. Deng et al.
had composed a M-type Barium hexaferrite with the
nominal composition of BaZryFe(2-019 (x=0.0,0.3,0.6, 0.9
& 1.2) and observed improvement in refelection loss with
increasing x i.e. -30.3 dB at x=1.2 sample [6]. Gunanto et
al. had synthesized M- type Ba-Sr hexagonal ferrite with

varying composition of Si rubber and found varying RL
with composition i.e. -15 dB for 20% composition at 10.8
GHz & decreasing onwards [7]. Araz et al. had reported -
20dB RL with Co doping at frequency range 2-18 GHz [8].
Guo et al. had observed the variation of reflection loss with
thickness of Co?* doping material in Ba-Sr hexaferrite and
recorded -43.6dB RL at 4.3mm and -45.8dB at 2.8mm
thickness [9].

A lot of researches have been made earlier for
increasing the absorption or attenuation in microwave
frequency range. They have shown development in this
field by increasing magnetic and dielectric losses and
structural parameters. Rosdi et al. presented an absorption
property of Mg-Ti doped M-type barium hexagonal ferrite.
He observed improved reflection loss of -22.59 dB at 9.42
GHz with 3mm thickness of material and -10 dB bandwidth
of 0.14 GHz. It was the matching between magnetic and
dielectric loss that resulted in large microwave absorption.
Mechanism of hysteresis was considered but it was not
clearly mentioned how this parameter effect microwave
absorption [10]. Feng et al. investigated the characteristics
of Co doped M-type Barium hexagonal ferrite in the
frequency range 2 GHz -18 GHz. He observed large return
loss of 32.1 dB at 11.2 GHz in the frequency range 8.5 GHz-
13.5 GHz with thickness of 2.00mm at x=0.4. Further, he
concluded that large magnetic losses resulted in this much
of return loss and there is no role of hysteresis and input
impedance in microwave absorption [11] . Narang et al.
gave Ba-La-Na doped M-type Co-Ti-Mn hexagonal ferrite
and discussed the microwave absorption properties in
between 18 GHz-26.5GHz. He observed large losses and
impedance matching resulted in high return loss of -45.94
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at 1.30mm thickness with -10 dB absorption bandwidth of
833 GHz [12]. Isa Araz had concluded that
BapsCeosFe11Co019 hexagonal ferrite show microwave
absorption properties in the range 2 GHz- 18 GHz. He
mentioned the role of loss tangent for the observed
absorption and return loss which was -31.4 dB at 11 GHz
with 3mm thickness [13]. Khandani et al. formed a Ce-Nd
doped Sr hexagonal ferrite that has given absorption
properties in the X-band range. The observed RL was -8.7
dB at 2.5mm thickness which was resulted due to behaviour
with magnetic loss tangent. The role of hysteresis
parameters were discussed [14]. Liu et al. made a
BaFe,Tioyo ferrite and observed its microwave absorption
characteristics at 26.5 GHz -40 GHz. He had varied the
material ratio (Fe/Ba) to find the maximum microwave
absorption rate. The highest value of RL i.e.-37.1 dB was
observed at 35 GHz with 2.8mm of thickness [15]. Li et al.
had prepared M-type Ba hexagonal ferrite with doping of
Co-Zr in X-band frequency range. The conclusion of his
experiment was that the absorption depends majorly on
magnetic and dielectric losses. The results of his research
demonstrate RL of -28.7 dB at 16.44 GHz with 1.6mm
thickness [16]. Torabi et al. synthesized M-type Ba
hexagonal ferrite doped with Mn-Co-Gd at frequency 2-18
GHz. The return loss was increased up to -48 dB at 17.2
GHz at 5.6mm thickness [17]. Mahadevan et al. synthesized
two materials BaFe;2019 and BaFei15TiosO19 hexagonal
ferrite and compared the microwave absorption properties
of both at frequency range 12GHz-18GHz. Microwave
absorption properties was found to be more superior in
second composition [18].

From the literature survey presented above, it was
concluded that a lower thickness ferrite material is best
suited for better microwave absorption, high RL and large
bandwidth. While taking into consideration the above
results of literature, we have synthesized M-type
BaosSrosFe12010 hexagonal ferrite using Ga’* and Co?* as
dopant materials on the frequency range 8.2GHz - 12.4GHz
at temperature 1100 degree Celsius for 15 hrs and we
acquired the improved results.

2. Experimental procedure

We have used standard ceramic method to synthesize
M-type Bao_5SI’o_5COXGaxF6(12.2x) Oq9 (X=0.0,0.2,0.4,0.6,0.8
and 1.0) hexagonal ferrite [19]. The chemicals used for
synthesisation are BaCos (Sigma-Aldrich 99.98%pure),
SrCos (Sigma-Aldrich  99.98%pure), CoCos (Sigma-
Aldrich 99.98%pure), Ga,Os (Sigma-Aldrich 99.98%pure)
& Fe;03 (Sigma-Aldrich 99.98%pure). The process of
synthesisation started with grinding of mixing of material
in distilled water using electrically controlled pestle—mortar
furnace for 8 hours. After that, mixture was dried at room
temperature. The dried powder was pre-sintered at 1000°C
for 10 hours in automatic electric furnace which was
programmed to do the same. Again, powder was allowed to
cool down and re-grinded for 8 hours. Granulation of
powder was performed using sieving of mesh size

220B.S.S. Lastly, the fine powder was converted into
pallets using hydraulic press at 75KN/m? pressure and this
pallet was again sintered at 1100°C for 15 hours.

3. Results and discussion

XRD Analysis: At the time of the analysis, for the
composition of x= 0.0 & 0.2 there was the only primary
phase of the material, but for the composition value of
x>0.2, there was secondary phase of BaFe;O. the
orthorhombic. The prepared sample of hexagonal ferrite
Bag sSro5CoxGaxFe12-2x019 for composition of x = 0.0, 0.2,
0.4, 0.6, 0.8,1.0 are analysed in such a way their reaction
can be observed to the applied force i.e., mechanical, with
the help of the diffraction technique which includes X rays
as shown in the Fig.1 and also the sample is analysed for
their purity of the phase. Millar indices are used as the to
calculate the diffraction patterns formed by the sample.
According to the results there is formation of M-type
hexagonal shaped phase, with no peaks in the other phases.
In the JCPDS file no. 51-1879, a = 5.8862 A, ¢ = 23.137 A
and V = 694.24 A3, similar kind of M-type crystal structure
is formed.
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Fig. 1. X-ray diffraction method analysis of Bag 5Srg.5CoxGaxFe12-
2x019 (x=0.0, 0.2, 0.4, 0.6, 0.8, 1.0) samples (color online)

In order to confirm the chemical composition of
BaosSrosCoxGaxFer2x019 hexagonal ferrites synthesized
using a standard ceramic method and sintered at 1100 °C
for 15 hours, the energy dispersive spectra (EDAX) of the
typical compositions (x = 0.2, 0.4, 0.6, 0.8 and 1.0) were
recorded at room temperature and obtained EDAX spectra
are shown in Fig. 2. The EDAX spectra of all samples
explain the presence of Ba, Sr, Fe, Co and Ga in all
compositions.
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Fig. 2. Energy dispersive spectroscopy spectra of Bao.sSrosCoxGaxFe12-2xO19 (X = 0.2, 0.4, 0.6, 0.8 and 1.0) hexagonal ferrite
compositions (color online)

The observed chemical composition data of same distribution. The SEM and mean crystalline size, shows the
compositions is summarized in Table 1. It is observed that physical size and mean structural coherence length
some other extra elements are also observed in the respectively.
compositions of 0.4 and 0.6. The weight ratio and atomic
weight ratios as observed from EDAX are also mentioned
in Table 1.

The scanned electron micrographs of the undoped
[x=0.0] and doped composition [x = 0.4, 0.6, 1.0] shows
that the grain size was larger before the doping and
afterwards its size decreases. The grains in the doped
composition exhibits non-uniformity in the size and
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Fig. 3. Scanned electron micrographs of BaosSrosCoxGaxFe12-2xO19 (X = 0.0, 0.4, 0.6 and 1.0) hexagonal ferrite compositions prepared
using standard ceramic method and sintered at 1100 °C for 15 hours (color online)

Table 1. Elemental composition weight & atomic percentage of typical samples of BaosSrosCoxGaxFe12-2xO19 (x = 0.2, 0.4, 0.6, 0.8 and

1.0) hexagonal ferrites

Element | Weight Atomic Weight Atomic Weight Atomic Weight Atomic Weight | Atomi
% % % % % % % % % c%
0.2 0.4 1.0
O 30.92 64.71 22.94 62.54 23.46 63.12 25.06 56.54 30.92 64.71
Fe 49.37 29.60 28.74 22.45 24.82 19.14 49.98 32.24 49.37 29.60
Co -1.78 -1.01 5.14 3.80 7.72 5.64 4.12 2.52 -1.78 -1.01
Ga 3.35 1.61 2.71 1.70 4.68 2.89 10.15 5.25 3.35 1.61
Sr 4.84 1.85 3.48 1.73 3.45 1.69 4.05 1.67 4.84 1.85
Ba 13.31 3.24 7.45 2.37 7.73 2.42 6.75 1.77 1331 3.24
U 29.54 5.41 28.15 5.09
Total 100% 100% 100% 100% 100%

When the size of one crystal is considered to be same
as one grain then the physical size is equal to the coherence
length. This case is not always valid as one grain can
contain ploy crystalline structures. So, it can be considered
that the size of crystal is smaller than the size of a grain. The
non-uniformity after the doping results in the presence of
the large and small grains at higher doping level shown in
Fig. 3. The composition x=0.4 shows the platelet formed

grains as well there is formation of boundaries which
provide the opposition to the applied field which in turn
increases the coercivity. With the addition of dopant
elements in hexagonal ferrite, complex permittivity
(¢’ - je'") and complex permeability (4" — ju'") also varies.
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Fig. 4. Variations in complex permittivity, permeability, dielectric and magnetic loss for different samples of Bao.sSro.sCoxGaxFe12-2xO19
(x=0.0,0.2,0.4, 0.6, 0.8 and 1.0) hexagonal ferrite compositions (color online)

The results shown in Fig. 4 explain these variations
according to the composition of Co?*, Ga®" and Fe** (x=0.0,
0.2, 0.4, 0.6, 0.8 and 1.0). The value of dielectric constant,
(€ is lowest in x=1.0 composition highest with x=0.2.
With rest of the compositions, & is varying non- linearly.
The variations are large at higher frequencies. Whereas
dielectric losses(e'’) are maximum at x=0.4. Similarly,
complex permeability (1’ — ju'’) also varies non linearly
with the addition of dopants at frequency 8.2GHz-12.4GHz.
The variation of reflection loss (Microwave absorption) is
better explained by quarter wavelength mechanism. This
mechanism shows relation between thickness of
composition and wavelength of propagating signal. This
relation is explained by the equation given below [19]:

nai n.c
t=—"= 1
4 AfVurer @)

where t is thickness of composition, c is velocity of light=
X108 m/s, pr=p' —ju"’, e=¢ — j&"

Fig. 5 explains the variation of reflection loss in M-type
Bao 5SrosCoxGaxFe 1229019 (X=0.0,0.2,0.4,0.6,0.8 and 1.0)
hexagonal ferrite. It is clear from the results that maximum
RL dip of -33.36 dB occurs at x=0.4 composition at 9.62
GHz with 2.0 mm thickness. As discussed above, the
relation between RL and thickness of composition is better
explained by Quarter wavelength mechanism. The
calculated thickness is represented as tcay and thickness at
which max RL dip occurs is tsim. The variations of RL dip
according to thickness, composition and frequency from the
results of graph shown in fig 9-14 is given as: at x=0.0, RL=
-23.61dB at 9.62 GHz and x=0.4, RL= -33.36 dB at 9.62
GHz and 2.0mm thickness, 2.2mm thickness, at x=0.2 ,
RL= -20.08 dB at 9.376 GHz and 2.1mm thickness, at at
x=0.6, RL=-25.22dB at 8.95 GHz and 2.4mm thickness, at
x=0.8, RL=-14.4dB at 12.4 GHz and 1.8 mm thickness, at
x=1.0, RL=-18.12dB at 9.29 GHz and 2.5mm thickness.
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Fig. 5. Variations in reflection loss for different samples of BaosSrosCoxGaxFe12-2xO19 (X = 0.2, 0.4, 0.6, 0.8 and 1.0) hexagonal
ferrite compositions (color online)
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Fig. 6. Variations in reflection 10sS, Zreal, Zimg, Zin for different samples of Bao.sSrosCoxGaxFe12-2xO19 (x = 0.2, 0.4, 0.6, 0.8 and 1.0)

hexagonal ferrite compositions (color online)

The maximum RL dips occurs at x=0.4 and the
theoretical results of tey (2.0mm) match with practical
values of tsim(2.002mm). So, here the phenomenon of
quarter wavelength is fully satisfied. This is due to the fact
that at x=0.4, the dielectric loss (¢’’) is maximum i.e., 2.72
at 9.96 GHz. Due to resonance peaks, RL dips of -37.44dB,
-34.07dB at 2.0, 2.1mm thickness occurs. This composition
also has the lowest coercivity of 170e among all
compositions. So, all four methods mentioned above i.e.
Quarter wavelength, impedance matching and magnetic
loss resulted in major RL dip at x=0.4.

According to transmission line theory, RL is also a
function of input impedance (Zin). It is expressed below by
the equation:

(Zin—2o)

(Zin+zo)

RL = 20log (2

Here Z, is characteristics impedance and its value is
standard 377Q for free space.

Higher the value of RL, higher will be absorption of
microwave signal and absorption is maximum when proper

impedance matching is there i.e., z;,, = z, or Zzﬂ =1.The

o

expression for Zi, is given below:
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Zin = Zo\/t:: tanh [] (Z%ft) M] 3

Here z;, is complex in nature. z, = Zyeq; + Zimg and
Zreq 1S T€al impedance & z;,, is imaginary impedance.
From the results shown in Fig. 6, it is clear that when large
RL dips occurs when z;,, is near to z, i.e., 377Q. That means
real impedance near to 377Q and imaginary impedance near
to zero. At composition x=0.4, maximum RL dip (-
33.36dB) occurs. The frequency at this dip is 9.62 GHz and
in comparison, to other compositions, z;, is close to
impedance matching i.e., at this dip, z,.eq; is 362.49Q (near
to 377Q) and z;p,, is -6.44Q (close to zero). Both these
parameters are calculated from the equation of z;,.
Although z,.,; is 375.48 Q (closer to 377 Q) with RL as -
21dB at frequency 9.88 GHz and z;,,, is observed to be -
61.68Q (quite away from zero). It is clear that the present
situation does not fully satisfy the impedance matching
criterion. While describing microwave absorber, bandwidth
is also considered as another important parameter. The
graphs explains that at composition x=0.8 it can act as
wideband absorber (B.W= 4.2GHz) with thickness
t=2.0mm & as a narrowband absorber (B.W=0.08 GHz) for
composition x=1.0 at thickness t= 3.0 mm , with reflection
loss varying from -10 dB to -20 dB and similarly it operates
in wideband for composition x=0.4 (BW as 1.1GHz) with
thickness of 2mm & as narrowband (BW as 0.42GHz) with
reflection loss more than -20 dB.

4. Conclusion

Synthesisation of M-type BagsSrosCoxGaxFez-2019
(x=0.0,0.2,0.4,0.6,0.8 and 1.0) hexagonal ferrite has been
successfully completed. Based on analysis using EDAX,
SEM and VNA, we have observed that microwave
absorption was increasing with the addition of dopants and
maximum RL was -33.36 dB with frequency 9.96 GHZ at
x=0.4 with 2.0mm thickness. It was also being
demonstrated that x=0.8 has wide bandwidth (B. W=
4.2GHz) with thickness as t=2.0mm and act as narrow
bandwidth (B. W=0.08 GHz) absorber with increasing
thickness to t=3.0mm for composition x=1.0. From the
results, it is also clear that microwave absorption also
depends upon thickness, input impedance and frequency
parameters. So, RL can be tuned corresponding to these
parameters. This synthesized microwave absorber can find
wide application for absorption of unwanted
electromagnetic interference in wireless communication.
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