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3.1 Introduction

M-type ferrites and its doped versions have high saturation magnetization
and crystalline anisotropy, which, when used as fillers in polymer composites form
absorbers with high reflection loss [1-7]. Doping of M-type hexaferrites with other
metals improves its material properties viz. & and g [6-8] as required for good
absorption. The magnetic properties of strontium hexaferrite can be modified by
substituting stoichiometrically either Sr?* ion or Fe3* ions with other metal ions [1,
4, 5, 8-10]. The intrinsic magnetic properties of hexaferrite can be significantly
improved by substituting Fe3* in different sites of hexaferrite with other suitable
ions, such as Co?*, Cr3*, Ti**, AP [7, 11-13].

Aluminium substituted M-type hexagonal ferrite is reported to have large
field anisotropy [14] while cobalt is a fast relaxer owing to its degenerate energy
states which enhances the microwave properties [15, 16]. Nanosized strontium
ferrite doped with cobalt and aluminium are synthesized and used as magnetic filler
in LLDPE matrix. For SrAlxFe12xO19, X is initially increased from 0.2 to 0.8 in steps
of 0.2. However, no appreciable change in microwave absorption properties are
observed and hence the results are not included here. But, when x is increased from
1 to 3, changes in microwave absorption properties are observed. Therefore, the
composites for these variations are studied. For SrCoxFe12xO19, X is increased from
0.2 to 1.2 in steps of 0.2. Microstructural, magnetic, thermal and microwave
characterizations is carried out using methods mentioned in section 2.2 and 2.3,
chapter Il. Water absorbance and density are also investigated. The developed
composites are then designed as single layer absorber using the transmission line

model in X-band and fabricated.

3.2 Synthesis and characterizations

Nanosized doped strontium ferrite is synthesized using co-precipitation
technique, followed by the microstructural studies of the synthesized nanoparticles
and nanocomposites. XRD, TEM and FTIR analysis is carried. Composites with
60 wt. % of filler in LLDPE matrix are fabricated and homogeneity of distributions

is ascertained from SEM images.
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3.2.1 Material synthesis and composite preparation

Nano-sized SrAlxFe12.xO19 (X = 1.0, 2.0, 3.0) are prepared stoichiometrically
according to the composition using aluminium nitrate ( > 98% ) and cobalt nitrate
hexahydrate ( > 98% ) for SrCoxFe12xO19 (X = 0.2, 0.4, 0.6, 0.8, 1.0, 1.2) along with
strontium nitrate ( > 98% ) and iron (I11) nitrate nonahydrate ( > 98% ) dissolved in
de-ionized water. The solution is stirred continuously for an hour at 80°C followed
by dropwise addition of NaOH to control the size of the particles. Thereafter, oleic
acid is added to prevent agglomeration. A brownish precipitate is formed, which is
repeatedly washed with a distilled water-ethanol solution to remove traces of
sodium and nitrate compounds. The mixed oxides of the starting materials are
removed by annealing the dried powder at a temperature of 1000°C in a furnace for
3 hours. Thereafter, size and shape of SrAlxFe12.xO19 and SrCoxFe12xO19 particles
are determined using XRD and TEM studies.

Composite specimens of 60 wt. % are fabricated by mixing LLDPE powder
with developed ferrite samples in situ. Composite pellets are made by die-moulding

using hot-press technique as described in section 2.2.1, chapter II.

3.2.2 Microstructural characterizations

X-ray diffraction (XRD)
XRD pattern of the synthesized SrAlxFe12xO19and SrCoxFe12xO19 powder is
obtained at room temperature over a 26 angle from 20° to 70° which is shown in

figure 3.1.

Diffraction planes, (006), (106),(110),(008),(107),(114),(108),
(203),(1010),(300),(217),(220)and (2 0 14) corresponds to diffraction
peaks at 20 values of 20.1°, 26.30°, 30.34°, 32.47°, 33.27°, 34.47°, 35.20°, 40.45°,
48.68°, 52.2°, 55.38°, 61.19°, 67.65° indicates M-type hexagonal structure of the
SrAlxFe12xO19 as seen from the figure 3.1. The planes are determined from JCPDS
card number 33-1340. No characteristic plane of aluminium ions is observed
confirming that the aluminium ions enter the lattice of strontium ferrite as the ionic
radius of aluminiumion (0.0535 nm) is less than that of iron ions (0.065 nm) [14].

Aluminium replaces the iron mostly in the octahedral sites (12k, 4f2, 2a) [17].
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Figure 3.1: XRD pattern of SrAlFei2x019

Figure 3.2, shows diffraction peaks at 26 values of 21.06°, 26.30°, 29.8°,
30.34°,32.47°,34.27°, 35.47°, 36.3°, 39.19°, 42.45°, 48.68°, 52.21°, 55.38°, 57.88°,
60.12°, 63.19°, 67.65° and corresponds to the strongest diffraction planes (0 O 6),
(106),(110),(008),(107),(114),(200),(203),(205),(206), (10 11),
(209),(217),(2011),(2012),(220) and (2 01 4). These peaks correspond to
hexagonal Sr-M type hexaferrite phase (JCPDS # 39-1346). No other phase is

observed indicating that the structure is stable.

20 (degree)

Figure 3.2: XRD pattern of SrCoxFe12x019

Cobalt ions preferably occupy the octahedral 4f; and 2a sites for the Fe ions.
Such behavior has also been observed in references [11, 18]. The d-spacing of the
strontium ferrite is calculated using Bragg’s equation. Peaks for cobalt ions are not
found in the spectra indicating that cobalt ions enters into the crystal sites of the
hexaferrite structure. The calculated lattice parameters are close to M-type

hexaferrite phase (a = 5.88 A and ¢ = 23.05 A). The average crystalline size is in
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nanometer range (Table 3.1 (a)). Gradual shift of the peaks towards right indicates
substitution of aluminium and cobalt ions entering the lattice structure of

hexaferrite.

Table 3.1: Crystalline size (D) and lattice parameter of SrAlxFe12xO19 and SrCoxFe12x019

Lattice
Ferrite Averag_e parameters D (008) | D(107) | D(107)/D (008)
o crystalline 2 (nm) (nm) (nm)
compositions . (A)
size (nm)
a C
SrAlFe11019 20.13 5.86 | 23.03 24.74 15.75 0.64
SrAlzFe10019 20.54 5.88 | 23.04 20.56 17.42 0.85
SrAlsFeq0O19 21.28 5.88 | 23.05 20.36 18.13 0.89
SrCoo.2Fe11.8019 24.39 5.83 | 23.01 24.98 23.23 0.93
SrCoo.4Fe11.6019 25.12 5.83 | 23.02 25.85 24.56 0.95
SrCoo.6Fe11.4019 27.78 5.87 | 23.03 27.81 26.69 0.96
SrCoo.sFe11.2019 30.01 5.88 | 23.07 29.63 28.76 0.97
SrCo1.0Fe11019 32.96 5.88 | 23.08 30.11 29.50 0.98
SrCo1.2Fe10.8019 33.07 5.87 | 23.08 32.83 32.52 0.99

From Table 3, it is seen that with increase in the doping ions, there is an increase in
the crystallite size for aluminium doped strontium ferrite. It is reported that the
crystallite growth orientation of SrFe12xAlxO19 is determined by taking the ratios of
the reflection planes parallel (1 0 7) and perpendicular (0 0 8) to c-axis [19]. From
Table 3.1 (b), it is observed that the ratio D (1 0 7)/D (0 0 8) increases from 0.63 to
0.89 with aluminium ion doping from x=1 to 3. This value suggests that the
SrFe1xAlxO19 crystals tends to grow preferentially along [1 0 1] direction with
increase in the doping level. An increase in size along c-axis is observed with

aluminium content leading to increase in the grain size.

Fourier-transform infrared spectroscopy (FTIR)

The FTIR spectroscopy study of SrAlxFe12.xO19 and SrCoxFe12-xO19 powders
conducted to ascertain the bond structure of the synthesized ferrites and interactions
among the various constituents in the composites are given in figure 3.3 and
figure 3.4. AI-O bending vibrations is observed in the wave number bands in the
range 550-603 cm? and 447-457 cm™ show the presence of Fe—O stretching
vibrations which corresponds to the formation of tetrahedral and octahedral clusters.
Also, the bands existing in the 891-900 cm™ range represent Sr—O stretching. Broad
absorption peaks at 1500 cm™ and 3450 cm™, corresponds to characteristic O—H

stretching band which this is due to water molecules adsorbed to the very finely
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dispersed samples [20]. The peaks at ~1630 cm™ and 3434 cm™ exhibits the
stretching vibration of hydrogen bonded -OH group. The peaks at about 900 cm™
and 1415 cm® corresponds to the Co-O stretching vibration. These two peaks
become increasingly stronger as x increases. Interestingly with increasing amount
of added cobalt, the peaks at about 450 cm™ and 600 cm™ are stronger [18] as the
chemical polarization of the internal chemical bonds for SrFei2O19 is greatly
strengthened by doping cobalt into the SrFe12019as Fe-O-Co and Sr-O-Co chemical
bonds could be formed. Consequently, the oxygen atom of Fe (Sr)-O bond might
be shared with cobalt atom, which probably contributes to vibrational coupling
between Fe (Sr)-O and Co-O leading to stronger and sharper peaks.

W

Transmittance (%)
Transmittance (%)

x=1.0
500 1000 1500 2000 2500 3000 3500 4000 500 1000 1500 2000 2500 3000 3500 4000
Wave number (cm™) Wave number (cm’')
(a) (b)
Figure 3.3: FTIR spectra (a) SrAlxFe12.x019 (X=1.0- 3.0) (b) SrAlxFe12-x019-LLDPE composite
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Figure 3.4: FTIR spectra (a) SrCoxFe12x019 (X=0.2- 1.2) (b) SrCoxFei12x019-LLDPE composite

This also indicates that cobalt ion is combined with the internal structure of

SrFe12019. In the FTIR spectrum of the composite, the peak at about 900 cm™
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corresponds to the Co-O stretching. At about 1463 cm™, CH; bond stretching is
observed. The spectrum of both the composites show the presence of both phases
of fillers and the matrix and no new peaks has been observed.

Transmission electron microscopy (TEM)
The TEM images of SrAlxFe12.xO19and SrCoxFe12xO19 for different values of
X in figures 3.5 (a-c) and 3.6 (a-f) show extended rod like structure. Particle lengths

of ~77 and ~78 nm is observed for the two doped versions of strontium ferrite.

(b) (©
Figure 3.5: SrAlxFe12x019 TEM images (a) x=1.0, (b) x=2.0, (c) x=3.0

Figure 3.6: SrCoxFe12.xO19 TEM images (a) x=0.2, (b) x=0.4, (c) x=0.6, (d) x=0.8, (e) x=1.0,
(f) x=1.2
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Scanning electron microscope (SEM)
SEM images of SrAlFe;2xO1-LLDPE for x = 1.0, 2.0, 30 &
SrCoxFe12xO19-LLDPE for x = 0.2, 0.4, 0.6, 0.8, 1.0, 1.2 given in figure 3.7 (a-C)

and 3.8 (a-f) show homogeneity of the composite.

20kV X500 50pym 0000 0936 SEI i 20kV X500 50pm 0000 09 36 SEI

(b)

Figure 3.7: SrAlxFe12.x019 SEM images (a) x=1.0, (b) x=2.0, (c) x=3.0
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(d) (e)
Figure 3.8: SrCoxFe12x019 SEM images (a) x=0.2, (b) x=0.4, (c) x=0.6, (d) x=0.8, (e) x=1.0, (f) x=1.2

3.2.3 Physical, thermal and magnetic characterizations
Density and Water absorbance
Water absorbance and density of SrAlxFei».xO19-LLDPE nano-composites

and SrCoxFe12xO19-LLDPE nano-composites for different x values are given in
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table 3.2. The water absorption by the composite is insignificant. There is marginal
increase in density of the nano-composites with increase in doping in the ferrite

content.

Thermo Gravimetric Analysis (TGA)

TGA of the prepared samples of SrAlxFe;2xO19-LLDPE (x = 1.0-3.0) and
SrCoxFe12xO19-LLDPE for (x = 0.2-1.2) is measured in the air atmosphere from
room temperature (25°C) up to 600°C to determine the decomposition temperatures
is shown in figure 3.9.
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Figure 3.9: TGA curves of the composites for different values of x (a) SrAlxFe12-xO19-LLDPE
(b) SrCoxFe12x019-LLDPE

The decomposition temperature of all the composites are found to be around 400°C
with weight loss of 5%. From 400°C up to 600°C weight loss is observed, this is
due to surface complexes formed during oxidation. Thus, the developed composite

are stable almost upto 400°C before they undergo thermal degradation.

Saturation Magnetization
Hysteresis loops (M-H) at room temperature is measured for SrCoogFe112019

powder as shown in figure 3.10.
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Figure 3.10: Hysteresis loop of SrCoo.sFe11.2019

The saturation magnetization values of the composites SrAlxFe12.xO19-LLDPE
and SrCoxFe12xO19-LLDPE are given in table 3.2. It is seen that saturation
magnetization decreases with increase in aluminium and cobalt content in the

strontium ferrite in LLDPE composite.

Table 3.2: Water absorbance, density and 4mMs of SrAliFei12xO19-LLDPE &
SrCoxFe12-x019 -LLDPE nano-composites

Composition Water Density | 4nM;

P absorbance (%) (g/cc) (G)*
SrAlxFe12.x019-LLDPE

x=1.0 0.01 1.11 85

x=2.0 0.01 1.28 83

x=3.0 0.02 1.36 82
SrCoxFe12.x019-LLDPE

x=0.2 0.02 1.11 102

x=0.4 0.01 1.23 100

x=0.6 0.02 1.29 95

x=0.8 0.01 1.34 87

x=1.0 0.01 1.37 83

x=1.2 0.01 1.38 80

* values rounded off to nearest whole number

3.2.4 Microwave characterization of the developed composite

The real part of the complex permittivity, &' and tan J. (: ?) of

SrAlxFe12xO19-LLDPE nano-composite for x = 1.0, 2.0, 3.0 (figure 3.11 a and b)
and SrCoxFe12xO19-LLDPE nano-composite for x = 0.2, 0.4, 0.6, 0.8, 1.0,
1.2 (figure 3.12 a, b) are carried out in the frequency range of 8.2-12.4 GHz.
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With increase in aluminium ion substitution, & increases. The maximum &'
is observed for the SrAlxFe12.xO19-LLDPE composite with x = 2.0. SrAlxFe12.xO19
in composites have electrons having different locational natural frequencies and
damping, leading to different interacting frequencies with the electromagnetic
wave, resulting in some variations in &' values. In M-type ferrite, for x >1.9,
aluminium replaces the iron mostly in the octahedral sites (12k, 4f2, 2a) [14]. With
increase in the aluminium ions, the exchange phenomenon between Fe* to Fe?
reduces, thus leading to decrease in complex permittivity values. The resonant
behaviour in the relative complex permeability is observed due to natural resonance
phenomenon that takes place in the hexaferrite in the GHz range. As reported by
Qiu et al. [17], for substitution of aluminium < 1.9, the contributions to the
anisotropy constant of iron ions on 4f,, 2a and 4f; are relatively small as the iron
ions on a 12k site have a negative effect on anisotropy constant, thus reducing the
overall field anisotropy.
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Figure 3.11: (a) &, (b) tan &, (c) u-"and (d) tan 5, of SrAlkFe12-x019 (x = 1.0 to 3.0)
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The ferromagnetic resonance frequency (fr) follows the relation

fr =Hq (3.1)
where vy is the gyromagnetic ratio and Ha is the anisotropy field. Thus, the natural
resonance frequency (fr), corresponding to peak in z' and ", shifts towards the
higher side. The value of ' and g" increases when x > 2.0 in the

SrAlxFe12xO19-LLDPE nano-composite.

The real part of the complex permittivity, &' and tan o, (= gL") for

£t
SrCoxFe12xO19-LLDPE nanocomposites for different values of x over the X-band
are plotted in figure 3.12 (a and b). Some fluctuation in the permittivity spectra is
observed. When em wave impinges on the magneto-dielectric molecule, the
electrons of the molecule interact with the em wave at different frequencies leading
to fluctuations of the polarization of the molecule [3, 21].
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Figure 3.12: (a) &, (b) tan &, (c) u-’and (d) tan 6, of SrCoxFe12x019 (x = 0.2 to 1.2)
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For SrCoxFe12xO19-LLDPE, increase in &’ is observed with inclusion of
cobalt ions. In M-type ferrites, it is reported that cobalt ions tend to occupy
octahedral site, replacing iron ions [18, 22]. This subdues the exchange
phenomenon between ferric and ferrous ions at the octahedral site leading to
increase in the complex permittivity values. With further increase of cobalt dopant,
the iron ions from octahedral sites migrate to tetrahedral sites, enhancing the
electron hopping and thereby lowering the complex permittivity [23, 24]. Increasing
x values beyond 0.8 shows a decreasing trend for tan J.. The space charge carriers
in a dielectric require a finite time to line up their axes parallel to the alternating
microwave electric field. Cobalt ions, due to its degeneracy [15], exhibit a
phenomenon of spin-orbit stabilization as a result of coupling between
lattice-orbital interaction and spin dipoles by ferromagnetic exchange interactions.
The spin-orbit coupling contributes to spin lattice relaxations. With increase in
cobalt content beyond a certain limit, the relaxation frequency becomes comparable

with the driving frequency, resulting in reduction in tan o, values. Real part of
complex permeability, 4" and tan J,, (= %) are plotted in figure 3.12 (¢ & d). The

resonant behavior in the complex permeability observed is due to natural resonance
phenomenon which causes the permeability to increase before dropping, resulting
in a resonance frequency around gyromagnetic critical frequency, also known as
the spin relaxation frequency which is very close to the resonance frequency in the
GHz range [25]. According to the ferromagnetic resonance theory, the resonance
frequency (fy) is proportional to the anisotropy field (Ha), which is expressed by
equation (3.1). M-type hexagonal ferrites have large crystalline magnetic anisotropy

and shows f; in the range of 50-60 GHz. The magneto-crystalline anisotropy energy
density is given byE:(Kl—KZ)sinZQ where the effective anisotropy constant

(K=K1-Ky) is an average contribution of anisotropy energy due to the iron ions (K1)
and the cobalt ions (K2). Cobalt ions contribute to the magnetic anisotropy change
in substituted hexaferrites [26]. Cobalt substitutes iron at the octahedral sites,
leading to reduction in overall magnetic anisotropy. Cobalt substituted strontium
ferrite is reported to become positive beyond a certain limit, thus, lowering the
effective anisotropy [27]. Thus, substitution of iron ions with cobalt ions in
octahedral sites results in decrease of anisotropy, thus, shifting f,to the lower side.

It is reported by Dionne [16] and Wartewig [28] that large relaxation time usually
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gives lower anisotropy values resulting in higher permeability values. Cobalt is
reported to be good relaxers due to its degenerate states, hence increase in cobalt
content results in increase in . Beyond a certain content of cobalt (for x > 0.8), the
anisotropy of cobalt substituted strontium ferrite becomes positive causing the

complex permeability to drop.

3.3 Design of a single layer absorber using transmission line model

Single layer absorber is designed in the X-band for all the compositions of
SrAlxFe12xO19-LLDPE and SrCoxFei2xO19-LLDPE nano-composites and the
complex input impedance, Zin, is determined for thickness, t=1 mm to 4 mm in steps
of 0.5 mm. Table 3.3 and 3.4 gives the real (Zin) and imaginary (Zin ) values of
input impedance for different thicknesses and different values of x.

The real and imaginary part of impedance with t = 3 mm, for all the
compositions, show better matching of impedance with free space.

Table 3.3: Real & Imaginary part of Input impedance, resonance frequency with different ¢ for
SrAlxFe12-x019-LLDPE nano-composite with varying aluminium (x=1.0 to 3.0)

SrAlxFe12-x019-LLDPE
x=1.0 x=2.0 x=3.0
t fr Zin’ Zin” fr Zin’ Zin” fr Zin’ Zin”
(mm) | (GHz) | () (@) |(GHz) | (Q) (@) |(GHz) | (Q) ()
1.0 | 11.89 | 13.28| 118.70 | 9.54 10.04 | 144.33 9.21 5.43| 100.55

1.5 | 11.89| 28.12| 180.07 | 9.54 59.00| 295.20 9.21 | 30.95| 255.96
2.0 |11.89|102.39| 310.88 | 9.54 |243.93| 348.30 9.21 |115.97| 399.45
2.5 | 11.89 |508.05| 432.35 | 9.54 |475.48| 71.41 | 12.31 |810.50| 315.65
3.0 9.88 | 392.11|-209.00 | 9.54 |389.32| -0.91 9.29 |279.98|-121.08
3.5 8.70 | 207.41|-217.71| 9.71 |400.34| -73.63 9.20 | 618.18|-201.66

4.0 8.20 | 560.46 [-365.04 | 9.71 |395.64|-110.06 | 9.29 |519.98|-129.43
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3.4 Absorption studies

Theoretical computation of reflection loss of SrAlxFe12.xO19-LLDPE and
SrCoxFe12xO19-LLDPE nanocomposites are carried out in each composition. Based
on the theoretical results, a single layer metal backed absorber is fabricated and
tested for microwave absorption over the X-band.

3.4.1 Computed microwave absorption using TLM

The thickness of the absorber sample is varied from 1 mm to 4 mm in steps of
05 mm for all the SrAlxFe12xO1-LLDPE and SrCoxFei2-xO19-LLDPE
nano-composites. Reflection loss for SrAlxFei2xO19-LLDPE composites is

calculated with t varying from 1 mm to 4 mm and are given in figure 3.13.
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Figure 3.13: RL. of of SrAlxFe12.x019-LLDPE composite (a) x=1.0, (b) x=2.0, (c) x=3.0 (Calculated)
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Figure 3.14: RL. of SrCoxFe12-x019-LLDPE composite (a) x=0.2, (b) x=0.4, (c) x=0.6, (d) x=0.8,
(e) x=1.0 (Calculated)

Reflection loss for SrCoxFe12.xO19-LLDPE composites with t varying from

1 mm to 4 mm and are given in figure 3.14. The detail of calculated reflection loss

(RL¢) along with for all the compositions are summarized in table 3.5 and table 3.6.
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Table 3.5: Calculated reflection loss (RLc), resonant frequency (fr) and calculated -10 dB
absorption bandwidth (BW.) with varying t of SrAlxFei12.xO19-LLDPE
nanocomposites

SrAlxFe12x019-LLDPE

x=1.0 x=2.0 x=3.0
t RL. fr BW:; RL. fr BW:; RL, fr BW:,
(mm) | (dB) |(GHz)| (GHz) | (dB) | (GHz) | (GHz) | (dB) | (GHz) | (GHz)

1.0 -0.84(11.89 - -2.34| 9.54 - -1.36 | 9.21 -
1.5 -3.15|11.89 - -4.69 | 9.54 - -2.67 | 9.21 -
2.0 |-11.14|11.89| 0.30 -9.31| 9.54 - -5.16 | 9.21 -

2.5 |-30.70|11.89| 3.03 |-19.21| 9.54 | 3.11 |-14.67 |12.31 1.10
3.0 |-32.33| 9.88| 4.20 |-45.23| 9.54 | 4.20 |-27.64| 9.29 3.61
3.5 |-29.71| 8.70| 3.86 |-39.77 | 9.71 3.36 [-19.88 | 9.20 4.04

4.0 |[-2193| 8.20| 235 |-2241| 9.71 243 |-1997 | 9.29 1.93

The results show that for a thickness of t = 3 mm, maximum reflection loss is
obtained. As, the thickness satisfies the condition of destructive interference at a
particular frequency, the reflection loss is found to be maximum at that frequency.
Sheets of thickness 3 mm are fabricated for experimental evaluation of absorption

performance for all the compositions.

Table 3.6: Calculated reflection loss (RLc), resonant frequency (f-) and calculated -10 dB absorption

bandwidth (BW.) with varying ¢t of SrCoxFe12-x019-LLDPE nanocomposites

SrCoxFei2.x019-LLDPE

x=0.2 x=0.4 x=0.6 x=0.8 x=1.0 x=1.2
t RL: fr BW, RL. fr BW, RL: fr BW, RL: fr BW, RL: fr BW, RL: fr BW,
(mm) | (dB) | (GHz) | (GHz) | (dB) | (GHz) | (GHz) | (dB) | (GHz) | (GHz) | (dB) | (GHz) | (GHz) | (dB) | (GHz) | (GHz) | (dB) | (GHz) | (GHz)
1.0 | -02| 9.7 -| -13| 96| -| -11| 97| -| -ro|114| -| -06]|111| ~-| -05]|114
15 | -16]| 124 - 271 9.6 -1 23] 97 -1 22 124 -] <14 | 114 -] 11| 114
20 | -54|124| -| -54| 96| -| -56|124| -| -60|124| -| -47| 97| -| 57| 97 -
25 | -13.6| 124| 10| -11.8| 120| 08| -13.8| 124| 18| -140| 124 1.01|-127 | 97| 0.17| -13.8| 9.7| 0.10
30 | -25.1| 108| 42| -258| 96| 42| -252| 97| 42| -282| 97| 420|-21.6 | 97| 3.87| -202| 9.7| 3.80
35 | -16.9| 103| 3.1| -205| 96| 3.1| -200| 97| 34| -195| 97| 4.20|-181 | 93| 3.61| -140| 9.3]| 3.03
40 | -183| 86| 25| -187| 97| 21| -182| 97| 24| -21.7| 82| 350|-221 | 82| 26| -204| 82| 17

3.4.2 Measured microwave absorption

The measured reflection loss (RLm) and calculated reflection loss (RLc) spectra
for of SrAlxFe12xO19-LLDPE and SrCoxFe12xO19-LLDPE nano-composites with
for t = 3 mm are given in figure 3.15 and 3.16.

A maximum RL of -26.7 dB and -10 dB absorption bandwidth of
2.86 GHz (11.64-8.78 GHz) over the X-band is found for 60 wt. % for
SrAlxFe12xO19-LLDPE composite (x = 2). The decrease in & and ur with increase
in X beyond 2.0 leads to lower loss tangent values which in turn affects absorption.
SrCoxFe12xO19-LLDPE nano-composite with x = 0.2 shows -16.3 dB at 11.2 GHz.
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With the increase in cobalt ions in SrCoxFe12xO19, two distinct absorption peaks
>-10 dB are observed (figure 3.16). The sample with x = 0.8, shows a -10 dB
absorption bandwidth of 3.56 GHz (8.84 GHz-12.4 GHz) and two absorption peaks
of-21.2 dB at 9.3 GHz and -19.1 dB at 11.7 GHz in the RL envelope. The decrease
in &r and ur with increase in x beyond 0.8 leads to lower loss tangent values affecting
the absorption.

From the Figure 3.15 and 3.16, it can be seen that the resonant frequency of
RLm and RL. are in close proximity; the small shift in frequency could be due to
fabrication tolerance. Also, practically, the absorber is designed for specific
thickness satisfying the condition of destructive interference at a particular
frequency. The designed thickness may not satisfy this condition over the entire
X-band leading to lower measured -10 dB absorption bandwidth as compared to
calculated. However, maximum RL is observed for 3 mm thick samples, for both
the modelled and fabricated absorbers.
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Figure 3.15: Measured and calculated RL SrAlxFei12.x019-LLDPE composite with ¢t = 3mm
(a)x=1.0,(b)x=2.0and (c) x=3.0
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The attenuation constant, «a, of the SrAlxFe».xO19-LLDPE and
SrCoxFe12xO19-LLDPE nano-composites is calculated for X-band from the
measured & and pr values of the composites. The attenuation spectra follow the

resonant behavior of complex permeability of the ferrite. The attenuation constant
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obtained for SrCoxFe12xO19-LLDPE nano-composite is maximum for x = 0.8 which
IS 79.89 dB/cm at 9.5 GHz. The percentage absorption is given in figure 3.17.
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Figure 3.17: Attenuation constant
(a) SrAlFe12-x019-LLDPE (x = 1.0 to 3.0)
(b) SrCoxFe12.x01o-LLDPE (x = 0.2 to 1.2)
Table 3.7 gives a summary of the absorption performance of SrAl.Fe10019-LLDPE
and SrCoo.gFe11.2019-LLDPE nano-composites. Absorption performance of other
reported work in the X-band using strontium ferrite as filler is presented in table 3.8

along with the present work.

Table 3.7: Absorption performance of SrAlzFei0019-LLDPE and SrCoosFe112019-LLDPE
nano composites (t=3 mm)

Ferrite compositions RLn Jr -10 dB absorption %
P (dB) | (GHz) bandwidth absorption
2.86 GHz .
SrAlzFe10019-LLDPE 26.7 9.12 (8.78 -11.64 GHz) 99.76 %
3.56 GHz
- - 0,
SrCoo.sFe11.2019-LLDPE 23.2 9.3 (8.84 GHz-12.4 GHz) 99.52 %

Table 3.8: Comparison of microwave absorbing properties of recent reported doped single
layer absorbers

-10dB
Material composition Thickness | Max RL (dB) bandwidth
P (mm) (GHz)

Theor. | Exp. | Theor. | Exp.

SrF_eu.zZno.som in  epoxy 25 -29.81 - 2.77 -
resin [29]

Sr1.96Gdo.04C02Fe27.80Mno.2046

in paraffin wax [30] 3.5 252 ) 1.50 i
SI'Z.I’IZXCOXF616027 in epoxy 45 -28.0 i 210 i
resin [31]

SrAl;Fe10019-LLDPE 3.0 -45.23 | -26.7 4.20 | 2.86
SrCoo.sFe11.2019-LLDPE 3.0 -39.70 | -23.2 4.20 | 3.56
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3.5 Conclusion

In this chapter, the studies conducted show that addition of cobalt enhances
the absorption properties of M-type strontium ferrite-LLDPE nano-composite in
X-band. The sample SrCoogFe112019-LLDPE nanocomposite with thickness 3 mm
shows more than 90 % absorption over the X-band with two distinct absorption
peaks of ~ -20 dB. In case of SrAl:Fe10O19-LLDPE nanocomposite, it shows a
bandwidth of 2.86 GHz (8.78-11.64 GHz). Studies conducted on the effect of two
different  doping elements on  SrFe;2019 show that bandwidth
of SrCoo.gFe112019-LLDPE nanocomposite covers the absorption bandwidth of
SrAlbFe10019-LLDPE  nano-composites. Therefore, for multilayer studies,
SrCoo.sFe112019-LLDPE nanocomposite and SrFei2019-LLDPE nanocomposites

are considered.
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