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Abstract

In this article, we have synthesized the PolypgtBlay ¢Sro 412010 (PBSF) composite
via in-situ polymerization technique. The synthedizamples were further characterized for
structural, electrical, magnetic and microwave dfisg characterizations. The X-ray diffraction
patterns reveal the formation of pure hexagonaitéephase whereas the Fourier transform
infrared spectrums and X-ray photoelectron spectqmg confirms the formation of
polypyrrole/BSF composite structure. The microwabsorbing and shielding properties were
studied in the frequency range 8-18 GHz. Using ¥ Kn band. The magnetic properties were
studied using VSM and the PBSF37 composite showshighest magnetic moment 59.58
emu/gm rather than the other PBSF composites arel R8BF ferrite. The PBSF37 shows the
maximum microwave absorption of 89% over the breadbfrequency range 8-18 GHz. The
maximum shielding effectiveness 37.49 dB at 15.2z@drresponding maximum microwave
properties were also observed for the same sample.
Keywords. Composite materials; electromagnetic propertiessitun polymerization; magnetic

moment; XPS
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1. Introduction

Recently, conducting polymer composites have reckitremendous attention due to
their electrical and ferromagnetic properties. Tthesstudy on this kind of composite materials
has become a most active and promising research [Ar8]. Since conducting polymer
composites have potential applications in batteflds supercapacitors [5], electrochemical
display devices [6], molecular electronics [7],ottemagnetic shields [8], microwave absorbing
materials etc [9]. Now a day's number of commoation devices utilizing GHz-range
microwave radiation has increased considerdi@dgause of their high rate of data transfer. As
a consequence, however, electromagnetic imezrée (EMI) has become a serious issue.
So to prevent this problem, microwave absorbetsisthg hexagonal-type ferrite [11,12] or
metallic magnetic materials [13-15] or polymeanaterials [16—19] are now widely used. So
the polymer magnetic composites containing feagnetic nanoparticles are studied as
promising for different applications [20].

In microwave applications, ferrites serve as be#fectromagnetic interference (EMI)
suppressors than their dielectric counterpartsamount of their excellent magnetic properties.
Ferrite materials exhibit various electrical and gmetic properties of which complex
permeability and complex permittivity, in particuylaare important in determining their high-
frequency characteristics[21]. Whereas conductimlgmpers serve as a good electrical conductor
with high dielectric loss factor. So the compoghese two electric and magnetic component
materials play a crucial role in the microwave absw material applications. Owing to their
advantages in respect to lightweight, low costjgrefiexibility, and microwave properties over
intrinsic ferrites and polymer [22].

In this paper, we prepared a relatively simplg 8 4sFe1,0:9BSF/Ppy nanocomposite to
develop a new EM absorbing composite material. B&koparticles were chosen as magnetic
components, for their high microwave absorbing proes. While the Ppy was chosen as the
electrical component, for its good conductivity arugh dielectric loss. BSF/Ppy
nanocomposites were prepared via an in-situ oxadgiolymerization in an aqueous dispersion
of BSF powder. The BSF powder was prepared by plsirauto combustion procedure. The
prepared BSF powder was dispersed steadily in palanphase. However, it was hard for BSF
powder to composite with Ppy under this conditiare do their poor dispersity in the aqueous

phase. Therefore, BSF powder was hydrophilically diied. After hydrophilic



functionalization, the composition of BSF powderttwpolypyrrole was carried out by the
oxidative polymerization of pyrrole in agueous nzeddn the basis of some measurements, it is
found that this BSF/Ppy nanocomposite has a gaaxreimagnetic wave absorbing performance
with a wide frequency range 8-18 GHz.
2. Experimental

2.1 Synthesis of Ppy powder

For the synthesis of polypyrrole powder, the stgrtimaterials used were pyrrole
monomer, HSO, and KS,0g The simple chemical bath deposition technique weesduThe
detailed procedure of synthesis of Ppy discussediirprevious report[17].
2.2Synthesis of BSF nanoparticles

The starting material was used as Fe{NOHO,Sr(NG).-6H0, Ba(NQ),-6H,0 and
citric acid for the synthesis of BSF nanoparticld®y using the simple and cost effective auto
combustion technique the BSF nanoparticles wer¢hsgized. The detailed procedure of the
auto combustion technique and the synthesis of B&kder were discussed in our previous
report [23].
2.3 Synthesis of BSF/Ppy nanocomposite

The PPY/BSF composites were synthesized by i sibhemical oxidative
polymerization in the presence of optimized BB8&noparticles, with potassium persulphate
(K2S,0g) as the oxidant and ,HOsas the dopant. A detail preparation process fof/B8F
composites is as follows: BSF powder was added .io @ H,SO, with DBSA under
ultrasonication for 30 min to obtain a uniform seispion, and then the pyrrole monomer was
added under ultrasonication for another 30 minaionfa pyrrole/ HSO, mixture containing
BSF. In the polymerization reaction the, sulfua@d plays an important role. Since it produces
H" ions and S@ ions and which takes the part in the polymerizatieaction. The mixture was
cooled in an ice-water bath for 1 h before a prEabd,S,05 aqueous solution was added for
oxidative polymerization for 24 h under vigorous amenical stirring, with the temperature
controlled at 0-5°C. The precipitated powder wastrieiged and washed with distilled water
and anhydrous ethanol until the filtrate becamerbeds and then was dried at 80 °C for 24 h.
Throughout the experiment, the molar ratio of plarto HSOu([pyrrole]/[H.SOy]) and to
K2S,0g([pyrrole]/[K2S,0g]) was retained at 1:1. The possible reaction meishaof Ppy/BSF is

as follows —



In the polymer reaction, the polymerization tecluigplays an important role for
determining morphology, molecular weight, chaireanity and internal defects in the material.
Here we have used the in-situ polymerization tegimmifor the synthesis of polymer ferrite
composite. Here the water is the continuous phdseas the DBSA as a surfactant acts as the
discontinuous phase. In typical aqueous solutierdibpersed ferrite particles forms the globular
or spherical nanoparticles. Generally in emulsiotymerization, there are chances of formation
of macroscopic particles and that can be prevelnyeaddding the steric stabilizers like polyvinyl
alcohol, poly-(N-vinylpyrrolidone), cellulose etlserbut in this case the DBSA itself acts to
prevent the formation of macroscopic precipitatiothen monomer solution along with the
dopant is added into the ferrite DBSA and into ¢tixédant solution, the sulphonate ions are
formed around the ferrite particles and the polyration takes place at the interface of
boundary. During this reaction the ferrite padschre trapped in polypyrrole porous matrix. The
four different mass ratios of the pyrrole mononmeBSF nanoparticles at 1:9, 3:7, 5:5, and 9:1
were prepared respectively. These powders were maasgd into small pellets using the
hydraulic press. The 10-ton pressure was usech®ocompression of powder and further these
pellets were used for the various characterizatibhe schematic of the preparation of Ppy/BSF
composite is illustrated in Fig.1.

3. Result and discussion
3.1 X-ray diffraction patterns

The X-ray diffraction patterns of pristine polypgte (Ppy), pristine BSF, and Ppy/BSF
composites are presented in Fig.2. From fig. $ien that the peaks observed in pristine BSF are
also observed in Ppy/BSF composites. The main peARSF have been observed at 19,08
30.52, 32.30°, 34.32°, 35.74 37.29°,40.49°, 42.51°, 50.3954.28, 55.20°, 56.75°and
63.15°corresponding to the (102), (110), (107)4§11108), (203), (205), (206), (209) (217),
(2011), (220) and (317) reflections, respectivélly.the observed peaks were matches with the
JCPDS card no.00-051-1879 having an M-type hexdgomatal structure. This indicates that
presence of BSF nanoparticles in the prepared F§#y/Bomposites. The diffraction peaks
observed in Ppy/BSF composite diffraction pattemese observed at the same diffraction angle
position that of the observed in pristine BSF, timdicates that the structure of BSF was not
altered after the in-situ polymerization reactidriPpy and BSF. With the increase in the content

of ferrite nanoparticles in Ppy medium, the intgnsif all the diffracted peaks was increased.



This shows that the formation polymer compositeitghigher crystallinity. On the other hand,

the intensity of the all diffracted peaks in the Ay composite diffraction patterns were
observed to be weak as compared to the intensipeaks observed in the pristine BSF. This
indicates that BSF nanoparticles were get coatéd Rpy. From the most intense and prominent
peak i.e. (114) the crystallite size for Ppy/BSHaowmposite particles was calculated. The
crystallite size can be calculated by line broadgnising Sherrer’s formula[24]equation (1)

kA
pCos6 (1)

Wherel is the X-ray wavelength,

D is the crystallite size in angstroms,
O the Bragg angle in degrees, and
B is the line broadening FWHM measured in radians.

k the shape factor,
The value of k is often assigned as 0.89 which dépe®n several factors including the Miller
index of the reflecting plane and the shape ottiystal.
The average crystallite size for Ppy/BSF nanocoipdgs been calculated using the equation
(1) and estimated as 48 nm.
3.2 X-ray photoelectron Spectroscopy

X-ray photoelectron spectroscopy (XPS) is a widebed surface analysis technique
because it provides valuable quantitative and cba&nstate information from the surface to a
depth of approximately 10 nm. To study the surfaoenponents and the valences of the
elements of the composite, the samples were futharacterized by XPS. The low resolution
(survey scan) spectrum of Ppy/ BSF composite ctinsis8 peaks: C Is at 284.6 eV, N Is at
399.8, O Is at 532.01 and the oxidation stateasf was inferred from the XPS core-level spectra
of Fe 2p. Although a large number of XPS studigg@gched the iron oxides, to unambiguously
discern between them remains a difficult task. Adow to the wide scan spectra (Fig. 3(a)), Fe
peak is not clearly observed and there is a weak pée 399.8 eV corresponding to the pyrrole
nitrogen (-NH-) and the other two peaks of C 1s @ntls exhibit stronger intensities[25,26]. The
Cl1s core level spectrum (Fig. 3(b)) of the compgositad of three sub peaks at binding energies
284.6, 287.1 and 288.7 eV respectively, which aaatlributed to C-C/C-H, C-N and C-O. Also

from the wide scan spectra, (Generally in polynpatypyrrole and polyaniline) the N atom of



polypyrrole have three different nitrogen specieamely the imine-like (=N-) with binding
energy 398.3 eV, amine-like (—-NH-) with binding emne 399.8 eV, and positively charged
nitrogen (N+) structure with corresponding bindemergy 401.5 eV [26]. This is shown in Fig.
3(c). In addition, The Fe 2p spectrum containsdbeblet Fe 2p3/2 and Fe 2p1/2 with binding
energy values of 710.49 and 724.06 eV, typicahfagnetite (Bhargava et al., 2007). Each peak
from Fe 2p spectrum can be deconvoluted into twopmnents corresponding to*fand Fé&"
ions from magnetite. One can observe the contobutf the Fe 2p3/2 satellites located at
713.98 eV and 727.17 eV which correspond t& Baed Fé* species (Brundle et al., 1977). The
XPS peak of F& is observed at 710.49 eV shown in Fig.3(d), whighees with the results of
previous articles [27,28]. Fig.(e) shows decomeduspectrum of O 1s peak of PPy/BSF, in
which the peak at 532.01 eV is corresponding toG@h©®, C=C and —OH. The deconvoluted
spectrum of S2P signal is shown in fig. (f). In ahhithe sulfur located at four places as 163.69,
165.02 and 168.90 which corresponding to Ppy-86d Ppy-8s group [29,30]. This is
obtained due to the use of surfactant at the tifnesaction. The above mentioned analysis
confirms the successful preparation of Ppy/ BSFpmusite. These results are in also agreement
with the XRD data.

3.3 FT-IR Spectroscopy

The FT-IR spectra of the pristine Ppy, BSF and BS¥ composites were recorded using
a Perkin Elmer IR spectrophotometer in the rang@Z®0cm which is depicted in Fig.4.
From Fig. it is seen that the Ppy/BSF compositepdamontain the characteristic absorption
bands of both pristine Ppy and BSF. In ferriteg thetal ions are usually situated in two
different sublattices, designated as tetrahedrdlatahedral sites according to the geometrical
configuration of the oxygen nearest neighbors[9].

In Fig.4 it is seen that the two intense absorpliands observed at ~600 ¢rand ~420
cm’ are of the BSF which are identified as the metatgen stretching vibrations of BSF. The
characteristic absorption bands of Ppy occur at 899, 1046, 1094, 1182, 1294, 1479, 1554
and 1706 cm. The principal absorption bands observed in thdEEpectra of Ppy, with and
without BSF are given in Fig.4. From the IR speetsut is clearly seen that as the Ppy content
increases in BSF, the intensity of all the bandsclwitorresponds to Ppy were increased. The
peak observed at 1046 ¢iis due to the N-H in-plane deformation, whereaspiisak occurred at
908 cm*is due to the C-H out of plane deformation. Thecbtrtated at 795 is the C-H out of



plane ring deformation. The band at 1554 coorresponds to the C-C stretching vibrations in
pyrrole ring[22, 23].

There are also some bands found in the region 250 to 1100 cih that correspond to
the breathing vibration of the pyrrole ring. Theag of the S=0 stretching vibration of sulfonate
anion (expected at 1183 &nis observed at 1182 ¢émThe band attributed from 1400 to 1250
cmtis attributed to C—H or C—-N in—plane deformationd®s and has a maximum at 1294%cm
The band at 1479 chis assigned to C—N stretching of the quinoid ringich arises due to the
protonation of Ppy by the dopant [33]. These baatds554 and 1479 ciare the characteristic
bands of the nitrogen benzenoid and quinoid forntsaae present due to the conducting state of
the polymer. The peaks attributed in the region-800 cni are the characteristic peaks of para
substitution of the aromatic ring and which revedt the polymerization has proceeded via a
head-to-tail mechanism[23—-25].A small band obseraed 706 crit which correspond to the
presence of carbonyl group of prepared polypyroamposite. From this, it confirms that the
Ppy/BSF composite was formed successfully
3.4 Scanning electr on microscopy

The morphology of the obtained Ppy/BSF composite een studied using scanning
electron microscopy. The Fig. 5 shows the scanelegtron microscopic images of pristine Ppy,
BSF and Pp/BSF composites with different weighbgtThe fig. 5 (a) shows the pristine Ppy. It
indicates that the Ppy nanoparticles have unifordiltributed. After the 10weight percent
mixing of BSF nanoparticles in the Ppy nanoparsiceeedium (PBSF91) there is no drastic
change in morphology was observed but at the 5@hw@iercent mixing of BSF nanoparticles in
Ppy medium the good dispersion of BSF nanopartiolese observed. Also, the slight
agglomeration was started. After 70 weight percamting the strong agglomeration between
Ppy and BSF nanoparticles were observed and thehbanof Ppy/BSF nanocomposite were
formed. In 70-30% nanocomposite sample, Ppy hasrapped the BSF nanoparticles
effectively, and composite particles are irregutashape with a rough surface which creates the
bunches of composite nanopatrticles. Further inargdale concentration of BSF nanopatrticles at
PBSF19 (e), it indicates the non- uniform distribotof composite nanoparticles.
3.5DC dectrical conductivity

The room temperature electrical resistance of B8F and Ppy/BSF composite pellets

was measured using two-point probe method.



The resistivity and DC conductivity were calcuthtesing the equation (2)

RA
p=—
S 2)

Where R is the resistance of the film

A'is the area of the film

L is the length of the film
Table 1 depicts the variation of resistance witl/BSF ratio. From this table, it is observed that
the pristine Ppy shows the maximum conductivit#®f70 x10*S/cm while the pure BSF pellet
shows the maximum resistivity. As ferrite contentreases from 10-90% in the Ppy the
resistivity increases and conductivity decreasmfrd.0484 x 16to 49.70 x1G The increasing
resistance of nanocomposite may be attributed aoirtbulating and magnetic behavior of the
BSF nanoparticles which acts as core and partoakialge of the conductive path also resistance
increased by increasing Mf nanoparticles. Also, there were so many facforanterpreting
conductivity such as a dopant, doping level, ctisty, the length of conjugate chain, the
interaction between conjugate chains, and molecwéght, etc. It was known that the Ppy was
a conducting polymer while the ferrite particlesrgvensulators, so the conductivity of the
composites may decrease with the ferrite conteme. iitroduction of the ferrite particles would
affect the crystallinity of the Ppy, further resdt in destroying the conjugated degree,
continuity, and regularity of the chains. Besidég, interaction between the ferrite particles and
Ppy chain, and possible bonding effect betweemtéil cation and the Ppy made the electronic
density of the polymer chain reduce and hence texbuh the decrease of the conductivity [36—
38].
3.6 Magnetic Properties

Magnetic properties of pure Ppy, BSF and its contposith Ppy were studied using
Vibrating Sample Magnetometer (VSM).Fig.6 depitis magnetization (M) versus applied field
(H) for pure BSF and Ppy/BSF composites with aedéht weight ratio of polymer with BSF.
The magnetic properties of BSF and Ppy/BSF comp®sitere analyzed at room temperature
with an applied field —10kOs H < 10kOe.

The magnetic parameters such as coercivity), (lBaturation magnetization (M
remanence (M and squareness of the loop {Ms) calculated from hysteresis loops for Ppy,
BSF and different composites of Ppy/BSF were tdbdlan Table 1. The BSF and all



composites of Ppy/BSF show the ferromagnetic benand magnetically they are hard at room
temperature. The single-phase-like smooth hysteiesips implying that the existence of the
exchange coupling phenomena in the Ppy/BSF congj@gi28].The value of saturation
magnetization and coercivity of pure BSF is as etge high i.e. 95.59 emu/gm and 3812 Oe
respectively. In the case of Ppy/BSF compositesthasBSF content increases in the Ppy
medium the value of MM, and H increases as expected up to 30-70% ratio of PR5te. The
Ms, M; and Hvary from 37.31 to 59.85emu/gm, 22.97 to 33.16emuénd 3400 to 4487 Oe
respectively. The increase in saturation magnédizas due to the high polydispersivity of the
BSF in Ppy matrix that arises due to the functimadibn of nano ferrites particles with the
surfactant DBSA and also the BSF have ferromagmetiare[22][41]. After the 30-70% at 10-
90% the value of all M M, and H were drastically decreased and it was observdxuk t49.72
emu/gm, 30.11 emu/gm and 3419 Oe respectively. Btagation and coercivity exhibit
monotonous increasing functions with the content BSF nanoparticles in Ppy/BSF
nanocomposite. After the weight ratio increased tap30-70%, the dipolar interaction is
suppressed by the exchange-coupling interactionitawdl dominate in nanocomposite ferrite
systems. The increase of effective anisotropy mdult in a decrease in exchange length L

according to eq. (3)

B A 1/2

Where A is exchange stiffness constant

(K) is the effective anisotropy and

Lex is the exchange length

The exchange-coupling interaction deteriorates, civhieads to the coercivity reduction.
Therefore, the Hvalue is lower than 10-90% K and its difference laghieved a maximum
value for the nanocomposite with a mass ratio e¥3@%, which implies that the hard BSF and
nonmagnetic Ppy grains are sufficiently exchanggted. Also when the metal cations at the
surface layer of nanoparticles are coordinated Wggdmnds, the spin-orbital coupling is reduced,
and consequently the surface anisotropy decredsehwauses the reduction of the coercivity of

composites [42,43].



In polymer ferrite nanocomposite the magnetic prige strongly depend on magnetite
or ferrite particles that have been believed tdilgaly dependent on the highly dependent on the
sample shape, crystallinity, and the value of magrparticles, so that they can be adjusted to
obtain optimum property[9].The squareness ratithefBSF and its composite with Ppy lies in
between 0.5 to 0.6 and which reveals the Ppy/BStamnposite exhibit the single magnetic
domain characteristic. Usually, the lower valuasee associated with larger particles and
domain-wall formation, and higher values witxture [44].

According to Stoner-Wolfarth [45] theory the cosity, H., of nanoparticles is

determined by magnetocrystalline anisotropy cordfaand saturation magnetization;k&q. 4)

H:2K

lqu S . — _— - (4)

Where jais the universal constant of permeability in freace, 4 x 10’"H/m. Thus, K can be
calculated combining the product of &hd M, and it can be easily deduced that the value of K
is also a monotone increasing function with theteoh of BSF nanoparticles in Ppy/BSF
nanocomposites, that is, the more Ppy coating erB®F nanoparticles produces samples with
smaller K. In M-type barium ferrites, lowering tlamisotropy field results in lower natural
resonance frequency. Because the observed magpetigerties of nanoparticles area
combination of many anisotropy mechanisms, the &gting on the BSF nanopatrticles will
likely affect the contributions of the surface anispy, shape anisotropy, and interface
anisotropy to the net anisotropy, K. Therefore, galymerization of pyrrole with BSF
nanoparticles, hard magnetic materials with alté&raaconductivities and magnetic properties
can be produced [46,47].
4. Microwave properties

4.1 Transmittance and reflectance

The fig.7 depicts the transmittance and reflectarasus frequency of pristine Ppy, BSF
and Ppy/BSF composites with different weight ratiésom fig.6 it is clear that as the ferrite
content increases in the polymer, the transmittaidcee composite decreases and the PBSF37
composite shows the minimum transmittance. Theameettransmittance of the composite is
about 2.9 % in the 8-18 GHz frequency range. Wiseirathe case of reflectance, with an

increase in ferrite content reflectance increasesthe PBSF55 shows the highest reflectance



and the average reflectance of PBSF55 is about A0f6. may be due to the morphology of
composite. Since the polypyrrole has a globularphology and the BSF have nanoparticles
with spherical morphology. The interconnected nghabule was combining with the BSF
nanoparticles and forms the denser morphology. fHsglts into the decrease in transmittance of
the PBSF37 composite[48]. On the other hand, thgnetsc nanopatrticles of the ferrite are more
responsible for increasing the reflectance of twhposite. The PBSF37 composite shows the
lower transmittance and lower reflectance tharother composites.
4.2 Microwave absor bance

The plot of absorbance versus frequency presdheiirig.8 The absorbance of the

composite was calculated from the data of tranamutt and reflectance using the eq. (5)
A=1-T -RorA=(1-T -R)x100---—-- E—

In conductive materials, absorption can also ansm resistive losses which consist in

transforming the electromagnetic energy in heatlyle effect [49]. It is seen from fig. the
absorbance of the composite varies with the frequend it varies irregularly with the ferrite or
polymer content. The PBSF55 shows the minimum g@bsor 70% whereas the PBSF37
composite shows the highest absorbance 89% whigiglsas compared to the other composite.
Since it can be seen from the data of transmittancereflectance the composite PBSF37 shows
the minimum transmittance and minimum reflectance lence the absorbance of the PBSF37
composite increases. Also, the surface of the PBSBE3compact and dense which is also
responsible for the increase in absorbance of dhgposite since the denser morphology is more
suitable for the microwave absorption. In the cosiigoPBSF37 the Ppy and BSF are formed the
strongly interconnected network of the caulifloveerd magnetic nanoparticles and which will
increase the resultant absorption of the material.

4.3 Shielding effectiveness (SE.)

Electromagnetic shielding effectiveness is desdrigiethe attenuation of electromagnetic
radiation by reflection or absorption in a materialpolymer composites, shielding mechanisms
are more complicated than those for homogeneouductime materials because of the huge
surface area available for reflection and multiggection. The first reflection of an EM wave
from a conductive material surface should be distished from the multiple

reflectionmechanisms which is the re-reflectiontttd waves already reflected [50]. The plane



wave shielding theory developed by Schelkunoffl[d@§l Schultz et al.[51] defines the shielding
effectiveness SE as- eq. (6)
SE=A+R+B (6)

Where B is a term which takes into account the lmmssed by multiplereflections inside the

shield, R is the reflection loss, and A is the apson loss.
The EMI shielding effectiveness (SE) of a mategalefined as the ratio of transmitted power to
incident power. Fig.9 shows the variation of SEBwirequency in the frequency range 8-18GHz.
The SE of the composite varies from 20.40 dB 3dB9The minimum shielding effectiveness
is observed 20.40 dB at 8.2 GHz while the maximinmelding effectiveness observed 37.49 at
15.2 GHz. From fig. it also observed that as threitée content increases the polymer the SE
decreases continuously but at composite PBSF3hatwvs the maximum value. The SE of
materials depends on the level of the conductigitg permittivity of the materials and their
variation with frequency. This may be due to tlatcertain level or at particular composition
(PBSF37) the total internal reflections in the miate get increased and these increased internal
reflections were attenuate the microwave radiatwnwhich will compel to absorb the
microwave radiations and hence the SE of the nat@creases , which results into the increase
in absorption.
4.4 Real and imaginary part of complex per mittivity

The VSWR slotted section was used to measure thifbieity of the sample. From the
position of minima and from the reflection coeféint the complex permittivity was calculated
using the Chapman [52] eq.(7)

E'= (1+ %j ands" = {MJ —_—- — - (7)

360d 86867

WhereAg¢is the difference of the phase shift with and witheample

Lo is the wavelength of the corresponding frequeamzy

d is the thickness of the sample
The plot of real and imaginary part of permittivitgrsus frequency is presented in fig.9. It is
seen from the real and imaginary part both decsaagh the frequency. This may be due to the
different polarizations occurred in the polymeritercomposite.

In polypyrrole strong polarization occurs due te thresence of polaron/bipolaron and
other bound charges, which leads to a high valu¢ afide”. As frequency increases the dipole



present in the system cannot reorient themselwegyalith the applied electric field, as a result,
dielectric constant decreases. It is observed fyoaph also. The real part of permittivity varies
from 59.40 at 8.2GHz to 7.60 at 18 GHz whereasirtreginary part varies from 41.57 at 8.2
GHz to 2.08 at 18 GHz. In a complex hexagonal stirecof hexaferrites, positive and negative
ions of different valences are separated at thgingirbond lengths it generates different
strengths dielectric moments which give rise toollip polarization. Also, in polycrystalline
ferrites, low resistive grains are separated byhlgigesistive grain boundary, which creates
heterogeneity and it gives the interfacial poldi@a Both the phenomena contribute to the
dielectric constante{). The dielectric losse() in the ferrites, however, depends on the number
and nature of the different ions present to exhigliaxation behavior. The presence of ferrous
Fe'* ion and ferric F& ion in ferrites also contributes to the values’aind ¢” due to enhanced
conduction and electron hopping mechanisms[53]. ddoer, when the frequency of electron
hopping between B& to Fé* ions matches that of the microwave, a dielectdsonance
phenomenon occurs, which is responsible for thé higlectric loss[54]. In present ferrite—
polymer composite, the contribution to dielectranstant and dielectric loss also occur due to
interfacial polarization and its relaxation as #@miconducting ferrite particles separated by
insulating matrix molecules giving rise to hetenogigy. Different relaxation frequencies of
various dipoles formed in the ferrite structurepping of electrons and the relaxation due to
interfacial polarization all are responsible fore toscillatory behavior of absorption in the
samples. However, as the ferrite content in the pamite is increased high and smooth loss
curves are obtained[54]. This can be attributethéooverlapping of individual relaxation peaks
of different dipoles and dominance of relaxatioe tluinterfacial polarization [55].

In polypyrrole composite both the phenomenon’s leappgether hence resulting in high
SE value. The polypyrrole composite PBSF37 has doslrelectric constant but the higher
dielectric loss which corresponds to enhanced val\8E due to absorption [22].
4.5 Microwave conductivity

The microwave conductivity is directly related betimaginary part of permittivity so the
microwave conductivity of the Ppy/BSF composite barcalculated using the eq. (8).

O = 27TF£0E" —amee e 8)

The graph of microwave conductivity versus frequyeiscshown in fig.11. From the graph of

microwave conductivity, it is seen that microwawnductivity increases with frequency. The



microwave conductivity varies between 2.09-27.84eincrease in the content of ferrite in
composite increases the interaction of electrornhb laitice ions through long-range forces and
the resulting interaction produces lattice polarta which acts as a potential well. This hinders
the movement of an electron and, hence, decrehsemability of the material. This indicates
the loss of polaron type of conduction, which supgpadhe dielectric loss in microwave
region[41].The PBSF37 composite shows the highestievof microwave conductivity and
which support to the high microwave absorption.

Here the microwave conductivity is larger than DiDductivity of the composite. This is
may be due to low protonation. This supports a hnetsland model for conduction with a
combination of hopping and electronic conductiorurdng depending on dopant level. For
higher protonation levels, microwave conductivifgpeoaches the DC conductivity at room
temperature[56]. As seen from the graph of trartamie and reflectance, the transmittance
shows much lower value than the reflectance arathks microwave conductivity is quite high.
There might be a collapse of electric field compur# the microwave radiation occurring when
it impinges on the high conductivity film. The coogite materials are very promising materials
for their microwave applications. Since those make exhibit good complementarities
between dielectric loss and magnetic losg, mhicrowave absorbing properties are closely
related to the structure.

5. Conclusion
The Ppy/BSF nanocomposites were successfully ssizéet via in-situ polymerization

technigue. XRD patterns and XPS study shows thadton of BSF/Ppy composite with intense
peaks of BSF ferrites. With increasing polymer eomtin ferrite, the intensity of diffraction
peaks decreases. In FT-IR spectrum, the peaksnprase400 crit and ~600 cm in the ferrite
sample are also observed in the BSF/Ppy compaoaitgle which confirms the formation of
BSF/Ppy composite. The surface morphology of BS{/®ample shows the porous structure
with increasing polymer content in the ferrite séangnd the grain boundaries are clearer at 30-
70% composite sample. The magnetic study reveads hilghest saturation magnetization
(59.85emu/g) and coercivity (33.02emu/gm) was oleseat 30-70% composite sample. While
the squareness ratio of 30-70% sample shows tlewthich confirms Ppy/BSF nanocomposite
exhibits the single magnetic domain characteriskite 30-70% composite sample shows the

minimum transmittance and higher reflectance intmmle X and Ku-band frequency range.



The 30-70% composite shows the good SE value (3dB)9with high microwave absorption
about 89%. The real and imaginary part of permijtidecreases with increase in frequency and
the microwave conductivity is much greater than@i@zconductivity.
6. Acknowledgement

One of the author Dr. Vijaya Puri gratefully ackrnedges UGC India for Award of
Research Scientist ‘C’. The authors also thank U&® and DST-FIST for their assistance. All

authors thanks, PIFC, Department of Physics, SUWKfoviding instrumentation facility.



References

[1]
[2]

[3]
[4]

[5]
[6]

[7]
[8]
[9]
[10]

[11]
[12]
[13]
[14]

[15]
[16]
[17]
[18]
[19]
[20]

[21]
[22]
[23]

[24]
[25]

[26]

M. Kryszewski, J. Jeszka, Synth. Met. 94 (1998)104.

H. Nguyen Cong, K. El Abbassi, J.L. Gautier,Ghartier, Electrochim. Acta 50 (2005)
1369-1376.

A. Chen, H. Wang, B. Zhao, X. Li, Synth. MeB84(2003) 411-415.

H. Nguyen-Cong, V. De la Garza Guadarrama, Ghautier, P. Chartier, Electrochim.
Acta 48 (2003) 2389-2395.

P. Bhattacharya, S. Dhibar, G. Hatui, A. Mandal Das, C.K. Das, RSC Adv. 4 (2014)
17039.

S.H. Talale, A Lee, J Y Jang, J Choo, D J P&kHuh, J.A. Romagnoli, IEEE (1999)
947-951.

K.S. Jang, H. Lee, B. Moon, Synth. Met. 1432P289-294.
D.A. Makeiff, T. Huber, Synth. Met. 156 (20089 7-505.
S.H. Hosseini, A. Asadnia, J. Nanomater. 2QA@1Q) 1-6.

K. Shimba, K. Furuta, N. Morimoto, N. Tezukd, Sugimoto, Mater. Trans. 52 (2011)
740-745.

D.C. Kulkarni, V. Puri, Microelectron. Int. 22010) 143-147.
B. Musg, M. Drofenik, P. Venturini, A. Znidar&j Ceram. Int. 38 (2012) 2693—-2699.
Y. Li, Y. Huang, S. Qi, L. Niu, Y. Zhang, Y. W Appl. Surf. Sci. 258 (2012) 3659—3666.

S. Tyagi, P. Verma, H.B. Baskey, R.C. Agarwala Agarwala, T.C. Shami, Ceram. Int.
38 (2012) 4561-4571.

T.H. Ting, Y.N. Jau, R.P. Yu, Appl. Surf. S268 (2012) 3184-3190.

N. Velhal, N. Patil, S. Jamdade, V. Puri, Appurf. Sci. 307 (2014) 129-135.
N.B. Velhal, N.D. Patil, V.R. Puri, J. ElectroMater. 44 (2015) 4669-4675.

S. Jamadade, S. Jadhav, V. Puri, Sch. Reea#rchl (2010) 205-210.

N. Velhal, G. Kulkarni, N.D. Patil, V. Puri, Mer. Res. Express 5 (2018) 106407.

N. Svetoslav, K Tatyana, K Andrey, Y Chavdér,lvan, J. Nanosci. Nanotechnol. 8
(2008) 650—654.

H. Bayrakdar, Prog. Electromagn. Res. M 251@2®69-281.
A. Ohlan, K. Singh, A. Chandra, S.K. DhawampA Phys. Lett. 93 (2008) 053114.

N. Velhal, G. Kulkarni, D. Mahadik, P. Chowdiyu H. Barshilia, V. Puri, J. Alloys
Compd. 682 (2016) 730-737.

N.B. Velhal, N.D. Patil, A.R. Shelke, N.G. Dgsmnde, V.R. Puri, AIP Adv. 5 (2015)
097166.

R. Turcu, D. Bica, L. Vekas, N. Aldea, D. Maep, A. Nan, O. Pana, O. Marinica, R.
Grecu, Rom. Reports Phys. 58 (2006) 359-367.

M. Qiao, X. Lei, Y. Ma, L. Tian, K. Su, Q. Zhg, Ind. Eng. Chem. Res. 55 (2016) 6263—



[27]
[28]
[29]

[30]

[31]
[32]
[33]

[34]
[35]
[36]
[37]

[38]
[39]
[40]
[41]
[42]

[43]
[44]

[45]
[46]

[47]
[48]
[49]

[50]

6275.
A. Nan, . Craciunescu, R. Turcu, Asp. Fund&ppl. Conduct. Polym. (2009) 159-182.
C. Chen, W. Fu, Q. Zhou, J. Wuhan Univ. TedhMater. Sci. Ed. 28 (2013) 990-996.

J. Tabaiarova, M. MiuSik, P. Fedorko, M. Omastova, Polym. Degrad. Stab.(2015)
392-401.

K. Idla, A. Talo, H.E.M. Niemi, O. Forsén, Slasaari, Surf. Interface Anal. 25 (1997)
837-854.

H. Eisazadeh, World J. Chem. 2 (2007) 67—74.
M. Omastova, M. Trchova, J. Kaava, J. Stejskal, Synth. Met. 138 (2003) 447-455.

0. Yavuz, M.K. Ram, M. Aldissi, P. Poddar, Bariharan, J. Mater. Chem. 15 (2005)
810-817.

M.J. Gonzalez-Tejera, M.A.D. La Plaza, E. Ssexde la Blanca, |. Hernandez-Fuentes,
Polym. Int. 31 (1993) 45-50.

H.N.M.E. Mahmud, A. Kassim, Z. Zainal, W.M.W.unus, J. Appl. Polym. Sci. 100
(2006) 4107-4113.

R. Kostt, D. Rakov¢, S.A. Stepanyan, I.E. Davidova, L.A. Gribov, J.e@h Phys 102
(1995) 3104-3109.

A. Elahi, N.A. Niaz, M.S. Awan, A. Shakoor, Klahmood, Y. Khan, Polym. Sci. Ser. B
57 (2015) 738-749.

W. Chen, X. Li, G. Xue, Z. Wang, W. Zou, Ap8urf. Sci. 218 (2003) 215-221.
M.K. Ray, K. Bagani, S. Banerjee, J. Alloysr@od. 600 (2014) 55-59.

H. Yang, M. Liu, Y. Lin, Y. Yang, J. Alloys Guopd. 631 (2015) 335-339.

N. Patil, N.B. Velhal, R. Pawar, V. Puri, Mazlectron. Int. 32 (2015) 25-31.

X. Shen, F. Song, J. Xiang, M. Liu, Y. Zhu, Wang, J. Am. Ceram. Soc. 95 (2012)
3863-3870.

Y. Zhang, Z. Huang, F. Tang, J. Ren, Thin &&liims 515 (2006) 2555-2561.

C. Tauxe, L Neal Bertram, H Seberino, GeoclstmiGeophys. Geosystems 3 (2002) 1-
22.

E.P. Stoner, E C Wohlfarth, R. Soc. Londorr. 3¢ Math. Phys. Sci. 240 (1948) 826.

P. Xu, X.J. Han, J.J. Jiang, X.H. Wang, X.D. la H. Wen, J. Phys. Chem. C 111 (2007)
12603-12608.

N.D. Patil, N.B. Velhal, N.L. Tarwar, V.R. Huint. J. Eng. Innov. Technol. 3 (2014) 73—
77.

P. Xu, X. Han, C. Wang, H. Zhao, J. Wang, XamWy, B. Zhang, J. Phys. Chem. B 112
(2008) 2775-2781.

I. Morari, C. Balan, I. Pintea, J. E. Chitarkl, lordache, Prog. Electromagn. Res. M 21
(2011) 93-104.

M.H. Al-Saleh, U. Sundararaj, Carbon N. Y.(#£D09) 1738-1746.



[51]
[52]
[53]
[54]
[55]

[56]

R.B. Schulz, V.C. Plantz, D.R. Brush, IEEE fisaElectromagn. Compat. 30 (1988) 187—
201.

P B Kashid, Ninad Velhal, Gopal Kulkarni, Paiyka Kandesar, D. V. Ruikar, Vijaya
Puri, J. Mater. Sci. Mater. Electron. 29 (2018) 8-74758.

Z. Haijun, L. Zhichao, M. Chenliang, Y. Xi, Ziangying, W. Mingzhong, Mater. Chem.
Phys. 80 (2003) 129-134.

S.M. Abbas, R. Chatterjee, A.K. Dixit, A.V.Kumar, T.C. Goel, J. Appl. Phys. 101
(2007) 74105-74106.

S.M. Abbas, A.K. Dixit, R. Chatterjee, T.C. &@pJ. Magn. Magn. Mater. 309 (2007) 20—
24.

H. H. S. Javedi and K. R. cromack, Phys. AR89 (1989) 3579-3584.



Table Captions:

Table 1 Resistivity and conductivity of pristine Ppy, pristine BSF, Ppy/BSF composite pellets
with different mass ratios

Table 2 Variation of Mg, M,, Hc and squareness ratio with Ppy to BSF ratio

Tablel
Samples Resistivity (€2 cm) Conductivity (S/cm)
BSF 20.63 x 10° 0.0484 x 10°
PBSF19 9.45 x10° 0.1058 x10°
PBSF37 10.3x10° 0.0970 x10°
PBSF55 8.21 x10° 0.1218 x10™
PBSF91 5.65 x10” 0.1769 x10™
Ppy 2012 x10° 49.70 x10°
Table?2
Sample M (emu/gm) M, (emu/gm) H¢ (Og¢) M/ Mg
Ppy 0.018 0.011 3705 0.61
PBSF19 49.72 30.11 3414 0.60
PBSF37 59.85 33.02 4494 0.55
PBSF55 53.49 32.61 4368 0.60
PBSF91 37.49 22.97 3653 0.61
BSF 95.59 56.92 3818 0.59




Figure Captions:

Fig. 1 Schematic of preparation of Ppy/BSF composite

Fig. 2 X-ray diffraction patterns of pristine Ppy, BSF and Ppy/BSF composites.

Fig. 3 XPS Spectrum (a) Wide survey scan spectra of PBSF (b) and decovoluted (c), (d), (e) and
(f) XPS spectra of PBSF

Fig. 4 FT-IR spectra of pristine Ppy, BSF and Ppy/BSF composite

Fig. 5 SEM images of pristine Ppy, BSF and Ppy/BSF composites with different weight ratios of
Ppy to BSF

Fig. 6 Magnetic hysteresis loops of pure BSF and Ppy/BSF composites

Fig. 7(a) Transmittance and (b) reflectance of Ppy thin films with different oxidants

Fig. 8 Microwave Absorbance of Ppy/BSF composite

Fig. 9 Shielding effectiveness of Ppy/BSF composites

Fig. 10(a) Real and (b) imaginary part of complex permittivity of Ppy/BSF composite

Fig. 11 Microwave conductivity of Ppy/BSF composite
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Electromagnetic Shielding, M agnetic and Microwave Absor bing Properties of
Polypyrrole/BageSro.4Fe12019 Composite Synthesized via I n-Situ Polymerization Technique
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Highlights:

v' Simple and cost effective In-situ chemical polymerization technique has been used for synthesis

v" First time studied the microwave properties of divalent substituted hard ferrite, polymer
composite

v/ Maximum microwave absorption, shielding effectiveness and magnetic moment obtained for
30:70 % compositioni.e. for PBSF37 sample

v" Thefina composition can be used for the application of stealth technology as a coating for
aircraft



