ISSN : 0974 - 7494 Volume 8 Issue 7

Nano Science and Nano Technology

A Tndéian Journal
—= FUl| Peper

NSNTAIJ, 8(7), 2014 [284-290]

Preparation and electromagnetic wave absorption hard- soft
ferrite/polypyrrole core-shell nanocomposites

Seyed Hossein Hosseini**, Ahmed Asadnia?, Maryam Moloudi?®
!Department of Chemistry, Faculty of Science, Idamshahr Branch, IdamicAzad University, Tehran, (IRAN)
2Young Resear cher sClub, | damicAzad Univer sity, Center Tehran Branch, Tehran, (IRAN)
*Department of Chemistry, Faculty of Technical and Engineering, Saveh Branch, | damicAzad Univer sity, Saveh, (IRAN)
E-mail : shhosseini@iiau.ac.ir

ABSTRACT

The nanocomposite of hard (BaFe,,0,,)/soft ferrite was prepared, and then
the polypyrrole (PPy)-BaFe O,/ Fe,O, multi core-shell was produced by
in situ polymerization method. X-ray diffraction, transmission electron
microscope, scanning electron Microscopy and fourier transform infrared
spectroscopy analysisindicated that Fe,O, coated on the BaFe ,0 , ferrite
were homogenously enwrapped by PPy coating. The magnetic properties
and electrical conductivity of the nanocomposite were characterized by
vibrating sample magnetometer and four wire technique, respectively. As
prepared conducting ferromagneti c polymer nanocomposites have electrical
conductivity of the order of 5 S/cm and saturation magnetization (Ms)
value of 3 emu/g. Microwave absorbing properties of the nanocomposite
wereinvestigated by using vector network analyzersin the frequency range
of 8-12GHz. The values of the minimum reflection loss were -23 dB at 10
and-28dB at 11.5 GHz for Fe,O, coated onthe BaFe ,O, / Fe,O,/PPy core/
shell nanocomposite with athickness of 1.5 mm.
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INTRODUCTION

There hasbeen agrowing and widespread interest
inmicrowaveabsorption materialsfor many yearsasa
result of the serious e ectromagneticinterference pollu-
tionarisng frommobile phones, radar sysemsand vari-
ouselectronic devicesZ. Itiswell known that there-
flection and attenuation characteristic of EM-wave ab-
sorber isassociated with complex permeability (u=p'-
ju"), permittivity (e =¢-je"), EM impedance match, layer
thickness and so on M agnetite asaconventional mi-
crowave absorption material hasdrawn considerable

attention because of itshigh specificres stanceand ex-
cdllent microwaveabsorption property. However, mag-
netitehas somedifficultiesbased onincreasing the per-
mesbility in GHz region because of Snoek limit induced
by the el ectromagnetic wave’d. Conducting polymer
based composites with both el ectrical and magnetic
propertieshavereceved tremendous attentionin vari-
ousfieldssuch aselectromagnetic interference (EMI)
shielding, rechargeabl e batteries, corros on equipment,
and microwave absorbing materialsetc“9.

Among variousconducting polymers, PPy hasbeen
regarded as anew class of materialsin the last few
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yearsduetotheir highdectrical conductivity, easy prepa:
ration, and excellent environment stability!”®. Toim-
provethe el ectromagnetic propertiesand thusenlarge
the application of the conducting polymers, the mag-
neticfillerssuch asferritesare dwaysadded into the
system. The nanocompositeferrites consisting of the
soft spind ferriteand the hard M-typeferrite are prom-
ising dueto their high remanence, high energy prod-
ucts, alow cost and an excellent corrosion resistance.
In addition, there are also some other core/shell
nanostructures such as ZnFe,O,/polypyrrole,
Ni, .Zn,.Fe,O,/bamboo charcoal Co/graphite,
BaFe 0, /TiO,, (Fe,Ni)/C nanocapsules and
La, Sr, ,MnO, nanoparticleswith amorphous shells
have been studied for their improved microwave ab-
sorption properties®d, Theaim of the present study
wasthe synthesis and the characterization of micro-
wave absorbers. Thus, epoxy resin composites pre-
pared with Fe,O, coated on the BaFe ,0, /PPy. The
structure and the morphol ogy of the sampleswerein-
vestigated by XRD and SEM. We also reported the
microwave absorption property of such Fe,O, coated
ontheBaFe, 0, /PPy nanocompositein thefrequency
rangeof 8-12 GHz. The attention has been paid on the
structura development of polypyrrolenanocomposites,
having dielectric and magneticlossesby theincorpora:
tion of Fe,0, coated on the BaFe O, , nanoparticles
inthepolypyrrolematrix.

EXPERIMENTAL SECTION

Materials

Pyrrole monomer (analytical grade, Merck) was
distilled twice under reduced pressure and stored be-
low Q°C. Ferric chloride (FeCl ... 6H,0), barium chlo-
ride dehydrate (BaCl,.2H,0), sodium hydroxide
(NaOH), ammonium hydroxide, oleicacid, are analyti-
cal grades(Merck) and were used without further pu-
rification. DBSA and acrylic resinwere of industrial
grades.

Prepar ation of nanoparticles
(A) Bariumferrite(BaFe O,,)

Stoichiometricamountsof barium chloride, wasdis-
solved completely into ultra pure water to make an
aqueous solution (1). Ferric chloride was separately
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mixed in ultrapurewater to make another aqueous so-
lution (I1). Both the above solutionsweremixedina
1:1molar ratio. The brownish colored ferrite particles
were preci pitated from thismixture by gradualy adding
sodium hydroxide, NaOH (7.5 M) solution at room
temperature (pH=12). The agueous suspension was
stirred gently for 15 min to achieve chemical homoge-
neity. The precipitates so formed were filtered off,
washed withwater and dried at 100 °C overnight. The
preci pitated nanocrystalline powder was mixed thor-
oughly withNaCl in 1:2 ratios (W:W). Sincethemelt-
ing point of NaCl isabout 800 °C, so the ‘as synthe-
sized’ particles were given a heat treatment 1200 °C
for 4 hin nitrogen atmosphereto achieve auniform
growth. During annealing, therewasliquid phasediffu-
sonof particlessurrounding themolten NaCl st which
makestheprocessfast and hexaferrite particlescrys-
talize out completely with uniform morphol ogy after
cooling in the furnace. The cooled mixture of
nanoparticlesand NaCl wasthen washed by ultrapure
water. NaCl was dissolved and BaFe O,,
nanoparticleswerefiltered out.

(B) Ironferrite(Fe,O,)

FeCl,.6H,0 (24.3 g) and FeSO,.7H,O (16.7 g)
weredissolved in 100 mL de-ionized water under ni-
trogen gaswith vigorous gtirring at 80 °C. Then 50 ml
of ammonium hydroxidewere added rapidly into the
solution. Thecolor of the solution turned to black im-
mediately. Oleic acid (3.76 g) was added after 30 min.
Then the suspension waskept at 80°Cfor 1.5h. The
magnetite nanoparticleswerewashed with de-ionized
water until thepH vaue of the system reached neutral.
The synthesized samplewasdried in vacuum a room
temperature.

Preparation of Fe,O, - coated on the BaFe O,
(BaFe O, /Fe0,)

12719

0.1 gnano-sized particles of prepared BaFe ,0,,
weredispersed in 200 ml water solution of pH 6 under
ultrasonitication for 2 min. At this pH, the surface charge
of BaFe ,0,, inthesolutionisexpected to bepositive,
and that of Fe,O, to be negative. The two solutions
weremixed at /19 volumetricratio (1/19weight ratio
of BaFe ,0,/ Fe,0,) and subjected to sonitication for
2minsotha BaFe, ,0,, particlewascoated with Fe,O,
particles. The solution was then tltered using
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ultraiiltration membrane and dried at room tempera-
ture. We also prepared physically mixed Fe,O, and
BaFe ,O,, by mixing the two solid Fe,O, and

BaFe ,0,, sampleswith 1/19weight ratio of BaFe O,/
Fe,O, for Lhusing arotating machine.

Synthesisof hard- soft ferrite/PPy nanocomposites
with multi cor e-shell structure

BaFe O, /Fe,0O,/PPy, multi core-shell and Fe O,/
PPy, BaFe O, /PPy core-shell nanocomposites were
prepared by in situ polymerization in the presence of
DBSA asthesurfactant and FeCl,, asthe oxidant, were
alsoprepared by in situ polymerization. TheDBSA in
digtilled water wasdissolved indistilled water by vigor-
ousgtirring for 20 min, then nanoparticles(0.73 g) un-
der stirring for approximately 1 h were added to the
DBSA solution. 5 mL of pyrrolemonomer was added
to the suspension and stirred for 30 min. nanoparticles,
inthemixtureof pyrrole/DBSA under ultrasonicaction,
were dispersed well in 2 h. 235 g FeCl,, wasadded
dowly in 60 mL deionized water dropwiseto the mix-
turewith aconstant stirring. Then under anice-water
bath the polymerization wasalowed to proceedin4 h.
Fna nanocompositewasobtaned by filteringand wash-
ing with deionized water and ethanol, respectively. The
obtained black powder with a content of 15 wt%
nanoparticleswasdried in 24 h under vacuum.

Characterization

The morphology of coated particles and
nanocomposite was observed SEM with aJSM-6301F
(Japan) instrument operated at an accelerating voltage
of 10kV. XRD patternsof the nanoparticlesassembles
were collected on aPhilips-PW 1800 with Cu-K ra-
diation under Cu Ko radiation (A=1.5406 A). The size
and morphology of the as-synthesized productswere
characterized by aJEM-200CX TEM at 160 kV. Fou-
rier transform infrared spectroscopy (FTIR) spectra
wererecorded on aPerkinElmer spectrum FTIR using
KBr pellets. The magnetic properties (intrinsic coer-
civity, saturation, the M—H hysteresis loops and rema-
nent magnetization) wererecorded by usngavibrating
samplemagnetometer (V SM, MDK6), which hasbeen
made by the efforts of the Magnetis Daghigh Kavir
Company in Iran. The conductivity of thecomposite
was measured by four point probe method using a
SX1944 four-point probeinstrument (Baishen Science
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Co. China). Microwave absorbing properties were
measured by aHP 8720B vector network analyzer and
standard horn antennasin anechoic chamber.

RESULTSAND DISCUSSION

X-ray diffraction

The XRD pattern of Fe,O,, BaFe ,0,, and
BaFe O, /Fe,0, have been showed in Figure 1. It
should be noticed, that there were some peaks of a-
Fe,O, inthe XRD pattern of Fe,0, (26=33,54) and
BaFe, ,0,, (20=54) nanoparticles. All peaks correspond
to the characteristic peaks of cubic type lattice of
BaFe ,O,, (JCPDS file no. 88-1965) and Fe,O,
(JCPDSfileno. 19-0629). From the obtained peak
width of XRD patterns, thesizesof BaFe ,0,,, Fe,0,
and BaFe O, /Fe,O, nanoparticles were cal cul ated
24.27, 7.38 and 31.65 nm, respectively using the
Debye-Scherrer equation. The XRD pattern indicated
that BaFe ,0O,,/Fe,O, nanocomposites have been
formed. Compared to BaFe ,0,, and Fe,0O,
nanoparticles, theintensity of the characteristic peaks
of a-Fe,O, decreased in the BaFe 0, /Fe,0O,
nanocomposites. Thismay beattributed to the coating
of Fe,0, nanoparticles on the surface of BaFe ,O

! 12719
nanoparticles.
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Figurel: X-ray diffraction patternfor Fe,O,, BaFe O, and
BaFe ,0,/Fe,O, nanoparticles

FTIR spectra

The FTIR spectra of PPy BaFe O, /Fe,O, and

) 12719
BaFe ,0,/Fe,0,/PPy nanocomposite, have been

12 719
showed in Figure 2(a-c). The characterized peaks of
PPy was occured at 3200-3500, 1627, 1541, 1447,
1309, 1198, 1189, 1089, 1038, 789 and 663 cn!

(Figure 2a). The peak at 3200-3500 cm was attrib-
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uted to the characteristic N-H vibration stretching of
PPy. The peaks at 1627, 1541 and 1447 cm™ were
attributed to the characteristic C=C, C=N and C-N
stretching of the quinoid and benzenoid rings of PPy.
The peaks at 1309 and 1198 cm™ corresponded to
N-H bending and asymmetric C—N stretching modes
of thebenzenoid ring, respectively. The peak around
1189 cn* was associated with vibrational modes of
N=Q=N (Q refersto the quinonic typerings) which
indicated that PPy wasformed in our sample. Inferrites,
according to the geometrical configuration of the oxy-
gen nearest neighborsthe metal ionsareusudly situ-
ated intwo different sub-lattices, which aredesignated
astetrahedra and octahedral sites. The peaksat 587
and 547 cmr* wereintrinsicvibrationsof Fe-OinFe,O,
and BaFe, O,  (Figure2b).

12719
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1

Figure 2 : FTIR spectra: (a) PPy (b) BaFe 0O, /FeO,

12719
nanoparticlesand (c) BaFe O, /Fe,0, /PPy nanocomposite

The characteristic pesks of BaFe O, /Fe,O /PPy
nanocomposite were occured at 3200-3500, 2930,
1609, 1548, 1461, 1330, 1166, 1046, 1006, 888, 681,
591 and 587 cm'* (Figure 2¢). The peak at 3200-3500
cmt wasattributed to the characteristic N-H vibration
stretching of PPy. The peaksat 1609, 1548 and 1461
cmtwere attributed to the characteristic C=C, C=N
and C-N stretching of the quinoid and benzenoid rings
of PPy. The peaks at 1330 and 1166 cmr* corre-
sponded to N-H bending and asymmetric C—N
stretching modes of the benzenoid ring, respectively.

The peaksat 2930 and 1028 cm* were attributed
to the symmetric and anti-symmetric stretching vibra-
tion of C-H and SO, group of dopant (DBSA). The
peaks at1006 and 888 cmt were attributed to the p-
disubstituted aromeatic ring C—H out-of-plane bending.
However, the characteristic peaks of Fe,O, and

BaFe ,O,, could be observed only at higher
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Figure3: FE-SEM imagesof (a) BaFe O, (b) BaFe O,/
Fe,0,and (c) BaFe ,0,/Fe,0 /PPy

wavenumbers (591 and 587 ct) whichindicated that
there was an interaction between BaFe O, /Fe O,
nanoparticlesand PPy chain.

Morphology investigation

Figure 3(a-c) shows the SEM images for a)
BaFe ,0,,, b) BaFe O, /Fe,O, nanoparticles and c)

BaFellzzolljF%O /PPy nanocomposite, respectively. As
shownin Figure 3(a), therod-shaped BaFe, O, was

12719
seeninasmall quantity of amorphous phase. Average
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diameter of rod-shapewasin therange of 30-40 nm.
Figure 3(b) shows the SEM image for core-shell
BaFe O, /Fe,0, nanoparticles. Average diameters
werein the range of 15-20 nm for Fe,0, and 40-50
nm for BaFe ,0,/Fe,O,. In Figure 3(c), it is found
that the BaFe ,0,/Fe,O,/PPy nanocomposite (15
wit%o) still retained the morphol ogy of PPy flake-shape.
Itisnot clear how rod-shaped compositewasformed
inthepolymerization process. Average diameter wasin
the range of 70-120 nm for BaFe ,0,/Fe,O,/PPy
nanocomposite.

TEM analysis

Average particle size of the BaFe O, /Fe,0,
nanoparticlesmeasured using TEM anaysisand mi-
crographsfor the powder werein Figure4. The photo-
graphsindicated that average particle sizesof the pow-
derswereinthe 3545 nm range. Particles were uni-
formly el ongated and formed | oose aggregates.

Figure 4 : TEM micrographs for BaFe O,
nanocomposites

M agnetic properties

/Fe,O,

Magnetic propertiesof the samplesweremeasured
withaV SM a room temperature. Thehysteresisloops
areillustrated in Figure 5(a,b). ThisFigure showsthe
magnetization (M) versusthegpplied magneticfield (H)
for ) Fe,O,, BaFe ,0,/Fe,0, nanoparticles and b)

BaFe O,/ Iéeso J ng ﬁanocomposi te (15 wt%), re-
gpectively. It could beinferred fromthehysteresisloops
that all composite magnetic sphereswere soft magneti-
cally at room temperature with an applied field -10
kOe<H<10 kOe. TABLE 1 showsall values satura-
tionmagnetization (M), remnant megnetization (M) and
coercivity field (Hc) for Fe,O,, BaFe O, /Fe.O,

3-4 12719
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nanocomposite (15 wt%).
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Figure5: Thehyderessloopsa) Fe,0,, BaFe O, , BaFe O,/
Fe, O, nanoparticles and b) BaFe O, /Fe,O, /PPy
nanocomposite (15wt%)

Figure 5 shows M_and M Fe,O, ishigher than
BaFe O,,, BaFe 0, /Fe,0, and BaFe ,0,/Fe,0,/
PPy, but H_islower. In the other hands, BaFe O,/
Fe,O,/PPy nanocompositeis|ower than pureand core-
shell nanoparticles. Thedectrical conductivity of PPy
was decrease magnetic property. Magnetic properties
of nanocomposites contai ning magnetiteor ferrite par-
ticleshave been believed to be highly dependent onthe
sampleshape, crystdlity, and theva ueof magnetic par-
ticles. Therefore, they could be adjusted to obtain op-
timum magnetic property. Although the BaFe ,0, /
Fe,0, nanocomposites consisted of two magnetic
phases, the hysteresisloop showed asingle-phase-like
behavior, and the magneti zation changed with the ap-
plied field smoothly. Thisindicated that theBaFe O,
coreand Fe,O, first shell contact intimately. Thevalues
of saturation magnetization Msdecreased from 47.8
and 33.9 emu/g for pure Fe,O, and BaFe ,O,, 10 28.7

12719
emu/gfor thecore-shdl structure nanocomposites ow-
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ingtothecoating of Fe,O,.

Thechangeof the saturation magnetization andthe
coercivity could beattributed to theexistence of Fe,0O,
onthesurface of BaFe ,0,, nanoparticles, whichre-
sultedintheinterparticleinteraction at theinterface of
two phases. Based on saturation magnetization, thein-
terphaseinteraction leaded to the non-collinearity of
the magnetic moments at theinterface of two phases.
S0, saturation magneti zation was reduced. For coer-
civity, when the particles contact closaly, coupling in-
terphase exchange occurs. So, therotation of the do-
mainson oneparticleasthefield wasreversed, induces
domainsin contiguous particlesto rotate, and thereby
decreased the coercivity.

TABLW 1: Thevaluesof saturation magnetization (M), rem-
nant magnetization (M) and coer civity field (Hc) for Fe,O,,
BaFe ,0,/Fe,0, nanoparticles and BaFe O, /FeO, /PPy
nanocomposite (15wt%)

Saturation Remnant Coer civity
Sample Magnetization M agnetization Field
(Mg (emu/g)  (Mo) (emulg) _ (Hc)(Oe)
Fe;0, 47.8 15 0
BaFe;,010/Fe;O4/PPy 3 0.8 120

Conductivity

Electrically conductivity of samplesat room tem-
perature was measured by four probe method. When
the PPy was doped by DBSA, the conductivity was
improved from 10 to 45 S/cm, suggesting that doping
H* increased conductivity of PPy. When 15% of mass
content of BaFe ,0,/Fe,O, nanoparticleswasincor-
porated, the conductivity of BaFe O, /Fe,O,/PPy
nanocomposite was sharply reduced from45t05 &
cm. Thedecreasein conductivity of BaFe ,0, /Fe,O,/
PPy composites, by BaFe ,0,/Fe,O, in the core of
the nanoparticlesmay be attributed to theinsulting be-
havior of theferriteand partial blockage of the conduc-

tive path.
Electr omagnetic wavesabsor bing properties

Inorder to investigate the el ectromagnetic waves
absorbing propertiesof theresulting products, thevaria-
tion of reflectionloss, RL (dB), versusfrequency inthe
rangeof 8-12 GHz wasillugtrated. Generally, theRL of
an absorber can be concluded from the equation (1):

—= Ful] Paper
— Zin—Zg
RL 20 ng Zin+Z, (1)
WhereZ isthe characteristicimpedance of free space,
Z_isthenormaized inputimpedanceat free spaceand
materia sinterface, which isdetermined by thefoll ow-
ingrelaion:

Z, =(n /g )"tanh[(j2nft/ c)(u e )" 2
Wheree and p arethecomplex permittivity andthe
complex permesbility of the prepared samples, respec-
tively. Cistheveocity of e ectromagneticwavesinfree
space, f isthefrequency of themicrowaveandtisthe
thickness of prepared absorber®. Thereflection-loss
peak in the case of sampleswith the spinel structure
(Fe,O,/PPy) shiftedto alower frequency alongwith
theincreased thicknessand the pesk valuebecamebig-
ger and narrower. This showed that by changing the
thickness of the material with the spinel structurethe
position and the attenuati on-peak frequency could be
easily manipulated intermsof thefrequency range. In
contrast, thereflection lossfor sampleswith the hex-
agond structure (BaFe,,0,/PPy) wasfound to depend
sensitively on the absorber thicknessin thefrequency
rangefrom 400 MHzto 32 GHz. Theseresultswerein
agood agreement with the phenomenon that adecrease
inthe coercivity may beresponsi blefor themagnetic
resonance reduction and as aconsegquencethethinning
of the peaks of thereflection loss*2. We can conclude
that composite materia swith alarger fraction of the
spinel phase/structure can be used as el ectromagnetic
wave absorbersin thelower GHz range, while com-
postemateria swithalarger fraction of hexagond phase
might beused in the GHz range above 32 GHz, dueto
their didlectric and magneticlosses. However, thereis
arange of compositionsthat can cover abroad range
of frequency absorption, whichwastheam of thiscon-
tribution.

Nanocomposites powdersweredispersed in PPy
then the mixture was pasted on metal plate with the
areaof 40mmx=40mm as the test plate. The microwave
absorbing properties of the nanocompositewith the
coating thicknessof 1 mmwereinvestigated by usnga
HP 8720B vector network analyzer and standard horn
antennasin anechoic chamber in thefrequency range of
8-12 GHz. The microwave absorption behaviors of
the PPy, Fe,O,/PPy, BaFe O, /PPy and BaFe O,/

12719
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Fe,O,/PPy nanocompositeswere showed in Figure 6
with the coating thickness of 1 mm. For Fe,O,/PPy
and BaFe,,0, /PPy nanocompositesthe minimum re-
flection losseswere-11, -13, -18 and -13 dB at the
frequency of 8.7, 9.5, 10.4 and 11.5 GHz, respectively.
For BaFe,,0,,/PPy nanocompositesthe minimum re-
flection losses were -12, -18, -20 and -25 dB at the
frequency of 8.5, 9.6, 10.5and 11.5 GHz, respectively.
For BaFe O, /Fe,O,/PPy multi core-shell
nanocompositethereflection lossvaues of minimum
reflectionlosseswere-10, -23 and -28 dB at thefre-
guenciesof 8.8, 10.0 and 11.7 GHz, respectively. For
BaFe O, /Fe,0,/PPy multi core-shell nanocomposite
thereflectionlossvalues of lessthan -28 dB were ob-
tained inthefrequency of 8-12 GHz. The absorption
values in BaFe ,0, /PPy and BaFe O, /Fe.,O,/PPy
multi core-shell nanocomposite are increased by in-
creasing rod-shape particles (Ba) and e ectrical con-
ductivity property (PPy).

——Fe304-PPy —— BaFe12019-PPy — —BaFe12019-Fe304-PPy
0

&

Reflection loss (dB)

9
o

-30

9 1

10
Frequency (GHz)

Figure6: Frequency dependenceof RL for the Fe,O, /PPy,
BaFe O, /PPy and BaFe ,O,/Fe,O /PPy

12719

CONCLUSION

Theferrite polymer nanocompositeswith different
ferriteshave been successfully prepared in PPy matrix.
BaFe O, /Fe,0,/PPy multi core-shell nanocomposite
with themagnetic and electrica behaviorswas synthe-
Szed successfully by inStu polymerization of pyrrolein
the presence of BaFe O, /Fe,O, nanoparticles. The
microwave absorption propertiesof BaFe O, /Fe,O,/
PPy multi core-shell nanocomposite were better than
of Fe,O,/PPy and BaFe O, /PPy nanocomposites.
That isfor rod-shape particlesand conductivity prop-
erties. For BaFe ,O,/Fe,0,/PPy multi core-shell

1271
nanocomposi tewith the coating thicknessof 1 mmthe
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reflection lossesvaueslessthan -28 dB were obtained
inthefreguency of X-band. Theintroduction of PPy
improved the absorbing properties, which wasdueto
the dielectric loss of PPy. Such strong absorptionis
attributed to better el ectromagnetic matching duetothe
existence of PPy and the special core/shell structure.
Therefore, the prepared composites have potentid ap-
plicationsin EMI shidding.
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