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Abstract: The BaFe,0,o/unsaturated polyester nanocomposites have been prepared. The complex permeabil-
ity and permittivity of the BaFe,,0 ¢/unsaturated polyester nanocomposites were measured by the transmis-
sion/reflection coaxial line method in the range of 0.5 to 5.0 GHz. Based on the theoretical calculation of re-
flection loss, the microwave absorption properties of BaFe,,0,q/unsaturated polyester nanocomposites have
been made in the frequency range from 0.5 to 5.0GHz. A maximum reflection loss value of — 52.7 dB has
been obtained for absorber thickness of 11.2 mm at 4.4 GHz. The result indicates that the nanocomposites
have significant potential for electromagnetic wave absorption application or electro-magnetic shields in the

future.
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1. Introduction

The integration of magnetic materials and organic
materials has attracted an increased interest. Such com-
posite materials exhibit not only magnetic property but
also useful electrical or optical properties[1, 2], offering
potential applications in numerous areas such as carriers
for controlled drug delivery[3], magnetic refrigeration[4],
information storage and electro-magnetic shields and
microwave absorbing materials[5, 6]. Recently, as the
number of communication devices using 0.5-5 GHz
range of radiation, such as mobile phones and LAN sys-
tems, has greatly increased, serious electromagnetic in-
terference (EMI) problems have become more apparent.
Shield of components from unwanted radio frequency
(RF) signals in a communication device is important in
order to improve the accuracy and performance of the
system. Ferrite serve as better EMI suppressors compared
to their dielectric counterparts on account of their excel-
lent magnetic properties. For microwave application,
there is an increasing interest in using ferrite films rather
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than bulk ferrites. Films possess several advantage, such
as lower cost, low density, size reduction and enhanced
compatibility, compared with bulk ferrites. In our present
work, therefore, BaFe,Oo/unsaturated polyester thick
films have been prepared. Unsaturated polyester has been
used as the polymer because of its high electrical resistiv-
ity and low dielectric constant. Although some work on
ferrite-polymer composites has been reported in recent
years, there seem to be less reports on the microwave
absorbing properties of BaFe ,0,¢/ unsaturated polyester
composites in the frequency range from 0.5-5.0 GHz[7-
9]. Consequently, the complex permittivity and complex
permeability and microwave absorption properties of
BaFe ;0 ¢/unsaturated polyester nanocomposites were
measured by the transmission/ reflection coaxial line
method in the range of 0.5 - 5.0 GHz.

2. Experimental

An unsaturated polyester resin (UPR 191%) used in
this study contains 35% styrene and 65% unsaturated
polyester prepolymer by weight. Cobalt octoate (CoOct,
a mineral spirit solution containing 6.0 wt% active cobalt)
was employed as the promoter to decompose the initiator
at low temperatures. The initiators used in this study
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were methyl ethyl ketone peroxide (a single component
initiator). Unsaturated polyester resin, its curing agent
and the promoter are purchased commercial reagents.
Ba(NO3),°6H,0 and Fe(NO;);*9H,0 were used to incor-
porate metal ions needed for preparation of BaM-type
hexagonal ferrite BaFe ;0,9 by sol-gol method. All mate-
rials were used as received without further purification in
order to mimic the industrial applications.

The synthesis procedure of BaFe ;0,9 was as follows.
A stoichiometric amount of Ba(NOs),*6H,0, and
Fe(NO;)3+9H,0 was dissolved in a citric acid aqueous
solution under stirring. The molar ratio of nitrates to cit-
ric acid was 1:1. A homogenous transparent solution was
achieved within a few minutes. An appropriate amount of
ammonia hydroxide solution was added to the solution to
adjust the pH value to about 7. During this process, the
solution was continuously stirred using a magnetic agita-
tor. After the precursor mixture was heated by water bath
at 80°C and stirred for 3 h, the gel formed. Then, the gel
was put into drying cabinet at 120°C, and dried gel was
got after 1-2 days. Then the dry gel was milled in a mor-
tar. In order to remove the organic substance, the dried
gel was calcined at 210°C in silicon carbide furnace. It
sharply burnt and give out bright flame. Finally, it was
calcined at 800°C and the BaFe;;0,9 powder was ob-
tained. The average particle size of the ferrite powders
was about 43 nm.

BaFe ;0,9 / unsaturated polyester composites were
prepared by mixing the above prepared ferrite powder
with unsaturated polyester. A weighed amount of
BaFe ;0,9 powder and Cobalt octoate were added into a
weighed amount of UPR to form a viscous mixture under
stirring. The weighed ratio between PUR, BaFe;0,
Cobalt octoate and methyl ethyl ketone peroxide used
was 100:10:5:2. After stiring the mixture with a high
shear mixer, methyl ethyl ketone peroxide initiator was
added just before molding and mixed. Then the mixture
was directly poured into cylindrical shaped compacts.
These compacts were cured to be formed into toroidally
shaped samples (o, =16.00, ¢;;=9.00, d=10.00mm) to fit
tightly into 16mm coaxial measurement cell. The scatter-
ing parameters of the toroidal sample corresponding to
reflection (S11) and transmission (S21) of a transverse
electric and magnetic (TEM) wave were measured by the
coaxial method using a Hewlett-Packard HP8753ES S-
parameter network analyzer in the frequency range of
0.5-5.0 GHz. The real and imaginary components of the
complex magnetic permittivity, ¢ =¢’- ¢”, and permeabil-
ity, u=u’- u”, were determined from the relative complex
scattering. A full two-port calibration was initially per-
formed on the test setup to remove errors due to directiv-
ity, load match, isolation and frequency response in both
the forward and reverse measurements. The reflection
loss (RL) at a thickness was determined by the the com-
plex permittivity, ¢ = ¢’ ¢”, and permeability, u=u"- u".
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3. Results and discussion
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Figure 1. The permeability spectra of the
BaFe;,0¢/unsaturated polyester nanocomposites
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Figure 2. The permittivity spectra of the
BaFe;,0,4/unsaturated polyester nanocomposites

Fig. 1 and Fig. 2 illustrate the frequency dependence
of the complex permeability («’and x”) and permittivity
(¢'and ¢&”) for the BaFe ,01¢/unsaturated polyester sample
in the range of 0.5 to 5.0 GHz. It can be observed that the
value of real part of permeability (") shows a peak at
about 3.0 GHz. This can be ascribed the demagnetizing
field produced by magnetic poles in the surface of ferrite
particles in the composites, which lead to the increase of
resonance frequency compared to sintered ferrite[10].
Then the value of p” slightly decreases. This is favorable
for electromagnetic wave surface impedance match be-
cause the wavelength in microwave absorber decreases
as the frequency increases. The magnetic spectra of the
image part of permeability (x”) shows a weak frequency
dispersion phenomenon in Fig.1. The mechanism of
natural magnetic field and domain wall turning resulted
in the frequency dispersion of BaFe,O;q/unsaturated
polyester nanocomposites. In the weak alternative mag-
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netic field, the dominant magnetization process funda-
mentally belongs to mechanism of domain wall turning.
Moreover, the crystal grains of ferrite are enveloped by
non-magnetic coating of polyester which enhances the
effective reluctance of the composites, thus resulting in
the weak dispersion phenomenon in the spectra of pu” [11].
On the other hand, Fig. 2 shows the frequency depend-
ence of complex permeability (¢° and &”) of the
BaFe ;0 ¢/unsaturated polyester sample. The value of the
real part of complex permittivity decreases in the range
of 0.5-3.6 GHz with the frequency and then increases,
but the image part of complex permittivity increases with
frequency and presents a peak in 4.5 GHz, then de-
creases[12].
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Figure 2. The calculated reflection loss value of the
BaFe;,O1/unsaturated polyester nanocomposites

For a microwave absorbing layer backed metal plate,
the normalized input impedance (Z;,) at the absorber sur-
face is given by

2, =7, Jule tanh{j(2ad | ) pe | )
where ¢ is the complex permittivity (¢ = ¢~ &), u the
complex permeability (u = u - 1”), Zy is the impedance of
air, c¢ is the velocity of electromagnetic waves in free
space, f is the frequency, and d is the thickness of the
absorber. According to transmission line theory, the re-
flection loss (RL) is a function of the normalized input
impedance (Z;,), which can be expressed as shown below:

RL=20log(Z, - Z)(Z,, +Z,) @)

The reflection loss for the BaFe,0;o/unsaturated polyes-
ter sample can be calculation using Egs. (1) and (2). Ob-
viously, the reflection loss is negative, and the lower the
reflection loss, the higher is the absorption. Fig. 3 shows
the calculated the reflection loss as a function of fre-
quency for the thick of 9.5, 10.4, 11.2, and 12.4 mm. The
calculation uses the actual values of # and ¢ as shown in
fig. 1 and fig. 2. It can be seen that the value of reflection
loss less than 20 dB in the range of 4.0-4.9 GHz (match-
ing frequency, f,,). In particular, a minimum reflection
loss value of —52.7 dB is obtained at 4.4 GHz with a

978-1-935068-41-9 © 2010 SciRes.
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matching thick of 11.2 mm, and the minimum d,, value
of 9.5 mm is obtained at 4.7 GHz. The reflection less is
found to depend sensitively on the absorber thickness.
The attenuation peak shifts to low frequency when the
thickness of composite materials increases. This shows
that attenuation  peak frequency of  the
BaFe ;0 ¢/unsaturated polyester composites can be ma-
nipulated easily by changing the thickness of materials.

4. Conclusions

In this research, the BaFe|,O,¢/unsaturated polyester
nanocomposites have been synthesized. Mircrowave ab-
sorbing characterization shows that the composites obtain
a reflection loss below -10dB over 1GHz and the maxi-
mum reflection loss of —52.7dB for absorber thickness of
11.2mm at 4.4GHz. The BaFe,0,¢/ unsaturated polyes-
ter nanocomposites exhibited a good electromagnetic
wave absorption properties in the rang of 3-5 GHz.
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