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Study on absorbing property of rare earth
transitionmetal intermetallic compound/epoxy

resin composites

The complex permeability and permittivity spectra of
transitionmetal intermetallic compound/epoxy resin
composites was measured, which indicates high complex
permeability of the composites in high frequency range.
Both complex permeability and permittivity of the
composites increase with increase of the volume fraction of
ransitionmetal intermetallic compound. According to the
complex permeability and permittivity spectra of
transitionmetal intermetallic compound/resin composite, the
single-layer plate absorber wear prepared. The test result
on the reflection loss shows that the single-layer coating
material has minimum reflection loss -24dB and effective
bandwidth 6.4 GHz within 8-18 GHz with volume fraction of
23% for absorbent powder and 1.4mm thickness of the
absorbing layer.
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1. Introduction

icrowave absorbing coating material is mainly
M composed of microwave absorbent and the resin

matrix. Common attention has been paid to the
microwave absorbing coating material [1-4], since it has many
advantages such as easy preparation and is applicable to
devices with various shapes. As the development of anti-
stealth technology, it is necessary to exploit new kind of
microwave absorbing coating material with broad bandwidth,
strong absorbing, thin thickness and low surface density
[5-9].

It is reported that the rare earth transitionmetal
intermetallic compounds with in-plane anisotropy has higher
permeability at high frequency compared to traditional Z-
hexaferrite. And the rare earth transitionmetal intermetallic
compounds may have better microwave absorbing property
because it can reduce eddy-current loss effectively, which
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indicate that it will be good microwave absorbing material
[10]. The epoxy resin is usually used as the matrix of the
absorbing coating materials due to its good performance of
physical properties such as adhesive force. This paper
investigated the electromagnetic spectrum characteristics and
microwave absorbing properties of the composites composed
of a kind of rare earth transitionmetal intermetallic compounds
(that is Ce,(Co, 5Fe, ;);;) and epoxy resin.

2. Experiment
2.1 MATERIALS

The diameter of the rare earth transitionmetal intermetallic
compounds particles Ce,(Co, ;Fe, ,);; was 10-50 microns and
the particles were of in-plain anisotropy. Epoxy resin (E44) and
polyamide (650) were used as the matrix resin. Square
aluminum plate with 18 centimeters in length was prepared for
the coating material.

2.2 PREPARATION OF COAXIAL SPECIMENS

Epoxy resin and polyamide with mass ratio 1:1 were firstly
weighed out and then put into the crucible. The n-butyl
alcohol was added into the matrix resin to dissolve the epoxy
resin and polyamide with an ultrasonic cleaning facility
(KQ218) for about 5 minutes. Then, the prepared absorbent
was added into the crucible, and the ultrasonic cleaning
facility (KQ218) was used to provide a continuous ultrasonic
dispersion for about 1.5 hour. After the process of ultrasonic
dispersion, the absorbent/resin compound was extracted from
the crucible and cut into granular particles. The particles were
then put into the coaxial mold (inner diameter 3.04 mm, external
diameter 7.00 mm) and compressed by tablet compressing
machine (model for FW- 4) under the pressure of 2MPa for 8
hours.

2.3 PREPARATION OF COATING SPECIMENS

The absorbent was added into epoxy resin and polyamide
for dispersion respectively to prepare two-component
coating material. Each of the components was dispersed with
high-speed grinding machine (SKL-FS400). For epoxy resin
component, epoxy resin was firstly added into the tank,
following with the absorber and zirconium bead, with a low
stirring speed (< 500 r/min). The stirring speed was then
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gradually raised to 4000 r/min, and at the 4.0

same time, the mixed solvent of xylene and n- |
butyl alcohol (mass ratio of 5:1) was added 3
into the tank. After the dispersion process for £25
4 hours, zirconium beads were washed out ~ § 2@
using the same mixed solvent. The same E”":

dispersion process was for polyamide L
components. The spraying process was -t .
adopted to prepare coating specimens using T

the two dispersed components. Finally, the
coating specimens were solidified at room
temperature.

2.4 THE TEST OF REFLECTION LOSS

The curve of reflection loss was tested in
the frequency range of 8-18GHz using bow
testing method. Dielectric constant

& (g, =g - js'r') and  permeability
4y (yr =yt — jy'r') of the coaxial specimens
were tested by vector network analysis
method in the frequency range of 0.1-18 GHz.

3. Results and discussion
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Fig.1 Frequency dependences of relative permittivity, relative permeability and tan

§ of epoxy resin material
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3.1 ELECTROMAGNETIC SPECTRUM OF THE RESIN =
MATRIX e

It is necessary to investigate the £,
electromagnetic property of the matrix if we E
want to study the electromagnetic properties & ®
and  absorbing  characteristics  of
Ce,(Coy 5Fe, ;),;/resin composites. Firstly, the 13
pure resin coaxial specimens without
absorbent were prepared, in which the mass [
ratio of epoxy resin (E44) versus polyamide £l
(650) was 1:1, and the electromagnetic 1_3'4:
spectrums were tested in the frequency range &
of 0.1-18 GHz. The frequency dependences of ~ E #|
relative permittivity, relative permeability and & 5
of the resin matrix used in this paper are E |

-3

displayed in Fig.1. The loss angle tangent
value is defined as: L

&
tand, = . (D)
‘Ll"
tand, =— - (2
m= ()

where tan ¢, and tan & are the loss angle tangent values
obtained from relative permittivity and relative permeability
respectively, which represent the microwave depletions of the
materials.

It can be seen from Fig.1 that the imaginary part of
permittivity, imaginary part of permeability, electric tangent of
the loss angle tan 9, and magnetic tangent of the loss angle
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Fig.2 Frequency dependences of relative permittivity, relative permeability of
Ce,(Coq 3Feq 7)17/resin composites with different volume concentrations

tan &, are close to 0, and at the same time the real part of
permittivity and real part of permeability are very small. The
resin matrix composed of epoxy resin and polyamide can be
regarded as a kind of material with good permeability to
microwaves. The epoxy resin is just used to bond and
disperse the absorbent, while the electromagnetic properties
are mainly reflected by the absorbent composition for
Ce,(Co, 5Fe, ;),;/resin composites.
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3.2 ELECTROMAGNETIC SPECTRUM OF THE Ce,(Coy ;Fe, ;),//
EPOXY RESIN COMPOSITES

The relative permittivity and relative permeability of
Ce,(Co, 5Fe, ;),,/epoxy resin composites will be influenced by
the volume concentration of absorbent and also the
dispersion of the absorbent in matrix. To study the
electromagnetic spectrum of Ce,(Co, ;Fe,),,/epoxy resin
composites with different Ce,(Co,,Fe,,),; volume
concentrations, the coaxial specimens with five
Ce,(Co, 5Fe, ;);; volume concentrations (20%, 25%, 30%,
35% and 40% respectively) were prepared and tested. The
results of the relative permittivity and relative permeability of
Ce,(Co, 5Fe, ;),;/epoxy resin composites are shown in Fig.2.

Fig.2 shows that the real and imaginary part of both
permittivity and permeability of Ce,(Co, ;Fe, ;);,/epoxy resin
composites increase with increase of the volume
concentration of Ce,(Co, ;Fe, ,),, particles. The real part of
permittivity is less than 22 and the imaginary part of
permeability is bigger than 2 when the volume concentration
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Fig.3 Frequency dependences of reflection loss of Ce,(Co, sFeq 7),;/resin single-layer
plate absorber with different Ce,(Co, 5Fe, ;)17 volume concentrations at a giving

1P/ DG/ M-AUG [ ZND / ©0.9.16

of Ce,(Co,4Fe,),; particles reach 2. So, the real part of
permittivity of the composites will not be too high at a high
imaginary part of permeability to avoid impedance mismatch.
It can be seen from Fig.2 that the peak frequency of the
imaginary part of permeability move towards the low-
frequency with increase of the volume concentration of
Ce,(Co, ;Fe, ;),; particles, which indicates a tendency of
resonant frequency also move towards low-frequency with
increase of volume concentration of Ce,(Co,,Fe; ),
particles.

3.3 InFLueNce oF THE Ce,(Coy ;Fe, ;);; VOLUME
CONCENTRATION ON REFLECTION LOSS

According to the theory of transmission lines [11-14],
based on the relative permittivity and relative permeability in
Fig.2 the reflection loss of single-layer plate absorber can be
calculated from the following equations:

R= 20|g|zln(1)_20 | =20l |77|n(1)_1|

|Zin (1)+ ZO | B |77in (1)+1| (3)
7in (1) = mtgh(jkydy ) =
Hy 27 ety

| B

where ¢ is the velocity of light; f is the
frequency of electromagnetic wave; d, is the
thickness of absorbing layer; ¢, and u, are
the imaginary permittivity and imaginary
permeability respectively.

Based on the obtained relative
permittivity and relative permeability of
Ce,(Co, 5Fe, ;),;/ resin composites with
different volume concentrations
(20%,25%,30%,35%,40%) in Fig.2, the
reflection loss can be calculated from
equation (3) and equation (4) with a certain
thickness, and the results are displayed in
Fig.3 and Table 1.

It can be seen from Fig.3 and Table 1 that
the peak frequencies corresponding to

minimum reflection loss shift to the lower

Thickness MRL and PF Ce,(Co, 4Fe, ;),; volume concentration frequencies with a giving thickness.
20% 25% 30% 35% 40% According to the interface reflection model
imm MRL (dB) 118 128 124 122 for Iimgf;le-layer pla]Ee abS(()jrber [15-1t6], th?c
PF (GH2) 17.3 12.9 10.9 10.6 peak frequency T, and a quarter o
thicknessd,,, of the absorbing layer can be
1.5mm MRL (dB) -35.8 -23.6 -43.6 -20.9 -23.1 . .
related as following equation:
PF (GH2) 17.6 11.3 8.9 7.4 7.3
2mm MRL (dB) -18.0 -24.5 -21.6 -27.4 -32.9 1 c
PF (GHz) 12.8 8.2 6.5 5.3 5.1 dyy=nl = (n=135,..)
1/4 4 i) )
3mm MRL (dB) 109 -13.6  -147  -148  -17.2 Fonflte (Frn Nl (Frn )
PF (GHz) 8.0 5.3 4.2 3.5 3.3 ..(5)
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Fig.4 Frequency dependences of reflectivity of different thicknesses at a giving volume

concentration

which indicates a reduction of the peak frequency f_ with
increase of imaginary permittivity ¢, and imaginary
permeability u , at the giving a quarter of thickness d, , . The
conclusion obtained from equation (5) consists with the
results displayed in Fig.3 and Table 1, since the imaginary part
of both permittivity and permeability of Ce,(Co,Fe,,),;/
epoxy resin composites increase with increase of the volume
concentration of Ce,(Co, ;Fe, -),, particles in Fig.2.

As the results shown in Fig.3 and Table 1, the volume
concentration of Ce,(Coy ;Fe, ;),, particles should be in the
range of 25% to 30% at the given thickness of 1mm in order
to prepare single-layer plate absorber with good microwave
absorbing performance in 8-18GHz band. While the volume
concentration of Ce,(Coy ;Fe, ;),, particles should be in the
range of 25% to 30% if the thickness is set as 1.5mm. We can
conclude that the a higher volume concentration of
Ce,(Co, 5Fe, ;),; particles is needed to prepare a single-layer
plate absorber with good microwave absorbing performance
in 8-18GHz band if a thinner absorbing layer is expected, and
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under this circumstance the surface density
of the absorbing layer may be increased.
However, the thickness of the absorbing layer
should be increase if reduce the volume
concentration of Ce,(Co, ,Fe,,),, particles,
which may also increase the surface density
of the absorbing layer. The further
experimental on coating specimens should be
conducted to obtain the optimum volume
concentration of Ce,(Co,,Fe,,),; and
thickness in order to prepare single-layer
plate absorber with good microwave
absorbing performance and relatively low
surface density.

3.4 INFLUENCE OF THE THICKNESS ON
REFLECTION LOSS

. Based on the obtained relative

permittivity and relative permeability of

Ce,(Co, 4Fe,;),;/ resin composites with
volume concentrations
(20%,25%,30%,35%,40%) in Fig.2, the
reflection loss can also be calculated from
equation (3) and equation (4) with different
thickness at a given volume concentration,
and the results are displayed in Fig.4.

Fig.4 indicates that the peak frequency on
the reflection loss curve shift to lower
frequencies with increase of the thickness for
each of the Ce,(Co,,Fe,,),; volume
concentration, which can also be explained by
the interface reflection model. The interface
reflection model points out that, for single-
layer plate absorber, the peak frequency of
reflection loss curve is the frequency

corresponding to the wavelength which is four times of the
thickness of absorbing layer. The wavelength corresponding
to peak frequency will increase with increase of the thickness,
and on the contrary, the peak frequency will decrease, which
indicates the shifting of peak frequency to lower frequency
with increase of thickness. It can be seen from Fig.4 that, at a
giving Ce,(Co, ;Fe, ,),, volume concentration, the minimum
reflection loss will decrease firstly and then increase with
increase of thickness. There is an optimum thickness, with
which the peak reflection loss is lower than that with other
thicknesses. According to the interface reflection model, there
exists an optimum thickness with which the phase difference
of the reflected electromagnetic waves on the front- interface
and the back-interface is 7, while the amplitudes of these two
electromagnetic waves are the same. With this optimum
thickness and under peak frequency, the reflected
electromagnetic waves on the front-interface and the back-
interface will interfere destructively inducing a complete
absorbing. However, the complete absorbing will not occur
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Fig.5 Frequency dependence of (1/4)y, (3 /4)y, normalized input impedance and
minimum reflectivity at the (1/4)y thickness of the Ce,(Co, ;Fe, ;);,/resin composites

TABLE 2: TECHNICAL DATA OF THE SINGLE-LAYER COATING SPECIMENS

Vol. Thickness MRL PF Effective Surface

(mm) (dB) (GHz) bandwidth density

(GHz) (kg/m?)
20% 1.6 -12.8 12.8 6.1 3.48
23% 1.4 -24.3 13.1 6.4 3.41
25% 1.3 -28.1 15.9 5.8 3.39
28% 1.2 -14.2 11.2 6.2 3.37
30% 1.0 -15.5 9.8 4.2 3.28

with other thicknesses due to difference in amplitudes, even
though the reflected electromagnetic waves on the front-
interface and the back-interface will also interfere
destructively under peak frequency.

3.5 REFLECTION LOSS CHARACTERISTIC CURVE OF
Ce,(Co, 5Fe, ;),,/EPOXY RESIN COMPOSITES

In order to fully display the microwave reflection loss
characterigtic for Cez(CoosF_eOJ)ﬂ/ epoxy resin composites,
the reflection loss characteristic curve of Ce,(Co, ;Fe, ),/

JOURNAL OF MINES, METALS & FUELS

1P/ DG/ M-AUG [ ZND / ©0.9.16

epoxy resin composites are shown in Fig.5,
which includes the frequency dependence of
(1/4)y, (3/4)y, normalized input impedance and
minimum reflection loss at the (1/4)y thickness
of the composite in a subfigure. And

|Zw/Zo| and y represent normalized input

impedance and wavelength at a certain
frequency in these figures.

It can be seen from Fig.5 that the peak
value of reflection loss curve will reach the
minimum value when the normalized input
impedance is equal to 1, and under this
circumstance the impedance is fully matched
and has strongest absorption to microwave.
Fig.5 illustrates that the completely
impedance matching point (the intersection at
the curve of normalized input impedance and

the line of |Z,,/Zy|=1), shifts to lower
frequency with increase of Ce,(Co, ;Fe,-);,
volume concentration. From Fig.5, the
completely impedance matching point is in
frequency of 8.5GHz  with the
Ce,(Co, 5Fe, ;),; volume concentration 30%,
while the completely impedance matching
point is out of frequency band 8-18GHz with
Ce,(Co, ;Fe,,),; volume concentration of
35% and 40%. Thus the Ce,(Co, ;Fe,-),;
volume concentration should be ranged
between 20% and 30% from the aspect of
impedance matching in order to obtain an
absorber with strong absorption and broad
bandwidth in 8-18 GHz.
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Fig.6 Frequency dependences of reflection loss for the
Ce,(Cog 5Feq 7)1/ epoxy resin single-layer coating materials with
different volume concentrations (20%, 23%, 25%, 28%, 30%)
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3.6 RerLECTION Loss oF Ce,(Co, ;Fe, ;);,/EPOXY RESIN
COATING MATERIALS

According to the test results and discussion above, the
Ce,(Co, ;Fe, ;),;; volume concentration should be ranged
between 20% and 30% from the aspect of impedance
matching in order to obtain an absorber with strong
absorption and broad bandwidth in 8-18GHz. So, the
Ce,(Co, 5Fe, ;),,/epoxy resin single-layer coating materials
with five Ce,(Coy ;Fe, ;),, volume concentrations (20%, 23%,
25%, 28%, 30%) were prepared on aluminum plate with 18
centimeters in length. The results of reflection loss are
displayed in Fig.6 and Table 2.

It can be seen from Fig.6 and Table 2 that the single-layer
coating specimen with Ce,(Co,,Fe,,),; volume
concentration 23% has the largest effective bandwidth (in
which the reflection loss is less than -10 dB) 6.4 GHz, and the
minimum value of reflection loss, thickness of absorbing layer
and surface density are -24 dB, 1.4 mm and 3.39 kg/m?
respectively, indicating a strong absorption, thin thickness
and relatively wide effective bandwidth characteristic.

4. Conclusions

(1) The real part of permittivity of the Ce,(Co, ;Fe, ;),,/epoxy
resin composites will not be too high at a high imaginary
part of permeability so that can avoid impedance mismatch
to same extent.

(2 The peak frequencies corresponding to minimum
reflection loss shift to the lower frequencies with increase
of Ce,(Co, 4Fe,),; volume concentration at a giving
thickness. And also the peak frequencies corresponding
to minimum reflection loss will shift to the lower
frequencies with increase of thickness at a giving
Ce,(Co, ;Fe, ;);; volume concentration, which can be
explained by the interface reflection model.

(3) The single-layer coating specimen with Ce,(Co, ;Fe, ,),,
volume concentration 23% has effective bandwidth,
minimum value of reflection loss, thickness of absorbing
layer and surface density of 6.4 GHz, -24 dB, 1.4 mm and
3.39 kg/m? respectively, indicating a strong absorption,
thin thickness and relatively wide effective bandwidth
characteristic.
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