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This paper attempts to combine Ce2(Co0.3Fe0.7)17 and Co2Z-type hexagonal ferrite (hereinafter 

referred to the ferrite) into a composite with excellent absorbing properties. Firstly, the 

permittivity and permeability spectra of Ce2(Co0.3Fe0.7)17/epoxy resin composite were 

investigated, so were those of the ferrite/epoxy resin composite. On this basis, the author 

prepared coaxial Ce2(Co0.3Fe0.7)17/ferrite/epoxy resin composite specimens at different 

volume ratios of the Ce2(Co0.3Fe0.7)17 particles and the ferrite particles, and also studied their 

permittivity and permeability spectra in the frequency range of 8~18 GHz. In this way, the 

optimal volume ratios of both types of particles were determined for the composite. Through 

the analysis, it is concluded that, based on the matrix of epoxy resin and polyamide, the single-

layer plate absorber specimens can control the reflection loss within -10dB across the 

frequency range 8~18GHz, when the thickness is 1.1 mm, the fraction volume of 

Ce2(Co0.3Fe0.7)17 is 25 % and the fraction volume of ferrite is 20 %. 
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1. INTRODUCTION

With the proliferation of modern communication 

technology, electromagnetic devices have penetrated every 

corner of our life and propagated to both civil and military 

fields. This calls for full protection of these devices to 

eliminate electromagnetic interference and ensure 

electromagnetic compatibility. One of the most popular 

methods for electromagnetic protection lies in the adoption of 

absorbents [1-8]. In military field, the absorbent must be 

sufficiently thin, light, wide and strong to shield 

electromagnetic interference. 

According to the theories on transmission line and quarter 

wavelength [9-12], the properties of absorbents (e.g. 

thickness) are heavily influenced by permittivity and 

permeability. The rare-earth transition-metal intermetallic 

compound Ce2(Co0.3Fe0.7)17 [13] offers a viable solution to 

reduce the dosage and thickness of absorbents, thanks to 

excellent performance in a wide range and at high frequencies, 

which can break through the Snoek limitation. However, the 

high permittivity of this material hinders the impedance 

matching with the free space, and thus limits its application as 

absorbent. Considering the small permittivity of the Co2Z-type 

hexagonal ferrite, this paper attempts to combine 

Ce2(Co0.3Fe0.7)17 and Co2Z-type hexagonal ferrite into a 

composite with excellent absorbing properties. 

2. METHODOLOGY

2.1 Materials 

The absorbent was prepared from Ce2(Co0.3Fe0.7)17 (particle 

diameter: 10~50μm) with in-plane anisotropy and Co2Z-type 

hexagonal ferrite (hereinafter referred to as ferrite). The 

coating material is square aluminum plate (length: 18mm). 

The matrix resin includes epoxy resin (E44) and polyamide 

(650). 

2.2 Coaxial specimens 

First, epoxy resin and polyamide were weighed at the mass 

ratio of 1:1, mixed into the matrix resin at different volume 

fractions, and relocated into a crucible. Then, the n-butyl 

alcohol was added into the matrix resin to dissolve the epoxy 

resin and polyamide. After that, the mixture was dispersed for 

5min with an ultrasonic cleaner (KQ218). Next, the prepared 

absorbent was relocated into a crucible, and dispersed 

continuously for 1.5h with an ultrasonic cleaner (KQ218). 

After ultrasonic dispersion, the absorbent/resin compound was 

extracted from the crucible and cut into granular particles. The 

particles were then put into a coaxial mold (inner diameter: 

3.04 mm; external diameter: 7.00 mm) and compressed for 8h 

by tablet compressing machine (FW-4) under 2MPa. Three 

specimens were thus prepared for each volume fraction. 

2.3 Coating specimens 

The prepared absorbent was separately added into epoxy 

resin and polyamide, and dispersed to prepare a coating 

material of two components. Each component was dispersed 

with a high-speed grinder (SKL-FS400). For the epoxy resin 

component, the epoxy resin, absorbent and zirconium beads 

were added into a tank in turn and stirred at a low speed 

(<500r/min). Then, the stirring speed was gradually raised to 

4,000r/min. Meanwhile, the mixed solvent of xylene and n-

butyl alcohol (mass ratio of 5:1) was added into the tank. After 

a 4h dispersion, the zirconium beads were washed out by the 

same mixed solvent. The polyamide component went through 

the same dispersion process. Next, the two dispersed 

components were sprayed into coating specimens, and left 

solidified at room temperature. 
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2.4 Reflection loss test 

 

The reflection loss was tested by Bow Reflectivity Testing 

Method at the frequency between 8 and 18GHz. The dielectric 

constant 휀𝑟  (휀𝑟 = 휀𝑟
′ − 𝑗휀𝑟

″ ) and permeability 𝜇𝑟  (𝜇𝑟 = 𝜇𝑟
′ −

𝑗𝜇𝑟
″ ) of the coaxial specimens were tested through vector 

network analysis at the frequency between 0.1 and 18GHz.  

 

 

3. RESULTS AND DISCUSSION 

 

3.1 Electromagnetic spectrum features of 

Ce2(Co0.3Fe0.7)17/resin composite 

 

  

 

 
 

Figure 1. Frequency dependence of permittivity, 

permeability and 𝑡𝑎𝑛 𝛿of Ce2(Co0.3Fe0.7)17/resin composite 

 

Figure 1 shows the variations in permittivity, permeability 

and loss tangent (𝑡𝑎𝑛 𝛿) of Ce2(Co0.3Fe0.7)17/resin composite 

as the frequency increased from 0.1 to 18GHz. The volume 

fraction of Ce2(Co0.3Fe0.7)17 particles is 25 % in this composite. 

The 𝑡𝑎𝑛 𝛿  𝑡𝑎𝑛 𝛿can be calculated by: 
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where, 𝑡𝑎𝑛 𝛿𝑒 and 𝑡𝑎𝑛 𝛿𝑚 are the loss tangent values obtained 

from permittivity and permeability, respectively. The two 

parameters describe the microwave depletion of the composite. 

From Figures 1(b) and 1(c), it is clear that both the 

imaginary permeability and the maximum 𝑡𝑎𝑛 𝛿𝑚 surpassed 

one, while the value of 𝑡𝑎𝑛 𝛿𝑒  stayed below 0.2 at all 

frequencies. With the growth in frequency, the value of 𝑡𝑎𝑛 𝛿𝑒 

remained basically stable. Meanwhile, the value of 

𝑡𝑎𝑛 𝛿𝑚 exhibited an obvious increase, indicating that 

Ce2(Co0.3Fe0.7)17 is a magnetic loss absorbing material. As 

shown in Figure 1 (a), the real permittivity was below 12, and, 

similar to the imaginary permittivity, decreased with the rise 

of frequency. This reveals the good impedance matching of the 

composite. In addition, the resonance peak appeared in the 

imaginary permeability in Figure 1 (b), which is attributable to 

the loss of electromagnetic wave propagating in the composite.  

 

3.2 Electromagnetic spectrum features of ferrite/resin 

composite 

 

 

 

 
 

 

Figure 2. Frequency dependence of permittivity, 

permeability and 𝑡𝑎𝑛 𝛿of ferrite/resin composite 
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Figure 2 presents the variations in permittivity, permeability 

and 𝑡𝑎𝑛 𝛿of ferrite/resin composite as the frequency increased 

from 0.1 to 18 GHz. The volume fraction of ferrite particles is 

35 % in this composite. The 𝑡𝑎𝑛 𝛿  is also calculated by 

equations (1) and (2). 

It can be seen from Figure 2 (a) that the real and imaginary 

permittivities were respectively smaller than 7.5 and 1. 

Overall, the permittivity of the ferrite/resin composite is 

relatively low at a high-volume fraction of ferrite (35 %). As 

shown in Figure 2(b), the imaginary permeability of ferrite 

was relatively low but the twin peaks in the curve of imaginary 

permeability helps to widen the bandwidth of the absorbent. 

With a low permittivity, this composite can be used to improve 

the impedance matching of Ce2(Co0.3Fe0.7)17/resin composite 

by widening the absorption band. 

 

3.3 Microwave absorbing features of ferrite/resin 

composite 

 

Inspired by the theory on transmission line [9-11], the 

reflection loss of single-layer plate absorber can be derived 

from the permittivity and permeability with the following 

equations: 

 

0

0

(1) (1) 1
20lg 20lg

(1) (1) 1

in in

in in

Z Z
R

Z Z





− −
= =

+ +
                        (3) 

 

1 11

1 1 1 1

1

2
(1) ( ) ( )

r rr

in

r

f
tgh jk d tgh j d

c

  
 


= =

          (4) 

 

where 𝑐  is the light velocity; 𝑓  is the frequency of 

electromagnetic wave; 𝑑1 is the thickness of absorbing layer; 

휀𝑟1  and 𝜇𝑟1 are the real and imaginary permittivities, 

respectively. Hence, the microwave absorbing features can be 

determined based on the relationships between frequency and 

permittivity and permeability.  

Figure 3 displays the reflectivity of ferrite/resin single-layer 

plate absorber with different thicknesses. To fully display the 

microwave absorbing features of ferrite/resin composite, the 

frequency dependence of normalized input impedance (|𝑍𝑖𝑛/
𝑍0| ) and minimum reflectivity when the ferrite/resin 

composite is of the thicknesses of (1/4)γ and (3/4)γ are 

displayed in Figure 4, where γ is the wavelength at a certain 

frequency. 

As can be seen from Figure 3, the reflection loss was less 

than-10dB at the frequency of 8.2 GHz, and the minimum 

reflection loss was -20dB. The results indicate that the 

ferrite/resin composite enjoys a relatively wide bandwidth. 

According to Figure 4, the normalized input impedance 

intersected the line of |𝑍𝑖𝑛/𝑍0| = 1 (the completely matching 

line) at two points, revealing that the composite has two 

completely matching points, respectively at the frequencies of 

7.8GHz and 13.9GHz. Between the two points, the normalized 

input impedance curve was close to one, that is, the composite 

remains close to the completely matching state under the 

frequency of 6GHz. This explains the relative wide bandwidth 

in Figure 3. Due to the small imaginary the permittivity, the 

absorbing layer must be extremely thick if only ferrite particles 

are used. 

The above analysis shows that Ce2(Co0.3Fe0.7)17 particles 

enjoy good magnetic performance at high frequencies, and 

cause strong magnetic loss to electromagnetic wave at a small 

dosage of absorbent or with a thin coating. The ferrite particles 

can widen the absorption band of the absorbent specimens, 

thanks to their low permittivity, good impedance matching to 

free space, and bimodal features of imaginary permeability. If 

combined, the two types of particles can produce a powerful 

absorbing coating with broad bandwidth and limited thickness. 

 

 
 

Figure 3. Frequency dependence of reflectivity at different 

thicknesses 

 

 
 

Figure 4. Frequency dependence of normalized input 

impedance and minimum reflectivity at the thicknesses of 

(1/4)γ and (3/4)γ 

 

3.4 Electromagnetic spectrum features of 

Ce2(Co0.3Fe0.7)17/ferrite/resin composite 

 

Figure 5 provides the spectra of permittivity and 

permeability of coaxial Ce2(Co0.3Fe0.7)17/ferrite/ resin 

composite at different volume fractions of the two types of 

particles (the total volume fraction of the two particles is 45 %). 

It can be seen that the permittivity and permeability, especially 

the real permittivity, changed greatly with the volume 

fractions of the two types of particles. The twin peaks in the 

curve of imaginary permeability come from the ferrite. In 

general, the permittivity is negatively correlated with the 

volume fraction of ferrite, while the impedance matching is 

positively corelated with the latter. 
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Figure 5. The spectra of permittivity and permeability of 

coaxial Ce2(Co0.3Fe0.7)17/ferrite/resin composite at different 

volume fractions of Ce2(Co0.3Fe0.7)17 (x) and ferrite (y) 

 

3.5 Microwave absorbing features of 

Ce2(Co0.3Fe0.7)17/ferrite/resin composite 

 

The microwave absorbing features of 

Ce2(Co0.3Fe0.7)17/ferrite/resin composite were investigated 

based on the permittivity and permeability spectra in Figure 5.  

 

 

 

 

 
 

Figure 6. Frequency dependence of normalized input 

impedance and minimum reflectivity at the thicknesses of 

(1/4)γ and (3/4)γ 
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The results are plotted as Figure 6, where x is 

Ce2(Co0.3Fe0.7)17 and t is ferrite. It can be seen that the 

completely matching point shifted towards the low frequency 

with the growth in the volume fraction of ferrite. Meanwhile, 

the normalized input impedance curve approached the 

completely matching line |𝑍𝑖𝑛/𝑍0| = 1 , indicating that the 

more the ferrite particles, the better the impedance matching 

and the broader the bandwidth. 

 

3.6 Reflection properties of coating specimens 

 

Based on the volume fractions in Figure 5, the single-layer 

plate absorber specimens were prepared from 18cm-long 

square aluminum plates. The reflection losses of these 

specimens were tested at the frequency between 8 and 18GHz. 

The test results are given in Figure 7 and Table 1. As shown in 

Figure 7, the minimum reflectivity of -25dB belonged to 

specimen 1# (thickness: 1.5mm; Ce2(Co0.3Fe0.7)17 volume 

fraction: 15 %; ferrite volume fraction: 30 %). The reflection 

loss of specimen 3# (thickness: 1.1mm; Ce2(Co0.3Fe0.7)17 

volume fraction: 25 %; ferrite volume fraction: 20 %) 

remained less than -10dB across the frequency range, a signal 

for a broad bandwidth. 

 

 
 

Figure 7. Frequency dependence of reflection loss of 

Ce2(Co0.3Fe0.7)17/ferrite/resin single-layer plate absorber 

specimens (1#: vol. x15 %/t30 %; 2#: vol. x20 %/t25 %; 3#: 

vol. x25 %/t20 %; 4#: vol. x30 %/t15%; 5#: vol. 

x35 %/t10 %) 

 

Table 1. Test results on the specimens 

 

No. 

Thickness 

[mm] 

Peak 

reflection 

[dB] 

Peak 

frequency 

[GHz] 

Effective 

bandwidth 

[GHz] 

Surface 

density 

[kg/m2] 

1# 1.5 -25.8 13.1 7.6 3.83 

 2# 1.3 -13.8 12.8 7.6 3.74 

3# 1.1 -16.4 12.5 10.0 3.61 
4# 1.2 -13.0 14.7 9.0 3.66 

5# 1.0 -15.8 10.7 6.4 3.55 

 

 

4. CONCLUSIONS 

 

(1) The absorbent Ce2(Co0.3Fe0.7)17 boasts good magnetic 

properties at high frequencies. 

(2) The Ce2(Co0.3Fe0.7)17/resin composite has relatively high 

imaginary permeability, and causes strong magnetic loss. 

Meanwhile, the real permittivity of the composite is extremely 

high, and increases quickly with the growth in the volume 

fraction of Ce2(Co0.3Fe0.7)17.  

(3) The ferrite has relatively low permittivity, and moderate 

and bimodal imaginary permeability. These features are 

conducive to impedance matching and bandwidth. 

(4) Based on the matrix of epoxy resin and polyamide, the 

single-layer plate absorber specimens can control the 

reflection loss within -10dB across the frequency range 

8~18GHz, when the thickness is 1.1 mm, the fraction volume 

of Ce2(Co0.3Fe0.7)17 is 25 % and the fraction volume of ferrite 

is 20 %. 
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