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The easy-plane anisotropy of the Y,Co7 rare earth soft magnetic alloy has high saturation magnetization and operat-
ing frequency, and good impedance matching. Therefore, it is expected to become a kind of high-performance microwave
absorbing material. In this paper, Y,Coj7 alloy was prepared by a reduction-diffusion method, and its micropowder was
prepared as polyurethane (PU) based composite absorbing materials (Y,Co;7/PU composites). The microwave properties
of composites with different volume fractions were calculated. The composites showed outstanding absorption characteris-
tics in the range of 20-30 vol%, and the minimum reflection loss (RL) was less than —50 dB. When the volume fraction was
25%, the effective absorption bandwidth could cover the X-band at a thickness of 1.5 mm, and the Ku-band at a thickness of
1.08 mm. The absorption mechanism was analyzed by the interface reflection model. The RL absorption peak bandwidth
mechanism was discussed by using the amplitude relation and calculating the effective absorption bandwidth at different
thicknesses. The effective absorption bandwidth values were in good agreement with the theoretical expectation.

Keywords: reduction-diffusion method, microwave absorption, interface reflection model, effective absorp-

tion bandwidth
PACS: 42.25.Bs, 42.81.Dp, 71.20.Eh, 72.30.4+q

1. Introduction

Microwave absorbing material was originally designed to
be used in weapons and equipment to resist radar detection,
for the purpose of stealth. With the rapid development of elec-
tronic information technology, the application of microwave
absorbing materials is no longer limited to the military in-
dustry. In civil industries, microwave absorbing materials are
widely used to solve the problems of electromagnetic pollu-
tion and interference caused by electronic equipment and elec-
tronic communication. [!-¢!

Microwave absorbing materials can be classified as di-
electric absorbing materials and magnetic absorbing mate-
rials. Compared with dielectric materials, it is easier to
achieve impedance matching with magnetic materials, and
their matching thickness is thinner, so they have become pop-
ular absorbing materials.!”~'!] Due to the existence of Snoek’s
limit, the initial permeability and natural resonance frequency
of the traditional axially magnetocrystalline anisotropic soft
magnetic materials are mutually restricted, so they cannot have
high permeability at high frequencies, which is not conducive
to high frequency application. Magnetic materials with easy-
plane magnetocrystalline anisotropy, due to “breakthrough” of
Snoek’s limit, can obtain high operating frequencies while still
having high magnetic permeability, so they have greater poten-
tial in microwave absorption applications./1>~14]

As a soft magnetic alloy with easy-plane anisotropy,

fCorresponding author. E-mail: giaoliang@lzu.edu.cn
© 2023 Chinese Physical Society and IOP Publishing Ltd
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Y;,Coy7 has high saturation magnetization, high working fre-
quency and high permeability. It has been studied in the field
of microwave absorption. He et al.!'>! prepared Y,Co;; by
an arc melting method and studied its microwave absorbing
properties. The results showed that Y,Coj7 has good low
frequency absorption performance, with a minimum RL of
—9.5 dB at 3.8 GHz. Zhong et al.l'% studied the absorb-
ing performance of Y,Co7_Fe, at high frequencies. The
best absorbing performance was obtained when x = 9, the
thickness was only 2 mm at the best matching, the mini-
mum RL was —46.9 dB, and the effective absorption band-
width was 4.74 GHz.

of Y,Coy7 is done using traditional processes such as smelt-

At present, most of the preparation

ing methods, and the preparation of Y,Co;7 by the reduction-
diffusion method has basically not been reported. In this pa-
per, a YoCoy7 alloy was prepared using the reduction-diffusion
method. The basic principle was that rare earth oxides were re-
duced to rare earth metals by reducing agent metals, and then
rare earth soft magnetic alloys were directly prepared through
the interdiffusion reaction of rare earth metals and 3d transi-
tion group magnetic metals. Compared with the traditional
process, the reduction-diffusion method has the advantages of
being a simple process, using cheap raw materials and a short
preparation period. It has been applied well in the preparation
of some magnetic materials.[!7-2]

In this paper, Y,Co7 was prepared using the reduction-

http://iopscience.iop.org/cpb http://cpb.iphy.ac.cn
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diffusion method. The ball-milled powder was compounded
with polyurethane (PU) to prepare Y,Co7/PU composite
absorbing materials with different volume fractions. The
microwave absorption properties of materials with different
matching thicknesses were calculated. The microwave absorp-
tion mechanism of the composites was analyzed by using the
interface reflection model, and a reasonable explanation for
the appearance of the RL absorption peak was given. It also
explains the influence of reflection factor and microwave re-
fractive index on the absorbing properties of composite mate-
rials, which has important guiding significance for designing
absorbing materials to reduce the RL and matching thickness.
With a volume fraction of 25% composite absorbing mate-
rial, when the thickness was 1.86 mm, the absorption peak
frequency fi, = 7.78 GHz, the minimum RL;;, = —65.3 dB
and the effective absorption bandwidth (EBW, RL < —10 dB)
was 2.73 GHz, it has the perfect matching. When the thick-
ness of the absorber was 1.5 mm, its EBW could cover the
X-band, and when the thickness of the absorber was 1.08 mm,
its EBW could cover the Ku-band. In addition, the bandwidth
under different thicknesses was calculated by the amplitude re-
lationship, and the influencing factors of the bandwidth were
discussed. The calculated values were in good agreement with
those calculated by transmission line theory.

2. Experiment

The mass ratio of Y,03, Co powder and Ca is given by
the reaction equation

Y,03+17Co+3Ca = Y,Co;7 + 3CaO, (D)

where Y03 and Ca should be excessive. The weighed raw
materials were thoroughly mixed and pressed into a cake
shape, and the original Y,Co;7; sample was prepared by
reduction-diffusion reaction in an argon atmosphere. The
prepared sample was crushed and screened with a 200-mesh
sieve, and the residual CaO in the reaction process was washed
away. Y,Coy7 powder was obtained after drying. The Y,Co;7
powder was ball milled by a planetary ball mill. Ball milling
was performed at a speed of 200 rpm for 4 hours. The ball-
milled Y,Coy7 magnetic powder was added to an acetone so-
lution containing a certain amount of polyurethane, and was
sonicated until the acetone was completely volatilized. Af-
ter rotating orientation in a magnetic field, the composite was
dried. Then, it was pressed into a ring-shaped composite ma-
terial with an outer diameter of 7 mm and an inner diameter
of 3.04 mm. The volume fractions of Y,Co17 in the prepared
composite samples were 15%, 20%, 25% and 30%, respec-
tively.

X-ray diffraction (XRD) with Cu-K o radiation was used
to characterize the crystal structure and phase composition of

the Y,Coy7 magnetic powder. The morphology of the sample
was characterized by scanning electron microscope (SEM),
and the saturation magnetization (Ms) and coercivity (H.) of
the Y,Co17 were measured by vibrating sample magnetome-
ter (VSM). The complex permeability and complex permittiv-
ity of the composite magnetic ring in the frequency range of
0.1-18 GHz were measured using a vector network analyzer.

3. Results and discussion
3.1. Phase composition and morphological features

Figure 1 shows the XRD patterns of Y,Co;7; powder
before and after ball milling. The Y,Coj; prepared by
the reduction-diffusion method has the rhombus structure of
ThyZn7-type. Its diffraction peak position and intensity can
completely correspond to the standard Y,Co;7 sample pattern,
with no impurity peak, and it has good crystallinity. It can be
seen from the figure that the peak positions of the Y,Co;7 did
not change before and after ball milling, and the matching de-
gree is very good. Table 1 shows the lattice parameters of the
samples before and after ball milling. After ball milling, the
grain size decreased from 60.9 nm to 38.1 nm, lattice constants
a and c increased slightly, but finally the c¢/a ratio decreased.

= — Y2Corr
io"/ — Y3Coy7 (ball milling)

Intensity

PDF+#18-0434

. I JL..[....I Lo,

II|| 1 ||I
20 30 40 60 70 80

20 (°)
Fig. 1. XRD patterns of Y,Co;7 before and after ball milling.

Table 1. Lattice parameters of different samples, where 0 is average
grain size.

Sample 6 (nm) a ¢ c/a

Y,Coy7 60.9 82626  12.1824 1.4744

YZC_‘”? 38.1 8.2882 12.2188 1.4742
(ball milling)

The morphology of the Y,Co7 powder before and af-
ter ball milling was characterized by scanning electron micro-
scope (SEM), as shown in Fig. 2. Before ball milling, the
average particle size of the sample is about 5-10 um, show-
ing an irregular shape. The average particle size of the sample
is reduced to less than 5 um by ball milling, and some parti-
cles have been ball-milled into flakes with a thickness of only
0.7 um. After ball milling, the particle size of the sample is
reduced. When the sample is made into a composite material,
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PU can better cover the Y,Coy7 particles, the contact probabil-
ity between particles is reduced, and the corresponding permit-
tivity is greatly reduced. The permeability of the flaky samples
decreased slowly, and its permeability after 1 GHz is greater
than that of the irregular samples. High permeability and small

permittivity are beneficial to impedance matching and improve
24]

absorption performance.|

Fig. 2. (a) SEM image of unball-milled Y,Co;7 powder sample, (b) SEM
image of ball-milled Y,Co;7 powder sample.

3.2. Static magnetic properties and degree of plane orien-
tation

The static magnetic properties of the Y,Co7 sample were
characterized, and the hysteresis loop is shown in Fig. 3(a).
The saturation magnetization before and after ball milling
is 117 emu/g, which is almost unchanged. The coerciv-
ity increased from 54 Oe to 179 Oe.
ercivity is attributed to the internal strain induced by the

The increase of co-

ball milling. The results show that Y,Coj7 not only has
high saturation magnetization, but also has good soft mag-

netic properties.>> In addition, the increase in coercivity can
(a) 20
100p,, % My;=117 emu/g
o 540
/bB 50 :10/%e
2 e
E 0 —200 —100 100 20
L
= —50F
— Y2Corr
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Fig. 3. (a) Magnetic hysteresis loops of Y,Coj; powder before and
after ball milling, (b) in-plane and out-of-plane hysteresis loops of
Y>Co17/PU composites.

increase magnetic anisotropy, so that the resonance frequency
moves to high frequencies, and the magnetic permeability is
still high at high frequencies. Therefore, compared with the
samples without ball milling, the ball milled samples have
better high-frequency magnetic properties and microwave ab-
sorption properties. 26!

The degree of plane orientation (DPO) is an important
parameter to determine whether a magnetic material has an
easy-plane magnetocrystalline anisotropy. Its formula is(!?!

Ms - Mr,z—axis

DPO = x 100%. 2)

S

The saturation magnetization M of Y,Co7/PU composites is
93 emu/g, which is determined by the in-plane hysteresis loop
shown in Fig. 3(b), and the remanent magnetization M; ;_axis
in the z-axis direction is 1.6 emu/g, where the z-axis refers to
the axis perpendicular to the easy plane. The degree of plane
orientation calculated by formula (1) is 98.28%. It can be seen
that the magnetic moment of Y,Coy7 is basically in the easy
plane direction after orientation, and the distribution of mag-
netic moments along the z-axis is very small, indicating that
the material has a good easy-plane property, that is, Y,Coy7 is
a soft magnetic material with easy-plane anisotropy.

3.3. Electromagnetic parameters of Y,Co;7/PU compos-

ites

Figure 4 shows the electromagnetic parameters of
the Y,Co7/PU composites with different volume fractions
(vol% = 15%, 20%, 25%, 30%). With the increase of the
volume fraction of Y,Coj7, the content of non-magnetic and
electrically insulated polyurethane gradually decreases, lead-
ing to permeability and permittivity increases of the compos-
ites. When frequency is 0.1 GHz, the real part of the perme-
ability increases from 1.9 to 3, and the real part of the per-
mittivity increases from 10.4 to 23.6. Before the frequency
of 0.3 GHz, the real part of the permeability of all samples re-
mained unchanged, and in the frequency range of 0.3-18 GHz,
the real part of the permeability decreases with the increase
of frequency. This is mainly because of the magnetic reso-
nance and the skin effect of magnetic particles at high frequen-
cies. However, the permittivity (¢') has a very small decrease
in the 0.1-18 GHz frequency range, indicating that the po-
larization relaxation phenomenon does not occur with the in-
crease of frequency at high frequency, so it basically remains
unchanged.?”! There are double resonance peaks in the imag-
inary part of the permeability, according to the mechanism of
domain wall displacement and spin rotation. We know that
there are only domain wall resonance and natural resonance in
this frequency range; the former is a domain wall resonance

peak and the latter is a natural resonance peak. >
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Fig. 4. Electromagnetic parameters of Y,Co17/PU composites with different volume fractions. (a) Real parts and (b) imaginary parts of the
complex permeability, (c) real parts and (d) imaginary parts of the complex permittivity.

3.4. Reflection loss mechanism and microwave absorbing properties analysis of Y,Co7/PU composites

The main criteria to judge the microwave absorption performance of materials are the reflection loss (RL) of electromagnetic
waves and the frequency width of RL < —10 dB, also known as the effective absorption bandwidth (EBW), which represents the
frequency range that can absorb 90% of the energy of electromagnetic waves. Generally, at a given thickness, the smaller the
RL, the wider the effective absorption bandwidth, and the better the absorption performance of the materials.
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Fig. 5. RL curves and corresponding A /4 and 31 /4 curves of Y2Coy7/PU composites with different thicknesses, and three-dimensional RL

graphs. (a) 15 vol%, (b) 20 vol%, (c) 25 vol%, (d) 30 vol%.
According to transmission line theory, the input
impedance Zj, and the RL of the absorption material are cal-

culated by the following equations:2%-3]

Zn :Zo\/% tanh <M\/ﬁ> , 3)

C
Zin—2p

RL == 2010g10 Z +Z0
mn

. “)

where Zj is the impedance of free space, u; and & are the com-
plex permeability and complex permittivity, respectively, f is
the frequency of the electromagnetic wave, d is the thickness
of the absorbing composites, and c is the velocity of light in a
vacuum.

The RL of the Y,Co17/PU composite was calculated us-
ing the above the formulas, as shown in Fig. 5. Figures 5(a),
(b), 5(c), and 5(d) are the microwave absorption characteris-
tic curves of Y,Co;7/PU composites with volume fractions of
15%, 20%, 25%, and 30%, respectively, where (I) is the RL
graphs under different thicknesses, and (III) is the 3D graphs
and sectional graphs of the RL.

For composites with 20%, 25% and 30% volume frac-
tions, all of them have good microwave absorption perfor-
mance. In this frequency range, with the decrease of the
absorber thickness, the peak value of the RL decreases first

and then increases. At a certain frequency, the peak of the
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strongest RL will appear. The smaller the thickness of the
absorber, the higher the peak frequency, and the wider the ef-
fective absorption bandwidth. The composite with a volume
fraction of 15% shows poor absorbing properties in the entire
frequency range. When the thickness decreases from 3.5 mm
to 1 mm, the peak value of RL decreases, but it is not less than
—20 dB. According to the above rules, it can be seen that the
frequency of its strongest RL peak is higher than 18 GHz.
For the absorbing coating with metal backing, part of the
incident electromagnetic wave is reflected at the front inter-
face, and part of it enters the absorber, then continues to re-
flect at the rear interface (at the metal backing), and finally
enters the air medium through the front interface. According
to the interface reflection model,[3!! when the thickness of the
absorber is equal to an odd multiple of the quarter-wavelength
(A/4) of the electromagnetic wave, the phase angles of the

electromagnetic wave reflected from the front interface and

from the rear interface differ by 180°, and then the phases
match. At this time, the two kinds of electromagnetic waves
will produce destructive interference at the front interface, and
the RL will have a minimum value, forming a strong absorp-
tion peak. The condition that the thickness of the absorber is

equal to an odd multiple of A /4 is[3?]

nc

tm_m, (n=1,3,5,...). 5)
Figures 5(a)-1II, 5(b)-11, 5(c)-11, 5(d)-II show the corresponding
relationship between the quarter-wavelength thickness and fre-
quency of Y,Co17/PU composites with different volume frac-
tions. The matching thickness of the RL calculated by trans-
mission line theory can perfectly correspond to the 1/4 wave-
length thickness at this peak frequency. The law that the thick-
ness of the absorber decreases with the increase of frequency
can be explained by the condition of quarter-wavelength de-
structive interference.

—
o

1.0 |F‘ (b) 1.0 7‘]“‘ (C)
sl i i — |7
_q‘; 0.8 3 0.8 |g| g 08 _}R‘I
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Fig. 6. (a)-(c) The relationship between I", IT, R and electromagnetic waves frequency, (d)—(f) the vector polar image when the sum of the

reflection amplitudes is minimal.

Figures 6(a)-6(c) shows the relationship between the am-
plitude and frequency of the reflected wave at the front and
rear interfaces after the electromagnetic wave passes through
the Y,Co17/PU composite absorber with different thicknesses
when the volume fraction is 25%. Figures 6(d)-6(f) show the
vector polar image when the sum of the reflection amplitudes
is minimal. The thickness of the absorber corresponding to
(a) and (d) is 1.50 mm, to (b) and (e) is 1.86 mm, and to (c)
and (f) is 2.00 mm. I represents the amplitude of the front
interface reflection wave, IT represents the amplitude of the
rear interface reflection wave, and R is the sum of the reflec-
tion amplitudes. The electromagnetic wave amplitude and en-
ergy have a square relationship. The smaller the sum of the
electromagnetic wave amplitudes at the front interface is, the

more energy the absorber absorbs, and the smaller the RL (the
larger the absolute value). It can be seen from Fig. 6 that when
the sum of the reflection amplitudes at different thicknesses
reaches the minimum value, the phases of the reflected elec-
tromagnetic waves at the corresponding front and rear inter-
faces always differ by 180°. At this time, the amplitude values
of reflected waves at the front and back interfaces are not nec-
essarily equal. It shows that the RL has the minimum value,
that is, the absorption peak is caused by the phase difference
of 180° between the two electromagnetic waves. It is verified
that the interface reflection model is used to explain the cor-
rectness of the RL peak.

Figure 7 shows the impedance matching diagram of the
composites. It can be seen that when the input impedance of
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the absorber is equal to the impedance of the free space, that is,
when Z;, = Zy, the RL peak shows the minimum value. Ac-
cording to Figs. 6(b) and 6(e), the two reflected electromag-
netic waves not only have a 180° phase difference, but also
have the same amplitude, so the electromagnetic waves are
absorbed completely. The condition that the incident electro-
magnetic wave can be completely absorbed is called the per-
fect matching condition. It can also be seen from the figure
that when the value of Zy, /Z is closer to 1, the corresponding
peak value of RL is smaller. This is also the reason why the RL
decreases first and then increases with the matching thickness.

According to the interface reflection model, Table 2 lists
the perfect matching conditions for composites with differ-
ent volume fractions. It can be seen that with the increase
of Y,Coy7 volume fraction, not only the frequency of elec-
tromagnetic wave is required for perfect matching decrease
from 15.32 GHz to 4.71 GHz, but also the thickness of perfect

matching becomes thicker and the EBW becomes smaller.

10
0
—10
—20
—-30
—40
—50
—60

RL (dB)

‘Zin/ZO|

10 12 14 16 18

0 2 4 6 8
Frequency (GHz)

Fig. 7. Phase matching diagram of the Y,Co7/PU composite sample with a
volume fraction of 25%. Z, /Zy = 1 corresponds to the red line.

Table 2. Perfect matching conditions for composites with different volume fractions.

Volume fraction Matching thickness (mm) Frequency (GHz) RL (dB) EBW (GHz)
20% 1.36 15.32 —66.67 >5.5
25% 1.86 7.8 —65.27 2.73
30% 2.48 4.71 —54.64 1.5
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Fig. 8. (a) Microwave refractive index, (b) reflection factor.

According to formulas (3)—(5), the factors +/|u:/&| and
/|l - &| make important contributions to the absorption
properties of composites, where /|1 /€| is called the reflec-

tion factor and /|y - & is the microwave refractive index.

Figure 8 plots the reflection factor and microwave refractive
index of Y2Co17/PU composites with different volume frac-
tions. At a certain frequency, the microwave refractive index
is inversely proportional to the matching thickness. It can be
seen from Fig. 8(a) that increasing the volume fraction of the
composite material can improve its microwave refractive in-
dex, so as to achieve the purpose of reducing the matching
thickness. The absorption peak is caused by phase matching.
At this time, the closer the amplitudes of the two reflected elec-
tromagnetic waves are, the smaller the RL. Therefore, in order
to obtain good matching performance, the reflection amplitude
of the front interface should be close to half of the incident
electromagnetic wave amplitude. According to formula (5),
the reflection amplitude of the front interface depends on the
reflection factor, so the reflection factor can be used to adjust
the value of the absorption peak.3!!

Ve /& — 1
r=-"‘—. 6
Ve /& +1 ©

In particular, for the composite with 25% volume frac-
tion, when the thickness is 1.5 mm, its EBW almost com-
pletely covers the X-band; and when the thickness is 1.08 mm,
its EBW completely covers the Ku band. It not only has a
relatively thin matching thickness, but also has a very wide
EBW at different thicknesses. As a microwave absorbing ma-
terial, it conforms to the characteristics of “thin, light, wide
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and strong”, and is expected to be used as a good composite
absorbing material in specific frequency bands.

In summary, at the same frequency, the volume fraction
of the composites increases, and the microwave refractive in-
dex increases, which can make the matching thickness thinner.
However, according to the change of RL in Fig. 5, the increase
of the volume fraction will lead to a corresponding narrowing
of EBW. And with the increase of Y,Co;7 content, the quality
of the composite will also increase. Therefore, in order to ob-
tain good absorption performance, the volume fraction of the
prepared composites should be neither too low nor too high,
and it must be considered comprehensively.

3.5. Bandwidth calculation

According to the interface reflection model, at a specific
thickness, the reason for the RL absorption peak is that the
phase difference of the electromagnetic waves reflected from
the front and rear interfaces is 7 (180°) and destructive inter-
ference occurs. If the frequency of the incident electromag-
netic wave changes and deviates from the matching peak fre-
quency by a small value Af, the corresponding electromag-
netic wave phase angle will also change. The phase difference
of the reflected waves at the front and rear interfaces becomes
7 — A, and the RL value becomes larger at this time. Using
the amplitude relationship, the total amplitude of the electro-
magnetic wave at the absorption peak is!33!

Ag =Afcos0+ArcosT =Aq — Ay, @)

where Ag is the reflected electromagnetic wave amplitude at
the front interface, and A, is the reflected amplitude at the rear
interface. The total amplitude of the electromagnetic wave at
a frequency Af deviating from the absorption peak is

A} = AgcosO+Acos(m—AD)
= Aﬁ _Ari Cos (AB) . (8)

Thus, the difference in the total amplitude at the two elec-
tromagnetic wave frequencies is

Al —Ap=A;[1 —cos(AB)]. )

If A@ — 0, then cos(A6) can be expanded by Taylor’s formula
as
(46)°

_2Y L, [(Ae)z} . (10)

cos (AQ) = 5

Equation (8) can be simplified to get

AB)?
Al—A():Ary%. (11)
AB and Af have a mathematical relationship
T dr,
AO = — ‘A 12
=[] 1

According to formulas (11) and (12), the bandwidth calcula-
tion formula is

2(A1 —Ao):|2 2lm dl (13)

A:ZAf:[ 4
ri

—t,n=1.86 mm

RL (dB)

2 4 6 8 10 12 14 16 18
Frequency (GHz)

Fig. 9. Schematic diagram of the effective absorption bandwidth calcu-
lation.
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Fig. 10. Measured and calculated values of effective absorption band-
width at different frequencies.

Using the above formula, the EBW of the Y,Co7/PU
composites with 25% volume fraction was calculated. The
calculated bandwidth value differs by a factor of 2 from the
bandwidth value obtained by transmission line theory. This
result is not only shown in the Y,Co7/PU composites in this
paper, but the same result has also appeared in some magnetic
and non-magnetic absorbing materials. Therefore, a 1/2 cor-
rection coefficient is introduced into the bandwidth formula,
and the revised bandwidth calculation formula is obtained as

SEC

A=

1 2(A1
> { (14)
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Table 3. Parameters of the bandwidth formula and the comparison of theoretical and calculated values.

tm (mm) fm (GHz) (RL)min (dB) Ag ‘dtm/dﬂ A fmeasured Afcalculated Relative error

1.50 9.99 -25.19 0.4692 0.1229 3.71 4.1 10.5%
1.86 7.80 -65.27 0.5178 0.2098 2.73 3.11 14.0%
2.00 7.22 -35.07 0.5313 0.2405 2.46 2.80 13.8%
2.50 5.69 -23.77 0.5708 0.4063 1.75 1.84 5.1%
3.00 4.66 -20.19 0.5993 0.5929 1.34 1.37 2.2%
3.50 3.95 -18.10 0.6225 0.8134 1.07 1.07 0%

4.00 3.41 -16.83 0.6405 1.0853 0.89 0.86 3.4%
5.00 2.70 -15.32 0.6631 1.7301 0.67 0.61 8.9%

Table 3 gives the relevant parameters for calculating the
EBW under different thicknesses, and compares the values
calculated using the modified bandwidth formula with the the-
oretical calculated values. The comparison results of the EBW
at different frequencies are shown in Fig. 10. The results
show that the error between the bandwidths calculated using
the bandwidth formula and the theoretical calculation results
is small, and the maximum relative error is less than 15%. This
shows that the modified formula can be used to calculate the
bandwidth of Y,Co;7/PU composites.

4. Conclusion

In this work, an easy-plane anisotropic Y>Co7 alloy was
successfully prepared using a reduction-diffusion method, and
the powder samples were ball-milled. SEM showed that part
of the particles changed from irregular shape to flake shape
after ball milling, which was beneficial to improve the mi-
crowave absorption performance. The electromagnetic param-
eters of Y,Co;7/PU composites were discussed, the absorb-
ing properties of composites with different volume fractions
were analyzed, and the reflection loss and effective absorp-
tion bandwidth under different thicknesses were obtained. The
microwave absorption mechanism of Y,Co7/PU composites
was explained in detail by the interface reflection model. The
effective absorption bandwidth of the composites was calcu-
lated by using the magnitude relationship, and the result was in
good agreement with the expectation. In conclusion, Y,Coy7
is a promising microwave absorbing material.
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