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Electromagnetic Wave Absorbers Prepared with Alnico Magnets
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Abstract

We compared electromagnetic(EM) wave absorption properties between Alnico magnet (A) and (B) with different
magnetic properties. Also, we investigated the effect of carbon, thickness of absorbers, and Alnico contents on EM
wave absorption, and clarified the relation between Alnico content and central frequency.
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[ . Introduction

EM wave absorbers are used to protect EM machines,
such as personal communication and wireless LAN
systems, from unwanted EM wave radiations. Soft
ferrites, such as Mn-Zn and Ni-Zn ferrites, are important
materials as microwave absorbers because of their high
magnetic loss, which contributes to the EM wave
absorption”™?, However, the magnetic loss of soft fer-
rites decreases quickly in the GHz range, so it is
impossible to expect EM wave absorbers made with soft
ferrites to show great absorption properties at GHz
frequencies. Satoshi et al” and Verman et al”! in-
vestigated microwave absorption on hard ferrite, such as
Sr and Ba ferrites, because they show high magnetic
loss in the GHz range and revealed that Ba and Sr
ferrites are useful materials for EM wave absorbers in
the GHz range.

When we consider the problem of the natural en-
vironment and resources, it is good to use recycled
magnets. Already, we have studied the EM wave pro-
perties of EM wave absorbers prepared with recycled
Mn-Zn and Ba ferrites! """ In the studies, we
showed that recycled magnets could be useful materials
for EM wave absorbers.

In addition to developing advanced EM wave ab-
sorbers with well known soft and hard magnetic
materials, such as Mn-Zn, Ni-Zn, Ba, and Sr ferrites, it
is important to develop new materials for EM wave
absorbers. In the previous study, we suggested newly
Alnico magnets are good materials as a new EM wave
absorbers. However, the reports on microwave ab-
sorbers prepared with Alnico magnets are very rare. It
is not reported to compare EM wave absorption pro-
perties between Alnico magnets with different magnetic
properties.

Alnico Magnet, Electromagnetic Wave Absorption, Different Magnetic Property, Sheet Type.

In this paper, we compare EM wave absorption
properties between Alnico magnet (A) and (B), which
have different magnetic properties. Also, we investigated
the relation between Alnico content and central fre-
quency. We prepared sheet-type absorbers with recycled
Alnico magnets considering the problem of natural re-
source and environment. ’

II. Sample Preparation and Measurements

2-1 Sample Preparation

In this research, we used recycled Alnico magnet (A)
with magnetic properties of residual magnetic induction
(Br)=0.65 T, coercivity (Hc)=45 kA/m, and maximum
magnetic energy (BH)max=11 kJ/m’, and recycled Al-
nico magnet (B) with magnetic properties of Br=0.87 T,
He=125 kA/m, and (BH)max=45 kJ/m’ as starting ma-
terials for preparing sheet-type absorbers. The magnets
were smashed with a hammer, pulverized with a
vibration mill, and mixed with silicon binders and/or
carbon by using an open roller. The open roller's surface
temperature was uniform during sample preparation
because the surface temperature affects the EM wave
properties of sheet type absorbers™. The detailed pre-
paration conditions for Alnico magnet absorbers are
listed in Fig. 1.

2-2 Sample Measurements

For the investigation of the EM wave absorption
properties of the samples, the prepared sheet-type ab-
sorbers were punched into a toroidal shape with an inner
diameter of 3.05 mm and an outer diameter of 6.95 mm.
The punched samples were putted into sample holder
to investigate the EM wave absorption as shown in
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Fig. 1. Preparation of sheet-type Alnico absorbers.
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Fig. 2. Measurement system for the reflection coefficient.
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Fig. 3. Sample holder.

Fig 3. The absorption properties of the samples were
investigated with a HP-8753D network analyzer. Figs. 2
and 3 are diagrams of the measurement system used for
the reflection coefficient and the sample holder, res-
pectively.
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[I. Results and Discussion

We compared the EM wave absorption properties
between Alnico magnet (A) and Alnico magnet (B) for
the sample thickness of 1 mm and 2 mm. Fig. 4 shows
that the EM wave absorption properties are almost same
in two samples even though they have different residual
flux density, coercivity, and maximum energy product.
Thus, we conclude that the magnetic properties of
residual flux density, coercivity, and maximum energy
product in a Alnico magnet do not affect strongly to
EM wave absorption property.
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Fig. 4. Reflection coefficient as a function of frequency
for Alnico magnet (A) and Alnico magnet (B).
(a) is sample thickness of 1 mm and (b) is
sample_thickness of 2 mm.
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Fig. 5. Reflection coefficient as a function of frequency

for samples of 3 mm-thickness with different car-
bon contents.

Many researchers have revealed that carbon is a very
useful material for increasing the EM wave absorption
properties because of their dielectric loss®™. Thus, we
investigated the effect of carbon in Alnico magnet
absorbers on the EM wave absorption properties. Fig. 5
shows that the reflection coefficient in Alnico magnets
depends on strongly by carbon amount and the central
frequency decrease with increasing carbon content in
both of Alnico magnet (A) and (B). Therefore, we
conclude that the carbon is very useful material for
increasing microwave absorption properties in Alnico
magnets.

Fig. 6 shows that the central frequency decreases with
increasing sample thickness. This phenomenon is con-
sistent with the equation
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Fig. 6. Reflection coefficient as a function of frequency
for Alnico magnets (A) with different thickness.
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Fig. 7. Reflection coefficient as a function of frequency
for Alnico magnet absorbers with different Alni-
co contents.

d=c/2 zu"f

where ¢, d , and f are the velocity of light, the sample
thickness, and the central frequency, respectively[s].
Fig. 7 shows the reflection coefficient as a function of
frequency for the samples containing 50 wt%, 58 wt%,
and 63 wt% of Alnico. Central frequency shifts toward
lower frequency with increasing Alnico contents. To
clarify this phenomenon, we investigated permeabilities,
and show the result in Fig. 8. The point of tan §=1 shifts
toward lower frequency with increasing Alnico contents.
The EM wave absorption of ferrites is related with
magnetic loss tan 8, and the magnetic loss is strong for

tan 6>1®). From the above result, we conclude that the
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Fig. 8. Complex permeability as a function of frequency
for Alnico magnet absorbers with different Alni-
co contents.

decreasing of central frequency with increasing Alnico

120

contents is because the frequency of tan §=1 decreases
with increasing Alnico contents, and it is possible to
control central frequency by Alnico content.

IV. Conclusion

We used recycled Alnico magnets as a sheet-type EM
wave absorber and compared EM wave absorption
properties between Alnico magnet (A) and (B) with
different magnetic properties of coercivity, residual flux
density, and maximum energy product. We confirmed,
even though they had different magnetic properties
before pulverization, the two Alnico magnets had almost
same EM wave absorption properties. Carbon in Alnico
magnet absorbers affect strongly to EM wave absorption
properties, and central frequency shits toward lower
frequency with increasing carbon content. The EM wave
absorption peak shifts toward lower frequency with
increasing Alnico contents, which relates with the fre-
quency of tan &=1.

This work was supported by the Korea Research
Foundation Grant(KRF-2003-005-D0005) and by the
Program for the Training of Graduate Students in
Regional Innovation which was conducted by the
Ministry of Commerce Industry and Energy of the
Korean Government.

References

[1] Jae-Man Song, Hyun-Jin Yoon, Dong-1l Kim, Su-
Jung Kim, Seung-Min Ok, Bo-Young Kim, and Ki
-Man Kim, "Dependence of electromagnetic wave
absorption on ferrite particle size in sheet-type
absorbers", J. Korean Phys. Soc., vol. 42, no. 5, pp.
671-675, May 2003.

[2] Satoshi Sugimoto, Katsumi Okayama, Sinichi Kon-
do, Hiroyasu Ota, Masafumi Kimura, Yoshiuki Yo-
shida, Hajime Nakamura, David Book, Toshi Ka-
gotami, and Motofumi Homma, "Barium M-type
ferrite as an electromagnetic microwave absorber in
the GHz range", Materials Trans., JIM, vol. 39, no.
10. pp. 1080-1083, 1998.

[3] A. Verma, R. G. Mendiratta, T. C. Goel, and D. C.
Dube, "Microwave studies on strontium ferrite based
absorbers", J. Electroceramics, vol. 8, pp. 203-208,
2002.

[4] Dong-II Kim, Su-Jung Kim, and Jae-Man Song,
"Dependence on preparation temperature of the mi-
crowave absorption properties in absorbers for
mobile phones", J. Korean Phys. Soc., vol. 43, no.
2, pp. 269-272, Aug. 2003.



SONG et al. : ELECTROMAGNETIC WAVE ABSORBERS PREPARED WITH ALNICO MAGNETS

[5] Sang-Hyun Moon, Seung-Jac Shin, Jae-Man Song,
Dong-11 Kim, and Ki-Man Kim, "Development of
composite Ba ferrite EM wave absorbers gor GHz
frequency", J. Korea Electromagnetic Engineering
Soc., vol. 14, no. 12, pp. 1329-1334, Dec. 2003.

[6] Dong-Han Choi, Dong-il Kim, and Jae-Man Song,
"Dependence of electromagnetic wave absorption
properties on binders", J. Korean Phys. Soc., vol.

Jae-Man Song

1 received the Ph.D. in Soong Sil Univ. He

made a special study of magnetic material

at Nagasaki Univ. as a research professor.

Now he is a research professor at Korea

Maritime Univ. His research interest in-

cludes material for EMI/EMC, soft mag-
nets, and hard magnets.

Dong-I1 Kim

He was born in Nonsan, Korea. He
received the B.E. and M.E. degrees in
[ nautical science and electronic communi-
cations from the Korea Maritime Uni-
versity, in 1975 and 1977, respectively.
He received the Ph.D. degree in elec-
tronics from the Tokyo Institute of Tech-
nology in 1984. Currently, he is pro-
fessor of the dept. of radio sciences & engineering at the
Korea Martime University. His research interests include the
design of microwave circuits and CATV transmission circuits,
development of EM absorber, and EMI/EMC countermeasures.
He received the Academy-Industry Cooperation(A-1-C) Award
from Korea A-I-C. Foundation in 1990, Treatise Awards from
the Korea Electromagnetic Engineering Society and the Korea
Institute of Navigation in 1993 and 1998, and the Korea
President's Award from the promotion of science and tech-
nology in 1995, respectively. He is the president of KEES and
member of IEEE, the Institute of Electronics, Information and
Communications of Japan, the [EEC of Korea, the KICS, and
the Korea Electromagnetic Engineering Society.

42, no. 6, pp. 799-802, Jun. 2003.

(7] Jae-Man Song, Dong-Il Kim, Seung-Jae Shin, Sang-
Hyun Moon, Ki-Man Kim, and Keel-Soo Rhyu,
"Development of electromagnetic wave absorbers
with Alnico magnets", J Korean Phys. Soc., vol.
44, no. 6, pp. 1495-1498, Jun. 2004.

[8] Y. Naito, Electromagnetic Wave Absorbers, Tokyo:
New Ohm, 1986.

Jeung-Hyun Choi

He was born in Busan, Korea. He re-
ceived the B.S. degree in electronic
communications from the Korea Dong-eui
University, in 2004. He is currently
working toward the M.S. degree in Korea
Maritime University. His current interests
are development of EM absorber, and
EMI/EMC countermeasures.

Jae-Hyun Jeung

He was born in Busan, Korea. He recei-
ved the B.S. degree in electronics from
the Korea Dong-eui University, in 2004.
He is currently working toward the M.S.
degree in Korea Maritime University. His
| current interests are development of EM
absorber, and EMI/EMC countermeasures.

121



