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Abstract The electromagnetic (EM) wave absorption properties of the Fe,;Si;(B,Nb,Cu, nanocrystalline
powder mixed with 5 to 20 vol% of Ni-Zn ferrites has been investigated in a frequency range from 100MHz to
10GHz. Amorphous ribbons prepared by a planar flow casting process were pulverized and milled after annealing
at 425 for 1 hour. The powder was mixed with a ferrite powder at various volume ratios to tape-cast into a 1.0mm
thick sheet. Results showed that the EM wave absorption sheet with Ni-Zn ferrite powder reduced complex per-
mittivity due to low dielectric constant of ferrite compared with nanocrystalline powder, while that with 5 vol% of
ferrite showed. relatively higher imaginary part of permeability. The sheet mixed with 5 vol% ferrite powder
showed the best electromagnetic wave absorption properties at high frequency ranges, which resulted from the

increased imaginary part of permeability due to reduced eddy current.

Keywords : Electromagnetic wave absorption, Ni-Zn ferrite, Nanocrystalline powder

LM B

A FAA3), OAd T 5 A% A4 9
HRENA7)S) 293} 9 Aol e 32 ¥E
o) TRAH} F&3] AAHDA, o522 B4
S 2o AP dg AR 2A4F 9 Q)
A W3] o) Wl AR FAZ AET
ozl M} 7K1 Al Slat Aoz uhy,
Hege) )5 AR F5AS) Aol YRseH13).
AR} AL AR ke Foe ol
w0 =4, 44 % A £Alo] 2 ARZ olgt
of YakE A Fole] 92 Weges

*Corresponding Author : [Tel : +82-55-320-3714; E-mail

A AR A7)S B oz A4S &
AR MHz~GHz ol AMgls Axjsh F4AE
2 AEAL o4 TR FHEAUL ol
B FHAZ hrols), 53, Aged Are o
£ WA} FHARG 255} Aoy AMgEs, A
S 9 AT 7R AL olee A

T

o2 FA7 g 5= Fu5 WS W2 Aol
9lv}. Finemetd] Y:xZ2A7 dAxAANBE= 10~15

nm A% 3719 ulAg o-FeSiyde] 2437} Nb
So] 537 YA Ao FAE] TFTY &4
o] A, TIALUES} AM gk FAR 3t
E4E Jehd B oz} Fedl vlAA ol s

: ksohn@inje.ac kr]

292



Ferl Viedaa 95 slelolE Baps] AAjs $554

S5 FAES Aok dA slele| Ex Fu)g)
FFol AM FA AR FpAS FAZ FAS
u, BEAES 7T, 71 0] AR AFslel|A]
EAe] 3t Aol Slet6-7]. & ATAME Fe
A YAy F4S AE JH2 AFsl, S
MHz~GHz2| F3=8$lollA] slelol B 7ol W
3o W AE] §4E& Y FAE 5 AAS 5

el wlxle G ARk,
2, AlEHYHY

B o Fol|AE= Vacuum Schmelze AleljA] A|Z&35E
Fe.,,Si,;B,Nb,Cu,(at%) ¥4 2IECEA 2022 um)
S 225CeM 1A T oew EAE F
pulverizing @} attrition millingS %3} HAEE £
nE Azl Alxd el 258 8 270
mesh ©]&}e] §A=71E 7IA BEg A= |, 2
TE Al B9716M 550°CAA 1417 AR R A

£ 3ok e dAy o] Hxlg F4EA
U Helo| B oJeks- Hrlely] $s8] FeA vhx
249 FS ZA8 2 Ni-ZnH2o|E Ed(d<~6.5
umye Z27+ 5, 10, 15, 20 vol% H7¥e ¥, ailo)
£ 3l 120 rpmoE 277t wiklviel AFAE &
T3l <=l =7 2 BS dHo| T Ay
(tape castingyS E3 H¥ 1.0 mm FAY AEE
AAslgdem, 98-8 o]g3led 100°CoIM AT &
oF Az dAe] g F, A2olA 24417 ZAx3I T

o] % &S 98 LEsle FARdAEY
7(FE-SEM)S- ol-83l52, Al 22| A EEA
<+ F7is] Hsl 70°ClA ddHARE A F

(a)

(b)

293

AES EAE FF 0.3 mmE A3t o] AA}
I FFAE HAE o] 83t 27 7 mm, WA 3
mm®| EZo|=(toroid) Fefe] AlHE THE o, o
25 A3l gdEETEE: 382 gom®, £3:
+0.3%°])YE I3t ¥ Network Analyzer(Agilent
AF AF N5230A)E o8-8k 2-port coaxial HPEL
2 S¥jeule, FAE, 385 100MHz~10GHz9]
WeolellM EAslled, o2 RE MR F45E
vla, FAM ).

=1
x

3. AEEL | O

31 B8 ¥ RHge #s)

YA E B Ni-Znslgle| Bl Bt Al
S #AS AAE 2 1o e 28 1
YA Bae] SEMEAC8A] 271FA7} <
20 um o|{¥l Aol U F HF TV} iR 2
pm o|32 zhag Zeoz #AFS 23 1y
o] Hakg 550°CelAM 1A1ZF AA 3 DA & He
TEM Z3] #2a#2A vigd 712 449 2
Ao =7)= ¢ 12-18 nmelglet. &, Ni-Zowlet
o]E Bt Iz I¥ 1(c)ell R B} Fe] =
717F ¢ 1.1~63 um®] H{le] goksiAl £E5o]
A Aoz e

YAy Fe selo]E Hrlel uld HAlul
FHAEY B (uap-ju ) Fuke B 5
g 23 20 Hephslth 37|14 FApge] Ay
Wye AAIH R Al ouixle] uhgsle S4E
viehlie, F21g2 et Ye A S Thed
s 24 FE Yridieh a8 2644 & 5 ele

Fig. 1. (a) SEM micrograph showing the thickness of the Fe-based nanocrystalline powder used in this study, (b) TEM
micrograph of the nanocrystalline ribbon after crystallization treatment at 550°C for 1 hour and (c) Appearance of Ni-Zn

ferrite powder.
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Fig. 2. The complex relative permeability curves of
Fe,;Si,;B,Nb,Cu, alloy mixed with 0~20 vol% ferrite pow-
der.

Ahe} Zo] FAELE A7} Fulvt Skl wet Al
T2} FeN BF g AS vehisis. )
2ol E A7l ohE 838 A, FAE A
= 3GHz ©J8le] 9 B9 7RE 5 vol% #Het
o|EL 7R A B FAlge] tha A vehg e
u, I o] FEgel A selel B Arleke] Fv1
o e} FApge] sl siEte| Eo] FAlg-2
Finemetd] GAIANRS] vls] @Gomz wglo]EL]
o] S713) wiet FAE A4ETL Faslelet
AL A A5 5 B9 FAE HeHe
W3S AsEa, Fog] me} o] Bake glo
Y, AAZ H2pelES FisbAl 2 Al s
sElo| B A3l Qe AR spiRalge] ¥
on, E3] 5 vol% Heto|EL] SHFatge] i
A vebde. sdeTAE] S AR
o] =t BA Y, slelE kel F13tel wied
HpHEaLgo] F7RI= ol AIEY ulA3ke &
7kl w2 o Fe Fhhol 71913 Aeletxn & 4
et

a9 3 HEtelE e el wE B
E(e=¢, g2 T BAE SAoldh fE A
AA] A} oAl AA|H L2 vhg3le el
o, 5T A ST 2 S IRE ouEt
o A& A e 2T sEe|EE A}
37 k2 AlE2] fAgo] Hie AlES] &
B} = Jelden, sjete|E Arlafe] S5l
oe} g e Al vepdoh BAafA

Journal of Korean Powder Metallurgy Institute

B R R S

70 — r

60% ;

/
/
I
Y
e
Y
;
f

8
o |
f
f%
7
Y
T
hd
g[g

—o— Ferrite 0 vol%
H —o— Ferrite 5 vol%
—=— Ferrite 10 vol%
20 —+—Ferrite 15 vol%
|| —o— Ferrite 20 vol%

Permittivity

10° . - A10° . 10°
Frequency[Hz]

Fig. 3. The complex relative permittivity curves of
Fe,,Si,.B,Nb,Cu, alloy mixed with 0~20 vol% ferrite pow-
der.
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Fig. 4. Variations of S, of Fe;Si ;B,Nb,Cu, alloy powder
sheet mixed with 0~20 vol % ferrite powder.
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Fig. 5. Variations of S,, of Fe,,8i,.B,Nb,Cu, alloy powder
sheet mixed with 0~20 vel % ferrite powder.

M

Reflected Power
Su= 20-10gR,[R_ Incident Power }

Transmittet Power
SZ'_ZO’IOgT’[T_ Incident Power j} @

Power Loss=1-( R+ T[) 3

% 49 5,0l A SN Fogvt ¥
obdell w2} sletel E5 HrlebAl ek AlErt A7}
& Mg 25 silel] A wRelvA| s, vF S74E
= &k o] F, HEelES A 4 A
82| WAlelA] he] 714 A welken], sizte]
E gl F7HES dibelvAZ asie A
o= W ¥, YAkl Agk FHelA] v
£ vehie S8 A5Cd 5), AtelEE At
A g A8} 5 vol% #HEHe|E AHRXRe] AR}

u3u T
~—— Ferrite 0 voi%
ool T Ferrite 5 voi%
: —— Ferrite 10 voi%
—>— Ferrite 15 voi%
020 | —o— Ferrite 20 voi% 7
& #
I+
~ 015
]
2
Q? 0.10
005
0.00

10° 10’ 10

Frequency[Hz]

Fig. 6. EM wave absorption curves of Fe,Si B,Nb,Cu,
alloy powder sheet mixed with 0~20 vol% ferrite powder.
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