«DF=1> Jounal of The Korean Magnetics Society, Volume 11, Number 1, February 2001

Nio.sCuUo.1ZNng sFe,04 Ferrite-Rubber Composite2| MIlE+5A0]
O|Xj= X2 2z2| ¥ % Carbon H7IE3

=3 - ofRt
Foadsta FEAsFE, Ad A AT 9, 641773

ujeiz

Gyietad, 73 YAl shd 53] 1794, 627-890

(2000 109 279 ¥RS- 2000 129 59 HELAE 4RS

NigsCug,ZngFe,0,2] GA2] 250l wE AR T2 34, = Y A7)A A& vlw $A8le B3t ferrite g}
A o] 7R Bl 93t AF5EAIF) carbon A7l 213 APIeAle mAeAle] HelaAlo] Ao 7}
A& 2AsGI}. 1300°CAM GRS & 7% YA AN D BAo] 7haslde}. Network analyzerS: o)-&-
slo] B4aTalga} vhakEAlS 248 A3 1100 °ColA GA 218 322 A)=18 compositeRT} 1300 °CollA Gx)=)st
FE=2 AR 75 AFo el A FE A o] doh b AT wol). wak vl wA & A& (1)
I 3A FAEA (e S eI S ARFFEAE SAEY T Carbond: 718 749 219) AFalr) Vel
Fo2 AMEA T BAsA ] B R JepdS ¥ & Tk

LA =

Ferrite= vk 2o, Q198 Y Bl e Fo] A
Fo gAU2AS ge] AMEI Q). o]=3 2o gk
A7 2 FAEH 2 £48 2 9 ferrited] 7Y
o] FFE o Folgtet. et HE AHA) - ARFA
71 8EzE 7)o YAg 3, 143tEe] o|u] A7)
9] o] &-guie} rfRtE 7pH ol noie} Yo
EMC(electro-magnetic compatibility : A7) g4, A
A7 A we X JA) ¥ EMi(electro-
magnetic interference: A A1ALE ) FAI71 HA Bl o
23 A2 Wil A U T8 AR
AL 23 F 1, Al 23A| o] FollMe} o] e 4
BAHANAM D407 TP YAY FA 2532
oA AdAsE 2 s, QAo E XA o]
o= Z1ZE29) s (ghost), TF X AI Fof gt
At #eled] 34 F W FAIE YA ZI wEid
o8t EMI W&ol H4 4= 3l AApr|A &A=
el g gde] tFule] T2 £AS e fermitey} F
%203 gl

ASE AR o A13A3S wol7) H3le] BEesr A
g}e] whAbEA] - Ao Ad¥ s & - A
2] AA Fol AEE I YA TEA dB L 2= EMIEE

ukx]3)7] $1sA A} F<=(electromagnetic absorption)
v} A} (shielding)’} E 8315H2]. 714 Hopgead A
e A7} Bel#] 5o & x| 2 W= A
ojm, Axlg} 2l AT} AGEE 7o) o ¢
7HRe e, S u|EME 4] EAE T
o1}, ¥le o)M= 2=l Fzhe) A ez
2] Fdo] ot otedse Ql& 4 vt vt AR} &
T 1R A F Gl Aol Bmg /B FEA-oln3).

olof we} |7, /=1 gl AsFFA 8 carbon
S A3 2AEAY, A1) FAEAS o] 88 f-
$£AIF, 2N ferriteE AMESE TR 522 v}
= At} B3] o]FIM ferrited] AT HEAE o)4
ZAFA 7Y ol WEE T $ITH4-6). Ferrite:=
Ho A2 ferrite L2 2| A2} El5le] A2
i B33 o] sledl, 2232 VHF(90~220 MHz), UHF
(470~770 MHZ)H 2] vy w2 Fuja odfel|y] g5
g AAFFEA S 7 v E58L 2A3 vis)
of AT GHE 9 TFahdellA S8531 9l
7). 531 B3 A3} 7dsiar BAde] gpsled
weksiAl A= gl

Ferritel= /30l 2} 54do] WslA|Rl YU A
M= m)H|z3] o] BAFAE (complex permeability)} B
A58 (complex permittivity)ell *98-E- njx|v] AAg=

A

Z

Lo

—14-



<€QTE=E> NigsCugZng 4Fe,0, Ferrite-Rubber Composite & HIg5EA o] v]x)= .-

o, BEFA A A9 F: 522 HrE e AukEpae
Aes HERZ] 93 o] 59 SPN-E =7 sledof g}
NiZn ferritedl] Cu™ & X%l 75 A7) 54S 44
717 G A& A& 7PsA FoE2X FEg ABT)e
o] shpEA o8ty (s]. melA £ dFolME dAg
+EE delslel njA 22 o] ¥W3}%] NiCuZn ferrite 220
< AlZ3 F rubbers} B33}sle] EAFAE, BARA
&0 Fal PAEAE AT ferrite £t BAlEHES
3} v A2 Fabol| o8] HshEpEA 2] At
£ ZA=start sidet. =5t §Y 2719] ferrite-rubber
composited]] carborr® 715224 composite?] A<
Aol EAHEAS B3L3s}5 o)) Ao rlsAS 1At
Aot

IL AEEHY

£ Aol M 28982 A2Fel Fe,05, NiO, ZnO,
‘3‘3 CuO -E“:Q’% A}-%—‘FS]-":] NiOASCUO.IZHOAFe204‘°’] FA é-%
R 5 Hgste] A|HE Ao, 2232 compositeS:
A=) 938 rubbers YHPHo 2 AMER= silicone
rubberE- AMESISITh 7t R sk F 1007 53
EFslal 7] ES o83l 100 °CollA 24417t 5
o B3] AAzsisiet. B8 WA ferrited AlZ3)7]
A 7P RSk Al Ay S AMEsiEd,
Az FUg uhay) A7|2E AREld 1100 °C, 1300
°Col| At 24]7F ot 2 Gxj=)sle] NigsCug Zng4Fe,04
£ skl dA= F e A E Helele el
A eFsiAl F4¥3139 ). CompositeZ A 2Hs}7] 913 g4
2| ferrite 2] L WA 3.05 mm, 97 6.95 mm,
57| 4mm T2 @} NiZn ferrite®] o] EU=E F3}
o A A FAZ T F, o)A HE 57 wid
2 3t} 222 silicone rubber: ferrite = 1:49) Z2m) 2
E313t F, 200 kg/em®™] =& 7)5bed =3 composite
ABS ARSI, 282 carbon -2 rubberd] 50
wt.%% AR}

Y fermite B4 A  =7] F HRAS
Hitachi*t®] SEM(Scanning Electron Microscopy)-2-2-
At AAFEAE $18) PhilipAFe] XRD(X-
Ray Diffractometry)S- ©]-§-5led £4-& 3liom, =714
EA-E H71517] $18}ed VSM(Vibrating Sample Magne-
tometor) 248 31Tt I3 rubber?} £33} A)
2}t ferrite-rubber composite?] =714 B4 2 x=hE

—-15-

5418 petwork analyzer(Wiltron VNA 360B)y& o]-4-
3lo] WEAREA] (reflection loss), BA#4-&(g,, &), ¥4
FAE (), 1Y &8I 18T 1300 °ColA] G
23t ¥ 42 A2 composite?] 7= SR E wiajeAl
of| oJs} ANBA4E kAP (one-port methodys AR5}
ARSI 7]E9] off-set holdol] &J3F £-02 hAIgt ¢
Z1E glol~7] $14l flash holderS- sample holder2. AHg-3}
I network analyzer?] port®} sample holder Alo]ol] &
o] glo] UAAFNH, reference planedl|Ale] HIA[AIS
S AAY v S0 24 = aEEs
short sample®] ZAXZ %A vHAHAITE S48 D g
o] sample Zo]7} 1 ¢ ¢} 21d wi9] sl=|gdAnt AAr
3hd o), o] & o]-83led 1300 °CollM gxjejsl Hat=
A8t composite?] EAFAET EAFAEE T8I

L 23 % of

P ferrite FL0] BAE Fls] 48] XRD,
SEM % VSM 45 319l Fig. 1= 1100°C, 1300
°CollM 22} 2417 F<F DX )8 NigsCug,Zng 4Fe, 042
XRD A4 Z o}, AF2}EE o] 83k NiZn ferrite®] 7%
2] spinelH= 900 °C o] Abel|l A 1a§gte}. Ni-Znell CuZ
)&kl CuO-Fe,0; 24357k ¢F 1075 °C 3-§4 |4
2] dAje] 2xolM ] Aido] U Ao BAle]
ol &olsiA spineldtE F3AF|2 B2k close pore
7} NiZn ferrite® o} 7348t Ao 2 QA=) ajepr] B
Aol A= 1100 °Coll A AA=igho 2 b3 spinel
TEE 7P ABE AZIR) s, B4 A 5
< ‘4ol Y3k spinel +2E FAT AL & 4= Qleh

dibH o2 sl o} St vlebA slan] A=

| .
1 ibiad)
: o .
EL | s | P
flo
E o *

s 7 HA * % J“
20 30 4 5 6 70 8 90

26 (degree)

Fig. 1. X-ray diffraction patterns of NigsCug,Zng.Fe, 0,
powders heat-treated at (a) 1300 °C and (b) 1100 °C for 2 hours.
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Fig. 2. Scanning electron micrographs of NigsCug;Zng4Fe,0s
powders heat-treated at (a) 1300 °C and (b) 1100 °C for 2 hours.
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Fig. 3. Relative permittivity versus frequency spectrum plot
of the ferrite-rubber composite. Ferrite powders were heat-
treated at (a) 1100 °C and (b) 1300 °C.
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Fig. 4. Relative permeability versus frequency spectrum plot
of the ferrite-rubber composite. Ferrite powders were heat-
treated at (a) 1100 °C and (b) 1300 °C.
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Ferrite powders were heat-treated at 1300 °C.
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The structure, shape, size, and magnetic properties of NigsCug;Zng4Fe,04 have been investigated as a function of
annealing temperatures. In order to control the microwave absorbing properties of ferrite-rubber composite and the complex
losses (magnetic loss and conduction loss), the effect of carbon addition was also studied. It was found that the coercive
force decreased with increasing heat-treatment temperatures. Relative complex permeability and reflection loss were
measured by the network analyzer. As a result, the natural resonance occurred in the low frequency range, and the matching
frequency of the ferrite-rubber composite prepared at 1300 °C was found to be lower. As heat-treatment temperatures ware
increased, the magnetic loss (1,"/u,') and the dielectric loss (&,"/¢,) were increased. It was caused that the absorption
characteristics of the absorber were improved. The conduction loss and magnetic loss were expected to be occurred together
because two matching frequencies were shown with carbon addition. It was confirmed that the matching frequency of the
microwave absorber could be controlled by controlling heat-treatment temperatures and carbon additions.



