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Fig. 1. Effect of additive on microstructure (1150 °C). (a) Only NiCuZn (b) CaO 0.2 wt% (c) CaO 0.4 wt% (d) SnO, 0.06 wt% (e} SnO, 0.2 wt% (f)
SnO» 0.6 wt%.
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Fig. 2. Sintered density vs sintering temperature for (a) various SnO,
(b) various CaO.

fr

P AT - 1B - A7 123~
7P w 28RS 7Y o] B 538 gem™|3]

o} Fig. 1014 B3l 2 o] kel CaO7} H7pso] 4

A} 37Kl we} W} Shislo) Qe ohleh
QUi EAste] AP Wsh 7S FsHAl ok,

W SR 71T
oz Alzer

AAREE B HeE 2991 A

33. §£Xg #Hs)

Fig. 3& 1000 °Co} 1150°CoAlA A22% AZA2) 100
kHz®| 7}l FAE 57 348 JeRd Aol
Fig. 3-(a),(b)2] H7teol] & 571548 vlawsteimy
1000 °CE 223} Fig. 3-(HT} 1150 °Colld 2238 A
o] Bxgo] B #2-8 & 4 3tk 1000 °C AZAdAM ]
SnO%} Ca02] FARE 74T HISzshy 1150°ColA &4
g ZARIAE YUl EAlsks 7] CaORThE YW
o EAstE Snoyt FAS-S S aAle e & F
AT Fig. 1-(d)(e), (KoM HXo] Sn0,9) H7Fe] 7}
= Y FEE AT iRl BRIAAR S BEE 4 09
o Fig. 2-(apllA] 2 Yoz Qe Uxo] At

=2
=

04 Hold values: Temp: 10000 70
120
170
___ 220
9
Z
o}
[
Q
(a)
T T T I T I T
0.0 01 0.2 03 04 05 06
SnO, (wit%)
04— - Hold values: Temp: 11500 [ ___ 300
—— 500
- 700
—- 900
§ —-- 1100
£
e}
[
Q
(b)
T T T T T I T
0.0 0.1 02 0.3 04 05 06
SnO2 (Wit%)

Fig. 3. Effect of permeability with various additive at (a) sintered
1000 °C (b) sintered 1150 °C.



AAE & UAAT BAEL A Sl tigk 2F
o] ol A=E Vehll= gholmz ) oPde] T3] &
€ A9 o5& sl FARES F43] A7l A
o7 Bt} sn*oleL B Sited] 24 ol23} xkElo] 47}
ole® EAl YAIE Y AlAEL) et A
22 hopping®/d-S ASI F= IR 2<Athe, 12]
et Falpel| e Ao oFdllE EEE 283l 2
8o} o}5-g Welshe 2Qlo g 2gein Fxlge] AAE 7}
oA B A 2t CaO= PAFEH) AAuks FAdsin o
AESE AGlA ferrited] £4& £ FA) HUH13]. Ca0O
o] olejgt 4de Al S FUlBK graine] AHES F
olA =lx e o5 oA AJA FEAge Al /AL
A ® Aoz HIT}

™

34. H ol e &4

HEHEA ZollA HF £4L2 eq (1PIM Rk} o)
Furo] Aol vlgElr] wEel] T R £4Y
H|Zo] S7IIA Eot. nFgela AE &4 2357] 98
AMe AgS Bashs QU@ S0l A7AE (e F
ZHx1 Ak g 14].

Fig. 4% eq. (49 FIpol WE o/ S (and)ye &
Aemo) wet eq. (8)F o83l ATt Fig. 404 2
Lo W o 44 7R 1000 °ColA AA3 AlHo]
71 Ggkom 1150 °CollA] &A% AJEETE 1300 °CollA] A
A% AlHo] B o &4 kg 7S dFeth &
515'5‘@])‘1 _/}\_@%Eoﬂ Uq'% (Nio.zcuo.zznoﬁ)14085(Fe203)o.9159]
o)A Z21e eRR eiekAIel 1300 °CR AE3 AlHe A
o) IR} Ao 3 BRde RS VAL IE AR
PRER o FUSIR] K3k o Qlale] &Ho] A o
ol Aoz AlgHU}. Fig. 55 M7l W eq. 8)F ©|
23bd 1150°C, 100 kHzoA ARFE o)A A2 (tans)S

1000
900
800
700
600
500
400
300
200
100

—e—1000°C
—a—1150C
—4— 1300C

{—

tande (mW/cm?)

4000 6000 8000 10000

frequency (kHz)

O L
0 2000

Fig. 4. Dependence of eddy current loss frequency for various
temperature.

=217 88 ] Volume 13, Number 3, June 2003

04 4
‘\ Ho_ld values: Temp: 1150.0
\ \ —— 20 MW/t
034 % \\ — — 30 mW/ar
i | -==- 40 mW/a
02| \ L — - 50 mW/ar

Ca0 (Wi%)

0.1 \ \

\ \

\ \ !

0.0 4 3
T T T T T

0.0 0.1 0.2 0.3 04 05 0.6

SnO 2 (Wt%)

Fig. 5. Effect of total loss (tang, ) various of on additive at 1150 °C
and 100 kHz.

S7F=R Uekidet. o] 7% Fig. 1904 7kAlel A7hal
2 A 2 wdle #EERA Fytond SAHL YA
ol A YEIT Y02 ALRHTE HIHAY ol ST}
ol et AT Aske AEFS ¢ 5 Aok T
] Sn0, 0.17 wt%d o] &4 CaO 05w%Y W &
2 &4 FE 7IES BHolr ole Ca09] H7EEH WE &
AZke Sn0, H7hge] e AT AA HArheldz 2
AT eS¢ 4 ATk E=$E 1000°C 2 1300 °C
N 2AS AHER oj9} T S BESIATH

Fig. 6& 100 kHzollA 7 iA|ep o] ma dAEaS
vehd Aotk z 2xoA Sn0,S A7IBHA @Al CaOv}
0.2 wt%l 7o) 04 wi%Xth AASao] AA Yehhe
272257 1300°CY W B} 1150 °CollAe] AlHo] HE-
=2 248 Byt Z4zte] &2 250M Ca0 0.2 wt%HETh
CaO 0.4 wt%7Fe A9 A&Ao] Z7HE o+ Fig.

—6—A —@—B —A&—C
~X-=D —-X-—E ~-@~F

0 0.2 0.4 0.6
SnO, (wt%)
Fig. 6. Effective of various additive and temperature content on total
loss at 100 kHz. A : CaO 0 wt%, B : CaO 0.2 wt%, C : CaO 0.4 wt%
(1000 °C sintering } D : CaO 0 wt% E : CaO 0.2 wt%, F : CaO 0.4
wt% (1150 °C sintering ) G : CaO 0 wt% H : Ca0O 0.2 wt%, [ : CaO
0.4 wt% (1300 °C sintering).



AUEE 7IAA Hol 48 A7) ZoE AlgHn
g AFLETF FT1skl mel A7AEe) kR Q1Eke
1150 °C 2ZARC} 1300 °C 224A|2] &4o] YAl 2AE%]
o} B =FolA JERRA] kAT 1300 °ColA] Adstar
CaO7} 718 224X A dAF 4782 FA| dofubA] &
< Aog B ole dAMIFo] sl we} A|
of ¥aElo] o)Fstd XFEQ] Ca02] Z7|7F AA ol FA
o] Asld Aoz ARHT Sn0, 0.06 wt%S CaO 04
wt%s S 7K 735 1000~1300 °CAoJollA] whe- &2
S & F QY e Sk FAE, A7)AS
59 540] FVIEYV Evde Hof oAt Aoz <lslo
ztzte] AR A B3t BrdsiAa A&y Ead &
¥ FAe] £48 Sk 548 2on oAl 9%

ol e} ) Al WskE dolubl Hrhis),
vz B

(Nig2Cug2Zng6)1 08s(Fex0s)o0152 ILFARE 2ol 714
SnO(0~0.6 wt%), CaO(0~04 wt%)2] A7}&at FAe st
AlA AA71H B udT2E waske] ogst e 4
= Ut

1. (Nig2Cug2Znge)1 oss(Fe2Os)p 015> AT} S713e) w2t
2AEETE 2P 1000 °CF 1150 °Col 242} 6.54 g/em?
7} 512 glem’?] AAWER VERLeH, w8 CaOrt H7HE
AL 1150°C, CaO 0.2 wt%olX 5.38 gfem’?) DES 7}
Zic},

2. SnO%} Ca09] F7hdell W& YA} z2719] Rish= A9
= Aeg A

3. BAFEe] 22 Ca0 MR $n0, H7Hel s

7] O 2=
e o 5 U

N

4. (Nig2Cug2Znge); 0ss(Fe203)0015 1300 °ColA AZgH A
HHTRE= 1150 °CollA] A28 AlH0] TS 2 ofxlf4]
< 7RISR ARSI

5. (Nig2Cuo2Znge)r oss(FexOs)o01s ferrited]] CaOTHE T
A7 o] 2ALTo)A Ca0 0.2 wt%d] AZEET} =
o= T

6. £=248 Zo]7] A3 Sn0,%} CaOZE 7 A7IA] SnO,
0.06 wi%, CaO 0.4 wi%s EFsh= Zlo] 71g v& &8

-125-

1)),
2914 5408 Hol WAl AFLES A
ofelel R & TEALY feriteS A 0]80] 7Fsd
B ol Lol He FAg] Z7le WS A9 4
el £e 2 4 92 HAFANY 2 ojle] By
(@] e sdus) 270 B A7 2 S B
A o= TS Be 494, oA Fuslolel ¢ Aoz

#HAl| 2

i
o
o
rat

[1] E. C. Snelling, Soft Ferrites/Properties and Applications 2nd
ed. (Butterworths, London), 1, (1988).

[2] M. J. Ruthner, Recent Developments in Ferrite Raw Material
& Thermal Processing(ICF8) 3(2000).

[3]1 E. Otsuki, S. Yamatda, T. Otsuki, K. Shoji, and T. Sato, J.
Appl. Phys., 69(8), 5942(1991).

[4]1 T. Mochi ZuKi, Relations between Microstructure and core
loss in MnZn ferrite for power Applications, Sixth Interna-
tional Conference on Ferrites, 53-58 (1992).

[5] B. B Ghate Materials Science Research Vol 11, Plenum Press,
NY, 369-379 (1977).

[6] E. Ross, Advances in Ferrites (ICF-5), 1, 129 (1989).

[7]1 258, 4%e, A, 2403, NiCuZn ferrite2] 54301 v]%]
= &/39] %4k, Korea magnetic society, Vol 5, 3 (1995).

[8} N. Taguchi, T. Yamaguchi, Y. Okino, and H. Kishi, Proc. of the
8th International Conference on Ferrites, Kyoto, Japan 1122
(2000).

(9] A2, 2A0A, CuO th4] Cu H[EE X|Zke] NiCuZn Ferriteo]]
T X] = < 3ke] W3l A4, Korea magnetic society, Vol 13, 1
(2003).

[10] LA, SARE, 2PdE]3te] 7)1z} -8, st sk &3
B, 174-190 (2001).

[11] ANSVASTM E112-77 (1977).

[12] AWE, 148 wlelo]E, A2} pp. 82-83 (1995).

{13] T. Mochizuki, Ferrites (ICF-6), 59 (1992).

[14] Clive R. Hendricks, Vasatha W. R. Amarakoon Dan Sullivan,
Ceramic Bull., 70(5), 817 (1991).

[15] W.D. Kingery, H. K. Bowen, D. R. Uhlmann, Mief22= &8
ZZTAL pp. 525-576 (1983).

E‘_}:

2



- 126 — B2} 7|818) X] Volume 13, Number 3, June 2003

A Study on the Electromagnetic Property of NiCuZn Ferrite by Additive SnQO,, CaO.
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The electromagnetic properties and microstructures of the basic composition of (Nig>Cug2Zng )i 0ss(Fe203)0015 were invested by
changing of the additive SnO,, CaO amounts and ferrite processes. There is no variation of grain size by changing additive amount. It
can reduce the total loss when (Niy,Cug2Zng )1 oss(Fe203)0.015 composition sintered at 1150 °C better than 1300°C. Additive CaO
confirmed of useful addition for the reduce total loss, because it increasing sintering density. Decreasing toal loss were observed by
adding both SnO, 0.06 wt% and CaO 0.4 wt%.
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