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ABSTRACT The effects of CuO , MoO3 and WOg3 on the magnetic properties of NiZn ferrites
were investigated. The results showed that proper CuO doping could increase bulk density and decrease
anisotropy constant of the NiCuZn ferrite samples, so the initial permeability increased. But the Curie
temperature decreased in a certain extent. 4%(molar fraction) CuO content could farthest give attention
to high initial permeability and high Curie temperature demand of the NiCuZn ferrites. The Effects of
MoOg3 and WO3 doping on magnetic properties of the NiZn ferrites were also investigated. It was found
that both of them could increase metallic ion vacancies in the grain boundary region; as a result, the
speed of the grain boundary movement increased, thereby promoting grain growth. Consequently, the
initial permeability of samples increased. Tungsten ions also had a stronger preference of tetrahedral
site of ferrites and could partially substitute ferric ions, so more WO3 content was nec#¥sary to obtain
highest initial permeability, Curie temperature and saturation magnetism of WO3; added samples were
also lower than that of MoOg added samples.
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BEfE. MEBRUREAFBERRES (HFC) RENWBERRM#H T mMR#SFHR NiZo
RS R R 1~ HETS AR BRES R NiZn REEHRRR AR SREAKRT U,
EAHGER RS 1500 F 3000 #9 NiZn REJEE MR, EEES L BH Zn0 B HE
HB R, UM R THER. Hilk, #EEEM RS ENEEERERF T EERER
# Y. A.Gonchar f V.Andreev Z7F NiZn ZE &5 CuO, HEEMK ZnO SHEMEHF LE
ATHHNYERERE 1, ERELEHRBSEIAE 2000. Fif, iTHEARAFR CuO &
ST R REPEBE AT R, I, A SCHFSE CuO Xf NiZn SkE AW E BB ERMUE S RAE W, IE
R ERFFE MoOs fll WO3 #44%t NiCuZn £kERRETERER RN,

1 T B F &

X AEAYEE L ZH&REEE. USHTEE Fe203. NiO, ZnO il CuO HEAFH,
R 1 RE AR EER, M HAT —RREBIR B SR TR, 2517 980 CTHIRE 2 h. FEEF
SERTE. KRB, BT, ERETE, 78 70 MPa K FEHBA, F25ME D=16 mm,
W d=8 mm. FHE h=6 mm WAL, &5
7E 1180 THe% 3 b, RS B BIPLLERER,. 1 =1 R
WEBRERN LR E, AMAN TEH &8 Table 1 Chemical compositions of the ferrites
MoO3 fll WO3 BSLRFEf, BI7E ZIRBREEHT
HEAT. MoOs WIZEE R 99.5%, WOs HIZHER
99%.

Sample Fes O3 ZnO NiO CuO
NO 50.5 31 18.5
N1 50.5 31 17.5

KA XRD SMrimsdirefey M, RA N2 50.5 31 16.5
SEM SRR, A HP4275A BHHTA AT N3 50.5 31 15.5
F 10 kHz W ERHES K, F HP4275A A N4 50.5 31 14.5
RBEANEEERE, X MD-2 BEHE N5 50.5 31 13.5
Hshill i On B E, XA HAEIR SY- N6 50.5 31 12.5
8232B-H 43 Hr{ il B A RERR S SR BE Bs.

2 ER5W®w

e 1 B, FeoO3 il ZnO Y& BRFEAAE, NiO By & BHE CuO & BAy B THI Y
JE%E. NiCuZn gREARHIAL2ERA [(NiO)o.37-0.020 (Cu0)o.022] (Zn0)o.62(Fe203)1.01, FHH? 0<  <6.

H4E XRD ZMHr4E 8, BIfE CuO Y& & (mol 443K, TH) B2 6%, LRARMHIA (& 1),
PR REER B ARG A M.

& 2 51, NiCuZn £k EEREM CuO SEMWEN—EETHREE. XTEHETF
Cut MBETFREEN 1.3 up, /MT N2+ WB FRES 2.3 up, Cu?t I Ni2+ # 5 #BR A KELH
B &, & Cu?t #4% Ni2t {6 £, B MHERK T, 5 A M ERERNBEHER EAK
R, SRR BB E RN TR SHAR, 8RS EER CuO &R Z RN,
TREHS RN CuO FRBIEELIFHE LFEE, Y4 CuO SBEN 4% FZH T (K 3).
CuO T4 NiCuZn &EHEFHHEAMEREIBIERMKILEY, SBERMRET LK
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Fig.1 X-ray diffraction patterns of N0, N4

and N6
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Fig.2 Relationship between the Curie tem-
perature and CuO content(mol frac-

tion, %)

M, WAHRE S E A Y BURL R 8 Ak T 5 R Y
K, BERNERE, (23RN
17, BT REREEEFEERE & R,
Cu ZEMEBERAEMRERE K1 N -6.3x
103/m3, W Ni GREiRm RS & mREE I -
7.0x103J/m3 ZEXHER /. HH, FHEEH CuO
B NiO A TTABE NiZn SREf B R &1 7
R ER/D, FRAESRER, HE, CulO &
f{ NiO X B E ki FREE TR, TG4
BEIEHSE TR FHib, NiCuZn &EAHE
HREFERAL L LA B TRAELBE, &
CuO &K 4% WHAT B,

R EEREREME RS RAER,
CuO &8N 4% BtHy ER T AR, FEHERY
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Fig.3 Dependence of the initial permeability
and bulk density on CuO content(mol

fraction, %)

EX 5 H#AT MoOs fl WOz By#84%, LAiE—B 4% NiCuZn SREMKMERB TR K2 4/HT
MoOj3 1l WO;s B4 &. FIEFERABREN, NiCuZn SEAKW HREA EMEH (B 4), Rl

BLZRAH.

B3R 2 A, AR SR ERERIRS T E RS MBS, HE MoOs
B AR Y B R R A L BLAE 0.12% MoOs 7R, T WO3 #8704 5 i 85 B B eh 4 i BIAE 0.16%
WO3 Bkt D RIBIGIRMMBMBRNIRE B, FRNAK, ERHBREEHH BN TR,
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#+&2 MoO; fl WO3 BREMIPELEEE. Bs, Te M i
Table 2 Bulk density, Bs, Te and yu; for MoO3 and WOj3 doping (mass fraction) sintered

MoOQO3 doping

WO3 doping

Bulk Density

Samples 1% 1% J(e/em®) Bs/mT T./C i

N4 5.130 271 130 2045
N41 0.04 5.172 272 126 2198
N42 0.08 5.203 273 121 2315
N43 0.12 5.223 273 118 2480
N44 0.16 5.221 270 112 2390
N45 0.20 5.218 265 100 2156
N46 0.04 5.168 271 124 2162
N47 0.08 5.196 270 118 2303
N48 0.12 5.214 268 113 2456
N49 0.16 5.225 267 110 2530
N410 0.20 5.220 262 98 2382
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Fig.4 X-ray diffraction patterns of N4, N45

and N410

FEEHEENESMEHNHENEEREE THRSE
O OHE WO; BRAESTHREREEKX—
. MoO; BHFEMMERMSERRELI
7 0.12%Mo0; By, HAEN 2480. T
WOz BIHERREBH SRR RXENERESR
0.16%WO3 2T, HAE K 2530.
E&E R REEEEF MoOs(IE RN
795 C) REFE A, ZE—E R _LRB{RHE kL
w R P +6 4 Mo BFE W BF
FEFETHRERL, 5IEMFREZHET
LR &, T DN & R 69 B 3, (208 L
R-Faggx 10 X 58 5 AHBERYE. &
Wy MoOs il WO3 #7%, 3 NiCuZn ZR & A1)
SRR R B IR, B ek TR E AL
g HREEERL BHEESEES. H

B, I BRyBEASHERAHIHRERL, SEANBSLYE, EREFENREUIET
BE. MoOj; 182 RE i b 45 1 B AR 1 B 5 SR A I (B4 1 BRE 0.12% $B4REY, T WOs B9k #¥
S B B2 85 BE A A R 5 R A UG8 U HH BRAE 0.16% Bt BiEZ R ER FERE N WOs
AMUEETFHEE G RALL, 30 W BT W R WO g8 2\ SR B A oL oy i o 48
A BrE M gy A E O BAR TR — SR ISR A, H W B TR A L Fe’t BEAE
{3 WO3 528 HE 5 i R RE R R 5 BE A JE BLIR B2 1 MoOs Basiy e dn 1.



5 84 7 % CuO, MoOs il WOz Bt NiZn SE BN R 553

5 AFEBHRFMI SEM B

Fig.5 SEM photos of the NiCuZn ferrites with different additives
(a) No additives, (b) 0.12% MoOs, (c) 0.20% MoOs, (d) 0.16% WOs3, (e) 0.20% WO3

3 & i
1. FEEHE CuO BERR NiCuZn SRl e 25 B BE T e AR & 45 1) AR 3, AT 38

RRRGEHE SR, EEEEER —EREN TR 4 CuO && (B/RSE) K 1% i, RERHF
HIFRBT NiCuZn SRE A B R GH FEANEE REEHER.

2.MoO3 fl WO3 B4 8E5|#E NiCuZn SRE MG MITHE TR L, N hnE &A%

3, (RGBTSR, HEMR ARG I RYRS. HBRERER TRENAHTK
RESIBHEE, o IBAORE B AR I8 S R K R,

3W B TR RABRE S EREAR A BN Pt R, HRBEFRWBRENRE

BIRE S AR EAE. 7] RS LR BE A AT BRI 3R AR T AR Y. MoO3s B % RE &,

W N e

2 % X W

Ovidiu F. Caltun, Leonard Spinu, Alexandru Stancu, IEEE Trans. Magn., 37(4), 2353(2001)
O.F.Caltun, L.Spinu, Al.Stancu, L.D Thung, W.Zhou, J. Magn. Magn. Mater., 160~162, 242(2002)
A.M.El-Sayed, Cera. Inter., 28(4), 363(2002)

SU Hua, ZHANG Huaiwu, TANG Xiaoli, XIANG Xinyuan, J. Magn. Mater. Devices, 3, 13(2004)
(5 He, BRIPR, BB, .07T, BEHEAHR R34, 3, 13(2004))

YUAN Xinghua, J. Magn. Mater. Devices, 5, 43(2004)

(44, REYEADRL R AR 1F, 5, 43(2004))




554 MO B R ¥ ® 19%

6 L.Letyuk, A.Balbashov, D.Krutogin, Technology of Magnetoelectronic Materials, Metallurgia (Moscow,
1994) p.246~258

7 A.Gonchar, V.Andreev, L.Letyuk, A.Shishkanov, V.Maiorov, J. Magn. Magn. Mater., 254~255, 544(2003)

8 Kin O. Low, Frank R. Sale, J. Magn. Magn. Mater., 246, 30(2002) ’

9 S.H.Seo, J.H.Oh, IEEE. Trans. Magn., 35(5), 3412(1999)

10 Y.Matsuo, K.Ono, M.Ishikura, I.Sasaki, IEEE Trans. Magn., 33(5), 3751(1997)

11 Kwang-Soo Park, Joong-Hee Nam, Jae-Hee Oh, J. Magn. Magn. Mater., 226~230, 1415(2001)





