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Abstract: In this paper, CCTO/NiCuZn ferrite composite materials were synthesized by the the conventional ceramic
processing. The effect of composition on the sintering properties, crystalline-phase structure, microstructure, magnetic and
dielectric properties of the new ferrite-dielectric composite materials had been investigated systematically. To realize low
temperature sintering of the composite materials and by a comprehensive evaluation of both magnetic and dielectric proper-
ties, we chose the composition of 80% NiCuZn ( mass fraction) ferrite/20 wt% CCTO in here. Then, BBSZ glass was
considered as an additive and its effect on sintering behavior, magnetic and dielectric properties of CCTO/NiCuZn ferrite
composite materials were studied. The results showed that the density of all BBSZ-doped samples sintered at 900 °C had
reached 95% of theoretical density. The dielectric constant and permeability of composites showed weak frequency de-
pendence in a frequency range from 1 MHz to 30 MHz. At 10 MHz, as the BBSZ content increased from 0 to 3% ( mass
fraction) , the permeability u of composites increased from 13.2 to 47.9, and the magnetic loss tand, decreased from
0.022 to 0. 017. Meanwhile, the resonant frequency of composites decreased from 10° Hz to 3.2 x 10° Hz. Correspond-
ingly, the dielectric constant g of composites increased from 9. 2 to 16, and the dielectric loss tand, decreased from 0. 069
to 0. 012. The excellent whole performances of composites are expected to be able to promote practical applications.
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Fig. 1 The XRD patterns of the NiCuZn/ CCTO compos-

ite materials with different weight content
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Table 1 The testing density and the theoretical density

of the NiCuzZn/ CCTO composite materials under

different sintering temperatures

. 3
Measured density/g + cm Theoretical

Components Sintering temperature/ C density
1100 950 1000 1050 VErew

x=0 5.024 5.217 5.261 5.284 5. 345
x=0.05 5.018 5.119 5.158 5.173 5.328
x=0.15 4.958 5. 052 5.147 5.151 5.295
x=0.3 4. 845 4.936 4.973 5.043 5.247
x=0.5 4.751 4. 829 4. 887 4.950 5.183
x=0.7 4. 680 4.731 4. 837 4.907 5.121
x=0.9 4.597 4.710 4.789 4. 854 5.061
x=1.0 4.471 4. 495 4.756 4. 960 5.031
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Fig. 3 The complex permeability spectra of the the NiCuZn/ CCTO

composite materials
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Table 3 The electromagnetic properties of the composite materials with different BBSZ content and sintered at 900 C

Components x/% Permittivity & ~ Dielectric dissipation tang, Permeability u Magnetic loss tand,  Resonant frequency f,/Hz
0 9.2 0. 069 13.2 0.022 >10°
1 9.5 0. 024 29.4 0.014 8.6 x10%
2 15.1 0.016 46. 1 0.014 3.6 x10%
3 16.0 0.012 47.9 0.017 3.2 x10%
4 2 B [ AE A TR 2 T 4 8. R b A R R 2 A X 20 3 1) 78

ARSCE S R A% G 0 [ AR 520 vk s B b ) A
CaCu, Ti,0,,/NiCuZn BRSSP &, RGBT TH
I3 IR — B B G L A B AR B4 MERE . AHZE AL
DIEE AR ERRR N . Sy TS G AR AR R b
SRS 75 TR A R B R ra v RE, FRATTIEER T 80%
NiCuZn 2% 1£/20% CCTO Wy4i4y, LA BBSZ BEEE/E N B
JAH], BEFE T HAT CCTO/NiCuZn BB 4 4 RH be
ST N RNREHLPERE ISR o UG TR E AR TR

(1)XRD 455 % B, #£ CCTO F1 NiCuZn 4k % 1k =

PEHE U Bl CCTO & 84N, S B & il 5 ¢
A SEHR LR R B, A i 1 A R BRI R [
Tk 25 IS P 37 TR 1) 8 AT Tl RS 2l 24 CCTO )7
O SEINE 0.9 IF, 52 AR B T A LA 3 025
SRR REE] 3.4, 100 Hz 53R 4 HUH RO 15 ZUR1IHE
JNE] 74 000, AH ML, #ETH R AL 1. 6 MHz 5
Iz 30 MHz L I

(2) S AR P RE Bl S SR 00 ) B 2 2 I T AR R
H CCTO MR BEAE o TMRE i A L3 B 22 B T 5
RERLIEAT AN, 3 S il B ity S 1 R A A A ) S T A



$7 W

FRMEEE: CaCuyTi,0,,/NiCuZn BRAAMREERE A M RHTFIE 9

LA K B 9 Hes A F AR CCTO A B A H 1 RE 1 A2
G PP R AHIC SR FH S A5 H B 0T A2 R P e A i A R AR
TR B IS A AL, AT T A0, WESE T LA B A HE
e A Eqip e

(3) W35 T BBSZ $4%f CCTO/NiCuZn & & k3L &
FHBE & S5 AT ARG R RE I s2 R . 25 SRR, B
BBSZ J5i, 900 C R RELS T A FE S % B A8 T &
P FHLIS 5 B 10 95 % ,  HL A2 A B % B A FL KRN
SRR, WA B AFE FIRE S FEAR B B REAL, 7
10 MHz [5%F, 24 BBSZ 1) 5 A O 3§ 2 3% i,
EMP BT F w N 13,2 INE 47,9, BEIFE 1ans, A
0.022 FF&F] 0.017, [RIMF, #E 5 &R R M 10° Hz
FEAREhF] 3.2 x 10° Hzo AR, A0 B0 H
e W92 mE] 16, 4 FAFIAE tans, M 0. 069 T [ 2|
0.012, 33X — 5 5 ) & A 1k e A LA 2R S B g

SEHE  References

[1] Bai Y, Zhou J, Gui, L, et al. A Ferromagnetic Ferroelectric Co-
fired Ceramic for Hyperfrequency [ J]. J Appl Phys, 2007, 101
(8): 083907(1-6).

[2] Zhong H, Zhang H W. Synthesis and Electromagnetic Properties of

Ferroelectric-Ferromagnetic Composite Material[ J]. J Magn Magn
Mater, 2004, 288 ; 74 —78.

[3] Qi X, Zhou ], Yue Z, et al. A Ferroelectric Ferromagnetic Com-
posite Material with Significant Permeability and Permittivity[ J].
Adv Funct Mater, 2004, 14(9) . 920 -926.

[4] Qi X, Zhou J, Li B, et al. Preparation and Spontaneous Polariza-
tion-Magnetization of a New Ceramic Ferroelectric-Ferromagnetic
Composite[ 1. J Am Ceram Soc, 2004, 87(9) ; 1 848 — 1 852.

[5] Qi X, Zhou J, Yue Z, et al. Investigation of Magnetic Properties
of Nig > Cug » Zng ¢ Fe, o5 0,-BaTiO Composites [ 1. J Magn
Magn Mater, 2004, 269(3) . 352 -358.

[6] Peng T M, Hsu R T, Jean J H. Low-Fire Processing and Proper-
ties of Ferrite + Dielectric Ceramic Composite[ J]. J Am Ceram
Soc, 2006, 89(9): 2 822 -2 827.

[7] Shen ] H, Bai Y, Zhou J, et al. Magnetic Properties of a Novel

Ceramic Ferroelectric-Ferromagnetic Composite[ J]. J Am Ceram
Soc, 2005, 88(12); 3 440 -3 443.

[8] Hsiang H I, Chen T H. Electrical Properties of Low-Temperature-
Fired Ferrite-Dielectric Composites [ 1. Ceram Int, 2009, 35
(5): 2035-2039.

[9] Wang C, Han X J, Xu P, et al. Magnetic and Dielectric Proper-
ties of Barium Titanate-Coated Barium Ferrite [ J]. J Alloys
Compd, 2009, 476(1 -2) : 560 —565.

[10] Ling W W, Zhang H W, He Y, et al. Low Temperature Fired
Ni-Cu-Zn Ferrite with Bi,Ti;O, [ J].
2010, 322(7): 819 -823.

[11] Matsuo Y, Inagki M, Tomozawa T, et al. High Performance NiZn
Ferrite[J]. IEEE Trans Magn, 2001, 37(4) : 2359 -2 361.

[12] SuH, Zhang H W, Tang X L, et al. Effects of Composition and

J Magn Magn Mater,

Sintering Temperature on Properties of NiZn and NiCuZn Ferrites
[1]. J Magn Magn Mater, 2007, 310(1): 17 -21.

[13] Zhong H, Zhang H W, Zhou H T, et al. Effects of WO, Substi-
tution on Electromagnetic Properties of NiCuZn Ferrite [ J]. J
Magn Magn Mater, 2006, 300(2) ; 445 —450.

[14] Snoek J L. Dispersion and Absorption in Magnetic Ferrites at Fre-
quencies Above One Mc/s[J]. Physica, 1948, 14 (4). 207
-217.

[15] SuH, Zhang H W, Tang X L, et al. Effects of Calcining Tem-
perature and Heating Rate on Properties of High-Permeability
NiCuZn Ferrites [ J]. J Magn Magn Mater, 2006, 302 (2) .
278 -281.

[16] Rezlescu N, Rezlescu E. Dielectric Properties of Copper Contai-
ning Ferrites [ J1. Phys Stat Sol (A), 1974, 23 (2): 575
—-582.

[17] Abdeen A M. Dielectric Behaviour in Ni-Zn Ferrites[ J]. J Magn
Magn Mater, 1999, 192(1) : 121 - 129.

(18] Fang TT, Lin W J, Lin C Y. Evidence of the Ultrahigh Dielec-
tric Constant of CaSiO;-Doped CaCusTi, Oy, from Its Dielectric
Response, Impedance Spectroscopy, and Microstructure [ J .
Phys Rev B, 2007, 76(4) . 045 115(1 -8).

[19] Wu Y J, Gao Y, Chen X M. Dielectric Relaxations of Yttrium
Iron Garnet Ceramics over a Broad Temperature Range[ 1. Appl

Phys Lett, 2007, 91(9): 092 912(1 -3).



