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Magnetoelectric Properties of Low Temperature Sintered CoFe,O4-(PZN-PZT)
Multiferroic Composite Materials
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Abstract: CoFe,04-(PZN-PZT) multiferroic composite ceramics were prepared by low temperature sintering using
traditional ceramic method. The influences of mixed mode, PZT shell and composition on structure, magnetic and
magnetoelectric coupling properties were studied. XRD and TEM results show that CoFe,O,/PZT core-shell nanos-
tructured particles are prepared by the Sol-Gel method. A 10-20 nm thick PZT shell formed on the surface of CoFe,0,
particle. EDS analyses show that low temperature sintering and barrier layer effectively inhibit the elements diffusion
of the two phases. SEM images and magnetoelectric property measurement show that PZT shell coated on CoFe,O,
particles and the stirring process improve the magnetic particles content in com-position, match the sintering process
perfectly, and improve the magnetoelectric coupling properties effectively. The coated and stirred sample
CoFe,0,4-(PZN-PZT) with volume ratio of 4:6 which sintered at 1000°C show maximum magnetoelectric coupling
coefficient of (18.3 mV/(cm-Oe)) at 10 kHz.
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Fig. 1 XRD patterns of CFO powder and CFO/PZT powder
(a) Non-treated CFO; (b) Coated but non-calcined CFO/PZT; (¢) Coated
and calcined CFO/PZT

Kl 2 Bk CFO/PZT KA TEM M
Fig. 2 TEM image of CFO/PZT powder coated after calcinations
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Fig. 3 ds; of non-coated and grinded CFO/PZN-PZT composite

ceramics with volume ratio of 2:8 sintered at different tem-
peratures
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Fig. 4 XRD patterns of non-coated and stirred CFO-(PZN-
PZT) composite ceramics with different volume ratios of CFO
(a) 10%; (b) 20%; () 30%; (d) 40%; () 50%
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Fig. 5 SEM imges of CFO-(PZN-PZT) composite ceramics section with volume ratio of 2:8
(a) Non-coated and grinded; (b) Non-coated and stirred; (c¢) Coated and stirred
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Table 1 EDS analyses of CFO-(PZN-PZT) composite ceramics with volume ratio of 2:8
Element (0] Ti Fe Co Zn Zr Nb Pb
Red cross section in Figure 5 (a)/at% 68.48 2.47 12.38 7.26 3.49 1.52 1.93 2.46
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Fig. 6 ds; value as functions of CFO volume ratio in CFO-
(PZN-PZT) composite ceramics prepared with different processes
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Fig. 7 Hysteresis loops of CFO-(PZN-PZT) composite ceramics
prepared with different processes

(a) Non-coated and stirred; (b) Volume ratio of 2:8
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Fig. 8 Magnetic loops of CFO-(PZN-PZT) composite ceramics
prepared with coating and stirring processes
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(a) Coated and stirred; (b) Volume ratio of 2:8



566 TS| R =

#3145

KPR PR SR R e T G FRE 5 R O/, DRI,
Y CFO & &M MBI R —AMER, MR & Rk
B AR B 9(b)s K HIAN R 25 (1) A4
tt 2:8 [f) CFO-(PZN-PZT)E & £ bt i A& R
BBt i ARt i 26, nTRLE H, A B
TGRS R B KIS ] 8.8 mV/(em-Oe),
AOUEHERASE MBS R DN
1.4 mV/(cm-Oe), X F 25 CFO FURLAE K HAH T 1)
I3 AT B0 LA K Wi R R BB FE AR O, ATk A, 3
RO, AR AR ST oy, BORRG REOEOR

3 i

1) WAHE ARG be 4, AT DL 35 4056
TG Y

2) PR A AR T AE R s FAH 38 A
TG, BN PR A RH fl TETRR, B S Y ) R AR
i, $& i 2 UM BB AS& R AL

3) g AR TR, Mdc Ry
R, sk ARE U LI, B 2 B R R R S
EY 8

4) R HER G H &M 2% E A MK, CFO/
PZT L5 PZN-PZT (/AR Ty 4:6 I}, 7E 1000°C N k%
g, 18 10 kHz WEME FRA T RN BAE R
4(18.3 mV/(cm-Og)).

S Xk

[1] SONG WEI, WANG XUAN, ZHANG DONG, et al. Preparation
and characterization of multiferroics BiFeOs. Journal of Inorganic
Materials, 2012, 27(10): 1053-1057.

[2] EERENSTEIN W. Multiferroic and agnetoelectric materials. Na-
ture, 2006, 442(7104): 759-765.

[3] ZHOU J P, HE H C, SHI Z, et al. Magnetoelectric CoFe,O4/
Pb(Zry5,Tip45)O; double-layer thin film prepared by pulsed-laser
deposition. Appl. Phys. Lett., 2006, 88(1): 013111-1-3.

[4] SPALDIN N A. The renaissance of magnetoelectric multiferroics.
Science, 2005, 309(5733): 391-392.

[5] WALKER H C, FABRIZI F, PAOLASINI L, et al. Femtoscale
magnetically induced lattice distortions in multiferroic TbMnOs.
Science, 2011, 333(6047): 1273-1276.

[6] JEONG JAEHONG, LE MANH DUC, BOURGES P, et al.

(7]

(8]

9]

[10]

[11]

[12]

[13]

[14]

[15]

[16]

[17]

(18]

Temperature-dependent interplay of dzyaloshinskii-moriya interaction
and single-ion anisotropy in multiferroic BiFeOs. Physics Review
Letters, 2014, 113(10): 107202.

VAN SUCHTELEN 1J. Product Properties: a new application of
composite materials. Philips Res. Rep., 1972, 27: 28-37.

ZHOU Y, ZHANG J C, LI L, et al. Multiferroic composites in
nano-microscale with non-solid solution by Co-ferrite and
(KosNag s)NbO;-based ferroelectric matrix. J. Alloys Compd., 2009,
484(1): 535-539.

ZHENG H, WANG J, LOFLAND S E, et al. Multiferroic BaTiOs-
CoFe,0;4 nanostructures. Science, 2004, 303(5658): 661-663.

HAN QUANWEI, LI KUN, PENG SONG, et al. Fabrication of the
cobalt ferrite/modified sodium bismuth titanate 0-3 multiferroic
composites via diffusion-blocking. Journal of Inorganic Materials.
2011, 26(5): 486-490.

XING Z P, DONG S X, ZHAI L, et al. Viehland, resonant bending
mode of terfenol-D/steel/Pb(Zr,Ti)O; magnetoelectric laminate
composites. Appl. Phys. Lett., 2006, 89: 112911.

GAO JIAN-SEN, ZHANG NING. Magnetoelectric effect in lami-
nate composites Tby..DyFe,.,-BaTio9Cr0103.5. Journal of Inor-
ganic Materials, 2009, 24(2): 367-370.

WANG Y J, OR S W, CHAN H L W, ef al. Enhanced magnetoelec-
tric effect in longitudinal-transverse mode terenol-D/Pb(Mg;;Nb,;3)Os-
PbTiO; laminate composites with optimal crystal cut. J. Appl.
Phys., 2008, 103: 124511.

LI P, WEN Y M, BIAN L X. Enhanced magnetoelectric effects in
composite of piezoelectric ceramics, rare-earth iron alloys, and ul-
trasonic horn. Appl. Phys. Lett., 2007, 90: 022503.

MA J, SHI Z, NAN C W. Magnetoelectric properties of composites
of single Pb(Zr,Ti)O; rods and terenol-D/epoxy with a single-period
of 1-3-type structure. Advanced Materials, 2007, 19: 2571.

MA'Y G, CHENG W N, NING M, et al. Magnetoelectric effect in
epitaxial Pb(Zro5,Ti45)O3/Lag7Sro;MnO; composite thin film.
Appl. Phys. Lett., 2007, 90(15): 152911-1-3.

KHORSAND ZARK A, MAJID W H ABD. Characterization and
X-ray peak broadening analysis in PZT nanoparticles prepared by
modified Sol-Gel method. Ceramics International, 2010, 36:
1905-1910.

FAN G F, SHIM B, LU W Z, et al. Effects of Li,CO; and Sm,0;
additives on low-temperature sintering and piezoelectric properties
of PZN-PZT ceramics. Journal of the European Ceramic Society,

2014, 34: 23-28.



