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Fig.8 HRTEM images of CFO (a), NBT (b) and the interface of two phases (c) in the 0.1CFO-SG composite ceramic
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X10* A/m, 1.76X10* A/m).

3 & it
1) i AR -EE R R A T NBT-CFO EMiZ

BRPEM . B TG-DTA JRAL I HT5F B 78 1 Tkt
it gh il B, KB CFO JF NBT 45 dh, JFiile 175
Wb 1.2, 15313515041 [f NBT-CFO 4K¥n /4.

2) R ZAIAKR REA 1S 2] 0.1CFO-SG F&E A
4 0-3 RUgEHREEH), 4/ CFO diki s A7 NBT kit
PIEE .

3) 0.1CFO-SG M Hh Wy AH LA AESLA% AL THAR IERE, Ft
THEMT, FEARTICERY .

4) SHUIR AV 25 1R 45 S AERE & 0.1.CFO-MM
Hit, 0.1CFO-SG EAHMI A TE 250 Hz~1 MHz SR iz H
A B S e, BUFESEAIR, G2 250 Hz i/ B
FEAUA 0.1CFO-MM S AHFIE ) 30%. 0.1CFO-SG HAH
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Wity @A RS TR

%5 51 45

V#EAE 350~650 “Cif X PRI/ s RAT R, HEuE
AEN 0.77 eV, ZA B TRAT Jy H I i 2k r -k A AR S T 11
Wagner-Maxwell £ 7RI AL BT 51 2 o

5) HEHLLERIE 0.1CFO-SG MM & /E =i F R
B K R AR A AN B s i B, RIRHE R T 3
939 o
B EOHHE RO o AT I R g T A B I S 2 ) R K A
Philip J. Withers Z#% 1 David A. Hall 18+

&% 3k

[1] Spaldin N A, FiebigM. Science[J], 2005, 309: 391

[2] EerensteinW, MathurN D, Scott J F. Nature[J], 2006, 442: 759

[3] Ramesh R, SpaldinN A. Nature Materials[J], 2007, 6: 21

[4] Wang J, Neaton J B, Zheng H et al. Science[J], 2003, 299:
1719

[5] Catalan G, Scott J F. Advanced Materials[J], 2009, 21: 2463

[6] Heron J T, SchlomD G, Ramesh R. Applied Physics Reviews|[J],
2014(1): 021 303

[7] Zheng H, Wang J, Lofland S E. Science[J], 2004, 303: 661

[8] Nan C W, BichurinM 1, Dong S X et al. Journal of Applied
Physics[J], 2008, 103: 031 101

[9] Vaz C A, Hoffman J, Ahn C H et al. Advanced Materials[J],
2010, 22: 2900

References

[ R T S s B

[10] Srinivasan G, RasmussenE T, LevinB J et al. Physical Review
B[J], 2002, 65: 134 402

[11] Duan C G, Jaswal S S, Tsymbal E Y. Physical Review
Letters[J], 2006, 97: 047 201

[12] zhangH F, Or S W, Chan H L W. Journal of Applied
Physics[J], 2008, 104: 104 109

[13] Bobi¢ J D, Teixeira G F, Grigalaitis R et al. Journal of
Advanced Ceramics[J], 2019, 8: 545

[14] Zhang Xiaoyan, Du Qiang, Zhao Xiaonan et al. Rare Metal
Materials and Engineering[J], 2020, 49: 520

[15] Ramana E V, Mahajan A, Gra@ M P F et al. Journal of the
European Ceramic Society[J], 2014, 34: 4201

[16] Kumar Y, Yadav K L, Shah J et al. Journal of Advanced
Ceramics[J], 2019, 8: 333

[17] Niu Liwei, Xing Hui, Chen Changle et al. Rare Metal
Materials and Engineering[J], 2017, 46: 1315

[18] Zzhang H J, Ke H, Wang W et al. Journal of the American

Ceramic Society[J], 2016, 99: 2334

[19] Liu L J, Yang Z, Wu M X et al. Journal of Alloys and
Compounds[J], 2010, 507: 196

[20] Babu S N, Hsu J H, Chen Y S et al. Journal of Applied
Physics[J], 2011, 109: 07D904

[21] Li F Z, Ke H, Zhang H J et al. Ceramics International[J],
2020, 46: 1888

[22] Luo H J D, Ke H, Zhang H J et al. Philosophical
Magazine[J], 2019, 99: 2661

[23] Wang L, Gui M Q, Jin H B et al. Journal of Advanced
Ceramics[J], 2018, 7: 256

[24] Liu L J, Huang Y M, Su C X et al. Applied Physics A[J],
2011, 104: 1047

[25] Han F F, Deng J M, Liu X Q et al. Ceramics International[J],
2017, 43: 5564

[26] Luo H J D, Ke H, Zhang H J et al. Physica B: Condensed
Matter[J], 2019, 567: 17

[27] Li F Z, Ke H, Zhang H J et al. Ceramics International[J],
2018, 44: 22 549

[28] Liu L J, Ma X, Knapp M et al. EPL[J], 2017, 118: 47 001

[29] Li M, Pietrowski M J, Souza R A D et al. Nature Materials[J],
2014, 13: 31

[30] Stumpe R, Wagner D, B&uerle D. Physica Status Solidi(a)[J],
1983, 75: 143

[31] Wang L G Zhu C M, Luo H et al. Journal of
Electroceramics[J], 2015, 35: 59

[32] R&del J, Jo W, Seifert K T P et al. Journal of the American
Ceramic Society[J], 2009, 92: 1153

[33] Zzhang Q H, Zhang Y Y, Wang F F et al. Applied Physics
Letters[J], 2009, 95: 102 904

[34] Phor L, Chahal S, Kumar V. Journal of Advanced
Ceramics[J], 2020, 9: 576

[35] Ye F J, Dai H Y, Peng K et al. Journal of Advanced
Ceramics[J], 2020, 9: 444

[36] Chu Shangjie, Zhang Ming, Deng Haoliang et al. Rare Metal
Materials and Engineering[J], 2018, 47: 197

[37] Rajendran M, Pullar R C, Bhattacharya A K et al. Journal of
Magnetism and Magnetic Materials[J], 2001, 232: 71

[38] Phor L, Kumar V. Journal of Advanced Ceramics[J], 2020, 9:
243


http://www.rmme.ac.cn/
http://www.rmme.ac.cn/
http://www.rmme.ac.cn/

%3 P74 BEREG Y NagsBiosTiOs-CoFe 04 S AH 2 BRMEFR K 1 1 4 15 F T FE BT 1071 ¢

Synthesis and Interfacial Impedance Properties of NagsBigsTiO5s-CoFe, O, Multiferroic
Ceramics with Embedded Structures

Li Fangzhe®?, Ke Hua'?, Zhang Hongjun®, Xing Miao"?, Tian Jingxin'?, Tang Xiaohui?,
Jia Dechang™?, Zhou Yu*?
(1. Institute for Advanced Ceramics, School of Materials Science and Engineering, Harbin Institute of Technology, Harbin 150080, China)
(2. Key Laboratory of Advanced Structural-Functional Integration Materials & Green Manufacturing Technology, Harbin 150001, China)
(3. School of Instrument Science and Engineering, Harbin Institute of Technology, Harbin 150080, China)

Abstract: The 0-3 type NagsBiosTiOs-CoFe,04 (NBT-CFO) composite multiferroic ceramics with embedded structures were prepared by
in-situ sol-gel method, and their electrical and magnetic properties were studied. The crystallization behavior was studied by TG-DTA and
XRD. Based on the difference between the crystallization temperatures of CFO and NBT, a two-step calcination process was designed to
obtain NBT-CFO nano-powders with the average size of 45 nm. 0.9NBT-0.1CFO (0.1CFO-SG) composite ceramics sintered using the
nano-powders have embedded structures, where the CFO grains are uniformly distributed inside the NBT grains. Compared to the
composite ceramics prepared by the mechanical mixing method, the 0.1CFO-SG composite ceramics with embedded structures have lower
dielectric loss in 250 Hz~1 MHz at room temperature, and the loss at 250 Hz is only 30% of the former. The temperature dependent
relative permittivities, impedance spectrum and mode spectrum show that composite ceramics with embedded structures exhibit dielectric
relaxation behavior caused by the interfacial polarization between NBT and CFO at 350~650 <C, and the activation energy is 0.77 eV.
0.1CFO-SG composite ceramics with embedded structures have larger remanent polarization, higher breakdown strength and greater
ferroelectric performances at room temperature.

Key words: composite materials; multiferroic ceramics; interface; dielectric relaxation; impedance spectrum
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