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Fig.1 Flow chart of the sol-gel process: (a) niobium precursor

and (b) NN powders

(200)
~ F )
589)
5
(143)
@371)

i il S L
N

Intensity/a.u.

200 400 600 800 1000
Raman Shift/cm™

B2 AN BEMROR S 1) NN K4 (1) XRD &3 Ay = [ 1%
Fig.2 X-ray diffraction patterns (a) and Raman spectra (b) of NN

powder calcined at different temperatures
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Fig.3 TEM image (a), EDS spectrum (b), HRTEM image (c) of NN powders calcined at 600 °C, and (d) SEM image of NN ceramic

sintered by SPS



1) 2 K Z5i%5F . NaNbOs VA B - 46 15 MO A 120 T4 <73

20 kV/cm
o 40kV/icm
Sr 60 kV/cm
‘*E e 80kV/cm
S = 100 kV/cm
(@]
=
a0
S
g
5
£ 5

-100 -50 0 50 100
Electric Field, E/kV-cm™

Kl 4 SPS bess NN [ BErs i (1) P-E FELHH M1 25
Fig.4 P-E hysteresis loops of the NN ceramic sintered by SPS

220+ 410.07
@ Dielectric constant

210 A Dielectric loss 410.06
8 oo0feeeeee. 2
é 200¢ ...."""""’0'0—..,.1-—o—t.,,. 1005 S
© 100} Co0eeee, {004 £
= (&}
8 180} 1003 @
@ ()
0 170k 410.02

A,
160l Ahaa, AdAAdddAAAAAAL, 44 _‘A.AAA.LAAA-A: 0.01
150 L L L 0.00
1 10* 10 10° 10*

Frequency, f/lkHz

KI5 SPS kesh NN P % i (¥ FL 5 %50 5 4006 Bl A0 232 A2 1k
KHR
Fig.5 Plots of dielectric constant and loss tangent with variation

of frequency of NN sintered by SPS

HA N R B AR A 1 o A S5 T NN [ e v]
CLORFF e LB A, R WX A ] 26 5 A A T
P2 2 B, SEIUNINES ) 5 T T 28 1 1R /N B
W2 R4, et HAE 2 R A5 LT Jo S A A 0 B

3 4 i

1) LRI A PEUR, K KRS IR -5 12,
75 600 °C#B e AT i 43 2645 Bk AH I NN 4 Kok 4, R
AH R JEEAH EE T 4% G2 [ A J7 B4R 200 °Co

2) DAV - vk A B Kb A SR i B A, )

M SPS £ R7E 900 CARIEPLIELELL TS H] NN 4H &
B, MRS, WRLRSE 1~ 2 um.

3) NN 4 i B2 2 BLBk FLARAFAE, /e AL B R AT
R MR E M, H=EAmmiE( Ny 0.018 (1
kHz) , fEJCHH B FiL A A AU B AT T 5 N A

SE 30K

[1] Saito Y, Takao H, Tani T et al. Nature[J], 2004, 432(7013): 84

[2] Guo Y P, Kakimoto K, Ohsato H. Applied Physics Letters[J],
2004, 85(18): 4121

[3] Wu J G, Xiao D Q, Zhu J G. Chemical Reviews[J], 2015, 115(7):
2559

[4] Ge H Y, Hou Y D, Rao X et al. Applied Physics Letters[J],
2011, 99(3): 9272

[5] Lanfredi S, Dessemond L, Martins Rodrigues A C. Journal of
the European Ceramic Society[J], 2000, 20(7): 983

[6] Li J F, Wang K, Zhu F Y et al. Journal of the American
Ceramic Society[J], 2013, 96(12): 3677

[7] Fukada M, Shibata K, Imai T et al. Journal of the Ceramic
Society of Japan[J], 2013, 121(1409): 116

[8] Liu W H. Journal of Electroceramics[J], 2013, 31(3-4): 376

[9] Li J F, Wang K, Zhang B P et al. Journal of the American
Ceramic Society[J], 2006, 89(2): 706

References

[10] Koruza J, Malic B. Journal of the European Ceramic
Society[J], 2014, 34(8): 1971

[11] Shanker V, Samal S L, Pradhan G K et al. Solid State
Sciences[J], 2009, 11(2): 562

[12] Wang X B, Shen Z X, Hu Z P et al. Journal of Molecular
Structure[J], 1996, 385(1): 1

[13] zhang B P, Li J F, Wang K et al. Journal of the American
Ceramic Society[J], 2006, 89(5): 1605

[14] Ge H Y, Hou Y D, Xia C et al. Journal of the American
Ceramic Society[J], 2011, 94(12): 4329

[15] Shimizu H, Kobayashi K, Mizuno Y et al. Journal of the
American Ceramic Society[J], 2014, 97(6): 1791

[16] Wang Chao(F ), Chen Jing([%: #+), Chen Hongli([%: £1. 1)
et al. Journal of Inorganic Materials(JC KL 44 2 7)[J],
2015, 30(1): 59



<74 - WA SRR TR 547 45

Synthesis of NaNbO; Nanopowder by Sol-Gel and Its Densification by Spark Plasma
Sintering

Zhang Yunxi, Hou Yudong, Zheng Mupeng, Zhang Xiaochun, Zhu Mankang
(Beijing University of Technology, Beijing 100124, China)

Abstract: The sol-gel method in combination with spark plasma sintering (SPS) has been applied to prepare NaNbOs fine-grained ceramics.
The results reveal that perovskite type NaNbO3z nano-powders with mean size of 40 nm can be synthesized by an aqueous sol-gel route.
Subsequently, using the resulted NaNbO3 nano-powders as precursors, dense ceramics with mean grain size of 1~2 um are obtained by SPS
method. The electrical measurement confirms that the defect dipoles play the roles in assisting antiferroelectric to ferroelectric (AFE-FE)
phase transition. Moreover, the dielectric constant exhibits good frequency stability and the loss tangent is as low as 0.018 (1 kHz).
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