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Fig. 1. XRD of BaTiOj3 ceramics powder with different

dextrin content.

] 2 AR B4R IE T, BaTiO, M2 fLBRR
T FUAR X 2 BE RS 5t (L B S 2 . K P

057701-2


http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1

) 32 % 3R Acta Phys. Sin. Vol. 68, No. 5 (2019) 057701

PIFE AR 1250, 1280 F1 1300 C =FRE T, MG
LR TE R (4R, BaTiO; Wi (1) FL B ZR A i A
X % B Tt . B RIS B R3S, 1250 C Al
1280 °C b B & (LR 3R Seu /NG 2RI -k
FEJLF AR S T R a3, R AR fh e 3
ARG ZH. 5% WINEE 2, L3R T AT
REIH T RIRE 2 K, (#i15 BaTiOg RV RE T
B, fEdERR g il BE ) SECLBR T R 25 220
oA 10% B, 1250 °C F1 1280 °C Be4h B & HY
LB A B B K AE, 290 58%, X — AU (B A W = T
PIRTAYIRIE (29 18% —34%) 15181 4R1fij, 1300 °C
BeLE B M FLBR R 2R TR T 13%—18%, W
956 45 ek J3E 2 52 ) P 5 LB e R AR R 9% R 1) FE B

70
(a)
sl —o—1250 C
—0—1280 C ——38
501 —A—1300 °C
S gof
2
G o—
S 301
o
~ O
20 T —d /
A//A
0 @ A—
0 1 1 1 1
0 5 10 15
Content of dextrin/%
100
(b)
¥ sot ‘\A\\
2
G
a
Q
el
N
&
g —&—1250 °C
—8—1280 °C
401 —a—1300 «C

0 5 10 15
Content of dextrin/%

2 ZAL BaTiOy P & L B 32 R4 R 2 Bl ARG

AR 2 (a) FLBEES; (b) AHXS %52

Fig. 2. Variation of porosity and density as a function of

dextrin content in BaTiOj ceramics: (a) Porosity; (b) rela-

tivity density.
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SEM M J

Fig. 3. SEM photos of 10% dextrin-doped porous BaTiO; ceramics sintered at different temperature: (a) 1250 °C; (b) 1280 °C;

(c) 1300 °C. The inset of Fig. (a) is the SEM of dextrin.
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Fig. 4. Enlarged SEM photos of 10% dextrin-doped porous BaTiOj; ceramics sintered at different temperature: (a) 1250 °C; (b) 1280 °C.
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Fig. 5. Dependence of d33 on dextrin content in porous BaTiO;

ceramics sintered at different temperature: (a) 1250 °C;

(b) 1280 °C.
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Fig. 8. Hydrostatic figure of merit of porous BaTiO,
ceramics as a function of dextrin content, the SEM photos

of 1280 °C sintered ceramics with different dextrin content
in the inset: (a) 15%; (b) 10%.
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F, 1250 °C F1 1280 C Bezhmt, kA3 TFLB R &
ik 58% By =4 @ RIS FL BaTiOg HiHL P %,

2) FLBR S 3G IR ARG T P e 1 e i 1 AR K
AR B R T S R E K R, BT
FAFABT. 1250 °C Hedh 10% MWikS B i 1 BaTiO,
J HeL P s B A 7 BT (2.84 Mrayls) S
FIEKEAEE (8376 x 1071 Pal).

3) FHELTF 1250 C He4h iy 10% MkS ) BaTiO,
P, 1280 °C e i) Wi e A6 AR R A7 I e 2k B
FSEAE b (P REPT Z = 2.84 Mrayls, #/K EMLE
HFOM = 5289 x 1015 Pal), HA B A1 b
S5, A R AP AL BE.
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Abstract

Porous piezoelectric ceramic shows some advantages, such as high hydrostatic figure of merit, low acoustic
impedance, and excellent piezoelectric sensitivity, compared with its compact counterpart. These merits make it
used widely in various electronic devices, such as underwater acoustic transducer, ultrasonic transducer, and
sensor. Currently, the researches of porous piezoelectric ceramics mainly focus on the Pb(Zr, Ti)O5 ceramic,
which is harmful to environment and human health. In this paper, the lead-free porous barium titanate
(BaTiOs3) ceramic doped with dextrin is prepared by using the conventional solid-state method. The effects of
sintered temperature and dextrin content on the structure, porosity, and morphology of the pores are studied
experimentally and theoretically. Also, the relationship between porosity and dielectric, piezoelectricity, electro-
mechanical coupling factor, acoustic impedance, and hydrostatic figure of merit are explored. The X-ray
diffraction pattern shows that the lattice constants of ceramic are not affected by dextrin. The BaTiO; ceramic
demonstrates single perovskite structure with P4mm space group. The SEM micrograph reveals that the porous
ceramic has three-dimensional open pores with the size of 1-7 pm. Sintering temperature plays a key role in
porosity in the BaTiO; ceramic. The porosity of ceramic gradually declines with sintered temperature increasing
from 1250 to 1300 °C. The max porosity of up to 58% is obtained in 10% dextrin-doped BaTiO; ceramic
sintered at 1250 °C. The porosity of 5% dextrin-doped ceramic is smaller than that of the undoped one when
the sintering temperature is 1250 °C or 1280 °C, indicating that a small amount of dextrin is beneficial to the
densification of BaTiO; ceramic. Both the dielectric and piezoelectric property gradually decrease with dextrin
content increasing. For the BaTiOj ceramic, high sintering temperature contributes to better dielectric and
piezoelectric property than low temperature. Here, the ceramic with 10% of dextrin sintered at 1250 °C exhibits
the highest hydrostatic figure of merit (8376 x 10> Pa!) and the lowest acoustic impedance (~ 2.84 Mrayls).
The binding force between grains is also obviously enhanced in the ceramic sintered at 1280 °C, which is very
helpful for their mechanical strength improvement. The excellent properties of the BaTiO4 ceramic doped with

dextrin indicate its potential applications in sensor and hydrophone.

Keywords: lead-free piezoelectric ceramics, barium titanate, porous structure, hydrostatic figure of merit

PACS: 77.84.—s, 81.05.Je, 81.05.Rm DOI: 10.7498 /aps.68.20181790

* Project supported by the National Natural Science Foundation of China (Grant Nos. 51602242, 51772235).

1 Corresponding author. E-mail: lixiaojuan28@163.com

057701-7


http://dx.doi.org/10.1016/j.jeurceramsoc.2016.03.032
http://dx.doi.org/10.1016/j.jeurceramsoc.2016.03.032
http://dx.doi.org/10.1016/j.jeurceramsoc.2016.03.032
http://dx.doi.org/10.1016/j.jeurceramsoc.2016.03.032
http://dx.doi.org/10.1016/j.jeurceramsoc.2016.03.032
http://dx.doi.org/10.1111/jace.1973.56.issue-2
http://dx.doi.org/10.1111/jace.1973.56.issue-2
http://dx.doi.org/10.1111/jace.1973.56.issue-2
http://dx.doi.org/10.1111/jace.1973.56.issue-2
http://dx.doi.org/10.1111/jace.1973.56.issue-2
http://dx.doi.org/10.1016/j.jeurceramsoc.2016.03.032
http://dx.doi.org/10.1016/j.jeurceramsoc.2016.03.032
http://dx.doi.org/10.1016/j.jeurceramsoc.2016.03.032
http://dx.doi.org/10.1016/j.jeurceramsoc.2016.03.032
http://dx.doi.org/10.1016/j.jeurceramsoc.2016.03.032
http://dx.doi.org/10.1111/jace.1973.56.issue-2
http://dx.doi.org/10.1111/jace.1973.56.issue-2
http://dx.doi.org/10.1111/jace.1973.56.issue-2
http://dx.doi.org/10.1111/jace.1973.56.issue-2
http://dx.doi.org/10.1111/jace.1973.56.issue-2
http://dx.doi.org/10.1016/j.jeurceramsoc.2016.03.032
http://dx.doi.org/10.1016/j.jeurceramsoc.2016.03.032
http://dx.doi.org/10.1016/j.jeurceramsoc.2016.03.032
http://dx.doi.org/10.1016/j.jeurceramsoc.2016.03.032
http://dx.doi.org/10.1016/j.jeurceramsoc.2016.03.032
http://dx.doi.org/10.1111/jace.1973.56.issue-2
http://dx.doi.org/10.1111/jace.1973.56.issue-2
http://dx.doi.org/10.1111/jace.1973.56.issue-2
http://dx.doi.org/10.1111/jace.1973.56.issue-2
http://dx.doi.org/10.1111/jace.1973.56.issue-2
http://dx.doi.org/10.1016/j.jeurceramsoc.2016.03.032
http://dx.doi.org/10.1016/j.jeurceramsoc.2016.03.032
http://dx.doi.org/10.1016/j.jeurceramsoc.2016.03.032
http://dx.doi.org/10.1016/j.jeurceramsoc.2016.03.032
http://dx.doi.org/10.1016/j.jeurceramsoc.2016.03.032
http://dx.doi.org/10.1111/jace.1973.56.issue-2
http://dx.doi.org/10.1111/jace.1973.56.issue-2
http://dx.doi.org/10.1111/jace.1973.56.issue-2
http://dx.doi.org/10.1111/jace.1973.56.issue-2
http://dx.doi.org/10.1111/jace.1973.56.issue-2
http://dx.doi.org/10.7498/aps.68.20181790
mailto:lixiaojuan28@163.com
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1

