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Abstract

The development progress of hydrothermal method at home and abroad is summarized. Hydrother-

mal synthesis of BaTiO:, (K,—,Na,YNbO;,Nay s Bi, s TiO; and Bi; Ti; Oy, is mainly introduced. The advantages of hy-

drothermal synthesis for the control of morphology and size are discussed. Meanwhile, the microwave-hydrothermal

synthesis of lead-free piezoelectric ceramic powders is also briefly introduced, It is proposed that hydrothermal method

has many advantages for preparing pure lead-free piezoelectric ceramics powder with high purity and crystallinity, sym-

metrical partical distribution, controlled size and morphology. Its next main work is to synthesize the complex com-

pound with the correct composition for the fabrication of lead-free piezoelectric ceramics and components,
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PEERT RIERA R (B ERE I AR TEAE., UMMk R
5 BaTiO; B FIufEREI A BIEHE. K #ak BT LIRYF
M X E AR, BaTiO; EBWE MB35 KI5
BE. RAKMKES M BaTiO; Sk & X RERK L. Huei
Jyh Chen 21, TiO, H1 TiCl, 4K ,Ba(OH), » 8H,O %
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& BEE BaTiO, 844K, IARFE 0. 5~2. 0mol/L ¥ B Py 12
B NaOH 83 B B 76 0. 625~0. 15mol/L 7 Fl P9 B {5
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Wt KBS & B AL Wk B | R Bt 8] L e B 3R BE L R 7
MZRFEMER 1 FRNXR, AREAERE 160C,
NaOH ¥ & % 10mol/L, {{ X i 16h sk Hl18 T 45 R TFH
NBT #&, infl 1 fims.
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Table | Effect of hydrothermal reaction conditions onthe crysal structure of BNT —-based powders
—7 =3 = NaOH/ [imol/ L O Oodlh gor/sg oooad
Ti[TIC4H Td BiINO3[B:-5HD 0.5 24 160 ooo
TilDC.H9O BiINO3[B-5HD 2.0 24 160 BNT
TiOC4H .0 BiLNO3[B:- 5HD 6.0 24 160 BNT
TilDC.H9O BiINO3[B-5HD 10.0 24 160 BNT
TifOC4H 94 BiINO 3B -5HD 12.0 24 160 BNT
TilIC.H.d Bi (N(I3(B- 5HD 14.0 24 160 Bi20 3
TiOC.H9A BiCNO 3B - 5H 20 12.0 1-5 160 BizO 3B NT
Ti[OC4H 94 Bi INO 3. 5H 2 12.0 3 160 BNT Bi20 3
TilDC4H 94 Bi (INO 3(B - 5H 21J 12.0 6 160 BNT
TiOC.H.O BiINO3[B-5HD 12.0 12 160 BNT
TIilIIC4H . 4 BiINO O . 5H2 12.0 24 160 BNT
TilDC4H 94 BilNO 3(B - 5H20 12.0 24 100 Bi20 3
TilllC4H . [d BiCNO 3B - 5H 20 12.0 24 120 BNT BiD 3
Ti[OMH o BiNO 3B - 5Hz0 12.0 24 160 BNT
TilIIC. H 9% BilNO 3(B - 5H20 12.0 24 1800 220 BNT [Bi
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Fig. 1 sEM micrograph of NBT powders synthesized by the
hydrothermal process at 160c at reaction times of 16h
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Table2 Effect of hydrothermal reaction conditions on the crystal strud ure of Bi4T i=0 1IXbased powders

U oo 6 MOoOoood  md/L Od/h (IT] Qoo
TilD CAHOA BiCNO 3B 5HD 133 2.5 72 240 Bi.Ti30 2
Tio20 O BiINO 3. 5HD 1.33 2.5 72 240 Bi4Ti30 2
Ti0O2 BiNO3[B- 5HD 1.3 2.5 72 240 Bi4Ti30 2
Ti02 BiCNO 3. 5HD 1.25 2.5 72 240 ooo
Ti02 BiC(NO 3B: 5HD 135 2.5 72 240 Bi4Ti30 2
Ti0O2 BiCNO3[(B: 5HD 1-5 2.5 72 240 Bi4Ti30 2
Ti02 Bi(NO3[B- 5HD 16 2.5 72 240 Bi4Ti30 2
Ti02 BiLNO3B: 5HD 17 2.5 72 240 ooo
Ti0O2 Bi(NO3[B: 5HD 1.33 0.5 72 240 ooOo
Ti02 Bi(NO3B- 5H20 1.33 10 72 240 Bi4Ti30 2
Ti02 BiLNO3[B- 5H20 133 3.0 72 240 Bi4Ti30 2
Ti02 Bi(NO3[B- 5H20 1.3 50 72 240 Bi4Ti30 2
Ti02 Bi(NO3[B- 5H20 1.33 6.0 72 240 ooo
Ti0O2 BiCNO 3(B - 5H20 1-3H 25 10 240 ooo
Ti02 Bi(NO3[B- 5H20 1.35 2.5 14 240 Bi4Ti30 2
Ti02 BiCNO3[B: 5H20 1.35 25 18 240 Bi4Ti30 2
Ti0O2 BiCNO 3(B - 5H20 135 25 72 100 goo
Ti02 Bi(NO3[B - 5H20 1.35 2.5 72 140 BidT i30 2
Ti02 Bi(NO 3[B - 5H20 |_35 25 72 180 Bi4Ti30 2

AmauriJ. Paulad ‘3300000000000 KNbOO
0000 m4h0000000D0OD0O0OCCOOOOOO0Om
200000 mobcob0coomoboboomoog
OCOOOO0ODQCORI Pk O'®BOODOOOODODOO
lominO0O 0O OOOO0ODO O Basmiodz —0. 10
o400000MMOOODOOOOO0 20mOODOOOOO
gbobobooobob

02 00000004000 KNO3OODO seM OO
Fig.2 SEM image of the KNbq for 4h of
microlVa\e hydrat hermal synthes's

/1 Moo

+ zZO0O 'O
O0000oooooooooooogoooooo

oo mooCocooOoUogouooooopoooo

bbb mbomoboobooooboooboog
gboboobooobobooobuouobobooboog

gboooobooboobmoooobooobooobooboooboo
gboboboooobobbobobbooooboobo
gbobomoboobobooobuoboobobonbo o
gooooooooboooboooooboobooooo
gbmoooboooboboboobomoobommooboao
gboboboboooobmoobobooooboboo
gooobooboobobobmooobob mDbom

2 tioniof ABOUand AB20 [Wicompounds|J]. Acta chem scand O
1963 [17[B[1845

3 Maria TraianidisOChristian CourtoisJAnne Leriche. et dl.
Hydrothermal synthesis of lead zirconium titanate (PZT O .
powders and their characteristics[J]. J Eur ceram socl
1999191023

4 Deng Yuan[Liu LilCheng Yuelét al Hydrothermal synthe[

sis and charact eization of nanocrystalline PZT powders[J] .
Mate Lett[2003057[11T1675



7K B PR, T4 TR W, 1) R AR/ 3R

AL
%

¢« 35

10

11

12

13

14

15

16

17

18

19

HEL. RTRMESREE RN ILARED] &F
e S, 2004,23(11) ;62

Chen Huei-Jyh, Chen Yuwen. Hydrothermal synthesis of
barium titanate[ J]. Ind Eng Chem Res,2003,42.473

Xu Huarui, Gao Lian, Guo Jinkun, Preparation and charac-
terizations of tetragonal barium titanate powders by hydro-
thermal method(J]. J Eur Ceram Soc,2002,22.1163

Jooho Moon, Ender S, Tuo Li, et al. Phase development of
barium titanate from chemically modified amorphous tita-
nium (hydrous)oxide precursor{ J]. J Eur Ceram Soc, 2002,
22.809

Outzourhit A, El-Idrissi Raghni M A, Hafid M L, et al
Characterization of hydrothermally prepared BaTi,—, Zr, O,
[J]. J Alloys Compd,2002,340.214

Thomas R Shrout, Shujun ] Zhang. Lead-free piezoelectric
ceramics: Alternatives for PZT[J]. ] Electroceram, 2007,
19:111

Li Jingfeng, Zhen Yuhua, Zhang Boping, et al. Normal sin-
tering of (K, Na) NbO;-based lead-free piezoelectric cera-
mics[ J]. Ceram Int,2008,34(4) ;783

Saito Y, Takao H, Tani T, et al. Lead-free piezoceramics
{J]. Nature,2004,432.84

Fisher ] G, Bencan A, Holc J, et al. Growth of potassium
sodium niobate single crystals by solid state crystal growth
[J]. J Cryst Growth,2007,303(2) 487

Du Hongliang, Tang Fusheng, Luo Fa, et al. Influence of
sintering temperature on piezoelectric properties of (K, s-
Nao. 5 ) NbO;-LiNbO; lead-free piezoelectric ceramics [ J].
Mater Res Bull,2007,42.1594

Wang Shiping, Miao Hongyan, Tan Guogiang. Hydrother-
mal synthesis of sodium-potassium niobate nanopowders[ ]].
Key Eng Mater,2008,368-372,:579

Sun Ce, Xing Xianran, Chen Jun, et al. Hydrothermal syn-
thesis of single crystalline (K, Na) NbQO; powders[]J]. Eur J
Inorg Chem,2007,13:1884

Zhang Fan, Han Lu, Bai Shan, et al. Hydrothermal synthe-
sis of (K, Na) NbO; particles[J]. Jpn J Appl Phys, 2008,
47(9):7685

Lv Junhai, Zhang Mei, Guo Min. Hydrothermal synthesis
and characterization of K,Nag—, NbO; powders[J]. Int J
Appl Ceram Techn,2007,4(6) ;571

Liu Jingbing, Wang Hao, et al. Low-temperature prepara-
tion of Nay 5 Biy s TiO; nanowhiskers by a sol-gel-hydrother-

20

21

22

23

24

25

26

27

28

29

30

31

32

33

mal method[J]. Nanotechnology, 2004,15.777

Ma Y J, Cho] H, Lee Y H, et al. Hydrothermal synthesis
of (Bi),; Nay2 ) Ti(); piezoelectric ceramics[ J]. Mater Chem
Phys, 2006,98:5

BT RNISE, PR, /K P B K Nao s Bio s TIOs #2
&L 7T S5 HkE, 2004,23(11) 1 16

Pusit Pookmanee, Gobwute Rujijanagul, Supon Ananta, et
al. Effect of sintering temperature on microstructure of hy-
drothermally prepared bismuth sodium titanate ceramics[J].

J Eur Ceram Soc,2004,24:517

Jing X Z, Li Y X, et al. Hydrothermal synthesis of Nag s
Biy.; TiO; fine powders [J]. Mater Sci Eng,2003,B99. 506

TH, XE, BE, % KR H & NBT-BT BHER B
(J]. 57 H,2007,29(2):210

Takashi Kojima, Ikue Yoshida, Naofumi Uekawa, et al.

Effect of treatment conditions and titanium source on the hy-
drothermal synthesis of bismuth titanate particles[J]. ] Eur
Ceram Soc, 2009,29.:431

Pusit Pookmanee, Phunthanee Uriwilast, Sukon Phanich-
pant. Hydrothermal synthesis of fine bismuth titanate pow-
ders[J]. Ceram Int,2004,30;1913

Yang Qunbao, Li Yongxiang, Yin Qingrui, et al. Bi, Ti; Oy,
nanoparticles prepared by hydrothermal synthesis[J]. J Eur
Ceram Soc,2003,23:161

Shi Yanhui, Cao Changsheng, Feng Shouhua. Hydrother-
mal synthesis and characterization of Bi, Ti; O, [J]. Mater
Lett, 2000, 46:270

Wojciech L Suchanek, Richard E Riman. Hydrothermal
synthesis of advanced ceramic powders[J]. Adv Sci Techn,
2006,45:184

R, E, B8, % MBOK#ES B PZT BHEMH R
(J]. ®FIiFS5itH,2001,20(2):1

Sun Weian, Li Chuiha, Li Jungin, et al. Microwave-hydro-
thermal synthesis of tetragonal BaTiO; under various condi-
tions[J]. Mater Chem Phys, 2006,97:481

Amauri ] Paula, Rodrigo Parra, Maria A Zaghete, et al.
Synthesis of KNbQO; nanostructures by a microwave assisted
hydrothermal method[J]. Mater Lett,2008,62.2581

Pazik R, Hreniak D, Strek W. Microwave driven hydrother-
mal synthesis of Ba;—, Sr, TiO; nanoparticles[J]. Mater Res
Bull,2007,42:1188

(KEHE A F)



