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ABSTRACT

Formation rate of tetragonal BaTiO; powder by hydrothermal synthesis and its dielectric property were studied. Submicron

tetragonal BaTiO3; powders were prepared hydrothermally, using Ba(OH), - 8H,0, TiO,(anatase) and KOH as starting chemicals.
Characterization via X-ray diffractometry, field emission scanning electron microscopy confirmed that increasing calcination
temperatures(from 1100 to 1300°C) promotes the formation of tetragonal BaTiO;. Tetragonal BaTiO; ceramics, obtained by
calcining at 1200 for 3 h after hydrothermal synthesis at 200 for 168 h, exhibited submicron size of 0. 5 0.7 wm and high relative

permittivity.
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Fig. 1. Experimental equipment.
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Fig. 2. Flow diagram of experimental procedure.
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Fig. 3. Fractional yield of product tetragonal BaTiO3; powder
as a function of reaction period at 200°C(with agitation
(470 rpm), 1.3 M Ba(OH), - 8H,0, 1 M TiO,(Anatase)
and pH 13).
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Fig. 4. Plot based on the Johnson-Mehl-Avrami analysis of the
experimental data shown in Fig. 3; a=fraction of tetra-
gonal phase in BaTiO; powder, m=system geometry,
t=time(h).
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Fig. 5. FESEM photographs of BaTiO; powders hydrothermal
synthesized at 200°C with reaction time. (a) 3 h (b) 168 h.
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Fig. 6. X-ray diffraction traces of the (200) and (002) reflec-
tions for BaTiOQ; powders with various calcination
temperatures : synthesized at 200°C for 168 h.

(a) Before calcination, (b) 1100°C, 3 h, (c) 1200°C, 3 h,
(d) 1300°C, 3 h.

(€)

(b)

(@)

1 M I M 1 v I ' 1
43 44 45 46 47
20

Fig. 7. X-ray diffraction traces of the (200) and (002) reflec-
tions for BaTiO; powders synthesized at 200°C for
168 h with various calcination time at 1200°C.
(@1h,(b)2h,(c)3h,(d)5h.

A 394 A 7 2(2002)



632 o) EY - 87t - 9AF - A

AR, (b), €Y Aol taLzrt S7HE et 4
WA el £421 (002) 2 (200) 3T A B7F Eoh 3
gy s & £ Yed, ole Fx B AYE Y
o] Agogol WA FEAH(THE AUHr Ao
o] W& AHolZ 3] wEel Aoz Atgdrt. g4 ()
o] Aol 23y AWrge wgo] ofAe HHE
Th. Fig. 7& Fig. 694 Ay e) wdo] 714 33}

o

o

0.67
s o.es-_ O
o 0.65—.
=
64 -
5 0841 @)
g 0 ¥
o
5 )
8 o.ez~_ O
2 o061
s 1 Ba(OH),-8H,0:1.3 M
= 0«50-. TiO (Anatase) : 1 M
> 059 e) pH:13
s 056 ] Reaction temperature : 200°C
-% ] Reaction time : 168 h
E 0.574 Calcination temperaiure : 1200°C
0.56 T T T T T v T

1 2 3 4 5
Calcination time (h)

Fig. 8. Fractional yield of tetragonal phase as a function of
calcination period of hydrothermally synthesized BaTiO,
powder.

IRl

Al YeRE 1200°C8) 8tA2EoA &tar 7S] &
XRD E4A73E veld AS g Fig 83 2ol 1~2A1%
7= Ao wae] stz F7te) met FdETH
7} sAI7ke] BAAZINME Fig 62 (d7A$9 oA
2 Augo) wdo] 933 gAE AL AHE F 3
o} ol g A= 1300°CelA 3AI7F 3kAaE 99 1200°C
NA 5A17F stAE Ag-dle kA EE 3o AAdE
dupg o] WaEs FEJ(T)S AHEA 42 g%
ol o geo] Azlo|7t dojitop AT EE7He]
SR o Ql5te] Eo) slejxl W o] 3 EHA X}
Zhg Ax wWggo s EXste] YA Go R HAE
AAPE Aoz AGAT} EF 1300°C o] 2=olA
£ T @37 39599 AR 5HL EE FAEA
o) A= JeS wHthe Shinkhi Hirano 59 4
FAFHE BME oJ=AHE o 7}5e Aot

Fig. 95 7884 2 2 $Id3Y 248 stad H
9] Buhg FESEMO. 2 E43% Axjo|tth (ayE 200°ColA
1687417 =t at o] A9z BAkKdo] 31aL ¢
AZ2N 7Y 0.6~07um FJEE FYE Y& 7N IS
S % den, 93e 02um AL FFEAA 2~37)
Ar7t M2 A% 53 gdyy 4L 7 UF
o] ZgFY}, ol FEFAA 274 AAHE AEBY
o] & JaFEo] 3 H ] neck growth7} dolidt FEHI=
Bz, 43 -AME FFS AAAA neck FEF 9

ol
K

=

Fig. 9. FESEM photographs of BaTiO; powders (a) hydrothermal synthesized at 200°C for 168 h and calcined then at (b) 1200°C for
2l Yy

3 h, (c) 1200°C for 5 h, (d) 1300°C for 3 h and (¢) hydrothermal synthesized at 200°C for 3 h and calcined then at 1200°C for

3 h, (f) reagent grade powder.

FRAE st



AER Aole] Bel= poldl] oj3iA Pzt Fodo] uhA
Ao2 HAZh &9 (bye 1200°CelA 3A7F 8k
3te] Fig. 69141 7P F21g (002) (200) HAEAE B
AY Ao £ ARes (a)«l 739 vi7RA = of
Y HE 4o 4SS #AT F YA (c)—
1200°Coll A 5A17F atadt A2 4
Z ¥dke AvE o glou FEHes ¢
o] A T Ao} S 4d Aew fﬂﬂﬂﬂ
o (= 1300°CAIA 3X7E ekad A2 Y717t 1
um °)Fo R sty Fud] B 178 4497l °é
oltEol AAHAL ¥ %
e & A3t ¥ 7
Ba/TiH| 7} 9F 0.9924 Ba®)
Aot old A= A
XRD #44#4E5 dTdhe Aoz WY dAER
zedAee] W YAE] AAL Ti seedd] &3+ 3
SE A 54e Aslste Aoz A8AS F itk
3 M z7olx AE BaTioy 8 PO A

rir

Ml ot
[\=]
j=5)
==
[

1A

> 1ok oZ:
&:Logi (e

Fg. 102 A]%Fg £ Z(Kojundo Chermca]s Lab Co LTD,
Japan)a} AR dolA 7H} 2405 AU EALS B
HE200°CoN A 168417 84T 1200°Co A 34]

o
(=]
S
N
o
=2
(b)
(a)
I v 1 T T T I ' 1
43 44 45 46 47
20

Fig. 10. X-ray diffraction traces of the (200) and (002) reflec-
tions for BaTiO; powders. (a) commercial, (b) calcined
at 1200°C for 3 h after hydrothermal synthesis.
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