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Preparation of Fine BaTiO3 Powder by the

Hydrothermal Process

Gyoung-Sik Choi

Dept. of Materials Engineering

Graduate School Korea Maritime University

ABSTRACT

BaTiOs powders of nanometer—sized were synthesized at the

temperature range of 110C ~180C in various pH range, and the
hydrothermal process, one of the wet-chemical methods, that
can make the morphology of powers more homogeneous and
finer than solid-state reactions. BaCl, and TiCly were used as
starting materials, and NH,OH was a precipitating agent.
The synthesized powders were analysed by the XRD, TG-DTA,
SEM, TEM and BET. And then, the dielectric and electronic
properties of BaTiOs ceramics sintered at the temperature range
of 1150~1350TC were evaluated.

Homogeneous and fine BaTiO; powders were obtained at the

reaction temperature over 110C and the powders synthesized at

,ii,



130°C shows that the properties of powders were almost the
same regardless of the reaction time.

TEM investigation showed that the size of the BaTiOs; powder
synthesized at 130C for 2h was 25~35nm and the result of
BET revealed that the surface area of powders was about 77.43
m'/g. The dielectric constant of the ceramic sintered at 1270C

for 2h was as high as 3000.
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Table 1. The applications and properties of BaTiO3

Properties of
BaTiO3

Perovskite structure (ABOs type)
Ferroelectric transition temperature: 130C
(tetragonal — cubic)

Easy Tc control with additives
ex)adding Sr : down to room temperature
adding Pb : up to 300TC
Relaxed dielectric constant at Tc:
(adding Zr, Ca)
¥ having higher dielectric constant at room
temperature — applied at MLCC
Electrical property: resistivity >10'° Q-cm
(insulator) in pure BaTiOs
Dielectric constant (g): >1000
¥lower grain size &
leading higher dielectric constant
PTC phenomenon: semiconducting BaTiOs

Applications
of BaTiO3
ceramics

Ceramic condenser and multilayer ceramic
capacitor (MLCC)
PTC(R) (positive temperature coefficient of

resistivity) devices

¥ temperature sensors, heating elements, current
regulators etc

Piezoelectric actuators
Electro—optical devices
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Table 2. The preparation of the BaTiOs;

a. property: - need high temperature for calcination
and sintering
- low reactivity
Solid - need milling process
state ) )
) b. law materials: BaCOg3, TiO2
reaction
c. additives: SrCO3z, La»Os, Nb.Os etc.
d. calcination temperature: >1000°C
e. sintering temperature: >1300TC
a. property: - low synthesis temperature
- high purity & fine grain size
- high reactivity
d. Sol—-gel: - use metallic alkoxide as law materials
- synthesized below 500C
- high production cost
Wet- o
c. Coprecipitation: - use metal salts
chemical ) o
- high calcination temperature
methods
(~6007C)
- need milling process
d. Hydrothermal: - use oxides, salts or precipitates
- synthesized below 300TC
- no need milling process

,11,




Table 3. Advanced Oxide Powder Process Comparison9)

Conventional | Sol—gel | Coprecipitation | Hydrothermal
Cost Low—moderate| High Moderate Moderate
C ial
State of Commercial R&D ommermz'a/ Demonstration
development demonstration
C iti |
omposttiona Poor Excellent Good Good-excellent
control
Morphol
orpholody Poor Moderate Moderate Good
control
Powd
OW, e'>r Poor Good Good Good
reactivity
Purity(%) <99.5 >99.9 >99.5 >99.5
Calcination
Yes Yes Yes No
step
Milling step Yes Yes Yes No

,12,
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BaCl: TiCl4

< H202

Bax(Ti20s(OH)s)
Hydrothermal
synthesis
Washing
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BaTiOz powder
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|
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Characterization

Fig. 2. Flow chart for hydrothermal synthesis process
of BaTiO3; powder.
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Table 4. The experimental conditions of BaTiOs

powder synthesis

experimental parameters

experimental condition

@ molar ratio of Ba:Ti

1:172:1

@ pH of precursor 10712
® Hydrothermal time 10min. ~ 8hrs
@ Hydrothermal temperature 7071807
® Heating ratio 1°C/min.

® Drying

at 80C for 6 hrs

@ Sintering

at 11507 1350C for 2 hrs
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Fig. 4. XRD patterns of the coprecipitated powders heat treated
for 2 hrs at various temperature range.
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Fig. 5. SEM photo of coprecipitated powders
dried at 80C for 8hrs.
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Fig. 6. XRD patterns of the synthesized powders at 130C for
2hrs at various precipitating pH range.
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Fig. 7. XRD patterns of the synthesized powders at various
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Fig. 10. The shapes of BaTiOs; powders synthesized
at 130C for 2hrs.
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Fig. 11. Particle size analysis of BaTiOs powders synthesized
at 130C for 2hrs.

,30,



HH 130Tl A 24]

o
=

Fig. 12
1200 C Aol ol A

3 A

Ao
1=

XRD peak #+

&

A2 g Lol o

o= ]
=

Al B0l A

5|
i

R e

Kols=al glvk. 1000°C of A

Wy

AAGG7E 227 o Szt wet

27l

o} 30% Alo]of A

oluf o] peake Tio] Badl

ol

o] A

JEpa

Al 1:1e] =] ¢al Tie] BaXt} ¢

o
=
S

BaTi052] peak

5]

)

z3

ol

o =u)7} g

© 2 Ba’t

3

X
o

2]

NP

B

Al 1:1e] = A]

)

W7} A g

XL
=

SR

LR

S|
&

Fig. 13°] Yet At ICP&

3

ks

L
L

9] Ba:Tie] =H|7} 1:19

kel
45

A

ool
o
I

oj

)
_

of QoA AAE Ti¢] o] I

Y71 o

}+ O
S XA

o)

o] =n7} 1:10] HA

1.31~2)8 A=

sho] A7)

2'1=

=
=

Fig. 149+ &3+ A4 A9 BaTiel &H]

,31,



Intensity (cps)

1200°C-2hrs
1000°C-2hrs
800°C-2hrs
130°C-2hrs

10 20 30 40 50 60 70 80 90
2 Theta (deg.)

Fig. 12. XRD patterns of the synthesized powders at 130T for
2hrs and then heated it at various temperature range.
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