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Fabrication and Electrical Properties of High Tc A2B207
Piezoelectric Ceramics Using the Powders Prepared by the Chemical
Coprecipitation Method
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Abstract

Polycrystalline SraNb0O; and LaTiz07 ceramics with very high Curie temperatures were synthesized by
the chemical coprecipitation method (CCP). The powders synthesized were identified by XRD and their
sintering behavior and physical properties were studied. The grain-orientation and electrical properties of
sintered ceramics were investigated as a function of firing temperature. Single phase could be obtained by
CCP method at temperature lower than that of the conventional method by 100 ~ 150T. Strontium niobate,
SraNb20Oy, powder was prepared by CCP method at temperatures as low as 800 via intermediate phase of
SrsNbiOs; formed at 700C. The resulting CCP-derived powder was observed to have finer and more
uniform particle size distribution than those obtained through the conventional or the molten salt synthesis
method. Sintering of CCP-derived Sr:Nb:Or powder at 15007 yielded a highly dense ceramics with 97%
theoretical density. Very high grain-orientation developed along the (0k0) direction was observed by SEM,
which resulted in anisotropic dielectric properties of the sintered samples, with the dielectric constant values
approaching those for single crystal.
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Prepare 0.2M NbCIs solution
| stirring for 3h

add 0.8M HO2:CCO:H solution
| stirring for 3h

add 0.2 SrCl: solution
' | stirring for 3h

add Ammonium hydroxide
| stirring for lh

Precipitation
{
Washing and Drying
i
Calcination

(Sr2Nb20O7 powder)
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Fig. 1. Schemetic diagram of the preparation of
Sra2Nb207 powder by the chemical
coprecipitation method.
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Ti(OC3H7) solution(in n—propanol)
| stirring for 30min
add CH3COOH(excess)

| stirring for 30min

add La(OOCCHs)s solution
" (in water)
| stirring for 30min

add NH4OH(excess)
| stirring for 30min

[Precipitation]
i
Washing and Drying
!
Calcination

(LazTi207 powder)
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Fig. 2. Schemetic diagram of the preparation of
La:Ti207 powder by the chemical
coprecipitation method.
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Fig. 3. X-ray diffraction patterns for Sr2Nb:O;
powders calcined at different temperature
by various method.
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Fig. 4. X-ray diffraction patterns for calcined
La:Tiz07 powders calcined at different
temperature by various method.
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Fig. 6. The particle size distribution of Sr2NbyOr
powders prepared by the chemical
coprecipitation method.
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Fig. 7. Density as a function of sintering
temperature of SrNbO7 ceramics
prepared by various method.
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Fig. 8 X-ray diffraction patterns of Sr2NbO;
ceramics sintered at 1500C by various
method.
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Fig. 9. SEM micrographs of sintered SroNbz07 ceramics prepared by (a) conventional method
and (b) chemical coprecipitation method.
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Fig. 10. SEM micrographs of LasTi2O7 ceramics sintered at different temperature for different
time by the chemical coprecipitation method.
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Fig. 11. Grain-orientation dependence on sintering
temperature of SraNb:Oy ceramics prepared
by various method.
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Table 1. Characteristics for SraNb:O7 and La:Tiz07
ceramics sintered at 1,500C by the
conventional (CON) method, the molten
salt synthesis (MSS) method and the
chemical coprecipitation (CCP) method.

Sample SraTa-xNby)207 La;Tix07
Method |CON|MSS| CCP |CON{MSS|CCP
Cal. Temp.(T)| 900 | 750 800 |1,100{ 900 | 950

Theoretical

Density(%%) 9421940 971 |938951 (934
O oslon| 0w [027] 025 |02
Orientation f

Dielectric 86(a~cut)

Const. 59 | 70 |44(b-cut)| 52 | 55 | 48

£y 35(c-cut)

Electromechanical

Coupling | 0.26!0.24 021 | 0.20
Factor kx

* dielectric constant for SroNb:Q; single crystal
by ref.[4] ; £a=75, £b=46, £c=43
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Fig. 12. Cutting of grain oriented Sr:Nb:O7 ceramics
fabricated by the chemical coprecipitation
method.
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Fig. 13. The frequency dependence of dielectric
constant on cutting direction of grain
oriented SraNb2O; ceramics fabricated by
the chemical coprecipitation method.
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Fig. 14. The frequency dependence of dielectric
loss on cutting direction of grain oriented
SreNbz0O7 ceramics fabricated by the
chemical coprecipitation method.
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