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Abstract

A'synthesis process for PZT powder using NH; gas as a precipitator in a bubble column reac-
tor was experimentally successful in develope a production process of piezoelectric ceramic PZT

powder.

Also as a reaction by coprecipitation, the crystalized PZT ceramic powder at the condition of
over pH 9 could be attained. The time needed for reaction on the condition of NH; gas flow
rate=0.5 1/min, Ar gas flow rate=2.0 1/min, Feed flow rate=2.33 ml/sec was less than five
minutes, so it could synthesize PZT powder for such a few moments, And the synthesized PZT

powder was 0.17m in diameter on an average.
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Fig. 1. Potential-pH equilibrium diagram for the Pb, Zr and Ti system at 25TC.
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Table 1. Feed material for the production of PZT powder.

Material Purity Supplier Grade
TiCly 99%0] 4 Japan J. Chem, Co, G.R.
ZroCl;8H20 99%0) 4 Japan J. Chem, Co. G.R.
Pb(NOs): 99%0) 4 Japan J. Chem, Co, G.R.
NH,OH 28%0°1 % Domestic D.P.Co. Ltd. G.R,
NHj; gas 99%0) % Domestic P.Chem. Co.
Ar gas 99% 0] Ak Domestic P.Chem. Co.
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Fig. 2. Flow chart for the synthesis of PZT with NH3 gas as a precipitator in a bubble column reactor.
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Fig. 3. Schematic flow diagram for synthesis of PZT powder in a Bubble column reactor.
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Fig. 4. Detailed sketch of the bubble column reactor in
this study.(dimension : mm).
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Fig. 9. Conversion to precipitate overflow from the bubble
column reactor according to reaction time.
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Fig. 10. X-ray diffraction diagrams of the calcined pow-

der of synthesized PZT by gaseous NHs and
manufactured PZT.
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Fig. 11. Scanning electronic micrographs of the calcined
powders of synthesized PZT by gaseous NH3 and
manufactured PZT.
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the PZT in synthesized sample and Japan.



5. d B

ol4te] A AFAZXE bubble column reac-
tordlA] Pb(NQs):-ZrOClL-TiCl: systemel] A3
7)7¢¢] NHs gas JRAAZ A gste £ 479 ¢
A B3 siggEHez Fd¥ 21 Yy
PZTEZS A3Fos §AE & AJT. =%
Y s yr-go] ¢k5d® F, pH=9 o|]
A BARA PZT Ag9g2ze 24& 48 F AA
om, ame] wezASZE NH: gas flow
rate=0.5 |/min, Ar gas flow rate=2.0 1/min,
Feed flow rate=2.33 ml/sec’} ZAsi8, 2 F
ZAstellA Wrgol] A8 EHE A|ZHS 5% nyte g
33 &S A @4l sHesALn, o714
4 € PZT powdere HaY7 0.17xmo] ATt
w2ty ol e APARZHE FF olduiF F
Ay FTHL AAZ s A ZA S}

= R

1. Roberts, S, Phys. Rev. 72, 830~5 (1947).

2. B. Jaffe, R.S. Roth and S. Marzullo,
“Piezoelectric  Properties of Lead Zir-
conate-Lead Titanate Solid Solution Cer-
amics”, J. Appl. Phys., 25, 809-810 (1954).

3. T. Tanaka, Ferroelectrics, 40, 167 (1982).

4. L.E, Cross, Am, Cerm, Soc. Bull., 63(4), 586
(1984).

5. A.L. Stuijts, “New Fabrication Methods for
Advanced Electronic Materials”, Science of
Ceramics, 5 (1970).

6. W.R. Eubank et al, “Some Factors
Influencing the Dielectric Properties of
Barium Titanates”, J. Am, Ceram. Soc., 35
(1) (1952).

7. G.R. Chol, “Influence of Milled Powder
Particles Size Distribution on the Micro-
structure and Electrical Properties of
Sintered Mn-Zn Ferrites”, J. Am, Ceram.

10.

11.
12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

Soc., 54(1), 1971.

. O. Yamaguchi and M. Yasumoto, J. Jap. Soc.

of Pow and Pow metal., 1(1972).

. M.E.A. Hermans, “The importance of Sol-Gel

Processes for Ceramic Nuclear Fuels”, Sci-
ence of Ceramics, 5(1970)

V.R. Parkar and M.S, Multani, “High-Den-
sity PZT Material”, Mat. Res, Bull.,, 14
(1979).

P.A. Haas et al., Science of ceramics (1973).
D.M. Ibrahim and H.W. Hennicke, “Prep-
aration of Lead Zirconate by a Sol-Gel
Method”, Trans. J. Br. Ceram. Soc., 80
(1981).

J.V. Biggers and S. Venkatanaramani, Mat.
Res. Bull,, 13, 719 (1978).

Marcel Pourbaix, “Atlas of Electrochemical
Equilibria in Aqueous solutions”, 2nd, NACE,
Huston, p.217, 226, 489 (1974).

T. Matsuoka et al, J. Am. Ceram, Soc., 55, 2,
108 (1972).

Toshiaki Murakami et al, J. Am. Ceram,
Soc., 56, 6, 291 (1973).

B.V. Hiremath, Angusl. Kingon and James V,
Biggers, J. Am. Ceram. Soc., 66(11), 790
(1983).

S. Venkataramani and J.V. Biggers, Am.
Ceram. Soc. Bull,, 59(4), 462 (1980).
B. Jaffe, W.R. Cook and H.
Piezoelectric Ceramic, Acamemic
(1971).

R.L. Holman and RM. Fulrath, J. Appl.
Phys., 44(12), 5227 (1973).

R.C. Buchanan, J. Boy, J. Electrochem. Soc.
132(7), 1671 {1985).

David W. Johnson, J. Am. Ceram. Bull.,, 60
(2), 221 (1981).

Jaffe,
Press

. J. Thomson, J. Am, Ceram. Bull. 53(5), 421

(1974).

. D.A. Northrop, J. Am. Ceram. Soc, 51(7), 357

(1968).

WEAK - SR 10% 2M(ES 20) 1965 68 D]



