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ABSTRACT

The effect of reaction parameters in the characteristic of Pb(Zry52Tig45)O5 (below nominal PZT) powders by SHS was investigated
in this study. In the preparation of PZT, the effect of starting material contents, pressure, additive on phase fraction and morphology
was investigated respectively. The optimum condition of PZT powders were prepared by SHS is 0.37Pb;0,+0.52ZrO, + 0.48TiO,
+0.35KClO; + 0.5C, (Ps,= 50 atm). The PZT powder synthesized in this condition had an spherical shape and the particle size of

0.8 um.
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Table 1. Characteristics of Starting Materials

Material ~ Purity (%) Size (um) Manufacturer
Pb;0, 99 1~2 Aldrich

Zr0, 99.9 0.6~0.8 Grand chemical

TiO, 99.8 1~2 ‘Grand chemical

Ti 99.8 <5 Sejong materials LTD.
KClO; 99 <5 Junsei

C 99.9 <5 CANCARB

Ar 99.999 Deokyoung gas

Power

Data acquisition | ; I
analysis | ! supply
Pellet
Ignition
system

Gas

Vacuum pump )

Fig. 1. Schematic diagram of SHS reactor.
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Fig. 2. (A) XRD patterns and (B) phase fraction and combustion
temperature of PZT as a function of pressure
(composition; Pby04:Zr0,:TiO/Ti = 0.33:0.52:0.23/0.25).
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Fig. 3. (A) XRD patterns and (B) phase fraction and combustion
temperature of PZT as a function of Pb mole(x)
(composition; Pb;04:Zr0,:TiO,/Ti = (1+x)/3:0.52:0.23/
0.25).
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Fig. 4. SEM photograph of PZT powders, prepared from the
0.37Pb30, + 0.52Zr0, + 0.23TiO, + 0.25Ti mixture.
(P4 = 50 atm).
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Fig. 5. Thermodynamic analysis of adiabatic combustion
temperature and equilibrium composition of products of
0.35Pb;04 + 0.48TiO, + 0.52Zr0, + . (KCIO;+ 1.5C)
system.
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Fig. 6. SEM photographs of PZT powders as a function of
KCIO; mole ratio : (a) 0.2 mol, (b) 0.35 mol, and (c) 0.5 mol.
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Fig. 7. Particle size distribution of optimum condition PZT.

Density distribution Q31g(x)

A 424 A 52(2005)



318

£ Fig. 79 YEIT A7) 2A40R FAE e
B gx Z717F 08umet EAtE FHEES 48 F
gion oln HUALLEE 870°C0IAL, &

A0 AREL 247 33.9%9 66.1%C]1 AT

14 B

B APl AL
of] S’%?ﬂ?} Zr:Ti = 52:48¢]
7E e Pb(Zrosleo4s)O3 = ﬂ Z5 A9
ZAFEA L) PZT B2g Az o) dede] &
, A7 W A E] Bl ZAMHY
,n}%sﬂr 71:}—8— A%RE & T ATh
: FAAME o] &35ke] 1 um W&
3 Pb(Zr052T104g)O3 BEog Az gt HH WA
E zAbeR L, R HH o) wkgAcN e HA 24% 2

7] Hbe7] WiBetel e ARGt A&l HHAlE PhyO,-
ZrO,-TiO,-additive(C + KClO5)01 ith. &t A= o] 243}
Z7) Wrg7) a4 0.37Pby0, +0.52Z10, +0.48
TiO, +0.5C + 0.35KCIO;, 50 atm Ar®] ¥Eolier vhg
Az 08 pme EFAHE FHELS A F AN

2. %mﬂ;ﬂ_4 ZA 2 =r Q0 =o] A7EA 4
oo AR g PN FTFL AT THEAY P
o] ol 7H e FgEs
FHE AR FES Pt A

Qo FFHEA o
welon] WAl FES Pbyt T 1A g
Ao B4 O ¥e 4RAGG 2u9E 7

A Aoz oAatEtt

e EELE R

10.

11.

12.

REFERENCES

. B. Jaffe, W. R. Cook, and H. Jaffe, “Piezoelectric Ceram-

ics,” Academic Press Inc., London, 1971,

. Y. Xu, “Ferroelectric Materials and their Application,”

Elsevier Science Publisher, Holland, 199].

. V. A. Isupov, “Dielectric Polarization of PbZrO;-PbTiO;

Solid Solutions,” Sov. Phys. Solid State, 12 1084-88 (1970).

. E. R. Leite, M. Cerqueira, L. A. Perazoli, R. S. Nasar, and

E. Longo, “Mechanism of Phase Formation in Pb(Zr,Ti;.,)
O; Synthesized by a Partial Oxalate Method,” J. 4m.
Ceram. Soc., 719 [6] 1563-68 (1996).

. K. Kakekawa, J. Mohri, T. Takahashi, H. Yamamura, and S.

Shirasaki, “A Compositional Fluctuation and Properties of
Pb(Z1,Ti)O3,” Solid State Commun., 24 769-72 (1997).

. P. Ari-Gur and Benguigui, “X-Ray Study of the PZT Solid

Solutions Near the Morphotrophic Phase Transition,” Solid
State Commun., 15 1077-79 (1974).

. T. Kala, “Contribution to the Study of Tetragonal and

Rhombohedral Phase Coexistence in the PbZrO;-PbTiO;
System,” Phys. Stat. Sol.(a), 78 277-82 (1983).

. A. G. Merzhanov, “Reviews : Fundamentals, Acheivements,

and Perspectives for Development of Solid-Flame Com-
bustion,” Russ. Chem. Bull., 46 15-9 (1997).

. H. H. Nersisyan, J. H. Lee, and C. W. Won, “Combustion of

TiO,-Mg and TiO,-Mg-C Systems in the Presence of NaCl
to Synthesize Nanocrystalline Ti and TiC Powders,” Mat.
Res. Bull., 38 [7} 1135-46 (2003).

A. A. Shiryaev, “Macrokinetic Aspects of SHS as Studied
by Thermochemical Analysis,” Thermochemistry of SHS
from 'Thermo' program.

J. K. Lee, K. H. Lee, B. H. Lee, and Y. R. Go, “The Prep-
aration of Pb(Zr, 5, Tig 45)0; Powders by a Chemical Method
(in Korean),” J. Kor. Ceram. Soc., 22 [6] 37-41 (1985).
M. H. Lee, I. C. Wang, W. K. Choo, and B. H. Lee, “Study
on the Development of Piezoelectric Ceramics(in Korean),”
J. Kor. Ceram. Soc., 15 [3] 141-48 (1978).



