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ABSTRACT

A model for a microstructural residual stress in a ferroelectric material is proposed. Based on this
model, two facts are estimated. One of them is that the residual stress on a grain boundary is larger
than that on a domain boundary. Another one is that the microstructural residual stress decrease with
increasing grain size. These facts are confirmed by the microcrack morphology and the dependence of

dielectric constant hysteresis between heating and cooling on grain size in Pb(Zr,. 4Tl. )O3 ceramics.
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Fig 1. Simple two—dimensional mismatches
(A) grain boundary and (B) domain
(b) dashed

and squared zones show the origin of

boundary : (a) free state,
tensile and compressive strains in the

clamped state
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(o 714} C,y=average logitudinal elastic constant
S4=spontaneous strain at domain boundary
d=domain thickness)
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(7} A S, =spontaneous strain at grain boundary
a=missing angle in radian : (1/2—a/4c),

a and c are lattice parameters in tetragonal)
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Fig 2. Grain boundary residual stress due to
one domain mismatch : (a) the grain
boundary is forced to be smoothed, (b)
the same grain boundary with a

unclamped 90° domain.
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Fig 3. A model for cubic grain and domain

with sizes a and d, respectively.

Total energy =domain wall energy per unit area x
domain wall area+grain boundary

energy per unit area X grain boun-
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dary area+elastic energy per dom-
ain wall x number of domain walls
~+elastic energy per grain boundary

x number of grain boundaries.
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Fig 4. Scanning electron micrographs showing

microcracks in Pb(Zr, 4Tis 5) O; ceramics.
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Fig 5. Temperature  dependence the

for Pb(Zr, . Tivs)Os ceramics grain sizes
(a) 9.4 g m and, (b) 21 um
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