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ABSTRACT

The effects of annealing atmosphere and temperature on mezoelectricity (ki) and the mechapical strength
of machined PZT was studied. Morphotropic Nb-doped PZT was sintered, machined to a rod and then anunealed
between 800C and 10007 in air, PbZr(y, and CuQ atmaspheres respectively. In air or PbZrQ; atmosphere,
the compressive strength of Nb-doped PZT increased by 12% with little change in ks irrespective of annealing
temperature, In CuQ atmosphere, on the other hand, the compressive strength increased hy 20% with little
change in ks at 800T but both turned to significant decrease above 900T. The examination of the phase
distribution and microstructure beneath the surface of CuQ-irealed PZT revealed that the changes in compres-
sive strength and kg are closely related to the reaction between PZT and vaporized Cu(Q: liquid PbO precipitated
in shallow surface region by the substitution of Cu to Pb sites enhances the decrease in microcracks and
the surface roughness at 800 ; rapid evaporation of precipitated PhQ expands a porous region of changed
composition into the bulk above 900%C.
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Fig. 1. Schematic diagram of atmospheric annealing.

W ok ol E ALDy Erive de whds AHEslc)k
gxje)7} Bt AjEE PHed £ pasted TE F 600C =
1042k 7haste] 2al=rg 2H8kaL 130T 2 R & sili-
cone ol Folld 3kV/mme] AFAHAE 883 Arlsle
EaARE AskErk EEAEE AR 3E1Eed 24
A7y Wb F impedance gain phase analyzer{HP4194A)
5 AMEER] AlZeld AHAASTE Sl da)E|
Zge] AHe] Zadd «dvpd S SEMo® fsigon,
RIS S ) i S g B R Rl A
=3 daEF) A3 Z9L XRDE F45te] R332
w4l APHEE sk W] g4alal 4
4 PZT#] (002)2] (200) AL maztes] HEs,
PZT9] A7l CuKe®E 4% 207} 20--70° o] 2]
FAAADA TR £ 1/2c08°(1/5in0+ /)5 ¢
47 Newton ZAje2 Aabsldol®, dnaba o] g
ofg] PAE @ doHF S FdFwr| 2 ek
el Cul EH7leNA AxEgh Al9le] A Cuf H
Fokos EPMAZ H4fslgom, dA=igl AHa 2 3
wHe A FARNE ik AlEe YREES Bn =
Apstsdch.

3. AEEs W 2FE

Fig. 2 <Azl 87]s 22 O 594373
2 WeE vhehd Holeh Eaa]Ae] AHe| gEe
5= ok Gdilonfomde] T 273 =l PhZr i 572
25 AHe 720tn/om? FEE A A s gt
St R ZrMEE 2 5 A 53 G0 F4
712] 75 800T 2 A2 AR S EE 78
(tonfem®E 717 & 2712 el et 900T o] Ao Al
dAeEd &Y es dAelde) wd - 3
AE Welw I A¥E Zxrt wegF Frh

Fig. 38 «daje] d5e PITE FuUzAs= #3437

8]



PZT Azi=lze) sbd = Z1AE BAl4 nlale ofded £297) g

aaeee CuQ Atmosp.
B A Atmosp,

8.5 l
Adddd Ph7r0; Atmosp

80 r

75 |

70
before annealing

Compressive strength {ton/cm?)

8.5 [ e S e

60 r

56

I
800 900 1000

Annealing temperature (°C)

Fig. 2. Change in compressive strength of PZT with
annealing conditions,
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Fig. 3. Change in piezoelectric constant (ks) of PZT
with annealing conditions.
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Fig. 4. XRD patterns of sintered PZT (a} before lap-
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Fig. 5. Scanning electron micrographs of PZT annealed at air and PhZr0; atmospheres.

CuO atmosphere

No Annealing 800°C

800°C

Hig. 6. Scanning electron micrographs of PZT annealed at CuQ atmosphere,
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Fig. 7. Change in the surface roughness of lapped PZT
with annealing conditions.
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Fig. 9. EPMA analysis of PZT specimen annealed at %0C in CuQ atmosphere (a} line and (b) area analyses

with respect to CuKa, respectively.

Table 1. Variations of ky; with Grinding Conditions of

Annealed PZT.

Annelaed in CuQ Atmosphere ks
Grinding Conditions 900°C | 10007
No Grinding 456% | 326%

o
a) Double Side* T 50,0% | 27.0%
Grinding
b) Centerless® 3 6L6% | 3L0%
Grinding T N
Foessy
c) Circumferential™ N N 62.5% | 36.0%
Grinding ' T
&\_ \\\\N

*Shaded region represents the porlion lapped out after
annealing
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