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ABSTRACT

In (Pb, La)}Zr, T)O; ceramic system. the {unctionally gradient material (FGM) was developed, and its proces-
sing and properties were investigated. The FGMs were successfully prepared through doctor blade method
with acrylic binder system as well as mold stacking press method. The ultrasonic treatment was very eflective
for particle dispersion in shurry, and it lead to form clack-free green films. The strain-voltage characleristics
of the FGM system was significantly improved which fabricated between a high piezoelectric-low dielectric
and a low mezoelctric-high dielectric composition layer.
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Fig. 1. Comparison of (2) uniform, (b} composite, (¢} functionally pradient materials®.
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Table 1. Composilion of the PLZT Series Speci-

mens Pty LadZr, Th-sh-emOs
. Batch Composition (moie ratio)
Specimen No. -
FLO La05 Zr(0: TiO,
A ( 7/60/40) .93 0.07 0.60 040
B (11/60/40} 0.89 .11 0.60 0.40
C ( 7/65/35) | 0.3 007 0.65 0.35-
D 7/70/30) 0.83 0.07 0.70 0.30
E (10/70/30) 0.90 0.10 0.70 (.30

Table 2. Composition of the FGM Specimens

Specimens Laminated Composition
Na. {La/Zr/T1 male ratio)

AB 7/60/40-11/60/40

A/C 7/60/40- 7/65/35

A/MD 7/60/40- 7/70/30

\_ VE 7/70/30-16/70/30
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.01+

100 )
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where, A ! Ceramic Specific Gravity, g/cc

B : Ceramic Specific Surface Area, m*/g

C . Binder Sohd wt%=18.85

D : Binder Solid Specific Gravity, g/¢clacrylic

binder=1)

o Al e g e Pzl oke] 7] A S B
200 rpme 2 204z} Far ¥ 2yl £ElEs
Azsbydeh elals 22 4AL A3, bladed] do]7}
750 um<) doctor blade 7= (DP-150, Tsugawa Co.) &
ARg-8le] Mylar film 2]ell4] 1.5 em/sec?] % 2. Tape
castinggtyth #A2% green sheetl= T7] oA} 244]
b AEe F 60x20 mme] ZrjE ddsie] HE4Y
(laminating) s} wl, 252 laminator(Model 150-C,
Freds Carver Inc.) & +Fg-3}o] FGM 43 o Foo]EE
Azshr] 24 7 2AE 53 HAA 10208 HE
apgdh oluje) FEaw, oy Wl A|7hE 70T, 50 kg/om®
2 5o g alygrl AP A¥AE Y Foll SE4
AFA), FhaA 7 2] AAE $]shed 500C #) A
2A1ZE F=)E A 1200T of A 2A417F Fa
2w, o|ZE FA lmmz AF- 8
o] 237 diyer 2T

A=
mmé 27| & Agsts, 3kV/mmE 1583}
ggstch

r-]:ﬁ
W ¢

22 &3

e de 2 7lFEs 5
£, Agle) x2Ad o2 =
(ETEC Co. o2 daslsdc) wdt X4 337 (Rigaky,
D/MAX-3A0E ol &ate dA=a A|He 24 A
g EAAE M EET

HEEdol= FAL &% AxAl f7] whalrle] E
F5 a7 fske] gk
)z EE2E XYL |83 Sedigraph 5000 ET{Mic-
romeritics Co.) & 245ty 2, FlowSorh IT 230G( Mic-
romeritics Co) 2 #|F W22 ZAslych 4 o3

wge] uEE Sdela,

-698-

S L Ed

ol

Table 3. Bulk Density of the PLZT Specimens

Sintering Bulk Density (g/cm®)

Temp.{T) A B C D E
1200 670 | 724 | 708 | 717 | 696
1225 6.85 | 727 | 717 | 718 | 707
1250 735 | 733 | 736 | 726 { 743
1275 734 | 739 ) 743 | 733 | 742
1300 731 0 747 | 749 | 761 | 741
1325 728 | 743 | 745 746 | 7.38
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Fig. 3. SEM Micrograph of thermally etched surface
for the PLZT specimens; (a} A (7/60/40) (I
B(11/60/40) {c) C (7/65/35} {d) D (7/70/30) (&)
E (10/70/30).
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Fig. 4. XED} patterns for the PLZT specimens sintered
at 1300%; (@) A (7/60/40) (b) C (7/65/35) (c)
D (7/70/30) (d) B (11/60/40} (e) E (10/70/30).

Table 4. Bulk Density of the FGM Specimens

Sintering Bulk Density (g/cm®)
Temp(C) A/B A/C A/D D/E
1204 6.6 7.03 711 7.20
1225 721 717 717 7.26
1250 7.35 7.34 7.33 740
1275 741 7.41 740 7.44
1300 747 748 747 748
|_ 1325 742 7.44 743 742
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Fig. 5. SEM Micragraph of fracture surface for the
FGM specimen, A/B.
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Fig. 6. Particle size distribution for the PLZT calcined
powders; (a) A (7/60/40) (b) B (11/60/40) (o)
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3.2, Green Sheet®| 5S4

FE] Edlls| =l 2% o)X slawlefals B
dhlr} ) EghAle] gde) s} wlEwla) Fo) Bt
S2de] SRS Fig 6ol 2+ mAge] shh S
A = T2 24 HAE epdigich 7 s B
w2 dE FEE CFAE AT Jehigien), B7
Y& 1~2um Afelo] EAe 3 glgich Tahle 54 =
FA S std Pel dF e wEAY © g7 ¢
AZFE vhEdiglel ol g EdE ohd 3 A &
S5z Ao defsle] Eabg §7) wleld gheke A

~700-

Table 5. Density, Specific Surface Area and Average
Particle Size of the PLZT Calcined Powder
Specific Surface

Average Particle
Area (m*/g) Size (um)

152 105
1.85 1.08
158 195
198 1.58
313 125

Density
(g/ce)
6.96
8.20
7.59
742
7.16

Properties
Sample

A

(b}
Fig. 7. Green sheets [or the PLZT A; (a) withoat ultra-
sonic trealment. (b) wilth ultrasonic trealment.

Ate] 234 ol 0.5 rpinel4] 7000 cps A £2) LS
FE S A

Green densilys= 274A =7)e)] 23] =155 wlow],
SAA = Aol wiEl vl SR8 e o ke

25537



SejBa o) =] 2|8 PLZITH 7Al7|% o3 9 Boele]y] Axs) ozl e 54

5.0
45}
5ot Tg=3z =
~ L3
o 40
|7 ty =
e r* I 1=
A 35 1
il P}
L3
=
E - w: B(11/60/40)
S Lol .: C (7/65/35)
2553535 B0 - B0 100

Applied Pressure(kg/cm?)

Fig. 8. Green density as a funclion of applied pressure
for the PLZT specimens at 70%C.
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Table 6. Dielectric and Piezoelctric Properties of the
PLZT and FGM Specimens

)]

Properties| &/e, dg | —da! Ky | G
Specimen (-2 m/V) {102 m/V) | (%)
A 2210 627 369 57.7 | 559
B 5640 40 187 | 29.0
C 2060 435 324 546 | 102.9
D 1840 320 240 459 11221
E 3900 27 168 | 37.7
A/B 3130 502 283 41.8 | 384
A/C 1980 507 335 56.9 | 77.3
AD 1960 398 287 513 | 97.3
L/E 2700 124 115 200 | 275
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Fig. 11. Displacement as a function of applied voltage
for the FGM piezoelectric actuator made by
mold pressing.
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Fig. 12. Displacement as a function of applied voltage
for the FGM piczoelectric actuator made by
doctor-blade processing.
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