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Abstract For use in ultrasonic actuators, we investigated the structural and piezoelectric properties of (1 -
X)Pb(Zro 515 Tioas5)O0s - XPb(Sb1oNb19)O05 + 0.5 wt% MnO, [(1 - x)PZT - xPSN + MnO,] ceramics with a variation
of x (x=0.02, 0.04, 0.06, 0.08). All the ceramics, which were sintered at 1250°C for 2 h, showed a typical
perovskite structure, implying that they were well synthesized. A homogeneous micro structure was also
developed for the specimens, and their average grain size was slightly decreased to 1.3 um by increasing x to
0.8. Moreover, a second phase with a pyrochlore structure appeared when x was above 0.06, which resulted
in the deterioration of their piezoelectric properties. However, the 0.96PZT-0.04PSN + MnO, ceramics, which
corresponds with a morphotropic phase boundary (MPB) composition in the (1 - x)PZT - xPSN + MnO, system,
exhibited good piezoelectric properties: a piezoelectric constant (dss) of 325 pC/N, an electromechanical coupling
factor (k,) of 70.8%, and a mechanical quality factor (Q,) of 1779. The specimens with a relatively high curie
temperature (T,) of 305°C also showed a significantly high dielectric constant (g,) value of 1109. Therefore, the
0.96PZT - 0.04PSN + MnO, ceramics are suitable for use in ultrasonic vibrators.
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piezoelectric, MPB, ultrasonic, vibrator, ceramic.
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Fig. 1. X-ray diffraction patterns of (1-X)Pb(Zrs5Tig4s5)O5 -
xPb(Sb,Nb;,)0; + 0.5 wt% MnO, ceramics sintered at
1250°C for 2 h. (a) x=0.02, (b) x=0.04, (c) x=0.06, and (d)
x =0.08.
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Fig. 2. SEM micrographs of (1-x)Pb(Zry.s15Tig.485)O03 - XPb(Sb;2Nb;2)O3+ 0.5 wt% MnO, ceramics sintered at 1250°C for 2 h. (a)

x=0.02, (b) x=0.04, (c) x=0.06, and (d) x = 0.08.
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Fig. 3. Temperature dependence of dielectric constant of (1-

X)Pb(ZI‘o_SlSTiO_4g5)O3 - XPb(Sb]/sz1/2)03 + 0.5 wt% MI’IOQ
ceramics sintered at 1250°C for 2 h. (x =0.02~0.08)

ARG BAr7t Aaghs E1g 5 Ayt Fig
1(d)ollA] FZE A Pb-Nb-OA 23S 72w

= (Fig. 2(d) &X), ol& olxpio] m#o|97] wi
o2 Ayztdr

Fig. 3 (1-x)PZT - xPSN + MnO, A2} 2=2] PSNZ]
g wstel] ME FANTY 2RO EANS HoFrh
PSNA|$HF Wislol] M 7} 2AdoA 9] FEREE E=E
UERTE BE A0l Ml w2 Aol ==
7ML el & AUtk x7t Sl webd A
e A 4AFE & 7 Ao, Aol &=
oMo T A AATS IR & AT
3], MPBZ4¢1 0.96PZT - 0.04PSN + MnO, o4 %= 305°C
o] HlwE EL FYLEE NS & F AU

Fig. 4= 1250°ColM 2A17F 223 (1-x)PZT - xPSN
+MnO, (x=0.02, 0.04, 0.06, 0.08)Z%d 2] PSNX|3t
Zol| W2 AR 71U (bulk density), 7171414 EAF
(kp), FFF(dz), 71418 FAATQu), LB &
(e"55/60)S UERAIT. READ=} 71AIE FEAG(Qn)
ex7t F71gte] wel FUksieb x=0.049 w Zhzt
7.85(g/em’), 17799 HAigkS vebd F, 21 o) H7}
Al ke AEE Bk A7171AA—d ATk, G
PSN X| o] F7I§hol|l met S7ketthrl x=0.044 )
70.8%% 7HF =& 3S UERAICH, L o4 HI7F A
Hadtel dx 9 71A% FAATFQwS AR A
< HAFUTH x= 0.044 w7} AHEAMPB)l 7HE &

Jn 4z o



l-N-

~
g .
S 5] e \\.
o]
v é\ 7.7
= .
m o 78 Y L
~ — Y o~
Les
C <
. <
—
2 960 1— ® Lo
Qa3 \\\0
o \
SN’
@ 280 4 .
eel —— o
Py - 1800
/ L 1500
. [ oD
. 1200 2
e o
1400 {9
=]
@ 1200 4 \
Hg *
5" 1000 4
‘_—ﬁ’
) , "
0.02 0.04 0.08 0.08
x mol

Fig. 4. Bulk density, Piezoelectric constant(ds;s),
Electromechanical coupling factor (k,) , Mechanical quality
factor (Qn), and Dielectric Constant (g,) of (1-
X)Pb(zr0_515Ti0_4g5)O3 - XPb(Sb[/sz1/2)03 + 0.5 wt% Ml’l02
ceramics sintered at 1250°C for 2 h. (x =0.02~0.08)
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Table 1. Dielectric and piezoelectric properties of 0.96PZT-
0.04PSN + MnO, ceramics.

Properties Value
Dielectric Constant (g,) 1109
Electromechanical Coupling factor (k) 70.8%
Piezoelectric Constant (ds3) 328 pC/N

Mechanical quality factor (Qy,) 1779
Curie Temperature (T.) 305°C
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