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ABSTRACT: The 0.2Pb(Zn+;3Nb,/3)03-0.8Pb(Zrq 5Tio5)O3 (0.2PZN-0.8PZT) ceramic system exhibits excellent piezoelectric properties;
however, its high sintering temperature (~1,250°C) causes severe PbO volatilization, increases processing cost, and limits co-firing
with low-melting-point electrodes in multilayer devices. In this study, LiBiO, was introduced as a sintering aid to enable low-
temperature densification of 0.2PZN-0.8PZT ceramics. The optimal composition of x = 0.3 mol% sintered at 1,050°C achieved ds; =
367 pCIN, k, = 0.54, and ¢33/ = 1,643. The Curie temperature was also enhanced to 347.8°C, compared with 297.2°C for the
reference specimen sintered at 1,250°C. These results demonstrate that LiBiO, addition enables a 200°C reduction in sintering

temperature while maintaining piezoelectric performance and improving thermal stability.
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Fig. 1. Sintered density of 0.2PZN-0.8PZT ceramics as a function

of LiBiO, content and sintering temperature
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Fig. 2. Polished-surface SEM images of 0.2PZN-0.8PZT ceramics: (a) 0 mol% and (b) 2.0 mol% LiBiO, sintered at 900°C, and (c) 0 mol%

LiBiO; sintered at 1,250°C

(a)

(110)

an)

(200)

(210)
1)

—— 2.0 mol%

—— 1.0 mol%

——0.3mol%

Intensity (a.u.)

—— 0mol%

—— 0mol% (1250 C)

-‘—‘J/%Mw\'\—\«v ——2.0 mol%
M —1.0mol%
m ——0.3 mol%
’(M —— 0mol%
——0mol%, 1250

20 30 40 50 60 70 8043

20 (deg.)

LY 45 46
20 (deg.)

Fig. 3. XRD patterns of 0.2PZN-0.8PZT ceramics with different LiBiO, contents, which were sintered at 1,050°C: (a) 26 =20-80° and (b) 26

=43-46°
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Fig. 4. Dielectric constant (g];/¢,) of 0.2PZN-0.8PZT ceramics

as a function of LiBiO, content and sintering temperature
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TASFAIL, (002)/(200) TERS] £2]7F Ast=o] H7g/d
(tetragonality)o] ThA 8wl AFS UePRIT: ojet &
o] M7l S7tol wet Aol ostEl s A2, LiBiO:
Q] Bi o]2o] A-siteo] X3 @ TGE|HA AHZ} ofjIo]
IS v|H AHE JHEY, o|2HE Bi o]20] HEHA
7IO|E F49] Assiteo] A= AL HHHFoR 2P
4= St} [18].

9 4& LiBiO» 7K &2 2o w2 0.2PZN-
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Fig. 5. Piezoelectric properties of 0.2PZN-0.8PZT ceramics as a
function of LiBiO, content and sintering temperature: (a)
piezoelectric coefficient d;; and (b) electromechanical coupling

factor k,

o} ol B2 HUFF oA AR W2 4AF 2
T2 Qe Adst FE5| JPF=HA ot H

b o, LiBiO: Z7kke] F71gtol =
Hol A7 g2 42 2k AT fARE £Eo7
Z713t Aog wekE

ARPA O & x = 0.5 mol%olA F3d7F JhHoRE =4
Uehgton, ol sig M7k F1tolA LiBio2o] o3t A4y
AZ ZW7F Adst ol aatHo R 2g3t AR AR
ot o]= LiBiO: 7ol o3 4~ZAo Adstet 24 H
gRol EXEWA 715 E A st =+l ¥ Y
(domain wall pinning) E3}7} Ajdoz sy, oo u}
2t QR A7 digh ZHQl ¥ o]Fo] Xt} golsixl &
2 A= [17].

I3 5% LiBiO, F7leFo] wWE 0.2PZN-0.8PZT ZRAE9]
FAEE s [18 5)] A7I7IAZZAS b [18 5(b)]9
A< Yl Zlo|th ds9 A9, LiBIOE H7I6HA] %2
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Fig. 6. Fracture-surface SEM images of 0.2PZN-0.8PZT ceramics sintered at 1,050°C with different LiBiO, contents: (a) 0 mol%, (b) 0.3 mol%,

(c) 0.5 mol%, (d) 1.0 mol%

712 24 = 0)°14 1,050°C € 1,100°C &Z A|Ho] Z+z¢
9F 327 pC/N H 325 pC/N9] ZH2 YEFH O H, x = 0.3 mol%©]
Al 1,050°C A7 AJHo| 2F 367 pC/NOZ FHojgto| &9
At o]= 49| LiBiO: F7to] wWE dAf &2 &I} Al
He| dsts Exlsta, I Ay B2 3golA ¥ A7
Ao gk =HQl AE &&0] FIE 2R sfAHE A
et AAA A= 7]5ol Qg HA EAto] AA|E o] =H|
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FE UEHHSITE 1.0 mol% oldollAls FaZo] B& F3
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o= 7P 92 gE e ole 1L &F R4
7H5EE Pb $dof| o5 24 AFoe] op7lEo] AH &
< AstAl7lE AoR AlmEH [5,6]. oF&2] 119 394 &
olgl HRe} Zo], meFo] LiBiO22 3] A A(c/a)o] 3t
=, olg AU Ik A £59 AAE Shheto]
A EAo] AstEE +23 810w 83k Aow Wk
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0.549] A kKE YEHSlh g, Hd &ZF "7} 05
mol% FLoA Uehd A(LE 1) 23, ¥ 5442 x =03
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Q1 AE 885 Eol= Al A +27F 7R b E o
2 A== 242 x=03 mol%olA A b EAdo] &
HE ZAog Alggoh ot o] 2404 E4do] SHi3tE=
FEL AL FE5] HoiAs F7HEQL B0 HEasitt
9 62 1,050°Co|l A 223 0.2PZN-0.8PZT A|H2] mhghd
SEM oJO|Z| 2 A, LiBiO: 7S x=0[1% 6(a)], 0.3 [1H
6(b)], 0.5 [ZL% 6(c)], 1.0 mol% [TL% 6(d)]= HIFAIZ] -9
oAlFE2E ¥t Zolthx=0 AlE 1" 6(a)]olA= 24
g ZF U (necking) E YA Aol F&3| LISA] 4%
om, AR 7]Fo] TEE0] 1,050°C RANAE AU}
Ao & ZP= U2 I &= Uk

HH, x=0.3mol% F7F AlE [T18 6b)]olA= Z2-Y 1t 2
gto] =L 7]Fo] AAT] Haste],x=0 AJHo] H[s| B
o Aggk n 27 BAEISS AT 5= Atk x =05
mol% o F7F Al [1F 6(c), (D]°A= 2FHo] v
XY= JATE F35HA EEshs o] dEEeH,
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Table 1. Electrical properties of 0.2PZN-0.8PZT ceramics with LiBiO, addition

Sintering temp. LiBiO2 Density Relative density . ds3 Tc
°C] [mol%] [g/em’] [%] Gl [PC/N] & [°C]
1,250 0 7.99 98.2 1,800 367 0.52 297.2
1,050 0 7.64 93.6 1,588 327 0.50 -
1,050 0.3 7.85 96.2 1,643 367 0.54 347.8

—— 0 mol%, 1250 C
—— 0.3 mol%, 1050 T
6000 |
™y
=
[+]
e
§ 4000t
©
1]
Q
©
O 2000l
0 | | . \
0 100 200 300 400

Temperature (C)

Fig. 7. Temperature dependence of capacitance (1 kHz) of
0.2PZN-0.8PZT ceramics without LiBiO, sintered at 1,250°C and
with 0.3 mol% LiBiO: sintered at 1,050°C

& ZsHA vehd Z23E sjddr. oje T2 utxR ¥
k= LiBiO2 A77F 1,050°C2) &2 Z7A AWst u]A|
Tz FAo| EFHOoR 7)ot HSS Sk

I8 72 LiBiO: BF&H7F 718 RS 1,250°CoA] AZTh
AJH3} x=0.3 mol% LiBiO> 37} /& 1,050°Coll A &AZ3%H
A9 1 kHzoA 2Zof wZ 7o A| 8 A (capacitance) HS}
2 ekl Aolth AMAEA} e ehls Lrg
F2] 2L (Curie temperature, To)2 A 2J5lF o, x=02] 7]&
ZA AIH9] Tee 297.2°C, x = 0.3 mol% LiBiO2 F7} A|HY]
Toe 347.8°CE Z¥Z} A= Qlch dutdos A2 42 X
A9 A7hHs AA W olF o9 8ol 9t xR o
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