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Microstructure and Additive Effect of the Piezoelectric ceramics PZT
prepared by Molten Salt Synthesis Method
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Abstract

Microstructure and additive effect of Lead Zirconate-Titanate(PZT) ceramics prepared by molten salt
synthesis method with additives Nb:Os, Fe:O; and MnO were investigated. The grain size of PZT
ceramics was decreased with the increase Nb®' or Fe”, while increased with the increase MnZ' addition.
The relative resistivity of PZT ceramics was increased with the increase Nb°' addition, while decreased
with the increase Mn®' addition. And the dielectric and the piezoelectric constant of PZT ceramics showed

2,100 and 342pC/N at Nb°" addition of 0.75 mol%, respectively.
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Fig. 1. XRD patterns of PZT prepared by
different method
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additives.
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Fig. 3. SEM photographs of PZT prepared by
different method

29 3& nydeHst 359 i‘}é%‘ of 23 A
28 ARE FUT FA22EEC) R £E2=
(1200C)1 18} SEMAIRSZAN 8% B4389

380

*ads gzl Aol slg
AmreHom A2y ALE ofF QAFo
,\lﬁit'ﬂl,
o] We wis =
g7t FolAd =HAL
2A BT @e 2ndi AZo e

o= $8ITYYLR A=A §59
Agsted 2 R FHAA

e olFol Wi Yojge
Fe AN

{a) Pure

fe} Nb¥ )35moie id) Fe'" 0.25mole%

(5 Mn™ 0.25moie%

(e) Fe* 0.5moled%

J.5moieX

gi Mn™

28 4 ZF HrtEel wsle o2 SEM
Fig. 4. SEM photographs of PZT with various
additives



F3 3t}

2@ 4= (a), (b), ©), @), &) Y& sk

(800C) 2 2AL=(12000T)M &4 ¥4
2 AzE AR Hslgd wE wATEE
3§ SEM AbR o]t}
() H/I8IA &L &5 PZTY HddEE e
d Aol (b), (), (d), (&) Nb» B Fe* o] &2
A7 o] 025 05mole% A7bE 72 $9 SEMARR
oz HrtdEel FUtgel wet AAY =7t AHA
ol e, ol ol H/AN ZAHY A
A& A AFE JAXZ ZFEP7) dEelz A
zZtgn, a3 (), (@)AHE Mn® ol Hrleke]
025 mole% A7t Adle dAY AV ox F7hH
Axd, olx Mn¥ol&o] 4z 4FE =g FE
44 A4S 9SS vt FE 05mole%
e e3la FadREd, ol MnT oo 3}
o Ao =zA SiAC HFst YA ojFe)
Ae ol AAY Aol dAHJAY Add R
2 Alsdd

a9 5% 69 4 ¢ 1w
B AWM 1,150~1,300CTe AZLEA 50T3HE
o2 245 Al AHe EEE A 2 g8 F
st Aoz Az AAHY FHE 1,30
0CeA o 73g/em’elNT, &89 FAHE A
12004 & 75g/cm’e 2 1% A vEYz
k. o]& SEMAE Y ZAFA & F UKol

=
o

Z

e
L
E
Es

Autgges A=
@

—a— MSS Method —— MCP Method

Density (g/cm®)

(o)}

[§1]

Sintering Temperature(C)

33 5 ~2FLxR9 ¥ e Yiux
Fig. 5. Bulk density of PZT with sintering
temperature

106 1150 1260 1280 1300 1350

A7) AR A 583 =4 Volll, No5, May 1993

| FAHel mAAurgyd Hls) 100CH R W
S 2T T JAEN s 22 FHA
A L3t & o]Foj A "ol ALt o
vt B89 A o8 1250ToAA 2% A
T AA 2FAER oA 4R FAT A
o3 Ar7le H7|Fe 24 2 PbOS FHwo] &7}
ol wet 238 Axs) F2P Aoz AlRH

p= W;i,]W3 2)
A7 Wit & 24239 AR FrFd49 24
ojm, Wit FRFAAM 8 FE F o2 244
A A7 He B4 BAo)t) g W AH
9 Zuy] g9We EZE AAY o E/)F 2
Aot

38 62 SUI FALT(800T)Y L2FeE
(1,200C)el A &89 F4HoZAZF AH Z
A7 Al @2 dxe WH3E vehd Aoz Mn”
o] 29 HAANTTg/em’2 2 71 A JEYyon,
Nb*'9) H7MA) 76g/em’S 2 A Z7tsgit). o):
HFgZe HrkA o3 TUF A SEAH A
Ao @2 perovskited e AAo] ool Z
2FLEAA AR FdE ez AZEH,
XRD Z#9E & dxsn gtk a8 Fe¥'o
¢ 2358 g, ole Fe'oleo] ABO;
perovskite 7 Z 9| Al A-siteo] X &= o] PhO9 3w
€ FUHAA L3818 Ak i WE Aoz A}
29 &3 dopant7t PZTYAW Exjste] 2
AY dAe] AAgezA A WHol =ux o
Adate] olzEs TEHI Talo] o3 HFLAo

7.8
—a— Mn —— Nb —=— Fag

~N
[+2]
2.

Density(g/cm®)
~
&
/

o
o
&
o
n
o
~
»
-

\‘
[
b
o] /
o]

Additive

ad 6. 4T H/EY wE PZTe Fy4E,
Fig. 6. Bulk density of PZT with various
additives



AH 2FLTEE Ui 3E £ ges
=3

39 7 &89 FAH s A== PZTAH
o 7} dopant®] A7} wWe vAEd&(p)e UJE
W2 itk Nb™ol&g Astzte] Zslge] wa )
Aggol AA Fstz Yud, ot Fr)Fd4
PZTE AZ3+= F¢ Phy 3Lz A% Pb
vacancy(F3)9) ¢4 2 Nb¥o] 9% dAY A
AR A% AAJYAL Z7} wRo)gt Ay
. PZTE A¥F(hole)d] &) A== p8d W=
A7IAEEE 7M7) d8lME A3 5%
F7HA Ak g} Nb™e] H7l7} donorz &3

BAE&(p)o]l F7HEeH, MnPolee
acceptor2 283l 938 HIAEFLel 7PAHY
th ol& Jaffe'Ve] ol&3}E B yxam g o
Hu Fe'olLe] AztAds A Wt A=),
ol 19 Golld HPEYEe] Fe¥'o]&o] A-sited]
A#EHHEA donor®2 FHE¥ RoE AzhE oA}
Fe¥'ol&¢] #7tel] wre} PbOY) Huto] Zr}sted 7
9 FAdol BWolhAM wiA g wWEs gl A
o2 Algdd,

AAre R 3L

L2 o fu £Loto

1€+13;

: !
: :
1 .
1E+124 ‘

1E+11;

Relative Resistivity (£ -mn)

} —®= Mn ——— Nb —— Fo
1E+08¢!

3 0.2s a.3
Additive

Q.73

a8 7. 4% H7MEC W& PZTY v ASE
Fig. 7. Relative resistivity of PZT with various
additives

I 8¢ SRR £89 FAYez Az
¥ PZT] A7b22 Nb™'9 %2 wisiAge) ua}
Berlincourt dyp-Meter®2 38 tdYS dpy =
FAE ez Ao AR He bl 289

HAWOR Az o] A5l FRHYEY), o

382

489 B g Azg-—ol53, 284, 559 A3 4

< 2% 19 XRDYAE 444 & F ARl &
9 @Yoz AxAd dASHLE Adse

.pyrochlore’e] AAde] Hon g FUdF YA

2 st 22 E5HAA il domaing Auj
go] &olF Feg At

Ky
O
(a1

—a— MSS Methcd -~ MCP Method !

(&)

o,

o]
Y

w
&
a
\ e
*
+
S
-

Piezoeleetric Constant(dapC/N)

‘c)v et e

a.25 Q.20

Additive

Q.75

33 8 Nb*' Hrbee] Wzl wa PzTe
A 4 (dz)

Fig. 8. Piezoceletric constant(ds) of PZT with
Nb*" addition

n)
o
(o]
(o}

—s— \S3 Methcc —— MCF Metncd i

N

Q)

9]
[R—
)]

18CC4

Dielectric Constant(iy)

|

|

15804

I

|

12604

i

SC0+
sced , :

3.c0 0.25 0.30 Q73 18

Additive

18 9. Nb™ H7beke] wiste] we PZTY
A4 (Kas)

Fig. 9. Dielectric constant(Ks) of PZT with Nb”
addition

£ Nb A e ek AL dwt FAEYE
H, °ol& Nb”7}e]2e] donor e el A 7} o



perovskite %9 B-sited] X &= o] PbY vacancy

= Zbsla 4429 vacancys ZASHA FHeol

domain wall®] mobility7} F7+314 @ Rz A

gt 29 9t 1kHzOlA 3% sl4H&L Nb
o] Hrtge] WE FE JeEd AR 075% 7 A&
%—7}2}% & 4 e, ol Nb'7F AZHEA 2

Z4e] d¥e] A71A HA ‘:‘r%’% AR ] %
x} RAEs} Z7H8A Hol §R447t ek

9 ez ARG 9R, 3 o4 AAHBA §
d's¢} dasgled, ols N %Yt
@ UEe) P4 W AAC) WE FHETY Asto]
Q8 Az,

4.4 &

ZE ANAE gol £49¢ wg WHAZ T
249 FPez Azxg A ASRA2(PZDY
A7z 2 GAEHAN EF 22 HES
A

L 889 dyHos x-]] &
= pguwese bvd AHLEES

A A ehe) A (PZT)
ok 100C 7}

2. Fe, Nb°l'°—4 #A7te 24N graing 434&
oA A7lm YAT, MnolL& 238 grain® A
AL ZAANTE EXAZ L34

3. donorZ #43tE Nbol29] Hrtel upel A&
go] 713t PZT Aatd4art pd #EAAS &
91 &gt

4, §AAF 2 FAASFE Nbol2o] 0.75 mol%
AR Z7rste HOg(2,100) R 342pC/NE
vehiigled, 2 ojddMe ZAsiTh

Zaongd

1. S. Takahashi, "Effects of Impurity Doping in

383

10.

11.

A7 AR AZ 88 =24 Volll, No5, May 1998

Lead Zirconate-Titanate Ceramics”, Ferro-
electrics, Vol. 41, pp. 143~156, 1982.
D. A Bucker, P. D. Wilcow, "Effects of

Calcining on Sintering of Lead Zirconate-
Titante Ceramics, J. Ame. Cer. Bull, Vol. 51,
pp. 218~222, 1972.
J. G. M. Delau, "Preparation of Ceramic
Powders from Sulfate Solutions by Spray
Drying and Roasting”, J. Ame. Cer. Bull,
Vol. 49, No. 5, pp. 572~574, 1970.
ol &3, # dY, 7 g, AFF A, ‘A=
4 1-3%8 5% 4dA Eldafry 2oz
? 547, A NAAANERS =8, 8,
pp. 211~216, 1995, '
Zéf‘—h H Y, AHF A, ‘b33 PZT Ay
Az X AA BT, dRAsTy =F
, 439, 10%, pp. 1678~1683, 1994.
S. Sakka, "Sol-Gel Synthesis of Glasses:
Present and Future”, J. Ame. Cer. Bull, Vol
64, No. 11, p. 1463, 1985.

Ba

#Azﬂ‘-

BERGIRETEE ‘LI 1V 7208l Tot
2RSS & B BERE, po 17, 1987
R. H Arendt, ]J. H Roslowski, ] W.

Szymaszek, "Lead Zirconate Titanate Cera-
mics from Molten Salt Solvent Synthesized
Powders”, Mat. Res. Bull, Vol. 14, No. 5, pp.
703~709, 1979.

ASTM standard(C373-72),
ASTM Standard

R. B. Atkin, R. L. Holman and R. M. Fulrath,
J. Am. Ceram. Soc., No. 54, pp.113~115, 1971.

H. Jaffe, R. Gerson, "Electrical Conductivity in
Lead Titanate Zirconate Ceramics”, ]. Phys.
Chem, Solids, Vol. 24, No. 8, pp. 977~984. 1963.

Annual Book of



