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1. Title
A Study on the Development of Preparation Technology of PZT Powders as

Piezoelectnc Matenials

I1. Purpose and Importance

Pb(Zr, Ti)O, has achieved wide usage because of superior propertics such as low
temperature coetficients, wide range of operating temperature, high curie temperature and
high piezoelectric characteristics. Therefore Pb(Zr, Ti)O, piezoelectrical materials have
been used in electronic devices such as ignitor, ceramic filter, resonator, buzzer, sensor and
others.

Recently, according as development of electronic industry has been progressed with
great speed, the demend of piezoelectric materials in Korea increases rapidly. However, as
most of the piezoelectrical materials have been imported there appears a need for manufac-
turing piczoelectrical materials especially PZT.

The object of this study is to establish the optimum condition for synthesizing PZT

powders and sintered bodies to be useful for various kinds of electronic ¢quipments.

III. Scope and Contents of the project

These experiments consist of synthesis of PZT powders by application of four methods

of powder preparation to four PZT systems with varying components, additives and

characterizing their calcined powders and sintered bodies.



The methods of powder preparation are as follows.

o Wet Ball Milling - Dry Process (Process 1)

o Double Calcining Dry Process (Process 2)

o Wet-Dry Process (Process 3)
The PZT systems are one modified PZT system and four ternary PZT systems as follows.
o Pb, SrZrTi O
o Pb(Mg, Nb,) Zr T O,
o Pb(Co,, Nh%)eryTl_x_yO_,’
o Pb(Mn, Nb,) Zr T, O,
0 Pb(Ca% Mn, Nb}ﬁ)er T. O

y lxy 3

3

In this study the effects of preparation method on characteristics of calcined powders and

their sintered bodies for each PZT system were investigated by varying amount and kinds
of additives such as MnQO,, Nb,O,, §b,0,, Si,N,, SiC, etc.

25 273 7y @

IV. Results and Proposals for Applications

In this research five PZT systems are selected and three methods of powder preparation
are applied to each system as mentioned above. Their results are summarized briefly as

follows.

o Modified PZT Ceramics
(1) The sintered bodies obtained by -partially substituting Sr for Pb showed high

relative dielectric constants (& ,,"/ € ) and electro mechanical coupling factors (k,, & kr).
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(2) The sintered bodies of disk type with composition of 53/47 for the ratio of Zr/
Ti showed high electro mechanical coupling factors, and their values of kr and k,, were

above 60% and 70% respectively. The relative dielectric constants ( € '/ € ) were above
1000.

(3) Piezoelectric characteristics were controlled by varying amounts and kinds of

additives.
o Pb(Mn, Nb,) Zr T, O, Ceramics

(1) When Pb(Mn,, Nb,,)O, content was 6 mole %, k,, and & ,,"/ &  of sintered
bodies were above 70% and 1000.

(2) Qm values increased with raising the amount of Pb(Mn%1 Nb%)Oz. The sintered

bodies having high Qm values above 800 were obtained when Pb(Mn% N'D%)O3 content was
10 mole % as cyhindrical type. And then, k_, value was 69%.

(3) When Pb(Mn}6 Nb%)O3 contents were above 6 mol%, the g, values of sintered
bodies were above 30x10°*Vm/N

(4) Mn* compound as Mn source had a good effect on the increasing Qm value.
o Pb(Co, Nby ) Zr T, O, Ceramics

(1) When the compositions of Pb(Co,, Nb, ) Zr T, . O, are x=0.05~0.10 and Ti/
Zr=0.91, Qm values were very low. But other physical properties of sinterd bodies showed
as follows ; 69% ofk,,, 1000 of &,,"/ & _and 30x10°Vm/N of g,,.

(2) Additives such as Sb,0,, Nb,O had a good effect on the increasing relative

diclectric constants. The sintered bodies above 2000 of € ,,'/ & were obtained in the case
of addition 2wt% of Nb,O,. '
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o Pb(Mg, Nb%),Zl‘yTM_YO?, Ceramics

(1) Inthesystemof Pb(Mg, Nb, ), ,.Zr, .. T, .- the physical properties such as k,,
and g,, were increased with addition of Si,N, without diminishing of & ,,'/ € _.
(2) In the system of Pb(Mg,, Nb, ), ..Zr, T, ... the addition of SiC had a good

0.4 " 044°

effect on raising the valueof € ,,'/€ ,k,;and g,,.
o Pb(Ca, Mn, Nb, ) Zr T O, Ceramics

(1) The composition of Pb(Ca,, Mn,, Nb}‘i’)MZrz‘,TI_M_yO3 were suitable for raising Qm
value.

(2) In the sintered body with composition of Pb(Ca,, Mn,, Nb, ), . Zr; 15T 46,05
Qm value was above 2000, but kr value was only 36%.

(3) But when the amount of Pb(Ca,, Mn,, Nb}é)Og was decresed to 0.02 mole%, the

value of kr was increased to 54%.
0 The cffects of the methods of powder preparation.

The sintered bodies by Process 3 had superior properties of kr, k.., d,, and € [T/ & _

than another process. The characteristic of Process 3 is to use water soluble salts as source
of Ti* and Zr*. The sintered bodies showed propertis as follows ; above 30000f € '/ & ,
63% of kr, 35% of k,, and 570x10“m/V of d.,.

In this study, it succeeded to establish the preparation technology of the PZT powder and
sintered bodies, particularly for producing piezoelectric materials available in the electronic

Industry. But this reseach was accomplished in Lab. scale only. Therefore, It is necessary

to do pilot tests to produce PZT powders domestically.
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24 <A Ceramics & -8 o

A ceramics & Yol A 7| & 7| B8 7]15-2 0|83 2 & o= I A
2 Ve F U F TY Ao 84 FE AYAAMY SEE = T
ATt

Y AR FololAe 82 7IE F¥) 259 PR, 255 HF 7,
microphone, speaker, 3}3 relay, 7}57], 223 7127 59 FE FATA19}
A7)e% Aps 2Ae) Sgolo)

AR M olAS] SEHE Ay W filter, 283} A|A7], AT device,
pick up cartridge, 9 sounder Solc}. o] & ZIAW|, 4 WE BE, A
transformer of th3led 71 &8t7A B}

1. 7} A3}7)

A ceramics 9 -3~ FoFF 7HE 7|2 R =A 7L HI|E =
= Ao ¢ ceramics o] 7|AZH A Y& 715 ojwl 1A Yo| LA}
b E A = 7tA7F J3EtA S 7kE glelE, FARA], &7 247] 5
o] &5 gict. ZlE HIU|Y W& fig 2-2 oA 9} ATt

Electrodes

Fig. 2-2. A piczoelectric spark generator.
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X% poling A ceramic cylinder 5+ 7§ & poling WiFo| A= vitj7} 5 =8
$ool, WS AMSSHE 0L 5 v charge & A ok k= Hebof
ARS-H = o ceramics 9 AN = F gk fig. 2-3 oA £ uff cylinder o] T
A Zol L3} A7 glek = ARe] SHoIA d,8,6," 9} k, 3 2oL
AL

-
i

Fig. 2-3. A piezoceramic cylinder under axial compressive force.

Spark 7t WMl E L F GAZ B £ s, ABAGN Qskske o
F7h W3 Aol A48 W cylinder o] Zo] Lo] SLTHZ 83i7 471
So] o] 8 YL openwcircrit 44 YoupA ek wA

-OLD F
= = 'Sssn_ (2-1)
L A
Mechanical work+=
1 D 1 FL
Wm = X FOL = —3S,° (2-2)
2 A

2 e $ Yok



electromechanical coupling constant k? © 2 Y& FHEA7|oHZ] Wel 2 A} (2-3)
o2 XHY + 9t

FL
A

Wel = %kn’ S,,” (2-3)

ol cylinder &= FZAjolodA AU} UE ZHA =™ clamped state o] A] electric

potential energy +

1

A
Wel = — CU? =_U2g * — (2-4)
2 L

1
E"" 13
kzsz = gss EI/SSSE’ 8335 = 8335(1-1(332) ‘-'1]' 3335 = Sssﬁ(l'kss)z O]E“E )4 (2-5 )'E-

U=g,Fe — (2-5)
A

2 YEd 5 itk

Spark7} Ydojv}7] §i3led+= U 7} gap 8] breakdown voltage o] A}o] ¥ oo} ¥t

C}. Spark 7} dold o energy ‘4 o] FHA| DA} A2 E =1, spark WHOE

open-circuit o] A closed-circuit & 3} A} A elo] oz A Ho}. o]a] compliance

7} S, PojA S, BEE wl 1 field strength A} 8} £ domain wall o] 5-¢| YejuA Het
FL FL

6LE - 6LE - (SBSB - S33D)—A—- - k332 SBBET (2-6)

— 10 —



27} sain O 2 {& A7) AUA AN Wex 37171 BAsHA =,

1 co B FL
Wex = 71(33 333 —Z— (2-7)

meH spark ol AMESIE SeluAE

1 F21.
WT = Wel + Wex =""2_k_532 (k332 S”E + S”D) T (2'8)
I FL 1 FiL
W, = D) kj,* Sy T Y d,; &, T (2-9)

PZT ¢4 ceramics o A ignitor 82 2 AFR-S|2| W 22 A7 E4F g, 9|
ky, Wb €550 dy Ze] FHopt A o] Fol3int



2. A Us FF

A7) S SABYT A A ceramics o AFRo] WAAIY ]&e) Hn g}
AR azte 8 2A Zu=n ok JhEn 2¥L 278 FAA,
AR DY o A, ARAIA, A3} game 9)of AAAX Y 5239}
2e JAREE, BAp), TUE, 9A|D2s} 2L 0A7]7] S A7 IC 3,
slo]Zsjel B ML AlFe] Yul= o wg REo] F&s WA
¥ISD ot EY A¥slse] NEE ste] uwmaate Azs} s
3o ol=NE AN o, Al £437], AF TVE 23
Fo87]7], Axels MASE orjes B 2AYFdzx 28 Pt
CE R

FAMGHEL S-Sof7} YRS H, ghA sounder, 3 buzzer, 4 speaker
So2 3A o] AR T 3tk

A A/ ¢ A ceramics o Y] VFE FAXN AT BF
s Ay LLy 5o FE5MeE AR AL

e T U gAE ol &3t gl
¢Hd sounder : W TV ETYLEH FO2 H case o] Yol T

(BENo =+ 9F32F o] &%

UA buzzer : %A soundero] YR EF 7joj o] UM E 3l R
8 AYS AR F5ORE) =T ¥

7 speaker @ QM sounder 8} AL FRE ATy dFE S48
FAFL271A] gy AolH.
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o|2tdo] AZ|SFUN BV =A P YSHFFL X5 55U 7 ceramics
225 3 2A) 2] unimorph 72 2] ¢HE7F0e] FIF/JE ©]-§ ¥ Unimorph
T2 YA [TV T fig. 24 3 A A FFEA AT (2, ().
©) €22 WollH.

— — —  (a)node A} A
T
(b)F% A)A]

.

“""—-..__ --____.r‘"
~ P .

"3 -~ © 4 AA

- i

Fig. 2-4. Unimorph vibration mode.

S FEFa2E 4 ceramics o S UMY o] AFEHE AL o] &%
RALee FANEgLE FFA sl RFAGES =M IFAUFL
d2A F7|o] 2YUIE ALEHA 3= Ao|H.

Ago] F2 USHFEE dedyd £ARLE ook shed 2AREE
A= HEEBR)AA Im A2 oA 34 P9} A7HESt v 2} u| = Vepdic®

P
q=20 loglo(—-i)—) + 20[dB] (2-10)

O[dB] = 0.1 [Pa/V]



Soke o9l A Aol wedsind, o] wladyl £ & ok A 211 3 ol

Y 2-11)

B1: YA & A%

kr : radialmode & AZ|7|A AUAT
£, AE

S E: ¥/ compliance (= 1/E )

Ef: @&

SE

12

SE

11

)

ok : poison ratio ( =

epa m7E, REYe) YSEEARE Az kn, £,7, S, Fzko] 2n
cE 7} A2 ebH ceramics A w57} 8 ¥}
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3. 9}A transformer

A coramics & W A28} AVAZ ol $ohe Zo2. U2 BRI
A 9lE WHEA|F|= ZAo] ¢4A transformer o] T}
R FEE fig 25 9 Zom ¥ YL A BEG

l""———ll : I:——-)-l

\J_-T;E"‘_a, ceramics L%
(a)

l £33 transformer — A

"“l ==

. (b) - Lo e

Fig. 2-5. Piezoelectric transformer.

L. AFH= UgYFe £.o ST S8Fed 47 a3 ==
Hgo] AT ZolE HdAst AMEMN 1 I == o aAe] HE=
Z)o] X1 5-& 3= 3}

o] A% AYAYH 2YAL wolH Sebu] ¥+ 4 212 9} Zk



Vout k,, - UbP

r = ) =27 — (l-kggz) € 1 WR, . (1+S) -
Vin k,, 20, L2
S, 1 1-A{1+SQ,,*(1+S))
S, E *(1+S)?
11 Qoz (2_12)
1+ 2 (1+S)* [1+ 1—]
AQ_ Q. (1+S)?
o k.2
A _ 33
7:2 (1 +J SSSD/SIIE )
Q,= wC,R R :53}x%
tw T
Cm - D € 5 (l“k:ﬂz)
2
S = CJ/C, C.:73H8-%
Q. = &3 ceramics 2] mechanical Q
4] 2-12& F3E17)F Q= A% R /00, C =0)
4 9, 2 833E/SuE
Yo = 75? k,, ky, Qm [2 T pe—
1+JS,. /S, EF

o] o] Axe| E4d4A A771A ZA¥A=S k,,, k,, R mechanical Q Zhe] #oF
S ul7l & wansformer § €& F Y R FolA dol7t 23, FA7}

TS SE Y 5+ Yok
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q1d A 8

2 AToINE 159 94 ol J¥A PZT 8} 43 2] AV EA PZTE Hste]
NYE Wasith 5 WA o HEA PZTZAE P o) URE St N BY B,
(Sn) ZITiO, &, AMd¥-A PZT A+ A39 /d#22A Pb(Mg, Nb,)O,, P(Co,,
Nb,)O, ! Pb(Mn,, Nb,)O,, Pb(Ca, Mn,, Nb, )0, 52| 3P 5 E 3= PZTsystem
2 Aol PZT YR FUe) 4 VYL YAlssich

2} system 9] PZT R ¥ oe] P44 Y THL e 377 AzpESe) B S
L3t =, Wet Ball Milling of 2] DryProccss.‘?-] o] 2 w#HA|7l Double
Calcining Process, ._"_'.E] a1 Wet-

SN R E A= POO(£X 99.5%), Pb,O, (X 98%), TiO, (99%), ZrO, (99.8%)
o] F/48 o] 2} o] MgO (98% ©] 4}, Nb,0, (99.99%), Sb,0, (153 A] 2}), CoO (99.5%),
MnO, (99.9%), Mn,0, (99.5%), AL,O, (99.9%), ZrOCL, - 8H0 (99.9%), TiCl, (99%)Y
RVl (15 Alhs< ARSIt

Electronic ceramics 2] Y o|HFZo= SUNs Y EA, o7 £29
particle size, ) EX-E, QA 2 SYX So] = dLL vl Nk Hgick
5 %% S.Shirasaki = w- W50 0] Ao, £4H 9 4] dFe TEE, MG

ZYY Tt S5 PUSHE AL PZT UL YAk Pyo=
PRl By SHYIEE AYsa Ao

a9oE PZT 2749 SATAS AT B AzPY Agel B
A5 go| Ao gk

0|28 PZT o] AZ WS FR4E Pestel WUEo] £ 1AUE
AFAME 74, DAY WHAID BT SAYE AR B gy
e gt Azgiol 22M9) A B4l BlAE FRE ZAY )

-




giglon], £ 23U dFlME 7R URY FuUl T3 Bol4, FAY S
s2jste] PZTE 2 A L F A7 aste] A0, 212 EH S nlm

AEs}ich
=gk ohd 2878 cylinder Weje) £2M o] S5t WA Thee di
gele) 2FAE Azt A LAY A SHE A

&

A2 ¥9e ¥4 ¥y

1. Wet Ball Milling - Dry Process (Process 1)

Q-G HEFY A 7H¢ 9uH3d $wi e s Pbo, TiO,, ZrO,
s PZT & F/d3h= F4¥Y F4543EH PZT of g5 = A39 d¥S
o] Fi I& AIBJE == BAlYE BB 9 B = glcohol 5 liquid media of] A
ball milling & o2 T FAY ¥ shi(calcining)ste] BUe Az
gy o] o,

3}4F ball milling & 3% djoj = E-o|L} alcohol S AFE-SH). 3}4F ball
milling 8 ¥4 3t 222 PVA, stearic acid 5 binder & £ 2of |3t T2 = 1%
B E33te] 80°Col A AXFH F F4431o] 140 mesh o] A 325 mesh Afo] 2] 7 %h
pRato] Auie Eus ALgsigich
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FaE (Ball Milling) ®
3 4 2
3

(Ball Milling)

Fig. 3-1. PZT powder preparation by Wet Ball Milling Dry Process (Process 1)
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2. Double Calcining Dry Process(Process 2)

o] WL Bsite 8 TAH FHES) TANNEH $HE -
BUGE VA SApeEH VAL U theel, Asic B FAE
240812 EYs BAgosM WSAFE WHoEs A$ Double
Calcining Dry Process 2} & 4 it}

13} S}AL T 750~900°C, 23} AL T = 750-900°C 2 &3, BpAA|THE
12218 o} Z4Z} 1A|1F2 2 3igitt AT va9 fig 3-2 9} 7.




FEE —] &£ ¢ & 4 L3
4 =

1st Calcining

PbO or Pb,0,

2nd Calcining

B

|

2

Binder

[ob
%

PZT & &

Fig. 3-2. PZT powder preparation by Double Calcining Process (Process 2)
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3. Wet Dry Process (Process 3)

Bsite of §o{7b= Ti* QW Zr* o FF9-2 Titanium tetrachloride (TiCl,) 34
Zirconium oxychloride (ZrOCL)EA] o] & 3IE-2 Eol S3A| £ 7894
AR olSE Helele] YVES Y& TS o3}, 2t AEL o] La}siT

PbO & &Y= o] F T8 Process 1 3} 53l

— 99 _



TiCl, 2o}

= ops

Binder

Precipitation

o 3 5 A
2 Z

I1st Calcining

= ¥4
Q. =3

2nd Calcining

i
&

o
ok

Z:OCl, 2.0}

PbO or Pb,0,



A3d RAEYe 27 9 43I AE A%

710 o2 AT HUE ol Sl AFYS] AW 2 HBYY ABL
SET T

27 6mm, Zo] 11-12mm 3£ ¥4 A 8L o Lonkd ) Yoz S2
BT 25 4% S Bsisien, A8 S00CoAA 1A 221§ F 4785l
2Z3M A #0002 AR AF Avkd F WIS FASt ¢AA
A8 At

Yy A EE 27 18mm, Z o] 5-Tmm F =7 HEF oF Tonkm ¢gog
S2 =L 23 49 Yaen], JRAE SOCHN KT BAE ¥
243 A Y. &AM+ silicingmachine (Tokyo SeimitsuA}A], S-LM-50E)-& 0]-&8} <
yasted 373 SA9 671201 o] |2 S 06 Imm7} £ Heke
¥ 2R3 wastel A AR Astsin

QA Ao} A AW AZT ol AYAZT 27¢ dels

£ magnesia crucible o] @o] PbO o Hukg Ao8}7] $]3le] ZrO, bubbl

8] PbZrO, B2 9 1150-1250°C oA} 1-2 A) 7+ 2 F 3¢}

T AL Bak]7] A|H-L 50-100°C 2] AJ2]E oil Fo)A] 1.5-3kv/mm
o FULL HolFo| of 087 poling o] AT AWo 2 Heict
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A4 AN B4 W7t A Y

olshdo] AAE YA AR A T3 ZAP) Ased oHE) $EEL
A g stk

. t=ZdHe 54 ¥7t

7k 4N YE (g
bt HUME YAFE N5 E 245 UST AL

U 272439 Y% (ghm)
AZAl 5 9] Yx(bulk density) = ASTM-20 1A o e} 5 x|HU¥jo g
5733312, o porosity £ Zo] ALks o] 4.

o X4 B 3y B
A7ME B3le] Eulrlo g 3o CuKa, Ni filter, 40kv-40mA =8 9]
X-4 #4#47] (Rigsku, Model DMAX-3B) & o] 88le) ZAAIL

ZALSHA -

2. Ao AN B

27 MATZE U GHEYY SHE B 3] A
cfsto] HAHME]R (EOLISM - 840A) AH1E o] Bastaich

o} YFAE
713 5782 B71 A BE do] of 6mm £ Mg F FAS Logitech
2l Anl7] (Model PM2A)E ARg-3te] Anlsie U= S4-3 A8
o2 3. ol A= A UYETIum ¢l aluminag AR3}GIT-



A% PEE AW DEE T Ak YL 2T Y=
22 7] (Instron)of] 2]3}e] full scale load = 5 ton, cross head speed = Imm/min 18] 11

chart speed = 20cm/min |4 233} on, AL e 7t}

load (ton)

} ) 2 ————
HREE (tonkem’) = T e o (omd)

2. A71H &4 %7}
A AlHe) $}AE/dE Impedence Analyzer (HP4194A)E ©]-3-8te 33
Fak (f) W 93 Fxg (fa) § 5733812, S7132oA 1kHz o A9

AL €S 23T e $2EL Taisinh

7k vl e (&, €, Fim)

0
et = Cf —
0 : AW ol
S : AW wEx

L A71I71A A AT K, K, ki)

+0.810 (TAH) (3-1)



2

ke = k, 2 ( )
k,, T
1 fr
— = ().305 + 0.574
kr? fa-fr

cE : poison ratio

o}. Strain coefficient (d,,, C/N)

d,, = k,, V 833T - S,
d,, = k; v E, * S0

£}. Elastic compliance

1
Sy = T
4 p 2f*(1-k,.%)
1
SuE -
4 p fr2 0?2

p 1 AlH9Y U=

(ZAH)

(3-2)

(3-3)

(3-4)

(3-5)

(3-6)



o}, Voltage coefficient (g33, Vm/N)

_ % (3-7)
o EssT
d,, (3-8)
gSl = 8 T

fs
2ntf - R - Cr{l-(—i;;)zl

A}. Curie point (°C)

AR5 71 23 S00°C 7A|o|, % XH S8o] 0.1°C ¢l Eurotherm
2 27|17} 3218 W7) 2ol ABL Yol AR FTel WAL AZstn
Impedence Analyzer(HP4194A)S o] 4310 £E& Z71A|7|BA U3 S olA
serics capacitance® 2tk Tc & IKHz AMe] FHEBo] 2Tzt W9

<=5 AU



4% A¥EdF H 23

A1 A 8

At uke) Zdo]| A ceramics § 2+ 8o A Y3 A Az Y L
8T E/do] gtolof ¥}, A, A AL AL o T AU A AEL
8 A5 g A771A FUAS k Tko] Aol I, YHUAGL 2= £,/
£ 2ol #ok 3t 525} sensor 22+ d, g R k3| Hof =5 S LEHE
583 A2A|AHoF ¥ FdE0°] AT

gebA AR B P BA SxE st 2GS HdF
stoqof fid.

1. SeitdEe A7t

PZT ABO, perovskite®d AM3}E-24 A ${x]of Pb*,B ${zx|of Zr* == Ti*
7t golzith P $i2|ol La¥ 3 Z:& 37} o] o] 217k, Ze T Tiv o
No* 8 Zh& 57} ol 20| 185D A $1x]o} vacancy 7} LA}, La¥ 1} Nb¥
7} donor 24 2Hg5hA S|, SIATL Astslo] gl AXA Hof E3o)
So|HA T W 4HE, WIN/NADUAST FL8A Ho, Qm Zte] WoixA
fc

o9} 7H& B4 WIE A7 A EEE Nb,O,Ta,0,La0,, Bi,0,Sb,0,,
Wojsm S0 2 4% YrAlde Ddo] Solsict

£33 MnO,, ALO 8} Fe O, NiO, Sc,0, 53 72 AM}E2 acceptor 4
2-8-8te] oxygenvacancy & '#A|A Qm ZH& SAl7]E hard B o).

theha] ol Si7e BUEE AelA Uit WA A 4L AolE &
sick



2. Alkali E§ 222 37}

Sr*,Ba*, Ca* & Pb* 4] YF X VA7 /32 B3 E aJHo= 7|9 ¥
2 gt BE ALY Hfge] TA Zusiy AANAZGASE
sEAYEICE T3 AAAE Ro|MX|Y} curie point 7} A ESTE BE 15mol %
o2 X it

3. AMdE-A PZT Systems

PbTiO, - PbZrO, A ceramics & &4 7| Fst7] st S perovskite ¥
ARHES B8AI o|Sul AMdFEA PZT Y43 ceramics 2] Q71 TYs1A
Asgslo] 2}A 2ol -9 AR AL A A st AR
Sitt.

AdRA PZT & 75 o4+ n]3te] PbO ${ie| F8 4+ PZrO,
o] Fulgo] War, =¥ PbO 2k A" o] A% A3 S Yt It
PbO 2] Hurs AR 7 Ut

LT o] 4 F-A PZT o] n]3t MPB 7| T Wloj X A4HdEe H7M] T7
R Fe MM 2H A §44E HEAF) 77} Bolslt)

A4 ¥A perovskite ¥ AHHEF Pb(Niy, Nb,)O,, Pb(Sn,, Sb,)O,, Pb(Co,,
Nb,)O,, Pb(Mg, Nb,)O,, Pb(Sb,, Nb, )0, 52 +-78-&°| ¥3L curie point 7} 3
7d FRAMNEA o] 52 EWI= AIEA PZT Y 5 ¥ w82 224,
Qm 32 YolA|&= §42 3t glof, 4 W F8-3 AE A=Al gl
ARSE I gl

¥ AFdAE ol A2 4oy HItA Y J¥TE AL, Adx
oA FUdd WS geldlglS v 84AM 49 H3 A
THE 3t HPT Tl 3o 4F Fxo| FTH 5 U= PZT A
AT AXZ YU

— 30 —



423 Pb(Mn, Nb,) Zr Ti, O, System

Pb(Mn,, Nb,)O, & X3k A EA PZT A E2-8 Double calcining dry
process o 2] 3}e] §d3t 3}t Pb(Mny Nb,)O, 2] %-20.04~0.10 mole *H3}A| 7] 11,
Mn ¢] source £ MnO 3 MnO, & Z}Z} ALg-31ed A3 988 Mn 11317} H 3of
o= B4 vlzg Wasic 2 A= ¥ 413 2

¥ 4-1. PbMny Nb,) ZrTi O, systemo] E/d

[ BTl L T
(g/cm?) ) |(10 2m/V)| (103 Vm/N) (kg/cm?)
229 -
A 282 31 6
204 33 7
247 29 9
297 25 -
290 32 6
193 32 8
212 30 8

A: Mn source£ Mn? 3}3E AR
B: Mn source® Mn* 3}3}E AR



Ti/Zr 8] w]+= 098 2 P A]7]3L Pb(Mny, Nb,)O, o] &TH HHA|Z] Zies
fig.4-1 ¥ 7 Mnsource 24 £7|{ 8-S Mn* 3}3}E-0o| Y Mn* 3} §H-5-3 ARS8
oJr Zloly FH &2 WA FHE AI7A AT k, i S8
Aoz JEpteny, k, IR Pb(Mn, Nb,)O, 7} 0.06 mole & 7% 2uiit-=
Ve gl

=4 figd-2 o) Qm ZHE ¥ Pb(Mny Nb,)O, o] ol Bold+T Aahs
AL € 7 I

Mnsource £ Mn 8] 4+317}7} +2 7P +4 71 £/ A3to] 42 8= plA|
k. o= Algel AU +4 JFd AREE ANSEIG T st E AtA
B3 718 el A 257} 1080°C ol Aol ¥ d +2 =& +3 712 8™y uflFof 23
Mn o] +2 7} A83lqA] 27| YR AA Y A37b7 B4l A v Y%=
FA = 2 A Ak 28y, Mn* 3FEHE-S ARR3hs A XY M 313HES
A= Zlo] Qm e ol UF A ALl AlgdTh

Qm Z} o] 2] o] = Pb(Mn, Nb,)O, 7} 0.04 mole ] 7-§-ofli= Mn source 24 +47}
eSS AMEE w9 E4lel ¢ Fey, Pb(Mn, Nb,)O, o Fi-F0
Z7HFE F8E £k, dol Mn* 2§tEo] ¥ 2 9% T3 e=s

g 4 3gick
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1400

70
1200
65
; =
< 1000 =
Q -t
W 80
800 B
- . 833T/80 55
600

0.04 0.06 0.08 0.10

Fig.4-1. Theeffectsofxon & ,,'/ & | and k;; values in Pb(Mn,, Nb, ) Zr Ti, O, systems

800
700

000
500

< 400 i

300
200

100

0.04 Q.06 0.08 0.10

X

Fig. 4-2. The effects of x on Qm in Pb(Mn,, Nb, ), Zr,Til-,-,Og systems.



A3 Pb(Co, Nb,) Zr Ti, O, Systems

58 PH(Coy Nb,)O, &= A-ZolA 9] 350 o 2750 Fxoln] FEH o]
%} -70°C" Fx< %‘?r’ﬂ"ﬂi PZT 8} 313 F H/d31H MPB ZA A 3%
R BHE 7IAHEFI AL S HEY L Qm 3 S-S e G
ol S 2% Ut UoAH FEFES A Qm-} ARE ol o]-&F 3l

T GTodA= Pb(Coy Nb,)O, § EH3H= AMdEA PZT 22 Pb(Co,
Nb,)O, 8| < Ti/Zr 2| ¥], F7H42] $57 R & 52 HIA|7|AA 4 3lo
L4 S ARt S4UIE ARG

1. /429 1

Pb(Co,, Nb,) Zr Ti O, systemo] ] Pb(Co,, Nb,)O, & 0.05, 0.10, 0.125, 0.25
B2 W3A|F| T, TiZr & u)= 091-1.09 = 3R] 7| HA cylinder & I disk of
LA At 54 AR v U5 X 42 of Agig. @ U9
/9 ¥y Process 1 o 2J3tgon] RE A Ref SrCO, E Smol % ¥ 715l

E 42. Pb(Co, Nby) Zr Ti, 0,9 =4 W3le] o} H7|x 54

wr N T T
TifZr (g/cm’) € 33T/ < 0 k33 (%)) kr(%) d33 d31 13 8y
(102m/V) (10° Vm/N)

69 46
66 —
66 51

62 49




9 EE ME Pb(Co, Nby, o Bul7} HAY4E Fu8o] ojA|o, 0.125
ool SR AINIARYAS k, o] AMstsigiond, 025 Y Hel: A
£AZA0E 39S W, FINA| A5 IA FHH B3I B 4 9o

ME TiZr=1 QA %% MPB QA <k Hejux| vt o] ZAM Y g
Ag. 3] Pb(Coy Nby) Zr Ti O, system < MPB 2/go| S TifZr=47/53 ¢
o +8E&0] A Xu9E o] =, & Ao strontium & Y71 o
Ti/Zro] 1 o]de] HA 7A&°] 7B %< o5 Y =¥ MPB
qr Reljd +F A7I7IAZ AT XA Qm 3 B3 AR
Vet

™w

2. H7tA e o

23 2§?

B4 R3S ZARIG. B U9 $4 U Process 1o gshsin

Pb(Co,, Nb,), Zr, Ti, O, system o} Sb,0,,Nb,0,, MnO, SrCO, 5-& ¥ 7}3}]

E 43, Pb(Coy Nby), Zr, , iy O, 224 7H4 23}

. :
b o | avvao |
SO, 0.5 775 226 165
NbO, 05| 779 | 1674 72 | 367 25 85
S I I N



A HIHAHE H7BEA 92 P(Co, Nby), Zr, o Tiy s O, & 24E Z=
272449 73S A7ZIAZEAFL k,; ol 61% U W3t YA E 713HA
=9 ky, Ztol A 53A s, 53] Nb,O,R SrCO, & Al Y7133 2%
2 s vepdA 8o

223 78E% 4y = AR = Qm kS H7HE AE 7hsA]| o dF
3 Zte] 552 2 MY 3A et o= Sb,0,, Nb,O; o A ket soft
Qg2 oju] g v} FHY YA = 58S HEH= Aold 3 71 59)
T PZT dAARE A=3H A Sb,0, 1 Nb,O, & TF28 73517 Mo+
SrCO, 8} 42 & EFES H7Ishe Aol o 23U Jeg AlgdH:

Pb(Coy, Nb, ), Zr, . Ti s O, 2] & 7|18 92 8}3 Nb,0,% MnOE 1 %&
VA H7MA 22 AAste &4 W3S BT 2 AR figs
3 ~fig.4-6 of YERH ST, figd-3S& A Nb,O, H71F0] 2.5% & golx|A HE
+8eS IA 5718t 2wi% o] FThsh= B 2000 43S ke el
N, Qm Zro] 43| Zr&sted Nb,O, 7} 0.5wi% R H7isoi= 100 ©]3l=
QoA d9. 23y 7o T vlHEtq 4 d Fex 2
S7131A 8. Ejtk, = NbO, 9 0| 5718 5 S7I8= B = fig4s-
494M & 5 A

Mh NbO, & 2wt% ¥ 7}X| 7|2 MnOE H713tA =9 figd-5 oflAj g} 7ol
A&l Fash=d, 53] MnOg 0.02mol% H7}5tA 773-&°] 1500 ©|3t=
Yot} a2y fig.4-504 412} Zo] MnO S H7IA| 224 Qm gt 45Al 2
T AT EHE ¥€ = YH-

Fig. 4-62 XA k,, Zt°] MnO 7} 001wit% H7He w) A F3%U3 MnO 7} ¢
wol 575 3|2 Fadglon), g, 42 MnO o] Y7pgo| YopasS
et S A BT ok
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Fig.4-3. Theeffects of Nb,O;on € ,,'/ & and Qmin Pb(Co,, Nb, ), , Zr, . T1 . O,systems.
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Fig. 4-4. The effects of Nb,O; onk,, and g, values in Pb(Co,, Nb, ) Zr, . Ti, . O, systems
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Fig.4-5. Theeffectsof MnOon &£ ,,/ & and Qm values in Pb(Co,, Nb, ), | Zr, /Ti, . O,
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Fig. 4-6 . The effects of MnO on k,, and g,, valuesin Pb(Co, Nb, ), Zr  Ti O,
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A4d  Pb(Mg, Nb,) ZrTi O, Systems
1. Pb(Mg% Nb%)o.lzszro.m Ti, ,, SystemojA| H7tA e F&

Pb(Mg,, Nb, ) Zr, TiO, o] A x=0.125,y=0435 £+ 044 9o A& ZILcE
8k, Y72+ Si)N,, SiC 52 2 g WA|ZITA H713le] process 2 of
o3l LAZME Al 4483 ARG

HA Pb(Mgy, Nby), 1,75, s Tig O, & 248 Z2H= 2ZA A SN, R SiC
o] 9% MY 953 A

® 44 Pb(Mg}‘é Nb%)u.lzszro.ﬂs Tiy 4 03 A o] 5leiA Si3N4 R SiC 2] 9%

e | €,'/€,
)

k33 d33 g33

H7HA (W% ( (%) 102m/V) | (10°Vm/N)

&
BI.mﬂI

Il

I

None 1.8 1350 320 7

Si,N, 0.02 7.9 582 65 191 37

0.05 7.8 1580 65 357 29
SIC 0.02 1.8 1646 67 385 26
0.05 7.8 1797 70 485 27



H AHAS B9 SiN, v SiC5< H7I131A = H7IsHA| o= wo] »]|3}
AZ4AM 9] dxels & W37 oY el BIVIAZYAS, ¢
A5Sol G8S F= 0T et S3) SiCE HrksA 59§38
A7171A A8AF7t s3tA Hed SiCE 005% J7hshe 5 A7)|71A
AYAT7} 10%, +73-&°] oF 1800 Y2 &4 HERA 4

Fig.4-78 A7 3= odn}sled 1100°C o A 10~208 7} thermal etching g+ £+ o)
SEM A}zle|c). o] SEMAFRIE B2t SiN, 1} SiCE H7hehA =W [figs-
To)dD)] F7F3HA] 4 A [figd-7 (a)lo] »v|3}te grainsize 7} A A &
A=t £3] SiN, E 0.02% H7ItH H713HA] 92 ol v|3le] grain size 7}
333 AXA SN, 7t &4 XA 22X QL 3t WA a0 oA
Ao ¥ox|1 9t}

BE o282 ominsize 9} A-site vacancyo] G2 Hb= Zjo g oA
QI=tsm, ol 2hzto] SiN, B 0.02% HIHstte Wl KAEo] PLY AL A-
site vacancy of )8 % go| 2k 817 BTk grainsize o] % go|2tn MofHIch

a3} Si)N, Z 0.05%, SiCE 0.02, 0.05% F7}3tA = grainsize 7} o| &
UAAE A8 ArbskA sk wlel lsted AR, SN, B 0.02% W
dhol v stoli T ROZ Mo} TR 0|5 WA £AZAZ HEHe ATE
o3 FHy H71Fol et grain growth inhibitor 25 2H3-3F A A<, 9]
3+ grainsize 7} AAE 232 g0l F78HA 8 Ao disto= HUEA]
grain size 9} &) YPHA BATe =L MY £ g A ot

&9 S7tel= SiCE H7bske Aol AAF A A7 I7|1AZ A= k,,
el = SiC7F F2 F¥< vIA|aL glejA SiN, & 7181 65% o 22| A9
SiC0.05% & AH7I5HA =9 70% & Jvelo UdA d A5 AL 500x10%m/
VHES 78 Yok 2ed g, 3 27x10°VN of E3ste] 2tzbo) &
A g E= g, Aol 4 FH3Ch B3,
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(b)

(C)

Fig. 4-7. SEM photographs of sintered bodies in Pb(Mg,, Nb,, ), 1,521, 115 Ty 4, O, Sysiem
(thermally ctched for 10 min at 1100°C)
(a) No additives (b) SLN, 0.02 wt% (c) SiC 0.02 wt% (d) SiC 0.05 wt%



2. Pb(Mgy, Nb ), o 70, Tig o Systemol A 7}e] o %

E gojAel= E8 Pb(Mgy Nby), ,7r, , Ti, .0, 8] £8& 2 B7ole
Si,N, u} SiCe] o] =2A Yepta it Pb(Mg, Nb,)O, -PbTiO, - PbZrO,
Ad¥A 383 oA Pb(Mg, Nb,)O, : PbTiO=59:41 mol, PbTiO, : PbTiO,=45:55
mol2 A} AHe] #4531 Pb(Mg, Nb,)O, & mol% 7} 571845 PbTiO, 7}
o HoR A AT| o]F | Pb(Mg, Nb,)O,7} 12.5mol% 7} |3 Ti/Zr o]
1 o]/do] XA Y. £ oA YT /442 5 MPB of|A4] rhombohedral
phase 8] ZPAMS ZHA =0, Pb(Mg, Nb, ), 1,710 Tio . 0, & 2748 ZH= Ao
23|25 MPB o] Bt 331A Ho.

NS MPB o 717255 w3dg°] & U= ZAcd £ 4+4E 3A=E
H7HAE A 7pskA] ¢ohe ol Pb(Mg, Nb,), .2, Tiy 050, & 3% S-3-go]
940, Pb(Mg,, Nb,)), ., Zro,, iy, O, &) 7% o] 1350 28 Yehd A=
n|-Fo] Ko} TiZro| 1 o]4}o] E+= Pb(Mgy, Nb,), ..7r,. Ti,, O, 2 Z/de] MPB
of Ho 77 A AH-

a2y HI7HAE 7BBHA HY E3 A Ege] 44 49y Pb(Mg,
Nb, )y 125%000s Thoas O3 278 75 SiC & H7I8l= ZAo| A7|F A A4S
A7 Ao gt 2y Pb(Mg, Nb,), ,.Zr, ,Tiy . O,
249 B+, SiCHY:= SiN,F H7I8l= Aol E4& FAI7I=d o F2
H7HA Y A2 e glY.
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R 4-5. Pb(Mg% Nb%)o.lzszrn.MTiuAss 03 '-téill oﬂ 9,]011:'] Si3N4 gl SIC 2“ T

e J&,/E
2 7HA (wt%) (jcm’-‘) B

None

Ky, d;, &

(%) (10"m/V) | (10°Vm/N)

'

7.8 276 3

0.01 7.9 944 72 297 36

Si,N, | 0.02 7.8 920 66 271 33
0.05 7.9 1081 65 291 30

0.02 1025 255 28
0.05 7.8 1029 284 31

9 EolA SiN, 1} SICE A7bshA 59§98 Arte] ZbstRA o7
Z7bsta ok 22} A7IAZRAS k, SN, & 001% W7He A9 72%
2 3A S7FHAI T A7l soju AU SiICE H7bsha 23|23 A4stA .
R 44 oA H7HA Y T2 AAYU ] Kk, 2ol Ae3laL §3] SiC & 0.05%
M7= B+ 2 dol Ald & A2 YERA R & 4-50A41 2 dHfofA= SiyN,
001% HF7MA1ATt k,, Zte| 2 uiZtE o] F+ A= Yyt

Pb(Mg,, Nb,), .. Zr, , Ti, . O, 24 9] 7% §-2-g0| PbMg, Nb,), _Zr, . Ti,,
0, of |3} =z Tk SiN, 0.05% H7}stAY SiICE Hrlshd Z7psho figs-
8.2 SEM ARdolA B SIC7h H7b SBA grainsize 7 7 Ao} A
22 m(fig4-8(b)~(c)] 53], Si,N, 2| ZF-¢-figd-7 oA=& grainsize o] 7447}
¥ A} 8}o] grain growth inhibitor & 2}-8-3t 7} 7l [fig.4-8(d)~(e)]

87] A U AA=S PR st 74-E0] 1500 0|4 H= A
R7HA] A3t disk & A28l §4-5 vl 2ste] Mgkt disk 27|+ #:15mm,
timm A2 stged, 2 23 oL ¥ 4-6 3 7



Fig. 4-8. SEM photographs of sintered bodies in Pb(Mg,, Nb,,), ,,.Zr, , Ti, ., O, system

(theymally etched surface for 10 min at 1100°C)
(a) No additives (b) SiC 0.02 wt% (c) SiC 0.05 wt% (d) Si,N, 0.02 wt%

(e) Si,N, 0.02 wt%



R 4-6. PbMg, Nb,), ,.Zr, .. Ti, O, disk¥ L2722 A7|H &4

0 1257 0.435

a 7].;‘ (Wt%) 33’1‘/ £ l Z|IAZ YA d31 €4, Nr TcC
- Jaommm)| aovery] | co

Si,N, [0.02 | 1436 | 50 -130 1960 | 340
iC [0.02] 1767 | 57| 32| 67| -169 1907 | 340
iC [0.05] 1697 | 54| 31| 70| -159 1908 | 340

a) cylindertype 2] AZ|7|A A YA

H A34= B8 FUF 7| ADYASTK,) o] 29 Z4¥ A7|7|A
AYAFK) ko] VEA] A& U= A2 YEta I ¥ 46 9 AY
AA cylinder el o) Al ES A off ARG-R FUE LS o33t
3R = AA disk FRIE AAE AOEH, k, 7} 0% o] o] kr 2= 54%
2 YERoY, ky, 7F 67% o] A2 57% = cylinder 3 o] A717]A A @A
2RI TR 233 A YERY. ol X 4-69] AYAWI AL £US
ARS 3L BE 33S F3ol 31AA oA At A € ¥ Al k
ol £ A= ATHL Kk, UE UM=A] 3T HERRIE 45E BdFan
Uoo, WEA, Ao It el wet &7 A=z A x7ie] HEy
T 3on, EY T4 WNITIAZRATY A g AT
HdiZts HElT 270 U=A] dAIFR] o A 2




A58  High Qm Materials

. 274 9 3749 3

High power §2 8 ARR-¥+ ¢WAEE Qm Zho|l Folof Y. £
dFedAE Qm ZHE ¥°l7] $13te] O-site vacancy § +'LA|7|3LA} Pb(Cay,
Mn,Nb,)O, & ERsHE I EA PZT 24 € doln $398 292 Hlsld s
=& Cash e YUY EFS BYBY Wk £FLE WYL YD
249 B4 ZARIH:

Pb(Ca,, Mn, Nb, )O, System - $+313] -85 L 714 & o, charge valence
b A ST A2 2USD=12 T 2] Ab2T} REsLe] ZF AAZE Pb(Ca,
Mn, Nb,)O, = oxygenvacancy 7} A4/d A 8. EBF PZT & ABO, perovskite
FZE 3t A$A|I¢ Pb 9] vacancy 7} /=W Qm Zho| FHA3}al oxygen 2|
vacancy 7} H/4 A Qm glo| S7p3h= A2g YA Y. o] domain wall
motion 3} internal friction 42| JAAZE HIFEH=UH2® £ AFPAA T oxygen
vacancy 7} f-'i5|= systemo] 2}l A3 Zts| = Pb(Ca, Mn, Nb, ) Zr Ti, O, System
g N3l Qmzt ¥ A71H A S4E TAG vk 1 AHE E 47 of Usick

B —



¥ 4-7. Pb, A(Ca,Mn,Nb,) Zr Ti,  O,system?] 7|3 &

U | €,/E, d,, €,
(g/cm?) (102m/V)| (10°Vm/N

X 4-7 2| ¥4 I+= Process20] 2J3fe] Hojd AL /d H st 1200°C oA
IA|TF 243t 24 M E A ’Sﬁ'}f‘i d2 4H#EX Pb(Cay, Mn, Nb, )0, 9] 57}
S 7HTS Qm 3to] S713 A€ ¢ 5 s, Qm Zro] F71E5 kr 7ho]
Fashs Aoz yepw 5’1‘5}- kr 2t Qm Zt3} vp3R7FA| 2 vacancy type 3
FAZF e Qm Zho| S71shd X kr o] A% ¥ s o] gl=t|®,
v AY AHdME 2 Aol A3t 9tk Qm ZHE Fo)7] YA =
Pb(Ca,, Mn, Nb,,)O, 8] ==& F7H]71H 718,20 mol% & 57FA17] Y Qm
Zto] 1500 o]Ake.2 T A AT, kr gte] 7AE Sukslng AT} gls
A 7.

0| AR Y BT W77 AZQEATE 4531HA HEg,  AYodAs
;ﬂ se A5A717] Si3t 4] ERESEE B AElE P4l Smol%
2| BA|A ¥l



SrE S0 ABAF|AY, Ba, Ca 5L S8 N BAF|AY o|E LT
EF F40] BHW A7 Urt Aumos Hojxwy FIEL
Ar2>elm ol x=0.1, y=0.468 8] =4-E Z}X|HA] Sr-& 5mol% x| HA|7|H

f-A-go] 784 oA 1040 2. & =7}3l3 Qm L= 1186 oA 1319 & F7}3ln
ST} krZHE 44% oA 46% T oF7F Z7tshe A4 vehix gick webA
Sr2 Pb oAl Smol% X BAF| Bt $& EAS 2+ ARE dS F Ytk
a2t Sr} CaE £ A BAIAAY Bad St £ N BAAA A 233
AdH oz B4o] As ok 3] St Cad EY ABVAIE FS 84
A7} S Alste] HAET 2kt A4 WEy G Ar)d S4L
o} WojA| o), Ba o} Sr& T A BAFE Aol ke b AR A T {2 g3
Qm ZHe Z7bske Ae= vehia Yok S Pbojdl AAHoe XBs:
ool ThE7Z BHA| T, kr zke) AEHE SLAIFIA oA Fol Qm Gt
Z7A7171okE Sr T BELZ Smol% WAL Hel #AEH Qm el
20AM uBY A77AARAST 2 ARE I £ YT AL Dck

02 ¥ 4-8 o] AYAFA= X 4-79 APAHA AR5 2-Z A2} AR
A2 A AAZAL G 3 Aoz AAL Y, AR 7be] dElA| A HH
4% A A o

¥ 4-8. 1200°CoA] 2A|7+ 47 % Pb(Cay Moy, Nb,) Zr Ti O, system2]
2713 5

A | €, /€] kr d,, A Tc
Y (g/cm?) (%) | (10m/V)| (10°Vm/N) O

0.05 | 0.494 19 1239 | 0.24 22121 335
0.10 | 0.468 1.9 823 ] 0.36 2200} 330
0.20 | 0.416 1.7 - - -1 260




Z, 1200°C oA} 24] 7+ 275} PK(Ca, Mn, Nb,)O, 2] ko] 20mol % & Tfo}
AA Hd g9 7.7gm® 28 1200°CoAA 1A|7F 273318 e} a}o)7}
Ao}, EINYS PY 5 ¢S FET AR/ FILH, Tc & 270°C2
dol Ao, £ YT 249 Z5+ Qm o] VAFA F7ts o] 20000]4)e]
sglou}, kr 2t ABEYEH 1200004 1417+ 228 H$ x=0.059
Z/doAA krgto| 53% 28 x=0.109] 44% of w|3tq T Il YEU2Y,
1200°Cel A 2A|7F 2Z3HA HYH x=0.10 8] 24 dd7} 36% 2 ¢ & ZHe
Vel glck

37| system 2ol Qm Zlo] T A8F 7| ${3tq Pb(MnyNb)ZTiO,,
2 1200C
oAA 1A L7431y diskE TheolA E4S ZARBISIYE ¥ 495 MW &
oA "2/ 2] 273 9] Qm Z}2 1000 0|42 2 ¢ ¥3te i, 3] chrome
o] doping d /g C2] -7 Qm ko] 2000 7}7}e| vl-¢- I A YERRt o, e ol
270°C & u|w3 wioirt. whd 24 A, B o] 7ol kr Zto] 50% o] o] H A
e 1000 oS3 Qm gt wjwy A e

¥ 4-9. 7]} High Q materials 2] 24
" EL_JE T "*717]71@1}71-1- "J"* ’ﬂ—r
4
e R :
(10 lzmN) (10 ’Vm/N)

8.00 791 | 51 30 | 67 |-110]204 |-10.4} 33 350
7.85 | 1345 | 54| 31 | 66 299 1-11.1] 26 {1058 | 310
60 910 | 37| 21 | - -04 | - -191 - 11962 {270

A : Pb(Mn 2:)0.06% 0,465 L4550

257008770465 "~ 0.455 3

B: Pb(Ca%Mn%Nb )o0,(MN Sb%)OMZrO 13 1o 461704
C: Crdoped Pb(Co,, Nb 3.)0.1 LigasZlg 4 O,




2163  Strontium Modified PZT Systems

#3-&o| T PZT A8+ pickupelement W Y5-5-F-8 A B E o| &=+
+3&0] T A8 F P22 dopant § 7}l Pbsite vacancy § 4/d A 7| A,
grainsize & 2HA SHe @] ATk oleit WL HAEE FAAT k 2t
275 QS e, ke 2 Hsigle] #3088 A S $HE Uud Ew
F4E ABAFIE PUE YSL o]n] ¥ v} Yt

2 AYoAs F8E&] & ARE 47] Hste U ERS
AF-E A B|A}7]2 EFF Pbsite vacancy 5 LA 717] $131e] Sb,0
= A7l A e ZABIH:

HA Pb, Sr, Zr ,Ti ;0,98 7|2 2/4E ZEF 3184 Sb
A|7|BA]  H7}3te] Process 1 o] 23t £ §AAH F 4
1200°CoAA] 2R 7} &A%t 57 1mm 9 disk & A A5t o, A8 MnO

0.05 wt% A 7}

Pb =

A 0O
- 2
| = LN

E 410, P, Sr, Zr, Ty, 22 el 3lo}4] $b,0, 9] £}

ge | . [RAREAS
@b |~
(%) (%) |(102m/V) [J(10°*Vm/N)

12 33 500

50

03 47 | 27 453
52 | 28 161
60 | 34 98

a) Pb, .St . Zr, Ti O, 2 E#x]¢"

0947006 053" 047 713

b) kp value
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Sb,0, & Nb,O, U SbO, 9 BHA7IA| 2 sofmer 24 YA dedl, £
NYURATAME $b,0, 9 H7ho] 278l wet S8l A48T Qm Zhol
7hash= A7 JeEPd 7102 Yo} Pbsite vacancy 5 -HA] 7]+ soft dopant
E2RX 283} S-2 <o 4~ 9lt). Sb*ion 2] o] ¥ 0.76A 22 Bsite of
o717l A Asite o] So1717] o= AA| T, La* 8} vl7EA| & Sb 7} 437}
Al 2 Assite of Soj7hc} o83} 7lo] charge balance & o] 7] ${3}od A-site
vacancy 7} A 5|o] donor 4 =}L_-FH

ABO, +xM,0, = [A , M, []]BO, +2xA0O T

M@3+), — M@G+),, +¢

(A)

oy 7|4 M, = PZT o] A] normal Asite 2] metal |, M, = PZT 2] Asite o} A 2]
metal ion -& VEM ™, e & conduction electron ¢]t}.

t}2-& Pb, Sr, Zr, Ti, 0,98 7] Z4& ZHE 2 #wiA $b,0,9 ¥7FL
1.0wt% 2 FA|7]AL MnO, 2] H7l3S HIA|A Bt 1 A+ ¢ fig.
4-9 -figd-11 of JERY ST

Figd9 2 M@ MnO, o) Hrho] Z7bael Wt £7se) WEs A
H3}A] A Rh MnO, 7} 0.05~0.10 wt% H7He o} A Y ¥ {bs X o5 9o
2, figd-10 o4 MR §AEolL Qm ghols MnO, 7 4L v X1 ok
MnO, = PZT 9} 3283 &Y o Mn>* el & B $R] o] F°}7} A2t vacancy
F FHAY 2 Buso gled, £ A2 23S Yolk Mno] 4+ AteiE
B Hx]of ST 37| = Mn*, Mn® el B HX]|of §°{7} Qm =
0|2, +l&S W5+ harddopant 8 3% o= AlgdG.

MnO, 7} 8] H7slx] ghow fAgo| o 2800 Eo|: Qm Zhe 100
o]8}o] $1.01} MnO, 7} 03wi% 7Hs| ™ $-2&o] 2200 FEE Hoj2) ¥Hd Qm
48900 FE T ALSHIT T figd-119] 29 AN AR YAk 9 2he
¥ MiO, ¥7h%e] Z7tel ek 61% oM 65% = TA Zskskn giglet,
, bS] ST BABASGE 0L OB ATE VelF U
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density
N
~

7.6

0.0 0.1 0.2 0.3
MnO, (wt %)

Fig.4-9. The effects of MnQO, on densities of sintered bodics in

Pb, Sr, Zr Ti . O, system

097 01053 047
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833T/8ﬁ -
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2600 -l 600
;“3_ | Qm
‘f' 2400 400

2200 ° H\ﬁ“m\‘ 200

2000 0

0.0 0.1 0.2 0.3
MnO, (wt %)

Fig. 4-10. The effects of MnO, on &€ ,,"/ € _and Qm values of sintered bodies in
Pb, Sr, Zr, . Ti, . O, system
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kr (%)
k,, (%)

60 - 70

0.0 0.1 0.2 0.3
MnOQ, (wt %)
Fig. 4-11. The effects of MnO, on kr and k,, values of sintered bodies in
Pb, Sr, Zr . Ti , O, system
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500 d33 ® 26
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< 22 uf
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0.0 0.1 Q.2 0.3
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Fig. 4-12. The effects of MnO, on d,, and g,, values of sintered bodies in
Pb, Sr,.Zr, . Ti . O, system
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=8 figd-12 ofA] YRS 4, 9} g, 9] Zto] A= whois] s 74 gko] LIERIA
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