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SUMMARY

1. Title

A Study on theDevelopment of Preparation Technology of PZT Powders as Piezoelectric

Materials

2. Purpose and Importance

Pb(Zr, T1)O, has achieved wide usage because of superior propertics such as low-
temperature coefficients, wide range of operating temperature, high curie temperature and high
piezoelectric characteristics. Therefore Pb(Zr, Ti)O, piezoelectrical materials have been being
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 matenals have been imported there appears a need for manufacturing
piezoclectrocal materials especially PZT.

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

powders and sintered bodies to be usefal fur various kinds of electronic equipments.

3. Scope and contens of the project
This experiments consist of synthesis of PZT powders by application of four methods of

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

ing their calcined powders and sintered bodies.



The methods of powder preparation are as follows.
o Wet Ball Milling - Dry Process (Process 1)
o Dry Ball Milling - Dry Process (Process 2)
o Double Calcining Dry Process (Process 3)
o Wet-Dry Process (Process 4)
The PZT systems are one modified PZT system and three ternary PZT systems as follows.
o Pb, Sr(Zr, T1)O,
o xPb(Mg,, Nb)O, - (1-x)Pb(Zr, T1)O,
o xPb(Co,, Nb,)O, - (1-x)Pb(Zr, T1)O,

0 be(Mn%3 Sb,)O, - (1-x)Pb(Zr, T1)O,

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 MnO,, Sb,0O,, ALQO,, elc.

4. Results and Proposals for Applications
In this research four PZT systems are selected and four 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 obtatned by partially introducing Sr for Pb showed high

relative dielectric constants (& ,,"/ & ) and electro mechanical coupling factors (k,,).

(2) The sintered bodies with composition of 53/47 for the ratio of Zr/T1 showed high



electro mechanical coupling factors (k,,) and piezoelectric constants (d,,) above 70% and 300
respectively.
(3) Piezoelectric characteristics were controlled by varing amount and kinds of

additives.

o PbMg, Nb)O, - PbTiO, - PbZrO, ceramics

(1) The density and electro mechanical coupling factors increased with raising
calcining temperature in the applied processes.

(2) In the case of sintered bodies by Double Calcining Dry Process, the electro
mechanical coupling factors of sintered bodies of which 2nd calcining temperature was at
900°C was superior but the density of that became lower.

(3) When sintering was executed at 1200°C the density of sintered body was highest.

(4) When Pb(Mg,, Nb,)O, content in the ternery PZT system containg Pb(Mg,,
Nb,)O, was 12.5 mole %, electro mechanical coupling factor of sintered body of which Zr/Ti

equal to 49.7/50.3 was higher than other composition.

o Pb(Coy, NbO, - PbTiO, - PbZrO, ceramics
(1) The sintered bodies obtained by combining and varying of kinds and amount of
addives such as $b,0,, Nb,O, and ALO, showed goodproperties as follows ; 70% of k,,, 700

33

of £,/ and 33 m/V/Nof g_..

0 Pb(Mn, Sb)O, - PbTiO, - PbZrO, ceramics
(1) The density and value of k,, was diminished and the value of Qm was increased

when sintering temperature was increased.



(2) When Pb(Mn% Sb,)O, content in solid solution was 4.5 mole %, the value of k,

of sintered body was over 71%.

This study 1s to establish the preparation technology of the PZT powder and sintered
bodies, particularly for producing piezoelectric materials available in the electronic industry.

Therefore this project should be continued to be able to produce PZT powders

domestically.
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¢ T -

Morphotropic 43 AMPB)= 7 o] A2 Y22 FEIL Yv FH92=2A
TS Fig2-2 abc oA Moj upst o] /A A, AIIA FAY A
WAAT7E 2 FF4AM w2

> r r r rr

€ .
— before poling
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E ~L
E N f
c / ° |
kS, \ T —— g

E ﬁ\
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|
€ st @ s—————— " YRR——
1
! 4
& 56 ol o0
Mcle % PbZrO4
(a)
Fig. 2-2 Variauon of room temperature piezoelcctric properties with compostition for PZT
(a) dielectric constant (b) clectromechanical coupling factor (¢) piezoelectric

constant.



" - - ol j— o —— e R -R Yy S fomi M pepe— 1 % mmlemw s  r ma_om - . - a i a.——m oa
T

o
x i
|
i
O i . t E
48 =3 22 X 25 23 &N
teele % FolrOx
200 1 R
E:O"" o
i
> .
u r
2 & - i
I \"""\\ H,.{ o
- D *\\ a
- “
T
] Bl
L ) b
_,.,'” // 33 i
%
‘-’/ 4 }--""-'h.—-.“.__ O anm o
o - "‘fﬂ AN e
' g ¢ S Hﬂ."-.
:___,.d-l"""" H—'-""“‘- r __‘_#___":?F_‘ -
ﬂ_..—--....--""""'" 4 R Wit =ty i —— T
0 * . L _
48 50 52 4 =2 =3 :
Vo % PEZiOs

Fig. 2-2 Variation of room temperature piezoclectric properties with composition for PZT

(a) dielectric constant (b) electromechanical coupling factor (c) piezoclectric
constant.
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S50 PZT A2 9] MPB ZMojA| 2ol THE BHAS FHHCE 8 opstod
o Table 2-2 8} Zreo] HT-

Table 2-2. Variation of properties with composition of a pure PZT.

ojetilo] ZrTi 2| w|7} o] wWe} A7) Fido] IA HalA SHER o]
zAo| ¢ F83l0] EPHZTIO, o P o] &L OHE 4 0|03 XA
2% W87 PZT ceramics § A|Z3}1A = 3 §/do] IA HsiA Hoh o EE
Pb* o]Z w4l A TS JHAW o] HHe] n|&
A BAI7IE FAE A d, A4S AT 2RE £ 28y Akl o e

500t WA HY 50|59 o] wel ABO, perovskite X
A A HX QA Pb™ o] HA|o| ABH7|E 3t B X2 z* =& Tit 9] of
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X 85| 7]1 % 3l charge compensation o} 2}3}e] A vacancy = Al4A vacancy §
THAIA ol 3A A3A E-

Pb? o] o] 2ukAL 149A, Z = 0.74A, Ti* &= 0.605A o|2& La* 8} Z}o]
o]lgutzie] 132408 & J&o| &L Pb> ATel, 0.53A 9] e o] WHFE 713
AP = Z Ex Tiv A2le] Fol7bA Eoh. La* o|Eo] HIIHTY Pb* $A] 4
A ¥sjo] A Ae] vacancy 7 FEEHo WA "oA FIFAY Folsiy
AR @ A SO 4d Qm 3ol ZAAEtA Hu 7R 371
o] olT}tE AP'o]2o] YT Ak vacancy 7} g o] FAdTE FAFIAL
Qm Zto] A3 &3 vEbdo. X% La0,,Nd,0,, Ta,0,, $b,0,, Bi,0, 8} 712
31388 Qm ZhE Hol=2|& soft A &o] 431 Fe0,, NiO, Sc,0, 5 hard A 5.9
St

A A2] vacancy Y AbA vacancy 7} EE Wi E/99 Ao|lg TSIHA

Hlwsld o3 Ao

increased dielectric constant low dielectric constant

low mechanical Q high mechanical Q

high piezoelectric coupling factor high coercive field

low coercive field more difficult poling and depoling

high diclectric loss lowed electrical resistivity

increased clastic compliance low dielectric loss
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$h 1960t A 21e] Smolensky 7} M-S.o2 HAF3ty] AJRHEE PLTIO, - PbZIO,
of ABO, perovskite § 718 4% AMIEA PZT of Jsto vl-¢ g I77)
o) ozt '

Q&9 £3pH7lojA PHTIO, - PbZrO, - Pb(Mg, Nb)O, A HALAE 322
348 AlFlew OF J39 HE719A Po(Coy Nb YO, S 7H A9EA A
83 AR

ol ArEd MEe Edd wmEr @ AEA MBI AU
538 &x oSS FIAFY 2 §4o] e Site AR
U717 AYHEF PZT o] %4 A¥= ol o A SHJUSG B o

oi7]of perovskite § 7HRH AMGEA PZT = Yol 7=z -

2. PZT Y48 2o A=y

PZT AS st AAES H88de] Azhiess 84 FY3ze=

MY GAYe] o]&sHx gt
7}, 7349 2% PZT 48 EdAlz
42 PZT A€ 43k 2+ 3459 AEov sy 58 &g

TH3AL, stageed 3k dEEYS ARshke s @Pt
A4Ne] +8 AzFHS Bold v Fig2-3 34 7.
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Fig. 23 244e] 98 PZT #dAz 33=

2 3t3, o7jo X8 Wiy, 7lEE HEE
o=, AR x4 Wt mole F&F, =

2) £ ¥4 3%
Y22 BallMill Foff g8} Ball Yl ¢ & 55 Y3 5 WA

TAAI 3 Adste] EFEHE B3t oju Ball % ceramics?), £ A& coating¥h
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(3) 3t= 3%

THEA7E TR, ARAPI] EIRET BHASHE oF 800-900°C oA
AT W3t vl 2SS dod|e THAadE AMUG. old FAA3E,
A, FAY ST gtk A9 BEF AEER FESHA, 2T 2FA
AMRE PAsHA B

4 T4 &%
7t THES 7IEFo SHE YAE MENStR £FA| #YE
e 7HIA 3] fdte Het FH43AR S e ALHE VY
= ol 7t Sl FAFTHE T Fdde BA] A3t sk

FHS 4P BAS A¥HS $o7] A%t PVAS FYAS e,
Al HPE B 37le YxtE 2Pk AYA] £ S54E ¥a9
TR, Buo YA, AAL A L FEURH ZS BAY JoBE FE3
22]stofo} &},
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v Ay B

(1) PZTE 3= HIEY dAE= Y o, dA A3E ZHE
TPEH S Halog FYPHogE AX cost 7} 7MY AP

(2) E3Ee ETHA Ball T nir Foz s ELER
olzle], X Hukd o7] o]r}

@)  E EAel sl FUS 1 um ol 2L it of2iew,
et ARe FUSHA ZFslE e ofack

@  StEAlel dojubs TAMRSS Aot ARSHE 92 BFY
Mol E M-S Y F2elT Yoldnty ¥ 4 itk wWpA YR B

FEAM7} e 2d2 dol dE 4 Utk

(5) T EldAlel ARS-E 8FZAI77] $13te] StAEEE ¥ol|A HY
31/uke-2 ZH3]) o]FoX| Y, vl A7l AR dB{rt s, o|FA HE
a7/ o3EHE F+or YA

6) ¥ AR Wit 3Tl WAE SHE AAYH. E FU

MeAE tee shr@yes wheo] #asx 9wyt YJeme, weke

Bele AE EAstel shishs HYe Rl @k
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o &Algel ol% PZT Wa FUAz

Fgodeog Fe HHPAY/dol o3 Fine ceramics§ ¥R FLS] A= P
3T o] $EHI] AlAIgY. 78 g2 9A| AR o] 2Rk,
7hE 8y, alkoxide 7h#-#Y, sol-gel ¥} So] E¥FHo| gloy, OFoAL
o] 283 el MR F #&EG-

A AAYE PIT A H3he 3502 ¥w3c &9
olAE HIA FdH} RSA|FHo2H £iHE, WY ET Ud S
HAES 4, AF A, IRF shidle H3ke d4adds AR Pis
Fidiin

4 AAYe AxFPE Eold Y+ Fig24 9} o

) EFE) P VPA Lo 2ATH
PZTAS F43: 4B BE I40L8e Hisl: £9¢ 77
A3te] olSw TN, YEE UAA & 5 alkali §of, TAY £ =

= ==
P o '
T 5 AT TEE XAYH

(2) AT FT%

T4 LTS WHY TUSYT P9A £4S DiZo] BSAYL A

BB, SR, Y TE $AY So| AWL AN
3 o3 % AF2H

AHE AAEL AR T, VAT o] Yolgls BAEL 813 A
fiste] ¥ MPBL
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Fig2-4 54 Ayl 2% PZT A2 FHE

@ 3=, st 24, 434 &Y # 2YIH
A2 ol BES T4 AN THEA AY st
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2 &4 »dYe =3

(1) PZTAS e chEAe Fue wEY A4 dyelM Y
zHe] EHEE BED, o] FYHS VAVEH 2% 1Y 24l 0|27

o]§¥ & Ut

(2) AANS-2AE ¥ PeEx Y YA ZV], B ET

(3) FHHe2 A= cost 7} AAHECT Y o g Ax
SR O Y.

@ &4 FIYAME AT 4N, Dz B s2Al FUYA)
$Aste] EZYY 2AYAE W8] 4E w7t Qon, oY FSols 27N o]
Foix|A Wek

®) &N WAYAIME FPA S99 SErh WPkt 7 e A
A gofol g YAYY 50| X U FPelt ofE HEL 100% YAOE
PoiAu}, ofdl HE-E THWs ARE FHe] AMHoE Ve =Y
e 92 2¥ ozt o

6 PITA +%g TYAH2E Az Tive HYIIA T vlay Zlo
R TICL, § AMSSHE o] whgAshd, o] P & EHsH: S99} FA
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AHgshe TICI 8 ol o) Pb* of whgstel wWAls] PbCL AW AHEE
A7) of it

() TiCL Al TIOMNO,), § AHSste A% BARE HAE & Uk
TIONOy, £ I7telo}d 2 #el: Agae] TaTh

¥ ko] RubZghyo] A ceramics Al Ro| Bo] AMRS|E gitt. tHAS]
M 2 AT 2o S PR, EvE W fluxg o] An Ygrt
5§ 4 delr

24 % PbO & 800°C 7t Yo 3uslr] o] stk R 2o S5I%
Fol7t asin ofH Ffolt PhZO, ¥TT EHJIE SAAL AYes
$7le .

T WS XA F2 B4 PZT ¥E€E 471 fd FiHe @l
ARSSH7l Rt W 2xolA 4Zo| F5EtER Phof A% 2HS A4 @
F e YHE Yok 22" GV ceamicst ¥ gFo] FAA S poling
zejo] IR 3ot
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Aj6d Al® PZT 8 S/

SR Yol AHgo A AlBS|R g PZTA FA ceramicse| 5%

Az3|ApgE wime oty thet Zoh
1. EZ () ceramics TA] 3| ALY

AEEO 2 T series 24 AMIEA Agg T U A2 YA
o)x|ut M AL TASA g3 Ued 25¥ IFA, FAAL filery]
otz =og AMEE I gl

Table 2-3 ¥ ceramic A3 A} A| Tseries o YA RS E/S

7134| 3+ 5
‘E‘ "-‘! (He.m) :

1668 |2000] 2331

A2171A | vl S &
AgAS | g | (X10m/V) (107 ViyN) (xlO‘“NI

sl (O P
e EEEBE

500 -64.0]164.0]-14.5137.1]10.4

12371-116.81269.1|-10.6|24.5} 8.8 570

-8.6]21.3] 10.4 1140 2065|2361

-9.3|121.21 8.3 1617]1958}2289

-7.1]18.8 185120512362
145511931

190011930
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m

2. UL 55 ZAFAAY

AFE 0 2 MT series 24 -39 £578 A 458 mold¥d F-FA}, filter

gl piezolighter 52 &% 2 o|&5 PZT YA go|H.

Table 2-4 HAEEPTES EHL A MT series o] 4 HA 8] &4

NAY | F 5+ 4 |9 =7

g- 2] kHzcm | g/lem’ | ¥
e °«C

o e Tl [
70 |196 | 137 {1321 7.7 |350
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3. AT e

SEBLEL Pseries B4 X223 AMA7], BA, speaker W WeALSoZ
AREE T PZT A AR

Table 2-5 Z7]3}% A P series 2] ¢AHA g B4

| kHz-cm | g/m’ | ¥

grade zS
. . : 7.7 1 300
1.1 230
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4 8 ¥ H

2 ATME 129 B4 o] J¥A PZT 9 329 APIEA PZT S Y5
NYE Bl = W4 o]4EA PZT 2ME Pb o] UYEE Sr2 X8 Pb,
(S0, ZITIO, &, AMd¥A PZT 2AE A9 4Fo3A Pb(Mg, Nb,)O,, Pb(Co,
Nb,)O,% PbiMny, Nb,)O, 36| 3htE Eshs PZTsysem & Mo} PZT #2
Bate] g UYL A

Z} system 2| PZT Q&4 PH9AUH o9 4717 AxpiFe R &
28312t} = Dry Ball Milling o] 4] 2} %+ Dry Process, Wet Ball Milling ol 2} %} Dry
Process 8} ©]& M3 A|7]1 Double Calcining Process, 12|31 Wet-Dry Process S-&
A3

2 2ALE PO (5 99.5%), Pb,0, (5 98%), TiO, (99%), ZrO, (99.8%)
o] F4E ol2]o] MgO (98% ©]4}), Nb,O; (99.99%), Sb,0O, (17 A] ), CoO (99.5%),
MnO, (99.9%), Mn,0, (99.5%), ALO, (99.9%), ZrOCl, « 8H,0 (99.9%), 3 = ]obs
(15 Alehs=s ARS3AH:

Electronic ceramics 8| WEu mlAFRo|E &d¥se 54, «73d F7

particle size, JEFE, YAYA U SAH So] ZA g AUk sgcho

FUE T $5Y FUSHL JNE PZT EUS @
FPPret, cheky] FAYR0 S Adskn Stk a6l PZT LM
TR AT BY AZPY APl BY AT So| Fo W] grpsn

oX
ol
;.'!F
o
i
o
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B aFoME oY PZT ¥2e| AzPYe FHE ekl e
AN APEE AN B $EE ol g 3te] PZT RS YHste] U

Azgye] 224 A B4l PlAE JEE mAshgic

A2l deide AT
1. Dry Ball Milling - Dry Process (Process 1)

YA 88 HEFY Az 7 D W22 PO, TiO,, Zr0, 5 PZT
T TR FEE SS5UER PZT of 2SHT A3 AJEL oF:
vS5se T @U9T ¥4E= Dry Bal Millinge] {3t £3H<Qd Wios
% AT F St (calcining) 22X FUS A= drgelth
3780l 718 A3, AZ cost = APt EHEEC] RobA
Yaidy §4& Axsprldes #5302 € + At

Z ¥l Process1 o] o3t PZTHE F8& AXY o df2EE 900°C

2 3lo] 247 a2t A=THES oge Fig 313 2
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TiO,
< ¥ & 4
Fig. 3-1 PZT powder preparation by Dry Ball Milling Dry Process (Process 1)
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2. Wet Ball Milling - Dry Process (Process 2)

St gL QY Azl A JEHU YAy oZ H7)% Process 1 9
Ball Milling 7oA E-2 A7}3te] Wet Ball Milling & 33}= Z2 A9l
2 2AE AN AZTHE oLl Fig32 9 ok

PbO or Pb,0, TiO, Zr0,

A g E g
7 z

Calcining

.
2

Binder

ok
)

PZT ¥

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

of WYL B-site § T FAE FSUEH] FEEY e Ev
S UA Lo e MA|F|L ¢t Asie § 3 S S3ES
331 AP BN vhS-AIF|= Wb Lo 8, 49 Double Calcining Dry Process
¥ T U

13} 345 750~900°C, 22} 34T+ 750~9000C & 3}al, SHAA| TR
1,23(A]o] 2z} 1A ez dgith. AxFHE o9 Fig33 3} ZA4.

al

R




710,

PbO or Pb,0O,

Fig. 3-3 PZT powder preparation by Double Calcining Process (Process 3).
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4, Wet-Dry Process (Process 4)

o] WYX Process3 3} FAI3IA Bsite § T3 FAE L FAES WA
HhS A7) 24 FtAAle] Assited] FAEQ PO Myt whSA|H PZT £UL
A& Wiolth. QT Bsite o FE A Z g AP FHE Y B
AeHE #¢9 Ammonia 5 slurry of ZrOCl, §-24-3 H7}3te| ZrOOH), & #r3he
THES ol 800°C oM 1a LYo 2H Bsied P GEEET UA
A= Aol Rl

PbO H7HF 23} 3tnms 700°C oA 900°C AR 2 3lgien, 3 AJZR2
2X] o] At

AN2ZHL o9 Fig3-4 8} Z4.

l.
}2
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Z:OCl, 8-9)

1st Calcining

r
PN

PbO or Pb,0O,

ok
o
e
/)

7 z

2nd Calcining

&
)]

Binder

3 ok
& ok

.
)

Fig. 3-4 PZT powder preparation by Wet-Dry Process (Process 4).
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A3E gAETe] 272 L ARA A" AF

A8 Yo YA U o43te] AR 6mm, Po| 1l-12mm FE
2719 434 AW oF lonem? o] YHo2 SHHYS HYHE Magnesia
crucible o] o} PbO o] UM oA|3}7] $i3ted ZrO, bubble W PbZrO, powder 2
93, 1200Colq 147 278hgich

AZANE 100C o) A oil 2ol 2-3KV/mm & NFHLGE ZHojZo} 9}
30% poling 31500, 2720 $PL 2ZF #4000 9] Ak dnjy ¥, 2HIL

pastel ohiA AlBE Aok

A4l LT " L28A Y WM E
. $eds ¥ §4 F7t

@A Zled vl U= Aq2IHA] el wEtM dE PZT ¢
E9& 371317 fiste] oo ¥EES AlEY dedge §4 S
¥4 F3Y d=FE £%7] (Shimadzu, SA-CP3¥)E ARE-3}3Tt-

7. W YAR Dy,

FA Za uEgo] 50% & AR YAF D, L HFYAHLeE

Asgict.
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. ¥ : D,/D,,
A YEEe] 9% & AAT UAE D, = FFH WiEEol 10%
= AAld YAE D, L2 Y i F Dy /Dyg YEFEE FHIATH

. ujEYH
371 A=EFEER SHE vEVHE L9 HEYHL=E I

. X4 ¢ A EH
Fgel 27 FRA4 9 9942 ¥4 A HdAstel Cuka, Ni
filter, 40kV40mA 2 32| X-M 33 £A47| (Rigaku, Model DMAX-3B) & o] &3}

S atsict

HHE 23 HEEUL ASstel HY, 278 YNLFAY BHE 2AN)
Aol Theel 2SS AlYshich
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489 YUx

bt AL ASUEE 23s}sich

L2449 Y=
23 v HUEE

ASTM C-20 F4 o] wahA

TEA YR

otMA AlHe] }HEJL Impedence Analyzer (HP4194A) E o] 23}

£ (D A3t oheo

| = 3~ ».
¥E==

Fatgiet

1) ¥l7AE (&,,/&0, F/m)

L

S

Ct

T
833

L

D Al Zol

S : Al 9

2 HNNA AY AF (K]T)

1 fe
— = (0.405 + 0.810
332 fa - fr
fr: 3N Fahg
fa : WRFX Fukp

A F0E () & 238, SN 1kHz olA ]



(3) Strain coeffecient (d,,, C/N)

d33 = k33 & 33T ’ S33T

2
m
li

3

4p 21k

p : AW YE

(4) Voltage coefficient (g,,, V.m/N)

) Ay JA U, V)

FQ
U= g, =

S

clement sizc : 2.5mm¢ x 6mm long

F : 173.6N (5 <¢f 360kg/cm2 ¥ 5)

©) 7|43 4 A+ Qm)

27 fr)L
Om = (27t fr)
R
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O A

(1) AlE A%
AV A7)A BAE 2WP F RolE oY 6mm 2 YAl
w2 Logitech AFe] 2Iu}7] (Model PM2AYE AMS-3lo] gmbatgich. off dimpas

Y7t 9 um Y ALO, § ©] 833

(2) U= e 5%
% BEE Al¥e wRAE Tl dete AZdE 23na
olx7}e ZA7] (Instron)o] 2]3}e] full scale load = 5 ton, cross head speed = 1mm/

min 12|31 chart speed = 20cm/min oA FHsIF o, AN 5} Zo.

load (ton)

AlHel 9HA (cm?)

UF7FE (tonfcm?) =
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A4 AYZEHA 9 1P

Al 13 WA PZT ceramics & 73-%

£ Aol Wet Ball Milling - Dry Process (Process 28 AMS-3te] b4
ddatdlen, 1 {3E, 3 ZPATE AT SHARSF AR37] HErH Py,
ST (Zr Ti)O, systemo] soft A & <] pr, £ Y7}l stabilizers] MnO, & H7}3ke
Al AAANS Assc. z4Hde] WE 24E o Table 41 3}
2t

i

Table 4-1 ¥4 PZT o] E4

“ X
.| ALO, :
(g/cm’)
W/O)” (w/o) | (w/o)

|

*1) ¥7tA 8] & PZTof A % % 4.
2) MnCO, 2 A7}3e] MnO, & §AHE 7tel.

Pb, S, (Zr Ti)O, system

k,, d, By
@) |(107mmv)| (103vm/N)
72 | 489 212
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$# Table 4-1- 8 X Zi/Ti 7} 53/47 < Eﬂ"ll-lf':- Z/ o] MPB L&|of 7}77]
fEol S & ¥ wat FAEo] A UMY S+ YT ZyTi 7} 5743 Y
ol MPB ojA Rhombohedral Z28 A Wollmg [Ago] FA3
YojzlE A k.

ol &% PZTY Z$ MPB ZHoA {344 3lo] Adjelxl Zo] ZyTid
Hl7k Aol gt 2A FolAE AF YAe F¥L dehiz Yok wA
MPB 29| ZTi Z/JolAE Srvel x| 8o £84%59 e 2712 5 YA
MPB oA ZA Hojutd S| X\ BaFE IA /Y 5 U= Ao Pzdc

=4 $b,0,10 wi% ¥7H3151E ol Qm Fto] $AIBES wlg Yol soft 27}
St A ¢ 5 e, M0, & ¥hgtel w2} Qm o] FASIE AL £ £
13ict.

MnO, ¥713g W37 BA 9 £7Me] sphmel SEM ARNE Fig4-1o
eIt o]5g RY MO, ¥7lo] YAl YL vl AL & F
et
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Fig. 4-1

SEM photographs of fractured surface of sintered PZT.

(a) Zr/Ti
(c) Zr/Th

53/47 (b) Zr/Ti = 53/47

53/47

0.10wt % MnO,

; BE

0.05wt % MnQO,

(d) Zr/Ti = 53/47  0.30wt % 53/47



Fig. 4-1¢ 29 MnO, 0.05w/o H7HA|2] 274Me QA= 7|e] u]dte 0.3 wio
H7tAle] dA=ZI7 s AR AS JFRYE 5 U

o]JAL UFY® Tol st RIH ¢ PZT system oJA{e] AHAs}
Jx|sta gl EE MnO,9] ¥ F7MIFIE FHeo] AL Ss=e & 7
gitt. oju] MnO, &= YAMIFES FA3- FES M YA ZUle wAEH
JA} U A2 A o dAe] Ileh W& VAT internal stress
model'” 2 A¥3t=d YAZ7|7E =Y Curie LA AAHEZE dojd of
A YA 33E 90°twin &8 ZREAIA PS5 e A7t

Z3Aade AR HAFEgH

£ AYdAMxE MnO7t dAMIFS 25 glom MnO, 7o) g35F
JRAZ7N7L AMM FAge] WolAE Hes Azy 4 Yo B ohy
MnO, & H7}st3 Qm 3to] #HAlEd| MnO, & 0.3 w/o H713td H7ketA] 92 w9
Qm Zto] 4624 wlste 2228 A FIMEIleS € 4 UL 7|EwE ups
Zto]® Mn* Aejl2 B Agle] Foj7t Atd-vacancy F U3 hard A &2 A
a3kl eS ¢ & o

ALOE= MnO,8} w7122 hard Al 84 AL%cs Basle] gict. £
AfolAds MnO, 27ket SAlel ALO, & H7leted ALO, o ¥ hEAE B3t

ALO, & 03 wjo H7lsld WEsl 691 yem’ 02 =A A3isn] §38&7 Qm
BE TAlel "HoA|a giTh

ALO, 7} hard Qg 2% g3t B $X|o] Foj7bA  Abd.vacancy ¥
FEAZGE {88 Aol Qm 2 ASstdor ok Iy Qm Zlo]
Ho{3l ZLo2 ol ALO, 7} B §jx|e] AHHLo R Fof7lA] X3l A o B¢
olvg}t MnO, 8} 7 H7tFol vF WelAA ol U MAZE YA A&
27¢ s detd dsx AdsEE A 2o ZoTi § 5347 2 MPB A9
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Y02 B K, e 0% oL WS wonl, UrAel ool k, kel &
B9 PN stk

WA ZifTi § 05743 02 37 ko] Astsln HHEE 3A Holx:
HAg Mel 73 Yok ol £FMY SEMAMIE Figd2 ol Ugted, oS
¥ Figa2del wistel YAIH SAE g3 233 ALHAE KPEo

Ao o] &74Jo] MPB oA IA Hlojvpr] HfEU Ao 4ZHEn
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Fig. 4-2

(a)

(b)

SEM photographs of fractured surface of sintered PZT.
(a) Z1/Ti

57/43, 1.0wt% Sb,0,, 0.3wt% MnO,, 0.3wt% ALO,
(b) Zr/Ti

57/43, 0.5w1% Sb,0,, 0.23wt% <MnO,, 0.2wt% ALO,

= B



o MYZAE FI ASAYANZ S o] 2-& 108% HrHgtel ot}
AANARY AF kR FAEE 4, MRIESE 2A F7MIA F Ygled,
Sb,0,, MnO,, ALO; 59 HAZMAE 23t I WS e vH3E
9l d,, Qm Zte] ZAHo| 7s3lgch

A2d Pb(Mg, Nb,)O, - PbTiO, - PbZrO, ceramics 2] 7-¢-

Pb(MgyNbo)O, & X3 AIEA PZT oA st 5 2FTES
RRAA 485 vl F7tAls MnOE 02-0.3 wi% ARS-313Tk. 2} process
oA 23 3L Y 2FLET F317] A8t processol| we} Z}z} ¥ Eglan
3 A= o} Table 4-2 9} 7},

St W A 27 HRUYE S BY Process2 R 4 oA AT} ST
A7V7IAQEATY k3ol AR e ¢ & ddd I3y 4 FA
e 3 xo] gL =A wkx glon] E3|, Double Calcining Process ol A=
13} SIALEE 750°CE RE| 900°C & AMRSA|AL 22} 84L& % 7} 800°C L} 850°C
2 Qo @MY Ysrt 9oRA ¢gn o 79ghem® HxE A i
=7 X8 ZAAE EH9F3 gdch W 2a; AR 900C B FobA|A
HA 13} &7t 7500C B Wole £74Me YEr}t 7.85g/,m® o8 Folzic),
13 SRt 2o, Tit o Bsie JET WA BLATIE RO 1000°C o] 4o] 5]
ZiTiO, 312 A8 A& XRDE #Usisint. ag|x olafof &= 233142 7]

AFEA A &80 3] A= AL /I £+ YU F ZTiO, 3} ¢Eo]
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Table 4-2. 314 g AALE wAY 23}

x[Pb(Mg% Nb%)OS] » (1-x)[Pb(Zr T1)O, ] system

st |24,
)
-&'E }_71‘1_ (g/cm‘.! 833T/ £ . k33 d33 533
°C) |(°C,h (%) 1 (10 2myv) | (103VmyN)
838 484

1200 | 7.84 39| 204 27.6

" 17.68 832 64| 260 353 432
1791 839 |67} 237 31.9 333
65
66
67
67

65
65

x=0.02
Zxr/Ti
=0.52/0.48

850-900
800-900
7150-900
900-850
850-850
800-850
750-850
900-800
850-800
800-800
150-800 62
850-8501 " 17.91 308 | 691 155
" 1250 |7.89 396
" 1300 |7.71 400

65
64
64
62
60

195
650
647

x=0.02 285
Zxr[Ti 293
=0.52/0.48 286
287

245
418
354
113

*1) 3719 F& PZT of Uit TF %Y.
2) colloidal silica 0.2 wi% A7} 8+ 73 9].



YT Y= 24 3fA] PHO 4o yh3o] §o|3tA] R3tA ¥, 14 st =7t
900°C o|3}2 e TiO, Zr0, o e EHEC]l oid HHE oL ¥FEH S
HiEol @ A= 23 3| PHO gfe] WhGAee ¥ FA ¥
23|13 A BAds BAAIA 23 AL ETt 800°C B Wolk: AFMe WL
o 7.9gkcm’ o] FAY T Qe ALE AlgdHY.

Double Calcining Process oA 1x}, 23 3425 E zZ}7t 850°CE 3l
AZAL5E 1200, 1250, 1300°C & W3} A7) AJYE ¥ L2570 =845
@M e dE7t Aol HIZ|A ARATk,,E HobAHA 1300°C oA L£7FT
A8 JIAA AYATT 47%2 A Helzd. LFLTEIF FokA|E PO 9
HY2 U3t Y=t v 3t A Zonm o] AL o] system oA T
o2} G system M= w|2EA LERGT

2. 2 WIAE AN

Pb(Mg, Nb,)O, & §h83H= AM¥A PZTolA Pb(Mg, Nb,)O,9} Pb(Zr
Ti)O, 218l €% & WIA|7|& SAlol ZyTi & HIAIHA MPBo| 7H7HE AL
XRDo] o|3te] 2T U3E =4 FAE 3te] MnO, ALO, b0, S| HIHAS
2%, A7t A7AH B4 ARG

3 Z3= Table 4-3 3} 7o}

Pb(Mg,, Nb,)O, & Egthes AMJEA PZT 2749 k, & Pb(Mg, Nb,)O, 7}
AY YRl 92 PZTof ulshe] ohd EolA|L Itk Tabled-3 of 7|4 data
AN Pb(Mg, Nb,O, | Mst%o| wet MPB7} Wste] ZuTie WS e 3ol
Aol s BAHAZ ZA Hstm Yok & Pb(Mg, Nb,)O, & 0.125mole

Aoetl& Wl Zo/Ti=49.7/50.3 o] 7S §-Hg0] 661, k,, 3to] 64%L}, Zi/Ti = 48.6/
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514 9] Zeolt fAEo] 125622 A FobAIH k, b 49%2 FolA 2 Uk,
UM =& Z7IAZAEATE Jeogd Pb(Mg,, Nb,)O, 7} 12.55% of| A Zr/Ti=49.7/
503 ¢ 24¢ MPE el wgHgn 2o

Pb(Mg,, Nb,)O, 7t & %2 12.5% $i3hs 7% H7AAe o4 2o, Mio
£ 03 wi% Urlstd AN SoiA o wel Hste] £FMY YeEE =
dshe QAT fAgel A Astsigion, Qm ke 382 Wy ik Mn
& had AZEA Qm e F7MIAY $HES F2AFIEH, MO o ¥A=
f7g0) 728 ASE ¥eol Mno] Bsie o] Soi7hA AL vacancyS F8AI3)

Ao2 A7Hrh
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Table 4-3.

EX
Process - ?} Xﬂ
e |

52/48
52/48
51.5/48.5

Mn,0O, 0.2 w/o

50/50
48.5/51.5

0.125{ 50/50
MnO 0.3

MnO 0.3

* A7 Y S PZTS A TF % Y.

MnO 0.3 AlO, 0.3

2o HAUHE A

:u:[F'hu(NIg},{3 Nb%)03]

s
I'.'.'I'

(g/cm’)

o 2
mr

(°C)

850

- 63 -
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» (1-x)[Pb(Zr T1)O,] system




ALO, = Qm Zhe ASAl7Zl= had 82 ¢2A glot], MnO & 03w/
A718LBA FAlol ALO,E 0.3 who H718td 23]3 Qm lo] A3ts= ZAAS
7AYol Bsiteo] H7HE & U MY ol vF @WelAd A 2i
e B3 dAYAE A3 FHE]l TG Mn* 9 o] WS
0.66A ] u|3te] AP o] 22 RHE 051A 28 Fo} AP* o] o] B ${&]o] {7}
acceptor 2419 g3 ¥ 4 QY A A

o|e}zte] Pb(Mgy, Nb)O, & Ef3H= AdE¥A PZT ojAx= MnO 3 Mn,0,
T strontium ‘H/d PZT o) A{2} Zo] b M /&, F7|7]A ZEAS, Qm
ol 2 YU PIAAT ALO, = Mn 3} o] acceptor £A{2] Q¥ IA @
T U2y, 9832 v|Fo| HotA MnO 2 H7I3ledx MnO, £ Mn0,
gt AZIAE o9 B H{A|d 2 F U= A Ao

A338 Pb(Co, Nb,)O, - PbTiO, - PbZrO, ceramics &] 73-%-

Pb(Co, Nb,)O, & & % 2 10% H7}st3, ZyTi=50/50 2 3to] Sb,0,, Nb,O,,

ALO, 5¢ ZHstel Yrtetel olF A7 Aol FlAE FeE ZAisic



Table 4-4. 0.1Pb(Co,, Nb, )O, - 0.9Pb(Zr TiO,)0, o] WX H7tAel o %

H 7t A U
|EKw/o)] (g/cm?®)

B33

Sb (103Vm/N

O

) ﬂ

D

o

z

=)

N
M
e
—
3]
o

612
752
731
7735
839
881
1301

30.0
33.7
33.8
33.0
33.6
32.6

168
225

219
226
250
254
72 322 279

0.125
0.25

-

7191
7.98
7192
1.79
7.94

S
n

Z

>
A

O.0.8

0.5 |[ALO,03 1

Q0
.

-
~J ot N LN \O Lh

ol P
o0 O
th oC
Y Yk

0.5 ALO, 0.3 778 101

o
N

133 38.3 282

-

Sb7k 45 7} el&o2 HAY 74 Sb7t B gXel ¥Aslel WY FHE

$2317) #1349 Pbvacancy® STt o}

Z x$b,0, + PbBO, + xPbO (gain)— . [Pb.__(V,)][BSb_]O, + 6xO

V, ; Pb-vacancy
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B AYoME SbE +57b7F ofd +37ke] AL MrjstRnd Wi
Ay 2AJS AN SHO, £ +57} AEl2 B $x]¢] 8= o] Pb-vacancyE
$UAZ o2 A=HT s Sb* o o] BFE 062A o] SH* 9
] &RIFL 076A 22 Sb* EE St*7} o]&=7|2 Mo} B HiXo] Fei7trI7h
4t wefo] Sbh 437 AEIE B $Ix|o] Soith s theA) o] M)A
248 A7) $iste] AL vacancy 7+ A W ge]l AL Qm el

Haslojol ¢ o2 Alms, AY A Fu g4oE fAHge] At
Qm Zto] Zhshe] mhA] Pbevacancy 7t A soft =7t § B9 SAe] vehtet

xM,0, + PbBO, + 2x PbO (gain) ——» [Pb,,..} M, B} [O,,, (V)]

V_; Oxygen-vacancy

et $b,0, 2 +3 7be] AHEe AsIYOlE PZT & AWM 457}
Jel2 B gixlo] Solske A Tk

NbO= SbO, 9 o] soft ARZM HHEL FOIL Qm S At
g42 olu] ¥A Utk PhCo, Nb )OS Eghshs AEA PIT dME
NbO, S H7hstd UHAZL WY FoizbA] o wlo] mlste] FAEo] Fokx
Qmzhe Woizen, k, T LR Tah k, e FAAIE Hol: $b0,
Bg EHHolx] Fajct



ALO, = Ag$ utel o] hard Amo|t. WM ALOE H7I3te] #&ol
AAEI Qm 3to] HF Zeoz JdEHey, dHFAE g Aol HEHES-
Qm 312 g4 AFAYL FAEE W AR ZldPT vpels 9 AAE -

FelAME ALOE H7BBIGE W AN A 9T AHAE dde=
7t ub gled, viAZAR AP 9 ool W Aol B §x|o] Az
o17b717F oYL, 2313 YAdRe] YoliA| E3HA 3t FEo] AZ A
2ot

Pb(Co,, Nb)O, & i3 AHdTA PZT = H7HA|Y 8o £ =4
- Solt A ATt 53] HIMAZE A3 SolUA U4 "W A7TIAZ AT
ky, 2ol 61% o] B3 Zlo] HItAlEe & WA st HrlgoeEH
0% o] ¥ & 49+ 5 Utk

T 9 2olEt 3t XE process 7} GEPA|W E/do] A HI= AL
371 AN & 4+ Yot Zirconium ¥ ZrOClL,  ARE-3F Process4o 2| 5}H
ki, 7} 62% = S ¥ obE} Process 20 2% LFAM Y [P Eo] 1300 Fe
-+ ol u|3te] Wet-Dry Process of 2]3t® 3912 -9 Fobzch [HEE
2Z4M e YA =718k BAE 9l RALE Process 4o ofdtH  AZA Y AL
A7 dEY Heg AlgHh
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44 Pb(Mn,Sb,) - PbTiO, - PbZrO, ceramics 2] 7Z-$-
. 2433 J¥ 23
ZiTi + 51/49 2 IHA|7|3L Pb(Mn,Sb,) o FE HBRX|F|AH Y 7]E}

WAMZAH Ca0 & Ukl Wr/lH S4L ZAsIgTh 3 ZFAE Table 4-
5s} 7t

Table 4-5 Z=/g'H3}o] @ Pb(Mn,Sb,)O, » (1-x)Pb(ZTi)O, & &7

4= E..E
(g/CmB) 33 o

0.053 |Ca0 0.04
0.045V |Ca0 0.04

*1)  PbMn,Sb,)O, 0.75 % % W78 AMEAY.
2)  Pb(Mn,Sb,)0, 15 & % H7HE AMIEAY.

- 68 -



Pb(Mn, Sb,)O, & % 2 2~9 % H718 wf Pb(Mn,Sb,)O, & 7} asfe] m=
B R BH F4o] d¥E ¢ T+ U

Pb(Mn, Sb,)O, 7} 2 & % H7I=|W WE7} 7.36 glem3, Qm Zko] 162 ]}, 9&
% 7} HA72HHYE YET 794 gom®, Qm ThE 56628 Yk} Qm Zlo] ArGEH.
a2y A2 B3 32 YA TR ko] IA WA S-S RAFR gt
Pb(Mn, Sb, 00, 7} 0.09 ¥ % 718 o W=7t 718 A A7|1A 545 Ad F2
Ao o5 e, k33 o] AU WE AAS YERIH TiSRA
AV7IAFRAS7E & £Z4F 2471 HsiAT PbMn,SH )0, § 0.0458% =
3l o] A3 AlsEn-

°] system oA CaO § H7iste| WY AIEA PZTE A=xsta =%
Pb(Mn,Sb,)O, § L83t AMEA PZT = ARG 2 FAAj2T A7|H
8o IA YASAE Yo Ca0 & YUkt Pb(Mn,Sb)O, & 0015 & %
A7 2GAM L] 1314 2 FA T} AL HodFa glon, £§ (¢33
2 299,Qm e 3242 EolFG.

2. 27FeE W UY 23
Pb(Mn,Sb,)0, & EisHs AMJEA PZT oM 23 L7} vlxEdBe

AT FTEF 1200, 1250, 1300°C 2 H3A|A L7 L73M9 B4
O3 Ao D ZoTi=51149 = 3pglon LA 1A1ke FUstA &gl
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Table 4-6 47435 W & L7329 £

xPb(Mn, Sb;)O, * (1-x)Pb(ZrT1)O, system

473 66 171
450 58 143 293
547 58 163 421

1200 7.85 592 71 207 30.5 | 176
3 0.045{ 1250 7.92 635 50 167 29.8 | 420
1300 7.76 562 61 163 32.8 | 387

R7] Table 46 & BW 27 =7} ¥obalel Wt WEs LT k, I
5 ZAsHE 2% vEhim glem Qm e AR Yt 2Fess)
sobyel wet PO o Hue] Frbstd WEst Zise A0z Arsw
metd 7)1y 4] Asts: R ok

162

170 -



3. Ao ¥

Pb(Mn,,Sb, )0, - PbTiO, - PbZrO, system A] A 2hd-& F-2 el Process 1,.2 aglx
o]E wi8A]Z] Double calcining process®} uv]Z3Fsitt. = Dry Process oA <%
B4 3= TA) 2l ball milling 3= A o)A powder?} L83+ 3} ball millingA]

S W S A ARgdte AFAE do] B4 2ABIY. 2 F3e
Table 4-7 3} 72ty

Table4-7 A Zuho] wWE PZT 4£ZF2 e &4

0.045Pb(Mn, Sb, )0, » 0.955Pb(Zz, , Ti, )0, system

AL | AAC Oy & K33 d33 833
Process e e L é
°C) (°C) (g/cm’) (%) |(10?m/V)}(10*Vm/N)

1 900 77
900
3 850-850

269
176
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Table 4-7 2] A¥ZA3}ES B Double Calcining Dry Processo] 2|3+ AZAME
Y7t 7.85g/em’, A7\ AZYRATIE 11%, g, 3ol 395 2 o] v+ F2
Ao yvepytent, Fal|e] DryProcess of 2i3td Q= 3 7|3 Fido] HolA|=
Roeg “EIRRY. 53] Dry Process o] A ball millingg- ¥ =f powderlt 33l
Zrols 9=t 707gem’ 22 wlg- W3k, IUAx 53% of EF3GT 22

ball millingS & o] 53 A7I% ZA-Fol dnrl 7.9 gem® o8 A =7k
k, RE 61% 2 45315tk o]& powder S4o] £7AS Tho] T JHL FE

Ag AJARSEAL 91 Ball millinge] &% F4f, T3] &3 722 liquid media §
YA U2 powder7t FH3A USR] s T ol FH = BoldtA] A
Hol A3 d9t PZT E 3 €A E3to 4349 4= vuals A .

£3] Double Calcining Dry Process o] ©]3}2 HulEro| sAts]o] x| 240
Fo 2Z3A71 dojAl= A Ao

0.05 Pb(Mn,, Sb,) - 0.95 Pb(Zr, ,, Ti,)O, sysem o} Dry Process & 288 uj
ball milling 3R FHE A EE SHOE ste] ARE syt =
JLALEELE 850°C, 2FLEE 1250°C & SU3A 3t

Table 4-8 Ball milling ®}of 2|3t L£Z2Me &4

| 9 |
PI‘OCCSS é E’ & 33T/£ 3 k33 d33
(g/cm’)
7.26 38.9 608
7.98 37.6

A :  Dry ball milling

B :  Wet ball milling
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A7) Table 4-8 ofd M@ dry ball milling A] Fde] FUA TYSA Yx
47 @ o) RoiAA Yobd 2FMY YTt 726gkm® 02 WS AT k, AT
58% 2 23t

a2 & 7hete] ball milling & et FA7t I HWA FUsA T
UEs} 7.98gem® AAZ HA FRHUOH, k, RAE 6% 2 Folth

w}2kA] ball milling = wet ball milling 3l5= Zio] u}&hz]|s}c)

A5y A2 FE AW A3}

1. PbMg, Nb,)O, - Pb(Zr Ti)O, ceramics o AL

PbMg,, Nb,)O, & Efshe AMI¥A  PZT sysem oA Pd2ZA <
UEZEES AT F 27 29 2FAS Az PP zpe)s}
223N FPEe] vlxE YL ARG

7t TR ¥
0.02 Pb(Mg,, Nb,)O, + 0.98 Pb(Zr,, Ti ) & Z’3S = 3}o} Process 3 of

dste] 2AME Azttt B 2FLEET ARAAAN dojn £PA
IS7FEE AYE ZIs The Table 49 o Zch

273 .



Table 49 £Z2% Wdfe] W UFIE AIH AR

H7HA, 42| ¥ =
Process
(w/0) (°O) (g/cm’)

MnO 0.3 850-900 .
850-850 :
850-850 .
850-850 _

MnO 0.2 850-350 1200 1.96

850-850 1250 7.89

Table 4-9 3 B3 Process 3 of n]dte] ~FMF AZXY of sf: I 2FLE7}
2449 4F7AE F¥e v|IE ¢ T UHT-

MnO 7} 0.3 w/o A7 uff 1&} 3}A2%7F 850°C 2%} StA-2%7) 900°C & 31
¥ 1200°C o)X 27T 4ZAM Y UFET 6.7kg/em2 o] glovt 12} StAIEE
850°C 8 SY3}a 23} 3258 850°C 2 W™ 27 71 88kg/em2 2.8 I A
el o bels g

12} U 23} AL EE 850C 2 IAHAIZ|Z 2FALTES 1200, 1250, 1300°C
2 HAFIH g7 ert 88, 6.5, 50kg/em? & AALEIl Zolxe] uld)
UHTE7 At e YEha gt

ol FINA F4E ARG e £F2E W3l wet £Fdexrt 2

b

% k, 3ol AslE FYAE YNHT Yok £ sk Y 2P LE7
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3t AZM Usot dolAA 23 3tAL 57 900C 2 2 w) 2FA e dxT}
7.81g/cm® £.2 850°C o 796g/em® o wj3le] WelMow, AZALTI}L 1300°C Y
o 7.77gm® 22 . FojZich

MnO 7} 0.2 w/o ¥}7}g dlolx 2257 ol gA| dx Y 4=}
Yol 3l

slaSsyt 427257t wolAW PO o IR Udte LMY Y7}
Holx|A S wetd 2734 ol 7]Fe] HolAA UFF=t AstsEHE A
et

. Azaye] 9%

Pb(Mg,, Nb,)O, & 3= AMdEA PZT § Process 2 = Process 3 of

o|sto] A|x3td Process Atojo] WE LFM S PFAEF ZABHIS-
Table 4-10 Process &}ole] wW-E olx7}g A|3¥H ZAHi3l

xPb(Mg,, Nb.)O, * (1-x)Pb(Zr T1)O, system
Process
ERECRRE O | @em) | tgomd)
2 0.05 52/48 | MnQO 0.3 | 850
0.125 50/50 " :
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7] EAE AlY AAE B9 PbMgy, Nb)O, 2 & % v HEA|T Process
3o o3t 27N HFFET} Process2 o] ¥ PG Ao uldte A HEHGT-
T3 27X YEX Process 3 o ¥ o] IA UELIG

& Process 3 of oJ3fo] PZT W LFME AX3 Aol Bn < U=ES

2= 27ME dbd Yese, g YAPEE 2 AL 9L 4+ YTk
2. Pb(Co, Nby)O,  Pb(Zr Ti)O, ceramics 2| 75-¢
0.1 Pb(Co, Nb,)O,+ 09 Pb(Zr,, Ti,)O, & ZAoZ 3te] H7AS

B3R F|HA Process 2 o] &3l Az LA UYL E ARSI L
A= Table 4-11 3} Ziet.

Table 4-11 M7}A] wdle] wF =7t AP A3

A 71 A Sty | &P 4 = AL
Process
(w/0) (°C) (°C) (g/cm’) (kg/cm?)
2 1200 7.98 7.7
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Table 4-10 2| Ao 2GA 2 Y7t Lol Tt YFFE7E oA =
ZAeE YENY. & Sb,0, 9 HFe] SIHAYL NbO, & H7HHe s Yx7t
AL gExAe T 7H4a3d Nb,0, 0.8 w/o A7 Aol £ZAM e WS} 7.79g,m’,
UA&7F5 7} 6.0kg/cm? 2 FEFGITE

32y SrCO, & 2.3 wio H7ISHE Nb,O, T HIIRISIE el vwiste YL
M 3l3tx] ATt 23w} 8.0kg/om? 08 FA AMSEHTH
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A5y 2 <

£ A7E St WPAZ 84 PZT U xPb(Mgy Nby)O, - (1-x)Pb(Zr, TIO,
xPb(Co,, Nb,)O, - (1-x)Pb(Zr, Ti)O,, XPb(Mn,, Sb,)O, - (1-x)Pb(Zr, T)O, 52| AHd¥-7
PZT system & Ag3tel, o 7}7ke] system of ciste] zA4el Wz, sl
9 EFe WHSo] VLML A BH FNE FLS ZAY otk =
PZT $2h TSl SloiA 2ol YWY Dyt 2PA S mHE

YHE ZARHES-

o WA PZT ceramics & 735

1) Pvo UFE Sr2 XBAIZLEA AFAE, AP77IAZYATE e

2445 de 7 W

2)  ZyTi< 5347 & 3= Ao A7|AZUATA k;, 3k 70% o4, 23
d,, ko] 400 o]t jFHEgdo] £ L2FME dved I3

() M0, $b,0, ALO, 5 AANEE 2% PIFE WPAYLE YWEHE
A & Ssick

o Pb(Mg, Nb,)O, - PbTiO, - PbZrO, ceramics &} 7%

_ 7R -



1) EBgo sdugel FANA LTIt &S5 4PN YUx Y
BN AD YA 253

2) 2ZALEI} ToASLE dr W HVIAZAEAsIE dejAls FYRE
o, 12000C ol 1417 238 o WEst s 2 £FAE U2 A
A sict.

3) Pb(Mg, Nb)O, 7} 125 B % o wlelE Zy/Ti=49.7/503 8] =4e2 @ o
M w2 WPIAZRATE ZRo LZA7 de3ien, WHE TR
AVARRASTE e 22 de3ied, HHE  vhdes
AN AQGASTQ k33 = 0%, v]-5+-8-& &33T/&0 =802, Qm = 348, d33 = 236, g33
=333 o] E4< 4Rl SZAE 942 5 YU

o Pb(Co, Nb,)O, - PbTiO, - PbZrO, ceramics & 7§

(1)  S§b,0,,NbO,, Al20,, MnO 52| H7IAlg< 4F B2 23t 2 HIFEe

A AT BNAARRAFY k, E 0% olye] HE AL BE £
31 31c.

2) S0, 0.5 w/o~1.0w/o ’,;]7]-3]-'53_ )7} 7.9g/cm’ o]Ate] AZAANE oL
- U2H, ol k,, T 70% o)A, MI-RFHE 700 o] 4, g, 42 33 v.m/N o] ]
A5+ YEUHNG:
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3) E3] NbO, 8} SICO, & T ¥/ Z-tolE k, atol o 2%, vlHa&
1600 o)A}, d,, ko] 350 o]Ate] ghuEAMo] FL AANI Dot

o Pb(Mn, Sb,)O, - PbTiO, - PbZrO, ceramics 2| 73-f-

) 2FLET FEHS £2AY UE R WAAAZEASY k, 2ol TA
YoiFort, Qm gt ASshalnh

(2) Pb(Mny Sb)O, 4.5 & %, Zy/Ti= 5149 ¢ =J°2 @ uj Dobul Calcining
Process o 2j3te] LIS T3 12000C o)A 1A 27T 2FA7} 71%

2 5o WPIARUATE DA g, RS 952 E30

(1) 0.045 Pb(Mn,, Sb,)O, - 0.955 Pb(Zr,,, Ti,)0, & ZAL Z: PZT 274
A =g o PZT oo vy o 2 Double Calcining Process o] 2 3F Zo] o{E}l9
process of | % ZARTH AINJAZYAS, d,, 8,5 YHEHo] Y Fot

()  DryProcess o} ball milling & ¥ w} powder ¥ EEA s} B9uct 23}
Ze liquid media & AME3te} T FAshe o) £7MY UE 3 YHSHE
SRATIEY BI04 FAsH3Th

- 80 -



o UFZE AlH 2%

(1)  Double Calcining Dry Process o] 2|3 47329 U=7}x7l oS process 9
J¢ AuT M B e et

2) B3], Pb(Mg, Nb,)0.02 Zr,, Ti ,,0, 2| Z4-& 7FX WA MnO 0.3% ¥ 7}3}o
Double Calcining Dry Process of] 2]8te] o1& A7 g2+ 8.8 kglem? o] g]ch.
olde AUAAEE B8t PZT A PALFAE W=, A/Hy 5§54,
USZET AL PZT & T3 v 7123 =4olu H7A Tl o3ty
YEE UL AT Pooh IR T Hol LAz Y YA
Ao U] 2FA Y AN A d¥= vIAL Y HUAS

. 81 -



10.

11.
12.
13.
14.
15.
16.
17.

18.
19.

20.

< AR Gl ¢

S.Roberts, J.LAm. Ceram. Soc., 33, 63 (1950)

B.Jaffe, U.S.Pat. 2708244 (1955)

B.Jaffe et al., J.Appl. Phys., 24, 809 (1954)

G.A.Smolensky, Sovet Phys. Solid State, 1, 150 (1959)
FRAKISTH L Q75), "R HEAF" (1989.5)
Jaffe, H. and Berlincourt, D.A. Proc., IEEE 53, 1372-86 (1965)
B. Jaffe, R.S.Roth, and S. Marzullo, J. Appl. Phys., 25 809 (1954)
Roberts, S. Phys. Rev., 72, 981-2 (1947)

MATERIAL DATABASE 939-942 (1988)

Man.F.Yan, Mater. Sci & Eng., 48, 53 (1981)

H.Yamamura et al.,, (Y=)R G &3]x] 94(5) 470 (1986)
H.Yamamura et al., (4+) 8.3 X| 94(6) 545 (1986)

AE-EF 4 61-53115

A2EF 4 61-53115

LeH 9, LU A] 25(1) 54(1988)

K.Kakekawa et al., J.Am. Ceram. Soc., 71(1) 49 (1988)

K.H.Lee et al., J.Ceram. Soc. Jpn. Inter, Ed., 95, 694 (1987)
g, A, 99 A 19¢4), 293 (1982)

W.R.Buessem, L.E.Cross, and A.K.Goswami, J.LAm. Ceram. Soc., 49(1), 33 (1966)

9%, M, A3 7], 8983 A] 24(6) 537 (1987)

- 82 .



	[표제지 등]
	제출문
	요약문
	SUMMARY
	목차
	제1장 서론
	제1절 연구의 필요성
	제2절 연구의 목적과 범위

	제2장 문헌 연구
	제1절 서설
	제2절 압전성의 정의
	1. 직접 압전효과(Direct piezoelectric effect)
	2. 역 압전 효과 (Converse piezoelectric effect)
	3. 변수 및 symbol

	제3절 압전재료의 종류
	제4절 압전재료의 용도
	제5절 PbTiO₃-PbZrO₃(PZT) 고용체의 특성과 제조
	1. PZT 특성[원문불량;p.26]
	2. PZT 원료 분말의 제조방법

	제6절 시판 PZT 의 특성
	1. 동지 ceramics 주식회사의 경우
	2. 일본 특수 도업주식회사의 경우
	3. 전기화학의 경우


	제3장 실험방법
	제1절 개요
	제2절 원료분말의 합성실험
	1. Dry Ball Milling - Dry Process (Process 1)
	2. Wet Ball Milling - Dry Process (Process 2)
	3. Double Calcining Dry Process (Process 3)
	4. Wet-Dry Process (Process 4)

	제3절 합성분말의 소결 및 압전체 시편 제작
	제4절 합성분말 및 소결체의 평가시험
	1. 합성원료 분말의 특성 평가
	2. 압전소결체의 특성 평가


	제4장 실험결과 및 고찰
	제1절 변성 PZT ceramics 의 경우
	제2절 Pb(Mg⅓ Nb⅔)O₃-PbTiO₃-PbZrO₃ ceramics 의 경우(이미지참조)
	1. 하소온도 및 소결온도 변화실험 결과
	2. 조성 변화실험 결과

	제3절 Pb(Co⅓ Nb⅔)O₃ - PbTiO₃ - PbZrO₃ ceramics 의 경우(이미지참조)
	제4절 Pb(Mn⅓ Sb⅔)O₃ - PbTiO₃ - PbZrO₃ ceramics 의 경우(이미지참조)
	1. 조성변화 실험 결과
	2. 소결온도 변화 실험 결과
	3. 제조방법의 영향

	제5절 압축강도 시험 결과
	1. Pb(Mg⅓ Nb⅔)O₃ - Pb(Zr Ti)O₃ ceramics 의 경우(이미지참조)
	2. Pb(Co⅓ Nb⅔)O₃ - Pb(Zr Ti)O₃ ceramics 의 경우(이미지참조)


	제5장 결론
	참고문헌

	[title page etc.]
	SUMMARY
	Contents
	Chapter 1. Introduction
	Section 1. Necessity of Study
	Section 2. Object and Scope of the Study

	Chapter 2. Literature Survey(Survay)
	Section 1. Introduction
	Section 2. Definitions of piezoelectricity
	1. Direct piezoelectric effect
	2. Converse piezoelectric effect
	3. Variables(Variabls) and Symbol

	Section 3. Kinds of piezoelectrical material
	Section 4. Uses of piezoelectrical material
	Section 5. Characteristics and manufactures of PbTiO₃-PbZrO₃(PZT) solid solution
	1. Characteristics of PZT[원문불량;p.26]
	2. Preparation methods of powder of PZT raw materials

	Section 6. Characteristics of PZT commodities
	1. Products of TOSHIBA ceramics
	2. Products of NIHON TOKUSU TOKYO ceramics
	3. Products of DENKI KAGAKU ceramics


	Chapter 3. Experiments
	Section 1. Outlines
	Section 2. Synthesis of raw materials
	1. Dry Ball Milling-Dry Process (Process 1)
	2. Wet Ball Milling-Dry Process (Process 2)
	3. Double calcining Dry Process (Process 3)
	4. Wet Dry Process (Process 4)

	Section 3. Sintering of synthesized powders and preparation of piezoelectric test pieces
	Section 4. Evaluation of synthesized powders and sintered bodies
	1. Characterization of synthesized powders
	2. Characterization of sintered bodies


	Chapter 4. Results and discussion
	Section 1. Modified PZT ceramics
	Section 2. Pb(Mg⅓ Nb⅔)O₃-PbTiO₃-PbZrO₃ ceramics(이미지참조)
	1. Variations of calcining and sintering temperature
	2. Variations of composition

	Section 3. Pb(Co⅓ Nb⅔)O₃-PbTiO₃-PbZrO₃ ceramics(이미지참조)
	Section 4. Pb(Mn⅓ Sb⅔)O₃-PbTiO₃-PbZrO₃ ceramics(이미지참조)
	1. Variations of composition
	2. Variations of sintering temperature
	3. Effects of synthetic methods of raw materials

	Section 5. Tests of compressive strength
	1. Pb(Mg⅓ Nb⅔)O₃-Pb(Zr, Ti)O₃ ceramics(이미지참조)
	2. Pb(Co⅓ Nb⅔)O₃-Pb(Zr, Ti)O₃ ceramics(이미지참조)


	Chapter 5. Conclusion
	References

	칼라


MONO1199210294

85

1991

과학기술처

압전성 재료용 PZT 원료 제조 기술 개발 ,1

<body>[표제지 등]

</body>

<body>제출문

</body>

<body>요약문

</body>

<body>SUMMARY

</body>

<body>칼라

</body>

<body>목차

제1장 서론 16

 제1절 연구의 필요성 16

 제2절 연구의 목적과 범위 17

제2장 문헌 연구 18

 제1절 서설 18

 제2절 압전성의 정의 18

  1. 직접 압전효과(Direct piezoelectric effect) 18

  2. 역 압전 효과 (Converse piezoelectric effect) 19

  3. 변수 및 symbol 19

 제3절 압전재료의 종류 22

 제4절 압전재료의 용도 25

 제5절 PbTiO₃-PbZrO₃(PZT) 고용체의 특성과 제조 27

  1. PZT 특성[원문불량;p.26] 27

  2. PZT 원료 분말의 제조방법 32

 제6절 시판 PZT 의 특성 40

  1. 동지 ceramics 주식회사의 경우 40

  2. 일본 특수 도업주식회사의 경우 41

  3. 전기화학의 경우 42

제3장 실험방법 43

 제1절 개요 43

 제2절 원료분말의 합성실험 44

  1. Dry Ball Milling - Dry Process (Process 1) 44

  2. Wet Ball Milling - Dry Process (Process 2) 46

  3. Double Calcining Dry Process (Process 3) 47

  4. Wet-Dry Process (Process 4) 49

 제3절 합성분말의 소결 및 압전체 시편 제작 51

 제4절 합성분말 및 소결체의 평가시험 51

  1. 합성원료 분말의 특성 평가 51

  2. 압전소결체의 특성 평가 52

제4장 실험결과 및 고찰 56

 제1절 변성 PZT ceramics 의 경우 56

 제2절 Pb(Mg⅓ Nb⅔)O₃-PbTiO₃-PbZrO₃ ceramics 의 경우(이미지참조) 62

  1. 하소온도 및 소결온도 변화실험 결과 62

  2. 조성 변화실험 결과 64

 제3절 Pb(Co⅓ Nb⅔)O₃ - PbTiO₃ - PbZrO₃ ceramics 의 경우(이미지참조) 67

 제4절 Pb(Mn⅓ Sb⅔)O₃ - PbTiO₃ - PbZrO₃ ceramics 의 경우(이미지참조) 71

  1. 조성변화 실험 결과 71

  2. 소결온도 변화 실험 결과 72

  3. 제조방법의 영향 74

 제5절 압축강도 시험 결과 76

  1. Pb(Mg⅓ Nb⅔)O₃ - Pb(Zr Ti)O₃ ceramics 의 경우(이미지참조) 76

  2. Pb(Co⅓ Nb⅔)O₃ - Pb(Zr Ti)O₃ ceramics 의 경우(이미지참조) 79

제5장 결론 81

참고문헌 85

</body>

<body>[title page etc.] 

</body>

<body>SUMMARY 

</body>

<body>Contents

Chapter 1. Introduction 16

 Section 1. Necessity of Study 16

 Section 2. Object and Scope of the Study 17

Chapter 2. Literature Survey(Survay) 18

 Section 1. Introduction 18

 Section 2. Definitions of piezoelectricity 18

  1. Direct piezoelectric effect 18

  2. Converse piezoelectric effect 19

  3. Variables(Variabls) and Symbol 19

 Section 3. Kinds of piezoelectrical material 22

 Section 4. Uses of piezoelectrical material 25

 Section 5. Characteristics and manufactures of PbTiO₃-PbZrO₃(PZT) solid solution 27

  1. Characteristics of PZT[원문불량;p.26] 27

  2. Preparation methods of powder of PZT raw materials 32

 Section 6. Characteristics of PZT commodities 40

  1. Products of TOSHIBA ceramics 40

  2. Products of NIHON TOKUSU TOKYO ceramics 41

  3. Products of DENKI KAGAKU ceramics 42

Chapter 3. Experiments 43

 Section 1. Outlines 43

 Section 2. Synthesis of raw materials 44

  1. Dry Ball Milling-Dry Process (Process 1) 44

  2. Wet Ball Milling-Dry Process (Process 2) 46

  3. Double calcining Dry Process (Process 3) 47

  4. Wet Dry Process (Process 4) 49

 Section 3. Sintering of synthesized powders and preparation of piezoelectric test pieces 51

 Section 4. Evaluation of synthesized powders and sintered bodies 51

  1. Characterization of synthesized powders 51

  2. Characterization of sintered bodies 52

Chapter 4. Results and discussion 56

 Section 1. Modified PZT ceramics 56

 Section 2. Pb(Mg⅓ Nb⅔)O₃-PbTiO₃-PbZrO₃ ceramics(이미지참조) 62

  1. Variations of calcining and sintering temperature 62

  2. Variations of composition 64

 Section 3. Pb(Co⅓ Nb⅔)O₃-PbTiO₃-PbZrO₃ ceramics(이미지참조) 67

 Section 4. Pb(Mn⅓ Sb⅔)O₃-PbTiO₃-PbZrO₃ ceramics(이미지참조) 71

  1. Variations of composition 71

  2. Variations of sintering temperature 72

  3. Effects of synthetic methods of raw materials 74

 Section 5. Tests of compressive strength 76

  1. Pb(Mg⅓ Nb⅔)O₃-Pb(Zr, Ti)O₃ ceramics(이미지참조) 76

  2. Pb(Co⅓ Nb⅔)O₃-Pb(Zr, Ti)O₃ ceramics(이미지참조) 79

Chapter 5. Conclusion 81

References 85

</body>

칼라

jpg





