=l
AU i 3

4 : & v 2 z
U x wfisuld (0 2 TEnawtou) fady TnNahﬂnamﬁ%mﬁﬂumnmumr
WA

Intensity (a.u.)

L T r o I
48 43 44 45 48

(b) 268/Degree

a4
(a) ZEJDEE'EE

217 5 uamananFesziFonTelendans tadind x PZN —{1-x) PZT gndnauwy

42.5.-46"lats f1l(a) wionlneTE coumbiteunzulin) iuulanntrlindeanled

;-diq‘l 5 unmsan itz ifanffliand sssaisfednafiddoutssnausing 7 uas

wiituRouiiadiTees peak (200) Wuntl PZN fine 7 aswy Tetragone! ina whtile PZN
Ry srafratiaszillansniradiu Rhombohedral tla $aasinn ASINNTIUNNTS peak

- - a il i wr — - g
LL'H".I!"']!-IHH-L‘DH peak URE T EUANRUTIMLEUiURS 2 TEnnRTeN




muﬂam‘ﬂ 3 310

430 a8 44.0 a5 450 485 40 435 4.0 .5 agp 1_;,4

i) 26/Degree i) 28/Megree

o 435 440 a5 50 &85 qg 415 a4 45 450 s

o 28/Degree ) 28/Degree

1l 6 uamanFhassinndAnuaen Tetragonel wla Ty Rhombohedral g lan
(a)ie 0.2PZN-0.8PZTALNIANAT columbite (b) Aa 0.3PZN-0.7PZT Mimtuulny
% columbite (c)A® 0.2PZN-0 8PZTRNTLM AR Sindeenlef(d)Ae 0.3PZN-0.7PZT
fuitnilaeiEfindeanied

nrhATsinslRsumasan Tetragonel e Wiy Rhombohedral ida lAuans
lugtf 6 wuinlunsdinnsiisfeusnid coumbitessTinaulfeumaetihamadalaoanas
f1x=0.2 use x=0 Svusinsdofeuindiiindoenladtonliadoney Fanu n o
Kim[ 13]1#iFos PZN-PZT Afiindeenladuaswudvinfion MPE TuasPZN-PZT Uieze

# x=05 lnanueRnismanasnis ﬁmjr:u 974 X=0.3ua: X=0.5 uikangiiFan uRz Kim
Wil Wwtasindradiili Rseain i lideyalinzduame
NN BN Esined T Rs R ATTER AN 1838 IPZN-PZT WHusnaly

rd‘ih




meAia unfl 3 311

)

20 -

&

Polarization( uC/ cmzl

=

(=

A0 3 =X -0 0 10 20 3 40
Electric field(kV/cm)

JUR 7 usma hyteresis(p-£) Rulanuldlenmeifaesite(0.2p2n-0.8p2T) K figaumgiisine
Inw (a)ATunlneiE columbite (bjuFunlniilndeanled

;ﬁ; 7 WA hysteresis (nezzwinaauniliRoues potarization ve8 rrdoatihei
x = 0.2) MmsweeMgamaiin . azftuinasiatneamia 2 Tunmanmusinifived




meuRia Lmd 3 392

i fls8ifinaTnassumn IauAq remanent polarization (Pr) 1=u'-iu‘§mﬁuqmaqﬁ mriumed
Wty Faaziimeniuinaes grain Tgauugiumedfinn ssimaneselnuidndadu
myansennAReuftesedalnum(14] Wned x0.3 #1 pr sranniieggiiiumed
qqiu 32 lunsdlx=0.1hysteresis lﬂui‘m'ﬂ‘uuuﬁ:qﬂﬁhuﬂqmuqﬁimHl*f‘l25& ‘C 8 nne
Aundflt s 15] ﬂu".i"m'wm'n-i'ﬂumrunu-iﬁmnﬁn:ﬁnﬂudq ruaURlaEdnATnuas
i laBifinmin 1unwmnﬂ4§14imm1iﬁﬂqmuqﬁ 1250 °C fhuamn 6 nasdaatingi

sn-ua-ﬂ'lws"c

s L

=

¥

Polarizationi pCiem=)

;

gd

==
=l ancal

g
i
o

40 34 T a

Elecirie Tebdiky em)

71U 8 unmanRTRINAIEIN A0, 1PZN-0.9PZTirrTiin dlne(®)Ran nusinter
#11250°C (O)Ranzwisinter 71175°C uazia ezl dussfiwion

TmuvrzeilaeiE columbite pU(b)wieulseiiindeanled




aeuils unil 3 313

I BnuigussRvessiindRiinng 1;1&ufw1qﬁ1ﬂ€nlﬁﬂﬂnumﬁa
AT 1 atiwlsfimuninlfulpaassi@naendluned x=0.5 il biundes
sinifuns@RTPZN unagmupisinter axiy Salauiludapzr Feansgrumgfisinterh
HINNG11200°CEB.9, 16] Uz M TusaPZNA Kean equumndR Andnii[1 e s
#7 Faduninend 1250 ‘Cillunar2falisssin\Wasuaugnda Ll fusnfutafea
Lnift 1250 Crlluramedalissmasaannaneni 1175 Cunuda) Fesrnnimmanaawuinden
et ASIGANSA x=0.3 x=0.4un x=0.588 Wi 1200°Catnalsftmmnassiner 4=l
auysaitgrumnDitidmFunsd x =0.1 ussx=0 2Aninnendai1260°Culuann edaliadly

d e ~ X ud
Geulafszdonl¥aunmesssriindRutuutuiiy

(a)

Inereasing

=

PolaristbompCiem= )
B

;

(b)

$

Increaseng ¥

]

el T T T T T
8 -3 -am 1 L] 1] X » a0

Elecaric fickd (kv iem)

21l 9 usmatAn AR Poladzation uszau T INRA(P-E)I8a8 BPZN.(1-x)PZT e
'lﬁt'iﬂu'l.'m'mnhmi'i'ﬁqntnnr.}[ahﬂumrﬂm?uuinum"luu'intﬁﬁ' columbie

pibhrteninuiiiindeenled




nnmiﬂ i 3 314

15191 uanannrsImTET e umRFisRdneTn wssms Inownsinterdl 1 175" Ciily
1aan 2 Falua uATER1250°C Hhwaanedalus

r o | | = £]FIT

Cohmiie icthad Coremwl meihod

[ Py " ¥y
L Th LA 158 Xy L 2] W [,L] Wl
¥ [[F | o1 ' L) (B} A 4 e
X LR ] X nl B3 it | nn byl el T4
i 33 M 13 I g L] 13 Wi w7
s i M4 mnd LKL b | by L L) L

HaNTTimAT Polarization un:ﬁmuliﬂﬂ{ﬁEhmrszH{i-x‘:PzTn-m‘lﬁ'E'wh
raitesiATigausnaRagU 0 Foszidudnd Pr liiAeusrahuusaresfrzneyfinfon T
iz Ec szunnsradle X Ldﬂuuﬁmmmr{ﬂuﬁ;ﬂﬂ 10 us A1 Pr ¥penshiATes
1t columbite a:ganiTiEassHAT uazA1 Ec angmetinduukoiismmmnazgd
38 columbite uanamiuuEIR Ec sasmrinsgafieiuusaniisssuniecaen 1 on
a4 e % Fadu Tusnziian B 71421038 coumbite szamselatiamz x agrswine 0.2
Lax 0.3 asanmethunniseanfesfunamrinrsiieifiend Jusndlfidhui fine
wlisuutinseg® x = 0.2 uaz 0.3 TuAe vhon MPB rwinalasaning tetragonal unz
ombohedral dhazag x = 0.2uaz 0.3 uslunsdianrdnedradundarifarmn s
FAnennlidudadsfunnisiiifangnalfuulsdlFon Fauamadannetun

K218 columbit 9x1ARninlR Fersoeleetric T IRRLT PP




L nerdla il 3 315

i
ful | B
E 44 -
— o '.-—-.-_.
g e P ::' _______ ... g
E‘"- ) -
=11 1 = Uidumbine e thad
A {Coavertivnal msethoud
ll.'-r
f
15
- 4 s
E .,
= 13  Msendocubic
= :
. w R T Tt
:_-.;c. o letragonal s hicdm
I 4 ‘~] . v
] T . - - -
(IR (1N ] ik 114 (1] G
X

rui'-: 10 UWsmIdIPr uas Ecasd xPZN-{1-x)PZTisviind
Tnepal(alduspruse qu(bhdusnEciulReulyifuiux
34 apluantmansl

-nnnﬂnmmnmmmnnﬂﬂaﬂ

1. mneteukaritsrusnaslBsangdnaruas A nd 37 coumbite unz
dlafisnFuno PZN sasdaetfifanianisunslniig muqiqﬂuni‘ﬂi'ﬂ x o
WiwenFand uans miuugoflg gl 900 °C 218 mavFgnivealasaaine
parouskite lulda=ifnudanitinin

2. snerdindiediatoudaeis columbite scdanmunindfouuss
73W913 tetragonal Was rhombobedral 1Admau lay MPB acefrswina x =02
wae 0.3 udnaldvwtnaiiaslidaileninamiindfatraitunfei

- - : i - i
TITHAN 1&L’iﬂlﬂﬂ‘]ﬂﬂﬂ1!lﬂﬂﬂﬂ“ﬂﬂ4ﬂ1 Ec UITIMIINIZWI N x = 0.2 uRs

0.3 uadutinoandesfunaniriinmsifiaifiend(XRO)




al
AeuRa uwi 3 3-16

3. dledl PzNaan sxWenngiinsiume R laigaman Tus rusfinnaiantnai « =
0.1 unz 0.2 JuwmefR 1250 °C Whioen 2 Fabas Sndupeiuninsndaufioi
1t Lﬁnqmuuu'iﬁﬂu

4 #n PrilEsanesidetaais 237 LlinsuReuulaadle uJi'uurh « Tuanusd

A1 Ec azanauils x uiuun:mtﬂm?uuh!ﬁﬂ columbite s 1fqmumniF s

L Ll 'J
TR AnmIn RN E N IATHMLLLE TN A




meufta Lnd 3 317

i LBNANTE384
RELNI
=~
unnz

1 ALl Moulzon and J.M. Herberl, Electroceramics: Materials, Properties, Applications
(Chapman and Hall, New York, 1330},

2 K. Uchino, Sclid State lonics 108 {1998)43,

3 K. Uchino, Fermoelectrics 151(1394)321.

4 V.A Bokov and LE. Mylnikova, Sov. Physics -Solid State 2{1960)2428.

5 T. R. Shrout and A. Halliyal, Am. Ceram. Soc. Bull. G&{1987)704.

6 S.L Swartz and T.R. Shrout, Mater. Res. Bull 17(1882)1245.

7 Y. Matsuo, H. Sasaki, S. Hayakawa, F. Kanamaru, and M. Koizumi, J. Am. Ceram. Soc.
52(1969)516.

B A Halllyal, U. Kumar, R. E. Newnham, and L.E. Cross, Am. Ceram. Soc. Bull. 66
(18987671,

g M. Villegas, A. C. Caballers, C, Moure, and R. E. Newnham, J, Am. Ceram. Soc,
B3(2000)141.

10 H. Fan and H.-E. Kim, J. Mater, Res. 17, {2002)180

11.N. Vittayakorn, G. Rujljanagul, T. Tunkasiri, X. Tan, D.P. Cann, J Mater. Res. 18

(2003) 2BB2.

12 5.-¥ Chen, C.-M. Wang, and 5.-Y. Chang, Malarials chamisiry and Physica
49(1997)70.

13.H. Fan, H.-E. Kim, J. Appl. Phys. 91 (2002) 317,

14 F. Xia and X Yao, Joumnal of Mats. Sci. 36(2001)247.

15.F. Xia, X. Yao, J. Mater. Sci, 36 (2001) 247.

18 J, R Belsick, A_ Halliyal, L. Kumar, and R. E. Newnham, Am. Ceram. Soc. Bull. 66
(1987664,

17 A. Halliyal and A. Safari, Ferroelectrics 158(1094)205.




P
AaUn 4

NITWATEN ANUR wazn1suReulWsees Barium titanate 55N
\32m98 TiO, Bi,O, uax B,O,




ARUR 4
-
unA1
nEANEHATBANGEE TiO, Tu BaTio,
1.4 umih
BaTo, humanfisBifnanadavds  Felhgnlderudrdidininetindattentng
17 nﬂmi-n DT sfne s Tio, (1-5] i{ﬂmﬁﬂﬂnmﬁw‘imﬂnmhﬁm“mn
wgthalafimm msinemnFEnaeeaansAnanddAin s dne lunmasesiteld

Ymiruitus BaTio, il TO, Faufinmusing uhdnerlarsaianagania unsaudd
Wanamantrdandng

12 nImanes
] e T u‘ i = -,
Yomnsiud BaTio, TsedEwugiu wdaiy Tio, Fufiunudie symiwinag

&
AnrlassaFramiagania uasaaniBdana Tanlusunimansaiall




d o
PEUT4 L 1 1.2

ams-umilen 24 Falba

;'dﬂ1 Fumsunimase:




AR u‘wﬂ | 1-3
4.3 HRNITYIRREY

lvinsmsasimrsiansinadnalasmaianniennasafi@ndiagianange
Aarsiludmenus AsiiAe Revivresiuudo noun (B7) @R BaTiO, funsledudn
nmarasRrsidaesfinuudeinmunitifuam 1o, dalun et TN
w1 sinterwudrsauuFouinmusildsannneussled fgungil 1250 °c Taoilrzazms
wUININ 2 $aTua KruntsWdn :r"ln'w"}u.im“-lqmﬂqﬁ 3°C Aeu®i wudrilaonusen
CLL R o FRTT nﬂﬂimmu'l,uu.ﬂﬂuun Jeops W 31,638 Juilu BaTiO, #illarsads
WussumnssinueadepUfz wazarnnaniong BT fusslefudalusmsfu Tio, i
Are uiatldmidiauszien sinter fgungil 1250 °C Ineilrsuznaneudum 10 9lu
faumisWiRrnasiwasrssg il 3 °C deuail ﬁu‘iﬂizduuumnitmmmfﬂtin‘ﬁi
amAdesiLglLn Ao dndilianm BT funsledudounmafani 3
szl 3 Faneeualdid hmﬂuﬂnmtﬁﬁuﬂm 28 vz 28 ° IreninenAded
:l'mmnud’r‘i’gmnﬂﬂﬂﬂLﬁn#mﬂuinmnﬂq Ba,Ti,,0,,[6] Teannsafialkilswndy

qw"i"';q n.l.“.lﬂﬂli"l riaunpiigdnAndntey




moufls 1mil 1

3000 4

2500 - {101}

2000 -
£ EEN CDPS 75-2118
E 1500 -
£  — EaTiDgEllﬂH‘iud

1000 -

(111) 2 (112
(001) (002)
&S00
i}

2Thata
il 3 uemFansiansdoy ndrownssfiidndidmarinuuduslnmusiidums

Sumef

uazilai naFiAsT Fanruaiawse (shrnkage) Wendag 4



AT L 1 15

12.6 -
12.0 -
£ 15+
1 F]
£
& 110
10.5
10.0 T T T - : i i i
0.0 5 1.0 15 20 2.5 3.0 15
BT With an excess ‘I'lll.'ftl_= {moi%)

;ﬂﬂ a4 neuamsfetasreantmmAadauinfnansl Tio, duluesdin BT

s 4 uasalliduindifsuazssammaimfanneunnunrdasasinegm-
AR udwfivessTio, unrfesazrsantmmimduerdiun ssnsadeih hno
2941 TIO, Wy TusausiiMedhafihfuo Tio, i 3.0 molt dufeuncraanimiedaiian
ARRIEETIANN ANuARINAIRERR N s uiuTes TIO, Frlidaiaiiaes
fu SanmAuimeanmesfisesillidudanqsiuinrewnsufDuendn deinmues

AT nﬂqiﬂmnmﬁqﬂmﬁ“anﬁaﬂfhiﬂ nandvindsdsnalidfenazrean swadailé

s o o d
4 iiAendlefinudiufuses T, Wity ursdlsdnlnssabaniiganinseais

Y nﬁﬂudﬂ'l.iil:fﬂﬂ 5




-
AT |

16

(a) (b)

(c) {d.)
rdﬂ 5 uamilaran¥rannagantaTel BaTio, Fidedn TiO, Uirnusiaa : (a) 0 (b) 0.1 (c)

0.4 (d) 2.0 Tusilefigusd

A - - o & X
sangy eda TiO, aTu ssfimnndldln® Sdnruadupliassedaingu

d X Xy . o
TafResfiofifiasu uaznusssannibhinftuin fum 1o, Hd

;h ] L. - - d - "
w1 lummessreuliddisayrad dainsAne e dunsindirs

whaiiludiu




senia 1 1 17

LENATTEE
-l
Faund
aal
ST TR

1.Kirby, K. W., Wechsler B, A, J. Am. Ceram. Soc. 74(1991)1841

2.8hama, R. K., Chan N.H., Smyth, D. M., J. Am. Ceram. Soc.64 (1981)44B.

3. Hennings, D. F. K., Janssen, R., Reynen, P. J. L, J. Am. Ceram. Soc.70 (1987)23.
4.Rios, P, R, Yamamoto, T., Kondo, T., Sakuma T, Acta Metall, mater.46 (1998)1617
5.Lee,B. K., Chung, 5. Y, Kang, 5. J. L., J. Am. Céram. Soc. 83 (2000)2858,

6. O'Bryan, Jr. H. M., Thomson, J. Am, Ceram. Soc 57 (1974)522.




=l
BRAUYIA
-
UNH2
= W e adl
nsANEINATEuwITume IMiiResuTRusEn s asue

a
a4 Barlum tilanale Yias Bismuth

21 uwih

RaTiO, Wlusnferroetectric Hillarsafauin perovskite 1anﬂrﬁlﬁqnﬁﬂmﬂ
AN AN TseREue Ui s Rves BaTio, thidufusmdsd
dnalu BaTio [1-4] ﬁwﬁ.lmrElgﬂlﬁmﬂuﬁﬁi"luﬁui'iﬁtﬂuﬁﬂm’lumrm'mimur
wanamiuLdan iy BLO, Tu BaTio axi W BaTio, navudlufanmadugomgh
knsTlunnmaseaiis Wt BaTi0, Midafau B0, ufRne TR lay
N IEAm Ry BIgemimed TimemiRues ns0Rema
22 MINARSY

Vi BaTio, wasisdan Bi,0, Fefurmunnatunldanugif 1




FaLA 1 2 ' -2

|
RaCO Tio 8,0, 2at%) |

wruneln 1150°C , 6 49l

|

umillon+au

Sirvp

uay PvA usaziBusfousmmunans |

I

Saflnkaumudy |
l
| | I |
wriuwe wrwme o Eriune |
1150°C , & 4Tua 1280 °C , 4 2T 1300 °C , 4 Falue 1350“4:.4{-1114:!
I I I |
|
| I
Ane N LA T I RE L
- sl 1
- ATTHVARY '
& AreAunuRlaEdnen |
- Microstructune A & ity I

' = &
7 1 usmausudsglsursulumsauliunmeaes




waLAs uil 2 23

22 HANIVAREI
whannnrue A i miing Xomy wudui BaTio, Tnudieui
JCPDS 5626 ﬂn&uﬁﬂmﬂnﬁftm"|:.|umuﬂuﬂqﬂiﬂmjﬂ'ﬂmﬁmnnﬁﬁmﬂqﬁlhﬂ
a2

6.0}

58000 4= = T:l-jﬂ

5.6000 4——

:

Deensity (igfem’)

S A0

4 BOO0

1180 2240 1260 V300 (ESL 1380

Sintering temperature ("C)

rdﬂ 2 uﬂmnﬂﬂn-:wiuﬁuirwiﬁaqmuqﬂ'ﬁiﬁumniﬁumwumuﬂmmmﬁﬂuw




nnui'd uﬂﬂ p 24

. - - & = &
azphulddmmnuiussssrmsfudieguepiinsengraulsesarivmudly

. - = =
wundumsLAEBENIN wasdletmulefludnisusinasann rﬂmﬁmnﬂmqmuqu
J
ww ez lhdagUh 3
1E.LKF
17.00 e

16,00

15.00

14,00

Shrinkage (%2)

13.00

1200

11.00

LiEe]] Y ' T

TG 200 1220 1240 1260 1280 1300 1320 1340 1360

Sintering temperature ("C)
gﬂ-ﬁ 3 ur.nqnrlHn"nuﬁuﬁu{mﬁmmuqﬂiﬁﬁmnﬁiﬁmﬂnﬁiuﬂmrunﬂ‘-:wﬁ'umu
ﬂnph"ia wuinluragrunniiniann1200-1260 °C srssiintrundethannmas

- | . L] - ] - = -
M ARssaARdBEURURABRLEN wasdRuaansRo et A TEFRER IR

ArlmiinmEn Rgnanniinagg aslifani 4




| o
AR e 2 25

w0
Lo el
B
03
)
2500 1150°C
; | e
L& ]
.."'I
E 000
E 1300°C

2 WM™ 45 & B TR OB @ 1S ME 125 13 s 185 185 115

Temperature (“C)

J L i L] [ [ o i L]
i 4 usmsmwduiufrzuiguugiieniumediuslagdinain

i - e -.. - . I
snqifia i ladndinanidudeguugiimaengmdsnenadasiunn

ansrAmuashuasdieRasniAzandwud ey ludn.02-0.4 Fauaneinariimdlk
o Weududafuley

o = al - :
Feiamnianiressriinferiunefguwngisine sslidapl 58




nnuii-t m'li' 2 26

zﬂ*ft 6 UARIN MY SEM 18afuauiiundweed 1280 °C




nuu'F'A u'n'ﬂ 2 27

71 8 uamanTIY SEM ediunuierdumed 1350 °C

w - F . 4
aangtl SEM wirifigunpifumssfgesiinmmsandnssiuassnnansuligii

‘1 L] - J [l - - i
@ntieoussgmgfiguasfinnlrngreadafzisadu mvsesfssaiinia widinig




mEuTd umi 2 -8

14 Safassdufntanlummen wilummasssinuinistadesai Wnndulnesanmn
VsiAuiafiAns
23  agdusmameanes
nreaeslldvnnte B,0, adluluFuuRRrum (BaTio,) lnffunu 2.0
arrauilefioud (at%) ulrinimfeudseuugifdlunmneiumeffs 1200 °C
1280 °C 1300 "C waz 1350 'C mﬂﬂﬂnl'lﬁaﬁ
1. [INMFIRAIATIITUIRIY (bulk density) 1Eﬁm1ﬁ:hun1:m1

- x . ad -
Fuwahits 4 wudimannulussiRum e funed

2 Alefisudnimuaia (shrinkage) 1=Lﬁu{unm-qmuqﬂiq"‘mumr
wiwmref uiﬁqwuqﬁgqiulﬁmzﬂumlﬁumﬂﬁqﬁ“nldq

3, sinneTaauRagfinnin nq:ﬂli-iﬁuﬂuﬁdwm?mﬂw
qrungived Helefinaindiing (relative permitivity) SR gean Wlosnd (cure
point) yfigampiiRtafufe 136 °C unsiuruiiialeMafifuindgn Asturd
druninen o gomgifumefgega usssliiuiinmseniusefgomgiigandmasitlild

ArleBln ARG MnEgandn HatDumszaramniiigadu




PEURA LA 2

LS NATFRAEY
)
AaUNd

il
w2

1.G.A.Smolenskil, V.A.Bokov V.A.lsupov, N.K.Krainik, R.E Pasynkov, and A |.Sokolov,
Ferroelectric and related materials , Gordon and Breach Science Plublishers New york
(1984)

2.J M Herber, Ceramic dislectric and capacitors, Gordon and Breach Science
Plublishers, New york (1985)

J.AJ. Moulson and J.M., Harber, Electroceramics: Materiats, Properties, Applications,
Chapman and Hall,London{ 1550).

4.J Nowoty, Electronc ceramics matenals, Trans Tech Pubdications, Brook
fedd VT(1992)
5.0.8abun, J.Phys.Soc.Jpn. 14(1959)1159.




mauT 4
U3
-l al .
nsANEINBYe4 B0, Rildenmmulisuiraues Bs(Ti,Sn, )0, ceramics

3.1 umiq

nﬂuﬂmuﬁuiﬁ"|qmnuﬁ‘mqaaﬂu,rmmﬂi‘uﬂ;41£'Enumn'f1m:ﬁ'am‘ld[1-
NnsanisativBanindazusssn sy B.uﬁr:l,&u st ladidnainuasin s
nsiRsuafifneos broad FonnnsodmmumnRduhndendfetrentrsadu
il ouigumgiinhaduliuuseihslnumniiees satio
Tuunszurunansios ﬁquﬂqumiqmuqﬁmmlcmmmﬁmmmer srfedusante
srtamendadiedpnillifin e Bi,O M Wmenaniy BaTio [afletaninuas
AmwmsiiRsine Jovuidlinormitoufefumslardioelunsd Ba(Ti,,Sn, )0

wrdind lurpeuidansinmunss B,0, AfsentmlRnuriares Ba(Tl,.Sn, )0,
ceramicsa B,0,fiflus rianuaiiawils

32 NTTMRaRs

mneTuuaeaetrai 38 Soid Stats Reaction Feersikunsruaumsl
sz unsuanladuasiumed neusdunef sefunmduiaindussfiynjuseudag
asiBnauasu n I AiATsdiAoniE X-ray diffraction un:wi'ﬂm&uﬁﬂwmiuzﬂﬁLHu
disudri e furefudinasmudiremnsenamudulivgss  Samsutoufeta
aqldapis




H -
rEURe LA

3-2

PRO z0, O, Mn0,
L § i ]
|
uAu+umIun
I
T

|

wralnl BO0°C, 2h
|

undeukomzunraluseu

I

Aumrzvifon Xy
|

ﬁ‘mlhvnu-lh

wriamedi 1100°C, 2 h
l ] I uRARTCAE PET fnluseu
Jm e in
X-ray I i
Shringhage SEM dessity
uam T PE Fan Xylene
mnuls
Foedmhauciy
[ ]
I =1 |
AR TmAn dv A
dhmiacinic a, SEM density

il 1 Fumsunasfousaninenng




-l =
REUNS 13

33 EHaMTRaER

-
HENNT X-ray uamaalufi 2

suaas

31333

——

—T 1
@0 =1

&=
B
EF

=
2
Iﬂﬂ.? uamamnFrufrusanis XROD 18387 8T Ridsusshilideas 8,0,

WM BT2 Aa BalTi, Sn, )0, Fifiu B,0, 0 with
BT3 A Ba(Tl,4Sn,,JO, fifin B,0, 0.5 wi%
BT4 Ae Ba(Ti,,Sn, )0, M B.O, 1.0 wit
BTS A Baf(Ti,,8n, )0, Mfis B,O, 1.5 wi%
BTG A# BafTi,,Sn, O, Hif B,0, 2.0 wi%
q"tnr.Jﬂ 2 h'u-:hnwm'u"li‘ﬂnﬂnhanﬁﬁueaﬂﬂl:ﬂuﬁmﬁ'mﬁunuﬂq ¥.7u wasAmuss)

uazEamu AT rs s A e flelinndens B,0, nafaui 3




nau'l'fLI m'rin"'a 3-d

57
565 f
56 4
555 1Ee
55
545 £
54

Density (g/em’)

1 15 2 25
Ba0y (with)

ltlﬂ 3 uamsmanduRufsswinssamuuiumn B 8,0, fidi

uanisdanausaidie i 8,0, #tﬂmhq iy -t:lﬂuiapj-ﬂ 4

LT RL L EL L ERERE IV AR B 12513 7% Fennasdnieudiedi
i B,O, i

21 4 unmapouBuizwinalsfidudintmniain A 8.0, Fdis

nanA nRnT s fe s muiTsrsanruas ST sdnaadiedioy
fumeuntalilfidenns 8,0, ssliluansiwr B,0, ilualfudinas@ulnreaunslfidin




- -
AU U3 *5

venuazlunsin B,0, wnazfiusrimiunnnisessdeaiueantsine s
A 6-10

‘. - L i £
rdin‘ 7 usmaiutdofunefndatrdethaSadanans B,0, 0.5 wi%




AEUT4 13 346

;-din‘ 9 usmsiufnTunefesesinete@eRouan B,0, 1,5 wi%




mefla w3

7

ph": 10 wamsiuiiniumefieinsfeiadadonans B.O, 2.0 wi%
nsdnmeessafhon 8,0, AseAmTlaBdndn nmanesiasmuiai
naitlaBinsinacirnanuasiifnene bosd WadinufuneuitdiliBeaedaui
zﬂﬂ11141.'t'm::l.ﬁnﬂnmwmmluﬂﬂnmﬂumnﬁmﬁu"t:u E?D,.mniuun:mﬂi
Enﬂjmumnm!ﬁﬂﬁtﬁmﬂni;mJuiumwnﬂn'&uuﬁ':uﬂwmuqﬁmnﬂi"uunmu:mn
Ferroelectric phase Wiy Parselectric phase szl 37, 38, 39, 40, 41 °C swdy

- L - .l' L - e
rRediuwr ydsswunudnioodenning s

[ 5 T
A
1000 =
E —~— BT-820305%
B o
E ¥ ET-B2031.0%
[
* -BT-B205315%
a0
==— B 7-8203 2 "%
.-
LI T T T T 1
| ik 1] L2 108 e LT e

Temperature (°C)
W 11 usmaAMANAUSTZWI AT Dielectric constant Uyl




ﬂuuﬁ# u'ni"c:! 3-8

34 Afluansvnass

1 lumsmARe UMM NN TWIEIANTRE NIRRT IR (Density) wasATNE
wniT (Shrinkage) -rmmrﬁu SN nnm-nmiﬁihm*mumuﬂm:ﬁﬁmnm;ﬂﬁﬁ
nsidea T B,O, unEmud AN R TuTTA AR nion

Emwﬂinmtnﬂﬂhf:ﬁnnmn&u asfainmduimantesnsy (Grain) szinnudled
wnde 8,0, aalil fnfinii@eadiiuiliunn nisseanmullasinunsanaan
Fon Sausmvienrdes sl fudimniuinresnnil At

3 nndsdan B,0, swiiilidadladidnainanss fafnaiideaduildniutusng
VRN GFTLRETEE

. - i 5
asnnrladdnmmuirgumginmRrusosssivnudeamndelusesnniu lay
dlaide B,0, dluiffui 0, 0.5, 1.0, 1.5 uas 2.0 with iwmuqﬁnmﬂimmw“n

Ferroslsctric phase TWi{lu Paraslectric phase szl 37, 38, 38, 40, 41 °C AAAU




- PRT k) 3.9

VENATRY
™~
REUNL
al
unwia

1, D.Hennings A Schnell, and G.Simaon, J.Am, Ceram.Soc. 65(1082)539.

2. K.Toyoda, F Takana, T.Kata, and Y Sakabe, Ferroatectric,93(1989)335.

3 J.N. Lin and T.B. Wu, J.Appl. Phys. 68(1990)985

4. 7hou, PM.Vilarinho,and J.L. Baptista, J.Am. Ceram.Soc..82(1999)1064.

5.¥-L. Tu, J.M Herbert, and 5| Milne, J. Mater. 5ci. 23(1968)397T3.




=
REUY 4
=
U 4
. - s - -
nTRN¥INATRINS Annealing MHABAMANTRLTANAEBILND

4.1 aArntusnisnge
Tudsqriunuiufonaslisusssauifotfislnmn o Pb,Ge,0,,[1] S
qrAnmsiRreauiafangn usatiralsfinnslunatusuntsfnesudufies Gufiusan

3 .
mnmmninug wesdenaiosmm AnenlumimesssSalifnmaees:
Annealing [2] TiflieAusuiRdEnarewi

4.2 MTYIRAR

vufaumiante Annealing WRmumgiiAia] wklnauinisiAY strength ATNAN
naa

Ge F e use L dumnsenorsswissfio d dhadushaudnarsrsauriauis smiuius

winnAnenlarsairnganrrearauin fundasgantead




o PRt T 43

4.3 HAMITNARDS
4 L - L= - L -
dlemnisinufn udnireuinuwiansEnnlasabmosans nudilduadag

(a) (b}

{ch M irror

1101 1 usmsraeinanaudaiideulansensne - a Wilnanen b 300 'ccaso'c

singu wudrlarsadanagaanesnnsoutadu 3 wou Aun Hackel, Mist ez

. RN |
Mirror RTS8 U84 mirror wBnunsfunsadn axldifaqd 2




e L 43

Size of mirror {um)

120 130 LL1] 150 1] ¥ (1] a0 i
strength (MPa)

zﬂﬂ 2 UBAIATTHANWUETSWINTUIATES miror WREAT strength TRIWAWL

w*m;dﬂ 2 wudadlesmunees miror Sarsduiudiu strength Tl strangth

RN TUIRYES miror SEAART FafanTud ugowHn e

4.4 sl
gumpiimseniisadennlfnipsusnifdnseewt deﬂmwmuqﬁﬁu
A" strength 453l s Jadussursannisen Wumsinideunwismiaufannn




FAUTA LA 4.4

LENENTE4E
n'a'uﬁ 4
Ui 4
1. K. Pengpat, Ph.D. thesis, University of Warwick,UK., 2001
2.J.E. Shelby.Introduction 1o glass science and technology, The Royal Scociety of

Chemistry, 1997,




=
ABUN 5

meih PZT wsfinidszendldanuilusinnmsiiueamials




|
AEUNS

nisdsegnAldPZTdmiunsmssdaisniile
1 umidy

TuanAfudndlfinsduty uagnin el mwirisnrruessiomed aocfnony
mand Limende@ee In '[numm:vaﬂﬂaﬁu‘lummmummnhqu '!qﬁﬁﬂmu‘hm

1.1 wannmsUuRin@eandls
Wbandin pz1 uhwkdadygnd lsdainiedn o 1nd1ﬁuﬂmm1mﬂ1’lﬂn
viu wihen deile uszrenme i Taodle PzT Wudyooniils Sussusady

Aeyryinulria ﬂm"f'uﬁﬂiﬁirurmmﬁaurﬁmﬁannamﬁmmnnuwﬂn&u uinindng

- . & )
aesfamefiRetufings Talunwn mnisaa sl

W99A19 +—»  Computer

g

U7 1 sruunistmdaeinlsussmniuiindes

1.2 \RTRIRBHNTIABINT

. 4 o
n-ﬂuﬂmﬁfﬁﬁ:naﬂﬂmuﬁmﬂmmnfrmﬁmrl"mq:ﬁwﬁn'ﬂuhmmn

., o . . "
sehdayalAnthadailies Tave Aurruudafiflssaninom g 8% T ledndmFurzun

o u > rJ
rruursusinaas nefmaunuiteiGuniivefmfumes T wnrafulayaldiia: s On

Twaamienn fiu




ol
Afun 5 'y

dwiulummaasssi sl irsfomeiilulasin o ass Burnaomy
™~ = - a - -
Wien 1 Al 2 Taedimosdesrzundsdesinn 100 winz@fed uscaniaees

- :.. &
ilariwrsameflrzyu 133 wns@Efmdivdueataurronnauldudo

71l 2 pesfowe AT A lunmaRes

1.3 NEURRTTRTURE AR TN TRIATNDIAEAY
nirﬁ'ﬂﬁinLiﬂanﬁuLiuuﬂ'fh.r'imHwﬁtﬂwrﬁuﬁﬂL‘ltfﬁ;ﬂﬂ 4 (e

ot 4 : = NI
AINTHARBLUAUBIAILIUIENIM 5 — 1,000 Hz wasiivuiedn arrronasAnuladlae

g gt Wl sssatsinraladlA




P 5 3

Rq
12k

E fﬂ

.J i i
71U 3 sensnsaspmiifitunnmiuiiseme s 1
1.4 wavlAuad

varAuafasdlufdanimariuiinfvadole ussssFuneenuiginie Fafld
mufiadns 1uilf|1:1.fluﬁghLim'lI"ﬂmmﬁ'ﬂ-:u'lufﬂ“qmﬂnnﬁ.luﬂ'ﬂ::ﬂ'u Tanazdlunng
denuiaaete wescquanriufindeaitlsrssdihona bnuAld Jsssvuineglup)
saaudndaysiad (Wave file) unzTirunss fazfinqslv arfaymBuainladludanTes

- L & J
e IREfNauamInasUna iy dnaenan

2 dnmlszssanisidn
o danhueasfuuuuniniuitn@vei s lnenaufome i miuunme
UssaniumuAtuate q noslulssmn
o nawnumsitdisdiaunmdsansnalssne

J L L - J -,
e wevueArilunmiasenslunsfuunmeeuidfdufulinreuld

s WennilrstiruaFoufiruntsres e de e

3. HAMTARES

s1nusean193dy asareda dufin@eadials unzusranssenunlugleed
d - y o8
nrdnfissasufineefluplnranlnrfussafioainlald lanFuedduneundanes




-
MEWUT 5 4

Reyoy o Aedyoyadmadnssnlfussadty mwmﬁqzﬁ 4 Imel¥dman198u | Sampling
rate) 71 22.05 Aladsnd uazd e AR luplesaninefdoaials (Soealanil) aan
mmeseslfusnauausadauivesitusaiuaz, ssravnodoyoyinieylugaa10 - 800
Fnd whazihudafiao w80 - 00 Bfwd i:Iﬂ'T'-. 5

Tugif 6 {a) lunmiresnlnAfuuuuesnng (Octave) WeArmszmanlunig

- - - -l -
frusimatlmeranfinmed dwfupld 6 o) dunsussssdnuuumiisifidneusadn 4

I- s, i
T waLLY 2 1F

pjﬂ 5 auwlnafuaruiveadosiale




I'quiiﬁ o

(b} usmadoninlsdluanlnafudnmme 2 38

s nmdemuUnsfiminwisussamame




rEUR 5

= ' - il W e
I'lJ"ﬂ TR ITEREREUWIIRETNMAILARINES

4. apunsian

unarHiasimusdsunas R us s un rudRaaeddeiu Tiuwnd
annroRadsai lalauady o nluplesanmnrminlusen mesufiamed awnrouans

uasgnuufluntidiaarsis sulnrfirsasnd nuifuisfidulsafsorouanaaul®
msfudaBuasiminlalé




Output MAanlAsanie

1, HANUIER ARV LT TENT I T NI TS ALUTLN N

1. G Rujjanagul, S. Boonyakul and T. Tunkasin, Effect of the particle size of
PZT on the microstructure and the pezoelectnc propenes of 0-3
PZT/polymer composites, Joumal of Materials. Sclence letters,
20(2001)1943-1945,

2. T.Bongkam, G. Rujijanagul and T. Tunkasirl, Microstruciure, Piezoslectric
Properties and Phase Transition of (Pb, ,Ba, ,,)Zr0, Ceramics Prepared by
Solid State Reaction Method, Ferroelectric Letiers, 20(2002)105-115.

3 C. Puchmark, 5. Sirisomboon, G. Rujijanagul, T, Tunkasiri." Effect of
sintering temperature on phase transition of Lead zirconate ceramic™,
Current Apphed Physics, 4(2004) 179-181

4, M. Vittayakom, G, Rujijanagul, T. Tunkasir, X. Tan and D.P. Cann,
“Parovskite phase formation and ferroslectnc properties of the PNN-PZN-
PZT termary system” Joumnal of Matenals Research, 18(2003) 2882

5. N. Vittayakom, G. Rujijanagul, T. Tunkasirl, X, Tan and D.P, Cann,
“Influence of processing conditions on the phase transition and
ferroslectric properties of Pb(Zn,  Nb, O, -Pb(Zr, .Ti, )0, ceramics,”
Materials Science and Enginearing: B., 108{2004)258-265.

6. C. Puchmark, 8. SBirisomboon, G. Rujijanagul, "Effect of Sintering
Temperature on Phase Transition and Mechanical Properties of Lead

Zirconate Ceramics T. Tunkasini™. Ferroelctnes Lettars, Vol 29(2004)105-
118,




Output Flkanlazane

" L e e L] bl
2. HE U IR U AR UN SR LT URAS AR LU s s S M T AU

i

Theerachai Bongkam ,Gobwute Rujijanagul,and Steve J. Milne “Effect of
Excess PO on Microstructure, Physical properes and Phase Transitions
of (Pby B8, ) Zr0, Ceramics® (submitied 1o Matenals letters)

N. Vittayakom, G. Rujijanagul, X, Tan, M. A. Marquardt, and D.P. Cann,
“The morphotropic phase boundary and dielectric properties of

APBIZr T, }O, < 1-x)PBINI, N, )0, binary solid solution™(submitted to
the Joumnal of Applied Physics).

Preuksa Aulsul, Supasaroie Muensit, lanl Guy, Gobwule Rujijanagul, and
Tawaa Turkasis, | Piszoalectrc- pymer compositrs for detector
applications **

winmwe TRuuudunirepnt was manuscriptlwnintunudn

3. mamvens st lunsdsegusz v TR

1

A. Teeraphapvisatpong, G. Rujijamagul and T. Tunkasiri, The Effects of
Sintering Temperature on Bismuth-Doped BaTiQ, Ceramics, Proceedings
of the 3" ASEAM Microscopy Conference, 30 January —1 February
2002, Thailand.

U. Tunmanee, G. Rujijanagul and T. Tunkasiri, Effects of B.O, on the
Propertes of Ba(Ti ,Sn, )0, Ceramics, Proceedings of the 3° ASEAN
Microscopy Conference, 30 January —1 February 2002, Thailand

N. Vittayakom, G. Rujjanagu! and 7. Tunkasin, Effects of Carbon on
Properties of 0-3 PZT/HDPE Composites, Proceedings of the 3™ ASEAN
Micrascopy Conference, January 30 — February 1, 2002, Thailand.

N. Vittayakorn, G. Rujiianagul and T Tunkasini “Effect of Carbon on
Properties of 0-3 Lead Zirconate Titanate/Polyethylene Composites™, 1"
International Conference on Malenals Processing fro Properties and

Performance 1-3 August 2002, Conrad Centennial Singapore Hotel,
Singapore.




Output Ak nlazanty

5. T.Bongkam, G. Rujijanagul and Steve J. Milne, *Effect of Excess PbO on
Microstructure and Phase Transitions of (Pb, 4,84, ,,) Zr0, Ceramics” 2™
Intemathonal Confermece on Materials Processing for Properties and
Performance .Oclober11-13,2003, Yokohama, Japan.

winewe LAuuudniirepnnt uas manuscript) lunmsuanuda

¢ msavanaITtlumnlssguse i

1. N Vittayakom, G. Rujijanagul and T. Tunkasirl, Effect of calcined
temperature on phase formation of ZbMNb,O, and ZrTi0, , The Second
Thailand Materials Science and Technology Conference: Malerials Science
an Technology for & Sustainable Development of Thailand, 6-7 September
2002, p225-226

£ C. Puchmark, 5. Sinsomboon, T. Tunkasii, and G. Rujijanagul,
“Preparation and Properbes of Lead Zerconate Ceramics”, 20" EMST
Annusl Conference 20" EMST Annual Conference(The Twentieth Annual

Conference of The Electron Microscopy Society of Thalland, January 28-
31,2003 Bangkok Thailand) TalA3uT1a¥a Best poster Prasentation 2003
Material Science 3" prize

3 M. Viltayakorn, T. Tunkasin and G. Rujijanagul Microstructure and
Properies of xPb{Zn,MNb,, )0, —(1-xPb (Zr,,Ti,.}0,". 20" EMST Annual
Conference{The Twentieth Annual Conference of The Electron Microscopy
Society of Thailand, January 28-31,2003 Bangkok Thailand} FalATuata
Best poster Presentafion 2003 Material Science 3" prize

4 “W.Walunplan, G. Rujijanagul and T. Tunkasir, Microstructure of Barium
Titanate with Excess Titanium oxide”, 20" EMST Annual Conference 20"

EMST Annual Conference{The Twentieth Annual Conference of The




Output RAnTAsany

Electron Microscopy Society of Thailand, January 29-31.2003 Bangkok
Thaitand)

3 W.Chavengchaiyong, T. Tunkasiri. and G. Rujijanagul, “Effect of Annealing
Temperature of Fracture of Glass rods”, 20" EMST Annual Conference 20"
EMST Annual Conference(The Twentieth Annual Conference of The
Electron Microscopy Society of Thailand, January 28-31,2003 Bangkok
Thailand) FalaFusa¥a Micrograph Awards 2003 LM: Materials Scisnce
1" Prize Fracture Surface of A glass Rod

&  Bongkam, T. Tunkasif, and G. Rujijanagul,"Properties of (Pb, Ba, ,)Zr0,"
20" EMST Annual Conference 20" EMST Annual Conference(The
Twentieth Annual?. Conference of The Electron Microscopy Society of
Thaitand, January 71-72,2003 Bangkok Thailand)

) el i
5. nﬂnﬂniuq YILNETHES

1. Widvinenslumsfionnde:  Slnivmsrinddised iy Tuids
Fas senunnluTimsrdniu u deRENd Ansinurmnand sviimende
Fualusl sewinefuf 4-5 Munney 2548

2. VWivdimensluntsfismndes wrifindlugramnssueded e
admmind o medeREnd  enciveiaeef s iveodndoslu
rewinduf 30-31 Bamimu 2547

3. dunsunslumsiafisnmdnnsies  inlesmesdufiaiisivadon
anmuuuRfnnuszassnme il lbifnsfadudouesy Sl 27 faeau
2547 (U TunaHmRen 8.1 s 10309l

4. dunrrunrlunrafsnnssAunn R S8 SmanMats-04 Fsasdnliil
Fuszwinefudl 13 funnen 2547 oy Sawdmdnalagd

2 s 2 ; -
5 dhalrswidinsweainAnmssiinFrgend o 3 su fis

51 wwErde vanasol

52 uwwurisld Sneng




Output AlHsnTasants

53 wnaIINWYT FTun

6. hnlszenifinersainAnm sefufryrinduon 4 au e

6.1 wwrmgns aspfifvsisuntsfneuda)
6.2 WA TIATIANE SRuNTI

B3 wwinda madte

B.4  wHAgT wegniraaunttAnmuia)

651478

1. Besl poster Presentaion 2003 Matenal Science 3" prize wWaie
"Preparation and Properties of Lead Zerconate Ceramics®™ 20" EMST
Annual Conference(The Twentieth Annual Conference of The Electron
Microscopy Soclety of Thailand, January 29-31,2003 Bangkok Thalland)

2 Best poster Presentation 2003 Materlal Science 3° prize luvada
“Microstructure and Properties of xPb{Zn, Nb, )0, ~{1-x)Pb (Zr,,Ti, )0,
“20" EMST Annual Conference{The Twentisth Annual Conference of The
Electron Microscopy Society of Thalland, January 29-31,2003 Bangkok
Thailand)

3. Micrograph Awards 2003 LM: Matenisls Science 1" “Prize Fracture

Surface of A glass Rod"20" EMST Annual Conference(The Twentisth

Annual Conference of The Electron Microscopy Society of Thailand,
January 29-31,2003 Bangkok Thalland)




NIAHUIN N

ar F= 9

3 =l - s
Reprint HAUIBNANUN LUITAISITINISTLAL
VRTRT BT




Ferresiorrers Lewrs. 200 Vel S#A—ioa pp BE-11%
BRMIRE dvadlalve (0 11t e m s

Py e g prerrerdd Bp aonroe e
a8 5 PO

0 AL Tavlew' & Francis
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1Pty oy Bl g} Zrlly ws prepared) vin the sodid st rencticn method ander venious hese
iresmani conditone. MicrosiroEum, peroaleciric propertiss sed  plese  mansitions of
P o By 4 Ty e sindied]. ey e of e sarmplest a5 in the range of 0.5 10 1.3 pm. The
ity values of the somples ar= i the range of [9-I7 pC/N whille the plamar coupling coefficieni
&y s wbowt 0.3 for all samples. Astiferroelecirie o lerroslemne phase ensition was found In
sarmpns me-calcined & 850°C and simtered at 1325°C and 1350°C. Heoraever, femeleciric o
ismpersre siightly incresse: s the sinering semperseurs moreases. This cin ke pbdated i the
charsceesiation of the praine @ the cermmics.

INTRODUCTION

PoZry (FZ) is an antiferroelectric ( AFE) moterial which hes an orthorhom-
bic strozure with Intice paramesters a = SATA, b = | LT4A, ¢ = B.20A
sl room temperature. The phase transition temperature from AFE phase
o paraekectric (PE) phase (cobic phase) of s maienal & aroond 230°C,
The relative permiftivity of the PZ ceramics is shout 100 at room lemper-
mmure and it shows & sharp macimum et the Cune poinl temperature [1].
This material is pood for energy stiorage application. First characterization
of the PZ as tha AFE material wis done by Sawaguchi e al, [2] in 1951,
Afer that, many suthors have stadied ils properties and med to develop
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methods for synthesis of the material [3-8]. It is well known thai an ineer-
mediate phase forms when Pb sites m the PE are partiaily replaced by Ba
ioma |9, 10]. The intermeediste phase berveen the AFE and the FE phase
in the (Pbi_.Ba, 1Zr0, system is a ferroelectric (FE) phase. Bacause of @
large volume change in the phase ranaition, modified PZ iz selected as &
candidate material [or energy conversion. Shirane [9] found that the: AFE to
FE phase mansition in the (Pby_; Ba, }Zr0y (PBZ) system did mot occur until
r exceeded (L.05. However, the existence of the AFE phise a1 room temper-
pture depends on the amount of x and the method of preparation [10, 11).
Furthermore, many authors reponed that as the Ba jons in (Phy., Ba, J2rDy
increased, the Curie temperature of the PEZ shified o a2 lower iempera-
wre [9, 12}, Recently, Pokharel and Pandey [11, 13, 14] have smdied phase
transitions of (PhggBag a)Zr0y(PBZ10). They prepared the FBZI0 by a
chemical roube 0 engure 8 homogensous distribution of Pb and Ba jong.
They found that the AFE-to-FE phase transition i the PRZ10 ceramics =
not fully reversible, The earhier researchers [12. 15] prepared PREZID by
the conventional zolid state route. However, the AFE-io-FE phase transi-
tion wes ol found in their samples. Properties of the modified PZ have
been siudied by many anihors [11-16]. In the case of the PRELD, Shimme
(9] found 1hat the AFE-to-FE phase ransition occurred at:the: iempersiore
of about 140°C, while Yoon et al. [12] and Ujima =t al. [15] did not find
the phase transition. However, Pokharel and Pandey [11, 13, 14] found that
the AFE to FE transition emperatore 15 114°C on the heating cycle. They
suggested that disappearing of the phase trunsition in the previous works
mght be due 1o the PbO loss during caleination ar 1000°PC in air, Evalution
of these pheses and their reversibility are of so much impontanee reganding
1o their physical properties. Heat weaumen! procedures can greatly affect
the phase evolution on other lesd based compound [ 17]. Although prévious
researchers have investigated the properties of the PBEZ10 ceramics, the ef-
fects of heat treatment on microstructre and plezoelsctric properiies of the
PBZ10 ceramics are not clearly understond. Therefore, in the present work,
we studied the phase evolution, microstructure and plezosleciric propermies
of PBZ 10, affected by heat trestment. Two steps of calcination st various
femperahmes wene cammied out, prior to smiermg. PEELD powder was ob-
tained via the cooventional solid sise reaction method. The firnl calcin-
ing tempernure was 750°C, the second calcining temperatures were: 300,
850, 900, 350 and 1000°C. Influence of the different sintering (=mpera-
fures on micTostructure, piczoeleciric, and phase transithon properties of the
PBZ10 was studied, The results were discussed and compased to the previous
woThs
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EXPERIMENTAL PROCEDURE

The conventional mized oxide method was employed 1o prepare the PBZ10
powders. Commercil powder of Ph, BalCDy, and Zry wem miined
together. Afier hall milling in ethyl alcohol with zirconis grinding media
for 24 h, the suspensions were dried mnd the powders were ground using
an agste moriar and pestie into a fine powder. The crushed powders were
calcined at THC inadr fior 6 h. Recalcination was done at B30-1000"C for
6 b, with a step of 50°C, and then grinding wes done once more. Binder
(L5 wi%e of PYA) was bleadad with the calcined powder o improve the
compaction behaviour, The powders were prossed a1 40 MPa into cylin-
drical pellets with 15 mm in dismeter and 2 mm in thickness. The pellets
were then sintered at various temperntures ranging from 1250°C o 1350°C
for 4 h. The heat trestment conditions are shown in Table | ln onder to
minimize the loas of lead due o vaporization, the PhO stmosphere for the
re-calcination and the sintering wis maintained using PbZr0y an the spacer
powder. Weight loss due to vaporization of lead escape at high termperntures
wis evaluated, The microstructures of the powders and the sintered samplea
were exmmined using scanming electron microscopy (SEM, JEOL. B404A),
The particle size and grain size were measared on the SEM photographs,
The phnse of the calcined powders and sintered samples was deiermined
using a diffractometer (Bruker DB ADVAMCE & — 28). The density of the
sintered samples was meastired by Archimedes” method with distilled waler

TABLE I Heat sreagment consditions and piczoslecivic
propeniss of FREZ10. (Firt calcinmion emperatun b

THFC)
Heat trensmmem conditions Fitzoebecinic properties

fSecond caloinmion fim=ning

inmperatnnes (0] mperanees (T dn (pEN ks
iy 1325 19 %
B50 1250 i1 0.3
RS0 1375 k1) i
830 300 pr) 30
150 1323 % 30
L] 1330 n ]
B50 1325 19 030
Lt 1528 n 030
W50 1325 Fl 0,30
LKl 1325 4 037
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a the fluid medium. The phase wansition wmperatures and enthalpy ( AH) of
the phnse tranditions were determined by a differential scanning calorimeter
{DSC. PERKIN-ELMER DSCT). By using the DSC, the PBZI0 ceramics
were heated up from room sempemitire to 275°C &t & mie of 1°Cfmin, held
ut the final tempersture for 1 b and then cooled down 10 mom temperare
at & rate of 0.5°C/min, following the conditions of Pokharel and Pandey
[11]. The simered sampbes were prepered for slectricel property measure-
ments by first polishing and then gold spunering o6 o the clean pellst faces.
The poling was done conventionslly, in silicons oil hath at 170°C with a
field of 23 kKVfom. Afier poling, the ¢33 cosfficient was measared using
u ¢y meter (Piezometer System Model PM25), The planar coupling co-
efficient (k,) was determined using & Hewlett Packard 4149A impedance
analyzer,

RESULTS AND DISCUSSION

The XRD pamerns of the calcined powder and the re~calcined powders are
shown in Fig. 1. Trce of BeCO, appears in the diffactograms of the sample
calcined at T50PC. At higher calcinasion temperamres, single phase of PBZ
was detected in this work, showing similarity the resulis obtained by previous
mmthors [11, 13].

Figure 2 shows SEM micrographs of the powders obtamed under two of
the culcination conditions, 850 md 1000°C. The particle size distribution at
ihe lower calcination temperaiure is more uniform than thai of the samples.
calcined 1 the higher temperature. The particle size and the PbD weight loss
a3 & function of calcination femperatore are shown in Fig. 3. The paricle
size increased with incrensing the calcination temperstone a3 expected. The
weight boss due to vaporization of kead was found to be 0.42% for the sample
re-calcined gl 1DMPC. Figore 4 shows SEM micrographs of the sintered
samvples in diffarent heat treatment conditions. For the samples calcined m
E50°C with various sintering temperatures, the grain size slightly increases
with incressing the siniering iemperamre. Oradn size ol varous sintering
temperaiures i shown m Fig. 5.

In the present work, we measured the trunsition emperatures by DSC
The heating and cooling were performed with the same conditions &= that
of Pookarel and Pendey [11]. 1t wis found tha the AFE-10-FE ransiton oc-
curred for the samples re-calcined at 850°C and sintered st 1325 and 1350°C
o 157 and 161°C reapeciively. However, the FE-10-AFE phase irangition
could not be observed on the cooling cyele in our exmples.




Figure 1. X-my diffraciograms of FEZI0 powders firing a2 various iemperaimrss:
ia) caloined a2 T50°C, (b) re<cubcined wt BOOPC, (c) re-caleined &t 830°C, () re-
calcined st 900°C, {2} ro-caboined a2 950°C, uai (T) re-calcimed ai (00T

The calcmad powders thal we prepared weme re-calcined a1 iemperamires
below |100°C. The somples re-calcined st RS0PC were well crystuilized.
In this condinion, the PHO loss during calcimation was 034w, More-
over, sl higher sintering temperares, good compaction of grain and good
cryswmliization were found, and the phase transition was obeerved in the sam-
ples. The FE-to-PE transition tempersture was |E7-190°C. This transition
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Figure 1. SEM photographe of PEZI0 powder re-calcinsd i (5) 830°C and

) D00FL,
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Figure 3, Particle gize and PbO weight loss of PEZ10 powder caleined ar various
iempersiares: (m) particls size amd (o) PhOh weight beas,

temperature slightly increased with the sintering iemperamre, 25 seen in
Fig. 6. The PE-to-FE transition iempersture is also shown in the same fig-
ure. The AH during the phass rransitions was messured from the DSC peaks.
The &Hs of the FE-t0-PE phase mansition and the PE-to-FE phese mansition
increase with increasing the sintering emperature as seen in Fig. 7. High
AH in the samples sintered af the higher temperature was observed, probahbly
dus o good compaction of the grains ul the higher sintering ismpernimes,
Furthermore, the density of the ceramic samples is igher at the higher sin-
tering temperate 51 seen in Fig. 5. Liand Shih [ 18] studied tetragonal-cubbc
phase transformation of BaTeOy porticies. They found that AH zs a function
of particle size was proportional o chster size and incressed with incress-
ing the particls size. They concluded that the stabilization of the etragonal
phase in the smaller particles was caused by clustering of the BaTWO, pasr-
tiches. This implies that the charactenstics of particles and proins hove an
effect on the phuse mansformation behavior. Pookarel and Pandey [11, 13]
have studied the FE-10- AFE phase transition n PBZ.10. They did not find the
phase trensition in their samples. However, their X-Ray results showed that
this trangithon was nol fully reversible on ihe cooling cycle. In the present
work, our DSC resnlis agree that of Pookane] and Pandey, though their resulis
were pheaines] dieleciric measuremen.

In onder to study the prezoclectric properties, the dy; and the k. coefficient
of the sintered samples af room tempersture were measured, The resalts are
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(b)

Figore 4. SEM pbomgraphs of sinlered surfaces of PBZ 10 cerumics re-calcined o
B50°C and sintered a1 (a) 1250°C and (b) 1329°C
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10-PE phase tramsition and (@) PE-to-FE phase transition.

ﬂmminThHel.Thdnﬂliﬂmfnmihhwdlﬂﬁ-Tlﬂiﬂ.
while hk,uimcnmhhmuj-hﬂlmmm
that the dy; value of (Pby1Baq )20 (PBZ30) was sbouot 65 pC/N, and it
is 10! pC/N for PZ. Because the PBZ0 is & ferroelectric matnrial at room
tempersture, the dyy valve reported by Roberts was then higher than our
results as well & that obtained from PZ

CONCLUSIONS

In the present work, the PBZ10was prepared by a solid state reaction method.
We investignted the phase transition and piezoslectric properties st various
heat meatment processes. The AFE phase was found in the samples calcined
at B30°C and sintered & 1325 und 1350°C. The transition temperatures
from the AFE phase to the FE phase in the samples were 157 and 161°C
respectively. We also found thai the transition semperature from the FE phass
to the PE phase slightly increased as the sintering smperature increased.
For the FE-i0-PE transition, the enthalpy change as o function of sintering
temperature was observed. The values of AH increased ai a higher sintering
mmhmmmnddnmd#,dhmphm
measured to be in the range of 19-27 pC/N and sbout 0.3, respectively.
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Perovskite phase formation and ferroelectric properties of the
lead nickel niobate-lead zine niobate-lead zirconate titanate
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Naratip Viesyakomn, Gobuus Rujfjanagul, snd Tawee Tunkasir
Department af Phyics, Facuity of Science, Chigng Mar University, Chiang Mai 30200 Thailond
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kam&;mm;ﬂmmammmm“mm!
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The temary system of lead mickel michate Ph{Ni,

lban )0, (PNN), lead zine nicbats

P{Zn 5 Nbo 1 )0, (PZN), and lead zirconate ttanate PO(Zr, o Ti,,)0, (PZT) was
mmﬂpﬂmtmmﬂmlnﬂmnlﬁﬂmdemMnﬂﬂ_m

Uking
ystorosis measurements. To mabilizs

the perovskite phase, the columbite roule was utilized with a doubls crucible techmigue
m:umm.mphm-pumpnwm;cphwnfmmhm
obizined over & wide compositional range. [t was observed thai for the

OSPNN~0.5 ~ )PZN-xPZT, the change in the trangition temperature (T, is
ipproximately linear with respect 1o the FZT content in the mnge & = 0 0.5, With
an increase in x, T, shifts up to high temperntures. Examination of the remanent
pelerization (P,) revealed & significant increass with increazing x. In addition, the
relative permittivity {s,) increased as 2 function of 1. The highest permiivities

(e, = LL000) and the highest remanent polarization (P, = 25 uClem?) were rocarded

I. INTRODUCTION

Lead-based complex perovekites, such as Ph(Zn )0,
(FZN) and Pb{Ni yNb, )0, (PNN), having the general
formula Ph(B'B")0, have received significant anention
since the |970s because of their pecoliar diclectric and
piczoelectric behavior. These mazriak have been ap-
plied in many areas such as electrostrictive
iransducers, and multilayer ceramic capacitors. '~

Lead zine niobate, PZN, was first synthesized in the
1960s." Its permittivity versus curve dis-
played a broad peak around 140 °C (T} with & strong
frequency dependence. Extramely high relative permit-
lvities have been measured in the vicinity utwpm
with & &, ~ 60,000 reported for single crystals, "
Manometer-level chemical humg;mr.itjr in the form of
shart mange order of Zn®™ and Nb™ at B-sites was pro-
posed to account for the observed diffuse phase wansi-
tion.'*** The crystal structure of FZN is rhombohadral
(3m} ui room lemperature and wransforms to cubic
(Pm3m) st high iemperatures.

Unfortunately, phase-pure perovskite FZN palycrys-
talline ceramics have not been synthesized by convess
tional solid-reaction methods because of & steric and an
electrostatic ineraction between high polarizatien of the

Han

ﬁ“nﬁmuﬂﬂ::ﬂ*mmmum
mﬂmmﬂumuhm

compounds such as BaTiD,"* and POTIO, ™ 10 stabilize
the perovskite phese. Recently, Fan er al.'™"® miyved
Ph{Zrg o2 Tig 3005 with PZN by a conventiomad solid-
state reaction method and ! stahilized peroy-
skite PZN. A morphetropic phase (MPR)
between the PZN-rich Mﬂmﬂl‘ﬂ
temragonal phase was reported at PZN-FZT4SY = 14,
mwwm:unwm
factor of &, = 0.67 wis messured,

Lead nickel niobaie (PNN) exhibita & diffuss phase
hﬁﬂnnumﬂ-]ﬂ‘ﬂﬂﬁlmﬂhwpﬂtﬁ
mittivity of about 4000."® The crystal structire of PNN a1
mwhnﬂu{?ﬂn}miuﬁum—
Phase-pure perovakite PNN can be
prepared via the columbite method ®™ Luff ot ol
investigated solid solutions in the
system and identified the composition of 0.5PNN-
0.3SPT-0.15PZ with optimsl piezneleciric properties.
mﬂmmmﬂmﬁgﬂm'mmﬂ
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PNN-PIT was recently investigated by Babushkin and
several pyrochlore phases have besn detected ™ The
piezoelectric PNN-PZT ceramics have found wids ip-
pﬁuﬁmlmmmmmﬂrm.

The investigation of the ferroelectric properties of the
PNN-PZN-FPZT wernary system is of interest for & num-
ber of reasons. Bath PNN and PZN have distine! transi-
tion temperstures, and the transition emperature for the
salid solutlon of PNN-PZM should lie in the ambient
temperntare mnge. This implies that the ultrahigh per-
mittivity vahses can be realized af room temperature. Ag
demonstrated in the binary PZN-FPZT and PNN-PZT
sysiems, the addition of PZT impans superior piezoclec-
tric properties o the solid solutions, Therefore, there is
great potential for excellent dielectric and plezoelectric
properties within the temary system PNN-PZN-FZT,

Information in the literature on the PNN-PZN-FZT
temary system is exwemely limited. Lee of ol ® mied 1o
fabricate phase-pure perovekite PNN-PZN-PZT ceram-
its with & ZoTi ratio in PZT of 1.0, In their smudy, pow.
dmnfl’zl‘.m‘uﬂmﬂmmmmly
and then mixed and calcined again 1o form perov-
Gkite I’HH-PEH—PZT.TMhighmmnfpﬂnﬂHw
piminﬂjﬂ:wwkwufmmdmhuﬂﬁ.ﬂnt:uﬁr
temperature was found to vary from 50 o 250 *C, de-
peading on the mol fraction of PZT. The best piszoslec-
th:pmpu-ﬂultmmmmnmn,l,-ﬂ.ﬁ,mﬁ:und
in the composition 0 SPNN-), 3PZN_0 2PZT,

medtal 1o the diebectric and piszoelectric propenies m
umtpumwﬁumm:s.m;lmmnfnmﬁmm
B-sile cations to form & columbite phase B'B",0, prior
mm-ﬂlﬁmﬂmmmmﬂquhﬂm

BYEIEMS 10 suppress pyrochbore phase forma-
tion. ** However, this techmique has been largely
unsuccessful for PEZN and fabrication of phase-pure
PZN-comtzining solid solutions remains a challenging is-
mhdﬂ:wmhimmuﬂngmuﬁﬂmﬁmﬁm
used previously by Lee er af was used 1o successfully
prepare phase-pure perovskite PNN-PZN-PZT ceram-
ics. The use of the dooble crucible technique, using ex-
cese PhO), and maintaining a fast hesting rate were all
found 10 be essential factors in perovskite phase devel-
opment. Dielectric and fermoelectric propenies of single-
mmmummmminmm
uﬁﬂamwndmmmhﬂmhmn}'md
will be published in & separne paper.

H. EXPERIMENTAL

hﬂﬂlmhnd,mumhnﬁhcmhﬂhﬂ,m
NiNb, 0y, were prepared from the reaction between Zn()
(99.9%) and Nb,0, (99.9%) at 975 *C for 4 b and be-
tween NiO (99.9%) mnd Nb,Oy (99.9%) for 4 hat 1100 °C,
respectively.™** The wolframite phase ZeTi0, was

d, Migine, Fes., Voi 18, Mo. 12, Dec 2003

formed by reacting 260, (99.9%) with TiOH99.9%) at
1400 °C for 4 ™" The powders of ZaNb,0,, NiNb,O,,
mmu.mmimmmmnmmm
amounls with PbO (99.9%) with an excess of 2 mol% af
PbO added, The compositions synthesized in this study

were x o= [, 0.1, 0.3, and 0.5 In ithe By siem

0.5PNN={05 — s)PZN-xP7T. The milling process was
carried out for 24 b in isopropyl alcohaol, Afier dryiiig at
120 °C, the powders were calcined ar 900-950 °C for
4 1 in a double erucible configoration with & heating raie
of 20 *Cimin. Afier grnding and sieving, 5 wi% of
polyvinyl alcohol binder was pdded. Disks with o diam-

eter of 1.5 cm were prepared by cold uniaxial pressing al

i pressure of 150 MPr. Binder burnout oceimmed by slow

heating to 500 "C and holding for 2 b To investipnie the

simering behavior, the disks were sintered in & sealed

alumina crucible at temperatures ranging from 950 1o

1250 °C using & heating rate of $ *Cimin and & dwell
time of 2 h. To preveat PhO volutilization from the disks,
uﬁﬂirmntphh:wmlhnﬂndhypln:tu;hhoj

powders in the crucible. Phase formation and crystal

structure of the calcined powders and sintered discs were

examined by s-my diffraction (XRD), Data collsction

wupﬂiumudmmulﬂmg:nflﬂ—m‘uringnup

scanning with a step size of 0.02° and counting thme of
2 sfstep. The relative amounts of perovskite and Pyro-

chiore phuse were determinad by measuring the primary

E-ray peak intensities of the perovskite and pyrochlone

ﬂuuﬂumﬂp&maﬁhpﬂmwumhmmi
by the following equation:

% perovskite phase = /

pems )
peeny + "rr'" + lewos

F 111 B

(1}
where | Dpge 0 Ty refer 1o the imiengily of the
(110) perovskie peak, and the lntensity of the (220) py-
mchlore mnd PO peaks, respectively. The pellets were
polished and eleciroded via gold sputtering, over which a
layer of air-dried silver paint was applied. The relative
permittivity (e ) and dissipation factor (tn &) of the pel-
lets sample were measured at ¥arious ismperatures rang-
ing from —100 to 180 *C with & heating and cooling rate
of 3 *C/min over the frequency range between 100 Hz
and 100 kHz using an LCR meter (HP 42844 Tokyo,
Japan) in conjumction with & Delta Design D023 (San
Diego, CA) temperature chamber. The remanent peari-
zation P, was determined from a P-E hysteresis loop
MeAsrEments using a Sawyer-Tower circuil 81 tempera-
tures between —&6 and 60 *C

li. RESULTS AND DISCUSSION
A. Perovskite phase development

The perovskite and pyrochlore phase formation at dif-
ferent calcination temperamres in DSPHN=(05 = &)
FIN-2PZT powders with x = 0.1 10 0.5 were studied

{

o883




and znalyzed by XRD. XRD patterns from this s¥sem
are given in Fig. 1. The cubic pyrochlore-type structure
of Pl:l[_“{HhL"Znn_“}Da_nﬂ was idenlified in the x =
0.0, 0.1, and 0.3 compositions a1 the 900 °C calcination
temperatare. The pyrochlore formation reaction from
mmwmhmﬁmmmuisuexuuu]yfm
process, which (s Wwithin 2-3 min a1 tempers-
tures a4 low as 750 °C.*" With increased calcination tem-
perstures the amount of perovskite phase increased
sharply. In our wark, it was observed that the primary
phase in afl of the compositions a1 950 °C was well-
crystaliized perovakite. Within the detection Hmits of the
XRD technique, the samples were esgentinfly 10(0%
perovskite and free of pyrochlore. The hest treatment
ind percenl perovakite phase for all the compositions are
listed in Table L The first two rows listed are for the
calcined powders, and the remaining data are derfved
hum:irludllqﬂuudngpuwd:nﬂhinadltﬁﬂ“c.

In this study, the combination of using & double cru-
cible, encess PbO (2 mol%), md a fasi heating/caoling
rate (20 “Clmin) were shown o be effective in redue-
ing the wtal amount of pyrochlore phase durinig calcina.
tion at 950 °C The 2 mol% excess PbO was chosen

Intessing(n )

{lﬂ- = lll'ﬂl [ -
FIG. |. Powder XRD' patiesns of o sioichiomssiric compegiiben af
“MM-MW“J&]ﬁMHHTh
4 h with 20 "Cmis hesiimg rate, (&) calcined at %30 “C for 2 b wiih 10
“Cimin hessing raie; pyrochilons phase Indicatsd with (7],

bu:mﬂummuhummﬂnmmﬁnmqnd-
ﬂmwiﬁmﬁﬂﬂdiﬁm&mﬁulﬂmﬂﬁ
mﬂmhdngrdﬂﬂmmm;:mﬁﬁnmvluab
Tﬂhl:dhlh:g;ﬂﬁh::ﬂfﬂﬂuﬂﬂl?hﬂh}ﬂllh
grain boundary,**30

XRD patterns from a set of samples prepared s
vurinm:ziﬂnin;mmpnilnmnﬂmhﬂ;lh
this swdy, for the 5 = {0 composition single-phass
perovskite was obtained for sintering emperstures below
1130 *C. Above 1150 °C, the cubic pyrochlore phase
PBy g5Nby 5120 2010, 3" formed and the perceatage of
pyrochlore phese increased as the sintering temperature
inrrmnd.uahminT:hhl.Thhh:hﬁmihn:p-
pumdhthn:-ﬂ.lmmpmiiimn lEmperas
tures above 1200 °C. The behavior iy believed 1o be
dur.mm:whtlli;ui:lu{l’hﬂuld;humm.
Nevertheless, the XRD patterns for the © = 03 and
0.3 compositions do not show the formation of the

1 Perovsiise phame (%)
[y o] X o= O % = L w13 7w Oy
e 0.5 Ll 2% 13
bali 11K Hri [ ] 100
10l 100 {111 ik
1050 1K 11 oo s
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pyrochlore phase. It is imteresting io note that the inten-
sity of (100) perovakite peak decreased af high tempera-
tures for the 0.1 = x = 0.5 composition,

In the PNN-PZN-PZT system, the A-site is ocoupied
by PB™ (1.630 A) jons, and the Ni**, Nb*, Zo®, zr*
and Ti** ions ocoupy the B site of the ABO, perovskite
crystal structure. The average ionic radius of B-site
bons i the composition OLSPB(N; oMb, 0,05 - 1)
Mﬂm"’“mrmln‘li'n}n] can be caloulated
from the following equation:

Ti-aus = 05 [ Virgae + Fargse] + (05 - 1)
[Varause + 3] + 2 [rgee + vire]| @

where the jonic radii of Ni**, Nb™, Zn™, 2. und Ti%
e {1,830, 0.780, 0880, 0,860 and 0.745 A. respectively, '
Al'mqlhd:l::ipﬂnlnflhmicp-nﬂna within
perovskite structure can be characierized by tolerance
factor 1, which is defined by the following equation:** 133

{ra + ro)
; 2Ury + rp)

where r,, ry. and r are the jonic radii of the A. B and
O ions, respectively. The calculatsd average B-site ionic
radii and tolerance nmﬂmmn-rzwm;m
WhTﬂuﬂuﬂ; 1.260 A for the radius of

M The effective size of the B-site jon decreases with
an incressing mol faction of PZT primarily due to the
smaller jonic radii of Ti**. This results in o slight in-
crease in the iolerance factor as it approaches 1.0, How-

3

Thmﬂﬂnmmd?ﬂﬂdmmumpn—m
was determined 1o be perovekite with a cell
parameier 4 = 4.0308 A. The PZN composition at room
lemperature wis determined o be the rhombohedral
space groap A3m. According to the PbZr0—PHTIO,
phasc disgram, at room tempersture Phl;!;mTi...i‘{D, is

iof experiments, The
indexing procedure of the perovskite phase in the

Xx=00mdx =01 samples wasz performed based on
cubic symmeiry. For the ¢ = (L3 and 0.5 samples, how-
ever, no splinting of 002 and 200 peak was observed with
mmmmum“hm.lm
:vu.muwmuﬁmﬂdwhm&thmm
p:ukulhumilFE;-lTH:!ﬂnliﬂitﬂ-hh
crystal structure was rhombohedral, In sddition, from
L‘r-dilulilmdtnTl.hl.ullHltnﬁﬂl.'qulhhﬁu
parameter a increassd with increasing concentration of
PLZT due to the increase in B-site radius.

B. Dislectric properties

The permitivity at | kHz as a function of temperature
for 0.3PNN-{0.5 = x)PZN-+PZT ceramics under differ-
ent sintering conditions is shown in Fig. 4. The sintering
temperature was found to have a significant effect on the

i) HiTiegnm
FlO. 4 ARL panerng of the (220) pesk of DSPHN—{05 — FFN-
oPET cemmmpce: (ah s = 0, fhj g = DL ks = 09, idi s = 0.5,

TARLE 11, Emwinﬂhummﬂ-ﬂmlcmhmﬂmmmm lmtcs pamnmeien derived from XHD das,
L, o TS Avernge B-se Tolerunes Lattice paramsier, Drimorees
DSPMN={03 = s IPZR-2PET omic et (A} facior, i Ay Crysind siructore angle. &
x = 00 LiF e5 i LIk 2] & D Cuhle a0n
=] ikl k] LiL= A0 Cubic 0
=03 LaEL Y | 0s9ld 4.057 Rehambokedral ma
L =gy 07904 osez 4.0 B hairidbeisgral ey
=_*=— = e _—ﬁ
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from ~20 1 -50 °C. This shift in T
result of a change in the stoichiometry
phase due to the effects of Zn volatilization and the for-
mation of the pyrochlore phase Pb, , (Nb, 5,704,

This shified the overall pl:muk'l oo v

e composition clossr
o PNN, with a lower T__ of =120 °C In addition, the

is Tikely w0 be the
of the perovekite

Itnmilptmumm]rﬂuwuuhmedwulhm
mult of the Jow

(g, ~ 100).

PETTIHIVILY of Ph, y(Nb, 1,210 5oM0,

= 03, id)xr = 05,
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The x = 0.1 composition exhibited & maximum per-  characterization of the dielectric and fermelectric prop-
mittivity of approximately 12,000 with a 7, —0°C at a mlﬂnrmhmn.ﬂnmﬁﬂmhmﬂa
sintering femperature of 1200 °C. Higher sintering tem- sintered st their optimum conditions,
permiures resilied iy a decrease in the permittivity. Like- Figure 5almhflﬂ&|un-i:m for each com-
mm:-u.ammpuﬂmmmm-m puli:lnnathnjﬁmmlnmdiﬁmﬂd
p_nmillhhgrufl?.ﬂ]]u?.-?ﬂ'['lrilimtriug :nmpniiumulhndtllnlﬁuhldhmm
temperature of 1200 "C. Consistent with the other  maxima and the Ve incressed with increasing meas-
compogitions, increased sintering temperatures resulisd urcmen! frequency, a8 expecied Experimental ressilis
hldnuuinpemiuivitym-dﬂﬁmfm-ﬁmﬂy.m: indicate that sl of compositions show & diffuse phase
highest permitivities in this study were reconded for  transition with the strong frequency which is
ﬂ:;-bjmwmﬁmu:ﬁmmn:ummmmnf chersceristic of relasor fermelnctrics,! From this
1250 °C with €, ., = 22,000 &t T, - 120 °C This iz rmﬂLhischthmhmnrﬂ-pmﬂﬂw
ﬂplﬁ:nujmwmmﬂmminumhuupmdin Mm:hmmmm
the Hieramre.** fermoelectric behuvior s the mol fraction of PZT increassd.

hﬂﬂlmmm:w:mmﬂmﬂm M:apﬁﬂmbﬂ&.hﬁlﬁwﬂwﬂmh
the oplimum sintering conditions for 0 SPNN—{0.5 — £ nature, This may bea function of the degree of B-tite cathon

were for 2 h at 1150, 1200, 1200, amd mﬂningm-lhuﬂmﬂhw
lEﬂ"C.I-’nrthr.:'-ﬂ..:-l.'l.l.r-'-lll.lnnd;-ﬂ.i Ingwm.d!ﬂr-mwﬂthumn
compositions, respectively, Ceramics sintered under  increased with Increased mol percemt of PZT. Both the
hmﬁﬁnmmundindud:wmjmmmh mﬂmumpenﬂﬂm,im_lﬂf.mw-
crysial structure and lsttice parameters, which had been Iinm]yulmmﬁihﬂmh:nﬂ.m‘f
shown in Figs 2 and 3, and Table 11 The following of the constituent compounds PNN, PZN d PZT are
~120, 140, and 390 *C, respectively, """ which aan
be used o caleulste an empirical estimate of T, vis the

0 - equslion;

- o . Tw =05 % {120 °C) # (0.5 — x) % {140 °C)
e Fosr 3 % (90°T) . )

i) il |

[ ,-""-_ ..--"",.-r’lIlr e E The variation of e messursd T the calculnied T,

L™ and the messured €, with composition x iz shown In

SR I o ;/ m} Fig. 6. It is evident that Eq. (4) gives & reasonable indi.

m cation of |h:ulﬂﬂ:qmr_.ﬁm-_rur'
j o] * < —&— (T ) This smudy == Hl!dlﬂ:ﬂtﬂtmtﬂ'ﬂﬁﬂhmh

1 ~%~ Ralativa permithvty PZN-PZT ceramics in this study ressilted in si

B T R B R Hpte gy oy, lm n previous mudies. Throogh
s i-.hl ::‘:“_’ _nl' hi fm::mmw wa  lOMmAtON, single-phase perovakite cermmics can be proc.
Phis Sy e Ly, cssed with excellent slectrical properties.

TABLE 1. Comparsons of dielectric propesties of cermmics in the (USPNM-(0.5 - 1) FEN-oPZT sysiem ot the eptimum Rimiering comdilioes,

Comipsition Percom T. Belsmrve petmtheiny Beluive parmmivipy Dt decirae Besii
LAPMN—DS - AP~ rT ek [ o 1o 25 °C mi 1 W (a Fohom | kHz Ui 2% *C1 mi | ks
Las ot al ™ L= - 53 AN SO0 L
r = L] n B AT00 HO0H =
g o= 03 L] (L] 300 130 v
P o= O 7 225 pok ) THE}Y i
Winrheilig ar o™ E o= O 0 =10 [ (1] 0nLe
This work X = [jip (£11] =30 (476 0 oo
v o= ] 10 0 11500 1 550 bk
o= A 1040 ™ 00 1E0 ROE
¥ =5 10 125 Al oo =l ]
e o :_=_=— e _“ﬁ
o Maine. R, Wol. 18, Mo, 12, Des 2003 TBET
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C. Fermoalectric properties

Polarization hysteresis measurements &t room tem-
perature were performed osing & modified S
Tower circait. The hysteresis loops 25 & function of x am
shown in Fig 7. The £ = 0 and x = 0.]
exhibited slim loops characteristic of relaxor farroelec-
wics. The sauration polarization P, remanent palari-
zation P, mnd coercive field E. were increased with
increased mol percent of PZT as illusirated in Tabls TV,
The loop drea values were calculated by inegrating the
polarization with respect 1o the electric field. The maxi-
mum remanent polarization was observed for the ¥ =
0.3 composition. The valoes of F,, P,, and E, for the
x = 0.5 composiion are 31.9 wClem®, 25.2 pClem?, amd
4.0 kViom, respectively.

These hysteresis data are consistant with the dieleciric
results in illustrating the gradual trend from relaxor to
normal fermoelectric sz the mol fraction of PZT is in-
creased. ' The hysteresis loops for the eompositions
= [ and = 0.3 at various temperatures are shown in
Fig. 8. The coercive field values for each composition

wemn found 1 exhibit an incresse with decressed iem-
perature. This is due 1o the influence of the metastable
mmcro-domein structure and the immobilizations of the
domain walls 3%

The x = 0.3 mnd 0.5 compositions exhibited square
loop behavior wi —66 "C. However, as the iempera-
tare: incressed the squars loops transformed to slim loops
and the remanent polarization and coerclve filed values
decressed significantly. The 2 = 0 and x = 0]
compositions exhibiied slim loop behavior near room
temperature. All of compositions displayed & clear tran-
sition from square-loop behavior 1o slim-loop behavior in

TABLE IV, Pelarization hysiereshs duts a3 & funcsion of 5 in the

(IPHN~0S — gFEZM-«TZT sysiem.
P [ E. Lisip e
Composition Getem®y [ wiCem®) (k%em) {mihem ™y
=04 b r L 1] 000 4%.HA
xm L] 5T 1.3 L] TEAI
=01 b 1] L 1220 i W)
5= L5 %19 3 403 axA7
——————eaae e —_
‘ -
. -

x=03

YT rErEEEN

"EER
L 1]

L N I Y

&

x=035

FIG. 7. Room-emperatirs polscizstion vernms electric field iysemals loops for 0. 5PHH-(0L3 - $)FZN-sPTT ceramics at the opismim TNy

oondilione.

i
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[
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=0 F=0%
Elestric fields{kV//om)

FHL 8, Temptrature dependence of the P=E Bysieresty of 0.5FHN-=
0.5 — rFEN-ePET cornmics mi optimem simiening cod)fon, come
psklthoong 5 o= Dosnd 3 = 0.3 are shewn

m:tdﬂniuni?,hﬂdiﬁm.uuhymhupl
linnﬁﬂmhlmtpuh'l:limnmu'ﬂ.
but decays to zero at temperatures above T,

IV. CONCLUSIONS

In this work, it was shown that by controlling PO
and preventing pyrochiore formation high permittivity
ceramics in the PNN-PZN-PZT system can be processed
through high-temperature calcination. Thiz can be ac-
complished by utilizing a double crucible during calei-
nation, adding excess PbO (2mal%), and maintaining a
fag1 hesting/cooling rate (20 *C/min). The dieleciric
properties and the T, of 0.5PNN-{0.5 - s\PZN-2FZT
was found to increass with increasing PZT concentration.
Furthermore, the transition from the normal fermoslectric
to the relaxor ferroelectric state was clearly observed s
the mol fraction of PZT decreased. The optimum dielec-
tric were observed for the x = 0.5 composi-
tion with a permitivity of 22,000 snd P, P, and E,
values of 319 pClem®, 28 2pClem®, and 4.0 KV/iem,
respectively.

J. Mister. Pay., Vil 18, Mo 12, Dec 2003
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[Influence of processing conditions on the phase
transition and ferroelectric properties of

Pb(Zny/3Nby,3)03—Pb(Zry 5 Ti, ;)05 ceramics

Naratip Vittayakom™*, Gobwute Rujiianagul ", Tawee Tunkasiri ®,
Xiaoli Tan®, David P. Cann®
* Deportment of Pyes, Faculty of Soience, Chvimg ke Liniversits, Chiceng Mini 30200, Tt
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Abstract |

Ceramics palid solutions witlin the binary sygiain ol cP(Zn) Ny 0= | ~ EWBLE 3 T o ph with & = 0.1-0.5 were synthesized via
hﬁmmmmhmmw.Hmhimﬂnhﬂimmh:mﬂﬂuumﬂ-mmmddnmﬂ.m
wern unslyzad by X-ruy diffruction. Femmoelscirio properties wets meraied 1o elucidais the phase iransformation and ideniify the h.nt_n:l’
the processmg conditions, I:iusinwhlhmrwulmlpnﬁmltﬁp-mhﬁmmm:umnmnrmuﬁw,mumﬂihﬁ
Em%hnﬂﬂunm:wm.fmﬁmm hrﬁumhmﬁumhud.mmm
by the mixed nxide methoil sheoed g hﬁrmtpﬂrﬁnﬂ“ﬂ.ﬂlhﬁ-m field £, In addition, buth X-my diffrection
and nmdmuumumm.mmmmnmgmu;mm rhombohidnal phase when the fractan
of PhiZa) oMy 00y (PZN) wis ncressed. The morphotropse phage boundary (MPB) is locsied berwesn r = 1.2 and 0.3 acoarding
ohssrvatons mude on esramics prepared with the colmmbite mathod, However, this runafoemuripa was phecared m e cernmics prepened

Wiith the mixed oxkds method. It is proposed thas compoaitiona hestrogreeitien were responsible for these expetiomeniad mvwestigitan,
© 2004 Elseier B.Y. AL rights mes=rvad

fevwairnls - Phane trassition; Fermsleoing properiies; Cormmies

. Intreduction PB{Zn| 3Nby 1104 (PZN) ia an important relaxed femo-

electric material with the thombobedsm) siFuchere At foom
Ffmmh:uhmunmmmrmndhuﬁmﬂ- nwmmﬁdiﬁuupmermﬁﬁnnﬁum:h:m
vices, including multiloyer capseitors, ssnsors, and ac- Wc statz 10 3 ferroslectric polur s occury ot 140°C
tetors. By the 19505, the piczoelectric salid solution I!].Hlm-:mthhuhun:MdeIHHi
PR{Zr) - Tig)Dy (PET) was found 0 bost exceptionally erystals because of their mcellent diclectric, cloctrostrie-
high dislectric uﬂpﬁwlmmhmﬁm tive, and optical properties [2.3]. Although single crystals
chose to the momphotropic phase boundary (MPR). This nfﬂmmuhdyhmbrhﬁu meshod, [4]
MPH mwmm‘nm:m =1:1 and separaies it is known thar perovekiee PZN cemamics cannor be sym-
:heTl-rierﬁmplmnfmmtuIﬁh:hrhmtnw ﬂ'n:dmdhrﬂ:miwulmi:ﬂqmdumeﬂmdm
phase [1]. Most commercial FZT ceramica are thus de- doping. This is because PZN has o low tolerance factos
aigudinm:.uidniu-nr!hchﬁﬁmwﬂwimin nﬂlnﬂdﬂmminrg.r-:ﬁﬂ’u‘:mhumunﬂuﬂhn
arder to achieve high properties, and the pyrochlore phuse appeors 1o be mare 1
namicnlly stable chan e perovakite phase [5], Atternpts
to synthesize perovskdte PZN cormmics invarishly resulty

* Coressponding suthor Tel,! + 515794 X80 m the formation of pyrochlore phose with inferior diglee-
PO ey oo e e el rie und pisgoclectric properties. The culumbite method,
E-miail oduvess, samtypdiarm e edu [N, ittavakom ns suggesied by Schwarts ond Shroor [B] far the prepa-

2 1-510HE ~ see Fromi mutier © 2004 Elsevier BV, ANl righin reserved.
ddaad: |, 6L A vt 200 i




AL wudfﬂmmmﬂdmﬁ;E 108 (2004) 248 285

fifion of perovskiee H!{Mj|Mﬁ []’HH} CETIONG,
is not effectiee |ﬂmM'PhIE forma-
tion in PZN ceramics [5), Hnti.uulll:[:m_mm-

chemical additives, such aa BafZn; aNbys1604, BaTith,
mﬂmmmb:mmﬂmndhnmp:m
mﬁﬂulhnmwﬁmmmﬂmm:n-
cellent piezoelectric propertics. Halliyal & ol [B] pre-
mn.ﬁm-wlmmmumm.m

mnuhillnﬂt:pﬂm*ikihphninmm“n'i-
ficing the excellent diedeciric und plezoslectno proper-
ties.
Smmmmmmmmmm
are knowm i have excellent digloctric and piezoelectric

proparties, it 18 suggested o alloy PZN with PZT 1w stxhi-

phase-pune
perovekite PZN-PZT ceramics with the conventional
mired-oxide methad The present work aims to provide o
mmhminaﬂymﬂmﬂmmrﬂﬁmw
thmﬂmanm—PZTwiﬁlwhhmdm
w.ﬂmhmuﬂmmwmm
:nhnnbi!pmnrmrmnhudhlﬂh:uuﬂinmﬂmiﬁng
lhnmﬂﬂmmnimmwnnﬂ method usilized
i Ohe-siep reaction with all of starting materials whereas
tlumlmhiumﬂdwnuadnhmuuupurm
cotumbite precursor (ZnMNbaOg) and wolframie precursor
{Er‘ﬁﬂ.]fnllmmdhynrm&unﬂdlﬁﬂmmm
PEZN-PZT ceramics. Finally, & comparison of the Important
Mﬁmﬁummﬂm%hm
processing conditions.

L. Experimental procedure

Fmﬂummmmedmd.ujmmmdunfm
Zn0, ZrDy, THOy and Nby O were mixed in the required
mhﬁmmﬁthmmm-ﬂ—
X)PZT where x = 0.1, 0.2, 0.3, 04, and 0.5, After ball
mﬂlhghilhwﬁyiqulinﬂﬂ,hmm
caleimed ot temperatures berwesn 750 and 950°C for 4h
mndum::nu:ihlcmnﬁwnuﬂm.[ll]. A hesting rate of
20°Cimin was selested for all of the compmitions in this
m[ll].hﬁumiunﬁunﬂnd_ﬁ:mhnﬂnm
cursor ZnNbOy was prepared from the resction berween
Zn0 (99.9%) and NbyOs (99.9%) ar 975°C for 41 The
wolfmmite precursar ZrTi0, was formed by reacting Zr0,

(59.5%) with Ti0, (99.9%) at 1400°C for 4h. The precur-
sors ZnNb;Og, ZrTiOy were then mined with
PO (99.9%4) (with 2mol% excess PbO) [11] and miflad,
Mﬂwmhmmuhm
der prepared by comventional method. The calcined pow-
ders of both methods were cold sostaticully pressed o
pelless at a pressure of 1S0MPa. Five nintering conditions
were selected to be used with bosh methods ranging 1175,
1200, 1225, 1250, and 1275°C dwell 2h To prevent Po0)

volutilization from the pellets, § PbO smosphers was con-

of 2060 with o Hep scan with a gtep size of 0.02° und
counting ome of 2 5 per step. Fm-pmﬁhﬂﬁug.:mpm

Columbsite mathod]

o * Poovikie 5 ZeTIO,

Intensity(a.u.}

Intensity{a.n.)

20 o a0
i 28/Degree

Fig. 1 xmmsuum-u_mmmmnmuniu
mmhih{qmmmmm
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with step size of 0.004" was used with I counting time of
35 per atep and peak d:-cmmhninnuimﬁm
.6,

Ttmmlwﬁ\mmmnfm%mdmm
were approximated by caleulating the ratio of the major
mﬂmmwmmmmm
vhﬂmﬁllhwi:gtquﬂhm:

Perovskite intensity (%) = ( e

fm+f,,.+fm

wtmfm.rm,mdfmrefﬂmﬂumdhtl (1]
perovakite peak, (22 7) pyrochion peak, and the intensity
of the hiﬁulkﬂdmhiﬂp:k.fﬂpﬂnlﬁn

To investignie the influence of posi-santering hest treat-
ments, specimens from both methods which had been sin-
tered ot 1175 *C were annealed at |250°C for a dwell time
af 6h in a closed Al Oy crucible with PhO-rich
Th:spwhnmmpuliuhcdmd:lm'ﬂdndﬁlﬂdm
tering, over which a layer of air-dry siiver paint was spplied
0 enhance the slectrical comntagt, The fermoetectric polariza-
ﬁunvmuahm-icﬂeld{FﬂE'_l M=gFUremenis Wit made is-
ing an RTA64 standard ferroelectric FEaL Sys0Em.
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3. Resulis and discassion
3.1, Perovskite phase formation and the MPg

Powder XRD pagems of calcined 0.3PZN-QIPZT
powders at diﬂhmml:huﬁnh:umnfnrbnﬁnﬂ-
ndlmlhminF;i;. I(a) and (b). The XRD results show
that the pyrochiors phase Pby sa(Zso 8B/ 24105 109 (JCPDE
Mo, Mﬁﬁ}mdmuimu::himmlmmmh:-
fow 750°C mmarhmlmmm
mmm.wﬂ,mmmmm
hy![ﬂDu:hulnwEﬂﬂ“ﬂ.Huwmﬂm'ﬂum
phnu!:ﬂ;,ﬁﬂ:.ﬂhﬂ:minﬂmhﬂuﬂhrﬁﬂﬂh
comventional preparation. Moreover, e pyruchlors phess

miobate. It is assumed thet the columbise phase ZaMbaOg
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ik

$00°C, the pyrochiore phase begnn to decrease mnd dinap-
peared completely ot R50°C for powder prepared by con-
ventional method and at 900°C foe the columbite method
The optimum calcination temperatire for the formation
of phuse pare perovskite was found to be shout 550°
for the comventional method and %0°C for the ealumbise
methad
nmﬂvmﬂulnﬁn:mnmmpumiuﬁumlnﬁg. 2a)
and (b)), respestively. Alllhrm:mﬁnmhuﬂilmﬂl-
ods in the present woek showed pyrochiore-fres XRD scans
ar calcnation temperatures at above 9000, These experi-
hmﬁdhmlhuﬁ:rhmnmdﬂuﬁumﬁﬂnf

h:inmmu:ﬁinmdnmnhumﬁln-pnumnﬁu.h{m
priscesaing procedises for PZN-based cermmlcs maks use of
caleination emperatures in excess of 800°C. The experi-
mmﬁhmmwmnww
hdmtnaubiiiuﬂmpemntiuﬂ-mndﬁmﬂm
columbite method. Moreover the perovakite formasion tem-
pmnfuhmmmﬂmm-uﬂpiﬁmlylm
mmﬂutufﬁ:mlmh&t:mmmmamm
nmhnmmmwmwmwhh;m:m-
mﬂmpummmcfﬂm:mnnf‘ﬂupﬂmﬁum for the
o mathods,

Fig. 3 shows the XRD pattems af fPEN-{| = x)PZT
ceramics sintered ar I200°C for 2h 1o illustraze the
change in ¢rysiml strucrre 35 & flanction of composition
for both processing meshods. The results indieate thar,
for tw same composition, different processing methods
rm;-d:-mlqpnmntitunmwhﬁdiﬂhu:m
mml::.Eig.-lnhmvullundmimﬂflh:{IGﬂ}pﬂtn
a ﬁmhufﬁhmiﬁnnlndmmlmm.m
thrﬂg-PhTHIhp}uuuﬁmmmmtummw
perarare PO{Zry 2 Tii g W0y flls within the temagonal phase
feld near the MPR The XRD patters with low PZN
concentration show strong (200) peak splittiong which is
indimiwwf“dmn:hngnndﬂmﬁnh?ﬂfm
irition incnensed, hrmmmw:mm
trmhmdlnulq}eputwﬁd\nwmhhﬂm
Symumetry.

Fig. 5(a-d) show the XRD patterns for both processing
nuﬂuhmﬂuvhnﬂtyafﬂ::hﬂuxnﬂ.znﬂﬂ.l over
m:mnFE:IJqS.!.Th:dmﬂmﬂ:mnunf
lWﬁpﬂk&tﬂﬂtW“ﬂf!ﬂlﬂﬂMﬂhﬂd
rhambobedrl (2 00) peaks. The columbite prepared samples
aow & relatively sharp tranaition beoween the tetragona|
Pﬂﬁ!atr:ﬂ.zmﬂnmuﬂﬁmmuxtﬂj
Inlhenumrmtiumlpmp.umdunplu.ﬂihhxnﬂj
mhmm:mnfhwmm
juanm;q:miﬂueufm;plmhl-:-ﬂj
patt=m

‘-\"thFnudI-Lhnrmmnph-hmqhhm:
PMMH“TEMPHHMJ-UJ,“HHH!

ke 00 prior reports of the phase houndury chserved in thia
work between & = (.7 and (.3,
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merbwsd

XL Effact af sintering femperangre und por-simer

Truan'uc:nfsinmingmanum&upmpmlum
assessed by the polarizsticn-Geld {(P-E) measurcmems.
Fig.blhw:m:rmﬂuﬁr:h:mnmﬁmuf:-luﬁr
mmuuﬁm:m.mm
ﬁ'nmhmmndlahnhﬁmu&mhﬂﬁ:h!ﬂhr
Mlhaummmimp.mmpuminﬂm&m
ohaerved 1o increass with | iner

and furthermore doemnin wall motion in smaller grams is
subject to stricter constrmints [1]. Strong internnl stresses
are expected in fine-grained specimens und poliriztion
switching s thus Mywmlmﬂm
med by the decrense in the coercive field with increasing
sintering temperuture | [4]

For compasitions with £ > 0.3, the P, decreased st high
siniering temperstures. For the composition of r = fi.1;
rectangular bysieresis loops wers not observed even o g
uwhinlmnfllanc.uﬂmwnhﬁglh
has been reported that post-sinter unneafing 15 effective
i improving the dielectrie and ferroelectric properties of
lead-bused cermics [[5], Specimens for each
sintered at the lowest tempersture (| 175°C) were unnesled
at [250°C for 6h. Indeed, significam improvernests of
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ar [230°C far &h: {nf calumbite meshed, (h) cofvamionl sithod.

the ferroeieciri propenties were demonsrrared (sem Fig. 7
tor the D.IPZM-0.9PZT). The results on other COMpasi-
tions are listed Table 1. Very limited improvements wers
observed for the © = 0.5 composition becanss the higlier
PZN content required lower sintering temperarures, thus
limiting the efficacy of the annealing step. [t has been sug-
pestedd that PZT ceramies should be sintared at wemperatures
abave |200°C [8,9,16] and PZN-based cerarmics should

Tabe |

Past-aliier annesking ofects ow the remasent poiarmzstion Fr and giunmon polenizatios 2,

and annebed s 12507C for 6k

smered ot 1250°C, 00N winvered ot | 17570 and snnssed

be sintered below this =mperature [17] to achieve the best
combination of density and properties. This explains ihe
resuls Inmﬁmmﬁm:Mmm frac-
tion of PZN directly fed to o lower sintering temperature,
Therefore, pm—ﬁumhu:mui:mtrmmqrhr
eetamuics with high PZN content.

Based ulm.mfumlmﬂnnmmwnmm
sintering conditions for compositions of x = 0.3, 0.4, and
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Fig- 3 Effect of composition (x) oo the Fg hystengmia
method; (b)) cervemions] mehed

0.3 is 1200°C for 3h The sintering process wos not com-
plmdﬂﬂmmaiumﬁngnnnﬂﬂmﬁrmmmiﬁuuuf:-
0.1 and 0.2 and therefore post-sinter snneafing st 1250°C
fhfﬁhmummfnfhnpmnfhmmpw—
Mmeﬂhiqnumm
whiuhmd:aﬂihﬂlmmufnlluwiul section, were made
on these as-sinicred spegimens (for & = 0.3, 0.4, 0.5) and
arnealed specimens (for x = 0.1, 0.2) beemse they ware
foumal to hove m:wumnnfnmdmmm

3.3, Effect of processing method on the phase
irensformation

The P-E ferrocloctric property measwrements for the
mmmmuednmmdiﬁmmhm:mud
hﬁg.lilhmmulh'tiamlimﬁﬁumdiﬁnm
inﬁmﬂlmﬂllummm,l'hwnnﬂwmrﬁw
field E |s well tispersed over the compositions. This ig

whmn—xjmmaummm:muﬂt

ﬂ:mmilluau-mdbnﬂg_ﬂ.i:umundnﬁunm
mdmmmj!mmm:lﬂlhﬂyh[ﬁ:'m
mancnt polarization Py as well o a lower coercive Beld
E;.Mmmndsﬂwimidtﬁ:dlm:iuﬂﬂﬁ
mcreasing molar fraction of PZN, Howeves, the varistion
m cernfmics prepared by comventional method i3 gdsl
and contimuous, whils an abrupt change n £, occurs im co-
ramics processed by the columbite method, os indicatsd in
Fig. 97k}, Combined with the HRD exnmination described
in Section 3.1, the change in £, clearly indicates 3 phase
transformation over that compositional ramge. Thermfors,
in MPB separating the tetragonal phase (PZT-rich) from
the pseudo-cubic mhombobedml phase (PZM-rich) exints
betweenl + = 0.2 and 0.3. Also consistent with the XRD
data, the phase ransformation in ceramics prepared by the
conventionil method is smeared owt due probabiy io the
chemical heterogenesties. These results lead to the concli-
sion that the columbite method produces ceramics with bt
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Fg 9. mﬂnﬂmpmhﬂmnﬂ&“
eormpomition for tPEN—{1 - TZT ceramics; (8] FEsment polarizsing:
!Wlmhlfhh:l

ier ferroelectric propemies even though this method s
mitilly be prone to form pyrochiore phozse. These regalis

-wﬂuumlhptrrqmmmlemmﬂ-m:mhﬂngptqu
in determining the thermodynamic stabslity and slectrisg)
properties of perovskite ferrociectrics.

4. Conclusion

A comparison between the conventional method and the
tolumbite method was made in the preparation of cemm-
ics within the solid solution of sFZN—-{1 — £)PZT over &
MWhmHmf1=ﬂ.l—ﬂ.5}.Thnnpﬁmmpm-
mingunndiﬁmfursm:ll:ntﬁumdemi:pmpnﬁum
.mmmmmx-mmmmﬁhmm
electric propenty measurements, the following conclusions
can be drawn:

I. Compared o the columbite method, the comventional
method requires lower calcination EEmpetature 1o elim-
mwmmﬂmm. Increasing in the
m&uﬁmnmmwmﬂtﬂﬂmdmm—
peratures in order to achisve phase-pure perovakiee, At
H00°C, all the compositions for bath methads can be
comerted to smgle-phase perovskite.

fearoslectric property medngement. An shrapt change
hmmﬂﬂm&,mminmm
Hhmlm&mﬁuﬂnhmmﬁhw
of x=0.2-0.3. lnmum,pdmm'nuwm
nl;linmmdhylhmmﬂnutm

4. Lower smtering temperarures were required for compos
sifhons with an increasing molar fracticn of PZN, For the
::-i.lnndﬂ.?mnpuiﬂnu.lim:inln 1250 %C for
Ihwas uhum-:dmpmmhihﬂwhmlmﬁ;m
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Phase oraniibon snd meshamscal propemes of PhZely (FZ) & different siniersg iempensumes.
tiire tom ghness of the PZ were messured osing Vickers and Enoop microhand ness sesen.. The
Iy desminy w1 e higher simering ergermus maultiog Gom the bost of kead oxide (PO
caumrs the lower valoe of the Cunie ismpeaisre, aniness sl fracse poghmess, The i
were el comesponding o the microsruciure of e FE cemmicy.
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INTRODUCTION

PoZrDy (PE) is an antifermvoslectnc matenal, which is reparied to have an or-
" thorhombic crysial siroctune a1 room empersturs with lattice peramieters of
a=8.23 A, bm 11.77 A.c = 5.81 A[1]. The diclectric constant of FZ ceramic
shows a sharp muximum o the phase tansition from orthorhombic 1o cubic
at the Curie point near Z30°C [2]. Previous author reported that antiferroelsc-
tric to ferroelectnic transition (under the spplication of & sirong electric field
o the ceramics in the antiferroelectric phass ) lesds (o significant snengy stoe-
age [3]. Then PZ 15 a candsdnte material for energy stomge applications. FZ
was also searched for s microwave dielectric propenies beeaese fis dislec-
iric relaxation m-near microwave frequencies (3, 4]. The diskectnic propertics
of PZ can be improved by incorporation of Ba jons into the Ph sites of PZ
[5-8). Therefore, the importani modificatdon of PZ becomes (Pby_Ba,)

i
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Zr0y (PBZ). Many authors found that as the number of Ba jons in PRZ is
increased, the Curic temperamrs of the PBZ is shified to a lower emper-
gture [3. 9. Because of a large volume change in the phase ransition, the
FBZ is selected as & candidue materisl for energy comversion [B]. For the
past decade, the electrical propenies of PZ were widely studied, however,
its mechanical properties have not been well researched. In this paper, the
experimantal resoli of the prepamtion of FZ by solid staie reaction method
are presented, Effect of sintering temperature on phase transition. electrical

EXPFERIMENT

In the present study, PZ powders were prepared by the mixed-oxide method.
Reagent-grade of lead onide (PO) and zirconium dioxide (Zr0y) powders
were used as the starting materials. The starting powders were ball milling
in ethanol for 24 h using tinconia balls as 2 grinding media. After mixing,
the sturry were dried, the powder was then ground using on agate mortar and
pestle into a fine powder. The mixed powder was calcined at various iemper-
miures ranging from S00 v 900°C for 3 h with a heating rate of 3°Cimin. To
study the phase formation of the ceicined powders, x-ray diffraction analysis
(XRD) of the powdsrs was performed asing a diffractrometer with Cul,
radistion. To improve the powder compaction, L3 wi% of FVA binder was
blended with the powder before pressing at 40 MPa into cylindrical pellets
with 13 mm in dismeter and 2 mm in thickness. The pellets were then sin-
tered at | 100-1300°C for 2 h with o heating rue of 5" C/min. Density of the
sintered samples was measured by Anchimedes method with distilled waier
as the fluid medium. The phase of the sintered samples at various sinisring
iemperatures was imvestigated by XRD. The microstructuml evolution of the
dielectric measurement, gold electrodes were sputicred on the semples and
then subjected to an sutomated diclectric system messurement controlled
by a computer. An impedance anslyzer was also wsed 1o measure the diclec-
tric constant and dissipation factor. The dielectric constant and dissipasion
factors were measured ot | kHz, aa the ssmples were heated in the range of
25-250°C at & rate of 3°C/min. Phase trangition of the samples was snadied
by measuring the disleciric-tsmpemture curve. The dielectnic constants of
the PZ at temperature above the phase mansition may be expressed 1o an ap-
proximation by the Curie-Weiss law. The Curie tempersture of the samples
c2n be normally obtained from the plot of £ a8 & function of temperatre.
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