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ABSTRACT

ABSTRACT
Lead zinc niobium-lead zirconate titanate system (PZN-PZT) is one of the main

piezoceramics research hotspots, which was widely used as electronic components
because of their stable reliability. the excellent electromechanical properties and the
low cost. However, for PZT-based ceramic, one big problem was that their sintering
temperature was higher than 1200°C. The much high sintering temperature has
enormous harm to practical application: Firstly, the PbO was very easily volatilized,
leading to the obtained composition deviated from the designed composition, polluted
environment. Secondly, the devices need expensive metals such as Pd as inner
electrode, improved the production cost. Finally, for multilayer devices, it was
necessary to co-fire ceramic with inner electrode, if the inner electrode dispersed into
the ceramic layer, the reliability was decreased. Therefore, the low temperature
sintering is the only way to solve this problem.

In this thesis, first of all, we investigated the influence of sintering temperature
on the sintering process. microscopic structure and electric properties. It was found
that, when the sintering temperature was as low as 900°C, 0.5PZN-0.5PZT had a low
density, the worse electric properties, strong diffuseness and mainly domainted
thombohedral structure. With further increasing the sintering temperature, on the one
hand, the grain size was increased; on the other hand, the density and piezoelectric
properties were improved, induced the inorder-order and hombohedral-tetragonal
phase transition. At the temperature of 1150°C, the density reached maximum
p=8.13g/em’, the indicator of degree of diffuseness y=1.71, the molecular formula
could be wrote as 0.5[Pb(Znz;3Nby3);2Nb1/201]-0.5[Pb(Zry 04 Tig )12 Ti120s], and the
other excellent properties were obtained: £=12000, d33=430pC/N, k,=0.67, Tc=246°C;
However, while increased the sintering temperature above 1250°C, because PbO
volatilized seriously, the density was decreased, and the pyrochlore phase was
extensively formed, therefore, the electric properties was seriously worse.

Moreover, the low temperature sintering test was emphatically studied in this
thesis. In order to realize the low temperature sintering, Li;CO; was used as the low
temperature aid. It was found that, when added right amount of Li,COs, at the earlier
period of sintering process, the transition liquid phase was formed and promoted
sintering. At later period, Li" entered into B-site of Perovskite structure, and enhanced
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the diffuseness. The sintering temperature of the ceramics with 0.5wt.%Li;CO; aid
could be lowed from 1150°C to 950°C while the density was o=8.06g/cm’, and
electric properties could be kept: 5=8805, d3;=281 pC/N, k,=0.50, Tc=244°C. The
excellent piezoelectric ceramic we fabricatied had a better application prospect in
actuators and ultrasonic motors.

Keywords PZN-PZT; transition liquid phase; low temperature sintering
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2.1.1 0.5PZN-0.5PZT EHMENSHIEZHRE

KA —5 & X E A% EH % 0.5PZN-0.5PZT Rl %. g Tk, %
RIS, 1€ PbZrOs B K (PLO:ZrO~1: )M & A A B I8 F % 1]
T, NTTREMIE PoO MEF, BB TRBEBREMMEE. MEEEER K PHO
ER. BiFthRirmiiasg.

BrTREMREAEDT: PbsO(AR)99%. ZnO(A.R.)99%. NbOs(A.R.)99%.
ZrOy(A.R.)99.5%- TiOx(A.-R.)99%. B kB E T R ILFRE PbO, ZrO;s TiOs.
ZnO. Nb,Os, FTEEBERZEEPRESRE(ZE, B0 24 0, BRESH
EBHBERETHRTEC, 6 ). BT EREH BRI EHIRPIE 900°C Hrk
4 /N HTURER B IKEREE 24 /MR, T, £ PVA BRUS TR (100Mpa) i
RXELF, FETE 500°C HEL. RIEHHESMESRSRET 900~1300°C FHess 2 hed.
RREHRRESITE. MG, BEXRRELTRE, 7 600°C 4B aik.
RS RRAERMDRT, BEN 120°C, BLHEEY 3KV/mm, HiLntEY 30
oo, BALEHFERE 24 M ERZL. REHTELRUE. LAEAKT
ZHEWE 2-1.

2.12 0.5PZN-0.5PZT EEMEMKRBE SN I ERE

KA A G 1B A& A% Pby.o1(Zn1sNbas)o s-(Zro.47Tio 53)0.505+x W% LiCO5
(0.5PZN-0.5PZT-L)E B &, SRS AP SR T#HT. AR 4
FETE 99.5%LA LI HT2E: PbsO4s ZrOs. TiOzw ZnO. NbyOs. LiCOs. B4EH
SR AT A 0.5PZN-0.5PZT. HR, R|ARARKEL 2 BLHE
0.5PZN-0.SPZT 1 Li,COs, K LizCO; MA RS 5125 0.0 wt .%. 0.3 wt. %. 0.5 wt.
%, LOWL%. 15wt %A 2.0 wt. %. 3T 24 /DEFEREE. BRL, ERAHKSS,
£ 900~1200°C 245 2 M E HEER . G, SR8 ER. RILE, BT
HERNE. HAATZHREDAE 2-1.
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Fig 2-1 Experimental procedure of 0.5PZN-0.5PZT piezoelectric
ceramics prepared by the one-step solid-state reaction method

2.1.3 % Thermal etching(TE)35%:

AR HANMELEENRETNE—BRETHRE—BRNE, A TREORE
SRR, BABESRRETER, RFEARALE, ANTEAZE LLIARRZ
REMP—RHITEHFEY, AHNERERAFE, EHHEAENETEME
REWE, HEARE, A& FEORE, Fim: BARRELCAZHEARTHE
FRERRE T HT R,

TR EEEANTS, T, HHERER. BRHHREHNRTH
PEFE, AERIMEGR. HEEHDRXBEDE, APK, B,
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MPLFEAT AT, MMB ML TR B 29100°CHIFIL T (RIBI03-44 1T Hvil,
mE 2257,

ESEEES Py

]
2-2 WA
Fig 2-2 Diagram of fracture and polishing surface

2.2 HanRIRAE

221 BEMNE

R4 %) METTLER TOLEDO XS104 47 KB L) E R E o
(@/ew’), EAFEIMT: BHELBETH, BATRER, 7 115°C #T 4 /6,
BEATROAXHZHZR, ARFRERBERETSAKTFHER, HEF
HHEEERERNEE.

Xt F 0.5PZN-0.5PZT % itk R &% B oo TR ARQ-1)iHH:

Po=Mpzr X Pogr + Mpzy X Pogy (2-1)

KXHF  Mpz. Mpzv—>% PZT 1 PZN FIHEXS BE/R & B(%):
pezr ppav—A PZT F1 PZN BB % B (g/cm®).
EEFRTIA Li,COs G AN EE d T ARQ-2)HHE.

o
= 2-2
Po+2.11x Mui co, 22)

AP p—EARINFTETE:
d— AN HE
Muco—Li;CO; ERRARTHIBER SR,
2.11 glem®—Li,CO; BB B 1),
p—BHREE.
222 XRD &f
XHHE R SR R B R x5 AT R [XRD; Model Brucker 8D Advance, Germany]7E
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T XETEMLEMRIT

Fi4tf20=20-70° B BT EH, RENSHKT S BETRARY(2-3)H 4.

Perov%= Ipm' x100% (2-3)
(IPym"'Ipaw‘!‘be]

AP Perovie—5EkT HHRAHN & &;
Loero—E5 45T FE (1 10) B IRATH MR 35 E
Ipre—ERA Q22 BERATH R B E
Ipso—— PbO W BB FTHT AR .
Jt 20=45°MHE RIATAH ISR AT N1 18, 1aHE SN 0.3%/min, K% 0.001,
# A Lorentz SR EUATHIE, LUBAE U77(002). (200)F1 =77 (200)F] AR BRI
BE. WHHEERARQA)HE:

Ty *+ Loy
Tet% =—— 0 09 __y100% (24)
1200y * L gaz) + 1 (300)

AP T%——FHEBAENT SR Faony Fomy Faon ——5 5125 HF7(200)8.
I 75 (002) e F0 = 77 (200)& I AT 5 IR .
223 BRNXPINBRER

BERANMMAEERAAHE T EMBE[SEM, Hitachi S570]1W&R. EREBERA
EEHBANEREESNERRT. BAFEDT. ERRMEHNELFOE
BRMALRA, R LEERN DB, R)EE HIE A RS0 P,
SRBHEHTIREESR MY 0 WEAGKEHAN=P+050. REEA
RE-SWHFER d(un):

d=D[JN 2-5)
Kb BRI ER(m):
D— By E Fo(yam):
N— A ER B,
224 EHBTREBIF(TEM) BN E
BHEATEME (TEM) LU FAHAIEER, SHAER, FRERARE
BARGLE, HREENARTHIECCH, & H R s g T ma 8
EEMTR. TREFIEM2010REH 8T RME, BRITHERARGHEN
B, SBRIEDHUHR. BHEESHGE,



B2EERMNHERRE

2.2.5 Raman $#7

Raman BHEHYTHS). BAEPHE¥FFEABRKEHRNMERA
FEMERLES, ERAMEHMNEHEEEEMERAFR. Raman ik
SH17ESpex1403 R B ¥t Lt T, RAEES LTH4. 488mm Ar'ELE,
100mWH i hE T H#AT, ARAREITREFBNEMEE.
226 FrEMERR . .

XK H LCR ¥ F i t[Agilent HP4284A 1M B s A C FINER$E tans, FHH
TAA(2-6)7H HAHM A BE K

_C .t
£r= £,A4 26

AP C—HAEE;
t, A—RREENEH;
e—R N % 4(8.85x10"%F/m).
FAANNREREREREANRESURGERERE Tc. BAHE
FEA: R EHEHIR Agilent HP4284A LCR A BBIEHARARR, £
AERXRBEZEHRAREFA, FREAEKAM LCR HFEFEE, L
2°C/min MEEAR, HER 1°C R —KEFEANBHE, BEMHNEH
RN BRFEREERMER LM ME. ABRBEES 20~400°C. HNFRHAN
HEHLCMEEREREERE Te. MAMZE R 1 kHz, 10 kHz, 1000 kHz, 1MHz.
227 HiEEZ%MAE
R B2 B A B K AR SRRV AR 2 — 1, b RS IRE fEATF,
R E PRI M —FRUU TR EIL M IELEN BITH, FRIEMEL, &
FE A ) L (2R RE B R S T ML R R B RARALAI FAE R L Tt . s EI 4 BT
BIRHIENRFE, XHEREMERTE, SRS . BAEENERE. Sadn
MARGEERMRBELFTRANE N . TP B ELEN it S
HiSawyer-Towers8 8% B SRR RS TR BT H1%& K AXACCT-TF2000R &% 1.8
BB



I RFTFFLFLRL

B 2-3 B FaRMP-ERREL
Fig 2.3 A typical P-E hysteresis loop in ferroelectrics.

228 RARMBMENNE
MR, SRS BN RS e R, EILR T RE RSN
BE. AR TS ERARREN THEAE—E, RREMAEER
MEH. XHEN THSEFRBRANRRNEH, — MBS BE— S
HhES, SREHRN TR AR GG ERERT ARG S R
R g, it iSRS R B MR, TSR KSR
TR BT M & R A TAY, RARERRS X Agilent
4294A, REINE.
229 EBHREMR
2.2.9.1 FREKMNR FERBH d ZREH2ERARGE) b ER(H
RBHAE) FALESNAEMNRN. BT EEEE R R 4y Tt A
RS EMAEE, MERBEER g, THEHEGRAIENRE. RATR
B2 Ry MBI DZ2A IR A, 240 R e B R IR AL T B
MER AN, EERRERSFESH, FFTUTXER:
D, =d,T; 27
AP D HAIH;
ds— R
T—HEMN f;
33— | HFRFRUHMFA, B2 WFRTNNKBEAERE
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2.2.9.2 e BERYHMENITE NERSRERERMEKN—EEEE
WeR, EEXNR: k=U,/JU,U, i*&?ﬂﬁ%ﬁ*ﬂ%#ﬂﬁﬂﬁ?ﬁ%lﬁ.
U EREPHMEER E, Uh B E. 3%, XAREHEAMT R Agilent

4294A, XEMBEBRTRERAENERAE, BEER-REREITE
TERSREL. A =/ - B/, BASNRREESRELTREFATHE.

k,= 1/2.53><Af/ i (2-8)
R¥ f— RiERMAE,
f—iEiRmE,
InZ A

¥

& fi

B 2-4 RAEIFR G HER
Fig 2-4 typical impedance curve

2I3EE NG

1. RA—SaREMEE S % 0.5PZN-0.5PZT EEHE; R Li,CO N
IRERL BN, *F 0.5PZN-0.5PZT [k f i Bt T4 .

2, iEit XRD. SEM. TEM H Raman B{5i MEBHGEHMHEH, REKD,
Bi(R)E A Er.

3. BEAREY. EREN. ERSRAENRAENIESHE, STH
REMEHA BN EHRITRIE.
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EI1E SELB T 0.5PZN-0.5PZT Mo Bl 45 Mg AT e 1 e (B

HIF LB EX 0.5PZN-0.5PZT B &M HFng
4 RE B9 52 M
3.13]%

PZT REF AT ABO; ML SN _TEBE, ZHFIMAT MPB
HHE, =47-WARMRAE, ERELRs, IRMEAREFE%BEA, &

LB AAREERERMHE A RIRE LTRSS -

FERK, BFET A, BUBRARNERME=ZHITREE PZT EEMEHAE.
EBAHUBRERESY, PZN B—RARMBEBEEE, ATRNEERERR
FEIfreattee, ¥ PZN 5§ PZT HAMBRM=TREEHE PZN-PZT AFR R
Bt ae R, HAT, PZN-PZT HRCLRAE LM RSN — 5
AHAD. FAKR, RETENHESHEESENERER LTHELTH
RpEABEMSIROMEENL, FEBEBEMAMATEERKRE D, L 3%
RELFEEZMHER, HUEN PZINPZT =T R EE T REHA.

BEREREETBIN—IMRESYH. FRIRGEENPZITERE BT
HMACLBB T EAR. Rukmini® AFFH T HEE5E B X Pb(La, Li)-(Zr,Ti)Os
RN R MEREEMEN, RIERERN B E B AR REH1300°C
S IR KME, MicleafITanasonBF R, R BEHE R FREPZTE
MENREER, TNRBERELRE. RERSATRT EEREN
PMS-PZTRMIRSE A EBMERNEN, BE1100°C~1150°CHEER, REYP
HIPbORISb,Os AT AR 4 R N FE B, RIEMBMEEL, HESF LER=
KHER, MERSRENAE, ENESEFEALILER, BRE—S&T
i, T1240°CHREB T BN R R E5=1530F BHLE & F 5 0,=1250801 15159,
ChenfIHAA XY, BEFEFLLEHE MRS, PMoN-PZTHI RS H &= f i N
FHET, RAPEKX, REERELTF1050°C~1250°Ch, =AM}t
7, 1250°CHIRE R & R E $0.Mi52100, $51ES T HIEE dEERS,
R, FRPEEREXT0.5PZN-0.5PZTHY % AR 4 I M1 4 HE OB 20 04 Kk L3R
.

FREERHF RIFAr R E BRI 0.5PZN-0.5PZT I /8 B W T %
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R Tk XFTFWLEAEX

%, REMRTHRERENRERAS WA BZLENEW. ZREH, REE
BER#THERR=F-NHFHEE ELREREEFETERBKX, T
Bl EsReAT A RS, BFEFENR. FREERRMRENBEMLRE.
32 RBI SRt
A REA A Pby01(Z013Nb2s)o 5-(Zr0.41Tio 53)0505(% S 0.5PZN-0.5PZT).

ATHRIREMNNTBEY, EERNEEHN PZN BRKE&E R E A
TEE. HTLANERRGERERE Tc BEXER 230°C, MMBEKEH
¥ PZN KB B M RIK(140°C), ATREBRAEREE Te, PZT EHE
Zr/Ti=0.47/0.53 WU JT#fE, FERFEAE Ti ®BREFERE. 5t AT
52 PZN M4GEKE 454, PZT 1R BAZA 40%U L, TUSHESETHER.
HEHBFMA 1mol.%H PbO BA T ERRBETRAMAM, BREREEE, ¥
WELER, NTIHEARNARES, BLEL T HEBRIMNITANGEREAT
ERNHERLEH, FURAERST PZN 5 PZT MARKBHEN 0.50.5,

33 ERMTIE

33.1 RRERIH

3.3.1.1 $5EkHTaENE M 3-1 B 0.5PZN-O.5PZT ERFABERET, &% 4 1
AN FTER XRD B, NBFFTLIE S, SBPEREN 800°C i, FARME
FEER, STRIE, KENERAHE PbraNb 1Znox06ss™, BEEREE
EMRE, ESAHEH REET LT, XEBRRGEFNRREET £%A
H ST L. BERBREF T 900°C B, NEHREBMERAMBER, %
BB AT B) 950°C B, Bl & MM Ry HE BEED 100%. EEF|
BREEY BRREBANBEEERRRN, RETREMREAHT B
%, FUARRRFHE HERETRRABGERE N 900°C.



P33 PR 0.5PZN-0.5PZT BB M 2 Hy Rk AR R e

8 Perovskits
8 ¥ Pyrochliore
B PBO
3
3
i
3 800°C
g 850°C
900°C
1 950°C
0 % 20 50 50
75 1 20 (deg.)

B 3-1 0.5SPZN-0.5PZT #EA FIEFEE T 8 XRD i#E
Fig 3-1 XRD patterns for 0.SPZN-0.5PZT calcined at varies temperature

3.3.1.2 RESRAEASN B 3278 33 EARAREEETHRIESE
FEFI SEM BB H. UreEiRE N 900°C B BRI T, SIALEX, BEERESR
ENREERBRRTIEHNK, BEEREG. SR5REET 1150°C K, &
RIYS), RGHER. RAEN. S0P, BERFEAE, AEARREEEN
REFREEPERER. RABSEZLR, XAALERTH™, FLSA

EXFmm, BEREER.

8.0} AAA\
;; A/ A
Es /
5 | A
72} /
N
/
6.8 n ' : T
900 1000 1100 1200 1300
EERE(C)

B 32 FREERET MERER
Fig 3-2 Specimen density with different siptering temperatures
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ERITLRETEWM 2R

RENBERSBEEEPSILNHRERR, TERATHLESHR. &£
B RS, BHTEALER, WEANT R, Fril pb ZAMEMIFTEES
WIREEE. HE, REFENRES B UETFHRREEFESTXRC,
EHRETES, ERPNEARTSRAZHTTEESR, FHESAEHRER
R EERERBERE, ATIREAESSILTHENES. RESLHED, R
BERE. MERSERORE, EESEEA, BT (@oNb)" Tz T A
MEERA, #4 Zo"z B H Nb'q 2R, AR SISy &, #RdR
FHTERTFEEZAREDSE, WNT REFEE, AEHTFHESILAHR
Fipesds BB s,

¢) 1150°C d) 1250°C
B 3-3 FRARESERETESMHORBEHNEMRES
Fig 3-3 SEM micrographs of the fracture surface of the
specimens with diffcrent sintering temperatures

3.3.1. 3 SEM #AM(TE)S T B 34 ATEETHREEMELY 100°C FIER TRE 30
SyhEAT A BRET SEM Bli%. WERRTLAEE, FETE SEM MLL, #hERm
HER TS RMEERERENRSE, SNFRKANASZ. #HERRTAE
migei, SILED, THEMTRHUNER. AE 344d-1)d2)TERRB TR
HERGRRNESRELEH, )R d-DEKEMHR.
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F3F REEEY 05PINOSPZT BEMM AR BERnER

b) 1050°C
-

C} 1150C d_]] 12502C

d-2) 1250°C-Pyro
B 34 FRIREEE AR & R RS
Fig 3-4 SEM micrographs of the surface of the TE-specimens with different sintering temperatures

3.3. L4XRD 47 B 3-5 ANFHEEEE TR AR XRD Eift. A\BFaTUEH,
PR ERT 1200°C FTH MATH A AEST B, KEAFERTRYE
BB, —BRF, BT POV B TR BT AL RN KRR E TS
In" B F AL AMELER, FUSHT &AM PZN £2REHREBN. WE
XEHHEEASERSHT SHRETRE, FIREVRERLLEH, BAK
HTHRENERRNEHERE. HBE PIN PSR EH, B —bEaseg
T &S MERRERNF W PT & PZT. XF PZN-PZT 5%, SEWFAFEH,
RELPITMEEB T 40%H, 7T H B REZAANERP). XLB+ PZT
HFREIEL 50% ARHBAESEHNTK. MAEEREA®E 1250°C &,

-23-



EFETERETFEHLFMRY

HF PoO #HR™E, fILIE KEMERG HER LRSS . TN SEM(TE)
TR B ERERESARFREET ALK EHM.

e W Pyrochlore

= e -
s| e -
Eia 1
o [ A A
A A
& A A
&

| A A

LA A

A N A

20 30 50 60 70

’ﬁ;oﬂﬂ' £ 20 (deg.)
B 3-50.5PZN-0.5PZT P RFEIR 4R BE X (a) 900 °C, (b) 950 °C, (¢) 1000 °C,
(d) 1050 °C, (¢) 1100 °C, (£) 1150 °C, (g) 1200 °C, (h)1250 °C ¥ XRD &%
Fig 3-5. XRD patterns of 0.5PZN-0.5PZT ceramics sintered at (a) 900 °C, (b) 950 °C,
() 1000 °C, (d) 1050 °C, (¢) 1100 °C, (f} 1150 °C, (g) 1200 °C, () 1250 °C

B 3-6426-43~46"T8 B AIXRDFE M1 R Lorentz R HH & g2k, T, 45°

fiEE (a.u)

a3 4 45 % 43 a4 a5 45
#i4t% 20 (degree)
M 3-6 FEIEERE T, 20=45°K XRD WAFER
Lorentz BB 14 (002)r, (200)g #1(200) T
Fig 3-6 Fine scanning near at 26=45° and Lorentz fit (002)r, (200)g and (200)y reflections
for 0.SPZT-0.5PZN ceramics sintered at various sintering temperature



B3 E LI 0.5PZN-0.5PZT B B 4 s ge iy o

BHERIXRDATS BT U EMB RIS, XRPMEADEUWRERWL, HR
MRS, X% M -T IO HE(002). (200)H = HQ00)MHTS, WEL
AT LA R BRASERT S = F AR A% EE. 76900 °CRY, (XE—1AiE
B, RHZFHG XA, BREESEENRE, [UFHQ00)R002)HEEE
AEBEMm. HREREN 1150°C &, HRAT =AM HLFNIE. W5
WRHER R R(MPB). LHEERERER 1250°C K, BATHEMNERNE,
RSN P54 R ,

3.3. 1.5 TEM 5341 X T 1150°C il & M0FEd, B b F B s 2 it TR
MEE A RE 3-7. TR, EHREEETSEREB=B(71°, 109° 858
HAEBERB|PU T 5(90°, 180 °BREE), ARATEBEA, XHEHE T H—¥ XRD
BT B HE R 2 AR L (MPB). 7E 900°C A 1250°C 4 A9BE R IV g B2 3| =
BRI R . RSB RESES, RRAS, BXBESEENTHRNAESL
Fil®, # K7 80PZN-10BT-10PT 4k 5 b FIRE TR B B BEE B i F I TR LEAR AT

HEHE%, Yoon 75 PNN-PT Mg th W22 33440l g 254,19,

e

T T B

3-7 MR AR S(1150 °C $E49)05PZN-0.5PZT (IE S MR A
Fig 3-7. TEM micrographs of the MPB ceramic 0.5PZN-0.5PZT sintered at 1150 °C

3.3.1.6 BNRTEHEZBHH ITH P otikEREESENEN,
THNEEELQHARNE. SilitH, £RLE 3-8, EREGEEN 900°C
B, PAHEEEN G 24%, RENBENSHWU=FHEHNEE, BERER
BERRE, IWFAHMREERSTINM, 45°MHEa0 58— i 55 B s as,

LRGEEREH 1150°C B, KRNNUFAMSTEN=FHNSESE5—%, #
I ATRB MR TRARAR L, H—BEmEgEgs 1250°C, Ui
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R T XFETZHEFEARX

K& RIRAE 60%. B TFRERENBRRTHEWIER A, BILRRRTHH

2.8
{60
2.4
) 12
i p
4 90 E
& 16f gt
B =
12} 30
0.8

9(')0 1(:00 11100 ‘ 12’00 130%'
waEE (°C)
B 3-8 0.5PZN-0.5PZTHI BB R -THN A HERERERAEXRAMLE
Fig 3-8 Grain size and tetragonal phase content as a fimction of sintering
temperature for 0.5PZN-0.5PZT ceramics

RN SR, B3N EEREEREANBRR TN, NE
AT LATREZ Y, BEEHELEE MO00 °CREFI1250 °C, MERIRSFHEMLL umik
KI5 ume BEKKOERR S BEEKARE,

d"-d} =kt m{-R—QT) | (3-1)

AKX Pk REEKER, THRGEERE, JAETNZREN B R RRRT,
do o AN B RRLEI R T, QhTEEE. & EREEN S mEPRBLHR,
W =3, =125 k/mol. Wagner NS\ %, BTREKXPIRRE, LS
tHANARAR, EHER#AATHNEIERE. #RAEEAARESRZRE
BERABNONTEESNEAN=THRERS. NFHEEE. TR
BHEIE, BT RARAEERESEE, = FHEANSHBEH THET S
HERELSM I HETRE, SNESHLLRER WHHNERREEIERB
Ar B Fine \EANERN00) A BERN, H/NEERERFTTILRR
Bk, UM ERBRLFATEER. =FKEMANERRILIER
BRI B TFHRE/N\EAN=ZEMINBELK. M TABOEHmE, ZEMT
TFIH BB AR, H=AHOBRBELASITRETR. REREBER
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BERAHTREAARET HOHE. B, RAEKSERE, #mT= /AN
TR S, BRARBT HEHNEES.,

332 sreattee
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3-9 FFEI#EL5EBET0.5PZN-0.5PZTHG R A5 (1 kHz)
Fig 3-9 Temperature dependence of dielectric constant at 1 kHz for
0.5PZN-0.5PZT ceramics sintered at various sintering temperature

B3 9RZETHRAMNMERE. ATH, 900°CIREMNER, XABESRER
BREMERN TR UET|5910, 71 LTt 90 8 LA T k&3,
BERGREMRE, MEEHRERM: Y5 EAEIRETRI1150°CH, NaE
BAEAH00 CLRLHER PIPERE, IR, HEERIIN RN TSNS
HHBEREN. HTRETHENDMERTS, BOBRAKERETHEMN, &
TEALBIINBERUN, BERERENLD, XEWNEET MEE5E.
BEERERENRE, RETHKK, BOHENRBTHEE, LMHLTER
&, ZRERNEEALRR, AR TSR, L8EE R E1150°C
HAEERERRAHE, MERLRERERE, MBEEAREREY, 48
RETH, REIEFRETEZANERELT rBrtqE™,

MNTERZKBEE EEEEENLFEBE M e,

e=pSp (I>T) 62
Hh, CREMINS, TEEMRER.
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LRIV RETERLELRT

10000/¢
©_m N W A S MmN AN
S =N W kU O D e W R
a¥ g
15 4

100 200 300 400 100 200 300 400
A (c)
B 3-10 REHESEBRET 0.5PZN-0.5PZT A8 EHKER
10000/, IR BRI X R T (1 kHz)
Fig 3-10 The plots of inverse dielectric constant 10000/s, as a function of temperature
at 1 kHz for 0.5PZN-0.5PZT ceramics (symbols: experimental data; the
solid line: fitting to Curie—Weiss law)

3- 102 7E A R B 4518 5 F 7 55 0.5PZN-0.5PZT A #L H Z {51 210000/, 71
BEMxENE. HPEEZMELBEMMTERAEHNER. HEERABS
BRFT3-1. AT RTIREE RS EREEZE:

AT, =T, —T, 3-3)
T B&RTHREE R ERNBEE, LR RERRAENMAEE.

AR3-1FTLUE Y, E900°ClRENHERAT EMIETSC, WEE RS
Ea8E, P, EWT, KNS, NB3-NEE LhaLES, kNNERER
FERE— AR —AEE, HHRARKKREAR. BT, BERSBEENER,
AT, ER TR, LRSREREIS0CH, ATLERIRNS53°C, BRE
B e 1 B (SRR SR R BT |

STk, 765 B8 HHE R M Uchino FiNomura 7B

11 (T )”
E Epm
FEF, TuhB AN BES e TNNEE, CAEEREYN, yRHEEME
FHEBNET, ZEnle, FRRAERNERREE, yEMNETEHME

(3-4)
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B3 E BB 0.5PZN-0.SPZT B B 10 45 #0 F 1 b B (Y B

£ 3-1 BRI FRE(T), WMEERIMTE R R ET.),
URATMEE(A T, BEANEHO, 11H
Table.3-1. The Curie-Weiss temperature (T7), the temperature above which the
dielectric constant follows the Curie-Weiss law (7..,), deviation (AT,,)
and the Curie-Weiss constant (C), for samples at 1 kHz

Samples 900°C  1050°C  1150°C 1250 °C
Ty (°C) 256 251 246 245
T (°C) 331 321 299 311
AT (°C) 75 70 53 66
C(X107°C) 423 5.51 6.57 6.50

In(1iz-1ls_ )

B 3-11 0.5PZN-0.5PZTHS AIn (1/6, ~ Vema)~ In (T Tgd)
XAMZFSHE), LIEBSSRES)
Fig 3-11 In (1/é, — 1ene) a3 2 function of In (T — Tor) at 1 kHz for 0.5PZN-0.SPZT
(symbols: experimental data; the solid line: fitting to Eq. (3-4))

AT #— B LR E X 0.5PZN-0.5PZTH &R HABIT I EM. 1L
In(Ve, - Vema)~ 1n (T - Tna)fEE, HEMMEMHRIERBEENEFy. LRS
RN HRNE PR PEERRYH, LR EM00 CHEF150°C
Bt, YEMLISTRERILTL, BEAFREEE, vEXFAHT1.88. FIErENT



EREIThRFTERLFEA X

Rria¥y, T 0.5PZN-0.5PZTH M R B R Bk ek pl 1E W Bk BB (A d E, Zhu
& AZEBFPMS-(1-0)PZT AN RILFEFFMEERE, 10 0.15 K3
B 0.058, HoEM1.94TF K161, H—~SEBELEBREF1250°C, EAR
KB HETTIE TP MR . B EABAE FRERNTEPL, HET
BEFZ RAMMAEERS, BNTERKEARBBERARERE,

333 RS

WATATR, BEEFRLEEE M00°CREHF1150°C, 0.5PZN-0.5PZTH: & K0
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Fig 3-12 Raman spectra of the 0.5PZN—0.5PZT specimens sintered at
(a) 900°C, (6)1050°C, (c) 1150°C and (d) 1250°C
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Fig 3-13 The relative intensity ratios of (I5,9+ Igp0)/Isso as a function
of sintering temperature for 0.5PZN-0.5PZT ceramics
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Fig 4-1 Densities of samples sintered at 950°C as a function of Li;CO; contents




EHRIAAFTFR:FEL X

m-. ‘:'i" :"’_"""
Eo ol e
S Py v M e
Ll Sl e

c) 1.5wt%
B 42 R Li,COs & RITEERTE 950°C JLkH MRM B EHAIH
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Fig 44 Inner XRD patterns of samples with different Li;CO; sintered at 950°C
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Fig 4-5 Surface XRD patterns of samples with different Li;CO, contents sintered at 950°C
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Table.4-1The Curie~Weiss temperature (To), the temperature above which the dielectric constant
follows the Curie—Weiss law (T.,), deviation (A T,,), for samples at 1 kHz.

Samples 0.0% Li;CO; 0.5% Li;CO; 1.0% Li;CO; 2.0% Li,CO;
Ty (°C) 256 244 243 245
Ty (°C) 301 308 313 296
ATo (°C) 45 64 66 51
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Fig 4-8 In (1/g, — 1/£mar) 28 2 function of In (T~ T,,) at 1 kHz for Li,CO, added
0.5PZN-0.5PZT (symbols: experimental data; the solid line: fitting to Eq. (4-2))
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