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EREM Zr/Ti QATHERZMFAEWNE, TRERWAWME PMS . PNW &8H Zr/Ti #
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2.1 Hoil&

% B Hr 86 1 PbsOy o ZrOy |, TiO, | SrCOs5 , NiO , WO3; , MnO; |, Sby O3 , CeO,. W3 HY
BC A ARRITIN T« (Pbo.gsSro.0s)[(Mny /3Sby/s)a (Nij/2Wi/2)6(Zre Tii—z)c]0340.25wt%(CeOy)
+(excess) 1mol%(Pb0O)+0.2%wt(MnO,), a+ b+ c=1, HH a=0.05 , 0.06 , 0.07 , 0.08; b=0.01 ,
0.02, 003, 0.04;z=048, 0.05, 0.52, E1 AHTLRHHNRESHAFELAR. HT ke
JERBEHERE, AERPRMTERELN St . Mn f1 Ce, AT ER PbO 7] DL & ge 4t
AR SER%, NAME RS T RPEgaENEE B BRI T 1mol% # PbO.

®1 TRHERNLSHAER
Table 1 Chemical composition of specimens investigated in this study

1# o# 3# 4% 5% 6% 7# g# 9#

Specimens

a 0.05 0.06 0.07 0.08 0.06 0.06 0.06 0.06 0.06
Composition b 0.02 0.02 0.02 0.02 0.01 0.03 0.04 0.02 0.02
T 0.50 0.50 0.50 0.50 0.50 0.50 0.50 0.48 0.52

KAEZHBERE LY, HEATEREBMT . (1) BEKREKRBUE B A FRHHE,
TE B R LABS BR M SR 4T B EREE 12h; (2) Kb ebt T, SRV 1 Br 3K 1B Y BL &4 BHAE 850°C Tl
5%, BARBEMBEEER., TEMRE,; 3) Hk PVA, 7 1250~1125°C $545 2h. Jy il o a4
it R PbO &, EINEMRIEH R FHEERELY PbO-Zr0, HE; (1) MEHBET
KB, Wk, #HAT s, (5) & 120°C M REME PN E R & E 3kV/mm K1k
30min, B B 24h J5 i 3 K B HERE .
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3.1 PNW 284X PNW-PMS-PZT [RE LR E KR

MWE 1 TES, FE PNW @0 A, PNW-PMS-PZT [ s [ % #5845 1R B R 3 %
£, XEHTF PNW EERMKMBEEBETK B, % PNW #4 & >2mol% B, PNW 3t
PNW-PMS-PZT M G BB BN EWME LB AHE.
3.2 PMS £ BT PNW-PMS-PZT (L EREBF T m

XRD iR REKH, EHEREREMHPERTHGS RSN 100%. WE 2 7TUE L,
BiZE PMS & BRI K, 7E 20=45° ML RAEM 5 AR 1T 5T I BF B B W TH 2%, R b RHE
ZAW A B = AT E, 4 PMS A& EEN 8Smol% B, ZEL2BHA=ITH. HER
HUTFTHAFE: B—, B W.ZZHU , BEESHMRE, #AGKT EWE B GLH Mot
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Fig. 1 Sintering temperatures of PNW-PMS- Fig. 2 XRD peaks of 26=45° versus the
PZT ceramic as a function of the content of concentration of PMS in PNW-PMS-PZT ce-
PNW ramics

# 2 PMS &% PNW-PMS-PZT RERE N EFEE MR
Table 2 Dielectric and piezoelectric properties of PNW-PMS-PZT ceramics with different

concentrations of PMS

Specimens Content of PMS Ex tand/% kp Qnm d33/pC-N~!
1# 0.05mol 2234 0.47 0.617 393 390
2% 0.06mol 2138 0.584 0.613 1275 380
3# 0.07mol 2048 0.628 0.58 718 347
4# 0.08mol 1392 0.748 0.245 2332 198

FHREMZEEEFFEFMER, XERFEMEBFT = FHEAREEHBL B, EorAim
WP ST MM =R \NmEK, mEARMNER, BE, M n, W
HAE R/, HEEE PMS FRAMI, MEERANFHEEI=Z7H. NE2WUE
i, X4 PMS 89 & B 7E 5~6mol% Bf, $EA AN B EBERE, X4 PMS #& B Tmol%
b, AR RE A R B AR BB T B PR, 24 PMS Ay & BE7E Smol% B, A theEfl E i B ¥
FEAR, XEEBME AN C LA THRBAR, Fril PMS /& &1 5~6mol% i, £t
4 T HE 7] T AE R
3.3 PNW 4 BZ 43 PNW-PMS-PZT & £ REEER Y0

MWE 3 REY, HE PNW SR, (200) T B RA AR BN, REM
BHEARZE B A B = FHALE, 4 PNW BEER 3mol% it, MBS NNNL T LA
BRMES, % PNW B & B 4mol% B, T = %4 PNW & & 7E 2~3mol%
i, PNW-PMS-PZT [EHMEAERFAMMAANKE. ERXHEMNERERS: $—, HE
PNW #0n, 5l &ML, SRSHEEESL, EMEmZFHEL; £, FE PNW
B, CBSIAKEMEEA, FEAM LB ESRT SH0 =4 8/ \m A4 581
T, B, MR, SHEEPNW SR, MR RGETHEREI=
. FIAHT PNW A #X PNW-PMS-PZT LM & B M E B GEAI ), 24 PNW
R 2~3mol% B, MEE RSB ERERE, X4 PNW & B 4mol% B, 4tk
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RERMEREREE, XRHTHHOHEHMELTE2BLN=7H, Ty PNW HEEY
2~3mol% B, RIS HI AL T =07 A O AR SRR

#3 PNW 8% PNW-PMS-PZT EHEEENHF0EL MR
Table 3 Dielectric and piezoelectric properties of PNW-PMS-PZT ceramics with different
concentrations of PN'W

Specimens Content of PNW Er tand/% kp Qm d3s/pC-N~!
5% 0.01mol 1870 0.532 0.601 1303 350
o# 0.02mol 2138 0.584 0.613 1275 380
6% 0.03mol 1328 0.929 0.602 1258 371
™* 0.04mol 1314 0.830 0.586 1238 325
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Fig. 3 XRD peaks of 20=45° versus the
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Fig. 4 XRD peaks of 20=45° versus the
variety of Zr/Ti in PNW-PMS-PZT ceramics

concentration of PNW in PNW-PMS-PZT ce-
3.4 Zr/Ti By EE{L 3 PNW-PMS-PZT &£ ERIBRA 2w
IWE 4 AFH, HE Zr/Ti 3K, MEMERZE WA M= ST, X Zr/Ti

&4 Zr/Ti I PNW-PMS-PZT KB &S F0ER AN R
Table 4 Dielectric and piezoelectric properties of PNW-PMS-PZT ceramics with the
variety of Zr/Ti

Specimens Zr/Ti Er tand /% ko Qm daz/pC-N~!
8# 48/52 2016 0.476 0.608 1235 365
o# 50/50 2138 0.584 0.613 1275 380
9# 52/48 1920 0.627 0.526 1538 324

H 52/48 B, MBI REHMANZFMH. XEHFEEZERT, & PNW-PMS-PZT &M & &
M snt, B4, o=b8MIK, B /o<l EBEALI=ZFH, ZHEIEWT PbZiO;
HFREZFHBANEFHEGEE . KR4 TUESY, 4 Zr/Ti K 50/50 B, MHHRK
(A e A E Bk BE, 2 Zr/Ti fR S 50/50 Y, Fel VEABAN R A8 B B R, X — e
Zr/Ti Jy 50/50 B, $FRHAY M LT =7 A M L. H O TR B R .
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L RAEZETHELZH& T RALSKT 4 PNW-PMS-PZT T & E &M
%, W% PNW AN, PNW-PMS-PZT [EHMENHREERERR, £ 1150°C EEHER
HHBE.

2. B PMS . PNW &8/ Zr/Ti K380, #OBH& 22 8 e 19 07 7 1) = 77 #15E E -

3. KRBT AFHRRAARRMIWHBIE . PMS 895 /7 5~6mol% . PNW & &
¥E 2~3mol% . PZT §y & Ht7E 91~93mol% , Zr/Ti 28 4k 55 50/50.
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Piezoelectric Properties of Morphotropic Phase Boundary for
PNW-PMS-PZT Piezoelectric Ceramics

PEI Zhi-Bin', DU Hong-Liang', JU Jun':?, WEI Xiao-Yong?, QU Shao-Bo!+?

(1. The College of Science, Air Force Engineering University, Xi’an 710051, China; 2. Electronic Materials
Research Laboratory, Key Laboratory of Ministry of Education, Xi’an Jiaotong University, Xi’an 710049,
China)

Abstract: The piezoelectric ceramics (PNW-PMS-PZT) were prepared by traditional ceramics
process. The phase structure of all ceramics samples was analyzed. Results show that the pure
perovskite phase is in all ceramics specimens researched. The effect of the content of PMS, PNW
and Zr/Ti ratio on the region of morphotropic phase boundary for PNW-PMS-PZT piezoelectric
ceramics was studied. Results show that the phase structure of PNW-PMS-PZT piezoelectric
ceramics changes from tetragonal to rhombohedral with the increase of the amount of PMS, PNW
and the ratio of Zr/Ti in the system. The composition of PNW-PMS-PZT piezoelectric ceramics
near the morphotropic phase boundary obtained is the content of PMS: 5~6mol%; the content of
PNW: 2~3mol%; the content of PZT: 91~93mol%; the ratio of Zr/Ti: 50/50. At the same time,
there is high piezoelectricity near the morphotropic phase boundary.

Key words PNW-PMS-PZT piezoelectric ceramics; morphotropic phase boundary; rhombohe-

dral; tetragonal



