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W RO EE (353C) : To develop high performance lead—free niobate piezoelectric
ceramics for practical applications, effects of elements additive on the piezoelectric
properties of 0.92Na, :K, :NbO,~ (0. 08-x) ATi0,~xBZr0; solid solutions, which have a
tetragonal— rhombohedral morphotropic phase boundary (MPB), have been investigated. It
is found that, for the same additive quantities, piezoelectric properties of MPB
composition show larger variation than that of non—MPB compositions. Besides, Mn & Ce
are effective in adjusting the piezoelectric properties of MPB composition.

BATIRE A
(G HEEAT 2 )
(RSN RSN & gt
H22 4F 2, 100, 000 630, 000 2, 730, 000
H23 4F 800, 000 240, 000 1, 040, 000
H24 4 FE 600, 000 180, 000 780, 000
FRE
FRE
# 3,500, 000 1, 050, 000 4, 550, 000

Mooy - L5

P DR - A E - MRFTSE - SEEATEL - M1k

F—U— PN eI Iy A JEEB, 7Y —

1. BRGSO 5

EEMEIZRHL TCWAEET 7/ F 2T —
X, BAOREEN @V, BENHREN, IHE
HENHN 2 PORBER LTS, 20X )
PR AR N LT, TRV — B HD BRI A
ISH EA, Boummiin (B 20X, HERER
EEOMEN AT — Y BB T v — T
o7 a—7) Mo BlxX, U v
H—=DA LT Tz b~y R TVHNIAT

LR, =A7%

DFESIMIEHR ) FTRIEL NS, JEEHM
BHI T 2« DAETRICR DT RWEE L 725 TV
5, LML, BIEEHEINTWAEET 7 F =
T—ZDIFE A ED Pb(Ti, Zr) 0, (PZT) % 4D
ET BB T ANA MBS TEY
%< atel=, BREMBEOBLA G L < B
flSNDHMCH D, #E>T, $h7 V —JEEE
7 v 7 ZAOBFE IR EE L REEIC
o TWN5,



=F 7 VoY 7L ((Na,K)NbO,)
E, NS 2 U —REEFET L0, $h7 U —
TEEIIv I AORME L CEERDIER
ZHEDTND, TS OBEHAK 2 BFFELLE, it
REE O ZEE % A& O C& 7=, Fox 132001
D =4 7RO miEE % HE 3 2450 %
HOHTEY, 07 A1 F(ABO,) D A—H A
B OYB—HA ;A A )5 (Na, K) NbO, DFHERFE
MEICH 2 2 8% RAmi 792k %m L TH
HMILTE T2, 26 OREMBEFZED M R 2 B
2, EEREOR Bk b AN TH D MPB %,
=FTRIIBWTHRTHO TR TS Z &
IZ&D = AT ROEEREE RIEIC A B
Tl ENTER, TORE, EBEEH 4, (K
Yy (<10kV/cm) T COHMER YV FHEIN
HAER) BEROMEIZILHET 2 =47 R 7 Y
—JEEET I v 7 AOBRBIZESI Lz, Lo,
B M EHI IR B IR IEE 2 F o 7
b, BEWCEATE HIEERBENRSNL TN D,
F7o, = AT RIIGEERETT ALY & ocE
(Na, K) OFFEIZ L0 | FEHPICK XM (A
— YA NRIEEERFEZELL) BDAETSTV, £D
7230 MELOHGHCPIIME T L, & BRENE S
(2 40kV/cm) (ZEKFHI 2 BV e & Dl
BEz T,

—J5  JEBT 7 F 2 — Z | IF BRI ELE
EnAEE WziE, 7V E—of V=
v h~y R, FUOZALNATDOFRSNAIEDS
T L HI-30°C (ZXDAKIRE) 2254 60°C (JA
WOEFEHEDORCIO T IV Faxz—2D
BRETIRFE) & CoEM AR CREIC
EB L 720 niE e b7e0n, 612, &&ES (2
40kV/cm) BRE) F CEMAEINDGE (Bl 2IL,
TV BR—DA TPy e~y R) 12iE, #l
mn OPRFEHIR (3-54F) W CMHEMS{bEZ 4T
RWEEE T I v I AEMELT S,

2. WFEOHEW

AW T, BEICBASE L7z MPB JTf5 DAL
IZHEASWT, ERICHT T, B ER
P BN - TAEZ BT 5 =47 %/
ZV—EE LTI v A0AIRE BIET,

3. WD ik

AL, MERE L OMEHEME D FE b AKHEC
ETAH=A TR TV EEET IV R

A O T DIT Ty JEERHEICR T D E
TERISIMDOZNR & Z ORAE O 2170, I
FEREPE « WHEVE « AR EN T =47 R
7 U —EEMEIEAIRT S Z Lk, miE
BRI T7 Y —EEBET /F a2z —X 2EHT

HZEEFAME LTS, 2D, Aif
T TIXLL T D 3 S DOBEIZ OV TR % it

H 5D,

(1) =47 %7 V—EELT I v 7 A%
SRS O

FLOIC, BETEEZIRINESN T Iy

7 ZAFEHTxE LT, fhdntEiE, RkEo#l
2. X2 —RE, EEEHR EREHE,
FBEROBERFIE 2 EOBLETHRD Z
LWL, =FTREEET I v I XDk
s, B8 - EEMEICBIT A THB RO
BAHOMNIT D,

(2) JEBEHOBEREDRm
FEREOEBEREERAL LIk,
B EReE - TR IS o EtERE R =4 7R
EELTI v AEAIR - BRRTHT-0ODH
HEGLZEEZAET, £, T/ Faz—
KIS T, fERkE ARk - BEfE T e R
Db, fEmtEDUEER L OSSR - #7K
MaDHIE ATV, Gk B AR A ) b S
w3,

(3) TRAA~NDEELZDT I F 22—
& P RERTA

%I, wdb Sk E W CEET
JFaxz—HERIEL, TORMEEFTML.
B L= 7R 7V —EEETI v
ADPEREN FERE/KAEITET D 2 & ARG
T 5,

4. HrIERE

HKxix., 5FTCOMNEICESWT,
(Nay K, o) NbO, B #412 ATiO(A = Bi, K,
Bi, :Na, 5, Bi, sLi, s) & X BZr0, (B=Ba, Sr, Ca)
Z [A B 128 AN L 72 (I-x—y) (Nay 5K, 5) NbO,
-xATi0,~yBZr0, (NKN-AT-BZ) [E¥A{AZERL L .
EJ5dh/ ZE A S (MPB) OFERIZ LV |
=A TR TV —EBETI v ADEE
WMk 2 K LS8 ST Lz, &
b =iz, EA TR ITER A
JBICFE O X0 FFrEE & R E R
AL EHET D EICE o THEIOEE
Bt 2 R4 2 2 EBMERAIRTHDH, L
22U, NKN-AT-BZ [EEIRDFREIC IS D
TERBMOIRITEEAHTH D, £ 2T,
FHIKEO=FT R 7V —EE LT
v 7 A %A - BT 5 72, NKN-AT-BZ [
EIROFRHEIZ BT 2 EILHE OB R %
AT,

(1) Y %OMn % A = Bi, K, 5, B=Ba, xty
= 0. 08 ® NKN-BiKT-BZ EIEIA~RIM L. Zh
5 RIS D NKN-BiKT-BZ AR EE~DE
AT,

NKN-BiKT-BZ #3AK % BEFHEUGTE THEKT 5,
Y DI Mn OUHIIEL 0. 25mol%Tdh B,
HEFRN D NKN-BiKT-BZ 3B L © . Mn 23800 L
et k. dy 3 ELTWD, F7z, MPB
FHTHEL (v = 0.05-0. 06) 123317 % Mn @sANIC
X oEom EN L VIEECTH D, EBME
FEAMEET Mn AT X v B ORI T4 X
NRELS ol ENghotlz, T Mn
WINL7T=3E D k. dy 2318 E L7z F 7225
7EEZEZXTNWD, £, MnlINC XL Y @ D8
K GEON—R{b) bR Tz, Z Dk



KD AT = A LI FR DO N— RMe & a4
HEEZTND,—H Y ZRIMUZRENT £,
dyy DD U, QIIRE 72BN 2 voTe, 2
NOFREITETZ LS Z 0 50> TWVZRUWAS,
RIMENRE TRV ENEZONDJE
RO—>Thb, UEOERLID | Mn X
NKN-BiKT-BZ Aalkl D EERIEFIEIZH R T
HDHZENHERTE I,

(2) Ce. Mn KONMn+Y % A=Bi, K, s B=
Ba, NKN-BiKT-BZ [E¥E{AD MPB I DAHAL~
WML, 2Bk e ZEoRMmER
NKN-BiKT-BZ BRI BRI~ DR A T~
72 NKN-BiKT-BZ ¥R % BEAHRGE TR T
%, Ce, Mn KON Mn+Y D FSINEIE 0. 1-0. 5wt %
Thd, HEonERIZUTIORTEBY T
H5,

OCe WMDGE  HEIRANOD NKN-BiKT-BZ 3
BEE V. Ce WM LIZ3VEHE, & & dy 231
ELTWa, F/2, BINED 0.1-0.5 wt %
FHPAN T, & & dp IXZIFETIEICE B 7220,
OMn WINOYA BEYSINO NKN-BiKT-BZ &
BFE Y Mn 23RN L7Z30EHE, & & dy 230
ELTWD, Ce ZWINLTaBE 72D | &
& d 13 Mn OYSIEICR < AKTFET 5, RINE
23 0. 25wtlsBH I e & W E BRI R T,
OMn+Y MDA BRI NKN-BiKT-BZ
AEFE D . MntY BRI LISEEE. & & dy
DR E R8N,

Ce DAIi%LIL 3+ T, NKN-BiKT-BZ 28t A
A NITEOMEL (1. 08+, x+y=0. 08 DIEE) kX
DEW, /o T, Ce TRIMDBAIXIEIN Y 7
MEL, & & dg D3 B35, Mn ZERIIL7Z
RELD & & dy 3L U7z A JFURITR 14
A XADWRKTHDZ &N EETEAF M
DBIETH o7, LU, Mn Iz X vk
BED~N— NEZIR (9 DK &, & dyy DIRT)
HIERINTWD, iE-> T, Mn ZiEall B
W32 & Kt A XEROHFER N— K
EENRICAT, &, & dy DR TFIZERT 5,
NKN-BiKT-BZ #EHZ Mn Z BRI L7-5E
ILREL ORI A XHE KT 5 23, Mnt+Y Z i
MU T=5GE TR O A XNTIFH R L7
VY, ZAUE, MntY 2RI L7ZERELD & & dy
DRELRIEAD VN DORKO—>TH D L
EZTW5,

(3) A =Bi,sli,s B=Ba, xty = 0.08 D
NKN-AT-BZ [EVEIR O E BRI OIRE R Z
7z, MPB A% DEEEFFEIZ IR TS
KAE A 7775, MPB AL L 0 A L9 2 Ak
DJEFERPEIT-20-100 IR FEFLPH Ty Vil &
V=T RESbERTZ ERNbroT,
T, JEEFEOR D EWVEEE AW T,
NRAENTHRNT I Fax—HZVERR L., D
BIEZ FERS L7,

5. ERFEERCE
(WFFeER . IFFe o3 R ORI S 12
Y

UEsEsms) B 5 1)

@O Junta Zushi, Takuma Ariizumi, Seiji
Kojima, Ruiping Wang, and Hiroshi
Bando, “Formation of Morphotropic
Phase Boundary in (Na, :K, ;) NbO,~
BaZr0,~ (Bi, i, ) Ti0, Lead—free
Piezoelectric Ceramics” Japanese
Journal of Applied Physics, &Hif, in
print, 2013

@ Takuma Ariizumi, Junta Zushi, Seiji
Kojima, Ruiping Wang, and Hiroshi
Bando, “Effects of Mn Additive on the
Dielectric and Piezoelectric
Properties of Perovskite Niobate
Ceramics” Japanese Journal of
Applied Physics, ##if5, Vol. 50, 2012,
07GC01 1-4
DOT: 10.1143/JJAP. 51.07GC01

® Ruiping Wang, Hiroshi Bando, Miyuki
Kidate, Yoshikazu Nishihara, and
Mitsuru Itoh, “Effects of A—ion on the
Phase Transition Temperatures and
Dielectric Properties of
(1-x) (Na, :K, 5) NbO;~xAZr0, Solid
Solutions” Japanese Journal of
Applied Physics, ##ef, Vol. 50, 2011,
ND10 1-4,

DOT: 10.1143/JJAP. 50. 09ND10

@ EEF PBOREE,  ©(Na, K) NbO, R B4
DI & B ~T VT A T
JL—ay, i, Vol. 24, 2011,
11-18
DOI: 72 L

(® Takahiro Arioka, Hiroki Taniguchi,
Mitsuru Itoh, Kunihiko Oka, Ruiping
Wang, and Desheng Fu,

“Ferroelectricity in NaNbO,:
Revisited” Ferroelectrics, A FHiA,
Vol. 401, 2010, 51-55
DOI: 72 L

(FaHR) GH141p)

@ Ruiping Wang, Takuma Ariizumi, Junta

Zushi, Seiji Kojima, and Hiroshi Bando,
“Modification of lead free

piezoelectric niobate solid solutions
by doping” The 2nd Workshop on New
Frontiers in Ferroelectrics 2013 (4
FERi#) 2013423 A 6 H, JbigiE K7 (k
iE)

@ Junta Zushi, Takuma Ariizumi, Seiji
Kojima, Ruiping Wang, and Hiroshi
Bando, “Formation of MPB in



(Na, sK, 5) Nb;~BaZr0,— (Bi, sLig 5) Ti0;
lead—free piezoelectric ceramics”
H33E HERT=LY hr=7 A0k
ELISHICET 2 AR Y T A, 2012
F11H 15 A, TERY (TER)
Takuma Ariizumi, Junta Zushi, Seiji
Kojima, Ruiping Wang, and Hiroshi
Bando, “Phase Diagramof (Na, K, -) NbO,
—(La, sK, 5) Ti0; solid solution”
Japan—China Symposium on
Ferroelectric Materials and Their
Applications, 2012411 H 9 H, &7
SRR S RBLH: (CE3IR)

Ruiping Wang, Hiroshi Bando, and
Mitsuru Itoh “Phase Diagram of
(Na,, K, :)NbO, —(Bi, :Na, ;) Zr0, solid
solution” Japan—China Symposium on
Ferroelectric Materials and Their
Applications, 2012411 H 8 H, &7
JURR BRI (e I)

Ruiping Wang, Hiroshi Bando, and
Mitsuru Itoh “Morphotropic phase
boundary in (Na, :K, ;) NbO,~ SrZr0,~
(Big sAy ) TiO; (A = K, Na, Li) solid
solutions” IUMRS International
Conference on Electronic Materials
2012, 201249 H 25 H, /N7 ¢ aff
e (FRaR)IR)

Ruiping Wang, Hiroshi Bando, and
Mitsuru Itoh, “Ferroelectric phase
transitions in perovskite niobates
solid solutions” Joint ISFD - 11th -
RCBJSF Symposium (fAfFiE) , 2012
H8H24H, =TV TNT (BY
7)

Ruiping Wang, Hiroshi Bando, and
Mitsuru Itoh, “Ferroelectric,
Dielectric and Piezoelectric
Properties of Perovskite Niobate—
Based Solid Solutions” China-Russian
Symposium on Functional Ferroelectric
and Optical Materials and
Applications (¥Bf5iEE), 201244 A
24 1, byg (PE)

£ HiP, PR 5L KERSESE, PHRSE
OHE 5 “ (1%) (Nay 5K, 5) NbO,~xAZr0,

(A = Ba, Sr, Ca) HEEAEOHX" E
T Iy AE H24AERKEY AR Y
=2 201149 A 78, dbifEE R (b
1iE)

Junta Zushi, Takuma Ariizumi, Seiji
Kojima, Ruiping Wang, and Hiroshi
Bando “Dielectric and piezoelectric
properties of 0.90 (Na, K, ;) NbO,~
xBaZr0,~ (0. 10-x) (Bi, ;Li, ;) Ti0,
ceramics” The 28th International
Japan—Korea Seminar on Ceramic, 2011

6

FI11LH 24 1, i Xryrgrtr
& — ([ (LR

Ruiping Wang, Hiroshi Bando, and
Mitsuru Itoh “The Morphotropic Phase
Boundary in Ternary Perovskite
Niobates Solid Solution” Seventh
International Conference on
High-Performance Ceramic, 2011 £ 11
HeH, 74 (FHE)

Ruiping Wang, Hiroshi Bando, and
Mitsuru Itoh  “Crystal Structure and
Ferroelectric, Piezoelectric
Behaviors of Perovskite Niobate—Based
Solid Solutions” , The 9th
International Meeting of Pacific Rim
Ceramic Societies (¥EFF#H) , 2011
FTH1M4R, ZF7oX(AFANTYT)
Ruiping Wang, Hiroshi Bando, and
Mitsuru Itoh  “Tetragonal-
Rhombohedral Morphotropic Phase
Boundary in Perovskite Niobate—Based
Solid Solutions” 3rd International
Congress on Ceramics, 2011 411 A 18
H, KixERR=ES ORI

Ruiping Wang, Hiroshi Bando, and
Mitsuru Itoh  “Formation of the
Morphotropic Phase Boundary in
Ternary Perovskite Niobates Solid
Solutions” 59th ICAT/JTTAS Joint
International Smart Actuator
Symposium (FAFFEH) , 2010 410 H 5
H, A7 —hr Ly (T AU D)
Ruiping Wang, Hiroshi Bando, and
Mitsuru Itoh  “The tetrogonal-
rhombohedral morphotropic phase
boundary in perovskite niobates solid
solutions” The 10th Russia/CIS
/Baltic/Japan Symposium on
Ferroelectricity (FAFFi##) , 2010
e H 23 H, HETERTY (R

W ZERH R

(DB ES

T EiF (WANG RUIPING)
MNIATBUEN « PEEENTRAAIIEHT - ¢
SeEAIFZEERRT - AR R

W ETE R« 00358392

n

%

@



