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WFFER RO (Fn30) « F 4 Y v s (BT) F /i1 CRir£8 : 300nm) A% 3 kIt
fe L7z BT/BT 7/ #iiEE 7 I v 7 A (FHXEE : 60%., tiAE=E : 800, EEEEL : 100pm/V)
EERLL . ZOMBRIC=47 A U U A (KN) 2% %2 v LAt L7z KN/BT/BT )/ fiidt
T w7 A WRTHIO TER L, M5 E 80% T, isE=R 1800, JEEEEK 300pm/V & KiF
A NS TARY ROy

WFFER SO EE (3530) : First, the barium titanate (BT)/BT nano-structured ceramics, which
BT nanoparticles (size: 300 nm) were strongly connected at 3-dimention, were prepared with
a relative density of 60 %, and their dielectric constant was 800 while the piezoelectric
constant was 100 pm/V. Then, the potassium niobate (KN)/BT/BT nano-structured ceramics,
which their open pores were epitaxially loaded by KN, were prepared with a relative density
of 80 %, and their dielectric constant was 1800 while the piezoelectric constant was 300 pm/V.
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Experimental procedure I
KOH +K,CO, Reaction in Autoclave K/Nb atomic ratio: 10
+ Nb,Oy - . Nb Concentration: 0.10M
BT03+Nb,0; E

KOH/K,CO;: 0.22
Soaking time: 20 h
Temp.: 230 °C
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Cycle No. of Estimated KN layer Relative density (%)

Nb addition  KN/BT thickness ("m)  Before reaction  After reaction
0 0 0 59.73 -
1 0.08 37 65.47 65.73
5 0.25 1 74.70 78.67

rrrrrrr

Intensity (arb.unit)
]
=
_—
. )
Intensity (arb.unit)

2 3 4050 60 70 80
20 € ) aario, samact

4 KN/BT F /&t 7 X v 7 ADOHEXE
JE$5 LU XRD HIERS .

Z D%, ¥ 31T L 912 Nb,Os/BT 5
Rt I Iv I A2 ) — NV EREL

L. KJEE LTKOH & K,CO3IREY %13
L. 230°C., fRFiRERE 20h @ Y VR —=< b
ISk v B E 92 KNBT F / fidit 7
Ry ABRER LT, ZD%, 200°C Tzl
%, B XRD WIEZ{T - TR 2 X 4 1R
9, KXV, KN/BT thodEhn s & 4 ICFx %
FERK 60% 05K 80%~& k&< mELE
ZEMbod, £, XRDHIERRE LY Vv
RV —< VILHLET# T NbyOs D — 27 D
HRE EHIZ, BT 002 @& 200 o B —
77a 7y ANANNPRELLENL, BT Ofidh
G IZT WA A TR D EEZFFOME O
HRkE R L7, 2 TKN/BT 2t 0.08 D
HELD TEM-EDX JIEZ1T - T- /R Z X 5 12
R, X v, BT Rt oisE 7z x /ﬂe/ﬁ‘
MEDOMER & & bz, BT 7/ kiRl

F 7RI BRI A AR L“CI/\%} L 73)>EH %
& 72 o712, BT £iflx KN T5% %Ez%ém
TWARWNWZ EHHLNE f;oto ¥7-. B

& KN O 5 O 51 55 fi e TEM BLahE R 2 X 6
R 7, K& BT 2 10-20nm @ KN 7
JRIFNRZEXF Uy LREL TS L
IR SYIRV

KN/ BT molar ratio: 0.08
0.074KN-0.926BT

Relati 3% l

0K 200 nm KK ———200 nm Nb L

——— 200 nm

5 KN/BT £ 0.08 ® KN/BT 7~/ #iti 7 X
v 7 ADALSER AR X,

KN/ BT molar ratio: 0.08
KN-0.926BT

[X] 6 KN/BT k. 0.08 ™ KN/BT 7/ #1577 X

v J ADESHREE TEM BB,

WIZ . KN/BT k73 0.25 @itk TEM-EDX
HEEITo TR AE2X 7 1287, LD, BT
FlLoRER Sy * o THEEOERE D
[ BT %/*ﬁ%@ﬁ KN 23 < Tiddh 50
EIES B L CWBZ ERNbnd, 12



Ik EBIZKN T R RERICAER LT
WABZ EMHLNER ST, F£72, BT & KN
DS DB ERE TEM BIZ5E R 2K 8 TR
T, XLV BT £z 10nm FREDE X T KN
MIEXX Y LIZHETDHE L BT,
50-100nm @ KN 7 /K72 KN @D kic=
XY VRELTWDZ ERbd,

L=
———200 nm HAADF  ——— 20

= i} 2|
= ~

|

&
Ei El
[ X!

T
0K ©—— 200 nm

Nl
g
8|
3

[ 7 KN/BT Lt 0.25 » KN/BT 7/ it 7 2
v 7 ADALSER AR X,

KN / BT molar ratio: 0.25
0.200KN-0.8008T

[ 8 KN/BT Lt 0.25 » KN/BT -/ fitit 7
v 7 AD & fiRE TEM G H,

KN/BT ratio: 0

141

KN/BT ratio: 0.25

Relative density: 7867% |

KN/BT ratio: 0.08

Relative density: 59.73 % l Relative density: 65.73 % k

X9 Ffx > KN/BT o> KN/BT F / #ii & 7
2 v 7 ADORHIEERERX,

PLEDOFERZBIEEK E L CThih 7 <
RLTEbDER QI RT, ZICHEERI L
X, KN/BT LeA3 725 KN/BT J/ it 7
R v T AR WT, FEK L 7 B BT/BT )/ 1%
HrT Iy 7 ATTER UHEE L BE A2
DEWVWH T LETHD, 7272 BT E~D KN D
HrifEETHOBENRRKRES RTINS
ZLITHEBETRETH D,

RZIC, 2hbntI7I v s 2R EX

0.4mm I[ZHFEE L, = ORIEICEEME ANy
A K0T, 2mm AUk L, B
EREIZERL, 2O OFE - JTEERMEIC
DWW ZIT > 72, Z 2 TIEKN/BT tL23 0,
0.08. 0.25 ® 3 FEMHEIZ O\ T, IR TOHFH
ERO W BE AN, BEL O IMHz THIE L
T HFE R OIRERMAELHE Lo/ R %
X 10 12779, KLV, KN/BT k720 & 0.08
OB TITEIR., IMHz THIE L7- BB R
1 X800 Fi# TH VIZIERFLE TH D DITHF L.
KN/BT tt72Y 0.25 OFEFCIER UM Tol
HEIRIL 1800 FLE L fFur v EE R LT,

F7-. B EROBERAMERERE R LY
KN/BT A3 0 & 0.08 @tk Tl 130°CAHiT
IZHEBROMKE L, T OEEL LT
AT 25500, KN BV =iE
EETCTIEH 2N EIEM B ER M B
L7, —J7. KN/BT k2% 0.25 OB Tl
130°CHHT CH 2 5 lFFEROm B2z,
ZHULEOEHBRTHEFERD M 2B
TX7, ZHET. KN EXDOFERME~D
BRAED 20nmFEETHDH Z L2 BETDH L,
A EORERE T KN 2 20nm FUEHERE S8 % =
LT, EIRT 3000 ##8 % 5 HFEEREY FH
TEXHZ ENMfETE S,

Frequency dependence Temperature dependencez
2000 100 3000 l . . . 100
" RT ‘ MHz ‘
g 025 |80 £ 2600 80
§ 1500 KN/BT=025 H
2 — N @ 2000
S 60 5 B 0 o
o “Q =
o 1000 KN/BT=008 c o wsooJ \ KBTI W <
] g W B ol e o 3
E oy K R ] 40
e i\
3 2 a8 s v o
KN, /%T . KT/ BT=000 KN/BT=0.25
- — i 0 — 0
A Brg0f000 10 10 10 0100 200 300 400 500 o

Frequency (Hz)

Temperature (°C)

[ 10 f& % ® KN/BT ko> KN/BT F / #iE+
T2 w7 ADWHEERO BN EEEE, BX
ORI TFE,

©

100 Hz KN/BT=025 d,#=300pC/N
=300p!
0.08 \ i

%mu
0.06
Kv/BT=000
< 0.04

230 0 0
Electric—field (kV/cm)

~

Polarization ( ¢t C/cm?)
A
Strain (%)
o
o 8

AN

=3

%30 -20 -0 0 10 20 30
Electric—field (kV/cm)

X 11 ffi « D KN/BT tLo> KN/BT F / fii& 7
Ly ADERTO P-E & 27U o Zfhif,
B L OFE Z-E ihi#g,

£, EEE T TOFESMm, EEESF
i ZA7T > 7 i R 2 X 11 12~ d, KN/BT b
0 & 0.08 DFELTILZE D P-E HhfRIZERRA T
SRR 2 RIS R S 97, B 3o [aliskk
BIZLDFERDOM EICEHE > TNDHDIC
% L. KN/BT ks 0.25 OFUEFTIE 5T



SRRCERIZ TV E 2T U S R B S B L
BERINZ, £, TOHEELELEREL
oTWAHI NG, FEBEHEON L2 YR
— M ORERBBE LN,

—J7. EREHAOUERRENHIX, KN/BT
A 0 & 0.08 OREITIZEEMRELEL
THYZOBEEXPERDZRNTOIEETE
BiE 100pm/V BEICE £ -T2, Zhic
% L. KN/BT tb2s 0.25 OREN Tl A
NEEMTIT /2L, ALDICOBKERIZE D
BOELEREHERTHZENTE, £,
FELOMEE N BRD =BT o EE i
300pm/V & 3L M ELTWD Z EMH L
MNETpoTz, ARWFFETIE, 73TD KN 28—
BEIZ BT BIZAER L TIEB S, Ko KN
NEIRICEER LTz, 56> T, X TD KN
ZERTIEARL, BT FicE< &% v
VEESELZET, TOEBELE
1000pm/V LA EIZTE 5 LB X TV,

Relation between density and dielectric constant

10000

1000

100

'.
=
Ei
..

Dielectric constant

3D connected SGR

0 20 40 60 80 100

et Relative density (%)

4 12 3 ot x v % o V7 HEE Z 7> KN/BT -
JHEEE T X v 7 AOFEERER B,

A7l K12 1277 X 912 KN/BT &
HEN3WILR Yy N — 7 G225 2 &
TR R EFEROM EE W I ADZ
UMEE R OMREEL N TE, '
(2. KN/BT St @ 3Kt x v b U — 7 t&E&ED
FEAIZE Y, AR, BREAICBWNTY
K& EEBIETEZ, [>T, AFET
BRELEZMERTOFHHRIEEMETH D
KN/BT + /#iEtv 7 v 7 A FEEET R
I AL LTHBICAHTHLZ 2D
N TE T,

5. ERRERLE
(RFFEAREES . WFSE 003 M ONHLEERFZE 3 12
=)

CdERERm =) (6 1)

(1) S. Wada, S. Shimizu, K. Yamashita, I. Fujii,
K. Nakashima, N. Kumada, Y. Kuroiwa, Y.
Fujikawa, D. Tanaka and M. Furukawa,
"Preparation of Barium Titanate—Potassium
Niobate Nanostructured Ceramics with Artificial
Morphotropic Phase Boundary Structure By
Solvothermal Method", Japanese Journal of

Applied Physics, 50, 09NCO8 (2011). &t H

(2) I. Fujii, S. Shimizu, K. Yamashita, K.
Nakashima, N. Kumada, C. Moriyoshi, Y.
Kuroiwa, Y. Fujikawa, D. Tanaka, M. Furukawa
and S. Wada, "Enhanced piezoelectric response
of BaTiO; - KNbO; composites”, Applied
Physics Letters, 99, 202902 (2011). &#HiH

(3) S. _Wada, K. Yamashita, I. Fujii, K.
Nakashima, N. Kumada, C. Moriyoshi, Y.
Kuroiwa, Y. Fujikawa, D. Tanaka and M.
Furukawa, "Nanostructure Control of Barium
Titanate—Potassium  Niobate =~ Nanocomplex
Ceramics and Their Enhanced Ferroelectric
Properties", Japanese Journal of Applied Physics,
51, 09LCO5 (2012). &#HiA

(4) E. Magome, Y. Kuroiwa, H. Yoshimura, C.
Moriyoshi, K. Yamashita, I. Fujii, K. Nakashima,
N. Kumada and S. Wada, "Crystal Structure of
BaTiO;—KNbO;  Nanocomposite  Ceramics:
Relationship between Dielectric Property and
Structure of Heteroepitaxial Interface", Japanese
Journal of Applied Physics, 51, 09LE05 (2012).
At

(5) K. Yamashita, S. Shimizu, N. Kumada, K.
Nakashima, I. Fujii, Y. Kuroiwa and S. Wada,
"Preparation of Potassium Niobate-coated
Barium Titanate Accumulation Ceramics by
Solvothermal Synthesis and Enhancement of
Piezoelectric ~ Property”, Key Engineering
Materials, 566, 76-80 (2013). & #iA

(6) L. Fujii, K. Kawashima, K.Nakashima, N.
Kumada, E. Magome, C. Moriyoshi, Y. Kuroiwa,
and S. Wada, "The Dielectric and Piezoelectric
Properties of KNbO3/BaTiO; Composites With A
Wide BaTiO3 Size Distribution", Transaction of
the Materials Research Society of Japan, 38,
57-60 (2013). & A

(PR (B 28 1)

(1) S. Wada, S. Shimizu, K. Yamashita, I. Fujii,
K. Nakashima, N. Kumada, C. Moriyoshi, Y.
Kuroiwa, D. Tanaka and M. Furukawa,
"Enhanced Piezoelectric Properties of Barium
Titanate — Potassium Niobate Nano-structured
Ceramics by Artificial MPB Structure", 4th
International Workshop on Smart Materials &
Structures, 2011/9/14-16, AGADIR, Morocco
(Invited).

(2) FnEAEE FEH— RS, = HFER, P ot — A
F5A, "6~ U -FEBEAR O ATEENE", 2012 45
ZREE 59 (R T B B BE AR A G T 2
2012/3/15-18, BT (FEAFRHE)

(3) S. Wada, S. Shimizu, K. Yamashita, I. Fujii,
K. Nakashima, N. Kumada, C. Moriyoshi and Y.
Kuroiwa, "Piezoelectric enhancement of new
ceramics with artificial MPB engineering", The
International ~ Workshop  on  Piezoelectric



Materials and Applications 2012, 2012/4/22-25,
Hirosaki (Invited).

(4) S. _Wada, K. Yamashita, I. Fujii, K.
Nakashima, and N. Kumada, "Ferroelectric
Enhancement of New Ceramics with Artificial
MPB Engineering", 2012 International Workshop
on Acoustic Transduction Materials and Devices,
2012/5/7-10, Pennsylvania, U.S.A.

(5) K. Yamashita, I. Fujii, K. Nakashima, N.
Kumada, C. Moriyoshi, Y. Kuroiwa and S. Wada,
"Enhanced Piezoelectric Properties of Barium
Titanate — Potassium Niobate Nano-structured
Ceramics by MPB Engineering"

The 8th Asian Meeting on Electroceramics,
2012/7/1-5, Penang, Malaysia (invited).

(6) S. Wada, K. Yamashita, I. Fujii, K.
Nakashima, N. Kumada, C. Moriyoshi and Y.
Kuroiwa, "Piezoelectric Enhancement of New
Ceramics with Artificial MPB Engineering",
International Symposium on Ferroic Domains
and Micro- to Nanoscopic Structures, and 11th
Russia/CIS/Baltic/Japan Symposium on
Ferroelectricity, 2012/8/20-24, Ekaterinburg,
Russia (invited).

(7) S._Wada, "Solution-Based Preparation of
New Piezoelectric Nanocomplex Ceramics with
Heteroepitaxial Interface Structure", Materials
Science & Technology 2012 Conference |,
2012/10/7-11, Pittsburgh, Pennsylvania USA
(invited).

(8) S. Wada, K. Yamashita, I. Fujii, K.
Nakashima, N. Kumada, C. Moriyoshi and Y.
Kuroiwa, "Enhanced Piezoelectric Properties of
Barium  Titanate -  Potassium  Niobate
Nano-structured Ceramics by MPB Engineering"
The 4th  China-Japan  Symposium on
Ferroelectric Materials and their Applications,
2012/11/7-10, Miyagi (invited).

(9) S. Wada, "Piczoelectric and Dielectric
Enhancement of New Nano-structured Ceramics
with High Density of Heteroepitaxial Interface by
MPB Engineering", Ferroelectrics UK 2013,
2013/1/17-18, Sheffield, UK (invited).

filL, &M

(£ Dfth)
R— A= U5
http://www. ccn. yamanashi. ac. jp/ swada/1
ab/

6. AFFERERE

(D) WFgefRs

fiE & (WADA SATOSHI)

IHBLR S« RPPLE 7 T S r e -
iz

WFIEE 5« 60240545

(2) Wrge sz
L

(3) HHEAFIEE
L



