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bstract

olycrystalline rectangular-platelike KNbO3 particles with an orthorhombic perovskite structure were synthesized by the topochemical micro-
rystal conversion (TMC) method from rectangular-platelike precursor particles of layer-structured K4Nb6O17 at 850 ◦C in molten KCl-salt.
MC-synthesized KNbO3 particles preserved the shape of precursor particles, and had a thickness of about 1 �m, a width of 5–10 �m and a

ength of 20–40 �m. However, TMC-synthesized rectangular-platelike KNbO3 particles exhibited a polycrystalline morphology having preferred
seudo-cubic {0 0 1} orientation. Oriented particulate layer (OPL) X-ray diffraction analysis revealed that, in the TMC reaction, the crystallographic
0 1 0} plane of K4Nb6O17, which is the largest extensive face, is converted into the {0 0 1} plane of polycrystalline KNbO3 particles, which is the
argest developed face, in spite of polycrystalline morphology. Using the polycrystalline rectangular-platelike KNbO3 particles as template in the
eactive templated grain growth method, grain-oriented (K0.5Na0.5)NbO3–1 mol% CuO ceramics having a pseudo-cubic {0 0 1} orientation degree

Logering’s factor) of 39.7% could be fabricated. The result indicates that not only single crystalline particles, which were generally used, but also
he polycrystalline particles can be act as template in the templated grain growth process. The availability of polycrystalline particles will give a
ew synthesis design of templates for texturing of various kinds of ceramics.

2007 Elsevier Ltd. All rights reserved.
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. Introduction

The synthesis of platelike particles is of great attraction
ue to their usage as template particles in the texturing of
rain-oriented ceramics for improving the electrical properties
piezoelectricity, dielectricity, etc.) of various materials, such as
he perovskite structured materials having a pseudo-cubic crys-
al structure. However, regular-perovskite structured materials
ypically grow as equiaxed particles,1 and it is difficult to syn-
hesized platelike particles using conventional methods such as
ux method, hydrothermal method and so on. Potassium niobate,

NbO3 (KN), is a perovskite-structured ferroelectrics with an
rthorhombic crystal phase at room temperature, and has a high
urie temperature (>400 ◦C). Hence, it is used as a end mem-

∗ Corresponding author at: Inorganic Laboratory, Materials Department, Toy-
ta Central Research and Development Laboratories Inc., 41-1 Yokomichi,
agakute, Aichi 480-1192, Japan. Tel.: +81 561 63 4821;

ax: +81 561 63 5743.
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er of perovskite structured (K, Na)NbO3 lead-free piezoelectric
amily materials.2–18

One of exiting applications of anisotropically shaped par-
icles, such as platelike particles, is as templates in templated
rain growth (TGG)19,20 and reactive templated grain growth
RTGG)21–25 of textured polycrystalline ceramics and as
emplates in seeded polycrystal conversion (SPC)26,27 of single-
rystals. In the TGG and RTGG method, the initial degree of
rientation of the template particles in the matrix powder is very
mportant to increase degree of orientation in textured ceram-
cs. Initial template orientation is achieved by the shear stress
omes from the anisotropical shape during tape casting, which
esults in oriented grain growth. Thus, it is crucial synthesizing
n anisotropically shaped template in the grain growth method
or fabricating textured ceramics.

Regarding the synthesis of platelike NaNbO3 particles,

ecently we proposed a new technique for the synthesis of
latelike NaNbO3 particles using our developed topochemi-
al micro-crystal conversion (TMC) method.3,6 This technique
reserves and/or inherits the particle shape from an anisotropi-

mailto:ysaito@mosk.tytlabs.co.jp
dx.doi.org/10.1016/j.jeurceramsoc.2007.02.099
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ally shaped precursor (platelike Bi2.5Na3.5Nb5O18 particles) to
he objective compound particle (platelike NaNbO3) through a
opochemical, topotactic and/or pseudomorphic reaction while
he chemical composition of the particle is varied. About non-
nisotoropically shaped KNbO3 particles, many preparation
ethods were reported, such as hydrothermal,28–31 sol–gel,32,33

lycothermal34 and polymerized complex method.35 With
egard to the synthesis of platelike KNbO3 particles, nanonee-
les and nanoplatelets of pseudo-cubic KNbO3 was reported by
he polymerized complex method from K4Nb6O17 precursor.36

owever, there is no report of synthesizing the micro-meter-
ized platelike KNbO3 particles having the orthorhombic
erovskite crystal structure, which is the suitable size to use
s templates in fabricating textured ceramics. To fabricate
icro-meter-sized platelike KNbO3 particles, we selected layer-

tructured K4Nb6O17 as precursor particles in the TMC method,
ecause this material was reported as layer structured material
nd was widely studied as host materials of ion intercala-
ion, nanosheets formation by exfoliation and photo-catalyst
pplications.37–40

In this paper, we first report the results of conversion from
4Nb6O17 to KNbO3 particles by the TMC method from the
iewpoint of particle shape inheritance. Then, we describe the
abrication of grain-oriented (K0.5Na0.5)NbO3–1 mol% CuO
eramics using TMC-synthesized platelike KNbO3 particles as
template in the RTGG method. Finally, we discuss the con-

ersion mechanism from K4Nb6O17 to KNbO3 particles in the
MC reaction.

. Experimental procedure

.1. Synthesis of platelike KNbO3 particles

We design a new synthesis route from K4Nb6O17 to KNbO3
articles by the TMC method. First, platelike K4Nb6O17 (K4N6)
recursor particles were prepared by molten salt synthesis at
050 ◦C for 2 h according to the following equation:

K2CO3 + 3Nb2O5 → K4Nb6O17 + CO2.

n this synthesis reaction, K2CO3 (Aldrich, Milwaukee, WI,
SA, 99.99%) and Nb2O5 (Kojundo Chemical Laboratory Co.
td., Saitama, Japan, 99.99%) were used as raw materials and
Cl (Wako Pure Chemical Industries Ltd., Osaka, Japan, 99.5%)

alt was used as a flux. A mixture of 1:1 (w/w) of objective oxide
owder of final product to salt was used in the molten salt synthe-
is. Repeated hot-water washing and decantation was employed
o remove the KCl flux during filtration. Next, using platelike

4Nb6O17 precursor particles, the topochemical micro-crystal
onversion from K4Nb6O17 to KNbO3 was carried out accord-
ng to the following reaction scheme at 850 ◦C for 8 h in a molten
Cl flux:

4Nb6O17 + (1 + x)K2CO3 → 6KNbO3 + xK2CO3 + 2CO2,
here x was selected as 1.0, 1.2, 1.5 in order to determine the
ull conversion condition from precursor K4Nb6O17 to KNbO3.
o remove both the KCl flux and the excess amount of K2CO3,
epeated hot-water washing and decantation on the filter was

c
w
f
w
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erformed. Finally, successive filtration applied to isolate syn-
hesized KNbO3 particles. To compare the present TMC method
nd the conventional method with respect to particle shape, we
ynthesized KNbO3 particles by the conventional flux method
t 950 ◦C for 2 h in a molten KCl flux according to the following
quation:

2CO3 + Nb2O5 → 2KNbO3 + CO2.

he shape and atomic composition of synthesized particles were
bserved by scanning electron microscopy (SEM; S-3600N,
itachi, Japan) equipped with energy-dispersive X-ray spec-

rometer (EDX). The crystalline phases were determined by
-ray diffraction analysis (XRD; Rint-TTR, Rigaku, Japan)
sing Cu K� radiation. The largest extensive planes of the par-
icles were determined by XRD of an oriented particulate layer
OPL) cast on a glass plate with gelatin (OPL-XRD).41

.2. Fabrication of textured (K0.5Na0.5)NbO3–1 mol% CuO
eramics

Textured (K0.5Na0.5)NbO3–1 mol% CuO ceramics (hereafter
escribed as KNN–1% CuO), where CuO is a sintering aid, were
abricated by the reactive templated grain growth method with
he use of TMC-synthesized polycrystalline platelike KNbO3
articles as a template. The fraction of the KNbO3 template was
elected as 10 at.% for the B-site element of Nb according to the
ollowing equation:

.5{0.9KNbO3(matrix) + 0.1KNbO3(template)}
+ 0.5NaNbO3(matrix) + 0.01CuO

→ (K0.5Na0.5)NbO3–0.01CuO(ceramics)

The complementary matrix powder, i.e., equiaxed KNbO3
nd NaNbO3 particles having an average grain size of 0.5 �m,
ere prepared from raw powders of K2CO3 (Aldrich, 99.99%),
a2CO3 (Rare Metallic, Tokyo, Japan, 99.99%) and Nb2O5

Kojundo Chemical Laboratory Co. Ltd., 99.99%) by ball-mill
rushing for 24 h in an acetone solution with zirconia balls of
mm diameter, which was followed by ball-mill mixing for
4 h in an acetone solution with zirconium oxide balls of 10 mm
iameter, filtering, drying in oven at 90 ◦C for 1 day and heated
t 750 ◦C for 5 h in air. CuO (Kojundo Chemical Laboratory Co.
td., 99.99%) powder was used as the sintering aid.

The template particles and matrix powders were mixed in a
olvent (45 vol% ethanol and 55 vol% toluene), binder (poly-
inyl butyral, Sekisui Chemical, Japan, BH-3) and plasticizer
di-butyl phthalate, Wako Pure Chemical Industries Ltd.) to form
slurry. The slurry was tape-cast by a doctor blade apparatus

DP-150, Tsugawa Seiki, Tokyo, Japan). After drying, a single-
ayer sheet with a thickness of about 80 �m was cut, laminated
nd hot-pressed at a temperature of 80 ◦C and a pressure of
.8 MPa for 10 min to form a 2 mm thick green compact. The

ompacts were further cut into small samples of about 5 mm
idth and 15 mm length. The compacts were heated at 600 ◦C

or 1 h to remove organic substances prior to sintering, and then
ere soaked at various temperatures between 1000 and 1175 ◦C
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or 1 h in O2 atmosphere, brought to temperature at a heating
ate of 200 ◦C/h.

Apparent densities of the samples were measured by the
rchimedean method. The measured XRD density of non-

extured KNN–1% CuO ceramics (4.506 g/cm3)5 was used to
alculate the relative density. The crystalline phases and the
egree of texture development were determined by XRD analy-
is using Cu K� radiation. The degree of pseudo-cubic {0 0 1}
rientation of the textured KNN–1% CuO ceramics, F, was
valuated by Lotgering’s equation,42

= P − P0

1 − P0

here P is the sum I(0 0 h)/sum I(h k l), P0 the sum I0(0 0 h)/sum
0(h k l) and sum I is the summation of the peak intensities of
he XRD pattern on the grinded surface of the sintered spec-
men. Sum I0 is the summation of the XRD peak intensities
f the equiaxed reference powder. Diffraction peaks between
θ = 5◦ and 70◦ were used for the calculations. The microstruc-
ure of a side-surface perpendicular to the tape-casting plane was
bserved using scanning electron microscopy (SEM).

Rectangular-shaped specimens with a thickness of 0.6 mm, a

idth of 3 mm and a length of 12 mm were fabricated from the

intered specimens. The upper and lower surfaces of rectangular-
haped specimen were parallel to tape-casting plane and coated
ith Au electrode by sputtering for electrical property measure-

s
o

ig. 1. SEM images. (a) KNbO3 particles synthesized by the conventional flux me
alt synthesis at 1050 ◦C for 2 h. (c and d) Platelike KNbO3 particles synthesized by
articles at 850 ◦C for 8 h.
Ceramic Society 27 (2007) 4085–4092 4087

ents. Resistivities were measured by the two-probe method at
V/mm using an ultra-high resistance meter (R8340A, Advan-

est) before poling treatment. The specimens were poled at
00 ◦C by immersion in silicon oil under a dc electric field
f 3 kV/mm for 10 min. The dielectric constant and dielectric
oss were determined using an impedance analyzer (HP4194A,
gilent). The piezoelectric constant d33 was measured at room

emperature by the direct piezoelectric method using a piezo-d33
eter (ZJ-4B, Academia Sinca). All properties were mea-

ured using 1-day-aged samples. For a comparison, non-textured
K0.5Na0.5)NbO3–1 mol% CuO ceramics was fabricated by the
onventional ceramics process sintered at 1050 ◦C for 1 h in
2 atmosphere. A disk-shaped specimens with a thickness of
.5 mm and diameter of 11 mm were fabricated from the sin-
ered specimens, and coated with Au electrodes on both upper
nd bottom surface. The same characterizations were performed,
nd the measured data were compared with those of the textured
eramics.

. Results and discussion

.1. Synthesis of platelike KNbO3 particles
Fig. 1a shows an SEM image of KNbO3 particles synthe-
ized by the conventional flux method at 950 ◦C. This method
nly gives equiaxed and cube-shaped KNbO3 particles; it is

thod at 950 ◦C for 2 h. (b) K4Nb6O17 precursor particles prepared by molten
the topochemical micro-crystal conversion method from K4Nb6O17 precursor
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shows the XRD patterns of cast K4Nb6O17 and KNbO3 particles,
in comparison with JCPDS patterns of K4Nb6O17 (#76-0977)
and KNbO3 (#32-0832), respectively. These patterns indicate
that the developed plane of K4Nb6O17 is the {0 1 0} plane
088 Y. Saito, H. Takao / Journal of the Euro

ot able to synthesize platelike particles. The crystalline phase
f these particles is an orthorhombic perovskite KNbO3 struc-
ure, as determined by the XRD pattern shown in Fig. 2a.
ig. 1b shows an SEM image of K4Nb6O17 particles prepared
y the flux method at 1050 ◦C. K4Nb6O17 can be fabricated as
ectangular-platelike particles with a width of 5–10 �m, a length
f 20–40 �m and a thickness of 0.5–1 �m. The particles have a
ayer K4Nb6O17 structure assigned by the XRD pattern shown
n Fig. 2b, which is identified by JCPDS powder diffraction
le card No. 76-0977. Fig. 1c shows a SEM image of TMC-
ynthesized KNbO3 particles at the reaction condition of x = 1.2.
he particles exhibit a platelike shape with a width of 5–10 �m,
length of 20–40 �m and a thickness of 0.5–1 �m. However,

he particles have a polycrystalline structure which are built up
y many grains having an averaged grain size of about 0.5 �m,
nd inherited the K4Nb6O17 precursor’s shape without breaking
nto individual smaller particles.

The crystalline phase of the particles is an orthorhombic per-
vskite structured KNbO3, as determined by the XRD pattern
hown in Fig. 2e and d, which is identified by JCPDS pow-
er diffraction file card No. 32-0832. However, full conversion
rom K4Nb6O17 to KNbO3 were obtained at reaction condi-

ions of x = 1.2 and 1.5 shown in Fig. 2d and e. At x = 1.0,
he unconverted K4Nb6O17 remains in synthesized particles
hown in Fig. 2c. These data mean that polycrystalline plate-

ig. 2. X-ray diffraction patterns. (a) KNbO3 particles synthesized by the con-
entional flux method at 950 ◦C for 2 h. (b) K4Nb6O17 precursor particles
repared by molten salt synthesis at 1050 ◦C for 2 h. (c) Platelike KNbO3 par-
icles synthesized by the topochemical micro-crystal conversion method from

4Nb6O17 precursor particles at 850 ◦C for 8 h; x = 1.0, (d) x = 1.2, (e) x = 1.5,
©) KNbO3, (�) K4Nb6O17.

F
a
0
b
s
d

Ceramic Society 27 (2007) 4085–4092

ike KNbO3 particles having single perovskite crystal phase
an be synthesized through the TMC reaction under the reac-
ion condition of x above x = 1.2, in which KNbO3 formed by

ion diffusing into K4Nb6O17 crystal with preserved parti-
le outer-shape and a developed plane. To identify the largest
eveloped planes of K4Nb6O17 and TMC-synthesized KNbO3
articles, we measured XRD patterns of particles that were
ast on glass substrates, which is called oriented particulate
ayer X-ray diffraction measurement technique.42 In this cast-
ng method (OPL-XRD method), the largest developed plane
f the particles is easily aligned with the glass plane. Fig. 3
ig. 3. X-ray diffraction patterns. (a) K4Nb6O17 precursor particles cast on
glass substrate. (b) K4Nb6O17 pattern of JCPDS powder diffraction file #76-
977. Major Miller indices are shown. (c) Platelike KNbO3 particles synthesized
y the topochemical micro-crystal conversion method from K4Nb6O17 precur-
or particles cast on a glass substrate. (d) KNbO3 pattern of JCPDS powder
iffraction file #32-0832.
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Fig. 4. . Energy-dispersive X-ray spectroscopy (EDX) profiles. (a) K4Nb6O17

precursor particles prepared by molten salt synthesis at 1050 ◦C for 2 h. (b) Plate-
l
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e
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f
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Table 1
Atomic compositions of K4Nb6O17 precursor particles and platelike KNbO3

particles synthesized by the topochemical micro-crystal conversion method from
the precursor particles, as measured by energy-dispersive X-ray spectroscopy
(EDX)

Sample Atom

K (at.%) Nb (at.%) K:Nb ratio

Average Deviation Average Deviation

K
K

T
b
s
o
l
T
a
t
p
g
K

c
f
t
{
K
a
e
t
connect with alternately sharing corners and edges along the
ike KNbO3 particles synthesized by the topochemical micro-crystal conversion
ethod from K4Nb6O17 precursor particles at 850 ◦C for 8 h.

ecause of observation of larger (0 4 0) peaks in cast parti-
les than that of JCPDS pattern. And the major developed
lane of TMC-synthesized KNbO3 with polycrystalline mor-
hology is the {0 0 1} plane. This means that the grains in
olycrystalline particle statistically preferably aligned or ori-
nted along 〈0 0 1〉 axis in a pseudo-cubic notation in each
article. This suggests that, during the TMC reaction, the {0 1 0}

lane of single crystalline K4Nb6O17 is converted into the pre-
erred pseudo-cubic {0 0 1} plane of polycrystalline KNbO3
articles.

[
i
c

Fig. 5. Schematic crystal structure and reaction scheme. (a) Layer-structured K4
4Nb6O17 40.6 0.1 59.4 0.1 4.11:6
NbO3 49.0 0.9 51.0 0.9 0.96:1

To evaluate the change of atomic ratio of K:Nb during the
MC reaction in the particles, we measured the EDX profiles of
oth K4Nb6O17 and TMC-synthesized KNbO3 particles. Fig. 4
hows EDX measurement profiles. K, Nb and O peaks were
bserved in the EDX profiles. K atom’s peak of K4Nb6O17 is
arger than that of TMC-synthesized polycrystalline KNbO3.
able 1 shows the calculated averaged results of K and Nb
tomic composition with use of five measurement data. It shows
hat the K:Nb ratio in K4Nb6O17 and TMC-synthesized KNbO3
articles are 4.11:6 and 0.96:1, respectively. These values are in
ood accordance with designed composition of K4Nb6O17 and
NbO3 as taking account of measurement error level.
The reason of formation of polycrystalline KNbO3 parti-

les having preferred {0 0 1} orientation during TMC reaction
rom K4Nb6O17 to KNbO3 can be explained using the crys-
al structures shown in Fig. 5. In the TMC reaction, plane of
0 1 0}K4Nb6O17 converts to preferred oriented plane of{0 0 1}
NbO3. The structure of K4Nb6O17 could be characterized as
stacking of –Nb6O17– sheets consisted of corner-sharing and

dge-sharing NbO6 octahedra, and K atoms are located between
he –Nb6O17– sheets. In each sheet, NbO6 octahedron units
0 0 1] direction, and connect with sharing corners (and shear-
ng corners) along the [1 0 0] direction. In the perovskite KNbO3
rystal, NbO6 octahedron units connect with sharing corners

Nb6O17 along the [1 0 0] direction and (b) perovskite-structured KNbO3.
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Fig. 6. XRD profiles of surfaces of (K0.5Na0.5)NbO3–1 mol% CuO ceramics. (a)
Non-textured ceramic sintered at 1050 ◦C for 1 h. (b) Textured ceramics sintered
at 1175 ◦C for 1 h. The XRD profiles are assigned using orthorhombic Miller
indices. F is the degree of pseudo-cubic {0 0 1} orientation.
090 Y. Saito, H. Takao / Journal of the Euro

long the [0 0 1], [0 1 0] and [0 0 1] directions. When TMC reac-
ion occurs in K4Nb6O17 crystal, K atoms must need to diffuse
nside the K4Nb6O17 crystal probably through along the plane
f sheet direction, because K4Nb6O17 has a K atom composi-
ion deficient compared to the KNbO3. During conversion, the
onds of edge-sharing NbO6 octahedra inside –Nb6O17– sheets
long the [0 0 1] direction must be separated, and NbO6 octa-
edra would rotate, and then the bonds of corner-sharing NbO6
ctahedra inside –Nb6O17– sheet re-connected. And the new-
onds of corner-sharing NbO6 octahedra between –Nb6O17–
heets must newly generated accompanying with the diffusion
f K atoms inside –Nb6O17– sheets. These bond-breaking of
dge-sharing bond, re-bonding of corner-sharing bond inside the
heets associated with rotation of NbO6 octahedron units along
he [0 0 1] direction, new-generation of corner-sharing bonds of
bO6 octahedron units between the sheets, and K atoms diffu-

ion are very complicated to be perfectly understood. At least, it
s assumed that the three-dimensional volume of same rotation
irection (or same tilting direction) of NbO6 octahedron units
long the [0 0 1] direction is limited. As a result, it could give
he polycrystalline structure and determined the grain size of
bout 0.5 �m during conversion reaction from layer structured
4Nb6O17 to perovskite structured KNbO3. However, more

uture experiments are needed to explain full atomic movements
uring the conversion reaction.

As TMC-synthesized KNbO3 particles have polycrystalline
orphology, however, it has preferred {0 0 1} oriented plane in

ach particle. Therefore, the TMC-synthesized particles have a
ossibility to act as template in templated grain growth process.
ext section, I will report the result of fabrication of textured

eramics using the TMC-synthesized particles.

.2. Fabrication of textured (K0.5Na0.5)NbO3–1 mol% CuO
eramics

Fig. 6a and b shows the XRD patterns of the surfaces of non-
extured and textured (K0.5Na0.5)NbO3–1 mol% CuO ceramics
intered at 1050 and 1175 ◦C for 1 h in O2, respectively. The
raction of KNbO3 template in the RTGG method is 10%.
arger peaks of (1 1 0), (0 0 1), (2 2 0) and (0 0 2), which are re-

ndexed as {0 0 1} plane in pseudo-cubic perovskite notation, are
bserved in textured ceramics than those peaks in non-textured
eramics. The calculated Lotgering’s factor of the {0 0 1} ori-
ntation in pseudo-cubic notatin is 39.7%.

Fig. 7 shows a comparison of SEM images between non-
extured and textured ceramics. The shape of grains in two
amples can be seen to be similar rectangular shape. How-
ver, grains in non-textured ceramics exhibit non-uniform grain
rowth, whereas the grains in textured ceramics display a uni-
orm growth pattern. The averaged grain size of about 20 �m
n textured ceramics are nearly two times larger than that of
he maximum grain size of 10 �m in non-textured ceramics.
he reason of the larger grain size in textured ceramics comes
rom higher sintering temperature. The more uniformed grain
rowth in textured ceramics could be attributed to a uniform
istribution of the template particles in the green ceramic body,
hich was followed by the uniform nucleation of grain growth

Fig. 7. SEM images of (K0.5Na0.5)NbO3–1 mol% CuO ceramics. (a) SEM
image of sintered surface of non-textured ceramic sintered at 1050 ◦C for 1 h.
(b) SEM image of side-surface of textured ceramics sintered at 1175 ◦C for 1 h.
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Fig. 8. Degree of pseudo-cubic {0 0 1} orientation of textured
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K0.5Na0.5)NbO3–1 mol% CuO ceramics sintered at 1000–1175 ◦C in

2 atmosphere as a function of relative density. (©) Previously reported our
ata,6 (�) this work.

t each grain. However, relative density of textured ceramics
ad fall short of full density, which is 90.5 % of relative density.
ig. 8 shows relation between degree of orientation and rela-

ive density for textured ceramics in (K0.5Na0.5)NbO3–1 mol%
uO composition along with our previously reported data in

K0.5Na0.5)NbO3 and (K0.5Na0.5)NbO3–1 mol% CuO compo-
ition that were taken from the samples fabricated by RTGG
ethod using NaNbO3 template.6

As shown in Fig. 8, we reported in a previous paper that
open circles are our previously reported data), in the region
elow around a relative density of 90%, the orientation degree
ncreases gradually up to around 30% with a small raising rate,
ut it increases abruptly to beyond 92% at higher relative density
egion along with the solid-line curve. The samples fabricated
n this paper were plotted as a closed square, and it is clear that
he data are in good agreement with the solid curve. This means
hat one of the reason of not so large {0 0 1} orientation degree
f 39.7% is its low relative density of 90.5% due to inhibition
f densification during sintering by the large TMC-synthesized
NbO3 templates.
The dielectric, piezoelectric and insulation properties of non-

extured and textured KNN–1% CuO specimens are listed in

able 2. It can be seen that the piezoelectric properties of the

extured specimen – d33 and g33 – are not enhanced by a textur-
ng, because of its low relative density of 90.5%. However, the

able 2
ielectric, insulation and piezoelectric properties of textured and non-textured

K0.5Na0.5)NbO3–1 mol% CuO ceramics

aterial property Textured Non-textured

1 0 0} Orientation factor (%) 39.7 0
elative density (%) 90.5 99.2
ielectric constant 306 231
ielectric loss (%) 0.94 0.32
iezoelectric d33 constant (pC/N) 68 86
iezoelectric g33 constant (10−3 V m/M) 25.1 42.1
esistivity (� cm) 1.75E + 13 1.30E + 13 1

1
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esistivity is a large value of 1.75 × 1013 � cm, and this enabled
o pole the sample at 3 kV/mm in 100 ◦C oil without an electri-
ally breakdown. In the future experiment, we will try to increase
elative density by means of a hot-press sintering method or
ot-isostatically press sintering method, and to clear the limit
f orientation degree in the case of using the TMC-synthesized
olycrystalline platelike KNbO3 template particles.

. Conclusions

We designed a new synthesis route for fabricating plate-
ike KNbO3 particles with an orthorhombic perovskite structure
y the topochemical micro-crystal conversion (TMC) method
rom platelike precursor particles of layer-structured K4Nb6O17.
he TMC method yields polycrystalline rectangular-platelike
NbO3 particles whose outer-shape preserved the shape of the
recursor particles and had a thickness of about 0.5–1 �m, a
idth of 5–10 �m and a length of 20–40 �m. Oriented par-

iculate layer X-ray diffraction analysis revealed that in the
MC reaction, the crystallographic {0 1 0} plane of K4Nb6O17

s converted into the most of {0 0 1} plane of polycrystalline
NbO3 particles in spite of polycrystalline morphology. Using

he polycrystalline platelike KNbO3 particles as a template in the
eactive templated grain growth method, {0 0 1} grain-oriented
K0.5Na0.5)NbO3–1 mol% CuO ceramics having a pseudo-cubic
0 0 1} orientation degree (Logering’s factor) of 39.7% could be
abricated. This indicates that the polycrystalline particles can
e act as template in the templated grain growth process. In other
ord, we can fabricate the textured ceramics by using the poly-

rystalline template particles. The result that the polycrystalline
articles are available in the templated grain growth method
ill open new designs of preparation of template particles for

exturing of various ceramic materials.
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