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h i g h l i g h t s

" NKN nanorods have been produced
using hydrothermal method for the
first time.

" The growth direction of the NKN
nanorod is [001].

" (Na8xK8�8x)Nb6O19 nH2O produced
at 160 �C and transformed into NKN
nanorods at 500 �C.

" The NKN nanorods can be used for
the piezoelectric energy harvester.
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a b s t r a c t

To synthesize (Na1�xKx)NbO3 nanorods, the Nb2O5-added (1 � y)NaOH–yKOH specimens with 0.0 6
y 6 0.9 were heated at 160 �C and subsequently annealed at 500 �C. Homogeneous Na-rich (Na1�xKx)
NbO3 nanorods were only synthesized for the specimen with y = 0.15. However, NaNbO3 nanorods were
formed for specimens with y < 0.15, and K-rich (Na1�xKx)NbO3 nanoplates were obtained for specimens
with y > 0.2. The (Na8xK8�8x)Nb6O19�nH2O transient phase was formed in the specimen with y = 0.15
heated at 160 �C for 8.0–12.0 h, and this phase transformed into the Na-rich (Na1�xKx)NbO3 nanorods
after annealing at 500 �C. Therefore, the formation of a homogeneous (Na8xK8�8x)Nb6O19�nH2O phase at
a low temperature is very important for the synthesis of the (Na1�xKx)NbO3 nanorods. The (Na8xK8�8x)
Nb6O19�nH2O phase was considerably influenced by the heating temperature, and the processing time.
The Na-rich (Na1�xKx)NbO3 nanorods have rectangular shape with various sizes, and the growth direction
of these nanorods is [001].

� 2012 Elsevier B.V. All rights reserved.

1. Introduction

Wasted mechanical energy in the environment can be converted
into electrical energy using piezoelectric nanogenerators. Recently,
there has been increasing interest in piezoelectric nanogenerators,

because they can be used to power wireless sensors and implant-
able biosensors without the need for a battery [1–6]. The output en-
ergy density (u) produced by a piezoelectric nanogenerator is given
as u ¼ 1=2ðd2

ij=eijÞðF=AÞ2, where dij is the piezoelectric strain con-
stant, eij is the dielectric constant, F is the applied force, and A is
the area [7]. Therefore, piezoelectric materials for the nanogenera-
tor should have a large dij value to produce a large output energy.
ZnO nanowires have been investigated for applications as piezo-
electric nanogenerators, but the dij value of ZnO nanowires is
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