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Abstract 
In this paper, green microfibers of barium 

titanate precursor were prepared by the 
combination of Sol-Gel processing and Gel-
spinning technique. The piezoelectric microfibers 
of ceramic BaTiO3 were sintered, with diameter of 
15�m and length of 20mm, respectively. 
Interdigitated electrodes were printed on an epoxy 
resin substrate. BaTiO3 microfibers were then 
aligned on the interdigitated electrodes and covered 
with the solution of epoxy resin, so as to obtain 
Inter-Digitated Electrodes Piezoelectric 
Fiber/polymer Composites, IDEPFC. The periodic 
output voltages with maximum value of 0.86V were 
obtained under harmonic excitation, by using a 
finger to apply a dynamic load on the top of the 
IDEPFC.  

 

Introduction 
The piezoelectric effect is the property that 

allows piezoelectric materials to convert 
mechanical strain energy into electrical energy and 
vice versa. This property of piezoelectric materials 
allows them to be used as mechanisms to transfer 
mechanical energy, usually ambient vibration into 
electrical energy that can then be stored and used to 
power other devices. The fabrication of such 
devices is particularly interesting because it can 
even scavenge the mechanical energy, such as the 
heart beat, blood flow, muscle stretching, and turn 
it into electricity to power implantable biodevices 
[1]. Recently, the piezoelectric properties of several 
thin film and fibers from zinc oxide[2-4], lead 
zirconate titanate(PZT)[5], barium titanate[6] and 
gallium nitride[7] have been successfully 
demonstrated. Meanwhile, piezoelectric ceramic 
fibers have attracted attentions as regards particular 
applications such as in parts of 1-3 composites.[8] 
Microfibers are fully developed for two major 
themes, sensing and actuation for vibration control, 
and energy harvesting. Although traditional 
piezoelectric materials, lead zirconate titanate-the 
PZT-family of ceramics, show much stronger 
piezoelectric effects, their lead content raises 

environmental concerns [9-10]. BaTiO3[11] shows 
an excellent piezoelectric properties in lead-free 
ceramics, thus, utilizing BaTiO3 piezoelectric 
ceramic microfibers in energy harvesting 
technology could provide a method to make a 
flexible, highly efficient device with low-frequency 
vibration. 

In this paper, BaTiO3 piezoelectric ceramic 
microfibers were successfully fabricated via sol-gel 
process and continuous spinning method. And then, 
piezoelectric fiber/polymer composites were 
fabricated to investigate the power harvesting 
properties. 

 

Experimental 
Barium acetate, acetic acid, ethanol, and 

tetrabutyl titanate were used as the raw materials, 
and acetylacetone was used as the stabilizer. All 
chemicals were of analytical grade and used as 
purchased without further purification. The barium 
acetate was dissolved in acetic acid while tetrabutyl 
titanate was dissolved in ethanol to obtain barium 
acetate solution and tetrabutyl titanate solution. 
Stoichiometric amounts of tetrabutyl titanate 
solution and barium acetate solution as starting 
materials were mixed. In order to hydrolyze 
completely, stoichiometric amounts of deionized 
water were added in the mixture. Then the mixture 
was refluxed for 2 hours at 80oC. After that, PVP- 
ethanol solution, spinning auxiliaries, was added 
into the refluxed mixture, and refluxed again for 1 
hour at 80oC. Finally the BaTiO3 precursor solution 
was obtained with transparent and yellow color. 
After concentrated the BaTiO3 precursor solution, 
BaTiO3 sol was obtained. The BaTiO3 sol was 
charged into the reservoir of a laboratory piston-
type melt-spinning machine (MMCH05, Chemat, 
Northridge, CA), and then extruded through a 
single-hole spinneret (100 �m hole-diameter). After 
that, the green fibers sintered at 1240oC for 4h to 
obtain ceramic fibers. Interdigitated electrodes 
fabricated by lithography technique. BaTiO3 
microfibers were then aligned on the interdigitated 
electrodes and covered with the solution of epoxy 
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resin, so as to form 1-3 type fiber/polymer 
composites. Finally, the BaTiO3 fibers were polled 
by applying an electric field of 3V/mm across the 
electrodes at a temperature of 75oC for about 60min 
in silicone oil. 

To analyze the phase purity, the prepared 
ceramic fiber was identified with X-ray diffraction 
(XRD) by a Panalytical X’pert PRO X-ray 
diffractometer (Cu K� radiation). Ceramic fiber 
surface and section morphology were observed by a 
scanning electron microscope (FEI XL30 ESEM-
TMP). The voltage outputs were measured by an 
oscilloscope (Tektronix TDS 220 and TDS 2014B). 

 

Result and discussion 
The XRD patterns of the BaTiO3 gel fibers 

sintered at 1240oC for 4 hours were displayed in 
Fig. 1, which showed that the sample had almost a 
pure perovskite phase according to the JCPDS file 
05-0626. Furthermore, the splitting peak near 45.5° 
indicates the phase transformed to tetrahedral 
symmetry.  
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 Fig.1 XRD patterns of the BaTiO3 ceramic fibers (a) and the JCPDS 
data 05-0626for tetrahedral BaTiO3 (b) 

 
The SEM images of green fibers (A) and ceramic 

fibers (B) in Fig. 2 showed the microstructures of 
the BaTiO3 fiber. It can be seen that the surface of 
the green fiber is nearly smooth due to the 
amorphous nature of barium titanate, but it 
becomes rougher during annealing at higher 
temperatures, resulting in the fibers crystallized 
completely. It is conclude that BaTiO3 has a 
diameter of 15-20�m from the images. The optical 
microscope images of BaTiO3 microfibers (A) and 
aligned on the gold electrode (B) in Fig. 3. The 
interdigitated electrodes were parallel with each 

other and the fibers were perpendicular to the 
direction of the fibers. 

 

 
Fig.2 SEM images of the BaTiO3 green fiber (A) and ceramic 

fiber sintered at 1240 oC for 4h (B) 
 

 
Fig.3 Optical microscope images of BaTiO3 microfibers (A) 

and aligned on the gold electrodes (B). 
 

The concept and power generation mechanism of 
BaTiO3 composites were illustrated as Fig. 4. Using 
lithography technique, interdigitated electrodes 
were fabricated on the epoxy resin. Then, BaTiO3 
microfibers were aligned on the interdigitated 
electrodes and covered with the solution of epoxy 
resin, so as to obtain Inter-Digitated Electrodes 
Piezoelectric Fiber/polymer Composites (Fig. 4A). 
BaTiO3 fibers were working in the longitudinal 
mode with pressure applied on the top surface (Fig. 
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4B). The applied pressure lead charge generation 
due to the bending stresses in BaTiO3 microfibers. 
Meanwhile, the intedigitated electrodes could 
enhance the power output due to paralleled 
electrodes unit.  

 

 
Fig.4 Schematic view of the concept and power generation of 

BaTiO3-epoxy resin composites (A) and cross section view of the 
polled BaTiO3-epoxy resin composites (B) 

 
A pressure was applied a dynamic load on the 

top surface of BaTiO3- epoxy resin composites by 
fingers. The positive and negative output voltages 
were observed in Fig. 5. The positive signal was 
generated due to the pressing motion while the 
negative one was obtained for the removal of 
external load. The highest output voltage was 
0.86V during the test. The pressure which applied 
on the surface determined the amplitudes of the 
voltage outputs. 

A free vibration test was carried out using BT-
epoxy resin composites (Fig. 6). The BaTiO3-epoxy 
resin composite was used as a cantilever. The free 
vibration was loaded on the BaTiO3-epoxy resin 
composite surface (Fig. 6A). The output voltage 
from the BT-epoxy resin composites was measured 
when the cantilever was subjected to free vibration. 
It can be clearly determined from Fig. 6B that the 
oscillation period and natural frequency of this 
system were 1.2ms and 833Hz, respectively. 
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 Fig.5 Output voltage with time for BaTiO3-epoxy resin composites 
 

 
Fig.6 Voltage output from free vibration of a cantilever. (A: 

Schematic view of cantilever structure; B: Voltage output when the 
cantilever under a free vibration)  

 

Conclusion 
BaTiO3-epoxy resin composites based on BaTiO3 

microfiber with diameter of 15�m and length of 
20mm were fabricated. Inter-Digitated Electrodes 
Piezoelectric Fiber/polymer Composites were also 
prepared. The periodic output voltages with 
maximum value of 0.86V were obtained under 
harmonic excitation, by using a finger to apply a 
dynamic load on the top of the BaTiO3-epoxy resin 
composites. The oscillation period and natural 
frequency of this system were 1.2 ms and 833 Hz 
when the cantilever under a free vibration, 
respectively.  
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