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Arranging polymer nanotubes in a vertical
array enhances piezoelectric properties for
acoustic sensors

November 4 2015

The tips of vertically aligned hollow polymer nanotubes poke out of a porous
alumina template. Credit: Reproduced from Ref. 1 and licensed under CC-BY
4.0 © 2014 W. H. Liew et al.

An array of hollow piezoelectric polymer nanotubes grown by A*STAR
researchers could be used as an extremely sensitive acoustic sensor.

The tubes are made of a piezoelectric polymer called poly(vinylidene
fluoride-co-trifluoroethylene), or P(VDF-TrFE)—to which applying a
voltage causes a change of shape; conversely, the polymer generates a
voltage when it is pressed or twisted. Piezoelectric polymers are
considerably more flexible than other piezoelectric materials, and are
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highly responsive to pressure.

Forming piezoelectric materials into nanotubes can enhance their

properties, but flexible polymer nanotubes tend to aggregate into
bundles.

Kui Yao and colleagues at the A*STAR Institute of Materials Research
and Engineering, and the National University of Singapore, have now
developed a method to create vertical arrays of hollow P(VDF-TrFE)
nanotubes, significantly increasing their piezoelectric capabilities. "For
the first time, we have demonstrated enhanced piezoelectric
performance in a high quality P(VDF-TrFE) nanotube array," says Yao.

The team first made a template—a thin sheet of anodized alumina with
vertical pores up to 4 micrometers deep and 350 nanometers wide—and
added a coating of P(VDF-TrFE). Heating to 250 degrees Celsius melted
the polymer into the pores, coating its walls. They repeated the cycle 15
times to create a polymer coating 60 nanometers thick.

They covered the polymer-loaded template with a thin gold electrode,
then flipped the structure over and mounted it on a glass substrate. They
used an acid to etch away part of the alumina, exposing the tips of the
hollow polymer nanotubes inside (see image), and capped them with
another gold electrode.

X-ray diffraction and infrared spectrometry revealed that the electrical
polarization of the polymer was aligned with the nanotube's axis, which
increased the overall polarization in that direction by 1.5 times. "The
dominant mechanism for enhanced piezoelectric performance is based
on this unique molecular orientation and the nanotube's structure," says
Yao.

The researchers found that an alternating voltage changed the nanotubes'
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strain almost twice as much as a standard P(VDF-TrFE) film. They also
hypothesized that applying a small stress to the structure could produce a
voltage many times larger than conventional piezoelectric materials, and
more than three times that of a standard piezoelectric polymer film.
"These are important indicators of a piezoelectric material's
performance for electromechanical applications such as energy
harvesters, sensors and transducers," says Yao. "We are now working
towards the demonstration of acoustic sensors using the P(VDF-TrFE)
nanotube array, with enhanced sensitivity compared to conventional
piezoelectric films."

More information: Weng Heng Liew et al. Nanoconfinement induced

crystal orientation and large piezoelectric coefficient in vertically aligned
P(VDF-TrFE) nanotube array, Scientific Reports (2015). DOL:
10.1038/srep09790
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