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New material harvests energy from water vapor
Anne Trafton, MIT News Office

Massachusetts Institute of Technology
(MIT) engineers have created a new polymer film that can generate electricity by
drawing on a ubiquitous source: water vapor.
The new material changes its shape after absorbing tiny amounts of evaporated
water, allowing it to repeatedly curl up and down. Harnessing this continuous
motion could drive robotic limbs or generate enough electricity to power micro- and
nanoelectronic devices, such as environmental sensors.
"With a sensor powered by a battery, you have to replace it periodically. If you have
this device, you can harvest energy from the environment so you don't have to
replace it very often," says Mingming Ma, a postdoctoral researcher at MIT's David
H. Koch Institute for Integrative Cancer Research and lead author of a paper
describing the new material in Science.
"We are very excited about this new material, and we expect as we achieve higher
efficiency in converting mechanical energy into electricity, this material will find
even broader applications," says Robert Langer, the David H. Koch Institute
Professor at MIT and senior author of the paper. Those potential applications include
large-scale, water-vapor-powered generators, or smaller generators to power
wearable electronics.
Other authors of the Science paper are Koch Institute postdoctoral researcher Liang
Guo and Daniel Anderson, the Samuel A. Goldblith Associate Professor of Chemical
Engineering and a member of the Koch Institute and MIT's Institute for Medical
Engineering and Science.
Harvesting energy
The new film is made from an interlocking network of two different polymers. One
of the polymers, polypyrrole, forms a hard but flexible matrix that provides
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structural support. The other polymer, polyol-borate, is a soft gel that swells when it
absorbs water.
Previous efforts to make water-responsive films have used only polypyrrole, which
shows a much weaker response on its own. "By incorporating the two different kinds
of polymers, you can generate a much bigger displacement, as well as a stronger
force," Guo says.
The film harvests energy found in the water gradient between dry and water-rich
environments. When the 20-micrometer-thick film lies on a surface that contains
even a small amount of moisture, the bottom layer absorbs evaporated water,
forcing the film to curl away from the surface. Once the bottom of the film is
exposed to air, it quickly releases the moisture, somersaults forward, and starts to
curl up again. As this cycle is repeated, the continuous motion converts the
chemical energy of the water gradient into mechanical energy.
Such films could act as either actuators (a type of motor) or generators. As an
actuator, the material can be surprisingly powerful: The researchers demonstrated
that a 25-milligram film can lift a load of glass slides 380 times its own weight, or
transport a load of silver wires 10 times its own weight, by working as a potent
water-powered "mini tractor." Using only water as an energy source, this film could
replace the electricity-powered actuators now used to control small robotic limbs.
"It doesn't need a lot of water," Ma says. "A very small amount of moisture would be
enough."
A key advantage of the new film is that it doesn't require manipulation of
environmental conditions, as do actuators that respond to changes in temperature
or acidity, says Ryan Hayward, an associate professor of polymer science and
engineering at the University of Massachusetts at Amherst.
"What's really impressive about this work is that they were able to figure out a
scheme where a gradient in humidity would cause the polymer to cyclically roll up,
flip over and roll in the other direction, and were able to harness that energy to do
work," says Hayward, who was not part of the research team.
Generating electricity
The mechanical energy generated by the material can also be converted into
electricity by coupling the polymer film with a piezoelectric material, which converts
mechanical stress to an electric charge. This system can generate an average
power of 5.6 nanowatts, which can be stored in capacitors to power ultralow-power
microelectronic devices, such as temperature and humidity sensors.
If used to generate electricity on a larger scale, the film could harvest energy from
the environment—for example, while placed above a lake or river. Or, it could be
attached to clothing, where the mere evaporation of sweat could fuel devices such
as physiological monitoring sensors. "You could be running or exercising and
generating power," Guo says.
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On a smaller scale, the film could power microelectricalmechanical systems (MEMS),
including environmental sensors, or even smaller devices, such as nanoelectronics.
The researchers are now working to improve the efficiency of the conversion of
mechanical energy to electrical energy, which could allow smaller films to power
larger devices.
Source: Massachusetts Institute of Technology [1]

Source URL (retrieved on 09/01/2014 - 3:55am):
http://www.rdmag.com/news/2013/01/new-material-harvests-energy-water-vapor
Links:
[1] http://web.mit.edu/newsoffice/2013/new-material-harvests-energy-from-watervapor-0110.html

Page 3 of 3

