
 

Engineering team designs technology for
smart materials
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University of Virginia mechanical engineers and materials scientists, in
collaboration with materials scientists at Penn State, the University of
Maryland and the National Institute of Standards and Technology, have
invented a "switching effect" for thermal conductivity and mechanical
properties that can be incorporated into the fabrication of materials
including textiles and garments.

Using heat transport principles combined with a biopolymer inspired by
squid ring teeth, the team studied a material that can dynamically
regulate its thermal properties—switching back and forth between
insulating and cooling—based on the amount of water that is present.
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The invention holds great promise for all sorts of new devices and
materials with the ability to regulate temperature and heat flow on
demand, including the "smart" fabrics.

"The switching effect of thermal conductivity would be ideal for many
applications, including athletics," said John Tomko, a Ph.D. candidate in
UVA's Department of Materials Science & Engineering and lead author
of an article about the invention published this week in Nature
Nanotechnology. "This material has the potential to revolutionize active
wear, unleashing the possibility of clothing that can dynamically respond
to body heat and regulate temperature. For example, the biopolymer has
a low thermal conductivity while dry, essentially storing body heat and
keeping the athlete (and his or her muscles!) warm while not active. As
soon as the wearer begins to sweat, the material could become hydrated
and instantly increase its thermal conductivity, allowing this body heat to
escape through the material and cool the athlete down. When the person
is done training and the sweat has evaporated, the material could go back
to an insulative state and keep the wearer warm again.

"And while it may sound highly specialized and only for professional
athletes, it would be equally useful from an apparel company
perspective," said Tomko, whose research is being conducted as part of
the ExSite Group led by Professor Patrick Hopkins of UVA's
departments of Mechanical & Aerospace Engineering, Materials Science
& Engineering and Physics.

The garments made using this technology would be a step above what is
available on the market today because of the materials' extremely wide
range of technical capabilities. For example, polar fleece generally
requires different weights to accommodate different combinations of
temperatures and activity levels. The new material could accommodate
the whole gamut of athletic scenarios within one garment. Fleece is
considered breathable, a passive state, but the biopolymer material would
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actively conduct heat out of the garment.

"While realizing thermally and mechanically smart fabrics is one major
advance of this work, the ability to provide such large and reversible
modification in the thermal conductivity of a material `on-demand' has
potential game-changing applications," said Hopkins, Tomko's Ph.D.
advisor and co-lead on this research effort with Professor Melik Demirel
at Penn State. "The thermal conductivity of materials is typically
assumed to be a static, intrinsic property of a material. What we have
shown is that you can 'switch' the thermal conductivity of a material in a
similar way that you would turn on and off a light bulb via a switch on
the wall, only instead of using electricity, we can use water to create this
switch. This will allow for dynamic and controllable ways to regulate the
temperature and/or heat flow of materials and devices.

"The magnitude of this on/off thermal conductivity ratio is large enough
where we can now envision applications including not only smart fabrics,
but also more efficient recycling of wasted heat to create electricity,
making self-thermally regulating electrical devices, or creating new
avenues for wind- and hydropower production."

The process of creating "programmable" materials could be good news
for manufacturers and the environment. Usually textile companies have
to rely on different types of fibers and different manufacturing
processes to create clothing with varying attributes, but the tunable
aspect of these materials means that insulating and cooling attributes can
be created from the same process. This could lead to lower
manufacturing costs and reduced carbon emissions.

Squid ring teeth, which make programmable materials possible, are an
inspiring new avenue of scientific research first discovered at Penn
State. These biomaterials contain unique properties such as strength, self-
healing and biocompatibility, making them exceptionally suitable for
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programming at the molecular level, in this case for thermal regulation.
This is more good news for the environment, since they can be extracted
from the suction cups of squids or can be synthetically produced via
industrial fermentation, both sustainable resources.

Tomko's and Hopkins' collaborators on the research are Abdon Pena-
Francesch, former Ph.D. student at Penn State and now a von Humboldt
Fellow at the Max Planck Institute in Stuttgart, Germany; Huihun Jung, a
doctoral candidate in engineering science and mechanics at Penn State;
Madhusudan Tyagi a researcher with the University of Maryland and the
National Institute of Standards and Technology; Benjamin D. Allen,
assistant research professor of biochemistry and molecular biology at
Penn State; and Demirel, professor of engineering science and
mechanics and director, Center for Research on Advanced Fiber
Technologies at Penn State.

"The beauty and unique power of neutron scattering helped us solve the
puzzle of how tandem repeat units really influence the observed thermal
conductivity in hydrated samples, as heavy water simply becomes
'invisible' to neutrons! We found that the increased and 'altered'
dynamics of amorphous strands were, actually, responsible for this
increased thermal conductivity in hydrated samples," said the University
of Maryland's Tyagi. "I believe this research is going to change how we
study thermal properties of soft matter, particularly proteins and
polymers, using neutrons as typically hard condensed matter is where
most of the work is done in this regard."

Tomko and fellow UVA Engineering researchers, along with graduate
students from UVA's Darden School of Business, won first place in a
Patagonia outdoor apparel company competition this spring to determine
the best ideas for attaining carbon neutrality. Raw materials production
is responsible for about 80 percent of Patagonia's total carbon emissions,
largely attributed to the production of polyester fabrics derived from
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fossil fuels. The UVA team proposed that the company transition to
biopolymer textiles, which can be engineered solely from renewable
resources. The new materials would look and function better than
polyester and wool alternatives without relying on fossil fuel.

  More information: John A. Tomko et al, Tunable thermal transport
and reversible thermal conductivity switching in topologically networked
bio-inspired materials, Nature Nanotechnology (2018). DOI:
10.1038/s41565-018-0227-7
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