
 

Engineered 'sand' may help cool electronic
devices
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A thermal probe tests heat conductance in a sample of silicon dioxide
nanoparticles. The material could potentially conduct heat at an efficiency higher
than that of conventional materials. Credit: Rob Felt, Georgia Tech

Baratunde Cola would like to put sand into your computer. Not beach

1/6



 

sand, but silicon dioxide nanoparticles coated with a high dielectric
constant polymer to inexpensively provide improved cooling for
increasingly power-hungry electronic devices.

The silicon dioxide doesn't do the cooling itself. Instead, the unique
surface properties of the coated nanoscale material conduct the heat at
potentially higher efficiency than existing heat sink materials. The
theoretical physics behind the phenomenon is complicated, involving
nanoscale electromagnetic effects created on the surface of the tiny
silicon dioxide particles acting together.

The bottom line could be a potentially new class of high thermal
conductivity materials useful for heat dissipation from power
electronics, LEDs and other applications with high heat fluxes.

"We have shown for the first time that you can take a packed
nanoparticle bed that would typically act as an insulator, and by causing
light to couple strongly into the material by engineering a high dielectric
constant medium like water or ethylene glycol at the surfaces, you can
turn the nanoparticle bed into a conductor," said Cola, an associate
professor in the Woodruff School of Mechanical Engineering at the
Georgia Institute of Technology. "Using the collective surface
electromagnetic effect of the nanoparticles, the thermal conductivity can
increase 20-fold, allowing it to dissipate heat."

The research, which involved both theory and experiment, is reported in
the July issue of the journal Materials Horizons, and was highlighted in
the July 8 issue of the journal Science. The work was supported by the
Air Force Research Laboratory and the U.S. Air Force. Co-authors
include Professor James Hammonds at Howard University, and graduate
students Eric Tervo from Georgia Tech and Olalekan Adewuyi from
Howard University.
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In the last several years, theoretical papers have predicted the ability of
surface phonon polaritons to increase thermal conduction in
nanomaterials made from polar materials like silicon dioxide. Polaritons
are quantum quasiparticles produced by strong coupling of
electromagnetic waves with an electric or magnetic dipole-carrying
excitation. In the specific case of surface phonon polaritons, the
electromagnetic waves are coupled to a certain frequency and
polarization of vibrating atoms in the material known as optical phonons.
When materials are reduced to sizes below 100 nanometers, the surface
properties of the material dominate over bulk properties, allowing
phonons of heat to flow from particle to particle in the closely packed
bed with the assistance of the coupled electromagnetic waves.

Although researchers could not previously measure heat flow from
surface phonon polaritons due to experimental difficulties, they have
observed their wave propagation when light hits the surface of a
nanostructure material, suggesting a potential role in heat dissipation. In
addition to the first measurement of heat flow, Cola and his
collaborators also found that the effect can occur when thermal energy is
added to a packed bed of nanoparticles.

"What we are also showing for the first time is that when you have
nanoparticles of the right type in a packed bed, that you don't have to
shine light on them," he explained. "You can just heat up the
nanoparticles and the thermal self-emission activates the effect. You
create an electrical field around the nanoparticles from this thermal
radiation."

The researchers decided to experiment with those special properties,
first using water to coat the nanoparticles and turn the silicon dioxide
nanoparticle bed into a conductor. But the water coating was not robust,
so the researchers switched to ethylene glycol, a fluid commonly used in
vehicle antifreeze. The new combination increased the heat transfer by a
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factor of 20 to approximately one watt per meter-kelvin, which is higher
than the value ethylene glycol or silicon dioxide nanoparticles could
produce alone, and competitive with expensive polymer composites used
for heat dissipation.

  
 

  

A thermal probe tests heat conductance in a sample of silicon dioxide
nanoparticles. The material could potentially conduct heat at an efficiency higher
than that of conventional materials. Credit: Rob Felt, Georgia Tech

"You could basically take an electronic device, pack these ethylene
glycol-coated nanoparticles in the air space, and it would be useful as a
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heat dissipation material that at the same time, won't conduct
electricity," said Cola. "The material has the potential to be very
inexpensive and easy to work with."

Silicon dioxide was chosen because its crystalline lattice can generate
resonant optical phonons - necessary for the effect - at approximately
room temperature. Other materials could also be used, but the silicon
dioxide nanoparticles provide a good compromise of properties and cost.

"The resonance frequency, converted into the thermal radiation
temperature for silicon dioxide, is around 50 degrees Celsius," said Cola.
"With this material, we can turn on this effect at a temperature range
that a microelectronic device is likely to see."

Though the ethylene glycol works well, it will eventually evaporate. For
that reason, Cola plans to identify polymeric materials that could be
adsorbed to the silicon dioxide nanoparticles to provide a more stable
coating with a reasonable product lifetime.

The effect depends on the collective action of the silicon dioxide
nanoparticles.

"We are basically showing a macroscopic translation of a nanoscale
effect," Cola said. "Even though the nanoparticle bed is a bulk assembly,
it is a bulk assembly that has a lot of internal surface area. The internal
surface area is the gateway by which it interacts with the electromagnetic
field - the light and the heat."

So far, the effect has been demonstrated in small amounts of silicon
dioxide nanoparticles. Another step would be to scale up the study to
demonstrate that heat can be transferred longer distances in larger
volumes of the material, Cola said.
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"The rate at which the thermal energy goes from one side of the particle
to the other side of the particle is constant throughout the nanoparticle
bed, so it shouldn't matter how thick the nanoparticle bed is," he
explained. "When these particles are close enough together, their modes
are coupled, which allows the energy to transport."

Further testing would be needed to ensure the long-term efficiency and
to confirm that there are no impacts on the reliability of the electronic
devices cooled with the technique, Cola said.

  More information: E. J. Tervo et al, High thermal conductivity in
polaritonic SiOnanoparticle beds, Mater. Horiz. (2016). DOI:
10.1039/c6mh00098c
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