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Physicists show unlimited heat conduction in
graphene

May 13 2014

Scanning tunnelling microscopy (STM) image of graphene on Ir(111). The
image size i1s 15 nm x 15 nm. Credit: ESRF
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Scientists at the Max Planck Institute for Polymer Research (MPI-P) in
Mainz and the National University of Singapore have attested that the
thermal conductivity of graphene diverges with the size of the samples.
This discovery challenges the fundamental laws of heat conduction for
extended materials.

Davide Donadio, head of a Max Planck Research Group at the MPI-P,
and his partner from Singapore were able to predict this phenomenon
with computer simulations and to verify it in experiments. Their research
and their results have now been presented in the scientific journal Nature
Communications.

"We recognized mechanisms of heat transfer that actually contradict
Fourier's law in the micrometer scale. Now all the previous experimental
measurements of the thermal conductivity of graphene need to be
reinterpreted. The very concept of thermal conductivity as an intrinsic
property does not hold for graphene, at least for patches as large as
several micrometers"”, says Davide Donadio.

Are material constants alterable after all?

The French physicist Joseph Fourier had postulated the laws of heat
propagation in solids. Accordingly, thermal conductivity is an intrinsic
material property that is normally independent of size or shape. In
graphene, a two-dimensional layer of carbon atoms, it is not the case, as
our scientists now found out. With experiments and computer
simulations, they found that the thermal conductivity logarithmically
increases as a function of the size of the graphene samples: i.e., the
longer the graphene patches, the more heat can be transferred per length
unit.

This is another unique property of this highly praised wonder material
that is graphene: it is chemically very stable, flexible, a hundred times
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more tear-resistant than steel and at the same time very light. Graphene
was already known to be an excellent heat conductor: The novelty here is
that its thermal conductivity, which was so far regarded as a material
constant, varies as the length of graphene increases. After analyzing the
simulations, Davide Donadio found that this feature stems from the
combination of reduced dimensionality and stiff chemical bonding,
which make thermal vibration propagate with minimal dissipation at non-
equilibrium conditions.

Optimum cooling for nanoelectronics

In the micro- and nano-electronics, heat is the limiting factor for smaller
and more efficient components. Therefore, materials with virtually
unlimited thermal conductivity hold an enormous potential for this kind
of applications. Materials with outstanding electronic properties that are
self-cooling too, as graphene might be, are the dream of every
electronics engineer.

Davide Donadio, an Italian-born researcher, already dealt with
nanostructures of carbon, crystallization processes and thermoelectric
materials during his studies in Milan, his research stays at the ETH
Zurich (Switzerland) and at the University of California, Davis (USA).
Since 2010, he has been investigating, among others, thermal transport in
nanostructures using theoretical physics and simulating the atomic
behavior of substances with his Max Planck Research Group at the MPI-
P.

More information: "Length-dependent thermal conductivity in
suspended single-layer graphene." Xiangfan Xu, et al. Nature
Communications 5, Article number: 3689 DOI: 10.1038/ncomms4689.
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