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Self-healing gold particles

September 14 2017, by Monika Landgraf

Gold atoms have moved into the dent produced before, refilling it almost
completely. Credit: KIT

Self-healing materials are able to repair autonomously defects, such as
scratches, cracks or dents, and resume their original shape. For this
purpose, they must be composed of several components whose combined
properties result in the desired characteristics. Scientists of the Karlsruhe
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Institute of Technology (KIT) and the Technion — Israel Institute of
Technology now discovered that also tiny particles of pure gold have
surprising self-healing capacities.

Lending shape memory to materials is a very complex, painstaking
effort. In pure metals, self-healing capacities repairing mechanically
caused defects so far have been considered impossible. However, they
have now been observed by scientists in pure gold. This is reported in the
Advanced Science journal.

"The search for materials of this kind so far has been concentrated on
polymers made up of many components and complicated structures,"
says Christian Brandl of the Institute for Applied Materials — Materials
and Biomechanics (IAM-WBM). Their self-healing powers were all
based on the collective transformation of the phases of one or more
materials making them up. This is caused, for instance, by heating,
melting or precipitation, which may change materials properties. In
metal alloys, the shape memory effect is based on the phenomenon that
they can exist in two different crystal structures as a function of a
specific temperature. When this is changed, the metals "remember" their
former shape they had at that respective temperature. However, this self-
healing effect is never complete in composites or in alloys.

Self-healing or shape memory in pure metals was entirely unknown
before. This effect is precisely what a group of scientists around Dr.
Christian Brandl (KIT) and Eugen Rabkin of the Technion — Israel
Institute of Technology now observed in gold particles. These multi-
shaped particles resumed their individual original shapes almost
completely. There was no deformation of any kind. "The fascinating
thing about this is that the restored particle shapes did not correspond to

that with the lowest surface energy, as would have been expected," says
Brandl.
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The scientists had produced mechanical defects in the particles first in
simulations by high-power computers and then, in reality, with the
measurement tip of a scanning force microscope. They found that
annealing air temperatures far below the melting temperature of gold
caused gold atoms to move along surface steps back into the dents,
refilling them almost completely. Such surface steps occur in many
deformed metals. Consequently, Brandl expects also other metals to have
the self-healing properties observed here. The scientists anti-cipate that
their findings will allow robust components for structures smaller than
one thousandth of a millimeter to be designed.
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