
 

Research teams develop rolling
microcapsules to repair micro-sized defects
in surfaces
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(PhysOrg.com) -- Imagine if instead of relying on special x-ray or
electrical current testing technology to find really tiny cracks in the skin
that covers an airplane, microcapsules filled with easily detected
materials could be rolled around on their surface, stopping here and
there to fill such cracks automatically so that they could then be easily
found using a simple black light. That day may be coming soon, thanks
to a joint effort between two teams. One, from the University of
Pittsburgh, led by Anna Balazs, the other from the University of
Massachusetts, led by Todd Emrick. Together they have created just
such a type of capsule, as will be described in their paper to be published
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in Nature Nanotechnology.

It all started apparently, with Balazs creating computer models of small
capsules containing nanoparticles that could under the right conditions,
be made to unload their contents into small cracks or defects in certain
surfaces. From there, the two teams worked together to port the model
to the real world. The capsule they created is made of a very thin type of 
polymer that lowers the surface tension of a liquid and causes oil
droplets to stabilize in water. Inside the capsule, they put cadmium-
selenide nanoparticles. The resultant product was a microcapsule that
would roll around or in some cases slide when placed on a hard surface
and tilted about.

But of course, that was only the beginning. When the capsule they’d
made happened to encounter a crack in the surface, it was stopped just
as would a marble rolling into a crack in the sidewalk. But, then, because
of the material used to make the walls of the capsule and the way the 
nanoparticles were prepared, hydrophobic interactions occurred causing
the transfer of cadmium-selenide to the crack. Once that was done, the
capsule was once again ready for rolling around and falling into other
cracks. Afterwards, because cadmium-selenide just happens to be
fluorescent, cracks in the material were easily found using an optical
microscope.

This is clearly a brilliant idea. Why go to all the painstaking work of
using human, error-prone techniques to find nearly invisible cracks in
such surfaces as airplane exteriors, electronics and maybe even human
implants, when rolling capsules could do the work for you. Also, the
same technique could conceivably be used to find cracks and then repair
them that are now fixed by coating the entire surface, thus saving a lot in
maintenance costs.

  More information: Probing and repairing damaged surfaces with
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nanoparticle-containing microcapsules, Nature Nanotechnology (2012) 
doi:10.1038/nnano.2011.235 

Abstract
Nanoparticles have useful properties, but it is often important that they
only start working after they are placed in a desired location. The
encapsulation of nanoparticles allows their function to be preserved until
they are released at a specific time or location, and this has been
exploited in the development of self-healing materials and in
applications such as drug delivery. Encapsulation has also been used to
stabilize and control the release of substances, including flavours,
fragrances and pesticides. We recently proposed a new technique for the
repair of surfaces called ‘repair-and-go’. In this approach, a flexible
microcapsule filled with a solution of nanoparticles rolls across a surface
that has been damaged, stopping to repair any defects it encounters by
releasing nanoparticles into them, then moving on to the next defect.
Here, we experimentally demonstrate the repair-and-go approach using
droplets of oil that are stabilized with a polymer surfactant and contain
CdSe nanoparticles. We show that these microcapsules can find the
cracks on a surface and selectively deliver the nanoparticle contents into
the crack, before moving on to find the next crack. Although the
microcapsules are too large to enter the cracks, their flexible walls allow
them to probe and adhere temporarily to the interior of the cracks. The
release of nanoparticles is made possible by the thin microcapsule wall
(comparable to the diameter of the nanoparticles) and by the favourable
(hydrophobic–hydrophobic) interactions between the nanoparticle and
the cracked surface.
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