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For years, scientists have tried to find an
easicr way to repair plastic—Lo make a tennis
rackel that fasts fonger, a surfboard that
patches more easily or a fiber-glass auto body
that could give a vintage Corvelle alook as el-
cgant as the day il rolled off the assembly line.

Yesterday, researchers reported they had
taken a step toward finding a way to repair
glass fiber and other camposite materials
without tedious drilling, plugging, patching
and sanding. They have developed a “seif-
healing” form of plastic.

Using high-tech materials and a low-tech
concept inspired by the humaa body, the sci-
enlists devised a process that can continu-
ously T and regenerate e chemicat

P
soup thal makes up most plastics hy activat-
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A Plastic That ‘Heals’ Itself

Innovation Could Extend Life of Evervday Items

ing special resin-filicd capsules stored within
the material itself.

“I wish [ could say it was a case of waking
up one morning, jmnping oul of hed and
shouting, ‘Eurckal ™ said leiad rescarcher
Scott R. White, a materials and acrospace en-
gineer at the Universily of IHinois al Cham-
paign-Urbana. “But it wasn'l, We took a de-
tailed look at the prablem and went from
there”

White’s process, with potential comnier-
cial applications ranging from increasing the
life of an implanted prosthesis Lo crealing
more durable spacecraft, is onc of many ef-
forts underway to develop new types of plas-
tics, metals and other “simart materials” that
have been updated, using the latest technolo-
£y. Lo have desirable propertics.
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Researchers Work to Develop ‘Smart Materials’

PLASTIC, From Al

Scientists are also experimenting
with  “shape-memory”  polymers,
which change shape depending on
their temperature. These could have

- a wide range of uses, such as for ex-

panding springs that would open or
close a skylight or regulate a show-
er's temperature. Other research in-
volves embedded sensors, such as fi-
bers that would change the color of a
mountaineer's rope in places it is
frayerl or weakened. .

“If you can replace things like
wood and metals, add extra tough-
ness and longer lifespan, people are
going Lo be interested init,” said Uni-
versily of Delaware chemical engi-
neer Richard P. Wool, who is also
president of a materals research
firm. “Material sensing and healing
itself gives you an enhanced safety
factor for everything from aircradt to
[Defense Department] applications
and sports equipment.”

Polymer composites, present in
everything from Corvette fenders to
cell phone circuit boards, tennis rack-
ets and pole-vaulting poles, are made
of reinforcing fibers—glass, carbon
or Kevlar, or hemp, jute or flax,
among others—surrounded by a res-
in natrix, such as epoxy or urethane.

‘The life of the composite is deler-
mined by fatigue. Each time a Cor-
velle bounces inand out of a pothole,
or a surfboard bangs into a coral
shelf, or an aircraft wing vibrates
when an engine starts, tiny “micro-
cracks” radiate through the polymer.
As time passes, the composite weak-
ens to the point it needs to be dis-
carded or repaired.

“The standard approaches are ex-
tremely complicated and timecon-
suming,” White said. For years, re-
pair techniques involved cutting out
the bad part and patching. This pro-
cess today has expanded to include
injecting resin into holes drilled into
damaged areas, but “that’s about Lthe
state of the art,” White said.

Su, he added, “we looked at the hu-
ma hody” and decided that any poly-
mier repair method bad to marry two
elements humans take for granted:

Self-Healing Plastic

University of [llinois researchers have developed a type
of composile piastic that heals itself when a crack forms.

£ When a crack
forms, it breaks
open the capsules
containing the
monomer, which
pours into the
crack.
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Healing had to occur automatically,
and it had to be site-specific—"if you
cut your finger, only your finger is go-
ing to be healed.”

The key was to spread the new res-
in through the matrix so it would be
available everywhere, but at the same
time activate it only in areas where
microcracks appeared. The solution,
described in today’s issuc of the jour-
nal Nature, turned out to be simple.

White and his team encased mi-
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croscopic drops of monomer—the
building blocks of polymers—in “mi-
crocapsules™ and mixed the capsules
into the origina} resin matrix. Then
they added tiny crystals of catalyst,
like sprinkling salt on mashed pota-
toes, and blended that in. The mix-
ture was molded and set as a polymer
composite.

The team then scored the speci-
men by tapping a razor blade into a
precut gronve. As the resulting

cracks probed deeper into the origi-
nal polymer, they encountered the
capsules and pierced them, releasing
the liquid monomer, which flowed in-
to the crack.

When the monomer encountcred
the catalyst crystals, it activated the
polymerization process, changing it
into a fresh resin filler that hardened
on site: “The beautiful thing about it
is that it nips the damage in the bud,”
said Wool, who wrole a eritique to ac-
company Whitc's report. “That's
when the healing gremling go to
waork.”

White said that the healing pro-
cess in many materials would be al
most constant. Scratches on a Cor-
vette fender wauld be like abrasions
on someone's knee. Pushing cell-
phone buttons would bruise the key-
pad beneath them. Vibrations from
an aircraft engine would create the
aeronautical equivalent of deep mus-
cle soreness.

The microcapsules would fix all of
that as it happened, White said, and
leave the composite stronger than it
would have been had the micro-

capsules never been added. As a re-
sult, the longevity of a virtually end-
fess list of polymer products could be
easily doubled or quadrupled.

Despite the elegance of the con-
cept, however, Wool noted that the
research needed to make it happen
was anything hut simple. The crystal-
line catalyst is a recent invention, and
although microeapsulization has ex-
isted for some time, the White tcam
spent a great deal of time getling the
capsules to work exactly right.

“It was a technical challenye, find-
ing the {capsule] wall thickness, the
size range and the propertics,” White
said. The capstles had to be strong
enough to survive the polymeriza- |
tion process withont breaking, yet
permeable enough =0 microcracks
would pierce them azid not go around
them.

White said a commercial part-
nership with Motorola Inc. could
produce sel-healing microclectronic
circuit boards within three lo five
years, but “something like airplane
parts or aerospace applicalions is
much further down the road.”




