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The accumulation of a biofouling
substance (green) on the surface of the
elastomeric material (gray), and
deformation of the elastomer to remove
the biofouling substance from the
surface. Image credit: Xuanhe Zhao.
Click image to enlarge. 
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Biofouling occurs on many
surfaces, from medical
implants to wetted dev ices in
the food industry , but nowhere
is it more perv asiv e than on
maritime surfaces such as the
hulls of ships. The
accumulation of bacteria and
barnacles is a costly  problem,
and while current antifouling
techniques hav e curtailed the
buildup, they  hav e not been a
perfect solution. Howev er, a
new application of a common
material dev eloped by  Duke
Univ ersity  researchers hopes to
shake off the growths with a
simple flick of the switch.

Current antifouling materials,
while effectiv e, hav e significant
drawbacks. Some hav e to
release biocides, others are
organism-specific or can only
handle a certain lev el of
fouling. In addition, the cost of
these materials tends to be

high, especially  for ships with large hulls to cov er. 

Xuanhe Zhao, assistant professor of mechanical engineering and
materials science and Gabriel P. Lopez,professor of biomedical
engineering at Duke Univ ersity ’s Pratt School of Engineering, lead a
team in inv estigating a new approach to dislodging accumulated
biofoul using a silicone elastomer, a material widely  used for
antifouling applications. Instead of using biocides or specific surface
designs, the team considered way s to induce deformation of the
material, distorting it to such extremes that any  attached biofoul would
be dislodged. 

“The idea was inspired by  biology ,” say s Zhao. “There are many
creatures in the ocean…that hav e v ery  clev er way s to deal with
biofouling. One v ery  interesting way  is that they  can activ ely  deform
their [skin or scales].” He also points to the human lung, which is
cov ered with tiny  hair-like cilia that prev ent foreign particles from
lodging in lung tissue. 
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As reported in Advanced Materials, the researchers approached the
deformation solution in two different way s. The first was to bond the
silicone elastomer with a metal foil. A jolt of electricity  alone wasn’t
enough to dislodge accumulated Cobetia marina bacteria, but the
buildup of an electrical field in the material did ev entually  induce
enough of a deformation to dislocate the majority  of the bacteria. 

The second method was to mechanically  deform the elastomer by
implanting air channels between the elastomer and the hull-like
material. When the air channels were inflated, the poly mer bowed
outward, creating a shear modulus high enough to ov ercome the
adhesion strength of up to 98 percent of bacteria and barnacles. 

It has been known for some time that deformation of materials at
interfaces can lead to adhesiv e debonding. “Similar phenomena hav e
been widely  regarded as failures,” say s Zhao, citing industry  issues
with coatings that can be dislodged because of thermal mismatching
between coating and substrate. Now, he say s, they  can harness that
flaw and turn it into a positiv e. 

“This is a beautiful exposition of the activ e control of the soft films that
releases adhering objects v ia elastic instability ,” say s Manoj
Chaudhury  a professor of Chemical Engineering at Lehigh Univ ersity
and an adhesion specialist not inv olv ed in the current research.  “The
work is not only  relev ant to the field of biofouling, but in the broader
field of release science as well.” 

Lopez states that this new material can be used in concurrence with
existing antifouling measures. Traditional antifouling materials, while
effectiv e, do hav e a point where they  are ov erwhelmed by  accretion,
say s Lopez. When that happens, the air channels could be inflated for a
few minutes, dislodging the accumulation in an env ironmentally
friendly  way . 

Read the abstract in Advanced Materials  here.   

 


