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1. The Nature

=2 ... There exist over 40,000 different ¥ L/
icof \ N ) species of spiders in the world.

] Instead of actively hunting for food, ~
Message from the Publisher most spiders take advantage of the
strength and sticky nature of webs
to capture their prey. When insects
become trapped in a web, the spider
wraps them up in layers of silk and
injects enzymes into their prey,
before sucking out the liquefied
contents.

Bio-inspired strength

Depending on the species, mussels

strong and lightweight materials £ / are found in both sea and fresh
including spider A & water environments. Capable of
silk nacre porcupine quills ~ark : » ~ growing up to 25 cm in length, they
g are protected by oval-shaped shells
that are rough on the outside but
: ¢ s smooth on the inside. The smooth
h}:}\ g ,'% inner iridescent lining, or nacre,
T W B it protects the mussel shell from harm

Mussel and its byssus and predators.

North American porcupines are the
second largest rodent in Canada.
Their bodies are covered with
barbed quills that can easily
penetrate skin and are very difficult
to extract, helping to cause more
damage to assailants. These quills
usually lay flat against the body, but
are pulled upright when the
porcupine is encountered by

If the sun were the size of a
chair, then you would only be

4

5 atoms (~ 1 nm) tall. predators. Porcupine
I
2. The Structures Nacre - Interlocking Tiles Porcupine Quill -
Thin Cortex, Cellular Foam
Spider Silk - Protein Polymer Nacre exhibits a well-ordered brick-and-

Silk threads are made up of long chains of a mortar architecture. The “bricks” are The porcupine quill is composed of cellular
protein called spider fibroin. These chains calcium carbonate platelets coated in thin foam .enclosed in a th}n outer shell. The'outer
organize into loose networks and tightly packed layers of protein analogous to mortar. The shell is made of kerapn, the GRIINE material that
nanocrystals, the network holding the proteins contribute to nacre’s strength as makes up human hair and nails.

nanocrystals together. well as its tile formation.

https://tinyurl.com/me4ret2 400pum




500nm

http://www.jim.or.jp/journal/e/pdf3/46/12/2633.pdf

Spider silk’s combination of
high strength and rupture
elongation makes it a
promising material for
engineering applications
requiring high energy
absorption (e.g. bullet-proof
vests).

Dutch artist Jalila Essaidi
worked alongside Forensic
Genomics Consortium
Netherlands in an effort to
create “bullet-proof skin”.

4. The Applications

By embedding a bullet-proof matrix of
spider silk between the dermis and
epidermis of an in vitro human skin,
Essaidi’s team created a bio-engineered
skin capable of stopping a .22 calibre
long rifle bullet traveling at 165 m/s.

jalilaessaidi.com/2-6g-329ms/2/

Using foam structures, ERG

Materials and Aerospace Corp.

has been able to manufacture
metal foam materials, which
are lightweight and impact-
resistant.

This is important in aerospace
engineering, where weight of
the aircraft is one of the most
important factors to be
minimized.

The metal foams are produced
at 8% density, which means
about 92% of the total volume
is nothing but air!
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Scientists have discovered that
polymer mixed with long and
thin nanolayers of clay
improved properties compared
to pure clay and pure polymer.
Roughly mimicking nacre’s
brick-and-mortar structure, the
more ordered the clay
nanolayers are, the stronger the
material becomes.

For example, montmorillonite (MMT) is a clay that has been shown
to form structures similar to nacre. It mixes well with various
polymers to make polymer nanocomposites such as
polystyrene/MMT, epoxy/MMT, and poly(vinyl alcohol)/MMT.

Nanotechnology offers improved sports equipment, allowing
athletes to take their game to the next level. Grafalloy’s Epic golf

Tortuous path

http://tinyurl.com/lgjua26

shaft by Combat uses a nano-nickel coating, developed by Integran
Technologies Inc., Toronto, to enhance strength and durability.

This phenomenon,
called the Hall-Petch
effect, allows the
shaft to have both
the light weight of
graphite and the
strength of steel.

http://goo.gl/HRVHXT
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