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Developments in Bullet Proof Materials using Nanotechnology
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A microbullet troveling at supersonic speed is captured in this composite of three timed images as it
makes its way foword o suspended sheet of multiloyer graphene. Experiments carried out at Blce
University show graphene is 10 times better than steel ot absorbing the energy of o penetrating
projectile. The bubble at left is o polymer film expanding away from the gold substrate that transfers
energy from o loser to the microbullet. Click image for a larger version. Courtesy of the Thomas
Research Group

It's hard to imagine the number of lives that have been saved thanks to bulletproof materials.
Soldiers, police and others who put themselves in harm's way can depend on Kevlar and other
fabrics to spread the impact of projectiles and allow them to perform their jobs in relative safety.
Now, scientists from Rice University have used microbullets to analyse graphene’s strength in
these applications.

Bullet-Proof Nano




Whermil reCenily, fiodr anti-ballistic matends that were used in sech products as bulsr-proad jackets,
explosion-prood blarkets, and athers, were made of Eevlar, Tearon oo Dynesma fibers, whick dop
buallets from penstraning the sy ace by spreading and shearbing the impact of e buallets fores,

Thags products wire 8 sgnificant step forsard m protecting the wearer, but ofen still resulted in the
Targes suffening froen Blunt force traoma, sevene brissieg, or worss, damage to vita] organs, This i
Becinzne e Ihough the buller was stopped, the foroe o35 eventually reached the wearer and cold
result m injury.

Vidoo Courtesy of Sioe Uinfersity YouTubes Chomegst

Lead ptarcher Echein Thomas from Rice University, has demonstrated that firng microsoopic
penjectiles at multilayer graqbre sheets alltwed hid teacn to meanere o ooyl 7t i to penstrate
the graghene on the aano scale.

Resoarch oy often focused on graphens’s electronss properties and tensile strength, bt these niw
finding show graphens’s ability To be 56T, stioag and elastic ali 2t once. Theswe characteristics could
offer applications in body stfnour and aerospace shiskding.

The resegrch fram budht 3 @ifor made Aage 1o e up moltilper graphene sheets. Using a high speed
camaras, the neam were able lo captume detailad tmapes of 1he projectiles, penetrating the sheers
Edwin and ko5 team were able b0 determine that graphere 3015 ke 3 sretchy membrane,
digteubutirg Thi: Enadlets erergy ower a large area.

T garne = protocton i pesting the Stress 10 Grlribae over & larps ares. B & rece. I the come can
Merve Gul 31 30 apposlibie veloamy compared with the veiocioy of the projectfle, the ttrees o'y
incaliped beneath the projecile.

Edwin Thomas, George B, Brown Schoal of Engineening a1 Rioe Unhersing
Carbon Manatubes
Related Smores
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A tean of researchers from the University of Wollopong, Rave recently developed 3 new praphens
Comgsile magedal which i siraager than spider ik and Epwtar,

Fnding the right ratio of graphene 1o crbon namatubes b a key f30mnr in the development of the
ballet proof composizes. The new graphene compoiits can easly be made uging 3 wet-tpinning
e, poducng fibres winch have poential appheations in buliet proof domgur g
weinlofoe rren] materiak.




Beehive

Carbon nanotubes have also been used extensively in the pursuit for nana bullet proof materials.
With a beehive shaped structure and cylindrical nature, these nanotubes have demonstrated
mcredible strength.
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image Caption: The moleculor dynomics model of @ carbon nanctube subjected to ballistic impact, (a)
initial model, () A deformed (18, 0) nanotube at its maximum energy absorptionimage Reference:
Dickinzon College

These tubes are capped at each end and formed topether with covalent bonds to praduce nanofibers
that are hundreds of times stronger than steel. Even the bonds themselves are stronger than those
found in diamonds, the hardest substance known ta man.

The resulting carbon nanotubes are light, flexible, strong and thermally stable. In a bullet proof vest,
millions of these nanotubes come together to form carbon nanofibres, which are woven together to
create and light weight material. The resulting carbon nanofibers are very good at absorbing energy
making them ideal for bullet proof armour.

A team from the Centre for Advanced Materials Technology at the University of Sydney have already
created a material which can rebound the force of a bullet using these materials.

Another example of this can be found in the Garrison Bespoke bulletproof suit. The suit uses a thin
patented carbon nanotube material which sits between the linings of the suit. The suit protects the
owner from stabbings, bullets and any other projectiles which may cause harm.

Conclusion

There are lots of potential applications for bullet proof nano materials, but they still face many
challenges.

The primary problem with graphene nanotechnelogy thus far has been creating adegquate tests of the
materials that are useful prior to field testing. Current tests provide little reliable evidence of the
material's real strength in the uses against high-speed projectiles.

In the most recent tests, Jae-Hwang Lee and his collegues at the University of Massachusetts—
Armherst have devised a ballistics test that pits the graphene nanotubes against laser pulses that have
been superheated until they vaporize, which acts like gunpowder to fire a micrometer-size glass
bullet inta 10 to 100 sheets of graphene at 3 kilometers per second, about three timeas the speed of a
bullet fired from an M14 rifle.
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Fizure 5. Varestion of different properties of 2 buller with wme
during its irmpact and bouncmg-back processes when impacting the
rdddle of a {15, 0 nanotabe.

Carbon nanotubes are ight, flexible, thermally stabile, chemically inert, and extremely strong-
making them ideal for bulletproof technology (Adams). In a bulletproof vest, millions of carban
nanotubes make up carbon nanofibres, which are woven together to create an extremely lightweight
material {Paneer, et al). The carbon nanofibres are extremely good at absorhing energy. Their
capacity to absorh this energy and not permanently deform or fail is the reason that carbon
nanatubes are ideal for the purpose of a bulletproof vest (Paneer, et al). The high elasticity module of
carbon nanctubes is alse a major reason why researchers are focusing on using it as bulletproof
material. A team from the Centre for Advanced Materials Technology at the University of Sydney
have recently developed a new material that is actually capable of rebounding the force of a bullet
[Mylvaganam, et alj.

Single-walled nanotubes (SWNTs) are preferred over the multi-walled nanotubes for the purpose of
manufacturing bullet proof vests. SWHNTs are composed of a single rolled graphene sheet. Kausala
Mylvaganam and L € Zhang from the Centre for Advanced Materials Technology at the University of
Sydney conducted a study on the ballistic resistance capacity of different carbon nanotubes. Their
studies showed that nanatubes with larger radii could withstand higher bullet speeds, and nanotubes
with larger lengths could absorb more energy. They also found that the energy absorption and
rebound is highest when the bullet hits the middle of the nanotubes (Mylvaganam, et al).
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