Bulletproof graphene makes ultra-strong body armour
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Lavers of carbon one-atom thick can absorb blows that would punch thraugh steel, Recent tests
suggest that pure graphene performs twice as well as the fabric currently used in bullelproof vests,
mking it an ideal armour for soldiers and police,

Graphens iz a sheel of singhe carbon aloms bonded together in a honeycomb shape, Because itis an
excellent conductor of heal and electricity, graphene is already used in computers and elecironics.
But it's also incredibly strong for il shght weight, pedentially making it an ideal matesial for body

Ao,

Howewver, it's tricky to fire high-speed shots through such @ thin maderial to test its foughness because
atom-thick matenal is completely destroyed by such an impact, Previows work used nanc-pokers to
push into graphene at walking speed {less than 1 meter per second), or a shotgun approach wsng
several laser pulzes. But these methods couldn't provide evidence of graphena's real strength m he
face of a high-speed projectile, says Jas-Hwang Lea at the Unrrersily of Massachuselis-Amberst

Lee and colleagues devised a new miniature ballistics test to test graphene's metile. They used a
lasar pulse o superheat gold filaments undil they waporised, acting like gunpoesder b fire o
micrometre-sizg glass bullet inte 10 to 100 sheets of graphene a1 2 kilomelres pes second — abou
three times the speed of a bullet fired from an M16 rifle

The team found that grapbsne sheels dessipate thes kinebc energy by stretching into a cone shape at
the bulled's impact paint, and then by cracking oubsand radially, The cracks are one weakness of

singledayer graphene, Lee says, but it nevertheless perfarms hice as well a5 Kevlar and withstands
10 tirnes the kinetic energy that stecd can, Lsing molfiple ayers of grapbene or incorpoeating it inte a

composite structurg could keep the cracks from spreading, oo
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Fesearchers have been studving graphene as armour for some fimme, but Lee’s is the first paper to
describe just how the material absorbs kinetic energy. Sound waves ravel three tmes laster through
graphene than they do through steel, which means material far beyond the impact point can quickly
absork and dissipate i1s energy — effectively slowing the projectile down and helping prevent its
penetration, What's more, the microbullet methods Lee developed could be used to study other high-
performance materials in exireme conditions.
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Correction, 1 December 2014: When this arficle was firs! publisthed, if misstated the companisan of
the expenmental projeciie speed with that of & an M6 rifle.



