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Abstract — Militaries may fuve found the nexr rechnology
advancemend, o replacement i body armor,  Crraplers 3 o
single ofomic lover of graphite, which is compased of @
hexagonal lattice af carbor atoms. I exhibits properties of
extreme sivereth and is extremely lghrweight, Engineers love
Femon testing iy malerial s swocersfulness in bulletproof
veste,  We will defer imio the srrengths and weakmeces of
gramheme in the construction o belleiprood vests for slopping
projeciifes, ar well ax the festing that har been done on the
muitiericel

A weaponry confinies o develap, it &5 vital fo develop
achwernced methods of protection. The dieeabiting and flexibility
of graphene prove that it can be very helpful to iroops who
rerved through extreme conditions. Witk a sirong, ghiweight
material, military units can pat more effort info completing the
tawks at hand, whick will lvad to lexs coatualiies.

Wi will covsed! @ varicny of resaweces where we com gain
a better andersianding of the material amd iz properiies. We
will debate the procticatiny of mas produwction of graphene
and graphene products, I the paper, we will mlso look af ways
to create o nctainable supply of graphene. We will discuss
hine graphene com be wefid as bullet protection and fow it can
give an edge to our military. Lastly, we will discuss bowe the
military can make use of the sirength of graphene in vehicles
amd cven wegporry, ax well as what the development af
prapiene con oean for the safely of o Wil

Keywords—Fody Armor. Bulletproafing, Carbon Nanotubes,
Crroaphene, Grapheme Cwide, Military., Warjare

HISTORY OF BULLETPROOFING

Militaries across e ghobe nesd 1o provide protection for
their saldiers. The frzt forms of armor cen be traced back 1o
the Middle Azes when knights went to battle wearing armnar
consistimg of ragid plates that wene capable of stopping blows
from weaker forms of attack, such as swonds and amows,
These archaic forms of armor scon became obsolete around the
15005 with the invmtion of more powerlul ranged weapons,
such s firearms [1]. The previous rigid ammor was no longes
eflective against the conoentrated shock of being shol by the
higher velocity, bluck powder propelied rounds that emerged
[ the brarnels of fifles. As tme progressed, shock absorbing
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vests became more refined, with the first nolable wage
appearing in the English Chvil War by Oliver Cromwell and
his cavalry between 1042 and 1651, These double layered,
mctal cuitasses, or vests, were rather heavy, bt proved (o be
very effective in batle [1]

Another notable use of this new technology was fis
adoption by Australian Outlaw Med Kelly in 1880 [1]. The
crimingl equipped his gang with homemade armor that was
constrzcted from stec] ploughshares [1]. Weghing arcond ome
hundred pounds, it consisted of 2 helmet, & vest, and an apron
[1]. It was wom under leng coats, standing up 10 arages of
fire from low enforcoment, deniimg the armor withoul
penetrating it [1].  This new adaplation was incredibly
effective, until police nealized that it offered oo protection to
the arms and leps, resulting in the eventual demise of the Ned
Keelly Gang [1]. The experimentation continuwed in World War
L when the Unitsd States began equipping, its men with a
combination of  breastplate and a helmet, alse known as a
Brewster Body Shickd [1]. It was primarily constructed of
chrome nickel steel. providing sufficient protoction from
incoming rifle rounds and weighing only arpund forty pounds
[1}. While sirong and semi-lightweight, the ngidity of the
Brewster Body Shield seriously restricted a soldier’s ability 1o
muove, making it mildly impractical. This led to a search for a
maon: flexible allemative,

Up until the 19605 the most effective new madels for
bulltproofing incleded howvy flak jackets and other large
coatraptions [1]. That was until DuPoni, 3 company based i
the United States, invented flexible, strong, artificial fibers
called aramids [1]. After the company”™s mvention of its first
fiber, Momex. the bulletproofing industry was omee &xain
booming [1]. Finally, in the carly 1970z, Dupont invented a
revolutionary new fiber called Kevlar (1] Vests manufactured
with Kevlar are strong, lightweizht. and can be esily
concealed under evervday atiire, making themm ideal for laow
cnforcement,  The ooly downside o this armor included the
fact that it can be pencirated by large caliber rounds, offering
limited protection [1].  Unfortunately. however, afier the
adoption of Kevlar, the progress in searching for more
effective materials has pround to 2 halt.
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WHAT IS GRAPHENE

Though Keviar is currently the most uselul method of
body armor, & new material, graphene, whtich was first isolated
in M, holds potential as a powerful substitute [2). As the
first ever discovered one-dimensional makerial. graphene
consists ¢l a single layer of closely packed carbon atomic rings
forming a hexagonal kattice [Z]. Tt is both tse lightest material
known to man and the strongest material ever diseovered.
making graphene very promising for the future in Many areas
of society (2], Graphome comes fom the splitting of the
naturally oocurring graphite, into thin slices umil it becomes
on< atomic layer thick [2. This single momic laver holds
carben atoms together through single bonded sp2 Tevel bonds
which are 0.142 nanometers apar [3] Graphene has many
interesting propertics such as a high surfice area per mass of
2630 mie. the strongest known cloctrical ceaductivily, an
impermesbility 1o gas, and an immense capability of
transmitling light with a transparency of abowt 98% [3]. These
propertics make griphene the maost highly anticipated and most
usefisl material 1o be developed today,

While some scientists and engincers venture o find
muthids of large scale production, others have bezun Lesting
its practicality and applications into everyday life. Graphens
ean be advantageows in 8 variety of uses including electric
conductivity, stractural foundation, and bulletproofing [£].

CONTROLLED STUDIES
Multilayer Grapheoe Sheets

One of the most advantageous wses for graphenc is ils
replacement of Keviar in bulletproof vests. As stated earfier,
the outdated arumid fibers wsed bor bulletpeoafing have many
flaws in design and performance, First and foremost, the vess
help little in dispersing and dissipating the force applied w the
wearer once the bullet has been stopped, This is 2 huge issue
duie to the fact that large rounds will exent mastive amounts of
force on the hody, even withowt penctration, that can agily
rupture intemal organs, There is also o very large chance that
high velocity or large caliber rounds will penetrate the vest
completely. as most are designed 1o stop pistol rounds, which
possess much less kinetic energy and are therefore more casily
absoched by the vests [5] While Keviar is 5 revolutionary
technodogy providing a huge step up from its predecessors, it
still does not fully protect the user, as severe blunt trasma
wiounds are common [5], Stopping the bullet itself is vital, but
the foree that it applies must also be stopped in order to ensure
full profection. FEngincers and scientists have tirelessly
pursuid @ solution for these sharteomings of Kevlar and other
fibers with no substantial findings. Finally, after extensive
reséarch and testing, Researchers af Bice University in Tess
belicve that they may kave sobved this dilemma in the form of
graphene [5].

e

Up 1o this point in time, testing of the super-material has
been prinsasily related 1o its electrical eonductivity or tensile
strenglh.  Edwin Thomas led 2 team of researchers a1 the
George R. Brown School of Engineering at Rice Usiversity in
Hoston, that designed an experiment in which MECEOsCOpi:
projectiles ware fired at multilayer graphene sheets, giving
thern an accurate representation of the response of the material
o similar projectiles on a macrosoopic Acale (3], The sheels
ranged fom 10He 100 nanameters, oe 30 1o 300 somie layers,
thick [6]. The nancspheres were eventually fired a1 speeds of
e 1o three kilometers per bour, which is muoch fister than a
bullet from an AK-47 [6]. Showing very promising resulis, the
tested graphene samples proved to b strong, ripid. and dastic
all at the same time [5].  The sheets exhibited s
properises, stretching inlo o cone and absorbing a majority of
the projectile’s energy befare breaking [5].  This iU
property is cawsed by the heagonal lattice structure of
graphene, consisting of tightly bound cerbon atoms with VY
srang bonds [3].

“The game in protection is getting the stress o distribute
ower 3 large ares, I17s a race [T the cone can mave oat ot an
appreciable velocity compared with the velocity ol the
projectile, the stress iso't Jocalized beneath the projoctile,”™
stated Mr, Thomas [5]. To summartee, the tensile stress must
be distributed across & larpe area befoee it reaches the wesrer,
In the end. the results of the testing = Rice Univessity was very
successful. showing that tensile stress could travel through
graphene sheets at a speed of 22.2 kilometers per second, andg
that all the energy from the bullet was completely distributed
owver a large aren 3 nanoscoonds before the sheet was pumciined
L5 Ttwas alse concluded that graphene is 10 tmes better than
stec] at dissipating kinetic cnergy, which is a very imponiant
property regarding this specific application, a property which
will be farther discussed in the section addressing the
applications 1o bulleiproofing [6].

Ancither study at the University of Massachuseits, led by
Jac-Hwang Lee, involved similar procedures and ielcled
ciually promising resulis [3] While the researchers at Rice
University aimed to push the graphene sheets 1o their Hmits
with extremely high-velocity projectiles, Lee™s team wanted 1o
test the material at 2 more realistic speed in order to caleulate
Just how much energy it can disperse [7]. The micro-bullets
were quickly and precisely accelerated, 1o 3 kilometers per
second, by the guses produced when laser pulses were used to
cvaporaic a gold film [7]. The researchers then messured the
initial and final Kinetic emergy of the bullet in order 10
determine the amount of energy absorbed and dispersed by the
graphene sheets [7]. They found this amount of dissipated
energy reach up o 0.92 megajoules of energy per kilogram of
graphene. which is very impressive when eosvparad to the 0.08
megajoules per kilogram that sieel exhibits I7. These
statistics, combined with the incredible lightweight property of
graphene, promize i filure appearances in the bulletprocting
inchasiry.
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Craphene and Carbon Nanotube Composile

While graphenc sheots have proved themselves 10 be
more than capable of stopping a speeding bullet, there 15 yel
another foren of the wonder material that may be even more
cffective, Researchers at the University of Waollongeng in
Australia have recently discovered a composite materl of
praphenc and carbom nanotwbes that has proved 1o be Sirenger
than both spider silk and Kevlar [5]. Carbon nanotubes are
unique formations of carbon atoms that exhibit high strength,
lightecight propertics,  and excellent energy  absopion
capacity [8]. Esscntially, they are rolled up wbes of graphens
which can be produced much more quickly and effoctively
than graphene shects [8]. When synthesizng the graphenc-
namtube composite. the mtio of ninoubes to graphenc @
essential to making the best poasible bulletproaf composite, 25
different composite Talios possess dilferent propertics [5]-
This nanotube combination is also much casier and more cost
effective 1 produce than the previously mentioned shests, as
it can be manufactured in bulk using 2 wet spinning techmique
[$]. The most impomant aspect of this new oomposits o
bulletproofing, however, 15 the unique struciure that combines
the hemponal lattice of traditional praphene with the
cylindrical structure of carbon manotubes [5]. These cylinders
are capped on cach end and held togesher by covalent bomals,
which are individually stronger than the bonds in diamond, the
hasdiest known substance [3].

FIGURE 1 5]
Sppucture and Ballistic Resistance of Graphent and
Carbon Nanotube Composite

Shorlly afier discovering  the graphenc-nanotube
composite, the Australian rescarch team bepan Testing 3
ballistic resistance through & controlled study [8]. Shown in
Figure 1, the manotubes were fixed af baoth ends Lo simulate
heing part of 2 composile vest, and diarsond projectiles, with
tip widths much larger than that of 2 Hattened nanotabis, wen:
fired at between 1,000 and 3,504 meters per second [8]. The

maxirmum velodty was caleulated in @ Separate study in which
the nanoluhes were shot with increasing, velocity until they
experienced bond breakuge ar detnchment [&]. In addition, due
1o the fact that projectiles would impadcl many different points
an the nanotubes durine combat, the diamond bullels were
fired al points all along the face 1o test for weak arcas [%].
Lasily, the loss of energy to heat had 1o be poopunted For
throughowt the caleulating, o the temperature change for the
Jast two rows of atoms on both fixed ends was calculated (3.

The Australian team’s testing vielded many interestimg
and insightful resulis, Fist a bullet that strikes a fixed
nasctube will ultimatcly resull in deformation of the wbe in
arder 1o phsorb and disperse the energy [8]. Ewentually, the
tube will be broken completely afier being strack multiple
fimes, due to repeated impact regardless of the velocities of the
projectiles [8]. 1t was concluded that o singular nantube can
anly absarh a certain, fixed amount of energy hefore breaking.
the maximum ahsorption being completely independent of the
number of shots through which it is transferred [8]. For
example, if 2 compasite nanotube can absord 2 ppaximum of
10 Joules of encrgy before breaking, it will brsak after heing
struck by eleven projectiles, cach with kinetic energy equal 1o
1 Joule, but not after being struck by one projectile with kinetic
energy equal to % Joules. This maximum value wis found by
calcubaring the cnergy difference between the nanotube before
heing streck by any projectiles and just before being fractured
by the final projectile [8].  The graph shown in Figure 2
ilhsirates the relationship between the length of nanctubes and
their energy ahsorption threshold.
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FIGURE 2 8]
Variation in Enersy Absorhed Before Breaking as Length
is Changed

After many ealeulstions and extensive data analysis, it
was determined that the maximum peojectile velocity that a
eomposite nanotube could withstand, which is directly related
1o the kinetic encrgy of the bullet, was a fancticn of the radiug
of the ube and the impinging location of the bullet [8]. For
clarity, the impinging point 15 defined as the distonce batorcen
the poimt of impact and the end of the tube divided by the
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tength of the tbe (8], To susamarize a longer wbe, a larace
radiug, and a shorter distance between bullet impact bocation
and the center of the tube ciuse 5 grealir resistance to the
fuplure of lanolube by the projectile. Another notable finding
15 that the previously discussed comelations are nat valid if the
projectiles strike one after another, with almest no time in
between impacts [8]. 11 the diamond bullet struck within 12,4
picoseconds of the last strike. the tube would rezspond
unpredictably, breaking the majority of the time [Z]. This is
due Lo the compesite material®s limited capacily to disperse the
encrzry in such a short time [§]. Regardless, the team ot the
University of Wollangong concluded with very high certainty
that body armor of 600 micrometers in thickness made from
six layers of 100 miccometer thick carbon nangdube yvarms
coubd reflect a bullet with an initial muzle crieriy of 330
Joules [8]. To put this into perspective, an AK-47 fires rounds
poszessing roughly 2,000 Joules of kinetie encray. In order to
reflect these deadly projectiles. a soldier's graphene panalube
composite annee would soly have to be abaut 4 millimeters
thick, '.I'Iﬁswnulun.:sultinauexmr:mclylighmﬁghimwmal
could stop most common infantry rounds without hindering the
soldier™s mobility.

METHODS OF PRODUCTION

While araphene miy seem like the wonder material and
capable of solving several problems that we feee in the world,
there are still many challenges to fice with graphene. The
larpest problem faced today is in the rreduction, whers we
fave vet 1o develop a method for industries to produce sheets
of the material on a large scale, Adtempds ot crcating this super
miterial inelude growth on mascrials such as silicon carbide.
utaniwm carbide, nickel, copper, and ather mctals [3]. Another
methed o producing graphene is the micromechanical
leavage (MC) method, also knewn as the seotch tapi method
[3] This involves using an adhesive tape to separale 3 material
indo twe sheets, This procedure iz possible becanse the bonds
formed by the adhesive are stronger than those that hold
ingether the layers of graphite [3]. This method was used 1o
first form graphene in the kab [3]. Howwever, the efficicncy of
such methods i extremely low and canse hesitation 1o be gsed
a5 large scale production methods,

Craphite Separation and Exfoliation

The most promising source of graphene shest produciion
camitinues to be from a source of graphite, which is found in
nature a5 3 chunk of carbon. Graphite consists of 3 number of
bavers of graphene stacked on top of each other hedd together
by the intermolecular van der Wiaals forces which are much
weakier than the covalent bonds belding together the carbon
rings in graphene [3. Recently, scientists have found a way
of separating these layers of graphene by dropping the graphite
mineral into a specified solvent [9].

FIGURE 3 [10]
Exfoliation and Separation of Graplene from Graphite

The exfoliation process, which is shewn in Figure 3,
“typically involves three steps: (1) dispersion of graphite in o
solvent, (2} exfolistion. and (3) purification™ [9].  The
molecules of the solvent scparate the graphate into sheets due
by thee stronger interactions bebween solvent and graphenc than
graphenc and graphene [9]  This process mlics on the
interactions between the carbon and the solvent which wark to
pull layers of graphene apart from each other, overcoming the
natural intermolecular bonds,  Then, exfoliation occurs by
heating the solution and applying ulirsonic heat waves 1o it
casing bubbles o form between solvent and graphene
claaring off the excess solvemt [9]. Lastly, to purifi 1he
graghene, it is lefl 1o sit 1o balance the attractive forees within
each shest where it can then be separated into lonmer individual
sheets [9]. This process is a quick way of producing graphenc
in large sheets for mass production where most materiils
fueded can be found in any aboratory.

The biggest concern with this method is that the Cvpical
solvents wsed in exfolistion sech as M-methylpyrrolidons
(BMP) and MN-dimethyl formamide (DAF) are typically very
expensive and can be foxic [3]. MMP, for example, has been
used in lests on rats Lo study its adverse effeets. The Califomia
Diepartment of Public Fealth concluded that NMP can lead 1o
hindaches, nausea, dizdness, and ean cause abnormalities in
babics who were exposed 1o NMP during pregnancy [] 1.
Since usc of such chemicals e be damaging fo life and the
environment, scientists have looked for substinuies thaxt can be
used te replace these toxins such as acetone, ethinol, methanol,
and acetonitrile [3]. However, when using such a solvent like
ethanol, the vield of the reaction could not compare 10 the
reaulls obisined when using the oxic solvents, CGraphene
exfolinted from cthanol has a concentration of 004 smeiml
whereas NMP can produce graphenc with 2 concentration of
0.90 mg/mL [3] Amempes at using water a5 a solvent have
also proved unsuccessful due to the hydrophobic nature of
graphens causing it to repel the added water [3).  Other
miethods are cusnently being tested in order to make graphene
production an environmentally safi and sustainable procedure,
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Graphite Oxide

Another possible solution to MAss production ol
graphene is the production of graphene oxide (G0 (D s
analopous 10 graphene in its properties such as baing, <o
dimensiomal, extremely strong, and exceptionally conductive.
GO is produced through the separation of praphite oxide.
produced by the axidation of graphite with & carbon Lo OxyECn
ratio of 2:1 or 321 12} Just like graphile, graphite oxide
olbting a layered structure where GO lavers are stacked on top
af each ofher to make graphite oxide [12]. However, these GO
lgyers comtain oXygcn “finctional groups” which given
graphite oxide specitl characteristics such as being hydrophilic
and providing 2 larger gap hebweon each laver of GO (12} The
axypen found within the graphite oxide provides greater
repuzlsion between the Lavers making the process of separation
of GO from graphite oxide easier than graphens from graphite.
The hydrophilic nalure of graphite oxide, due tin the presencc
of oxyger, allows for more metheds of separating individual
GO layers from the graphile oxide such as administering a
thermal shodk or placing the substance in a potar solvent [12].

At ome point in time, many siw GO a5 a transitional stage
for the production of graphene. However, graphent created
fecen GO has been proven 0 be moes difficult to make and
more defective when produced [12]- While GO may not be an
effective answer Lo the mass production of graphent, it is still
imwﬂmith&smmufﬂwﬂmmi& Like graphene,
GO i a  one-dimensional  product that has  similar
characteristics of strength and conductivity. A single sheet of
G} is about 1.4 nanometers thick making it 3 times thicker
than a sheet of praphene [13] While graphene from GO may
ke difficult to make and pmpure, G0 does however hold
dissienilar propertics of its mn which could be usefil in
applications where graphene i pod @ viable option [12]-

COST AND EFFECTIVITY AMNALYSIS
Cost

Due o the difficulty in producing Jarge amounts of
graphene effoctively, the cost of making and selling graphene
i exiremely high. At the end of 2015, graphene could be
bought for anound $100 per gram [14] or abowt $60 per square
imch [15). This contrasts larpely with the raw materials from
which graphene ks misde such as graphite which sells (m
avesage 50 conts per gran, 200 times less than the price of
graphene,  Most of the world's graphite today comes Tromm
mines in China and India {14} Using craphite from these
countries so far seems o be the cheapest methesd for producing
jraphite, bt it is very difficult to develop pure forms of
graphene from graphite- When looking at other methads such
a5 growth on metal plates, prices tend 10 rise drastically. The
aterial needed for this process usually costs rvach moce Lan
sraphite and other supplies needed Lo separate the graphiis
[14]. While these methods seem 10 produce pure graphene,

they tend 1o grow ata jow rake and a1t & high cost o the producer
L4l

[t 15 predicied ihal graphenc priccs will drastically
decrease within the next fen years as production costs go down
and effective large scale production methods are introduced
[14]. Asthe poasihility of mass production becomes a choser
reality, interest in the material has skyrocketed The Boropean
Union has invested $1.3 hillion in sraphent rescanch while
Samsums akready has hundreds of patents on the material [14].
The oraphene industry 15 booming and within the next Len
years, graphens should become visible in many aspects of life
[14].

Restrictions on Effectivily

As mentioned carfier, when put the et prapbene
provides a substantial amount of resistance when absorbing an
impact. The material hus been tested to be 200 times the
strength of steel [15]. can s10p projectiles from paercing iLal 3
ks, and had a slopping power 10 times greater than that of
steel 6], Onee layered antap of each other, sheets of graphene
and graphenc composiles, can absnorh extremely high amounts
of encrpy only requiring 4 pillirseters in thickness of cither
rmaterial 10 stogr an AK-47 assauolt rifle bullet from peercing
through the skin, Cumently bulletprood vests are made of
Keviar which has the capability of stopping small caliber
handpuns and shotguns. However, 1o stop impact from an
assaull rifle such a5 an AK-47, metad o peramie plates most be
used on lop of the vesis which are impractical due to ther
rigidness.

While graphenc may be a good substitule lor such
material, implementation of providing the military with

¢ body armor does not SEEM viahle until at leasl 3
couple of more ysars. FEven if graphenc was being peoduced
in large quantities for » cheap cost it would still teke some
{ime and a kot of meney for the military to provide all of their
unite with this technology. The United States Miliary has
made aimost no mention of the possibility of graphene as
source of protestion, but hopefully once the material bocomes
miore eastly produced and cost-effoctive, they will bogm 1o sce
the practicality that it can be usid for on the battlefield.

APPLICATIONS TO BULLETPROOFING

Adoption of Graphens Products in the Military

Even though graphine composite armor has not yet been
adopted by military persomacl, the concepl 15 the focus of msany
researchers across the globe,  Adthough the material has the

Hal 1o be used for 2 wide variety of purpases in the srmed
farces, for the purposes of this paper, the foous will remain oo
its applications 1o bulletproofing. Mot enly would the material
he perfect for protecting the bodies of soldiers, but also for
acling &= 3 protective barrier an tanks, helicopters, and other
comixat vehicles, Its ballistic resistance properties have been
peoven on a small scale, and many military research compinies
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have been tasked to see il it can be applied to real-wardd
combat  One of these many oroanizations iz the United
Kingdom™s Defense Seience and Technology Laboratory [1&].

The British team of scientists plans 1o develop a rough
image of ground warfere around the vear 20300 through
extensive rescarch [16).  This invelves Surveying current
military developers regarding their latest and upcoming
developments. ag well a3 instituting an open call for rescanch
subenissions 1o be considered for the future, in order to monitar
the propress being made behind closed doors [16]). Adver
gathering countlezs plans for tomorrow's warfare, the British
team concluded that neplecting the possibility of graphene
armor would pat their nation at 2 serious disadvantage on the
global scale [16]. It is belicved that the bulletproofing
indusiry’s main roadblock, the inability to mass produce the
material, will soon be subverted, allowing military combat
persgnne] to be outfitted with the composite vests [16]. Afler
this preblem is sobved, the Defense Science and Technodogy
Laboratory plans to waeek to make this pssibility a ceality [16].

In regard to the sustainubility of this technology, it will
prove invaluable in the guest to better protect the men and
wanmen of our ammed  services, Although  the  word
“sustainability” usually refers 1o an entity’s ahility to preserve
the: environment, when it comes 1o the application of graphene
to ballelproofing, the word is better representative of the
capacity of the acw vests to preserve lives. Having a strong
and dependable military that can ensure the safety of
everything and everyone within 13 borders is an essential
aspect of any nation.  This allows for the civilians 1o focus on
bestering the world we live in without worrying abow conflic,

Sedly though. the risks that military personnel fice on g
day 1o day basis are exireme and unyielding, and many hrave
mnen and women bay down their lives Jor their nation,  As the
number of casualtics rises, it becomes harder and harder for a
nalion o maintxin a strong military.  Once soldiers are
equipped with gruphene vests, the death toll will evidently
drop, dramatically increasing the sustamability of the armed
forces of the woeld,

Potential Uses in Civilian Life

While graphene definitely  has  the possibility  of
enbancing lechnology in the military and making warfare safer
for gur troops, it alse holds the opporunity 1o impact the life
of everyday citizens. Graphene bulletproof vests can be
important for people such as police officers, SWAT teams,
bodyguards, and public Ggures such as the President of the
United States. The sirength and lighoweight characteristics of
graphene provide the wearer of these vesis prodection from
bullets without the appearance of wearing one. They give the
present-but-unseen sight which could be wsefisl especially for
public figures who do not want 1o disteact their sudicnes by
wearing & giant bulletproof vest. Due to the flexihility of the
maderial, these 15 even the possibility that someone could wiear
an enlire suit made of graphene to protect areas of the body
that would atherwise be exposed while WWERTING 2 vest,

Drue 10 13 strength and lightweigho capacitics, graphene
also has the capability w affect other areas of life. The use of
graphene as 4 composile matesial provides a very high strength
to weight ratio allowing it to be useful in building structures
that must be both strong and lightweight such as airplanes and
windmills [17].  Iis high electrical conductivity  allows
graphene 1o be implemented in airplanes where it can provide
a coating along the exterior case to protect the plane from
eloctrical damage when struck by Ighiming [18]. The steength
ond lightweight properties of this costing alsa provide a
renforeed casing o protedt from damage by larger ohbjects
without the added weight that another strong metal mary offer,

In addition to the previously mentioned impacts on
sustainability, graphene armor also promises 1o better the
quality of life for many different types of people. exhihiting
social sustainability. This subdivision of sustainzhality is
defined as “the ability of a community to develop PrOCCRSEs
and stmuctures which not only mest the needs of its current
members but also support the ability of future members to
mainiain a healthy community™, and this impenetrable armaor
alleows fior just tha [19],

For example, a police officer equipped with a ull-body
graphene suit would be near untouchable by the smmall caliber
weapons that are commonly used by criminals. This would
better proteet the courageous men and women of Law
emforcement, allowing them to more effectively carry out their
duties, mmproving the lives of evervone. Ancther example is
tee betier protection that the vests would offer 2 busineasman
who travels 1o dongerous parts of the wordd,  Business
ambassadors allow for intermational commerce, building the
global cconomy. Such a position is essential in the world we
live in, and diminating the risk from the profession wouald
betler the quality of life for those who practice it.  These
benefits will carry into fulure gencrations, allowing for a
socicty free of unnecessary death,

CONCLUSION

The most difficult aspect of producing a bulletproof
matenial is that before the material is cven implemented and
used throughout the ammed foroes, armor piercing bullets and
wiapons are being designed 1o break through the new form of
profection.  There is nothing new about the concepd of
developing  counermecasures i order 1o overcame an
opponent’s defensc.  [listory dictates that shortly afler the
successful mass production of graphene composite armored
vests, advances will be made in the weapons industry in order
b picrec them, just as modemn day fircarms are capabde of
piercing Kevlar protection. Although this throws the thowghi
of graphene armor ending deaths due w warfare worldwide out
the window, it represents the natural progression of military
technology, and it will surely reduce the oumber of casualiies
and injuries after fircfights in cemain thestres of war. For
example, the wvests will give soldiers a1 war with Less
technologically advanced areas of the world an extreme edge
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in combat protecting completely agoinsi AK-475 and other
weapons commonly used by underdeveloped notions.
Ultimately, regardless of advances in  weaponry,
graphene compeste armor will better peotect the vilal organs
ofa soldier, greatly increasing his chanees of survival if caught
in a barmage of enemy fire.  Shortly following technological
advances that allow For the mass production of large sheets of
graphene, it will almost cerainly be adopled by the
bullstprosfing industries of wehnolegacally forward nations.
Bom in a laboratory at Rice University in Texes, the comaepl
of using graphens to stop bullets has been proven effective
throegh multple case spodies.  Furthernsore, it will soon be
ceomomicily feasible, and will change warfare forever.
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