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Carbon Nanotubes (CNTs)
Futuristic Body Armor

by MLWaseem Youngs, Tewhie fnstiode of Pakudtar,
Abstract

The bady armours used by deferse
sector are moft rellable when it comes to
lethal weagons, modemn bullets, and
euplosives with shrapnel, Carbon
Manotubes{(CHTS } are very srmal, light-
weight. and many temes stronger than
steel and Kevlar, The fascinating physical,
mechanical, and electrical propertes of
CMTs are ideal far fuburistic ballistic
arrnaur intorporzled with eectromas and
riicrogensorns. This paper provides an
insight mto the various apphcations by
CHT'S which will enable new defense
applications, incheding; @mart lighter anti-
Ballistic body ammours, wearahble compat-
ers, swilchable carnauflage capable of
solar energy storage and protection
against chemicals and bioksgical gages.

Introduction

Thie detense personmel and civilians
fatalities hawe been mereasng in the
recent years, There is an urgent noed o
provide better security agairst bermoishs
vichenge, At present, the bulletproof vests
are risade Gl Kewlar, Twisan, and
Dyrieenna, These can provide profection
frarn bow B medium lesel but not sufi-
cent protection to high calbre bullets and
mpdem weapons. These materials also
haviz some majos weaknesses ke high
corit, bulkings and dscomfort in wearing.

Hangtechnology gives a new idea
that =small and smart™ is more redevant,
Carbon nanotubes (CHTE) brought revao-
lutionary technological changes for a
widie range of military applications and
have potential to change the face of
humankindg.,

CHTs are tubular forms of carbon that
can be envisaged as graphens shests
(bwg-dimensional graghite planes) ralled
inbo a cplindrical forrn. Carban nanolubes
are: extremely small; the diameter of one
carbon ranotube ic one nanometer,
which is one ten-thousandth (159700000
the diameter of a human hair. Ezch nan-
ofubs is made up of 4 hexagonal metwork
of covalendly bonded carbon atoms.

Carbon nanotubes can be groduced 1o
vanying lengths. Scenticts have developed
thiee rmain methods to ereate CHT: are
discharge, laser ablation, and chemical
wapour deposition (O D00V is the
et popular method for commescial pro-
duction.

CHTe &re af bwo types: single-waled
and rrulti-walled. A single-walled carbon
nanoulbe (SWHT] consists of 2 sngle
graphens sheel roled up inbo a cyimdrical
shape, whereas a rulti-walled carbon
nanotishe (MWHNT) comprises several
concentnc graphane ofdinders. The differ-
ent structures have individua properties
thal rake the nancbubes appropriate for
different applications U<, For body
armouwrs, sngle-walled nanotshes anc
prefened for their superior mechanical
propertizs,

Current Body armors

The latest bubet-proof wests are made
of Layers of fibrous matesials. Upon
impact e material absebs te ey of
the budlet and disperses it throughout the
material. This slows dowm the bullet and
stops it from
peneirating the
bty 1

High per-
fonmance fibeis
and yams oo
manhy used far
ballistic protec-
tion ane 5-glass,
aramids (e.g.,
Kavlar 20, Kavlar
43, Kevlar 129,
Kaviar K2,
Teraron}, highly
awiented ulitrg
high mokeoulas
wiespht polyeth-
vlens le.g,
Cryneerms,
Spectra)l, PEOG
{e.g.. Zyka)
which is & p-
phemydens-2-6-
berzobisoxazobe,

e T

new polymeric fibers such as
Pofypyridobisimidazole (FIPL) (refemed to
a5 M) efc, These fibers are charcdesized
by fow density. high tensile and compres-
wwer strength, high modulus, high rupture
steaan, resistance to thermal degradation
and high-snergy absorption capacity =
These are generally sufficient for
domestic protecton; the dissdvantagpe to

Fg 1, StrscTure of Sugphi- Walhid FWAT] fa-d) acrd Ataln- Wit (AWNTE
o NancTubes e ) 1) Shows a schemalic of an ddividua! falicn! ST,
Mhhomd a cnpt-ipcTiomal wiew (TEM oape] af & Bundle of SWAWTS [Transwase
wiew Shos e (G007 Eiel ranahobe dad & dipnster of 1,4 v aid the ol -lubs
drdand in fine bevedles A 0375 nm. fc) Shoes dhe gt resalulfion TEA micns
graph of a 1.5 am Fameder T ol s dhe schomaiic of o MWNT aod (B
Soes 3 Tigh rerodution TEM dmage of an kedredusl MWINT. The dislanoe
betmeen frovizanial Ininges Mayers of the tobe) in (7} is 0,34 nm [chose lo the
urpiarpr spucang n grapinte)
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these types of armors is hal the wearer
of the west is still forced &0 absork all of

thi energy possessed by the progectile,
resdting in blunt force trauma, possibhy
Causing injury to the wearer. The effects
of his can vary from Hhe wind being
kncked aut of the wearer, bruisng of the
skin or gven fatal infries to the intemal
grgans, A supenor bulet-proof vest
wauld insbead deflect bath the bubs=t and
the majority of the ENErEy paossessed by
the bullet away from the wearer reducing
the: possibiliby of blunt force trauma ™,

Potentiat of CHTs for futuristic
body armar

The idea of smart defense dothing hes
oame up with the adeent of nenotechnal-
oy CHTE affer a promisng fulure as a bal-
Estic armaur due to their extraordinary
properties [&e ligh tensile drength
(F0-600pa - 100 bimes stronger than steed
peer uned of weeight), Young's Medulus of {1
Tipa), 4% stran to yield in tensile tests,
hég:h enevjry absorplion capacity and low
weizht. A Balisdic ﬁgw: af ment L™ for
bafistic applicabans has been proposed
witere

ol [#f

L3 1a]

There are thres different approaches
for ufilmng carbon nanotishes to enhance
the balkstic performance of body armar,
1. Incorporation of CHTS into PrCs

{polymer-malrix-compogiles), metals
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or gemamics to enhance their hardness
or toughness and enosion resistance.

2. Use of neat ar composite fihers of
CMNTs ; the form of wosen or ngn-
woeen fabrics, for achisding excep-
tional ballstic performance.

3. Beinfoening the amor grade fibers like
Eedar, UHAMWPE (LBra high maobksaatar
weight pokwettndenc) or PR with CNTs
in improee their lasfic moddus and
energy absorpion capacity #.

Woaorldwide Research and

Developing Technofogies

‘worldwide commercia! interest in
carben nanobubes (CHTS) is reflectesd ina
production capanty that presently excesds
several thowsand fons peryear [5]

“CMTs as balkstic anmaur® is one of
tiieE rrcrsE b groeth areas of research
around the globe. KMany researchers
argund the wold are developing and
stundying Eherm for cammercial applications,
Thi major poveers of the woed (US, LIK,

China, Australia, France, and Canada) are
miaking significant strides to develop new
generation lightwesght, body anmouns
based on CHTE technolopy.

wviyhaganaem and Fhang hawe shown
that this technology has the capability of
bouncing off 2 bulket with body smor
comgpnising six layers of cabon nanaotube
yames, each of 100 pm theckness, and
rmuzzle energy of 320 0,

Amendment U infrodeced 3 new balls-
fic anmar narmed % Fynohide”. They
claim that this is the workd™ first comimer-
cially available cost effecte Carbon
Mamolube armce and = muwech: |i5h|:ﬂ'.
stromger, more flexdble, Ehinner and b leis
back-face deformateon (how far the Bullel
pushes info you), which maezans it hurts less
when shaot 7,

& fot of ballstic textle recaanch snd
development b conducted at the LIS Ay
Matick Soldier Rescarch, Development and
Extension Center, Matick, Mass, in collabo-
ration with fiber and ceramics companies,
academic nstitutions and other endities,
with a goal of developing ever lighter-
waight, hisher-performance matenals that
can improve soldiers’ mobity, perform-
ance ard comibarl.

Malick & currenfly warking on a project
with Manocomp. They ane produdng small
gmpunts of carban nansdube yam and
rcwoven dhsdl rnalerials inds reseprch-




siale facdily. Manooomp. is preparing bo
apen a H0.000-5squane-foot pilat faclity,
and within the next three years plans ko
apen & 1000 spuare foot production
Tacility that would prodisoe maone than 1
rrillian kiameters of yam and 30 acres of
3-by-6- and A-by-8-foat mareoven shesls
amnudy 9.

The Institiehe far Soldier
Manotechnologies (SN is 2n interdeparnt-
mriendal researdh cenlre al MIT. The [SH's
riEsan & o wse nanotechnology bo dra-
maticaly improse the surereability of ol
diers. The ultrmate goal is a futunstic,
nancitechnobkygy-enabled battle suit that
provdides supenior probection from balistic,
chemical, and biglogical threats and offers
autonomous redical manitoring and inder-
vention, The 158 cumently has cleven
ndustry partners, indweding CuPont and
Raytheon, who collabarate on esearch and
willl trarsition promising laboratony reculls
mbo real products for sokfiers, polics, fire-
fighters, and other firt responders =L

Thee BT rescanchens ame now working
on CHTE-baged sergors bo defect a wide
rangs of harmful gases and solar cells for
high energy storage ™9

The Stanford Rabust Systerns Group,
harweever, hias made sgnificant progressin
the last 18 maonths, advancing from build-
ing individual caton nanafube ransistors
ter sirnple elecironic crcuits made by inter-
oanmecting the ramitars, and this wesk to
a complete computer made from an
ersemble of just 142 loer-power transis-
bars. LEAL has also Been rrare vl and
optirmidic abowt the potential for
CHT11].In the coming days, switchable
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carmoullage and wearable dothing with
tablet computers will be made from
CH T These suits can adust body temperz-
ture and perform operations with the help
of solar energy.

CHT: for electronic applications are sl
a slrong foous for research, CNTs and thelr
comgounds exhibit extraondinary electricd
praperties, and have 3 huge patential in e-
textibes such as swilchable fabrics for
impraved thermal control sersoes for body
and brain sersing, emviroremental and situ-
ational awareness, wearable
commputers dsplays for visua! teedbad-
inbegraled inlo a smart buletproof wests,
cuils, sodE or helmet and enengy comer-
sion desices such as solar cells,

Conclusions

CNTE, ChTé-baged nanooompaosites,
and their vamsidue to their remarkable
proparties} have greal potential bo resvalu-
tionize the deferse industry through Ig:-___hl:-
weight, dumble, high performance, and
comfart buletproof rlmhng waikh ihenest-
ing functions like: improved, thermal con-
tred and selar energy slorage, bamrier
against chemical and biological gases,
sense distant sounds of vehides ar mowe-
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mient of enerreces et | think ifs an inilrigm-
ing field and thers & emendous soope in
this area.

The CHT: reseanch & deivimg few
denvelapments and it will open new hari-
zons. & 4 result, useful modern deferse
applications will be avaiable for the better-
ment of sodehy

Aoferences

[1] Pakna Pine-Atomistic Simulation of
Wang-Electno Mechanical Systorms
Hazed on Carbon Manotulbes,

[2] Hip compositzabaut.comdod
Sabouicabons a What -Are-Carbon-
Mangbubes himl,

[3] Erruria Lecours, Megan Swain,
Jonathan Baulanger, Sarsh Xu-
Superman Suil: Fubusistic I]nd:,r AT,
tharch 3158 F00E

[4] ¥ R Mahajan Carbon nanodubes and
I pussuil of the uitimate body armor
hitpef A nanowerd com s pat -
light/spotid=17548 phpixez2ddming
kY

[5] maFLDeMolder 2 315H,
Tawefickd, FUH. Bauglvmans, and
Al Hard+ Carbon Manotubes -
Preemt and Fulure Corremencial
Apphcatons,

[6] myhagmnam, K., & Zhang, LC
Ballistic resistance capacity of carbyon
manotubes. Manatechnology 182007
A7ST0UEpp.

71 hipyfwerwarmendment? . comdrmo-
hide-willh-carbon-nanodubes’,

(8] lanct Bealer Rodie, Managing

Ecifr. Life-Saving Fabric.

hit g o ftilewronid .com /flssuess

Doy day-Rune Normsovers-

Technical_Teutibes,Life-Saving_Fabrics

Dr Ayman El-Fatalry- Systems

Engireerng Inmavation Centre.

(SEIC)..Lowghboraugh Linesersty-

Defence Applications

110 httpes fweborit edufneawsediioe 2002,

[ 1]t s, migtirmes, comy 20 30080 26
FEoenoe mﬂl'&&ﬁ-miﬂfﬂﬁﬁiﬁg-
carboa-nanciube-
computerhiml?_r=0.

Acknowledgement

wonld 10 thank #ar. Zaheer Riaz
{Senior Managper Pric, TATA Teukile Lid.) and
AL Masem Younas (Business Framchse
Manager, Augment Workbwide Franchise
Ausoriates] for an inspiration for this
rescarch project,

=



