ENERGY DI SSI PATI ON COVPCOSI TE MATERI AL FI ELD OF THE | NVENTI ON [ 0001] The
present invention relates to a conposite material that is able to dissipate
t he ki netwo 2en@mwgos6of a novi ng obj ect, respective arti clpes/sandiowsess

t hereof . BACKGROUND OF THE | NVENTI ON [0002] A wide range of protective
materials are currently available in the market for preventing injuries due
to ballistic or stab threats. Exanples of these protective naterials

i ncl ude body armour, bullet proof vests and flexible trauma pads. Excessive
deformation of a bullet proof vest after inpact can |lead to serious injury
to the human body (backface signature or blunt trauma injuries). Such
injuries can soneti ERERGY DISSIP ATPONC ONMROSITEMWEERIAD of the injury. In
addition, the injured person mght enter a state of shock and will not be

able to respond quickly to threat. The solution to this is usually to
insert a high mol ecul ar wei FRELBSK I/ INKENTIOMNA| or ceranic plate behind
the bull et proof vest. [ 0003] The use of materials such as high strength
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penetration by high speed projectiles, these flexible materials are still

subj ected to | arge deformati on when i npacted by the high speed projectile.
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armour. position of the injury. In addition, the injured person might enter a state of shock and will
not be able to respond quickly to threat. The éolution to ;this is usually to insert a high
molecular weight polyethylene, metal or ceramic plate behind the bullet proof vest.

[0003] The use of materials such as high strength aramid fabrics or high molecular
weight polyethylene film is increasingly common in ballistic materjals. Although high
strength aramid fabrics or high molecular weight polyethylene film are strong enough to
stop penetration by high speed projectiles, these flexible materials are still subjected to
large deformation when impacted by theyhigh speed pfojectile. This results in deep
impreséions in the body behind the fabric or protective film and therefore reduces the
effectiveness of these materials in their application as ssﬁ body armour. Furthermore,
because such plates are rigid, they can only be placed ét places where mobility is not
required (for example the chest). ‘ |

[0064] To increase inobility of the user, flexible traurrlh pads made of ballistic fabric
are also ax.f'ailable in the market. However, the protegtion they offer is incomparable to the
hard piates. These limitations of currently available impact ;ébsorption materials impede the

development of a much needed effective full body armour. X



[ 0005] There is an increasing interest in using shear thickening fluid for
bal l'istic applications. The shear thickening fluid refers to any fluid that
exhi bit awoi2ocweasse i n viscosity when increasi ng shear rarscasicap@ssed
stress. Due to its unique property of being a flowable Iiquid whose
viscosity increases only during shear or stress, it offers the potential of
providing flexible and conformabl e protective materials, when incorporated
into ballistic materials. [ 0006] US Patent Publication No. US

2009/ 0004413 Al discloses a way of enhancing the inpact dissipation ability
of shear thickening fluid by the addition of discrete, non continuous
fibres/fil Q8] Thers shen fihareagingHowemeserip ushg slodi tthlohenmig $lwih fdri balkste may
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| NVENTI ON on pe here i'§ provided a osite materi al
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or consiigtress@ tBE siteat BilEeniHy iRAl 1bé3iéc ardRbe rneaﬂlm@om%t mo@gﬂoavere fRfq porous

matri x material 0010] In another aspect, there is provi ded a process
for makiHgrene. tensedized disatpatiomp! thy iepat seerey masneldessubrielitrig peoteetyer of
bal | i stltﬁe{@:}%hﬁhu\g{egh a layer of porous matrix naterial. [0011] In yet

anot her aspect there I's provided use -of the conposite material for
di ssi pat i n{fOOREUR Ratemi Noeh,c¥1§y868 fisalosas\ai systembjsed tn ballistic vest which consists

of a first plurality of penetration resistant material of high strength, such as aramid fabric,
followed by a first plurality of backing layers polyethylene behind the aramid fabric layers.
However, the flexibility of the system may be reduced since it requires many plies of
materials being adhered together. 1

[0008] Therefore, there remains a need to develop a flexible composite material that

effectiirely dissipates high impact energy, Without compromising on mobility.
|

SUMMARY OF THE INVENTION

[0009] In one aspect, there is provided a composite matenal that is able to dissipate the
kinetic energy of a moving object, comprising or conswtmg ofa layer of ballistic material
bonded to a layer of porous matrix material.

[0010] In another aspect, there is provided a process foririiaking the composite material.
The pfo'ces‘s includes bonding a layer of ballistic material\'ﬂwith a layer of porous matrix
material. ' |

[0011] In yet another aspect there is previdecf use ef the composite material for
d1ss1pat1ng the kinetic energy of a moving obj ect. :

[0012] In a further aspect, there is provided an article for dissipating the kinetic energy ‘

of a movmg object comprising the composite material.



[0012] In a further aspect, there is provided an article for dissipating
the kinetic energy of a noving object conprising the conposite material.
DETAI LED wBSCRIie343&N OF THE | NVENTI ON [0013] The conpagisceornmb@s: al
according to the present invention provides advantages such as high
flexibility, high conformability and high inpact energy dissipation, and
yet can be easily manufactured. The conposite material described herein is
exceptionally useful in ballistic applications, such as a flexible blunt
trauma pad or a ballistic vest The conformability of the material also
inplies that it can be worn over areas of the body where nobility is
essential (such as tHETATEED, DESORIPEION ORI THEINVENGIeNor e, the conposite
materi al of the present invention can offer inproved bl unt inpact
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capabl e GPOBERIRY Highe nrateriakialstirerligh thakie cpo pe srosmeyes areas bf)ﬂw bhdy fvheried t o
pass t hrxﬁblﬂﬁtyt 1@%8%?1@?(suzlh%s %%s r@%&dz% efore Ye £ ”(Pl g be a

woven materi-al, non-woven material ‘or a eet%&h%bcon al nirng PBP Sét The
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or, the f bres can ot herw se be
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to the por [0034)7Eh¢ preseti®ichtibn Srovides & b ﬁ@b’xtb inSetérfal AR & 463 o difRSthko any
material .that is f?rmed by weavi ng, is context, a woven material can,

for exarfpieEiCi5ATIERS a&%@ﬂﬁlﬂz%e%ﬁ@ %HWPFW%PH&W&W@IB@F epnsisiy ofglayer ofn whi ch

the stranpisHeRiaBhiaPhontiRl B Y {y&rcﬁ‘p%{‘oug%é@ﬁxfnﬁteﬁgpc'f' ed. For exanple, when
the strands are woven in a plain weave characterized by a regul ar,
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[0016]A The term “woven” when used herein with reference either to the porous matrix
material or to the ballistic material, refers to ény material that is formed by weaving. In this
context, a woven material can, for example be characterized by a particular or differential
weave in which the strand denier or warp/weft pick count is specified. For example, whén
the strands are woven in a plain weave characterized by a regular, one-to-one interlacing of
strands, each strand can be aligned in a first direction, for example, warp direction, which
moves altgmatively over and under adjacent strands aligned in a second direction, for
example, weft direction. In this context, the term “warp” used in the regular meaning in the
art refers to the set of lengthwise yarns through Whi(;h the “weft” is woven. Therefore, the

term “weft” refers to the yarn which is drawn under and over the parallel warp yarns in



[0017] The term "non-woven" as used herein with reference either to the
porous Matrix material or to the ballistic material, refers to a plurality
of i ndi viwoabidoszes which are interlaid in a random di gCrislcabiomngos4
typically in the formof a web and not in an identifiable repeating manner
such as a knitted fabric. The non-woven material, for exanple a felt, can
be manufactured using any thermal or chemi cal neans within the know edge of
t he person of average skill in the art. Exanples of nanufacturing the
non-woven material can include, but are not limted to, neltbl ow ng
processes, spunbondi ng processes, spunlaced processes and bonded carded web
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projectile; although it may not be conpletely inpenetrable to all types of
projectiles under different situations. [0021] A ballistic fibre
material can for exanple conprise high nodulus polyneric fibres. Exanples
of such hi gh nodul us polyneric fibres can include but are not limted ,to
pol yam de, polyolefm polyimde, poly (p-phenyl ene-2, 6-benzobisoxazol e)
(PBO ZYLON(r), or conbinations thereof. A ballistic fibre material can

al so conprise a carbon fibre derived from polyacrylonitrile fibres (PAN),

pitch resins, or rayon; carbon nanotube reinforced polyner; glass
rei nfor ced poI yner such as 5| I | ca (Sl 02) or conbl nat| ons of Sl 02 AI 203
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[0023] Alternatively and/or additionally, any suitable polyolefin that is
capabl e of absorbing or resisting the inpact of a noving object can be used
to form twe 20maldopssti ¢ material. Such pol yol efin can, forcesaaplompoosncl ude
ultra high nol ecul ar wei ght pol yethylene (UHM WPE), al so known in the art
as hi gh nodul us pol yet hyl ene, or high density polyethyl ene (HDPE), or high
nodul us pol ypropyl ene such as Innegra S CD (Imegrity LLC) or conbinations
t hereof . UHWAPE conpri ses extrenely | ong chains of polyethylene and is
suitable for use as a ballistic fibre material due to its high tensile
strength and nodul us properties. Exanples of UHWAPE i ncl ude SPECTRA@
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15 tinmes.stronger .t hap guald steel . p to 40% stronger than aramd
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extremely (ho18p0ehedtbrésetihtSdadible k€l HOthS pbfots nidvit hahliapReh GlaMeGahsa) Ot her
exenpl aééd/) bal listic materials including the ones nentioned above are al so
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polynmeric fibres nentioned above can be conbin anot her polynmeri
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herein refers to any two-dimensional open-neshed or |oop-containing textile
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"uni - di racti e brc “uni di ' y - used.herein refers
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st r engt hmpactofie miovieg bbject, Dwch s a proj¢dil2 @he Phkistiemnaetiblonsdiestribath darelisied i n
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bal | i st faendsdio isgqp’ ﬁ{)%ﬁgaa% eyergy r&t?é‘ﬁ R Progiest o aRpiectlenahop sy [t may not

| 1] ust r dkicusipletelp agéndeabloyo ADtyPed dTProjbdified Wlch &fRFent §iRmfdbm, St ack of the
conposite R)%{Z rial of the present invention. Wien desired, the conposite
material o ppadlistict fibrgvmsteniad ipan dRr s¥ample sepprise highymadiipe pelystrist acks
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materi al bonded to the respective fayers the porous matrix nmaterral can
be obt aipab@midhe pebyeisdyi t eolyintids; i ablyof(piphenyderestnib-tienvehidoxarvle)a(PR@Ye f or

exanpl e,~3, [..eve rs,0of ballistic materi.al bonded to
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dﬁpendi idpreo derived mﬂipr)mcmnﬁre fithres (m?‘lmjg P&ﬁ r@sﬁns}j bﬁrafyﬁﬂliflnﬁﬁ%dn%dﬁgﬁlﬁéi ?I -
The conpasjte material, can, he o ny thickness and usually depends only on
{he_ nunBURtoEed R BRe BeSRIN St oI HHECRFAP BUTIGHODOT EMEbHEsHBor 1R nuber
of | ayeng,of BMOUSOREF MeBEQAMR! whitke WL raT Yorcit %szﬁa(eof:er Ggppos! t.e

material of the present invention). For exanple, 3 stacks of conpodite
mat er i amigfocrktallpiecstnloss oncembinstions thetgpf. ch 3 | ayers of ballistic material

are bonded t e iLve | aver,s. of poro tri tecrial, can have a
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t hat t hearc ooppssetaamit or hylbn of cdnlingitoas eitkeof MERipl@rofra@ udnhig thdl can be
significant reduction of deformation on the conposite material, when
subjected to ballistic inpact. Therefore, the conposite materi al ,
effectively reduces blunt trauma, w thout conpromising on flexibility and

mobi lity.



[00271 Any suitabl e adhesives that are wthin the know edge of the person
skilled in the art can be used, so long as the adhesive holds the ballistic
mat eri al woaotih®ogser ous matri x materi al permanent|y togecmsG2omoasps es of
such adhesives can include, but are not limted to pol yurethane, polyvinyl
acetate, epoxy, cyanoacrylate or conbinations thereof. In some enbodi nents,
when the ballistic material is brought into contact with the porous matrix
mat eri al, epoxy or cyanoacrylate can be used to bond the ballistic materi al
to the porous matrix material. In this context, the inventors have
surprisingly found that the use of the-adhesive'in bonding the ballistic
mat er i alusethuichude, puruut diatited to KEVEAR®; THHR ON®; TEGHNORARL NONMERR; €S

def or mat.i >onposition terd dut ing hi. | 1 isti ner.qgy
mpact . (SINEQNER S TR b bsdhineht Reyg bR b oo dfhm B i B L
present Naiposidng Cehpinyabnd a0ndific|ofdeng hblebwar Thand @rdtucdd Woth pelien used
herein inclgde quuiqg and ng% incl ude solids mxed 1n_or dispersed in
sai d | i qarARSenyIHe trreghigalamide, EEYL AR dbagolysmide snwhich all dhapide erowpser , or
a shear a}é"séﬂﬁ‘r’d%d"gyfﬂaiﬂﬁ—ﬂnenﬁ@ﬁe IglsJﬁ Qr’ﬂﬁﬂ'iglﬂﬁe'aﬂgdé gxlé'u s attRfGol fle hignyegul ar
meaning in the art refers to flurd that exhibits an Tncrease in"viscosity
W t h i neingapnesitchioasach rotheppti a@atbost pasgns Thands hebBxaniesc e KEVJ. AR®@iwncan be

any know e i i i or_ ex e s described in WO .
pubi 1 catTIRR U ATE DS Re v AR 4006 B Py BRreF o PR R ar s
parti cl esansidsharisedtable far nsctisa ballisic Fibid nategis] iy TAMARON® T WAEDN®NE ekeni ng
fluid can, be, of _various materials, sych as organic or_inorganic
particl i@hﬁﬁﬁﬁé{%ﬁv‘? pEhigat Sittrapd; ard dame SITOT AT RS WHILETRIEr

di sper sghnbYT&HAT IECHNORA® (TR OR, 22 @SALPEHidS 'eécf-ﬁ&?%‘ér%heﬁ%ﬁé/?ﬁd or.
granted pol yners, polyel ectrol ytes, polyanpholytes,” oligoners, or

nanopar tor¥qipkenyine tersphthalpride) that ¢naa adfo benspitebla pe faymta bajiticfibrg miateeialide
spheric § IRea! i.axial.qr ohedr i od-] i ke
parti cl g\'}sOMg:?és% %‘?Eg I ﬁ@%%}g@tafecﬁggﬁr(%udg aﬁ%@% %?%C%{{GW %{e{lﬁg %)evfré(?xgﬁﬁese
parti cl dsdwBenthie Nonouls spkCempanlyi aid Jjefins Otioer spitdbjelarapét senposites shtablad

shape. anpl.e f .t e ticles,can . nclude, hut are., limted to

oxi des, I%%rolgsﬁ 12@3‘?%99{&3%@%?@%@16@3@ 5y WE&&?CQ?H%&FWE%T%FGI F5fnat i ons
t her eof thdpnepRkad yheeh Blemplanf nflohs e akbiui@ble 48 ot ballish tRde hidtetal t&ON

di oxi de, titanium oxide, silver oxide, zinc oxide, palladium oxide or

conbi natPioFemplfef e CORDHRAPAPUPRREE] herein can be natural ly occurring
or synt het jo@29CEHEf b ' L, ait; I ] . l e,
L URSFRISHLABITISHE S g8 L IR L SoBle o
combi natbsswling rusr reeisting\the- inipattt ¢ihg necvame bbisciofanpbd yseer topformi the dwillistin

i ncl ude ) hy| hacr yl at or ystyrene, or ,conbi nations_t her eof.
[ 0029] ag‘l'rryé'gi%él c%{ h%g‘;’%lse nlljsée/agll ’ f%% ?’ﬁgg p?%’u? uéign;ulgr.e@ e 9%%?ea‘fel$’gr )
exanpl e polyathgtene TEIMHERE) 1 slsb &aeen ik dicat as gninadilug psBtthykue holigh odi um

chloride, caesium chlori or m.xtures thereof, for electrostatically

stabi | | 281 P‘b‘éf%%@ es@iﬁ’iﬁh Qggllg‘aﬂq@ll@spolmp}ﬁlsm 8RS dnaggrpeS ®

or gani c(has&sty fI1ar) &X@Miﬁaﬁioﬁﬁ hgek@)rf.euah\'%mb coBRIrE BeBRE Wn¥ Chins $EhanNo!
e

or conbinations thereof. The nedia can be . silicon-based, for exanple,
si | i conpelyethylsse apdt isisetie demeseots & daBistiatiibse suaeviat doé to |its Ijals dersde n

starch | i I I Ik | or oxy| enol

or el of SR e Boliie blolbfhes 2Ralen 1A HIR6L SPHCRRAD FRA PRl modi um
does notCotgc anpoBgnaeurr & i(PEM) rSHROTRW® énfaadilmniightwhight, ohighlsaengh

fl uorocarbo dia_ can al.so be used. 0Q30] , Typically, the particles
used inPP 8%[%?6“%1W @isﬁﬁ%ﬂf g’§ 35§ ﬁ%ﬁ%ﬁ%l‘%@/ °5J’Ib¥‘f ’f’i’éteB‘B’Z‘Pﬁ Mgk of the
porous fBpadt koRpbetd plicalides SrRakpl! SBECTRAE Ris 1932 0Rh&se BRridabmauced .
into the pores of the porous matrix material, or can pass through the pores
of the goRdGEvitnt Hexibilin dighaspecific wodiue apd dighe prasgy-inkregaripwemeistisan have
a di nensgion. e 1 ) s i F@#g 1.£1.00NS, Lcrons, 70
nicrons?éb “kszﬁgﬁgngdggi§%§%§g§4%Lﬁ§%§%§s, Snﬁggggﬁé,&%dm%ﬁég%ﬁégor 10

m cr ons SPECT&A® Rites $00,BRECR AR diiloers,000 and SREGHRARFiben2@000 Dyn€erdd® i cr on,
2.5 mcrons, 5 mcrons, '8 mcrons. The size of the particles in the fluid
can al so be described in US Patent Publication No. US 2006/0234572 Al . -

[ 0031] When a fluid is introduced into the conposite material according to
the present invention, the fluid can intercalate into the porous matrix
material. The term"intercalate" as used herein is intended to refer to the
insertion of the fluid and/or particles between or anong the | ayers of the
porous matrix material. The fluid can be inserted into the porous

—




matrix material via the plurality of the pores of the material. Depending
on the type of the pores, the shear thickening fluid can be introduced into
t he por eswonorcizngass t hrough the pores of the porous netmiscaomtoesoisal . \When
t he shear thickening fluid intercalates into the porous matrix material,
the fluid can be quickly introduced and uniformy spread across the porous
matrix material. In this context, the inventors have surprisingly found
that the nature of the porous matrix material rapidly induces shear
thickening in the fluid, due to the rapid novenent of the porous matrix
material when in use. This shear thickening is 'not |localized within a

speci fi ds arsepngupolpgbyiese fihreotighofiferst exipomo seemgilt rcombiret ewitlh miaidut he

fluid-mtr 2], ln thisg co Xt, |n f|UI , _for
exanpl e“; shea§1 chongeﬁ%rt)%lﬁL (é %ikn?‘gnt%iﬁ qrgotetﬁeupp{pelsjgﬁ? aR‘} Band is
i n cont aaklityistde] il upad HO%E dt@npBt Bad atamid Hidrds| botH ofBYeiit 0B Welhik ba51s
intercalate into the ballistic fibre material, so long as the ballistic

fibre miDaprRI® dlogisaparaterandiinextirnedy fyableiand rentaabiospeiste &Y Helfiasdi ng t he
i mpact QﬁexﬁlcQEVOﬂﬁr Qﬁn’ﬁﬂﬁr? baiREY ﬁfateﬂafé 1ﬁ@l§$n%hfé ok ingnﬁ&{eﬁraﬁgﬂbeﬁxl Sisii th the

ballistic material, the flfuid would always 1 hterca atevvlt stic

mat er i aldescpibed Illeélé?ePatelﬂétEm72%@8ZﬁerﬁﬁaPe@nt BultligetiamNer USI%&OP&QOMBt he f1uid
with th (Pgr%%nqﬁf X%I@Béérl al . [ 0033) The term "openi ngs" or "pores"
as used herein refers’to’any hol es, bores, apertures, spaces or intervals

present i n0od24 ‘Mmemuiemmtt fahx pbhmesﬂcaﬁbreél' enfioicdsatoas che benjodibtigsingahed to
one anot he}:l arltd %/ » m% not be %ih(‘ass' | e t |UI d. In case. the pores.
are accddfgnotypert G’?rﬁ or t@f“ﬁﬂﬁtmffz toftprgy H‘e 1’5‘&“3@‘1‘@}%&\1@# InHEE shape
of the pRiMSlesdN suPibaRstiy nmerih‘l B8R Yin&HaP rafid Shd %tt@ﬁ‘d)léﬂa}’ afiRRangLen how
the fibres are dispersed within the porous matrix material. The pores can

t ypi cal rgmfoxsed HAYIWPE cxsamidcand aalyprrnyiste bisnd cor cgmbimations themeof hat  of t he
D o ™ 10885 shfhe Ul Bel AR, BRIENNE RocRlial Bl i@ nfi 38 i BN * D
pores of t orous nmatrix nateria Raracteri stic o the pores, for
exanpl eof laekrptfoﬂbifattrgc, apeoendiabriet & npn porven abrie, uniwaaved steathird,ya dait er m ned
wi thin the kn erson .of ra e.sk g art (.See for
exanpl e & 9%’6’6 he?ﬁg ot 3615‘?@&%11%8?0“&1:5%6 ‘%helfn “:‘f‘é# %h’&% WE%Bsedvftﬂrem 102,
pages 22&61‘s2ﬂ)75ny?1rtdro$&mehsuﬁiéﬁ dpendfaeshéd @l‘ loﬁi biifaifdng MegfileyY goodQ08y Pl . 37,
pages 2025\%’2{1 [0034] W thout wi shin ﬁ to be bound by any theory, when a
conposi f&t ixtilg mfhodhit 13 be roduesdng i ferys wiidjreetiosgl tS]éFeén of nhgict by a
moVi NG QRE&{haSHERBFhén Re@h be .
absor bed by tﬁe bacl"ﬁ%stl C ?rat&g%dlJg%%%hﬁhgétgé%&eigllﬁgenmgt}g%%{%a%ﬁteﬁg@t he

por ous d’@ﬁlgnefd Ippdigectighal stengtlincas dnhetl(bacmlystl c material in reducing blunt
trauma. 0, X » Ve, shear .thic f the
fluid that bﬂgurs tt%%ohmhdeé lt“?tlgg (s)ércglﬁlst ﬁa al xt O%Pe PiesTt AhERt {( %%5?%! mat ri x
i nt er f ade sihatibeof tahlayéra;férallcshc tdimelhﬂlblonﬁéd © davhiyer ofaporanmdmbabiix fmakpelCt | ve

| ayer o oro x terial obe hel d_tightly together, when the
Conposi IHBP ﬁﬁ?‘é"i}'éﬁ’ea SO ARIREnthe WO dierpliorm kol dhe pomppsite material | npact
for exagpiiR prdddft ﬁb&ﬁront Whek @8diRg, he cthsostde%éteﬁt@f 1RSrédetfThvédPhERRENt ) -
bondi ng between the ballistic material and the porous ‘matrix material also
pr event alspeomarieg a1y pumbareet rcksof shdetanposiie metetiah in whish ropratadslayms r i x

materi a h S text
the 1 nyh e attaichaf i hoaed iR RBERCTHERE A Bltoll bt ity g B
porous nhtaines. Tiet @miadsits hgteril ektht pyesemtdnemtion camlmverfmamtan@taeagy, 4 5

di ssi atonoft te m act ene s al so

d: ss: BaP’IéSVGIS’ymPWe B?rég?E%h%lSt&)‘t mg é‘al/g‘?lhleg ?ft‘?erngﬁﬁl‘f d geg"ynét(greivﬁ? mHon
bal I'i st i&eis"PRBSrond a0 nhia8 @pehdifadh thoRRGtedenRr @Yihdi BRKRAL I ANy t he

conposite nmaterial, the deformation in the conposite material caused by the
i npact ¢RIEPesiariaateidaly Ehe Fepapesite apatenal car be @ any Heskerey and wualy dependsra

caused f

it octi i ke GRS rtisf BRI o BB R e Boyery |
appl i cabf posnis matrix pEOSH] (dheuntse offstdcke of drepasiptositeratatariabbf deepresemed i n
ballistic applications, for exanple a ballistic vest or a blunt traunma pad,
has nunerous advantages. As nentioned above, blunt trauma can be
effectively reduced, thereby preventing injuries to the user. Furtherm)re
due to the effectiveness of the 'conmposite material in reducing deformation
and blunt trauma, only a few stacks of a conposite material of the present
invention (in which 3 layers of balligtic material are bonded to the
respective 3 layers of porous matrix material) are required. As a
non-limting exanple, 3 stacks pf conposite material in which 3 |ayers of
balllstlc materlal are bonded to the respectlve 3 Iayers of ~porous ITB.tI’IX

e . I Y



soft and pliable when mani pul ated at | ow speed because the fluid that
intercalates into the porous matrix material is able to flowwthin the
matri x. TWOenmepset hat the conposite material can be wecw/seeern/opass:s of

t he body where nobility is inportant. Therefore, the conposite nmaterial of
the invention is exceptionally useful when used for ballistic purposes.

[ 0036] The present invention also relates to the use of a conposite
material for dissipating the kinetic energy of a noving object, for

exanpl e, a projectile. The conposite material of the invention can be used
in different applications as long as-it is able-to provide protection from
hi gh i npaxsntibox Fer evanipdayt stokpobmngiosiye matervliflthd yresndinfbeionbid whigh 3For
exanpl e,;_t he site materjal, can _be used industrial safety c]othing
For prolets AePABTicapaert s botkdosl AR Mecemrel s P ol mpiotis ik platgtisl 1 | o
coul d beaehewitedl@dss of2ent THRES cbteXfBihe ihhiordRavalsiQribRghstnd Hit gRVeri ng
i ndustrial equipnent, such as equi pnment wi th high-spéed rotating
conponeSPRIPOs BRerd of dhegupsnbinaening resllis s Slﬁﬁ’%jcélﬁtr pdusgon, pbdefommationr ophi ¢
equi preng til@!clonp%siteTHﬁteﬁQl%hts%bféﬁfeﬁrtb HalAl i h&c?. PSR tﬁ‘eschgﬁgs“gl ng
aircraft -engines, to protect the aircraft and the occupants upon

cat ast r opigrealf efiféctivelyofeduérs bhigi reaunibh ewitlomp ominipeomiingr bal fledhiliay smdbe used
as a sp%%%ﬂlﬁsfner for vehicles such as autonobiles, aircraft and boats, to
pr ot ect e vehicle occupants by containing projectiles generated by a

bl unt or bMORTISAhg suitabRcidhesiveshigat v witkia 1S krfokgedge BF teSerson skP@S T théhe
conposite materia in an.article, .in which any nunbers of

can be use ; s | )
layers 8ft 93819¢ BEhconttess | ,agb%fhveo@lg%%lbéﬁlsﬁ? nﬁF%b@lda@fd’@E‘mS ¥ he
CONPOSi inutdF Bl Eindinely foBShbM ERhPRE of QRENHL& 0 Bard iﬁ@mﬁ@,gﬂt 3&%@ aige- The
repeated | ayers of ballistic material are usual'ly placed adjacent to the
bal | i st fep aap, Ry aryliagetbionefeakyt eyanhecrgatequsombinatisnstlicrepf. dh sofixenpl ary

article - nel L. Jmt .body ar pour, .. for exanpl.e,

1 ext bi S=P AR, Mifn 0t HAS T Bhak T BBbR AR NPl Wit Ros8R 3 BH8: ecti ve
devi ces materighr gpoay tor wgartvacnylags canlbe ugdob emitl \tee ballisticematesial foetha pstoavwabl e
vehicle_arnour, t S,.seats ockpits,, used in;stora and transport of

I uggageWnﬁgbaéeqaﬁ%tgﬂséﬁg%eéﬁaﬁq Fﬁ'l%’étﬁﬁsrl?avﬁmﬂ?’f‘g{?’n{wg‘ﬁ@aéﬁq BiceOicthf al so
be prot agidsiue &l Mohig Sthe hbaBstica eledrial AAOWRS pordBd GhaME! BaRKAL G6dee
clothing, pants, or boots, which could stiffen to provide bodily protection
agai nst Signicently sduees defarmgtien ehihscampysitigpmaterialy dpeng highhallistia gpergyidden

i npact s j{hch (SR EHepE 5, IF gg? upon | anding by parachute, or in accidents.
[0038] The present invéntion further relates to. a process for making the
conposi t e [#828rInadomeTimbodimerds shé prsserd esmposiet magerdal | cay éuclade HALId The c

materi al_to.q.l.ayer of porous matrix.material . The .bonding can,, for

exanpl e',te e f(?:‘élfi r ivé%enoﬁ§e%b{1/erglﬁlp1n§$urﬁlﬁs Agudy g {pay e‘fl?lﬁger S lrlu‘%( FRaxgsh I 08+ j ¢
fibre ndispersed irDsaid hiquider DhesfliEt dainbenai Sjveahs @hgidal FoiGixBpld)evatapOod ayers of
material, in _contact _w th each other for a suitable period of time. In this
cont ext Shhhpimesind. - éﬁ?ﬁlthﬁﬁﬁmﬁ%}g‘lﬁo peRrsinhe Figklaramcapioglin dihatbe

br ought rdfasQo R Bat eMilil BAEHHNE vidYsityPih Htkdagik %héﬁ?%?%p IRd EETpl e, by
hol di ng, cl anping, stacking or applying pressure on'the two Tayers:

[ 0039] Abe ribipar; Girkdniagolud canybesgiist &hown sltrssthickeningluik fos edamplepend t he

materi a . . | bsf 1€ terjial .and th orous matrix
are hel gést"l}‘gﬁ‘ﬁ“;w P pg'?lﬂnlﬁrhltgnt i y§ O{()gg(e)?%elr' Ir%gheagﬁu%grém & Itﬁl‘fﬁﬁugﬁ%g?ﬂt@?f , the
adhesi vpartiales bespefidedrniy a hwxdin. ahe particles usddi ifritheatiedrahiakdni€pilgid cpu bé drallé ke,
solid or_.the like..The adhesive can, fqr ex | e, be a curable epoxy based
dhesi ver vatousmacsisly SicBar ATeable S aaoretit by r0e PASIeS BB b

hexahy dabilish 60 QblutiBR V! @SperSd By A&zt BRAVMAEHBHEN §d ROk fAtants,
conbi nati ons thereof, can be used to bond the ballistic materral to the

porous AdOFRed reit efrpRied  APhyEiesat inpdyelectrelyinsoapelysaplwlgesh digomers, or

nmet hyl - 2- r . - r ..al S0 .C nl.y ;known as
Super o REARRRRT thebRncfl O e o R SRS b e R G R B st

mat ri x efhipgcalabiaxial, fhomboledidlecyhigceadikacrotides) giskdiliehelaynyaaélegrorf air t her

i ncludes curing of the adhesive, in order to allowthe ballistic materi al

to be bonded to the porous matrix material. Curing generally occurs upon

m xi ng of the epoxy with the curing agent. The curing process can be
conducted in a tenperature ranging fromO Cto 200C, from5 to 80C, or from
5to 35 C. The optimal curing process can be determ ned enpirically which

is wthin the know edge of the personsof average skill in the art. As an
illustrative exanple, the curing process can be conducted at room
tenperature for 8 hrs. [ 0041] Epoxy curing agents in different fornms,

for exanple enulsion or dispersion form are well known in the art.

p— o " Y Y b1 - o o I T 1



t he curing-hardening agent is usually added in an anmount that wll provide
one reactive -NH in the conbi ned hardener-curing conponents for each epoxy
group i n wbeospoxser esi n conponent. These are known in Poe/S&ro10480054
stoichionetric quantities. [ 0042] The process of the present invention
can further include adding a fluid, for exanple, a shear thickening fluid
to the conposite nmaterial. Depending on the required design, any nunber of
stacks of conposite material of the invention can be made for this purpose.
For exanple, the shear thickening fluid can be added to each stack of the
conposite material. In sone enbodi ments, the conposite material can be

i mrer sedikturaof thetﬂ:bizce ’thesn phrtifles caxhcmioapdlslbmses FoehspetShmrlthydn@efsleund
descri bed herej tep of the.progess incl al i. t he ‘
Conposi e Shibi Rt Pteiie il ssuen st an T S e L PR i e 1
the art stagéh, hﬂeﬂnﬁ&rﬁdaﬁte@czcﬁﬁeﬁaw olm{eear bredonhinioak q&esﬂ)fvmdmma@ dxidedict ur e,
for exanple, an encapsulatron e encagsulated conpgsite | naterlal can be

seal ed K0 Ejnds butam votmitedde sﬂrcera tiganivsy, oxides YT orgde i @pdis of t he
encapsukéﬁé t 39&¢ RETcontbtha Figﬁgeﬂf‘eqaﬁdm%ﬁleratlsh%sér;qgﬁ%ﬁi b&n MRL Re&ﬁl%# ycan be

encapsul a n a polymer, latex, ceramcs, or combinations thereof, under
sui t abl echedbgdr emﬂmhtlp ioof1BTing nhlyeralpplE)gamrgemf raikeds e, foy eanmpbnmclotﬂet he

encapsul ati on % g?er to s nld birjre enca sutlar'{ g %et her. The
adhesi v& ¥ PR m%YPes“mo 81 W%tsﬁé‘%?é‘ “apar ot ﬁ?/‘P gV 'eTe
cyanoacliylifih@ Staipleds ofeidiyther2 pastRi@acay | atiade e;ﬁdlydmeﬂmyama@fwdte)t @r or
combi nations thereof. . In this context; the encapsul ated conposite nateri al
can be BPYQWF@Wéﬁ@n%‘Pa%‘inféher?f@pendl ng on the required design. For exanple,

t he encapsmbﬁ%]eﬁlecﬁl%l@%ﬁa&@s TRESE} He MAD chELE queb@s-fn&'é&“ Rf efa g,wﬁelcase or
a sheet 043] These aspects of the present:invention an

advant adés amlcrqus lbesedml@wf en| gpntpire @ selt sunlt dsrsodivayehdoriden gadsain ehlpﬁée or

pESor PHCR G e B RAR A8y PR o bl bl BB BRP LT cIeE et

present chim wlsntbeoasrgandbasad,dﬁnrmxsmpm ethlylmn/e i gﬂycnh;poh&th‘;dwner gylccﬂuetham)l practi ce,

preferred nbodl be de cr| Y of non liniting.exanples
By wEORbRBRaH TSty ite S P et st of reampeh. o Gufen

Fi gur e r%h@iﬁ%ﬂﬁc&ﬁfb@ QBhbRafi GRIBSEHH B 208 cth sﬁrﬂ:lﬁgh@éil iABRd ﬂ@ifi alhti-

Conposi mat erial according to the present invention, in_whi ch a |layer of

bal | i st b@ctﬁg@l@gp@ such as chloroxylenol or chlorohexidine diacetate can be added in order to
ensure that the medium does not decompose over time. In further embodiments,
hydrocerbon or fluorocarbon media can also be used. " |
[0030] Typically, the particles used in the fluid may have sizes less than the sizes of the
opem'nge of the porous matrix material. These particles can, for example, be introduced into
the pores of the porous matrix material, or can pass through the pores of the porous matrix_
material. In some embodiments, the pamcles can have a d1mens1011 less than 100 microns,
for example, 90 microns, 80 microns, 70 microns, 60 rmcrons, 50 microns, 40 microns, 30
microns, 20 microns or 10 microns, or even less than 10 microns, for example 0.1 micron,
0.45 micron, 2.5 microns, 5 microns, 8 microns. The size ;Qf the particles in the fluid can
also be described in US Patent Publication No. US 2006/02?4572 Al.
[0031] When a fluid is introduced into the composite rﬁaterial according to the present
invention, the fluid can intercalate into the ‘porous matrix rnaterial. The term “intercalate”
as used herein is intended to refer to the insertion of the ﬂuid and/or particles between or

among the layers of the porous matrix material. The fluid can be inserted into the porous



(represented by stripes) is bonded to a | ayer of porous matrix materi al
(represented by dots). [ 0046] Figure 1B shows a schematic representation
of anot hewoentiodpesent df the conmposite material accordi RgTISG20T0@0005¥ent i on.
In this figure, 2 stacks of the conposite material (represented by 2 |ayers
of ballistic material bonded to the respective 2 |ayers of the porous
matrix material) are encapsulated in |latex. The conposite material also
cont ai ns shear thickening fluid (represented by the shaded portion) which
intercalates into the porous matrix material. [0047] Figure 2 shows a
schematic illustration of the ballistic setup used in the present

| nvent i Ofatrix mh@PdBYiaRhgpkuealidy 6HBWHoidh of HRARMEAL DRpdMiy G R tH%est hghi nd
different blunt trauma reduction materials, when a projectile was fired at
the di f f epenttheshesr tickamng fedsen bentraduesd e thestores artrantpaby thsough thet up of

ol Soed bBACHA S5 BiPACTERRRARS Wik dhe b MAORAIE A0 sph Al il g0 57

shows t hgomoes mlatrixofatehiel, thedbnd edni lemuiaklyc indp dutedGnd wadomilacpaad edrbsscth?0

plies of Twaron0.backed with a 2 cm rubber pad. Figur C shows the result
of the i RGEHTBE Ftﬁ“glr X.{MV OB%XKAE*S IBYeéPgoéﬁlB%‘@ﬁ 2"@?%%“83 H&f%%ﬁ( r)
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EXAMPLES Exanple 1 [0052] This exanple illustrates materials used for
preparing a conposite material according to the present invention and a
respect i WeORnDIom®sss [ 0053] The shear thickening fl eca/scamofoososexanpl e,
be a suspension of corn starch in water at a concentration of 55 wt.% as
described in EE Bischoff Wite et al, Rheol Acta, 2010, vol. 49, pp.
119-129 or a dispersion of 450 nmsilica particles in polyethylene glycol
(PEG at a volune fraction of 52% (v/v) as described in the Exanples
section of US Patent Publication No. US 2009/0004413 Al. In the follow ng
experi ments, a suspension of corn starch in water at a concentration of 55
. % V\B.Sml.tﬂéﬂoms of ingact tan ekanbrbgd bl ukalballigicpnatpasleofahe onppasitt endiaiadr i al
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per minemqn;poglé%p@g:nagg g effpctively reduced, when the composite material is used for

ballistic applications. . '

[0035] The use of the composite material when used in ballistic applications, for
exampie' a ballistic vest or a blunt trauma pad, has numerous advantages. As mentioned
above, blunt trauma can be effectively reduced, thereby preventing injuries to the user.
Furthermore due to the effectiveness of the composite material in reducing deformation
and blunt trauma, only a few stacks of a composite matenal of the present invention (in
which 3 layers of ballistic material are bonded to the respective 3 layers of porous matrix
material) are required. As a non-limiting example, 3 stack's pf composite material in which
3 layers of ballistic material are bonded to the respective 3 layers of porous matrix material
(2 cm thick) resulted in a significant reducﬁon of defonnétion in the composite material.
Therefore, the composite material of the invention is:able to prevent bulkiness and thereby
increases flexibility and mobility when used for ballistic wear for example. On the other
hand, a thicker composite material, for example, more than'3 stacks of composite material’

of the invention can also be used, when desired. In addition, the composite material remains
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[0054] This exanple illustrates the effectiveness in using a conposite
material in dissipating the high inpact energy and the ability to reduce

bl unt travoroduw®9436e hi gh energy ballistic inmpact. |n thPETSGaMPI0)s8 st acks
of conposite material obtained fromExanple 1, in which 3 |ayers of TwaronO
were bonded to the respective 3 layers of fibrous polyester and

encapsul ated in latex, were used (2 cmthick). [ 0055] A schematic
illustration of the ballistic testing setup was depicted in Figure 2.
Ballistic testing was performed using a gas gun. A spherical steel :
projectile was fired at 4 different blunt trauma reduction materials: The
bl unt. t rsfinand pliatiecthepmarpwniedlas lonespeed deauye the fROd glat aseroflatEvanor{er ) used

as ballistic material; jii),20 plies .of TwaronQ hacked with 2cm rubber pad;
iii) 20 %rP‘éSsmB?IXT’%étFBﬂ(IF)abgeaPk}é%iw it g?‘?o?‘ﬁ@?‘"%“spﬁn?% gt PBRPY' and
i v) 20 phb@falodan B emO0oRAGKRS ofiichbodly-wheé lkfobfity GO IASSHAne TR¥&bHicathe
obtai ned from Exanple 1. A box of plasticine clay wtness placed behind

each bl ueRmposkig paateriad uek ithen inventen 48 exeesioadly wneful rrhert widofrrchilligl by the
I npact . J@ﬁpﬁglocity of the projectile was neasured using a pair 'of

sensors. e mass of the spherical steel projectile was 12g and the inpact
vel oci ty wd8038h The/meselthanvienparc talsonestaggs of t1k38se) ofiess ceqposiwl materinb forhat  of

a NNT (Nati.onal. Anstitute of Justice),standard I]I1A _(equivalent to.fhe
ner oy OSSP B RN TRrS:ps By S halth i emble, Rak Rt RamhPsle on i n
clay pl age@rifefTitdint&fiod cah bé esednh differsit applRENFNsI8 Boift 4sGis ABle@s bRlvidenas
depicted in Figure 3. Although the projectile did not penetrate. the 20
plies , ofrotegke o high frapeqt fgreq; itheukeqmpigmiiane ok 81 oility sht fertilitelus as

the f abré)gm\[ﬁ?% e ERHp S Heleridlt Qn thGised 2Y h(cﬁx@ﬁiaﬁs%fyeclgtﬁlrig fRSrbRaRt ati on

in clay o remaining 3 blunt trauma reduction material's was depicted in
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trauma

catastrophic equipment failure. The composite material c“’aln also be used as shrouding
aircraft engines, to iorotect the aircraft and the occupants ﬁpon catastrophic failure of the
engine. The composite material can also be used as a s?all liner for vehicles such as
aﬁtombbﬂes, aircraft and boats, to protect the vehicle ocbﬁpants by containing projectiles
generated by a blunt or ballistic impact on the outside of the vehicle.

[0037] The composite material can be used in an artlicle, in which any numbers of
layers of ballistic material, can be stacked or pléced adjaceht to the composite material of
the invention depending on th¢ required design. The repeated layers of ballistic material are
usually placed adjacent to the ballistic material which ‘is bonded to the porous matr‘ix
material. Exemplary articles can include but are not limited to body armour, for example,
flexible blunt trauma pads; bomb blanket; tank skirt; inflatable protective devices; or
protec'ﬁvc barrier. The protective barrier can be a stowable vehicle armour, tents, seats,
cockpits, used in storage and transport of lluggage or used in storage and transport
ammunition. The article can also be protective clothing such as jackets, gloves, motorcycle
protective clothing, pants, or boots, which could stiffen to p;rovide bodily protection against
blasts, such as those caused by exploding land mines, and sudden impacts such as those’

injured upon landing by parachute, or in accidents.
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No target Conplete Penetration through clay witness N. A 20 | ayers Twaron
ballistic material 35.(Fig. 3A) N A, 20 layers Twaron ballistic materi al
backed wiwb 28em9pasbber pad 14. 35(Fi g. 3B) PCT/SG2010/000054

[0038] The present invention further felates to a process for making the composite
materiai. The process includes bonding a layer of ballistic material to a layer of porous
matrix maferial. The bonding can, for example, be carried out by applying an adhbsive
either.on the ballistic fibre material or the porous matrix material and bringing the two
layers of material in contact with each other for a suitable period of time. In this 001|1text,
the ballistic material and the porous matrix material can be brought into contact with ’each
other by any suitable means for example, by holding, clamping, stacking or applying
pressure on the two Jayers. 7

[0039] As mentioned above, any suitable adhesives can be used to bond the materials
together, so long as the ballistic material -and the pc;;ous matrix are held tightly
(permanently) together when in use. In this context, the adhésive can be of any form and is
not limited to a liquid, putty-like, solid or the like. The adhesive can, for example, be a
curable epoxy based adhesive. If an epox_'y resin is used, an époXy resin of bisphenol,
hexahydrobisphenol, novolac, dimer acid, poly(ethylene glycol) or combinations thereof,

" can be used to bond the ballistic material to the porous matrix material. Alternatively,
cyanoacrylate such as methyl-2-cyanoacrylate, ethyl-2-cyanoacrylate, also commonly
known as “SuperGlue”; can be used to bond the ballistic material to the porous matrix
material. .

[0040] The process according to the invention further iﬁclqdes curing of the adhesive,
in order to allow the ballistic material to be bonded to the porous matrix material. Curing
generally Qcéurs upon mixing of the epoxy Wi‘gh the curing agent. The curing process can be
conducted in a temperature ranging from 0 °C fo 200°C, ﬁoﬁ 5 to 80°C, or from 5 to 35 °C.
The optimal curing process can be determined empirically which is within the knowledge
of the person of average skill in the art. As én illustrative example, the curing process can
be conducted at room témperature for 8 hrs. ‘

[0041].Epoxy curing agents in different forms, for egiample emulsion or dispersion
form, are well known in the art. Examples fherepf include ﬁardeners of the dicyandiamide,
imidazole, phenol, acid anhydride, acid hydrazide, fluorinated boron compound,
aminimide, and amine types. These curing agents can be used alone or in combination of’

two or more thereof. During the curing step, for example, during the curing of epoxy resin,
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60 20 layers Twaron ballistic material backed with soft trauma pad (nmade of
anot her 20 | ayers Twaron) 21.56(Fig. 3C) 38 20 | ayers Twaron backed with
2cm conposotelmavesi al O(Fig. 3D) , 100 PCT/SG2010/000054

the curing-hardening agent is usually added in an amount that will provide one reactive
_NH i the combined hardener-curing components for each‘ epoxy group in the epoxy resin
component. These are known in the art as stoichiometric quantities.

[0042] The process of the present invention can further include adding a fluid, for
example, ‘a shear thickening fluid to the composite material. Depending on the req‘uired
design, any number of stacks of composite material of the invention can be made fo;' this
purpose. For examplé, the shear thickening fluid can be added to each stack of the
composite material. In some embodiments, the composite material can be immersed in a
suitablc:‘ fluid, for example, the shear thickening fluid described herein. The final step of the
process includes sealing the composite material by any suitable methods known to the
person skilled in the art, so long as the compésité material is enclosed within a structure, for
exampie, an encapsulation. The encapsulated composite material can be sealed by any
suitabie. methods, for example, by laminating both ends of the encapsulation together. In
some embodiments, the composite material can be encppsulated in a polymer, latex,
ceramics, or combinations thereof, under suitable heated ‘conditions or by applying an
adhesi\}é to one end of the encapsulation in order to seal‘both ends of the encapsulation
together. The adhesive can for example, be polyurethafle, polyvinyl acetate, epoxy,
cyanoacryiatc such as methyl—Z-cyanoacrylate, ethyl—Z-C};anoacrylate, or combinations
thereof. In this context, the encapsulated composite material can be of any shape or size,
depending on the required design. For example, the encapsﬁléted composite material can be
in the form of a bag, a case or a sheet. h |

[0043) These aspects of the present invention and the advantages will be more fully
understood in view of the following description of the drawings and the non-limiting
examples.- ( .
| BRIEF DESCRIPTION OF THE DRAWINGS

[0044] In order to better understand the present invention and to demonstrate how it
may be carried out in practice, preferred embodiments will now be described by way of
non-limiting examples only, with reference to the accompanying drawings, in which:

[0045] Figure 1A shows a schematic representatioﬁ of an embodiment of the’

composite material according to the present invention, in which a layer of ballistic material
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Tabl e 1. Conparison of the depth of indentation in clay w tness when
different blunt trauma reduction materials are used. [00571 It is

evi dent twetotimmezapact energy di ssipation Using the corposceelorvatossi al of
the invention (See Figure 3D) described herein is superior conpared to

ot her blunt trauma reduction materials such as TwaronO (see Figures 3A and

3C) or rubber (see Figure 3B). Exanple 3 [ 00581 This exanpl e
illustrates the effect of using various fluids in a conposite nmateri al
during high ballistic energy inpact (see Figure 4). ' [ 00591 A spherical

steel projectile of 14.5rnmin dianeter was fired at three different

conposi t(epsassitedthy FHPSY iS pohidedstone [FenaffBbyous imatix phatertll (lepeasemtéd byused as
bal listic S5::;11teri al (See Figure 4, SystemA); ii) 1 ply of Twaron(r) and a
conposi %St eri al cont ai ni ng water encapsulated in |atex (20 nmm thi ck)

(See Fi gur mode] Pigulre TEBhowANE sthdnlatk %Yesgftat-laﬂaf)p BhdtheradfbiAOIPGS ke

mat eri al cont al ning a suspension of corn starch as shear thickening fluid
(55 wt. q@mn@@pmtmabdcqo ih@ te he( R@entipnn In ihis Kguresdestaiky of ¢hel colgpesitem C) .

The masg atl QFeg?ésgiﬁtgg :l#h a%? o} ﬁalgst?cn%a{epgl MH%@& to %ﬁ%lrgél‘bl %tYVeW? %rd} :]‘s The

depth ofm enet e system was
Fi gur e 4he jadsrous nﬁmpdmatenhlbl ate dnb@sulimdtlh Jaréx. HémebmbmmnnmllahmhtaMen

st PSS o o o AR L
conposi tRrdRLRAtHiR material.

[0047] Figure 2 shows a schematic illustration of the ballistic setup used in the present
invention. ‘

[0048] Figure 3 shows the indentation in clay placed.behind different blunt trauma
reduction materials, when a projectile was fired at the different blunt trauma reduction
materials using the ballistic setup of Figure 2. Figure 3A shows the result of the indentation
in clay which was placed behind 20 plies of TWaron@ used as ballistic material. Figure 3B
shows the result of thé indentation in clay which was placed behind 20 plies of Twaron®
backed with a 2 cm rubber pad. Figure 3C shows the result of the indentation in clay which
was placed behind 20 plies of Twaron® backed with anothér 20 plies of Twaron®. Figure
3D shows the result of the indentation in ciay which was placed behind 20 plies of
Twaron® backed with 3 stacks of the composite material of the present invention, in which
3 layers of ballistic material (Twaron®) are bonded to the respective 3 layers of porous
matrix material (non-woven fibrous polyester) and are immersed in a suspension of com
starch (shear thickening fluid) within a latex encapsulation.

[0049] Figure 4 shows the effects on the depth of penetration (mm) of dlfferent
composité material upon ballistic impact, when various fluids were used in the composite
material, with Twaron® used as ballistic niatérial (represented by grey line). System A
represen;cs 1 ply of Twaron®. System B reﬁresents a composite material containing water
(represented by dark grey box, 20 mm thick water) and 1 ply of Twaron®. System C
represents a compositet material containing a suspension of corn starch used as shear

thicke:ning‘ﬂuid (repfesented by light grey box, 20 mm thick STF) and 1 ply of Twaron®.
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Exampl e 4 [ 00601 The present invention illustrates the effectiveness of
a conposite material of the invention when the non-woven fibrous pol yester
(porous meorbk/mved3eri al ) was used in the conposite natercalsG2empmnooss gh
ballistic energy inpact (See Figure 5). [ 0061] A spherical steel
projectile of 14.5mmin dianeter was fired at three different conposite
systens. These systens were nanely: i) 1 ply of TwaronO used as ballistic
material and a conposite material containing a suspension of corn starch
used as shear thickening fluid (55 mﬂ.@@ encapsul ated in latex (20 nun -
thick) (see Figure 5; System1); ii) 1 ply of Twaron(r) and a conposite
mat eri al cO50] Rigige & Shepenisd effe@ivedas NnnsS tigr d&athsﬁdpa&trsﬂhﬁﬁr(mhhl cikeni ng
fluid (55 wt.%in ich plies of Twaron(r) wer e rsed therein and
encapsul"a%asﬂedn?f&’fl Laceardingp il RERSPO{ Suenten §iRe eg SUEPQH’I @“‘I%HEP%CFH ) 1
ply of Twarhenilh ®NHha Snfifokie Hatekia RS iR ARG SktcRls 1 BRI DN VRRHD
|nnersed in a suspension of corn starch used as shear thickening f|UId (55
. 9%, irepredentste onhpppie matsriaTopntainig Fomestasclbsstensianoastshear teigkméng fed2

I I

eneapsulsPRaCiP P Rgh! b2 b5 PYME Al spi SROL (LA SRealiEballs, o

was 129 rep&dsdnhﬂ By‘rg:&gtlimkl&;@iehyz wepseséhislasconiplositel epatcniabfonpamap 2aphiasvf( M)  of
h t illust d F Fi

5 hor GARYS SR AR BT PR oY HESHOBERSB] T OHCHFS FETUREN tho

non- wov ey iaR8 QS tRe! 1y BET 6f tHeeSallaei deshetifl mb@@pﬁgdsmed wegrepfhnxwar on in
t he encapsul ated conposite material (See Fi gure stem 3 Exanpl e

[0062] Tivetepy bawmesentsieritaks of Pormpasite artaé@ai R ﬂ@flﬂ%@flwéfﬁ%@e f ‘Eileéb‘??ﬁom te
mat eri alg, of . Eltg;ﬂmava%gﬂz@ el an g@eﬁ%g@ﬂ fritdd O'I;Wegpﬁ’@tre préfgRgan
to on t he rou

adhe5|ve such epoxy was n-woven S 'pol yester
( por ous hyetladkdlim taer baided t@ thehesp‘éwwe&(ayws fodilporasis (mipdilix matariel menevdvah) . (see

Fi gure . Figure 6 also ill e.effect of . the osite mterial
of the e Pelieuste Retaehiet i el pRdifionl 1 717168 YRGS oFe R

mat er i al(crwaron[gg@@ﬁ];semeamg}g&ft)qaie) gtlﬁ&hddarlﬁﬁgg&mlae of 14..5mm i n di arret er was
fired at four different co ée systens. T esg qustems we nage i) 2
plies of TIMFEhEizaxe 6y l&W?p ctivggess piy|the H’Fé‘eféatg’&s%@ﬁ%l ﬁWBf corn
starch L&ﬁﬁ&eﬁtsco%ﬁﬁﬁfte tlﬂl‘i'téfﬁ?s”dc@&dfﬂg%b@hﬁ( ?@séﬁt iffenhiblh (e \WsieRB 2aRAW)aked in

| atex (see Figure 6; Systeml1); i1) Ies of Twaron(r) and a further 2
stacks cbmperedotsi béemepmppsite mﬁtenﬁe (§¢W§Vﬁf¢mﬁ li e 3. evpaonballissies prapest-on of

corn st Cgmuﬁeg:gre Q R ?lhgés(f\tlé elﬁ!lte lfJ} lﬂ;aq.ﬂl%l? OM StQ‘Ch lS\EE Myuﬁ{] % sﬂédr es of

Twar on( r)y “wer e respectrve es of non-woven rons
pol yest ahickiaiiig fhﬁxb(x;ep(esér&édjbyel(gh) g@lmx aﬂ’iﬂ?) emndap gl tof chailistit ah@rridlsee
Flgure5 Ssem2 L

s of ron rther .2 stac s of
conposi t&% %ﬁmetdh%y g‘ﬁ@é‘ﬁ‘? (§r¥s F?é% ﬁ)‘tﬁ%\/\%?cgf ?ﬁ(’%ﬂ?sétﬁrﬁaﬁ‘?ar es of
Twar on Viﬁﬁ&riyanﬂq;é %@aﬁtﬂﬁké@@oﬁ&ul mawac}m 1a§§rs@ffbamw WENRAL (EpdXyQtiated
pol yester using epoxy (Ara ee Figure 5 System3); and iv)

elr
2 plies Orarg@renteseatrd by l?léﬂkt H@§ arp @Pé 19 tb? TeSBRRYYS PlayeRnplaarays maHS sed in
a suspe 2 re9&idd AMind jaftidnal Bliesdr
whi ch 2@%&?12%?%&%3&%%%0?9%?%?% E&ﬁﬁr nl%}t(;&g{gnt ac%EAJJ Mh ]t[ he r esepsect i ve 2
pl i es ofballisbic onaserjpd (rgpssarteddyy gbﬁtik(#)mge included in System 2. System 3 is similar to
System 2, with the exception that water (represented by dark grey box) is used as fluid.

System 4 is similar to System 2 with the exception that the ballistic material (Twaron ®
represented by grey line) in the composite material is not treated with epoxy but is stacked
together with the porous matrix material (non-woven fibrous polyester, represented by

dotted line).
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[ 0064] The nmass of the projectile was 12 g and the inpact velocity was
145nm's. The depth of penetration (mm of each conposite system was

i Il ustratwo 20n/dp9par e 6. When conparing the depth of peretrsatoomodmss ween
System 2 and System4 in Figure 6, it is evident that the depth of
penetration of the conposite material of the invention was significantly
reduced when Twaron(r) was bonded to the fibrous pol yester using epoxy
(Araldite(r) 2011) in the encapsul ated conposite material (see System2).
In addition, it is noted that the depth of penetration of the conposite
material of the present invention was al so reduced when water was used as

the fluid in the encapsul ated congg@ﬁw*g;%eriall(See System 3). 100651

The listing ' or discussion of a publ i shed docunent in this
speci fication shoul d not necessaribi be tiken as an acknow edgenent that
t he docunent is part of the state rt or is conmon general

knowl edge. [0Us2] daBuskimipe |illgitResamnatchas aliyd | B PkaRFiaL o chg g@u@ ﬁaxteﬁsif erence
in their entjrety 100661 The invention has been described broadly and

generi ca‘FqCVdH@rtélﬂﬂFPr%?@hlfﬁﬁnWW&rrPWFVeﬁ@‘@ﬁ%s and subgeneric groupings
falling w s3] trhe sH&a’i‘Qﬁl’cﬁeﬂﬁg's AL RS Fo ke \}Jl%rﬂpoapéﬁv\k r‘l%fiont Qﬁcdrﬂ\éﬁl%h gn. This

I ncl udes the generic description of the In t rovi so or
negat i vewhtenitt aednsantration\dffy whib ssulspaibied imBEBistrodfrintie egcah Wheok ggayr dl ess

of whet o] h ed. ateria speci fi her ei n.
[0067] ity {’Olnbdal nEIEES SELATBLER B 4l PppRifn ﬁﬁ{’?k%“ﬁﬁ S Eangn bEgn.
wher e f e@EM)asa ooluasfextion of 52Havivhveddstiseddn m&mplésedécﬁdh dfarrPateht
Mar kush recogni se that the invention

| t h t | 1
is al so ISWE‘F%W Iﬁ%&ig izéééfob%‘ld“tllép‘h]s I‘gfh%;fﬁyg\ci"ﬁél%ﬂ‘?%%ts REHERSISION of GOiFr oup of
menbers @frch iewifBy 46SddnéritBon of 5N Whalsed &s Hed iRYerife fluid. To prepare

a composite material according to the invention, Twaron® fabric (obtained from Teijin
Aramid) was used as ballistic material and nén;woven fibrous polyester (RC3000-10AFR,
obtained from Richmond Aircraft Products, Inc, USA) was used as porous matrix material.
The Twaron® fabric was cut into 3 squares with a dimens‘ion of 15 cm by 15 cm in size.
Corresponding pieces of non-woven fibrous i)olyester (RC3000-10AFR, obtained from
Richmond Aircraft Products, Inc, USA) were élso cut into the same size and shape as that
of the Twaron® fabric. Epoxy adhesive (Araldite® 2011, obtained from Huntsman
Advanced Materials, USA) was applied to bhe side of the Twaron® fabric. The non-woven
fibrous polyester was brought into contact with the Twaron® fabric to allow both Twaron®
and non-wbven fibrous polyester to be bonded to each other. This was followed by curing
of the adhesive at room temperature for 8 hours. Once the adhesive was cured, the 3 stacks
of glued Twaron® fabric and non-woven ﬁbrous polyester were inserted into a latex
encapsulatlon The shear thickening fluid was poured into the encapsulation, with the
insertion of each stack of Twaron® fabric and fibrous polyester. Once the 3 stacks of the
permahently bonded Twaron® fabric and non-woven fibrous polyester were immersed in
the shear thickening fluid, the encapsulation was sealed by applying ethyl-2cyanoacrylate
(Holdtite® CA2S, obtained from Holdtite Adhesives‘, United Kingdom) on one end of the
latex and bringing both ends of the latex into contact with each other, followed by curing of
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1. A conposite material able to dissipate the kinetic energy of a noving
obj ect, the conposite material conprising a |ayer of ballistic materi al

bonded t owve 20aymwpsef porous matrix material. 2. The cowpusiGrelovadssi a
according to claim1, further conprising a fluid, wherein the fluid
intercalates into the porous matrixmaterial. 3. The conposite materi al

according to 'claim2, wherein the conposite material is immersed in the
fluid. 4. The conposite material according to claim2 or 3, wherein the
fluid is an aqueous solution. 5. The conposite material according to any
one of clains 2 to 4, wherein the fluid is a shear thickening fluid. 6.
The conp@sicysnoablybitd at réds aeflpagnk€) Be¥bPhllewmighthe llateR dncapMiRFigh Ro thee
porous matrix nmaterial is a fibrous material. 7. The conposite materi al
accor di Rfrhercaiiysealeday one of claims 1 to 6, wherein the porous matrix
material is a non woven material gy.fpld3€ COnNposite material according to
any of clains 1 to 7, wherein thé“pﬁ#%us matrix material conprises a

pol ymer.  [0054] This example illustrates the effectiveness in using a composite material in

dissipating the high impact energy and the ability to reduce blunt trauma due to high er‘lergy
ballistic; impact. In this example, 3 stacks of composite material obtained from Examl‘ﬂe 1,
in which 3 layers of Twaron® were bonded to the respective 3 layers of fibrous polyester
and encapsulated in latex, were used (2 cm thick).

[0055] A schematic illustration of the ballistic testing setup was depicted in Figure 2.
Ballistic testing was performed using a gas gun. A spherical steel projectile was fired at 4
different blunt trauma reduction materials; The blunt: trauma. reduction materials were
namely i) 20 plies of Twaron® used as ballistic material; ii) 20 plies of Twaron® backed
§vith 2cm rubber pad; iii) 20 plies of Twaron® backed with another 20 plies of Twaron®;
and iv) 20 plies of Twaron® backed with 3 ‘stacks of composite material obtained from
Example 1. A box of plasticine clay witness placed behind each blunt trauma reduction
material recorded the indentation caused by the impact. The velocity of the projectile was
measured using a pair of sensors. The mass of the spherical steel projectile was 12g and the
impact velocity was 350m/s. The impact eﬁergy of 735 J was equivalent to that of a NIJ
(National Institute of Justice) standard IIIA,('equivalent to the energy of a 9mm bullet fired
from a handgun). ‘ :

[0056] The indentation in clay placed behind the 4 different blunt trauma reduction
materials was depicted in Figure 3. Although the projectile aid not penetrate the 20 plies of
Twaron®, the clay Witn:ess recorded deep indentation marks as the fabric was being pushed
into the clay (see Figure 3A). The indentation in clay of ;the remaining 3 blunt trauma
reduction materials was depicted in Figures 3B to 3D réspectively. The depth of the
indentation (mm) in the clay witness using th¢ 4 different blunt trauma reduction materials

was measured and recorded in Table 1.
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WO 2011/ 099936PCT/ SG2010/ 000054 9. The conposite material according to any
one of clains 1 to 8, wherein the polyner is selected fromthe group

consi st i nyoab1pebyspr opyl ene, pol yet hyl ene, pol ynet hyl percese2opobyisut ene,
pol y(4-net hyl - 1- pentene), polyester and conbi nations thereof. 10. The
conposite material according to claim9, wherein the polyner is polyester.t
11. The conposite material according to. any one of clains 1 to 10, wherein
the layer of ballistic material is bonded to the respective porous nmatrix
material by an adhesive. 12. The conposite nmaterial according to claiml11,
wherein the adhesive is selected fromthe group’ consisting of pol yurethane,
pol yvinyl acetate, epoxy and cyan®eptly|oit Bidenthtion THe| P&epRagé eediRtioh i
according to claim 12, wherein th@]ﬁﬂﬁﬂﬁie‘g@(mﬁ) epoxy bludftranhfa conposi te
material acqgfgeng to any one of |clains 1 to 13 erein the | ayer of
ballistic mqgljg@;r COMpPriS€s a m t%Eﬂp?ét f rom_tghfe_g—r‘crcrp—qtmsi—sti ng
of pol yam de, poI on efin, poI y| M a6 Ojlé’y Rneg(ggnyl ene- 2 L '
6- beri zobi § ot L,e1 anmc—nt borr—a "*'uc

rei nforced Eﬂb%n%%aé ass fﬁgl nf ol ggd pol yner CFﬁ/IK%)ocr éAt alline céllul ose
and conbi n126 ‘ereof

)

() fayers Twaron ballistic 14.35 (Fig. 3B) | 60 '
material backed with 2cm
rubber pad -
20 layers T'waron ballistic 21.56 (Fig. 3C) |38

material backed with soft
trauma pad (made of another
20 layers Twaron) - .
20 layers Twaron backed with [0 - (Fig.3D) | 100
2cm composite material » ’ :

Table 1. Comparlson of the depth of mdenta’uon in clay witness. when different blunt

trauma reductlon materials are used.

[0057] It is evident that the impact energy dissipation using the composite material of
the invention (See Figure 3D) described herein is superior’c;:ompared to other blunt trauma

reduction materials such as Twaron® (see Figures 3A and 3C) or rubber (see Figure 3B).

Example 3
[0058] This example illustrates the effect of using various fluids in a composite

material dﬁring high ballistic energy impact (see Figure 4).

[0059]‘A spherical steel projectile of 14.5mm in diameter was fired at three differént
composite systems. These systems were namely: 1) 1 ply of Twaron® used as ballistic
material (See Figure 4, System A); ii) 1 ply of Twaron® and a composite material
containing water encapsulated in latex (20 mm thick) (See‘ Figure 4, System B); and iii) 1
ply of Twaron® and a composite material containing a suspension of corn starch as shear
thjckeﬁing fluid (55 wt.%) encapsulated in latex (20 mm thick) (See Figure 4, System C).
The mass of the projectile was 12 g and the impact veldcity was 75m/s. The depth of

penetraﬁon (mm) of each composite system was illustrated in Figure 4. It is evident that the
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15. The conposite material according to claim 14, wherein the polyamde is
aram d, nylon or conbinations thereof. 16. The conposite nateri al

accor di ngvoaocil/@pess 15, wherein the aramd is poly PCT/SG2010/000054

par aphenyl enet er epht hal am deor co- pol y- ( par aphenyl ene/ 3, 4' - oxydi phenyl ene
terepht hal am de. 17. The conposite material according to any one of clains
14 to 16, wherein the polyolefinis selected fromthe group consisting of,
ultra high nol ecul ar wei ght polyethylene (UHWAWPE), high density

pol yet hyl ene. (HDPE), hi gh nodul us pol ypropyl ene (Innegra S e) and

conbi nati ons thereof. 18. The conposite materjal according to any one of
cl ai N8 ldepth df7penstreticn wad lvevebtayhen sifeabeiidkesing dluidvas nsdd. insisialmtm& iinr m of a

kni tted f.abri fabric, .a non- en fabric¢, uniwe ure a
uni - di r g el fheqepty, ofpiefiatoh BEF refhrd SR (A WSROI b L
composite material.

Examgle 4

[0060] The present invention illustrates the effectiveness of a composite material Qf the
invention 'when the non-woven fibrous polyester (porous matrix material) was used in the
composite material, upon high ballistic energy impact (See Figure 5).

[0061] A spherical steel projectile of 14.5mm in diaméter was fired at three different
composite systems. These systems were namely: 1) 1 ply of Twaron® used as ballistic
material and a composite material containing a suspensidh of corn starch used as shear
thickeliil1g fluid (55 wt.%) encapsulated in latex (20 mm thick) (see Figure 5; System 1); ii)
1 ply of Twaron® and a composite material containing a suspension of corn starch used as
shear thickening fluid (55 wt.%)in which 2 plies of Twaron® were immersed therein and
encapsulated in latex (20 mm thick) (see Figure 5; System 2); and iii) 1 ply of Twaron®
and 2 stacks of composite material of the invention immersed in a suspension of corn starch
used as shear thickening fluid (55 wt.%), in which 2 layers of Twaron® were bonded to the
respective 2 layers of non-woven fibrous polyester by epoxy (Araldite® 2011) and
encapsulated in latex (See Figure 5; System 3). The mass of the projectile was 12g and the
impact velocity was 75m/s. The depth of penetration (mm) of each composite system was
illustrated in Figure 5. As can be seen in Figure 5, there was a significant reduction of the
depth of penetration when the non-woven fibrous polyester was bonded to the respective
layer of Twaron in the éncapsulated composite material (Seé Figure 5, System 3).

’ Example 5

[0062] The present invention illustrates the effectiveness of a composite material of the
invention during high energy ballistic impact, When an adhesive such as epoxy was used to
bond the non-woven fibrous polyester (poroﬁs matrix material) to the Twaron® fabric
(ballistic material). (see Figure 6). Figure 6 also iilustratc;s the effect of the composite
material of the invention when water was used as the fluid in the composite material. '

[0063i A spherical steel projectile of 14.5mm in diameter was fired at four different

composite systems. These systems were namely: i) 2 plies of Twaron® and a composite
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19. The conposite material according to any one of clains 5 to 18, wherein
the shear thickening fluid conprises particles suspended in a nedia. 20.
The conpd¥P2811/8PVHi al according to claim19, wherein t RETH&ROI0OPES4 ar e
organic or inorganic particles. 21. The conposite material according to
claim19 or 20, wherein the particles are selected fromthe group

consi sting of oxides, corn starch, calciumcarbonates, mnerals, polyners
and conbi nations thereof 22. The conposite material according to claim?21,
wherein the oxides are selected fromthe group consisting of silicon

di oxi de, titanium oxide, silver oxide, zinc oxide, palladium oxide and
conbi natmarsgalt doatabnifig a2Sispesenodmoos steh naed ps alheaadﬁd{edinlggluid (6% asiu%)z 1,

i mer al <o b B p Rl Aol Tooe iSSPy 38 2orl i 3R R 1 ne

M ner al sfuth& 5 efacled @Idccfrﬁlﬂﬁlté RE:tdHaP UP e GRvdnibh RMnREsed lil@ﬁtséspeﬁﬁbﬁ Iomomt al c,
gypsum kaol i'n, mca, | icon_carbide and conbi nations thereof. 25. The

conposi tBarchyiedras éheaéfé]élék‘ﬂliﬂiﬁgﬂ‘%lé (2 w21 Wiieh Raliss o EWpronPrigere bgnded
pol y(met {@yhe ABRPRAGE B! e bt B6n-ROVISHMER olyester using epoxy (Araldite® 2011) and

encapsulated in latex (see Figure 5; System 2); iii) 2 plies of Twaron® and a further 2

stacks of composite material of the invention immersed in water in which 2 plies of Twaron
were bonded to the respective 2 plies "of -non-woven fibrous polyester using epoxy
(Araldité@ 2011) (See Figure 5; System 3); and iv) 2 plies of Twaron® and a further 2
stacks of composite material immersed m a suspension of corn starch used as shear
thickening fluid (55 wt.%), 1n which 2 plies of Twaron® were brought into contact with the
respective 2 plies of fibrous polyester by stacking.

[0064] The mass of the projectile was :12 g and the impact velocity was 145m/s. The
depth of penetration (mm) of each composite system was illustrated in Figure 6. When
comparing the depth of penetration betwéen System 2 and System 4 in Figure 6, it is
evident that the depth of penetration of the composite material of the invention was
significantly reduced when Twaron® was bonded to the fibrous polyester using epoxy
(Araldite@ 2011) in the encapsulated composite material (see System 2). In addition, it is
noted that the depth of penetration of the cbmposite material of the present invention was
also reduced when water was used as the fluid in the encapsulated composite material (See

* System 3).

[0065] The listing’ or discussion of a prev1ous1y published document in thls
specxﬁcatlon should not necessarily be taken as an acknowledgement that the document is
part of the state of the art or is common general knowledge. All documents listed are
hereby incorporated herein by reference in their entirety.

[0066] The invention has been described broadly and generically herein. Each of the
narrower species and subgeneric groupings falling within the generic disclosure also form
part of the invention. This includes the generic description of the invention with a proviso
or negﬁﬁve limitation fémoving any subject matter from the genus, regardless of whether or-

not the excised material is specifically recited herein.
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WD 2011/ 099936PCT/ SG2010/ 000054 26. The conposite material according to
any one of clains 19 to 25, wherein the particles have an average di aneter
si ze of |we=0time3&00 m crons. 27. The conposite mat er ipall/seeecorodiosg t o any
one of clainms 19 to 26, wherein the nedia is organi c-based, aqueous-based
or silicon-based. 28. The conposite material according to claim 27,
wherein the organi c-based nedia is selected fromthe group consisting of
et hyl ene gl ycol, polyethylene glycol, ethanol and conbi nations thereof.
29. The conposite material according to 'claim27, wherein the
aqueous- based nedi a .

[0067] Other embodiments are within the following claims. In addition, where features

or aspects of the invention are described in terms of Markush groups, those skilled in the art
will recognise that the invention is also thereby described in terms of any individual

member or subgroup of members of the Markush group.
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conprises a salt. 30. The conposite material according to claim?29,
wherein the salt is sodiumchloride, caesiumchloride or m xtures thereof.
31. The owoposideessgat eri al according to any one of clai weTRGR®mod000surt her
conprising an anti-bacterial agent. 32. The conposite material according
to claim31l, wherein the silicon-based nedia is silicon oil,

phenyl trimet hi cone, or conbinations thereof. 33. The conposite nateri al
according to any one of claims 1 to 32, conprising 5 | ayers

CLAIMS

What is claimed is:

1. A composite material able to dissfpate the kinetic energy of a moving object, the
composite material comprising a layer of ballistic material bonded to a layer of porous

matrix material.

2. The composite material according to claim 1, further comprising a fluid, wherein

the fluid intercalates into the porous matrix material.

3. The composite material accordingjto ‘claim 2, wherein the composite material is

immersed in the fluid.

4. The composite material according to claim 2 or 3, wherein the fluid is an aqueous

solution.

5. The composite material according to any one of claims 2 to 4, wherein the fluid is a

shear thickening fluid. -

6. The composite material according to any of claims 1 to 5, wherein the porous

matrix material is a fibrous material.

7. The composite material according to claim any one of claims 1 to 6, wherein the

porous matrix material is a non woven material.

8 The composite material according to any of claims 1 to 7, wherein the porous

matrix material comprises a polymer.
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of ballistic material bonded to the respective 5 | ayers of the porous
matrix material. 34. The conposite nmaterial according to any one of clains
1 to 33, wbeoaimedshe conposite material is encapsul at edpcm/siGad®0000s¥\0
2011/ 099936PCT/ SG2010/ 000054 35. A process for making the conposite
material according to any one of clainms 1 to 34 conprising bonding a | ayer
of fibre ballistic material with a |ayer of porous matrix material. 36.
The process according to claim35, further conprising adding a shear
t hi ckeni ng

9.  The composite material according to any one of claims 1 to 8, wherein the polymer

is selected from the group consisting of polypropylene, polyethylene, polymethylpentene,

polybutene, poly(4-methyl-1-pentene), polyester and combinations thereof.
10. The composite material according to claim 9, wherein the polymer is polyester.'

11.  The composite material according to. any one of claims 1 to 10, wherein the layer of

ballistic material is bonded to the respective porous matrix material by an adhesive.

12. © The composite material according to claim 11, wherein the adhesive is selected

from the group consisting of polyurethane, polyvinyl acetate, epoxy and cyanoacrylate.
13.  The composite material according to claim 12, wherein the adhesive is epoxy.

14.  The composite material according té any one of claims 1 to 13, wherein the layer of
ballistic maten'al comprises a material selected from the group consisting -of polyamide,
polyolefin, polyimide, poly (p-phenylene-2, 6-benzobisoxazole), carbon fibre, ceramic
whisker, carbon nanotube reinforced polymer, glass reinforced polymer, microcrystalline

cellulose and combinations thereof.

15.  The composite material according to claim 14, wherein the polyamide is aramid,

nylon or combinations thereof.
16.  The composite material according to claim 15, wherein the aramid is poly
paraphenylene terephthalamide or co-poly-(paraphenylene/3,4"-oxydiphenylene

terephthalémide.

17.  The composite material according to any one of claims 14 to 16, wherein the

polyolefin is selected from the group consisting of, ultra high molecular weight
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fluid to the conposite material. 37. The process according to claim 36,
further conprising sealing the conposite nmaterial. 38. The process
accor di ngvoeoampesee of clainms 35 to 37, wherein the bomdirsg20m®m/00essi ed out
by applying an adhesive to either the ballistic material or the porous
matrix material; bringing the materials in contact with each other; and
curing the adhesive to allow the fibre ballistic material to be bonded with
the porous matrix material. 39. The process according to claim38, wherein
t he adhesive is a curabl e epoxy-based adhesive. 40. An article for
di ssipating the kinetic, energy of a noving object conprising the

polyethylene (UHMWPE), high density polyethylene (HDPE), high modulus

polypropylene (Innegra S ®) and combinations thereof.

18. . The composite material according to any one of claims 1 to 17, wherein the layer of
balhstlc material is in the form of a knitted fabric, a woven fabric, a non-woven fabnc

uniweaved structure, a uni-directional sheet, a multi-directional sheet or a single ﬁbre

19. . The composite material according to any one of claims 5 to 18, wherein the shear

thickening fluid comprises particles suspended in a media.

20. The composite material according to clalm 19, wherein the parucles are organic or
inorganic particles.
21. The composite material according to claim 19 or 20, wherein the particles are

selected from the group consisting of oxides, corn starch, calcium carbonates, minerals,

polymers and combinations thereof

22. The composite material according to claim 21, wherein the oxides are selected from
the group consisting of silicon dioxide, titanium oxide, silver oxide, zinc oxide, palladium

oxide and combinations thereof

23. The composite material accordmg to cla1m 21, wherein the minerals are naturally

occurring or synthetic occurring minerals.
24.  The composite material according to claim 23, wherein the minerals are selected
from the group consisting of quartz, calcite, talc, gypsum, kaolin, mica, silicon carbide and

combinations thereof.

25.  The composite’ material according to claim 21, wherein the polymer is poly(methyl

methacrylate) or polystyrene.
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conposite material of any one of clains 1 to 34. 41. The article according
to claim40, wherein the article is selected fromthe group consisting of
body ar nowo,20txemvbo3bl anket, protective clothing, tank skipct/sgnciopo@isecti ve
barrier. 42. Use of the conposite material according to any one of clains
1 to 34 for dissipating the kinetic energy of a noving object.

26. The composite material according to any one of claims 19 to 25, wherein the

particles have an average diameter size of less than 100 microns.

27.  The composite material according to any one of claims 19 to 26, wherein the media

is organic;based, aqueous-based or silicon-based.
28.  The composite material according to claim 27, wherein the organic-based media is
selected from the group comnsisting of ethylene glycol, polyethylene glycol, ethanol and

combinations thereof.

29.  The composite material according to claim 27, wherein the aqueous-based media

comprises a salt.

30. The composite material according to claim 29, wherein the salt is sodium chloride,

caesium chloride or mixtures thereof.

31. The composite material according to any one of claims 2 to 30 further comprising

an anti-bacterial agent.

32. - The composite material according to claim 31, wherein the silicon-based media is

silicon oil, phenyltrimethicone, or combinations thereof.

33.  The composite material according to any one of claims 1 to 32, comprising 5 layers

of ballistic material bonded to the respective 5 iayers of the porous matrix material.

34.  The composite material according ‘to‘any one of claims 1 to 33, wherein the

composite material is encapsulated in latex.
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35. A process for making the composite material according to any one of claims 1 to 34

comprising bonding a layer of fibre ballistic material with a layer of porous matrix material.

36. The process according to claim 35, further comprising adding a shear thickening

fluid to the composite material.

37.  The process according to claim 36, further comprising sealing the composite

material. -

38. ' The process according to any one of claims 35 to 37, wherein the bonding is carried
out by applying an adhesive to either the ballistic material or the porous matrix material;
bringing the materials in contact with each other; and curing the adhesive to allow the fibre

ballistic material to be bonded with the porous matrix material.

39,  The process 'according to claim 38, wherein the adhesive is a curable epoxy-based

adhesive. |

40.  An article for dissipating the kinetic. energy of a moving object comprising the

composite material of any one of claims 1 to 34.
41.  The article according to claim 40, wherein the article is selected from the group
consisting of body armour, bomb blanket, protective clothing, tank skirt and protective

barrier.

42.  Use of the composite material according to any one of claims 1 to 34 for dissipating

the kinetic energy of a moving object.
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