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[ 0001] THEOBPEAEMB6i nvention relates to a conposite nat BET/AG2GIRAN00PE
able to dissipate the kinetic energy of a noving object, respective
articles and uses thereof. BACKGROUND OF THE | NVENTI ON [ 0002] A
wi de range of protective nmaterials are currehtly available in the
mar ket for preventing injuries due to ballistic or stab threats.
Exanpl es of these protective materials include body arnour, bullet
proof vests and flexible traunma pads. Excessive.defornmation of a

bul I et proof vest aFPNERGKIHSSIRARIONGOMEGIHEMATERIAL to the
human body (backface signature or blunt trauma injuries). Such

I njuries can sonetinmes be f position of the
injury. In addition, the i n?ﬁ%%?@%ﬂﬁ@& a state of shock
and will not be able to respond quickly to threat. The sol ution to
this is us e
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wei ght pol yethylene filmis increasingly common in ballistic
materials. Al though hi gh strength aramd fabrics or high nol ecul ar .

wei ght pol yet hyI ene fil m@@g(ﬂzom ORI INVENTIONENet rati on by
hi gh speed@B ectjles, these flexible materials are_still subjected

to large d n%t‘vléﬁ TGRESP .%@e@@dnﬁyn@ﬁ@rmvwn@pjéaallq&l%}re@mm@kenf@rs :
resul ts phdye H%?@Ms%%'t@ Rallishc Bpﬁalpﬁgé(at% h1dsh thaR éﬂr etive matenals

pr ot ect | ve m and t herefore reduces “ectl vene
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because N, ced at
wher e b ii @*@gq’ﬁ%ﬁéﬁ%q écqcfa{l?eea\é tfaé'f(ga t@htﬁ ?’ g&ﬁ‘faﬁ
i ncr eas eignminid o1t ylund trévne infeies). Shm(in_bjres bmmthﬁﬂ;shermﬁe déﬁen&ﬂﬁgldnsthb c
fabric are.al sp.Sai)able in.the market. rotecgtion
of fer i SORHED R HEIBIME 115 AAEON G CPHES BEON TG PRl ohhosk and il
current hyt BY ableads! @spoRR it kﬁbﬁpt’h%at %&ﬁl@ﬁd@!ﬁhﬁm%ﬁaw% insert a high
devel oprment of- a_nuch; needed effective full body arnour.
molecular weight polyethylene, metal or ceramic plate behind the bullet pro of vest.
f0003] The use of materials such as high strength araiid fabrics or high molecular

weight polyethylene film is increasingly common in baﬂistic materials. Although high

-l_)

strength aramid fabrics or high molecular weight polyethylene film are strong enough to
stop penetration by high speed projectﬂes; these ﬂexible"r_naterials are still subjected to
large deformation when impacted by the.high speed p:i";)jectile. This results in deep
impreséior_ts m the body behind the fabric or protective film and therefore reduces the
effectiveness of these materials in their apﬁlication as sadft body armour. Furthermore,
because such plates are rigid, they can only be placed ét places where mobility is not
requu'ed (for example the chest).

[0004] To increase mob111ty of the user, ﬂemble trauma pads made of ballistic fabric
are alsp avallable in the market. However, the protection they offer is incomparable to the
hard plates. These limitations of currently available il'npact ;ébsorption materials impede the

development of a much needed effective full body armour. ,



[ 0005] There is an increasing interest in using shear thickening
fluid forWRaP1HP93¢ applications. The shear thickeni ng PCUSG2¢18/084054
to any fluid that exhibit an increase in viscosity when increasing
shear rate or applied stress. Due to its unique property of being a
fl owabl e i quid 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 P Pub) i cati on No.. L US 2009/ 0004413 Al discloses a way.
of enhanci rﬁ@(ﬁgﬂé'h?rﬁ’p’éc@ LIS Inbrieshin Yysiug #ieat ﬁ@ﬁlﬁ‘nﬂl}ﬁ Erigh faygballisticd
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fluid. However, the addition of such fillers may only i1ncrease the
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consi sts_of ﬂ first plurality of penetration resistant material of
hi gh st rBH§EHS such as aranid fabric, followed by a first plurality
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However, the flexibility of the systemmay be reduced since
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[0007] US Patent No. 6, 319,862 discloses a system used in 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. :

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

effecti{rely dissipates high impact energy, without compromising on mobility.

SUMMARY OF THE ]NVEN"If"ION

[0009] In one aspect, there is provided a;cofuposite mat,:érial that is able to dissipate the
kinetic energy of a moving object, comprising or consistiné ofa layer of ballistic material
bonded to a layer of porous matrix material.

[0[}10] In another aspect, there is provided a process foriﬁ:laking the composite material.
The pfo'cés‘;s includes bonding a layer of ballistic material-"l_lwith a layer of porous mairix
material. / :

[0011] In yet another aspect there is pr('Jvided' use ;:;f the composite material for
dissipating the kinetic energy of a moving obj ez_:f.

[0012] In a further aspect, there is provi'ded-‘an article fé; dissipating the kinetic energy.

of a moving object comprising the composite material.



bonded to a | ayer of porous matrix material. [0010] In another
aspect, t'ME2811/089436 ovi ded a process for naki ng the conpBETEE2010/000054
mat eri al. The probes includes bonding a | ayer of ballistic materi al

with a layer of porous matrix naterial. [0011] In yet another
aspect there is provided use of the conposite material for
di ssipating the kinetic energy of a noving object. [0012] In a

further aspect, there is provided an article for dissipating the

ki netic energy of a noving object conprising the conposite material.
DETAI LED DESCRI PTI O Dlﬁ@&fsmmw QRTHE] INVENTHONOSi t e
material - according to the present invention provides advantages such
as high 7l pouB) Thé Yompositd meAeH0 hoBRIihg tof tha eesBhiiRvidiRA Grovi Ak Y antages
di ssi pati an, a,nde%eet. .can be easily manufacfured. The conposite 1
mat er i alSUefbat PreBaRexphiie: highsconferapbilibhand hishdmpast dnargyadissipativn, and yet
appl i catdaQnse: esH facthdeg Xt k. bal | istic
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knees, el bow and._abdonen).. Therefore, the'c osite materjal_ of the
present %P‘%@é‘ﬁ?‘?‘gw _cggﬁe Bﬁegf’l %1%'1115@‘@?1&6? A "2%8’& o5t 6"16%%?#1' tg‘?\b?c{}'a ere
ot her Kmmobilitaik lessthiial (3ueH a€ tieVienedH lefiowabiid ab@inhedh) Eher&Foted) thd Bdifisite
t oday. . 0014] The present invention provides a conposite materi al
that is %?fiﬁ'? t‘% 43‘? BEISHBVeHien|GeR ofice Tapmved bbt dmpes) ipagfedsisnetben otfie
Conposi Y@owRballisdd ploRelivdRaieRhls GONRLBLS nf mAKLAY§ly, OF bal listic

material bonded to a |ayer of porous matrix material.
[0014] The present invention provides a composite material that is able to dissipate the

kinetic energy of a moving object, The coﬁpqsite material includes or consists of a layer of
ballistic material bonded to a layer of porous matrix material. _

[0015] The term “porous matrix material” as used herein refers to any material having a
plurality of pores or openings within the material. The porcus matrix material is capable of
receiving a fluid through the pores and/or allow the fluid to pass through the pores. The
porous matrix material can, for example be a woven material, non-woven material or a
sheet/web -,containing fibres. The porous matrix. material rﬁay contain a plurality of fibres
that can be interlocked or bonded to one another, or the ﬁbréé can otherwise be unbonded.

[0016] 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 1s speciﬁed. For example, when
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 altfamatively over and under adjacént s.trands 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 thrc;ﬁgh whjc:h the “weft” is woven. Therefore, the

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



[0015] The term "porous matrix material" as used herein refers to any
mat eri al WadHPW3p|l urality of pores or openi ngs w t hi nPEREGRHOEII0M |
The porous matrix material is capable of receiving a fluid through
the pores and/or allowthe fluid to pass through the pores. The
porous matrix material scan, for exanple he a woven material,
non-woven material or a sheet/web containing fibres. The porous
mat-ri x, material may contain a plurality of fibres that can be
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[0019] Ot her fibres that can be used in the porous matrix material,
can incl O¥e 20089936 fi bres; for exanple, wool, cotton, REHWEG2AHOHISOr
conbi nations thereof, as long as they contain a plurality of openings
within the material, which permt fluid to be introduced or passed

t hrough. When desired, any natural ales can be conmbined with any
suitable fibres nentioned above for the porous matrix material.

Exanpl es of such porous nmatrix material can include, but are not

limted to polyester wool, polyester cotton, henp fibre reinforced
pol yest dix aewﬂﬁﬁcsri iPoBEstenBeHIY mifexalcan he @ﬁmmrq@dlwadghle enbangefor éxample,
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is a strong polyethylene fibre that offers maxi num strength conbi ned
with m niwOAIIEPYEe. 1n this context, Dyneema(r) is knoRATSG2¢1H/800454
to be up to 15 tines stronger than quality steel and up to 40%
stronger than aram d fibres, both on weight for weight Basis.
Dyneema(r) floats on water and is extrenely durable and resistant to
noi sture, UV light and chem cals. O her exenplary ballistic materials
i ncludi ng the ones nentioned above are al so described in US Patent.
No. 7,226,878, US Patent Publication No. US 2009/0004413 Al and US
Pat ent N&°d i5clyde, by gre not limaigd iy KENEAREST WAR OBy TECHINARA®; NOMEBE®;
mention AROENERD: J | groy | Br .0\
any nat S(rtzgl fibr eﬁ'?étaf S%Hitﬂh[gb%ga %{ft ?@%@?ﬁ%%ﬁﬁé}h?ﬁc@mgt ?rfgl ot b
exanpl eNeofousy@hd badhpanyi endraomsisislof dang imakade . eadnsi prodnckde fibtmo poly-

bl end, aram i bre reinforgce aram d. and pal | ene

bl end. SPaBhdons ok BhaudidcRe Ve, Sp At Bt Rl MR oE muvs
bal |'i st iage sephrddaby pescstebflend1giogbd) THRY. il)ahd Bmideegb@psmtalch do ki Hh&1
fabric, a woven _fabric, non ven fapric, a uniweaved structure, a

uni di r eEEHRBPOSIR a(Sackh other | erbopinasitiops dattdshebtampiareof: KENMLAR® ced
fabric" e kEed D@20, REVENRE 99,%%0&11‘@%%%@&8 .%oa]%g eﬁﬁ%ﬁ@%ﬁaﬁ” '
I ds by an a e nethod 1t my

| oop-containing textile goods by y sultable texti

be prodatad tpids sutahle fgnisedis ndellistin fbresmaterial io T WARONI®. SWABON® is a

fabric" when: herei 0 r.ef a.sheet  alr.i de with
waave plERERiat e JOLE ol Globah Buf iomSES 60h AR SHARS Bl ttaAvallyple
only.  frop0ORG]in. TMEGHNORAB (@exin) isen paadrdnidt (@-mdvn(eadphedylértes 4'-

present inyention refers to, the adhesi qn of 'ayer qf .balljstic .
mat er i aPXB%ﬁF@HPGPB t%feﬁﬁ%é?m@?) ‘g?ﬁ%?fsﬁgfﬁu%aﬂﬁf )2 baljspig Sibremptgrply
speaki NWOMEXE afD TEHINCONE®D atedhbthSardrRidlafd Sletelyetfvely Sv51990 Fsnt €.
material of the present invention. Wen desired, the conposite

mat er i all- $¥Pemgde and{yemany gud aiiin Sthes spitablesasamidycompebitas suissble
st acks MIW d of .

bal |i st ?(%u'r%rgt‘f%rl I al @gné%‘ togl{ekg&rl)ésl‘}%éég{]{ls\%e (g%gﬁéﬁgP }ﬁ%hglgr%ﬂggﬁed
mat ri x teosoplasticcsheet) Exatoples nfdylofhthat emwpoiille asatbellistit fibfe tmhterial can,

present .i nventj o a f X e, 2, 3,4, 5 or even nore

| ayers Sérr%%?%%es{ﬁcgddﬁgt@m&ﬁ%%r@o the respective 2, 3, 4, 5 or
even nor e [0633]r Slterhatpelyo usd/om bdditorwallye hhal snitehte gotjoldinOthat e caabld 68 .
use or th t.hi ckness.of .the conposite.material.” The conposite L
mat er i aPOORHOB O IS thei EPASY 2mpving abiFst GepsnBisdda| i be pallistic

nunber ﬁfatéi’ﬁl(e's%cl?fp&%léﬁﬁtéaﬁ, gt eéﬂaﬂplé?oﬁféﬁlﬁetﬁlnrahﬁigﬁem&maxewe' ht
nunber of |ayers of porous Matrix material (or ‘nunber of stacks o#g
t he conpelrthzlenat(BHMVESD, albmekpyves émthe arg ﬁviuﬁhi wajuluFpolyethplem, eor lagh

tack _ ; . . ; h Coh
Tayors SprefSPREhaCE AHPR, 6 bl sBlERETbo IOl B MG K @
por ous (fahegrity rEi@r oralombizatiohsthereaf.t HBMWEE coadpridesceRiretnRlyt Iohg chains of
cont ext he ] nventars e .surprisi y.faund ‘that K the conposite |
ot or 1 aPolyPliple® 3t b R SRt A s Bbue TbImaliaia G 6 ot dspeil
of def ogw@igtiPaMPRobkIEs FRFRESS. FRamples bf BLIMWISInsuM SEREHRA® (@ﬁahb%@éﬂ c
i npact. Therefore, the conposite material- effectively reduces blunt

t rauma, Comt meditDxsgpo® gBﬁwoﬁPﬁ@WI ist yn awltra ngitiveight, high-soemi
Any sui \ i t-.ar: j .11 r

Sk 1 T oapSRe@yRAO SRkAES willalis Sifnld fop ut LI ASHBNGHAR: Bhrd AR G 3en
bal | i st impavhtempediteapglitadtionpfir examplet SPRCTRA® hasl higledamsazeridleyance, non-

t oget her. anpl e f..such_ adhesi ves cah incluyde, but ar ot limted
o pol yETEERATE: Targin e msr R dmowiis.gnd S gispyfoditeriow moisture

conbi nakdRANidyanh& Hood | UVS RERtaREH FehatRIMsS of WPELTRA® RRdt! 48tdvailable are’

material is brought int.o contact with the porous matrix materi al,

epoxy oFPEGARSER {hea PBO,CHR R AB didber 4 000 e ERECEBAG Eibpi:2008t Byneema®




m xture of the above. These particles can be nonodi sperse, bidisperse
or pol ydiv¥pepad936si ze and shape. Exanpl es of these paPET/EGa0408(454

i nclude, but are not limted to oxides, corn starch, cal cium
carbonates, mnerals, polynmers or conbinations thereof. Exenplary
chides can include, but are not limted to silicon dioxide, titanium
oxi de, silver oxide, zinc oxide, palladiumoxide or conbinations

t hereof. The minerals used herein can be naturally occurring or

synthetic occurring jnerals. Exanples of ninerals can, for exanple,
i ncl udeiyAafions rRolystindlgne fibgecthaly pHersmakiawm strengihe sombined cwith Fnipme
or conbizRakkan g srhhddi: s | I iRk '

can include poﬁg{sﬁ?%}ﬁ %’t@%ﬂé%:@]ﬁ ate; g[‘?ﬂ%o yg?{ﬁ/:ru(%g‘]g 1or c%?r%tfdﬁl %:f%ﬁré
t her eof quality s@ePeid Tnéo A% strongeatthars amagddi fibxes, Ydtle of meight famwisight basis.

aqueouss far, ex | e, ,water. The aqueous based nedi a .

cont ai n §e§€%® e S S and i e ﬁ{j@rg@%g#'{mstém AR P Vidight apd s
t her eof chdmitalel @hbtr ashglirg dhlliticinakiihisigdudig 46 loyeBhetioabd hb&Rthre also
parti cl ﬁs. .T&f, r‘rﬁglng can_al so be organi c-based, . far exagpbl e, et hgl ene
gl ycol , dpribet iy PonBatenty e 7,225 5780 8fS Bateriobrilisationdie U &0830064d3 Al
nedi a Cahy US Pateit NoCOB10aged, for exanple, silicon oil,

phenyl trinmet hi coné or° conbinations thereof. In case corn starch is

used i n t HB034] (When desiredt pivaoolomicnc fyenmentimiedabovhbar bx combidedowith

chl or ohexi.4i i . d i [ de .ensure .t.h he..
roct um i RSl Eh AL B 640 b p AU i Yy Bl bEER G Ronbiong
hydr ociarxmmplﬁsr of lsuch ba:]ﬁsﬂimma:jmﬂl aanrt] aﬂclladas Aratiid aﬁ@doﬁon bIe(ﬂG,l?:Qx]amid rfibre
Typi ca t rijcles used,.in the ui ave size ess than
(he. bz inbeipies BN AEutia e plvpmpalrae bseh of cRaberions s
particl es [06a5] Th@bme%aHBhithenRCthe BallRHY GR Rt hﬁﬁﬁxﬁﬁla?iae e form
porous matrix material, or can pass through the pores of the porous
matri x Ahedwitgd fabrcsaovERifabiaennen woven jehric 6l wdweayad rsivetuge, a uni-
di mensi n I: “ i 0. M4Gr ,
0L oS! 8k 40800 Rt ATl B ARETLE 80 GRSl Gl
m cr onsreders 110 anyc twasiimensianak wpeeseshddanr 1prtontainisg téxtile egoadplty Bnyl

m cron, LeI.on, 2.5 m ns L, CLON 8.nmcrons. .The sjze,of.
the par f‘gtc ges{glkﬁfet %gth%flullt &% aﬁe ﬂ%@cg% {c-i%’s ieWbeu&l'ﬁﬁe%gnﬁla%}gﬁ? or -
Publ i gaﬂiirgdﬂi_ohhl.falblzril]cs WGP BebinZefdks tola shedtQ@ gabhc Wxas “ﬁthfd wWedbeipatterned
i ntroduced into the.conposite material according to the present

i nvent i BN &on IIﬁCH‘_’% tr‘?ﬂtgfbe’tu(f‘é‘ﬁgfré‘_;tfcﬁt ¥he ' porous matrix

material . [3dis) t1oeforrh PHQIIER! Fh6n Rl WSBE cHRERI0P theSpredthf et E &
to the insertion of the flujd and/or %artlcles bet'ween or' anong tile
| ayers B adhesippbadaymtofibrllistie sraterial bpndedftb i ldyeaof poeousimeirixentaterialo
t he por i ' A yraldty 0 of the .
rat or 1 ol by & ddh P SPIER bk abpck 3P ol kg
fluid cefithe@résemtriovkntiod. Whemw dedired phe esmposite amtqias sf thapedselt ihventipneas

of the porous matrix terial. .When the shear thi.ckeni fluid
|t er callst SUBPHTSAYHIRRSFORISSHRRE OF Ruchsammmogie matqgaly (L vich appagied layers

qui ckl yof ik bagistehatemiel budt@tdhY r&PeRRE 1RREQTIh FRoRARAHS HiRLdl Xan be
material. In_this context, the inventors have surprisingly found that

t he nat obtaingd. Theccopmositematerinl of thaprasend|inveaionican have frexagnkea®, 3, 4, 5,
t hi ckenj i i . } t he r

ot 1o Cogrehiinbr3dadert b baltife heliEndata fo HRERRMNCL 3, BF SRR RHP mor
wi t hi n ysisesfi forousmmagib nataiel; ulepending wghthetdediied ysoraruhe nhickiess of the
material and.the fluyid-matrix.interface. 003 In this context,
T o ccaripasite qatpil ThemsSith Ml i be of A BitRgrs fnd, U al denenes
the pregeRionithy ithb&@bf &yersl of ballisGO Hattfial ¥érldBd td\8e Ridbedtivt nfimBBt G lhytks

the fluid may or may not intercalate into the.ballistic fibre
mat er i apf Perous B1y U Eatenal (ry 1ynzher effstaske ofthectomposite mipteviak of the present




[ 0033] The term "openi ngs" or "pores"” as used herein refers to any
hol es, bOF@E01148M36 ur es, spaces or intervals present i nPEREGHYAOUESH
matrix material. The pores can be interconnected to one another, and
may or may not be accessible to fluid. In case the pores are
accessible to fluid, they may permt fluid to pass through. The shape
of the pores can typically be of any shape or size, and nay depend on
how the fibres-are dispersed wthin the porous matrix material. The

pores can typically have any sizes and can include sizes greater
't han t FaenBen) Her gyampies P stackssef compositempteialiof gheraesentinuentioh, inwhich 3

fluidt - [ ' The
char act SPr oy Vet sRPE e o HISARER SPHEoF pBRLEbisls milofel,
por e vokambavecaihidkeessadicny Idﬂiiecmﬂtﬂgdthaﬁﬂvhhmrstﬁa@e kinpvikiaglydonid thikethe
person of average skill in the art. (See for exanple, Wang e I, .
Dour ol PP ATAAE Jiruesett hiionIBoS B ph e pean rlighe: Shistarmation
and Saveh'tky @ofpodite Rhtefhl, whieh s8hjebedits balistic? 88act. VIHerefSré, ﬂf@gﬁ%osite
202-204). . [0034] Wthout wi shing to-be bound by any theory, \Wen a
conposi PEisHY eFtfestively teduces pbluak raumay erithosh compsamisiaet e Hexbility and
i npact g%bﬁitgpvi ng object such as a projectile, the initial point of
i npact can be absorbed by the ballistic-material of the conposite
material, @A2TleAwhenitebleadkesinges that areawithin e knewidige o£Be phwoib altilledsini the
material_,in duci ng,bl unt traunma. . n.t.hi ontext, it is believed.
That " t nevt Pa S e 40 aite B onb S Re il e B0 ot dngh B, BfronS pmai
por ous nmatetiakperdagentBi togetter! Bearhplus 6F Bk blbesived Sdnfiaclad € Babh@ ot BRited

| ayer of the balli st c,r‘r?teri al and the respective_ ] ayer of porous
matrix FReR@yirgihapg Pﬁm GCERIGNEROKY: SFBaTEYIate WF sprnbiations Hherseth &n some

mat er i abmBddikdeBtsP RS Mhe bANKHY MBRrihBisSHBhE | Rakbd fith e |
exanpl e.mTh_é shggr t hi cekeni ngtfingé?hzmﬁ*ﬁ?%@gﬁg%?%% ?’gﬁﬁt}tﬁ? B%ﬁ%&]’gﬁﬁ

b?)ndi ngPBEiRL SROXY €T lﬁ_amowﬂate ert lor el tband e Mmghme'ilitﬂ ;htapemilsal
ot x BRE D Panel o hieRe O i R e SRS I P e

this comdiesive inhdondiugnthorisllisicenfatuiall anthathet prerossh @dtrit hinstegali agebr
the flui.d .i.n the poro mat .1 X terial .significantly jncreases the
mpact - SRR B R o o 0Be ShivBer B Raeuf hierbigk AR pnerey
ener gy impaat Bee BxampRed, ®hubys) he breaking of the yarn of the
ballistic nmaterial, upon 'ballistic inpact. Due to the significant

i npact endPRASIdn sems sbedinppts, He BrspeRd Spmposita weaterial can isluderaofwdt Thm

in the oAPOSiie wRhehded! hdanSHdnlys tliﬁﬁidg rgﬁa%a)\/\%clﬁcgau ggﬁcfsom%d in or
significantly reduced. Therefore, blunt trauma-caused by. eXxcessive
def or nadispeysesk int $péd Hawige sTheellvidtcen ibgl ancaameds sehiftion} forekympled ateedyr a

when th ' j.ali d.for hallistic aPp)icati.ons.

0035 " Sho FRARLIE, AT S snlad Bt e i e Rl fp B the ar

appl i catefernsg flfvsk thexadiiis aa ibakisedh iviscysdiytwith indrehditi bhdaf 3BFpliea AireddAS

numer Qu adi{ant S., A&Bﬂ’ nti Qned a%tl)ve', | unt..traung can be '

of foct | VaF FIrSGHEEEng KNG 59 HEctniRont shoom thickening diid fopexample, as

Fur t her age BhedeWOOPIH R R WE20081 658 10Thd HiRar ﬁﬁﬁ@ﬁﬁ%hﬁi&@sﬁﬁlﬁ; Sntdifk
cks o

reducing deformation and blunt trauma, only a few st
conposi patiplgs euspendedfin ¢ medigr Ebeparticley weediin the(shear Whitkdnirg, fluig earsbeade

bal i st} el . ive,3_| f

a1 {1 vl hlsfiaf SucHaP 6ol br el RERHLY o R s P Bt o

gf gogp?slbiﬁﬁed*r?ni ebiutif[m_lian déimieu:sthby a%m'ga Bfovhﬁdﬂth@tibﬁ, tﬁ@sb_ﬁfeitl&é(u;ﬁbﬁnts,

onde respectiye ayers orous matrix nateria cm

thi ck) ?ﬂ@gﬁaeﬁeaﬁ reanied o PPl B &EFEFPwsofpﬁwW%n ofigomprg, or

conposi R ofRtieles 2he FAAERE 04be bh AL MLt Bl ihAhdPdphbfi& particles,
ess. hereby | ncreases ’

invention 1s, able to prevent bul kin and

f I exi bi $lipycainbiatishithempohgdenh eithiel rodrikpparticdesi diskdlike, thy mxtote, er an




soft and pliable when mani pul ated at | ow speed because the fluid that
i ntercal WO20I1PYW36he porous matrix material is able toPET/SGEADLHI0H
the matrix. This neans that the conposite material can be worn over
parts of the body where nobility is inportant. Therefore, the
conposite material of the invention is exceptionally useful when used
for ballistic purposes. [003. 61 The present invention also rel ates
to the use of -a conposite material for dissipating the kinetic energy
of a noving object, for exanple, a projectile. The conposite material
of the PA¥®M m%)the @hpven Thesecpprticlesioamt by mﬁnochmﬂecbldisaﬁ@e &5 ppbaﬂg,sparge it
is able cdr C

cormpr ot 20 4B SHPE R i pEORICS ol oo 51 il cooides cop
mat er i abtamhncdieums@donatas rinetakt pmlamesadreiombu:ianbhn ﬂngrebf) rExpmpﬂm hxﬂgs

wor ker s in.e V|ronnent where s s or pr.ojectiles,could
oncount GFbHCI R G AR eiidy SHPaR cieaientiGnlin Bk s oxids, e i,
i ndust rpﬂlaﬁﬂﬂlmbr cEMBIaASsC eI The Whinbralti GitdSHasE @l 8k iderally
conponents, which could generate and rel ease prolectlles upaon

cat ast r SPAFERSEIHBIeHE osanTing minerle Bxampinsi of aniperels can for srample.gnelude
used as n 3
occupanfiti seitl @l ey, R Giica, (ficRp Al HEhhAIAL a0t N
mat er i alimi@ng aixsmplse u%qmlsmrapapaleb bamenclﬁ@ podd(imeitot mathhcraklte) or
aut onobi |l es, aircrafit to protect the vehi-cle ot hupants by

b
contalnPW§1%?8 8%??T%§§ﬁ@ﬁgF§%gd by a blunt or.:ballistic inmpact on

the outsi deozsd] THeemskd it & used for ﬂa@@ﬁ?d caliie: Q@ﬁwbdsai fot Etandle, Gadterbe
used in an artlcle i n which any %b of |ayers of ballistic
mat er i alne A4¥PoHE based arediy Gp CBP%%IS Hyug é‘ﬁtso‘il‘émt s eAsSinIEC sy Py

of the [fyensitdestens refucagsta{eamﬂ@taﬁﬁ&au 5#90195% aabmzéaﬁparrﬁae@tm@ media
| ayers of ballistic material are usually placed adj acent to the

bal | i st fan alse dej apanihbaskd,i for lsvamield, etbylehe gb@pbwglym}em ngrdtbﬂnol or
Exenpla I icl but _a ,

for oxargrBbi e naah, M Wbt ShE Obor bl “Hrl eBRBIK, N i
i nf | at aphenyftrieteditaneer dn&nbmﬁm;ns diergrfolnadte acen sﬂamhns es'ed i e ﬂmd;taacanuve
barrier can |cIe a ten eat pit
e e SN PO ond et O SRk e B SRBAH fier o
t r ansSpPOEAsu@dMHA tHeOMedAe del | dte dEdRpRES OWRE MOt BEtAMBer ©nBbinddts,
such as_jackets, gloves, notorcycle protective'clothing, pants, or
boot s, W@ﬁafh%q’fcﬂ@ﬁﬁt@ﬁwe@wsd@ el | y protection against
blasts
Dl ast L SHRIASTRARG, EOHSR N R e A8 oo USRIt e
acci denppenings of ﬂ[uﬂ@ﬁ@]s baikiichd pmmhtThemammlcmcamﬁot kxample| wtiesodusedinto
process for na Q naterlal e ocess cl udes
bond: g e oaffest 7 piyffs FAFRARNESR Gb Bte iR RROGEES of M8 bRHES marix
mat er i almateHat Theode m@b@Menfspﬂleq»a&iql)és&;an have adinadioaltsshlara iU Michehsan
adht si ve eltheL%on t.he balllstlc fibre material’ or. the porous, mat ri x

mat er i aforarraTBle; A% FHEORh 80 IHEF NSy O Bicgnsn el BYiraps. PR REorE Al Ricrtnsedt n
other fafic@dn$ %traie{o%s BEN 0 BflcrBhs, ok BPen Tefs thith :io SRR or &b hisikid,

material and 't porous natrix ‘material can be: brought I nto contact

with eaGl'ﬂSdUh:eqn ByS. mipngnss O imigtong Srovderens. Jhesicgraf|the partickes inithegluid can
cl anpi n r yers. [ 0039]
e ot flsg B R Alps PRGKARBRERN iohdltBali AREr S | LOORS
materi al s mogﬂt%eﬁl} aflgld 19ﬂgrmhlcéthﬂmb&ielcbﬁ‘fllab?telmﬁmﬂedcc%dﬂ@do l‘ﬂili?present :
porous matrix are ti ermanent | y) .t oget her en in us )
this coh‘f"é’?i‘on’ﬁﬁ% ’é’(élfé‘gll%t ¢ ﬂ3?1"( IBE’ e PRFRps ietrx Zhdertal Thet termp nit Hﬁftﬁ a.
li qui d, pubdd/ndrbikiGs m’iéﬂdla@'td)feférﬂﬁ thd Kﬁertﬂﬂ%fﬂ@ﬁﬁa\éﬁd/%@gartlﬁﬁﬁ bENRER b

be a curabl e epoxy based adhesi ve. an epoxy.resin i's used

epoxy r emong dlfie lamp o€ ths! pormmmldrmﬁeﬁﬁhﬁh@ﬂmdmdqea@ser&drmﬁo th@ p@lrous




[ 0040] The process according to the invention further includes curing
of the adWesP@993hm order to allow the ballistic materi BETS62438/000054
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 fromO0O Cto 200C, from5 to 80C,
or from5 to 35 op. The optimal curing process can be determ ned
enpirically which is within the know edge of the person of average
skill in the art. As an illustrative exanple, tlhe curing process can
be condumiatix materislovin tlenplerafityusfahé poreS ohtife. materidl O0édhdimpwhythe tpend the

agents in different forns, far ex | e emuyl sion or dispersion form
a_?e Vel | PRFRAS PP fficsgnins 45} o5 E@Tﬁ?&]ﬂg‘ﬁf info, e lPB?S_rPér%a% Ratssthepoch e
di cyandi peresler tHoPdOmeixPNQBoAl, Wash $hA QYA d8ning Giil MHEEAZ S Srio the

fluorinated boron conmpound, amnirnide, and am ne types. These curing
agent s cEopEmasEguarBleths fuideaahsiimirkly ofrodiced wod uriformy sprved wodss the
During t L . . i 'y

rosing | PRCEUER sEhERe 1ithis SRR, o SRR ultRinet) SRR e oy
wi I'l pr oef e porvas medrit mariaNpidly inkieces ahdar midckdnirgdieniss flaidy dwegto the rapid

o o knowor e S SRSt fRisat hen ary Pl B SickPoipR suiofgraliced
process @fthinhespREiSisenda bub vesitd tﬁfbu%@dht e a6 tharsik wehterid dﬁdlﬂxe&hﬁcll-iﬂaﬁlix
u

for exanple, 'a shear thickening td to the conposite materi al .

Dependi n’@teéﬁc%he required design, any nunber of; stacks of conposite
mat er i al ofipd3de ph AUE BbiieR o f e | § sh @&nf-f 8 X -
t he shear t[hi ckening flui ’dﬁlgda}?l %g% gﬁ%%lbieyégﬁﬂés%gg 0 4)%%18’ Bt Fin
conposi t &e prasert invention agd ieineebiach with the, bailfstic ooz i the finkl may ot megpnot

be i nmer I i fabl e fdhul f.qr exanpl t he .shear thi.ckeni ng .
f1 uid de%‘ge?‘f%%% el e ‘%‘l?l‘sﬁﬁédb § %%‘ie“@t %"pf‘(’Bng fs hﬁﬂﬁ@% 55“‘1 P ebioves its
seal i ng iu_t]mdexbfqnoﬁd:ﬁ ef ammétﬂgedrlré:s)"stiagyheﬁiniphahif% rﬂ@iﬁ@ﬂb}edw;ﬂlﬂ?de@, ihlgse
person skilled.in the art, so |long as the copgpasit terial is .
encl os edt%ﬁ/id“r‘ﬁ?-ﬁntﬁr"%?’Fetﬁc‘Y‘m éhe padlst x‘B?Fﬁ’Fg’ ﬂ%nﬁ\gac‘ﬁ‘ﬂiﬁ Ir‘r‘i‘l’?ﬁrﬂmwte with
encapsul piledicRARAS thea B8P bkidht, 89 BoRRxSER 8 N AYios WrtRDPHBId with the
nmet hods, for exanple, by lamnating both ends of the encapsul ation

t oget herPOrPys WHAK ek nents, the conposite material can be

encapsul at j J avex, . am : i ' r gof
under sui tmsgpggﬁ g@ﬁ%ﬂ@oﬁ% 3’?’%y@§g%ﬁe9ﬁ{ﬁ}é&gn@%%£ds%€}zhttoge%bﬁgres’
end of tdpsriaresaspactani antetvals grrekent o theepdroud atavise mabderiad. The pores can be
encapsul . %i on - e adhesi ve:can I exa

pol yor ot AsrensaREls i andihr 3P0 5% 0 255 o B ashérg e . 083 fp e the pores

net hy| - 2are yesssibleytb dhad, théyhiby BeedielGidad Wasi Srough, TRIEHaPELF #Spores can
t, the encapsul ated cqonposite nmaterial can be

thereof. In thj t
of e;ﬁﬁ s‘%%%ﬁibi’es Qf %QV glﬁﬂgﬁ@ﬁ&#ﬁ@ﬂ&@%}ﬁ%ﬁﬁﬂ@&epﬂw e dibgss. aredispessechpithin |
t he encapsyhah InARTRRSAL TR ﬁrbsalzancl%{)icglg’;fr hivd B S8l caft iRABde fzes

case or a Sheet. 100431 These aspects the.present invention and
t he advegteaigictbamthal obie portisles,sol a3 teiAliey trequutidles. ofithevluifl to passfthioughniteg

descri pt | : i the, pop-1im.tin anpl es. BRI EF
oescr e B e EoRRRIARER ARG 58 Parek Rt Pe HE PP frcipiplen e
t he pr egembsifynpemntdianctan goteovatangnah hetreadigvdetdrmivry Wighif akd kasviedde M
practice %r,eferred enmbod] nen%g vvidsl ‘now be described by way of .
hon- 1 1 ni 95 BAEOB,CEATPEES SRILIR G aff (S6¢ drcreenle, VRS St Borpimgh SloApplied
dr awi-ngspotiMerBtieice, 2006, vol. 102, pages 2264-2275 and Savel’eva E. K. et al, Fibre
Chemisiry, 2005, vol. 37, pages 202-204). :
[0034] Without wishing to be bound by any theory, Whlen a composite material of the’

present invention is subjected to an impact by a moving object such as a projectile, the

10



100451 Figure | A shows a schematic representation of an enbodi nent of
t he' conmp¥@izél/oae3eri al according to the present invent PEFSGRHORMMI0EN
a layer of ballistic material (represented by stripes) is bonded to a
| ayer of porous matrix material (represented by dots). [ 0046]
Figure 1B shows a schematic representation of another enbodi nent df
the conposite material according to the invention. In this figure, 2
stacks of the conposite material (represented by 2 |ayers of
ballistic material bonded to the respective 2 l'ayers of the porous
mat ri x rinitiel peih) obinwacheugwdbacbad by theahablistic Thatertal rof dlas ¢oanpraite miatdrial,

al so cont.aj “shear _thi.ckeping fluid £r esent ed. t he .shade

or i on) Vil B BRRE Aok FRRRR et b PRNERCRRTo iy el B .
[ 0047] HRhhit Cortednidvsheliesthamhé shehd thickéding oDde Ahid the: dealsilgbhgholiethe p
used in the present inventjon. 48] Fi gursgq}iqsshoms t he

Pdent amoBs HeERagaisRaL 86 T ArdGDER EicBASe DRl W oty oleihe cralstic

mat er | al SareiMIGAd thee el lthﬁeerwgg?l}‘ow ﬁf&nﬁtmﬁtgﬁaﬁ{g Bliéiﬁéﬁﬁfgh{?& thief, IR

reduction materials usin I'stic setup o gure 2. Figure 3A

shows t Hbe cegpesite ghaterird q% e presanit drventiprcisapbigkl iotbalastic pnpac dobertsmpde.

20 pliesnof 4T (I L Sk At er | I: B sh .t:he
Fesl t ot shedhiRifibe S50 ARy i GRERHA) bl biyes, B ES
Twar on( rmpatbxdal ke thict foreus? matrix wiateeinl plaol . prévegtities Ballistwowstdriak fioes bking

of the indentation in clay.which was-pl.aced behind 20 plies. of )
S oo IS Ria Do oS SRl B ARe it i e mesrtaled Ssh Jndhis
the resWohte@f, theiBvérisle Madd folAd tHat Sl aleMtlicientRSRhA AR iR Y fFlowdGnatrix

plies of Twaron(r) backed with 3 stacks of the conposite material of
t he pregaaerigl ¢ty inoreqdss éie Bunagh enessibflisppptiqnsof thergommopiig material.

(Twar O”Pﬁh(i%g%a@ Qx&lﬁgyf {sCaldd st aﬁgcggg% ith%%r@aléir??’@f the QarOF *&g %ﬂi}ﬁg& Interial,

materi a n-woven-T1 brous p er)- and are.i'nmerse
suspensiupon dalliste impicir Phe (s Heasigiificank énparg ehéngy dissipiation by dhd atreposite

encapsul at,i on. 004 Figure 4 shows the effects on the depth.o
Conary at iR e dsforterim pLE EminS @ Rerl afiel By ie Aatst Feg Fiind o8 be

i mpact , siheficavfly irediweld] Thelsfong rduntsetmancduRed GonPeRsisie defbdidtidh, ofWhth
Twaron(r) used as ballisfic teiial .(represent.ed by grey line).

Syst em ACFBpFEsBAtesial cag be gHfectiyghorsdiiced. ghen dhf pORRGSItE Jperial 4s used for

conposi tg Rt ehpirktiGRNt @i ning water (represented by dark grey box, 20
mm t hi ck- water) and 1 ply of Twaron(r). System C represents a
conposi t e. [MafkTheuse ®itthe romposites mefsaiak ivdn  used ia drallistic aanplicaiias &g

She AR UL Yok SRS ol W T e

ef f ect i vaboes blat trduvmadept be effeqibabt redbdedntherably mEventiogiposes & the user,

mat eri al_.according to the _present invention.(see System 3) u .

bal 1154 B ERgERe: e B BRI ST oAb TSl Fpiyehne BPrmstion
Conpar atdndehii SRR, dnBdlfed) stadesdfnNtompRRe O5Reia3 off thOpReS ®/ention (in
mat eri al contai'ning_cqrn starch suspension as shear thickening fluid

(1 epr escHighi3dgyers ghballivtioymufesial axpborsicd o die remptiem? layep gf Ropous matrix
Dal |1 St i o B hloTbaiBARRORGIhirkiERS BRRIMES HHKBLE Yor AL myaBA B Fich
$ fing 2 pri alt

represents a conposite naterial contai Fes o Istic
mat er i al3 la¥evaobhilhidtic metpriglsen bedlctyo Ge essprétive)3 lnyere nfpatonsmuatnia redtedal

t hi ckeni flui,d an not her . of.th llistic terial, .
(Tuar on(@ks Pt 8RR aR b Fodmil toslssonsy st ip BB foiptaite matapel.
of conpoBiddoipitRIdodtiposife MbRrikinifend indehticANBbRedo brevERSUIRRRAE and thereby
thickening fluid, _in which 2 layers of ballistic material (epoxy

treat ed IigRs6H fleyivHEp pad apability yihes| vaed far; hedystig eeap deraed@mpls. (Qpethc other

respecti LAME [ ) -~ . iy o o
pol yest e%é,ﬁd’rzaepr esié?\?lg%osgtg o?%%’?of %ﬁr%g@é ’ %\drghh I {y}) %ﬁéa‘@ 0?%8‘{11§9%%Liﬁatenal
bal | i st iaf theingenitmn calwlko bo (59d, whepdeied e ddditiomy rteycdriposite msterintiendind
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[ 0051] Figure 6 shows the effectiveness on the depth of penetration
(m) of tWe201HP3ent conposite materials accordi ng to PEESERHEI/EHMOS4
invention (see Systens 2 and 3) as conpared to other conposite
materials (see Systens 1 and 4), upon ballistic inpact. System1
represents a conposite material containing corn starch suspension as
shear thickening fluid (represented by light grey box STF) and 2
plies of ballistic material (Twaron(r), represented by grey line).
System 2 represents 2 stacks of conposite nmaterial imrersed in the

shear t Hofikeadinlighle|whes manipulpted bt W spped becgpserfhe fuit that ingarealatey into the
epoxy t ed T - [1):. Lear.es l.ack I he .

Feopont LRI ARis GBI G StioRY g it RS ImBE BRAE Lohfostid

pol yest enateridpraedentvad dvr daitd eflthei body .whine addility dnabpatapt. iTsredérs, the

bal listic materi al epresented.by.grey l.in are jncluded,i t em
07 Syt PORE atistel ol BreoyueRi i€ cantiprRLlve Rtk PO Yogd g BASEe
(represqjﬁl?}egy dark grey box) is used as fluid. System4 is sinilar

to System2 with the exception that the ballistic material (Twargn
r epr esent elP039} Fheypreserie jnvertiom alse girjstesi oethsi necepf 41 compasie mplerelefor

with ep Dt - t-her: W i-h .t S i ial .
(non- \/\/O\C/Bé%Sl 'oF (E)lﬁeslé%%c‘%i}a Zl%gér?ﬂ‘earﬁelﬁ e%\% r‘?tg gﬂﬂgfgﬁéﬁg ’e%lﬂﬁgr%}%' ﬁ%%:kﬁ{sgg
Exanpl e rhaterial of @@58fentibn sarekamgell én different applieations beidnglas itus elde toprovide
preparing a conposi,t.e materi.al acgordi ng.to.the present inyenti.on and
B T eapedipa et BoRdush st figse JFeyComhatrmisih G RPRLY FPEapp gF
exanpl e, exa@pk, $es 6 nfteriz® lcin Hb ak&had haneeieY sadbtyleming ot hadtbding
of 55 wt.% as described in _EE Bischoff Wiite et-al, Rheol Acta, 2010,
vol . 49, Workgrs ipjagvironments vhares shar ioBiFett oramgiectlss spridcle agonniereds The
pol yet hydgﬂ%bﬁsi?éh%ﬁ%‘lal( BEGsAle Fell %%elfiﬁ%ﬁ{dhﬁﬂaloéqgw&l‘,%@ afl€quipment

descri be . anpl'es section of US Patent Publication No.

2009/ 000t Bightspedchratatingf esininoneris, wlige cowtdraenerate andsyséaasd prejestilasgipon
starch i Qr. . Ko ’ 9 e h :
i cieen Ry ey ERC ARt e hoilente il N7 ABCHs BFef Al Shropgine
i nvent i ciircrafinergiwesy fo pratect the(aibt=i aeithe ronphatsjupon Aatstirehhicésluss efithas

bal listic material and non-woyven fjbrous pol yest . 000: 10AFR,

bt & nec IENEmIAP CHABRAIARPITE) Cotbr i ol i1ea SPAUGHRCH A28 Yrbisiporsich as
pOr ous nNgkdrhobilRBt MickaH andBeuts] We peiie:t Hiabidhiclyascupbiits bt BnRirSAl Bfcftiles
with a dinmension of 15 cmby 15 cmin size. Correspondi ng pieces of

non- wov eseneralsA by e biwntwe balliptiq ingadoem thoapsde ghihgiveligle; r om R chnond

Aircraft P . r ' "o ) i

Shape as + ISE e cbiifiositeaMiecel St ol 4 bifeldlen STEh 4. Euéls of

2011, obegirsefibdlligin matatishean Peistacked dr bhce! adjhent WSAY composipphatedaltod

one side,of the Twaron(r abric. ,The nanh-wov fibro ol.yest er , was
o oucht g iy eion SBERIN o IR delafies RGeS AR KRR B bRk FA S 48

Twar on( rgsugiie phaoat wiivednt ftd the bailiptd yesdal wiechhe barkdadotte gaedhsohiteik .

This was followed by curing of t dhesi ve,at roo enperature for 8
hours, CREEIhEXHNEY] %clﬁhgancwgg? Bt e 0L kimited 1, pocy| FEPUIRAY e,

fabric afdinensRVetnd BERYDopM YRR R &irNBOLIBR biRtide |RIRY; or
encapsul ation. The shear t hi ckeni ng fluid was pour ed Tnto the
encapsul protediive birtier. tThe nirotselive barierf canglesha §twgleovelﬂqlamn@m) tefngsp seats,

and fi brous _.pol t.er C st agk f the npanent Ly e
Twar on( r3°°g%lgsr'iu§§§aﬁ§ gﬁ%%ﬁ’/\%f/‘% nn?ﬂn?%o o%g kl?)%q% §8s?r}elrl.£ae{|ﬁe Sﬁ%ﬁgr %&eag ?rlglﬁs%P He
S hﬁalr t Mrﬁﬂﬁﬁﬁﬁﬁﬁ@llfﬂelﬂrﬁhle Fgﬁalw?a?@wcﬁ% ﬂﬁﬂ)ﬁ@%ﬂﬁga% Pdkday, %&b,}&hﬁl@rcycle
et hyl - 2cyanoacr te (Holdtjte(r),, 5, . ohf ai ne m Hol dtite ,
Adhesi veFOeeRyY %@%@@&:ﬁr bopts ﬁéﬂl&%u& itka 1 e iy Profefticg agyeHt
ends of #§1hgs |QkieXs Hdks® caRBd 3G exPloihoORtd mlddChind Sudlab Wapadsy SLlchrdg)r(}Hoééf

t he cyan.oac;%late at room tenperature, ther eby allow ng the |at
encaps ul iajureshuton livalingbsrparenhutey osipakeidents.
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Exanpl e 2 [ 0054] This exanple illustrates the effectiveness in
usi ng a oVaBRLHIW3Mmterial in dissipating the high i npaB€TEG2019400aH
the ability to reduce blunt trauma due to high energy ballistic
impact. 'In this exanple, 3 stacks of conposite material obtained from
Exanple 1, in which 3 |ayers of Twaron(r) were bonded to the
respective 3 layers of fibrous polyester and encapsul ated in | atex,
were used (2 cmthick). [ 00551 A schematic illustration of the
bal i Stic testing setup was depicted in Figure 2. Ballistic testing
was pgr ; ]gr [MHSJul:;Ingreae:gaﬁv@unn dfﬂrtberrheraiasab esblftfphsspi;]oojlﬂldinbl id ehenesmpdsited
at 4 different unt tra reduction materigls: The unt trauma
reduct i GHITHALePRSPRCHS r%éi}q@%fr%ﬁﬂ}rag DEYRY Pfggalg?ﬁwmaﬁeaﬁl(%a K Of gorous
bal | i st ingarARbekdral: Thd bmﬂﬂn% b o Exabffté, Y Edribp 6By WhIingCiR AdHRRGE
pad; 20 plies of Twaron(r) backed with another 20 plies of "Twarone;
and i v) etlerpin the Lpflistio) fthre natgrial ¢ Kkel pollonh nBtris matdriel end bonpingithe two

mat eri a t i for: f iein it ness

pl aced %’%l n%l %%gﬂslb@l?ﬁﬁém%ﬁng&?he%%% 5% S‘rlr%{ber*g é:'a Odr(gc%#%ﬁg%g OIftEXt’

i ndent atheobnllistic yeatetial ahth ¢he pand mafirenatatidcan Ve dfougheinpr ajrest wlith caels
nmeasured_,usi,ng a pajt,1 sensqrs. Th S f the spherical steel .

pr oj ect PHSE \nga@'zg‘“%]& PR aWﬁ\PEqa gg’i ﬁ%ﬁ\ﬂ&s 2135’@ stapking; ofpapplying
ener gy efesfigbod iwAGoaetry/al ent to that of a NU (National Institute of .
Justice) standard I11A gequrvalent to the energy of a 9mm bul | et

fired fron083Hahegntoned abprpmey syible adhepives ¢aprbe yped ta oyl teauaterials
behi nd L dif f URL & c edilet i Bt er DI,

n F qui St S, e BHd MReRA Ui oo pIRKET hhS JR° SR oS
pf Twar (regmpnentlykbtogbthyr whemiasserladhis dentexicthp adinsrtcat bonf aey Remaamdtihe

fabri -bei h | Nt Q. the. cl ' SA) . T

 mddent alDolied g BIRARE okl it 6 B ThYERe b J0F prspnte be o
rr?t e L i abﬁrgbh%p@:ﬁp ibated adl:_ra:sﬂw_rbﬁlﬂ aﬁfi cpddy fefinIP used W&pﬁdﬁ?'ﬁlﬁégnﬁf%ﬁiﬂﬁﬁ&l,
of the | ndentat] on | the clay wtness using.the I T{erent
bl unt tﬁsmiaéﬁoﬁiﬁﬁ%#m% er PIEICE s PRGNS THEH ) S pramRtons Fhspel
L angv 3 b %E%%a@ Beld B2 BANLROMRRAaTT &Y 98! porbBPhB mbRfSN LAtdRivE,

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, " . .

f0040] The process according to the invention further illlicludes curing of the adhesive,
in order to allow the ballistic material to be bonded to the por(;us matrix material. Curing
generally _océurs upon mixing of the epoxy w1th the curing agent. The curing process can be
conducted in a temperature ranging from 0 °C I'O_ 200°C, ﬁ‘o;ﬁ 5 to 80°C, or from 5 to 35 °C.
The opﬁmal curing process can be determined empirically which is within the knowledge
of the person of average skill in the art. As 'an'illustraﬁvg example, the curing process can
be conduc’ged at room témperature for 8 hs. '

[0041] Epoxy curing agents in different forms, for e:;iample emulsion or dispersion
form, are well known in the art. Examples fherepf include Izllétrdeners of the dicyandiamide,
imidazole, phenol, acid anhydride, acid hydrazide, fluorinated boron compound,
aminimigle, and amine types. These curing égents can be uged alone or in combination of”

two or more thereof. During the curing step, for example, during the curing of epoxy resin,

13



Percentage reduction in blunt trauma No target Conpl ete Penetration

t hrough VAPOPE6s N A, 20 | ayers Twaron bal listic maP€FBgR010/600054
35.(Fig. 3A) NA 20 layers Twaron ballistic material backed with 2cm
rubber pad

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

[0642] The process of the present jnvention can further include adding a fluid, for
exé.mple, ‘a shear thickening fluid to the composite material. Depending on the req;.lired
design, any number of stacks of composite material of the invention can be made foi' this
purpose. For e_:xamplé, the shear thickening fluid can be added to each stack of the
comaposite material. In some embodiments, the composite material can be immersed in a
suitable,v fluid, for example, the shear thickening fluid described herein. The final step of the
process includes sealing the composite material by any sunitable methods known to the
person skilled in the art, so long as the comp(;sité material is enclosed within a structure, for
example, an encapsulation. The encapsulated composite material can be sealed by any
suitabl'ev ‘methods, for example, by laminating both ends of the encapsulation together. In
some embodiments, the composite material can be encapsulated in a polymer, latex,
ceramics, or combinations thereof, under su1table heated- conditions or by applying an
adhesrve to one end of the encapsulation in order to seal both ends of the encapsulation
together. The adhesive can for example, be polyu:rethane, polyvinyl acetate, epoxy,
cyanoacryfate such as methyl-2-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 encaps&llated composite material can be
in the form of a bag, a case or a sheet.

[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.- _ :

' BliIEF DESCRIPTION OF THE DRAWINGS

[0044] Tn 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
nou—li;n‘iting examples only, with reference to thé accompaqjing 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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14.35(Fig. 3B) 60) 20 |l ayers Twaron ballistic material backed with
soft tradka2pd@'tBeade of another 20 | ayers Twaron) 21.5BEHS§2018/030038
20 | ayers Twaron backed with 2cm conposite material O(Fig; 100

(represented by stripes) is bonded to a léty.gar of porous matrix material (represented by
dots).

{0046] Figure 1B shows a schematic reﬁresentation of another embodiment of the
composite material according to the invention. In this figure, 2 stacks of the composite
material (represented by 2 layers of ballistic material bonded to the respective 2 layel:rs of
the porous matrix material) are encapsulated in latex. The composite material also contains
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
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 Tvi.;aron® used as ballistic material. Figure 3B
shows the result of .tht;: indentation in clay which was placed behind 20 plies of Twaron®
backed with a 2 cm rubi)er pad. Figure 3C shows the result of the indentation in clay which
was placéd 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 corn
starch (shear thickening fluid) within a latex encapsulation. ‘

[0049] Figure 4 shows the effects on the depth of penetration (mm) of different
composité material upon ballistic impact, when various fluids were used in the composite
material, with Twaron® used as ballistic ;ﬁatéﬁal (represented by grey line). System A
represenits_l 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 composité: material containing a suspension_.‘ of corn starch used as shear

thickei;ing-ﬂuid (représe_nted by light grey box, 20 mm thick STF) and 1 ply of Twaron®.
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Tabl e 1. Conparison of the depth of indentation in clay wtness. when
di f f er entWQIZOA0999BAuna reduction materials are used. PCTDEG7010406005%
evident, that the inpact energy dissipation Using the conposite
material of the invention (See Figuie 3D) described herein is
superior Conpared to other blunt trauma reduction materials such as
Twaron(r) (see Figures 3A and SC) or rubber (see Figure 3B). Exanple
3, [0058] This exanple illustrates the effect of using various
fluids in a conposite material during high ballistic energy inpact
(see Fi guri9030] Figure 5[ closey the sfitntivemsad ot Bl depthj dcpdnetataim ﬁmmBmftan
I n di aMet er sflr at .threg differ.ent .co

Lt o She e rghad S e B PR TR Y S B A s
mat er i alas c&@Qaretl GordtherconPysites Matdtial (sbg Cbn@h;aueé Sheeime( iﬁd 3)1($yétem 1
conposite material contai wat er enca ated jn | atex

t hi ck) (%@serrﬁswmm%%ff@ﬁ%g Wanaﬁacqmﬁ%c FISHEREI0BIHE =iy eaa#ac ning fluid
conposi f(l%gfé?‘l&g%@& LERE) /guyn g0 3nrk HRHESPROMAQT piy OF BalBk fltedd (?%1%5@

t hi ckeni ) encapsulated in latex (20 hi cK) Hl(‘i
Fi gure 4¢prépnted rhycsrey Tine). rﬁarsts rqpmexpis o] conipobiee ma‘@nalzccgtmgﬂ ies of

Lopact SRS el CCPAIohE, FiFutlol bhep 308) EAbbA: (I BborBfllenipg
dept h offlupeagd raabthen 1wply dfothe Sthiallidie nnstlaﬁﬂr(’[tsﬁmﬂ@nrepgaséﬂmd dyvmsy lisne)d.

It is also noted in Figure 4 that the de enetration
Feduced SUHER EPEow2 SHSEr o6 Lol b G ABGER e AT g the shear

thickening fluid, in which 2 layers of ballistic material (epoxy treated Twaron® represented
by black line) are bom_iéd to the respective 2 layers of porous matrix material (non-woven
fibrous polyester, represented by dotted line). An additional 1 ply of ballistic material
(Twarén@, represented by grey line) is included in System 3.

[0051] Figure 6 shows the effectiveness- on the depth of penetration (mm) of two
different composite lmaterials according to the present invention (see Systems 2 and 3) as
compared to other composite materials (Iseé" Systems 1 and 4), upon ballistic impact.
Systeni 1 represents a composite material containing corn starch suspension as shear
ﬂlickeﬁing fluid (represented by light gréjf box STF) and 2 plies of ballistic material
(Twaron®, represented by grey line). System 2 represents 2 stacks of composite material
immersed in the shear thickening fluid, in which 2 layers of ballistic material (epoxy treated
Twaron® represented by black line) are bonded to the respective 2 layers of porous matrix
material (non-woven ﬁﬁrous polyester, represenied by dotted line). An additional 2 plies of
ballistic material (represented by grey line) are included in ‘éystem 2. System 3 is similar :co
System 2, with the exceptxon 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 ®
represepted by grey line) in the composite material is not treated with epoxy but is stacked
together . with the porous matrix material (non-woven ﬁb;'ous polyester, represented by
dotted line). ' :
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Exanpl e 4 [ 0060] The present invention illustrates the

ef f ecti veME38119P9936 conposite material of the inventi on RAEAGRHE/000054
non-woven fi brous pol yester (porous nmatrix material) was used in the
conposite material, upon high ballistic: energy inpact (See Figure
5). [0061] A spherical steel projectile of 14.5mmin di anmeter was
fired at three different conposite systens. These systens were
nanmely: i) 1 ply of Twaron(r) used as ballistic material and a
conposite material containing a suspension of corn starch used as

shear thickening fluid (55 wt.% Eged in latex (20 nmthick)
(see Figure 5; System1); ii) 1 ply of Twaron(r) and a conposite

mat eri al containing a suspension of xﬁﬂ— e ptarch used as shear
thickening fluid (55 wt.%in which™2 res of Twaron(r) were inmersed

t her ei n an{P0SAL Ehis uéxemade |1Husnateaxmét2ﬂals awed Hox lpyeppsinge aFoguipasits ; material
Systein 2 and 2 stacks of conposite
nat eri al %?rdﬁﬁcel hh\})é'ﬁ%eflgw)(’? Grfs&f %P"&&’é‘tfé??sn on of corn starch
used as sh@rs3) The kesak mlgclﬁémhgjﬂﬁﬂ&aﬂﬂfof/éxampk,\ﬂél @ﬁsﬁeﬂsﬁk&e\fﬁcoﬁ starch in
Twar on(r%’ wer e bonded to the respective ﬁers of _non-woven fi brous

pol yest eVaHAt&Rppgentgtion o t5é(‘ff‘)%fe£1f§°ﬂ&ﬁ@% Jpischosk Wiite 5t plaRégol(A&iw
Fi gure 5501818, 3. 1@:@291&3@&%;1&?%@4521 B slileg gmle;%g%@%ﬁ&% glyeol

i npact velocity was of penetration
conposi t@E&Y) st evelwms fraction of é%%d‘f/whaﬂ-'deg@n@dﬁn thaExagaplds segmarnfilis Patent

Fi 4 feihe de
penet r at? BHEEE NP RIS 200000047 S, EERY AR Blonb HTn@REl dulmien pfom
respect i sirch myveatercdt a toacemtration b3S wrapsuised sckheathiokddigy fIMET plepare

See Fi 5, m,3 00 t
Cre ot A eSS e FreoiEie B e Tovmpbe, Tomab by (Srsinhom T
i nvent i oXrafhid)i v k@ Bs Qﬂlﬁéﬂd/mhﬁhhl! di szntmatﬁbrmeﬂu%eﬁ@t@ﬁdﬂel ORUR)

as epoxy was used to bond the non-woven fibrous polyester (porous

matrix rRgtaRsdgrom Bécwdrﬁmr@ﬁ@mdm%hcw{s& Wiap B8qdcasperaas inzdtiix matesiel.
Figure 6pne TR Q0@ Ho $9s bhd RS st £hl mQLf ft1|3 n{fj Iggqlg%h{ ﬁl size.

material of the iInvention when water was use
conposi téénrreapanding pleces Pf)@ﬁﬁ-]wq&(es pi}bemuscpdly@teee(qusmﬁr-éﬁAFRe obfainkd . frémm

syst e ABIREARR bkl e, Db R SRR, i % 5568 B g ahepe o tht
mat er i alofcmat'awmn@a aalﬁia;s @myomheiw@ qArddie® s e ébaned hﬁ‘éxh Huntsman
t hi ckenl fI 5:?1 \AEI whi ¢ s encapsul at ed in_|atex (see

i gar e chvagesafhisials s was amplild Sarge Shihe AvpippEhibii TredeRavaren
COMPOS tegr@ tRIjesder @bs Bﬁ%ﬁhﬁﬁ%"ﬁohﬂ@t \bﬂmsl%éﬁ@) ?abﬁu mﬁ%ﬁtﬁ» gb‘m%ar n

starch used as-shear thickening fluid (55 w.%, plies
Twar on( rapd wer-avoyem fbspus polyester Esshroband t026q9h|0@@r-o'fh1$1 vias failzmedﬂwb:uuug

ol yest 1 | at ed
(pse)é IS:| gﬁrtﬁeés %ﬂgségés)%xoé)%ﬁégﬂaf&éeg&gﬁl B wa;)(l)ln %E%Q%%P i rctuﬁeélrﬁlf S i‘ﬁs /
of conpadigleednEwerdn® fatirict hed noweniven Iﬁbmtmpptﬁgdtdr Nwivatifsericd iwtdi ﬁhatgx
R R R s A A AR RN e R A
Syst em Jpsertimchfi dagh 2tk b€ Mon@‘@dbﬁl? (ahd FiBRshsPolyetieh &Ince ed §§{ﬁ§kso$f the

conposite materi aI i mersed _in a suspension of corn starch used
shear t WeERaasHhY bendaddlyaonQy fabgic andneywenerpfibiiohe polyestanwsre m@m)ersmérle

oy ot o iRa ARARg hiil, 4B nlBRRER ¥ falld i arlyidd BhSHTeRRALSTLE"
(Holdt1te® CA25, obtained from Holdtite Ad_heswes, United Kingdom) on one end of the

latex aqd bringing both ends of the latex into contact with each other, followed by curing of
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100641 The nmass of the projectile was .12 g and the inpact velocity
was 145mvE0 20n@Iwept h of penetration (ram of each conpbE€T/SE62HYOSHH
was illustrated in Figure 6. Wien conparing the depth of penetration
bet ween System 2 and System 4 in Figure 6, it is evident, that the
depth of penetration of the conposite nmaterial of the invention was
significantly reduced Wen Twaron(r) was bonded to the fibrous

pol yester using epoxy (Araldite(r) 2011) in the encapsul at ed
conposite material (see System2). In addition, it is noted that the
dept h ofthgpepabralylatn abfodnhecrepapiass, ttkereint elidwing ahe ldtex ph&pSilation to be
I nvention was _al so, rreduced when water was used as the fluid in the
encapsulPATREE die material (See " System 3). [ 0065] The
l'isting or discussion of a previ g4dshyle Publ i shed document in this
speci fication should not necessariTy be taken as an acknow edgenent
that the d@88heRts jexample: illystratae the gffectivenashén asingor dompositmxsterial in

erei oy Par B AR A o RCHPRT e it ¥ ORI LIRS AR purey

been dedehistiethnnctdulithis axaingje e stedaldf wolmpogiermatértat lobninet feonh Bk saper],

a7 scl osdh FHFCLATER i TSR G Lot f Ruiosopaie § PGt bvistr ¢

descri p%@%@ﬁéﬂhgﬂﬁ]ﬂ@ﬁ}@@au@éd@@Igﬁcgk'y_i SO or negative limtation
removi ng any_subject matter fromthe qenus, regardl ess of whet her or

not the extPEUcs sehesratis illpgratipn of thebalkistictesting saup avasi depicted in Bpge 2.
Q her emqdhERAlise 38 P\éff{glx@ﬁé& m@%
features or aspects of the inventi
Mar kus h diffeyens shlunthivsuns keduction imaterfpds: gFlte bluht: teenegrdwtion hatetidie were

{4 0 Mgl gl e

or  subgr ey df 2 ibCFE TRpRRS R helBys SilRel o APtk {ithln BRRRE

is: with 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 beﬁiil‘d 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 e‘ilergy of 735 J was equivalent to that of a NIJ
(National Institute of Justice) standard IIIA_(ét-:_lilivalent 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 d1d not penetrate the 20 plies of
Twardx_1®', the clay witnéass 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 Figufes' 3B to 3D féspectively. The depth of the
indentatiop (mm) in the clay witness using t1'1<_3.4 different biunt trauma reduction materials

was measured and recorded in Table 1.
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1. A conposite materi al
novi ng oByeee11/0p#36 conposite materi al
bonded to a | ayer of porous matrix material,
is formed froma materi al

mat eri al

| ayer of ballistic materi al
that used to formthe |ayer of porous matrix material,
conprises a polynmer selected fromthe

| ayer of porous matrix materi al

group consi sting of pol ypropyl ene,

conprising a |

pol'yet hyl ene, pol

able to dissipate the kinetic energy of a

ay ePCOHBGHHDIVOF4

wherein the

different from
wherein the

ymet hyl pent ene,

pol ybut ene, poly(4-nethyl- 1 -pentene), polyester, and conbi nations
t hereof, the conposite material {epilerofndpntationmging Bareartagdi-aloetionfn
fluid, wheyein the shear thickeni iy Wiindsé (nixy cal at dduntdrauinbe
porous matfTaxrgeaterial.” 2. The gconposite naterial accor di ng to claim
1, wherei njfpearg@nposi te materi al Compld@PaeRstida [ NE $agar tThrckening
fluid. 3.{ The corrp03|te materi a rgiygideds any qf claim1 or 2,
wher ei n t hey PRTGVT WX Baliisaat ef | Flgerrlorggf% ? a4 nu—\;
conposi te nphe mal accor Ing to glhaimany on f¢lgins 1 to 3,
wherein th - s érlll—gg—a—ﬁﬁﬁ—&o ) —at-——-5—Fhe-
conpesite & Padisy to 4P 1, whe é‘%‘?ﬁt @(r)lyrrer is
pol yester.|® eris % # terial according to dny one of clains
1to5 wh O L sticnaterial is Honded to the
respect i vel begue 1wt bellistieer i a| 2byban adhedii®8C) 1.38The conposite
mat eri al acB#Fdrhgcksd WitsH 6, wherein the adhesivelis sel ected from
the group icersasady aéﬁioﬁﬁloihﬁet nane, pol yvinyl acetlate, epoxy and
cyanoacr yl a30layers Twaron) . :

20 layers Twaron backed with | 0 (Fig. 3D) | 100

2cm composite material o

Table 1. Companson of the depth of mdentahon in clay witness. when different blunt

trauma reducﬁon materials are used.

[0057] It is evident.that the impact energj dissipation iﬁsing the composite material of
the invention (See Figure 3D) described herein is superior't::ompared to other blunt trauma

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

Example 3
{6058] This example illustrates the effect of using various fluids in a composite

material d_fuing 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: i) 1 pl)}" 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
th;ckemng 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 velécity was 75m/s. The depth of

penetration (mam)- of each composite system was illustrated in Figure 4. It is evident that the
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8. The conposite material according to claim?7, wherein the adhesive

I S epoxy.WO2@i1/09¥986 conposite material accordi ng to any BEBSGR018D0s
1 to 8, wherein the layer of ballistic naterial conprises a nmateri al
sel ected fromthe group consisting of polyam de, polyolefin,

pol yi m de, poly (p-phenyl ene-2, 6-benzobi soxazole), carbon fibre,
ceram ¢ whi sker, carbon nanotube reinforced polyner, glass reinforced
pol ymer, mcrocrystalline cellulose and conbi nati ons thereof 10. The
conposite material according to claim9, wherei:n the pol yanmde is
aram d, deythof penetrasivni wast loorst winar shedr. thickéning lmidcwapuseiit B isralsemotdd in

eccor S aapkd hal BByt REESL AR, P BE Y PREARIERY B0 i e

t er epht Rahpsiitkematedal. The conposite material according to any one of
clains 9 to 11, wherein the polyglefin is selected fromthe group
consi sting -of ultra high nol ecul &Xam@lesht pol yet hyl ene (UHMWPE), hi gh
density pol yethyl ene (HDPE), high nodul us pol ypropyl ene (I nnegra S 8)
and conbi n@ﬂﬁ%ﬁlh@ prgpamd invention ifineiratesipo sifectiverase of aForapasde tiangial of hay

the o i apiEn R henent BELE! rblEphRueks (oroREhieh B b ichh Yoy Boed B 18
uni weav edmpbsitechatersl, eponrfiighdbalbsticienealy impas (Seedigart 6).- di r ect i onal

MR TCK L TENE M N E =
particl e@smpbsiResitghs. ThesdBMitcths were namely: i) 1 ply of Twaron® used as ballistic
material and a composite material containing a suspensic')sn of corn starch used as shear
thickeﬁing fluid (55 wt.%) encapsulated in latex (20 mm tlﬁck) (see Figure 5; System 1); ii)
1 ply of Twaron® and a composite material containing 2 suspension of corn starch used as
shear tﬁickening 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'sheat 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 6f the projectile was 12g and the
impact velocity was 75m/s. The depth of penetg‘aﬁon (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 JL.’lbroues polyestér was bonded to the respective
layer of 'fwaron in the é_l:tcapsulated composite mateﬂal (See Figure 5, System 3).
’ j ' Example 5
[0b62] The present invention illustrates the effectiveness of a composite material of the
invention during high energy ballistic impact, }#hen 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 iilustratqs the effect of the composite
material of the invention when water was used as the fluid in the composite material.
[0063] A spherical steel projectile of 1'4.51:nm in diameter was fired at four different-

composite systems. These systems were ndmely: i) 2 plies" of Twaron® and a composite

20



15. The composite material according to claim14, wherein t

particl esVARRUIAYEAIi ¢ or inorganic particles.  16. ThePEEﬁﬁ8§P@@m54
mat erial according to claim14 or 15, wherein the particles are

sel ected fromthe group consisting of oxides, corn starch, cal cium
carbonates, mnerals, polynmers and conbinations thereof 17. The
conposite material according to claim 16, wherein the oxides are

sel ected fromthe group consisting of silicon dioxide, titanium

oxi de, silver oxide, zinc oxide, palladiumoxide and conbi nations

t her eof MatgrialTeatasihp GsTsRENSARN OF icam saebrgphes sheat thigkning fluih 63 %10 %)

th I :
19, The SeE sk ExBelafa X 1966 Yick B, YRHACHL BN oh e b &
m ner aI durher X ethelct cofcbcﬁupmaitﬁ; h'fateglabolﬁ)the om&intion ngnmfsed] iaa tsuspensdic bfi eom

tal c! aoI nm.ca [ carbid 0 ations therepf
b O RE e A8 shi afpEing it Lt Bt R Sl P P e B
is pol y(tm&nebpdm{r@ gcpnﬁsé af @n—ﬁbvdﬁfﬁliﬁﬁs)ﬁcﬁ‘i@ter ue?ﬂlg ed 0¥ (mé:m@@ £611) and
mat erial according to any one of clains 14 wherein the

parti cl egcapavietednindgiondgee HisdrretiePysian @)ofl) Polies: afeharond e o fther 2

stacks of composite material of the invention immersed in water in which 2 plies of Twaron
were bonded to the respective 2 plies .6f -non-woven fibrous polyester using epoxy
(A.raldité@ 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 com starch used as shear
thickening fluid (55 wt.%), m which 2 plies of Twaron® were brought into contact with the
respective 2 plies of fibrous polyester by stacldng.

[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 depf.h of penetration betwée’n System 2 and System 4 in Figure 6, it is
gvident that the depth of penetration of the composite material of the invention was
sign_iﬁ_ca_mt_ly 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 composite 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 .previously ‘published document in this
speciﬁcation should not necessarily be taken as an acknowledgement that the document'is
part o_f 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 falIihg within the generic disclosure also form
part of the invention. 'i"his includes the generic description of the invention with a proviso
or negatlve limitation : removmg any subject matter from the genus, regardless of whether or-

not the exclsed material is specifically recited herein.
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22. The conpOS|te material according to any one of clains 14 to
wher ei n t\H@2RHPP3Fs or gani c- based, aqueous-based or S|PF@@ﬁmW£@@35‘
23. The conposite materi al accordlng to claim 22, wherein the

organi c-based nedia is selected fromthe group consisting of ethyl ene
gl ycol, polyethyl ene glycol, ethanol and conbi nations thereof 24.
The conposite materi al accordlng to claim22, wherein the

agueous- based medi a conprises a salt. 25. The conposite materi al
accordi ng ereln th salt is sodi-um chloride, caesium

chloride o q’ﬁ igﬁli‘eé§n%hﬁ‘£h fragts arpgvithy @eé ohiRygse cleimn e eiditionwhsrefeatreso
any one gfashdodd dFhdinklntton drblAELRbGR @&}Hs F %rﬁﬁh%dps,t}ﬁggeesﬂlféh eIt

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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27. The conposite material according to claim26, wherein the
silicon-based nedia is silicon oil, phenyltrinethicone, or
conbi nations thereof. 28. The conposite material according to any
one of clainms 1 to 27, conprising 5 |layers of ballistic materi al
bonded to the respective 5 | ayers of the porous matrix material. 29.
The compédiABMEat eri al according to any one of clains 1 to 28,
wherein the conposite material is encapsulated in latex. 30. A
process Rﬁ@lnath t.he conposite material according to any one of
clai s 1 WRLIBCRHRIIFsi ng bonding a |ayer of fibre ballistic material
with a layer of porous matrix material, further conprising adding a
shear thickening fluid to the conposite nmateri al

1. A composite material able to dissipate the kinetic energy of a moving object, the

composite material comprising a layer of ballistic material bonded to a layer of porous
matrix material, wherein the layer of ballistic material is formed from a material
different from that used to form the layer of porous matrix material, wherein the layer of
porous matrix material comprises a polymer selected from the group consisting of
polypropylene, polyethylene, polymethylpentene, polybutene, poly(4-methyl-1-pentene),
polyester, and combinations thereof, the composite material further comprising a shear
thickening fluid, wherein the shear thickening fluid intercalates into the porous matrix

material.

2. The composite material according to claim 1, wherein the composite material is

imimersed in the shear thickening fluid.

3. The composite material according to any of claim 1 or 2, wherein the porous

matrix material is a fibrous material.

4. The composite material according to claim any one of claims 1 to 3, wherein the

porous matrix material is a non woven material.
5. The composite material according to claim 1, wherein the polymer is polyester,

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

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

7. The composite material according to claim 6, wherein the adhesive is selected

from the group consisting of polyurethane, polyvinyl acetate, epoxy and cyanoacrylate.

8. The composite material according to claim 7, wherein the adhesive is epoxy.
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31. The process according to claim 30, further conprising sealing the
conposite material. 32. The process according to claim30 or 31,
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 materi al to be bonded with the porous
matrix mét eri dhe cofPositheaterislcessrdaggioratly pge b clalms S8, wireineha ldybe
adhesive i.s a.curabl e, poxg-_based adhesi ve, 34. An article for

di ssi pat Phg _Ckmﬁ&%aﬁ CHEFSS o meterghisslseiss Bem dismgroun fgnsisiwe of
conposi t eoRkkdd, Aol e YpoWitmi®d, FIIRiEBhdny1che??: 6-benzobisoxazole), carbon

fibre, ceramic whisker, carbon nanotube reinforced polymer, glass reinforced polymer,

microcrystalline cellulose and combinations thereof.

10.  The composite material according to claim 9, wherein the polyamide is aramid,

nylon or combinations thereof.

11.  The composite material according to claim 10, wherein the aramid is poly
paraphenylene  terephthalamide or co-poly-(paraphenylene/3,4'-oxydiphenylene
terephthalamide.

12.  The composite material according to any one of claims 9 to 11, wherein the
polyolefin is selected from the group consisting of ultra high molecular weight
polyethylene (UHMWPE), high density polyethylene (HDPE), high meodulus
polypropylene (Innegra S ®) and combinations thereof.

13.  The composite material according to any one of claims 1 to 12, wherein the
layer of ballistic material is in the form of a knitted fabric, a woven fabric, a non-woven

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

fibre.

14.  The composite material according to any one of claims 1 to 13, wherein the

shear thickening fluid comprises particles suspended in a media.

15.  The composite material according to claim 14, wherein the particles are organic

or inorganic particles.
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35. The article according to claim34, wherein the article is
selected fromthe group consisting of body arnour, bonb bl anket,
protective clothing, tank skirt and protective barrier. 36. Use of
the conposite material according to any one of clains 1 to 29 for

di ssi patijpg thge li:'oﬂﬁ%kl?e friafedy awortﬁng?d/ Beimele] &Cfﬁ, wherein the particles are

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

polymers and combinations thereof.

17. The composite material according to claim 16, wherein the oxides arc selected
from the group consisting of silicon dioxide, titanium oxide, silver oxide, zinc oxide,

palladium oxide and combinations thereof

18.  The composite material according to claim 16, wherein the minerals are

naturally occurring or synthetic occurring minerals.

19. The composite material according to claim 18, wherein the minerals are selected
from the group consisting of quartz, calcite, talc, gypsum, kaolin, mica, silicon carbide

and combinations thereof.

20.  The composite material according to claim 16, wherein the polymer is

poly(methyl methacrylate) or polystyrene.

21. The composite material according to any one of claims 14 to 20, wherein the

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

22.  The composite material according to any one of claims 14 to 21, wherein the

media is organic-based, aqueous-based or silicon-based.
23.  The composite material according to claim 22, wherein the organic-based media
is selected from the group consisting of ethylene glycol, polyethylene glycol, ethanol

and combinations thereof.

24.  The composite material according to claim 22, wherein the aqueous-based media

comprises a salt.

25



25.  The composite material according to claim 24, wherein the salt is sodium

chloride, caesium chloride or mixtures thereof.

26. The composite material according to any one of claims 1 to 25 further

comprising an anti-bacterial agent.

27.  The composite material according to claim 26, wherein the silicon-based media

is silicon oil, phenyltrimethicone, or combinations thereof.

28.  The composite material according to any one of claims 1 to 27, comprising 5
layers of ballistic material bonded to the respective 5 layers of the porous matrix

material.

29.  The composite material according to any one of claims 1 to 28, wherein the

composite material is encapsulated in latex.

30. A process for making the composite material according to any one of claims 1 to
29 comprising bonding a layer of fibre ballistic material with a layer of porous matrix

material, further comprising adding a shear thickening fluid to the composite material.

31.  The process according to claim 30, further comprising sealing the composite

material.

32.  The process according to claim 30 or 31, 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.

33.  The process according to claim 32, wherein the adhesive is a curable epoxy-

based adhesive.
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34, An article for dissipating the kinetic energy of a moving object comprising the

composite material of any one of claims 1 to 29.
35.  The article according to claim 34, wherein the article is selected from the group
consisting of body armour, bomb blanket, protective clothing, tank skirt and protective

barrier.

36. Use of the composite material according to any one of claims 1 to 29 for

dissipating the kinetic energy of a moving object.
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