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WD 2006/ 121411

LA s

Met hod of Produci ng Both Background and Field of the
Invention 5 This invention felates to an i npr oved

imeprioved @loligidal GY1 Fp Privicetivé FaBfic, | Liic. rand
al'so to an inproved protective fg’bﬁb::r,evﬁgrté&%dwe Fabric And

particularly but nomethod sfprsRiucingBOHE s ¢l othing
for protection against stab or ballistic injuries. 10

Protective fabric in the formof body arnour has
gai ned wi despread use by |aw enforcenent officers,

Bagkdrolad ¥nd) ElckPoNBE iInvefge ity forces and aid workers to
prevent ballistic and stab/cut injuries from attacks
wi th weapons such as guns, knives, daggers etc. 15

- Conventional body arnmour typically enploys |ayers of

ThisOiveehtdha8lsted tdES lfﬁﬁ%@ Qbﬁ%i%%ﬁ rt%f]vgprg%q%rﬁ% ?]o ARi ig1proved fabric

tradenane: Kevlar(r), Twaro

anfia@btto @hfiprovef ok b &Rk 1 ' s. .the fabric
may not ofP er suttici en?ﬁﬁmgp ?"oﬁﬁ'S'%g'gﬁ‘%tsl}Otgf((ngSIMQ,.foruse as
o or BEfiLIGHLALLY 11 the armour is
specifically designed to protect &against certain
calibrated ballistic threats. Thus, for increased
protection, the arnour is 20 reinforced with netal,

Pr&bai ibtic iRl Rat4 ] te inserts but this |

rRORIENTblic 1R 8 fofR 8 OS] SMHBUPHEL Sl Wdksptack e by law
r r iQn_si nce enployin

enRECEPRETR It MARY PRIl ALEGHY e BPcal Warkkra® prevent

balﬁét[)é?and' Sa5cunaffss #8R: ?t{a}i%?% quR %pé@%é&ﬁ %,shgeu#ss ?(E];VZS, daggers

nmobility and 1ncrease

etcadvancenent s have been nade to utilise "shear
thickening fluid" as a formof body arnour as
expl ained in the publication "Stab resistance of shear

t hi ckening fluid
Conventional body armour typically employs layers of woven aramid fibre (commonly

known by their tradename: Kevlar®, Twaron®) and although this might offer sufficient
resistance to cuts, the fabric may not offer sufficient protection against stab or needle-
like punctures, particularly if the armour is specifically designed to protect against
certain calibrated ballistic threats. Thus, for increased protection, the armour is
reinforced with metal, chainmail, plastics or ceramic plate inserts but this makes the
armour bulky and heavy, thus limiting such armours to torso or head protection since
employing such armour at other exiremities of the user such as arms, legs, hands and

neck would impede the user's mobility and increase fatigue.

Recently, advancements have been made to utilise “shear thickening fluid” as a form of
body armour as explained in the publication “Stab resistance of shear thickening fluid

(STF) - Kevlar® composites for body armour applications” by R.G. Egress, M.J
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(STF) - Kevlar(r) conposites for body arnour
' ions" by RG Egress, MJ. Il i Il L 1L 11 1
W M‘ﬁ%f’l ~i | *@0002* WD 2006/ 121411 PCT/5G2005/000150
PCT/ S&005/ 000150 2 Decker, C.J. Hal bach, Y.S. Lee,
J.E. Kirkwood, K M Kirkwod, E. D. Wtzel and N.J.
Wagner, to appear in the progeedi ngs of the 24th Arny

DeBer e, Habher, enseLe&) J BENRRkwodd; KV KirkRobE C -
As expl ai ned in that docunent. & shear tﬁ?@’ké%‘r}'g&gél and N.J.

Wagnsrdtohapbeat in@eriroederfihgetdrl tré 9ak ﬁ%%({%{%ﬂ?fgregce. Orlando,

conprising solid particles dispersed’in a

FLniiov. L20-Dbt h2e0d1i A bplaiR¥E s tek GoshRah:, t:l@h%%ﬁ(%ék%ging fluid has

resulting in large increases Iin VviscoSity a

acdritiate] cofddl $uxbe pRsing L SRS S gidhen a. o oo
COprot ective fabri cb WQ?g@%Btirpgglinér%ogﬁ St ggsd'%\? eafl('})a liquid
adiurhl RRICE CoxXMiitd i1 ke rating . .
T Condi ti ons,)wztﬁe f‘elhgirsgm%e%aesggﬁllleh%q%%w ”gflérggi RGreases In
iskb&iii dbdviet S5UN, : ver, under .
i gtﬁ,I str esscgtlﬁrcasnﬁgar rgéng gﬂé:llwé%aésﬁseggbyl"ﬁs iej7 ?r%é}@?t've fabric

withr @feréfideed, | Rich éJ‘Rle@IQr@iiQLﬁie%téor MRRthe A .o%r@d(?&qcymalf operating

solid-like material due to the increase Vi

cohdliiortd, Whel fitiB ehaPEL RS bi it &Ferié@&lrex{bh%?ﬁra@ngel}_\ng to the user.

current techni que of producing use

HaWasvel, QIrisr high s@‘iag?ro\"\’isﬁg?rkr%f%/‘@%?r%as ?;ﬂelnﬁﬁ{:‘ érﬁigg :fg:g%la bylet, the

di spersed in ethylene glyco po

lioliberdrRits irRb o bolllifke hatedbl bW thd BRlATL TOOCENTE ALY Ak 1

by vol une of one part glyco

prat@étingahe us& TR hafhi on can be achieved. The STF is
then diluted wth a solvent typically ethanol or

met hanol and used to wet the Kevlar(r) fabric.
Thereafter, the wet fabric is then oven heated to

Th@\@m@hﬂte%hhialﬁ_% P 'pY&d‘JciSr{ iﬁ# tsB9 silig? @gﬁ@g\f@} '(%ree g%ﬁ%%wn as

Kevlar(r). “However, | npr egnat ed
s e 2 1y R AR, Pl W e e
or GQINE SRédidh! @BnEQR=tBARtbyPIdiGhe of one part glycol with 50-65 % of silica
particle concentration can be achieved. The STF is then diluted with é solvent typically
ethanol or methanol and used to wet tﬁe Kevlar® fabric. Thereafter, the wet fabric is
then oven heated to evaporate the solvent resulting in the STF impregnated Keviar®.
However, such impregnated Kelvar® is not without fimitations, For exan.1ple, it is not

resistant to all weather conditions and the particle concentration does not offer

adequate protection for higher ballistic impacts.

It is an object of the present invention to provide a protective fabric and method of
producing the same which alleviates at least one of the disadvantages of the prior art

and/or to provide the public with a useful choice.
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~adequate protection for higher ballistic inpacts. It

' ohj ect of the present invention to provide a )
dezr?"c’)?{ehé 1ﬁve fabric and method of produci ng t hBCEHaH#05/000150

which alleviates at |east one of the disadvantages of
the prior art 25 and/or to grovi de the public with a
useful choice. WD 2006/ 121411 PCT/ SG005/ 000150 3
S thef Invértidnnventi on I n general ternms, in a first
expression, the present invention proposes adding a
solvent to aid the dispersion of colloidal particles
inaliquid nmediumwhen formng a colloidal 5 gel for
In penrtalctengs, in atfirst éxpeedsRIA iheSoreddht TREQN cg?&@ o0
the present invention proposes the use o?r Ség%ﬁé{ﬁgasolvent
to fiduihe dispession ef asliciddyarRRBARIClidRA® hakkil ver for ,
the protective fabric. In a fi rqg{ aspedc'%{%ri‘e%tfﬁrémng a colloidal
gei foresroiluning toheteetivieSTapriey i IHe4! sBcsmd ioRr gueing a.
colloidal gel 1o for protecti v‘g@ aggfegélf)ﬂt ﬁge HE‘?%BE'”VE”“O”
proposgs thal e bhe sshRRSIAd to sarvei RPSHSI aount of
col | oi dal particl lggﬁi nacarrier |h?g'g’|%88§58 Wgﬁeﬁf'vf layer for the
pratedtivefabaic. suspension; ii) diluting the coll oi dal
suspension; and iii) adding further coll oi dal
particles which are dispersed to forma colloidal gel
which 15 has a higher concentration of dispersed

In @it a;skat oPeinRnasn, ther8 id Hidyiala RSN REESL.CL 4 copoidal gel

dilution. An advantage of the descri

for brtedtive striceNtHeSméthad c%bﬁgiﬁggﬂ)etéﬂ s gMspension al | ows
nore col |l oidal particles to be suSpended in the

i) digpersifg dni @riolint bE oIk | RAEfGASE e particle count
in the col | oi dal gelo. me%&fff%’?%c%?%%%'ﬁ@ fogm a colloidal

sugpgpsiognated with such a gel, it provides a stronger
prot ection.

if) diluting the colloidal suspension; and

iif) adding further colloidal particles which are dispersed to form a colloidal gel which

has a higher concentration of dispersed colloidal particles than the suspension prior to

dilution.

An advantage of the described embodiment of the invention is that diluting the
suspension allows more colloidal particles to be suspended in the carrier liquid thus
increasing the particle count in the colloidal gel. When a protective fabric is

impregnated with such a gel, it provides a stronger protection.

Preferably, at step (i), the colioidal particles are dispersed at varying speeds which has
an advantage of performing the dispersion more effectively and a higher concentration
of colioidal particles can be achieved. The liquid may be dispersed at a first speed as
the particles are added until a predetermined stage is reached; and then the liquid may

be dispersed at a second speed without further adding of the particles, wherein the



10

15

20

25

Preferably, at step (i), the colloidal particles are

j rsed at varying speeds which has an advantage of
Wogigﬁtggz#?ﬁqng the dispersion nore effectively antcHSG2005/000150

hi gher concentration 25 of colloidal particles can be
achieved. The liquid my be dispersed at a first speed
as the particles are added ufitil a predet erm ned stage

setend speet edlhighBdthaReRe tiReshdy il@t%@fgter#é%yﬁ,i WiRSH ﬁﬁ%ré@gtgrmined

second speed wi thout further adding o e par

stageds pdaehédeh¥iydidh4 L Bd 4ik e%%/vﬁﬁ%gp%ﬁ%p%ﬁogng & t%gcp%?tgcles for

speed is higher than the ftirst speed.
anaimcihnef tinvé befehe RishBBina R 45 8545hA tage is reached,

the liquid my be gi sg‘grsed %tho%?e?carther addi ng of

the particles for an anmount of time before dispersing

at the second speed. 5 The nmethod nmay further conprise
The eetsdcmag furthes REFpHES tHelGap bAMLSLIE i e

after di gper si ngfngt t he seé:gﬂégégeﬁ%égﬁ%@%%ag%ﬂts%?d after
disbé dt e $dtiond spREE Fbrlm | he second .

speed. Prefer abls;i?, di srperésyﬁ%drytgfﬁr?ﬁ’eﬁpﬁﬁg spegd igger
thanthé desdPRafeear BrefdrShe adi Bhi desired unt _of

col | oi dal esg%rti cles a?’z&%ry@béﬁﬁeﬁ%’ ?%éc}nﬁ@n?%ﬁ%?eeds are
refelatildi whtil 8 AAHBH LARE b Sl ERed bkl drad e IR RO

Fidi sperses the coll oi ggﬁc};}g?'?%l escg%s(térg %‘pdé rsq?'ﬁﬁté? carrier
liqdidan the dispersing step (i). The anpunt of coll oi dal

particles to be dispersed at step (i) nmay be the

maxi mum 15 anmount of colloidal particles that can be

di spersed in the carrier liquid prior to dilution

ARt o165 Nl SR o b1 s

( ude shearing
: i : icl Al ternatively, the dispersing
highet thah gl dlggzér%n'g s %J d(lf‘l

steps may | out using 20 ultrasonic waves.
Advant ageously, the total amount of coll oi dal
particles added in relation to the carrier

The amount of colioidal particles to be dispersed at step (i) may be the maximum

amount of colloidal particles that can be dispersed in the carrier liquid prior to dilution

step (ii).

Preferably, the dispersing steps (i) and (iif) include shearing the carrier liquid and the
colloidal particles. Alternatively, the dispersing steps may be carried out using

ultrasonic waves.

Advantageously, the total amount of colloidal particles added in relation to the carrier
liquid is between 66% and 75% in weight which would provide an improved

concentration of the colloidal particles in the carrier fiquid.

Preferably, the colloidal particles have aggregate sizes of 0.2 to 0.35 microns.
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liquid is between 66% and 75% i n wei ght which woul d
concentration of the coll ojida

' an i npr oved
WOO{OQ%I/?%FeS in the carrier liquid. 25 Prefer ablg/CT/W@’"”/OOM’"

par
col |l oidal particles have aggregate sizes of 0.2 to
0.35 microns. WD 2006/ 121411 _PCT/ SG2005/ 000150 5 The
carrier liquid may have a nDFecuIar wei ght of between
The@arrigndiq@d naynavery mbizculse Werihe 6f hetRBard 6o 9hQ @BO 0 and may be
Fog£&|5|ng pol yet hyl ene gl ycol and ethylene gly
selpeletidranb the, grobe cainbriging golyé Bpiehs Glydeeshd
co-solvent to the suspens?on mhlgﬁéls HW§@%§”E@0@@
to 300% of the volune of the carrier f|UId. The
co-solvent may be ethanol or nethanol. Typically,

Preferabiyd theadiituting sepuscidetsaddity # E65s8LAM ] ich i
Advant ageousl y, the method further cong}'ﬁ%%"ép%ﬁgégt%c’h 1S

betyleeod@0MNt 3008 obthk Yorlipde oftAs e
fluid prior to the particles Egﬁﬁgﬁﬂ?gggi@%%6&$HEF%%§G

ethandl amdethamal) . The coated silicone fluid helps to
reduce hydrolysis when a fabric is inpregnated with
the colloidal gel. 15 The present invention al so
relates to a nethod of producing protective fabrics

Tymcatyr arsnig fabhie isusde & theipipieegaabifg a fabric with a
col |l oi dal gel produced by the above expl ai ned net hod.
The net hod of producing the protective fabric my
include the steps of: diluting the colloidal ge

Adveettagenyslyhthefragthbe fuMnhieh céRgrisks! t"l\é/ g%,tofc# %\r}gﬁtgmefcgwpél

the fabric to renpve the co-so
parfeief evithkiicond hgd | hpt

bl ower . T‘ﬁgn col | E?gr;t:o(%hé Pa:‘ﬂfcle@%e!@. ﬁ%eg%e(ﬁ?ttsze%ﬁ)(@d (i)
The bacted pintdrie Mid RObY ?d%tedbeé hYEbLA RGNS fghf}ggq,mmgnags d with

According to a second aspec
theicsligpdai\getied a nmet hod of produci ng

The present invention also relates to a method of producing protective fabrics

- comprising the step of: impregnating a fabric with a colloidal gel produced by the above

explained method. The method of producing the protective fabric may include the steps
of: diluting the colloidal gel, wetting the fabric with the diluted fluid, and drying the fabric
to remove the co-solvent from the fabric. Preferably, the fabric is dried using a hot air

blower The colloidal gel may be diluted with up to three parts of solvent for wetting the

fabric.

According to a second aspect of the invention, there is provided a method of producing
protective fabric impregnated with colloidal gel, the method comprising the step of
wetting the fabric with a sealing liquid selected from 2 group comprising

dimethyldichlorosilane, hexamethyidisilazane and silicone fluids. This has an
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5% onprising the step of
WG tEﬁ%“ lealing |iquid selected froma group cBFHPE0FE001S

protective fabric inpregnated with colloidal gel, the
25 wetting the fabric

Sea
di met hyl di chl or osi | ane, hexanet hyl di si | azane and

silicone fluids. This has an WD 2006/ 121411
dPCT{ngZgOS/ 000150 6 advant aSe of creating a
advRoiape ohtrektitlg & ShurakshidliretonadKel the Ry ShicT Ex wil ,
silicone fluid may be a di nethyl si{cﬁ-@?%gjh%f)ﬁi Eﬁes'“m"eﬂl."d
make e dimefhylsilkonéfluid. aspect of the invention, there is
provi ded. a nethod of preparing a 5 colloidal gel
having col loidal particles dispersed in a carrier
Al-igiui d, the method conprising the steps of. coating
ccaiingolblacthiid s et of theaRvehition tAerBYs hRRIMRAI al ,
{Blaui d; adding the coated coll oi daF par ?iang"g]ofj&?gf?é’a"nga
coticidaliget havirguealividanpardibies alsperRed ig liGlia thi Guld o
suspend the coll oi dal partlﬁcl es Tnctgﬁfé%‘g'?’itb?ﬂﬁtmf{ d.
commiprising firecstepsealt aB4ting the Bbifvidhl ph %8{ gphobic .
sealing fluid thus Igovveri ng tReﬁ?ﬂi%éI‘("ﬁtflé'fé1 : (5?‘%?-‘%’5%93“”9 fluid; -
addingrthe doatedii coliofial barticiaRr BIRBLEHHM fdlid- Ne, P8k i .
According to a fourth aspect o%q? eIHLrHVé?ﬂqggﬁPe'isHEr@e carrier
liquig tpsuspede theacom@idapgartbied PG qorfoldal gel for
protective fabrics froma col %ﬁ%{gﬁq%@sjﬁ%ﬁsﬁ”&ﬂr%?%Coats a
layanoinyiophobic semhb AufBdhul dd I.shersed in a -
carrier liquid, the net Hogé\’{’:égﬁ ?uﬁ%?fﬁ'g q‘?ﬁﬁgye“ﬁswfb?'? affgbric is

imptegrated with fige g6l | oi dal suspensi on; addi ng further
colloidal particles to the diluted suspension; and

di spersing the further colloidal particles to forma

colloidal gel with a higher concentration of '
Acclirding ts & oLl d<pleBds th InlbldRS the suspension -

prior to di I_utS}iygn. 20 T @logbﬁegelagﬂoﬂg? Bimyiyeckef producing a
collglvial gel darprbie cthecrAbfiEs fréth ACHeRb; | ye fabric b

i mpregnating the fabric with Itaﬁed%%g%rfsgérsjg?w@%?? almgXt of
colipidat particlys dispériske if aBalRr itRf [QuS. .

appl i-cations for exanpl e 5 s’tﬂlzla mgﬂ%ﬁﬂ"é‘t"smsthétsm of:
dilvtengtthe aolioidamBlspensipnch a protective fabric. Also, a

vehicle or an aircralt can conprise such a protective

addliab firthet eolloidal particles to the diluted suspension; and

.dispersing the further colioidal particies to form a colloidal gel with a higher

concentration of dispersed colloidal particles than the suspension prior to dilution

The colloidal gel produced ab'O\'/e can be used for producing protective fabric by
impregnating the fabric with the colloidal gel. The protective fabric can be used in
numerous a_pplicatibrjs for example, a stab or bullet.resistant vest can compr-ise such a
protective fabric. Also, a vehicle or an aircraft can comprise such a protective fabric to

protect the necessary protection.

Advantageously, the protective fabric may be impregnated with the colloidal gel may

have suspended particles of more than 65% by weight. Preferably, the suspended
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protect the necessary protect i on. 25 Advant ageously,

ective fabric may be inpregnated with the
W(}gﬁf/g{lgi{ gel may have suspended particles oPCTfﬁﬁe"05/000150

than 65% by weight. Preferably, the suspended WO

2006/ 121411 PCT/ S&G2005/ 000150 7 particles may be

bet ween 66%to 75% by wei ght More preferably, the
pasticigremee e bpBwddrcda®s tomF, e hsime W 938 Lo

75% or. 68%to 73% by We.°ébﬁyt épr@?éefgré?érgb' suspended
papliciésemby e beMEercsave Yo 5% Ti, 6 R84E bl o dal

gel conprising a 5 seali h’g I |°qU| dﬁsg %%89?/ tﬁ){\gelght

group conprising dinethyl dichl orosilane,

hexanet hyl di si | azane and silicone fluids. In this may,

Prefeea h ]
ey ot rotetyea e (b8 mb el i E@ 4 gfegomprising a

alingentigoid Wsé w escr
sewhr:gﬁ rlgferencﬂgc‘@tg 0 ?ﬁgﬂagcoﬁ'gﬁﬂyl ?émgﬂym ng "TeﬁPXPSﬁ‘F"HWOS"a"e
hekagethgldisilazar’ ShaRINLGILHsEW Rfs '@Lé @P&eot’% ga%gc S bs made

surface havi ng hydroxyl groups;

hyd@pRosiel ¢ vi ew show ng bondi ng of hydrogen bet ween
adj acent hydroxyl groups of the silica nolecul e of
Figure 1; Figure 3 is a mcroscopic view of
three.silica particles showi ng nore bondi ng between

Briay Deso¢ k,o,gbpmgs;)raﬁ,i re 4 illustrates a m xer for :
produci ng a Co gel according to the preferred’
20 enbodi nent of the present invention; Figure 5
illustrates an equilibriun1state of silica having

ti cl dded t
Emﬂddﬁﬁ@{@ ofthe Mn‘ﬂ?ﬁ i rgﬁl\é be gg%crﬁgcrit t'grc\e/%zo r)fegn?ge,%wth reference

a glycol carrier

to PRRREGMABAYIR dieMings in which,

_Figure 1 is a schematic view of a silica particle’'s surface having hydroxyl groups:
Figure 2 ie a schematic view showing bonding of hydrogen between adjacent hydroxyl

groups of the silica rholecule of -Figure 1;

- Figure 3 js a microscopic view of three silica particles showing more bonding between

hydroxyl groups;

Figure 4 illustrates a mixer for producing a colloidal gel according to the preferred
embodiment of the present invention;

Figure 5 illustrates an equilibrium state of silica having clusters of agglomerates when

particles are added to a glycol carrier liquid according to the a first embodiment of the

present invention;
- Figure 6 illustrates dispersion of the clusters in Figure 5 after shearing;
Figure 7 illustrates formation of partial aggregate and agglomerate networks when a

solvent is added to the glycol carrier liquid during the dispersion of the silica particles:
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present invention; Figure 6 illustrates di spersi on of
t lusters in Figure 5 after shearing; 25 Fi 7 '
Woizllaﬁﬁiz#ljt es formation of partial aggregate ar /SG2005/000150
aggl onerate networks. when a solvent is added to the
gl ycol carrier liquid during,the dispersion of the
silica particles; WO 2006/ 128411 PCT/ S&005/ 000150 8
Figtirg Brikustratdsl aggfioraérate rRg@bRE®F alo8eStb¥iRiitiSh .
proximty than Figure 7 after the @g- “2 venl:@'lp(':$?aftertheco
solyenfie exbamutafeddront the fhigd:i c; Figure 9 is a roller press
arrangenent for producing a protective fabric in

Figare 6ridaniier pies afrahberféntTBPpd
i nvention; 5 Fi gurgl %0 'S a \Q/ar FglpPoaﬁﬁ%#mﬁg?ﬁﬁ% accordance

withreefirst emnbedigrenestthe brésbatinfertiod t h the addition of a
spray device and a further hot air blower which is

Figuse d0 isna arsdtionrd tieiemsH sresy ar?éngfeli’r‘fent Bf P@ﬁfef MN%‘ L&%tion of a

Figures 11 to 15 |IIustrate appl i cation
spiayaleviceiang d RIPIEEhH MOBISREF WRICRRC s

preferred enbodi nent of the pFeseﬁ%&ﬁﬁ\%enﬁc\%é%rﬁ@d'mem of the
prdehtinl@stioRescri ption of the Preferred Enmbodi nent

Figure 1 shows a typr cal microscopic surface chem stry

Fighedeitd ¢5 Glusfaeid p‘ﬁ@atBﬁE ok ﬁ'leeproﬂytlgg féb‘?rl%tr%g 4 lgq%ld ﬁ 2ccordance

‘al nost 40% covered by hydroxyl groups ha
with e prdfertddCembdd on the nolecule's
' surfgce tend to rggﬁﬁof?mﬂéjgﬁééﬂgﬂﬂvé}ﬁ% as shown in
Figure 2. Further, there is also a tendency of
hydr oxyl groups from adj acent silica nolecules to
Debind DYsbRAC tRd BferR ehe&srrne gFigure 3. At | ower
concentrations of silica. rtrcle to the glycol
carrier fluid, sone hydroxyl groups are not attached
to the carrier fluid. The situation is further

Figaggn ashawe th Wipidal Hi&@o lcoéurf’éc%oéh%lngét@e %ﬂa&ﬁ{g\@| LY ica perricle

and since all three e nents ntro
whghas RpitdIRt almddt do%n&f\)%?ecoeb§/ W§droxyl groups making silica hydrophilic.

The hydroxyl_groups on the molecule’s surface tend to bond with each other as shown

| in Figure 2. Further, there is also a tendency of hydroxyl groups from adjacent silica

molecules to bond with eech other as shown in Figure 3. At lower concentrations of
silica particle to the glycol carrier fluid, some hydroxyl groups are not attached to the
carrier fluid. The situation is further aggravated with the use of alcohol as the solvent -
and srnce all three elements mtroduces hydroxyl groups that would increase the
likelihood that some of the silica particle's or glycol's -hydroxyl, which are all
hygroscopic in nature, can absorb moisture from the environment, thus increasing the

risk of aramid fabric degradation over time due to hydrolysis.

in a first embodiment of the present invention, silica particles having aggregate size of

0.2 to 0.35 microns are used as the colloidal particles. The silica particles are first pre-
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i keli hood that sone of the silica particle's or

I s hydroxyl, which are all hygroscopic in
WO%zg%{qi}zé‘mcan absorb noisture fromthe envir onnEHE/SGI083(00150

increasing the risk of aram d fabric degradati on over
time due to hydrolysis. 25 In a first enbodi nent of
the present invention, silic8 particles havi ng

treéied f\ﬂﬂﬁé %eéllné%q@ﬁd afd #n i Qlinﬁédlmeﬁf %]ﬁ?tﬂgle%iﬁ%a?g f@gtlsh %sed to

‘col loidal particles. The silica partic

malke ehd\BaraIes hydrdRdniECT/ SG2005/ 000150 9 treated with a
sealing liquid and in this enbodi ment, dinethyl

siloxane fluid is used to nmake the partl cl es
hydr ophobi c. The pre-treatnment forns a coating of

ThélipftrBitment Fehrang cééﬂﬂgdofaélméﬂﬁl H?J?ﬁrq@q’lbfdc r@ggé E\? icles thus

i sol ating the hydrox gr oups “on sarf

isoftihg & W&Mgﬁﬁpsm‘ e%éﬁ?cés%f%eeyl%g rﬁrhglf:? ht/l'g% aé‘t¥. to prevent

groups to bond wth t oS rom the arar

themk'ufb&ylt BlpsN YO SHROREG: s r[aﬁmd‘fr?é a%ﬁ%qdr@ﬁ%/ > 'Crﬁalgag them

ri sks. i s enhances t e reS|s ance of

hygFBé it %@%dé&ﬁ%%?dﬁ) s@rﬁ%kgn‘gh%?ﬁgsric:ﬁ\é:t ? gtgslrlétagge @{)tpe fabric

abri c e~ preparation

to rﬁBi%ﬁfre bR skSBi g:?%g ! gqpﬁ%mgblﬂtg r?g Hi:ﬁnfﬁéﬂ? background

section) accor e firs wi |l now be
described. In the present enbodi ment, polyethyl ene
glycol is selected as a carri er fluid. Depending on

Th?@ﬂ%%aggﬁdarﬁgf iaglc%ﬂﬁcgbalgéel sé'ﬁ.?? éwﬁ‘”‘gedﬁqrbgﬁ?fd %ﬁgmt@ﬁgé’%g in the
- | 200
e R O

. variabl e speed m xer 100, an exanple of which is
shown in Figure 4. The m xer 100 has a m xi ng bowl 102

I 1 e CohBEaS b AN BuEdl B BRGEIPLE 10%ce

supporting a p ural’i

b e AR O A Y B v
pre§&1t05$556ém@ﬁ% tfie c&y i%g'le%%g@%gr % %ve¥g te (teo ggcrahtzggct) arlrllolec:ular

pl ane. 10
weight.

The measured glycol is then poured into a variable speed mlxer 100, an example of
WhICh is shown in Flgure 4. The mixer 100 has a mlxmg bowl 102 to receive the glycol
and a rotating shaft 104 supportmg a plurality of high carbon steel shearing blades 106
arranged inside the mixing bowl with the leading cutting edges tilted to féce downwards
with an offset angle of up to 10 degrees to the horizontal plane.102. The mixer 100 also
has counter rotating scrapers 108 (i.e. the scrappers rotate in a reverée direction to thé |
blades‘ 106) arranged oh the inside of the bowl 102 so as to ensure thorough and

homogenous blending at higher speeds of mixing superior to commercially available

high intensity mixers.
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has counter rotati ng scrapers 108 (i.e. the scrappers
r in areverse direction to the blades 106
Woazﬁpgi%g‘é on the inside of the bow 102 so as R@’%‘F@W@MSO
t horough and 25 honogenous bl endi ng at hi gher speeds
of m xing superior to commergially avail able high
Thintensity m xers. WO 2006/ 121411 PCT/ SG2005/ 000150 - 10
Fnge-yeatedraiimneuridies are passirel A5 walgR: PRAS! i
wei ght preferably in the range of 660 to%‘g%iﬂﬂe range of 66%

to B8Yaini retatipo toitke carrier duid, ldmddn 18 %rd LESENt ,
g‘g‘oodi ment, about 70%is used. T%é %é‘ﬁ%@”b?’sdﬁ@%’?qeé?%‘ﬁ 70% is
used Theatangbés élaeted portaanthagPabyertehlE pof - clas i
particles in the coll oidal geF i'S agg\P V@E‘&% 8f Hecparticles in
thed¢alipidabgeal is afoveles9si | i ca i s conducted over a few
phases with a first phase consisting of adding the
particles slowy into the carrier fluid with the shaft
rotating at | ow speeds of 15 to 50 rpm Wen the
The dispemiqpeofithe bibsa RIcdnaddled otdt 4 wRard ier -
fluid, it exhibits a state as.%ﬁ’ﬂmaglggbvlgﬁ&fﬁt Rf1ase consisting
of addings thegiaritgesTBIBWRSIBRIMNE & Frid BSidOki st.er |led 1o
aggl oner at es 150. Some of themgbg %@#a%h@srz?%%@?\ﬁw fpeeds

of ‘HatotB0otpive Witen thersica \@Rticldsair8 S 29 s fﬁ(@@c{gﬁ%@%ﬁﬁ@&ri? S hibits

t he aggl onerates indicated by referen

* 280, od b 408 LA Motk 1L s con

continues until the particle

aggiomenates 150 Sorfe | draht é@fg%ér'dfgg%%t%%}‘{%qm\é\gg@(ﬂttr:;pidst@fform even

stage is reached, in.a " secon ase,

largeardggiintisiates (€6MbRJAIAE ég{%orﬂér)éﬁ‘{se{g’laic%%?&gﬁ%?en%g urprrgzracters

the 15 dough for one to t m nu _

150, 604 apbargeB) e SR onhe%ﬁ%&nS%%ggi Kl ghe PRRclearand the

.progressively to 1000r pm a
cargeyi fulid oMxtimecforAd aNGht areyadiee Yok LE¥.as,.t he, .
particles are di spgrsgd i ?23’0}:6 '?'f‘ﬁ’i‘?h%‘ﬁ"aﬁ&awstrﬁ@ched, in a

sece ahasy) thd hadiRS of t rticles when a
ol PRACRE R S e PR S Eubrpdes mgum the

solution is fornmed is shown I n
doughd i f T4 i: [ d to f
oughdoragy orewbahintteal THédMAE, fr PRIRGIEEPRLSS el O iU ™ - 100

smal |l er clusters
Is turned up progressively to 1000rpm and. then 2000rpm to attain é solution indicating
a reduced viscosity asrthe particles are dispersed in the carrier fluid by the shearing
| blades. The state of the particles when a solution is formed is shown in Figure 6

ilustrating the agglomerates of Figure 5 being dispersed to form smaller clusters

termed as aggregates 152.

Subsequently, -phases one, two and three are repeated until a stage when -no- more

particles can be added due to the increased number of particleé suspended in the fluid

Due to the dimethy! silicon fiuid pre-treatment, the dispersion of the treated particies
with the carrier fluid can be difficult particularly due to the high particle count proposed

in the present embodiment. A co-solvent in the form of ethanol is used to aid the mixing
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20 terned as aggregates 152. Subsequently, phaseé one,
a stage when no nore

t "three are repeated until
wop%dﬁ?/fzgglés can be added due to the increased rRfnte(2087/000150
particles suspended in the fluid. 25 Due to the
dimethyl silicon fluid pre-treatnent, the dispersion
of the treated particles wi tH the carrier fluid can

and ldishir§ibh qurbtegsanit skouicbh Ya;ﬂié?eﬁt ﬁqa%tg ?t#gh%%%% Ebl%l%s such a.s

- count proposed in the present e

- matbarsbtaebe used bitsthaidNsreRtRaMI ¢ gbgﬁé{i @1 he
m xi ng WO 2006/ 121411 5@%18G2005/0%§i f@a%&égWﬁ
di spersion process. It should be apparent that other
organi ¢ solvents such as nethanol can be used but

In etfiturttophase, HeeéBahelds d48ed Bgbiner W};@g% gﬁ’l?% g)'(ae{t%lglrc, W\Kﬂ the mixer

In a fourth phase, the ethanol is

100 ladjustddi toa Mightr §Jeed opiohd rﬂihﬁefa'r?&ecﬁereéﬁ%ro% Qﬁ'jte & AhEspeed

a higher speed of one mnute and thereafter,

of 800ENTphi @itk & thipeRehogBhod YRt gwr%émsifbnﬁeé hi n honobgenous
i ght grey gel isfgormed. The Xer 1's returned to a
| oner speed of between 15 to 50 rpm simlar to the
speed at the initial starting phase (i.e. first

Thehie)is retin®ep t® 6 ¥Skerispebd B bdthRERYEY, %’bﬁ'Fna rnﬁéﬁgr ﬁ(lalqa?] speed at

particles being added until the m xture

theginitial Istartig @REHS (30 Firt co-sol vent
is- adged ang tho et %%%éﬁsﬁgﬂgweggﬁﬁ@e yFpgated Wilh more
patitigh ebeings ReéGst RHAIXHE il tily i re, forns a
hoﬁogeeénogﬁs gel agai n?ﬁnbﬁ{ié goarHrr{eg éé’?h{;grse? Iﬁé'%yedr?é'gﬁe‘@a'”' More
ethantli &s #d cé-B6ivemriki ' i e calrrie .
 Roneaay o b 1aR8 R WG e 160 e pBPERLISLEH o = higher

fluid. However, it should

speed progeedsively 3AM%eraf n‘ﬁ)&@fevﬂrﬁé\gg%g{ﬂnﬂd&%ngeé Z;%L\/q%%n. e same

relative-to the carrier flul e ad

processals. repbatedi untit all SEOpAHIOEE aré Pl ' of o _
particles in the pr epgr ation of t e‘%@}“{'@?@ggﬁt ﬂli“ﬂ-ngwever, it

shairirbe afotdchthae pestsBbRahb irfore Sthé‘r‘i’t:*»oo%ebpﬁlle%ﬁ@‘?@ gﬁ 8‘@'[ ?cg,—solvent

the carrier fluid when the co-solvent 1S subsée

relatiyet éee carAét fuid 6heul@Be RIS &P fotaj! ' 24 Qla el :
has a very well dispersed parti c?lé?@?%%ﬁ el Spriignggntration

of pasti¢iés irstheagregaratiore etinkl dol i rdSuiting the .
preparation of the coll o%al ge"Il;b ﬁs%g of 1ol particles not

being suspended in the carrier fluid when the co-solvent is subsequently removed.

_After the above steps, the mixture or gel has a very well dispersed particle structure
which is illustrated at equilibrium in Figure 7 and the preparation of the colloidal gel is

completed and ready to be applied to a fabric.

in the present embodiment, two methods will be described for applying the colloidal- gel

to a fabric: rolling press and svpraying.

Figure 9 shows an arrangement of a roller press apparatué 200 to perform the first of

the two methods. The apparatus 200 has a roller feeder 202 arranged to introduce
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Woofoﬁ/ enbodi nent, two nethods will be described for-
appﬁ%’g‘

con'pl eted and ready to be applied to a fabric. In the

the colloidal gel to a fabric: roll¥@lSE?088/800150

and spraying. 25 Figure 9 shows an arrangenent of a

roller press apparatus 200 tp performthe first of
Htmr;gtt\go met hods. The apparatus 200 has a roller feeder -

a cabeaimpeegriated mithoites CshadP tRiIBRG AR liddi in. thi i

PCT/ SG2005/ 000150 12 fabric to beﬂézng%ég?%{t I, this ,gmbodiment,
Keviee®stadais usedc Reaiappatatwupod aeilides érhhﬁn@rﬁféﬁdﬂagﬁ%4 having an
_Kevlar(r) 160 is used. The apparatus 200 includes an
inleteraninc204zaaiid 20 4uttet\Gpegingr204brbeAlloNIRY iHaFaBRE 3 gﬂﬁo and out
f?hr;éuglra%tdf gp?n'iarg? ﬁgﬁba;d%r al | owg? tg{eg fabric 18
of | n oBteferablyt hebbe .209 edver erl| iti
flaps 205 cover the openi n?gﬁ;or are posiet{?e%r‘eb%b@!ét%%smoned
to erepie @ pamew rstitviust stifficient fos Whd ifgbrRnto Hays ﬂwP&eq*haQé oW in the
. pas_sl,_b_t hr ough as shown ig thgl fi gurg. This helps to _
iguredibis helpsporadumrevaborakien spiheasiveh | ina

thi ckeni ng of the o Aon Sk el %3%@%@?@%@‘;%89 of the
coligidal fluidc| udes a network of rollers 206 di sposed in the

i mrersion 10 tank 204. Roller speed is controlled via

notors (not shown) and the anmount of pressure applied

on the fabric 160 between the pairs of rollers 206 is

Thadippetates BYO @isi intladésng refwork hst romdrk %Sﬁﬁéﬂo%ed-li_ﬁ‘?he immersion
speed and anount of pressure determnm nes how nuc

tankal04o Raliér spleei ds cordrobied vig nagtotsi (B8t o) BHE thinb
S%acent to the imrersion tank 204 is 521 hot algr:;1 Erlltoo\kg}'essure
appiz® grottiet fabrie 6@ beween tise phies oPfolleds! 2BSB Yafusk itioni
" guiding the fabric to a collection roll Zlgu.S %Hob)‘éég?ltﬁonmg of
et fiodleri pRinseGnaspest gndoarasnt of Prseolel it r8fbidat flui
_in accordance with the ear Pi er describe rr%vt?hg‘@fﬁicgﬁo'dalﬂu'd
is king appliedionto the falrid hr ee parts ethanol and the dil uted
gel 20 170 is poured into the inmersion tank 204 of

the rolling press apparatus 200.

Adjacent to the immersion tank 204 is a hot air blower 208 positioned above a series of

transport rollers guiding the fabric to a collection roll 212.

To begin the impregnation process, the colloidal gel prepared in accordance with the
earlier described method is diluted with up to three parts ethanol and the diluted gel

170 is poured into the immersion tank 204 of the rolling press apparatus 200.

The Kév]ar@ fabric160 to be treated is fed via the roller feeder 202 and introducéd into
the immersion tank 204 to be-wet.ted by the diluted shear thickening ﬂuid 170 and
passed through the network of roliers 208, somé of which are submérged ih the fluid
170Q. As shown in Figure 9, most of the rollers afe paired and arranged to apply a
desired pressure so as to force air or air bubbles out of the fabric during the wetting

process to aid the impregnation process.
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The Kevlar(r) fabricl60 to be treated is fed via the
I eeder 202 and introduced into the inmersion
W‘{%ﬂ%ﬁééﬁf to be wetted by the diluted shear thPEk&a?44§000150
fluid 170 and passed through the network of rollers
206, sone of which are subnE{ged in the fluid 25 170.
As shown in Figure 9, nost of the rollers are paired
and arranged to apply a desired pressure so as to
Téérce air or air bubbles out of the fabric during the
sReedoof otationsef the milerst 205 AP HRY BASYIA i
dzogg 121411 PCT/ SG2005/ 000150 = 13° The s’é%é"%g@?g“ rolléPpairs are
adjustest fooensure thmrough Meetting @troagst drhiendpreshdivht tyes :
roller pairs are adjusted to ensur emt%%gr oug tB\%et in fabric

160nApinglication of egmplgteaitippegratioh ea tawdiaddrt Yinf RRAL Fabrit0 which

_An indication of conplete inpregnation is a '

is @ darkenhing shade pitheianiginaendtari telodas thdibhc. 5 IS a
dar keni ng shade of the original natural col our of the
fabric. The network of rollers 206a includes sone

Thr ol l ers 206a arranged above the diluted gel 170 and

Thediebrarl of wileen206a iesiades sgRk rolRFELDE6RRNngdd | .er

17§O6a have flexible scrappers 207 for scrgapp%%&éhggggted gel
eindals usesl korérapee texcesst gels iMtefeldMy, OBk foflefd -
gravity to the tank 204 to pr evenim{'hei r rg_se%%é;)ﬁlax%glexlble

scrappers a3§)7i fos scrppingeéxdéey lgar & ' '
out of the tank ggiéby tﬁe gJ?%@S?W@%B%‘P?%&%@' fo fall by
gravisy kethe tarkORGhototpravert: ieif relring iRa SsempHATer the hot
air blower 208 having a tenperature between 50 to 70
degrees Celsius to dry the solvent. Care should be
Th;gﬁn&; &@@en1sa%(r)_e 15 :E:rgt@tahdemsurface Ite_rrperature of the
"V S IS reout C u eV
damage to the gel. O course,gifIe:ﬂ{'r?'istsa(';'gtﬁeér;1 thstge F’gf{%\/g@?’a“”‘?”
rollggs 2 at theriabricheasses meert thel sietkif Bloivee 2bB $iaving a temperature
- dispersion of the particles in the glycol carrlgr
betwegh §0 taffOedeatess Bglsiustte deetHeasdVent. NESre CHILR] sl@lt%%ﬁ“o nsure
i npregnated within the structure of the fabric and '
thah ihee eiFignee tapperataraiof dhe datrint Soef néthexdieli 66 c%gfggs%g@ius to
is illustrated in Figure 8. The conpleted fabric is
Preveny damaae ky thehgelmforduses thisl dters iseNrehRRAE! bg KRapbiSition, the

shown in

’ solvent used during the dispersion of the particles in the glycol carrier fiuid.

After drying, the Keviar® has colloidal gel impregnated within the structure of the fabric
and an example of the arrangements of the silica particles is iliustrated in Figure 8. The
completed fabric is collected by the motorised collection feeder 212. As shown in
Figure 9, a corresponding paper feeder roller 214 is used to introduce wax paper 213
- 80 the paper is sandwiched between layers of the completed fabric as the collection roll
rotates to form a transportable roll. The use of the paper prevents the fabric surface
from sticking to each other and alleviates surface damage due to friction during

transportation. It also prevents degrading the appearance of the fabric.
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Figure 9, a correspondi ng paper feeder roller 214 'S
i ntroduce wax paper 213 so the paper_ i
WO%&(?IIZ' ed bet ween | ayers of the conpl et ed faltﬁlf/iczcggs/"“(’b“
the collection roll rotates to forma transportable
roll. The use of the paper ppevents the fabric surface
25 fromsticking to each ot her and all eviates surface

- Forstesage purposes, fthe colisoof ihpréghipted IKRVBRDThIBNd 87 vaduuRl-S&aled in

prevents degradi ng the appearance of the fabric.
blagh pelyeihyiene IREE BGAB0EHtMAGEGL abdorbtn Bl Ah&BBloidal gel, WhICh is
pur poses, the rolls of inpregnated Kevlara fabric  are
still/aygurospopisatiu do iarowid exténtpidry tHehpros e, rAg sk @f Bfa%t( ®Bhque bags
noi sture absorption by the colloidal gel, which is
alsgtprotects fioe tabriofiom bitrbviblet eadiativRrwite RakHs ttJ‘\%'BnE Q@gr%ﬁbﬁ’én it the
art. The use of black opaque bags also protects
fabrig lig in@dé ppof atamidvibmdset radi ation which | eads to
fabric degradation if the 5 fabric is made. up of
aramd fibres. A second of the two nethods is spraying
and the set-up is generally simlar to what is
A secong of thedwoi metfiodsiisesayifd anditiid e6QRER dehetdidsir
fabric 160 is not soaked or subner ﬁ? |gn the9f II Jb‘? fo what is
illugtregedin Figumst @dthet differeackis204t the f@tﬁtﬂm&'ﬂls\ﬂot Qoa”kaﬁ?’ S%Bmerged
of spray devices 1o spraying the diluted fluid 6.

in Meefi@isi7DcoutGstoad shentaris 204 & begied vt @ dehes to?%gr%i)éevices
and is passed through the nozzles of the sprayin

spreging drees dilutecheitidt 170, Thd fiteic 1506s BREIMRY irdhted iRb]
can simlarly be used to force air betlJI eg (lJut t@%%nﬁ%‘l and

is Hagbed througreihe rozples ofiheaprd/inPAe\RERCB Siet tH ta%"nc ¢ The network of
wetting, the other process steps are simlar

rollers| P@8 caprsisanebbossedlfy fdrcaveit Bublfe2 BRI ©F 'tt?é ?Qortch%t aid the -
t he above descri bed nethod of producing protective

impregyidtion fracessuidieousttndy dret ees probess SstédsCa?reCé?mhﬁr% the roller
di spersed in-the carrier fluid is increased due t

~ pregpimgiiashosed saturation net hod achi eved by

t he, i ntroducti on of the co-solvent during the
di spersion process and the use of a variable speed
mul ti-blade m xer to
it would be appreciated that the above described method of producing protective fabric

has numerous advantages The silica content dispersed in-the carrier ﬂUId is increased

.due to the proposed saturation method achleved by the lntroductlon of the co-solvent -

_ during the dispersion process and the use of a variable speed multi-blade mixer to

selectively disperse the silica particles. After the co-solvent is extracted a higher
‘concentration of silica particles ef more then 65% by volume and more specifically
between 66% to 80% by weight, and a lower concentration of suspension fluid per unit
area of the fabric can be achieved. By increasing the particle count, more structural
st're.ngth is added to the fabric in terms of colloidal reactive force than can be generated
via negative normal forces upon compression when compared to the prtor art. This

increases the performance of the fabric partieularly the fabric's resistance to ballistic or

stab threats.
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20 selectively disperse the silica particles. After

t -solvent is extracted a higher concentration of
wo, Jlaﬁﬁ'/gzgﬂf}arti cles of nmore than 65% by vol ume dffdl/$@3085/000150

specifically between 66%to 80% by wei ght, and a.

| ower concentration of suspension fluid per unit area
of the fabric can be achi eved. By increasing the
particle count, nore structural strength is added to
the fabric in terns of colloidal reactive force than

Ascexpldined) eaelienl ¢tk 2Brriet dluRE A8 F tHET SRRbarkfs keif 18%%blloidal gel
conpressi on when conpared to the prior art. IS

cointaios dgdexyl treoups Bha isTRRREpHfic éﬁtﬁh%g?rl%éd“pi@@{ i%&#téL ?éig %(jsse of the

the fabric's resistance to ballistic or

presEniiopb sk thod(GWsee @bHESHIEEEN inléne"fﬁlaﬁmtjé&r{ﬁgsﬁlbgfering the -

earlier, the carrier fluid used in the preparation

risk behyxivblysis dBhe grl-coatdhtaRitis sy parivles & ;
hydrophi I i ¢ and hygrogcopi cin Eat ure. a%@%%}g&?)# ?rtohnea group

comprsing tdimetbpidfttbro@iahe dhd@nestByidis R ] 4 '
the final product thus |oweri ﬁ}g,g lt hez‘éggr_l S B@#étﬁ’ﬁ siftone fluids

sinby thesbflids. reBi€esificrOAktURY hPhrosBhic tdrdeRciBE ik SR wering the
can be selected froma group ~conprising

risidofrtediolysié thihe raparnldambee, HEWERBE b @IS i
di methyl silicone fluids si ncelt h@ggé"#cl%ﬁ?agldﬁggﬁeg%réed due to

its bighémt@tibatoﬂeﬁéarhbﬁﬁlké?ﬁﬁgg&b eftiggdenci es, further
| owering the risk of hydrolysis to the aram d fibre.

However, dinethyl silicone fluid is preferred due to
its higher retention of shear thickening properties.

Thd Ométhedmelebeaibedeserthbefirst rerhb&dithkhs tor§ i : .
proposes a "super" saturation for nuqra'tgglég% tggngeu e[, Saturation

forgolatioratiderdups gued ahdMEHoRSUALITPRedRkfiGE Bié%rgaﬁﬁér{ialese?o 1}? fabric

the fabric which is not "achievable b prior a

whicktihaus gohievabenge kebwh NRioPdroneldds 8%, .
by weight). 15 Wth a Igﬁer concent rsaftlh%ﬁsgq@t%ﬂéﬁg p@l%r/art 'S

betwekh 6068 b weighthout conpromising flexibility, the

With a lower concentration of the colloidal gel withbut ‘compromising flexibility, the
protective fabric is lighter with simil'ar amount of, if not, more silica particles bonded to
the surfaces of _the fibres or trapped between them via initial capillary. action during

impregnation process of thé fabric.

Another ady_ahtage of described embodiment is that the protective fabric produced in
accordance with the currently proposed'method requires a shorter reaction tirﬁe_ from
ballistic/stab impact to colioidal reactance of the colioidal particles. The reason is that
there is less cérrier fluid present in the fabrics énd thus the-colloidal barticles have less
inter-particle space to move and macroscopically compress before negative normal
forces reacts to the force applied on it. The aggregates and agglomerates of silica

particles in the colloidal gel are more closely packed than that of the prior art and have



10

15

20

25

protective fabric is lighter wwth simlar anmount of,

' ) re silica particles bonded to the surfaces
W%%OOF@%M%{T& es or trapped between them via i ni PFEFG2005/000150

capillary action during inpregnation process of the
fabric. 20 Anot her advantage of descri bed enbodi nent

I is that the protective fabrit produced in accordance

ittlei space hetwear theti. yn pxERDssAs BB r ' [ ,
reaction tinme from b%lpl istic/ sc?g%di tﬁp%ﬁga%f%lﬁﬁ%eﬁ%% It has

beeaaatisarved thét silien partities daforeed bUEbEthe ddHief BFTAB fofin what we
that there is less carrier fluid present 1n the

catlethr“farsechrmblibidals prétpirtbh Oiis ahe P e\ﬁhitéavs%ic%zs?xgwaér which

inter-particle space to nove and nacroscopl ca

- degomgirates thef oorepataedsi e ther paricled OF Che HIBRAC!S,dHO chiiBactness

force applied on it. The aggregates and aggl oner at’es
Prasholes Iquick paptinie iacking dritl foRfdctbtipitatith ABlvs oY Sissination
cl osely packed than that of the gri or artsgf'%cﬂg%/glswat'onpf

the Dasict, memﬁﬁm’éfcl@@%&@tiorﬂ&éé%&f 1 B W BaPHINERR fluid

them In experinents conducted to sh

. magkefwitht thisanethed. it has been observed that silica

- particles is forced out of the carrier fluid to form
what we called "forced colloidal precipitation” in
the formof white silica powder which denonstrates
Futther, thenpethbd es snpégridtien Resérivet Serd Barl- ket or2t@h caii
conpact ness 5 pronotes qui ck parti%e&ﬁ)‘;&eilé%%%rn%’%n calibrated
sinte itomses pnexhiapichledévives b lgovéite RS ArRCTArLS 104 SS) | 0
the inpact, thus inproving the shocrk ggéorglt[}ﬁ%fr?@to éontrol the

mixsitawbich ean bé atustestefine tiiieikg Wrcﬂﬂzs%.' uid made with
this nethod. Further, the nethod of inpregnation
descri bed here can be repeated or even calibrated .10
since it uses nechani cal devices (e.g. rollers and

The ise ablthe Beteaitblone P68 tirstexndT & oldteprofiotsy yubhic y
be adjusted to fine-tune the process‘.) The uégm‘gf&?%@g{"on via
ck
i

temperatgrer angl ainemoveent, naking torfmetHaPsebiRl B A5, Ul
evaporation via tenperature and air novenent, mnaking
commerci al exploitation scal abl e.
The inyentor envisages that the protective fabric can also be made hydrophobic without
the pre-_freatment step, \'A_/hich actu_ally .forms _a‘second em'_bodiment‘of the present
inventiqn.-To elabor’ate,.the step of treating the éilica .particles with dimethyl silico;le
fluid is 'obviated.with the untreated silica pé’rticles weigh and measuréd s.i.milar to What
is suggested for treated particles, although it should be noted that, to achieve fhe sarﬁe
concentration, the weight for treated particles should be 2-4% less thén the untreated
(i.e. amorphous) particles to account for the added weight of the treatment silicone
fluid. The weighed silica particles are similarly added to a mixer 100 of Fig'ure 4

containing the glycol carrier fluid and diépersed as suggested in the first embodiment

until the lumpy dough can no longer be sheared into a liquid. Thereafter, a co-solvent

~ of up to 150% of the volume of the carrier fluid can be added to assist the dispersion of

more silica particles in the carrier fiuid to form a concentrated colloidal gel similar to the
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15 The inventor envisages that the protective fabric |
be made hydrophobic without the _

W(‘{‘)?@?/?irlzg]t ment step, which -actually forms a seReR§G2005/000150

enbodi ment of the present invention. To el aborate,

the step of treating the siljca particles with

dinmethyl silicone fluidis Boviated with the g :
firstrermieeiireehtsThe appiRatién 6f B8 guah 3BcGAY 3y b b8bodiment

to what 20 i s suggested fof treat eg Dar ﬁfgrhggﬁe%ond sffbodiment
is ahavroingFigute thamlch i9einiRk estheatt erhiSb AR i 0B ot wi

concentration, the weight for treat eﬁggbﬁ{ﬁ'é@%s%g?ﬁcspt with

thé edditidof epmyt hatics e sUaid § ab8shd g& Sr bﬁitmg%[%gj%e fabric to be

particles to account for the added weig

impregatteeinithsthkicofisigal ddl i smildiesoukid 2ed tﬁéﬁbﬁé‘% PY e, st blower

--particles are simlarly added to a m Xer

208 to camova the BYIVERE THENXSREr, GRS fabf | | sper sed
as suggested in the fi st en‘god? ﬁ%ﬁé‘sggﬂﬁﬁyﬁégﬁgy nozzles 218

dirbcm;gydid@uglsiuoﬁahm@ntbqnseébrl%eon%BSW&%J ' lbauid, o
Thereafter, a co-solvent  of up to 8%'81'&???53#%? rRumidity-
shiefd" tcoetirgaon itres fabridivhicaR RBsagliaty A i i

di spersion of nore silica patticl ese@riﬁtt %S%goﬁrq gt air blower
220 Ihavidgtthe Samen Heating efperalufs as Hd fistBlowdebosi fi ar -

t he WD 2006/ 121411 PCT/ SG2005/ 0001§g 'I°Y%?f2|°§'sﬁ’é Rlmidiy-shielg
redichs dherefiects BheyaieRlsisC Blit RRHredhdoite id 1 danc |

with the second embodi nenwai@é shoaﬁgéltﬁé EPS%E‘E%ES{?”Q as the
prestreatinent reéthbdl adud @o taagé Ehsh ' of .Flgure 99 g

except wWith the addi tion of gp agﬁdn(?;éz?étgsrnﬂ%'g%d hgwever, it
exisibita thangihalii Highdrawestive 26kce T0& tha BFd. ' |

i mpregnated with the coll oi dg‘? ge:BFAT greét&rf%?gﬁﬂﬂpdsoaked

and then dried by the first blower 5 208 to renove the

sol vent. Thereafter, the fabric passes through the
Exsgritagntsiozzl es 218 directing di nethyl sil oxane onto the

fabric on both surfaces. This creates a "hum dity-

shi el d" coating on the fabric which is subsequently -

dried by the second hot air blower 220 having the
1) Stabdedteat i ng tenperature as the first blower 208. The

hum di ty-shield reduces the effects of hydrolysis,

but hydrophobic effect is not as long |asting as the

10 pre-treatnent nethod due to usage, creasing and

Fowgs'agmles;' ufdﬁ@ltmm fabho©wRVSeparel and impregnated with varying percentage
~of the colloidal gel in accordance with the first embodiment. The sample fabrics ére
weighed before impregnation and again after imprégnation and drying td ascertain the

increase in overall mass. These layers are subjected to knife drop test on a rail rig with

| five-witness papers _interlaced_ with polycell foam. Coliectively, the five layers of foam

are further supported by 8cm thick polyethylene foam as stipulated in the NIJ stab test
procedure. The double-edged knife of carbon steel is dropped from 30 cm with a
weight of 3.5kg. VTh_e samples are tested and compared With neat Kevlar® fabric 'that is

untreated with the process described herein and levels of penetration are recorded.
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exhibits a marginally higher reactive force over the
- tment met hod. Experinments 15 1) Stab tests _

W%ﬁviéiﬁpl es of.Kevlar(r) fabric are prepared@HG2005/000150

i mpregnated with varying percentage of the colloida

gel in accordance with the first enbodi nent. The

sanple fabrics are weighed Bef ore i npregnati on and
Saagdd h after inpregnation and drying to ascertain the .

20 increase in overall mass. These |ayers are
Keslatip &2 derkshy (285g/sopn, Réft Ghdawrd) 1265428 Wal) weave, year of

five-wi tness papers interlaced wth polycel oam ' -
mébofdoare 10V yis tlteniol I8em Xy25 SnPEizE 08R uAkr&atbd 'SHidE 'content 61%

supported by 8cmthick polyethyl ene foam as stlpulaped

(pricm arthet idlimhprigabteldasith alfti® 28R 6Tahe FEBNISKH LY
kni fe of carbon steel is dropped %r om 30 (I:é‘r%— %ﬁl?iﬁmae_roller press. .

-provesg Theoimgregkigtion be is BERdConahe difsreRce E?rﬁ‘@veﬁ@ﬂp&rﬁg Kelvar®
ated Wt

with neat Kevlar(r)fabric that is 25 untre

before impregasitordane irpeshraesekanand i S el bat
oo o e o Doos e X Pd/'éégz{%gsf%o‘?g'gﬁ{@w"qﬁh thus

indiatetre dmée! dirifibredfdBo® ivhBNS | oktrdiRRMY Sditiki i
wrap 28X28 pl ai |§1rllb\/\lezdz§\27e, year of rganuf a}itggfgéﬂr%%,@%g'on and

spead of the eollrQrairX 8. The PasketPsi 318f FR ER i
content 61% (prior artr%. ItSlr?}{errrpr ega%g'%e véw%nh&ggodﬁnS'w of

2.076%gfsq rhivehepeleighed afisH iPrddriafith A€ dRd. EFnibk o
process. The inpregnati gﬁ, é?%hi S basedﬁgAnd ?E@Q&S?@Ieerlgnuggd asa

referenve sghpieafs it hes diRdav@intdnt of tHaaJrRF §rti Mpr egnati on and
i npregnated Kevvar(r) is dried. The wei ght % woul d

thus indicate the amount of inpregnation which is

controlled by adjusting the position and speed of the
Sanmld 2r pairs 206. The packed six |ayers of fabric have

an area density of 2.076 kg/sq m when wei ghed after

Keviapriagnaf | demsity (R8BgYEqN&n, - wéhti Sncs AFRb €28)828! 584 Afedve 1)?ear of
reference sanple as it has silica content of the prio

mmutactlﬁanmm i€ cut into 25cm X 25 cm size. It is impregnated with about 15% of

the gel when dried using the roller press process. The packed six Iayers-df fabric have

an area density of 1.989 kg/sq m when weighed after impregnation and drying. Gel

hydrophobic silica content 69%.

S.amgle 3

Keviar K29 of denéity 285g/sq m, weft and wrap 28X28 plain weave, year of
manufacture 1997, is cut into 25cm X 25 cm size. It is impregnated with 11% of the gel
when dried using the roller press process. The packed six layers of fabric have an area

density of 1.902 kg/sq m when weighed_aﬁer impregnation and drying. Gel hydrophobic'

'. silica content 68%.
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Kevl ar K29 of density 285g/sqg m weft and wap 28X28
' ave, year of manufacture 1997, is cut into

WO%@AWS cmsize. It is inpregnated with abdtftT/SGHHP00150

15 the gel when dried using the roller press process. '

The packed six | ayers of fab@i c have an area density

of 1.989 kg/sq m when wei ghed after inpregnation and
Sadmje 49. Gel hydrophobic silica content 69% Sanple 3

20 Kevlar K29 of density 285g/sq m weft and wap
KeSZlaD(KBQpjfaiensmea&sg/sq/ﬁameqfandmfgggg)g és, %19&7 ﬁn'if_aLCUt ?997 is

e

into 25cm X 25 cmsize. It is inpregn

cuttihte 2fem X\d%eom dizeer |sliﬁ1p?él%r{é?&j Wwith 5, Bf ﬁé%ep%ﬂérgﬁged {fsing the

The packed six |ayers o abric have an a

rollef ptes30grokegss TH pdtREd V¥di Ser af fiF Fel208e, 2
dryi ng. CGel hydrophobic g;lytgl ca conltceﬂnlti}[:}%ﬂ/sl qy of 1.807

kg/2Q 06 Mt2hAIdigR§d AftsR
of density gSSg/sq ﬁ}%ﬁ%ﬁég%gdw n 2%@3&0@@'(&?”“’3 content
72%enuf acture 1997, is cut into 25cm X 25 cmsize. It
is inpregnated with 5. 7% of the gel when dried using
the roller press process. The packed six layers of

Fabr Sampiés an_ar ea Jemsi bandit, K/ 7 (;;;L;,a@,g;ﬁ;g;g-sp@

V\EI gl% BT Pt ,gllatl ot
i r\@niljnnf 72% Sanpl 3;07Ereal Densi ty kg/so?m

Iavergérwgﬁgtratl on| Sanpl 1988, 076 2 $anpl e 2 1.989 2

SanplSample 3902 2 Sanpl e 4180807 3 >
Sample 4 1.807 . — 3
Neat untreated Sample 1.710 \ ‘ 6

The experiments demonstrated the weight savings of the silica gel prepared in
accordance with the descri.bed embodiment with a lighter areal density but little or no
compromlse to performance over the prior art neat fabric. As is apparent the fabric
(sample 4) treated with 5.7% of gel has almost similar resistant performance when
compared with one treated with 20% of prior -art gel but with an almost 45%

improvement in areal density performance ratio i Improvement.

2) Ballistic Tests

Five samples of targets are prepared using the ‘same Keviar K29 fabric of density

285g/sq m, 28X28 weft and wrap, plain weave pattern with three samples produced in

3 accordance wrth the second embodrment one sample produced in accordance with the

ﬁrst embodiment and another sample untreated. All targets are 20 layer plies, 25cm X
250m mounted on a steel frame and strapped to a 25cm X 25cm X 25cm cube of
Roma Plastalina clay serymg as a witness. All targets are shot with a Colt 1911 hand

pistol with S & B Czech made 9mm Luger round of 124 grains and a muzzie velocity
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Neat untreated Sanple 1.710 6 The experinents
strated the wei ght savings of the silica gel
Wogzr%g‘g%lé{} in 10 accordance with the descri bedPCT/SG2005/000150
enmbodi ment with a lighter areal density but little or
no conpronmse to performancg over the prior art neat = -
fabric. As is apparent, the Tabric (sanple 4) treated
aveliaging5l.2D%feét mpelschasd GbvRs867hA) #r '
~ performance when congéared Wi t/E) oﬁgﬁggﬁgg%ﬂ%m'ﬁﬁ%h Sample_
s treatpd iwdth \aripgellevald of\géircofberttaliBsd with Ynel FEX: Q%%ﬂ@?tnoit teated)
areal density performance ratio inprovenent.
seRirg assa conti@ sing drievieesged ) Sisss6ss tha' r
using the sane Kevlar K29 F?jglsbri c Ofs‘i]%gﬁ:gﬁe?t BE@@’%/“?%‘ art. The
Clayus Mdmﬁtthabdcm@sigﬁétm&s YRa%ereddbt &hhhetdt! a quadrant is
t hree sanpl es produced in 20 accordance wth the
cuts §youah émboentrentf, thendefasapbe iPtHS LR shl RESEEANGE depth of
with the first enbodi ment and anot her sanple
indentatiembed.trafinta depthelithegs.e 20 | ayer plies, 25cm X
25cm nounted on a steel franme and strapped to a 25cm
X 25cm X 25cm cube of Ronmm Plastalina clay serving as
a wtness. Al targets are shot with a Colt 1911 hand
Sapiptet b+ Neit TheeBed B Czech made 9nm Luger round of 124
‘grains and a nuzzle velocity WO 2006/ 121411

SamgiE Sc2006p00E6ge! with 6398 UGG iBQA- bRGtaer Second
(about 367m's) froma distance of 4.6m Each sanple

Saimplet 3 edf 9% pehwitrab6% umtrogtea|sficd bnd ebafy G lng@s
Wi th one neat (sanple not treated) saerw ng'%ﬁélﬂ&g

Samplet 4 ol5.671%l gehwittt 66%tETtrebDSIRASHRS D aLAE ob Lilid tent
per the prior art. The «clay is remn@%g a{‘r%%ﬁt%hfgw

Satpalek b ac 8% igghatitiir E2%stremes wiies (bRipafi§IELEL ith 4
quadrant is 5 cut through the c(gntpre of theorggﬁ%eﬁw‘ﬁvt'tpotrqe first
emppdimeaticl ay and measured for depth of indentation as
a trauma depth witness. Sanple 1 - Not Treated

Sample | Ceramic type and % BFS | BFS % depth
: percentgge in Gel | Treatment | Diameter Depth improvement
1 0% 0% | 59mm 30mm Control
2 Untreated 63% 20% 67mm 19nim . 37.33%
3 Un’;reated 66% | 17.89% 65mm 19mm . 37.33% |
4 Untreated 66% 5.67% . 56mm 22mh1 : -26..67%
5 | Treated 72% 7.88% 66mm 24mm 20%

The results show three layers of penetration with the exception of the neat sample

which has four layers of penetrétion; Howevér, the ballistic test at NIJ level [IA

conditiqns also showed that the_fabric impregnéted with the silica content of the prior
art and the second embodiment has similar levels of trauma reduction compared to

existing known soft armours. However, the protective fabric produced according. to the -
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- ior art 10 Sanple 3 -17. 89% gel
wo ey

Sample 2 - 20% prior art gel with 63% untreated silica
wi th 66% untreated
nd coating of silicone fluid Sanple BCT/SG2085040150
gel with 66%untreat silica and coating of silicone
fluid Sanple 5 - 8% gel vvithé72%treated silica .
(prepared in accordance with lt_he, first enbodi nent)

_ presanslembodimant bat ypweeraneight BB SREFo e 6\%?@?%&%@9%\8)0% simila

in Gel Treatnment Diameter Depth inprovene
bajistieinamavan@nts ovér tha ndat Keadrasl 63% 20% 67nm 19nm :

3733% 3 Untreated 66% 17. 89% 65nm 19mm 37.33% 4

Untreated 66% 5. 67% 56mm 22mm 26. 67% 5 Treated 72% -

7.88% 66mm 24mm 20% 15 The results show three | ayers

Thetfinished tpratective fabtidicamee euasel fhuherbhe aBARGISATRGE example,

A T
e ot et e o EALIATS oo
et e e L
KGRI IS gt
Wi Lo B P I B e

(r). The fini shedtlj _prmctie%/fg fg%rﬂé% %%nﬁggﬁi%%yg?ereaeﬁsofm For -

enhanved quisteatinm, innatiple nayeré of tRXABRE 8an b &gg%gagy;@ﬁr}goﬁyers of

such as a bullet/stab proof vest can be pro

- fabriadogatiere Euitver, sihgler lager M rth@ltipiEByer Pebdulss ﬁag‘?éé%g\gn or sealed

. shape and size, the fabric is cut” using a
into a fabric bag having punched rings that can be held up by rigging or sewn into

canvass covering for soft skinned vehicles and trucks, cargo bays of aircraft to provide
the required sound, knock and threat protection. The modules cén similarly be provided
in metal or plastic containers that can be mounted to sides of military or civilian tracked
vehicles or wheeled vehicle_s to prov_ide ballistic protectién and also to assist in
channelling of air and dust to the rear of the moving-vehicle to prevent dust gathering
arbund the mid drift of the vehicie movement that could be directed into the vehicle's |
engine air intake system, causing exceséive wear to the internal working parts of the
engine. Due to the flexibility of the fabric, fabric hodules can also be fastened, by
adhesive or other cdnventional means, to the inside of soft skinned vehicles (eg.
security vehicles) to provide the necessary ballistic protection. It would be apparent that

this can be used for military as well as civilian vehicles.

As mentioned above, layers of fabrics can be stacked and arranged to forml a flexible

module. Preferably, the layers are sealed by using a vacuum sealing technique. It is



10

15

20

25

shear or an industrial cutting device to produce the
' vest. Also, the fabric can be cut and nade
'Wq%o?gi{llgﬂnvabl e inserts to conpliment carrier RieK$a2005/000150
made of normal fabric to achieve the required threat
protection as the rn_anuf_acturgzr sees fit. For 10 -
enhanced protection, nmultipl®¢ | ayers of the fabric can

rebammerdeceitiaby highi viicngmlsauRF He eked Wathrd r‘feg‘aﬂ%“&%gure of at least 5
Further, single layer or multiple |ayer "nodul es can be _

' bag éwachievesgrmideahd lasting seafigdar i ¢ bag having punched rings

that can be held up by rigging or sewn into canvass

covering for soft skinned vehicles and trucks, cargo

bays of gircraft to provide the required sound, knock
In dinel attéetite, fhetiayets oan béh@nBWILE DebRdbrs il hﬂbh%h@&ts that had

provided 15 in netal or plastic containers that can be. :
ongraidet kreedt withs PYEstooborial packaying ForCingi fabidjalERC i

vehi cl es or wheel ed vehicles to provide ggﬂ%i lgﬁlggackagmg has
nyjpnciugiaces facimeadtsothe0ams tesfabhie. T8R! &4 '

and dust to the rear of the noving vehicle ntnge%{)rgglee?ﬁly glued,
hedUresspat drartragpnicalip sedled teofh nirtifikt Hhiekf Lgle

novenent that could be directed in%o F?hg {I/\gel*ﬁ(égﬁﬂéﬁé

engine air intake system causing excessive wear to

the internal working parts of the 20 engine. Due to

Fignes fiBewi 17 iliusyyatef extantiéabr iherd B brotdmoy 854 CB%@%%%? in the

be fastened, by adhesive or other conventiona

~ deswibet eembeaiirdentodanstes tisedk Fiaoes 13 8Rbwh 8ty ied- ' ,

vehicles) to provide the lr%’ecessary baﬁYé@%i%ac‘ﬁg&gH&yrVeh'C'e
22f ragtde ptatective | parveisl 1282 P enzi PRERNEhet BttectilyBi Sk )

used for nilitary as well as civil Paneci}'gﬁif%?@g%fgﬁeﬁjsescr'bed

embediniemltheathe\sides eithe ehiclekaBirewidé . ,
arranged to forma fl exi bl & rm’jorlul e. %%&ﬁéﬁﬁéﬁg&'ﬁig&ecm”'

Alsoa jher sida rrmnsisateddcd ShelismBEnteoNVER UNBWHEE bghd "
il S VO 2008/ 121411 PCT/ SG2005/ SPHEER D HH MoK and
ire¢fing amyhioghx creatadwiserathervehilelis @owid { 8 | iating fi
g pressure of at-least 5 bar to achi e%e ggg%gﬁaﬁ%llewatmg fine
ustepariicies Feml being directedito et esHid s \ehgie BiduRY 95 Skl tdlesimi
_sandwi ched between two nyl on shee;é?gt hat Idnad g” oneté% similar
sidgipefettivegunelst 2028\KB irigoudedIinma avHeafdeadHidar {Hice 204

the..fabric | ayers. The packagi ng has '

- Figure 14 shows a typical soﬁ-skinn_ed truck vehicle 230 having a canvas roof 232. It is

_prgposed that t.he canvas .roof 232 is made from the protective fabric thus protecting
the passengers or goods carried by the vehicle 230 against ballisﬁc threats from small
arms. The flexibility of the protective fabric alsd allows the canvas 230 to be stowed
away so that it will be out of the way when logistics and ventilation requirements arises.
Figqre 17 extends the application of Figure_ 14 to a tentage 234 by Qsing the protective

fabric 232a to protect the personnel and equipment therein from baliistic treats and

fragments from small arms.
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nyl on surfaces facing each other and the fabric. The

' n be conpletely glued, heat pressed or
W‘ﬁ@??@%‘gﬁ cally sealed to forman airtight proPEEGHWS5/000150
package. Figures 13 to 17 illustrate exanpl es of where

the protective fabric proposed in the 1o described

enbodi nent can be used. Fi gu?3e 13 shows a typical
Figuractéeshawsmhow acebsti) fanet?Babd Ra® G5 ek & of

made from the prot ect'i%/e fabric of tﬁ‘edeégcé’rlggagzbée%azorrc of the
- desntiteti EmBbbdimentaotffm e Bamétid Benatehisg! royide -

the required ballistic protecti gn_r.] Z go,f‘osphé;[eés}i %ﬁ alrcraft 242

againsé lsmall extons efirt HeorA rBuEIde e Girklant It QY6 I
noving tracks and directing any vortex Pg@gg%e@gmﬂ%aﬁs body

against ballisticltereats from ik 9o EieraheRIch ok RHS| Rkl is
fine 15 dust particles from being di rectlgé}n?éc?ﬁgﬂgl discharge

orveihorxplosive rgtidentsitgeH Sanl@arhbdd k! fceir Sihldr ide_ .
protective panels 222a being u%ed in a ﬁ@gdg@rg}dﬁ@ﬁmtlon.
vehi cle 224. Figure 14 shows a typical soft-skinned

Ther describetii erbodidenhanbid Ao dRY BSndtRwe imitdtivb S i
proposed that the canvas roof 232 is ?raésg%wlﬁ)atrtﬁv%hérhe inventor

- enpisagec that ethé afreitkeariei B Bl GokN & SENEEerS, - o .
or goods carried by the vehi goe 2%8@52!%%@30%'?'?%9”99 fabric

hytitupaabis chn dsaR) indeseient 86d b&Sarhidithdnt Yheoécdlto[bgl g8 preparation |

protective fabric also allows the canvas 2

forsincreasing dvaaparsiolst dbaht it thel ddi. G abnpi. tﬁ@fre%eﬁ'f%?%qﬂtg make

. logistics and ventilation requirenents ari ses.

t
- thd fabei thyddphoiiie can el ki foNpAdr drt %Fi@szﬁléichodo%st rgc{f&%%.l‘elrel such a

234 by using the protective fabric a to prote
highhparfiele sune bue e W@?@Hobm?rt@:irﬁbrgér%@rﬁsﬁeéééﬁ Gf the fabric.

treats and 25 fragnents fromsSnma

CaP0E6AY iot IgreRET /tISQDEEdtQ&@A?Q might bk AWef, 18 iﬁ@r%\é\g%gﬁe:{v@arﬁcle

acoustic panels can be nade fromthe protective

cowit using thelesinlddh gd! HrapaditioR Biodos t St
panel s 240 to p?ot‘ggtp an alpr cpt;)a?(;j ﬁ%'?f&ggng?ﬂgtﬂr%ﬁ%\%m steps to
maketise fabrie hjdrophohit.si de the aircraft. It also protects
the aircraft's body against ballistic threats from
inside the aircraft such as small arnms acci dent al
di scharge 5 or m nor expl osive accidents which can

In thendeseribbe erbodinménits, SpoipdtREEhd YiyaBdisORRLAbE® RS the liquid carrier
_ﬂuid but_ it is apparent that other liquid can be used for exémple, ethylene glycol or
water, however, water is not preferred as it is more volatile and less viscous than

polyethylene glycol and aiso weakens aramidé vié hydrolysis.

Co-solvent is preferably added to aid the dispersion process after shearing the giycol - l
and particles for a period of time at varying speeds and only after further dispersion is
‘not possible due to the increased viscosity of the colloidal gel. However, it is envisaged
that .the co-solvent can be added When shearing the mixture at a constant speed
although this might take longer to disperse the particies then if the shearing was

performed at varying speeds or even when maximum saturation is not reached.
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The descri bed enbodi ment _shoul d not be construed as

‘Vqéig/fg've. The inventor envisages that the
*3H8& nent or the post treatnent step of nB&THE240HE00150

fabric hydrophobic can be made i ndependent and

separate fromthe colloidal gel preparation 1o for

increasing the particle count™ in the gel. For exanple,

the treatment steps to make the fabric hydrophobic

can be used for prior art fabrics which does not

 Sheering isedesoribedt as thg prararréd %e@h&oolﬁnﬁotﬁlé}ntfo%?ﬂ%ﬁtg However other»- ;

hydrophobicity to i'ncrease the. '|ifespan
suftathie dispersionrteeiirm@les suchasUMARORR Vdvesa n%‘is%ttfecéé i 1
m ght be useful to increase the partic coun u5| ng

the colloidal gel preparation proposed herein but not
the treatnent steps to 15 nake the fabric

In tityel depérideidcembodibieptsd | s ,
pol yet hyl enzmgl ylcol i ?Fggsgfﬁgidgbegk@ﬁgglsleled%d &r e golloidal

pafticleiscbut uithért cérém&ppéﬁlél% dah"%e GEéHBEuJ:H gQ'&ia@ﬁﬂJrg%? %rconia '

for exanple, ethylene glycol wat er
family oroTitapiusih ©idxdé Athdubh ishi
vi scous than 20 pol ygt hylcgﬁ%ﬁcér:ﬁ%hlgtdréf@gég%ub%ﬁgk%\%gost low
toxiaitgand 2avy avdipeiiel. ysi s. Co-solvent is preferably added
to aid the dispersion process after shearing the
glycol and particles for a period of tinme at varying
speeds and only after further dispersion-is not

Keplag® ishliseddageart exdrhigie iif ﬁfeeé’és%ﬁbé/d éﬁ%&t%ngfg l{tﬂgtprﬁ?gt invention

col |l oi dal gel. However, IS envisag

is aiso applitable oA BtHee a?é?ﬁlﬁq’aW&ns&:h ea%rﬁeﬂl%tlé WI .u{u‘ftggrt eradicate

constant speed although this mght

hydlolypies Bés pfopobéd ‘théi'f&@rlésrkﬁri/ahf)ué %a§§§gﬁéﬂﬂg er\'\%fﬁryp of bunched

perfornmed at varyi ng speeds or even

yarsatafi maittofibreissofnedtedsacEiesin R0RAL 12
PCT/ SG2005/ 000150 24 Shear i % |9s dé(s% 5N be used instead of

arapnie: ffabrics daltttgto B CPE alkkOfnBreeatiag] ABRLSer, Hewky g1 sorﬂétm‘?es called

sui tabl e di spersion techniques such as ultrasoni

HPREVbricaiof fhe dibkss HReFblatRelNedds €6
enbodi nents, silica or sil tycon di oxi de ﬂ@ﬂer weight gad much

stroryer omldemﬁodaéncep&ﬁhbreﬁ hest B#Hseﬁéé“%ﬁo@@@nﬁgﬁrgég tdeﬁsrus is not a

can be used such as Al um nium Oxi d
concern.

Having now fully de_scribed the invention, it should be apparent to one of ordinary skill

in the art that many modifications can be made hereto without departing from the scope

as claimed.
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waPolid/

family or Titani um Di oxide although silica is normally LLOYDWISE
1rﬁd due to its low cost, low toxicity and easg

el FAB i ty. 10 Keviar(r) is used as an exanBFESG05/000150

the descri bed enbodi nent but the present invention is

al so applicable for other argmd fabrics such as

ballistic Nylon.- To further“eradicate hydrolysis, it

is proposed that fabrics cfLARMS ous weave patterns

made up of bunched yarns of mcrofibres of extended

chai n pol yet hyl ene (ECPE) can be used instead of

aramd fabrics although ECPE are nore costly. However,

.ECPR ometbouredfi praiueial! 8 deoiBidaPRE! fférbrﬁr&%cﬂ{e s, the method
er 1 n

fibres are relatively easier to coat, lig

wei ghmpésidg the btepstof:onger i n performance where heat
presence above 90 degrees Cel-sius is not a concern. :
Haviiydispensing ahl amaeles of ool barik lcQRer libui ( :
apparent to one of ordinary Eki IIleyﬁg%Clgﬁ'etr?{éu'g?é)@r%a%)&"o'dal
manpuspetisfoncat i ons can be made hereto w t hout

departing fromthe scope as claimed. LLOYD WSE WO

2006 dirding theP€dlloRla? 8G8peABiBAbsh?5 CLAIMS 1. A net hod
of producing a colloidal gel for protective fabrics,

t helijretiing fudbencdlisidappadigies Wit S cgépér)se&j lté&ﬁ%aéu IEglloidal gel

an anount of colloidal particles in carrier

to fwbiam hasd Ighbal congertpRivhi 6N dishblsed! '
col | oi dal suspension; and iii) aglgi ﬁ&gf E‘?‘{o#eé? dafiies than the

col lsusmmkiopaprior ¢d @itutivhl ch are di spersed to form a
coll oidal gel which has a higher concentration of

di spersed col |l oidal particles than the 10 suspension
prior.to dilution.

A-method according to claim 1, further comprising the step of: at step (i),

dispersing the colloidal particles at varying speeds to disperse the colloidal

particles.

A method according to claim 2 further comprising the step of:
dispersing the liquid at a ﬁrst speed as the particles are added until é

predetermined stage is reached: and

dispersing the liquid at a second speed without further adding of the particles |

wherein the second speed is higher than the first speed.

A method according to claim 3, further comprising the step of, when the
predetermined stage is reached, dispersing the liquid without further adding of

the particles for an amount of time before dispersing at the second épeed.
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2. A nethod according to claim1, further conprising

the step of: at step. (i), dispersing the coIIoidaILL
particles at varying speeds to disperse the coll oi dal OYD Wise
particles. 15 3. A nethod according to claim2 further
conprising the step of: dispewssing the liquid at a

first speed as the particles are added until a

Pr edes Gleflod 8ekortiRIS clafin b 8RE Toker SHpritingRRY Sép W disP@sing the liquid
liquid at a second speed without further adding of the

partigla8fird sped ‘ﬁﬁ&ﬂﬁ%&@rstn@%t aRCeAd speadod & Shaheof tifi@nhe third
the first speed. 4. nmet hod according to claim3,

f ur t hgeedRMRMighbngar hesebRispedd, When the
predeterm ned stage is reached, dispersing the liquid
wi t hout further adding of the particles for an anount
of tinme before dispersing at the second speed. 25
¢.LOYDA \Metiod atBorBing Ao Bl bo¢laimc4, cadiien Gotaprisitgaihns@poof dpeating the
further conprising the step of dispersing the liquid
at a dikpefsibnsmedd fastl edcorti apE tfidngpeads dntie tsesaih dmepeed colloidal
for an anount of tinme, the third speed being higher
than pdel&eeodsespeRdne arfer liquidret hod according to any
of claim4, further conprising the steps of repeating
the dispersion at the first, second and third speeds
until the said anpbunt of colloidal particles are
7i speAshdhddractdiging & Ariyedf thd prateding Zlainds, iattes dormersmgdhagep of, at
to any of the preceding clains, further conprising the
step aép (il dispksing! tRPcd{loidal) partidies ped speddchigheethaoihk dispkasing step (i).
particles at a speed higher than the dispersing step
(i). 8. A nethod according to claim5 or 6, further
conprising the step of, at step (iii), dispersing the
gol | 8Adméth&aa&doedi@stoatlaia1 spees] fhitigheombhsng theestéhbof, dit step (iii),
speed.
dispersing the colloidal particles at a speed higher than the third speed.

9. A method according to any of the preceding claims, wherein the said amount is the
maximum amount of colloidal particles that can be dispersed in the carrier liquid prior

to dilution step (ii).

10. A method according to any of the preceding claims, wherein the dispersing steps (i) and

(iii) include shearing the carrier liquid and the colloidal particles.

1. A method according to any of the preceding claims, wherein total amount of colloidal

particles added in relation to the carrier liquid is more than 65% by weight.
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15 9. A nmethod according to any of the preceding
clainms, wherein the said amount is the nmaxi mum anoupt
of colloidal particles that can be dispersed in the
carrier liquid prior to dilution step (ii). 10. A
nmet hod according to any of tig precedi ng cl ai s,
wherein the dispersing steps (i) and 20 (iii) include
phear A RidtHol Bcoafifd Bfany babé ptecdthglchang Whé@ind®d colloidal particles have
particles. 11. A nmethod according to any of the

pr eceg'rgﬂgat@l;iaésrmo.zwm.nsmr&m al anmount of coll oi dal
particles added in relation to the carrier liquid is

nore than 65% by weight. 25 LLOYD WSE 27 12, A

nmet hod according to any of the precedi ng cl ai s,

yher ei metHva acarding @ainy pathk ipeketinghasims, vageriehatiquidihaesmolecular
of 0.2 to 0.35 mcrons. 13. A nethod according to any

of t hweighit@€ Betiveg 1banhd®0. wherein the Iiquid has a

nol ecul ar 5 wei ght of between 100 and 300. 14. A

met hod according to any of the preceding clains

wherein the diluting step includes adding a

CR- SOA idiliodt Rcdrhiag $dsyesTsheoprestlling lelairss Whérvieelre diliRg step includes
300% of the volune of the carrier fluid. 10 15. A

met hoglidagaaodbRenttt@the lsaspensibd, whidhes Bitween160% e 3@I% efithe volume of
is ethanol or nethanol. 16. A nethod according to any

of t heepargedtliilg cl ai ns, wherein the carrier fluid is

sel ected fromthe group conprising polyethyl ene

gl ycol and ethylene glycol. 15 17. A nmethod accordi ng

to any of the preceding clainms, wherein the fabric

151¢] udesetidanicdding @laildi .14, Mherefn the tdiaddveacis ethdalgr thethamy,

of the preceding clains, further conprising the step

of

OYD wise

16. A method according to any of the preceding claims, wherein the carrier fluid is selected

from the group comprising polyethylene glycol and ethylene glycol.

17. A method according to any of the preceding claims, wherein the fabric includes aramid
fabric.
18. A method according to any of the preceding claims, further comprising the step of

coating the colloidal particles with silicone fluid prior to the particles being dispersed at

steps (i) and (iii).

19. A method of producing protective fabrics comprising the step of:

impregnating a fabric with a colloidal gel produced by a method according to claim 18.
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20 coating the colloidal particles wwth silicone fluid
prior to the particles being dispersed at steps (i) LLOYD WISE
and (iii). 19. A nethod of producing protective

fabrics conprising the step of. inpregnating a fabric
with a colloidal gel producecdgy a nethod according to
claim18. 25 LLOYD WSE 28 20. A nethod according to
fd ai %%%thoﬁ%éoﬂﬁﬁg BRURH 15 fi}ehet BfnppsAB tikfstep ol | UL i NG

the colloidal gel, wetting the fabric¢ mntﬁ the diluted

f 1 ui dgj@&R ﬂ@&&kﬂ&u de fabric to renove the co-sol vent
fromthe fabric. 21. A net hod according to claim

20, \A@&hﬁgzme tdveic hahkieQilu@d Huidegdusi ng a hot air :

bl ower A net hod according to any of clains 19 to
21, Wnomeine iR t6 &nlodk Blcogelhent Srodlithasalrét. Wi th  up to
three parts of solvent. 10 23. A nethod of producing
protective fabrics conprising the step of:

i mpregnating a fabric wth colloidal gel produced by a
et hofd naituaradion@ing © cBiny 20fwhetdithefabiic is@ridd usidga A air Blower.
nmet hod according to claim 23, further conprising the
step of. diluting the colloidal gel, wetting the

fabric with the diluted fluid, and drying the fabric

D r eAONEhddNRcEOing &) a9 R clain@nMotib @1, fvaRFdirCthe 28102dal gd is diluted with
met hod according to claim24, further conprising the

step @f towhred pdrg of Ravedt.i ed fabric with a sealing fluid
sel ected froma group conprising

23. A method of producing protective fabrics comprising the step of:
impregnating a fabric with colloidal gel produced by a method according to any of

claims 1 to 17.

24, A method according to claim 23, further comprising the step of:
diluting the colloidal gel,
wetting the fabric with the diluted fluid, and

drying the fabric to remove the co-solvent from the fabric.

25. A method according to claim 24, further comprising the step of
wetting the dried fabric with a sealing fluid selected from a group comprising

dimethyldichlorosilane, hexamethyldisilazane and silicone fluids.

26. A method according to claim 18 or claim 25, wherein the sealing fluid includes

dimethy] silicone fluid.
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di met hyl di chl or osi | ane, hexanet hyl di si | azane and

silicone fluids. 26. A nethod according to claim 18 O | OYD WISE
claim25, wherein the sealing fluid includes 25

dimethyl silicone fluid. LLOYD WSE 29 27. A stab or

bull et resistant vest conprisiong a protective fabric

produced by a nethod according to any of clains 19 to

2P 285t HONIE! Rsi%antARsBdohipfigihy aGREBVE ifiicroduced by a method
protective fabric produced by a nmethod according 5 to

any Of il WarkdftRInk69 189%. A protective fabric
i npregnated with coll oidal gel having suspended
particles of nore than 65% by weight. 10 30. A
protective fabric according to claim 29, wherein the

s4ispepdericiRRF hi Sit@st &nfpridiRh WRRectiROfb i Opré@ite DYy ¥ReBBE according
31. A protective fabric according to claim?29 or 30,

wher ejohin} BEcisspeRdrd particles are between 70%to
75% by weight. 15 32. A protective fabric inpregnated
with colloidal gel conprising a sealing liquid
selected froma group conprising

g9 et Rydretb@ivk GAueis iihBidgnatdaexienailbihidies hdvarkasispeaded particles of more
silicone fluids. 20 33. A nethod of producing

pr ot egihh ¥4 bakkight. i npregnated with col | oi dal gel, the
met hod conprising the step of: wetting the fabric
with a sealing liquid selected froma group conprising
di met hyl di chl or osi | ane, hexanet hyl di si | azane and

$0.] | CANRotbdiivE ibric A& ortfing O cith DY AviREGO I istipetded Phritled are between
33, wherein the silicone fluid is a dinethyl silicone

f1 ui deeck k9% WY wEight.

31 A protective fabric according to claim 29 or 30, wherein the suspended particles are

between 70% to 75% by weight.

32. A protective fabric impregnated with colloidal gel comprising a sealing liquid selected
from a group comprising dimethyldichlorosilane, hexamethyldisilazane and silicone

fluids.

33. A method of producing protective fabric impregnated with colloidal gel, the method
comprising the step of:
wetting the fabric with a sealing liquid selected from a group comprising

dimethyidichlorosilane, hexamethyldisilazane and silicone fluids.

34. A method according to claim 33, wherein the silicone fluid is a dimethyl silicone fluid.
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30 35. A nethod of preparing a colloidal gel having

colloidal particles dispersed in a carrier |iquid,

the method conprising the steps of. coating the LLOYD WISE
colloidal particles with silicone fluid; adding the

coated colloidal particles tgghe carrier Iiquid; and

5 dispersing the carrier liquid to suspend the

£01 | o dadin RStk &Gafifs 4 Botfotal EAaliRE cdlical Partici@Bdisgrsed in a carrier
nmet hod of producing protectirve fabric conprising the

step ﬁ’c{u:id,itm&l%aa:t)hﬁgsiﬁme fighrdrc with col | oi dal gel
produced by a nethod according to claim35. 10 37. A

col | offlaghe @ELoIfoRIal PARUIQGHINRicbRMIigS havi ng suspended
particles of nore than 65% by weight. 38. A nethod of

Pr odugddiy the Goflel QbifbRdal BRficIdsQ6 R tatieiduitgadaabri cs from
a col |l oi dal suspension having an anount of coll oi da

parti gkessifhl (ROPIRSR Uiqhid tdsusFnd tRIcolldigil batticltdia theadahieliquid.
15 conprising the steps of. diluting the colloida
suspensi on; adding further colloidal particles to the
di l ut ed suspensi on; and dispersing the further

¢®! | orGRdthdaasn bioah@sy proteftive Mbsic 6ohpridirgahe @lofwi th a
hi gher. concentration of dispersed colloida

parti whpsgnhiiithd RABriSWEPEMSIdarsePpro@iced by linkthbd &dording to claim 35.

37. A colloidal gel for protective fabrics having suspended particles of more than 65% by

weight.

38. A method of producing a colloidal gel for protective fabrics from a colloidal suspension
having an amount of colloidal particles dispersed in a carrier liquid, the method
comprising the steps of:
diluting the colloidal suspension;
adding further colloidal particles to the diluted suspension; and
dispersing the further colloidal particles to form a colloidal gel with a higher.

concentration of dispersed colloidal particles than the suspension prior to dilution.



