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| mproved Col | oi dal Gel For Protective Fabric, |nproved

Protective Fabric And Met hod of Producing Both
w@awkgerund and Field of the Invention This i nRENSGTNINS/000150

relates to an inproved colloidal gel for applying to

an inproved fabric and also to an inproved protective

fabric, nore particularly butt not exclusive, for use

s_cl ot.hi faor protectjon agajnst stab or ballistic.
Pip PR oiical ok HralsefS FAblsdmisoed Prejoatva F b And
has gai ned w despregd,.us | .aw enf orcenent officers,
mlitary personnel ,%Mﬁ’ﬁ%’@%@@&%d aid workers to
prevent ballistic and stab/cut injuries from attacks
wi th weapons such as guns, knives, daggers etc.

onventional bod ?rnn_r typically enpl oys |ayers of
MOV e aed - pre—caFBnl y known by their tradenane:
Kevl ar(r), Twaron(r)) and although this m ght offer
.sufficient resistance to cuts, the fabric may not

offer sufficient protection against stab or needlelike
THiR, Rvenfiatisrelates {q @BH%‘PHYeF*fCO{kH | gahiRr-anrlyirg &2 aniigaraved fabric
nge?i g@ed to protect against certain calibrated
ang 71§99 andmprvedirsote abriymare, partigdlady prinias exelusive tfhruse as

roi rei nf or ith tal, chainmail, plastics
4c|<§§iﬁ§§qr's eginforced with netal, p

ARtecinagaingt stabiay bllistia injudesrakes t he ar mour
bul ky and heavy, thus limting such arnours to torso
or head protection since enploying such arnour at
other extremties of the user such as arns, |egs,
PraigRile g%?dlcn'@ctb%ﬂﬁmdd Rpdyarmpe hagrgainagomidespreagndse by law
increase fatigue, Recently, advancenents have been
enfteRmens officars.smilitary parsanmek iesauiiy forces cndagidaweters tsf prevent
ﬁ_od arnmour as explained in the publication "Stab
ba 'é%‘%/%@daﬁt@E/C& iniHries frophatéacks inith weagpas such as guns, knives, daggers

etc.

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

applications” by R G Egress, M. Decker, CJ. Hal bach,
wo2@s/1tmel J. E. Kirkwood, K M Kirkwood, E.D. R&r/2€:005/000150

and NJ. Wagner, to appear in the proceedings of the

24th Arny Science Conference. Ol ando, FL Nov. 29-Dec

2, 2004. As explained in that docunent, a shear

LRSS Bt hac SRR @4"%4#%8%‘%@%@% N

W@'ﬁﬁ%iﬁ%?ﬁ%efﬁr&ﬁﬂ”e{ FhegAlh L Bt assores, oo

e B B A S ﬂ“%%gﬁwrﬂr S o s
s treated w

|
°°5§§?t§4t§%°°h%ﬂ. ?H’??ﬁgs'of'ﬁé;ompu'?'ﬁ'gb%‘%ﬂv‘é@'g s iaparseginga fiouid
m%&&ﬁ' it o Sh'r%}ﬁ%%" %gft Ekhife riuling, i lagge dncreases in

vigety aﬁgva ?5%’ Pl e e A aaa'éedt o T rA profective fabric

scos he fl{ lﬁ’i@thus tecti ne the user from _
wilfl FiPoHinbo cotichors Redlabmi e B UEi Thig- smidetdssmal operating
Rt iy B oo onge e usor
S B S5 enbh s R i e, v
bt 8 A3 BT A B B TEahe e s
or and used to wet the Kevlar(r)
protegitone Yel Eam fgm.

the wet fabric is then oven heated
to evaporate the solvent resulting in the STF
i mpregnat ed Kevlar(r). However, such inpregnated

Kel var IS not. w hout |imtations. For exanple, it
ThesCyiesn F%%musrﬂf eduging R User sdish drrticiass(camtharise known as
ticle . concentration does not offer adequate
sil8BR st q%aﬁ'%psrseﬂl iBieiiang 9iveal ot pplgiiriese dcol s e carrier liquid
Dbj ec present invention to provide a
orglgbpe@legl\ggl p@tra&w& B¥evelgene gt one part glycol with 50-65 % of silica

particle concentration can be achieved. The STF is then diluted with a 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 Kevlar®.
However, such impregnated Kelvar® is not without limitations. For example, 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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producing the same which alleviates at |east one of
t he di sadvantages of the prior art and/or to provide

W b@speialii c with a useful choice. Sunmary of thBCT/SG2005/000150
Invention In general terns, in a first expression, the
present invention proposes adding a solvent to aid the
di spersion of colloidal partBcles in a |liquid nmedium

ol I oi dal gel for producing protective
§¥€ ind &ﬁ Hefttig ond expression, the present invention
proposes the use of a sealing fluid to serve as a
hydr ophobi c protective |ayer for the protective

PR e Al BB LB Ao i st
h t

ol f%‘:%e!é:rs'gﬁscffnéﬁ% 65 AT bl s, e85 i

S TR AL B RS L) ool montcr

|dal arti.cl es which are dispersed t
Prodise? 3*“%%?% 5a seaa@q ﬁfm%e e i rnjgﬁggtr:\gt Fur o he
ed colloidal particles an es
Fwaédﬂkﬁggﬁéllutlon An advant age of the described
enbodlnent of the invention is that diluting the

suspension al | ows nore coIIoidaI particles to be
uid thus increasing the

In %gﬁf%gs%& géﬂﬁlnye}p 1?){3,; er& lfs Bf gedgaemeth@;q@‘f] pg)ngctglg@(tqllo@al gel
d
forgfpekia %B{J%?&qgms o sPipEa fip Saks ok ep (1) the

di rsed at varying speeds
) GRpbR e HVS o ceioSat pBRS mien et e T Siona collidal
Sugg)ernglo%ffect ively and a higher concentration

ii) diluting the colloidal suspension; and
iii) 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 colloidal particles are dispersed at varying speeds which has
an advantage of performing the dispersion more effectively and a higher concentration
of colloidal 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



of colloidal particles can be achieved. The liquid may

be dispersed at a first speed as the particles are
w@eodwed2unt i | a predeterm ned stage i s reached; P@nsGLl0&mM0150

the liquid my be dispersed at a second speed w t hout

further adding of the particles, wherein thesecond

speed is higher than the firgt speed. In the

alterpative. when the predeternjned stage is reached, _
sS2RB® PR 8 e lerLine g SBEPdt KB Aler A E hev e ermisdstormined

he. particles for an anmount of tjnme before dispersing

St s Bbtiet, i 'elch Py BRISPersRgav gy Rhohaadiog AEine s@ttites for

the step,.of dispersing t liquid at third speed
anaﬁrpcégntgf E'BSPSF‘?{E digpe Qf@%ﬁ‘acoggé@ae ‘or an anount of

time, the third speed being higher than the second

speed. Preferably, dispersion at the first, second and
thir esi red amount of

ee re repeated until the d red _
AP GP R BT B oBE TSR e of QaesTsias thenidukb st epeed after
diquid, . Advant ageously, at step (iii), the nmethod
digelsied é‘etﬁetsﬁ%"'?fﬁ?ﬁ%dééﬁ a’b%m?'i"gloégmﬁt f)hs taiprberpad heg higher
t han the dispersi ep. (i), The amount of coll oi da
th?ﬂﬁ@i S@F%’%"d%& e‘s"&?qg'ﬁgfys a'aé%{%s'%taé g(first, gagPNgeandribird speeds are
maxi mum anoynt of col |l ojdal particles that can be .
rem%ﬁ%vg%% ‘Eesc"ﬁs aagynt Qf cqlipidal Rerifleparerall disnansechin the eqyrier
, &ji). Preferably, the dispersing steps (i) and (iii)
liapide] ude shearing the carrier liquid and the col | oi da
particles. Alternatively, the dispersing steps may be
carried out using ultrasonic waves. Advantageously,
anmount of coll oidal particles added in

he total unt : ,
AQvaniapeeisiy 6t pieR (ilh the ethaddglisrerses the eqlicidal gadiclesdt a5meed

n i ght whi ch woul d provi de an i nproved
h'%ﬁﬁ%ﬂ%%msaﬁrsm §t8R kol | oi dal particles in the

carrier liquid.

The amount of colloidal 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 (jii) 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 liquid.

Preferably, the colloidal particles have aggregate sizes of 0.2 to 0.35 microns.
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Preferably, the colloidal particles have aggregate
sizes of 0.2 to 0.35 mcrons. The carrier |iquid my
whawe/1z14mp| ecul ar wei ght of between 100 and 30BCHSG2008900150

be selected fromthe group conprising polyethyl ene
gl ycol and ethylene glycol. Preferably, the diluting
step includes addi ng a co-sobvent to the suspension

T e Ry e Rael g i g boliedt iEnd god 2 may be
thel YR Gal " . d, fabric i d h
SRR En o YRl Rt Tl PN BEP ool mage olieoer

conprises the step of coating the colloidal particles
with silicone fluid prior to the particles being

B 5 o B P8 SRS
- i1 h.1he colloidal gel, T
oeh R R R W ALt e SR cofBunan Frdimephignt may be

' brics conprising the step of:
et@&%}é@@gﬁgﬂé@a fabric with a colloidal gel produced by

t he above expl ai ned net hod. The net hod of producing
the protective fabric may include the steps of:

' [ ; call oidal, gel, wett} the fabric with
Ty? fﬁél%la u 'éggtfrfcd? H?e(gﬂ%lt r%fpﬁ?ﬁt"ferfég’g%bri c to renove the
co-solvent fromthe fabric. Preferably, the fabric is
dried using a hot air blower. The colloidal gel may be

' ] tq.three parts of solvent for wettin
Adt9 %@H@%@rsmwe@ggpg fyger go Pe%eéotﬁa step i coating fthﬁ@o"oidalg

L hon, there is provided a nmethod of producin
S it K icohd BE pribr i B8 natisiseinaing Genaresdiat steje () arili

: [ Si the step.of wetting the fabric with

ThELARH BT it Blos S et nvarmlasgyismys ©bripss mregnated with

i e i chl orosi | ane, hexanet hyl di sil azane and
'meg#ﬂﬁ@gﬁégfluids. Thi s has anadvaxtage of creating a

"hum -shield" to make the fabric hydrophobic. The

silicone fluid

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 a group comprising

dimethyldichlorosilane, hexamethyldisilazane and silicone fluids. This has an
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. - . . hird
may be a dinethyl silicone fluid. According to at
as)r;ect of the invention, there is provided a nethod of

w@e@pazisng a col | oi dal gel having col |l oi dal parPCT/8GB®5/000150

di spersed in a carrier liquid, the method conprising
the steps of: coating the colloidal particles with a
hydr ophobi ¢ sealing fluid; adding the coated coll oi da

ad?éﬁ{abﬁlo?ﬁréaﬂn%g?‘g&@u&]ﬁglﬂ trﬂ%iedtéfa? g iy%mbgggég Slﬁcone fluid

carrier

This "pre-treat rrent " coats a |ayer
mg Se)%qﬁrg%ﬁgbélllk:&ééglﬁdng fluid thus lowering the risk of

hydrol ysis when a fabric is inpregnated with the gel.
A)écord?/ng to a fourth aspect of the |nvent| on, there

A 4 P O ey B e Pl %L%%'sw%m%rmg a
cRRUBTRY Ry AR bR Bpoenfin iod 'efﬁ%‘*”g’tt%@%md
cofrp i 68 B epdt o RN Patles il Rophobinepaiing fuic
ki Fg"°'<?%‘htp%‘?¢ﬁ' "°{9' Becirendi o Laeﬁ%%n%aééé{é} theccarrer
”qgﬁ'“’g dphoifs i creaZPaE Rgor Fsrbairdaudosbe ‘Barament oats a
8 b PP o B ﬁﬁaﬁf@‘vﬁér*n" E K yBrohsit when  fabrio i

umerous applications for exanple, a
'mg't%gggtggv@ul e?epesi stant vest can conprise such a

protective fabric. Also, a vehicle or an aircraft can
conprise such a protective fabric to protect the

APEFE I8 Ro BT it na b an ferhis Woviven ammelted oferpducing 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.

The colloidal gel produced above can be used for producing protective fabric by
impregnating the fabric with the colloidal gel. The protective fabric can be used in
numerous applications for example, a stab or bullet resistant vest can comprise 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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have suspended particles of nore than 65% by wei ght.
Preferably, the suspendedparticles may be between 66%
W0 2008524y wei ght. More preferably, the suspenPErsSG2005/000150
particles may be between 66%to 69% 70%to 75% or
68%to 73% by weight. Preferably, the protective
fabric may be inpregnated wi t’7hI col | gl ?Ial gel
. c o i
p%gangér !T%P b%t\ﬁn%ﬁé itlgkg%lrdsvl\sngg g’ %re pre?erag\y h: suspended
I ' L, SLLd, cone, flu n,thi vva
ehﬁe pr opéctcﬂl \%éﬁ%%égggﬁ Zé/"ﬁgzg%ﬁﬂé%%ﬁﬁkpé’ beV?'QF
Description of the Drawi ngs Enbodi nents of the
invention will now be descri bed byvvay of exanpl e,

Pl’g?‘%gblg q]%r&%%ts“}:%og,pgfel %g)?; rrpan ge%{y%\é\pé cggq %lglcgmg cg)p]qpnsmg a
AR L Frie R sBtaenostane

h%gg%rs ﬁs"g%% %('ié §'ﬁ Wﬂoi}r{)@@o‘%%ylc It'%a@\?&? 'S%J lfﬁ%élgfcan be made
hy%}%dhgglcpartl cl es showi ng nore bondi ng between hydroxyl

Figure 4 illustrates a m xer for producing a
coIIO|daI gel according to the preferred enbodi ment of
the present invention; Figure 5 illustrates an

i Libriu tate of silica having clusters of
Bric Dlestit Wi i cles are added td a gl ycol
carrier liquid according to the a first embodi nent of
the present invention; Figure 6 illustrates dlsper3| on

ure 5 after shearin ure 7

Sl L 5 e kol s
to ﬂ%gaccomp%)%né] G awmgs inml&,

Figure 1 is a schematic view of a silica particle’s surface having hydroxyl groups;
Figure 2 is a schematic view showing bonding of hydrogen between adjacent hydroxyl
groups of the silica molecule of Figure 1;

Figure 3 is 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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solvent is added to the glycol carrier liquid during
the dispersion of the silica particles;Figure 8

W0 bdogs2rat es aggl onerate networks of closer prRXI/AG20P5/000150
than Figure 7 after the cosolvent is evaporated from
the fabric; Figure 9 is a roller press arrangement for
producing a protective fabrid in accordance with a

bl B0 0 B DSBS 7 e o o
<ol PR LD o 2 oLy, device and @
B GRR KPR PGB i R rcare
Y KB BB by D Lo LT oo e

e present 1 nv

B8 S PR ARR LRSS oSS BB B geion o
SR PG EMPR DA BESB boETE 04§ Bt cimen o v

.qr.oups on the nolecule's surface tend to bond
m&%ﬁﬁﬂéébwggther as shown in Figure 2. Further, there

from adj acent

Fidie? 13 St BiTEE Yeeat %ga‘%ﬁ'zﬁ% s&@&%%f&% (eSOt hasorsanc
| ons
Witﬂ otg'? {?Zefgfrye/@%ﬁbgﬁﬁqnggﬁﬁg &i"{?%né'gﬁ%m@‘dr oxyl gfoups are

not attached to the carrier fluid. The situation is
further aggravated with the use of al cohol as the
inceall three el ements introduces

S ohps AT S EE ase the likelihood
that some of the silica particle's or glycol's

hydr oxyl, which are all hygroscopic in nature, can

| . in nature. can
PR PulP 7 st e SR B ol BUaamaend 4o paricl

whl?%dlrso{y}élsc’:bﬁ'y almost 40% covered by hydroxyl 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 each 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 since all three elements introduces 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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In a first enbodi nent of the present invention, silica
particles having aggregate size of 0.2 to 0.35 mcrons
wa@e@ouskd as the col |l oidal particles. The siliPeI/SG2005/000150
particles are first pretreated with a sealing liquid

and in this enbodi nent, dinmethyl siloxane fluid is
used to make the particles hydrophobi c The

re:treatne atin | oxane
ui WA HaTnd € ik sFhadment ey Elesong dnesig used to
surf ces of the silica partl cles. This
mace[tbesogﬂ%eg{]@mop(rw hydr oxyl groups to bond with those
fromthe aram d fibres maki ng them hygroscopic, thus
reduci ng hydrolysis risks. This enhances the

TR o B el Bt s AleveRn Ll SpBd the particies thus
'sﬁ%fui%ﬁﬁsbv%eﬁﬁf%ﬁ%%%ﬁwda'rfsgmf(f ﬁ@cai Baticigh, s a0 to provent
G eBRroLaromr (Rebprdoulll BrsodRHRiRe FEMeCHyPerBaking them
g 3w o P, P e BB bt Dot fbri
o TR G AREV R G008 16 SEBURREOBDCPNR Beilbar el ght

The neasured glycol is then poured into a variable

speed m xer 100, an exanple of which is shown in
as a mxing bow 102 t

ThFeafape@“Pﬁeot}g?@P'daﬁ@eb ‘Proﬁiéﬁqrrfﬁ'%%lf'@ fudsh a§um§6wﬂaﬁigln the
E h carbon steel shearing bl ades 106
paBiFaliEeeciiiel aredidien fi e bt BORPCmANE Mk o desbed.
cutting edges tilted to face downwards with an of f set

angle of up to 10 degrees to the horizontal plane.102.

e m xer | so has counter rotating scrapers 108
In (‘9 S PresRlM E?b&gﬁ‘e?@ Rystylsne glveal és selented s @n cagier fluid.

t he bl ades arranged on the inside of the bow 102
Depgndiag o5 apRp ‘Eﬁ Ny BYFRIRIMNQlerylar weight of 100 to 300 is used and in the

present embodiment, the glycol is measured and weighted to about 200 molecular

weight.

The measured glycol is then poured into a variable speed mixer 100, an example of
which is shown in Figure 4. The mixer 100 has a mixing bowl 102 to receive the glycol
and a rotating shaft 104 supporting a plurality of high carbon steel shearing blades 106
arranged inside the mixing bowl with the leading cutting edges tilted to face 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 reverse direction to the
blades 106) arranged on 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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homogenous bl endi ng at hi gher speeds of m xing

superior to comercially available high intensity
Woreooensi4¥W 10 The pre-treated silica particl es BCESG2005/000150

measured in weight preferably in the range of 66%to

80%in relation to the carrier fluid, and in the

present enbodi nent, about 70%is used. The range is

TSR Bl by A D o

- o i ga d few |
PR NP i il B SgSinabou 7o
usr%g{ Z!twclé’ kﬁ%gfigfé\giﬁ\égéﬁééogghtag&ei@qﬁ '88%;6;, uh%y%&w%pz the Sarticles in

o 1 e added to the glycol carrier
thg :cbl_!o?@al Befik 'aﬁbgef?@%.

urd, 't ex Sa state as shown in Figure 5
illustrating nmacroscopic groups or clusters called

ith
| omerates 150. Sonme of the aggl onerates attach wit
Sach | oner at es (conpared

TP oL e s & el e 5" « Blebirres v o ehase consistg
e I N -
of 2152%26 :?%rﬁf\yevggﬂgwdé él?%t %ﬂg%%lﬂ%n%ggzg It )\l/c\gﬁépiqlglr ?}f}id,r i:] exhibits
a tQ%gé ija%lugﬁmm riﬁ gﬁéﬁ%ogtn &Bgt%etwrgnt é’%?:rdﬁﬁgﬁlg;é)rg@ps, q?*nczlggters called
PR SH 15 S oAb SRS oo
ord S hoipelaie, (B ted i Poiomeratsy ?n%ls%a?feqaiy&:h%yen%characters
158N At BEGICFno THGioS ! &;,\%qgérﬁ&gg QE?@@?:&EU@J@%@ and the
ca@i%ﬁfl@g?%ic{ﬂﬁé fo&&% aorigh'?ggcgyr Elmspybgc;ugg. \(/j\}hse%etkéesqcaéeo is r(c)e;gilwed, ina
second phase, the adding of particles is ceased and the mixer is allowed to churn the
dough for one to two minutes. Thereafter, in a third phase, the speed of the mixer 100
is turned up progressively to 1000rpm and then 2000rpm to attain a solution indicating
a reduced viscosity as the 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
llustrating the agglomerates of Figure 5 being dispersed to form smaller clusters

termed as aggregates 152.

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

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

Due to the dimethyl silicon fluid pre-treatment, the dispersion of the treated particles
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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termed as aggregates 152. Subsequently, phases one,

two and three are repeated until a stage when no nore
weamnsiizl4es can be added due to the increased NnREMBG2008/000150

particles suspended in the fluid. Due to the dinethyl

silicon fluid pre-treatnent, the dispersion of the

treated particles with the carrier fluid can be

I
o] Bk, BRERLE ) 30 ecah o %Pr@g%;aéq‘;%;p&sa@tsuch .
m&ﬂﬂSnélQ{aW b%f useh Q)%g gg_hab«i‘?l Il%J ﬁ%lﬁraedb@eiﬁ m r)%pﬁn ty I@\(qll.e r

di'spersion proce
organi ¢ sol vents such as net hanol can be used but

ethanol is preferred due to its lower toxicity level.

e O R BRI tnﬁ%&d@s%m;a 9SG it o v
er, to an even

1"@'%6@%2% oir S0 S e A S her B e sy Fige sveed
d r
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relme toqhé BSFr%?ﬂwB%%hlﬁ' asc}JeH \fjotal. This is to avoid over concentration

of particles in the preparation of the gel, resulting in some of the excess 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 spraying.

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

the two methods. The apparatus 200 has a roller feeder 202 arranged to introduce
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which is illustrated at equilibriumin Figure 7 and
the preparation of the colloidal gel is conpleted and
Wo emdi2401 be applied to a fabric. In the presePtT/SG2005/000150
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spraying. Figure 9 shows an & rangenent offa Lollter
: ta p r irst of the .two .
aRAERS (R PaEDttd Vet BebBleaR alekSiog il 3%%$W%'26fmi°d'me”t’
i |t h&n & [ nat e th the.
O ey MR HERHAR, 2l s AR, ,r“f A4'hiing an
i : j r ncl u a
inKE¥bEing EO@QEH %825%% op%%g%gl@ f@{ gl?OV\%lr%? Hte %BH%?QQ] HR% and out

I mrersion tan havi'n n 1 nlet ope

o 0l 25, I 4 Pir
to@éat@%"ﬁérr&@?sl@ﬁl%g'sP?ﬁieﬂ{ f&?rtﬁ% er?rLct {O?E%% @??Lgyrhe%%ghgwn in the

narrow slit jus urficient e p

LTS SHRN S, N B St B I R il o e
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i mrer si on tank 204. Roller speed is controlled via
nmotors (not shown) and the anobunt of pressure applied
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i ReCorid earlier described nethod is
® g‘lglﬁgtragg‘ Wi trﬁbh% fIagleﬁ%hree parts ethanol and the dil ut‘ed
gel
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 Kevlar® fabric160 to be treated is fed via the roller feeder 202 and introduced into
the immersion tank 204 to be wetted by the diluted shear thickening fluid 170 and
passed through the network of rollers 206, some of which are submerged in the fluid
170. As shown in Figure 9, most of the rollers are 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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170 is poured into the imersion tank 204 of the
rolling press apparatus 200. The Kevlar(r) fabrid dOo
wheoobnerted is fed via the roller feeder 202 apdI/SG2005/000150

i ntroduced into the imersion tank 204 to be wetted by
the diluted shear thickening fluid 170 and passed

through the network of rollets 206, some of which are
subnerged in the fluid 170. As shown in Figure 9, nost

of the rollers are paired and arranged to apply a
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t K at the
gy 1Bk 204 %%%?@@EE&L% S REEER38s havi ng a
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the solvent. Care should be taken to ensure that the

ThRWEBRE/IARITRES & HER AfectddCod a&?rthg t%rﬁ??%zp %g tﬁ :86d: 3P transport

degrees Celsius to prevent arm e
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has col | oi dal " gel inpregnate
thdthBie fsiiabs temperature of the fabric does not exceed 90 degrees Celsius to

prevent damage to the gel. Of course, this step also removes, by evaporation, the

solvent used during the dispersion of the particles in the glycol carrier fluid.

After drying, the Kevlar® has colloidal gel impregnated within the structure of the fabric
and an example of the arrangements of the silica particles is illustrated 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
so 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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and an exanpl e of the arrangenents of the silica
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g protective fabric has numerous advantages.
pr&{]sgﬁé‘tlﬁf){i‘ca content dispersed in the carrier fluidis

i ncreased

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 achieved by the introduction 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 of more than 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
strength 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 prior art. This
incréases the performance of the fabric particularly the fabric's resistance to ballistic or

stab threats.
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due to the proposed saturation nethod achieved by the

i ntroduction of the co-solvent during the dispersion
woee@easgiand the use of a variable speed multiPGI/aGE05/000150

m xer to selectively disperse the silica particles.

After the co-solvent is extracted a higher

concentration of silica partiskcles of nore than 65% by

volune and nore specifically between 66%to 80% by
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With a lower concentration of the colloidal gel without compromising flexibility, the
protective fabric is lighter with similar 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 the fabric.

Another advantage of described embodiment is that the protective fabric produced in
accordance with the currently proposed method requires a shorter reaction time from
ballistic/stab impact to colloidal reactance of the colloidal particles. The reason is that
there is less carrier fluid present in the fabrics and thus the colloidal particles 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
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The inventor envisages that the protective fabric can also be made hydrophobic without
the pre-treatment step, which actually forms a second embodiment of the present
invention. To elaborate, the step of treating the silica particles with dimethy! silicone
fluid is obviated with the untreated silica particles weigh and measured similar to what
is suggested for treated particles, although it should be noted that, to achieve fhe same
concentration, the weight for treated particles should be 2-4% less than 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 Figure 4
containing the glycol carrier fluid and dispersed 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 fluid to form a concentrated colloidal gel similar to the
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the first blower 208 to renove the sol vent.
Thereafter, the fabric passes through the spray

Eﬁ@?ﬁ’éﬁ 218 directing dinethylsiloxane onto the Iflabri c

surfaces. This creates a "hum dityshield
coating on the fabric which is subsequently dried by
the second hot air blower 220 having the sanme heating

1) ture as the first blower 208. The _
E g y-shield reduces the effects of hydrolysis, but
hydr ophobic effect is not as long lasting as the

Four samples of Kevlar® fabric are prepared and impregnated with varying percentage
of the colloidal gel in accordance with the first embodiment. The sample fabrics are
weighed before impregnation and again after impregnation and drying to 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. Collectively, 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. The 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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pre-treatnent method due to usage, creasing and weight
i ncrement, however, it exhibits a marginally higher

wo e@ectizmel f orce over the pre-treatnent met hod. PCT/SG2005/000150
Experinments 1) Stab tests Four sanples of Kevlar(r)
fabric are prepared and inpregnated wth varying
percentage of the colloidal el in accordance with the

S%rh@léﬁ enbodi ment. The sanple fabrics are wei ghed
e i npregnation and again after inpregnation and
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dried. The wei ght % would thus indicate the anount of

i mpregnation which is controlled by adjusting the
s sdbion and speed of the roller pairs 206. The packed
—aﬁ—?ayers of fabric have an area density of 2.076

S [ frer | nat i d . drying. .
Ke%(\/%r SIQ%%“ ndg’:qgé\?si@ uge %cg rél, Weft"BAE glNrap 98x 58 plain wegve, year of
manufacture 1997, is 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 layers of fabric have

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

hydrophobic silica content 69%.

Sample 3

Kevlar K29 of density 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 after impregnation and drying. Gel hydrophobic

silica content 68%.
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The experiments demonstrated the weight savings of the silica gel prepared in
accordance with the described embodiment with a lighter areal density but little or no
compromise 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 aimost 45%

improvement in areal density performance ratio 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
acéordance with the second embodiment, one sample produced in accordance with the
first embodiment and another sample untreated. Al targets are 20 layer plies, 25¢cm X
25¢cm, mounted on a steel frame and strapped to a 25cm X 25cm X 25¢m cube of
Roma Plastalina clay serving 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 muzzle velocity
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Sample | Ceramic type and % BFS BFS % depth
percentage in Gel | Treatment | Diameter Depth improvement
1 0% 0% 59mm 30mm Control
2 Untreated 63% 20% 67mm 19mm 37.33%
3 Untreated 66% 17.89% 65mm 19mm 37.33%
4 Untreated 66% 5.67% 56mm 22mm 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 penetration. However, the ballistic test at NIJ level [IA
conditions also showed that the fabric impregnated 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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protection, multipleTayers o

fa&{ceﬁi %@thVe itR& %{1}8 éda}t'rﬁ otéc‘agﬁ an, 85 Eg?get he%gt@%%g% fit. For

single layer yer

enﬁﬁﬁée@dpr‘ofgcﬁo@ tﬁ@lgﬁlb%sbé?g otF%Yé F&%n %Qﬁ g%%%rgg gl@}epq?qtﬁrég ?ayers of

hel'd up by rlgglng or Sewn

fatfrfbr to§&thér. %Hﬂ&e%l :9 a%leér A0 fe dggoirﬂ%ucu‘?%%g@ggéﬁgwn or sealed

aircraft to provi e requi

intb Y Rdtic Wa@tl%ﬁdgopuncme ﬁ@tg%gfscacrﬁ ﬁmg[gsl a[plgyn%gé?p G sewn into

provi ded i'n neta ic con

caﬁ%é@tc%%ﬁr% @gﬁ&@?@fﬁn k §’ afd trGdR V{Z%@Q th{/g ?)E?iirgaft to provide

vehi cl es or s to pr

R PR L8 BT Rl G Y e 7P el s provicec
in ﬁh@faﬁ ogﬁ'é&?cr ddhainers that can be mounted to sides of military or civilian tracked
vehicles or wheeled vehicles to provide ballistic protection and also to assist in
channelling of air and dust to the rear of the moving vehicle to prevent dust gathering
around the mid drift of the vehicle movement that could be directed into the vehicle's
engine air intake system, causing excessive wear to the internal working parts of the
engine. Due to the flexibility of the fabric, fabric modules can also be fastened, by
adhesive or other conventional 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 form a flexible

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



10

15

20

25

around the md drift of the vehicle novenent that

could be directed into the vehicle's engine air intake
wey®bamditausi ng excessive wear to the internabCIBGH0HY0150

parts of the engine. Due to the flexibility of the

fabric, fabric nodules can al so be fastened, by

adhesi ve or other convention&d@ neans, to the inside of

reSfioieRib@ R ot EcEom e BBl Wi SHARHYE presiuin of atfoast 5
bgqoaam?{?egéogg%,a%{@sse@ﬂ%ge used for nmilitary as well

as clv n vehi c ntioned above, |ayers of
fabrics can be stacked and arranged to forma flexible
nodul e. Preferably, the | ayers are seal ed by using a

SRR O R BaPR, serinl T RIE B bR shefMhat hae
N8R ey o S ST JRAEoRE ol el BER s e i hes
P sMecRS AR saoh Ber ARE D Roft Toa bEBs R o clnglelgy oea
Rl Al aiEIy RBrkR B S ABEhiaidae

ultrasonically sealed to forman airtight protective
package. Figures 13 to 17 illustrate exanples of where

P P Ry PERRE 0k B RSB oona i e
' [ |l s 222, .

i Rt
i . i i QO pr.oyl .

2Ty LIS D2 iER ot U VAIHSSLRGRUGH oo

erRGEhent RL/ R §iBs gF’EHé ehﬂ%esgf.rc]);;gro{/igé P Eéjcg.lér?é Cﬁe\lﬂﬁg% protection.

nmovi ng tracks and directi vortex A
i ' i ar u yi ati.n
A SEMt SR S e W) e
) ' i : rates.simlar side . .
SHEBE, 5o 1 L BT AL g o
du$EPhibiBs 4%t being directed to the vehicle’s engine. Figure 15 illustrates similar

side protective panels 222a being used in a wheeled armour vehicle 224.

Figure 14 shows a typical soft-skinned truck vehicle 230 having a canvas roof 232. It is
proposed that the canvas roof 232 is made from the protective fabric thus protecting
thé passengers or goods carried by the vehicle 230 against ballistic threats from small
arms. The flexibility of the protective fabric also allows the canvas 230 to be stowed
away so that it will be out of the way when logistics and ventilation requirements arises.
Figure 17 extends the application of Figure 14 to a tentage 234 by using the protective
fabric 232a to protect the personnel and equipment therein from ballistic treats and

fragments from small arms.
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Figure 14 shows a typical soft-skinned truck vehicle

230 having a canvas roof 232. It is proposed that the
weamsasidipbof 232 is nmade fromthe protective fROI/BG2005/000150

thus protecting the passengers or goods carried by the

vehi cl e 230 against ballistic threats fromsmall arnmns.

The flexibility of the protegtive fabric also allows

B 51O ) 4008 BT B0 0 bl e o o
S & S AR AL 2
o, B PP R O S o
e TR R -
e e L LI RO M —

aircraft. It aI so protects the alrcraft s body agai nst

T U A b e
B IR 44 e
ORI tandR e Iibbiiicent 3y P Rleiart e SRER pelaraperation
fofc, @%gé;agtﬁg tﬁ ¥ %)réh C%gpégg]t I?rbl %aspque‘fr’rra%i%giaoig aF‘ en%%P'B?'% Sqeps to make
tnp @@?@”"Pﬁ’é‘{’f}‘?’st eL%é g%e%n@ggn&s i e & W&%a%wuch a
hi@’\e g‘ﬁlﬁg%h{xg{pt g:g# ?é cqgggﬁo(é)?q}tmgaﬁ?rggg%)}ge? 1; l')ya fabric.
AT R i g
P R

preparat | on

matERe fé@lcmﬁﬁphgﬁlcf abric hydr ophobi c.

In the described embodiments, polyethylene glycol is described as the liquid carrier
fluid but it is apparent that other liquid can be used for example, ethylene glycol or
water, however, water is not preferred as it is more volatile and less viscous than

polyethylene glycol and also weakens aramids via hydrolysis.

Co-solvent is preferably added to aid the dispersion process after shearing the glycol
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 particles then if the shearing was

performed at varying speeds or even when maximum saturation is not reached.
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In the descri bed enbodi nents, polyethylene glycol is

described as the liquid carrier fluid but it is
wa@ppanzntl t hat ot her liquid can be used for exeempb&2005/000150

et hyl ene glycol or water, however, water is not

preferred as it is nore volatile and | ess viscous than

pol yet hyl ene gl ycol and al so24weakens arani ds vi a

hydrol ysis. Co-solvent is preferably added to aid the

di spersion process after shearing the glycol and

<)1) By P b R O BB ARG . e
e SRS REPLt Al UGS 15 BT

shearing the m xture at a constant speed al though this
m ght take |l onger to disperse the particles then if

i (P, FREHAL mbBnREl, SiRECor i, MR "R, £ <F8 cotoiaal

max! mum sat urati

' . [ h,,enbodi ] . .
PR Ot oA PR Es o e D8, olet %ﬁiﬂﬁr&@% %Zéizlrcoma
fad B Pl Bidiige GRSl s oAy leretEa SER 3R 1R gost. 1ow

to)ggﬁ/ %@réuagg%%‘ff?ﬂw-i cles but other ceramc particles

as Alum nium Oxid, Zirconia famly or
Ti tani um Di oxi de al though silica is normally preferred
due to its low cost, lowtoxicity and easy

KRS oot B an SRALAE B e BotRid PO ROTRR, B eseaf yention
s REP PR, [Pl 2o RIS 3N A G NS, bt Srgtcate
A e R B3 BV LA B Rl of buncnes
e GEERENBPE I (Ui 8! Ml 0 o s o
ar&thidSapRls muéﬁlé(ﬂ% P E}o"@?ﬁé&&f Rpgérg\gégﬁﬁgggg%%fmﬁs called

relatively easSier to coa

HPPE fabrics of fine fibres are relatively easier to coat, lighter in weight and much
stronger in performance where heat presence above 90 degrees Celsius is not a

concern.

Having now fully described 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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stronger in performance where heat presence above 90
degrees Celsius is not a concern. Having now fully

walemened the invention, it shoul d be appar eneCT/SGEIN®000150

-—

of ordinary skill in the art that many nodifications
can be nmade hereto w thout departing fromthe scope as
claimed. CLAIMS 1. A nethod o#5 producing a col | oi da

gel for protective fabricsc éﬂﬁ%nethod conprising the
steps of: i) dispersing an 5 t of colloida
particles in a carrier liquid to forma colloida
suspension; ii) diluting the colloidal suspen5|on' and

1) pagdingg i ﬁ'cglﬁfcm%?ﬁ: gélg)?clal R tf'aﬁlpéﬂte\l\g@ atmcahél?e method

di spersed to forma

conc | per sed coIIO|daI particles than
t he §ﬁ@%§ﬁ§qﬁﬁgé é$ to dilution. 2. A nethod

at ol S5PEeld o St b ﬂi%‘?%aﬁ'?%%ﬁ'%&r%ﬁ‘@wégo for & colloidal

varyl seds to disperse the colloidal particles. 3.
A metLﬁgd accdording to claim2 further conprising the

Steﬂl)%flutm%'tﬁg%%&‘% SL%%e r{slogu I,Sl%at a first speed as the

artir'cles™are a deternmi ned stage is

¢ r o R P BlcR %S?Q?R'W% PreCtiaBesEl 80 toriF g Retoical e
secopdcPRERYal Sigh9BS cchiaid e dflslpre?stedS BSRShal particles than the

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 a
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 speed.
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4. A method according to claim3, further conprising

the step of, when the predeterm ned stage is reached,
waele®peeriing the |liquid without further addi ng PET/S$GE05/000150

particles for an anount of tine before dispersing at

t he second speed.5. A nethod according to claim3 or

4, further conprising the st&p of dispersing the

5_|Sipgg' %%boc@g&%&#@iﬂﬂﬁ ggfaqrinia%t@er 4 ﬁﬁgﬁ?&hg %%weggtﬁaeﬁ;%s%ersing
any O "ePg R R RE B Rfpreba ) e 5ESRH for A aount o
o ras e € e B Ra Rl vl b o sBBR ol

particles are dispersed in the carrier liquid. 7. A
nmet hod according to any of the preceding clains,

O <rop B Te o B .ty e TPt bte sipgs et repeating
ol ai o SRgPrRBIF E D 3h Chcoht ar in FP0 8, U R e fgount of
hi L%"#'°‘9%§°%‘?{ﬁié3”%ﬁ%§’eﬁspeeﬁ"fﬁ’%éarAaH@'y"Lﬁsai‘f:o?d?ﬁSe?o

any of the preceding clains, wherein the said anount
i s the maxi num anount of coI | oi dal particles that can

708 o FRBNRES ORI ARLOBE B IR st sep
E’Ir ie_ttg?,détngli E d(gi’) gﬁlg%%}?ﬁéefpﬁ éor\§||d?1 8%? {:I?a @Stgﬁgeq ﬁ;g}her than the

col I @ |p% oé) b ?I es. 11. A nethod according to any of
t he precedi ng é aims, wherein total amount of

colloidal particles added in relation to the carrier
l[iquidis between 66% and 75%in weight.12. A nethod

8. aCC%ﬁiggﬁ;dtébc%Yngotfo 4éi B ro?%?mrtﬂgr golr%pi)rrlrs"ihg %Mgesrtgg of, tar’c]%tep (i),

col
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 (ji).

10. A method according to any of the preceding claims, wherein the dispersing

steps (i) and (jii) include shearing the carrier liquid and the colloidal particles.

11. A method according to any of the preceding claims, wherein total amount of
colloidal particles added in relation to the carrier liquid is between 66% and 75%

in weight.
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particles have aggregate sizes of 0.2 to 0.35 mcrons.

13. A nethod according to any of the preceding clains,
wob@eaetrit he |iquid has a nol ecul ar wei ght of PEr/S€m05/000150

100 and 300. 12. A nethod according to any of the

preceding clains wherein the diluting step includes

addi ng a co-solvent to the s?ikpension which is between

00%,t 9% : ' fluid  13. A .
12004 s8R b LT, o LSRG Likd Whdioe At

[ I . di t

7 sl nave B0 el 10y PRGRr 79 L0 oy

sel ected fromthe group conprising polyethyl ene glycol
and et hyl ene glycol. 15. A nethod according to any of

h ' I8, ' .fapric includ o
T, A0 AdGRb . anli R (b BrechSine GG MR Blaui hes
pr eq_ﬁglgaga,c\lvgi'gﬁf fggﬁf’égp‘g{({fﬁ@df’s' ng the step of

coating the c %I S Wth silicone fluid
prior to the particles being dispersed at steps (i)
and (iii). 17. A nethod of producing protective

27 SRR 1 0y S5 B SRR e v
;dBsl8qdi ' laim.17
0, Shaseelauy ATLNRR 96881 S LR B, o
gel 3009 b 8 yblifnd @%d Earbiyd he diluted f1uid, and

drying the fabric to renove e co-solvent fromthe
fabric. 19. A nethod according to claim 18, wherein
the fabric is dried using a hot air

13. A method according to claim 12, wherein the co-solvent is ethanol or methanol.

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

selected from the group comprising polyethylene glycol and ethylene glycol.

15. A method according to any of the preceding claims, wherein the fabric includes

aramid fabric.

16. 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).

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

claim 16.
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bl ower. 20. A nethod according to any of clains 17 to
19, wherein the colloidal gel is diluted with up to

wao booeg2parts of solvent. 2 1. A nethod of prodect/sg2005/000150
protective fabrics conprising the step of:
I mpregnating a fabric wth colloidal gel produced by a
nmet hod according to any of c®%ins 1 to 15. 22. A

th [ t |.ai further conprisjing the
147 ot RRE ol B el Grber ctmprie i Tep She

fabr ...\ iluted fluid, and drying the fabric
to rdg@%%{h{éh%h@g-gl&#’vent fromthe fabric. 23. A nethod
acc I L al , odurther conprising the step of
wet 3{’%8 thq%t?'{'dé\gﬂ} %rq”gy%fp’ﬁ{ gngeal ing fluid sel ected
fro i si ng di methyl di ch]orosil ane,
nexgpERL e R e e b RO B dE5 %4 A et hod
according to claim 16 or claim 23, wherein the sealing
fluid includes dinethyl silicone fluid.25. A stab or

19 ocfh AR, SRR’ caROTE hOR R PFe cp afiee eing g ot ai

24. vehicle or an aircraft conprising a
protective fabric produced by a method according to
any of clainms 17 to 24. 27. A protective fabric
~inpregnated with colloidal gel having suspended

22 A Shafod bR 020 PR B A 1 Bpe AR SSHIVT oo

fabric according
par tdilﬁieﬁ%if’ﬁrlﬁ) to three parts of solvent.

21. 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 15.

22. A method according to claim 21, 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.

23. A method according to claim 22, further comprising the step of
wetting the dried fabric with a sealing fluid selected from a group comprising

dimethyldichlorosilane, hexamethyldisilazane and silicone fluids.

24. A method according to claim 16 or claim 23, wherein the sealing fluid includes

dimethyl silicone fluid.
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bet ween 66% to 75% by weight. 29. A protective fabric

according to claim27 or 28, wherein the suspended
w@a0obiizl4es are between 70%to 75% by wei ght. 3BCT/$G2005/000150

protective fabric inpregnated with coll oi dal gel

conprising a sealing liquid selected froma group

conpri sing di net hyI di chI or os%9l ane,

25hfxg:p‘§g§®ébﬂgﬁ%érto Q§t3' '@%‘hﬁp%gﬁhgefégxées\i}aqrﬁ IBLEQY by a
col I ak ﬁs@A{d.Bya@ammgmngm' ng the step of

wetting t h™a SealTng |iquid selected from.
a group conprising dinethyldichlorosilane',
hexanet hyl di si | azane and silicone fl uids. 32. A method

263CC Gbiidie! & &1 APt Lorthighg!d Réd?ﬁc@ia'f'%ﬁ o]jg:ugécg bl Phethod

di met hyl i cone
Aplal particles d| sper sed in

[ I
gocélar%lr:%*rnggcs anP%Ybl? Jt Yod conprising the steps of:

coating the CO||0I dal particles with silicone fluid;
addi ng the coated colloidal particles to the carri er

27! 1 AW Brotdiitle ?ébm%ﬁ}ﬁ%a{eﬁ%ﬁﬁé&lbﬁ éél%%}/%g L;%aéé@%% Pgrticles of

t he coll o1 dal art e carr

met rotective fabric conprising the
st egﬁ% Qﬁ?ﬁ%‘%’gﬁﬂ@%@ the fabric with colloidal gel

produced by a nmethod according to claim33. 35. A
col l oidal gel for protective fabrics having suspended

28Par W FlobsetiOl 1AM cBadcBRfhg to claim 27, wherein the suspended particles are

between 66% to 75% by weight.

29. A protective fabric according to claim 27 or 28, wherein the suspended particles

are between 70% to 75% by weight.

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

and silicone fluids.

31. 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

dimethyldichlorosilane; hexamethyldisilazane and silicone fluids.

32. A method according to claim 31, wherein the silicone fluid is a dimethyl silicone

fluid.



65% by weight. 36. A method of producing a colloida

gel for protective fabrics froma colloidal suspension
whawongi4an anount of coll oi dal particl es di spePGESGL005/800150

carrier liquid, the nmethod conprising the steps of:

diluting the colloidal suspension; adding further

colloidal particles to the dild uted suspensi on; and

o oA B Brerhha 8 o<l B 1Pl b gtes ibense in o
glo: L%ngé?{l.liqgﬂf HeGh&fok le%pﬁgr?g e Heieor N Prior to
coating the colloidal particles with silicone fluid;
adding the coated colloidal particles to the carrier liquid; and
5 dispersing the carrier liquid to suspend the colloidal particles in the carrier

liquid.

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

10 claim 33.

35. A colloidal gel for protective fabrics having suspended particles of more than

65% by weight.

15 36. 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

20 dispersing the further colloidal particles to form a colloidal gel with a higher
concentration of dispersed colloidal particles than the suspension prior to

dilution.



