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Protective Fabric, Improved Protective Fabric And
Method of Producing Both Background and Field of the
Invention  5 This invention relates to an improved
colloidal gel for applying to an improved fabric  and
also to an improved protective fabric, more
particularly but not exclusive, for use as  clothing
for protection against stab or ballistic injuries. 10
Protective fabric in the form of body armour has
gained widespread use by law  enforcement officers,
military personnel, security forces and aid workers to
prevent  ballistic and stab/cut injuries from attacks
with weapons such as guns, knives, daggers  etc. 15
Conventional body armour typically employs layers of
woven aramid fibre (commonly  known by their
tradename: Kevlar(r), Twaron(D) 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 20 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 extremities of the user such as
arms, legs, hands and  neck would impede the user's
mobility and increase fatigue. 25 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(r) composites for body armour
applications" by R.G. Egress, M.J.  II i ll II II II I
II II DII ~iI *G00002* WO 2006/121411
PCT/SG2005/000150  2 Decker, C.J. Halbach, Y.S. Lee,
J.E. Kirkwood, K.M. Kirkwood, E.D. Wetzel and N.J.
Wagner, to appear in the proceedings of the 24th Army
Science Conference. Orlando,  FL Nov. 29-Dec 2, 2004.
As explained in that document, a shear thickening
fluid has  concentrated colloidal suspensions
comprising solid particles dispersed in a liquid 5
medium which exhibits reversible shear thickening
resulting in large increases in  viscosity above a
critical shear rate or applied stress. Thus, when a
protective fabric  with microfibres, such as Kevlar(r)
is treated with the fluid, under normal operating
conditions, the fluid behaves like a liquid offering
flexibility of manoeuvre to the user.  However, under
high stress or shear rate such as a ballistic impact
from a bullet, the 10 liquid transits into a
solid-like material due to the increase viscosity of
the fluid thus  protecting the user from harm. The
current technique of producing STF uses silica
particles (or otherwise known as  silicon dioxide)
dispersed in ethylene glycol or polyethylene glycol as
the carrier liquid  15 or liquid medium. Concentration
by volume of 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 the Kevlar(r) fabric.
Thereafter, the wet fabric is  then oven heated to
evaporate the solvent resulting in the STF impregnated
Kevlar(r).  However, such impregnated Kelvar(r) is not
without limitations. For example, it is not 20
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  25 and/or to provide the public with a
useful choice. WO 2006/121411 PCT/SG2005/000150  3
Summary of the Invention In general terms, in a first
expression, the present invention proposes adding a
solvent  to aid the dispersion of colloidal particles
in a liquid medium when forming a colloidal  5 gel for
producing protective fabrics. In a second expression,
the present invention proposes the use of a sealing
fluid to serve as a hydrophobic protective layer for
the  protective fabric. In a first aspect of the
invention, there is provided a method of producing a
colloidal gel  1o for protective fabrics, the method
comprising the steps of: i) dispersing an amount of
colloidal particles in a carrier liquid to form a
colloidal  suspension; ii) diluting the colloidal
suspension; and iii) adding further colloidal
particles which are dispersed to form a colloidal gel
which  15 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  20 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  25 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 WO 2006/121411 PCT/SG2005/000150  4 second
speed is higher than the first speed. In the
alternative, when the predetermined  stage is reached,
the liquid may be dispersed without further adding of
the particles for  an amount of time before dispersing
at the second speed. 5 The method may further comprise
the step of dispersing the liquid at a third speed
after  dispersing at the second speed for an amount of
time, the third speed being higher  than the second
speed. Preferably, dispersion at the first, second and
third speeds are  repeated until the desired amount of
colloidal particles are all dispersed in the carrier
liquid. 10 Advantageously, at step (iii), the method
disperses the colloidal particles at a speed  higher
than the dispersing step (i). The amount of colloidal
particles to be dispersed at step (i) may be the
maximum 15 amount of colloidal particles that can be
dispersed in the carrier liquid prior to dilution
step (ii). Preferably, the dispersing steps (i) and
(iii) include shearing the carrier liquid and the
colloidal particles. Alternatively, the dispersing
steps may be carried out using 20 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. 25 Preferably, the
colloidal particles have aggregate sizes of 0.2 to
0.35 microns. WO 2006/121411 PCT/SG2005/000150  5 The
carrier liquid may have a molecular weight of between
100 and 300 and may be  selected from the group
comprising polyethylene glycol and ethylene glycol.
Preferably, the diluting step includes adding a
co-solvent to the suspension which is 5 between 100%
to 300% of the volume of the carrier fluid. The
co-solvent may be  ethanol or methanol. Typically,
aramid fabric is used as the protective fabric. 10
Advantageously, the method further comprises the step
of coating the colloidal  particles with silicone
fluid prior to the particles being dispersed at steps
(i) and (iii).  The coated silicone fluid helps to
reduce hydrolysis when a fabric is impregnated with
the colloidal gel. 15 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 20
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  25 wetting the fabric
with a sealing liquid selected from a group comprising
dimethyldichlorosilane, hexamethyldisilazane and
silicone fluids. This has an WO 2006/121411
PCT/SG2005/000150  6 advantage of creating a
"humi-shield" to make the fabric hydrophobic. The
silicone fluid  may be a dimethyl silicone fluid.
According to a third aspect of the invention, there is
provided. a method of preparing a  5 colloidal gel
having colloidal particles dispersed in a carrier
liquid, the method  comprising the steps of. coating
the colloidal particles with a hydrophobic sealing
fluid;  adding the coated colloidal particles to the
carrier liquid; and dispersing the carrier  liquid to
suspend the colloidal particles in the carrier liquid.
This "pre-treatment" coats a  layer of hydrophobic
sealing fluid thus lowering the risk of hydrolysis
when a fabric is  1o impregnated with the gel.
According to a fourth aspect of the invention, there
is provided 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: 15
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.  20 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. 25 Advantageously,
the protective fabric may be impregnated with the
colloidal gel may  have suspended particles of more
than 65% by weight. Preferably, the suspended WO
2006/121411 PCT/SG2005/000150  7 particles may be
between 66% to 75% by weight. More preferably, the
suspended  particles may be between 66% to 69%, 70% to
75%, or 68% to 73% by weight.  Preferably, the
protective fabric may be impregnated with colloidal
gel comprising a 5 sealing liquid selected from a
group comprising dimethyldichlorosilane,
hexamethyldisilazane and silicone fluids. In this way,
the protective fabric can be made  hydrophobic. Brief
Description of the Drawings  10 Embodiments of the
invention will now be described, by way of example,
with reference  to the accompanying drawings in which,
Figure 1 is a schematic view of a silica particle's
surface having hydroxyl groups; 15 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
20 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; 25 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; WO 2006/121411 PCT/SG2005/000150  8
Figure 8 illustrates agglomerate networks of closer
proximity than Figure 7 after the co- solvent is
evaporated from the fabric; Figure 9 is a roller press
arrangement for producing a protective fabric in
accordance  with a first embodiment of the present
invention; 5 Figure 10 is a variation of the roller
press arrangement of Figure 9 with the addition of a
spray device and a further hot air blower which is
used in a second embodiment of the  present invention;
Figures 11 to 15 illustrate applications of the
protective fabric produced in accordance  with the
preferred embodiment of the present invention. 10
Detailed Description of the Preferred Embodiment
Figure 1 shows a typical microscopic surface chemistry
schematic of a silica particle  which is typically
almost 40% covered by hydroxyl groups making silica
hydrophilic.  15 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 20
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. 25 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 WO 2006/121411 PCT/SG2005/000150  9 treated with a
sealing liquid and in this embodiment, dimethyl
siloxane fluid is used to  make the particles
hydrophobic. The pre-treatment forms a coating of
dimethyl siloxane fluid around the particles thus  5
isolating the hydroxyl groups on the surfaces of the
silica particles. This acts to prevent  the hydroxyl
groups to bond with those from the aramid fibres
making them  hygroscopic, thus reducing hydrolysis
risks. This enhances the resistance of the fabric  to
moisture and serves to prolong the serviceability of
the fabric. 1o The preparation of a colloidal gel (or
shear thickening fluid as mentioned in the  background
section) according to the first embodiment will now be
described. In the present embodiment, polyethylene
glycol is selected as a carrier fluid.  Depending on
application, glycol of molecular weight of 100 to 300
is used and in the  15 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  20 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 25 homogenous blending at higher speeds
of mixing superior to commercially available  high
intensity mixers. WO 2006/121411 PCT/SG2005/000150  10
The pre-treated silica particles are measured in
weight preferably in the range of 66%  to 80% in
relation to the carrier fluid, and in the present
embodiment, about 70% is  used. The range is selected
so that the final percentage by volume of the
particles in  the colloidal gel is above 65%. 5 The
dispersion of the silica is conducted over a few
phases with a first phase consisting  of adding the
particles slowly into the carrier fluid with the shaft
rotating at low speeds  of 15 to 50 rpm. When the
silica particles are added to the glycol carrier
fluid, it exhibits  a state as shown in Figure 5
illustrating macroscopic groups or clusters called 1o
agglomerates 150. Some of the agglomerates attach with
each other to form even  larger agglomerates (compared
the agglomerates indicated by reference characters
150, 150A and 150B). The adding of the particles
continues until the particles and the  carrier fluid
mixture forms a light grey lumpy dough. When this
stage is reached, in a  second phase, the adding of
particles is ceased and the mixer is allowed to churn
the 15 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  illustrating
the agglomerates of Figure 5 being dispersed to form
smaller clusters  



20 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
particles suspended in the fluid.  25 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 WO 2006/121411 PCT/SG2005/000150  11 and
dispersion process. It should be apparent that other
organic solvents such as  methanol can be used but
ethanol is preferred due to its lower toxicity level.
In a fourth phase, the ethanol is added together with
the silica particles with the mixer  5 100 adjusted to
a higher speed of one minute and thereafter, to an
even higher speed  of 3000 rpm until a thin homogenous
light grey gel is formed. The mixer is returned to a
lower speed of between 15 to 50 rpm, similar to the
speed at  the initial starting phase (i.e. first
phase). The process is then repeated with more  10
particles being added until the mixture forms a light
grey lumpy dough again. More ethanol as the co-solvent
is-added and the mixer 100 is again adjusted to a
higher  speed progressively until the mixture forms a
homogenous gel again. The same  process is repeated
until all the particles are mixed into the carrier
fluid. However, it  should be noted that preferably,
no more than 300% of the volume of the co-solvent 15
relative to the carrier fluid should be added in
total. 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 20 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. 25 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 WO 2006/121411
PCT/SG2005/000150  12 fabric to be impregnated with
the shear thickening liquid and in this embodiment,
Kevlar(r) 160 is used. The apparatus 200 includes an
immersion tank 204 having an  inlet opening 204a and
an outlet opening 204b for allowing the fabric 160
into and out  of the tank 204. Preferably, rubberised
flaps 205 cover the openings or are positioned 5 to
create a narrow slit just sufficient for the fabric to
pass through as shown in the  figure. This helps to
reduce evaporation of the solvent thus preventing
thickening of the  colloidal fluid. The apparatus 200
also includes a network of rollers 206 disposed in the
immersion  10 tank 204. Roller speed is controlled via
motors (not shown) and the amount of pressure  applied
on the fabric 160 between the pairs of rollers 206 is
adjusted by positioning of  the roller pairs. The
speed and amount of pressure determines how much
colloidal fluid  is being applied onto the fabric. 15
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  20 170 is poured into the immersion tank 204 of
the rolling press apparatus 200. 



The Kevlar(r) 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 25 170.
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. WO
2006/121411 PCT/SG2005/000150  13 The speed of
rotation of the rollers 206 and the proximity between
roller pairs are  adjusted to ensure thorough "wetting
through" or impregnation of the Kevlar(r) fabric  160.
An indication of complete impregnation is a
translucent tint in the fabric 160 which  5 is a
darkening shade of the original natural colour of the
fabric. The network of rollers 206a includes some
rollers 206a arranged above the diluted gel  170 and
is used to remove excess gel. Preferably, the rollers
206a have flexible  scrappers 207 for scrapping excess
gel as the rollers turn causing the gel to fall by  1o
gravity to the tank 204 to prevent their re-entry into
the fabrics. The wet Kevlar(r) 160 is next directed
out of the tank 204 by the series of transport
rollers 210 so that the fabric passes under the hot
air blower 208 having a temperature  between 50 to 70
degrees Celsius to dry the solvent. Care should be
taken to ensure 15 that the surface 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 Keviar(r) has colloidal gel
impregnated within the structure of the fabric  20 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
25 from sticking to each other and alleviates surface
damage due to friction during  transportation. It also
prevents degrading the appearance of the fabric. WO
2006/121411 PCT/SG2005/000150  14 For storage
purposes, the rolls of impregnated Kevlara fabric are
vacuum-sealed in  black polyethylene bags to prevent
moisture absorption by the colloidal gel, which is
still hygroscopic but to a lower extent than the prior
art. The use of black opaque bags  also protects the
fabric from ultraviolet radiation which leads to
fabric degradation if the  5 fabric is made. up of
aramid fibres. A second of the two methods is spraying
and the set-up is generally similar to what is
illustrated in Figure 9. The difference is that the
fabric 160 is not soaked or submerged  in the fluid
170 but instead the tank 204 is adapted with a series
of spray devices 1o spraying the diluted fluid 170.
The fabric 160 is similarly directed into the tank 204
and  is passed through the nozzles of the spraying
devices to wet the fabric. The network of  rollers 206
can similarly be used to force air bubbles out of the
fabric to aid the  impregnation process. After
wetting, the other process steps are similar to the
roller  press method. 15 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 



20 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 25 via negative normal forces upon
compression when compared to the prior art. This
increases the performance of the fabric particularly
the fabric's resistance to ballistic or  stab threats.
WO 2006/121411 PCT/SG2005/000150  15 As explained
earlier, the carrier fluid used in the preparation of
the colloidal gel  contains hydroxyl groups and is
hydrophilic and hygroscopic in nature. The use of the
present proposed method lowers its concentration in
the final product thus lowering the 5 risk of
hydrolysis. The pre-coating of the silica particles
can be selected from a group  comprising
dimethyldichlorosilane, hexamethyldisilazane and
dimethyl silicone fluids  since these fluids reduces
silica's natural hygroscopic tendencies, further
lowering the  risk of hydrolysis to the aramid fibre.
However, dimethyl silicone fluid is preferred due to
its higher retention of shear thickening properties.
10 The method described in the first embodiment
proposes a "super" saturation  formulation to ensure
good and thorough impregnation of ceramic particles to
the fabric  which is not achievable by known prior art
methods (the range of the prior art is  between 50-65%
by weight). 15 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. 20 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 25
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 WO
2006/121411 PCT/SG2005/000150  16 little space between
them. In experiments conducted to show the
effectiveness, it has  been observed that silica
particles is forced out of the carrier fluid to form
what we  called "forced colloidal precipitation" in
the form of white silica powder which  demonstrates
the compactness of the particles in the fluid. Such
compactness 5 promotes quick particle locking and
forced precipitation allows effective dissipation of
the impact, thus improving the shock absorption
character of the shear thickening fluid  made with
this method. Further, the method of impregnation
described here can be repeated or even calibrated  .10
since it uses mechanical devices (e.g. rollers and
variable speed motors to control the  mixer) which can
be adjusted to fine-tune the process. The use of the
hot air blower 208 instead of an oven promotes quick
evaporation via  temperature and air movement, making
commercial exploitation scalable. 



15 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
dimethyl silicone  fluid is obviated with the
untreated silica particles weigh and measured similar
to what 20 is suggested for treated particles,
although it should be noted that, to achieve the 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 25 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 WO 2006/121411 PCT/SG2005/000150  17 first
embodiment. The application of the gel in accordance
with the second embodiment  is shown in Figure 10
which is similar to the first embodiment of Figure 99
except with  the addition of spray nozzles 218 and a
second hot air blower.220. The fabric to be
impregnated with the colloidal gel is similarly soaked
and then dried by the first blower 5 208 to remove the
solvent. Thereafter, the fabric passes through the
spray nozzles 218  directing dimethylsiloxane onto the
fabric on both surfaces. This creates a "humidity-
shield" coating on the fabric which is subsequently
dried by the second hot air blower  220 having the
same heating temperature as the first blower 208. The
humidity-shield  reduces the effects of hydrolysis,
but hydrophobic effect is not as long lasting as the
10 pre-treatment method due to usage, creasing and
weight increment, however, it  



exhibits a marginally higher reactive force over the
pre-treatment method. Experiments  15 1) Stab tests
Four samples of.Kevlar(r) 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
20 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(r)fabric that is 25 untreated with
the process described herein and levels of penetration
are recorded. WO 2006/121411 PCT/SG2005/000150  18
Sample I Kevlar(r) K29 of density 285g/sq m, weft and
wrap 28X28 plain weave, year of  manufacture 1997, is
cut into 25cm X 25 . cm size. Gel untreated silica
content 61%  (prior art). It is impregnated with about
20% of the gel when dried using the roller press 5
process. The impregnation % is based on the difference
in weight of the Kelvar(r)'  before impregnation and
impregnated Kevvar(r) is dried. The weight % would
thus  indicate the amount of impregnation which is
controlled by adjusting the position and  speed of the
roller pairs 206. The packed six layers of fabric have
an area density of  2.076 kg/sq m when weighed after
impregnation and drying.. This sample is used as a  1o
reference sample as it has silica content of the prior
art. Sample 2 



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 about 15% of
15 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
20 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%. 25 WO
2006/121411 PCT/SG2005/000150  19  Sample 4 Kevlar K29
of density 285g/sq m, weft and wrap 28X28, year of
manufacture 1997, is  cut into 25cm X 25 cm size. It
is impregnated with 5.7% of the gel when dried using
the  roller press process. The packed six layers of
fabric have an area density of 1.807 5 kg/sq m when
weighed after impregnation and drying. Gel hydrophobic
silica content  72%. Samples Areal Density kg/sqm
Layers Penetration  Sample 1 2.076 2 Sample 2 1.989 2
Sample 3 1.902 2  Sample 4 1.807 3 



Neat untreated Sample 1.710 6 The experiments
demonstrated the weight savings of the silica gel
prepared in  10 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 artgel but with an almost 45%  improvement in
areal density performance ratio improvement. 15 2)
Ballistic Tests Five samples of targets are prepared
using the same Kevlar K29 fabric of density  285g/sq
m, 28X28 weft and wrap, plain weave pattern, with
three samples produced in  20 accordance with the
second embodiment, one sample produced in accordance
with the first embodiment and another sample
untreated. All targets are 20 layer plies, 25cm X
25cm, mounted on a steel frame and strapped to a 25cm
X 25cm X 25cm 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 WO 2006/121411
PCT/SG2005/000150  20 averaging 1204 feet per second
(about 367m/s) from a distance of 4.6m. Each sample
is treated with various levels of gel concentrations
with one neat (sample not treated)  serving as a
control and one treated to possess the silica content
per the prior art. The  clay is removed and the
backface signature is measured for diameter and a
quadrant is 5 cut through the centre of the defamation
in the clay and measured for depth of  indentation as
a trauma depth witness. Sample 1 - Not Treated 



Sample 2 - 20% prior art gel with 63% untreated silica
- prior art 10 Sample 3 -17.89% gel with 66% untreated
silica and coating of silicone fluid  Sample 4 - 5.67%
gel with 66% untreat silica and coating of silicone
fluid Sample 5 - 8% gel with 72% treated silica
(prepared in accordance with the first  embodiment)
Sample Ceramic type and % BFS BFS % depth  percentage
in Gel Treatment Diameter Depth improvement  1 0% 0%
59mm 30mm Control  2 Untreated 63%0 20% 67mm 19mm
3733% 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%  15 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 IIA  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 20
existing known soft armours. However, the protective
fabric produced according. to the WO 2006/121411
PCT/SG2005/000150  21 present embodiment has. lower
weight, bulk and lower hydrolysis risks but with
similar  ballistic improvements over the neat Kevlar
(r). The finished protective fabric can be adapted for
numerous applications. For example,  5 body armour
such as a bullet/stab proof vest can be produced from
the protective  fabric. After marking the desired
shape and size, the fabric is cut using a hardened  



shear or an industrial cutting device to produce the
required vest. Also, the fabric can  be cut and made
into removable inserts to compliment carrier vests
made of normal  fabric to achieve the required threat
protection as the manufacturer sees fit. For 10
enhanced protection, multiple layers of the fabric can
be created by joining layers of  fabric together.
Further, single layer or multiple layer modules can be
sewn or sealed  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 can similarly be
provided 15 in metal or plastic containers 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 20 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. 25 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 WO 2006/121411 PCT/SG2005/000150  22 recommended
that a high vacuum sealer be used with a negative
pressure of at least 5  bar to achieve good and
lasting sealing. In the alternative, the layers can be
sandwiched between two nylon sheets that had  5 one
side lined with PVC to form a packaging for
the..fabric layers. The packaging has  



nylon surfaces facing each other and the fabric. The
edges can be completely glued,  heat pressed or
ultrasonically sealed to form an airtight protective
package. Figures 13 to 17 illustrate examples of where
the protective fabric proposed in the  1o described
embodiment can be used. Figure 13 shows a typical
tracked armour vehicle  220 and protective panels 222,
made from the protective fabric of the described
embodiment, line the sides of the vehicles to provide
the required ballistic protection.  Also, the side
panels reduce the amount of dirt thrown up by the
moving tracks and  directing any vortex created when
the vehicle is moving to the rear, thus alleviating
fine 15 dust particles from 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  20 the 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  25 fragments from small arms. WO
2006/121411 PCT/SG2005/000150  23 Figure 16 shows how
acoustic panels can be made from the protective fabric
of the  described embodiment to form soft ballistic
panels 240 to protect an aircraft 242  against small
arms fire from outside the aircraft. It also protects
the aircraft's body  against ballistic threats from
inside the aircraft such as small arms accidental
discharge 5 or minor explosive accidents which can
damage the aircraft's integrity and operation.  



The described embodiment should not be construed as
limitative. The inventor  envisages that the
pre-treatment or the post treatment step of making the
fabric  hydrophobic can be made independent and
separate from the colloidal gel preparation 1o for
increasing the particle count in the gel. For example,
the treatment steps to make  the fabric hydrophobic
can be used for prior art fabrics which does not
require such a  high particle count but require
hydrophobicity to increase the. lifespan of the
fabric.  Conversely, for greater threat protection, it
might be useful to increase the particle  count using
the colloidal gel preparation proposed herein but not
the treatment steps to  15 make the fabric
hydrophobic. 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  20 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 25 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. WO 2006/121411
PCT/SG2005/000150  24 Shearing is described as the
preferred method in. both embodiments. However, other
suitable dispersion techniques such as ultrasonic
waves can also be used. 5 In the described
embodiments, silica or silicon dioxide is selected as
the colloidal  particles but other ceramic particles
can be used such as Aluminium Oxid, Zirconia  



family or Titanium Dioxide although silica is normally
preferred due to its low cost, low  toxicity and easy
availability. 10 Kevlar(r) is used as an example in
the described embodiment but the present invention  is
also applicable for other aramid fabrics such as
ballistic Nylon.- To further eradicate  hydrolysis, it
is proposed that fabrics of various weave patterns
made up of bunched  yarns of microfibres of extended
chain polyethylene (ECPE) can be used instead of
aramid fabrics although ECPE are more costly. However,
ECPE or sometimes called 15 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  20 in the art that
many modifications can be made hereto without
departing from the scope  as claimed. LLOYD WISE  WO
2006/121411 PCT/SG2005/000150 25  CLAIMS  1. A method
of producing a colloidal gel for protective fabrics,
the method  comprising the steps of: 5 i) dispersing
an amount of colloidal particles in a carrier liquid
to form a colloidal  suspension; 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  10 suspension
prior to dilution. 



2. 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. 15 3. 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,  20 wherein the second speed is higher than
the first speed. 4. 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. 25
LLOYD WISE  26 5. A method according to claim 3 or 4,
further comprising the step of dispersing the liquid
at a third speed after dispersing at the second speed
for an amount of time, the third  speed being higher
than the second speed. 5 6. A method according to any
of claim 4, further comprising the steps of repeating
the  dispersion at the first, second and third speeds
until the said amount of colloidal  particles are
dispersed in the carrier liquid. 7. A method according
to any of the preceding claims, further comprising the
step of, at  10 step (iii), dispersing the colloidal
particles at a speed higher than the dispersing step
(i).  8. A method according to claim 5 or 6, further
comprising the step of, at step (iii),  dispersing the
colloidal particles at a speed higher than the third
speed. 



15 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  20 (iii) 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
more than 65% by weight. 25 LLOYD WISE  27 12, A
method according to any of the preceding claims,
wherein the colloidal particles have  aggregate sizes
of 0.2 to 0.35 microns. 13. A method according to any
of the preceding claims, wherein the liquid has a
molecular  5 weight of between 100 and 300. 14. A
method according to any of the preceding claims
wherein the diluting step includes  adding a
co-solvent to the suspension which is between 100% to
300% of the volume of  the carrier fluid. 10 15. A
method according to claim 14, wherein the co-solvent
is ethanol or methanol. 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. 15 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  



20 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.  25 LLOYD WISE  28 20. A method according to
claim 19, 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.  5 21. A method according to claim
20, wherein the fabric is dried using a hot air
blower. 22. A method according to any of claims 19 to
21, wherein the colloidal gel is diluted with  up to
three parts of solvent. 10 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. 15 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. 20 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  25
dimethyl silicone fluid. LLOYD WISE  29 27. A stab or
bullet resistant vest comprising a protective fabric
produced by a method  according to any of claims 19 to
26. 28. A vehicle or an aircraft comprising a
protective fabric produced by a method according  5 to
any of claims 19 to 26. 29. A protective fabric
impregnated with colloidal gel having suspended
particles of more  than 65% by weight. 10 30. A
protective fabric according to claim 29, wherein the
suspended particles are between  66% to 75% by weight.
31. A protective fabric according to claim 29 or 30,
wherein the suspended particles are  between 70% to
75% by weight. 15 32. A protective fabric impregnated
with colloidal gel comprising a sealing liquid
selected  from a group comprising
dimethyldichlorosilane, hexamethyldisilazane and
silicone  fluids. 20 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
dimethyldichlorosilane, hexamethyldisilazane and
silicone fluids. 25 34. A method according to claim
33, wherein the silicone fluid is a dimethyl silicone
fluid. LLOYD WISE  



30 35. A method of preparing a colloidal gel having
colloidal particles dispersed in a carrier  liquid,
the method comprising the steps of. 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.  36. A
method of producing protective fabric comprising the
step of: impregnating the fabric with colloidal gel
produced by a method according to claim 35.  10 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
15 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. 


