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Fi bre Treatnent Resin And Method OF Preparing Such

AR &1 25 e 57 Tbre™ Peat ment v ei n and mot hoc

of «pgeparing such resin, which is, particularly but
not exclusively, useful for ballistic applications. It
is well known that fibre travel is a problemrelating
t o wovkibre Jgeatraent Resin Apd Methqcbﬁfééeparlnﬂrﬁ@clymn
| i ke HPPE, para-aram ds, PBO, M and pol ypropyl ene.
This is because when point pressure is applied to the
woven fabric, fibre travel weakens the tenacity of
woven fabrics where the point pressure is applied. To
address this problem and to inprove fabric fibre

B%\%Kﬁou%céﬂoelﬁi%ld W\é%%nti’o’% use plain weave and

i ghter woven ne 0 stabilise the fabrics. For
hi gh performance fabrlcs, the maxi num strength in a
yarn or fibre is achieved when the |ong crystalline

bructur s arE# z %rbe or. interrupte as litt Q

Thiss Inyeation iplates o fipre atment dEEhand Wethodeal Praparing such
the yarns are subjected to high stress |evels caused
FSsinaMiich és. rrathieyardy b@bpofe@(q}sialvﬁlbeuﬁﬁfwgroabeuIstmsappllcatlons
yarns by 20 wap ones. Such an action can typically

weaken the yarns' tenacity by as nuch as up to 50%

An i nproved weavi ng technol ogy has been proposed to

dg nvesiskhdwn ahat fibreptravl 4s1bproblierhi r%ian'mgt taowovenlsrics utilizing
| ayers of fabric arranged in adjacent 90 angles 25 to

s S
ﬁ%r I%ﬁ‘cf}ﬁi/ rt Sck{agagp éq‘-IF@P‘E p¥@-ranfidsSPBC, ME'BRUSdIfopylene.
This is because when point pressure is applied to the woven fabric, fibre travel

weakens the tenacity of woven fabrics where the point pressure is applied.

To address this problem, and to improve fabric fibre travel problems, weavers
use plain weave and tighter woven methods to stabilise the fabrics. For high
performance fabrics, the maximum strength in a yarn or fibre is achieved when
the long crystalline structures are disturbed or interrupted as little as possible,
preferably, left untouched. With weaving, the yarns are subjected to high stress
levels caused by weaving machines coupled with bending over weft yarns by
wrap ones. Such an action can typically weaken the yarns’ tenacity by as much

as up to 50%.

An improved weaving technology has been proposed to address the above
problem by utilising two or more layers of fabric arranged in adjacent 90° angles

to each other and a third axis yarn is used to weave the fabric layers together to
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2 achieve the maxi mumtenacity since this does not

i nvol ve bending the main roving yarns. Such a

technol ogy gives good anti-de-lam nati on properties
for 'conposite fabrics making it one of the best raw
materials available in the nrAarketplace. However, this

avi t echnol o requi res expensive machinery 5 an .
AR B e g R D R EREE SA e B OB Mt RV E o pbading the main
adoption. As a result, there is high reluctance for
QYRE YRS ePECh R SRRIP0I9dY Sivescarril GgNi-dectameipation properties for
resi n/taée technol ogy to nake non-woven fabrics are

caviasiel absige makings lictne efhthel bgst tawsmaterils edvailable in the
filaments laid close to each other to sandwich 10

rharketlacd. Howaventisis twedvimgntéehraisgyofedimesdéxmiisivenalachinery
tapes for ballistic applications. Such a techni que

aMd OWE ARKI IMVES RS Hs SHrb SREER) T BRye6BhR 58ption. As a result,
However, to achi eve good ballistic perfornmance,

ol al ] . o _ . o
REECS P futafile RASRE ResRoRR @ Bab T o

Further, as in soft conposite applications, the | ayers
of tapes need to be 1ls stitched together to stabilise

the | ayers as the surface of the tapes is extrenely
QihssrasinirerirrhneiRom 1o makgynersmweyen dahucs aimavaiirble and one
del ami nati ng areas between the tack tape and the
sichateshnsloguriseg panallehfilamehtadaidntibye db aduh ofrabripcsandwich
Stitching of the aramd fibres also pushes the

ldydramesiit Silansérde ¢4 efdrimdiagersresik urdidivectiohdin@apadr fof- ballistic
20 Matrix and bondi ng have al so been used to produce

dppthtensMguen IRERYRsLe allows maximum yarn strengths to be exploited.
However, to achieve good ballistic performance, specialised high pressure
presses are required to keep the yarn layers as close as possible together.
Further, as in soft composite applications, the Iayérs of tapes need to be
stitched together to stabilise the layers as the surface of the tapes is extremely
smooth. Aramid made this wéy tends to have uneven delaminating areas
between the tack tape and the filaments during cutting and assembly of the

fabric. Stitching of the aramid fibres also pushes the filaments aside creating a

weak point in the fabric.

Matrix and bonding .have also been used to produce fabrics with improved
pressure resistance and cut/stab resistance. An example proposes the use of
plastic films pressed at elevated temperatures. The presence of the film allows
the fabric to be more stable, and yet the film melts and delaminates under

pressure to release the fibres allowing elongations. The melting and de-
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pressure resistance and cut/stab resistance. An

exanpl e proposes the use of plastic filns pressed at
el evated tenperatures. The presence of the filmall ows
the fabric to be nore stable, and yet the filmnelts
and del ami nates under 25 pressure to rel ease the

| | [ T [ d de 3 .
40 558 L0 e 10 S By 30 i o, fa
B L EablE o S SHE il 0 o B b 60% o

wei ght of the fabric depending on the conposition.-
theirweight qfr el éahyic slepeprimge @nwihen camepasiiéorof Feoér, problems
films are | ong production cycles, restrictions on 5
askecistezkwitbfthé¢ alseiaf stabSimeestdgey pretudtigh gycledyedstactions on
costs. Also, the flexibility of the fabric suffers

tiges eidekYofifhblidealisé Wastagesand ihn%rg pRsfuctian %@@M&iﬁqﬂ? élexibility_

together. It is an object of the present invention

et e
R i B, bl TPt 15 s B dapeis ackeg foagpher
the 1o disadvantages of the prior art and/or to

provide the public with a useful choice. Sunmary of

the Invention In a first aspect of the invention, _

1t FoRB GRieGh ok NfoBreseRbIMSANEN t9r BisAidenDI Gratmany resin and a
treatnment resin, the nethod conprising the steps of:

nethodi sparrspagnet siyeh s gesin adhich capdiepses sati tedst qonel of the
medi um at predetermined tenperature; (ii) adding a
disarbantages dfdhé ipeiod astndéedtopmbyiderthe public With a useful choice.
suspension; and (iii) allow ng the suspension to cool

to a tenperature |ower than the predetern ned

tenperature to formthe fibre treatnent resin.

Summary of the Invention

In a first aspect of the inven’gion, there is provided a method of preparing fibre
treatment resin, the method comprising the steps of:

() dispersing ethyl acetic acid copolymers in liquid medium at predetermined
temperature; (ii) adding a flocculent to the dispersed polymer to form a
suspension; and (iii) allowing the suspensioﬁ to cool to a temperature lower

than the predetermined temperature to form the fibre treatment resin.

in a second aspect of the invention, there is provided fibre treatment resin

comprising ethyl acetic acid copolymer.

The fibre treatment resin may then be used to reinforce fibres and this forms a

third aspect of the invention in which there is provided a method of reinforcing
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20 In a second aspect of the invention, there is
provided fibre treatnment resin conprising ethyl
acetic acid copolyner. The fibre treatnment resin may
then be used to reinforce fibres and this fornms a 25
third aspect of the inventiomin which there is

rovi ded a.nethod e.n I n fibres conprising
BRI SORPrBITG 75 Stchaf g heAEng tas dioras onh Fafes reatment resin
treatment resin npri si ng acetic acid
C@HHHI%?thé(haC%?'q?%@@QP@WWGF@W%@f'ﬁé%'@@fpect of the
invention relates to the final product and this
relates to 5 fibre treated with fibre treatnent resin
conprising ethyl acetic acid copolyner. Ethyl acetic

rafiirthet aspbynEithbasvertion rérRtes td theefirdl Brddux aablteRlrelates to
phase change properties and when fibre treated with

fi)lré’[r@aferoe\mtm?ﬁ?e fr@éirﬁbﬁtriéélhﬁdééﬂﬁn ﬁgﬁ‘e I%@Q@aﬁﬁﬁrcopto%er

fibre is able to be stretc
pressure (such as to incidental pressure froma
projectile) so that the fibre is ableto absorbthe

from,the incident ress In. this wa
EPG et 2 opalyie T BeoRdPUad o sxnBHt Sisaylent phase change
protection against ballistic or stab threats.
PepRedieamyd whes Bhsulieatsd witpofliyreeireatmentoesin iicluding such a
liquid nediumratio is 1s between 5% and 45% of tot al

copblymeer, thefibreaals gblettbebenstratrhedfuraizpahgidentat pressumeiiéuch as
of liquid nmediumration is between 22% and 38% of

incit@htaV Pregeure TiRemaaitelectife)f $oaRat ﬁHét leﬁaylsbﬁbFéew\’ea%%orb the
0.05 and 0.5% of liquid medium introduced
energy from the incidental pressure. In this way, the treated fibre can be used

for armour or body protection against ballistic or stab threats.

Preferably, the amount of copolymer to amount of liquid medium ratio is
between 5% and 45% of total volume. Preferably, the amount of copolymer to

amount of liquid medium ration is between 22% and 38% of total volume.

The amount of flocculent may be between 0.05 and 0.5% of liquid medium

introduced.

The predetermined temperature may be between 15°C and 100°C under 5 bars

of pressure.

A preferred flocculent is ammonia but sodium hydroxide and potassium

hydroxide may also be used. A preferred liquid medium is water.
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20 The predeterm ned tenperature nmay be between 15C

and 100C under 5 bars of pressure. A preferred

flocculent is anmonia but sodi um hydroxi de and

pot assi um 25 hydroxi de nmay al so be used. A preferred
liquid nmediumis water. 5 Agpropriate storage of the
fibre treatnent resin extends the shelf life of the

fibre treatnent resin and preferred tenperatures of

bet ween 15C and 40C may allow the resin to be stored
Approripte Staragreitihe flb@ treatremrresinredendsther shglhlife of the fibre
preferably conprises 5 to 45 wei ght % of ethyl acetic
treaitrenbpediyrad prefefedSetrpdatureriajHietdeeh 13°C ande#d°C may
After treating fibres or fabric with the fibre
allo®ahe®resinte berstoidd fos upasessmbyitisd dry o the

treated fibres to evaporate the flocculent and |iquid

medi um and a preferred drying nethod is to use

convection air at a tenperature between 50C and 75C.

By 0748 9 e s

res or fabric 0 pretreatrrent
i Poldnghant s fa Euvant % pt OGENEG i n ¢ he
proposed fibre treatnment resin is particularly useful
for ballistic applications such as used in a stab or
bull et resistant vest. 20 It is envisaged that if a
Aftarrtedating fibires abfabcicovith iher fibreaseatmeat resirs dtis ridvessady to dry
| east
the treated fibres to evaporate the flocculent and liquid medium and a preferred

- drying method is to use convection air at a temperature between 50°C and

75°C. Advantageously, the temperature is about 65°C.

Once dried, the amount of fibre treatment resin in the fibres or fabric is 4% to

20% over pre-treatment fibre weight.

The fibre or fabric treated with the proposed fibre treatment resin is particularly

useful for ballistic applications such as used in a stab or bullet resistant vest.

It is envisaged that if a plurality of fabric or fibre layers are used, then at least
one of the fabric or fibre layers is treated with fibre treatment resin comprising
ethyl acetic acid copolymer to enhance the ballistic performance of the layers.

Of course, more or all of the layers may be treated with the resin.
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one of the fabric or fibre layers is treated with

fibre treatnent resin conprising ethyl acetic acid

copol ymer to enhance the ballistic performance of the

| ayers. O course, nore or all of the layers nmay be

treated with the resin. 6 The fabric or fibre Iayers
cte fromth

iea 3'c‘°’%oferep Ry i et S ERRA A aegUrp i sting of para
ar ar -phenylene t er epht hal am de)
aﬁ%’F‘iE( ﬁpqufpeﬁf}é{e@d%%ﬁéyepf\émly(rbd&)w PR ﬁwdﬂam RRIy(P-phenylene

al i ghatl c poI yam des, cycl oaliphatic pol yam des,
terepbihaiamitle) opols@%@lemes@@pede):ml)dbeoyidn)e mﬁdo;alnede) aliphatic
terephthalic acid, caprolactum pol yhexanet hyl ene

patigpaidige, I¢y¢1na.‘d|phay5t al ppBlaytigésrs, copolyamlde of  30%
benzi m dazol el i ke M6 and oxazol es. Exanpl'es of

(6 h G dyeltelGl) PO! Y\ﬁ’éfh?ﬁe%e”‘i % ﬁrﬁke @Xamsphy' eNEapBlactum,

di ammoni'um | sophat hal ate wth xanyt hyl e

WB@W %ﬁjl e scrl 6‘?%‘&?@ ﬁsgxazg>§nﬁn aﬂzolelike M5

errbodl nEe)?t of the invention wll now be descri bed, by
anple, with reference to the acconpanying

dravvl ngs in which, Figure 1 is a flow chart

illustrating steps for preparing a fibre treatnent

resin and for treating a fabric with the fibre

Exagapleenf cyadsaliphatio pélgamide? may be 308 eepametiare t est

data of ballistic testing ordinary plain woven fabric

diarmnid tisophRfthdlataie 7090 hegamy®Mytene diammonium adipate and

an example of oxazoles is ZYLON PBO.

Brief Description of the Drawings

An embodiment of the invention will now be described, by way of example, with

reference to the accompanying drawings in which,

Figure 1 is a flow chart illustrating steps for preparing a fibre treatment resin and
for treating a fabric with the fibre treatment resin;

Figure 2 is a table providing test data of ballistic testing ordinary plain woven
fabric compared to 10% treated fabrics; and

Figure 3 is a table providing test data of ballistic testing of plain woven fabric

untreated, treated and satin fabric treated tenacity tests.
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Figure 3'is a table providing test data of ballistic
testing of plain woven fabric wuntreated, treated and
satin fabric treated tenacity tests. 7 Detailed

Description of the Preferred Enbodi nent Referring to
Figure 1, at step 100, a m xtlure of ethyl acetic acid

ORI BELo A SIREPILL RS Befigfougter T placed in a

me—contatite I n

pressurised chanber. The tenperature of the heated

water is 100C and under 5 bars of pressure at | east.

The water ratio to copolyner ratiois from5% to 45%
Reffetripgatio figyes df at sfepni0f @ mixtUreeotethnyl acetat acid avpdlymer and
copolynmer is then ultrasonically dispersed in the

présdunised dteated wealtervia tpdateideinpee cahtaires. arfl thet @htdifér is placed in
amonia is introduced as a flocculent into the m xture

a pravseriead chamiidri MheOterhperaf@dROoP #id iHeldkat vatér §§WQ80°C and
ethyl acetic acid. The anmount of ammonia introduce

' 0 : : o

oehra s B A n Sl AP e om o
u sion fluid is allowed to cool naturally to

té ggf{fofﬁﬁ%épg?%){#gdnp@ " a fibre treatnent resin and

then transferred to a polyethylene container and

stored at a tenperature of about 20C. Wien 20 suitably

stored, the fibre treatnent resin nay have a shel f

Tiher ethgk agglictacid gopelymetiss thEmeulbreeonigally dispersetiingéhé sixture at

preferably between 15C and 40C. |If the storage

elevated temperatures.

At step 102, ammonia is introduced as a flocculent into the mixture to prevent
settling of the nano-particulate of the ethyl acetic acid. The amount of ammonia
introduced is about 0.5% of the total volume of the mixture to form a

homogenous suspension fluid.

At step 104, the suspension fluid is allowed to cool naturally to room
temperature to form a fibre treatment resin and then transferred to a
polyethylene container and stored at a temperature of about 20°C. When
suitably stored, the fibre treatment resin may have a shelf life of up to 18
months.

The storage temperature is preferably between 15°C and 40°C. If the storage
temperature is lower than 15°C, the fibre treatment resin may become unstable
over time. If the storage temperature is above 40°C, the fibre treatment resin

may destabilise and cause precipitation.
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tenperature is |lower than 15C, the fibre treatnent

resin may beconme unstable over tine. |If the storage
tenperature is above 40C, the fibre treatnent resin

25 may destabilise and cause precipitation. 8 To
inpregnate fibres with the fidre treatnent resin,

apparatus used for the treatnent is simlar to water

repel lent treatnment nachinery available in nost '
conmposite material_weaving plants. In this enbodi nent,

T2 irap@angte dibses gviths the f@r%etr@@té“aifédeﬁm reRpesatuss ised for the
and the apparatus includes a tank for holding the

 traadipentiisosimitarcion welerr repediestntfeatmeatr mdchinagrpeavadlgble in most

of aramd into the tank through an inlet at one end

coinpdsitet materah wefa@ingcplahis. Ng thizeemdyaimet, QFIQVérdoioélﬁamld is to
of the tank through an outlet at the ot her end of the

HeaﬂEate%ﬁGlntHrﬁfés#é's% T ohd gRs agfoha?raﬁ%eﬂc}%b@' 2 thhe foar%&ddng the

and arranged al ong 't he pat h conveyor system

sﬁgﬁﬁﬁélg (gﬁ}ggsq%ggt% gOIJ éagr(yi@étthgf Iggg %tré)mld? g\t? Sthe tank
thipuich f’aa_i,% éi%iefﬁ%oﬁoﬁ%sﬁtgﬁk SRR PT SAreyifio ee;”@‘é’r‘e’rtehé‘%énid out of

suspensi on. The pressure rollers are then used to

taettagkdhenvghaan autlghgédhe thae endyel ther tankamind p@ssuré rollers

. achi eve even 15 and thorough inpregnation of the

dspsedsvitin the tarik andvasrangée alangethegiathchthielcosveyor system.
treated or inpregnated wth the copolyneric resin. The
apparatus further includes two doctoring bl ades
positioned at the outlet of the tank and as the

THEAbRA 8RRk St 1R)Pls AR HRTe@Uhtcihe Rkt 0K at'd&p 106, and a

doctori ng

layer of aramid fibre is rolled into the tank by the conveyor system so that the
layer of aramid fibre is fully submerged in the suspension. The pressure rollers
are then used to out-gas any air t-rapped in the layer of aramid to achieve even
and thorough impregnation of the suspension. In this way, the layer of aramid is

treated or impregnated with the copolymeric resin.

The apparatus further includes two doctoring blades positioned at the outlet of
the tank and as the treated aramid layer emerges out of the tank, the doctoring
blades remove superfluous resin from the treated aramid layer at step 108 so
that the superfluous resin is channelled back to the tank. The doctoring blades
are preferably made of steel or rubber and the pressure and angle of the blades

are configured to calibrate desired matrix content in the resultant treated aramid

fayer.
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20 bl ades renove superfluous resin fromthe treated
aramd | ayer at step 108 so that the superfluous resin
is channell ed back to the tank. The doctoring bl ades
are preferably made of steel or rubber and the
pressure and angle of the blalles are configured to

| [ br at e, desi tri ontent in the resultant ) )
THREAEE B SR 708 rediglohatiy sevhr g sublicted & cengecton air
the treated aram d |layer is subjected to convection _
abian elgyvated tempeipiite 1 Bickatoudy e thswater medium andeammonia
wat er nedi um and ammonia flocculent. Once dried, the '
flogsulgnt. Onem disigdt the hesiniiprhemnded tootheufibres drite pathiar the other
way, the fibres are inpregnated with the resin. The

vy, ithd fibres abertmprittraited with the Aol Thd pBABd IdT dubfhergence of
tank and the pressure of out-gassing by the rollers

taamidasydhh R0tE8 Andd MR Rfre | 4P 0N Lf |
tﬁﬁe resl,di]]n.yAftﬁ]er drtyi ng,ndat stpgp 1{62, t @%{L\%gg the rollers

RAEE ee B Seo et ety BihebhAia Lol et ie cnd

for storage. The to use of powder and paper is to
prevent the ethyl acetic acid copolynmer fromtacking
to each adjacent |ayer when stacked packed and stored

Afteryingx gbstap 138nthe Heateddarammig layerpisi either dusted with talcum
Preferable, |oons should be pack in open cell polyner
ploearorr ipteriaselywitingapies anolarllasollentednautre eng for storage. The
packagi ng before shipping. Using the polynmer resin

dgecbpgbwgeetdhw P&t IsCtApréleTRRAL YETRY A€etld 88 EHSolymer from
ar ani

tacking to each adjacent layer when stacked packed and stored in hot exposed

containers during shipping.

Preferable, looms should be pack in open cell polymer foam or polyethylene

foam as an insulating packaging before shipping.

Using the polymer resin including ethyl acetic acid copolymer to treat the aramid
layer, this enables improved energy absorption of the aramid fibres via phase |
change during a ballistic event. This also improves the pressure resistance
performance of the aramid fibre. The ifnprovement in the tenacity of the aramid
layer is achieved without special stitching of the fibres and this creates a matrix
system of impregnation of fibres to abhieve stability so that high tenacity weave
with low stability patterns like crowfoot and satin or uni-directional roving

material can be used for applications previously not suited for.
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| ayer, this enables inproved energy absorption of the
aramd fibres via phase change during a ballistic
event. This also inproves the pressure resistance 20
performance of the aramd fibre. The inprovenent in
t he tenacity of the aramd layer is achi eved w thout
ial stitching of the fibres and this creates a

F?\E?‘ﬁ ’x't ca) beARRSFCiARSH bgh i BrPses of preraring Hertepplymer resin
stability so that high tenacity weave wth | ow
Witizgs | existingt mechinery keormmamy ofouadd isathen ipdustry to achieve
uni -directional roving material can be used for
Ii@ppddreionpowith pukethenesldyfonsbpkistitatdd famd. expen$e equipment.
Further, it can be appreciated that the process of
preparing the copolyner resin utilizes existing
machi nery commonly found in the industry to achi eve
TJrEF&ﬁa@tdno MnprdvERRME gtvgﬁ S g%bﬁegnvﬁwt LAad ?D agfjpressure

ensi ve eq prent . provi de an i rove

ndard f rlcs W, t.h_an ti

el duRne fee it i, PEhie B BRIE SR PR the need for
wi t hout the need for |ntrodu0|ng addi ti onal resins
inlred weiRg | addilional pesinsn apd hatatife rsysterps o ¥k itker nesdsgpressure
pressing allows fibres/fabrics treated with the fibre
heated meezsing llowsofibresfabricshiredtqsl aith thek8bee prestmen. resin to
This gives an arnmour naker convenience to 1o store and
foge 4 hards plate ilikeenpogprefomhis gives ssohiimour hakdr @bAvetience to
wi thout a need to have alternative prepregs stored at

sioie- Z6d Qsé QH@%”aﬁ{éanﬁéntMr? lrols@m{ér doft &r h§ﬂ@aaﬁnodrrw&ﬁm a need
way, the described enbodi nent al so enabl e

BN GitHFfRtve! Breph @Y€ stdrBY CAE QLY- z‘épéttémperatures with short life

spans. In this way, the described embodiment also enables manufacturers to

lower inventory costs.

The treated aramid layer can be used for a multitude of applications ranging

from aerospace, ballistic application and construction industry etc in view of the

phase change property of the treated aramid layer.

To elaborate, the treated aramid layer is particularly useful in ballistic
applications since the tenacity of the aramid locks surrounding yarns or fibres
so that when a projectile strikes a spot of the treated aramid layer, the
surrounding yarns or fibres participate to reducing the speed of the projectile.
Further, elongation/stretching by the fibres and conversion of kinetic energy to
heat (for sub-sonic bullets) and the pressure exerted on the spot of impact melts

the polymeric matrix and releases the yarn to stretch further without locking it
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15 The treated aram d | ayer can be used for a

mul titude of applications ranging .from aerospace,

bal listic application and construction industry etc in
view of the phase change property of the treated
aram d | ayer. To el aborate, tthe treated aram d | ayer

o B S S S5 Th D G e PR 4 more

yarns or fibres so that when a projectile strikes a
epsray off therrolectis: ia dhe paprags| alphasetdhangs @f theirsimg
yarns or fibres participate to reducing the speed of
the projectile. Further, elongation/stretching by the
fibres and conversion of kinetic energy to heat (for

Thiebusendfctheupblghy resh tike plivFRies thyaiderdoPRtildAthg adjacent
spot of inpact nelts 25 the polyneric matrix and

l&yRirs asemckdi ey fibiict &ablifebem thidr Fe{bﬁ{ce}é}"ﬁ%@uf%&goﬁbhg@res in a

it 11 out like normal stitch wou

j Lt SO . I of _the. .
SIS Rl 1E APBSEIBH IS, Mo Y Shaifin roucns
in. The, use of, t .pol y resin al sg i m nat es )
ST VAlbe Ob S B eh aitke Wlohe el ayer § s pABaSEoo tight

fabric stability but this reduces back face signatures
Haoweyverplthe stitcingJetro loassoit lesesdisskagisiage signatiene, reduction.
stitching has drawbacks in reducing V50 value of the

eventual failure of the fibre layer if the pattern is
too tight. However, if the stitching is too |oose, it

Auothes, itdsts biaek shagd shatnaidirfedtedUsiandia- laler igIBREd superior
tests has shown that the treated aram d | ayer

s@ébﬁmk/?xﬁ’cﬁmﬁg%erém to BEaREHi ih¥sH %%hf?‘% : nasft?\g%%gl‘dour%irectional

used in 8H Satin woven styles and unidirec

ré\g}é Bgrt]ée%t z%rg\%ga(ugﬁélr éﬁhgfat%@ Ifgétlsorc]xs)hdJcetgésshowed marginal
improvement of fabric tenacity, particularly in the oblique directions. Hitherto, 8H
satin fabrics are seldom used in ballistic packages_due to their lateral weakness
in stability even though their breaking strength far exceeds the plain and
crowfoot weaves. With the proposed invention, it is possible to maximise the
potential of this weave that retains the linearity of the crystalline structures

within the yarns for force absorption bringing to bear their maximum

effectiveness second only to unwoven uni-directional fabrics.

The treated aramid layers may also be pressed in a hot press at 150 deg
Celsius to form hard plates for composite and armour applications. For
example, 20 layers of hard pressed Twaron® CT709 showed good stopping

power to ammunition from a Magnum 357 with trauma back face values lower
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I mprovenent of fabric tenacity, particularly in the
oblique directions. Htherto, 8H satin fabrics are
seldomused in ballistic packages due to their |atera
weakness 15 in stability even though their breaking
strength far exceeds the plaila and crowf oot weaves.

W t he proposgd jnvention, it [ s possible to _
200D BRd KNG sib SSIPRANERI © WBARD Ml 1EBkdR Rioperties,
linearity of the crystalline structures wthin the
ojaegse.dioteseibleawibspeh dabties. ngi ng to bear their

maxi mum effectiveness second only to unwoven

uni -directional fabrics. 20 The treated aram d | ayers

may al so be pressed in a hot press at 150 deg Cel sius

Rigurieo? 11s Ratbi® |prb@gingotest AaRP oF ballishil tédtiiUbrdinary plain woven
applications. For exanple, 20 |ayers of hard préssed

fa¥RE e8fphrdd P PohAVRLd 5t oppi g power to

amuni tion froma Magnum 357 with trauma back face
val ues lower 12 than 20mm and knife stab resistance
to 36J on the P1 B bl ade, properties, otherw se, not

_[possi bl V\Aég Fuch fabrics. Fi gur e 2 s atable
PYRTROIAS Plolt layarsiand 1B4RYSStqTd Wasen: n§ T3PEiwRiE is a 930 dtex
| ai n.ywoven 5 fabric conpared to 10%treated fabrics.

ofanA O parararamid diebrigrare1 as¢dhasr esbisampe nfabric is plain

CT709 which is a 930 dtex TwaronTM 2040 para-aranid

VWedre 2562 weseandiwrapper mehpl es. Fabric is plain

weave 25X25 wert and wap per inch. 10

Referring to figure 2, sample (1) is shot with Magnum 357 semi jacketed round

compliant to NIJ standards in the US Department of Justice. This package

consists of 18 layers, 5 treated with the dilatant polymer of this invention, and

13 untreated. This is compared to 18 layers of stitched materials. The

performance of the package with 5 layers treat fabric exhibited superior force

absorption even at the edge. While the untreated model exhibited failure in

trauma values as they are higher than the passing mafk of 44mm. The edge

shot is similarly failure due to penetration by the ammunition.

Samples (6) and (7) were shot with Ranger 9mm Luger +P+ and as shown in

Figure 2, both packages were not able to stop the bullets from the gun.

By adding a layer of treated fabric at the back of the package, (i.e. Samples (8),

(9) and (10), it is possible to stop the 9mm Luger +P+ consistently. However,
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Referring to figure 2, sanple (1) is shot with Magnum
357 sem jacketed round conpliant to NIJ standards in
the US Departnent of Justice. This package consists
of 18 layers, 5 treated with the dilatant polyner of
this invention, and 13 untréated. This is conpared to
8 | ayer f._ stitched t eri.al The per f or mance of
fain ieled abies &7 el uffivdaf o M e Ao cvéh at 20
superior force absorption even at the edge. Wile the
l3¥t'feat ed nodel exhibited failure in trauma val ues as
they are higher than the passing mark of 44mm The
edge shot is simlarly failure due to penetration by
the ammunition. 20 Sanples (6) and (7) were shot with

Rasgeve Shool Up dayerBstacitedpaskayd with 6 Fagerseof2treetifabric, as
packages were not able to stop the bullets fromthe

rg?féseﬁiéoaggiﬂ‘:‘&nﬁlés?gg) &f (TQSQF(\%;%’ fsa%g%rﬁamf)r%%sn%ﬂl??n trauma

of the _palc age, (I Sanp ( I
s s a6 SASGRTTAEH, $E PR, 6 Phlnka recucion

sufficient to stop e amuni ti even at 20 |ayers. L
Aer s Toh Aorkin 3578 Ae L o ARk Br bW 405y iR, it is
of treated fabric, as 5 represented by Sanples (13) _
susPTISIng to ets that eveni afa highar oelarititthere tsr atengome penetrations
val ues, showi ng that the present invention contributes

argl soraarstoppegestaven wiph dgdayerssatftotal MagpaneB &vthe package shot
amuni ti on. However, for 9mm Luger +P+, it is

eatli@r with Mg tritrexnée dntad tesd ahed ThighgiowsetReithere may be an
there is are some penetrations and sone stoppages

if?ﬁ?vé%ér‘?t Jrdhé P57 val@d of Herba QAR EGmEdadle AALELE materials

are increased by ratio while remaining the number of material layers constant.

Figure 3 is a table providing test data ;)f ballistic testing of plain woven fabric
untreated, treated and satin fabric treated tenacity tests. As it would be
appreciated, impregnation of the copolymer ethyl acetic acid seems to yield a
marginal result, but yet, in 8H satin, it allowed such fabrics to be utilised in
ballistic packages, hitherto not possible. Thus, it saves an armour designer'

costly material to produce superior ballistic packages.

From the test data in Figures 1 and 2, it can be appreciated that treating fibres

with ethyl acetic acid improves the tenacity of the fibres and also their ballistic

characteristics.
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faHif eyt 88etiG ASIGHRRT

1o earlier with 13 untreated and 5 treated ones. This
shows that there nay be an inprovenent of the V50
val ue of the package if sone |ayers of treated
materials are increased by ratio while remaining the
nunber of material |ayers conétant. Figure 3 is a

abl e oyi di ng,.tes ata of ballistic testing of

e DBRH SR BRI shAHE. & iconbisi o TPl Fpr exampe,
fabric treated tenacit)( tests. As it would be

Whehfthath és d{ﬁ%‘l ¢aBe & ma"ets, the form

acetic acid seens to yield a marginal result, but
ocpeimonly 8vhikdie nthen the | coralymec rshoauld i los meltdrk prior to being
utilised in ballistic packages, hitherto not
dispsssdd ;o watems, it saves an arnmour designer costly
materi al t.o produce superior ballistic packages. 20
Fromthe test data in Figures 1 and 2, it can be
appreciated that treating fibres wth ethyl acetic

ﬁ?ﬁéetlgp' Lﬁgllr ?Y e t&%cﬁ@@@%rﬁ%&%&ﬂeth%;?ﬁ%ﬁeéﬁg)% ﬁ‘lrjilﬁgig dallowed to

I stic characteristics. esc
en‘god' rrelnt shoul d, not be construed as lin.tative., For .
GRbAFIENY (¢ TOREY IRTRpPralWEr (HOWEYR, JopGophRg kel Garied by
used cone in pallets, the form comonly avail abl e, _
forgen coplinG: MFoeXtrETal herll exehangs megpnsy i whicheveremejhod that is
di spersed in water. 5 At step 104 of the described
appbopiiatent, t he suspension fluid is allowed to cool

naturally to roomtenperature. However, the cooling
may be carried by

Preferably, the resin to water content is between 15% and 40% resin content of
total volume. More preferably, the range should be between 22% and 38% of

total volume to prevent the polymer to be coagulated,

Other suitable flocculent may be used, not just ammonia, for example, sodium
hydroxide and potassium hydroxide although these flocculent may cost more.
Basically, any alkali type flocculent may be used. Also, the amount of flocculent
may be adjusted according need and application. However, if ammonia is used,
then preferably, the ammonia content is between 0.03% and 1% of total volume

of the mixture. Advantageously the amount of ammonia is between 0.3% and

0.56%.

Of.course, the invention is applicable to other fibres, not just aramid. For

example, M5 and non plastic yarns in loom state or greige state may similary be

treated with the ethyl acetic acid resin.
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force cooling or external heat exchange neans,
whi chever nmethod that is appropriate. 10 Preferably,
the resin to water content is between 15% and 40%
resin content of total volume. Mire preferably, the
range shoul d be between 22% amnd 38% of total vol une
to prevent the polynmer to be coagul ated, 15 O her
suitabl e flocculent may be used, not just ammonia, for
sodi um hydroxi de and potassi um hydroxi de
“&Iﬂi‘%éiﬁéﬁ”b%@@tfqd@@@m éhe temperatvte fasrtbe aiBeayiveatiby is chosen
any alkali type flocculent may be used. Al so, the
tameush° Cobuft thecteul paraturerayaybbe dditwe e d 04C M8 O .n&led. the rate
and application. However, if ammonia is used, then

ofihettingd MepéhdeeroRumid lﬁ@r@brﬁﬁerﬁ%ﬁ@%i‘htgr@ﬁr’@ Flinhidity is

% of total volunme 20 of the m xture. Advantageously

dodoe HOHNE haé bRERTHHR ﬂ%tb@%ﬁ‘ﬁ?gﬁbﬁé gand 0.56% O

course, the invention is appli e to other fibres,
not just aramd. For exanple, Mb and non plastic
yarns in loomstate or greige state may simlary be

Wi t etic acid resin. 15 In
¥ o ESERbed P rihasdentiie el pemis paidsapaRsmet issuliiasonically
convection is chosen to be 65C but the tenperature
digpersed bevtvedheu otispergioBo decianigues t sichy zase mohottisperaign,  bi-
i s dependent on hum dity and anbi ent tenperature and
dispdrsiondnay beusedabove 90% it has been found that 70C
Is preferred.

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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In the descri bed enbodi nent, the ethyl acetic acid

copolynmer is ultrasonically dispersed but other

di spersion techni ques such as nono-di spersion, bi-

di spersion may be used. 10 Having now fully descri bed

the invention, it should be dpparent to one of

ordinary skill in the art g£%| ny nodifications can

be made hereto w t hout fron1the scope as

clainmed. 16 CLAIM 1. A met hod of preparing fibre

treatnment resin, the nethod conprising the steps of:

5 di spersing ethyl acetic acid copolyner in liquid

tredi Lﬁ]m@thpdeﬁmrepaﬁimgatﬂbra tneptmanturesin, dtdimethad comprising the

flocculent to the dispersed polynmer to forma

suspedtspoof: and allow ng the suspension to cool to a

tenperature |l ower than the predeterm ned tenperature

to f f 2. -
accor e LRl CaceRAICTE BopESTD n 1Gus mEu AEPredetermined

to a liquid nmediumratio i s between 596and
SnggHﬂK”a€IVOlune 3. A nethod according to claiml

or 2, erel t he nt .of copolyner to 15 anmpount of
i qui dcrdEntio e dispeise p?ﬁ%\%rnf@ faEmsa$usRANgion; and
vol une,

allowing the suspension to cool to a temperature lower than the

predetermined temperature to form the fibre treatment resin.

2. A method according to claim 1, wherein the amount of copolymer to amount

of liquid medium ratio is between 5% and 45% of total vdlume.

3. A method according to claim 1 or 2, wherein the amount of copolymer to

amount of liquid medium ration is between 22% and 38% of total volume.

4, A method according to any preceding claim, wherein the amount of

flocculent is between 0.05 to 0.5% of liquid medium introduced.

5. A method according to any preceding claim, wherein the predetermined

temperature is between 15°C and 100°C under 5 bars of pfessure.

6. A method according to any preceding claim, wherein the flocculent is

ammonia.
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4. A method according to any preceding claim wherein
the anmount of flocculent is between 0.05 to 0.5% of
liquid nmediumintroduced. 20 5. A nethod according to
any pr.eceding claim wherein the predeterm ned
tenperature is bet ween 15C and 1000 under 5 bars of

res thod accor di to .an recedi . L
2 2t A Mt p R R P AN eteoRe TafmriaShelfuig megium is
n%thod according to any preceding claim wherein the
WalgLid mediumis water. 8. Fibre treatment resin
conprising ethyl acetic acid copolyner. 5 9. Fibre

treatment resin according to claim8, further
conprising 5 to 45 weight %of ethyl acetic acid

8c opolRjtrer treatrheMit O&sih @ofhprisivk) ethyl Jeetic édi@@@ﬁbl@ﬁter 10.
A nmethod of reinforcing fibres conprising the step of:

to treating the fibres with fibre treatnent resin
conprising ethyl acetic acid copolynmer and a

d | occpfﬂ,,%n{re?ﬁjrentﬁe@?r‘ %%goﬂ?r‘frcgw eﬂn} gegk‘ mf fl;(grl'n s | eé to 45

conpr|3|ng ste Fyi

V\éﬁl%fbt r%q}laﬂgce 823%Hqgopo(fymer and %)105 ’y\éhg 5 vlvglgthth% f¥c|>cculent

10. A method of reinforcing fibres comprising the step of:

treating the fibres with fibre treatment resin comprising ethyl acetic acid

copolymer and a flocculent.

11. A method according to claim 10 further comprising the step of drying the

treated fibre.
12. A method according to claim 11, wherein the drying step includes

subjecting the treated fibre to convection air at a temperature between

50°C and 75°C.

13. A method according to claim 12, wherein the temperature is about 65°C.

14.  Fibre treated with fibre treatment resin comprising ethyl acetic acid

copolymer.
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subjecting the treated fibre to convection air at a
tenperature between 50C and 75C. 20 13. A net hod
according to claim 12, wherein the tenperature is
about 65C. 14. Fibre treated with fibre treatnent
resin conprising ethyl acetid8acid copolyner. 18 15.

fEﬁS' T C%'fé‘ﬁgrtésﬁ‘f*n'ﬁi g*mh?wlﬁdﬁ%"ﬁ BRETERR Bapent resi
,anL?ﬁﬁﬁ?oﬂ%hi% Nep PES RSN ERIBE WHORS, — 5 17 A

plurality of fabric or fibre layers, at |east one of
the fabric or fibre layers treated with fibre
treatnment resin conprising ethyl acetic acid
1GopolAystab .or IRilletrgsisiant Vvesy compdrsing thedibréidbcmimateos15.
according to claim 17, wherein the to fabric or fibre
is selected fromthe group consisting of para aramd
(pol y(p- phenyl ene ter epht hal am de)), para aram d -
I I
190 Y (ap I@Pﬁﬂ}"o?fb?or ene g%acam %aft Br?nlf ¥ F]He?%bﬁE%r fibre layers

ad |pene pol y(

TS o B AR R

acid, caprolactum pol yhexanet hyl ene adi pam de, liquid

15 crystal polyesters, benzi m dazol elike Mc and

oxazol es.

18. A plurality of fabric or fibre layers according to claim 17, wherein the

fabric or fibre is selected from the group consisting of para aramid (poly(p-
phenylene terephthalamide)), para aramid - poly(p-phenylene terephthalamide),
poly(m-xylene adipene), poly(p-xylene sebacamide), aliphatic polyamides,
cycloaliphatic polyamides, copolyamide of 30% bis(amidocyclohexyl)
methylene, terephthalic acid, caprolactum, pol'yhexamethylene adipamide, quuid

crystal polyesters, benzimidazolelike M5 and oxazoles.



