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Penetration-resistant material and articles nade of
WO b@4®23960 Description: The invention pertai nNSPCDEPR2003/009709
penetration-resistant material and to articles nade of
the sane. Penetration-resistant articles such as
bul | et proof vests, helnets, vehicle panels and
shi el ds prepared from high strength fibers are known
in the art. For many applica- tions, in particular for
bﬂ$|IStIQ vests, the fihers are used in a woven or
enelyatigpresistantynaterial and aptiglesanadeoéghesame
impregnated in a matrix to obtain hard ballistic
materi-_ats, or may be used—free—fromnmatrtx—to—obtath
soft ballistic materials. Bulletproof fabrics are
known, inter alia, fromEP 310 199. The fabrics
di scl osed therein are conposed of filanent yarns of
ul trahi gh nol ecul ar wei ght pol ymer having high
strength and hi gh nodulus, with the warp threads being
of a different polyneric material than the weft
. threads. In Russian Patent RU 2 096 542 a ballistic
Descriptighii c for bul | et proof jackets was discl osed having
warp and weft threads of poly
par a- phenyl enet er epht hal ani de (PPTA) wherein the
ratio of the warp to the weft linear density is
The invesyign| partaimie a peretratgi-tegistant matarial ehddadstidies neagleaof the
i near density of 143 to 588 dtex and weft threads
having a linear density of 588 to 930 were discl osed,
the weft threads having equal or higher [|inear
nsity than the warp threads. It is particularly
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same.

Bulletproof fabrics are known, inter alia, from EP 310 199. The fabrics disclosed
therein are composed of filament yarné of ultrahigh molecular weight polymer having
high strength and high modulus, with the warp threads being of a different polymeric
material than the weft threads.

In Russian Patent RU 2 096 542 a ballistic fabric for bulletproof jackets was disclosed
having warp and weft threads of poly para-phenyleneterephthalamide (PPTA) |
wherein the ratio of the warp to the weft linear density is smaller than 4.17. Typically,
warp threads having a linear density of 143 to 588 dtex and weft threads having a |
linear density of 588 to 930 were disclosed, the weft threads having equal or higher
linear density than the warp threads. lt is particularly contended that ballistic fabrics
having warp to weft linear density ratios between 1.59 and 4.17 have improved de-

flection properties.
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These problems are solved by a penetration-resistant material comprising at least a
double layer of wowen fabric wherein the double layer comprises a first layer of fabric
composed of a first set of threads comprising 3.5 to 20 threads/cm, having a linear
density of at least 210 dtex, and comprising at least 65 % of the fabric weight, and a
second set of threads comprising 0.5 to 16 threads/cm and having a linear density of
at least 50 dtex, with the second set of threads being transverse to the first set of
threads, and the ratio of the number of threads/cm of the first set to that of the se-
cond set is > 1, and a second layer of fabric composed of a first set of threads com-

prising 0.5 to 16 threads/cm and having a linear density of at least 50 dtex, and a se-



WO 2004/ 023060 PCT/ EP2003/ 009709 3 cond set of
threads conprising 3.5 to 20 threads/cm having a
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at least 65 %of the fabrig weight, with the second
set of threads being transverse to the first set of
threads, and the ratio of the nunber of threads/cm of
the second set to that of the first set is > 1, and
wherein the first and second sets of threads of the
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water-repellant.

Within the scope of the present invention in principle any substance which repells
water and which can be applied to the threads with known methods can be used as
the water-repellant. However, because of it's high water-repellant efficiency a water-
repellant comprising fluor and carbon atoms, e.g. a fluoropolymer, and especially a
mixture of flouroacrylate polymers, is preferred. Said mixture is for example con-
tained in OLEOPHOBOL SM® from Ciba Spezialitatenchemie Pfersee GmbH, Lang-
weid am Lech, DE.

In a preferred embodiment of the penetration-resistant material according to the pre-
sent invention the water-repellant treated threads comprise about 0.1 to about 2

weight % flouroacrylate polymers with respect to the weight of the water-repellant
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treated threads. Especially preferred is about 1
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layers. Unealfyativeise, set®are about perpendicular to each another, but this is not

necessary. The second set of threads may be provided under an angle other than

90° to the first set of threads. The two layers are secured together without cross-
plying. |

In a preferred embodiment of the penetration-resistant material according to the pre-
sent invention the threads of the layers of the double layer are bonded together, for
instance, by stich bonding, or preferably with an adhesive material. The adhesive
material may be adhesive material provided onto the threads or onto the fabric, for

instance as a finish.

The adhesive material can also be an adhesive layer provided between the two fabric
layers of the double layer.



instance as a finish. The adhesive material can al so
be an adhesive | ayer provided between the two fabric
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PCT/ EP2003/ 009709 5 Adhesigve naterial s include
t hernopl astic materials, for exanple polyolefins such
as pol yet hyl ene and pol y- propyl ene, polyam de,
pol yester or m xtures of these materials, elastoneric
materials, for exanple Kraton, rubber, silicon and the
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4 to 15 threads/cm and most preferably 5 to 12 threads/cm.

The number of threads per cm in the second set of threads of the first layer and the
first set of threads of the second layer is 0.5 to 16 threads/cm, preferably 0.5 to 8
threads/cm, more preferably 1 to 6 threads/cm and most preferably 2 to 4
threads/cm.

The first set of threads of the first layer (preferably warp threads) and the second set
of threads of the second layer (preferably weft threads) are of high strength and high
modulus.

In a preferred embodiment of the penetration-resistant material according to the pre-
sent invention the first set of threads of the first layer and the second set of threads of
the second layer consist of high tenacity threads selected from aramid, polyethylene
and poly-p-phenylenebenzobisoxazole (PBO) threads, whereby for the aramide more



In a preferred enbodi nent of the penetration-resistant
materi al according to the pre- sent invention the
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set of threads of the sec§nd | ayer consi st of high
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and pol y- p- phenyl enebenzobi soxazol e (PBO threads,
whereby for the aram de nore WO 2004/ 023060
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polyest@fmreg@nt invention the warp and the weft threads are
sel ected to be made of different po- lyners, for
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layer and the second set of threads of the second layer consist of aramid threads,

and the second set of threads of the first layer and the first set of threads of the se-

cond layer consist of polyester threads.

As long as the required linear density ratio is satisfied, the linear density of the first
set of threads of the first layer and of the second set of threads of the second layer is
selected to be at least about 210 dtex, preferably between 210 and 6720 dtex, more
preferably between 420 and 3360 dtex, even more preferable between 420 and 1680
dtex and most preferably between 840 and 1100 ditex.

The linear density of the second set of threads of the first layer and the first set of
threads of the second layer is at least 50 dtex. In a preferred embodiment of the pe-
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The penetration-resistant material according to the present invention comprises at
least one double layer consisting of two layers of woven fabric, which are non-cross-
plied and optionally bonded together. The term ,woven® includes all types of weaves,
such as plain weave, satin weave, basket weave, twill weave and the like. Preferred

fabrics are plain woven.

The penetration-resistant material according to the present invention may contain as
little as one double layer consisting of two layers of woven fabric, but usually more
double layers are applied. Suitable numbers of double layers are 5 to 100. Most pre-
ferably 6 to 35 double layers are used. The first set of threads of the first fabric layer
of a double layer may be parallel to, or at an angle to the first set of threads of the
first fabric layer of the adjacent double layer. If these sets are secured together under

an angle, such an angle is preferably 90°.
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Exanpl e

Example

A penetration-resistant material containing 22 double layers was manufactured by

the following procedure.

The first layer of each double layer was produced from Twaron® 930 dtex ex Teijin
Twaron in warp direction (9.5 threads/cm, water-repellant treated with OLEOPHO-
BOL SM® ex Ciba Spezialitatenchemie Pfersee GmbH, Langweid am Lech, DE) and

polyester 140 dtex (Trevira® 710, ex Hoechst) in weft direction (2 threads/cm).

The second layer of each double layer was produced from polyester 140 dtex (Trevi-
ra® 710, ex Hoechst) in warp direction (4 threads/cm) and Twaron® 930 dtex ex Teijin
Twaron in weft direction (9.5 threads/cm, water-repellant treated with OLEOPHOBOL
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(Trevira(r) 710, ex Hoechst) in weft direction (2
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warp/wéi estiesdf thefirgelbpedaré e Wéﬁ%r@rhéwdﬁfr@”@em@ layer was 6.6.
Twaron(r) 930 dtex ex Teijin Twaron in weft direction

(9.5 threads/cm water-repellant treated wth
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plies of lagudilyetBidene Tive (LDER/ aseEKBY hiving of thidk@ebs 0$t Ol Ay esneasitbet
o of the second | ayer was 6.6. To
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of polyetsfr\ﬁ%ﬁ? g ra%irfa)p@%ﬁa@@rbqth sutarsidespidheciasible [aygepndone
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the doubledayer. @2 gmlibjeidydreneréd prefpdmed mgtmd; a@gd on both outer
sides of the double | ayer and one sheet of

pol yet hyl ene fil m bei ng pl aced in-between each of the

Said 22%’&161@@3/«3?3 ‘séfz!ﬁrra%ed’fron{ LrouBl By 'a%é?é segg?acpé‘?%f?ér@ superim-

a ers were prepare Inthis way
posed, p@yeﬁskn sapesaved memob@tomtanmmtm Qi 1201 “€aged paperessure
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was rergeyash, anedhe 2éndeitn layess were suh@rlrmapea@ agpmpf@rreswam a pe-
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VVI t h a wei ght of about 4730 g/ nR. Conparative exanple
A penetration-resistant material with a weight of
about 4730 g/ nm2 was nmanufact ured

Comparative example

A penetration-resistant material with a weight of about 4730 g/m? was manufactured
as in the example with the only difference that none of the threads were water-
repellant treated.

Vsg - determination

Vs - values were determined with 9 x 19 Para type DM 11 A1B2 DAG bullets,
wherein vso is the velocity at which 50 % of the bullets are stopped and 50 % of the
bullets give full penetration. The penetration resistant material subjected to the vsg -
determination was in the dry state. That means that said material was tested at room
temperature and at a relative humidity of about 60 %.



as in the exanple with the only difference that none

of the threads were water- repellant treated. v50 -
waledoanpios@t i on V50 - val ues were determ ned w POT/8P2001609709

Para type DM 11 Al B2 DAGH?uI lets, wherein V50 is the

velocity at which 50 % of "the bullets are stopped and

50 % of the bullets give full penetration. The

penetration resistant nmaterial subjected to the v50 -

determination was in the dry state. That neans t hat

. i d t | { t t d at
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material two v nmeasurenents were ornmed the
results of which vvere averaged as shown in the
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conparative exanple. Said difference inm v50
corresponds to a 5.4 % hig- her energy absorption of
The table isbopesribet tha penetetioptrenistaniteatedihl off thelexaexslegixkibits an

cvereso I A PR e b ma
terial of theegdragaldiive *@m i nsiag Wdtchéd th S AMRfes g%ﬁﬁs Tcﬂﬁ 5.4 % hig-

penet ration-resi stant materials accordin
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water-repéliait tidhted fivicads.

Bundesmann rain-shower test

The penetration-resistant materials according to the example and the comparative
example were subjected to the Bundesmann rain-shower test (ISO 9865). The follo-
wing table shows the weight percentage of water uptake after 10 minutes.

Penetration-resistant material of weight % water uptake
example 10.5
comparative.example 34.4

The table shows that the penetration-resistant material of the example exhibits a
water uptake which is only about a third of the water uptake of the penetration-
resistant material of the comparative example without any water-repellant treated
threads.



Penetration-resistant material of weight % water
upt ake exanple 10.5 conparative. exanple 34.4 The
wo abh@2®hows t hat the penetration-resistant nmaPer/ERto08609709
the exanple exhibits a water uptake which is only
about a third of the water uptake of the penetration-
resistant material of the conparative exanple w thout
any water-repellant treated threads. WO 2004/ 023060
PCT/ EP2003/ 009709 11 Penetration-resistant materi al

oreitafiofie SRt Chptollal i pricsfs aod g tbe rams .

doubl e | ayer of wowen fabric wherein the double |ayer

conprises a tirst layer of fabric conposed of a Tirst
set of threads conprising 3.5 to 20 threads/cm having
a linear density of at |east 210 dtex, and conpri sing
at least 65 % of the fabric weight, and a second set
of threads conprising 0.5 to 16 threads/cm and havi ng
a linear density of at |east 50 dtex, with the second
set of threads being transverse to the first set of
threads, and the ratio of the nunber of threads/cm of

Claims:; he 'first set to that of the second set is > 1, and a

second | ayer of fabric conposed of a first set of
threads conprising 0.5 to 16 threads/cm and having a

A o RtiEski Py S15besBaf kabeadbioh BIE0 S5
fabrichedsreftethd doué Rer b@ﬂﬁns@é«@ ﬂ&ﬂéyeﬁ@ﬂaﬁﬂ%bhﬁd@@d% a
| east 65 % of the fabric ght t he second

firsset of bserdHeomnprising sy ks 2@ thr@aﬁé/@m,uhaytngs@tm@ar denSlty of at

oo 3N Bt B PR o GA'3HEY Boona
seibfetheddtist d‘tﬁnbmmﬁg 0 seansddsietrsatd hatihgadmerdr dehsity of at
first Jlayer have a parallel orientation towards the

least PO Wi avitetheniecont set pEHjseads being transverse to the first set of
threads, and the ratio of the number of threads/cm of the first set to that of the

second set is > 1, and a second layer of fabric composed of a first set of
threads comprising 0.5 to 16 threads/cm and having a linear density of at least
50 dtex, and a second set of threads comprising 3.5 to 20 threads/cm, having a
linear density of at least 210 dtex, and comprising at least 65 % of the fabric
weight, with the second set of threads being transverse to the first set of
threads, and the ratio of the number of threads/cm of the second set to that of
the first set is > 1, and wherein the first and second sets of threads of the first
layer have a parallel orientation towards the first and second sets, respectively,
of threads of the second layer, characterized in that in the first layer of fabric at
least the first set of threads and in the second layer of fabric at least the second
set of threads are treated with a water-repeliant.



of threads of the second | ayer, characterized in that

inthe first layer of fabric at I|east the first set
wobkontioemwadds and in the second | ayer of fabric BCT/ERESS/009709

the second set of threadgpare treated with a

wat er -repel l ant. WO 2004/ 023060 PCT/ EP2003/ 009709 12

2. The penetration-resistant material of claiml

wherein in the first layer of fabric the first and

the second set of threads and in the second | ayer of

Tr{e?;g%riegcaét%%t—r{]eis([ﬁ%{gtnz&gFié{;(gfl (f@ﬁff EI' %&%Wg{n thé ?i?&qué?‘rr & fabric
the €irgt tanalt the rsecefd staof threddy aed irothecdetiontllaydr of fAbISd eHefirst
t he wat er - re?el | ant conprises fluor and carbon atons.

ang therecpad set at theeadsealiestregted vithea wateorepsilantn 3
wherein the water-repellant com prises a m xture of
fluoroacyl ate polynmers. 5. The penetration-resistant
Thespenatedtiontresisyard meatefiacofadia®n 1 dr@ Whelen gigwater-repellant
wat er - repel l.ant, treated threads conprise about 0.1 to
cogpyipesSIugtiegaicashan 8@dacryl ate pol ymers with respect
to the weight of the water-repellant treated threads.
6. The penetration-resistant material of any one of
Thel pematrationereSisidrd mediteriat of daim 3 whereinahieovater-réygeilant com-
Jinear.)gensift of tﬂag first set of threads to the
PISER &N %Ws?tf{v}’%?aqy ep@@@ﬁﬁ@'set of threads of the
first layer and of the linear density of the second
set of threads to the |inear densité of the first set
Thef peneteips-iesistand reelegatiof apeene o§claims 110 4TWberein the water-

PR RS FASb OO BBELED. b AR ByeetieldBboryite
podehesf with Fesdet tothehgeighnefthedgair-rypdifart freatRronsaget
of threads of the first |ayer and of the linear

density of the second set of threads to the |inear

eI bt Ahene il BREERePlst 18 SR o gt
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se:cbaggiret gg&ér:e% %thﬁeggstglg{g}n@? t@t t%fe l%n%%?%gﬁsigtyoomg tm% second

set of threads to the linear density of the first set of threads of the second layer

is>1.

The penetration-resistant material of claim 6 wherein at least the ratio of the
linear density of the first set of threads to the linear density of the second set of
threads of the first layer and of the linear density of the second set of threads to
the linear density of the first set of threads of the second layer is > 4.2 .

The penetration-resistant material of claim 6 or 7 wherein at least the ratio of
the linear density of the first set of threads to the linear density of the second set
of threads of the first layer and of the linear density of the second set of threads
to the linear density of the first set of threads of the second layeris > 5.9 .



10.

11.

12.

13.

14.

15.

of threads of the first layer and of the linear

density of the second set of threads to the linear
walengioedpeof the first set of threads of the serOn#P2003/009709

layer is > 5.9 . WO 2004/ 33060 PCT/ EP2003/ 009709 13

9. The penetration-resistant material of any one of

claims 1 to 8 wherein at |east one of the second set

of threads of the first layer and the first set of

threads of the second | ayer conprises 0.5 to 8
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any one clarns hreads
onleaqféhe seftontheetafiblemdsafahe dirst lbyarded thediestest.of treads of

tratlon res n of clainms 10
th%\ﬁ@?@“ ﬁyﬁéc?WPaa%‘%bﬁ%t%Q‘rﬁaéé/F@ of the double Iayer
are bonded together with an adhesive material. 12. The
penetration-resi stant material of any one of clainms |
Theopqrptmi@wuealstam niategal ofsay are ohelabnis 1d6 Stvrkeerdsin fte

ie§1or 48 e SERERIATE ize ot BoTelpoeliract oa fr om

aram d, pol yethyl ene and pol y- p-
pheny Ienebenzob| soxazole (PBO threads. 13. The

Tf\@e}?@ia’&atioarreﬁlébar%nm{eﬂab@f@alms 9 wheveio flee Hireatiaiofithe layers

of Mk Bcubiede rre BEnpeq 1608l R ZndiSfftrladdls T

| ayer are selected from pol yester, polyethylene,

TG PB e B GS Pite e AL SRt e RS 1 whereisthe frs
sef 8f %@e%’s%ﬁb@ ffr&% a°ﬁ tRE §?ﬁ %t%?ﬂﬁ?ﬁés bPthd %écc'&nd layer

and seco € Seconh
coharyséof hlgbrtenmtydhrwdsmejlecttbd dianhs aramid, pblyetretenslaae tooly-p-

of threads ,of the fj er and the first set of
ph?ﬁ}'lggﬁgeB?OQ'?@(%Q%@ﬁébhéa%ns| st of pol yester
threads. 15. The penetration-resistant material of any

one of clainms 1 to 14 wherein the line- ar density of
Thetrerfatrationgesistant matedalsofcnyt dree 6f claimd Ayer! 2amterein theese-

coég%%? g{ @;eg(_t-)aé)sf of t?lgrfﬁgt gygrf an%dh the'fisP Qgt olfat‘Mr%radlsSof%%g stegond
layer are selected from polyester, polyethylene, polypropylene and aramid
threads.

The penetration-resistant material of any one of claims 1 to 13 wherein the first
set of threads of the first layer and the second set of threads of the second layer
consist of aramid threads, and the second set of threads of the first layer and

the first set of threads of the second layer consist of polyester threads.

The penetration-resistant material of any one of claims 1 to 14 wherein the line-
ar density of the first set of threads of the first layer and of the second set of
threads of the second layer is 210 to 6720 dtex.
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17.
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19.

20.

21.

22.

23.

WD 2004/ 023060 PCT/ EP2003/ 009709 14 16. The
penetration-resistant material of claim15 wherein the

wo ovgae3odensity of the first set of threads oPCT/BB2003/009709
first layer and of the sq%pnd set of threads of the
se- cond layer is 420 to 3360 dtex. 17. The
penetration-resistant material of clainms 15 or 16
wherein the linear density of the first set of
threads of the first layer and of the second set of

t hreads .of the second | o 0 to, 1680 dt
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I'rst ayer an t he second set of
coridhlayads ttﬂO taa3R6Gdeand | ayer is 840 to 1100 dtex. 19.

The penetration-resistant material of any one of
claims 1 to 18 wherein the line- ar density of the
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first set of threads of the second layer is 50 to
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erein r.density of the second set of
Se‘f‘?ﬂ g&grgfﬂgcﬂtg ﬁ ef<ayer and of the first set of

threads of the se- cond layer is 80 to 140 dt ex 21.

The penetration-resistant materjal of any
TheIpgingtration-sesigtanh Biederialiai&laimsstd, 16«r %WbﬁF%aa'ge gpear den-
st BB 520 sy Sl A0 588 Ot b yeaas o
thdéﬁcﬁﬁdﬂapérlsi&aOftbr“sTtOOIdiyegr and the second set of

threads of the second | ayer are weft threads. 22. The

penetration-resistant material of any one of clains |

ThEcb tﬁgﬂgﬁ ‘?(%é]fttaﬂ@ nfRerialRe r‘@%ﬁé’ ofecthibdd 16 VI’B \M‘\’ér%in the line-
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The penetration-resistant material of claim 19 wherein the linear density of the
second set of threads of the first layer and of the first set of threads of the se-
cond layer is 80 to 140 dtex.

The penetration-resistant material of any one of claims 1 to 20 wherein the first
set of threads of the first layer and the first set of threads of the second layer
are warp threads and the second set of threads of the first layer and the second

set of threads of the second layer are weft threads.

The penetration-resistant material of any one of claims 1 to 21 wherein the dou-
ble layer exibits two outer sides and at least one of the outer sides of the double

layer is provided with a protective layer.

An article made of the penetration-resistant material of any one of claims
1 to 22.



