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The present invention relates to a conposite article, a process for its
manuf acture and the use of the conposite article. 5The conposite article
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.15 conposite article with much sinpler construction with fewer |ayers than
the construction disclosed in WO 2004/ 033196 A2. Preferably
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woven. The weight 35 of the layer of inorganic fiber in woven or non-woven
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- 4 - g/n2, preferably from 100 to 500 g/ n2. Preferably such inorganic
fiber is a glass fiber or a carbon fiber. Mre preferably such inorganic
fiber is a glass fiber including E-gl asi and high strength gl ass (sonetines
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speci al enbodi nent the netal sheet may be attached to the at |east two

uni directional sheet by mechanical nmeans as e.g. screws, bolts and snap
fits. magnesium, tltanldrﬁ mbﬁel CENTOmiLing, heryifium) mraucludwhgrtue“r alldyseMore/ent i on

t he net al eet faces jrectional sheet. 1f requ .g. for
stiffness W%&E%thﬁ ep ishassd qn; airpIoup). mﬂeéwab '% gkeé'andvm' ched
bﬁt vaen Zd’fﬁirﬁlbn'ﬁh@lﬁiﬁﬁd theinations. 'ﬂﬁs?esmits Wallmﬁmnﬁ:méamm a bgwd thﬁ' r

t hi cknesses chose dent t he range n_abo e
Compos: & o CHraly-EveR iR el i HanAnd fAlovs i edtet: et Pt & Eiinel

shegt S§ Thﬁﬁ@}dﬂ?bﬂbﬁ!&@ét'%&l\ﬂﬁhﬁ@féﬁb @he@l?heétﬂs(bbﬁedﬁﬁerulhﬂmms -
uni di rectiona rs- co No- of .un rectional orj ig
per f or man&&PONgS 'I"'Fﬁg r@{'b é'gg 'f’@'t’ Hﬁ%"ﬁﬁ?@t@& Pasfie artic E‘b nal

hi 9][1 perf@rﬁér?:g'gestfduhw:&y leirﬁbiﬁtytt? tifis bpmma?oﬁ mamdltmenfemlea&flamh poshéed hi gh
per f ormance f I ber | rfornanc i ane that are
essenti al 49 %%ﬂﬁ@ﬂs Pheﬁ%ﬂ%&r% heat, moisture, I|gﬁ{anc\ D‘Yﬁeg Bosite article
acc]gr di B? to the lnve(rl)ﬂorme mnms.maéabmhgkmdvemm@sseﬁt%tm

pre er east uni di rec t east
80 unf th!ﬁ‘f&?s%?éﬁ? meta) shge %si&é? E[_fygg ﬁﬂ eﬁ%@%l onal
3heets andwmf fal B?ﬁg%éihédstaishﬁﬁs’rhléﬁ&mlirﬂ% Qﬁdﬂﬁﬂﬁéke&i‘mﬁ%ell'fémﬁance )

i rection i bers_in a un rectiaona | t an . angle a to the
di r ect i on rebbj2he tickngss StihecErel sineis Bdeass A DHBINE PRANSIAGRE i s
pref erabl )évé}ebémma&eaethraﬂat Qﬁ@ﬁ eRéﬁrMmeﬁd\/ﬂ@ﬂméﬁs antheXfetanshgupst

preferably between 75 and 90. 25Th term rformance fiber c ri ses
hot only iefsIso fEialion @ maximuen thigkngss. dpeherallya e RIRNESS o 8P o f 1 at

t ape. 18V dirn il ﬁélehddeat highecthitkpéSse3dnty havelphitkpadditional mstovdiiention nor e
preferabl bet ween rr%pand 60 Ee:p tf1 R{?gerab bet en 10 and 40 mm
Thi ckness G‘I“etrﬂté’qqnéf’e epancecP %ﬂ?g[))’ e quprﬁ;ore

pr ef er abl yohshwer ;?rafd@ab@mb AARInALITh tHSkress of ! MeﬁahEyéﬁisradrhsther f or mnce
fiber conprises a nonofilanment and a multifilanment yam Pr eferablé. t he

fineness FRSUItSin thediest balapcrbeiwesn yeight apd famerretardant perfogmantea in hegen; er
per filanmgade @i addméretd%ﬁﬁ@ Fettdant Sérforinante, Ia%&aﬁ hﬁm?:eal Béu.steven n more

pr ef erably | ess than 2 dpf and nost preferably |ess

r esul 40 i nPedPRTARCE &S '@‘-ﬂ‘!"@q’ A thigker "@&ﬂ sheetjg P?"%‘iﬁ'ﬂ'é?ﬂ tBe P@"'&%P?'@Qf”’!aﬁce

bal I'i st Coﬁneldoﬁﬁiosﬁélamc%dcenﬁv‘ég {dhbAVEBOR. IR R0BH BasdPRUnInBALM tRBkRss
against fire. - The high performance fibers in the

conposi t elsd?fﬁfeé@fliy a6y Hhepaxinym dhickRessof 87? 'Hﬁt?és'éﬁqté'h §'i’¢|'ea SASLFAN Pﬁ of at
| east abOHéteilm%eg;B? iR th%urb& ével Bf Hélﬁgifclb%ﬁ%ﬁnéﬁcé HPéarfbe & ed%ﬂtlrié bers

preferably have ensi | e strength of | east GPa, nore preférably at
| east 2. sexyefimgntation bH'r'éB@F‘ﬁ[ﬂ“W%m%@ "B“GDa The advantage of these
S5fibesgs is that they 'Tf\&‘??éiﬁféhe@tﬂ{éyto%ﬂéh%n@b;éﬁréﬂgﬁﬂd grdéﬁ?éuﬁ Ve are in

particular very suitab strong articles.

or use I1n e
The hi i pasiantiee unkdiecionmlgheet sn@ag@ema%reawnmtgmemem@hget includes
Sui bl e igehcy b 118 roberol Mt ine St i gy || 07 S and

ceramcf ers It abl c fibers wth su a hi ten estrength

are, for osndipg.chemicahgichingwitty e Bitric agid aad (agenatm wigh pebteﬂw@aetﬂimdg

e 2|T:%@%‘veﬁéﬁﬁ'ﬁﬁ*#aﬁ%ﬁﬁw 58 behpgPlhee@risat entf ! ¢

Ke pol
pol yb¥hzi unidugctionsl sheepaiayheanplied oPuch glég mayw@mqnﬁe@nmmlm -@, 6-
benzoblso B
ool v(2. 6- g@\?&n’% g% rze(%f Q@B{ﬁ?@thgne rﬁsm or %?"R&’thﬁé relsurk Ilz 5hesevent that the high
performance fiber in the monolayer of unldlrec'aonal oriented fibers is an organic fiber,
the bonding layer may further comprise a layer of an inorganic fiber in a woven or non-
woven fashion. Preferably the inorganic fiber in the bonding layer is woven. The weight

35 of the layer of inorganic fiber in woven or non-woven fashion may range from 50 to 750




15 di hydroxy) phenyl ene) (PIPD;, also referred to as Mb) and fibers of, for
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- 7 - epoxies or phenol resins are preferably selected as matrix material.
In the case the matrix material is a thernoplastic polynmer polyurethanes,
pol yvi nyl s, polyacrylics, ponoIefins_qg_thernnplastic el astoneri c bl ock
copol ymers such as pol yi sopropene- pol yet hyl ene-butyl ene-pol ystyrene or

pol ystyrene- pol yi sopr ene- pol ystyrene bl ock 5 copol yners are preferably
selected as matrix material. Preferably the binder consists of a

t her nopl astic pol ymer, which binder preferably conpletely coats the

i ndi vi dual fil anents dihedighdpéridmmance fibersim the ¢camposite antitlevacedrdipgridée has a

| east 250 Tientn A6\E EleRsle GrodbefF & 18AE3BotH 13 il Bhed SneiBimnodlade ofir '
[ ][1 B: %ge?lega[stm&’a;ﬂ' hgsdﬁlne_r's d'refferablyd'lay!e &tleaei;e strength of at least ZGPa—'hBo?mlrjrg .
pr ef or b 9@3;?%% f‘f.%? ri%éé*’% ??h}z%ﬂﬁ%fgﬁé%@?L%ﬁﬁﬁ*ﬁ%??ﬁﬂgiﬁ@%%mi :
resul t& | fibérsds 3 r vent highl temsilg s h:aem:ﬂaat. gammmm'tlj '. lararyp e
CPeS" O b r WYL RGeS0 o 1R e BB RO o
01;] at Igabe irﬁ:r@ani?bn?]rgank:rﬁbprseferabl y of at |east 8.0 kg/nR.
"nventi on has pref er asiyal MohGafi€ FBES ¢ B biitile JESL Mgt Gefor foers
2{)‘?’];13 alca)l aguglt:?lgmalldr:tﬁllairls 4.0 kg/ n2, nost preferably of at |east 6. Oekglsgg. -
Ea: : |1scf| (r:rpappl I cati on?ﬁﬂ%ﬁiﬁ%ﬂ‘gﬁ%\%ﬁ%ﬁgpp%%gﬁéﬁ%ﬂﬁ%ﬁl%% ‘Pron.s wth
by er ci ng. soreal T‘Sy;:ﬁiﬁ*"’m ?““’ﬁﬁ‘gﬁﬂ?”“‘““i? ik | S e
and shr apﬁ@y(.p"%f?"[ eéerfhih’l %5:& q"fggr‘ﬁg@gﬂr@ éﬁlﬁﬁgl %ﬁ'@@@?ﬂaﬁ"ﬁ%’%ﬁ he
. : . . s : : " . AP
bl Lot S TRY. e pcount s & et é?h“:f“”i;’?%*’;‘;‘f"f g st
:ca?/ler. In %rpﬁog:ls\%ﬁzh 03% ?B[ g@;ﬁ?'ﬁ; %60[% rhd %%m ;rﬁ;?f ghe as )
g : _ M A . :
tge glzﬂrsec?!ihg 1pf)pt he fiiégf’ ?ln thg eurtel dtiﬂ?sfztis)(,)mjj.mb h?géﬁll n pz;ﬁgfgtz }tMot
the di recPeidlelts 3580 paedviefle an€ pibnianyEns, Pafyind Fanaf acfer sui ¢ abl o
ceram c npdlgdcrAbaitrilé winidhuete highty ordénied, stich as dbiaited, for example,ds,a géll | ci um
oxi de, sili.ci.umcarbi de and boron carbide. The thickness of the ceramc
| ayer depHIUENGATQRES| evel of ballistic threat but generally varies between
2 mmand 30 mm This Momppriférabigrarombtic pbliiramide fibess, especiglypsljer abl y such

that the ceramc |a f ac, he bal lListic .threat .
The AN arneHIenG:terebrnaaine). indd ystaling SoliDer st lagderaiiie Raleibsss
corrgpsi t ?mtéwcﬁybmnﬂgéﬂlmﬁ;{]my?maﬁames. espfbiauyqiomh_ k,mmaefmfyleaé-z,@?_sL 2
uni di rectj onal. shee e . i i g, of the hi ormance fi ber
in a uni &8 \SBN%&éﬁWYﬁggéﬁ'nﬁqﬁzghgg‘b"gg'SIPLVH '"V'PB%‘B "gﬁ'é’ct ion in an
B A A el e g,
. mm and.a melti int_of af |eas owe caonsol i datin
bhe_ st ac RRITETEBES bt EReshfHRCS Ve eoom PaRNEE R R WeS SHenn 2RO MPE. 1y
sui t Zgl y retardamSerformahoe] E¥Bh nfore ipfsferably ?el spun polyethylehBds LSS aS Righr €
during consolidating generally is control

o ese. A RRTAERCE oo MLRishoaye PErfarably neat RONBHVIETE i voe L@ asonabl e
|S gag? of peERYyiER s Kdteinun@BistddtFd- méah polyéthyiene MWith I8 thah 1 sidéehdin pbe
100 C atoms, and preferably with less than 1 side chain per 300 C atoms; a side chain
or branch generally containing at least 10 C atoms. Side chains may suitably be
30 measured by FTIR on a 2 mm thick compression moulded film, as mentioned in e.g.
EP 0269151. The linear polyethylene may further contain up to 5 mol% of one or more
other alkenes that are copolymerisable therewith, such as propene, butene, pentene,
4-methylpentene, octene. Preferably, the linear polyethylene is of high molar mass with
an intrinsic viscosity (IV, as determined on solutions in decalin at 135°C) of at least 4
35  dl/g; more preferably of at least 8 dl/g, most preferably of at least 10 dli/g. Such




10 tenperature imt, preferably this lower limt is at least 75 C, nore
preferably at least 95 C, nost preferably at least 115 C. A nmaxi num
tenperature is chosen bel ow the tenpergture at which the high performance
fiber |oses its high nechanical properties due to e.g. nelting. Preferably
the tenperature is at least 10 C, preferably at |least 15 C and even nore at
| east 20 C below the nelting tenperature of the fiber. In case the 15 fi ber
does not exhibit a clear nelting tenperature, the tenperature at which the

fi lber st abbﬁeﬁﬂlehé%alsb&emhwaﬁ&Itrﬂilgnmdlarﬂﬂ?sdgmlycthjﬁene elat;]hnsicst ead of
ITEtIn rat ure In t se.0 PPE | pers e

et ng | WRBs%,h dheqsure B malssya o theleanani Gasly Be dlerriedfaf | 1.
cholsen actual molar mass araﬁﬁél@rsﬂﬂ@slﬂmmjl W Tm?gmwgse%rdeémmwrrehﬁ?ﬁ)l %I I's
at east S a even nore ereraply at
st 35 hetveandVane '&\p SuciLapatln ¥ nioBE deptpbit tn MORRUER G o T |
conposg t edi%fribluﬁb@ Bé‘seﬂtﬁrﬁﬂhaféﬁuaﬂon M, = 5.37 x 10° [IV}i&" meblamosmlgm Atyran IV

consol i dat | | on era ran es fro pendi n

cond t1 ond! €ae8 oS wouldes Eadvarentsdu.of aboif ded P 54 il FE8Pecieli s
verified phyomgiens Gbes gieegmabwaarmium of tokirand dwraeivergassbsuponr ved
conposite articles are to be produced it may be advantageous to first

pm shape exposHis 9 heal QEfire- nt o t he desired shape, foll owed by consolidating

with the unidirecti onahesm@t%fthwgﬁpaﬁ@mér@embbririmeammduml bledthe
I nvention is very suitabl

e.g. & cprefriably rangesfeAm @359&% JRere p&?fg%l hoa %‘?ff"hgﬁ) fﬁﬁ% g‘%l C)Bzats

and ai r pl 8spreftisbly Pamis fofh Qgt@pgﬂ)gﬁfﬁ i ons, espeC| ally under conditions
of heat and fire.

pet hods as ferre resent
application, are as fdPEdH® b'f‘ﬁ?’rrﬁ%’ﬂomﬁrﬁ' '}at(qrif%‘?r&%%?ﬁ'fﬁb
accordin ér%rﬁﬁhﬁ@ﬂb&%@oé@tﬂehhﬂﬁ@Uhlﬂﬁ'ectlonﬁl sheet,'the bﬁﬁér renclb%e tHedigh at
135C i n decal in, di sSolution tipe bein F‘El() ?
ant i - oxi mormanaﬁfa%umhqwe@rwprmaﬁ iSY %l'lil ﬂ??g’“PH@'QM%co& ty
as s Urigfetdined durifg %dﬁ@&%ﬁﬁﬁh@%%nﬁﬁeéﬁrﬂl %@ﬂﬂ'feaﬁm&é? mdy gensi | e

properties (nmeasured at . tensile strength (or str englg tensile

modul us (@AW Iﬁaawarguséﬁan%ammyaw der exanmple a8 a(%m (By metts PF 3tdepshnd
det ermi ”%%rﬁélly’ﬂ&v&hﬁg ir?enam béil?s‘i"é fiBérs? %Ca framevgb BeTdihd 5B ¥r al HafSverse

nom nal gdauge | ength a crosshead speed of 50% m n.
On the bdihess Braqsnersmﬁuﬁéaem E@'ﬁ'lr GQtIO&‘?thﬁﬁ)vSr by impreauating and/Qfet er ni ned

10as the gh ﬁéﬁthetteﬁgﬁfﬂntﬂa%é‘tﬁﬁ rﬁé?(e.ﬁnr@grwﬁarpowér%ai izgbiitontdie modul us

e forces neasured are divided by the titre, as

and strengt
det er2fi negsng'sm iof ninelymeriatesa! ipr liquish Preferabli, anatrix praterial is hame| at ed

ooty o GerieBlsl it Muted SierhE e Giiteos Bf HeNRBAS ir Wnerbdd'a bbhdig ! ©
flame retsitipianborking fibersdaay be applied locally) s;mamgmge@tqa seribaddn elgy EPhe
t enper at Lﬁ&%&bée%t epM fﬁégatm""ﬁbcdbs%s?ﬁ"% an\ﬁ?ﬁ 1GRh74ERY. |§Rrﬁ|fdbé“"9“ of

prescrlbe I mensi ons, ecfed to a defined flame stops to bumin air
with 20, gapmcnatﬁdfchaixmbodmentseemm the highcperformance fibenia a fleb tape, heecet

o o2y yPiEslin dra bGP RBRG fealirk Waie Yodeffiohy, Blder shid dor e 7T ©
t he NES7 Jreqtsiregwlﬂmmprom ofiproducing tlweﬁtdeasyt\fvcegmdmwasbiheels gnameS(tbe* 10* 4
WO ehit of hBnd e IBhEL Moty ARINGH whAOR the Mbbikaflod bEg® |11 3, box

with a near er co st1on gasses are analyzed and the
resul t i sblmramensmwwweofammi-iaMOnmedirMﬂamm is below a val ue of

5, the sanple is said. to.! . - |

according to the NES?Tlé)g{eEﬁ%;r#B%@%Z'B}h%ﬁgggﬁs Q@%ﬁ%@g&ﬁif@ﬁgﬂ nensi ons
i s pBacedndanay bela thermhosettingohateriaberta tlmunowaﬂlimamlal iog mixtocesaf dve wher eby
e 1o 2R oo A B5Rr Es oIBIT o SR Sl gy oL
sanpl e i ®lengation of theA®rs.t The hindar. preferably has am elmlgapmrbpiai ta €80%emoret est ed

acoor i b Bkl SHBIGBabn S 16 8006 GRS PefBle S hnd b BRbn raRRIu ©

(FTP) Co moke™ and "t OX1 Cl | ng eV| Sl
MSC/ G r c.mdtefsls aré/Eendhierdted o, mrlmmlﬁw()MﬁMI Ab(pages r521).dndbencaset 0

. 3§ Ofthéo‘m%% A‘na?éria’i Eea Hgt;?ngér@mr?é) gglyrner vinyl esters, unsaturated polyesters,




- 10 - for bul khead, wall and ceiling linings and | SO 4589- 3.

The invention is explained with reference to the foll owi ng conparative
experiment and exanpl es, w thout howeygn being limted thereto. 5

Uni di rectional sheet As unidirectional sheet, a sheet was
used with 2 nono-layers of unidirectional oriented polyethylene fibers and
a binder with the direction of the polyethylene fibers in a nono |ayer is
at an angle of 90 degrees to the direction of the 10 pol yethylene fibers in
an adj aceepoxiemor phenot resifiscarg preferably selected be matriy materighlly thercase theber s of

hi gh nol i D :
Dy eenanel T daierFa fen G metiinites bovils Bikacyiics .
cN dt ex apolyelefinsertberneplasticodastemepe blotk capalymers suchdsi palyisopropariee
| vet hyl . . . o :
onai st | ngogrhis8REDynelfe AR RAE or BONESIIEoisrbioHE. Rl Boae
di i sodyancapslyriérs ane prdferdbiysseiscted as matrixiindteriak Preferdbhsthediindes congstsfg/ np.
P q ooy e ) , _
2bove: nenf ErEBERNEPOYARr NN bRGE ROV Epletd) Bl T indlialely
wher euponfilamentsaafisaigtfibens in & manp+layaryanbwhich binsér bas adensileumodulug ens of a

standard Risgsineth (?tcf.ﬁi‘&t%héé Witk AXTN pﬁﬁﬂ{ﬁéﬁfe%%‘t%t QSH’%HM%%%%?@ C. The

package was T et ai ne € press un erature at the centre of
t he packapreferebly of Bt least 400 MEbs Sygb atbinderresulisin bighrstiffinass ¢frecr eased to a

corrprﬁssiyﬁdfp%@laﬁylrs%eé'é of 30MPa and the package was kept under this
pressure Tor m n. Slbsequently the package was cooled to a tenperature
of 60C at the sane coithe aswmiuwtoibindarin the Widipectional\sheskispréfarably # mostunber

of (390 UnielBed! RORL pRIGELE AR 281 96 PUNFIRH BAReleblEl 3ol gger o st acked

and pressed accor re f'or conpressihg unidirectional sheets
as descr i inass%bhie resulisin frechesd flamke eetahdant pedorownseessed st ack of

a1 U i um 7030 of -t h1iE gerpoge i abebidil] BindlrEnfa el iRferatly B10C!
treatiéd wveight imtihisogpplicativrealst eaferred toods arieal densitp3%/at iaast 4/0Ugimbmaret he
sheets v Rteci B Eepsie A58t ploafordrerbVES SRERA ORGP 7 030A and
conpressed stack of ufihelunidiectomal sheet it thewamppsite articte adcordingitecdthed press
o oo o EPRRER s B b B B o SO S ol MR B2") 20
in tabl e léast3.CEkgimF, most preferably of at least 6.0 kg/m?.
20 The composite article according to the invention may suitably be used
in ballistic applications. Ballistic applications comprise applications with ballistic threat
against bullets of several kinds including against armor piercing, so-cailed AP, bullets
and hard particles such as e.g. fragments and shrapnel.
In the event that the composite article according to the invention is
25 used in ballistic applications where a threat against AP bullets may be encountered the
metal sheet preferably faces a ceramic layer. In this way an article is obtained with a
layered structure as follows: ceramic layer/metal sheet/at least two unidirectional
sheets with the direction of the fibers in the unidirectional sheet at an angle a to the
direction of the fibers in an adjacent unidirectional sheet. Suitable ceramic materials
30 include e.g. alumina oxide, titanium oxide, silicium oxide, silicium carbide and boron
carbide. The thickness of the ceramic layer depends on the level of ballistic threat but
generally varies between 2 mm and 30 mm. This composite article will be positioned
preferably such that the ceramic layer faces the ballistic threat.
The invention furthermore relates to a process for preducing the
35 composite article, comprising the steps of:




‘A product equal to the product of was Conparative Experinent A was produced
with the only difference that the thickness of the sheet of alum num 7039A
was 0.5 mm 10 Exanpl e A nunber of 390 uni directional
sheets conprising polyethylene fibers Wefe stacked. On the two outer
surfaces of this stack a woven fabric of E-glass of 250 gram n2 was pl aced;
the woven fabric of E-glass was inpregnated with a vinylester. 15 On each
of the two woven fabrics a sheet of al um num 7039A of thickness 0.75 nm was

posi tioned. Tlhe sﬁmmgr\ﬁ@tiéa_acz mfdirelbwﬁanhunlﬁet@u?aréb?tthé @hreétlc]ifr@tﬁé nigfh

gl ase/ &l um nuREHRERRRRe fer ip A dplelfions)soad i LA ENGlS O A Mo GUBEMAN, 1 or
conpr essi ng ]ym iy éﬁ@ﬁjag,aﬂd urﬁd]lféﬁtlﬁnéﬁstﬁ%ﬁ%hdb&ﬂetabﬂ‘l&t oﬁmléﬁﬁ&ﬁ% leSat\{eaaEX t aklen
as required for i ndi t est a ven in table anpl e
111, "‘""ﬁ“ ﬁr‘?ﬂ%‘"ﬂ)i’"'@é@“ﬂiﬁ %ggtﬁsgﬂ%wey et's conpri si ng

pol yetfyl ene-flhﬁhsolwa m&m%em&ftémmmauagwré aces of this
stack a v r| c of g'éfraﬂﬁts 25 .of 250 rarﬂnﬂ was placed; the woven

fabric of lng&ay donenahydraicPresS er. On the woven fabric a
sheet of al L um num 703 rheabmbpBiatieasiffing mmamﬁ@geﬁeranseié coﬁbeuédoﬂuaaughd

stack of alum num/ woven fabrl c of E-%;I ass uni dir gna sheet s

conpri si ng"SiemReraire-ofdne prrssApRInymp te 'np%fﬁttts%aﬁn%r ghaychthatag 1
hour at 19ébana6@Istew6f béhsléliaétidihgs bbtamear ﬁsmusa@dp@étwuslansnrdameam way
as for_ 30Experiment es were taken as reqyére t%e i ndi vi dual

t est 510 RedRIND %’aB&f%"'@f*v%fﬁ gﬁv&mﬁ lower ligitis ot lpast 75"*C. more  Preferably al lcast

The conpogste, RBEPrefasI§ &t [dast 1 M E. IR niaxithiim 18BBerakite lis éhosehbefovithid
toxicity test, includjng. revision MSC/C 1008 and the | MO FTP Resol ution

A 653( 16) @Uegralre at which dhe big rﬂ’@@f‘Ba'P%?rfEbe'S'Q?Psﬂﬁ meghanieal PraasT¥esr Code

for bul khggd to ¥y mehitg. Pféféﬁaﬁgthé ffélﬁﬁératlﬁe @ﬁﬂ@éﬁ%o\"f?(preferably at least 15 A
conposite_ artlcl e was produce a stack of unidirectional sheets

(UD) . The"SHeeeyensse gt leartad R below e rang BEPRaELTe BLHS DS I SRRy
with psldi & fdes! Y éiﬁbi?fa c@dﬂ ’ﬂi\émﬂﬁ (P&rjatﬁi@ﬁe t@ﬁfd@éﬁu@gﬂwﬂéh R gk C ( G

type of 10 ceram c was L wer € ad as necessarﬁ The al um num and

steel wer étaﬂﬁrt@iqseafﬁéaewnwa propgdies ghpuldibegead in fanelting tampryatire.n
8o . i t ] heasé of 6. 'ﬁPPfEVﬁoe%é%%vh@ta%@ﬁmg%ﬁubera%wqw@%k was then

transferred to a ress and pressed emperature of 125C and a pressure
of 16.5 I\/FE&"PQS?tUQBbﬁ'PWu@s Qﬂqf@l&le’ﬁ'“lbﬁ%&m -ng under pressure to 55 C.

15Bal listic testl ng M@ﬁg@@é%sgwg&iﬁmoﬁ&tﬁ@@{&wgmeg& ngmpgt ore)

simul ating projectiles anour piercin

proj 24 i | prefergbly at iensbiy MPax ever memfera%bfsatggastdﬁ Npa anglrnqst peaferablyance
ot ween STECapoIEMBEDNIGS uela 4 cobbuite WA RAINENEI" | ed 1o pass i1 ¢ he
projectile with the ndhe |oph@|unwmg(§¢rtqpnsghdatuon generally ranges from 5 to 120
minutes, depending on conditions such as temperature, pressure and part thickness
and can be verified through routine experimentation.
25 In the event that curved composite articles are to be produced it may
be advantageous to first pre-shape the metal sheet into the desired shape, followed by
consolidating with the unidirectional sheets.
The composite article according to the invention is very suitable for
use in buildings and constructions, e.g. as cladding, in vehicles for land, air and sea
30 including e.g. boats and airplanes, and in ballistic applications, especially under
conditions of heat and fire.

Test methods as referred to in the present application, are as follows
» Intrinsic Viscosity (IV) is determined according to method PTC-179 (Hercules




20 stopped. A conposite article was deenmed to fail if the projectile
penetrated the conposite article at the mentioned velocity. Exanples IV & V
hi ghl i ght that the arrangenment of the Iga_yers contribute towards the
effectiveness of the conposite, with the Al facing conposite 25 functioning
as a better barrier to the FSP in conparison to the UD facing conposite.

The conparative experinents (B-D) indicate that neither 38mmthick UD or Al
was able to withstand the inpact of a FSP with a velocity of 1065-1070 m's.
An increase in ird ReveApr. @0, 1982) Al 135f€kin decalirg)itne dissoiptioratinne deimgyd | nent D)

highl fght ¢ he spREPENED RS B Sht-Brkaiinhe aiin: 3 2 ot G gespi 1 o
bei ng t hi nner ( 2Xinmpotdting the viscbiRy, ast reasurbe atdiffetesy eoncentrations teszeran t he

conparative exa Iesﬁéﬁg , produced superior perfornance.
Exampl es VI &V ®¥d that the SteeVUD conposite, even at a thickness

of 42m wasei nsruﬁéuleomepérub@ (meédwédiauzs te): tensile tstreiﬁgtﬂv(oﬁﬁanefh)mnsmt iles.
SR LA TR PR M RS T
The i ncl usi on oletemmihedron melifieinent yaras as spbtified wnsmrnassm esingkxanpl es
AT LM RN LR s P o A
(St eel / UD conpo@ntthe badigldf thelmedsinsd sireds-straincaivel thé ynobokisds tgtermined Snoke
| ndex1 OCorm. EXpas Ehe e %n%etween 0.3 and 1% strain. For calculation of the modulus and
strength, the tensile forces measured are divided by the titre, as determined
by weighing 10 metres of fiber; vaiues in GPa are calculated assuming a
density of 0.97 g/cm®. Tensile properties of thin films were measured in
accordance with 1SO 1184(H).Flammability temperature: is a flame retardant
15 test according to the 1SO 4589-3 standard whereby the temperature is
determined at which a small vertical test specimen of prescribed dimensions,
subjected to a defined flame stops to bum in air with 20,9 vol.% of oxygen.
The test is conducted whereby the metal sheet faces the flame. if the
flammability temperature is above 200 °C, the sample is said to ‘PASS’ the
20 fest.

» Toxicity index: is determined according to the NES713 standard, whereby in a
toxicity test box about 1 gram (10*10*4 mm) of material has to be completely
burned at 1100 °C with a flame in a box with a volume of nearly 1 m®. After
combustion gasses are analyzed and the result is expressed as a toxicity

25 index. If the index is below a value of 5, the sample is said to ‘PASS’ the test.

+ Smoke index: is determined according to the NES711 standard, whereby a
sample of prescribed dimensions is placed vertical in front of a heat source
The test is conducted whereby the metal sheet faces the heat source. Smoke
is analyzed and the result is expressed as a smoke index. If the index is below

30 a value of 50, the sample is said to ‘PASS’ the test.

« Fire retardant properties were tested according to Intemational Maritime
Organisation (IMO) Fire Test Procedure (FTP) Codes 1998, Part 2 Smoke and
toxicity test, including revision MSC/Circ. 1008; IMO FTP Resolution
A.653(16) evaluated in accordance to Part 5 of Annex 1 of the IMO FTP Code
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for bulkhead, wall and ceiling linings and 1SO 4589-3.

The invention is explained with reference to the following comparative
experiment and examples, without however being limited thereto.

Unidirectional sheet

As unidirectional sheet, a sheet was used with 2 mono-layers of
unidirectional oriented polyethylene fibers and a binder with the direction of the
polyethylene fibers in a mono layer is at an angle of 90 degrees to the direction of the
polyethylene fibers in an adjacent mono layer. The polyethylene fibers are highly-drawn
fibers of high molar mass finear polyethylene, Dyneema® SK76 of DSM Dyneema-
Netherlands, with a strength of 36 cN/dtex, a moduius of 1180 cN/dtex and a fineness of
2 denier per filament.

In addition to the polyethyléne fibers, the monolayer contained 18
weight% of binder consisting of a polyurethane based on polyetherdiol and aliphatic di-
isocyanate.
The areal density of the unidirectional sheet was 130.5 g/m?.

Procedure for compressing unidirectional sheets:
A number of the above-mentioned unidirectional sheets were stacked to

yield a package whereupon the package in its entirety was placed between two platens
of a standard press. The temperature of the platens was between 125-130 °C. The
package was retained in the press until the temperature at the centre of the package
was 115-125 °C. Subsequently, the pressure was increased to a compressive pressure
of 30MPa and the package was kept under this pressure for 65 min. Subsequently the
package was cooled to a temperature of 60 °C at the same compressive pressure.

Comparative Experiment A
A number of 390 unidirectional sheets comprising polyethylene fibers

were stacked and pressed according the procedure for compressing unidirectional
sheets as described above. A surface of the obtained compressed stack of
unidirectional sheets was mechanically treated with sandpaper. A sheet of aluminium
7039A of thickness 0.15 mm was taken and also mechanically treated with sandpaper.
The sheet of aluminium 7039A was glued onto the mechanically treated surface of the
compressed stack of unidirectional sheets with Sikaflex® 252; subsequently the sheet




PASS PASS 10 Table 2 IMO FrP Part 5 test results Test Criteria Exam
le IV Critical Flux at Extinguishnment 20 kWn2 > 50.5 kWnR Heat for

sustained burning 1.5 MI/n2 NC Total hggt release 0.7 MI 0.1 M

of aluminium 7039A and compressed stack of unidirectional sheets was put into the
standard press at room temperature and during 30 minutes a pressure of 10 MPa was
applied. Samples were taken as required for the individual tests. Results are given in
table 1.

Example I.
A product equal to the product of was Comparative Experiment A was

produced with the only difference that the thickness of the sheet of aluminum 7039A
was 0.5 mm.
10

Example Il
A number of 390 unidirectional sheets comprising polyethylene fibers

were stacked. On the two outer surfaces of this stack a woven fabric of E-glass of 250
gram/m? was placed; the woven fabric of E-glass was impregnated with a vinylester.
186 On each of the two woven fabrics a sheet of aluminum 7039A of thickness 0.75 mm
was positioned. The obtained stack of aluminum/woven fabric of E-glass/ unidirectional
sheets comprising polyethylene fibers/iwoven fabric of E-glass/aluminum was putin a
press and pressed according the procedure for compressing unidirectional sheets as

described above. _
20 Samples were taken as required for the individual tests. Results are given in table 1.

Example Iil.
A number of 390 unidirectional sheets comprising polyethylene fibers

were stacked. On one of the two outer surfaces of this stack a woven fabric of E-glass
25  of 250 gram/m? was placed; the woven fabric of E-glass was impregnated with a
vinylester. On the woven fabric a sheet of aluminum 7039A of thickness 5§ mm was
positioned. The obtained stack of aluminum / woven fabric of E-glass / unidirectional
sheets comprising polyethylene fibers was put in an oven and preheated during 1 hour
at 100 °C, followed by putting in a press and pressed in the same way as for
30  Experiment II.
Samples were taken as required for the individual tests. Resulis are given in table 1.

Example JV.
A 800mm x 115 mm composite panel comprising a 0.5 mm aluminium

35  front plate bonded to a 8 mm compressed sheet comprising unidirectional sheets.




‘Peak heat release rate 4.0 kWO0.1 kWNC - not cal cul ated when flane spread
Is less than 180mm -14- Table 3: Ballistic test results Ex/Exp#
Conposite' Thickness Areal Density kgln® Projectile Speed m's Cbservation
IV MUD 24/ 12mm 77 FSP 1050 Pass

The composite panei passed-the IMO FTP Codes 1998, Part 2:
Smoke and toxicity test, including revision MSC/Circ. 1008 and the IMO FTP
Resolution A.653(16) evaluated in accordance to Part 5 of Annex 1 of the IMO FTP
Code for bulkhead, wall and ceiling linings.

Examples V-X.
A composite article was produced by building a stack of unidirectional

sheets (UD). The sheets were stacked until the desired areal density was achieved,
with additional layers of aluminum (Al), steel {Armox 500) or ceramic (C; type of

10 ceramic was Al,O3) were added as necessary. The aluminum and steel were
pretreated by sandpaper grinding and chemical etching with 8%wt. nitric acid to
improve adhesion lateron to the UD.The stack was then transferred to a press and
pressed at a temperature of 125 °C and a pressure of 16.5 MPa for 30 minutes,
followed by cooling under pressure to 55 °C.

15 Balllistic testing was performed using 20 mm (53.8 gram) fragment
simulating projectiles (FSP) and 14.5 mm (64 gram) amour piercing (AP) projectiles.
The composite articles were tested for ballistic performance by firing projectiles (FSP or
AP) into the composite articles at a speed of between 916 m/s and 1147 m/s. A
composite article was deemed to pass if the projectile with the mentioned velocity is

20 stopped. A composite article was deemed to fail if the projectile penetrated the
composite article at the mentioned velocity.

Examples IV & V highlight that the arrangement of the layers
contribute towards the effectiveness of the composite, with the Al facing composite
25 functioning as a better barrier to the FSP in comparison to the UD facing composite.
The comparative experiments (B-D) indicate that neither 38mm thick UD or Al was able
to withstand the impact of a FSP with a velocity of 1065-1070 m/s. An increase in
thickness of the Al sheet to 50mm (comparative experiment D) was required for the
sheet to effectively function.

30  The results highlight the synergistic effect of the composite material, which despite
being thinner (24mm Al + 12mm UD), than the monolayer structures in the comparative
examples (38mm), produced superior performance.

Examples VI &VII indicated that the Steel/UD composite, even at a
thickness of 42mm, was insufficient to withstand the impact of 14.5mm AP projectiles.




VvV Ut Al

10

12/ 24mm 77 FSP 1041 Fail
Steel /UD 24/ 18mn 164 AP 916 Fai l

However, through the inclusion of a further ceramic layer, the composites became
effective barriers against both FSP and AP projectiles. The inclusion of an 18 mm
ceramic layer enables the composites (Examples VilII-X) to pass the ballistic testing
against both FSP and AP projectiles with a lower areal density and thickness than

\
VI

-13-

compared to Example VII (Steel/lUD composite).

Steel /UD 24/ 12mnm 118 AP 924 Fai l
C/ Steel /UD 18/ 6/9mm 124

Table 1

Example/ Flammability Toxicity index | Smoke index
Comp. Exp. temperature

A EAIL

1 PASS PASS PASS

i} PASS PASS PASS

1] PASS PASS

Tabie 2 IMO FTP Part 5 test results

Test Criteria Example IV
Critical Flux at Extinguishment > 20 kWim? | > 50.5 kW/m*
Heat for sustained burning >1.5MJim? [NC

Total heat release <07 MJ 0.1 MJ
Peak heat release rate <4.0 kW 0.1 kW

NC — not calculated when flame spread is less than 180mm.

VI




AP 925 Pass | X C/ Steel/UD 18/ 6/9mn 124 AP 1074 Pass X C/ Steel /UD 18/ 6/ 9mm
124 FSP 1147 Pass B UD 38mm 38 FSP 1066 Fail C

-14 -
Table 3: Ballistic iest results
Ex/Exp# | Composite’ | Thickness Areal Projectile | Speed | Observation
Density m/s '
kg/m?
v Al/lUD 24/12mm 77 FSP 1050 Pass
A UD/AI 12/24mm 77 FSP 1041 Fail
\4 Steel/UD 24/12mm 118 AP 924 Fail
vil Steel/UD | 24/18mm 164 AP 916 Fail
Vi C/Steel/lUD | 18/6/9mm 124 AP 925 Pass
X C/Steel/UD | 18/6/9mm 124 AP 1074 Pass
X C/Steel/UD | 18/6/9mm 124 FSP 1147 Pass
B ud 38mm 38 FSP 1066 Fail
C Al | 38mm 103 FSP 1068 Fail
D Al 50mm 136 FSP 1050 Pass

1. The first ordered layer facing the ballistic threat.




Al 38mm 103 FSP 1068 Fail D Al 50mm 135 FSP 1050 Pass 1. The first ordered -
ayer facing the ballistic threat. - 15 - CLAIMS 1. Conposite article
conprising a netal sheet and at |east _tywo unidirectional sheets, whereby
the thickness of the netal sheet is at Teast 0.25 nm wth the netal in the
metal sheet having a nelting point of at |east 350 C, whereby the

uni di rectional sheets conprise at |east 2 nono-layers of unidirectional
oriented high performance fibers with the direction of the said fibers in a
nono-layer is at an angle a to the direction of the fibers in an adjacent
nono- | ayer. 102. Conposite article accgfgijpg to claim1l, further conprising
a binder. 3. Conposite article accordrng to claim1 or 2 whereby the netal
in the netal sheet is chosen fromthe group of al um num nagnesium

Loy o B e By Aimddee b Mroe BRIl ! ©
conpri8es at | esbeetspowheneby thecthickness efitbe metalshe€bisab dast026tmmi, withdier di ng
ey e o fdiliin Ine ol Shebihaling o Mg Yoir e of Badd¥30' e, UrieRétly 8!

unidirectional sheets comprise at least 2 mono-layers of unidirectional oriented

high performance fibers with the direction of the said fibers in a mono-layer is

at an angle a to the direction of the fibers in an adjacent mono-layer.

10 2. Composite article according to claim 1, further comprising a binder.
3. Composite article according to claim 1 or 2 whereby the metal in the metal
sheet is chosen from the group of aluminum, magnesium, titanium, nickel,

chromium and iron or their alloys.

4. Composite article according to any one of claim 1 - 3 whereby the composite
15 article comprises at least 40 unidirectional sheets,
5. Composite article according to any one of claims 1 - 4 whereby the fiber
weight in the unidirectional sheets is between 10 and 250 g/m2.
6. Composite article according to any one of claims 1 - 5 whereby in the
unidirectional sheets the amount of binder is at most 30wt%.
20 7. Composite article according to any one of claims 1 - 6 whereby the thickness

of the metal sheet is at most 50 mm.

8. Composite article according to any one of claims 1 — 7 whereby the high
performance fibers in the unidirectional sheet have a tensile strength of at
least 1.2 GPa and a tensile modulus of at least 40 GPa.

25 9. Composite article according to any one of claims 1 — 8 whereby the whereby
the high performance fiber is a polyolefin fiber, especially a polyethyiene fiber,
a polyvinyl alcohol fiber, a polyacrylonitrile fiber, an aromatic polyamide fiber,
especially poly(p-phenylene teraphthalamide), a liquid crystalline polymer and
ladder-like polymer fiber such as polybenzimidazole or polybenzoxazole,

30 especially poly(1,4-phenylene-2,6-benzobisoxazole), or poly(2,6-
diimidazof4,5-b-4’,5'-e]pyridinylene-1,4-(2,5-dihydroxy)phenylene).
10. Composite article according to any one of claims 1 - 9, the composite article
having a weight of least 4.0 kg/m?.
11. Composite article according to any one of claims 1 — 10, whereby a bonding

35 layer is present between the metal sheet and the at least two unidirectional




6. Conposite article according to any one of clains 1 - 5 whereby in the
uni di rectional sheets the anmount of binder is at nost 30wt % 20 7. Conposite
article according to any one of clains4d--6 whereby the thickness of the
netal sheet is at nost 50 mm 8. Conposite article according to any one of
clainms 1 -7 whereby the high performance fibers in the unidirectional sheet
have a tensile strength of at least 1.2 GPa and a tensile nodul us of at

| east 40 GPa. 25 9. Conposite article accordi to any one of clains 1 -8
wher eby the whepkggfsthe bRNAS faser GPRMRASIET f nl%‘ r!&’“ﬁ‘l’ﬂ‘ﬂ?&l layer @f fnopganic
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Conposi teqgrti C#ﬁn@&%&bﬁt%?p&ﬂ& afife eémﬁﬂus'iﬁgfa rmetal%shelel6f tRIRRHESS df it
article having a wel east 4.0 kg/ n2 Conposite article according

to any one of cleaﬁtr@gimmfod W&Mﬂ 'é"'ﬁ'fﬁ'ﬁpﬁﬁl %@P@Wﬂ%“%f’%@ﬁf‘ bet ween
the metal sheet ggp@ Hal%ﬁgﬂé ﬂérﬁﬁfabslmnwaraufee@ﬁdt% 200 *GGccordiRabisot he
bondi ng | ayer conprising a woven or non woven | ayer of inorganic fiber. 12.
Conposite artic#®%8cording to any one of claims 1 - 11, whereby the
surfage ofgthe priaks ﬁi?"iﬁé rrféﬂﬂfé%t&r@ o?chH@oQEé Qﬁttc@iﬁn?&%uf ReegsitE
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