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COWPCSI TE ARTI CLE, A PROCESS FOR I TS MANUFACTURE AND
USE The present invention relates to a conposite

W@ra07a2®90 a process for its manufacture and theCT/BR2001/003633

the conposite article. The conposite article according
to the invention conprises a netal sheet and at | east
two uni directional sheets. Conposite articles
according to the invention are very suitable for use

heat and fire. In a speC| al errbodl ment, the conposite

?re: iaﬂerit ?Cf_\ﬂ@dl ng tt?rgltegﬁqq @Ya‘ée%ka%i:?rés%sggeaa%?,aq process for its

rﬁ&t&ﬁéctﬁt@@rﬂﬂhé@@ébfh%omwodité adicieonal sheets is known
on d scl oses a

fromWD 2004/,033196 A2. .Thi

conposi t o artHEcERGsH AtEle apehree he FniatesTiisediz meta
shebi draf atPéast o anlﬂ‘eéaionfalosHeetspr ef erably an al um num

foil, of a thickness b t ween

a second pl ?f’gp%'iltﬁaﬁ%ﬁ FRPGRE rpq t(.% tﬁgmegthrh?rled/ea §u1{able for use

i Bmwirhwdacdﬁisuudldntsyv@f cléspad dallisticappaitatvns, edpecially under
cl ose

ol ymer n a nmatr.i
RRElP o heat 8rd fies T A sPesiaissinqt et B Bbreste Al agcording
tﬁ&@dd_'tnhe/nt@d?réﬂﬁme rwatdzanahaddltlved/such ?s e.g.
a I TI Ves Se on (0] orou an or nitro
o opene” as B o eeR IR RoBphsia0 aRbiaeneRER LA Eset fho
Lmdjlwletﬁiu%fgﬂs sIQ@et@s?qno?mthdi%V% Qgga}#@:sgf%(smrnrr@m?ncanon discloses a
Su 1 de e. | SCI O a
DHIRRBLS SiickE TSN 2ot B R ReTaby R (oL D rat ATatal ol
;ﬁét@ﬁdbllw ammrvum Foilabf @thidknBsgbétaiekn ofz 773?1cm n ?mﬂérﬁétea&‘a
SI. NOUsS, CO Qs | O a
Bl i Bl aférial shG AP By EoBRARr e PlheSly Gayers of a
nafwbrRloy pgflyﬁlfnaﬂsfrgs% ldrn]jhtﬁﬁ nsietduscvostaulbashaﬂbeﬁatuﬂal is either
(0] a en (0] non
ERREAIY e St made B AN e GHing RoaNiEs Shgl ag pion additives

b&8&d bA pﬂBs;ﬂfbfrddsaérﬂi/&&ﬁtﬂigan&idVbr&}%ld@sz #s b?dlﬁm@'a‘y’\d?‘i‘:hrmnne
and final l central #4 copsi st I@ﬁ'@ of 50

/oG 93 %?%H‘éﬁ%%ﬁ o gpnyiyidend mnﬁépw&t%kéﬂ@m“ of
WO@JO&/(B(M 96\ ACRIBEIbSEE @)dorrﬁﬁ)%ﬁé ahlblé%h&stmgabﬁby phy'&/mmetrical
et h%l ene fi bersn‘[ig gtacent g%ers are oriented at
CQGS MeEh aRApainumSol Qb (A AYEgRelsr ag Rl Ehapd el e 7 a resinous
c@frtpb§||t|6n af &R ntlirngsdent 33004 QARG HRREs Habbles tab @ly #58nd Bly # 6; a
made of flame ret ardant addi tives that conmp

PredsyEsRNsEive fitm adhesiye pmpisgd; ol @ Birng: of aé‘HH‘°Q¥ ﬁé'é*Pa({Sngs)
dedabroehof dipieny! &s€and gofcHIGH ndtedtpErafifl tdxii @B acrylate ester resin

as ply #3 and ply # 5; and finally a central ply #4 consisting of 50 layers of
unidirectionally aligned high strength polyethylene fibers in an epoxy vinyl ester binder,
whereby the polyethylene fibers in adjacent layers are oriented at 90 ° to one another.

Disadvantage of the composite article according to WO 2004/033196
A2 is that use is made of flame retardant additives that comprise halogens or heavy
metals. During heat, and especially during fire, these flame retardant additives
generate highly toxic and/or corrosive gasses. Such gases are very harmful to human
beings. Furthermore such corrosive gasses are detrimental to e.g. high tech electronic
equipment in vehicles as e.g. airplanes and boats.

Object of the invention is to provide a composite article which

comprises a reduced amount of halogenated flame retardant additives or which does
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generate highly toxic and/or corrosive gasses. Such
gases are very harnful to human bei ngs. Furthernore

W@ /122000 0Si ve gasses are detrinental to e.g.Pti/gP2007/003633

tech el ectroni c equi pnment in2ehicles as e.qg.

ai rpl anes and boats. Object of the invention is to
provi de a conposite article which conprises a reduced
anmount of hal ogenat ed flame ret ardant addi tives or

wgicaF does Eﬁl a eof thda ted flI ma_retardant

"QUBREE a. ChPa'qY ?“ YNG 18l ‘1‘??&&8 with the

coerOSI te amhns:bmealcts acileveg with mbe;omro:bem arfrt]mletamherrda@/to the
ite.article. co I SIN net a sne

RS TSN e R ROSIS B SR ey Dot SHe e ok fsastwo

mednrbbwormetraéets,hamtrebysthattmbm‘s of thaometail shuet ts atth@stretﬁ mm,

Bohe ErcTRaneT S Bhe Rt P pd el PRRCHEL €3shlrg o Mijereby te
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PG oA e AeB oL BiBE e B | gPaire aodeled erceidated testing
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| nvent [ on EasseﬁM % nt ernati onal

Marigare Qenisation WP e e?b@’f“?ﬁ%e(ﬁTP nggdgq:j 9% &kt 2 Smoke

aaaafa&.cnl?aéét |3clﬁm§¢eﬂ§dn MBC/Circy1308sdnd the W@CFTFQ Resolution
u
ACE T Br5l B ) 2RI DAL A RLANTRY Pabhe oY S oge for
bol'khééw waWanddgilieg dieings
The composite article according to the invention comprises a metal

layer. It is essential that the metal in the metal sheet has a melting point of at least
350 °C, more preferably at least 500 °C, most preferably at least 600 °C. Suitable
metals include aluminum, magnesium, titanium, copper, nickel, chromium, beryllium,
iron and copper including their alloys as e.g. steel and stainless steel and alloys of
aluminum with magnesium (so-called aluminum 5000 series), and alloys of aluminum
with zinc and magnesium or with zinc, magnesium and copper (so-called aluminum
7000 series). In said alloys the amount of e.g. aluminum, magnesium, titanium and iron
preferably is at least 50wt%. Preferred metals sheets comprising aluminum,
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bul khead, wall and ceiling linings. The conposite
article according to the invention conprises a netal

WO 2002122006 i s essential that the nmetal in the PEL/AEP2007/003633
sheet has a nelting point of3at |east 350 0C, nore
preferably at |east 500 OC, nost preferably at | east
600 OC. Suitable metals include alum num nagnesi um
titanium copper, nickel, chrom um berylllun1 i ron

d ci | th
r@?%e%ﬁﬁﬁi{@'e@%n”@wa%&rqfﬁw Bt in fidlicins ik Al pore
préferabil the therbilsmiesLigbaBED o aruneisum, magneduhmmamﬁm nickel,

um or . Wt

| unmi num wi t h zi. ng an
W T 20 R EY 0 abR e PR Fs e it g good
d{ufbttﬁlﬂy CEv%Hnﬁbfé dréf@ra@lmlhéﬁroﬁfana 8- eﬁla*wumutw ?&ﬁ?gé@ma@a Brinell
ani um an refe is a ea
erdsas DBl IRESt00. MREGRTEleGaR NeaTag! e S RASPR AR AT T
rﬁé;qdr@@iuﬁmtltd’rhluﬁk &dnd tR&iF a:cleyenrhubeéshdltk lmeel lightesat t@ﬁbmrwnde with
t%ﬁlbf]ﬁ%%%lht%@@ re ﬁysf ?@ﬁlptﬂmen %E%E%ﬁhewgﬁ%l ﬁ)flﬁﬁomposne
unti@ncanatliohb f expdsLiey. he‘éhlmgtaseﬂngﬁt dnid WV Fadidtion.
conposite artlcle wth _a d dur h’tﬁ‘% Even no
pref erably tRENEG cRMRATHE] ea?‘l’ dnvestion 'tésh%?ﬁnt'al that
theHickAeSd bRE mdialsHBESS ableast 0. 123&% NS prMéﬁény the thickness of
preferably the nmetal sheet is based on al unin

thegeé Shegt i3 ALlgARtGRs Mamd isheEsp it 3gr0d e retardantRerformance.

Md¥® pldfeabgthe GERPESS bEthandtal shewt ishat Idast @vsmﬁtms results in an
durability. Durability in this application neans

eveR belterdlagte R dR RerPENAEe R ing %'CB'FGW(S%F‘@@' sheet,

thére EA limMBtichitd m@makim@hi thRHeddy Geﬂ@faﬁ!? laQRaxim@m thitkness of 50
conposite artjcle accordi nventijon it

ng to t 1S
g vdhbe QFO%GIH‘aP'QPﬁ"ethtCHP%%ﬁé%&'Y&av?ﬁ'@'tﬁé@&f"“eﬂ@é@m{%’eaem on
flaf@Srbtadpdat? pBbrmidHCce. pfeeérgblgbrhé/niahmm tHidness opfhetrﬁ\éial layer is

netal sheet is at | east This results in

oQd
401rameMOER BrEfRARR!Y e MaKimiTe Bickogss OfptP@f“%‘?t%M?Xﬁrt'%%O min. This

rédlins krmfh%sroéai bénaﬁcmtﬂbeﬁm t hid Ahmk feaFddnt aéfdrmanwl IH the
results in an even better flane retardant per or mmnce.

creR 1t M gdgifien taflameeiardapt Raflormancs. alseas improwedeaistic

pRffofrhaideds | l' Uirk®, é‘th‘i’@?{éf méfﬁl Sheatkdpsseficlapfr i ﬂ)éﬂlsﬁ‘lc performance
maxi mum t hi ckness of 50 w || be chosen, higher

of HiecqamuRasiie 361616, 0720470 1orine duyeaien. 17 swel CAse e PRREMM thickness

|§Ereférél51? 5IrnaT B FaxP@irh SHiSRHRSE of m@aﬁ@téame)ét fn"ucARXdd¥e Ban be
i ckness of the nmetal |ayer is nore preferably

deifamyredBuIne (9ALRALRS! of CARiC REFRImaney ndicgn 36 Yorfisd oY routine

eI EméREtdr, %ut 2 gehsramw:stsswrﬁmﬁmbet ween wei ght and
ame retardant performance. In the case that, in

add| tion to WEReateiest MaKOPEIFIYRMIRIERated Eprder to improve
a'dﬁ@ﬁl&’{ ﬁ/ﬂh l%a.lrﬁdu%'bh&ﬁ §ﬁéé2r Qﬁfﬂb@e hr%tréﬁl%érﬁ Bflthe@nétli $HERE includes
ng%:hg@chlé?ﬁ%témgﬁt e. S ntg rlogéhaen or%{eatn the metaIISlSJrflclc(::e with sanding or
grinding, chemical etching with e.g. nitric acid and laminating with polyethylene film. In
another embodiment a bonding layer, e.g. glue, between the metal sheet and the
unidirectional sheet may be applied. Such glue may comprise an epoxy resin, a
polyester resin, a polyurethane resin or a vinylester resin. In the event that the high
performance fiber in the monolayer of unidirectional 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

of the layer of inorganic fiber in woven or non-woven fashion may range from 50 to 750
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of the conposite article according to the invention.
In such case the m ninumthickness is preferably 5 nm
wab@7meeoporum t hi ckness of the netal sheet in SPCHEP2007/003633

case can be determned by thd required | evel of

bal I'i stic performance and can be verified by routine

experinmentation, but is generally less than 50 nm The

net al sheet nay optionally be pretreated i n order to
sheet .. Suita

h di ,
gﬂpetp?%fgfq% orB]c Bpw%gﬁgagnw Eﬁeléée [y cﬁdréqggﬂ% ngﬂ % e ass fiber or
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e are el et RaEIRr A rddr Forny Ben. BReRiedprimproves
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appl 1 ed- sudhagpaBekaybeish 8 eiSaaelmrg bp RIS o the a
[ msnmdurécﬁnsnal ,sheefim} mectﬁrf'@m enda@s a8 eq. sarewwbbltfér&i snap fits.
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[ he! Mool ay df 1B Ciitnasfe aptdSactotind B e i fich e hbta] heet
faxfegemumdufedﬁehal shbet. hoagliired, &gy stifiest Uedsons, ©ermpldase2

n a Wyv

fan norgani ¢ fib or ,.nQnwoven
FisRner et i b Bndwiches hebibeha BERT strend bR cuPagn of
theype rictal BHoERS and feintBickidsses nidyedd aiveen deperdeg@inifrom the
fiber .in woven or non-woven fashion may range from 50

ragepvengPOVEp  preferably from 100 to 500 g/ n®.
Preferably swueltohiposigaarticlefddeerdingstoand inagstidn éz_mﬁpr&es a

car bon fiber ferab h i norganic

S Pahol sl TR fe, RSP R P Eata L, o8 miayi it orerred as

ugldaéétldn‘éDlﬁ?éﬂsIlE@n@*lse&nb@cﬁ-ﬁyé%l’oﬂtmlcﬁ%cﬁ(tﬁlm o@ér&é@hgh%éﬁ’@rmance

e ene e om.ne

e and ABnge Tns b e o yridifelow Bigh nerbiifancs fibers

réfBrsto S8 gdradf uaimb@@hdmem,t orﬁdrrﬂedrﬁtgalpeﬁbﬁﬁénd@!iubelﬁseu e. h|

attached fo the at a} t two uni dL%eCtl onal e

PRERRaNCE i eﬁéaﬁgeg?”é éat arg egsRNtialy, priented, i %%ﬁ%'f? fi ts

I E t het C0”pqﬁetc@n‘@bklt@érﬁclé%%r@id@qotﬂ@e hbﬁntidhvdﬁﬁrﬁpr@;@s at least 2
e ne a gs sheet

fac a. un recti onal
crfpfudl stets: presprebb a4k 40 MarBHDNaL Hibel maug epeferably
|ears: dal) Uﬁlﬁtréftmlal §Héeet evémmok@?@fégdw Qgﬁést?ﬂzlolﬁﬁdiret%tlonal sheets
al shneets pe e (0] ese et a sheet s and
bRl sinst ey Jype, ol cash aloless Zetal Sheote and
uhi@ﬁé@tﬁ)nﬁl steset RN \6A . angles EOIRB AFretRONASithe filferd Gt anm dujaeertto
ses unjdirectional sheets.

he invention EL%@I{

uierio0el shshiT esa IS pptarAblY BBMWeRD Srnd cioRperably
b@ﬁ)\ké@lﬂnr@édm|anHW@Jt%reféWbe&@eéWﬂ@ah@E@f s of

uni directi onja1 oriented hlng erfor mance i

e term high performiance fiber comprises not only a monofilament

but, inter alia, also a multifilament yarn or a flat tape. Width of the flat tape preferably is
between 2 mm and 100 mm, more preferably between 5 mm and 60 mm, most
preferably between 10 mm and 40 mm. Thickness of the flat tape preferably is between
10 pm and 200 ym, more preferably between 25 ym and 100 pm.

Preferably the term high performance fiber comprises a monofilament
and a multifilament yarn. Preferably the fineness per filament of the high performance
fiber is less than 5 denier per filament (dpf), more preferably less than less than 3 dpf,
even more preferably less than 2 dpf and most preferably less than 1.5 dpf. This result
in composite articles that can be very suitable be applied in ballistic applications, while

furthermore showing good resistance against fire.
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fibers and a binder. The term nono-| ayer of
uni di rectional high performance fibers refers to a

wo 2002122000 uni di rectional ly oriented hi gh perf oPCERE®07/003633

fibers i.e. high performanceS5f-i bers in one plane that
are essentially oriented in parallel. The conposite
article according to the invention conprises at |east
2 unidirectional sheets, preferably at |east 40

umidi rect | ongl oSl EmBRLEnRLEL PR AL Sole oraing to e
wﬂv%atuomhakyer@tnnsw elrergjtie of st leamg atrgstﬂ pma&ira?sh teratle h@ﬂ&hs of at
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e t e a IS rerera e e an

Rgede el e 26 Vi i sl Sinalin o hetiBer a8 paftiyley very
sbiﬁbf@&ﬁ uéb irhag. E?ghtwé'lbﬁt ey strdmigGtigley. froenwgrcgerformance fibers may

n%rl ses not ogl% a nonofilanment but, inter alia,
bﬁl'% 9aNIGQT PI9NICARERY: yarn or a flat tape. Wdth of the

flat tape praiitablamotgansic Neéreaees) far eRangnel glads fivers, KRN fibers
referablé between 5 mm and 60 nm nost preferably
CREAHC B8 m and 40 mm  Thi ckness of the flat tape

pr e; erably L)Silgtblb\mgzﬁhldﬁbéfﬂgmlz@gaﬁ)a higﬁte?ﬁr&sg[eng'{hhare for
rerera e en nmm an rerera X .
S ion AN OB o HaP erB o aTtad 12 Ascararid iialsy especially
p@le phéﬁyléneftte}e@ﬁmlamraéﬁ liqdia ef;@ramtaieypdﬁﬁerfarwaa@@ liRe rpolymer
filament of the hi erformance fiber is le Eﬁ ]
fiyers, Sio s PO HeRT BN S O PONDEBo e AEP B iR, PPULPRaRYIene-26
bleﬁidbnid?@ﬁol@) @HO), evedly(TD-Ginnt a4, akﬂ-zy g -@mrmm@@na 14p42,5-

nos ref ess t ha hi s u
o hsuipheh Bt PID: aish eterfiehie Ho e A T . o Sxemple,
pa@llelnﬁsi a$ 8. gb@blyeﬁ]weﬁe &ﬁﬂ'pb@ljéfdp?ré?\e wwlﬁyl faldohbean®r e
SNOW n resi al ns I r
B ary e e be gy iR e P Bolarac: 4 SaempledPha o
spidningerbdusgnt i on have a tensile strength of at | east

about 1.2 GPa and a tensile ulus of at | eas
GPa. These Mg P ?)@bl‘yé’}’%?&w H‘gw“ks’etf@ﬁﬁﬁ Pép%‘i'?"é(ri’@!%p'

pﬂén)ﬂéné @?éﬁhtt?alé?ﬁﬂe) Wgaig stﬁlﬁfe%& _ﬁ);mé‘rt arlcEragderdike gl ffibers
e

refera | east adyant a f these
Sf‘?'b%? EO'VEeQZI'fH'E’a¥<Pi%§/°h%Q}>éb%P§aZH’?e§Iq epRaRa! IYé’Og’?} gr’?@?ﬂy'e”e 2,6-

béﬁzdﬁwxam@yorq:m(ﬂ B-dligfiddzol, 8/b- Nesr-y]pwdlhﬁbh@ﬁ@(z gise
and strong art. cl ef

R IRE ORS00 1 B ey AR N GOVSH AR B e & M
peHbintdce fibBeThase fibdrs Bfkesa Godd bdlMceedNBerestréHgl$ and fire
reta%%%fc’ per(f:o?'rrnggge va%ﬁrn?org%gefgrearb%/néé:l S];)llJr? Sgl?/ethylene is used as high
performance fiber. In such case preferably linear polyethylene is used. Linear
polyethylene is herein understood to mean polyethylene with less than 1 side chain per
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
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

dl/g; more preferably of at least 8 dl/g, most preferably of at least 10 dI/g. Such



10

15

20

25

30

35

Sui tabl e organic fibers wth such a high tensile
strength are, for exanple, aromatic pol yam de fibers
W@ ownarably referred to as aram d fibers), espeCi/EP1097/003633
pol y( p- phenyl ene terephthal aBi-de), |iquid crystalline
pol ynmer and | adder-Iike polyner fibers such as
pol ybenzi m dazol es or pol ybenzoxazol es, esp. poly(1
, 4- phenyl ene- 2, 6- benzobi soxazol e) (PBO, or
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FBRAUHET s Rgh dahtlinaetd e Wbt & pRFEEF yret, fgsiution or a

dispeiin ¢ie pudrhydicmaterial infa liugh Pf@fér&blyr‘r&&@rm/\mtai’enanls homo-
m ned on solutions in

o bS8 By gnifeciiacs ofPghonfsaUery MBFLEARE gonding
soib oaiboh@laglflb&sdhé)gbe ﬁpﬁltedpd&@il?r&hia}bleocﬁm@érs lagn8éscliBed in e.g. EP
ofb b S P PHELRACER ARl 2B Lo AT 1w ve
apprse»@&udtmau h anH@cﬂfh@ht_% ifh (highth€ elghgerfoRrhamde fideals & A4t tape, the
RN CIUA LR R N = -
réq@iraﬂ ifanes phﬁéﬂ@@ﬁprb%cﬁ:ﬁ‘githMMt st t\mlmhdlféi:ltlahal%heél% enables the
sp ugure of %%) r%ggg rl‘agye(r) ?o tgmsuf? aer?t{y re amqed without the application of a
binder, such as the structure of a mono-layer formed from flat tape.

In a preferred embodiment, the binder is a polymeric matrix material,
and may be a thermosetting material or a thermoplastic material, or mixtures of the
two. The elongation at break of the matrix material is preferably greater than the
elongation of the fibers. The binder preferably has an elongation of 2 to 600%, more
preferably an elongation of 4 to 500%. Suitable thermosetting and thermoplastic matrix
materials are enumerated in, for example, WO 91/12136 A1 (pages 15-21). In the case
the matrix material is a thermosetting polymer vinyl esters, unsaturated polyesters,
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di stribution. Based on the equation Mv = 5.37 x 104

[IV] 137 (see EP 0504954 Al) an IV of 4 or 8 dl/g
wowewd220e0 equi val ent to Mv of about 360 or 930PKEPINT/003633

respectively. This polyethyl-gne fiber gives the | onest

anmount of toxic and corrosive gasses upon exposure to

heat or fire. The wei ght of the high performance fi ber

i n the uni directional sheet preferably ranges formb5

114 f f 10 .t
chPriBS orghanon s arBFge PRy RS el gy e Fage the
niaimomataniaeis dmfeﬂﬁﬁpléﬂlcaok;ﬂmeﬂpo@mréthaiesb poiggingls, paatsylics,
er.s

PHpIfnE s PSPPSR EcRi2stpRENE Plog FoRrBimeIA SHES & palisqppene-
pb@éﬂ@reﬁamlémdapdslystyr@néimelpblys@terkquwprerre -péiystyredis Bock
t the str e rmno-
CHRS R SPAR RO RE SRR F B A AR Pl B a6y B Binder consists o
aTh@mbjpmlb pﬁmhdba?/hilﬂw blnedr pr@feramly eompletalyTBo#ts ﬁmy\?u&udual
I or X as a Ifrm ere eas
M5 s g e YR, St vPEe BrOes hadh 19rens fogulus
(dstamsined Meadeortdinbg with AT\ D638, égrzansqef sﬁeéd;thSDSMPa more
S t idirecti | ber
el ot Bert A0b BRP Stiniunferae e it POB strugeret 2
uﬁmréctiqnaagr@dtal e.g. with a polyner nelt, a spl u.tl on
O P! SRSV o AL SR by o s
3dirﬁésrsb/b whesre p@éﬁ@fab’h}'&:& Bt |25e%@ ldrfea@rﬁ?@fk')e bmerablpgt hgens
Stri or (0] I N | Ders na e
ST SBisiEls Iy Wapret B B ATl BOHA ST beq i n
e 9 EEPlCl)él‘rgjf@\@@o&pbsnézﬁ’mllé?%a@m@ tb,théfﬁv@l@t&ﬁﬁ'?ta% pgeeferably a
e in
0t AR (R Plsh e RS SRRl dAnsitca of |5 4.pkal”, more
pféfértabtyaﬂgt |clabes.akgIm% ﬁtdst)ﬁre@éraﬂly loF adeastrw kgvmz be

d. f
o ed i 1 e Al Shees iR PR OB RmArt e asagiding,ig the

inveh&br 185 preferdblg AR ek sal Qi@ﬁé]{y&ﬂ‘ at R@sB2.0 KGR, encPé pkdigrably of at
to be su i,ned without the

no-| ayey Efl
'eéabﬂoéa?’mom%ﬁpaefﬂ@ #Qgg e structure of a
mn£0d| aye: ﬁ?ﬁ%ﬁwpﬁélmﬂlb@tacb&@mg tbfﬁh@lnp?ﬂfoﬁhfrhﬁ‘ﬁsmtably be used
enbodi nen e binder is ol yneric rix
”‘a‘?ﬁi"ﬁ%‘ﬁ;?pBlécaéloP%eﬁar‘r'ﬁ%?PP'fF@t'ﬂ'g‘i%‘¥F R{ise APPUcatioas %‘bebéé'ﬁ fig threat
'h@tfbdﬁbts dsevérst Mﬁmn@mdhb%gta;f@t arhie pRIr€ing add-edledtAP, bullets
of the matrix terial élsgreferably greater

af‘ﬂgﬁr%‘f’ét"“é?%ﬁlg%ﬁ‘%‘ﬁgo agmgnts ARESETaPARe bi nder

preferably hpmeadvent magfhblc@hp@ﬁlt@aﬁlele%@&ﬁdl@bﬂhe invention is
greferablgﬁan el.ongation of 4 to

ek inhsdlisti H@hcgﬂgﬁ Wg?,rﬁ@pqhéeﬁt @galﬁatt/fP %gul?ets ma?/lbe 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
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 producing the

composite article, comprising the steps of:
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materials are enunerated in, for exanple, WO 91/12136
A 1l (pages 15-21). In the case the matrix material is
w@2doneeaoset t i ng pol yner vinyl esters, unsat urBCEEP2007/003633

pol yesters, epoxi es or phenol-&-esins are preferably
selected as matrix material. In the case the matrix
material is a thernoplastic polynmer polyurethanes,
pol yvinyls, polyacrylics, polyolefins or thernoplastic
el astoneric hl ock ol yOers ch, as S .
pory1 STt G te R PERE AT inerepy e prastion o the high
pol ystperferreance fibes o enidirgaionalt sheehis avbnakgleaptol thefiber direction
are preferagbly selected as trix materjial,. Preferab
the bihaBAoRsHas L iond S i a B hRr areh CheesE ap Bt teast
bi nder0.26 sineasdh ynettingopattedf at past 350 1followled bylual
filaments of .sajd fibers,in a no-layer, and which
bi ridereoReURTE e secvir 3pels et Briedatre EtiEnce
Corisblidsbmlyint2038itably b2To6g ik hytrdubaptese50 MPa, nore

er re

e ah st i fihedewpERtire drind Fahsoiio tahely s hEM NS through
t%ﬂrﬁﬂerg?r&bf{td@ brd'tse. Ahﬁnimljﬂdidnmﬁrémrw?erﬁinﬁ@tis 'bl?osen such that a
rerera nost . . mss% . re refera o nos
Basonshf Spbed oL FPmapldlhes Sy By RRERPerEot el &oF gl lower
teé@peratuse limitf hefefn@ﬁy tHis RuERr lim:tas tdﬁaégtrysr"b?m@ﬁ&ferﬁbg at least
osite rtjc aCC 0 | e nvent.l on. S
B Gitsh P b e 1 BSC 1 A gt o s YPBs e bt the
témp?@tm‘tg l@ai/vh;éﬁ mlfé Tu“gh p@ffomgadl?eaﬁgr sbs t(ghigﬁ ,memhélﬁical ;?roperties
r era .0 a . S era (0]
Bt Sl rafing. piirersbh e Kbtk s st D0 S Braferdgat east 15

°ccm1aczﬁ,ieglarnc&étét Jast 20 00 bdioathe endltirg temperdtirernf rasfiber. In case the
eferably a

pr .areal density of at |]east 2.0 kag/ .

s Goas it LD & T BTN ePR 3o, INegompaiaturt At PBlc s fiber

s?irtst&tﬁ |ds2ast mEcHankca pﬁépeffitbg glﬁsmtg@%iré@% Em_ete'aglo;e lniiaqltﬁ@;rtdlirﬂGrature.
e | npven f Syl ) e use I N a | S

13 fhe R ik HABE fhets atien SR iha A metcs testnsfatuie f 155 ¢, o

t@Rpeérafaé belw 185 1T Herdralsiwit bblthesdn. agai nst bul | et s of

several kin i ncl udi Q%H%gai nst . ar nor

i ercing,
co-cal | ed ARPeipysUiedding sansgidalpg Praeiebly it Atlkasty WPa, more
préfecHBNd tSea’:UﬁdQS\)lrFPa'?,lréﬂérh mddrél pfdﬁ@'aelﬁleamlea‘shm MF2€and mostdpreferably
cOnMpo article acco I N to tr[ | nvention IS use
o o0 MBer In thfs waves SiTh SRMAPRIBATIR 15 QRN ai nat - AD
bul l et s may Tihe cpifRHirAE &t doReolidatien gemesly Rhgésiralls/to 120
f.aces ceramic layer. In this way an article i

i : S .
TIBYIES rREPERANG 7 o8 '@P%S%%&‘FU}P8¥%%’% Bies8iE anddagipickness
anaYeah bevledfied thegighabulirRaelpetin@ntitiod] rect i onal sheets

with the direction of %he fibers in theI uni di recti onal, .
sheet at an '%1 @egtiha @Lméed 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
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

e Intrinsic Viscosity (IV) is determined according to method PTC-179 (Hercules
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direction of the fibers in an adjacent unidirectional
sheet. Suitable ceramic materials include e.g. alum na

wW@200d822000 t ani um oxi de, silicium oxide, siliciPgI/EP2007/003633

car bi de and boron carbide. Tige thickness of the

ceram c | ayer depends on the level of ballistic threat
but generally varies between 2 nmand 30 mm This
conposite article will be positioned preferably such

that the ceram gl [ s, .the bal |cthr

| nventTo R uRPheem i) abfS Buh tealh s dsiy e bang 16
pr odugionss, t»ha IIBF'IDQ§ ah®oRitihhtGh @n 2Ptk b2 §g sblheorstb@ps

of : st ackln | east 2 uni dl%cﬁctl nal she

V\herek‘?_\}”? ata.ngr etstsﬂS'tyfastrn%aw ‘FfSPh‘éq{EE"th?é‘F tp gero
a uni Q;bh@éﬁtﬂaﬂaﬁﬂ sheet is at an angle a to the fiber
direction in an adjacent un|d|rect|onal sheet, and a

mettal T&RELE Prepertigs &’Rﬁ@%’ée%ﬁt%ﬁ cl:)eﬁﬁf'ﬁ"@s"%‘gﬂ?r(cﬁﬁ&eﬁgth) tensile

el ti ngodRMis\or Rfodaius) ﬁﬁﬁéloé%ééloggt E%ékQﬁ?é’aB))ére defined and

consolidating the stacked ets under tenperature and
pr essgetermingds¥) muditirmgnhyarns as sagtiledie Al DBgSY, using a

hydr abirfnft gaage Ie'ﬁbﬁ df%ﬁ@%é}tdﬂ 560 .| dros sl dpdad | Iol“’:fJO%/mm
general ly is controlled through the tenperature of

pr ess Ohgibdsinahthempasuied piessereainpurye the FREYIA '%%ﬁrmmed

that gshRA§RIARIM BePRBRD Phnd ‘P%Ss(?rla'lrg%'r eAchigtiGPs@ah8 ftbdulus and
In this reSpect 50 OCis a suitable |ower tenperature

| i mi t strprgthethgiensile ferees mpasured @re d'kaﬁegthI”é%\B e, s dptermined
mor e FBX e@%@ﬁ’é Y0 Aetre8 dffibetovdlbes MGHa ereetfa@&ﬂﬁiéc‘l a§§um|ng a

| east rTHXI mum t errper ature 1s chosen bel ow
the t @ﬁﬁ@fyaqfl%? gleminiensile REOPRItigR ob dhin Bimeawere measared in

| oses abE&th(S@Mﬁ?Fﬁ@Wﬂ@ﬁH) PIRRRLRIS Serib& afufe:Ss §-flame retardant
melting. Preferably ngeraturels at | east 10 0C,

pr ef etes |aycqﬂlngé9£he l§§> ‘E@ga gtaada whsrebythe)temperaee iC

bel owqEhemifltdt %léh%ﬁélﬁ@éﬂlgal Qést%B@c:Fn’eHfo prsBriséf&mensions,
the fiber does not exhib a clear

ng
t enpestbigsted te ﬁ@eﬂ@eﬁa@ara@ gﬁO@Sé@ by ig ﬁlrtV\n@ 20,9 191.% ohexygen.
to | O%ﬁe'(t)%s? |§"Fcﬁ?%€ﬂe9%he?é Etn’\eﬁél %@Wa@e??ner . If the

i nst ead he case o

HPPE ﬁlam@lht}otetwrﬁam i gbavm%q)Q |¢1gh¢ eapeleds gaid t@?%% the

C, a tgqyperature below 135 OC generally will be

chosen. The pressure during consolidating preferably

i seat Tioxigity indexpadeternived actadimblty the NESAS3 stapdaydawhereby in a

even ‘F&i{ﬁtyﬁés%%&%%é’t %rﬂh?ﬁ%tm@ nll\(ﬁ?ofqﬂgteﬁgﬁ]iafs to be completely

prefer t 16
conpo@btr@deafﬂﬂ 80 Ciwithaitame inch qu\dltfopwpmﬂm ofi nearly grm°. After

ggnsogbﬁlﬂhét% 88{ G éﬁaiﬁ@ﬁ%ﬁd i PrOsait i< e%&s@b LB xicity
pending on condrtions such as tenperature, pressure
and péndext thskindesis below a value of 5, the sample is said to ‘PASS’ the test.
e 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
a value of 50, the sample is said to ‘PASS’ the test.
e Fire retardant properties were tested according to International 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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and can be verified through routine experinentation.

In the event that curved conposite articles are to be
w@e@dozawo it nmay be advant ageous to first pre-BCEHPR20DTI@03633

netal sheet into the desiredi@hape, followed by

consolidating with the unidirectional sheets. The

conposite article according to the invention is very

suitable for use in bui | di ngs and constructions, e.gqg.

as cl ad i.n v les for |and, ng sea

el ud? SF@Lﬂg‘eg?'d wele °c 8?1@’%'?'1"&9%@5'38%%8%?% bal listic
applications, especially under conditions of heat and

fire. Test thods as.referre i,n the e t . .
appl i cat i on. PENGVERUOR (3 PRENSG Wi 198RS L EE L Ryying Gpmparative
euserdﬁérﬁramdree(drr@momhmg Howenet eney Mhedlih@reto.

(Herculeslnc. Rev. Apr. 29, 1982) at 135C in decalin,

the dissolution time being 16 hours, with DBPC as
Unidileciorialistigeti N an anount of 2 g/ | sol ution,

extrapol at i the vjscosity a asured, a |fferent
concent r at i diHYres '@?ﬁl?ﬁﬁ%éﬁﬁsheg? V8% “sedT‘ﬂ{lrés [npno-layers of
uﬁfd@@@tidriaecsnérn@@puy@tdylahe Aber@@nd d tngdrlvathsthe @irgétion(aithe

strength), tensile dul us el ongati.on
PR D ERR Tbsis BAOR? EVHEF 80 AR ISP EPAIaredS SiF Sreckn of the
pBlykthyfdnkedimery inyar dtifacedt SPAS idyer d‘hbrbo%TH\ﬂle@&&ﬂMrs 8 Highly-drawn

fS?ré&[gh@gd“‘g%@ggsl%‘ﬁ‘%%gﬁ'%thitf'g%afdcyﬁgéfﬁas §§9gPFBhM3Dyneema-

NEGrR$hEs] WithlL&tFength &136 cN/dteR, 4 Meduosiof 1180i oN/atek andramiggness of
adi ent between 0.3 and 1% strain. For

as the
2@&”&?&"@?{”6’??98? the nodulus and strength, the tensile
forces neasuyf Qddlﬁ’érﬁtodhé/ beigethiigné fiBers| theenorittayer contained 18

determ ned b res of fib values in, .
WIS .06 BEAPE RURS S8 BN WG TENG BASEct 91 BRVeng il asgliphatic -
.s&y@ét@ properties of thin filns vvere nmeasured in
cordance wi_ith SO 11 Fl a Ity tenperature:
18 S ey, ner Il Sheet uRa A S he. | 50 4589- 3
standard whereby the tenperature is determ ned at
V\/nl ch a srral I ) [ . test specimen of prescribed

irectiopal;shee

S 2H9R2d f 1 ane stops to burn

inair w tﬁhn@rﬂb@r MQIhe Sble-me@amed uhitiretiRfll steets were stacked to
conduct ed V\,heregﬁ/qthe met al sheet faces th

e
VIS PRI EyParcig enckaed 1S CRGDAVSvBaRS b freen two platens
of 8 BRInRatSpieas. driedempéture tof ehe isfens 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
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Toxicity index: is determ ned according to the NES713
standard, whereby in a toxicity test box about 1 gram

W@ 1@7120000 m) of material has to be conpl et el RCHEPII8T003633

at 1100 OCwith a flame in atbox with a vol unme of
nearly 1 nB. After conbustion gasses are analyzed and
the result is expressed as a toxicity index. If the
index is below a value of 5, the sanple is said to

R R AL E058
sﬁa"nﬂ%ftf prieesl aﬂi[lgﬁﬁﬂt%hw&sa. tu ﬁcﬁdlﬁm\g\o?@\r,\rplﬂnows a psrre]fsﬂitﬂétof |<1>0 MPa was
eat, source e test Is conducted. re t a . .
B SRR WHVE tHER! o4 BoPRes e nob eLg et B Tlsiire given in

tieul t i s expressed as a snoke index. If the index is
bel ow a val ue of 50, the sanple is said to ' PASS the
test. Fire retardant properties were tested according
Bxampi ler national Maritinme O ganisation (IMJ) Fire Test

Procedure (ETP) Codes 1998, Part Snoke and,..t oxi Cit
Lest - i nel ulh PGOPEAILADR IRispIBHHST VERGEmp R xperient A was
pRefebdWithnhd\ohl§ Aiffchencevbhitht eticknese oL wednBeroftauriatim F039A
v@%_(ﬁgnex 1 of the I MO FTP Codef or bul khead, wall and

|

P AY™ i ni ngs and | SO 4589-3. The invention is
explained with reference to the follow ng conparative
experi ment and exanples, w thout however being limted

Eﬁﬁ&ﬁ&-& Uni di rectional sheet As unidirectional sheet,

a she ?t ;jwas lmmfrﬁbelyﬂdf bgcfi pﬂiﬁlﬂébtibﬂ%l%h&et_@fcghlﬁﬁﬁh? ﬁ@{yéﬂh‘?@ne fibers
oriente 0 e ene | bers n a | haer
Wik é‘@PH‘%ﬂw%BT X‘Fﬁ\é‘x ytey ét‘ﬁ?‘?eérfg%?'? ES ai"\‘P"&”%?ﬂ? ?f%?'ekass of 250
giré?rrﬁﬁztv&m;l @a@cfﬁ_trga‘ w&ﬁbrdﬁﬁ@@ﬁE-b&s&?%deb%@nb% v@iflphé R@ylester.

(0] ene | per LN an a cen no [, e
PFesdBaEh® Vo Bond S ol SHmnh 79aeA B bickfess0.75 mm
wB| pRkitiBR&E® ﬂﬂew&n%wbmeﬁ bﬁ/élemmtunﬂwmt bfi¢ o Gfasef ukiiMctional

nds streng 0

neema- Net her | , WMth a ngth of 36 cN dtex, a, .
S%‘ﬁﬁ P%‘F’B?'“QLR%‘MG@NPB? éReraﬂthsnF?h{@r?égsg'a?s/a'uwmr@ Wagutin a
pfddsaif@Presded Re6idirigatRe pfode@trenel ¥erhpreb§ing uhidreétional &ieets as

nonol ayer contai ned 18 wei ght % of bi nder consi sting of

dgsqiiped @°8Yfrane based on pol yet herdiol and al i phatic

Sahipfeacyéraahiten ddhRqairédior denmiividual tebideRESIIE T glvieAMRtable 1.
sheet was 130.5 g/ nR2. Procedure for conpressing

uni di recti onal sheets: A nunber of the above-nenti oned
ExBingdierigct i onal sheets were stacked to

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
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
Experiment Il.

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

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

front plate bonded to a 8 mm compressed sheet comprising unidirectional sheets.
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yi el d a package whereupon the package in its entirety
was pl aced between two platens of a standard press.

wab@7tizaeper at ure of the platens was bet ween 12BCT/BB200T003633

The package was retained in-ttBe press until the
tenperature at the centre of the package was 115-125
OC. Subsequently, the pressure was increased to a
conpressive pressure of 30MPa and the package was kept

o enge vas MBS hapd dhsed RATPEFHES Cotled 805, part 2

Shacke m&ﬁﬁﬁt%e Irﬁtﬂl@@f@n&@[ﬂlﬁﬂ@ﬂ*c.\AGOEEpethdﬂIM(D FAPA

rend et ahe' b ettt pPEALEY ot te Mo TP

Cdue fpr bulkithade watbang eeiing fisingg uni di recti onal sheets as
descri bed above. A surface of the obtained conpressed
stack of unidirectional sheets was nechanically
Bxaeglexdvyi. t h sandpaper. A sheet of al um ni um 7039A of

Lreateq v ¢ CamEpRAtos s daud Ry RRARA AR pfmidirectional

s\haétquD@ dr Mr@etm?mmumhi tﬁehb&ﬁécﬁdeékﬂe‘rﬁﬁﬁw@é achieved,
stack of .uni

VaREpeloyarg 5 a Qb (alcsiee UREns A5 o cdlilnic (61 ywe of
cé%ﬂﬁmmlmwt t ﬁeéa?dbozésagéfce@éawmm aleﬁint?mahd sfeebiere
S u I NTO e S ar ress a I.O0om rap ur e,

RSt by GrtpaneT S At A SN Wb B e acid to

impRiveedheSanpt@sn e e UBK®R s@@ckr\mwﬂhéﬁdraﬁﬁérrédﬁ&) a press and

RESsseh b Aremba Sl gl 125 28 crutisves ot thibBPaer agginutes,

fgmw@ar@t¢d¢enfm@rrlmré\tm°mroduced with the only
difference that the thickness of the sheet of al um num

7039A was 0.Ballistic téstiagwas ;jdrforrﬁemumngOmﬁm?q%lS gram) fragment

B SRR SSBEAR, PER b S AR e

Tanevumvrmsfteibmlctesweré{@tetsﬁ)r bélllﬁﬁfbegfommrbmébw\ﬁzmgaﬂ)ra;eeﬂlps (FSP or

t fab f E-al

AR TP BBl arble oy Rl B PR PR antf . A

oofnpablgmamumdwmlénﬁdf tohpask lifdbes pﬁajéﬂ’ulermrthé\?e rmrmoheo neldcity is
ai_ne ack of a a

stetetoh PoliRpafs 20te s st € b R PREIS sRDekaisd e

chiripesisd mdicierat treebomentiofedBretdcitgs/ al um num was put in a

press and pressed according the procedure for
conpressing unidirectional sheets as

Examples IV & V highlight that the arrangement of the layers

contribute towards the effectiveness of the composite, with the Al facing composite
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.

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



descri bed above. Sanples were taken as required for

the individual tests. Results are given in table 1.
waEx@mptwod | 1. A nunber of 390 unidirectional SPEEEBR2007/003633

conpri sing polyethylene fibet3-were stacked. On one of

the two outer surfaces of this stack a woven fabric of

E-gl ass of 250 granim 2 was pl aced; the woven fabric

of E—gl ass was inpregnated with a vinylester. On the

O e R L N

e'fﬁeutene Yamters (ageihsEbcgh &SP dndusif grojectilaso rdle lsd:iasabls of an 18 mm

B e oo Fe oS CRaBebe v b b kel el egng

algalnat tpotle FSPaard] AP pecjeddildswithe |owaerare@m easityfamd thickness than
EXx retak n as required for the
5 CPWE’ dgggxaw%%gﬁr(%gglzﬁl&eog}pgsu ven in table 1.

Exanple 1V. A 800mm x 115 nm conposite panel

conprising a 0.5 mmalum niumfront plate bonded to a
Tablen corrpr essed sheet corrprl sing unidirectional

cY38817, 1 TERIRRRRUS, P B RERY, SR, 00

t @st i ng
Qoava. Eixpn V@ @eraturdOOB and the | MD FTP Resol utli on
L2/ 16N arvzal r1at Ad oAl A~~~ o -t
\

ad da
;A.UCU\IU} p —atea—thraccoeraahie o—Part+—5—o6f{Annex 1

f the I MO Code fon bul khead, wall and ceil|i ng
ITTnings. EX@gngses V- X [RASSposite EFTASS?l e was

nroduced—by bl dina—atstack of uni rDPfIﬂth Sheets
“H' oo hRg—a s o
=(UD). The s were $ d until -tfn%'i desired areal

Idensity was pa®8 eved, With additiongadsayers of
L al um num ( \[ 5’ steel (Arnpx 500) ord ceramc (Gl type

of ceramc was Al 203) were added as necessary. The
al um num and steel were pretreated by sandpaper

gri nding and chemical etching with 8. nitric acid
10 M@M@@Eﬁ-ﬁp rgsiteron to the UD. The stack was
TEREN transferred 10 a press agyidHEL£SSed] Bkarmple IV
Tenperature of 125 0C and a rr@lggj e of TBa_SQI%Pﬁzf r
CBDCQhFﬂHJ‘t%ﬁmf’@ll"ﬁm by cool i ag2QJﬂIMén2 r 2SO IVny” §5

Illg waS pCI u;_bl ﬁG LA (53 8
Hé%nafr% §1T|été|ﬁéb bf‘"angrrul ating prorec?Mjé FQE)L and 14|5
Towl hédt rgleas@ anour piercing (AR).7 pMOj ec ol1eq)

Peak heat release rate <4.0 kW 0.1 KW

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



The conposite articles were tested for ballistic
performance by firing projectiles (FSP or AP) into the
weewposiode articles at a speed of between 916 PEBHER2007/003633

1147 m's. A conposite articl®tdwas deened to pass if
the projectile with the nentioned velocity is stopped.

A conposite article was deemed to fail

i f the

projectile penetrated the conposite article at the

IEE : (ﬁﬁd v?l ‘;ZCI t@/s

Exanples IV & V highlight that the
| ayers contribute towards the
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nyHbl dy 6/SteeVUBt [1186/9mmt he cdar ati ve“%xarrpl%’é Pass
3oy, a T per TG E. ampl 1
&\:i I ingy%%évgs 3?"6?1@“% eel 7%3 cormosﬁ?t(e ef/fgﬁya a Pass
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i ncl usji on 0T a erﬁﬁer ceram C | ayer, Fﬁe )npggﬁtas Fail
beCang effentlve ba&8miner s| agal@tst bothFSBP andogd Fail
projeetiHes—Therneluston—of—gna—18 uu Vaan

bl ds t hé'conppsi®PBE (Exampl e Wi || Tp!Q@‘T the Pass
bal [1stic testing agal nst both FSP and AP projectiles

Wi t h a&hk Grsesrderce Eyerdesigy thy ballietic thneat.kness t han conpar ed
to Exanple VII (Steel/UD conposite). Table 1 Table 2

| MP FTP Part 5 test results NC - not cal cul ated when
flame spread is less than 180mm 1. The first ordered

| ayer facing the ballistic threat.CLAI M | Conposite
article conprising a netal sheet and at |east two

uni directional sheets, whereby the thickness of the
metal sheet is at least 0.25 nm wth the netal in the
netal sheet having a nelting point of at |east 350 C
wher eby the unidirectional sheets conprise at |east 2
nono- | ayers of unidirectional oriented high
performance fibers with the direction of the said
fibers in a nono-layer is
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at an angle a to the direction of the fibers in an

adj acent nono-layer. 2. Conposite article according to
w@bk@ime2bpo f urt her conprising a binder. 3. ConpPGI/ER2007/003633

article according to claim3a11®%f 2 whereby the netal in

the nmetal sheet is chosen fromthe group of al um num

magnesi um titanium nickel, chrom um and iron or

their alloys. 4. Conposite article according to any

one of claiml - 3 whereby the conposite article

conprises at |east 40 unidirectional sheets. 5.

Conposite article accordi niCitAiIMBy one of clainms 1 - 4

whereby the fiber weight in the unidirectional sheets

is between 10 and 250 g/ nmR2. 6. Conposite article

1accor @ongpdsile aﬁLcIs:)dStEnmfsufd aimidtal Sheetandhet nedsy tworuitiieectional

uni dir ctl on et he a unt f der

ot oishetsferaly T Bickressan et shedtas a2t i, witn the
cl ai menétat-in thevmetat biyedt hevmblaohelesg poiht difut least 360 sheeihereby the
is at rticle accordin

e
any oHBRG gl Tieels comPartdest 2RO BHEB ST PBEfargal oiented
fiber algﬂpdrfmemdmeiﬂtreeswmmé disdutionh ohtheesaid fitens inl £ mono-layer is
stren h of at st,. 1.2 &GP a. tens nodul ys of
ot in B00Bis-L0 %6 visiion O Thethers in &Y SierriimogotaYeiny
20nef Odehhpﬂisn? aE)tlde &c‘ofmrﬁgibyclflh? \mmlieﬂ'ktbn{phelnblagilnder
per ormance. fiber is a e ec
ol yeldTRLe gl 2oyl {Ramigi 1 o uperebyigametd in thetneta
pol ya_@,hyétog thddendrdn b@glgroapsl oﬁéloﬁ‘ﬂ’t]umﬁ rﬁégjmegn;ld enta‘riluhﬁrm%kel,
especi e teraphthal am de a liqui
cryst&ﬁ ”ﬁggﬁH%Vﬁ@ 3%% fl¥Ser-1i ke pol yner fiber such
4asI p?|thﬁj’®éE@bdii%@édtoﬂfnglw aﬁsy?\écof@mra, $Wﬁeﬁéb|§l|tﬁee/composite
poly enyl ene- 2, 6- benzobi soxazo or poly(2, 6-
01 i el Gorabiipes At sas LA U G an e,
5 4-(2 g@m:bd@u@! BAKK) mgn%nhgetlrﬁny oke. of@gi"f’ﬁgﬁl -t4ewtdrebyg the fiber
accordi ng.to, any. one_ of clai 1- 9 e sjite
arci cmeidhsT g icpitnel Shateahetess G Ans 257 B2
GCOYTDOSohﬁm@rté bRicR /L6 tcbgartymr@rbf ciiras af- 5oliedreBy ih the
10, mhereb¥ E ndln Ia er fmgresenf bet%@ﬁ t he
netal“gﬂgﬁtmﬁﬁ of jiBders af mask ‘sheet s,
7t he bodpegité atiele mﬁwngsmrwwya)mmms 1N@WhérgByIthe thickness
| ayer F&@inorg g i, ber éZ Conposite article
accor @ g mefe %}Fe ﬁeat&osép iMB- 1 - 11, whereby the
gsur f ag®mposite 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.
9. Composite article according to any one of claims 1 — 8 whereby the whereby
the high performance fiber is a polyolefin fiber, especially a polyethylene 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,
especially poly(1,4-phenylene-2,6-benzobisoxazole), or poly(2,6-
diimidazo[4,5-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
layer is present between the metal sheet and the at least two unidirectional



of the netal sheet opposite to the netal surface
facing the unidirectional sheets faces a ceranic

WO 20021122008. Fl ame retardant conposite articl e PCI/EP2007/003633
conprising a nmetal sheet of-1fickness of at |east 0.25
mnm and at | east two unidirectional sheets, the flane
retardant article having a flamuability tenperature of
at | east 200 OC according to | SO 4589-3. 14. Process

the s CBpRRone BB e ol BARAY aloyRiet o yEBRIypH Bfinorganic

sheet gibeeach uni di recti onal sheet conprising nonol ayer

heet s. of unidi,rection ri ed i erfor
B ber SRl FriiCdPRhg LA ot tais AT L PLIRIES) the surface
fi ber of the metabsitded pppositede the metet sanfacarfgtieg the anidireztional

5 fiber sg,i rtec%]i an i n.an Iad'racent nmonol ayer sheet, and a
met al SERERIASH T HI KIS of at Ieast 0.25 nmand a
13el t i ameretardaht edmpasite artRfDcdinprising @ wedallsheet of thickness of at
consol i dat.i t he stack R%she t s under t erature. a
pr essﬁ?aes?bf%gmﬂsa@dgeft??q’?g oo%g'é?ﬁt'gnirﬁhfgﬁgﬁlgff% learieﬁasrggnt
1- 13 iantideihavdingn g Slamntabiiintenpecatuensf,at Vezst 20@3C aocbrding to 1ISO
bal | i Sc’ltsbg-fppl i cations.
10 14, Process for the manufacture of a composite article comprising the steps of
- stacking of at least 2 unidirectional sheets, each unidirectional sheet
comprising monolayer sheets of unidirectional oriented high performance
fibers whereby the direction of the high performance fibers in a monolayer
sheet is at an angle a to the fiber direction in an adjacent monolayer
15 sheet, and a metal sheet of thickness of at least 0.25 mm and a melting

point of at least 350 °C, followed by
- consolidating the stacked sheets under temperature and pressure.
15. Use of the composite article of claims 1-13 in buildings and constructions,

vehicles and ballistic applications.



