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tensile stren nd high tensile energy to break The ent
i nvention %é?&é}lﬁ%@&( 0 a polyethylene film5 with high l%) 2005385

strength and high nsi r o hreak,..a o] ;
manuf act uri ng sucﬁégyﬁ}}l%%%mg%lrig”elg ieﬂégu {{%gtsgﬁghgﬁrr%ggaiﬁaén%e?bﬁ
pol yet hyltemsilknetbrgy documesdk ul tra hi gh nol ecul ar wei ght

pol yethylene will further be indicated as UHWWE. 10

Met hods for manufacturing high-strength high-nodul us UHMWAPE fil s are
known in the art.The present UmbemSmrbGikdadasi hes apgopyethgaenent vim
UHMAPE over a specific catal yst, folloped, conpr.essi on nou] di

rol IiRg 18 HEnd &y tH ¢ Yhts FY y%&f??’gﬁ'pﬂl% BXahp! e&i, Bgéak’

mat eri al drg ol & nedndd e mdulfeetei-1260sGPa andiamstrengthspbc2fBe
GPa. US 5, 106, 555 descrjbes a nethod for conpr essi on

mol di ng /ulé:tr,aetléq:ﬁl'hgn@flegHWE_welght polyethylene, n this ocument
20US5, 503,1£9hdegsihbeggpabyes hylanefhid mopapet retaned oy 1extrudheg abe
solution of a polyolefinin a first solvent, followed by cooling, the
renoval omdigeteg| sen¥HMMBEstretching of the film A di sadvantage of
the thus obtained filmis that it always contains a certain amount of
25 residual solvent, which may detrinmentally affect the properties_ of
the film In genehathede Lpsurmarvifassyény priesestrpposbl ddigdnmepulus
gel - cast f [ S ndyhther, the recovery of solvent
is highl yddyr@oﬁg%nﬁ%. gE% g@%?ﬁ—p?escﬁrbes a UHMAPE film having a

mol ecul ar 30 wei gh$ Df 735 0040 OB ay/iipels, pal ke Masatatdro off UBMWZEt eMst| @
strength of 2.3 GPa., a ' ul o ng . aq ;
density osfpe(‘f.lg'}cg/crﬁﬁal S‘ éns#‘?i;lsdedne?rgp tggg‘Pg%igg?lg;g‘?%fﬁf gén'canogeJLng
cal cabat ethd ¥Or2060i0§7045PEHEP2608pODGE35 film. In Exagdel51, a
descri bes mat er i, al vi.ng .a _tensile eng % . ,

nodul us Gl @a.ogiﬁ’&n%dcf"’eleg Selmg\?lvgg*lgogg gg@ %?ngpgprge gFSHgTéh
cont ai ns g¥o 2.8f geamti on on the MV Wnh ratio of the final product. 5US

5, 106, 558 descri bes a od_for,the continuous preparation, of .
pol yet hyl ene havi ﬁ% hﬁgﬁbgtg%%gtﬂe%%ﬂl%ﬁsgh %dnlﬁt%ngifgr comp irggg’lon
t he stepsdafdifigXiyngt#80chpadid Sobyumeirght of an ul tra-hi gh nol ecul ar
wei ght pol yet hyl ene powder _haying an intyinsic_viscosity,of 5-50 dl
' dabal T at 13558 S05WEPA- 350 paRec bea"] fqui aPBLYRANE e pounitH
havi ng a sheidraegupeintbhi gherutibag thessehti®y pai i pblpellyeihylienea
feeding the resulting m xture between a pair of rollers, angl 1 e
subj ect i fd- &stre SRILYEOFe £81LBHBHeRE| oRCHIAditlF dfFeyPawichg FiehiseLven

refer enceanmes%iraﬁcHPn%nf@f methoON ONd.he AMEMBaavdhead LE t heef | BBLS
pr oduct . US 6,017,480 describes a é)r_ocess for producin

pol yol ef idptednedi Fidmedifpriagdhglt hdaleeepsCortpithat i A§-H2 hbl a@augt of
arti QFG ofe MY POl YO &), Stinglehi Nda} he RitiiGEALAY1POr eafftdt  the
30-fold, contacting the article , and restreching 20 the article.

Thi s ref amopestient avhs the | AfdRration I6ASERE NWVhapaenrd it t gelvent
final pr : h hfeqn.g Qunds fhat 1hepe iSesdd g0 i
for inpr \(/ILeé(r;s'tgFll'E: in tﬁ%llfrldé Icli %? hi gh-taens_i Ile|st rength UH VPE fil rrgfﬂn
25 More iHugsdheti chhar recoeeey avl smim@ndud sappth&at PRAEONIHEA udi ng

bal I'istic applicatjyo e , aﬂimE AN GSe @NGolecul
protective appli c% i g%‘% é\ﬁgrgeﬁ?ﬁ%%saw t Mﬁt{i thl tensi| e’generé)y etcg‘ar
breaRp a vhiigihtt enBi l4e 090 @Gt hg/remld othefwOési rabie Priopéetizs tRnELle
find application. Th r nt _inventLon. vi.de UHMUEE 5
film Streng%HTﬁg %HE/V\EESH F%Bagc%%’gghggtrggﬁlégp?gz% C-’fi:r‘?venti onlng
has a tensidensittivendt 10.6f7 at/rleast t&rdiGRaenarggnsil brenbr gf £8.6WYJg
2009/ 007045PgT1EPi$ﬁ£/ 003385 break of at least 30 J/g, an Mwv of at

| east 5060OgF] f&¥%and a MV M ratio of at nost 6. It has been
found that the selection of a material 5 with a MV Mh ratio of at



10 TEE can be derived fromtensile nodulus and tensile strength in

accor danc i.th the followng formula; c2 TEB=*10" 2*Nbdithrs*p
Dependi ng%ﬁ%%@ﬁ@f"r etching ratio, films nay be obt ai n%%“‘tapc?g@?"g’iz'ﬁb to
the invention whiggh bave 1 edeskeibss ener grteoibl ediawinagt al eagnsids

Jig, in particular, at |east 40 Jig, re in_particul at _| east

Jig. strengthpabogs gﬁt aa\%’?ag@ %?%Saralg%‘feghfbl( %IRX/? of? nﬁ hé Seep
pol yner pa1dhesUiiiPEdd-t m ehitheofeesant icovenihen rics aifcihdidast on
500 000 granminole in particul ar between_1.106 gram nole and 1.108

gr anf nol Ehe e/ M| redidHea P EnsPghE 18Rt PFRFon and nol ecul ar wei gh
averages (Mv, Mydizg Die tdps pabyBBinES € adeh&riBdedokn ke OE@NtRuous
wth ASTM D 6474-99 at a tenperature of 160 C usin

, ) g i

1,2, 4- t roceborabenzent ETGB)LI¥RSSOiapentha NPt @pr s4rength and high
chr onBL OGE&RINS GAYCRTEOImd s LI 280 LM SOIeR: Lahgr aldy | B8kes by
including a high tenperature sanple preparation device (PL-5P260) may
be used.w@hehisystemn saldata-Briatednelstng agi xwekdhtpoP 95y Slanens apeits
(MM Nn <1.1) in_the I . i ngec5* t e, 8%

SO e e e A RO i R
in tihe fwithazedd dpagts oof he Lagendi ongasicetampyetd having a boiling

WD2009/ 007045PCT/ EP2008/ 005385 nar.r.ow, This. i S-€e th
(wei ght 89%?59%%%?@08?3? %élegkﬂe)q%\? r %{}%nun%eéggggt?a e&;[n%'l eg?,l ar o
wei ght) tnéi orefuatimpst mbxthbee batpaehi cal apatire MJ Mrokléxs. s and

nost 4, still nmpre ip particul ar_at nost 3,.even .. 1N theul

at nost 8ybiecting tgeTt‘f&WE&l U of FRECTERAPE P %ﬁg coa{rgrl | ngg%'(’)ﬂg%'e
inventiofhis generahdy abntenss 80 GREormheiandohushes Moy niatsic it
accordance wi.th ASTM 0822-00. Depending on the 10 stretching rati o,
moddi  nBye kit ATPERSST at | east 100, more in particul ar at | east
120 GPa. It is pegsi 4 ei0 ot aidedmdds ofa atpteesds 140oPaproduatng

| east 150 GPa. . ) I n one enbodi nent of the present .
i nvent i oROLYRkefin mredexd@dedi RETPELEHRY | Nt ihFESs Ofar REEBATERE R

a speci fjg1 548k Ugr £ 9&14 he FURIHRKA Y1 YR lie@Rhat | Y RARBL efhe. adiicle by
uni pl anar orientation paraneter 0 is defined as the rati o between the

200 and 1@Ee 1thaped-Fodss | FPRYREROGYE f PERLEL BN (0@ pRPEERRRLRY
the §4 | mgama.& ;asedet@iyd nedsibbeohel! @GHtaAInd0 KEORBEDbYmation on the
Wde angle X-ray scattering (WAXS) is a technique that provides

i nf or mat MefMerratieo afy dihg %ilﬁélsPFElétlﬁFe of matter. The technique
specifically refers to the anal ysis of Bragg peaks scattered at w de
angl es. Bragg peaks result fromlong- 25 range structural order. A
WAXS neasur enent Ior odtagesbeeui ffound i Ghapat tBpRe iie. SHtldnstpgmastor
funct! ons e 0l FiAGhlO e ad eo@%i(gtﬂl't%n'siﬂeh%t%@ﬂb%hbﬁﬁﬁﬁ?ﬁ Eftens.
di f fract 84" beam and the primary beam).” The uniplanar orientation
par &ttt eMoge vies paf oremltdon Bembane tthenenauentangfl icRitéAnat | SRCHRAT RS
200 and 110. cryst al anes with ct e 1l fa

film sam%) glﬁ%/ > aallz%Jh&ﬁtnllop Sdnagroe%%qen?%%%% t%}zjééz H%:'r ygfggffﬁ'aﬁ%%d
are hi ghbyoosdented gpadlcaelions t wbefel nPBurfidoe Mithas ligbn feondle
that the_high tensjle strength, and high tensilge. energy -
2009/ 78RS EPoBE8-B05388 88 bFARE '8t SERSIPET gégo%}% festfarte
i nvent i oprasergeser aliyl aceonpanepdlbyaaidi gh Uhepl amesenti ephaenbhon
The ratio between the 200 and %l peak areas for a specinmen with
randdh yPEPY Rt Uy &t IPEEs Tits™ar ound 0. 4. However, the
crystallites 5 with indices 200 are preferentially oriented parall el
to the filmsurface according.to the ipventio resulting_in_a.higher
val ue of the ZOO/TPFOUEMEEaEé&mr Eldgomt ’rfbgttf'l%r"g'f%rperelsr‘?ne‘f ﬁffﬁﬁggl%ﬁ%@s
of the ugi pkaBaleOkiceBhathoRPaHANEsLEt 20Therual ue fatsile enéghaneas
orientation paraneter may be determ ned using an X-ray
diffractoneter. A Bruker-AXS 1D8 diffractoneter equi pped with



The UHMAPE film according to the invention nmay be nmanufactured by a
process i ri ses subjecting a starti ng UHW\PE w i

aver age még‘mﬁ@wm ght of at |east 500 000 gram nol ‘é‘%éﬂ%ﬁg ag%?%:
shear nogubdr 60 26 Ueier Momer/ ¢ racthy of tay emkti 6Qoat006§2&8nafiobs,
nost 0.9 MPa, and a MM Nn ratio of at nost 6 to a conpacting step and
a stret cAPAg2 YA Rl & @¢h atoMdSEi Bns that at no point during the
processing of the polyner its tenperature is raised to a val ue above

its melting point. 30 The starting material of the process
according to the Jthveasi daeps wHidhtEatEi SBAt S64PEAIVMMABE.2 TR seEEM
be seen {r h %ﬁE;bf ' t | gt ayenagde: Rl etk ad MRl @htat
t he Ntﬁlg‘reg]t %ol,qwan t{%fdelqgfs?%% S eﬁé‘fB‘ moddl us. VD ' _ 2
2009/ 007045PCTHEP2008/ TO53B5importance tRoalflgmt ke Einel dbtiwntantpve

f i h I j:ght
Pati o of CRe cSrsribRs Dlahef¥ilre §sEahbet, 2na B St TN
stat ed Siabevebioatite fiikn doowhedirngidsd rabdei promertnes As aisndiidat aek

above, the startin HWAPE, has _an el astic ) r.
ot er mi ndacarrEtd | Beboer e Bl S 8ebeSst DR Al g sy o6 v
partigul gr1a6, 995 @nd MR, w08 ,i781103pamnbitc uhast aklinsef 0.the Taeove
wording "directly after nelting" neans that the elastic shear nodul us
i s deter ifFhEA SR soon as the polyner has nelted, in particular within
15 seconds after G the polyner has nelted. For this polyner nelt N
typically increases from0.6 tqQ 2.0 MPa in _several. hours. The el astic
15 shear modul us &fi rRGISREEY APRE 1 | TP HPTER TR e Pl tO the
char act efhsbngideatuges Hf ddesver y dirgegicangbed BEMAPEagsed2it tdma,
present invention, & is the elastic shez&) modul us_.in the

g

rubbkty PEEEEEING@giBnacreriance| #iéd AFThPeR e dge MRS Wei ik

20 betwegp eptangl epRnis dvba ¥hE&fchihd Wehgderative! Sekdsile strengths
proportional t ot heent angl enent densi té | na

t her modymali &8l [opsEd f i AGARBNBgBnESAs ditstRPaHikGudRTofat least
entangl egept sgple cag-be Gl oyl AL £ fHOMEZ Migdskhesf grmba, Tensile
GZ. gNpRTTJVC , where gN i's a nunerical factor 25 set at 1, rho is the
density Ehrgngdss ® i theesgad EFasmantabeel be iaPtHasdhsol ute
tenpggature in Kpne tensize” LAWELAsLSC shear mpduldke t BHfiwskantsim
for Tong stretches of polyner between entangl enents, and thus for a

| ow degr eecofdbng ahgl erentin@gntion is atThkeagWPE Jded iThea heensile

of ot 1 eaart950PY §85007 B0 Bh BRI Ebob0n 00E5a For e 1B Sorts Rular

at | eastu8isgy The wwrphol ogptef tdfe f30%mnimay b chds actakswlaraki ngy

differential scanning calorinetry ( )., for.e e L :

El mer Dsﬁee%%%l,n% gké%pﬁgeggk%fm%v%gﬁtghr{‘agﬁ rrg? |stﬁ§a? ggg%go%fﬁ%m
5

to IB0C atrid®C per 5 mnute, held at 180C for m nut es, then cool ed
at 10C per mnute. The results of the DSC scan may be plotted as a
graph of heat flow (raw or ml/s; y-axis) against tenperature
(x-axis). The crysicaldengiily kaciBQSUs etk Mpy e d@torokinatedieby the
heating portion of the scan.. An enthal of fusion H (in Jj for the
10 cryst ?}i‘?l‘%lrf%lni‘e‘irfoﬁf‘si (i5FS & @P}?(’gt &d fﬁﬁrdgpgfgﬁ‘ﬁﬁ"ﬁgg%%eoér%}ée
under theegsaph fégrdhe demeraiur esdetier miged thusbebelewethenad arin
of the main nelt transition (endotherm .to theeé:{g?erature j ust above
t he 3bi nBCapEINGR SR AST8HhOEPFed0t 85 he Lot °¥fhe cal cul ated H

i s then conpared a0 a&v%%o%@mbh@@hebkcﬁﬂle erdid 1y eBferigysitonbpt Bak Ohay K
Jig) determned for 100%crystalline PE at a nelt teggerature of

appr oxi n@PeRnaddy InpErating Ahe fasRl fAEX9Ys 2BRp §_§e€ln‘as‘_if‘ﬁjeding
percentage 100(kL Fhds Jherd '65}1%1@&6% GRMohh okhenknygatifen anth
the 20 internedi ate products of the manufacturing process accordin

to the ipeehi¢ORpresenadl Fha sothese Lhopsial FRATE | 8§ JEWRE catmefes




di scussed above, is polynerised in the presence of a single- site

pol ymer i 5%59@9@%@?4 yst at a tenperature below the cr yﬂ%ﬂﬁ,}u&%gﬁn

tenperature-o pol ynmer, so that the polyner crystalllses
i medi at @hyhuponeﬁ@cHWmmerIZl Pa@Pa cus a&lQPIZECIﬂT@é;@tlb[Oﬁ @@WéﬂGhénélla¢e

sel ect ed. guch_Lhai the. pal yUpr),saly ok SREed. 112 L1awel HIARKN20110wing

crystalli se syn e5|s con ions orc ecu
chains ta@oenyssal lize i medi ately upon their fornmation, Ieadlng to a
rat her uni que nor phol ogy ich differs substantially fromthe one
obt ai ned 30 from tiye_.<ok gor the nelt. The crystalline norphol ogy

created at the surface of 2a catalyst will highly depend on the ratio
between the crystallization rate and th wth.,rate f t he, pol yne
Mor eo¥er, the tergeraf ofSHIE syAit he es %\%Sc}ﬂr% s® ﬁ PHIEE 1 “bpa
par ti cul apc688En| 60 AeMStBAd 270 OMmd eNPeleaisity, in g/cm3 EAB is the
W2009/ 007045PCT/ EP2008/ 005385 wi | | st rogrgl y influence the hol og
of the oBL&NERE UHVAF PEISHMder S PTEDH efBodi r%‘?ﬁcefrf{@qeea%?? ing

t enper at ey §8@§1U@9rhn<§(&‘£%‘(15+~rt@1%cteﬁ§&§el &n | Isedietivegng- 15
and +309C. It is well within the scope of the skil|ed person to

deternine via 5 rARRUher t3NRIOERRHGroroniRS: Feattioncerper b uPEeRs
apprppri ag8 -y C% d%t 1B V‘ff&nv"géﬁglié!pﬁo@ulﬁﬁt 8h¥StenBoh¥MBErength
concentrations an er paraneters influencing the reaction. To

obt ai n aihi ghtyrdrmentvartdl ddeURANREvWing §ormpbRt ant 10 that the

pol ynerisation sites are sufficiently far renoved from each other to
prevent entanglinggpf _the Dol yoeejghai ns during synthesis. This can
be done using a singl &*Modulsdial yst which is dispersed honogenously
t hrough the crystallisation rredl min_lo ncen on re 1
particul ar, conc@%prﬁaaWs P8ss k{ﬁansfr.’fg ﬁuﬁ%l }artai yst% &gﬁr% m%g Be
in parti thainé@SSaddma:raiﬂngth nmohe catratetstioper whiither heast izon teedi len
may pe appropriate por.ted single_site catal sg. b d
as |bhg S8°% et?sb’f%"ﬁlg {L'hﬁf: ﬁﬁéggcﬁg\/é’/& ‘t &8 éﬁlaét ¥¥‘a]é| %tﬁ grao
removed fremgeed ai heirdiewl@prevarkssubst angi al entangl ement of the
pol ynmers during formation. Sui tabl e nmet hods for

manuf acturing starting UHW\PE used in the present invention are known
in the art. Ref er’IQfEedeig'mdeavfthgéxaﬁibhécﬁDaWGJéﬁ;lﬁﬁ8 @md of the
US20060142521. 25 The [ rovided in art| cul ate
form foPOEYEMDI &1y nt:'f%eUWﬁtEof r%O\F\Herth r PFRSERY EntdaPt d51 et
partjgul atesf osph Jdbt aRlaer/Rank Q'rﬁ%at}ﬁyﬁzlﬂa&afﬁétﬁ&e%rﬁllzaﬂff grép/hele
5000 micron, preferably up to 2000 30 particul ar to 1000 m cron.
The partpeflest g&f't | STRNEIGE of TRE | BALeCUlay CIW@HQ r&i§ autipn  and

m cron. olecular m‘igﬂaréif&f§g§éze(lﬂ& st ihbutiyon ey Eﬁéerpolymer are
diffraction %@npatec Qui xel ) m cron, nore m@ge erably have

ain partiet:@rraxn%d decerdemedl BythsAEEY| Bu§s7$nad a temperature
2009/ 0070¢5P(dd ERRO08/ 003389 9aplee slchidispehsese Nis) solvent.
sur f act ant - cont ai ni ng water "and treated ultrasonic for 30 “seconds o
rentde adghormriHiss/ clenepncp@rarh e ¢E91Ea%¢e(9§ BREed ErpBuFRlymer
| aser beam,and. {1 g C%ﬁ@;&?ﬂiggt i3ndelGeled . The sanpyat Hlpbl-abion
di ffractToR 15 & MBasur or t icl 1z

conpact i dgvscteep(PB—&:EZG"O )edn@MthOusaﬁegﬂ‘bAEe syRéepolipnmealpdrecetfieysing

into a single object for f h shee T
stretchi ﬁb’gg?%rb JPQEXEF% %laéoﬁncﬁn%%ﬁr ovi de 1%1 g?:ieﬁg at Plonbge ?ﬁleeular
pol ymer astkhimntdmet B Pheof 8nad® pradusbleThe two steps are carried
out aq a direction perpendicular to each other. It is noted that it

s w4hin the scope of the present invention to conbine these
el enents in a singlee HARcUArt 0 vedight outidtrdbpracassoifn dhkf e UEMWPE

steps, each step, 15 perfaornm ng one_or nore of the conpactin nd.
st rgt chi Rﬁeﬁré?rghrtls gForflé%'ar%‘?rqwgon’éo eﬁlaﬁdﬁﬁﬁﬁ?tggnt fi& %,egggggely




of the polynmer. Generally, the conpacting step is carried out at a

t enper at ur npst 402C bel ow t he unconstrai ned <
2006/ 00708 BIT03) 008385 el ¢ ng point of the pol ﬁT/FPZP%S"’OmD
particul aarabwioshi802€ beboastbé bpcohst Mai rfedigktt amgrpoe nnobdecy e

polymer, mpre in partjcular at npst 102C. In _the proc accordi

the i nveMEi8Rt h@egr sWet(E‘HPﬁﬁrsf’lgﬁr?gegnéﬁie?%tf%/r c“éerqu%}é oruct%a 5;1;9 48
t enper at yp8+ 0k . alroleash J2& helowy the mel/Minngapabnisobtt hespoldynetrill
under process conditions, in particular at |east,32C bel OV\ﬂr t he c
mel ti ng POFAt 1Bf PRKEIPBL§FeRt uRBRF pProCY¥ER BBHTI tToR’T TEF11E- ridt "7
partigul gr at |east 52C bel ow the nelting point of the 10 pol ymer
under process conditions. As the skilled person is aware, the nelting
poi nt of polymers nmay depend upon the constraint under which they are
put.- This means that the ABktipg tePerghspe URHER RIQGAENGONdbt i ons
may vary fromcase to case. It can easily be determ ned as the )
t enper at ungefbiomt ishi crenemalder ess t éa8Fbn §h 3R pr FdEssMEpBpes 1S
sharply. nerally, .th LNg.:stepd i e o

Fempor at drooeroapd by SeBhEORERE I HRE g TR0 O feritinding on che
undero pr ecesschingi taoirs, nodyar misgulle citaipetd 2§2atbéraact hed, more
mel ting point_of. the pol r__unde r SS nait i : edn .
particul aF aQalfﬁfs?uqf%Cf?g east I'CLZ[ilhcelf':l%ln'co(rilgt ?Laslt nggéﬁ%ﬁ)lé nédon éBcain
t enper at woaudl. dheasstbrddtng qiolepeer oicsabelamein UBB Ghad 1422C and can
easily be determ ned by the person skilled in the art. Wth the

val ues indicated 25 above this allows cal culation of the appropriate
oper ati ng tenper atirgie Bidodinenst bdi oed peddemy ipoicmticay bbe f£ilm
determ ned via,DSC (differential scanning calori ry). in_ni.trogen,
overl? t 8RFEFELEY et aiftfe er%%lﬁlgb&gaﬁﬁ%%ﬁr%tb%ai h reé:ésflﬁg
tenper at akgy, o 8 nFBXk BH S addt@r ap gesie Ihiplanar
endot her%ggu%eg ra%h%%gnl]rﬂéorgﬁta% f%%c. is e\rgl uat ed here as thep

mel ting peiBhtation paramdter e icomfikiednak phecestiodoetfwadbeE | t

was necessary to carry. out the progess,at_a_tenpe ur.e whi s WO
2009/ 007648 2and tla%cjo#l%il%?g?‘]ﬁ &‘rteﬁ‘é ilﬁvgﬁfei %ﬁr%glsfﬁacptgs?& dﬁ‘ngﬂ

val ues WaiheRedheoPotyareri ihannias abodeackaiged irenpeflatcurienoper ating
wi ndow whi ch nakes for better process control.

Conveéht i 868MehBYar at us may be used to carry out the 10 conpacting
step. Suitabl e appadatdsylinsd-4de Beatedring!| syaesidliess hekhaigebcthat

The stretching step in the process accord'er? to the inventg' on its
carri ed BuPVieeHaifATATOR K8 FHOy FEYSERL M PTHES I % CthMRE “sFep

may be Cahbi edcRYqid QAE-1GT: JHINE $egRssi Boar R@ MRl 1 eany &IEt Baagl in
the art. A suitable manner includes |eading the fil msiégto e or _nore
steps overakssecabiered |3t pode eoliesy PRABE RS HFRELY o FhePBFn

t he §§C099ng8' %t%@é&%&(la%ﬁer_t.h% Walke hibhshréfbhe [SHdRicdy ag can take
pl ace over 2 ot plate or in an air circulation oven. In general

it is di BiEuhction ceaRtint He tedpérasiry 8f TMISCIpO o Equi prent
Wthin 1l Q%@%E&ié{\@'%ﬂ Ide 3ldHQW tiRe Bk !ah?ﬁe PSE SR G HRAPRIIEErakeed
t he br oa&ene oper at wi ndow provi ded by the process of the present
i nvent i obea@5and the primaxny ibeagrie of the features of the present
invention that t t ot al r.et chi. : ] d4 1d9ean 1he o¥ehY;

hi gh i ndeed. For%%#ﬁ%@l a% %%ﬁ%ﬁtéﬁggcﬁ%#g@atﬁ ogmmay BLe gt Ieég?
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pagameter is defined as the ratio between the 200 and 110 peak
areas. This parameter is a quantitative measure of the

uniplanar orientation.

The high uniplanar orientation parameter is also
related to the Mw/Mn ratio, in that polymers with a Mw/Mn
ratio within the range specified in the present invention can
be converted into films with a desirable value for the
uniplanar orientation parameter. As indicated above, in one
embodiment, the film according to the invention has a
uniplanar orientation parameter of at least 3. It may be
preferred for this value to be at least 4, more in particular
at least 5, or at least 7. Higher values, such as values of at
least 10 or even at least 15 may also be obtained. The
theoretical maximum value for this parameter may be as high as
infinite if the peak area 110 equals zero. High values for the
uniplanar orientatiqn parameter are often accompanied by high

values for the strength and the energy to break.

The UHMWPE film according to the invention may be
manufactured by a process which comprises subjecting a

starting UHMWPE with a weight average molecular weight of at
. G?
least 500 000 gram/mole, an elastic shear modulus N,
determined directly after melting at 160°C of at most 0.9 MPa,
and a Mw/Mn ratio of at most 6 to a compacting step and a
stretching step under such conditions that at no point during
the processing of the polymer its temperature is raised to a

value above its melting point.

The starting material of the process according to the
invention is a highly disentangled UHMWPE. This can be seen
from the combination of the weight average molecular weight,

the Mw/Mn ratio, and the elastic shear modulus.
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For further elucidation and preferred embodiments as
regards the molecular weight and the Mw/Mn ratio of the
starting UHMWPE, reference is made to what has been stated

above for the film according to the invention.

As indicated above, the starting UHMWPE has an elastic

[i]
shear modulus Gy determined directly after melting at 160°C of

at most 0.9 Mpa, in particular at most 0.8 MPa, more in
particular at most 0.7. The wording “directly after melting”
means that the elastic shear modulus is determined as soon as

the polymer has melted, in particular within 15 seconds after

the polymer has melted. For this polymer melt tjg typically
increases from 0.6 to 2.0 MPa in several hours. The elastic
shear modulus directly after melting at 1602C is one of the
characterising features of the very disentangled UHMWPE‘used
in the present invention.

G° is the elastic shear modulus in the rubbery

plateau region. It is related to the average molecular welght

between entanglements Me, which in turn is inversely
proportional to the entanglement density. In a
thermodynamically stable melt having a homogeneous

distribution of entanglements, Me can be calculated from Gy

via the formula Gy =g,pRT/M, , where g, is a numerical factor

set at 1, rho is the density in g/cm3, R is the gas constant
and T is the absolute temperature in K.

A low elastic shear modulus thus stands for long
stretches of polymer between entanglements, and thus for a low

degree of entanglement.

The UHMWPE used in the process according to the

invention preferably has a DSC crystallinity of at least 74%,
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may be characterised using differential scanning calorimetry
(pDsc), for example on a Perkin Elmer DSC7. Thus, a sample of
known weight (2 mg) is heated from 30 to 180°C at 105C per
minute, held at 180°C for 5 minutes, then cooled at 10°C per
minute. The results of the DSC scan may be plotted as a graph
of heat flow {(mW or mJ/s; y-axis) against temperature (x-axis).
The crystallinity is measured using the data from the heating
portion of the scan. An enthalpy of fusion H (in J/g)} for the
crystalline melt transition is calculated by determining the
area under the graph from the temperature determined just
below the start of the main melt transition (endotherm) to the
temperature just above - the point where fusion is observed to
be completed. The calculated H is then compared to the
theoretical enthalpy of fusion (H: of 293 J/g) determined for:
100% crystalline PE ‘at a melt temperature of approximately
140°C. A DSC crystallinity index is expressed as the
percentage 100 (H/ He) .

The film in accordance with the invention and the
intermediate products of the manufacturing process according
to the invention preferably also have crystallinities as

indicated above.

The UHMWPE used in the present invention may have a
bulk density which is significantly lower than the bulk
density of conventional UWMWPEs. More in particular, the
UHMWPE used in the process according to the invention may have
a bulk density below 0.25 g/cm®, in particular below 0.18 g/cm?,
still more in particular below 0.13 g/cm’. The bulk density is
determined as follows. A sample of UHMWPE powder is poured
into a measuring beaker of exact 100 ml. After scraping away
the surplus of material, the weight of the content of the

beaker is determined and the bulk density is calculated.



883035 Z LOT 867 61.'S 367 9 VC 3C-C 33t 1717-C WC | ELL 9o*q ZL
ou ieioi 6L 62. go 6El- 991. 176 921-

oL1. 32 16‘@8&%@3’1’ 091- 61.1. 914 814 1714 ’E“‘%?’"P:’”?
7.--::0 -0 P.- 32 pp2lynvid2E. udedZSirl. t32l. pt32€szcC accordlng to the

invention can be a homopolymer of ethylene or a copolymer of
ethylene with a co-monomer which 1s another alpha-olefin or a
cyclic olefin both with generally between 3 and 20 carbon

5 atoms. Examples include propene, l-butene, l-pentene, 1-hexene,
1-heptene, 1l-octene, cyclohexene, etc. The use of dienes with

up to 20 carbon atoms is also possible, e.g., butadiene or 1-4
hexadiene. The amount of (non-ethylene) alpha-olefin in the
ethylene "homopolymer or copolymer used in the process

10 according to the invention preferably is at most 10 mole%,
preferably at most 5 mole%, more_preferably at most 1 mole%.

If a (non-ethylene) alpha-olefin is used, it 1is generally
present_in an amount of at least 0.001 mol.%, in particular at
least 0.01 mole%, still more in particular at least 0.1 mole%.

15 Obviously, the ranges given above for the starting material

also apply to the final polymer film.

The starting polymer for use in the present invention

may be manufactured by a polymerisation process wherein

20 ethylene, optionally in the presence of other monomers as
discussed above, is polymerised in the présence of a single-
site polymerisation catalyst at a temperature below the
crystallisation temperature of the polymer, so that the
polymer crystallises immediately upon formation. In particular,

25 reactlon conditions are selected such that the polymerisation
speed is lower than the crystallisation speed. These synthesis
conditions force the molecular chains to crystallize
immediately upon their formation, leading to a rather unigue
morphology which differs substantially £from the one obtained

30 from the solution or the melt. The crystalline morphology
created at the surface of a catalyst will highly depend on the
‘ratio between the crystallization rate and the growth rate of
the polymer. Moreover, the temperature of the synthesis, which

is in this particular case also crystallization temperature,

10
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w1ll strongly influence the morphology of the obtained UHMW-PE
powder. In one embodiment the reaction temperature is between
-50 and +50¢C, more in particular between -15 and +302C. It is
well within the scope of the skilled person to determine via
routine trial and error which reaction temperature is
appropriate in combination with which type of catalyst,
poiymer concentrations and other parameters' influencing the
reaction, A

To obtain a highly disentangled UHMWPE it is important
that the polymerisation sites are sufficiently far removed
from each other to prevent entangling of the polymer chains
during synthesis. This can be done using a single-site
catalyst which is dispersed homogenously through the
crystallisation‘ medium in ' low concentrations. More in
particular, concentrations less than 1.10-4 mol catalyst per
lite;, in particular less than 1.10-5 mol catalyst per liter
reaction mediuﬁ méy be appropriate. Supported single site
catalyst may also be used, as long as care is taken that the
active sites are sufficiently far removed from each other to
prevent substantial entanglement of the polymers during
formation.

Suitable methods for manufacturing starting UHMWPE
used in the present invention are known in the -art. Reference

is made, for example tc WO001/21668 and US20060142521.

The polymer is provided 1in particulate form, foxr
example in the form of a powder, or in any other suitable
particulate form. Suitable particles have a particle size of
op to 5000 micron, preferably up to 2000 micron, more in
particular up to 1000 micron. The particles preferably have a
particle size of at least 1 micron, more in particular at
least 10 micron.

The particle size distribution may be determined by

laser diffraction (PSD, Sympatec Quixel) as follows. The

11
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sample is dispersed into surfactant-containing water and

treated ultrasonic for 30 seconds to remove agglomerates/
entanglements. The sample is pumped through a laser beam and
the scattered 1light is detected. The amount of 1light

diffraction is a measure for the particle size.

The compacting step is carried out to integrate the
polymer particles into a single object, e.g., in the form of a
mother sheet. The stretching step is carried out to provide
orientation to the polymer and manufacture the final product.
The two steps are carried out at a direction perpendicular to
each other. It is noted that it is within the scope of the
present invention to combine these elements in a single step,
or to carry out the process in different steps, each step
performing one oxr more of the compacting and stretching
elements. For example, in one embodiment of the process
according to the invention, the process comprises the steps of
compacting the polymer powder to form a mothersheet, rolling
the plate to form rolled mothersheet and subjecting the rclled
mothersheet to a stretching step to form a polymer f£ilm.

The compacting force applied in the process according
to the invention generally is 10-10000 N/cm®, in particular 50-
5000 N/cm2, more in particular 100-2000 N/cm?. The density of
the material after compacting is generally between 0.8 and 1

kg/dm®, in particular between 0.9 and 1 kg/am®.

In the process according to the invention the
compacting and rolling step is generally carried out at a
temperature of at least 1°2C below the unconstrained melting
point of the polymer, in particular at least 3¢C below the
unconstrained melting point of the polymer, still more in
particular at least 52C below the unconstrained melting point
of the polymer. Generally, the compacting step is carr@ed out

at a temperature of at most 402C below the unconstrained

12
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melting point of the polymer, in particular at most 302C below

the unconstrained melting point of the polymer, more in
particular at most 10°C.

In the process according to the invention the
stretching step is generally carried out at a temperature of
at least 12C below the melting point of the polymer under
process conditions, in particular at least 32C below the
melting point of the polymer under process conditions, still
more in particular at least 52C below the melting point .of the
polymer under process conditions. As the skilled person 1is
aware, the melting point of polymers may depend upon the
constraint under which they are put. This means that the
melting temperature under process conditions -may vary £from
case to case. It can easily be determined as the temperature
at which the stress tension in the prOCeés drops sharply.
Generally, the stretching step is carried out at a temperature
of at most 30°C below the melting point of the polymer under
process conditions, in particular at most 20°C below the

melting point of the polymer under process conditions, more in

particular at most 152C.

The unconstrained melting temperature of the starting
polymer is between 138 and 1422C and can easily be determined
by the person skilled in the art. With the values indicated
above this allows calculation of the appropriate operating
temperature. The unconstrained melting point may be determined
via DSC {(differential scanning calorimetyy) in nitrogen, over
a temperature range of +30 to +180°C. and with an increasing
temperature rate of 10°C/minute. The maximum of the largest
endothermic peak at from 80 to 170:2C. is evaluated here as the

melting point.

In the conventional processing of UHMWPE it was

necessary to carry out the process at a temperature which was

13
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within 1 to 3 degrees therefrom. It has been found that the
selection of the specific starting UHMWPE used in the process
according to the invention makes it possible to operate at
values which are more below the melting temperature of the
polymer than has been possible in the prior art. This makes
for a larger temperature operating window which makes for
better process control.

Conventional apparatis may be used to carry out the
compécting step. Suitable apparatus include heated rolls,

endless belts, etc.

The stretching step in the process according to the
invention is carried out to manufacture the polymer film. The
stretching step may be carried out in one or more steps in a
manner conventional in the art. A suitable manner includes
leading the film in one or more steps over a set of rolls both
rolling in process direction wherein the second roll rolls
faster that the first roll. Stretching can take place over a
hot plate ox in an air circulation oven. In - general it 1is
diffiéul; to control the temperature of this type of equipment
within 1 degree, which will allow the skilled person to
appreciate the broadened operating window provided by the

process of the present invention.

Tt is one of the features of the present invention
that the total stretching ratio of the film can be very high
indeed. For example, the total stretching ratic may be at
least 120, in particular at least 140, more in particular at
least 160. The total draw ratio is defined as the area of the
cross-section of the compacted mothersheet divided by the

cross-section of the drawn film produced from this mothersheet.

14
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in the solid state. The final polymer film has a polymer
solvent content of less than 0.05 wt.%, in particular less

than 0.025 wt.%, more in particular less than 0.01 wt. %

The film according to the invention is a three-
dimensional object which is characterised in that two of its
dimensions are substantially larger than the third. More in
particular, the ratio between the second smallest dimension,
the width of the film, and the smallest dimension, the
thickness of the film, is at least 10, in particular at least

50.

The polymer film or the converted products thereof
according to the invention can be used as starting material
for numerous applications, including ballistic applications,

ropes, cables, nets, fabrics, and protective applications.

Ballistic attributes, ropes, cables, nets, £fabrics,
and protective appliances derived form the UHMWPE film
according to the inventien are alse part of the present

invention.

The present invention will be illustrated by way of
the following examples. It -is to be understoocd that the

invention is not limited in any way thereto or thereby.

Experimental

Compaction is executed in a mould with dimensions 610x30mm.
After the mould is filled with the polymer, the polymer is
compacted in a hot press for several minutes. After cooling
down to a temperature <40°C the sheet is removed from the

mould. Subsequently, the sheet is fed to a pair of upper and

15
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lower heated xrolls. The distance between the rolls is 150
micron. Directly after rolling, the film was stretched over
the surface of the upper roll. Further stretching of the
rolled film was executed on an oil-heated hotplate located

between two roller sets that run on accurately defined speeds.
Example 1

Polymerization

All air-and/or water-sensitive activities were pel_"formed under
an argon atmoéphere using Schlenk technigues or in a
conventional nitrogen-filled glove box (Braﬁn MB-150 GI).
Methylalumoxane was purchased from WITCO GmbH as a 10 wt %
toluene solution. Ethylene was obtained from Air Liguide.
Dried toluene was ‘used as the polymerization solvent. The
catalyst [3-tBu-2-0-C8H3CH=N(C6F 5)12TiCl2 was synthesized
according to Mitani et al. (M. Mitani, T. Nakano, T. Fujita,
Cchem. Eur. J. 2003, 9, 2396-2403) and EP0Q874005. The molecular
weight and molecular weight distribution was measured at 135°C.
by gel-permeation chromatography (GPC; GPC220, Polymer Labs)
using 1,2,4-trichlorobenzene as solvent. The polymerizations
were carried out under atmospheric pressure using a 2000 ml
round bottom flask, equipped with a thermccouple and a
mechanical stirrer. Toluene (1000 ml) was introduced to the
argon-purged reactor after which the solvent was saturated by
bubbling ethylene into the solution for 30 minutes at +10° C.
The polymerization was initiated by addition of a toluene
solution of methylalumoxane (20 ml) after which a toluene
solution of the catalyst (1 umol) was introduced intc the
reactor while stirring vigorously. After 30 minutes the
ethylene feed was stopped and isobutyl alcohol was added to
terminate the polymerization. HCl and water were added to the
resulting mixture. The solid UHMWPE was recovered by

filtration, washed with water and acetone and dried (vacuum

16
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mm | ong and 30mm w de. Its density was 0.95 g/cnB8. The sheet was

pr e- heat @&ree- 1135 taxd Mgiltéag] ?trgﬁpé@ e Gid2tE%ed into a film

accor di ngs [ g-hRe b3 ARAYEIEANNIANSMH RO GRIHE G HA5R8: 91k ¢ B8lyethylene
di nensi onal “changes the rolling ratio was cal cul ated as 4, the ratio
of el ongéts$ osvfheadiedchtadpvat) e dvasoldampgles e BEh PRg AP LEBES SPHRSS WD

20. The sugiace Lamper gLUiG.Al didol B S 18504 30G: AoaHERC RS ¢

experiments were carried out i ch one, two, or three 2
st r et hi minsteps Ter eresultiat sheet avasli @ feremt thipper@tUrae berp and

stretchi rati os. .The stretchin pged 3 agy o] L LPBoarea
t enper at E&‘g“a"ﬁl St re Scﬁilserrllgsj”ﬁtgt iwgg’ §6§$dg\g§ﬁob?ﬂ£€%§lg#hgagu%ger % _e
stretching s1Erss tdiel t @iperatyr erolléefie std etsthiatghstdepdnsnd ahefilm

o3l PUSLSTUR 13 0t o3 el vigg, SOl Sbay® 5u0! e
Par amet eqiretths %G T eibigenf dhe follind hustobteinedabrel giadkras .5,
TabLe, 2 M0 2000001045/ Gl 2009 008285 NCONSL LAl NS TEL BB
[3.9171 $6809ss |wgh ¥en ©hd74ut£&Be temperature of the roller-set was
125°C. A number of experiments were carried out in which one,

two, or three stretching steps were carried out, at different
temperatures and stretching ratios. The stretching speed was

20 adjusted so that the temperature and stretching ratiosl could

be obtained. The number of stretching steps, the temperature

of the stretching steps and the total stretching ratio, which
includes the rolling step, are given in takle 1. The

mechanical properties, Uniplanar Orientation Parameter and DSC

25 results of the films thus obtained are given in Table 1.

As can be seen from Table 1, the process according to the

invention allows the manufacture of films with a high strength

in combination with a high tensile energy to break. These
30 films also show a high tensile modulus.

There is a poéitive correlatic;ﬁ between the DSC crystallinity

and the physical properties of the f£ilm, in that films with a

higher crystallinity often have a higher strength and TEB.

17



Ten 10°09 | Iwogi. | 6091 1191 le'en lvist. [6091, | lcost. 1.91 Ilwen

p.0 -p-u lanar Orientation Paraneter cl7 170 4' 49' 1
30 . 307 %9&3@%3 904 86'0 631 88'0 17C 4 199' 1' | PBT’EIZE"@‘%“’S%”

9911 881Irhd6liiniglanait bﬁrlébtaﬁ‘ioﬂmpamezﬂeddr’?[ ikotd DsGsomest &bki nihey
09 alignment of the polymers in the film, and therewith related
to the total stretching ratio. With the present invention, a
uniplanar orientation parameter of above 3 can already be
5 obtained at stretching ratio’s of the order of 80. As will be
illustrated in the comparative Example below, where a
conventional polymer is used as starting material, a uniplanar
orientation parameter of of the order of 3 can only Dbe
obtained at very high stretching ratios, and there it will not °
10 be accompanied by the high strength and high TEB values that

are part of the present invention.

18



03

3L 38

RoREreyufis

%6 %06

%6 Y69 %69
.p.0 Crap ogz 93

%89

.p.0

%4.8

%8

%9

4L OLZ Z29Z EL 4 993 993 417 O

5

99L AU VoZL %

A9 3ggts

%06
%L
of 7Z 04z
9173 993 2777

%09
% 7L

pru i ‘pu pu L gLl 90¢ | 98 PEl 2 0z3
pu €8 pru p'u 0'Sy 801 e [ 2 gl F4 6L3
pu 3 pu pu 'S lgl gere | el vzl Z gL3
pu 9’8 pu pu 9vp ovl vP'e yLL vzl Z JAE]
‘pu g'g pu pu 1t zZ<l FEAS gLl ¥zl F4 9t3
Py 18 pu PU ZEY 6EL 8e’c 9l ¥ZL z 613
pru : ¥'oL pu U Loy A ze¢e 6Ll vl F4 ¥13
£51 o8 %Z 68 z9¢ O'vS ¥Zi GL'E 051 (zeL) £ €13
zel
yal 6'G %0°'L6 692 9’67 i) 26C a5l {zel) £ Z13
el
GGl 25 %9°06 99z | .69V ¥l BLE Z51 (zg)) £ ]
Zel
Z61 ) %GLB 892 B'Eh gEl 96'2 Zel {zey) S gt3
Zel
YT 8'S %06 €12 ¥'cg Gel l0'E asL (ze) £ 63
Zel
€51 A4 %G L6 892 sy 8zl GI'Z #ol {zel) € PE]
Zel
$G1 't %.'G6 182 608 azlL 69Z oel {zeL) € 23
Zet
161 9zl %688 192 gLs gl rAs 61 FA FA 93
€51 A %0'Z6 042 ey 61 a0'e 991 zel F4 63
¥S1 1'G %4768 152 Sh Zrl ¥6°C 6El 23 FA ¥3
¥S1 SP %2 ZH 0.2 /¢ aLL e a0l Zel Z €3
151 0¢ %8G8 z52 '0v Z6 ov'e 6. kg z 24
€61 L'e %Z'88 652 A ¥6 ve'e 6. zel f4 13
(2.} Do CAIRG) By (edo} (ed9) olley (D) sdajs| ajdweg
ainmeladwal | Jsjaweled | Anuleisiio | uoisng gail|snnpow | wbuang| Buysens| Bumerp | Buyoians | peysiang
Bungjow | uoneusLo 2sda j0 apsusl| e|isue, ol (payy)
pauleijsuoouny | reweidiun leaH puodas
1edwaj
" I9TqRL

19



993 03 393
191 .9 36 ' 4 4 873 603

%”Bgégmggf? 6 43 961 E 64 961 961 61 C
2 co 3'EL 4L TOL 309 VEL E179 ETO 896 61717 8701

3'64 4'64

p.0 .p.0 IM/L mTS LLI -

a691. 1:9 1.

L" 41. 0'0Z 73

9 e

|| 5| 5| 5| u| 5| | | <] <l o] o] o| <] 5| |<|g| w| d| <
clelelcleleglcelels)lelsjiclelclele|lc|el e [ = c c
mggsomwm"m‘:wmmgwhmwmm | o @
o T 2=zl || o|Viml bl 6| VoD ~o|o|~] v v ©
| 5| a| ol 5| gl | <] <] 5| <| ||| 5| < <le| | = © =
clolelelclelele|lcleleleslclele|lele]l S = o =  aed
< 5| 5| d| vl ©ld| 5| d| 8| 8| 8| 5| 5| d| 8| d|d|8] = T ©
clociclelclcjolcloc|lelclejclo|lc|lEe|lCle| e c = c
v|—|{olo|o|nle|c|a|oln|o|a|w|aa|als|n v © w
o|lolo|~lalkld|=|o| | o ajv|al o] il <[ o] =] & @
5| B || F| S| 0| || B |6 | ®|v|vlelvB] bl <+ B
~loloio|lclalal@lelnxlolela|olalolaiz] & @ 2
ol ol B MYl =| |5 S| F | v nSjaie| o ¥ ©
Dl R ad B ad Bl B Ll Rl ||| T b — -
o| ] ||| o] =| 2 o] +| ||~ 0| o|o|e|lv] ®f e w
N S N R R R R B R E S b L b = < =
03| 3] o3| | 3| i | i o | | 3| o3| 3| N[ 3| 3| B e ed] ] ] o
| eyl | o | o|evjoj ooy =] o o @
I~ S QS Y 2l e8| bio| x| | sl o|xl & o «
=== N bt v e N ] - - (2]
| ¢l <| || ol o|olwv|o|olololo|o|olo|lole] oo oo P
21K ] Bl K I Kl st 1 G Kl Bl Kol e B Bl Bt Ko d o i Baed ot Mo MMM
o il il e | edf v v el i v eal v e e e en e | | | @
oo g|wlol~olo| o] x|l slw|el~lolal o < o
N N R R S R R R B B R I B e o - A s A
Lo o | o | oo | oo | e o oo f ot oy o @t W W W uf Wy wf ok oW o wpoow

20

d

not determine

n.d.

n

674 414

piPsy o)



396 9717 11701 1301. 3'99 '96 0' 48 VOL 396 r96 099 9*.16 LL
4' 904 874 ' 01.21. Tensile Strength (G Pa) 17 |. LE 017
97" 17.39 ‘%Pizgﬂﬂ%g’éﬂg' 4 981. L6'0 1761 1791 460 98PCT’5%2°‘18.£}°°%1§°1.
1.91 99' |. 911 ni. 08 |. 6t 179 1 91'|. ZE ZL' 3E 4 99* 4

Total Stretchi ng_
Comparative example 1

20 gram powder of a conventional Ziegler-Natta ultrahigh

5 molecular weight polyethylene (Ticona GUR series UHMWPE)
having a Mw of about 2 600 000, an Mn of about 360 000, an
Mw/Mn ratio of 7.22, a bulk density of 0.25 g/cm®, and an
elastic shear modulus determined directly after melting at
1602C of 1.65 MPa was used as starting material. The starting

10 polymer was compacted at an average pressure of 160 bar at a
maximum temperature of 134°C maintained for 6 minutes. The
resulted sheet was 1.15 mm thick, 610 mm long and 30mm wide.

Tts density was 0.95 g/cm’. The sheet was pre-heated to 135°C
 and directly rolled and stretched into a film according to the

15 above-mentioned procedure. Based on the dimensional changes
the rolling ratio was calculated as 4, the ratio of elqngation

of the integrated rolling/stretching process was around 20.

The surface temperature of the roller-set was 138°C. A number

of experiments were carried out in which one, two, or three

20 stretching steps were carried out, at different temperatures
and stretching ratios. The stretching speed was adjusted so
that the temperature and stretching ratios could be obtained.

The number of stretching steps, the temperature of the
stretching steps and the total stretching ratio, which

25 includes the rxolling step, are given in table 2. The
mechanical properties, Uniplanar Orientation Parameter and DSC

results of the films thus obtained are given in Table 2
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1791. 991. 991. 991 994 v9l1l. 1794 1791. 1791 (0 a C. a E - w

a.)29 H O‘g&f%é%%of’?l?gl 99 4 1791- 991. 91. 91 glgﬁc_’lﬂ%?"slf‘}é@%iml

1791 1791, 91 991. 991 991. 1791 1791l 17
1791. vak[ cAd9%Be Skt chidig TEps 2, Zhaldise of a polymer with a Mw/Mn

ratio of more than 6 and an elastic shear modulus determined
directly after melting at 160¢C of at more than 0.9 MPa
results in a material with a tensile strength and TEB which
5 are well outside the range of the present invention. It is
noted that in these Examples the films were stretched as far
as they would go. It was not possible to obtain higher

stretching ratios.
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CLAIMS

1. UHMWPE film having & tensile strength of at
least 2.0 GPa, a tensile energy to break of at least 30 J/g,

5 an Mw of at least 500 000 gram/mole, and a Mw/Mn ratio of at
most 6.

2. The UHMWPE film of claim 1 which has a tensile
strength of at least 2.5 GPa, in particular at least 3.0 GPa,

10 more in particular at least 3.5 GPa, or even at least 4.0 GPa.

3. The UHMWPE film of claim 1 or 2 which has a
tensile energy to break of at least 35 J/g, in particular at
least 40 J/g GPa, more in particular at least 50 J/g GPa.

15

4, The UHMWPE film of any one of the preceding

claims which has a Mw/Mn ratio of at most 4, morxe in

particular at most 3, even more in particular at most 2.

20 5. The UHMWPE film of any one of the preceding
claims which has a uniplanar orientation parameter of at least
3, in particular at least 4, more in particular at least

5,even more in particular at least 7, still more in particular
at least 10, oxr at least 15.
25

6. The UHMWPE film of any one of the preceding claims

which has an organic solvent content of less than 100 ppm.

7. & process for manufacturing the UHMWPE £ilm
30 according to any one of the preceding claims which comprises
subjecting a starting UEMWPE with a. weight average molecular
weight of at least 500 000 gram/mole, an elastic shear modulus
determined directly after melting at 160°C of at most 0.9 MPa,

and a Mw/Mn ratio of at most 6 to & compacting step and a

24



WD 2009/ 007045PCT/ EP2008/ 005385 As can be seen from Table 2, the use

of a poly i a MV Wn ratio of nore than 6 and an gl i ¢ shear
nodul us de@é?ﬁﬁ#‘@ Rirect! y after nelting at 160="'C ofﬁéﬁg%?’}é‘%f}ﬁgn
0.9 MPa regekbBihd acomtendet Buth aohehsidmes sthangith mmdpdib: whicind
are well outside the range of the Erese,nt invention. It is not_g.id oha._:gL

t

in t hese ‘BRaMEPESSERRI T Pt Nfe B9 t ofSd WEREEATHE St Ay TROTE P
It was nekipasshéve 11 ohhaiimdhipghae stretching ratios. CLAIMS
1. UHWWPE filmhaving a tensile strength of at | east 2.0 GPa, a
tensile energy to break of at least 30 J/g, 5 an Mv of at |east 500
000 gganfrml e, argl a %Igh fﬁé@s@f A PP$in67 wherein the 2stdP€ing
UHMAPE filmof claim1l which has a tensile strength of at least 2.5
GPa, in paEMAIPBuhas an ledasti8. GheRy, mbuApfederepairneduiibreqtly ealter
3.5 GPa, n_at t 4. -3, -WW\PE i f
claim1l ggaﬁﬁi %ﬁ }1%@@% cfén%‘ I%e)&etneor'g&gy l\%Pc‘?'brlgla g%?lat eaﬁéltJé ljggégl %',7
in partiowkar at |least 40 J/g GPar nore in particular at least 50 J/g
GPa. 15 4. The UHWAPE fil m of any one of the, preceding
clainms which has a MV Mh ratio of at nost 4, nore in particular at
nostiB, even noresin patie cyhraceat nost 2la2@5. TheotHVB\PEvhetelinf Ging
one of the precedi ng cl ai,ms whi ch has ay igl nar e%%itg%atoifona least
par amet eCOBPAGE FRaSFB, 1 FHAIXUI T aft | BastREFRGPE ST ¥ patt i CUT ar
at | east 15ceRnontd Niaddtadliakdamdledaty poiati Idf mixe polymer, in
particul ar at |east 101 or agnle' ast 15. 25 . g The LJ(lr,—M/\PEC.i
filmof RAYCOARIRF 2helpretedfg BPESMERWRPERI AR AN br 93RTE 20t veft
content @hel @83-dRMIn00HM is carried dut Aapragessmbperature of at
manuf act ur i n'g the UHMAPE fil m 30 according to anéoﬁne of t

i VRg

e
pr ectdi ngeephi AEC whe LA cepriebsing HAIAs if 7% YUK RFPReSS
wei ght avenage: §B ecih apael ShiaPf st 1688813500 Q0L giANbABL EcuBdr at
el astic shear nodulus deternmined directly after nelting at 160C of at
nost 0.91kPat affd-a MV Mh ratio of at nost 6 to a conpacting step and
a WD 2009/ 007045PCT/ EP20081005385 stretching step under such
conditions that at no point during the processing of the polyner its
tenperature is rdiked ffhcapryarassapbvenytenergdf iHGiss A2 yBerpen the
process aj [ £ :LH : el agt i neafar
ToduTie GeFet ot REaE i Tat o OF B i R Tea3t 3705, MpeRrgrEets
MPa, in parieastati®t wmost i PayRaculeg. FhelgrdiedsdP.of claim7 or 8
wherein the conpacting step is carried out at a tenperature of at
| east 12C bel ow t he unconstrai ned nelting point of the polyner, in
particul ar at |edst. 320senmre a nUEWRE cflm atr Fbasroggerta@ddprpducts
stretching step is. carried out .at i r at : I . :
bel ow thggﬁﬁ??f‘)né)sfpo?% ot hgfpo i;anlenr%rﬁﬁdgr L%fogfggg%% ditl onsl,]ﬂ(iinnu1
part2sul aalaisteasta@QG camiromsi,n papeecul aabhbts | easdtsb2CLabrics, and
10. The Erocess. of an .on%.of clainms 7-9 wherein the 20 total
stret chi RGOFEEF b/ QA SR OS5t | east 120, in particul ar at | east
140, nore in particular at |east 160. 11. Use of a UHMAPE
filmor the converted products thereqf of any one of_ clainms 1-6 as
starting materialtdn Z%E’EgFFF%Fi 118 PE&FVOE?PEFOpe%a?ﬂceé:‘bI e%?‘?ng?g?’
fabrics, fandi §g ot e6ld Vo apRIdtGald OBBpliances manufakbturBa | ustihg the
attributes, ropes, cables, and nets, fabrics, and protective
appl 3 &nc FEVHRR uf Rt (fFesprsiingg ton 8130 OBRMPES 12318 dedor di ng to any one

of clains 1-6.
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