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A regi osel ective copper catalyzed synthesis of
benzi m dazol es and azabenzi m dazol es Field of the
woRnweri46n The present invention relates to aPPT@EPRES/005385

for the regioselective synthesis of conpounds of the
f or nulP® llystihydldreh ROnmReitR2hipd; tRasiRs sArengih and high

d have the neani ngs i ndicated bel ow and
tens&ﬁ@ L?g)eeﬁoﬂy gEs J%f%? fredi ates for the preparation of
val uabl e pharmaceutically active ingredients.

Background of the Invention The present invention
rel at &he e ecin¥eppépcRralried, Yeq ddel¥ethytene film

. Ppr ss . fLar the [ ofy, ;3 e f b k,
el BRI ERG e Beeamel o006 G SR YPLLEL ey o brea
and btﬁtnza'a mndahekiefcnf mmbﬁamztmﬂragolseshoé tfhe nf oﬁmm aal specific

arting from 2-hal o-nityoarenes and L/-su t|t
ultraﬂﬂ 8dgh BBAZPRIGEF0I BE1ENEY %WY%%&)H%‘PFE ? l(fr uaocument

ultrd SORVET Y Rk &@NaFer k@i ghy bSol ggendednas pmu | egedner be
structures in pharmaceutical research (D. A Horton,

indiGatkd Bourth8/WRE . L. Snyt he, Chem Rev. 2003, 103,
893-930). The ability of this benzim dazole scaffold
to nediate an interaction with a variety of biol ogical

t ar getvat Ho e lrbrdosamens €tubyng hé i tsittnedey t0f high-modulus
reports on the observed biological activity, as well
UHMWRE: Bk ke FeRetkppwp sevePal 2bknzi ni dazol e- or

azabenz ¢ S?a%é)l@&paéggcf U?&*ﬁ}{/rﬁéf"léé‘tg@x\{eb@pﬂﬁHWPQr over a

mar ket'ed ds dr'ugs and ype of heterocycle a
spedinfoiar t aataéb/enrent fébloaedalhmbtemphasﬂaoeutmccalldlwg, rolling

active ingredi ent Wene M Ent.zer ot " J. C.
andA % g3 QStaﬁ&ﬁnér %[Z‘L@jne example 1, a

mategiCLrH'ﬂ dlS Hob‘&@*ﬂﬂ@@nawﬂ%h “@trﬁ@&llds 5@”}1%@0@’1:&1- %WSOQ strength
V. dadigau, N. H Hauel, Cardiovascular Drug Rev.

of 200@:Pal8, 127-156; N H. Hauel, H. Nar H. Priepke, U.
Ri es, S m 02
P'%GG Ejg[@é 55'5 \évc?q.%%’s l'gﬁze ng coﬁigre551on

1757- course t use of benZ| m ol es or
moldizapenz ieloziol eg o5 UHMWPEmted to the abovenent i oned

pharmaceuti cal application. For exa [ .
known Ehat Benr2Pmi’ddzol € BFE H%benzPri dé}%#ye%g\%%#%% film
mantSRIUWrdd 3G i euktiah équgl | &St 1 O | idee BOrp@X@dPéLin in a

as herbicidés, fungicides, nematicidals,
flrsparaslmrctdeénplilnyedt boi del iggar itdidesemapl of the solvent

an ci?&%@%%f dlCIdgéfggng EE?QHQStAC 89?9&§an¥588'd the thus
obtained film is that it always contains a certain amount of
residual solvent, which may detrimentally affect the
properties of the film. In géneral the amount of solvent
present in solution of gel-cast films is at least 100 ppm.
Further, the recovery of solvent is highly uneconomic.

EP 292 074 describes a UHMWPE film having a molecular
weight of 4,000,000 g/mol, a Mw/Mn ratio of 4, a tensile
strength of 2.3 GPa, and a tensile modulus of 92 GPa. Assuming
a density of 0.97 g/ml, a tensile energy to break of 29.6 J/g

can be calculated.
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In several cases, the benzim dazol e or
azabenzi m dazoles is unsymmetrical and sel ectively
WOo0bgra4at ed at one of the nitrogen atons of PR&/EP2008/005385

imd t contrast to at tanc :

of tﬁég %é\?fgl% nG < é:r{erba% reg| Igégf%gg%?veh?gg?é 3 “tensile
streh§tBURHOWUt 2d0 bepa, N damoliasuer s&xabenzdniatazol &ndhas creep

been described yet. The few nethods available sa far
belowr 8 ‘¥l t i S§Cep- p?béésslé%f%ﬁféﬁeréaﬁftﬁllﬁé Hap sfntormation on
the f2fh! 20 E8NAE! LARS cARG ARty i cted | n the

subs ra € range, havé poor cost-effectiveness and are

t hus v I3 maedase deRcxiNbeRr eat arethoed THe®rChehestegntinuous

of Heterocyclic Co A .
prep%?§§8§ré@¥ aEp ng%})l, g$5le r:.l.l’!‘%lg gg %%en% and high
modu YREK, wH P&l chmpﬂﬂs&?autl,ﬂ@Us $5Ha%lfe mEXJ.‘h@n MpOS, parts by

Synt hesi s 2003, 1683-1692. D. D. Fokas, J. Li,
welght ‘aﬁ @ Mlthlm:mh syﬂaﬁﬁeéag zweghmw@éyevhymene powder
dv. .Heter 0cYy, Ch 0Q5,,. .8
haVlﬁgdfafll &R&I Il)I?SlézalvdlSp(? oce esj?nmjevgr8 ggé gglnp]d}%ndllq’) at 135%¢
withf ormel »dd off t he 1pepa adigem of bennpoﬁnda_ha!vamgora boiling

: azabenzi m dazol es. Furthernore,, it E surg{ i Si g% t hat .
pOlnéoéﬁ@hQrat’é]lli'llze&hreedﬁ‘?]r%%ghé\?é%r‘a yPRS tﬁ@/ gy feeding

srqu:'d.(h}g el LV gon%étggééﬂm af il - sybstidgitieds, and

ben2| m | e scaffol d f so, the nentioned _
subjehmihgonm@smz\mtelmot tel icometessignt mougiling and drawing.

per catal zed protocols for the Cross- p
Thlsbé‘pﬁﬁ-%ﬁnéﬁeyl ?1%??585 &% H %rgaﬁ}ﬁ% Slent r%pgr?ﬁa ratio of
the ¥€h¥1fproauarp! es errpl oyi ng 2-hal o-nitroarenes exist.

Wei Deng, Ye-Feng g Yan Zou, Lei Liu, Q ng-X ang
Guo déScr ibh®1n 4t39r eedegarpbes t e cEH@F?ﬁﬁ offor ~ producing

do- 2- ze yA e,
pOlyE} e%ﬁglny glt:%% gggge %%gl\ﬂgl%r gﬁq dﬁg%eéjz So%%ps( Te?fah%ﬁ?%%rlng a
moldkat tartd@d 45, Uiy 1p<2:B§tSleﬁmd Arsttnsettdl'mm sth¥ sothuale by

Huang, Stephen L. Buchwal d, crib one ex
moret HhapupPi ﬁ@lgf' 1CPRERE E 50 ttﬁ@oeﬁfgﬁgq\ﬁ th t‘?@@‘pﬁ?%greCthg
the (a]rtﬂ'ied‘@'ﬂ1§09ef%9%celzéonz42ﬁs74r2§) AHoneVefion on the

there is not the slightest hint in said references
Mw/Mhhaatiheopr thect ivfls sinpddcesses coul d be used for

the regi osel ective synthesis of benzi m dazol es or

azabenzi m dazol es. Further no general applicability

for the coaperbreehal yaaddcr ekatcoupkirrg 08 still room for

2-hal o-nitroarenes, and_L/-s bstltuéed am des we

impT GHERARFhE™ (GRS dd 9 4G OSchAEhT FENEILEs S HrFnOth UHIWPE £ilms.

Morelh nsh‘)% istited benzd Al dazal e$nlr R&ARSHI TB £ezeh £S5 including
of prevents the optim zation of a potential drug

balls$sbstarepldcatusstanceopesh faableanpirdageitsul thiparics, and
protgggtlg?efateégg&gﬁggégn%cC(‘)ﬂ earneI edPIJ?y Pofms with high tensile
energy to break, a high tensile strength, and other desirable
properties will find application. The present invention

provides such a UHMWPE film.

The UHMWPE film according to the present invention has

a tensile strength of at least 2.0 GPa, a tensile energy to
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Thus the present invention is useful in preparing
i nternmedi ates or end products of biol ogical active
WOocomwords i n phar rraceuti cal and agri cul t ural PCT/EP2008/005385

appl i cations. Sunmar the invention Th resent
breaﬂ‘n@énﬁ%ﬁeﬁ%l%sgégdl rRclvWcBppat dagsty %@3) 000" gram/mole,
and geglwﬁgl %%E'l\éeo%y@@%dé% route to a w de vari ety of

unsymetrical, multifunctional L/-substituted
benzi m dazol es or azabenzi m dazol es of fornula I

starting . from 2-hal o-nitroarenes of f l.a II
subst FFut® ahf 88s %‘?uri“.ﬁ)r 3%? Itfl?? ‘Fﬁggrg éc? Jraterial
witht Be M) ¥eNtHaN d SaMefhbstept 1@%0&@&%@10@09@% a Mw of at
catal yzed coupling nethod for substituted
leasz BAI00 08I0t rl@arceﬁwesmm@rté@nqse te pALewmsdicatidgiadf f£ilm to have
r mul anot t [ |
the ei‘slccrllg)netd pr o%%sét RS l&r%v?ﬁé%“?ékrl tIgl éi gﬁ eq%@ﬁrag to break
in dcﬁxd:ki&taﬂ/lenﬁnwmehytﬁuma’(ezondésieabl)a afrdpdrariredi akeswill be
of formula IV bé usi ng a reduci n%rrea ent. The
e

discypsedd e Wan BRSeitHetT Itk of'REHTHRE nemportIS wPrHogy 660, US

5, 10'6”*5@‘3t V\’eéﬁ?lo%éf%ca}d?rwhf e pbydensgeactdiion giext khe above
stép 1 (one pot reaction) or optionally after

crltsrrnqal e filtration of the crude product of step 1
through a pad of celite. The econom c advant age of
this process is evident in avoiding purification

st epsasWinell dRAUT CabbeepVehal lumaste fDad. atherding to the
. advant ag@s of the provided process are also that it
invepshpn séesa oveiengitect SkegRashl effi vétcatl@dft c,2-0  GPa,

detegbh Stf?eggéetdgﬁkgpgggﬁf EB%MSXﬂkﬁﬁﬁﬂf oﬁependlng on the

enzi mi ol es or aza benzi mi dazol es:
stre't'hhlnge rm:ucrmlsnrqatohidgs tenpere thae, | €artidss sorengths

this jnport caffql d cl t he proce i S_ver
may {ReypoP ggﬂn@ stleftbcti®pE" igr%ogg al’rrg Pﬁjégf"égi?ffo ¢ least
3.0 cepditigps-conpat i bhectihaa bhead 1earge of. f ungsd onatensile
groups and a large variety of startin terlals

streppitbl Qlfeaéaélelaystaécé‘ééﬁ ey ol e e YRY
avail gple. Paluehy! eng,id) mad L NGh (8NSidige SIGARGER  £i1m

and h|g tenS| e energy to break e present |nvent|on
accop€@ihgi nsot eha pbhyehbybaneid i bm vigdsthi g tefsi | &he tensile
strength and hi gh tens reak, an

I t
enerfi iGd TRt SECAHHG IO SEFFPRARRER ¥ 1ehediil D862-00

u51n§| tra h%QPaf’H' eclcdy Wekghorohyet hylene. ikn tRilTulated by
ocunmen
integrating the energy per unit mass under the stress-strain

curve.

The tensile energy to break may be approximated by the
following methods. These will give a fair approximation of the
tensile energy to break as it is to be determined in
accordance with ASTM D882-00 as discussed above.

An approximation of the tensile energy to break may be
obtained by integrating the total energy absorbed and dividing
it by the mass of the original gage region of the specimen. In

particular, since the stress-strain curve of UHMWPE samples
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ul tra high nol ecul ar wei ght pol yethylene wll further
be indicated as UHWWPE. Met hods for manufacturing
WOhE@j#ﬂON%engt h hi gh-nodul us UHMAPE fil ns are RODM#P2008/005385
....the art 75 6 c i.0
wi th gy pRas ovclaé éjvsep]gc?flgcggét% gtsp ?’ﬁgﬁ% il} Lfaight line,
the Q@ﬁ@ﬁ@%s@wéﬂﬁyﬂﬁbrwreahlbangb&n@aﬂduﬂdﬂ@dubyctm®rﬁ®hlow1ng
polymer film In exanple 1 , a naterial is obtained
formyleh a nodul us of 160 GPa and a strength of 2.8 GPa.
US 5, 106, 5g5 gggcrlbes a nmethod for conpression
nDIdlmEBL_srmeLeHung of UHMAPE. US 5,503, 791 descri bes
a ponethyPene fil m manufactured by extrudlng a

sol ution o ol olefln in f|r olvent

by codli nlf f:ﬁle | bF tﬁg sol ve £ 1&nd X ‘%{iﬁ ncIln GPa
accobihbetbl lA@rmem@ntag@ ok Hbastlys mbtgandmj fEABn is the

is that it always contains a certain anount of

elongasignalatsobrestk, WhkBReRaEFIdalS i AReRATTSEAR R ding to
p rthes i I

ASTMsbgsgnpbpresen?%ﬁk §%ﬁ%¥%gﬁgﬁ$fiéleﬁ #Eérgékaln /g
IeastAﬂeehppmaﬁﬁﬂdxmmatimm bécdﬂgrytemssbévenenqy to break

hi ghl y unecononlc EP 292 des es_a UHNMPE i
TEB. 5t e 2 CRORBEM o Ui SRRSO THIB D00 G AblL S i MRCTenIth
in aEéB!reaﬂEe wi 8 L8RS RS ANG! FoffuRa B GPa and a

tensile nodulus of 92 GPa. Assuming a density of 0.97

g/m, a tenS|Ier%nerg ép break of 29.6 J/g can be

cal cu &Bet; ;H‘#ﬁﬁ d& scribes a material having a

tensile streng ve 2.0 GPa, a nodul us above 70

GPa. pafeddeheep del @ned* Krrets@tidy . ddtsos ef eidinge may be

contains no information on the MV Vh ratio of the
obtafihggd] @ﬁ@@gd@pg to the invention which have a tensile

energy to break of at least 35 J/g, in particular at least 40

J/g, more in particular at least 50 J/g.

The weight average molecular weight (Mw) of the
polymer in the UHMWPE film of the present invention is at
least 500 000 gram/mole in particular between 1.10°%° gram/mole
and 1.10%®° gram/mole. The molecular weight distribution and
molecular weigh averages (Mw, Mn, Mz) of the polymer are
determined in accordance with ASTM D 6474-99 at a temperature
of 160 °C wusing 1,2,4-trichlorobenzene (TCB) as solvent.
Appropriate chromatographic equipment (PL-GPC220 from Polymer
Laboratories) including a high temperature sample preparation
device (PL-SP260) may be used. The system is calibrated using
sixteen polystyrene standards (Mw/Mn <1.1l) in the molecular

weight range 5*10° to 8*10°% gram/mole.

The molecular weight distribution of the UHMWPE

present in the film according to the invention is relatively
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US 5, 106, 558 describes a method for the continuous
preparation of a polyethylene having high strength and
wohRbgonadul us whi ch conprises the steps of m ?Cmg:PMB/0053ss

naccB itk L e SLoBRalr Sl oy TERLYY AR, porecurr
we1gﬁt§0 A9 ) deGRAbER %&e&%@@%dﬂé&h]?aﬁowéﬂ@h&ﬁraalo of at
I'i quid organi c compound having a boiling point hlsﬁ:ger £ill

, sti

mostt Ifan More rwl toart borhar ot hpoMyélRyFakéo fsedithda
moresd%#g%IQ%ﬁﬂ¥ﬁtur cbelueen a palf ﬁgréohhepgmtﬁ%ﬁlgr at most

XtUre t o’ conpr essi on noulding an
5. drawing. This reference contains no information on the
Mv Mh ratio of the final product. US 6,017, 480
describes a process for producing polyolefin materials

conpr ﬁ epg gof epamgea apiged } of h
UHMWV ,|cI)‘o Wgaﬁlagst rgetcﬁlﬁﬁg t@he a?tl cle byaﬁéoée&%ﬁ%n o the

inved@ibal d,lscogteal(einaigyt hetar thedsts , &hd GRst r i ngned® is

article., This reference ¢ f ma]E h
detegiRRS: &t oaSFOFﬁé‘nFena"l’l%? 85@{% ﬁ%j%a@f bee% ?3@2 b %n the
stre%'&?ﬁnbh%ra%ﬂos stddl17 opy fBE bBPROMEdERE iat tlhendd el@0, more

of |gh-tenS|Ie strength UHMWAPE filns. More in

in particular, aterkeagte Awfer 683 -aphFi clst i BRSSHHG uiPngobtain
moduld LIeSLILC 12RR Gald 0%y [@PeR, fallEs s @nsbaiet s.

protective applications ere PE filns
wi th hi gh tenS|Ie energy to break, a high tensile

strength, and other desirable properties wl
appl i &8t PBR. STRe F"@é’é?ntoqarﬁ;@]tﬁliﬁ% tov]lri:iveesntslu%rh Cthe £ilm

accoyﬁw%ﬁEtU - I%%éﬂﬂ%@ﬁzfé'éﬂéﬁé&&é&i&bécbihﬁ Ppesehic

tion has a tensile strength of at |east 2.0 GPa,
value fersithe emdpgnriabresakemiaaton geestaBOtdr oP . afhklwofipl anar

at | east 500 000 gram nole, and a Mv Mh ratio of at
oriemustti®n parameter ® is defined as the ratio between the

200 and the 110 peak areas in the X-ray diffraction (XRD)
pattern of the film sample as determined in reflection
geometry;

Wide angle X-ray scattering (WAXS) is a technique that
provides information on the crystalline structure of matter.
The technique specifically refers to the analysis of Bragg
peaks scattered at wide angles. Bragg peaks result from long-
range structural order. A WAXS measurement produces a
diffraction pattern, i.e. intensity as function of the
diffraction angle 26 (this is-the angle between the diffracted
beam and the primary beam).

The uniplanar orientation parameter gives information
about the extent of orientation of the 200 and 110 crystal
planes with respect to the film surface. For a film sample
with a high uniplanar orientation the 200 crystal planes are
highly oriented parallel to the film surface. It has been
found that the high tensile strength and high tensile energy
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It has been found that the selection of a materi al
with a MVWMh ratio of at nbst 6 in conbination with a
WO]I¢\2hD9¢I|f07(HS | east 500 000 is of inmportance to alPCHEPRIVS/005385
in filmta.have the descri bed high tensile strength
£o bERARNPGN “BRerdi R QIS o Nt Th FUT (ererally
accofigahhabl 8yPLORELH 8%hifard lobiterkt Scussedribel ea¢idhBetween
material s"described in US 5,756,660, US 5,106,555, and
the 80528031191 p¢aknatramsetfay |a gfredianeboviet e rrardemly As

. indi,cated, above, the UHWWPE il c Lng t :
ori e RGO RS LESFen 1T ST b QOB ToaslT, OF (gl ices
withdehas geed 0ion adeC risieeent 141 AS o 1882=2d 0pa Peprealli bg the

~_on the stretching ratio and stretching tenperature, )
£1lm sRSERECS BEERFCHEISHEIP BB S Gt T easing, 51 Al ioher

LN patticular quﬁg ; i toedl gh Athigh
Valuleeggt %%1?55&@24.1%%}&}13& e %%%ﬁlsggéﬁdat&llggést 4élGPa maylg e
valuel 8@ haeohhdipiatharThe tenstdiorensapnetoehr eak of the

UHWAPE filmaccording to the invention is at |east 30
J/g. The tensile energy to break is determned in

accor g4gRceaMikh sASTMHB 821N s M b Sidd 1ot b &r&heter may
50% mn. It is calculated by integrating the energy
be dpserminedmussngndey ¥teawtdiesEracanatetr v, Brpker -AXS D8

. --Lensile ener .t | r Oxq t :
e ch T hB R0 L DAL SR S0 | £9) 9oVl By optiscs
(Géb@ﬂpfg@tgt’ﬁ&t)i o odfudiey t@nsid ersadieaigyon o(Br eakvasengths=

to he deternined in accordance w th ASTM D882-00 as
1.544BsBdsdéd SEBEP L San %%%ﬁ%éb‘fl%% (e gnti-scatter

slit:?gt%;?yénﬁlgrd@t%@‘cd}ﬂkﬂec ot @i sk By b Pt SSF @1 HHIL0RE, 35ma.
gy absorbed and dividing it by the mass of

The thémospgicnalengdge maeyited ofn thesapeke neplden, e.g. with
some double-sided mounting tape. The preferred dimensions of
the film sample are 15 mm x 15 mm (1 x w). Care should be
taken that the sample is kept perfectly flat and aligned to
the sample holder. The sample holder with the film specimen is
subsequently placed into the D8 diffractometer in reflection
geometry (with the normal of the film perpendicular to the
goniometer and perpendicular to the sample holder). The scan
range for the diffraction péttern is from 5° to 40° (206) with
a step size of 0.02° (26) and a counting time of 2 seconds per
step. During the measurement the sample holder spins with 15
revolutions per minute around the normal of the film, so that
no further sample alignment is necessary. Subsequently the
intensity is measured as function of the diffraction angle 26.
The peak area of the 200 and 110 reflections is determined
using standard profile fitting software, e.g. Topas from
Bruker-AXS. As the 200 and 110 reflections are single peaks,

the fitting process is straightforward and it is within the

scope of the skilled person to select and carry out an
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particular, since the stress-strain curve of UHWAPE
sanpleswith a tenacity over 2.0 GPa is approximately a
wogbeaiogias | ine, the tensile energy to break caaTE®2008/005385

cal cul at ed t he_f ol l.ow l.a P j ' i
aoprpgr b, BhsPYabopransnter el Widiahs riRdyer ™
parai8Ber00s HBeihsddamsithy iratgoc BRtwetd ithd PH0 and 110 peak

el ongation at break, expressed as a percentage
areagecBhdpnparaMASEN DESR- U angAdatENS Segmeiite Ry |de

._energy [.,n J/ g. Anot her approxi mation of the
unlp?%ﬁ%?l8£gﬁ§%§§§9%'break TEB can be derived from

tensile nodulus and tensile strength in accordance

wth the follow ng fornula; TEB = *103_ 2*Mpdul *
DepedahﬁghbﬂhtH@lg%?E?EhPEQePﬁ?F69nfP %bg% dlso

rela@Q&aLPeghQCQQVﬁhngaEQORh%ni%%%ﬁtb@lyMEﬂEWﬁBﬁHEéiMw/Mn
tensile energy to break of at least 35 J/g, in
ratipawitbihathet rhegst specl/fgedndre the paasell dmugntion can

| east 5Q J/g. The wei ght avera | ecul '
be CBPV?ﬁgéaoFVﬁgrEﬁﬁmﬁh&gﬁhNﬁP%&?%1ﬁﬂ%ﬁagﬁgﬁ%?gggﬂpghéhmw
unipl AMEPt beRehs a@t ohedsirand 200 Agy dmdinlar dd fiarnte culrarone

between 1.10 6 _gram nole and 1.108 gram npl e.. The
embo@phnest) atheefdhin ACSOEHBMG &P &G o an Bagy

.. ges.: I r et i in
un B N B e S e ety oo 260
pref@€rudi igrlrRisdvhiiuehltor deerdeleaSTCH), awd|erparticular
ropriate chromat ographi ¢ equi pnent (PL-,GPC22 f
at légg{}ngr Eéb@FaﬁSP?@s) i %‘qujrﬁrngag‘ﬁsgh(Stuecrrkbearsat\ﬁa?leuégn&f at
1eas8aiP! 8rPESRAr aki 9RaE@ViI1GE nlahfl a3R26He ML dithaBedrhdhe

systemis calibrated using sixteen polystyrene :
theoseahdal dsaghuanhvailug) fior thd snplegcmairer may be as high as

infinite if the peak area 110 equals zero. High values for the
uniplanar orientation 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

. 0
least 500 000 gram/mole, an elastic shear modulus G ,

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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wei ght range 5*10 3 to 8*10 6 gram nole. The nol ecul ar
wei ght distribution of the UHMWAPE present in the film
wozeedisg to the invention is relativelynarr ®WI/EPR00S/005385

is expressed by the Mv (weight average nol ecul ar

wei ght) over M (nunber average nol ecul ar weight)

rati op@f &Rl 6e1uMPA8LEBnPAd Cptaf et hReAMeddiments as

ratio 1s at nost 4 , still nore in particular at nost
rega8ds evba npoternlpartiwedbht agndosthe  MTAMnnpEaFLe opf the

he U il maccording.to the inventj [
Stargéﬁgr g}\%&a%’ I gge%edm@a.lsTh%aﬁ%du Ous%%lgeder{caesr mPeey stated
abovkn £3eCehdame e mvaldt AYEMPaZZ-tHe Depandidng. on t he

stretching ratio, noduli may be obtained of at |east

100, nore in particular at |east 120 GPa. It is
DOSSIR%GE)B%B%QE%H” R 1 9 alid.8asly MAnbR. hE M elastic
| east 15 a. I'n one enmbodi nent of the present

i nvention, ¢he filmaccording to the invention is

sheaghapgudes sell 89te 8RB CdrPARY FdCShd i Pty 160°C of
at Igéégm td O@E%araﬁt eba'ftiEﬁ?.a%niQhar}%s&)”@m atpR) more in

ar anet er is defined as the ratio between the 200
partdndlthe altlOmpeak GreasThe wwrdnay direeatyi ef(eRorelting”

attern Qf the films e as termn [ .ef l.ecti Q
meano ety AL ahbFe Kol ‘CRHLET | NG CWARGTfeth a2 Hbon as
the RAMGUddaheptad, des ipdoET@i1oN aithhe ASysdatdnde after

Structure of matter. The technique specifically refers

to th I i . g .
che S5 PR 5Bl e 208, Dok coSAL G e 007 picanty

increrdes. AIMXE . Beassr ementpy oduceswerndit f haotson The elastic
pattern, i.e. intensi t% as function of tg%odi ffraction
3 il

sheagnghed\pkyg t At §ers lhe? BRGT e M5dt#d8n Fhe 14V fr kg efin® Of the
charg%%@ragt.jmrghef@ét@é¥ Qﬁan{he 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 weight

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 G, =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 745%,
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The uni pl anar orientation paraneter gives information
about the extent of orientation of the 200 and 110

woengaal4spl anes with respect to the fil m surf &CE/EPE@S/005385

filmsanple wth i gh uniplan or j j t
MOTCerystidr Jr%‘hjgraﬁg Ellegarﬁ%/ %?%’éntﬁl& pl){éo‘ri%%jf&% pﬁe%%% £
may 'Bbé Mcdibhaeerikedhass begn dimtdriwtall hechhghingensalerim

strength and high tensile ener%yto break of the film
(DSCccdiodi refranP i deonnent$ VR Ar B

a hi ni pka ok Le I.00. 3} | Po baigpeen €100
know?od“%%ﬂﬂilgbpgga a?%ag{ &#Qg g%@@iéﬁ% g?tﬁ'randoﬁgylo ¢
minu@ei, emead catyslabkict o1 S5 ambundes., 4.tHdonweverledhat 10°C

crystallites with indjces 200 are preferen

. i all
minuel ofifed TRERHII% OF o the DG MGt Mibe BECBRECHE: 6 1fe 9
of hiAYEHIRN: (i St LhHIsL Nyaakigherngwalnid derder 200¢d 10x-a
peak area ratio and thefefore in a hi gher value of the
The umiysltaidrinditientsat measpaednetsdmg THee vagte fgom Hée hea

uni pl L, orientation anmet er e_det.erm
POt g Tt he 18P 1  PRactIRBLEY O BHORes - A o i F) FoF
crysthagt aeetesl €qeiraped twich fecusilrglatdd | layedeXarmining

optics (G bel mrror) producing Cu-Ka radi ation S:K'
areayavefengtihe Doyl ATjon s the t AEMBSTRESESEr | Agtermined

pelofPRll QNS %M RRths $aakkeE Hirahs i@ iddMAISA ) to
Sl g 4V,

and generator settin 35mA. The film

ilms

etry

geresld yractdnpanpedaiple of

per
per
raph
Xis) .
ting
the
the
just

the

tempgpacumen jisstoahbed aha saimt e whelrderfusien wst lPlxsgpmrved to

doubl e- si_ded unt i tape.. T ref erred di mensions
be gpmppeted-m aFpl &ag'%éﬂfgt‘?ﬁn Qflglﬁ'rm‘?}le?( V\??mpgf%fgle to
theosBeubd1bedakeny hat teheisanplie it keps pog)eddtedhied
and aligned to the sanple holder. The sanple hol der

the

for.

100%wi ¢hys el fihen SRieciafendi siakibs sQIaRUarPiaced | apprexemately

dif f toneter, i seflecti eongtry | e
1400?& mal pﬁél?hegélylsrrﬁa{plgrlprg# cuﬁgge% o the gg%%grrgts %E ana
percpartpeediiool(@; tR)the sanple holder) . The scan range

for the diffraction pattern i i
The film in a%cordancles €vrlg£n StIt'.lg 4i%\z(e2n90r‘1"" talgld

the

the

intermediate products of the manufacturing process according

to the invention preferably also have crystallinities

indicated above.

as

The UHMWPE used in the present invention may have a

bulk density which is significantly lower than the
density of conventional UWMWPEs. More in particular,

UHMWPE used in the process according to the invention may

bulk
the

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 po
into a measuring beaker of exact 100 ml. After scraping
the surplus of material, the weight of the content of

beaker is determined and the bulk density is calculated.

ured
away

the
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a step size of 0.02 (2Q and a counting time of 2
seconds per step. During the neasurenent the sanple
Wohmmlvms%m ns with 15 revol utions per m nute RCOIRABIAES3ISS

normal of the film sq that po further sanple .

al i gnfiBft YEHEEesYErY. StibsedlenttF<The rér)](fce%léﬁi%?gi gto the
inveB2SH' @& rASyd URCHIMbIY1 dbEf leadhl@meangt ea2Qopbllgmer of

pe_ak area of the 200 and 110 reflections is_determ ned
ethylishegwittindar do prohpherf whiichy isof avpElker eagphpopagfin or a

fromBruker-AXS. As.the 2 1 ctyo r
CYCléan?Eegb%ké?O‘i?hewfli Esratays Pt (RRdgg carbon
atom3NdEkhmpd W titdldde seepenef Uhdusknll, ed jpersmmd, 0 1-hexene,

sel ect and carry out anappropriate fittin ro%ed re. .
L-herhengni pl-asdensti ey &t PBR*BRPamst&r- i@%e&?%e& aéJlter’?ees with
up thabl0 Lgkueen fhe 200 and,118spedl Ar eag . THutadiene or 1-4

paranetér 1s a quantitative neasure of the uniplanar

hexadl st atTlon. afoartti ghfunipbanachyt éeal atdlahapalafier in  the

is alsqg related to the Mv Vh tio, in that.pol
ethyyppR a INMBMPIERFH withi nc?ﬂ‘%{%lﬁge Ié“%é%m ? i lex‘él)oi)nE r:

accoPBEREN L NelY | PHvEARIBA CORYELEELE1Y NG fakmnodt h18 mole%,
desirabl e value for the uniplanar orientation

prefpapbipt @t MeStndi ceaked abBese BT iRE o dR FreRPst He moled.
filmaccordi t | nvent | | pl apar ;

re i BEETron B oo P BB TS A g tpete generally

presBhef enr eg fagtourdtd sofahtueleashe Oa0lleastl .4,, inpreafmicular at

articular at least. 5, or . at |east . Hi I ,
leasgfh0ds Mpdiafes Dttt Perst RoPEF M 3t a{tg;ﬁ%ra%t‘g ‘ﬁg moles.

Obviékgﬁyk,’e bt ai-ned.sThei {,BROrAdwal roRxi PN “alte i material
this paraneter may be as high as infinite if the peak
alsoaepal¥lBoegbal £ izerlo pdHigtewafiles. for the uniplanar
orientation paraneter are often acconpani ed by high
val ues for the strength and the energy to break. The

UHMAPEL B kaae G elgdigell Jiet h€ok nvent iion tiey fasesent invention

may be manufactured by a polymerisation process wherein

process

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 Dbelow the
crystallisation temperature of the polymer, so that the
polymer crystallises immediately upon formation. In particular,
réaction 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 unique
morphology which differs substantially from the one obtained
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



10

15

20

25

30

manuf actured by a process which conprises subjecting a
starting UHWAPE with a wei ght average nol ecul ar wei ght
woahosa7d48ast 500 000 gram nol e, an el asti c sh@&QT/EP2008/005385

...modulus G N Q., determined difectly after nelting a
will{gEYaR30 dnihners o WParoBRHOLONK i TR S b B0 Uimm-PE
powdBRSt 16 tehd 6APBASHbRE HRP Bkl @ishr ebapeRgtsired is between

under such conditions that at no point during the

-50 pndc|€r§§i9ﬁ?g gfonehel papgreicniart bapepanurd 5 snchis¥fGo It is
a _v.al ue ove it [t knt,. [ i_al .
v S, L BTRL PRI oSt A 88 Wiane via

routdhsentangled hfWPERrddt s Gaiche seeictiom themperature is
conmbi nation of the weight average mpl ecul ar wei ght

: ) ht,
apPrEREiRREVD 1at MR EHED el WaElc WGP nbdlus. For catalyst,

pol QQth@én?%@&%%?ibﬁFaQQQipr R edeabedidnt $n8%uencing the

regards ecul ar weight and"the Mwv Wh ratio of
reacthenstarti ng UHMWAWPE, reference is made to what has

been stated abo f. the, .fil ' the . .
i nven?Poﬂgtﬁ\%ni \égfrlt,lo d %}#&T ok oe; AW%EM hggortant

thatanN:Béasid G sdenda e | usi €D deter gufed cdigheat y fakt eremoved
melting at 160 2C of at nost 0.9 MPa, in particul ar at _
fromnocty. 8thPa, Gror PrENSpAr teRtRgl I nedt Bhe. Pplgmer chains

.Wwor di tdiectl fler I t{ng" ns fhatst ; —si
durl\é\lgasts&%‘tg%galr%'mm}?lugs i%glgetiérgm r(1ie %as LIsgoiong a?t hselngle site
catap@kynerwhashnel ied, dnspartedul anombghnnusbysecbhdsugh the

after C0 . the polynmer has nelted. For this palyner t .
crysf@fyprasiry i n@?éé’s}@s f+Bm 3B t 0 PTF IS Cé]e?\r ore 1n

era
partheuisr, Theo®l@sti&tions less than 1.10-4 mol catalyst per

liter, in particular less than 1.10-5 mol catalyst per liter
reaction mediuﬁ may 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 to WO01/21668 and US20060142521.

The polymer is provided in particulate form, for
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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shear nodulus directly after nelting at 160 2C i s one
of the characterising features of the very
wodigenrengl ed UHMAPE used in the present inveRCITGR2008M05385

th | ast h | us _i
sanp}Egi a, 1T RS R, TS 1 RATS0er ARs KBNERpBNE, C¥cer  ana

trea@@EVVe@DtEQE@ﬂQl:e”EBt:S Me, s¥bt6hdén talr rémoververgelomerates/
proportional to the entangl enent density

entaggéemayﬁam% | S2BPABI & STePEMPRY | ﬁBrQUHBm?geﬁ%%%E beam and
i strib n ta e ca C te
cre {HILED, SLBP S TBRLRG OB Bl oge Lianc
diffﬂam:ﬁbﬁah_sf achesssate dorl ther hmntsm]lm deresity in
g/cnB, Ris the gas constant and T is the absolute
tenperature in K. Alow elastic shear nodul us thus

st and’?{lgorcdn&ﬁag:tﬁtr{ft Shéé Olfs p@bi‘ﬁ?édb@i&eettb integrate the
ent angl ement s, and or | ow degree of

polyeatrapgleieits mmmqt@dobnettﬁe Br8cesdNadder diqgr of a

nouns? AT PLEL S 0Y 8D % POE-GXgEl i b Shrovice

oriefiREPRBhodH Ofhéd h?ofl_[ylnl@i rmyi beashfsacteei ske fsineg product.

di fferential scanning cal ori net
The @woa q:t@p@ naggngarggggﬁ o%b@t Ly géDSrg)g f.or exar}PAlcular to

eachm?dnu 2 )1§ Sﬁgg@gcq%ﬁé@ml%o {0 \%ggﬁgtatthjeoo&@ﬁé of the

or 5 mnutes, then cool ed at
preséﬁﬁCmﬁzrenmmn etoThembesel t@&ﬁet@belm‘él@%can raysipwle step,

plotted as a_graph of heat fl.ow n}/\é Xi
or %‘@alcﬁ‘s"tryt eRBEr athT e (G S) 17 THE c%:/es3 Tl I| é%fsa %LCh step
perf%ﬁ%ﬂ@edoﬁ%ﬂ ngt hengdat a 1 Onﬁﬁéle étﬁ@tacﬂtgnp@rtam oétretchlng
the scan. An enthal py of fusion (|n J/gg for the

elemenyst al Fiome eedamptiéansiih orP}e ¥t pyot the process
accof B SrurdcraT s FEEPEF,%F%C%%? efi#?rﬁlr%s (e Steps of
ompﬁ&tﬁln@mtthé r a3 iyineen gendet heom)fdmn t Aemothersheet, rolling
the plate to form rolled mothersheet and subjecting the rolled
mothersheet to a stretching step to form a polymer film.

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/dm3.

In the process according to the invention the
compacting and rolling step 1is generally carried out at a
temperature of at least 1°C 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 5°C below the unconstrained melting point
of the polymer. Generally, the compacting step is carried out

at a temperature of at most 402C below the unconstrained

12
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tenperature just above the point where fusion is
observed to be conpleted. The calculated His then
wocomsred to the theoretical enthal py of fusi @0T(EH2@8005385
293 J/g) determned for 100% crystalline PE at a )i
meltiggpepPabir & foft e RVATHRE el §n 1R3TbECulATpaE Most Fidc velow
the C{¥8 %H Lh¥al R s eXARed AS the PYSepiage e
© (E% %@ . %%e ?I|ﬁ1Fn1a§§0?§§hce with the ﬁ%vgﬁﬁion and °
partibelant etmedsat @08Coduct s of the manufacturing process

accordin 0 the i ti f. bl I hav, .
CrystHl RS ePERCTIN cBPERTaR0T0. the CRRMPEISEFHGR  the
streEEﬁiﬁ?e§§ﬂﬁ)iﬂyeﬁbh%&dﬂﬁyf@ﬁf&ﬂe@ub&tdQﬂﬁiéyw@ﬁpéidﬁhre of

significantly lower than the bul k density of
at lepaeniicnabeLvwirEe Mslding papinsul @f , thee pPiMpEr under

used iLn the. process_accordi t i I OR. AAY:
prochE0 LOuTE LR Enc R P IaLEY LIE, UEBL P Ehtcton e
nelthabowddnt8 @f ciBe Stdlymedr enderpastocedar coalddwi®nkd still

g/cm3 . The bulk density is deternm ned as follows. A
moresaﬁppéréﬂcemmpetpo\mti%‘%o]a?iawi ED6 Toheddg iRpynt of the

polyﬁgékq{n&g exatic k0 EbndAfti®hsSCr ARl Nth@way itihed person is
surplus of material, the weight of the content of the

awarbeakehne i snaldtiorgri mevirand athe podhvimedensingy | depend upon the

I ted.Th E d i h [
consEEEHkel SaThe JAMEE Ul 141G, B OOGIR ACRRCHScIS: che

melt§AP0! YeRbcPdt &E8Y et Iy Gedds NwRIEIt WiiLhnay vary from
anot her al pha-olefin or_a cyclic olefin_both wth

casegémerady. betweam eanilyobearditdiird ERarffiGestemperature
incl.ude.pro 1- : 1- pe e, rhdexen h

o WIS OReDEpe PUERR LiRT IR CprbelBiancps snasoly.

Genedakbes wheh supdatechdthgasbem asogsrised sotpessidl temperature

e.g., butadiepe or 1-4 hexadiene. The anpu of_ (;non-
of 2 fifiaine] 04 pRELoVeriiE | HEChA E: ‘Ao RomOBS! it undex
proceQRO! ¥oRE:i UsEHsi N tHe PrPEeSSlar at most 20°C below the

melting point of the polymer under process conditions, more in

particular at most 15°C.

The unconstrained melting temperature of the starting
polymer is between 138 and 142°C 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 calorimetry) 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°C. 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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according to the invention preferably is at nost 10
nol e% preferably at nost 5 nole% nore preferably at
wOoreoex001045ol e% 1f a (non- ethyl ene) al pha- ol efPCh/EP2008/005385

used, it is generall resent in an a f t
very ) BeE kO v i Ba H el SeReTAREE 0obs s R TErE T e-9-
with{Rr e ¢y partdLiiads athbeastof. 1 10l €4 Gevhousdundt beat the

ranges given above for the starting material also
seleappby bd tdhe f$padipotysEATTing UﬁMWRﬁzﬁ%@%glﬁoFPﬁeProcess

for use in_the present invenfion.may factu
aCCOBglﬁgp3¥§n§ Csat P On" br 3cess W%eré?ﬁzggﬁV?gﬁ%,%% bfrate at

valu@pt iaiadl yaire therer esanse eheotlhertimmorempeasture of the
di scussed above, is polynerised in the Qresence of . a

polymengltéeit enpdl PR e OROLEL dlYysthat PAPEmfdat urBtS makes
for g%l ?.\h%é{g% Crystdd3atd o EIREAY U8n@bwt NEhPEhY MRikes for

_ e poryner crystallises i nmediately upon
bettéorprbcens tonpapfli.cul ar, reaction conditions are

sel ected such that the pol ynerisation ed is r

t han ?ﬂ%vﬁ?§§?ﬁﬁﬁiéﬁﬁ? t§%§e@§YT é%eu§§§t%83f§L%%§ out the
comp&@REhYi 088 chor ceutiRapTRl ecifpiirachal NS uley sttaddder® rolls,

Imrediately upon their formation, leading to a rather
endleagqbellsr pktkcegy which differs substantially fromthe

one obtained fromthe solution or the nelt. The

crystalline norphology created at the surface of a

cat al yeé widdetulghly dependronthbepratciesshetoeerdinhg to the

crystallization rate and the]g{ommh rate of

invepslQRedS MAEOVEE, Obhe (e MATHAN SIS ThE Q?E?ﬁ8§i§}1m’ The

stre\é’gh(jﬁﬂ?i $ ded trﬁ‘éf Bar lda4idg Case ahsener ¥t ahdr@akieps in a
tenperature,wl1l strongly influence the norphol ogy of
mannehe obteemetottMVIRE towdearttn dneudisbdienehenpfe includes

Leac OSSP RS L2 BELIEEGG0,00, KUK qemESite poch
rol1%hghi tht hg-cxeepe afi ricke ik | Wedrpensorhé o seetomchi nell rolls
fasths that the First roil! °5erotehihg? T’ tAEPEIAtY Sver a
hot plate or in an air circulation oven. In  general it is
diffiéult_ to control the temperature of this type of eqguipment
within 1 degree, which will allow the skilled person to
appreciate the broadened operating window provided by the

process of the present invention.

It 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 ratio 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.
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appropriate in conbination with which type of
catal yst, polyner concentrations and other paraneters
woi2ndda0enssi ng t he reaction. To obtain a hi ghlyPCT/EP2008/005385

di sentangl ed UHMAPE it is inportant.that the . .

ol yERF SREPER=Si PEC ORI T cF Bt AV ERF HPondve FiaHe out
in @R¢h iRl Leapkeverheentanghi Ngovfméhe Malny Miaschai nsolymer

during synthesis. This can be done using a single-site
solventalgmttemt clofi slepsperzan RoMSgerbud. | ik hPaL§H Cer less

cnanChYB3 8L VLR LSBLIELURR e GENCRN Al o e 40

catal yst per liter, in particular less than 1.10-5 nol

catal yst per_liter reaction nediumnay be ap roEriate.

Suppotked 5iH§l easFpEdéngal St FHRG a%%BeBElaged,sasa
dimehgggn§§ Qﬁ%ﬁx#? Laken H%?tcﬁgfaég }YEc§! i8S @&t two of its

sufficiently far renoved fromeach other to prevent .
dimessbshantdmd enbamnginenieitlyof lahgepol thmer s ther | plgird. More in

formation.. Suitabl e nmethods for manufacturi starti .
DArCLRIBE: USRI | FAERE Preantai fents Sroa o RdWS T CHiension,
the ahacRef gEeneaei s fBAE, fo1a exa®! el MDY/ 24668nendn, the

US20060142521 . The polyner is provided in particulate
thickoess Pér tdeanpl bmi nishat okeawt h0powdeP2rdlGH amyat least
50 other suitable particulate form Suitable particles

" have a particle size of op to 5000 m cron, preferably

up to 2000 micron, nore in particular up to 1000

m cron. The particles preferably have a rticle size
of atTPeaROLYTREr &ilnﬁopé i %aﬁqné’lﬁraq'eggt Preglctyy thereot

accogh§f18n:toThEh@aritﬂ\?ér?tfé)ﬁec%in_StlBébldltsile‘ 88Y frting material
eterm ned by laser diffraction (PSD, S\{npat ec Quixel)
] istic applications,

for asufextdwns apilds@tplans s dirspardiow | had

ropegyrégg&ggg_%%%gél@5%%f%gfﬂaﬁgn£rotective applications.

three-

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

invention.

The present invention will be illustrated by way of
the following examples. It ‘is to Dbe understood 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
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treated ultrasonic for 30 seconds to renove
aggl onerates/ entangl enents. The sanple is punped
\Nogmwﬂm@hsa | aser beam and the scattered |ight PC3/EP2008/005385
etected, The .anou of l.Light diffraction is a ur

lowerrh?%%?%aﬁ?? % siZE ?ﬁégggﬁﬁad??ﬁﬁeg?eﬂjF% 5g§?$%dgs 150
micreHt t®itddeny abe e P@llYEfﬁ?, paiHd CEe$mi Rt assirB@k®ed over

object, e.g., in the formof a nother sheet. The,
the ssnefepengEst éfhe s unney edddt- t BusEderdes bFRERPARIoNCE the

rolltﬁ%btgf]elgglv\éngr %%%u%%r&gzgﬁtaua(r? tE?L—Eli[e%%ledorngggatghelocated

arrie t a direction perpe I cul ar

betwk@neaah ebhelker kletss traiteduhain idcduranidh mehimesd oppeeds .-
of the present invention to conbine these elenments in
a single step, or to carry out the process in

Examg?%fﬁrent steps, each step perform ng one or nore of

_ nmpacting and stretching el ements. For exanpl e,

i n one enbodi nent of the process according to the

i nventiqQn, the process conprises the steps of
POLlYR&IRZEERRE t he pol ymer powder to form a not her sheet,

A1l Al R@ Ade ade-dond ot iveokkedviet ber skeel mitformed under
subjecting the roll ed nothersheet to a stretching step

an tardar m atpebpheref i ¥sin%ie S6hpaBKi nFITHEEHRHIieg in @

i n, t.he _proc ccorgi 0 i n e} r i
ConVERLIGH8 NASEET R part b B0, 000 N ere: mare . T
Meth@*&bﬂbﬁ@lkahel%aQOQﬁlﬂWmdi. ffhe deIRIQyGobH hes a 10 wt %

material after conpacting is generally between 0.8 d .
toluengy/ aﬁﬂsFlPﬁ-paFFrr:Fléf e5e b@’?\ﬁ/_eeﬁgﬁ%néﬁd %r%/ d%%%. alphq“de'
DrietdhethL\IQEﬁés Rssording tos t hed nyentieritBeicanpasliiegr. The

and rolling step is generally carried out at a )
cataflesper aturteB w2 2 -TY¥E3CH+ R (CbBI o) BEiGAConItasai neynthesized

cccoBsboEagh 41 PRLTRL) pAHaLt Ul ferclhd 238! Busica,
ChemROlR¥Er . St3dd3 0Ye RB96-2403) and EP0874005. 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 thermocouple 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 into 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 Dby

filtration, washed with water and acetone and dried (vacuum
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particular at |east 52C bel ow t he unconstr ai ned
mel ting point of the polymer. Generally, the
wocommgatsng step is carried out at a tenperat BCE/EPR008005385

t, 402C bel ow.t unconstr ai melti [o]e) of € ai
oven gg?)yrre L i VGaPt ey N a‘@%eﬁ%w %ﬁ%as' T8¢ weight
and HORBBS! radethaehbilegupeintweighbewpel y3responweE i and 2 300

particular at nmost 10 2C . In the process according t X
000, t HesPACEAVESY -t & tYE{MA| KgtdLevass Yehlr alhy & 'é%enSltY

was gqafﬂ%ék%ﬁgpﬁgét%ﬁ%&ﬁﬁégai§@§tmg§gig_CW%ﬁﬁﬁkgﬁﬁfén%f the

oint yner un process conditions,
pplyﬁ@itlwabar1au0teasm&3aC:éhhsmﬁthesmebtingxxmuhuS(ﬁd¢¢&¥mined

. __polyner under _process conditions, still_ nore in
direghlyiatrar BelFanst a§8é6l9élcowatshé)'$ 5%y point of the

16 gRehy NB{ s YREShGREACESE: LORINET QRS e AL dhewskighikedholyethylene

person Is aware, the nmelting point of polyners my
(as sepehdsiiped ebevednsiasi aonpadeedwatchnt Reer@ade gutessure of

hi hat_the nelt] . _
160 BnaiTFors Wiy DATy BT EREE PO ast ST CohBkaTen for ¢

minu®&s detrpemmed laed hehéeapanat W.® ain Wihibtki h€18t messlong and
tension in the process drops sharply. Generally, the
30mmsyi@echihy Seafiiy ead ibd D/ G o Tndief ur@Hppe-heated

to I‘?§$c30§§dbeh9§é’e@€§yﬂe'ﬂdﬂ%dm:a}h ofgthe palymernpmdes  film

process conditions, “in particular at nost 20 C bel ow
accotdengel tongthei naboletH-merpdloest wEreduoeessBased on  the

. conditjons, nore i articul ar at .nost 15 2C . .Th
GincitoRel; APREE AR (1 TONETSt PE O VRe SeaFtiRged s 4.5,
the RRINEEIofS lefneran dk38oantHd?2iA€eafdedn £8B1l1yghetretching

determined by the person skilled in the art. Wth the
proceas uessi #di cafled absfecehitemRemikutal efil bcorr Vfleheset was

1250 00PS R 9" A0 LIRS, UPE, ooy OSSR Dt o,
two, Seanrihigccad Oretehiyy ismapst nogen, caveied 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
includes the rolling step, are given in table 1. The
mechanical properties, Uniplanar Orientation Parameter and DSC

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
films also show a high tensile modulus.

There is a poéitive correlatiéﬁ between the DSC crystallinity
and the physical properties of the film, in that films with a
higher crystallinity often have a higher strength and TEB.
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a tenperature range of +30 to +180 OC . and with an
i ncreasing tenperature rate of 10C/ m nute. The maxi num
wogehoydegodsar gest endot hermi ¢ peak at from 80 t @CTEP208/005385

is evaluated here _as.the neltin oi nt.
The cBH&Bﬁ?PBﬁaloﬁ?ﬁﬁgggﬁﬁﬁ oPaBﬁWﬁgEglt 1 fas® nec%gﬁgf§ (gor the
alighdlent B4 tHhe PLALARSAtiR tBBPeriaiir eand @:lme\mi@w related
close to the nelting tenperature of the polyner, g.
to the htatalt stIedelpriass Takief r Binth tthﬁas%@%ﬁnmto&ﬁlérentlon' a
at. _the_sel n o cific [
aniB}dBT| nOFRE b biahs BAEATAL NG L5 { KB Tventi of msEocY be
obtalihedoss i erdriopes at et ab ' yabfehehidder eofioBe . b@smm1ll be
the nelting teggerature of the polyner _than has bee

illuggssitere i+t hENBri FFOBRITATHYR nEREEDLST PParfer Where a

conveRAtRSHALU %%1&&%&3%' 9, Y Hdow %h?lﬁlﬂ?k%tf&rl et teryniplanar
Process c Conventi onal “apparatus nay be used to

orietaarty oout phiremetrpacbifng ot epheSuprdbre @fpadatosn only be

i.ncl.ude heate S etc he . . :
obtaifiedh o st dieth T HESPr BERYs SaELBR Al RO o iRe 1t will not
be alch/&r'[Ba{rpﬂad Shgakthieethidt Eersnguhacha eni@le pebyreflues that

Im" The stretching step may be carried out in one or

are @@K@ stfesdiel Prese@indMvedhiciti onal in the art. A

sui tabl e manner includes leading the filmin one or

nore 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 or in an air circulation oven. In general it is

difficult to control the tenperature of this type of

equi prent within 1 degree, which will allow the

skilled person to appreciate the broadened operating

wi ndow provi ded by the process of the present

i nvention.
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Tablel.

It is one of the features of the present invention
that the total stretching ratio of the filmcan be
wovesyooh4gh i ndeed. For exanple, the total str®@CTrhPags/005385

ratio may be at |east 120, in particular at |east 140,
nore in particular at |east 160. The total draw ratio
is defined as the area of the cross-section of the
conpact ed not hersheet divided by the cross-section of
the drawn film produced fromthis nothersheet. The
process according to the invention is carried out in
the solid state. The final polyner filmhas a pol yner
sol vent content of less than 0.05 wt.% in particular
less than 0.02 5 wt.% nore in particular |ess than

0.01 wt.% The filmaccording to the invention s a
t hr eedi jrendi dnal |obj edt which i 9 charafteri se t hat
t%o qf Itls |dijmgngi ons |are| substantifal Iy |arge[ fthan
t'Re Ghi sl <|MIkgoll 8| pagit il @f , ci|heslr ak| oclgd st hesl <l
= — . . [Te] A d 4 4 4 . A .
sBepld Shat| a8 Salendi o] Ehe i dEh Of ©he|E|Eps| aml | <
c O . . . - . .
t @ggggllest dilmensi on, the thidkness pf the fi IS
ab ¢ @3t (10, |in paftiqular af |gast| 50{ The|ppl yner
Ftmmor|th onmverted [products t[nerjeof [ac¢ord{ ng [t 0
t e mnventijon ¢an be ysed| as|stgrtijng material for
= ) ; ; L | —|w|lo ) o<
ngmLoussim A Bpnes| 9l g gl WA IRstiS Glolel ¢ 2T
a ﬁigqgtlons, 1 OpE$, cabTes, netis, {fabrics, |anhd
pbdk €odf vie |applli ¢atiorjs. Bal l|istlic lattfibute I opes,
cabl'es, [ net[s,| fabrics,| and protgctijve applji ances
derngedsﬁ@ftm%\jhsﬁlHNWEfImagﬁ‘tor@n?;ﬁ%h%ﬁﬁ |
i nyet i G HER ARSE| paslt Of §i1e§rasen®' i Byent| epc| The | <
pr%g@?ﬁ%é’?ﬂ Bnew (2| bB| i Pl ustir aPled”by Ypay of | the
foHowrRg—exgmptes+—t—s—+t6b ‘ﬁﬂEQf toodythar—the
i pvedt i jaf| di|s|rot| Ll midledof nean therellglelrsls| ol olo
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wOob@/qol4yner ,

Experi mental Conpaction is executed in a mould with
di mensi ons 610x3 Omm After the nould is filled wth

for several mnutes . After cooling down to a
tenperature <40C the sheet is renpoved fromthe noul d.
Subsequently, the sheet is fed to a pair of upper

andl ower heated rolls. The di stance between the rolls
is 150 micron. Directly after rolling, the filmwas
stretched over the surface of the upper roll. Further
stretching of the rolled filmwas executed on an

oi | -heated hotplate | ocated between two roller sets
that run on accurately defined speeds . Exanple 1

Pol ynmeri zation Al air-and/or water-sensitive

agtnvitj es b fpred junder [an j|argon dt nosphere
ugi mg| Schil € i gules| ar [in a conventigna
U.13.nit1%3%n6' ov.e box |(Braun h@-l%)g).
2| 2|Meihyl 8| @ 5 cpof ehalsa E|fa] omEW ECO &nbH as a 10
wt % tolu | on.| Bt hyllene|was| obfairled fromAir
Lifqui de lene| was| Used|as | he|pollyneri zation
sghyefht S 3 tBy=2=OC3H3CIH=IN(|C6 F
5)[] 2Ty CL2 nesi ged |adcardi nglto|Mtjlani et a
Qgg/gﬁfbaﬂ'.'ﬂ', TQ'\.TQ.QR?tag Cem@(Eur. J .
0| 3| F) 8| 8| | 258 Y| 818l HEYS 140057 THe ndl ecul ar
wei ght and |ng ar | wei ght (dilstiri bpti on was neasur ed
atr 135G 0 meaf i jon gnrfoat ogr aphy |( GPC
| |GPC220, | Poliyn bs) .usj ng.|1,|2., 4-1ri ¢hl grobenzene as
o f
T 2R BNl 2R BE| ZpE| O3 S e Earid ecdEjout under
atinospher o ejusipng 4 2000 nf round bottom
fllagk] equiipd h ther fogoupleang—a-nechani ca
| _istiinrer. Iy 100 g%gﬁantgad%{eddtothe
c| c|af| gt BUE & DE| df £t ¢h the sl v@nt was
sat ur at edl by
w|—lolv|lo|N|ww|[|O| ]| |O|N| 0| N M| M wn (o] w
| o 3 —|o| <o — -~ ™
Q318|525 2538338893 B|B|5|B] B ¥ B
52|81825(s|2 85 R gBlBlNERE 5 F 8
QRIS 5IN 2 S[B2 828|858 2&L & & 8
[P K I e I K I s K s s K el el Kl K I K Kl el Koed g N N [42)
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bubbling ethylene into the solution for 30 m nutes at
+10 C . The polynerization was initiated by addition
woaboszor@bsuene sol uti on of nethyl al unoxane (20 PEIT)EP240BANS385
whi ch a toluene solution of the catalyst (1 mml) was
introduced into the reactor while stirring vigorously.
compAirh@h va0 SHaies 1t he et hyl ene feed was stopped and
— 1sobutyl—_alcohol was added to term nate the
pol yneri zation. HCO and water were added to the

I ti i xture. Th L i o U E ,
20 GERh bRl adiicn W (FORATEr IR achl e G ar eqt CFahioh

molecvaeuunaxeaniid) Golepsehpighe) . (Theoyieel dURas sk igrsansUHMWPE)
1ts weight and nunber average nmol ecul ar wei ght msg 3
haviggo oYwamf 22B08E0G0, 69@sPECri it YV TRE NMEPME r 4PPo 000, an

Mw/MWasr&t%g' .o-@qe?bQPk dgn%ﬁlyk W@%ngiur %§m03 25 TB?cm3, and an

unconstrained relting tenperature of the polymer was
elastdt OfheaFhemedabtusc dhearmimed| udidettelhm @ddedi reeltyng at

afte ing at 160 sC was 0.65 MPa. 1 r.a :
1602 %tgﬁ%ﬁt’ eﬁgﬁl f’”raa?hi"ifhe%?%cﬁltgft@r&ggﬂ}a%f%llfg;'hyw%enestartlng
polyfds SWY heshpedrabowd) asacerpaet gd-cisuale ayerage bar at a

pressure of 160 bar at a naxi mumtenperature of 115C
maximsint beRedrebrre e hutled *Crhasiasgingd sheet Gadlpuges. The

thi 10 I d W s188 Si%ﬁ.gﬁﬁmn i de.
res%?&ﬁ?gﬁcﬁﬁg Wagﬁg”gﬁgéﬁgméggggg-ﬁgg{e tog1§58 an wLee
Tts didrecidy wasl edosndy Adn’et citesl shéet awhil pracheatialy to 135°C
t he abaqve-nenti oned_procedu

. .. B d th ;
and Gimerdilghdi0 kR gEed BRESESPEAnG TES o Migd™ BIRding to the

abovrég—lmlén%iotnlé% rat-becefir@ ongatiean & the i ateenatiedal changes

I ng/ stretching process was 20. The surface .
the tredpemat watiod whe colklelased wss 42516C ratiqupbeplopgation

Xper.i nts were carr.ied qut .in.whc t or.
of Pes TPl A ol BeBPep! g Chzguna 20,
The (RIARIA Uf@spandtsteetodhitige rabiver-Jbe stsetld8a®w A number

speed was adjusted so that the tenperature and
of MV EPRHES r HELEs @ayFyged out 1in which one, two, or three

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
includes the rolling step, are given 1in 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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As can be

properties,
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the process according to the

whi ch includes the rollingPSTAP2008/05385
The mechani cal

in table 1

Uni pl anar Orientation Paraneter and DSC results of the

films thus obtained are given in Table 1

tenperature of the stretching steps and the total
seen from Table 1

be obtai ned. The nunber of stretching steps,

gi ven

‘pu pu [ L6l | 01l 98'L 0’891 vSL Sl € 1239
p'u pu | g6L | o€zl ZLl 0'6YL =D vGL 3 9230
p'u pu | 961 | g€l zL'l 6iEl vSh Sl € 5230
%68 29z | L6l | L'soL 7P L'ZL Sl ¥Sl € v230
o %69< | €0z | S6l=| ZT4iL 8yl 8'06 951 g6l € €230
O %8— | @@ | 6120| L6 ve'L 8’86 GGl 56l € 2230
= o3 %94 2% & 09wl 099 621 820l CED Sl € 1230
© —2B G O %6b. | @ J H6._| 296 08'L L0001 CED vSL € 0239
= Eo®ic _|E Jlss | Sve T.08) - |oce6 | 18l 000} vSL vSl € 6130
bl il 2T PR e g < %, | HE EHSH 0L Sl 7' ¥0L 961 Gsl 5 8130
S =01 2T ol S ° 3O | (5018 So'L 0'66 GSl S5l 3 1130
L5 5e L R% Ty o2 %B3 | B8 { SHT[Cce 18 001 bS1 S5l € 913
—|S S &ost- ma@m.wm — %BLC @ klz o €4 _-1XT€S 60'L 9'66 961 Gl € 5130
vl : —opl2  [C.%06T | €90 & .£8ZO [S¥'20L S6'L L'66 CED =D € v130
| £ gepl D Cil'l O[C %060 ] €52 M e | Lol 98’} L'66 vl ¥Gl € €130
I D8l ~ =98 n |t DS 3 £l | Lito| Sav 16°0 L '20) 951 Sl 3 [{ER)
e = SR o0 s | 2% I BT N9 | vel Z20l ) o) € ER
7% DL = o b T BT 1B [18c0L | ¥6L 200} Gl = € 013
clC 3 &0 FEEETE _%ees P 3 Y BES[T 6 1670 §'201 9S1 €5l € 630
m s T T = MWJM ol %%m _gw +9cP : Zuw/mm 5 896 @M; Ewﬂ wmw MM” M 830
8ls o ¥ om amm.m — OKEBT 4 LIB 5 FELT| el 181 L : JEE)
ocne o™ 607 Sio2helo P DB O |- 179 L | €18 SSL Z 930
Q= © wpEoooiosmgiod_— I8 _
~[cef C g _A0C « | %8 | #RZ.J S BI= | BEL s¥'L [ ves - vSl Z §30
- = . G ©uopbO_O0O9gL HOo S
E= st R 0B Cg Ses g 22 . . -
el T kool P 48l 3 L8 Y 5B o= &0S Gzl C'ES GS1 Z ¥30
—C L, BMED ]~ CF %86C F e Y 68LS F 80, or'l VLS - ¥l Z €30
Blc D egpl— Q- CHPT| omwo LB | CBL> S MK LE) 8¢S - vl Z 230
S| _ € 0kl = 0L C O .%G80 G .057 J69LC €L ev'L 9'€g - €Sl z 130
i ou e (s} P mv@.b._m__mu T G| DRE Ledo)|  (2d) oned | (0. BUmep|  (D.)|  sdeis| eidwes
212 k.m%fw we @wrcm_mm..w = drom @S| 5 3 Srifirow | wbusns| Buydens i Bumesp | Buiyolens | payorens
V(O @ — vBuyeu®© JoIfBIRH O <0 O —Jo ) ampsusy (  sjisus] |eloL Je ‘dws] | puoodss
2 |- By Rk mmmmm_% T o n o MI T e "dwa |
— ok o_C PO ub.%b 0N O V) @+ G D.mU M O

woesehsng rati o,

T oTqRL




el astic shear nodulus determ ned directly after
nmelting at 160 aC of 1.65 MPa was used as starting
WOrzaaoanorels. The starting pol ymer was conpact ed PET/ERR2008/005385

average pressure of 160, bay, at a maxi num t.enper at.ure
as R belGE RO TAPT S 2 6 FPAULEE Ding. PoiMETy aiaEe tw/mn
rati®eS il dordmhhhcls £48 AW longwind SReEr WnddulukS determined

density was 0.95 g/cm 3 . The sheet was pre-heated to
diret85y0Gafner dimektiggr oit edl & stafet @fedMPheo BLEPI NP -2 MPa
cording to.the above-nenti . Pr o B R
resuffs dihuis M KeHandoEht e ForT) g Pitisgrbased @8e wnich
are Garul atiedias 4chet hargat | @foftiel opgasenn dfntdrecion. It is

integrated rolling/stretching process was around %O.
noteghdhaf f e ethefperatamel &F F%@ faimsr -W¥e wakrescage as far
as @ermv\er&tlﬁé experi pent g uergocarghed; Gub |1 flo Wbisdha OR€. higher

WO, or ree Stretching steps were carried out, at

stredchfiagertttiesper at ures and stretching ratios. The

stretchi ng speed was adjusted so that the tenperature
and stretching ratios could be obtained. The nunber of
stretching steps, the tenperature of the stretching
steps and the total stretching ratio, which includes
the rolling step, are given in table 2 . The
nmechani cal properties, Uniplanar Oientation Paraneter
and DSC results of the filnms thus obtained are given
in Table 2Table 2. K* K*As can be seen from Table 2 ,
the use of a polyner with a MM Mh ratio of nore than 6
and an el astic shear nodulus determned directly after
nelting at 160 C of at nore than 0.9 MPa results in a
material with a tensile strength and TEB which are
wel | outside the range of the present invention. It is
noted that in these Exanples the filns were stretched
as far as they would go. It was not possible to obtain
hi gher
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stretching ratios.CLAIM5S 1 . UHWAPE fil m having a
tensile strength of at least 2.0 GPa, a tensile energy
wotoodmoeals of at |east 30 J/g, an Mv of at | ea®CTHIPR00B0O05385
CLAI%raninole, and a MM M ratio of at nmost 6 . 2 . The
BMAPE filmof claim1 which has a tensile strength of
at least 2.5 GPa, in particular at least 3.0 GPa, nore
in particular at least 3.5 GPa, or even at least 4.0 .
GPa. B.. ThEHMMRRPELLilhmbiavinai m 1 temsihehi shoeagth of at

leas%e SiOI fﬁlgap,eragy|ttggl§5rl%8k%$%r%tsaltga%re%§( Jé@’ !l:n ]1east 30 J/9,

artic , nore 1 n particular at

an Mweast 50 de8sePx0d 00ThgrdhWiBief,i landfaaMy/dne reftio of at
the preceding clainms which has a MV Mh ratio of at

mOStnﬁst_4 , hore in particular at nost 3 , even nore in
particular at nost 2 . 5. The UHMWAPE fil m of any one
of the preceding clainms which has a crystalline
ori enpat i onThar anBMRE of iih bdastladm 1 nwpachi d@isara atensile
least 4 , nore in particular,at |east even re.in
strepgfpi o &t a%e?%‘asg-? GEg |’rnn8?£%Fﬁu2§Ft iaé:ulnlg agl 3-0 GPa,
morel €85hal@iconadt dieadashd.3 6 .cohe MHMAPEnfaL M ebsanE.0 GPa.
one of the preceding clains which has an organic

sol vent content of |ess than 100 ppm 7 . A process

for nuf acturi U il rding.t . Qe
of tﬂg’precé an C alnsq¥%$ghggog%$$§§sqsu fegi?ﬂ%lgﬂ has a
tensstlar tdidgHWPEbwiclalk a0 flehghtl emsstr adfe dvbeculmarpawt ielar at
of at |east 500 000 gram npo|e,_ an el astic spsa
leasfpdl < 9dEF& e ® ditt RATHGRERF %ﬁ?ﬁﬁta 1@692%Péf
at nost 0.9 MPa, and a MM Mh ratio of at nost 6 to a
conpacting step and astretching step under such
condi #i.ons That @EMWNBEpof mtmdurfi ngnyheopeocelsitig opreceding

clai%nrs],e &%li)é[rrler hlatsS taen%vg%”erziigicr)ai 3§d 59 Anost 4, more in

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

5. The UHMWPE film of any one of the preceding
claims which has a crystalline 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, or at least 15.

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

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

7. A process for manufacturing the UHMWPE film
according to any one of the preceding claims which comprises
subjecting a starting UHMWPE 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 a compacting step and a
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val ue above its nelting point. 8 . The process of
claim?7 wherein the starting UHWAPE has an el astic

wo=hezn7owsdul us determined directly after nelt Pog/ERRO0ZOOS3SS
aC of at nost 0,8 MPa, _ in parti.cular_.at_ np VP,

stregChipfe SHehd¥ilQF EPGRMCPIGH td QRTerdia ¢ %gt Egﬁ}g)é)c]tnlath U ing

the Pr¥Rdss G rb£d el Rl dndenpesatithphtaird east rhiSed to a
bel ow t he 'unconstrained nelting point of the polyner,

valuenapavei ¢tisamedt ingastoi3dG , nore in particul ar at
| east 5aC, and the stretching step is carried out at
a tenperature of at |east 1SC below the nelting point

of thg. pol yiRe UBEEEePEOCESS Clofidh t iTonghekBipar theul@tarting
at least 3 C, nore in particular at |east 5aC,. 10.
UHMWPHe hocaizsebpshng GMeast Re@nhss 799tapBiapHd Headtly atfter

meltih?eg%mfgﬁJ tqf) t@é%€d01§ fAbal €38t ph2Qi dNar at most 0.7
particular a eas 40, nore in particular at |east
MPa.160. 11. Use of a UHMAPE filmor the converted

products thereof of any one of clains 1-6 as starting

material in ballistic applications, ropes, cables,

nets, of _abri@ﬁe_ ag)qo@re%tsectdﬁ/e applmcayi opg . 8l2.wherein the
Bal listic attributes, ropes, cables, and nets,
comphbabiings,stenl peotatiied appli éced AP Rt @i i least

lgctggi&ﬁi g %5%%H%‘¥g§ﬂé§ %81@fﬁgog%i%E Qh?igﬁelﬁ%lymer, in
particular at least 3°C, more in particular at least 5°C, and
the stretching step is carried out at a temperature of at
least 1°C below the melting point of the polymer under process
conditions, in particular at least 3°C, more in particular at

least 5°¢°C.

10. The process of any one of claims 7-9 wherein the
total stretching ratio obtained is at least 120, in particular

at least 140, more in particular at least 160.

11. Use of a UHMWPE film or the converted products
thereof of any one of claims 1-6 as starting material in
ballistic applications, ropes, cables, nets, fabrics, and

protective applications.
12. Ballistic attributes, ropes, cables, and nets,

fabrics, and protective appliances manufactured using the

UHMWPE film according to any one of claims 1-6.
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