Pol yethyl ene filmw th high tensile strength and high tensile energy to
break The present invention pertains to a polyethylene filmwth high
tensil e swoengidroead high tensile energy to break, and troTAPr®EbDHS@6S Or
manuf acturing such a filmfroma specific ultra high nol ecul ar wei ght

pol yethylene. In this document ultra high nol ecul ar wei ght pol yet hyl ene

wi Il further be ppdiieahodeas WHWAPE.i cMetihogs {oisnBnu@edtitNgand high

hi gh-strength hi gh- nodul us UHWAPE filns are known in the art. US 5, 756, 660
descri be§npellgnerrsari 6 6FBKMAPE over a specific catalyst, followed by
conpression nmoulding, rolling and stretching to forma polynmer film In
exanple 1 , a material is obtained with a nodulus of 160 GPa and a strength
of 2.8 GPa. US 5Th66p5E5edesdmiviees ianmgtdradh ifrar mmn@rps$yenhymédéngiﬂm

tre chi ng. of UHWAPE. US 5,503, 791 descri be | veth fi
et ol Bg ot St T S eer i od e A gRI SanarlE. AT Lo Tbaraknt

f0||OWBQnQyU%NHlmﬁkhé@eféﬁnﬁaﬁhfQEthB@néohw%Wiéﬂﬂkﬁﬁr§%§@lagsgécﬁhﬁcfl|m
A di sadvantage of the thus obtained filmis that it always contains a

certai nuéﬁéanthb%hré&qldﬁall%l venghtwhpPehyaahydenei neht altihi saf flecumehe
properth%% ﬁh hghﬁcﬂlg%”e&% hpe ?§8§@EH§EE f0l vent 1 pregent Ln 1o
sol ution of ast ur

M6 1S at Idast her the recovery of
soIvent1n§1bagbhyauneﬁmweﬂic EP 292 074 descrlbes a method for processi ng
I olefins with a Mv of nore than 400.000, in particular between 500. 000

%0. 000. 000, a | ow entangl enent density, and a Mv Mh of |ess than 10,
preferably | ess ©BAAcgsatf& manufacturing high-strength high-modulus

UHMWPE films are known in the art.
US 5,756,660 describes polymerisation of UHMWPE over a
specific catalyst, followed by compression moulding, rolling

15 and stretching to form a polymer film. In example 1, a
material is obtained with a modulus of 160 GPa and a strength
of 2.8 GPa.

Us 5,106,555 describes a method for compression
molding / stretching of UHMWPE.

20 Us 5,503,791 describes a polyethylene film
manufactured by extruding a solution of a polyolefin in a
first solvent, followed by cooling, the removal of the solvent
and stretching of the film. A disadvantage of the thus
obtained film is that 1t always contains a certain amount of

25 residual solvent, which may detrimentally affect the
properties of the film. In general the amount of solvent
present in solution of gel-cast films 1s at least 100 ppm.
Further, the recovery of solvent is highly uneconomic.

EP 292 074 describes a method for ©processing

30 polyolefins with a Mw of more than 400.000, 1in particular
between 500.000 and 10.000.000, a 1low entanglement density,
and a Mw/Mn of less than 10, preferably less than 5 at a
Lemperature below the melting point of the polymer using a

process auxiliary agent. The polyolefin is first compressed in



tenperature below the nelting point of the polymer using a process
auxiliary agent. The polyolefin is first conpressed inthe presence of a
processi /goanth/07axtd t hen subjected to solid state proce®ETmER2010/080063
processing aids nentioned in this refexence are polynmer solvents. In the
Example 17 wt . % of decaline is used. EP 269 151 describes a materi al

havi ng antepsidsensia efgth pbeves2iNgGRad, a adwWiis abayedO=Pac andia
creep below 3*10 7 sec 1 . This reference contains no information on the
MV Mh r &EPESof PERESFISAAIS -pr ddifct .PUIS S SHOB] 558 HescrebesCachet hBd F8fSt he

cont i nuQus preparation | wet hyhene hayi ng high stnengih apd shi gh
nodul us %E?c% g%ng%%§e§9¥ﬁ§E§?e§§ o% ﬁ?xing 18%m%artg %y%me%ghﬁﬂgf a%

ul tr a- hdghafhecukansedi.ght pol yet hyl ene powder having an intrinsic
viscosity of 5-50_dl [ ecalin at 135 0OC with, 2-5Q parts of liquid

or gt ¢ Sonpound=Ravt By & ot FRTGZI6e A GRaFet hah (HE RS t Fhg BBFILof
pol yet hykeaagtheetidig theor esul, t ingmabxt Uk e pekweeny acpal.r 0fq rol keesp and
subjectlng the mxture to conpression noulding and drawi ng. This reference
cont ai n®eaevi ni'ortrat isé¢ on ThesMAMIersad oPnEReN$| A8l Prieiedtiomson
6,017, 43Q_.d I.b pr.qc r ' pol yol efin materials conprising
t he steggeoﬁ%gygpgéfga 8?n§ﬁ§e 9g??i%EgagiegUHl\;Wpolyolefin, stretching the

article by nore vharb 3M4,0% dentadbesg 4 heeamhiodc| €or &ttt r eostiecbung t he

article. This reference contains no i nformati on on the Mw rati o of the
findl pPEEHEEACEP 20445 Pk TH e | PEY1BEF gttt hétﬁfePSfo]lt V' itfat 818 t he

present napphi,eat hRNcRutcoubli shed ther eabier, cdesgribes a @y 0¢Rss o opyThe
present invention pertains to a UHWWE film having a tensile Strength of at
| east 2vWe1igR4a, &f tensiuldéra-high molecular weight polyethylene powder

having an intrinsic viscosity of 5-50 dl/g in decalin at 135°C
with 2-50 parts of a liquid organic compound having a boiling

15 point higher than the melting point of polyethylene, feeding
the resulting mixture between a pair of «rollers, and
subjecting the mixture to compression moulding and drawing.
This reference contains no information on the Mw/Mn ratio of
the final product.

20 Us 6,017,480 describes a process for producing
polyolefin materials comprising the steps of preparing a
molded article of UHMW polyolefin, stretching the article by
more than 30-fold, contacting the article , and re-streching
the article. This reference contains no information on the

25 Mw/Mn ratio of the final product.

EP 2014445, which was filed before the priority date
of the present application but published thereafter, describes
a process for The present invention pertains to a UHMWPE film
having a tensile strength of at 1least 2.0 GPa, a tensile

30 energy to break of at least 30 J/g, an Mw of at least 500000
gram/mole, and a Mw/Mn ratio of at most 8. The film may be
manufactured wvia a process which comprises subjecting a
starting UHMWPE with a weight average molecular weight of at

least 500000 gram/mole, an elastic modulus determined directly



energy to break of at least 30 J/g, an Mv of at |east 500000 granf nol e, and
a MV MVh ratio of at nost 8 . The film my be manufactured via a process

whi ch compoi2esw7sibj ecting a starting UHWWPE with a wei goti/Faeanag®e3

nol ecul ar wei ght of at |east 500000 granf nol e, an el astic nodul us

determ ned directlyafter nelting at 160 OC of at nost 0.9 MPa, and a Mw Mh
rati o obratrmastit8nlgo =& ciompaceti vg stepoand oa sstmret,chimg step/Mndestsych
conditions that at no point during the processing of the polyner its

t enper aPiir &t 1954 sedt ¢ 02aCPBPaEtabev e tiers i d | BE TRt HERY i AGSPoiAEST] t
has bee u t. erng. | i for, A Wﬁ?ﬁ?ﬁ i fiel f
high-te%g%ﬁqu¥%gﬁéfﬁguﬁ%ﬁ%% %%I%é.b%ggg %#IBSE{?EU ar,o%%%%gﬁ%r%?ngﬁgrous
appl i cabodgseri ndkedi ngmbalkbicstrec appl reatednsfor opesyadabl espoard néess,
fabrics, ang.grotecti ﬁ.agplica%ions where PE filnms with high tensile
ener%y to"bregk; va WFZ £dn§PrrE strength, and other desirable properties
wll find application. The present invention provides such a UHMAPE film
The UHWAPE fil maccording to the present invention has a tensile strength
of at least 2.0 GPa,hastemete EHerqy tathr ddlerst ats | 643t 130 9P, ARTMwv of
at | east r l e, . ratio. 6 h en
found t ggggﬁgggggeggggﬁmBﬁﬁgggaﬁgghg mﬁ?%ﬁglﬁilﬁérraﬁﬁ% g?Mg%EngZ%R in
conbi natioen \Jint lpearthlwudfargt dleast &0 Q@Betrsusf apppoctancest oiakllowinbe
fin filmto have the described high tensile strength and_hi gh energy to
br ek | RECAMBIERt 6T WCEH T heroRIGH r SBPLC pr oBEFt M6 S ast WPF 1 e amd

di scussgdobeloeThaat e.kabs sdeneibedpi ¥5186756:660, niSnS, 186355, and
US 5,503,791 do not neet all of the above criteria . As indicated above,

t he UHMARErfY| moadtctalingat Bighetensile strength, and other desirable

properties will find application. The ©present invention

provides such a UHMWPE film.

15
The UHMWPE film according to the present invention has
a tensile strength of at least 2.0 GPa, a tensile energy to
break of at least 30 J/g, an Mw of at least 500 000 gram/mole,
and a Mw/Mn ratio of at most 6.
20

It has been found that the selection of a material
with a Mw/Mn ratio of at most 6 in combination with a Mw of at
least 500 (000 is of importance to allow the final film to have
the described high tensile strength and high energy to break

25 in combination with further desirable properties, as will be
discussed below. The materials described in US 5,756,660, US
5,106,555, and US 5,503,791 do not meet all of the above

criteria.

30 As indicated above, the UHMWPE film according to the
invention has a tensile strength of at least 2.0 GPa,
determined in accordance with ASTM D882-00. Depending on the
stretching ratio and stretching temperature, tensile strengths

may be obtained of at least 2.5 GPA, in particular at least



invention has a tensile strength of at least 2.0 GPa, determned in
accordance with ASTM D882-00. Depending on the stretching ratio and

st ret chi nyotzermpapeErur e, tensile strengths may be obt ai nedTaP2@ab/ob@ast 2.5
GPA, in particular at least3.0 GPa, no¥te in particular at |east 3.5 GPa.
Tensile strengths of at |east 4 GPa may al so be obtained. The tensile

ener gy BQobreal,of nidie UHMAPE 444 imwaiccor difg t@aghe pnyentban i seakiheast
30 J/g. The tensile energy to break is determ ned in accordance with ASTM
D882- 00StsFRFTaSsPrarh r&PEtof 58% RPN, 2LECI §ScalPEalareéd by integrating the
energy per unit S - .t he S-sLraj rvec. t I energy to
break may be app?géi ngtggggé% tﬁg%ggl oémgngb%g% odgf Tﬁgge \?\Aﬂﬁk\]bgi vggzjiglf air
appr oxi matoodiof tthe téersilevenergy te brteakeasti t30 sJVg.belldet eensnéd in
accordance with ASTM D882-0 s discussed above, An appr.oxi pat i f the
enel | GCBREPHy o Tk iy SBocbBtAFfed by TR GHFHH Ho rhert SPap CaaeP by
absorbedsand divi dihgaih byathe rmss ofsthenori ginali gageaiegi one@f bhe
specimen. In particular, since the stress-strain curve of UHWAPE sanpl es
wth a tehgeireyiogertie 0 GPRIY s PEpproxitmaleby arstarailght BrLHesSsStrRéreeRsil e
energy tg,break can be calculated by the following formula P 2 in which
sigma is the tensile strength in GPa according to ASTM D882-00, rho is
density in g/cnB, EAB is the elongation at break, expressed as a percentage

according to ASTM D882-00, and TEB is the tensile energy to break in _J/g.
Akher " approxi MAPFORCBE LI RoShBRGT| Boeheral PoYbPeaRorEn*RATES. Ber FVEd

from te'_i‘!%h'l%w%@“'m@%h%@@ Lensidee stirengts in pecor dapesxhbhi bheckokhaw ng
fornU|a£ensile energy to break as it is to Dbe determined in
accordance with ASTM D882-00 as discussed above.
An approximation of the tensile energy to break may be
15 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
with a tenacity over 2.0 GPa is approximately a straight line,
the tensile energy to break can be calculated by the following
20 formula
o, FAB

TEB = = *
Yo,

in which sigma 1s the tensile strength in GPa

10

according to ASTM D882-00, rho is density in g/cm3, EAB is the
elongation at break, expressed as a percentage according to

25 ASTM D882-00, and TEB is the tensile energy to break in J/g.
Another approximation of the tensile energy to break
TEB can be derived from tensile modulus and tensile strength

in accordance with the following formula;

2
S #10°
2* Modulus * p

TEB

30 Depending on the stretching ratio, films may be

obtained according to the invention which have a tensile



TEB = * 103 2 *Mbdul us *p Depending on the stretching ratio, filnms may be
obt ai ned according to the invention which have a tensileenergy to break of
at | east 86201079172 particular at | east 40 J/ g, nore i nppampr2eloanehnt | east
50 J/g. The wei ght average nol ecul ar weight (Mv) of the polyner in the
UHWAPE filmof the present invention is at |east 500 000 gram nole in

parti cukbaerget weembak0 & gsam aeke asd Jk.gl0 i& gsard Mblear The MBheeular

wei ght distribution and nol ecul ar wei gh averages (Mv, M, M) of the

pol yner Jdfe HBEE8r ineadrihcHéésr danééawit ROASTRI-D 6474-99 at a tenperature
of 160 OCusing 1, 2 ,4-trichlorobenzene (TCB) as solvent. Appropriate

chr omat ogr aphi ¢ equi pnent (PL-GPC220 from Pol yner Laboratories) including a
hi gh t enper at ur eTeanpleipheparatregedembtec(iPexrSPR60yhiay (Me)used. The

systemis calibrated using sixteen polystyrene standards (Mv My <1.1) in
The ) Benr AP e bt MR D S DR SR O s it g
di stributben may ads® Q@aﬂ¢h@ﬂ€iﬂﬁd§€ﬂﬂﬁbdmﬁﬂ b@@@@@ﬁrXulepigkathole
nmeasur ement , a@gﬁlyethylene sanple to which 0.5w % of an anti oxi dant such

as | RGARG® 10100hagrseemodadedTne prevertlehertil@xi datlisre idegriadat Pod,
woul d Thpst e, '”&85@9 aévei%]% an@dmzooMlPlarst sk 9 @Bl&'m%get gtcand
I tained fromt heat e

t hi ckness I'mm o si nter'ed pél yethyl enes are fast (-~
30°C/ m dpteemiekd dbhowecddwedaeqrs | wbth uREMEl DI gl tergierat usetenpeheture

rheomet er. under nitrogen atnosphere. For an exanple, the disk was kept at
1808 T b Tt wo Stlour & onSabe. TTRe Ik T BH06 BRC SRt A TEMp! 8SandOLHEOREL or
di scs maypbepehaecked-wddhtde- el obqanpaset! | @scepe.olur i Agy dyRaghe r

experinments two output signals fromthe rheoneter i.e. one signal
cor r espbabicrgteaissnusaidaldisty ai nhighd temrstdierrssi gaaple opreparation
device (PL-SP260) may be used. The system is calibrated using
sixteen polystyrene standards (Mw/Mn <1.1l) in the molecular
15 weight range 5*10° to 8*10° gram/mole.

The molecular weight distribution may also be determined
using melt rheometry. Prior to measurement, a polyethylene
sample to which 0.5wt% of an antioxidant such as IRGANOX 1010
has been added to prevent thermo-oxidative degradation, would

20 first be sintered at 50°C and 200 bars. Disks of 8 mm diameter
and thickness 1mm obtained from the sintered polyethylenes are
heated fast (~ 30°C/min) to well above the equilibrium melting
Lemperature in the rheometer under nitrogen atmosphere. For an
example, the disk was kept at 180C for two hours or more. The

25 slippage between the sample and rheometer discs may be checked
with the help of an oscilloscope. During dynamic experiments
two output signals from the rheometer i.e. one signal
corresponding to sinuscidal strain, and the other signal to
the resulting stress response, are monitored continuously by

30 an oscilloscope. A perfect sinusoidal stress response, which
can be achieved at low values o0f strain was an indicative of
no slippage between the sample and discs.

Rheometry may Dbe carried out using a plate-plate

rheometer such as Rheometrics RMS 800 from TA Instruments. The



the resulting stress response, are nonitored continuously by an

oscill oscope. A perfect sinusoidal stress response, which can be achieved
at | ow vavoesioaf79srai n was an i ndi cative of no slippagecharesensiohe sanpl e
and di scs. Rheonetry may be carried oui using a plate-plate rheoneter such
as Rheonetrics RV5 800 from TA Instruments. TheOrchestrator Software

provi dedrbyckheatArl NSt fivnend s prakiiclrdrakes tise of thesdkagkal gor vhhsn may
be used to determ ne nolar mass and nol ar mass distribution fromthe
nndulusm@§eﬁréﬁﬁén@¢’dé@% d&%t nPREATEERTY he'Pol Wrer UiRFt .CoThECH&ER LIS

obt ai nedjynder, | sot hegmal, conditians,bet peenc 160 -£,220 0. Jdougel. the good

fit angular frequency regi on between Ol to constant strain
in the Kfireqarneyscbelastieteregned betmeene0h ltyme2% shbul d The cirsenisThe

tinme-te rature superposition is appljed at referen tenperat ure of 190
0C 5 ToORErarbine RS hoGUFETBAT on o067 ety L 1 i s) Bi Bse.

rel axat gehR exper gt sr iy Requpent or feduchbyt hegitdresset fkaxatd a1 to
experiments, a single transient deformation (step strain) to the pol yner

melt at 1ﬂp%éd/§e@]§@{ &sd ang @¥plaied dndtii htafaedvenacPhéashhpl ESRENt he
time dependent dSC%‘y 1% Sicresssndélci eqr ded,, I, 0”%%”*’9%@‘33513&}3&%'63&@.

present i nvention, I's used With the nol ar mass an rati o as
descrlbedpahpmelwhbnhusnaﬁpﬂnampaESaeddﬁénmmddsx&mp&ﬁaﬁunmnmﬁeﬂ@bﬁg.
tenperature of 142 0 |cular mnthln the te eézture ran%e of

C in
ooRE s rh e B Wi PR L OB L BFRaE O dr B iy (Eoroa) 1 REFeS

equi | i briumxaet bR t&%ﬂ&"l@f?éﬂt% bymepg?rebéha elF s |t i nifhdal skeagth.
The nol ecul ar wei ght distribution of the UHWWPE present in the film
accor di nglegatheni ey orentss r eRatd Vedhe narpowleThi A9 5o emsed sbgrt he

NM/(mei%@Eaﬁﬁ?r%9§ QREE%%fyﬁer melt at fixed temperature is applied
and maintained on the sample and the time dependent decay of
15 stress 1is recorded.

In one embodiment of the present invention, a polymer
is used with the molar mass and Mw/Mn ratio as described above
which can Dbe compressed below its equilibrium melting
temperature of 142°C, more in particular within the

20 temperature range of 100-138°C, wherein the thus-obtained film
can be drawn below the equilibrium meting temperature by more

than 15 times its initial length.

The molecular weight distribution of the UHMWPE

25 present in the film according to the invention 1is relatively
narrow. This 1is expressed by the Mw (weight average molecular
weight) over Mn (number average molecular weight) ratio of at
most 6. More in particular the Mw/Mn ratio is at most 4, still
more in particular at most 3, even more in particular at most

30 2.

The modulus of the UHMWPE film according to the
invention 1is generally at least 80 GPa. The modulus 1is

determined in accordance with ASTM D822-00. Depending on the



wei ght) over M (nunber average nol ecul ar weight) ratio of at nost 6 . Mre
in particular the MV WM ratio is at nost 4 , still nore in particular at
nost 3 , woenlomosw2i n particular at nost 2 . The nodul u®CofEPRéI6/0BMMMMNPE fi |l m
according to the invention is generall¥y at |east 80 GPa. The nodulus is
determ ned in accordance with ASTM D822-00. Dependi ng on thestretching

rati o, medekicnAny ketabt anfedhi1af naly leasdoddhedose 4 panktcubar abrkeast
120 GPa. It is possible to obtain noduli of at |east 140 GPa, or at | east
150 GPaln| nPdhlel ewbddi mEnt 168 5thel pPesEnt- i AfentForPCEheL ¢ | hcace6FditRg to

the inventi,en L§ 89%@%&@%?@%,%%%@ hbgsyakyg for the unipl anar

orientation paraneter uni pl anar orientation paraneter F is defined

as the ratio between the 200 and the 110 peak areas in the X-ray
diffraction (XRD) pattern of .the filmsanple as determined ip reflection
georBLry . Wde HRGPESXEPAYILRELE ePT ng CVAKSToIS &'YBERATfue: PRat  Brovi des
lnfOf”?bb@@r@mn%h@ocﬁh§tthbﬁ@i@hfﬂ%t@h@r@%t@%&%@ﬁ-b§h§ keebnirque
specifically refers to the anal ysis of Bragg peaks scattered at w de

angl es. vBilagg fpeakser esubflahponol-orgrangenspruetetal: @r.ddhe AMXSnar
measur enent produces a diffraction pattern, i.e. intensity as function of

t he dif Praerienigangrarateteri @ iis Ayl & SpéthRedr? ttiffe REitFcactté® beam and

the pri y a ) e ip r i at,i par. gLV Lhnformation
about AV eRTanE 57 ot BYEKE P ORaSr JPhErs00 and TTo Srystal prands w th
respiect photehe bifl pheurfiace sakplcaaki Hatsanphedwinhhrafhieghiovni pl anar
orientation the 200 crystal planes are highly oriented parallel to the film

surf ace9PI"®ha¥ -been found that the high tensile strength and high tensile
ener gy 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

15 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).

20 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

25 found that the high tensile strength and high tensile energy
to break of the film according to the invention are generally
accompanied by a high uniplanar orientation. The ratioc between
the 200 and 110 peak areas for a specimen with randomly
oriented crystallites is around 0.4. However, the crystallites

30 with indices 200 are preferentially oriented parallel to the
film surface according to the invention, resulting in a higher
value of the 200/110 peak area ratio and therefore in a higher

value of the uniplanar orientation parameter.



to break of the filmaccording to the invention are generally acconpani ed
by a high uniplanar orientation. The ratio between the 200 and 110 peak
areas forwe2eparpimen with randomy oriented crystallitegCrErarionsmes. 4.
However, the crystallites with indicess 200 are preferentially oriented
parallel to the filmsurface according to the invention, resulting in a

hi gher val ue of the 200(4d1@cpeakecangapiahb® andehbetebar pakBmatbi-ghey val ue
of the uniplanar orientation paraneter.The value for the uniplanar
or i ent aPPoACHEFrBFBEEr Uy IbendEr&rii Aed fusrhgmancx-r dy BarkefrradtoRdter . A

Br uker - ' a v i.p i [ tilay -ray
opti 5 (5 abel I TFor) Brodbe ng i Ko Fadrat i on (K davelsngth 2t 5ats A )
i s suitdbbeelMeasupirngpecondictingnSu-Bomrednbiciscat(Ker weleflen@t2 mm det ect or

slit_an nerator. setting. 40kV, 35mA. The film specinen i s _nount on a
Sa o RoPdes 2875s" athogane. Nanhe ePaeanohnCiaG Fals. “The rererred
di mensi gns+of ot hemhi bhersanpkesane haamiexelat®m 6tXiWg) 20xGar esshoul d be
taken that the sanple is kept perfectly flat and aligned to the sanple

hol der . TRe fsamprecRémger 1w RUPhedf PRmAs fedPrenhips dsubs éqdentilypl aced
I nto th%oRe8d63F1%L§988ﬁ§h§En£@n eEEEEt'?Heggg%§%E¥e8Wbﬁﬁek gopargel of the

filmperpendicular tot oni onet er  and per icular to the sanple

hol der) theTlhe lscaampargerto S5t he di fibr act i(Gnxpab t. ecares shpamd5be to 40° (2
Q wth a step size of 0.02° (2 and a _counting tinme of 2 seconds per

St bl DR Ehe theaCuPGHEAE {he SeRpPE RECHSY Suptis Pt Rl EEyDbut | ons
per mnghe anpund hBegper meheokahbecf hbiyesoytipat tR funkhepesanpheis
alignnment is necessary. Subsequently the intensity is neasured as function
of the dibbracenshvandbec2QinThetpeakSardedfohcthee200 andrefdercéfibacti ons

is dete '%Sg§§5iQ9 %tgggagg g%?fi'etEEtEEE% g%&%%%r?bu?a - £ Lopag from
Bruker-ﬂgg. tﬁe E 0 and i rePFec I'ons are’s ngpe peaks,

goniometer and perpendicular to the sample holder). The scan

15 range for the diffraction pattern is from 5° to 40° (20) with
a step size of 0.02° (206) 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

20 intensity is measured as function of the diffraction angle 20.
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

25 scope of the skilled person to select and carry out an
appropriate fitting procedure. The uniplanar orientation
parameter is defined as the ratio between the 200 and 110 peak
areas. This parameter is a gquantitative measure of the
uniplanar orientation.

30

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



the fitting process is straightforward and it is within the scope of the
skilled person to select and carry out an appropriate fitting procedure.
The uni plwoanio7pent at i on paraneter is defined as the racrErbavws®nst he 200
and 110 peak areas. This paranmeter is & quantitative nmeasure of the
uni pl anar orientation. The high uniplanar orientation paraneter is also

rel at eduheptheaMbiichakic@oni Batrhatrpel.ymer snwithtadMabbiier atthoowet hin the
range specified in the present invention can be converted into filnm with a
deS|rab?@b9§P@§nF@rtPﬁeéﬁﬁﬁléﬁ&@réﬁpénﬁ§tﬁéﬁ paraheter. DAS Pndicated above,

in one EH?EQ%HEQtorEQEt%k 895% EgrthtBQ %@$§Et onlgaﬁggrgglplanar

orientation paraneter e preferred this value to
be at | eastfedrednbpe thlpawaﬂualap at bEaQEaEt 4or matrel easpaZticHilgher

val uch as yalues of at |east 10 or even at |east 15 alsq b

obt ai ned’ FHESEhdor 8F1 Gl REXFmim VAPUE ™t 6F 1UAFs FAFEnBFer g b8 a8 thi gh
as infinktati fiot e peak a&eaeéé@ equaky zeke. pHi ghtwahdes frae the unipl anar
orientation paranmeter are often acconpani ed by high values for the strength

and thet@ﬁ@ﬁgyl?élbméékmumh§a@HWMpErfﬁh#ﬁa@ééﬁ@ﬁﬁ@rt@aﬁh@elﬁ@ehﬂgbnaﬁay be

”H”UfaCEH%§ﬂlP¥ %prﬂgeﬁéaﬁhbﬁg g? §E§e§”9éggo gggﬁgranPE'”QoyHVHQE W th

a wei ght average nolecular wei ast nol e, an elastic
shear nodablsnGN ar;edeaeﬂwhnpdrdmeeetlﬁrafbéteﬁebtbn@pahiéGCbQChmghat nost
o of cting step and a

at nost 6 to
s v e e B R e oo RbBr By R AR e 1 ng U he

processing of the polyner its tenperature is raised to a value above its

mel ting point.
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

. Gy
15 least 500 000 gram/mole, an elastic shear modulus N,
determined directly after melting at 160°C of at most 1.4 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

20 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,

25 the Mw/Mn ratio, the elastic shear modulus, and the fact that
the elastic shear modulus of the material increases after

first melting.

For further elucidation and preferred embodiments as
30 regards the molecular weight and the Mw/Mn ratio of the
starting UHMWPE, reference 1is made to what has been stated

above for the film according to the invention.



The starting material of the process according to the invention is a highly
di sent angl ed UHMAPE. This can be seen fromthe conbination of the weight
aver age mwbeouwlpsi7ei ght, the MV Mh ratio, the el astic esheapPomasioss, and
the fact that the elastic shear nodul u8 of the material increases after
first nelting. For further elucidation and preferred enbodi nents as regards

the nol ecul ar wepghtnandatbe Mabda,rahkosebrthagsvamibAgnbMARE: 18eterence
is made to what has been stated above for the filmaccording to the

R o i Rl B S Sl A LR

nore i napamidcl ar 4atvemstmdr® NPa, psttitubareatn past i culbarved, nmesti10. 9
MPa, even nore in particular at nost 0.8 MPa, and even nore in particular

at nost "Or?. ITh&amordig ™ ditr &1y Gt I el TTHY " "HEANS t RAFCERBL8Fasti ¢

shear mpdubusy ig deher gnedsas,SeR-as; £ he poliyien hag: melked.giN  Tthe
particular within 15 seconds after the polyner has nelted. For CO this

pol yner woslHinN t\dhircaitlly |iaftreasesltroa 0meane 2@ tMRahd nebagtitwsheer nore
hours, dependi ng on,the nolar mass. The el astic_shear dul us directl.

nfter mUPERGoat 500 0T BHe Tar IHE cRar actbr PLTTOCF oatur b BrSFhe ery
di sent apghed cUHMAPER iused i1 tdheprasenttdNvent | 9l yket shthemel asti. crshear
nmodul us in the rubbery plateau region. It is related to the average

rmleculgk.\é/ei qn%qftv}@enceﬁ?&ar}%% ment s, Me %ég:? i@%rr@)is i nver eh
. al n JS JNVET§
proporti onal pt%otyt e ent angl enme FgelrdTé(;nsll%f y. Th 3 ther rrmgynam caCPI y sta%fae
mel 10 havhngra , hammgeneousiodies tiiduns,i ofe@én@nt@nghenert syo M cansbe The
calculated fromG , , ,
elastic shear modulus directly after melting at 160°C is one
of the characterising features of the very disentangled UHMWPE

used in the present invention.
G, 1is the elastic shear modulus in the rubbery

15 plateau region. It 1is 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 Gg

20 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 1s the absolute temperature in K.

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

25 degree of entanglement. The adopted method for the
investigation on changes 1in Gg with the entanglements

formation is the same as described in publications (Rastogi,
S., Lippits, D., Peters, G., Graf, R., Yefeng, Y. and Spiess,
H., ''Heterogeneity in Polymer Melts from Melting of Polymer
30 Crystals'', Nature Materials, 4(8), 1st August 2005, 635-641
and PhD thesis Lippits, D.R., “Controlling the melting

kinetics of polymers; a route to a new melt state”, Eindhoven



via the formula GN = gNpRTIMe , where gNis a nunerical factor set at 1 ,
rho is the density in g/cnB, Ris the gas constant and T is the absolute

t enrper at Wwe 2010/K9172A | ow el asti ¢ shear nodul us thus st amrd3/Hros10losivg3
stretches of polynmer between entangl eténts, and thus for a | ow degree of
ent angl enent. The adopted nethod for the investigation on changes in Gwth
the ent aﬂgkz@mfgmt;§ for n'aé'u@ﬂowgyhedaa@a ascideserthec ooy, pubiscabizenso-
(Rastogi, S., pits, D., Peters, G, Gaf, R, Yefeng, Y . and Spiess,

H, ' HeBérd 8ﬁe§ﬁy in Pol ymer Melts from Melting of Polymer Crystals' 1,
Nature Materials, 4(8), 1st August 2005, 635-641 and PhD thesis Lippits, D
. R, "Cbntrolling the nelting kinetics of polyners; a route to a new nelt
st at e", Iki ndhoeebbdivensi bypoflyTechnel oggd datied 6hbwwhacht2@®ﬂ | SBN

978- 0 386- 0895- 2 n _one_enbqdi nt, a r sed h_shows a
ot oun hardenong Shose B BEngh BTl N ah B2 Y TE e caare, O BhaRi . 12
“Vﬁﬁlatolzé 8Cnm Thei1strai nThar depibng ab@a@nh@gdgq@bglmgdd@yegﬁﬂh@@tlng
conpressed polymer to a drawi ng step under specific conditions. The test is

carri edPgusuRIerLENEWSOMPERYREF POWIBLTI §OsabfEereddt 6tesnpaeeiron at a
pressur 130 0C, for 30 minutes to formtensile bars with a
thickneggg%%%?gnggkglaégt “of 5 mmand a |l ength of 15 mm The bars are

subj ect edet oedrawsngaatriadt ensi be spéedwsof pOQymmi-nopwatraitenperature of

125 0C or_ 135 0C . The drawi.ng tenperature is ch n.such that ng melting
of e BOPyRerSobar SOTTRECLAT PL Br RARSFRGM 26 Mt Bato0Hm 2ORey Tt he

tensil erbesgoanfianeescebl rofml GNsiscusads Thenf aree;ieehbsaeagunesnforce
required for the elongation of the sanple at the fixed tenperature. The

force/eaowggthoﬁfcérm@ gheowg aength of 15 mm. The bars are subjected

to drawing at a tensile speed of 100 mm/min at a temperature
of 125°C or 135°C. The drawing temperature is chosen such that
15 no melting of the polymer occurs. The bar is drawn from 10 mm
to 400 mm.
For the tensile test a force cell of 100N is used. The force
cell measures force required for the elongation of the sample
at the fixed temperature. The force/elongation curve shows a
20 first maximum, which is also known as the yield point. The
strain hardening slope is defined as the steepest positive
slope in the force/elongation curve after the yield point.
In one embodiment of the present invention, the polymer has a
strain hardening slope, determined at 135 °C, of below 0.10
25 N/mm, in particular below 0.06 N/mm, more in particular below
0.03 N/mm. In another embodiment, the polymer has a strain
hardening slope, determined at 125 °C, of below 0.12 N/mm, in
particular below 0.08 N/mm, more in particular below 0.03
N/mm. In a preferred embodiment, the polymer meets the
30 stipulated reguirements both at 125 °C and at 135 °C.
While not wishing to be bound by theory, a low strain
hardening slope means that the material has high drawability
at low stress. It is believed that this means in turn that the

polymer chains contain few entanglements, and that this will



first maxi mum which is also known as the yield point. The strain hardening
slope is defined as the steepest positive slope in the force/elongation
curve af two2tm7g9i7el d point. I n one enbodi ment of the pres@EpRol0OS®AL | ON,

t he pol yner has a strain hardening sl dpe, determned at 135 0C, of bel ow
0.10 Vmm in particular below 0.06 NNmm nore in particular below 0.03

N mm | Bhapothencenbaditaentiret BE pabymatthagoadsbraberhaedennng sl ope,
determned at 125 0C, of below 0.12 NNnm in particular below 0.08 N mm
nmor e i n@paPtrenrar "béRowhe. B3SREAM 1PHeaTtpPEf-erred enbodi nent, the pol yrer
nmeets the stipulated requirements both at 125 0C and at 135 0C . Wil e not
w shing to be bound by theory, a | ow strain hardeni ng sl ope neans that the
mat eri al has hi giihdr aWabWPEt yastd| owm stuless.pddcdsss beldoewed richat- ot htseneans

in turn.that the pol r chai.ns contain few entanglenents, and tha hi s
Wi | | onaBR8 ot e O RaRFLCE e o Ape. MEEh Ga0a aroBar el GO 14 abedPtandd wi t h
the present iinvespd+onculldhe HHWMRBEisethd n the Reeess cascdi fget @itihe

invention preferably has a DSC crystallinity of at |east 74% nore in
particulay dt€| €asragoor 1Fhe bt pHol 6gy fefrenheati | sy be Ceharabeerysed

usi ng di K entd g.calord g , e | e on Ki
El mer Dé% %.) ’Trﬁj%], éa}gs rrp%eogf akr?oer\/\%lvr\gi%ﬁ?&% 2Dfr5n§;7'i g%}%ét ed ?%gﬁ? Olot@o 180
0C at 1&n0Gnpereiminut ¢2 hel)d at 186teC frod ADNutces] 80 hen atool @ apetO 0C

per. minute. The results he DSC scan may be plotted_as a gr of heat
T O (N G oy gt a5 55 CAGhT F6E (oo arar o FReaxi oy e trrms oot aPPRnT Ly

i s measyrgdrdsi ng et he datas fapomibepbeaticnd REKt kRN Wfodhes sgans ARaph
enthal py of fusion DH (in J/g) for the crystalline nelt transition is
cal cul apédhigy tddtlerm @irhgt Hel A3 eay uades) t AvagnaphtErpaArehereenfpepatar e

?ﬁ;er mAgd 148k Rehaw;the Stapt, of  Lhe,0hg TRkt dranstiion fgndatbery to
portion of the scan. An enthalpy of fusion AH (in J/g) for the
15 crystalline melt transition is calculated by determining the
area under the graph from the temperature determined Jjust

below the start of the main melt transition (endotherm) to the

temperature Jjust above the point where fusion 1s observed to
be completed. The calculated AH 1is then compared to the

20 theoretical enthalpy of fusion (AH. of 293 J/g) determined for
100% crystalline PE at a melt temperature of approximately

140°cC. A DSC crystallinity index 1s expressed as the

percentage 100 (AH/AH.) .
The film in accordance with the invention and the
25 intermediate products of the manufacturing process according
to the 1invention preferably also have crystallinities as

indicated above.

The UHMWPE used 1in the present invention may have a

30 bulk density which is significantly lower than the bulk
density of conventional UWMWPEs. More 1in particular, the
UHMWPE used 1in 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 may



tenperature just above the point where fusion is observed to be conpl et ed.
The calculated DHis then conpared to the theoretical enthal py of fusion
(DHC of 298 2010g)y79det ermi ned for 100% crystalline PE at acwaEPRom@a@es at ur e
of approximately 140 OC . A DSC crystaBlinity index is expressed as the
percentage 100 (DH /DHC). The filmin accordance with the invention and the

i nt er nedicat edproeict sdof trhe pmpRviachwe NgwptBcesssACEOIZNYg ta theair
invention preferably also have crystallinities as indicated above. The
UHMWPE aBedoranthe Opr e3bnttiiiveNBil8R na§ h&ife &PbalkReHend$ t yf i i s2
significapthy | dphah eqhul k d | tyq of neq&'&qg_l-té\/\wg’ e in
parti cu%g[rED %éhé)%E usfejg 9% thé? roceés/% a%ggréi ngéto t lqe invg]r%?lrg% may
have a bubktdédsdi i .befow 0. L5 agficrg Zwan Paet scubans befomabeiB8ad/) cihad,

till nore in rticular belo .13 g/cm 3 . The bul k. densit b
et & i REQSPh BlcotGarim At ST DISORS A 151 v S ba POt BF - PHALE
val ue cg_@nggtgbtigi pedcasatekl ows. A sanple of UHMAPE powder is poured into

a nmeasuring beaker of exact 100 mi. After scraping away the surplus of
material, the weight of the content of the beaker is determ ned and the

bulk density is galcubginfds THE.JHMIPE ysed Jnddie Processgecord ngyto the
i nvention can be a honopol yner of ethylene or a copolynmer of "ethylene with
a co- nonorentwbhchrars awmothéoralphiarelrefoh erhaleyel o o efvmo bptdr wotth

general ly between 3 and 2 0 carbon atons. .Exanpl es inc]ude propene,
- bt en& DY IRBRt AHED T heXehE ORePePrent, L. GRIETEE el ShexEneis ebE. 3The

use of dienes wibrup ttd OwGanboge @t PaB1 S @SR HPSSi bhes e@. cabubadi ene
or 1-4 hexadi ene. The anount of (non-ethylene) alpha-olefin in the ethylene

honopol pemser Eegpellypseringslewld mordeept ocesgutene, l-pentene, l-hexene,
l-heptene, 1l-octene, cyclohexene, etc. The use of dienes with

up to 20 carbon atoms is also possible, e.g., butadiene or 1-4

15 hexadiene. The amount of (non-ethylene) alpha-olefin in the
ethylene homopolymer or copolymer used in the process
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 1s wused, it 1is generally

20 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%.
Obviously, the ranges given above for the starting material

also apply to the final polymer film.

25 The starting polymer for use in the present invention
may be manufactured by a polymerisation process wherein
ethylene, optionally in the presence of other monomers as
discussed above, 1is polymerised in the presence of a single-
site polymerisation catalyst at a temperature Dbelow the

30 crystallisation temperature of the polymer, so that the
polymer crystallises immediately upon formation. In particular,
reaction conditions are selected such that the polymerisation
speed is lower than the crystallisation speed. These synthesis

conditions force the molecular chains to crystallize



according to the invention preferably is at nost 10 nol e% preferably at
nost 5 nole% nore preferably at nost 1 nole% If a (non-ethyl ene)

al pha- ol evoreoiog7eed, it is generally present in an anoeot/EpRoiatsdoenst
0.001 nol.% in particular at |east 0181 nole% still nore in particular at
| east 0.1 nole% Ooviously, the ranges given above for the starting

mat eri ak maksig aappky dgbrt henéinalfopalyren,fildsaqihe sbart i Rg-pot yamigher use
in the present invention may be manufactured by a pol ynerisation process
wher ei nMEERVPEREY dptiBhallyIpASt Helstesdncd 1ot bYer thsnom® s ORS 2din§eussed

above, s oRo! YAET | S0l fhd he,Pr egencepf 8 Hl09lesidie IRAlUTeLESBLLIR
catalyst at a tenperature below the crystallisation tenperature o tﬁg

pol ymer crsetthattt hdepauwnfercecrofstal ¢atsely $tmed] At el yh upodependabnonhel n
particul ar, reaction caonditions e selected such that the | yneri sati on
Speetl | §F bRePHET Tt e Cr YU A F1 boFT oHOSpEalc THEsE &y rit Heti s Eohdi PFons
force thacnplagukar, ehaidts,drQ airistaddzel tmedi af et ye UpPALthBELE, f @RABHLI ON
| eading to a rather unique norphol ogy which differs substantially fromthe
one obt afned f EBAPt A Eolanliadh oS hé el tCr e £F st tal 91 nESRBLBROLEGY

created at .t rfac t t W ighly-d n - }.0
betweenW?%é %?f?ﬁgﬁ?i?é?ﬁ&%“%%ighﬁid“%%éﬁ%ﬁg§%?ﬁyﬁa?@gogb?ﬁé5%§|gﬁgw.PE
Mor eoveppwtihe .t émpesat ueeboflihdet syhthesiagt iwhi clense tar dde sipabeiceakar

case al so crystallization tenmperature,. will strongly influence the .
morphol 09§ 61t e %y e URMRPE oWdEr o1 idile enbotittent (the fbadfi on

t enper atune is digtnveene - 38,88d ok5Q1C sk ML eyl RepaLh G agebetmess v1a and
+300C . It is well within the scope of the skilled person to determ ne via

rout i nerppitaheand wralor Whilch areaat | onh i ehpergtgtea ons appropratates i nis
combi nat | grr‘o‘ﬁ"frﬁgt‘é’”? G UYRG A Al YSis POl MIBL, COPGSOtr 8kl ong. and ot her
par anet € I uenci ng the
polymer concentrations and other parameters influencing the
15 reaction.

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

20 catalyst which is dispersed homogenously through the
crystallisation medium in low concentrations. More in
particular, concentrations less than 1.10-4 mol catalyst per
liter, in particular 1less than 1.10-5 mol catalyst per 1liter
reaction medium may be appropriate. Supported single site

25 catalyst may also be used, as long as care 1is 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

30 used in the present invention are known 1in 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



reaction. To obtain a highly disentangled UHMAPE it is inportant that the
polynerisation sites are sufficiently far renoved fromeach other to
prevent ewmoangli7ey2of the pol ynmer chai ns during synt hesiP€T/EPRO18/056@R3 be done
using a single-site catal yst which is18i spersed honogenously through the
crystallisation nmediumin | ow concentrations. Mdrre in particular,

concent pationsikess tdan 1sdOt4omdl peatalysts pelvd | beparddlqar té cad absl ess
than 1.10-5 nol catalyst per liter reaction nmediumnay be appropriate.
Support 88 staglP & t 8icaral ysPrahgraPsy b used, 2880| ofbCa’ cam®LiSs taken

that the_actiye_sites e fi.ckentlyhar yenmoyv r hgr Lo,
pr event Egugs!tc\gn??aﬁl%enttac{ang?gémnt bo? thg %op{/amrs&%u%l%gﬁorm ongﬁ.fé
Sui tabl pametibdds $0re nerfuf att urdawfy sflarntieogotyHVMBE cused igetthieypraesent
|nve gn are nov.vn in the art. Reference is made, for exanple to

§854nd U§266§6142521 . The polyner is provided in particulate form

fOF exarrpl e in theef yantafc1a poveler 4i@k dibanyrothey sei tadl eparideubagt e
form Suitable particles have a particle size of up to 5000 mi cron,

pr ef er abByetip ﬁéf@@@gtﬁp@roﬁPsﬁmreswmpééﬁﬁlc@Pa%e&b t 851060 LateFen. TTRe
particl g% Br Ef er;abl y, e%fsaed)arlrrké%e §u%§ Of ot - édﬁgtrlabr’{'&[;%gteg‘“%na”

particu Ieast m Ccr on artlc e Size ion may b
determ nedabyédl asétrdsbhnactf@n (?RSD s eSyorpid ecto@lr)eeﬂo)feasaf_:;gﬂbmmat@ae
s di spersed |nt surfac ant containjng water and treated ultrasonic

forléso satehd ef“S“Férm gyt BRET at-&s P BRtEh gt ehRNTS . ATHE SSnpPe?T's *plinped

throughtacl asersheamand t hge scatt ered-ddwdy . 1 stdet echrfhintThe, anountynef
light diffraction is a nmeasure for the parti cl e size.
diffraction is a measure for the particle size.

The compacting step 1is carried out to integrate the

15 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

20 present invention to combine these elements in a single step,
or to carry out the process 1n different steps, each step
performing one or more of the compacting and stretching
elements. For example, 1in one embodiment of the process
according to the invention, the process comprises the steps of

25 compacting the polymer powder to form a mothersheet, rolling
the plate to form rolled mothersheet and subjecting the rolled
mothersheet to a stretching step to form a polymer film. The
compacted material has a polymer solvent content of less than
0.05 wt.$%, in particular 1less than 0.025 wt.%, more in

30 particular less than 0.01 wt.%

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 conpacting step is carried out to integrate the polyner particles into
a single object, e.g., in the formof a nother sheet. The stretching step
i s carri esloaoto/7e17pr ovi de orientation to the pol yner angcrmradiaoswwse t he
final product. The two steps are carriled out at a direction perpendicul ar
to each other. It is noted that it is within the scope of the present

i nventi @Ret an@HiiNe fhese ebepeBRtSnign i& S§&EGELa5l Phebiicbd GAIT YaQat 1t he
process in different steps, each step performng one or nore of the
conpact KAgd8nd 5% riedehi fgl el nentech For 9 exafpl €59/ @ one enbodi ment of the
process according to the invention, the process conprises the steps of
conpacting the polyner powder to forma nothersheet, rolling the plate to
formroll ed not hénsheéte andrsidgect angottiengol lted nmotcher sheetttona the

t hi t to f | fil Th ted material h
pol yirer CS0PGERT "CoritEnt "o 1185 CRER 0-b5 YRS 5 n CPAFErCUI 4FC 1 6¥s Fhan

0. 025 WeMpemBE@rkn parbiccul st essct ham Oy Ok nwt . Yacdhe: comact hagcfiagce
applied in the frocess according to the invention generally is 10-10000
N cm 2, PPanpare¥ cthar BOLYSO00 NAcriernoreldn partheadtar 3100-20007 NEém 2 .

The densi terial.aft ggnp i IS I 1y..betwe .8.and 1
kg/dn13?h%§n%g%??8§?ar%%g%ﬁeén%%? angﬁi ngdhggfgfégthéygﬁ%%eggmgécéﬁding
to the paventudnrt e cormpact bnQ ardowoltdhengust@pst sa generadl yicar poedtout

at temperature of at | east 10C bel ow the uncgnstrai ned. neltin oi nt of
Chel ol er-Pa P PRIt oul G &E= | Bast *36CBBPORTLRE GHEahstT aF nEH Aol Pifg

poi nt oftthg palyperatstd | lomdre i popartigut andtold easle S0&cbakewst heq
unconstrai ned nelting point of the polynmer. Generally, the conpacting step

is carriedtony ariatt edpérst el wiceat Nospado OC del aw het udBéAsbeabned
mel ting.paint,.0f \the paLYmer,. L0 Barpicylar 3t mpst 30, 9G el oy, .,
particular at most 10°C.

15 In the ©process according to the invention the
stretching step 1is generally carried out at a temperature of
at least 1°C below the melting point of the polymer under
process conditions, 1in particular at least 3°C Dbelow the
melting point of the polymer under process conditions, still

20 more in particular at least 5°C 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 wvary from

25 case to case. It can easily be determined as the temperature
at which the stress tension 1in the process 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, 1in particular at most 20°C below the

30 melting point of the polymer under process conditions, more in
particular at most 15°C.

In one embodiment of the present invention, the
stretching step encompasses at least two individual stretching

steps, wherein the first stretching step 1is carried out at a



t he unconstrained nelting point of the polyner, nore in particular at nost
100C . In the process according to the invention the stretching step is
gener al | ywoanrogdi7out at a tenperature of at |east |10C lpermralomsivesti ng
poi nt of the polymer under process conditions, in particular at |east 30C
bel ow the nelting point of the polymer under process conditions, still nore

in partieuwkar eé¢mbeastubdC helrowrhke pebbhag poidt @ftithe1pel yarertusder
process conditions. As the skilled person is aware, the nmelting point of
polyner§tﬁ§§06éﬁ§ndsﬁﬁﬁﬁ théncoﬁ§?raﬁﬁpoéﬁﬁéptmhléﬁethéyrﬁﬁéhﬁﬁﬂ TRES

means 1 Qﬁ%oh@%s%%t 9 E&%@r g 11'1'&9\‘?{%19590%%%‘%%%‘1' b‘ Oé‘éeé’@yw}{@%ﬁhr om

case to case. It can easi eterm ned as the tenperature at which the
stress tensi durtrhdrhesiprecessngr epspshiar ptyrr Gedepakl! yt thetstpetrehung st ep

is carried out at t erature of at nost 30 0C bel ow the nmelting point of
the Dol RAFTundér prtBEss coRthti GRS, IBAEIecar 5 nost 2PE-GeTBaFow
t he nelgt@gt@ghﬁg atephe pol ynmer under process conditions, nore in

particular at nost 15 0OC . In one enbodi nent of the present invention, the
stretching step éﬁc@ﬁﬁés§@sQﬂldﬁﬂknth%b@n%ﬁylbﬂélP@rﬁ@@chﬁhgssﬁéE§Od

wher ei n gge oo rst Egéfngin?uf%ﬁg S, %%r%‘%jéﬁgtfﬁnéQf a}egggggt%ggtthan

t he secon opti ona stret ch i ng steps n one e

t he strbecmdamuﬁﬁmmbnoanpasses ahel eastn towd thdi viidual Istireg chedgosteps

wher ei n e%gh fur e{ stretchin tep is C%rrled out at ate erature whi ch
e

i s hi ghéPtHanye O&np%?%‘f%?e%& 1 hePpreteding STy st'ep. "ASPRFI | be
evi dent chg thesskbhl ed parsonout hiss et Bed: €aRcHE Gamiiced Ofitetdl SUEhea

manner that individual steps may be identified, e.g., in ‘the form of the
filns bépﬁ@.ﬂéﬁ PYepected to a lower temperature in the beginning of
the stretching process and to a higher temperature at the end
of the stretching process, with a temperature gradient being
15 applied in between. This embodiment can for example be carried
out by leading the film over a hot plate which is equipped
with temperature zones, wherein the zone at the end of the hot
plate nearest to the compaction apparatus has a lower
temperature than the zone at the end of the hot plate furthest
20 from the compaction apparatus.

In one embodiment, the difference between the lowest
temperature applied during the stretching step and the highest
Lemperature applied during the stretching step is at least 3°C,
in particular at least 7°C, more in particular at least 10°C.

25 In general, the difference between the lowest tTemperature
applied during the stretching step and the highest temperature
applied during the stretching step 1s at most 30°C, in

particular at most 25°C.

30 The unconstrained melting temperature of the starting
polymer 1is between 138 and 142°C and can easily be determined
by the person skilled in the art. With the wvalues indicated
above this allows calculation of the appropriate operating

temperature. The unconstrained melting point may be determined



i ndi vi dual hot plates of a specified tenperature. The nethod can al so be
carried out in a continuous manner, wherein the filmis subjected to a

| ower t emporatunrei7’zn the begi nning of the stretching precesP2amsioe3 a

hi gher tenperature at the end of the d8retching process, with a tenperature
gradi ent being applied in between. This enbodi nent can for exanple be

carri edvedt oy | eadi hgrdiei 41 | BreMeing ket opliake rwhi ch i 81egugppedovit-h
tenperature zones, wherein the zone at the end of the hot plate nearest to
t he conpadtd"dif @spEicat iR HasCa I'oWertd errpef atur échah tthe22 oaé caeaeheJend

f th t d ti ] | Lment,
0 € ?gﬁng%éfc‘érfe“rﬁé‘@é o%lr Off 4, GAIRACT AR grga‘s?ﬁngﬁ Sof! “ck?é‘elsgpgg'tm‘v‘”

the dif nce between the | owest tenperature during the retchi ng

st ep andntihéhbkirghestebénper dinome Sppld ed’ @ i ngs t bea Stae¢dhhagestepths at

| east 30C., .in particular at least 70C, nore in particular at |east 10 0C
I n geW@%SFPgtEQlBFfference between the | owest tenperature applied during

the stretching step and the highest tenperature applied during the

stretching step is at nost 300C, in particular at nost 25 0C . The

unconst rai ned nelfi ngheenpepdenrecsrlt herscapreing pofynBAMIEEpetfeeiia$38

d 142 ' b ' I d in_.th t.
Wi ChE VAl eE | NGl cared anbve [hi £ ol Foks Cal bul S onof L i Snpr Spri ai e

oper at i ngriyenpersat ute. thee uatonsyr aiemed raehtrdengo poiche nmylhesdet ermi.nedvi a
DSC (differential scannin calorinet%¥% innitro eg, over ate erat%ge
Wﬁét

ra of' %86t o +180°0¢€ W tRT AT PHRer dasi RBBr &t riadtet of
10°C/ m putec-The @@dﬂﬂgn@@e&bﬁi&aég§§ki§@d@ﬁﬁﬂﬁﬁ(héﬁﬁkhﬁttﬁéopkggegg 170

OC . is evaluated here as the nelting point. In the conventional processing

of UHMARECPrdwas riecesdar yinverarey oc@ketshelpr ceesside atperpeaatis eakhi ch

was values which are more below the melting temperature of the
polymer than has been possible in the prior art. This makes

15 for a larger temperature operating window which makes for
better process control.

It has also been found that, as compared to
conventional processing of UHMWPE, materials with a strength
of at least 2 GPa can be manufactured at higher deformation

20 speeds. The deformation speed 1s directly related to the
production capacity of the equipment. For economical reasons
it is important to produce at a deformation rate which is as
high as possible without detrimentally affecting the
mechanical properties of the film. In particular, it has been

25 found that it 1s possible to manufacture a material with a
strength of at least 2 GPa by a process wherein the stretching
step that 1is required to increase the strength of the product
from 1.5 GPa to at least 2 GPa is carried out at a rate of at
least 4% per second. In conventional polyethylene processing

30 it is not possible to carry out this stretching step at this
rate. While in conventional UHMWPE processing the initial
stretching steps, to a strength of, say, 1 or 1.5 GPa may be

carried out at a rate of above 4% per second, the final steps,

required to increase the strength of the film to a value of 2



very close to the nelting tenperature of the polymer, e.g., within 1 to 3
degrees therefrom It has been found that the selection of the specific
starti ng whlWeB7aed in the process accordi ng to the i neemBPeomBI06S |t
possi ble to operate at val ues which arne® nore below the nelting tenperature
of the polyner than has been possible in the prior art. This nakes for a

| ar ger teaperatuk@eonenaisthhar dow ahiilx ekes fotebetlerbprecess eentrol .
It has al so been found that, as conEared to conventional processing of
UHW\PE, SREPEFY ales WitIP & 519 el hf 6t Mat’ 1l éadtrS2KkGPal Tt afP el dahuf 4Bt GFed at

hi gher detoruation.speeds. . Jhendeformiiion speef.is pdibectdynd el ated;to the

production capacity o e equi pnent. For econonm cal reasons 1t Is
inportams tquHIhwusetat s& efdr matt enmedt et ehifdim gﬂashhkgrstmemnmﬁsibﬁe
ut dgtr¢nent affectlgg t he. nechanj cal Fro erties of t e film In
e

part cular, 7%* has bledfGundtt idt 1975 possPh uf 58t & H aferi al

with a steergbh ofigh |£a$#n%ﬂﬁﬁﬁlbbfa pEocessswhes eidp 4 he reht eteghingrst ep
that is required to increase the stren%gh of the product from1l.5 GPa to at

| east 2PEPASEECEarPiled oMt atthea Tt Gh atefeeica% peradecbadvhph has
convent i,0ng| s%%'t%%lt SRE, Pf @\%é' Ageht f'o%n@o%kﬁ%ssd%_{%% p?%%X 1Q4t sHhi s

stretching step at I's rate. ile1n conventional essing the
|n|t|althuset$Mu@gH®Wepse Em,alsasenqrh okr saycoddpr al. 51&Pat mads beer
carried out t a rate of @ve 4% per second, the final ﬁtegs reqU|red to
i ncr'eas&SFhE str%%g rast t% f P t 98OV u&Tof S3&Pa Gr er, T husPebe
carriedsgutnat a rate well bel ow 4% per second, as ot herw se the filmuwill
break. In contrast, in the process according to the invention it has been
found that it isThessibragts stfr étheh finteriedratat¢dl wpwihh atseEehgnh of

1.5 GPargEi% %%%?i%%.a%ﬂé%%¥bﬁ§@9%%1?%%%%%%té%ﬁ*%fé@ Be expressed as
follows. In one embodiment of the invention, the stretching
15 step of the process according to the invention can be carried
out in such a manner that the stretching step from a
stretching ratio of 80 to a stretching ratio of at least 100,
in particular at 1least 120, more in particular at least 140,
still more in particular of at least 160 is carried out at the

20 stretching rate indicated above.

In still a further embodiment, the stretching step of
the process according to the invention can be carried out in
such a manner that the stretching step from a material with a
modulus of 60 GPa to a material with a modulus of at least at

25 least 80 GPa, in particular at least 100 GPa, more in
particular at least 120 GPa, at least 140 GPa, or at least 150
GPa 1s carried out at the rate indicated above.
In will be evident to the skilled person that the
intermediate products with a strength of 1.5 GPa, a
30 stretching ratio of 80, and/or a modulus of 60 GPa are used,
respectively, as starting point for the calculation of when
the high-rate stretching step starts. This does not mean that
a separately identifyable stretching step is carried out where

the starting material has the specified wvalue for strength,



material with a strength of at least 2 GPa. For further preferred val ues of
the strength reference is nade to what has been stated above. It has been
found t havothw/a7at7e applied in this step nay be at | eastCh¥rpanw/os@ednd, at
| east 7% per second, at |east 10% per 28econd, or even at |east 15% per
second. The strength of the filmis related to the stretching ratio

appl i edstTherefiope rathics eff egbdeans al 30 e ®xpr essad ascfol bewpertnecane
enbodi nent of the invention, the stretching step of the process according
to the MAVen®Pfont Ta be 3Sar APEGTBGE PR SsUBROAUAANHEHE tHat o hétEEFERERPNng

step frg%?éswh%t chi ng: Lt o 0L+ 89 013 ?‘éka?e&a‘r:}@%t”%laﬁ%itl‘%ﬁg %adff‘% 100,

in particufar at least 120, nore Iin partic eas st nore in
parti cubapdoftatwitgasthéb60spesciclred edteut iay thwostrtetehi ngtrate nodiedat ed
above. | till a. further epbodi nent, the stretching step of the process
oot di figaEo T  THhobnt EORCCARCBE. Cate oqegiie P s\ SROLE nadne PRI e
stretchupgnsteR from a-dmder | ghatM bh1a JHs ef HAEPa tecauaphericak with
a nodul us of at |least at |east 80 GPa, in particular at |east 100 GPa, nore
i n partRégharage | 8asetTRONGPasStaP | @AstSUAT GRS orcagtr Isshstout50 aGPadi s

carried r i ndi cat . - wi | Dbe i dent th illed
per son F%g%e?hghgﬁte?%gakatgﬁgr§%%§$§gﬁﬁfﬁﬂgﬂgtfgﬁggﬁ%bfg%}gkéﬁa,Egagk

st ret chomgceati coofii8Qpnand/ or a nodul us of 60 GPa are used, respectively,
as ﬁiarting point for the cal culation of when the high-rate stretching step

st s. This does not nean that a separately identifyable stretching step

is carried out whgheehPeoshar Ligha MRtAS ighy has the spesi fdedvalwe tae
strength, stretching ratio, or nodulus. A product with these properties may
be fornedmascianer medeate prodabteduprgratysr efiohilnge heated rolls,

endless belts, etc.

15 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 1in 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

20 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 1is
difficult to control the temperature of this type of equipment
within 1 degree, which will allow the skilled person to

25 appreciate the broadened operating window provided by the

process of the present invention.

It is one o0f the features of the present invention

that the total stretching ratio of the film can be very high

30 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.



step. The stretching ratio will then be cal cul ated back to a product with
the specified starting properties. It is noted that the high stretching
rat e descwobket/aboee i s dependent upon the requirenent twrhatEPadio/ostoset chi ng
steps, including the high-rate stretchilng step or steps are carried out at
a tenperature below the nelting point of the polynmer under process

condi tions. Conventional apparatus may be used to carry out the conpacting
step. Suitable agﬁar atus include heated rolls, endless belts, etc. The
stretching step FRASt ﬁé%?éée%cé)é@éw @ t6'® hEVeivier®t ohSi S2EAFPe@YbuUt to

manuf act ure.t he lyper Lilkm Fhe str hi ep pmy.be carr Qut,.L.n one
or nore st :%sgi nsqgllncgﬁnerltconvent% ona Iféjicnp{&% art. A sui tg% ! rrg gr ©
i ncl udesolleadicngcdhieerdt | mfi nlene dahamore. 8beps .Gver ia s;mrtorfculoiﬁ slbeth

rolling in pro irection wherein,the second r IIsfa§ter t hat the
(rrst PoPRn e Pasehing: cBRZCake BRACCOVar JoRt tarat BT h an ai
circulation oven. In general it is difficult to control theterrperature of

this type of equi gmant within 1 degree, which will allow the skilled person
to appreciate thé&her oﬁ@lb‘ﬁeda@%?@w%g @ ndow prld\M%CHy tiife Progesscof the

present 4ipuent i, 1 'otbj‘escto hgl fgatur c{‘e reagnt d e@ve{;}% 9p st hat

thetotall Stretc ratloo | mcan ever |gh|nde
exarrpl edlmbesuohal arter eBublslngnltaalld)ynayaﬂmeJat thaasttkﬂéOj:humdparMomul an at

east 140, mor & in particular Ieast 160 The total draw ratio is defined
]t(ie BﬁéElSP ffie crifssteke?i %%‘? ThetLom5actsd otk SHeet 18P0P8E by

the crogge=segtuen obrt hendr awnfil | maHBOdléﬁ%d ErambBis pptBeksheet . The
process according to the invention is carried out in the solid state. The

final p@hyﬁgﬂe$§|@ﬁhg§ma @@hyﬂels at least 10, in particular at least
50.

The width of the film is generally at least 5 mm, 1in
15 particular at least 10 mm, more in particular at least 20 mm,
still more in particular at least 40 mm. The width of the film
is generally at most 200 mm. The thickness of the film is
generally at least 8 microns, in particular at least 10
microns. The thickness of the film is generally at most 150

20 microns, more in particular at most 100 microns.

The present 1invention makes 1t possible to obtain
films with a high strength, as described above, in combination
with a high linear density. In the present application the
linear density 1s expressed 1in dtex. This 1s the weight in

25 grams of 10.000 metres of film. In one embodiment, the film
according to the invention has a denier of at least 3000 dtex,
in particular at least 5000 dtex, more in particular at least
10000 dtex, even more in particular at least 15000 dtex, or
even at least 20000 dtex, in combination with strengths of, as

30 specified above, at least 2.0 GPa, in particular at least 2.5
GPA, more 1in particular at least 3.0 GPa, still more in
particular at least 3.5 GPa, and even more 1in particular at

least 4.



solvent content of less than 0.05 wt.% in particular |ess than 0.025 wt. %
nore in particular less than 0.01 wt.% The filmaccording to the invention
is a thresdizomnmgboral object which is characterised i n PRORUEPRAW/08G063 t S

di mrensions are substantially larger than the third. More in particular, the
rati o between the second smallest dinension, the width of the film and the
smal | est di mensi one tdel tdckmess obrt hed i bonvestall I@astudls tRereof
particular at |east 50. The width of the filmis generally at least 5 nm

i n part PEGPEFLIAE ITeasthe0 IMHSHOrE | A2pals cufarl at | Tt D mafestpt
nore in rt t | Tk I,.dt b, of - fadmi at
nmost 20(]§B€r£11’m111 e]?t%%?cl?ﬁgjg?c&iqtohmg'fi Fﬁcly\%g%g%erbaﬁt]]m?ézﬁlcfneggpgge%&glrogﬁé, in
parti culrapeat keaddtslOneierofisbrThe,t hnckpesseot ivkeappllicesigeneral |y at
nost_ 150 mi crons, nore in particular at nost 100 m crons. The present

i nvenhti on makes it possible to obtain films with a high strength, as

descri bed above, phnicopbbnadionmids a hoghdl, i neap1depsidats, | nrhbeipsesent
application the linear density is expressed in dtex. This is the weight in
grans oRNE0. (ORI of 2BR 1 MNIS ondeehbvdi nértrm t He d i | WiMERBr difag™t o
the inv I -has denj er st 0 X, pard i cul.ar st
5000 dt g)%fco(r%grlgai n@f)arﬁlgul glfrlvgﬁltJf(glgsta%())ogaoldédpfeﬁé%ve%ftm?gei npgtgrs%:ﬁgul ar
at | eastin¥5@B80Qodtex, or even at |east 20000 dtex, in conbination wth
strengths of, as specified above, at least 2.0 GPa, in particular at |east
2.5 GPA, nore in particular at least 3.0 GPa, still nore in particular at

| east 3.5 GPa, and even nore in particular at least 4 . The polyner filmor
t he converted products thereof according to the invention can be used as
starting materi al



for nunerous applications, including ballistic applications, ropes, cables,
nets, fabrics, and protective applications. Ballistic attributes, ropes,
cabl es, nwo2o10Ebr2cs, and protective appliances deri veaCrmpaomhsoocHMAPE
filmaccording to the invention are al280 part of the present invention
.CLAIM5 1 . UHWAWPE filmhaving a tensile strength of at least 2.0 GPa, a
tensil ecenermgy to break of at least 30 J/g, an Mwv of at |east 500 000
graninole, and a MM Mh ratio of at nost 6 , and a filmw dth of at least 5
mm 2 . The UHWAPE filmof claim1l which has a tensile strength of at |east
2.5 GPa, in particular a 0 , e i C I

GPa, or even at Feast %ﬁ%w%gaSEﬁﬁﬁ gﬁ%’ﬁga% #Q?Qéi a|n1 h Qﬁ§mﬁ|ch
has a t émrsiske 2er®er@3ra,t oabreakiok andregstt@5odégk i raatrtleenﬂtar?ﬁat JVgast 40
J/g a, re i |cuIar east 50,J/g GPa. 4 UHNMPE filmof any
ong 5t " Fhe T stk g LEFAF e i 4 HEETR M ke F3 6 OFSE ATy OF mBFe fn
parti cuhaktat, mash 3 fie¥enifRheoitn apantihell gr mat, most 2 . 5 . The UHMAPE
filmof any one of the preceding clains which has a crystalline orientation
paranmeter of at least 3, in particular at least 4 , nore in particular at

| east 5 , even nD ein t thll e par ti.cul at

| east 10 or gast ?@é E%MW$Ee q%?fz %%%fhaﬁgﬂgﬁélg t ek%ﬁgéggin

cl ai s mhkehghasaﬂtaﬂtﬁﬂa$tsbl@eﬁ?aconhe@mnﬁldukart&mnld@@tpﬁnﬁ ZPa, The
UHWPE fil mof any one_of the precegrng clainms wherein the frlnthas a wdth
of &t |835F 18 Chbré it n2partPell ar *af FeaSt SV AT SEAFC foPeCrf-

particular at least 40 mm and a denier of at |east 3000 dtex, in

particul ar at
3. The UHMWPE film of c¢laim 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, more 1in
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 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.

25

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

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

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

30 wherein the film has a width of at least 10 mm, more in
particular at least 20 mm, still more in particular at least

40 mm, and a denier of at least 3000 dtex, in particular at

least 5000 dtex, more in particular at least 10000 dtex, even



| east 5000 dtex, nmore in particular at |east 10000 dtex, evennore in
particul ar at |east 15000 dtex, or even at |east 20000 dtex . 8 . A process
f or manufwotaroatgi’ehe UHMAPE fil m accordi ng to any one @CTiEPOIpN8m®Esii Ng

cl aims which conprises subjecting a starting UHWAWPE wi th a wei ght average
nol ecul ar wei ght of at |east 500 000 gram nole, an el astic shear nodul us
det er m nedediinheglary iafiier nel tidigatl S50 0 ©f, atr n@sén 1lad MPastandoaoMwv Mh
ratio of at nost 6 to a conpacting step and a stretchlng step under such
condi ti 8f§%that at no point during the processing of the polymer its
tenperature is raised to a value above its nelting point. 9 . The process
of claim8 wherein the starting UHWWPE has an el asti c shear nodul us

det erm ned direcBIy afAerpm@¢¢$mg:&m:l&@dﬂfaﬁtwﬁmmmsﬁﬁﬁe8UMBWPEinfilm

articular at e proce of claim7 or.8 wherein the
Pt PRECELARST ¢ DarT edtgul Tt oo L BREEr Rl 0Pe SRl | Ehbeh | BEREer o6 he

unconst sabRedtABLt iNgsPRFALn§f UvgrRol Wyl , al RrcpHit Cabaragd heastu3de |
more in particular at |east 50C, and the stretching step is carried out at

a tenpeiaighé off &t |leastt |90 el Qv ¥ e/ hel € i ng poilatt6f BheapolpaEdugnder
pr0065581%9B9k1n%58$5d1r%c% UIGylegr qaty ?t f%o@%@ %Ageﬂé‘y:' ¢ulagpat

| east 5 roce of ‘any one al s rern the
stretchiend siemwemoomnaSSESOﬁteheambstw@ rndlmid@@mp5¢tem@thgpsuﬁp$ a
wher ei n the first stretchi steg%is carri ed ouh_at a |l ower tenperature

t har’ t h&" §§58H&“gaﬁ&eé)ptli‘ | yYfur the lt%PPEtE Phg %t &S, PRbre PHELDY

particukae, paher rﬁﬁQﬁffHBEh%bryﬁéﬁ(¥H§9t§&§@r&§u§§r&%GQAESQﬁtt@ a
t enperature mhlch is her than the tenperature of the preceding

st r et chivAgust époye. lTﬁemﬁﬁééégsp@ﬂnény one of clains 8-11 wherein

9. The process of claim 8 wherein the starting
15 UHMWPE has an elastic shear modulus determined directly after
melting at 160°C of at most 0.8 MPa, in particular at most 0.7

MPa.

10. The process of claim 7 or 8 wherein the

20 compacting step 1is carried out at a temperature of at least
1°C below the unconstrained melting point of the polymer, in
particular at least 3°C, more in particular at least 5°C, and

the stretching step 1s carried out at a temperature of at
least 1°C below the melting point of the polymer under process

25 conditions, in particular at least 3°C, more in particular at

least 5°C.

11. The process of any one of claims 7-9, wherein the

stretching step encompasses at least two individual stretching

30 steps, wherein the first stretching step is carried out at a
lower temperature than the second, and optionally further,
stretching steps, more 1in particular, wherein each further
stretching step 1is carried out at a temperature which is

higher than the temperature of the preceding stretching step.



the total stretching ratio obtained is at |east 120, in particular at |east
140, nore in particular at |east 160. 13. The process of any one of clains
8- 12, whewei2nioidrel7stret ching step that is required to i rcTERs@ob®est r engt h
of the product from1l.5 GPa to at leags 2 GPa is carried out at a rate of
at | east 4% per second, or wherein the stretching step froma stretching
ratio of 80 to a stretching ratio of at least 100, is carried out at a rate
of at |east 4% per second, or wherein the stretching step froma materi al
with a nodul us of260 Gﬁ%et@r§cﬁﬁﬁ@r@%laﬁﬂtﬁﬂéfnﬁﬁul $18F at~1kaybestireast

80 GPa igccarpied o Eré‘{cﬁ‘l gt eré’é t é@@é}[ F’g etcorl%’astthe rz%te Ly any
east 5% per

of these processes elng In artlcu ar second, "l east 7%
per secpndfiatilbeast 16%sped49econds an eweniatilbeast 15%&peﬂ6@econd. 14.
e if a UHWAPE filmor the converted products thereof of any one of clains
s starting material in ballistic applications, ropes, cables, nets,

fabrics, and protectirMe §EBbb§§tb@n§ny15neB@E|bibhﬁsa@L&QbU%ﬁére&Qpeﬁe
cables, and nets, fabrics, and protective appliances manuf act ur ed usi ng the

UHMAPE ﬁFFﬁFé@é@gmqﬁ?H(ﬁQ@W éfe iAWl rgichst 4- Zncrease the strength of

the product from 1.5 GPa to at least 2 GPa is carried out at a
rate of at least 4% per second, or wherein the stretching step
10 from a stretching ratio of 80 to a stretching ratio of at
least 100, is carried out at a rate of at least 4% per second,
or wherein the stretching step from a material with a modulus
of 60 GPa to a material with a modulus of at least at least 80
GPa 1is carried out at a rate of at least 4% per second, the
15 rate in any of these processes being in particular at least 5%
per second, at least 7% per second, at least 10% per second,

or even at least 15% per second.

14. Use of a UHMWPE film or the converted products
20 thereof of any one of claims 1-7 as starting material in
ballistic applications, ropes, cables, nets, fabrics, and

protective applications.

15. Ballistic attributes, ropes, cables, and nets,
25 fabrics, and protective appliances manufactured using the

UHMWPE film according to any one of claims 1-7.



