|  METHOD OF MANUFACTURI NG AN ORI ENTED FI LM FROM ALLOYED THERMOPLASTI C
POLYMERS, APPARATUS FOR SUCH MANUFACTURE AND RESULTI NG PRODUCTS The

i nventi on concerns novel, oriented norphol ogi es and special kind s of
orientation in a polyner alloy and is conceived with special viewto film
used for crosslamnation and fil mused for manufacture of rope, tw ne or
woven tape fabrics. One objective is to ingrove the nechanical perfornance
of the product at elevated tenperatures and in this connection inprove the
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stretching and A third objective is the formation of a morphology comprising

microscopic or submicroscopic thin ribbon-formed fibrils, which promote
15 barrier properiies or enable an improved action of expansion agents.

A fourth objective is, based on suitable morphology, to facilitate and
improve Fransverse orientation of thermoplastic film, especially with a view fo
a rationalised, inline manufacture of crosslaminates.

The manufacture of rope, twine, and woven technical products, all

20 based on uniaxially oriented, slit film, can in many instances be rationalised
if the film gets suitable heatsealing properties. FUrthermore, for many uses
there exists a need to achieve improved tensile energy absorbtion in such
products without being forced to use high-cost polymers, such as
polyamides. Finally, the formation of a fine cellular expanded structure in

25  oriented tape may open new market opportunities.

Crosslaminates from oriented thermoplastic polymer films present the
advantage that suitable combinations of different types of high strength
properties can be achieved at relatively low cost, e.g. based on cheap
polyolefins such as polyethylene or polypropylene. The cost saving comes

30 from reduction of the gauge, and thereby of the raw material consumption,
but this must be weighed against the cost of the orientation, stretching and



WO 2004/ 094129 PCT/ EP20041004687 2 crossl am nation processes. The different
types of required strength properties for a filmare, e.g. the ultinmate
tensile strength, the yield tension, the creep properties at room
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make it nore versatile, so that bé si npl e chanqgﬂ?_ of the process paraneters,
di fferent strengghsorptiopdear propagatiomrasidanendndar shoekvisatestiopepndiiangan be

optim zed. 25 Th S| ai r | ,
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choice of angles between the main directions of orientation in the different
films of the laminate.
Such crosslaminates have been manufactured on a large industrial
scale since 1968 mainly based on the inventor’s old patents, but in stiff
20  competition with other film materials and with woven tape fabrics, there still
exists an essential need to rationalize the carrying out of the process in
order to reduce the manufacturing costs and/or to make it more versatile, so
that by simple change of the process parameters, different strength
properties or combinations of strength properties can be optimized.
25 The crosslaminates have been or are being used for bags, flexible
intermediary bulk containers, tarpaulins and cover sheet, liners under
buildings, bond-liners, as substitute of geotextiles, and as greenhouse film.
Two different process sequences are used industrially. One consists
in extruding a tubuiar film while giving it a high longitudinal melt orientation,
30  further monoaxially stretching the solidified tube in flat form at a relatively

low stretch ratio, helically cutting the tube to convert it to a web which is



| ow stretch ratio, helically cutting the tube to convert it to a web which
Is 3 oriented on the bias, and continuously |am nating two such webs
between rollers such that the directions of orientation in the two webs are
oppositely biased. The |lam nation can be an extrusion lamnation or, if the
films have been coextruded, may be by heat with the use of |am nation

| ayers. 5 The patent basis for this manufacfuring nmethod and resultant
product is GB-A-0,192,976 and GB- A-0, 816, 607 (and correspondi ng patents).
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bonding the layers with the said_predom nant directions transverse to each
ot her, soli di f y@mgliemhzpaarpissand, in e same apparatus,diesially prigntede dTheind

o s 25 VoSSR Borbe St le GhiBl i Bobindisdibil Bat |
t enper at ur e suf &f ekemeshahggrooved roflers. The-patent basis for this manufacturing
method is GB-A-1,526,722 (and.corresponding patents). Since this is
particularly relevant in connection with the present invention, the main
method claim shall hereinafter be paraphrased.

20 It concerns a method of making a laminate comprising extruding at
least two layers of molten polymeric blend, each layer comprising a blend of
polymers that are incompatible to such an extent that on solidification each
comprises a dispersion of particles of one polymer in a matrix of another
polymer, attenuating each layer while molten before, during or after

25  extrusion to distort the particles in each layer into a fibrillar grain structure
having a predominant direction of splittability after solidification into a film,
bonding the layers with the said predominant directions transverse to each
other, solidifying the layers if they are not already solidified, and biaxially
orienting the resulting laminate by orienting it in substantially uniaxial steps.

30  Hereby the biaxial orientation is conducted at a temperature sufficiently low
to maintain the predominant direction of splittability of each film and the



to maintain the predom nant direction of splittability of each filmand the
WO 2004/ 094129 PCT/ EP2004/ 004687 4 bonding is sufficiently weak to permt
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| mprovenents on this stretching nmethod and preferable s selections of

pol ymers appear from US-A-4, 629, 525, US-A-5, 028, 289 and US-A-5, 626, 944.
Practical ways of carrying out the helical @utting are described in US-
A-5,248,366. As it also appears fromthis patent publication, a biased nelt-
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econony of the manufacture. Conceiva one c amnate a longitudinally

oriented film wi otientatiomfarming amanglecat uprtaraboet 3@ tp tbe lengitudinal weh
tenterframe, but experience has.shown, that the strength properties oduced
by known t effer AFSMHE A PHEE Al 45 e plcivcestb 8 FeTaties relpion betesndhe;
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crossl anmi nat es whew off thergpular flgefromytpis deyics, wasrekydhawrieptaligaddacemssi | | ow
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line, using two coextrusion lines each with a rotating circular die,

15  longitudinally cutting each tubular film, and uniting the two cut films, each
with its direction of orientation on bias, in one stretching/laminating line.
However, the limitation to about 30° orientation in each film is an essential
drawback.

Presently all industrial manufacture of cross-laminates does, to the

20  knowledge of the inventor, take place in separate steps instead of in-line,
and this has important influence on the economy of the manufacture.
Conceivably one could laminate a fongitudinally oriented film with one which
has been transversely stretched in a tenterframe, but experience has shown
that the strength properties produced by known tenter frame technique are

25  unsuited for most applications of cross-laminates. As it already has been
mentioned, a solution of this problem is one of the objectives of the present
invention.

Heat-sealing of crosslaminates with a simple “peel-type” seal as
normally used for pillow bags or side-gusseted bags also presents a

30 problem. Solutions to this problem are suggested in US-A-5,205,650, EP-A-

1,007,331 and WO-A-0196102.



30 problem Solutions to this problemare suggested in US-A-5, 205, 650, EP-A-
1, 007,331 and WO A-0196102. 5 However, the two first nmentioned inventions
suffer fromthe drawback that special equipnent is needed in the conpany
which carries out the conversion of the filmto heat-seal ed products (e.g.
bags) and thus can be a serious marketing limtation for the manufacturer
of the film In the last 5 nentioned invention the solution concerns
features only in the conposition and manufacturing process of the cross

| aminated film but Howewen the twp titst mentioned inventinaasufienfronmyther dpebacies . of
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paper board, generally wth a wavel ength between ab 1 nmmand 3 nm The
present inventi ivepdionbe carried out either additionally to or

supplenentally to th Qcess ste hch are referred to.in the foregoing
deser{ pti ottt known AEPEEERRRPHS PRRER. Tty he fisskiess 3 clbitieiaite. o
net hod of forni Rgich BhRgde i theewdigesivitfich afe aMdwisd BY thé Implovenenteof
material is extruded through a die and is stretched after extrusion, in

whi ch the flow siresatixrronediegh Stifiness andanpiliercasisharticuiarly dmpertast dbeng an
vt S ol o o TG 46, MRl P BaBer S5 orchBORIG BRBY .01
there i s descri lsebved imiliehabovs mentioned US-A-5,626,944 which discloses a ribbed
15 structure of the laminate in which each rib has a cross-section like a very
shaliow U, formed by a special execution of the transverse stretching
. between grooved rollers.

A more radical solution is disclosed in W0O-A-02/102592 in which at

feast one of the films of the laminate forms flutes like the flutes in comugated
20 paperboard, generally with a wavelength between about 1 mm and 3 mm.

The present invention can be carried out either additionally to or
supplementally to the process steps which are referred to in the foregoing
description of known crosslamination technoiogy.

US 2,262,989 describes a method of forming a sheet of thermoplastic

25  material, in which the material is extruded through a die and is stretched
after extrusion, in which the flow passage through the die comprises an exit
orifice having an exit gap. In the exit orifice there is a mixing screen,
comprising a plate having a plurality of circular apertures varying.

In JP-A-57-110422 (1982) there is described a method of forming a

30 plate of thermoplastic polymer alloy, in which the mixing chamber comprises
a static mixer formed from several devices comprising smail plate mounted



30 plate of thernoplastic polynmer alloy, in which the m xi ng chanber
conprises a static mxer fornmed from several devices conprising small plate
nounted 5a on supports, and oriented at an angle to the direction of flow
The objective of the static mxer is to avoid die lines in the resultant
plate. In EP-A-033771 9, there is described a nethod of formng a

thernopl astic fil mconposed of a matrix of a first thernoplastic resin and

s substantially continuous tapes forned of sa second thernoplastic resin

havi ng barrier properties dispersed in the matrix. A first aspect of the
present inventi en suppbascahdarierted @ anapigle fothe tdirectidn bf fibwaTherabjective
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melting fibrils have a much hi r.degre of orientation t he .
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melting point of P2, see in this connection the shrink-testing of



1s exanples of the invention below The first aspect of the present

I nvention is a further devel opnent of the-rrtefhod and apparaths. Wdch the
i nventor has disclosed in WO03/033241. This earlier case discloses
extrusion of a tubular filmover an annular frictional device of

controll able tenperature, adapted to produce 20 |ongitudkiat orientation
while the tenperature in the flowis kept within or slightly above the
crystallisatlon range of the flow of polynérs. An enbodi nent of that

i nvention is characterised in that the ow _contains a blend of at
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through m cr oposfhw( pRicRhriry, 2 dis Rbictsis fEﬂhémésrmbed U@@dween this
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formngflrst frirn patent applicdtion rega epresen
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above the melting point of P2, see in this connection the shrink-testing of
15  examples of the invention below.
The first aspect of the present invention is a further development of
the method and apparatus, whith the inventor has disclosed in
WQO03/033241. This earlier case discloses extrusion of a tubular film over
an annular frictional device of controllable temperature, adapted to produce
20 longitudinal orientation while the temperature in the flow is kept within or
slightly above the crystallisation range of the flow of polymers. An
embodiment of that invention is characterised in that the polymer flow
contains a blend of at least two compatible or compatibilised polymers, and
the main proportion of the orientation takes place while one is predominantly
25  incrystalline state and the other is predominantly in molten state. The
friction which controls the orientation, can be adjusted by air lubrication with
air pressed fhrough holes in the frictional device or through microporous
metal, or alternatively by sucking the flow against the frictional device. The
surface which the flow contacts may also have a grooved pattern, the

30



Is It is further noted that the disclosure in WO A-03033241 a) does not deal
with the norphology of the alloy in the film b) does not nention any
subsequent stretching process, and c) is limted to extrusion and connected
stretching ofWQAWMUI2Xi|m while the present invention PETEP2I0G6ST
extrusion and connected 20 stretching of .‘fJ7at as well as tubular film The
met hod according to the first aspect of the present invention shall now be

nore precisely defiped, . i foll.ow : | ections
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mxing. P2 initg ém?élﬁﬁ&a'a}@irﬁeﬁt;?ag{? ref@?ﬁﬂiwéihﬁlaﬂy%?%iéﬁe‘éte&t of

elasticity (E) which 1s at |east 15% r than E of y adaptions of
r heol ogi cal condi ti onEhe pablivationgéthis tistlosursohopk paneson thenshmeé dategasating

stretching conditions,.the all oy.i s _produced ich is as dispersiqn of

m croscopical |y FPF!'Q{EYf?fBWQ rsg?(lh@g B_f)? Ipat'j?éf %Wcaﬁfnﬁgiﬁfﬂ%@‘?ﬁasﬂ‘ P2,
wher ei n eachof i binvbntfor], endhamfdret ishoPpRotart &S thedlaipitoftRBPraéddnt has - width
and t hi ckness such that the nmean of these two dinensions is around or |ower

than 5pm The stapplicationg Theisolosuce ipWR03/0BI24d isvnersparaied bereirky rusi on of
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by a later step to rormstrong aracterise

the first aspectapgplication, wihiehiaimostdn entirety Wotd uset agdih dn treafigt filirgyefdhan
(al so terned attenuation or hot attenuation, below) the filmis hot
stretched whil e PeseatinMertidN. d state and P2 nolten or seminolten to

sel ectively,grient Pl ;dfithgr hbtEhithank JfscRisURSANGA-bSoSdbAxt ent

a) does not deal with the morphology of the alloy in the film,

b) does not mention any subsequent stretching process, and

c) is limited to extrusion and connected stretching of tubular film,

while the present invention relates to extrusion and connected
20 stretching of flat as well as tubular film.

The method according to the first aspect of the present invention shall
now be more precisely defined. It comprises the following steps and
selections which are known in themselves.

The oriented film is formed of an alloy of at least two polymers P1 and

25 P2 and is manufactured by blending the polymers and, extruding and
stretching the blend. Both polymers are at least partly crystalline at
temperatures under about 100°C, whereby P1 has a mechanically
determined melting point which is at least 20°C higher than the mechanically
determined melting point of P2. These polymers are incompatible to such an

30 extent that they exist as separate phases in the alloy in the final film, but are

compatibilised sufficiently for practical purposes either by use of an alloying



15 which allows the filmto becone at |east 25%elongated in the direction
of orientation by slow drawi ng at 20C whereby -the hot stretching is
carried out by drawing the filmover a fictionally w thholding device
(frictional device). "Selectively orient does not nean that P2 does not
beconme oriented, it always wl do so to sone extent 20 After the descri bed
hot stretching the filmis preferably further stretched while both
conponents are solid (cold stretching). The%esultant orientation is hereby
preferably limted so that the product filmcan be elongated at |east 25%
in any directi ond@8ntArsneehanisally by suiirientmixing. RE initsynoriented statg at 20°C
stretching of n : ] : ' i

correspondi ng tgé%lﬁ%% S%&:ﬁ—e oné’%’%ﬂ%ﬁ@ﬁéﬁ’ga@ﬁggt ‘Y%Jﬁgfri\g%%'ter}alns iocf: i's
al so referred toP&s Byhadaptiongaf rtoeolegichl emiditions, pertentdges gfthy companents,
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unoriented state o _However, it will in many cases be nore preferable
to choose P2 wit R2awkerain eachéibricextends mainiginonedirection amd gesergllyhash t hat

its Eis 25% | ower ; t P % | r e Lower .t ha is,, For
t he sake of Bood‘%’%%ﬁ&*@%g au‘ﬁ‘étr}%gﬁﬁ %ﬁgéoﬁﬁggg%gw dg?e'?%é"s%%hpﬂg may
take place alreagyichritRgn San.f Pied strétching! tBRePplaysparthpbe dravw-dofiroareert he
polymers P1 and P2 have been_ isolated, or thereafter in a separate

manuf act uri ng | oB¥FUEAN&F the Bim WP“%P@MWP%WF%aﬁfaﬁhﬂﬁfﬁéuiéMeﬂ- pad
conpati bl e qgr CEQHE;HgbgIlétglegtebqosfmsﬁg,\.}gpﬂgﬁ&tiaﬁat the final filmwll not

shown any tendehcy"t evel op i nterna I'ng upon repeated flexing. As
menti oned i o above t hiThedeatpses which<haracietsethedirbtaspect of thedhvemntien amy/i ng
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semimolten to selectively orient P1, while limiting the orientation to an extent

15  which allows the film to become at least 25% elongated in the direction of
orientation by slow drawing at 20°C whereby the hot stretching is carried out
by drawing the film over a frictionally withholding device (frictional device).

“Selectively orient’ does not mean that P2 does not become oriented,

it always will do so to some extent.

20 After the described hot stretching the film is preferably further
stretched while both components are solid (cold stretching). The resultant
orientation is hereby preferably limited so that the product film can be
elongated at least 25% in any direction by slow drawing at 20°C. “Slow
drawing’ refers to stretching of narrow, e.g. 15mm wide specimens at a

25 vélocity corresponding to about 50% elongation per minute. This
characteristic is also referred to as the elongation at break.

In order for polymer P2 to exert its energy absorbing properties

properly the coefficient of elasticity E for this polymer material in its
unoriented state must as mentioned be at least 15% lower than E for

30 polymer material P1 in the unoriented state of P1. However, it will in many
cases be more preferable to choose P2 with a still lower E seen in relation to



15 P1: propyl ene polyners including crystalline copolyners of propylene, or
potyam de, or pol yethyl ene terephthal ate, and P2: propyl ene oopotylrtet ora
polymers including crystalline copolyners. of ethylene, e.g. with other

al phaol efins. Wien the filmis made for manufacture of a crosslamnatei it
Is 20 preferably a coextruded filmwhich, on the side which will face
another ply in the lamnate, has a Ianinat%gn | ayer selected to facilitate
or control the bonding. Furthernore it is st advant ageous that the

outernost plies_of the |lam.nnate.e will..c | ruded nodi fying
| ayer forning aP?s%ngf sHeh g?att'%eé gﬁq?ﬁgowgmhﬁﬁ{{ﬁét @gc@’gﬁ‘ﬁe‘f AcFYE at e
and/ or inprove Rwdrtpasaasi ng of the lam nate and/or nodify its frictional
properties or printing characteristics. It would appear that an oriented

filmas described abboethsosake ofgoasherdenit shouidhs wmerpaned thatipsit ofthehe

ent a o1 vot aple REL Al ke plice sireddy g mardradurd G e blgmbisglss
t hrough t he ®xi before thepolymers Piushd R2dave beendsolatetd, opthersbfter ipyat he pul |

of the haul -off neans as i% Ieaveithe exit orifice. Further WD 2004/ 094129
PCT/ EP2004/ 00468¢Pargle manFaptigng oaken p&s the passage of the solidifying

and soliditied pol V”P'iefef‘ﬁggﬁgnﬁég? Fhid PORRBEIY be caRgatiBRSs! bl ¢ by

"l ubrication” with m nor ower nelting polyner, which is
coextruded on bebhpatibilisedto stieh anjextent flatthe finaldiior wilkiint showin any begi ns.

h | hat t.h .uded ' fil b d
Tke a orosel aniSHEIEY & chBlopBferialVEe HPen Shbeded esingl, AS ThertpE T |
of the presgft iBeesthisofpdtibiliRationesas batythediselof drzalfoyiry Agéht, of miohe

hi gher nmelting polymer is substituted by a suitable blend such as used in
the present i nvé&spnemicailykwraakingdhe crossrsastiongkdimersions of the fibrilssi on
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will be so distor ure t 1s not
appl i cabl e. Ovenhese dimgrisiahs.i ng its passage through the exit channel the
o ! SEfahih aimBe S Pl o JBR R oR el (110
15 P1: propylene polymers including crystalline copolymers of
propylene, or polyamide, or polyethylene terephthaiate, and
PZ  propylene copolymat, or ethylens polymers including
crystalline copolymers of ethylene, e.g. with other alphaolefins.
When the film is made for manufacture of a crosslaminate; it is
20 preferably a coextruded film which, on the side which will face another ply in
the laminate, has a lamination layer selected to facilitate or control the
bonding. Furthermore it is most advantageous that the outermost plies of
the laminate each will comprise a coextruded modifying layer forming a
surface of the entire laminate, selected to facilitate and/or improve
25 heatsealing of the laminate and/or modify its frictional properties or printing
characteristics.
it would appear that an oriented film as described above could be
made by a simple modification of the process which is described in US-A-
3,849,042 (Utz). According to this patent a crystalline polymer is solidified
30 by cooling while it passes through the exit part of an extrusion device, and is

oriented by the pull of the haul-off means as it leaves the exit orifice. Further



regular lamnate flow i npossible since the solidified regions will buckle
and is thereby disturbs the |am nated structure. The resultant product wll
exhibit an extrenely rough surface and extrene thickness variations. In
case the floX03PM4®P4a39 al | i sabl e pol ymer is substituted byPGI/ER2004/004687%
fibrillar dispersion, this chaos effect will result in a disturbance of the
fibrillar character of the structure. 20 It should al so be nentioned that a
patent from about 1975 issued to the DutcHOvan Leer organisation or one of
its subsidiaries (the inventor has not at the tine of filing this

appl i cati on beer@@8rading ¢o theepatent theipasgage et the S@Bﬁ@éf‘@@”ﬂ(ﬁ?{jg'@ﬁ@ipﬁhﬂmer

orientation of t | i - T L NS t he
Cube, whi 16 the T T ctiEbfet i e ekl By PHBHCBorfRARY oot JeFE 10
practice it is vefreylothelrimeltihg polymesrwhyicloig cdexirsides bhdmbthlsiles of #ie mafpr
contraction forces which are set .uB when the solid filmis drawn, and which
acts to hold thePQyper pgfpﬁ@thgoqhﬁ beging: ehhe patan 2150 suogeRis thettee nent i oned
t hat mandrel g i ng| hgp 2RED M e 4
calibration %f {%&éﬂ@&&ﬁn%@éi@ﬁ&a@é&%&e@?éﬁ%e i scm:??g%rrnﬁ %éf g)@egfﬁé%%
and to EP-A- 028586ad th@eitreiippean frat BT ERIGDd possedd ihvebliolReoeldtheng t o t he
description of the present inyenti ,t.. has .been faund  inpartant,. for

obtal ning the dedanBacRrag byiUiE Simelfod it fBigter e RHA Pobars suBrtiGd
reasonabl e hi gh peaSURADbIEhHIEME siicrPHs QSedinitHa prelseit FRRNGBH. PRWEVBF, dss POl yner
bl end during the passage through the extrusion die, or to increase the 5

fineness of the perspemidthoskillsinsxirusiondechnoingyswibeasily bedeistandathe filow | eaves
e s R el HDSATEAS BR8P RARSRSh bR bl
around or bel ow fraotiddlly @plicablel |Overtlengtefdiringlits gessage lthrpugh ehenexior | over
than 0.1 pm while the width is nade generally around_or |ower than 5 pm
Mbst advant ageoudhdnnehtne e will emain makiendn 88 Soer hsh Wilbavepsolidifiedinghin| s
OO Sos Lo oot i S0 oLl B RRE e MBI YRR et
exit orifice of tegalariamirste floddémpossiblefsirede thbaotidifiet asgiang ayill bucideand han
the 15  thereby disturbs the laminated structure. The resultant product will exhibit
an extremely rough surface and extreme thickness variations. In case the
flow of crystallisable polymer is substituted by a flow of a fibrillar dispersion,
this chaos effect will result in a disturbance of the fibrillar character of the
structure.
20 It should also be mentioned that a patent from about 1975 issued to
the Dutch Van Leer organisation or one of its subsidiaries (the inventor has
not at the time of filing this application been able to identify it further)
concerns longitudinal orientation of the extruded tube in solid state over a
mandrel inside the tube, while the latter is hauled-off from the extrusion die.
25  However in practice it is very difficult to carry out this method due to strong
contraction forces which are set up when the solid film is drawn, and which
acts to hold the tube firmly to the mandrel.
Finally it should be mentioned that mandrels inside the extruded tube
have been widely used for calibration of the tube. As examples reference is

30 made to GB-A2112703 and to EP-A-028536B.



gap of the exit orifice. The best results are obtained when each such grid
Is has walls extending several mllinetres in the direction of and
preferably substantially parallel to the flowas it enters the grid. The
maj or wal | s iWO28H&OPH3Uch grid are preferably slanted so tRCIVERGENO468T N5 an
angl e between about 10 to about 70 to the major surface of the flow
entering the grid. Most advantageously there is used at | east two such
grids which are slanted 20 in opposite directions in relation to the ngjor
surface of the flow eRégirtingtd the dedcriptiorPoetheprédent im@ritiahdt Radbserpfdting he
wal | thickness and di stances between the walls are such that in a

| ongi t udi nal secinmrartast farigbtainiag tb@ldﬁélfﬁﬂ fine fprillas stnyeturg; ejthes ke medntaisra t he
blend flow as th | 1s.
The.formati on of EePTERP A Briidrin e ek SRy aHT dtpeSag oS YE T

the fibrils flatblend duhhg ilas passayedhrsughtind extansion wlig, mrszomunmﬂhen the use
of the descri bed'r%é‘i anber at .the end of the eFtrusmn die w

referred toSas B e Q@B%Ksﬂorb?y yitable megns sPATYRaefere thPtflo“%'eEb?%l der ed
to be 30 inventi th a
subsequent st reﬁhqlﬁgpgfrgfibé E:ryst al I seaéefpéﬁﬁdqgggé&nﬁ%ﬁyﬁ frlés)[trbwmpect .

Thi s nor phol ogy thicknass genenallhlagd)ur;d art lbweuttad, pmemporé paefefatﬂy gérerathyan
A R o
Furthernore it C@ne W%ﬁn@ thEWél'th%HHd@ danepalyadrolAd &F ioveer thar 5'|J?iﬁ and

other film products, e.g. lms wmth a s fine cellular, expanded structure.
Final |y the léxt emeﬂadmggedtaly thpcreglmt@pwféh@cmsgrdunebwpns of thiel fdiydﬁl into a

oi 1 'resi stant, wTEnga P4t of By ealer Bpnd i St IGLA Y

LLDPE can do t he|ezgfi®néiBerebH Or it logdted irfle coanbebmimediatdly Qpsiréarn of g@ai nst
oxygen. This second aspect of the io present invention shall be dealt wth

in more detail b@X'bW'ﬂC@onrfBel%HHS'PB qu@ef which chaper hgs a grp biggenthapihe t hi s
o e oar e, e ol P SRR, TRERFAUS e ined ArERSSERRUERERY [ |
mol ten, cooligd has walls extending several millimetres in the direction of and preferably
substantially parallel to the flow as |t enters the grid. The major walls in
each such grid are preferably slanted so that each forms an angle between
about 10° to about 70° to the major surface of the flow entering the grid.
Most advantageously there is used at least two such grids which are slanted
20  in opposite directions in relation to the major surface of the flow entering the
grid.
Preferably the said angle and the wall thickness and distances
between the walls are such that in a longitudinal section of the die
perpendicular to the major surface of the blend flow as this enters the grid,
25  there are at least four such walls.
The formation of a fibrillar, oriented morphology in a polymer alloy,
with the fibrils flat and thin as here described, and in this connection the use
of the described grid chamber at the end of the extrusion die will be referred
to as the second aspect of the present invention. It is considered to be
30 inventive in itself, independent of the use in connection with a subsequent

stretching of the crystallised fibrils as in the first aspect. This morphology



to solidify both, and in a later step heated in air-|ubricated engagenent
with i5 a heating body of cordrolled tenperature to nelt at |east in part

P2, while keeping Pt solid. krnediately then ter while P2 is still at |east
partially mnolten ah Pl is sofid, ft filmis subjected to the selective
orientation of P1, i.e. hot stretching and then-solidification of P2. The

frictional device preferably conprises one or nore bars with rounded edges
over which the 20 filmis dragged while. f &% | ow ng an adjustable are of the

edge, and the bar. or bars are naintained aj a tenperature which prevents
t hg filmfrom s¥itl IE'T‘%B'QF'LY alfenuiatevasy H%‘cﬂ:}%ésﬂ &%&‘ﬁ'&ﬂ%ﬁ'aww@g ang

contact wi th t hgidiioroias Wieh ibroAdtidtraifath Bralehigs!indpduink bt & | di fyi ng.

An exanpl e of such frictional device, suited for filmextruded in flat
form is shown spedidifeattirésoting firahaspest ahotihermose digsnche ssedéal for tubul ar

film is shown in fj 0 he. nent i d 41 . At | east, t he. process
steps from and m{:‘f"t%hﬁg cééﬁtjﬂ?fﬁéﬁ'c?ﬂgﬁm aﬁ%%%ﬁﬁﬁé p%%%”é%l?'aiﬁli’@a\f'iﬂgﬁ of
P2 are pref er abfiye eahiular @xpahdéd sirudtere. WinhMPthe éiendéd)s/eny figt conpri ses a
hol d- back device, e.g. simlar_to one of those 30 mentioned above, acting

between the cooPPiygrapyienemicseiirsallayed datpiaiim ofdinzso lpw dansity
P00 Ol B e e S B .

solidification ar € carried oUf In orne
steps. This seqpelyamidd midrofisrilsy alsoatibyed with LLPRE eamdbthe sdme amdiuriher

I ncluding the blending s . to the .draw ng, which takes place while both Pl
s"and P2 are. soPiQHdq Sepd Rtk Fraperis AEEINEhEERd TUs SPERRGSRACtaB NP

draw ng, isloshOPfééelhtHvénfib@%amab deatt with in Hiéretdail BeRW.UpPt ed lines in the
drawing indicate that the sequence may be interrupted usually by spooling

the film after theGoingbadolo theffirstaspgst ofthe fnverdien; this gar be cafded edbnd

solidification,.of. u A carried
out in-line. A gﬁ{i;{f@@%}e&@%ﬂ?{?ﬁéﬁ%ﬁg}?t%\%ef%rﬁ]t%?olacélt% m‘ﬁt(')éralgg?{?@g tape, if
this is the endegirosiontandithe Abt-draywdeivar while botr P1 eadd®2 arenmbiten deauied

PSPPI LT S S A A TE ST RTINS
section. The colgtheHting byt cohibliéd RhpabRile Bymelt at least in part P2, while
keeping P1 sohd. immediately thereafter while P2 is still at least partially
moften and P1 is sohd, the film is subjected to the selective orfentation of P,
i.e. hot stretching and then solidification of P2. The frictional device
preferably comprises one or more bars with rounded edges over which the
20 film is dragged while following an adjustable arc of the edge, and the bar or
bars are maintained at a temperature which prevents the film from sticking to
the edge or edges. The length of travel in contact with the edge or edges is
adapted to prevent P2 wholly solidifying. An example of such frictional
device, suited for film extruded in flat form, is shown in fig. 5 herein, and
25  another example, suited for tubular film, is shown in fig. 6 of the mentioned -
wWO003/033241.

At least the process steps from and including extrusion to and
including the solidification of P2 are preferably carried out in-line, whereby
the line also comprises a hold-back device, e.g. similar to one of those

30  mentioned above, acting between the cooling and the subsequent heating,



box "Cold drawing” in the flowhart figure 1) may conprise |ongitudinal as
Is well as transverse stretching, and may conprise several steps. Wen fl at
filmis extruded for this sequence of steps, the controlled hold-back

bet ween cool i W8 28H4@948bsequent heating is preferably estabtGTsER2004/004687

roll er arrangenent, which also may supply the cooling. This is illustrated
in the drawing fig. 4. 20 However, as nentildned the filmnmay al so be forned
and treated in tubular format |east fromand including extrusion and at

| east to and i raridtieferablydhé predess stapdifoilawing solidifica#inn ¢f Bdarenalshi s case

the controlled hgl d- back betwee ol i ng and subsequent heating can be
est abl i shed by J#&edou FIQGCWE{E"I%P"B%W@Of??snégﬁ)swth rounded edges over

which the filmis draggedeqiensBidr atdpe! tMieRBuSOn Jsteierhol | Ridiionaly the
rounded edge, while the bar or bars are maintained at a tenperature which

prevents the filincludingtbeibianding step: tedhe siguingwhielytakes phace Waile bethddh al so

rof orence Tt 11 I8 Aot sRrcardy cllod e Bl sHeghiy oy Qg oA 18
devi ce not only gkiowrig the dowkhédtdigs hoviel tivodntereptadiresindiee drawingal 118)
but al so between the shock cooling part (116) and the 14

t enper at ur e- f i ndndigatesthakine seauenca may bedataiiupted Bsyallydyeppalingdhefilm,; ke
th id fricti ' 3 . ieh) foi : t WO
ocuent . The. ol (6 R Solidaeioft ofr SHUBY arfbrthezefloncRfidaRBh, 1°

air-lubricated otereoagenents, butgreferablipatitsters drediaeded onkindinee ak butting ®f of

the film The spacjng bhetween,, said heating . bodi.es shoul d preferably be
adj ust abl e. 1&hi d eif'img? &M ynigyig Y peen Pa t?ﬁ’é ‘ﬁﬁ%i@e £ _.perP"l‘fgr'%?%.o iyn an
al ternative seq tﬁ?—tﬁgéga@g c%h‘?éb%ti;t%%in%aiég s%&s\%}{ﬁn{?iQgﬁﬂy,aérswamﬁi‘attiﬁh the

extrusion is li solidification o IS kept at least 3.0

partial |y mol t ermay bewditiadoyt immadiatelyeafier theceldistretehirg, @nddhisshatibeof  P1
oyer & ot ol ARG IR S FE S LB Mo TR By cpe
i's shown in the pdd ‘@i ardwihyYin tRe fiOWeRart figlitel B riay Bemphse forigttidipapas v
wi t hhol di ng devi ce may

15  well as transverse stretching, and may comprise several steps.

When flat film is extruded for this sequence of steps, the controlied
hold-back between cooling and subsequent heating is preferably established
by a roller arrangement, which also may supply the cooling. This is
illustrated in the drawing fig. 4. '

20 However, as mentioned the film may also be formed and treated in
tubular form at least from and including extrusion and at least to and
including the final solidification of P2. Also in this case the controlled hold-
back between cooling and subsequent heating can be established by one or
more circular bars (rings) with rounded edges over which the film is dragged

25  while following an adjustable arc of the rounded edge, while the bar or bars
are maintained at a temperature which prevents the film from sticking to the
edge or edges. This device can also be constructed like that shown in fig. 6
of WO03/033241.

This means with reference to fig. 3 of WQ03/033241, that there will be

30  africtional device not only at the end of the shown line (see reference

numeral 118) but also between the shock cooling part (116) and the



conprise one or nore bars with rounded edges over which the filmis 15
dragged while follow ng an adjustable arc of the edge, whereby the
tenperature of the bar or bars and the length of travel in contact with the
edge or edges is adapted to prevent P2 whop solidifying. The cooling to the
state in which Pl has becone solid while P2 renmains at |east partially
nolten, is preferably carried out by air-lubricated 20 engagenent of the
filmw th a cooling body of controlled tenpdrature. Also in this case the
filmshould preferably be in air-lubricated engagenent with two tenperature

control | i ng bodi&fiparauredirRAgdjustniént Partt(W¢7Y. i Edoh dhe can bectatstidetedike sai d
heati ng bodi es should preferably be adjustable. As ards the qrientation

after full solide $%i§tfﬁ§‘i’fmﬂ“ dewics (4 RS EROWN iﬂgﬂlg-% th from et M@ ng, at

|l east in a fi rStdoEthr?uQn{S preferably carried out in the sane |ongitudinal
direction as the previous hot stretching of the film By a suitable
sel ection of the condheitleatingds pteferatly tariedtout withtios filrg imairdabdeated and
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to 30 produce '%ﬁﬁéih@rb%_t\%eﬁHgﬂﬁﬁtmgzﬁda%fsrbcfu@btéféraﬁwbe'd@ijﬁ‘s@éﬂépt‘ﬂrﬁ&‘ Wi th

such rupture, extra“orientation in and around the said | ocations.
Her eby t he WO 2(®9alsodiusteatedin thexirawimmiigsyherel. | ocati ons will have a

Tais is 1i1ustrated i anigegiats Efefen B oCRR Hoth St nmBbEARE TG e
orcr os_slt ﬁ(Tu nat ?gtreirrmextfrms)m iskmited fo solidification of Pdewhile RiReistiept atleasyi el d
point w

. ficing 5 the ener absorption properties, a tter which
shal | be f % hePagialy melign. Bems&»a?q%@ee&gﬁmeesqlﬁc arentation over
conparative straj ; | : Liaed b
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devel opment of @ndd2 at least partipfly mattepy didhis sequancerdf stepsis showini imtheon of

crechl el o, 1 eSlRARER . hotRts a8k e RaRRLY ShrBoRaL Hatte iy 1o
out at around 5Qonfprisalorfe boere baswith ASunded edges ovBOwhicheherTilmager . A
heat -treatment for annealing may
15 dragged while fgllowmg an adjustable arc of the edge, whereby the
temperature of the bar or bars and the length of travel in contact with the
edge or edges is adapted to prevent P2 wholly solidifying.
The cooling to the state in which P4 has become solid while P2
remains at least partially molten, is preferably carried out by air-lubricated
20 engagement of the film with a cooling body of controlled temperature. Also
in this case the film should preferably be in air-lubricated engagement with
two temperature controlling bodies one on each side of the film. The
spacing between said heating bodies should preferably be adjustable.
As regards the orientation after full solidification of both components,
25 the cold stretching, at least in a first step is preferably carried out in the
same longitudinal direction as the previous hot stretching of the film. By a
suitable selection of the conditions for the different stretching processes,
and optionally by addition of finely dispersed fracture-promoting material to
the extruded blend, the longitudinal cold stretching is preferably adapted to
30  produce locations of rupture of the P1 fibrils and, in connection with such

rupture, extra orientation of P2 in and around the said locations. Hereby the



follow. After the longitudinal cold stretching, transverse cold stretching
can 15 be carried out, preferably under allowance of a sinultaneous

| ongi tudi nal contraction. The |ongitudinal contraction is preferably

achi eved by fUYPHHPI412? ansverse pleats in the filmprior tRCER0G40EFBYErN SE
stretching, which may be established by neans of a tenterfrane. However,
transverse cold stretching may optionally be carried out wthout precedlng
| ongi t udi nal col d stretchlng, 20 preferabl¢5whlle the filmis allowed to
shrink in the Ion I tudin di rection Also in this case, the contraction

can be achi eved 8 aw%ﬁﬁv'ﬁ@avﬁmg@y lingas gxtension: atan ange & the direstion of

transverse stret I ied out by nmeans of a tenter
frame. Wth known Hg%t%oerf.‘ rlgnr%emyg@ﬁtr?glq%ﬁg%nd usi ng known film 25

conpositions, it has This faatare sersss tu @vé merrmnufaadttmeoacmsamumteelmade
orlentedfllmwh ch ui.ted as, a layer in cross) am nate usefuyl, for
normal  applicat r?msthe f‘ﬁ'é imprvsd ¢een r‘i'prﬁitt'eq ?ni&@%ﬂ%‘?' LW&W‘H&%’FB‘F'@% 0
achieve a suit abereRNPARHrbfith Bifodé'nﬁ‘ésdégﬁ%%? Wi §ﬁan5§f@rﬂ%r%@é¥ﬂos%aer9y

absorption properties.” This is how solved use of the present 1nvention.
Theref ore 30 t hebetewur the example lmcoseecmnrvaths@ommrabee stiainéatesiss geaphs. as

conpared to the eX|st|n cture I C ned n,the.i troductlon
makes use of V\D ﬁ?‘%ﬁ?gagé? RM el%or@rrs)ﬂ hofﬁ?t _

l'ongi tudinal 'y oasm@rﬂé@ﬂbﬁl%ﬂmreiér! & the develsgmerof bidhta®¥BA ih Pm 1S
produced with | ongitudinal and another with transverse orientation,

whereafter the two arle drdenteapdimisethe eamrbingtion efcereap/yisid resistaneeapd oduct i on

b i ent at i on s (et PR RoRrRHarbBFER T eF Bl al | GnbARARREF
aspect of the prstpestohing prefetasiy shouldbeaspead bat attdretind B6°C b gh@fowa! ti ng
polymer P1 forms fibrils or fibril network (the occluded or dispersed

phase) surr oundet?”!ﬂﬁr@'HEe 18930 9&‘?&3‘4@5 I@\Uqaryr&hepiztrﬁtmer}t(ﬁqrrqr;@eallng M&Yhi s
connection the fahllowi ng gui delines can be given. 10 The |ower the
concentration of , the higher the probability that it will becone the
occl uded phase (when Aiftérehe tidngityslireal eoldatretdramgy dnsverse cold stretching can

15 be carried out, preferably under allowance of a simultaneous longitudinal
contraction. The longitudinal contraction is preferably achieved by forming
transverse pleats in the film prior to the transverse stretching, which may be
established by means of a tenterframe. However, transverse cold stretching
may optionally be carried out without preceding longitudinal cold stretching,

20  preferably while the film is allowed to shrink in the longitudinal direction.
Also in this case, the contraction can be achieved by forming transverse
pleats in the film prior to the transverse stretching, and this can be carried
out by means of a tenter frame.

With known tenter frame technology and using known film

25  compositions, it has not been possible to manufacture a transversely
oriented film which is suited as a layer in crosslaminates, useful for normal
applications, the reason being that it has not been possible to achieve a
suitable combination of yield/creep resistance and good energy absorption
properties. This is now solved by use of the present invention. Therefore

30 the manufacture of crosslaminates can be rationalized - as compared to the

existing manufacture which as mentioned in the introduction makes use of



The higher the nelt viscosity of Pl is as conpared to P2 - under the given
conditions of nelt attenuation - the higher the probability that P1 becones
the occluded phase (when other features are not changed). It is 15 hereby
noted that PIWORAYAJHEE an increase in nelt viscosity nearPQRER2D&H00487 Nt Of
solidification, and the inventor has established some evidence indicating

t hat sIOM/cooIing may convert a P2-in-Pl digpersion into a Pl-in- P2

di spersion. It is also |likely that such conversion can take place during

the Crystal ! zat i elufih of RRi@MRY criBRratRlisfibr AODRT SUH W yfst ond firke 20

mxture is |ess t nore preferably in the range 5
i nstance in theISrmqgmelﬂNltﬂmlmJtumgt ama amihabMth ‘tnansmseazn@etamnt 0 50%
However, when it

bl i b 1-j
occl usi on by use% bgre'agtpatqe\}glp;érﬁ:I%rﬂaﬁ%chaﬂltglpﬁO aé%?%sn?% ﬁéeBrcﬂ%’ﬁ%?n of P1
to give it a sugf:m@éy Puaﬁerﬂﬁfdrmatnéﬁglébuwthé%agwng otk lof tHe pundvedex of at

| east 0.1 25 preferably about 0.5), the use of relatively | ow
concentrati ofs oerigntation isqigserieed In wmecgom withffigsb@ B ash@onent s by a quick

Govi cog 1 herefor) so e TtESeRd &0 Pldsenf iolbhtor Ry, SepRE RBL IR, 20
since a sl ow coohigher Fefig galymer Pt ferens il befisl neewerki fH@@GdllﬁeoSdS‘rape and
therefore of |lower strength. 30 For the sake of good order it should be

mentioned that, fispersedn @h%tirmpﬂ@dt}ye@et'@ﬂ’?fr@@@@@ PRI¥RYISR2 Hhe mateX). t he

| am nation may b SRy be used as it
normally is doneﬁ](@g%&{rﬁgcwr}] Hreg@uc\ﬂngr@.ﬂdéllﬁlgsg%h;ﬂn aspect of the nmethod
accordi ng taothe presEm lowerdine Comcerdtatibh ofi B, the higiser th eulobaikity ekatat Will. | t
concerns a met hod of extrudl ttenuat ther Iast pol yrmer
material, which PBFRIE & qgerﬁfl&ﬁﬁee(“g\ ee gyt h|z‘5%|5 lﬁgpgegﬁ P1' and

pol ymer material P2 Tﬁé‘hﬁjﬁ@l" e MbR v%&@smﬁ&if B %@&ﬁb&e@%@&d—e&wéér'tﬁét 0

forma filmor sheet of a oy, In which the flow passage through the die
conpri ses an exi givenicbnditiohsof n@ltaa’nteemahorgame higiner thiagoroteattility that P1

O e bt B SEHL LSS i LA A shpdBap L 020 @
The grids have ahefed@Tiotéd {Hab PH hﬁ‘lde@g"t‘iésté’rdin@ﬁéasé%frﬂé}tnﬁscoSIty near to its
point of solidification, and the inventor has established some evidence
indicating that siow cooling may convert a P2-in-P1 dispersion into a P1-in-
P2 dispersion. 1t is also likely that such conversion can take piace during
the crystallization of P1. Preferably the weight proportion of P1 in the
20  mixture is less than 75%, more preferably in the range 5 to 60%, for instance
in the range 10 to 60, most preferably in the range 20 to 50%.
However, when it is feasible it is advisable to obtain the P1-in-P2
occlusion by use of relatively high molecular weights for the polymer of P1 to
give it a suitably high meilt viscosity (e.g. a melt flow index of at least 0.1
25  preferably about 0.5), or by the use of relatively low concentrations of this
component, then solidify both components by a quick cooling (as further
described in connection with the shock-cooling and devices therefor) so that
the melt-attenuated structure becomes fixed, since a slow cooling seems to
produce fibrils of more irreguiar shape and therefore of lower strength.
30 For the sake of good order it should be mentioned that, if the

invention is used to produce a crosslaminate, the lamination may be carried



perpendi cular to the main surfaces of the flow) closely spaced |anell ae
havi ng wal | s extruding several mmin the direction of the flow The grid or
grids have apertures of a size selected to reduce the average size of the as
di spersed phase of P1' or P2' in the blend. The grid or grids are |ocated at
a position in the chanmber where the gap is wider than the said exit gap,
and the grid chanber further conprises a gap reduction portion between the
screen and the die exit wherein the gap thridugh which the blend flows is

foatares of ¢ duliRer b tuidmed ik Sted oF i NeEBl st BB4RRCCET on i t
fthe fi ][st zglspeggrelﬁc:udmenb nventi on. Ff)r nost uses of the fil m pr oduct tBFreﬁd
(Tom Thi o 1% boer - udtE sebionh HsbBifon ¥ fetidy eBfbingtodRg plesiydhvatoel £hc
| atter then can shallmonobe Sesaribeat hbid éxastlyhdt doneathsod netivodraf extiagieg andd t he
surface layer. Jiy 982&H8§#Erln>ég§sp&% r%réﬁﬁa@ BPWI'P%I cérh ri %@éﬁ'ﬁt{ld‘\gﬁ‘éem I on,

this second ™ aspecC ove stren E €S 0
oriented-film /Aientbbpolymer matenialiRl' gad molymer rnat@na Pe: try@agbp digeand

fol l owing feat Wik g,»théeﬂ d’edfﬁﬁﬁo'fgﬁﬁ?ﬁ%'d?'sﬁebpoﬁéﬁﬁl@"‘ lﬁWf‘ﬁa‘iﬂ?l, sed

they exist as ate phases are conpat I
sufficiently forﬂqw ﬂ%%ﬁ&gﬁl thfﬂHdeB@ﬁ'%P@'ﬁEﬁsQﬁla@%'t sflﬁ@mhawnaﬁmgx'hg@mt or

mechani cal |y by arigihl gl lérbﬁéﬂéﬁte?&@d% lrfél%tstréém fPotf tive exit Brlﬁbé there is
unoriented state at, 20C exhibit a coefficient of el astlg % \wbis t Is at

| east 15% | dder RIA¥HEE %Qr"ibihamb?"r%‘?@l?ré%ﬁ’@ Opgor Mare\gHIsSA
PCT/ EP2004/ 00468end B assaesm h(’s!s héee aElehstd (inlthy Iotrjittdmatedctignd | ng poi nt

?Legllog: iaﬁt cloﬁgﬁsqt Pﬁﬁ ailh g‘?oﬁg s rfﬁc% Ht%fﬁwgﬁ?@y%ﬁﬁd%%ﬁs%gg for
mxing and att erhaﬁlmg)walls ekieuding spveml from iretiheditestian tof #ie flows Thedgrigher si on
P wher oby eaci i custiurasioP lad ssibcted BT o sbrag SEEUIHEE, 1V
a t hi ckness1ar oudispersed phese ofiRA' @ Bﬁhln the bleadadihe griccangrids atealmatetdatra 1
pm and still mMygitsfihathathinbeP Whdréthe gap is wider than the said exit gap, and

the grid chamber further comprises a gap reduction portion between the

screen and the die exit wherein the gap through which the blend flows is

reduced at least part way to the gap of the die exit.

20 The preferred features of this die has already been clearly described

in connection with the first aspect of the invention.

For most uses of the film product there is preferably coextruded a:
surface layer at least on one side of the blend flow. This is best done before
the flow meets the grid or grids, since the latter then can help to

25 compatibilize the blend of the main layer and the surface layer.

Independently of the first aspect of the present invenfion. this second
aspect can be used to improve strength properties of alloyed, oriented film.

An embodiment of this method is characterised by the following
features: P1' and P2' are incompatible to such an extent that they exist as

30  separate phases in the final film, but are compatibilised sufficiently for
practical purposes either by use of an alloying agent or mechanically by
sufficient mixing and attenuation, and P2' in its unoriented state at 20°C
exhibit a coefficient of elasticity (E) which is at least 15% lower than E of P1'.
Preferably but not



| ower than 0.1 pmand width at least 5 tinmes its thickness. Furthernore the
filmis stretched after at |east P1' has been solidified. 10 By a random

bl endi ng techni que (as the blending always will be carried out in practice)
to form m cr oWOXNWI29 or submicroscopically fine fibrilscokrongopshyner
occluded in another polynmer as matrix, it will always be inpossible to give
the fibrils cross sectional dinmensions whidB are even along--their width,
since the fibrils disturb each other's regularity, except if 15 their
concentration i rmecessanily themesharieglly determned maling peiahof Bi'iisiableashused by

the crystallisatj 0 | hdar i i ' on the

strength of the érbg"sa‘ﬁ pa%[‘%fh?éfmar{—%\%g(\)/@r)i) ﬁfa v@§°ﬁ? gfﬁ?epﬁ)ar/qq?ésl%héggﬁg'ffects

are to sone extpertestagesdf thetcongmpentsiahy cohditiohd éorahixing dradattereratioapi dl y

cooled, and therefore.the sgcogd aggect of . the &qe ent invention in jtself
SHRgEnHal 8

presents an 20 d89@HP¥ifOrEe MRS 8 OjSPRE migrasepricallydierfirils  and
of tape or r oS sy Réfvist ' NS B9 ' : ond
aspect of thg ifR/cfeffrildtﬂﬂﬁn, akslargg %L{rﬂ'{q]ﬁggbfsblyr%%,&pé}r’g&bg%{agﬁmgﬁﬁ)&éw%@ﬁ on nmay
be transverse tdntdme directiohiaod gehetdlly Haska thicknes$asdumdadr lgwehthahid pmi s t hen

|1 dt t in the di ti f.the fibrjls 25 duri t hi
Str ot chi ng.  The WBEEABY|aPowaLOF EMer Lt BRI Ll Rse SXPIREAER ALREAT o

preceding fine t _ ' f [ i ) hih& o
Franoverae to thongl Hante { g Bhl DA Rt SBs [ Tege Py RySthe

stretching in tfiim idistretahedrafter at least Phrhds haen solidified, atter are solid. As
regards the_choi ce of, pol rs. for.this st i se af. 30 the
second aspe&? of the Efﬁ%%ﬁr’?%ﬂ,b‘%?P'”%tgﬁhwggs?%%Mgrq@%‘Q%%Xﬁ \gﬂebe pol ymer s
i ncl udi ng cryst a¢drtieg obPROYrABEES) 6 Fori PRYbSIORiclly BF 8Q¥NRINEsAOBIcHNP4in894129
PCT/ EP2004/ 004687 19 honopol ynmer, or pol yam de, or polyethyl ene

t erepht hal at e, diffilof orepolymer ocalydad \n aavtberpolymen ap mailix.dhwillalways her, or

et hyl ene pol yner, | ' : VA 11 f. &k ; (RYARYY) ot her
al pha- ol efi ns, FJE{&%%®¥B e{rz’g%w)g/%égﬁ%?fzgqs%gs S %‘%AW%%%@%@?‘@ %8}@3\/1-8 hyl ene. 5
| n anot her enbodalorgthel widtie, siecoing fivsifedibtunh ebbie othersmegalaritywekedpt ifhas been

menti oned above, P1'" is chosen to exhibit desirable barrier .
15 their concentration in the matrix is very low. This and irregularities caused

by the crystallisation of the very fine fibrils has a negative influence on the
strength of the resultant film. However, in very flat fibrils these effects are to
some extent evened out, especially when the alloy has been rapidly cooled,
and therefore the second aspect of the present invention in itself presents an

20 advantage relating to the strength of the produced film, and of tape or
crosslaminates made from this film.

In this:use of the second aspect of the invention, a step of the
stretching after solidification may be transverse to the direction of the fibrils.
Preferably the film is then allowed to contract in the direction of the fibrils

25  during this stretching. The possibilities for contraction can be established by
a preceding fine transverse pleating of the film. This step of stretching
transverse to the direction of the fibrils can also be preceded by stretching in
the direction of the fibril while the latter are solid.

As regards the choice of polymers for this strength promoting use of

30 the second aspect of the invention, P1' can e.g. consist of propylene

polymers including crystalline copolymers of propylene or propylene



properties. This use is further characterised by the follow ng features: P1'
and P2' are inconpatible to such an extent that they exist as separate
phases in the final film but are conpatibilised sufficiently for 10
practical pur &YW€M Aer by use of an alloying agent or nRChEPicEd4Es7DY
sufficient mxing and attenuati on. By adaptions of rheol ogical conditions,
percent ages of the conponents, and conditi&hs for mxing and attenuation,
the alloy is formed substantially as a dispersion of mcroscopically fine
fibrils or fi bhomopetymarkonpolpamids,or polyetwlene terephthalatee Bind #2C ham et i |

generally. is e ' | ' t a r | ckness
around or | ower Hﬁﬁi#@%ﬁquﬁ? ng edr]yzli%*e{/go}rom%f' Qeetﬁg\%g‘re aédr\%rﬂgqﬁ‘ﬁﬁ\ds d awdth
at least 5 tinegopblymerdiotéthgne, pteférablyelith sthenalphbaslefins e prefoetly
particles, e.g. mca powler exerts a barrier effect, since it forces the

penetrating nol EOMPESINGFINgZE lovydengitynplyaibyendice, or harning liquid to
di ff i ke i | ' |G s |
ITTuse Tik&in a a?'l}’ 5#\5&5@1}; FHBWBWént of@bﬁ%ﬁﬁ‘é@ﬁ@&(@q?ﬁgﬁ\%nﬁbﬁ,%%h

normal |y have a negative 1 nfluence on strengt munl'ess its
concentrati on amadstieenefientimnetifaboive| B1'lisshoddor toedxhjbit desirabde bamrieper ti es

therefore are achi eved by coextruysion, includi opti.onal | coextrusion of
tie |ayers, togﬁW'%-t h'lsﬁ'@erfﬁi?lﬂﬂ'l‘eéfgﬁrﬂerisﬁgg%tﬁﬁlfo%wﬂétf%u'ﬁ- heat seal

| avers al so are requphegng pheard ificahpbtise Bt al AR iy dldials no | ess
than 6 layers, or in case 2 barrier layers are needed, tor ayers. Such
di es are conmer cepataje phiasesainl the imal firp busanesconyradibilisedesufficiently fosecond

t of the i Li , { b I f ' I P1' a,
PL'b etc, chh beraRicalRirPREcH elther HunsP B AlaYinshaogitr dRCNaRFAI BVor 30 i he
expensi ve tie- pQy et mikif’mg?d?ﬂlcétf&nu‘é%ﬁ.aB? adapsors 6ﬁhe?%§k_%¢ébﬁd]ﬂor@s’, \eADnot

required this nean that a Sinple 1-conponéent die is sufficient when
2004/ 094129 PCT/rerceytagesoafahe copponenis: powapnditiensior iniyingiand atiepuatierr i bed

e Coarber . L g2 Sah A bkl BT M R P P o,
inportant. OF cofipl hdtwobiaof Persuefdupded by P2nathetoby eaéh fibrildderrsalpchi eved
wi th the expensive dies, but good enough for 5 many purposes. Exanpl es of
appl i cabl e bar r jextensls|ify gaednain direction and generally has a thickness around or lower
than 5um, preferably around or lower than 1um, and a width at least 5 times
its thickness.
It is well known that flake-shaped particles, e.g. mica powder exerts a
barrier effect, since it forces the penetrating molecules of gas, aroma
20  substance, or harming liquid to diffuse like in a labyrinth. However, such
flakeshaped particles will normally have a negative influence on the strength
of the film unless its concentration and therefore effect is low. Normally
barrier properties therefore are achieved by coextrusion, including optionally
coextrusion of tie layers, together with the main layer of the film. When two
25 heatseal layers also are required, the die must normally be constructed for
no less than 6 layers, or in case 2 barrier layers are needed, for 9 layers.
Such dies are commercially available but expensive. Under use of the
second aspect of the invention, one, two or more barrier forming polymers,
P1'a, P1'b etc, can be alloyed with the main polymer P2' without any use of
30 the expensive tie-polymers. If special surface layers for heatsealing are not

required this mean that a simple 1-component die is sufficient when



Pol ypr opyl ene or pol yethyl ene terephthal ate can protect crosslam nates,

whi ch mainly are based on pol yethyl ene, against destruction by oil, nylon 6
or 66 can do the sane and also forma barrier against oxygen, and EVOH can
very effici enVWORM4OM2Dar ri er agai nst oxygen oil and nost POI/EF200004687
substances. Finally, as already nentioned the nethod according to the second
aspect of the invention can with advant age28e used to nake filmwith a fine
cel lular, expanded structure, especially for conversion to tape or

crossl ani nat es. apfitionally suppliedavitittherdesstbey grid shambebulf syrfeeatayessfor1s p1

and P2' are inc i ch a t : 6 agR, ¢ i rate
phases in the f ﬁ%&aﬂ{‘ﬁ#@ghﬁﬁg' %gﬁéﬁ%%%gh?ﬁ%’%‘sﬁﬁ%ﬂ 9“% Iglfém’pr acti cal
pur poses either dage tises@finglin imvestrieny isamvtimFortammmrdowté thetharrisuéifecti ent

m xi ng and attenuation. By adaptions of rheol ogical condjtions, percentages
of the 20 conpon®APkouitet m%hé @FBWA’eﬁd\f'thﬁhﬁieﬁge%ﬂ\fP dieseRut-aeshendughder oy i s

formed substanty (o \ 10 ' fine fibrils or
fibril net vvoér k or?%JP%urﬁéa%'oE%ﬁ%@E%? sgél,lég\?ﬁéegérggpgg@h‘leﬁ'bri | extends mainly
in one direction andognepyéhe ohpalyathylenekemsphtrealatercdngroterter t han 5 pm
preferably around r lower than 1. pmand width gt |least 5 tines its,.
Phickness, Ther &Pl WA A Siedmssgcn PRYStoVIens. S9aitEr ey eHen
extrusion, Wwhi Cfbftﬂ[?ﬂklo'nse §1066/BAE dbthe Bdme'diid 4166\RIrR & Yaftidr dgBirist oxygdper eby
expansion is established after the extrusion step. Since the expansion
agent is gener aldnd BEdOHseannerg efficigntly, fotrh batrien cigamst axygensoibamd most to t he
expansi on agent, thergjgg theg strongly pronote an 30 efficient and fine
expansi on. e fquma(s [35‘88 " made by slitting of the film nmay additionally

be strongly oriented Iy aé lre8dy imeBitiOhedfHeahethdd RsBRINNG Bthélsecand t hey
may be converted to split fibre network e.g. by rubbing action as known in
I

the art of naki rapPepl ofitheiimeation caPMWith adventagel by usetsia make filtawithaplingar s
oo e o £00 et AR S SREEF R HANEER e el 1
especi al | y concejryssiarhimatess eThis use is sharattesses by thefullo®irg features:

15 P1' and P2' are incompatible to such an extent that they exist as
separate phases in the final film, but are compatibilized sufficiently for
practical purposes either by use of an alloying agent or mechanically by
sufficient mixing and attenuation.

By adaptions of rheological conditions, percentages of the

20  components, and conditions for mixing and attenuation the alloy is formed
substantially as a dispersion of microscopically fine fibrils or fibril network of
P1' surrounded by P2', whereby each fibril extends mainly in one direction
and generally has a thickness around or lower than 5 um, preferably around
or lower than 1 um and width at least 5 times its thickness. There is added

25  an expansion agent prior to or during the extrusion, which agent is soluble in
P2' but generally not in P1', whereby expansion is established after the
extrusion step.

Since the expansion agent is generally not soluble in P1', the fibrils
act as barriers to the expansion agent, thereby they strongly promote an

30 efficient and fine expansion. The film (or tapes made by slitting of the film)

may additionally be strongly oriented prior to, during or after the expansion



especially for rope, tw ne and woven-tape products, and product Cis further
especi ally conceived for conversion to split fibre - (fibre-fromfilm
products. In the follow ng description reference is nade to polynmers P1 and
P2, i.e. as described above in connection to the first aspect of the

I nvention. to The description however relates equally to blends of P1' and
P2' and products produced therefrom by the_second aspect. Product A: Known
features are as follows: It is an extruded2fi| m made from an al l oy of at

| east two polyners P1 and P2, which both are at |east partly crystalline
under about 100&ndiney may beieonvgrisddasplil ibre pelwrik eg. ?Mf@ﬁ'xg ackion Aty exi st

as separate phaﬁﬁéwmnlilﬂga%;#fma 3 s@ﬁ%bgﬁf‘mﬁhi’khifﬁﬁ» sufficiently for

practical purposes-eit use oyl ng agenf-or nect icalil
bysufraier |y rte. PAsiihaireadynappeirs frost thedoragolh@y; the hiivi hethads destiibédnt  of
el asticity (E) lch is,at least 15% | ower an. t= of Pl  and,the oy is
formed substant \ggp}'? cge be yf r@?’&?fas‘f‘féﬂﬁ‘erﬁéﬂ?‘%@@d}ﬁ"@éPf‘iﬂ%‘%n Bl%ﬁd:s or
fibril netway k afij tRiecStier dptéaslyor8iveliforl eSin crBSIERIRAYs, £akd C bikbi |
extends mainly in one direction and generally has wdth and thickness which
as an average bespeeislly fargepeviving ARd WayRB-take PEaduGH and predist G isfurthem

Ch terisi f . ] I | ' I 25
be- conbi ned: 2 SEREBD pARe et BorPalsith @ St B 1 (bre MaRPAn RBAGRR o o
surfaces of the fil mmttefdibimngdeseiptionnefeedrice ianmadutoosolymers P1 land P2, pm

and a wdth at least 5 tines the fhickness, b) the orient filmexhibits
| ocations of rupfufé d@ﬁcﬁ'h‘ﬁﬁﬁo‘fq lﬁ‘rq‘qrﬁ",e"t'%t%)ﬁ'ﬁéﬁsqmeﬁ&%ﬁwme a

general |y |4 earm@Xaddtsipfion Hewevr Histek idqlallRbIeAS b b9 arfigpdidegt i on of
orientation. 22 As |Inportant exanples PI mdy consist of polypropyl ene
i ncl udi ng cryst @roducts popdicpddherefforp by the serond@aspect.pol yani de, or

Copol yrer - or ol yetgnanay; REPynedBted Bebe o8 01 yer s of et byl ene.
preferably linear 5 Hiswrdextrided filml medd froanan alloy of at least two polymers P1
and P2, which both are at least partly crystalline under about 100°C, and are
15 incompatible to such an extent that they exist as separate phases in the film,
but are compatibilised sufficiently for practical purposes-either by use of an
alioying agent or mechanicaly by sufficiently mixing. P2 in its unoriented
state at 20°C exhibits a coefficient of elasticity (E) which is at least 15%
lower than £ of P1, and the alloy is formed substantially as a dispersion of
20  microscopically fine fibrils or fibril network of P1 surrounded by P2. In this
morphology, each fibril extends mainly in one direction and generally has
width and thickness which as an average between these two dimensions is
around or lower than 5um.
Characterising features are the following alternatives, which also can
25  be combined:

a) the P1 fibrils are flat and generally parallel with the main
surfaces of the film with thicknesses generally around or lower than 1 ym
and a width at least 5 times the thickness,

b) the oriented film exhibits locations of rupture of the P1 fibrils,

30  which locations each have a generally linear extension across the film

angularly to the direction of orientation.



There should normally be a mnor coextruded surface |ayer on at |east one
side of the alloyed | ayer to enhance bonding properties and/or nodify the
frictional properties. Product B, an expanded product, exhibits the
following known io features: It is an extruded film nmade froman all oy of
at least two polynmers P1 and P2, which both are at |east partly crystalline
under about 100C, and are inconpatible to such an extent that they exist as
separate phases in the final film but ar22 conpatibilised sufficiently for
practical purposes either by use of 1s an alloying agent or nechanically by
sufficient mxing ankk mpertardtexamplesiR1 nadyl consist of polypropidrsd mgludd y as a
di spersion of m cr'%ﬁ_copi C%I&Igg fi r}e fibrils or Ii br.i | net‘\aljorl'g‘ of Pl
surrounded by PFYStRfliBEARPAlPErs:af Rrppyisne, & Of palvaMmjde.,Pr Relrethyienect i on.

Char acteri sing F‘?&Hﬂ . Jer f at and
general ly par alt]Ee V\Eﬁ ?ﬁteﬁr@d{rﬁ? fg@éytrﬁ%@lcyec;&sgéf?%tf %gf ?P*Irénn%cto Eameg'ké\tsses
gener al | y ar ourgblyethylenerinciudinglcryataling copalymers ofethydensa, psefieratdy linaar

t hi ckness, and lfur(ﬁ her m)re%FJ.I is chosen to exhibit desirable barrier
properties. >The WGy RAYGYS Bol yner PL nay e.g. consist of EVOH or 25

pol yvi nyl i dene chl orTiisrel shuld hboamalIsE ¥ WRRer cdexirutist istefaees (aeP o4t legst

pol yam de. There should nornmally be a m nor coextruded surface |ayer on at

| east one si deorg sideeofihe @lleved laysr ta enhaneghandingpnapgriipoed/er Bodifyid/ or
nodify its ”iﬁ"‘eifﬂgf%nﬁgo?g@?%gs' 30 Product Cis a cellular expanded film
may be extrusion under use an expansi on agent. It conprises the

foll owi ng novel f eatRrosiict BDaf @xpanded giodBEl ekRibite @ txlleing RBowhe expanded
filmis nade fr an _alloy of at least two polynmers P1 and P2, which both
are at |eadf patr%g}‘ffeﬁ-rystal | i ne under about 100C, and are inconpatible to

such an extent that fRnesn@xtrabedfilnt Aifedidn BRAARY of At 12t twd pblymidrs p1 but

are conpatibilised sufficiently for practical pufposes either By use of
and P2, which both are at least partly crystaliine under about 100°C, and are
incompatible to such an extent that they exist as separate phases in the final
film, but are compatibilised sufficiently for practical purposes either by use of

15 an alloying agent or mechanically by sufficient mixing and attenuation.. The
alloy is formed substantially as a dispersion of microscopically fine fibrils or
fibril network of P1 surrounded by P2, whereby each fibrii-extends mainly in

-ane direction.

Characterising features are as follows:

20 the fibrils of P1 are flat and generally parallel with the main surfaces
of the film with thicknesses generally around or lower than 1 ym and a width
at Iéast 5 times the thickness, and further rnore P1 is chosen to exhibit
desirable barrier properties.

The barrier forming polymer P1 may e.g. consist of EVOH, or

25  polyvinylidene chioride including copolymers of vinylidene chiloride, or
polyamide.

There should normally be a minor coextruded surface layer on at least
one side of the alloyed layer to enhance bonding properties and/or modify its
frictional properties.

30 Product C is a cellular expanded film may be extrusion under use of

an expansion agent. It comprises the following novel features:



5 an all oying agent or nechanically by sufficient mxing. The alloy is
formed substantially as a dispersion of mcroscopically fine fibrils or
fibril network of P1 surrounded by P2, whereby each fibril extends mainly
in one directwW@aoo4gsd2d s flat with thicknesses general | y ®@Campdooaodesiner
than 1 pm and a width at least 5 tines the thickness. to The invention
shall now be explained in further detail w23h reference to the draw ngs.
Figures 1 and 2 are flow sheets of two alternative routes of the nethod
according to the firsTheasexmrndedffilmhsmadedrdm an.allpy giiatleasat twooyaymers P1

nodi fication of th Xit. of coext.rusion die ich - 1 f1agt or
circular, suppl |@E§ﬁ?t WF‘F&P@? F'Eﬁ%trlﬁ%%t %ﬂ)égrﬂgt g H?P&’&?Pgﬁi%%oﬁnaﬂ? ng
the fibrillar dipesmphabielthRBEEh aRextdhe tHdt ey &xist sapeaw! phdskdtn thEfinal
esketch represetns a section through a-a infig. 7b. Figure 3b shows a

section through i, buharg gpmratibilised ssffidiently for pragticalpureersasseithes byuserpf

through c-c pn fj | a.cireyl Le .t e ' s show
f ol ded- out c%r cu%’gP"‘g@EQ F@ﬁé{]&ﬁﬁgﬁ}%é‘?‘%'@ P&v%l ve"%i/t @gﬁgmﬁcﬂlﬁas&%gf
machi nel i ne cor r agastiang ds@ dispersfonoat misrricopically fine fbdisrae fibril setdvork of
magni fication of the frictionally w thhol di ng device of fig. and is

di ng - fig. 4, ar
shown on a scal ePWSMERURERRRY ¥2i Whareby eash fipal extends mairly inenediastions shows,
al so very schenaf} - . | | i t et
flo. o Bigure 7and &ty icRE s Qardsran ol Aage Rt Ing? (1B e wiiE
the preferred wastleast5 timey ¢hesthickneksist ret chi ng". Figure 7b represent the

unit in fig. 7a whic erfornse the transverse 0 pl eating, 2004/ 094129

PCT/ EP2004/ 8084687 2LLF he Wﬁet'%s'%ﬁb%wg’&% fi‘%g!nlfgrtbﬁfedé}gw‘év&@ PP of the

two narrow oveng @k Jré\gir?g_ga. Figure 8 shows a schematic section through the
S

filmparallel wth it Jor surface, and represents the clained
m crostructure with |Figaeas 1 end drase flow sheets of two alternative routes of the

method according to the first aspect of the invention.
Figure 3a shows a modification of the exit of a coextrusion die, which-
15  may be flat or circular, supplied with two gridformed screens for the purpose
of making the fibrillar dispersion finer and the fibrils pronouncedly flat. Th
esketch represetns a section through a-a in fig. 7b.
Figure 3b shows a section through b-b in fig. 7a, and similarly fig. 7c
shows a section through c-c in fig. 7a. In the case of a circular die these
20  figures show folded-out circular sections.
Figure 4 shows very schematically the machineline corresponding to
the flow sheet fig. 1.
Figure 5 is a magnification of the frictionally withholding device of fig.
4, and is shown on a scale which roughly is half the natural scale.
25 Figure 6 shows, also very schematically, the machineline
corresponding to the flor sheet fig. 2.
Figure 7ais a diagram-like representation of a tenterframe showing
the preferred way of transverse “coldstretching”.
Figure 7b represent the unit in fig. 7a which performs the transverse
30 pleating.



5 of broken P1 fibrils, where P2 has acquired an extra orientation. Figures
9 to 11 to show stress strain curves for filmproperties with reference to
t he exanpl e. %ures 12a to d show graphs of shrinkage performance at raised
t enper at ur es Y8rRG{0PH39 produced in the exanples. 10 As it miwEatysoiass been
mentioned, all drawi ngs of WD 03/033241 and descriptions to these draw ngs
nmust al so be considered as bel onging to t he# present case. In the flow sheet
fig. I and correspondin 2ravv| n of the machine |line step

nornmal |y conpri ses nggU[gﬁ fahoys ?h?rﬂét'%”%'éﬁcﬁ‘?éﬁsieﬁﬁo'begwwo negrqyi and the
| ower nelting pglye ffrqz 7at hen bl ending in an extruder, and
subsequent.formng o I'm (sheet) in an extrusion die, which inmrediately
upstream of its exi tF[gui'é B(SBOWaa sx:f@maﬂiccsleamrethralsgrsthmﬁﬂn’i paréllgswi&ai,ts b and

Cui tabl e sur { acBRIPBeRZY ePrFE I SRR St B heefFesiapSho

separate bl gnd| Bﬂbr‘&eﬁ@l fisTATRERE P hdk é@ﬂu‘ir%a aﬂé&&r% dHidratid® the film
extrusion will normnal needed. It Is also possible to performthe

bl ending in connect i ErgumsﬂtQ hé to paow stress atraiorcuawsdoptiim puperties wilmuf act ur e
of P1 and P2 reach the m croscopi c or subm croscopic
cross 25 di mensf%ﬁ %ﬁr}i %ﬁ'ﬁ@edi spersion, which is nentioned in the

claims, and also toFggiresdi24 tb d ehowQra hsbéﬂslrmnnagé pBfoimaraievatriigeacc! uded
in P2, instead of P2 occluded in P1. nditions 1n this connecti on have

been di scussed femPeratIrgsfrsTiNS geaducegtin §ie exanemlesi nvention and shal |
briefly be 1r epeat ed k@ﬁtleélrea-apq]afslﬂéganﬁgﬁtldn aﬂd*ﬁivx@@fb?%b@/d%ﬁm

extruded in flat as wel extru form the

l'i ne shown in fidgscriptiopplio treserdrawingsfmlisnali¥o 24 Odrdiderdd R sRielondiag bt tH0 4687
25 extruded in flat form fromthe flat die (205). The correspondi ng
processes for PreS8NéS8$&ided in tubul ar form appear fromthe drawings in WO

o e sanual on < EPSTRSY MAMTEN) ol Bspepan opfend A Grponine e,
by nmeans of thefigud,steg 1 normally comprises dry blending of the hlgher melting polymer

15  P1 and the lower melting polymer P2, then blending in an extruder, and
subsequent.-forming of film (sheet) in an extrusion die, which immediately
upstream of its exit orifice has a grid chamber as shown in figs 3a, b and c¢.
The extrusion is normally a coextrusion adapted to supply the film with
suitable surface layers.

20 If the grid chamber is omitted, as it may be, a separate blending of the
components in molten state prior to the film extrusion will normally be
needed. It is also possible to perform the blending in connection with the
polymerisation as a part of the manufacture of P1 and P2.

It is essential to reach the microscopic or submicroscopic cross

25 dimensions of the P1/P2 dispersion, which is mentioned in the claims, and
also to get P1 in form of fibrils or fibril networks occluded in P2, instead of
P2 occluded in P1. Conditions in this connection have been discussed in
the general description of the invention and shall briefly be repeated later.

The flowsheet fig. 1 is applicable to film extruded in flat as well as film

30  extruded in tubular form, while the line shown in fig. 4 applies only to film



5 and cooling rollers (206), (207) and (208). These are driven at the sane
circunferential velocity and are cooled with circul ati ng water or
circulating oil. A rubbercoated nip roller (209) fornms a nip with the | ast
of the cool i nyO2004/49¢x28 (208). For econonical reasons, in pcEEPIR/idsh be
melted again (step 3a) without interrupting the processes, the cooling
shoul d not be stronger io0o than needed. A bhagr (210) through air lubrication
presses agai nst the extruded and nelt-attenuated film (211). The air

lubrication is catruded imfiat fohnofgrh therfisr GIgQROs)s Tre edrresponadingfmroodsdede part
of the bar adjacent to the roller. The air Iubrlcated bar has two

functions, one |@rfﬂm%t&m'névm'affﬁﬁmppéarﬁ?m the drRWiRgS in V¥R 03/33324A
roll'er (206), the ot Htnd flat dafyind-6% Jr RGNS stéd SRERIMBNEANH B | on Of

the filmwhile this is attenuate alnmént at stage W ruin
t he evenness of dige3f solidifidatior idsand FReare m:tlecamtedsmmm means mfethalpumngn t he

t t f the b 210), t ' | b b f
SKiTIed i n oy ianteedinesaors el (ddhanetey TR AT rveD Lt SRS s bar
20 nor the | ubriGaliéredtial veT&tﬁtyCHHéMr@ c%bfé&*"llvlﬂ'?él?éulét"rﬁq walep or thdblafing

position of the bar is adjustable relative to the ro Preferably there
are springs presyi n‘grwbtmrcwedmm/mllas(mmrmsl@nlpMmthe Iaa&aofptheseqlmg of the
| ubricating air rks QQ 03|t|on t hereto, and FL% | t he,.tension of these
springs, and t hdOlgrs (3 )pr OWﬁ?%ﬁe%s&nér'Mc@ég B’@%%meﬁs 2gRIN(s aC| ng
bet ween rol | er (3%3®|tho@ﬂﬁwt&aupt(r%hﬂb p'i’d%éslsés Rh&icebRmy ¥hdlfd nesBe tdAgér

Nevert hel ess, the edges of the filmwl al ways becone sonewhat t?n ckened
due to transQer dbangeadedction and it may be necessary to trimoff 1 cmor a

few cm before step ﬁﬁ!aal in a
speci al oven consi s??ﬁa'sgf@}m 0 ﬁﬁg%t;rr c%ﬂ?é)%é%‘é %%%E{Ia‘ﬁ het% Ia?‘h%?ﬂl)
isinair 26 | u’nellt-ta&badatedg'mgQMt Mad ir hbribatidrhis caedéd oot m’rough:h oven
part, which is acent to.the, f m cr.opor ous, et t he

film consists ,
rest of solid rré'i‘Ei‘JTOPQKPWI"I%%" WH&hﬁ%ﬂm%gﬁF@r'ﬁ @faﬁe(!nagﬁmasam tBﬁh%f"'fler'ie air,
and one for heatTﬁ@a}Mhﬁrﬁ?icaﬁéd At s {0 flARLtidNs! ond RetoGiaierR! ertibRirkdR Gtiafr not

shown here, but si
15  between the film and roller (206), the other to limit the tendency to
transverse contraction of the film while this is attenuated. Air entrainment at
this stage will ruin the evenness of the film thickness. There are not shown
any details in the construction of the bar (210), but this will be obvious for a
person skilled in air lubrication. There is no need to heat nor to cool this bar
20  nor the lubricating air.

The double arrow (212) indicates that the position of the bar is
adjustable relative to the roller. Preferably there are springs pressing the
bar towards the roller, while the pressure of the lubricating air works in
opposition thereto, and it is the tension of these springs, and the air

25  pressure which determines the spacing. This spacing between roller (206)
and bar (210) should preferably be iéss than 1mm. Nevertheless, the edges
of the film will always become somewhat thickened due to transverse
contraction and it may be necessary to trim off 1cm or a few cm before step
3a.

30 Step 3a, melting P2 but not P1, takes place in a special oven

consisting of two oven parts (213) and (214). The film (211) is in air



5 channel systens are shown in figs. 1-5 in WO03/033241. The tenperature of
the surface of each oven part which is adjacent to the film(211) is exactly
controlled. The heating by circulating oil may be substituted by el ectrical
heating. The air may be preheated, but normally its tenperature will becone
precisely adjusted by the passage through the m croporous netal, without 1io0
any preheating. The double arrows (215) ingécate t hat the spacing between
the two oven parts are nutually adjustablée to optim ze the heating and the

oot oo b M B R Tl o550y 40 Bk R g 201

takes place throug
are two 15 reasadjacérirto tisé film,tcumsiste of miorbporois Metal) dthé Pdst)of isotitd ewetabf onl y

one (213). One |s to achieve the nost efficient heating, the other to
orovent Lhat t Rt BN CRABRRESYSYARTOL AISHLIBN SkiNe A 8nd Gaafer heatTEwth
| ongi t udi nal al g bi [ 156HR) afi-part
(213) where the&ﬁl{gntln‘f%;hmlfwvgﬁhémw& g%ﬁﬂgqﬁ{iﬁg{rﬂw&en bgﬁjs'%'f?l) this
st ret chi ng soul charnehsystepwaredshowreindigst 1 nisWd003/83324 b cThe tempeiattrenoul d

| h d. .of .par. 3 but |
of 11 ciont way ¢ ol BB frapaar SARh b eRpe Wnigh i€ At e diGIBTH B Rarfice o
surfaces which ghgtrdiRdMTHY hE&tind bycrtulaing ¥il M=y SGbstRuted by éleckral us of

curvature 1-2 neters, and in flg 4. this is also indicated. 25 The speci al
oven consi st i nghegtingarThe girTeay hadrreheaated dutnospalivi s temperature will become

ol ating to t horiagteel aERle inseBkop foichRng e ol SR Bl o,

process shown any pleheatingsheet, present fig. 1, these figs. 3-5 of

W03/ 033241 nust be_suppl epent ed ZE ﬂ_sgi t abl e "hol d- back"” device between
the shock 30 cool i ngTiedoublei@yows &1 pdndis at thessracing BttWBar t

0 ser "t vo SR AR AR IRtle 8 ROl bt b sl orce
adj ust ment of t ke air dbrication. Mdsonircthis ¢asepthe adjusteraniipreferalsly talteoplaaad t he
10, 5L LN Gkl ShanGE ol o el gichUn TR o 061 0
15  reasons for using two oven parts (213) and (214) instead of only one (213).
One is to achieve the most efficient heating, the other to prevent that the film
forms longitudinal pleats as a result 6f somie longitudinal stretching, which
will occur at the-downstream end of part (213) where the film is most warm.
Without the other oven part {214) this stretching would be accompanied by a
20 transverse contraction, which would cause some pleating at the upstream
end of part (213). Another but less efficient way to counteract pleating, is to
make the microporous surface or surfaces which engage with the film slightly
rounded, e.g. with radius of curvature 1-2 meters, and in fig 4. this is also
indicated.
25 The special oven consisting of parts (213) and (214) corresponds to
the temperature-fine-adjustment-part (117) in figs. 3-5 of W003/033241,
relating to the hot drawing of tubular film. However, to carry out the process
shown in the flowsheet, present fig. 1, these figs. 3-5 of W0O03/033241 must
be supplemented by a suitable “hold-back” device between the shock-
30 cooling part (116) and the temperature-fine-adjustment-part (117). This

hoid-back device must exert a controlled frictional resistance in order to



part (118) or as shown in fig. 6, both referring to W031033241. 5 Furt her
I n connection with tubular extrusion in the present invention, there does
not in this case exist any tendency to pleating of the filmwhile it
travel s over WOoowheEM2por ous parts, since the tubul ar shapPETEPRA$N4EST hi S,
but for the sake of efficient tenperature adjustnent it still is an
advantage to effect the heatinglcooling frdm tenperature-control l ed netal

parts on both 10 sides of the filmand through air Iubrication on both
sides. In case t kentripuiertadbe agjustimenteoftiae peopartiorcletwesn tl(lg@re;elteat@nwhen

2 st mont of 1 nESebaLP tehitesgito (ko5 Edef b BRI r e oy orent

of one of these @yRifarrtying B'Lth)ftIH@bréb’éhl lrﬂénﬁcfrecéﬁ bebahstﬁ%t@d@ﬁﬁéﬁ%,
nanel y the hot stretchlng S p. 5) duri is in solid

crystal line stat @artdhtS)er aétsh%'ﬂ ftﬂaﬁs path "9?9"%@ fCéWO@%(Q%zﬂﬂ ace by the
frictional wgthhol di ng, gxar |h%n§¥%1ac{iﬁ\ﬂk§ Flﬁ#ﬁ%l | Iuﬁqit&ﬁrlﬁ tﬁ%é@seﬂpﬂwgﬁé@, shown

on about natural scale inf tou s only e

regi ons (218) anthdrdt@ps bt Eathis meemtchrwhemmge pleatipgafthe fikn whiladted

wi th a radius of curvatur a few nm e bars aBe 20 rrutuallésktg ust abl e
as indicated by tiR¥elgAYsr eaml%QRorPEQG?rtﬁrﬁi”Qeztf‘f)tu ulerghapg greyest 15& bet a

tenperature whi Chothe §§k€b93ﬁ|€%nﬁ’%?ﬁ ﬂe%%%ﬁh’ént(i?é{ﬁl' lg%nt ahlﬁggs O stick

so strongly that a snooth passage o rs is prevente of ten
means that the teffpetrthethieating/coomgjmom temperatire-domiveiied hmlatpm'tm bothg poi nt

of the materlal |nth surfaces,of the. film On 2 han P2 in the
mai n body ofl® he SideSif m%f'lm@'?r‘i hoygh pgdgtgrlc&gpplogsqc{;h Sﬁ%st j’ﬁ CaRU It ef erabl y
be able to reheatsuﬁaé‘esseﬁthesé bSHs a% &a&ﬁeaw §é1é ergsthétéfrﬁﬁérbﬁﬁélfheféa'ustment
re-nelting P2 in these regions | m has |eft bar 19).

t enper at ure cont part 187 intig. B&fWOQﬂIQBBZéd)h@eﬁdwsitmeﬁmﬂthﬁ@Paw@Gm thea@Vthe

start-up, takes place ) shown). 30
The hot " str ot oni RS SlasisnEdRTH ve iR of P BLingSEE08R £38,25) " o
are driven. A rUbberCQﬁé?ﬂej?\gértrdﬂtﬁéétrétaﬂlﬁb précasses, marelyithé hbhstreténingecond
pull roller (223). Raollers 22 and 223) are watercooled steel rollers

whi ch sol i di¥sy P2stepgugng v@ﬂ@ka‘r is tnmeolidorrystallinetstatengnd iP2eat Igastaartially
whi I e both Pl ang,dienaffes place by the frictional withholding exerted by the stretching
bars (216) and (217) shown on about natural scale in fig. 5 (at A4). The film
touches only edge regions (218) and (219) of each bar, and these edge
regions are rounded with a radius of curvature of a few mm. The bars are
20 = mutually adjustable as indicated by the double arrows (220) and (221).

The bars are kept at a temperature which is as high as possible
without causing the film to stick so strongly that a smooth passage over the
bars is prevented. This often means that the temperature of the bars must
be lower than the melting point of the material in the surfaces of the film. On

25 the other hand, P2 in the main body of the film must remain at least partially
molten and preferably be able to reheat the solidified surface regions
sufficiently for re-melting P2 in these regions when the film has left bar
(219). The temperature control of the bars, which consists in cooling except
at the start-up, takes place by circulation of water or oil (means not shown).

30 The hot stretching is established by the pull-rollers (222 and 223)
which are driven. A rubbercoated nip roller (224) forms a nip with the



solid, may be |ongitudinal or transverse or a conbination of both. Fig. 4 5
shows | ongitudi nal coldstretching. Preferably the filmis maintained at a
somewhat el evated tenperature, e.g. about 50C, when it |eaves roller 224.

It is pulled by the cooled, driven rollers (225 and 226). Rubber-coated nip
roller (227) forns a nip with the second driven roller (226). The
orientation takes place as the film passes,@and | eaves the stretching bar
(228). This has 10 a sem -sharp edge, e.g. ?ﬁunded mﬁth radi us of curvature

Che contr o axi & Seoarit el rBlenazal Bflerk (£52 4 220 51 PrktePbiet¥ier Ropetag

varied. The fl ow;}ls]gﬁ'rsoﬁa,g/ P2 (steg gyor r espondi ng draw ng of machine line fig.
6 show an alternative route for carrying out the first aspect of the

invention. 1s This d¥ep hhe coldstretehingiey opentingwhjiemsth B1and RA&re re- nel t
P2, but d

cont rgl I ggeaﬁ t Itheq?gf Vt%[%ﬁpﬁ'gdié?l ﬂ%n%gvﬁéﬁé E@rﬂlblsr%\ggﬁeog b\?\’}]tf %35 remai ns
nol :1 ﬁnl dWen?V\Dréhdw; wnghuﬂhatcdlastmtclamgs IFosfierably thegﬂlnths mlamtama? bkl edI

wi t hhol ding (ste ich-at the same time, perfqrms . the contro t-
20 At enuati on.  SETOVARISTRAN MBSIAlIS: &b Bhpt BT Wi I Bass Rl 22 er
(206). This is cpp ﬁ&hédrbyfﬁéeéodiéu FHr%ﬁ'}buérB?zés lkaﬁu 8] R%Séh&&ate@% the

cooling nust not be so strong t substantial portion of the
solidifies. Therr@llgr 227 dorimg amfmwltbme secondodriven roller (&Qeiyegﬁ@ntatlon

ait Tubri cai od oakef Baop aahefingEEes SR EHesdne Beflyid B8 2807

fig. 4, butaibt issems-eharpédde) enplireuhbed ammadlustdfcnnmﬂ'ehﬁtabbheommace
whi ch faces the filmis no w der than about - Thialidevi ce nmay be

heated in order @eraduchthsdiayisidrawno§y tHgie °ff ?ri?rﬂi-‘ﬂ N9\ ECRYFS 8XIS¢ ep.
Al though step 33whi'%r\fué91c1|85t€8"}?ﬂfenéra§% Qhéfrﬁlbh%n%e {drigdi | € keeping 30

P2 at |east partial ten, and step 3a in 1 concerns nelting of P2
whi | e keeping P1 sol |'Ehe ﬂowah@eté 2argl r@ﬁfsopading drawing:ef maching dine fig. 6

the. desor %eﬁ"oi%ﬂ%%ﬁ%i‘%?ﬁ%’ranée"% eatRG ot ik SEBbRd@ o PREBVBRIGH, o5
identical. 15 This does not first solidify both components and then re-melt P2, but goes
directly from step 2, melt attenuation, over a step 2a, controlled withholding,
to the step (3a)ywhere P1 is solidified while P2 remains moiten.
~ When working with fiat film, as shown in fig. 6, the controlied
‘withholding (step 2a) whichrat the same time performs the controlled melt-
20 attenuation, can conveniently take place by means of the cooled rolier (206).

This is cooled in order to prevent the film from adhering, but the cooling must
not be so strong that a substantial portion of the film solidifies. Therefore
the film follows the roller over a very short distance, e.g. 1-2cm. ltis
pressed against a roller (206) by means of an air lubricated bar (210) which
25 is generally similar to the bar (210) in fig. 4, but it is essential to make the
construction so that the surface which faces the film is no wider than about
5-10 mm. This device may be heated in order to avoid excessive cooling of
the film during this step.
Although step 3a in fig. 2 concerns solidification of P1 while keeping
30 P2 at least partially molten, and step 3a in fig. 1 concerns melting of P2
while keeping P1 solid, both steps are preferably carried out with essentially



The route represented by fig. 1 will normally produce the nost regul ar
fibrils of P1 due to the quick cooling, but is applicable only when the nelt
5 viscosity of Pl is sufficiently high conpared to that of P2, and/or if the
concentrati onWORME#Isufficiently | ow. Otherw se the rourcEEpsapest ed by
fig. 2 gives better possibilities for achieving the desired norphol ogy of
fibrillar P1L in P2, since (as already nentioned) it has been found that slow
cool ing may cause an inversion of P2-in- P12§)o P1-in-P2 structure. 10 In

figs. 3a, b and.c i he di h | fl | Si ' | f Pl
1°F2 expands,  dentieel Shnarefin, RREUSRBeatited e Bary 712) eRR SR THO G
about 20 mm  andpSed ittt stpdanlss bdiidenticyo M nor surface layers which are

sel ected for instance for inprovenment of bonding, heat-seal properties
and/or frictional prdperoutesrepresentastbytigrplowilkrormadyperducedhs mas) segulam t he

20mm d id ch t i d-i 302),
cach a1 ew mm t KPR T 5o0S B Wik 3o el i PR By et g o
and 3c respegti y@dassitfafP1 i SUMERABBhigh cdfmpire@fo frakref PacardBAK trend (304)
each e.g. about 1 mmthick, _and u?=r§)<';1ced e. about 1 mm from each ot her.

Screens (301) a@nceupaticn e Phisf Qﬁntb’r‘lﬁ\gggthﬁm@@ctﬁedﬁﬁ@rreﬁfﬁsﬁﬁ@d B¥he f1ow

I s sheared nost ef fi Gi Libosries : pall f ] creen
(302) the f1ow 15 BsfsRietorPRsbbiBaRTEneRERs UG Ea il AoRd of
conveni ent for ifipgillgxP1 id PQnsinbe (awaidadyahertionaid® it Hdsroeen fobrd that slow

pol ymer -i n- pol ymer di spersi on becones further attgnuat ed 25 to formthe

desired final crc994ng Y GRYSP ai inkersionral Ferindat ke PilgpiH2 stidurg: the sane

time the digslines f I , - 60}%- i :
general ly tgofor m anqgﬂgg'eéydfbtﬂgdo%t %f%tﬁféﬂ?}grﬁﬁg/ mali n}séﬁ ?giég??%?ﬂ?ﬁe
film The subséRjuimrR2 skpardsheery fionoe dislaeseidf Bbasuablmmioiathickhessofyl e down
to around 1 or les These die-lines can often be.detected,in the. final
(m e g, 30" byAbOLE20 MiE. andleaben SaEkR eyt N it shTeRe 12v8es WBIRD i ch
di ssol ves P2 buia¥¥QeRfefdd 39 4istindTbr FRF804heRASIEondRtYy, Mabt-Bdal phspariesxanpl e,
if P1 is polypropylene and P2 1s LLDPE, 30 m nutes’ reatment with xyl ene
at 90C wi | | deveindfontfrietiatiat propesties. -

15 The composite flow of the 3 layers in the 20mm deep grid chamber

passes the two grid-like screens (301) and (302), each a few mm thick (e.g.
5-10 mm) portions of which are shown in figs. 3b and 3c respectively. Each
comprises an array of lamellae (303) and (304) each e.g. about 1 mm thick,
and spaced e.g. about 1 mm from each other. Screens (301) and (302) are
20  mirror images of each other so that the flow is sheared most efficiently as it
passes. |
immediately following screen (302) the flow is compressed to a
thickness, e.g. 2.6 mm which is convenient for its exit from the coextrusion
die. Hereby the polymer-in-polymer dispersion becomes further attenuated
25  to form the desired final cross-sectional dimensions of each fibril, and at the
same time the die-lines formed by the lamellae (303) and (304) are flattened,
generally to form an angle of about 10 to 15° to the main surfaces of the fiim.
The subsequent stretching processes will usually bring the angle down to
around 1° or less. These die-lines can often be detected in the final film, e.g.

30 by treating a cross section of the film with a solvent which dissoives P2 but



After such treatnment, the cross dinensions of the flat fibrils can also be
studi ed by scan el ectron mcroscopy. Referring to the final film which 5
has been through all processes shown in fig. 1, it has been found easy to
obtain fibril WORMEHAESLes which on the average are | ower ti@EmERod4/opas7 but of
course in randomdistribution, and correspondi ng wi dths which generally are
more than 10 tines the thicknesses. In an éfbodiment in which Pl is

honopol ypropyl ene and P2 is 10 LLDPE it was found virtuall is i npossible to
di ssol ve out t héot Phpes axexample; ifdih isdolyprepyienagnd 2 inddPRE SOmaingtes’
surfaces and de ' ' of =} the investi gated
speci nen. This ?@i@%ﬁ‘%’@g3”'%@8{5?1gaq%‘r”mn%%@?h%ﬁﬁé‘gs of the fibrils,

whi ch forces the LLDPRemslelt treanént, theidrésssdintensiong lof $hé fiyfibrilé bameafsor e t hey

t ' f d be i ted. For siml , : fil
Can Show qui (o GECRURR NG HEHEN FIO50PYh BT AOGR AL BRSIUR Whifing t hese
grids is utitis | S d foun | out
alnost all L DPE%S Hﬁ%tnﬁtﬂﬁ]deg?‘%‘ %/%rcg‘g%/ eérﬁgwmllbl l1sl i?gﬁg?’%fehgomvﬁi%% e grid

chanber had beerobtainfibrikthidknessehwhichtontbe avertige, araridwer thaosk b pyn, but of

o R Sl OB ey e >

drawi ngs, i.e. Whél thanabltmsestheRicRAgdsesr at her than parallel to the
direction of flow, but the shape illustrated has the advantage that the

di el i nes becone near |y apanabodiment inhwhiele Pilds bemopelyatanylesie andkPadsiuf act ur ed

keepi ng. to the gt iR iriapl yRbossioi@le olsSbfik ot ECRRE: BrégpRecs o

the fibrils depéersh veryethiroredidrs medriae meforwarfases\ang deeper kegiorsdrom éte i n a

| ongi tudi nal sectjion perpendicular to the main surfaces of the flow such
as a-a in these ningnswircesmidhe invastioatad spacimesr KN exaiaineddy40e | ower t han

D e 9o Wi BSOSO PEES psiRiae o b
stretching aft erdifude thréughas ilabyrioth before by @ad nikést somikjorsatfage and be
15  extracted. For similar reason, the film can show quite good barrier
properties if.the grid chamber containing these grids is utilised.

In contrast to this it was found easy to dissolve out almost all LLDPE,
with the polypropylene fibrils remaining, when the grid chamber had been
removed from the extrusion die, and microscopy investigations then showed

20  only insignificant flatness of the fibrils.

The grid or grids can be made in other shapes than those shown in
the drawings, i.e. with lamellae at an angle rather than parallel to the
direction of flow, but the shape illust;ated has the advantage that the
dielines become nearly parallel with the major surfaces of the manufactured

25 film, and furthermore the grid or grids are relatively easy to clean.

Keeping to the grid form shown in figs. 3b and ¢, the achieved
flatness of the fibrils depends i.e. on the number of walls which can be
counted in a longitudinal section perpendicular to the main surfaces of the
flow, such as a-a in these drawings. Preferably this number should not be

30 lower than 4; in the drawing it is 6.



preceded by a | ongitudinal stretching with P1 and P2 in simlar states, both
processes referred to as cold stretching. The purpose is manufacture of a s
mai nly uniaxially transversely oriented filmfor subsequent |am nation with
a minly unléwoamwwmmvngltudlnalIy stretched film The “Sﬂekmﬁﬁﬁyﬁh&%ane
process is not very suitable in such connegtion, partly because It requires
relatively high stretching tenperatures artd partly because it is dlfflcult

to limt the anount tchln rder 0 sat ctory
energy i o absorbing fg%?&ﬁ ﬂ?‘? RE 5 h}ﬁJe%né %H%arg PEhi ng
tenperature shq%r@vafs%fﬁe@éﬂwg Eﬂeﬂ Wﬂcaﬁoﬂof Bét‘hWaﬁ@@Z apfondly degree of
orientation should be far fromthe ultimate limt. To nake the transverse

orientation gendwacedediy atengituding stretchingswith P4andRain sisdanstatest both

[ ansver o oxt oriPEReepiplerish th B8old i hing Hrifilibogs fthbAepdiabts | Lober

belts - see ghe maly unikigly t?ansvemﬂy bfiehteaWiimifor éumegabnt @hmétiohrw.(r?él) I's
fed into the nip between two rollers (229 and 230 supported by the two

endl ess rubber HBgiNY lef’ﬂ@lla%)h@n%w'nahht streicrd filner te Pﬁuﬂltéﬁﬁeg@m@r m from
the nip between fup, Okl f% §et§(t2$?ﬁa8|%OHn?s§1]éP1 comgctf é%rt@.adéca\% la&wFéH lers

(229 20 and 230)"are driven a clrcunterentia

; |3 g;n fe i Can; Lg [n?MWelytrhghﬂStrémhln_?ﬁgntpe;{agwggtdn@aaﬁly(ﬁedaﬁgé ltglslg!:fﬁqtnﬂte 233 and
g u i Vv ities is

adj ust abl e. Thus'm'h&emmoumttpgﬁ&rﬁt%g siNREee) V&h@'@tﬂé'ﬁéﬂatﬁﬁ"tmeﬁ{‘etr%y | eave

the nip betygen urn to

a |less st re?@hedéﬂs}’?gt)@ﬁ%Eaﬁ\ﬂ@?rgjﬁg@e?zﬂéére&%}erﬁ'?l?cteégtgtémsg%gcrﬁnﬁéel [ rst p%l r of

belt rollers (22Q1wn‘djprz:ﬂér)ably o7 imwrténg areund 500vand theeddgréenof ohentifioom i s

stuffed (becones e at etween the belts (231 and 232). The
degree of pleatifl "@ﬂ@%%ﬂﬁrﬁfﬁyfg‘aﬁ% %?g] usted so that it corresponds with
the tendency to | ongitdifaRéthe Fanéversd bﬂéhtsucsm gsnér’aﬁyuhmmethéemﬁﬁgﬁﬁs@hl ng.
30 Prior to the stuffing process, the filmmay pass aJ)alr of interneshing

gear rollers, whsupplied wathdinespleatsi whichvitenablg itsHongitu inglgiontrartien ddingect i on
R T e R Ve
i ncrenent al rubber belts” - see the box in fig. 7a - and is shown in fig. 7b. The film (211)
is fed into the nip between two rollers (229 and 230) and supported by the
two endless rubber belts (231 and 232). It is delivered in pleated form from
the nip between two rollers (233 and 234). The first pair of belt rollers (229
20 and 230) are driven at a circumferential velocity which is significantly higher
than that of the second pair of belt rollers (233 and 234) e.g. about twice as
high. The ratio between the two velocities is adjustable. Thus the two
rubber belts become stretched out when they leave the nip between the
éecond pair of belt rollers (233 and 234) and return to a less stretched state
25  when they leave the nip between the first pair of belt rollers (229 and 230).
Since the belts convey the film, the film is stuffed (becomes transversely
pleated) between the belts (231 and 232). The degree of pleating should
normally be adjusted so that it corresponds with the tendency to longitudinal
contraction during the transverse stretching.
30 Prior to the stuffing process, the film may pass a pair of intermeshing

gear rollers, which stretches it incrementalily in the longitudinal direction and



| ongi tudi nal stretching will help to produce an even pleating, and
furthernore it has been found that the | ongitudinal stretching zones can
acts as initiators s for the transverse stretching. As the pleated film

| eaves the stuffing device, its edges are gripped by holding clanps in
endl ess tenter-chains (see the schematic sketch fig. 7a) which can be a
conventional tenterframe construction. The_oven construction is new. In
known tenterframes the oven which io heat$2the filmby neans of hot air
extends over practically the entire film urfaﬁe ducjng the entire
tentering proceayebyfer %VEFSWHEQFQ“W'%W pes. Jherdistapee batwaer  r ame

Is schemati cal | aLfd §. Int r c [ ' ' etail
n g 7b ThetusTLES fry!q § b Boodtis's b i1 AN dered of FittEmefef
m cr opor ous net lehgitadinalstrétchingowilithgimta grodlee anrevenpieating, mnddufthermarenpact

nmetal . The conpgpen 2 d the part (237 re heated to.an apprpopri ate,
control | ed st re'ggﬁ?:?&gpfﬂégaglﬁ?}rtg,e l%?%t.u‘j%@ésgretﬁslWscﬁa%?%ﬁﬁﬁt'ﬁﬁa%%
-treating ekeneftthd Hdhsversbat@icHihgd air is disfnbuted through the

channel s (242) between parts 2351236 and 237 on the one hand and_the

support parts (239 afdthepjeated filne leavesthe shlfingodgries rits gduss) aregrippeddy

nr ubr poati oGSl aRRh e BHhchdins (ks Ind besiC YR Bar Gaye "
heati ng. The heahith mipe aesinvertionalitenterfearh@tonstfuationt he cool i ng conponent

(236) by neans of a heat insulating wall (246) of co!r”%)._fact material. The 25
cool i ng conponent (238§ QvengeneliEctionyis new. cladinowrdtentgiiramesihe SVEPWIEr est

tenterchai ho ThReSRAAE Aim't BaHs eg@%rﬁggéggﬁg%r rg%gtiéégﬁheie?\ﬁ?é’hﬂﬁt abl e as

i ndi cated by the e arrows (24 e a sinple
setting of the surfacenderingtheraptinedenteriogginocgsasi hhe nevehcontjept vhdhoverosi on.

orm CFrg. 7o SRURE e BRstfiEhe s inhe PRtodbonr i FBGer B MR ot e
33 righthand sggeticinid shw INCJEtaR i@ Th. ETHebwsh GdHkists 0f b afts (2857236
stretched out (245)_in the |efthand side. .
and 237) made from microporous metal each with support parts (239 and
15  240) made from compact metal. The component (235) and the part (237)
are heated to an appropriate, controlled stretching temperature, e.g. 50°C,
by means of electrical heating elements (241). Pressurised air is distributed
through the channels (242) beiween parts 235/236 and 237 on the one hand
and the support parts (239 and 240) on the other. The component (236) is
20 not heated, and the air lubrication through this will provide cooling while the
air lubrication through the adjacent parts (235) and (237) will provide
heating.
The heated component (235) is insulated from the cooling component
(236) by means of a heat insulating wall (246) of compact material. The
25 cooling component (236) is on the side of each oven which faces its nearest
tenterchain.
The spacing between components (235) and (237) is adjustable as
indicated by the double arrows (243). This adjustment may be a simple
setting of the distance, or may be through springs with adjustable tension. A
30 preferable spacing between (235) and (237) is between about 0.5 and 2mm.

Fig. 7c shows the film entering the oven in pleated form (244) at the



In a conventional tentertranme oven, the filmis stretched sinultaneously
over its full width, and carrying this out evenly requires a 5 rather high
tenperature, which is generally not adequate in the manufacture of

crosslam nates. Wth the present constructions, when the paraneters are
properly adjusted to each other, the tentering takes place wwthin a very
narrow zone, a necking zone, usually only a few nmw de or less, |ocated on
each of the cooling conmponents (236) of thé&3two narrow ovens shown. Due to
to the air lubrications, the filmnoves through the ovens in a friction free

manner, while t Hghthardi sige 20ddeayingithe pyententarsd andrwith therplsats eretehede t o

each of the chai s towards the mddle of the film Thus
all film bet V\eeﬂug(%ggb%gbéo@gﬁggﬁa e nearest chain (except a narrow zone

near the chain) is fidbheohventors eiterfeimebeddhofiih s stretchiedet ch ratio set,
while is the film between the two narrow, |ong ovens are not at all

transversely sSioultanepushtovendtsdulhmidtheand E?F(HY'BQ thiscout\Ryenly iegwires éhg

ovens, alt the y@%

condi ti ons aér~I e E;é#tl(l;%}ép @7 ‘%ﬁb%r'?ﬁ”@r@ E]s)ége;'%énrgﬁy&nhﬁfad etuli' %ﬁ%&hg&ﬁl ocat ed

on the-cooling phetosEldaminates. tW&theIhépcesaﬁhabnsthmmusﬂwgeaehabaﬁmMam

better can be limted, as is all%/ &;,esw I n manufacturlng of
O4n¢To Re-teriart

crossl ani nat es, pf?)?erbh%dllﬂﬁﬁeﬁd es?ﬁ‘@c‘ﬁ’ﬁl'ﬁé Y#¥er i npact
actions (shock) raprduSorie Qﬁllecﬂ{lﬁ&it@ﬁe u’é’éuall oMyl d fENEmIn Wade bPRfEs, fok8ted on

described tentertrane prdcess Is not * to use in the invention as
this is defined eachtdi¢he tadling cmmpoments $236)eof tn@t\mglanwwovemmhqvm t Bue

i nventor of_ utilisin e. i hvent he u nat es.
a further a?sopeclmi'?e ?Hi‘m?ﬁlﬁ?é'ﬁf’ r*Wt‘préY%" ‘ﬁ‘f‘%*ﬁﬁ'& é}lerﬁé?%oﬁifﬁﬁﬁe nsver se
stretching of flméﬁhé@hwhﬂe Iﬂ"\@ﬁéd:mﬂg usn@grédaﬁuw@nelo@csrfﬁﬂﬂmtuﬁeémelted
above and appar at us erefore. further noted that the nprphol %

ally

achi eved by the ané?fttl @ fhaing MW'?'@W@P? owardsthe middie of the fijmg
o 7 no”on” HEEkEe8 s hafow Beeetiti phaab S8 bR by zoce, 5,
The structure shhnaanthechaig) isSiullyiransverselytsiretcheduptethehstratch natio set, while
15 the film between the two narrow, long ovens are not at all fransversely
stretched. At the downstream end of the two narrow, long ovens, alt the film
is generally evenly stretched.
When the stretching conditions are properly set, the necking zone will
as mentioned be located on the cooling part. This has the effect that the
20 degree of stretching better can be limited, as is generally desired in the
manufacturing of crosslaminates, for the purpose of allowing further
stretching under impact actions (shock) on the final product.
As it will be understood, the described tenterframe process is not
limited to use in the invention as this is defined in the claims, but it is the
25  best way known to the inventor of utilising the invention in the manufacture
of crosslaminates. As a further aspect of the invention there is provided a
method of transverse stretching of films while pleating using the oven
arrangement described above and apparatus therefore.
It is further noted that the morphology achieved by the invention,
30  namely the oriented P1 fibrils in a generally unoriented or only coldstretched
P2 matrix, has been found to act stabilising on the tenterframe process.



clained internal breaking of the Pl fibrils in transversely extending
regions, and corresponding extra stretching of P2 in these regions, can be
di rectly observed after solvent renoval of P2, provided the flatness of the
fibrils is s MBI 28ant, but as already nentioned, a siBoi/EPmesdosdshat ness
as obtained by use of the grid chanber nmakes the renoval of P2 virtually

i npossible. In this case the st udy of the34tructure is difficult, but can
be carried out by analysis Sgawmsectlons successi vely cut by m crotone

parallel with the ori 8ﬁts$rt‘4°8’r\'e afig; §which gRAN BFRERK shawstheo the mai n
surfaces of the ciéulﬁo Slht@rﬁm%réékfﬁ%hf% P Bl fietrd {?&Pémguir%@&é”y' ng

out the novel I'n one ect new apparatus for extru
t her nopl asti c rrmnelraoaﬂespondmglextragstmtmmg bfeR2 imgthase eegibngrgan bmdlkénﬂgugh

which th | t t hi th
Tt or al af ter  IAESPS SR aten saly SR oVl ohEe. iy tedans faingss GE e S Br wni ch
the materialsis gdigaticArdplionpalesty Abhiionta, E)éldrhﬁc%nt bR AsHbtaiREd By Wi | st

at a high tenperature, and in the second of which the naterial Is stretched

| ongi tudi nal Iy b{.seﬁéimgndtchemar makes thesremovahof B&un“tuedimpasa;ble, In this
conprising al so rreasfor coglln t.he .ex nmat eri al en etwo
stretching meanscasg %Sté’%lo ﬂbef‘r@éqgre '3 '?@F??b’t 8a|% 5?|°@{”‘%Fﬁ3‘r' ag
arranged for corgfagdn V!échoh@%u@&éﬁsw&ﬂcﬂﬁﬁmi@bmn@pﬁ’éﬂélaﬂre{ﬁesﬁibdwﬂmrther

conpri sing stretchi ng means downstream from said second stretching neans,
and additional cddne fgyilgeadPeaspengiewasty the "ﬁ)ﬁiﬂéhda@ﬁ&@ftfbﬁlfﬂfg means and said

further stregching udi ng
t her nopl ast ?é mat er Pﬁﬁ@%g%%}oﬁgéégﬁ{c&fd}@ %@bl ﬁ%&%ﬁ&g%r& rgfmf"tl ce%?kélough whi ch
the nol ten nat errmethods. frl maembtsiewwdmtgs feraaxtruding thlermbplastigmaterial

material after it is extruded at Iea t two stg}% in the first, of whi ch
the material is Cﬂﬁ%ﬁﬂ]ﬂe@d!%ﬂ@\f'ﬂgﬂﬂrﬁ%ltlo&' icghrpughy !,Cth't@?éﬂ‘?'?@ material whi | st

at a high tenpergjddng dide I‘\lﬂgtrﬁ@ar%%f)?ﬁeteﬁmg‘mé ﬁ%ﬁ@ta;@mné BltridecPty ot ched

| ongi tudi nal |y by second stretching nmeans at erat ur
conpri sing al so atdeast twostepspin the ftrStmfevtnmmtﬂndnat@ria‘aitsestnthdddbmelmdlmmw t wo

11 anged TofS cortldie S IPRE oA Halst SHa T MPeRHER GO0 e §6cond o

PCT/ EP2004/ 00463¢hict$the material is stretched longitudinally by second stretching means at
a lower temperature, comprising also means for cooling the extruded |
material between the two stretching h’leans, said cooling means comprising a
frictional device arranged for contact with the extruded material,

20 characterised by further comprising stretching means downstream from said
second stretching means, and additional cooling means between said
second stretching means and said further stretching means.

In another aspect new apparatus for extruding thermoplastic material
comprises a die having an exit orifice through which the >molten material

25 flows and stretching means for siretching the material after it is extruded by
at [east two steps, in the first of which the material is stretched longitudinally
by first stretching means whilst at a high temperature, and in the second of
which the material is stretched longitudinally by second stretching means at
a lower temperature, comprising also means for cooling the extruded

30 material between the two stretching means, said cooling means comprising a

frictional device arranged for contact with the extruded material,



characterised in that there is provided a grid chanber upstreamfromthe
exit orifice conprising one or nore grids through which the extrudate
passes, the grid or grids being |ocated at a position in the chanber where
the gap is WwWE@M4KHRA? said exit orifice gap, the grid chadigprbdafobdsss
conprising a gap s reduction portion between the grid or grids and the die
exit wherein the gap 1is reduced at |least part way to the gap of the exit
orifice. The preferred features of the newsfapparatus appear fromthe above
description. The follow ng exanple illustrates a specific filmforned by the
i 0 invention andharaetesised y that there deprovidesrayrd cloambet Lpgtseamirom thieenits of

pol ypropyl ene (P n juect i t nstrate, the
effects of the |ﬁi}% ?&thﬁﬁgoé %lgﬁé}gfgr@ ’°+‘8¥|mg‘ %R%;P § Barses the

si gni ficant nol gedlopgrias bemigdbestadias arﬁiisﬂloﬁl ingte ehembémehers thedapss been
heated to a tenperature between the melting points of P2 and P1, b) that a

si gni fi cant i npMisestean said ayjtariiop gant t"‘@rﬂi'@@ﬂperﬁ\dﬁf@@r@r@@ﬁ'@ a@Peved

wi t hout sacrd fi tQ energy
absorption, g f‘%ﬁ tn{aﬁ@oﬁf al ne m)r &Qﬁ@gﬁ%ﬁ%?%eﬁa'%@ \X/I’T?%r@tnetﬂ rﬂ% Pribrils
of Plis ach| eveedoged atleatt pare wagss thedgab of théaxitranifice(fi gs. 3a, b and c),
d) that the broken-fibril hol ogy, which in sketching nmanner is 25 shown
infig. 8 can be acﬁh%@éﬁferr?ﬁf%atPgesﬂglth%Vﬁw apparrius RRPEFLEOM the abpye

i nprovenments megy gﬁ g@pnunder b). Polymer blends investigated: Pl is a

copol yner of poI ypr pyl'ene (PP) having nechanical nelting point 160C and
melt-flow index 0 5 Theédlm\m?mg emtapletihmstmsjalspedﬁc fin farired myste f or PP 30

P2 is LLDPE of ? 8 I gx 1. 00 neasured under the
condi ti ons Yfor méﬂ"ie{) %@H fiae aﬂibﬁé ‘U@S 9604/ 094129 PCT/ EP2004/ 004637

Example

Obiéctives: With blends of polypropylene (P1) and LLDPE (P2) the
objectives are to demonstrate the effects of the invention in respect of the
following:

15 a) that a significant molecular orientation is maintained when the
film has been heated to a temperature between the melting
points of P2 and P1,

b) that a significant improvement in yield point and creep
properties is achieved without sacrificing the strength

20 properties which are related to energy absorption,

c) that the claimed morphology comprising very flat fine fibrils of
P1 is achieved by use of the described gridchamber (figs. 3a, b
and ¢),

d) that the broken-fibril morphology, which in sketching manner is

25 shown in fig. 8, can be achieved. This is believed to be the
basis of the improvements mentioned under b).

Polymer blends investigated: P1 is a copolymer of polypropyiene

(PP) having mechanical melting point 160°C and melt-flow index 0.5
measured under the conditions normally used for PP

30 P2 is LLDPE of d=0.92 and melt-flow index 1.00 measured under the
conditions normally used for LLDPE



36 The following blends are tried: 20% PP + 80% LLLDPE, 33% PP + 67% LLDPE,
50% PP + 50% LLDPE. General ly about the experinental production Processes:
This is carried out as a slow | aborator-scale or small pilot-scale process.
Slow in ordeWO28044l3Pe t enper at ure measurenents direct | yponegRheydoidsin by
means of a thernocouple and to nmake the adjustnents easier. After dry

bl ending, the two polyners are nelt blended and extruded 10 by neans of a
smal | planetary screw extruder, construct ed®f or experinmental purposes. The

process is continued_{n_a flat die ending in a 2.5mm w de and 300 nm | ong
exit orifice. The di Ebe\xﬂi%n%ﬁ% &8 triebext rusi on but for nonoextrusion

i's supplied with a gppecpanbgo,Wilp | anmel | ae forned grids generally as
shown in figs. 3a, b and c. Imedi atel'y before and after the is grids, and

in the narrow space BatmBBr 6HehLDRE chanber is 20 mm high. The | anell ae

in the grids are pl a%a%l’ ﬁﬁ%ﬁ‘?@ﬂ-@%e of 60 to the main surfaces of the
. t )

flow, they are each . the spacing between adjacent |anellae
is also 1.0mn Wth Uéfhe%_l_ﬁ,ﬁabb%g'Q(pérﬁﬁ&ﬁltabﬁk&dﬁcﬂd}?pﬁﬁs%%%; fili¢ s the
route 20 which is shown Tn fig. an rg. 4. e route 1s interrupted as
shown in fig. tarriasioytras 4 slom laboraierescate apsmall piloteacale process.ufiavoim.
Follow ng the first . interrupti the spoal ed-up fil mi I.n taken fhrough
ol ers (208, (oo eblsismineiatui GeBliania ficedy o fedifdy nBeeF bk
instead of pul | ig@errhdcaUpeand o Maketheladjesimareasdsienents of film
tenperatures with a 25 thernocoupl e, the upper part (219) is renoved, but

excessive pleating offtendry biendingnthedworpivBersare meelbbiended apd exirdaedy
VEng e B Al 67kl S St B o Rl PRl
fig. 5 wth radipuspésed. The pro€esiidbobardePinPLTatdE @DdInYOAGBZ. 5nitd wide and
300 mm long exit orifice. The die, which is not for coextrusion but for
monoextrusion is supplied with a gridchamber with two lamellae formed grids
generally as shown in figs. 3a, b and c. Immediately before and after the
15  grids, and in the narrow space between them, the chamber is 20 mm high.
The lamellae in the grids are placed under an angle of 60° to the main
surfaces of the flow, they are each 1.0 mm thick and the spacing between
adjacent lamellae is also 1.0mm.
With the exceptions mentioned below, the process follows the route
20  which is shown in fig. 1 and fig. 4. The route is interrupted as shown in fig.
1, and the film is spooled up after each interruption. Following the first
interruption the spooled-up film is again taken through rollers (206), (207),
(208) and (209), which then are used to hold-back instead of pulling.
In order to allow direct measurements of film temperatures with a
25  thermocouple, the upper part (219) is removed, but excessive pleating of the
film while it passes the oven is avoided by having the surface of (213)
rounded with a radius of 2500 mm (but 1000 mm at the two ends). The
frictionally withholding device has the form shown in fig. 5 with radius 0.2
mm.



The cold drawing (cold stretching) is carried out in primtive manner by
drawi ng narrow, about 15 cm |l ong specinens at 20C in a | aboratory apparatus
constructed for tensile testing. Data re the process: Al tenperatures

i ndi cated i n ©02084/Mamer at ure of downstream end of extrud 1 Mel t
tenperature at entrance to the die: 215-220. D e tenperat urng/E%)g‘f/&é‘%7
Tenperature of rollers (206), (207) and (268) when used after extrusion:
10. to Fil mthickness after melt-drawdown (attenuation): 0.3-0.35mMm  Film
vel ocity after nelt- dhewrudArawing (@ﬁlehstretchlngm/@ara@dtqutmp@rnttwarwwrteo hot

stretching: 0.7 e L GRQ7 208) when
used to hol d- bagﬁ %WH&”%’?& éwt@rﬁ"ﬁ%’“g 8’1‘%{52%?% lﬁ% lgb@%ﬂq g ratio:
3.00: 1 as adj ustagphabatut Renstelicied for tetdilei tegiirig.only a few %shrl nkage after

rel axati on. Hot stretchl ng terrperatures For each corrp03|t|on,, two trials
are carried out. |nDatarn r'rt@'rbl"&"@%@"”@%@d’ﬁﬁt@?mm g" film

Eﬁg"?{?ﬁn“IZn%foL?teeﬁé@éeﬁ%af Suikfeey Phd o SRk &19%%1%01’.32 128 to 135

In another trial ref Q\neleténhperamré éﬂéntk@icértawmgne ©eHe°-Lp0Mn t enperat ure
I mmedi ately before the stretching_bar (216) is 118-123, and the film
t enper at ure i nmedi at 41§ temperatyer é2¢hi ng bar (217) is 110-120. 25 Two series

of cold stretching trvgﬁrﬁerahﬁgppé&lggée?ogz ﬁpgﬁ@éweﬁe“ﬁ%nd d e series

draw ratio 1.50:1, in rati asure In rel axed
state. |nvestigati onextrusionr pbl ogy under use of scanni ng-el ectron

Consi st s of 10330 PP 1 EISReBREET FRG 5RHAPVE SUTHRUPRE S hOpE ter 5. |
each case WO 2004/ 09439 véleditFEREGAERAARRKIown: 1.6 m/min.
Film velocity at entrance to hdt stretching: 0.785 m/min. Temperature
of rollers (206), (207) and (208) when used to hold-back before hot
stretching: 115°-120°.
15 Hot stretching ratio: 3.00:1 as adjusted by the velocity settings: only a

few % shrinkage after relaxation.

Hot stretching temperatures: For each composition,, two trials are
carried out. In one trial referred to as “130° hotdrawing” film
temperature immediately before the stretching bar (2186) is 130°-140°,

20 and the film temperature immediately after stretching bar (217) is 128°
to 135°. ,

In another trial referred to as “115° hotdrawing” the film temperature
immediately before the stretching bar (216) is 118°-123° and the film
temperature immediately after stretching bar (217) is 110°-120°.

25 Two series of cold stretching trials: In both series temperature 20°. In
one series draw ratio 1.50:1, in the other 2.00:1, both ratios measured
in relaxed state.

Investigations of morphology under use of scanning-electron

microscope

30 Specimens from 2 different samples are investigated. One consists of
33% PP and 67% LLDPE, the other of 50% of both polymers. In each case



38 the filmis hot stretched in the ratio 3.00:1 and cold stretched in the
ratio 2.00:1. The intent has been to dissolve out practically all LLDPE,
and for this urpose several specinens are treated with 90 xyl ene for about
5 hours 5 whi W&’%W‘H@%ﬁﬁ’e supported by fine nmetal screens, eo®EPRfGELE7SI de
of the specinen. However, very little LLDI? comes out due to the barrier
effect of the flat PP fibrils. Investigations of one of the nmjor surfaces

in between 500- f L O aV, ruct ur e of flat
fibrils, gener aﬁ?fﬂggoﬁtr%s%‘g?%{]'b tb%nr%tfﬂgQB n%\(i%@ﬁ%ﬂfg@gs b tlp%g % wide as
their 10 thicknexsgQ:1These investigati ons have been foll owed up by study of

cross sections and longitudinal sections. The speci nens have been assenbl ed

in clanps with the d&entsnthas beendedissaivernut Em'cﬁhl)t all LthBPE; ang feidhisaces.
| f
o assent od { ey havGogen b L0k IO IS oS0, MBE e Gge. A e

Is this the nor ogy has a above-ment1 oned
di mensi ons hgve wiiientheypafe sumbrte’mby fihe metal spheensf oh@ bgidackiside ofsthet | ons

al so show the cross-sect | ons of th where PP, fibr are see
the sket ched. r cpRESEIRTR: HONOYST oty itk EL BRE ComHscoitahinaithe Bafisr aeehoh ne
m crogr aphs. ThetHe*?l@VPPaFlHMIéjtiﬁv@@l‘ r%?’ﬂ'o%te ro:filﬂﬁ7 %’{';ﬁge?gﬁl?f §uﬁaée‘§’YR'Bé¥\R/Qéﬁ’ and 20

t hi ckness on the average about estin ese tests are
carried out on sﬁ)ﬁaﬂ@@O@rtlmaseaagnlﬁtattmtﬁlamkm&dtthersﬁructwe’@fﬁﬂat fixgis, PP and

oo, For cach comeeni b0 s 1ieTral 5 30 e Roivemadiie,

sanpl es st rgbchqﬁ,dkﬁg@g_ the conditions which appear fromthe follow ng
table. "As extruded" neans as taken up on a reel after nelt attenuation and
before hot draw ng " Td@sereastigationsbava bermfollawedtipdysstody of aesa LLDPE i s

when LLDPE 1 scietBh? 4he griioinal SequdfR Whebechia s fidihoch &g it * °°
"1.5:1" neans stglampsathahe 28EtioMta ¢ sidiedSiA ldvel Withlthe ks satfacdse Bal at
assembled they have been treéted for 30 minutes in 90° warm xylene. After
15 this the morphology has appeared in the SEM, and the above-mentioned
dimensions have been confirmed. The micrographs of longitudinal sections
also show the cross-sections of the regions where PP fibrils are broken (see
the sketched representation in fig. 8). These area appear as holes in the
micrographs. They have a width which on the average is a few microns, and
20 thickness on the average about 1um.
Strain/Stress Testing
These tests are carried out on samples from each of the
compositions: 20% PP, 33% PP and 50% PP. The strain/stress graphs are
recorded as figs. 9a-c, 10a-c and 11a-c. For each composition a
25  strain/stress graph is established for samples stretched under the conditions
which appear from the following table.
“As extruded” means as taken up on a reel after melt attenuation and
before hot drawing “130° means hot stretched in ratio 3.00:1 when LLDPE is
clearly molten, at around 130°C. “115% means hot stretched in ratio 1.50:1
30 when LLDPE is semisolid, at around 115°C, “1:1" means no cold stretching.
“1.5:1" means stretched at 20°C in ratio 1.50:1. “2:1" means stretched at



WO 2004/ 094129 PCT/ EP2004/ 004687 39 20C in ratio 2.00:1. There is only
tested one specinen for each conbination of the conditions appearing in the
| eft colum. The elongation rate is set very |ow nanmely corresponding to an
el ongati on of WOR4MH29 i nute. s In the cases when the fil poikp®dsydaagsbeen
"hotdrawn" either around 130C or around 115C, and then "col ddrawn" either
inratio 1.5:1 or 2:1, the vyield phenomenéﬁ appears very unusual,

especial ly in view of the eIo I S seenf om t he graphs there
cpect &l LY 0 VNI RS AR, O by shSebe e TR, SR,

range the film Ic%nﬁ@ﬁétﬁfn CRGE %ohembﬁs EBbééﬁHd’fﬂQKe foft SWMALOMEL éIBRgAiGST ! C

limt the tension raises snoothly, there still exists a w de range of
el ongat i on bef orrate iseset ¥efyl |@Wtﬂ€d§%ﬂd$ correqundmg<mm eloggation oh80%measnt or a
sim | ar behavi our F plastic filmis not known. Normally there will be an
unsharp and verJn\/gj ocity dependent change from elastic to pernmanent

deformationsg or, if |hlige Eada® ieen hREMMITirsthas BEdreMotdtawns elthér 4rehd Wi | |

take it directly fromelastic elongation to break. The values of elastic

||mth agd yi el d TQQG@rreé@mdjmlﬁ%aﬂﬁéheramoéddrawe” eithesin é%t!QaIbI&’isﬁ"e&'iL them t he
P obres. in or aareHFBEBITEH appBey iyl Al estsclehy MRS Sheithie® api

as 20 "el astic |vewdity. rAesit Isysewrfeommhe gmﬁhsoﬁerbheasmdple%stmn@e Stepnsig hi gh

values of this propertéowas el ongat ed to 2% bel ow the value found from
the graph, keptUmio 243 /ﬁleﬂ%ﬁi‘?’bﬁnﬂdﬂt%mﬁﬁ rangedtbedimds rather sleseied agai n.

it then retyr ”%IIW Hdok s%wglﬁgﬁ!vg'tga%%ﬂm tba\gfﬁl‘{l(ﬂi rdfi§ed EVBStH ah%hdt hi s

formof the strain/stress resul m crostructure shown '
in fig. 8, in whthete sthleexnstssa \Mudghayge oﬂeloagat&jmbm‘dre_ﬂtﬁlﬁmpieﬂjmksengns

than the PP out SPRATPHIEEES A e neniase sitYangaaRynaL PRSI dTde et FhatEh:
Teeouary Shary. el i (NG seip HSSTORY Iepdritinityprgpsaaso
a high creep res¢lgstimiosnermanent deformations, or if the film has been highly oriented,
15 the test will take it directly from elastic elongation to break.
The values of elastic limit and yield force recorded in the table, has
been established from the graphs by a simple geometrical interpolation,
which appears from the figures.
In order directly to check that the values indicated in the table as
20 ‘“elastic limit’ really were so, each of the samples which showed high values
of this property was elongated up to 2% below the value found from the
graph, kept at this elongation for about 30 seconds, and relaxed again. it
then returned to its original length.
The inventor believes that this form of the strain/stress graph is a
25  result of the microstructure shown in fig. 8, in which there is highly
overstretched LLDPE in the regions where the PP fibrils are broken, while
the LLDPE is stretched much less than the PP outside these regions. The
change from elastic to permanent deformation means that the rupturing of
the PP fibrils begins to propagate. The very sharp change from elastic to
30 permanent deformation will show as a high creep resistance.



40 Shrink testing The sanples which were strain/stress tested (apart from
the "as extruded' sanples) have al so been tested for free shrinkage under a
gradual heating fromslightly elevated tenperatures to 180C, whereby the
readings 5 began at 90C. Tested were also three sanples (20% PP, 33% PP and
50% PP) which had not been hotdrawn but were cold drawn in ratio 3.00:1 at
20C. The test results are recorded in fightges 12a-d. The testing was
carried out on a heated netal plate of the type used io for determnation
of malting points. BiidiCiRdimd Ure was measured on the plate surface with a
t her nocoupl e. The s e held towards the plate by an object glass
(made for microscopylhe samples whieh wees straindstressdesteddapad fram ¢thecbasef ul |y

| ubricated with tal,c.,, Two inens. fromith S Le were alwa t est ed
i mul ¢ aneous! y PAIHHSHHERTRIRLOEUF g PO S acLioL Fser el NKBGE oiieh paarapusl
aver ages bet weajpating fferaligty élevaiedte tufdsstel 178096, whilerelsy tHeh@adlirgighs i n
figs 121-d show the shrinkage of two different sanples, one hotdrawn at

about 130C,5L RegaRiat®A’Ge LLDPE clearly was nolten, and one hotdrawn at
115C, i.e. while Lkﬁﬁ&stéﬁ@@e?@@hs%"thl‘% sgrﬂal;e%f(bé‘jorlﬁw‘Sé%lﬁPm%qf’P ol d

stretched at all. graphs show t hree erent tegions, one bel dw the
mel ti ng poi nt ofhich h@dmotdesadwidraws butavereltold deswn ingrabiol 1i004rat 209€. nel ti ng

poi nt of the PR n thir t. mel tj poi nt of the PP. Studying
the shrinkage O'Fhet%ggmlggrgﬁgﬁé@mﬁﬁpa{esﬂﬁgﬁ here is 25 sinply zero
shrinkage in the secthgltgstifig®as ¢drfibd BRBBA & Heatéd hvatal plate ahthertgpa@seaerted
by the LLDPE nol ecules from90 tg 120 essenti al elimnated the

( ) . |
orientatiohOof fPheetssMipation afdgeltipg pojints EBPF@@B%FE!PF%W3§W%‘§EQ\PM“%3% of
PP and with 50% tth¥Rso Ut i SRERY us, all
nol ecul ar ori en‘%lgitael %%’*ﬁ%‘?ﬁ”?stgem I a tg/élSEhgcs)Eﬁl%ﬁsgg&{eoﬁét]ﬁé st resntgtgh S
| ost above the piatebyngnebijent otassi(nmarie formicrescopy) s dtatenspecimansantd okject ef t

in the PP whi Chgl%@é’ﬁ%?e Egﬁe‘?ﬂw @briégtreld%ﬂ'gfalc. Two specimens from the same
sample were always tested simultaneously, and the values of shrinkage
15 shown in the graphs are averages between the readings from the two
specimens.

All of the graphs in figs 12b-d show the shrinkage of two different
samples, one hotdrawn at about 130°C, i.e. while the LLDPE clearly was
molten, and one hotdrawn at 115°C, i.e. while LLDBPE was semisolid.

20 “Colddrawn 1:1" means not cold stretched at all.

All graphs show three different regions, one below the melting point of
LLDPE, a second between this melting point and the melting point of the PP,
and a third above the melting point of the PP.

Studying the shrinkage of the 20% PP sample in fig. 123, there is

25  simply zero shrinkage in the second region, that means the farces of
shrinkage exerted by the LLDPE molecuies from 90° to 120° essentially
eliminated the orientation of the PP molecules. For the corresponding
samples with 33% of PP and with 50% PP, the result was not quite but
almost the same. Thus, all molecular orientation which essentially

30 contributed to the strength is iost above the meiting point of LLDPE. There
is some melt orientation left in the PP which causes essential shrinkage
above the melting point of PP, but



above the nelting point of PP, but WO 2004/094129 PCT/ EP2004/ 004687 41
since this only is nelt orientation it can.not considerably contribute to
strength. In each of the nine doubl e-graphs shown in figs. 12b-d, the
shrinkage of WQ#M#0M1%h has been hotdrawn slightly above PO®EREWA/H0GEIPOI Nt
of LLDPE, 5 can be directly conpared with simlar filmhotdrawn slightly
below this nelting point. It is the shri nlﬁgge by heating from 125C to 160C
seen in relation to the sanple length at 1I25C, which indicates how much

cases 1t 18 ol earaf® ot s ER PO Hoeri i Bkl ERRRAI AT oG

poi nt of LLDPE istrehgtt. respect is superior to the sanple which is hotdrawn
beneath that nelting r[‘)oi nt . go 20041094129 PCT/ EP2004/ 004687 42 €0 #w_E m
NO) MmN Nv O Q NIneaghof g&ning dopble-glaphs,shewn in figs. dgb-q the shrinkagey) n

5 60 N 0) 2 10 " Wich RaEbBdn Koldriun oty diodle i pRyivd oot SRREPEL T D ¢
6 U 0 C ®» tdanhe diredlyCccomnmareéd @vith similar film hotdrawn slightly below this
melting point.
it is the shrinkage by heating from 125°C to 160°C seen in relation to
the sample length at 125°C, which indicates how much orientation is left in
PP when LLDPE has lost all its orientation. In all cases it is clear that the
10 sample which is hotdrawn above the melting point of LLDPE in that respect
is superior to the sample which is hotdrawn beneath that melting point.
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rr, M ado 44 CLAIMS 1. A nethod of manufacturing an oriented film by
formng a blend of at |east two polynmers Pl and P2, which both are at | east
partly crystalline at a tenperature bel ow 100C, whereby P1 has a
mechanically determned s nelting point which is at |east 20C hi gher than
the nmechanically determned nelting point of P2, extending the blend to
forma filmand stretching the film where#y the polyners are sel ected such
that they exist as separate phases in the stretched film and P2 in its
unori ented stat ECBAIMBC exhibits a coefficient of elasticity (E) which is at
| east 15% | ower than of P1, .an Q0 oriepted filmconprises, an. all f the
pol yner which Is a difper Im@tiaqéjptlwppptacplgpgﬁn gﬂ?'?tggﬁ@}ybf;?"pﬂg Qﬁé"@by
each fibril extestigigthuolgbiyiidrs®1 aid PRnwhthChalRaRe at leash Barth dtySafing
thi ckness which as a nean of these two dinensions is around or |ower th
5pm and f urt herats tempsratuge belaw 400G, wheseby Py hasie mashapisally detemmingsin

ol ten, and Bar ¢ 5tine AR ign 3¢ b{1ce8 SERBAR! dafy i MecBPicayf Metodtingq
sai d draw down imehiplg primtedfE dexvdriding Bie blead ito foral & filrm tamdestrstehiRg thesfilmp! t en
or semnolten to selectively orient Pl, such that the_elongation at break

in the directionwierepyithe polymars are seiegtediich thahihey axjstassprarais phpses 20C,
Is at | east 25% ;.t;hi ' | | ; i ng the
filmover a fri C&nﬁﬂ%}ﬁ?@}h\/ﬁfﬂﬁ%%ﬂfi% @gb{ﬁﬁgﬁé‘ﬁg‘ﬁ%’%@c%@?ﬁg to claim
1, charact eri sedcoeffitibat ofcdlasticityE) which issat least H5kglower thah B ofP T, .ardher

e e Bl ol AR R hrP by nd b8y Rl o 1454 Efeplfoh br fAE 2
of P1 surrounded by P2, whereby each fibril extend mainly in one direction

an

and generally has width and thickness which as a mean of these two
dimensions is around or {ower than 5um, and further stretching of the film
partly takes place by draw-down after extrusion of film while both

15 components are at least paitially molten, and partly at a later stage
characterised in that the film after said draw-down is hot siretched while P1
is in solid state and P2 is molten or semimolten to selectively orient P1, such
that the elongation af break in the direction of this hot stretching, determined
by slow drawing at 20°C, is at least 25%, this hot stretching being carried out

20 by drawing the film over a frictionally withholding device,

2. A method according to claim 1, characterised in that after said
hot stretching the film is further stretched while both components P1 and P2
are solid, preferably in such a manner that the product film has an
elongation at break at 20°C (by slow drawing) of at least 25% in any

25  direction.

3. A method according to claim 1 or claim 2, characterised in that
the fibrils are flat with average thickness generally around or lower than 1
um, preferably generally around or below 0.5 um, and more preferably
generally around or lower than 0.1 pm, and with average width generally

30 around or lower than 5 um.



el ongation at break at 20C (by slow drawi ng) of at least 25%in any 25
direction. 3. A nethod according to claiml or claim2, characterised in
that the fibrils are flat with average thickness generally around or | ower
than | pm preferably generally around or below 0.5 pm and nore preferably
generally around or lower than 0.1 pm and with average wi dth generally 30
around or lower than 5 pm 45 4. A nethod according to claiml,
characterised in that in order to reduce t# cross di mensions of the

fibrils, the nolten gl end%&tﬁ eXtoFcHSi n?lg.iféwc sed, thro q a ir’L&%%}'toone
screen or grid |ocat@d infa™ : ﬂgr&i |yﬁ%@£}%§$ﬁ&ﬂ_ﬁ£

orifice of the ?éﬂddé?th@’brﬁ@é’ﬁﬁfbns‘?@ddpoﬁhé'ﬁgm%‘?fhé‘%,téﬁ memeHhhgwméiaﬂn the
gap of the exit orifice. 5. A nmethod according to claim4, characterised in

that each such iggpasselddbrough at leastcont scresr oe geit! lodated i archambert he
direction of the fl ¥v

f th I bl . 6. A hod di | ai
5, characteriself"f %??1‘?’ "iﬂ?ﬁeﬁg]o%ﬁtﬁgﬁ't\eﬁgﬁfzg °FFP%§>§FEP§%'& %8%9@1'5% tgl ;n? la(rjn
so that eacly f opREmBEr REUING éJﬁ#e\/ﬁ;@rP}eémg@d@ftﬁB@ﬂt offffeet 0 the maj or

surface of the flow entering met hod according to claim6,

characterised in thab.t heA methad agposdingteclaimi4, chaiactersad inthatipseh sueh

per pendi cul ar- 91 Rl peliing shyBratlirdel(ds]d o Brbkfichn Bt e lof BY e
there are at | eawitdnlenduch walls. 8 A nethod according to claimbé,
characterised by at | east tWOEh grads, where in the such walls of one grid

are slanted in the ofposi #eme Gasaingdo claimpaicharagterisad inthat the malorg. A
et ot oo S SRR ke R A 441 Pl O hnd e it 0 107
filmis first caboeti1fdo abbUﬂTQVoFtheaunajorFﬁ;rfad&mfém flow entering ltme grid. heat ed
L oL ubr e engae T WAL o S AL R RSB Gy e ot €
is megl at e t her eafdriting aHd tHR W3l Hitkrlessandidistansés BafwdeN the walld &fe auith P1 i s
that in a longitudinal section of the device perpendicular to major surface of
15 the fiow as this enters the grid, there are at least four such walls.
8.. A method according to claim 6, characterised by at least two
grids, where in the such walls of one grid are slanted in the opposite
direction to the walls of the other grid.
Q. A method according to claim 1, characterised in that in
20  succession o the extrusion and attenuation of the blend while both P1 and
P2 are molten, the film is first cooled to solidify P1 and P2, thereafter the film
is heated in air-lubricated engagement with a heating body of controlled
temperature to melt or at least partially melt P2, while keeping P1 solid, and
immediate thereaftér, while P2 still is at least partially molten and P1 is solid,
25 the film is subjected to the said selective orientation of P1 and subsequent
solidification of P2
10. A method according to claim 1, characterised in that the
frictional withholding device comprises one or more bars with rounded edges
over which the film is dragged while following an adjustable arc of the bar

30 edge, and said bar or bars are maintained at a temperature which prevents



25 the filmis subjected to the said selective orientation of P1 and
subsequent solidification of P2. 10, A method according to claim1,
characterised in that the frictional wthhol ding device conprises one or
nore bars with rounded edges over which the filmis dragged while follow ng
an adjustable arc of the bar 30 edge, and said bar or bars are maintained at
a tenperature which prevents 46 the filmfromsticking to the edge or
edges, and the length of travel in contact 4hith the edge or edges is

adapted to prevent P2 fromwholly solidifying. 11. A nethod according to
claim9, characthefilgefromsticiing tatthe esge oriadges, ¥ de angs of ravelin gontact

I ncl udi ng extrug} i | | 1 dicd ' : carried
out in-line, mytﬁggé&@%d?rn%@ggg%gg%é%ﬁtéeozg\éélqkﬁ% g-eya\gﬂc’@e%(ﬁ?eﬁg i ng

bet wee]p Itlhe cool i n? 3"? thanatlnmf@merdingwlblaug,g, caada@d mmmiahgltahbapr ﬁceﬁs
steps followng solidification of P2 are also carried,out in-lLine with the
former process Q't%BEP.CEﬂ.Stﬁpﬁwé‘?rﬂ@d‘dalﬂééiﬂm%@dﬂ@'m!9ﬁ'i‘QEChéﬂ’iﬁgé@eri sed in
that the fil Ny a@diab] of 0 t wback
bet ween coolélﬂngggﬁ%fhé%mégﬁg%{é‘ﬁ%g%eﬁn%hi"é Ilg?tggﬁfégxfe}ﬁeg@%aé%k?@ﬁ' 8ké'a
arrangenent, whihold-bask devige astipg betwden thei cbatinglandithe sRibséquentoeitings or di ng

t | ai 11, h t i d | that the fjl N f or.ed. t i
oot "o £ SRR BB Rl B RIS OR LS 568 8ol on o
P2, wher eby thec‘éﬁ-ﬂéd 8l ﬁqi,{wﬂﬁ{}ﬁ;ﬁ@rﬁ,@ﬁpﬁ%&g% d1g and subsequent heal i ng

I's established by one or nore circular ngs wt rounded edges over which

the filmis dragged W2l e A method acpoadingdp wiaimbl & charactetisedin that theefiimedge,
and said rin

OL_ri.ngs_are i,nt ai at t er.atur ich prev t he
P fr om SHtP i s Ereded B8 o Mirh AR crfhucd REEIG HUER eRlth BRGTRAY 1o
claim1l, charaglBsé§@sht Hedtinglis ES@bfishéd by @abiletatrangement WHitH algolay he
filmin air-lubricated engagenent with two heating bodies of which is

provi ded one on SE’QEW_ @Pc&a“_épc’?'mg-f ilm the spacing between said heating
o o5 B PLTLY, herf, 2% HRAL foecking o A86PELLRA 1 Bt B,
to solidificati dnformedland treateddnitsbular form from extrusion and at least to the final
15 solidification of P2, whereby the controlled hold-back between cooling and
subsequent heating is established by one or more circular rings with
rounded edges over which the film is dragged while following an adjustable
arc of the rounded edge, and said ring or rings are maintained at a
temperah.;re which preveﬁts the film from sticking to the said edge or edges.
20 14. A method according to claim 11, characterised in that the said
heating is carried out with the film in air-lubricated engagement with two
heating bodies of which is provided one on each side of the film, the spacing
between said heating bodies preferably being adjustable.
15, A method according to claim 1, characterised in that the film
25 immediately after the extrusion is cooled to solidification of P1 while P2 is
kept molten or semimolten, and further in immediate succession, the
selective orientation of P1 over a frictionally withholding device is carried out
with the polymers in such states.
16. A method according to claim 15, characterised in that the
30 frictionally withholding device comprises one or more bars with rounded
edges over which the film is dragged while following an adjustable bow-



kept nolten or sem nolten, and further in inmmedi ate succession, the

sel ective orientation of P1 over a frictionally w thhol ding device is
carried out wth the polynmers in such states. 16. A nmethod according to
claim15, characterised in that the 30 frictionally w thhol ding device
conprises one or nore bars with rounded edges over which the filmis
dragged while follow ng an adj ustabl e bow | ength of the edge, and said
bar or bars and the length of travel in contact wth the edge or edges is

adapt ed to pr evgpuFZ HEddk, S dld b and FE 1RGN BT 5RNE Akdfad 21 T

15, characteri se coo € sal e is car out by
ai r-lubricat ed witlytyredge ooedgesis 5déptédrtd\ptévealt P2holly dodidiifying. cont r ol | ed

tenperature. 18. A hod, acc 0 claim 17 haracteri,sedq in that the
boo i ha 15 earri ed ol w ARaiRed, %@lwmamaﬁq&wﬂa@a@ﬂm thei 't h t o
heating bodi es,cmff,gqa tﬁé%ﬁloeétﬁfe h@%&bi 6918“1@0&%1%% : ﬂgﬁﬁél‘ﬂ%ﬁi‘oﬁﬂed

heating bodi es pref€rably being a j ust d”according to
cl ai m 2, char acfiler witk @ Goolingdtodytaf coatralled tempenatwer et ching is carried out

in the samalongitud' aI ir tlon asth tretchin ilm 20. A

met hod accordi ng to i ng 8ﬂ5¢89’fd§?9 amﬁ%@&@#@@ﬁé sel ection
of the conditi Oé?&olfn@rlsrcﬁﬁnéﬁ Buﬁwmihéﬁlh?h“é’lf—ﬂﬂ:riéété‘dﬂéﬁg’égemént%ﬂw Rﬁé' onal l'y
by addition of a finely dispersed fracture-pronoting nmaterial to

ext r uded- bl end, heating kedjes.uehiean each sidesefitba film: the spacing betwaen Sﬂdl on is
adapted to prod e P1 fibrils and in conneckn
w th such rupt uﬁéﬁggo&g& %glr&Z%f?EﬁtFlgﬁgmg @u?tégf:?nd around-the said | ocations,
the | ocati @ps being MnerAlrhethedtaendﬂﬂhg' to ¢lain 2eeharsetdrised iathatithasaid to
the 2o direction of orientation. nmet hod accordlr@g to claim 19,
characterised i WW“H&F“?W@'%\SQCWT'W PHE}“ @Fﬁ@ﬂ%%@'t}’g‘ fireglipryas thahet ound
50C or at a | OV\gire l% edfatﬁérfﬁ'n 22. A method according to claim19,
characterised int in succession to said further stretching, transverse
stretching is carri eZD outA mamd.aoeomgnmmannaeemmw & under
al I owance of a gt'up%lkte 88fe2tidn of the conditions for the different stretching processes,

15 and optionally by addition of a finely dispersed fracture-promoting material to
the extruded-blend, the longitudinal orientation after full solidification is
adapted to produce locations of rupture of the P1 fibrils and in connection
with such rupture extra orientation of P2 in and aroundthe said locations,
the locations being generally extended in a linear fashion at an angie to the

20 direction of orientation.

21. A method according to claim 19, characterised in that the said
further stretching is carried out at around 50°C or at a lower temperature.

22, A method according to claim 19, characterised in that in
succession to said further stretching, transverse stretching is carried out

25  while P1 and P2 are solid, preferably under allowance of a simultaneous
longitudinal contraction.

23, A method according to claim 22, characterised in that
longitudinal contraction is achieved by forming transverse pleats in the film
prior to the transverse stretching, and the latter is carried out by means of a

30 tenter frame.



| ongi tudi nal contraction. 23. A nethod according to claim22, characterised
in that |ongitudinal contraction is achieved by formng transverse pleats
inthe film prior to the transverse stretching, and the latter is carried
out by means of a 30 tenter frane. 48 24. A nethod according to claim 2,
characterised in that the said further stretching is carried out
transversely of the preceding longitudinal orientation of the film
preferably while the filmis allowed to shagnk in said |ongitudinal
direction. s 25. A nethod according to claim?24, characterised in that the

shrinking is achi eveg by Aeisthogatesramtosain zmraﬁehbedtn thatme gaidt o the
transverse stretching, and the latter is carried. out by nea of a tenter

frame. 26. A nelunber stetehingis caFried QPWEnSVéFE?MEE@Plﬁféﬁeﬂ'ﬁ‘gt‘ﬁ%'tlﬁj'mlnor i 0
surface | ayer i f nce
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met hod accor di n@ngnuchhal dlréctlonhar acterl sed in that P1 consists of

pol ypr;)pyl fer&_}e pol yaI ﬁ&tbﬁrah\é? d[ﬂ}teg tere haI at e a,nd P2 i nl i
consi sts of 2a propy accor i ng
to claim27 in uﬂt?n@?é Jﬁ@téﬂ’lﬁw&fhﬁﬁﬁftréﬁéverfé9Ie%ts'ﬂ‘|rf3th3é5ﬁlﬁa| ﬂ»ﬁ&%?ﬁ’é’m yner

of propylene. 29. A nethod according to claim?2 28 1n which the

pol yet hyl ene i traasvargssuetdhmg, @opdhgﬂniterms caried aut by meansobdkgntet near | ow
density polyet ﬁé}“ 20 30. A nethod according to claim1, characterised
in that after t end of the mentioned steps, the film which exhibits a

uni axi al or unbal ancgg, Opirrathet igetording toadiingt echdractiniged!in tRdte minvr! ar |y
or differently manufactured films of uniaxial or unbalanced bi axi al

ori ent ati o0 whEvdage layer is sapxtrudad onvatdersd @neside\af therklpnd i@ pAhEnect i ons
f t at I 1,
char act er | sed i BOFRLR RoHeteR Shdqrmeidty el roRats ot B 6”7, 1T cuy

i nto narrow | ongi t ud2nal | A method accordmg to claim 1, characterised in that P1

consists of polypropylene polyamide or polyethylene terephthalate, and P2
mainly consists of a propylene copolymer or polyethylene.

15 2B. A method according to claim 27 in which said polypropylene for
P1 is a crystalline copolymer of propylene.

29. A method according to claim 27 or 28 in which the polyethylene
isa crystatline copolymer of ethylene, preferably linear low density
polyethyiene.

20 30. A method according to claim 1, characterised in that after the
end of the mentioned steps, the film, which exhibits a uniaxial or unbalanced
orientation, is laminated to one or more similarly or differently manufactured
films of uniaxial or unbalanced biaxial orientation, whereby the films are
arranged so that their main directions of orientation cross eadh other.

25 31. A method according to claim 1, characterised in that
additionally to the mentioned steps the film is cut into narrow longitudinally
oriented tapes.

32. A method of forming a film or sheet of thermoplastic pclymer
alloy in which there is formed an intimate blend of polymer material P1' and

30  polymer material P2', the blend is extruded through a die and the extruded
film is stretched after extrusion in which the flow passage through the die



oriented tapes. 32. A nethod of formng a filmor sheet of thernoplastic
polymer alloy in which there is fornmed an intimte blend of polyner
material P1' and 30 polynmer material P2', the blend is extruded through a
die and the extruded filmis stretched after extrusion In which the flow
passage through the die 49 conprises an exit orifice having an exit gap,
characterised in that upstream fromthe exit orifice there is provided a
grid chanber conprising one or nore grids 4%rough which the bl end passes,
the grid or grids having at least 4 (in the |ongitudinal sections

per pendi cul ar t GONPEiIsaa AR exitraTiiiceaying ae exit gap, d alupsirasm ae

and. between  ndcraiie PESHE R I8 BBERR & il SFamblt €5l phe Br i
aver age size of dride teiosighrvdtich tebienal pdsbes athefgid orgridiehiVing &t ledstel @i d or
grids being |located at a position in the chanber where the g er

d
than the said eihe lapgdudings sgetiapsppipgBdicular te the waisuréacrs gfp tBIEEIqVIIII
et 0, Do S R BRGS0

t hr ough whic ast “part wa ap of the
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amel e {0 each such A e sk Bl s s o IR IR Lora arpanole, Becueen
grid. 34. A nethpd gﬁﬁcd?fg‘ﬂid%%éiﬁb fdceitéd 53? lp%@ﬁ‘ilbﬁ(i'ﬁ tHe glgéInRBr Wheke II'IE%%E?‘%?LQ
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according to claim characterised in that there is coextruded a surface
| ayer at | east dHeext. side of the blend flow, preferably 25 before this

[Low meets the arid of3 9riAetiSy aCedBin® aiRPSS bRarcRorfsed] MtAét the

characterised in that Pl
lamellae in each such grid are slanted so that each forms an angle between

15 about 10 to about 70° to the major surface of the blend flow entering the grid.
34. A method according to claim 33, characterised in that the major
lamellae in each such grid are substantially planar.
35. A method according to claim 33, in which the-lamellae are

substantially parallel to the fiow as it enters the grid.

20 36. A method according to claim 34, characterised by at least two
such grids which mutually are oppositely slanted in relation to the direction
of the blend flow entering the grid.

37. A method according to claim 32, characterised in that there is
coextruded a surface layer at least on one side of the biend flow, preferably

25  before this flow meets the grid or grids.

38. A method according to claim 32 characterised in that P1’' and
P2' are incompatible to such an extent that they exist as separate phases in
the final film, but are compatibilised either by use of an alloying agent or
mechanically by sufficient mixing and attenuation, and P2' in its unoriented

30 state at 20°C exhibits a coefficient of elasticity (E) which is at least 15%
lower than E of P1', and preferably but not necessarily the mechanically



P2' are inconpatible to such an extent that they exist as separate phases in
the final film but are conpatibilised either by use of an alloying agent or
mechani cal ly by sufficient m xing and attenuation, and P2' in its unoriented
30 state at 20C exhibits a coefficient of elasticity (E) which is at |east
15% lower than E of P1l', and preferably but not necessarily the

mechani cally 50 determned nelting point of Pl -is at |east about 20C

hi gher than that of P2', and further by ad¥btions of rheol ogical

condi tions, percentages of the conponents, and conditions for m xing and
extruding a di sgeterminedmelting-peitebPt'4s iy Igash abpub2@ Cshigher than thatef R2% k of

ity | n-one. aehadera’ ek S6aRtens oftnbBbolel BnaliRht rEARRS ST e o than
Spm preferably campomenty, andaapditionsfor miding and extrubiing® dispersibeioibl y around

or lower than 0.1 pmand w.dth at least 5 tinmes it thicknegs, and further
charact eri sed i mickescopigally finefipgls erfibril petwprkral £1' surrpugded py P2 is foseed
solidified. 10 L Bl | . el ek in that the
St st rei chind e g, dfer86y BLEH Al Sadndk Matlly if BA6 tisBfiod Sg °
preferably the fgenerallyshad & thickhess arouhd actower than Silim, erefevablygfarobrdborbri | s

during said stretchipg. 40. A pethod accqrding to cJaim 38, characterised in
that possi bi |1 198" g T S TUIbRORS Breterabbatciinc ey 1GWe Inaiti i ehd
transverse is R;Inegrt bigasf 5 tiRsfit thiBkneds, hd kiR cRASARIHIYY ihFhal MeMidds
characterised in that the step of stretchlara% transverse 1o e direction of
the fibrils is pmtretchistiafter atdeasitR1ihag beien sohidifigid: ecti on of the fibrils

while the latter are i t | t | 8 .

characteri st in that”P1’ dAzB‘%@B%Q?Q@Q'%\% ‘%@é}d%%ﬁ%‘—?‘—gﬂgﬁmtﬁ said

pol yet hyl ene t ersrlitting ¥ Fansviiséd the@irettionaTnRe fibflsPhnd ppéfepabi9 e film

copol yner or polyethylene. 43. A nethod accordi ngqsto claim42 in which the
i

pol ypr opyl ene f db allpwepdo gopirgetia the direetignueh e fitsiis gudng saickstretghing. net hod
STyt one” pref ety {nedd TeRISSEEIR SRR 3 dRfecfinkd | UBRE"L YT 0]
to clai m38, chaassibdlitiessfdr contractiort dre ihfrbduced by a preceding fine transverse
1s  pleating of the film.
41. A method according to claim 40, characterised in that the step
of strétching transverse to the direction of the fibrils is preceded by
stretching in the direction of the fibrils while the latter are solid.
42. A method according to claim 38, characterised in that P1'
20  consists of polypropylene, poiyamide or polyethylene terephthalate, and P2'
mainly consists of a propyléne copolymer or polyethylene.
43. A method according to claim 42 in which the polypropylene for
P1 is a crystalline copolymer of propylene.
44. A method according to claim 42 or 43 in which the polyethylene
25 is a copolymer of ethylene, preferably linear low density polyethylene.
45. A method according to claim 38, characterised in that the film
is given a strong uniaxial or unbalanced biaxial orientation, and
subsequently the film is laminated to one or more similarly or differently
manufactured film of uniaxial or unbalanced biaxial orientation, whereby the
30 films are arranged so that their main directions of orientation cross each
other.



I's given a strong uni axi al or unbal anced bi axial orientation, and
subsequently the filmis lamnated to one or nore simlarly or differently
manuf actured fil m of uniaxial or unbal anced biaxial orientation, whereby the
30 filnms are arranged so that their main directions of orientation cross
each other. 51 46. A nethod according to claim 38, characterised in that
subsequently the filmis cut into narrow longitudinally oriented tapes. 47.
A nmet hod according to claim 32 characteriseéd in that P1' is chosen to

exhi bit desirable barrier properties, and Pl' ggd P2' are 5 inconpatible to
such an extent that ffey BAmethodaccomingtq.claimdascharactesisediathat | m put

are conpatibili e‘une'F‘. bt i ki ; i<cal |y by
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T cimose ana- o Afahahofh ddited el thek haickgast o, L ree 11
expansi on agent priosB. A method according to claim 32 characterised in that P1' and
P2' are incompatible to such an extent that they exist as separate phases in
the final film, but are compatibilised either by use of an alloying agent or
mechanically by sufficient mixing and extrusion and preferably but not
necessarily the mechanically determined melting point of P1' is at least
20 about 20°C higher than that of P2', and further by adaptions of rheological
conditions, percentages of the components, and conditions for mixing and
attenuation a dispersion of microscopically fine fibrils or fibril network of P1'
surrounded by P2' is formed in the alloy, whereby each fibril extends mainly
in one direction, has a thickness around or lower than 5um, preferably
25  around or lower than 1 ym, and has width at least 5 times its thickness, and
further characterised in that there is added a volatile expansion agent prior
to or during the extrusion, which agent is soluble in P2' but generally not in
P1', whereby expansion takes place after extrusion.
49.  An extruded oriented film which is in the form of a
30  crosslaminate, in which it is laminated to another oriented film, whereby the
main directions of orientation cross each other, or is in the form of a rope,

twine or woven-tape products, the film comprising a layer of alloy of at least



to or during the extrusion, which agent is soluble in P2' but generally not
in P1l', whereby expansion takes place after extrusion. 49. An extruded
oriented filmwhich is in the formof a 30 crosslamnate, in which it is

| am nated to another oriented film whereby the main directions of
orientation cross each other, or is in the formof a rope, twne or
woven-tape products, the filmconprising a |layer of alloy of at |east 52
two polyners P1 and P2, which both are at b&ast partly crystalline at.
tenperatures |l ess than 100C, wherein P2 in its unoriented state at 20C
exhibits a coef Wapelymess Pd|anst P2 which Bptiwareat Ipgstpariiy saystalive @bwer t han E
of Pl, and the b f fibrils
or s fibril net \t/\%lr“%(&é &%ﬁgﬁﬁﬁéﬁﬁggdﬁ%ﬁ%&?p%@fe{%%ﬁglzch Pq% eIyat 2qagnds
mainly in one dkhibits amoeffinieryafetasticity (Elswhich ishatledst ‘rﬁ%klomthﬂreEmfn t he
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surfaces of g hefibtil nétwuhhotlhi slirroandsd by P! Whlepemreeumibﬂr ektenas méuﬁlytlhan 1
pmand wi dth at | east s t he ‘ty(l}‘ ckneﬁ.bangnd/ or the oriented film

exhi bits |ocati 8A8 dgpcp%la oA geperaliynaswid §1|cknmﬁa'fherrsahhedn§a@9&h
extend in a gen | ! the
direction of or?ﬂeéra:ftE at%qpodrgn\%ggl&iﬁgbfggnﬁeﬁ%woéﬂc* gl Quﬁ’tﬁé? ed by
a mnor is coextruded) sur freck1 rrbylsrarerﬂaendmﬂerabhyq)asam weith tHeemaid oy I ayer
to enhance bonding propertles frictional s of the
film 61. A film accordi ngufFee ?ﬁ&%ﬂai‘@“ MME@P@??%S&FWQ@%%E UJAWEEt s

of pol ypropygd ene pol yani deha 1 pﬁi ¥ed matﬁréﬂéa@t ShimdthaltRickAess, Fhdred nl y
consi sts-of a propyl ene copoly or p-ol yethyl ene. 20 52 A fi ''m accor di ng

to claimb51 in whichb)he ngrmmsqmﬂ@xh@lta lowwsﬂwmr%@bm%ﬁfbws.
propylene. 53. A filmaccgqy P%H"%Féﬁ‘?ﬁ%%‘frﬂ%&eha'ﬂ@ %He,té] | ay%g}%ﬁ)ne Is a

copol ynmer of ethylene, prefe ow den5| y polry yl'ene.” 54. An
extruded filmaccording tactdwtiwﬁﬂn\ahanrangtemthéfdlrecbssbamaaiahon

50. A film according to claim 49, characterised by a minor

15 coextruded surface layer on at least one side of the alloy layer to enhance
bonding properties and/or modify frictional properties of the film.

51. A film according to claim 49, charaeterised in that P1 eonsists
of polypropylene polyamide or polyethylene terephthalate, and P2 mainly
consists-of a propylene copolymer, orpolyethylene.

20 52. A film according to claim 51 in which the polypropylene is a
crystalline copolymer of propylene.

53.  Afilm according to claim 51 in which the polyethylene is a
copolymer of ethylene, preferably linear low density polyethyliene.

54. Anextruded film accdr_ding to claim 49 which is a

25  crossiaminate.

55.  Afilm according to claim 49 in the form of rope, twine or
woven-tape products. '

56.  Anextruded film comprising a layer of an alloy of at least two
polymers P1 and P2, which both are at least partly crystalline at

30 temperatures under 100°C and are incompatibte to such an extent that they
exist as separate phases in the final film but are compatibilised sufficiently
for practical purposes, comprising a dispersion of microscopically fine fibrils



55. Afilmaccording to claim49 in the formof rope, twine or woven-tape
products. 56. An extruded filmconprising a |layer of an alloy of at |east
two polynmers P1 and P2, which both are at |east partly crystalline at 30

t enperatures under 100C and are inconpatible to such an extent that they
exi st as separate phases in the final filmbut are conpatibilised
sufficiently for practical purposes, conprising a dispersion of

m croscopically fine fibrils 53 or fibril §etwork of P,1 surrounded by P2,
wherein each fibril extends mainly in one direction, characterised in that
the fibrils of tfibriendtvark ahB1garmeuatbed by;ﬂﬁ alHeedinvaach fibrd extandsmainices of

the filmwith thi cknesse ener al I arou han and dt h at
least 5 tinmes t HeOPRHIRA %ﬁéﬁﬁm& r?ﬂfﬁ%P Ei@fﬁrﬁ‘l#rpa‘g{’ Ychosen
to exhibit desi rp%Pél%l Mhrthehah%beeéfmlmfwnﬁ trﬁékrréa%égge%raﬂgdaﬂamd

conprising, in longitudinal cross-section perpendicular t0 the main
surfaces of theoriower thaniigas: and widthy atr\@ast Sawnesatrfe thinkness ramdrfgrther claim

e, of the il | aparaeyistdiRinRERTE HESh BT Crosetle BerdhrprBbelist Ay 1 (o

frictional pr opeﬂﬁh@echa'i&teﬁséd bmo@mrsmmm tungnb@hm Sbssodstiaft erised in

that P1 consists of EVO-|, a vinylidene chloride copolynmer or polyam de.
59. An extruded Ferpendieuar @ the maincsuifaces of the im, iad ‘Qﬁﬁtéxﬁlléllwsor bi axi al | y
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fil n“hmadehbyf ef(tcbeximdedd s?ﬁém‘e h!yeslen(m Iei}st oaas&jq:)afrthl ) ecnﬂo&glayer to@rﬂaanbgri sed

in that the fi I s, made from an, a Oof at .|l east t ol ymers P1 and P2,

whi ch bot h 4 ¢ RoRinGRopsER ALY oL TR s Tgtonel oot o5 under 100Gt he

all oy conprising a d'%Per?H?IFh Qéco?-gnr@bt%rdi’ﬁgpﬁé Cakactéli€sd i iat P4 Qnsist®r i |
'RA ext ends mal nl

networ k of Pl surrounded by P2, wher ext e Nty in one
direction and |s:fﬁ\é@Hmvlwhdenmbbwgcthmenqr;pommm or lower than 1 pm

ahich i's uniaxi aily G br 0 SRTRSIREGenthn 1 iR WS hafabld "
wher eby the mai Fbiékiéh}étbmmtéd@‘nd is laminated to another oriented film, whereby the main
15  directions of orientation cross each other.

60. A cellular expanded film made by extrusion in the presence of
an expansion agent, characterised in that the film is made from an alioy of at
least two polymers P1 and P2, which both are atleast partly crystatline at
temperatures under 100°C, the alloy comprising a dispersion of

20  microscopically fine fibrils or fibril network of P1 surrounded by P2, whereby
each fitxil extends mainly in one direction and is flat with thicknesses
generally around or lower than 1pm, and width at least 5 times the thickness.

61.  Afilm according to claim 60 which is uniaxially or biaxially
oriented and is laminated to another film, whereby the main directions of

25  orientation cross each other.

62. Afilm according to claim 60 in the form of rope, twine or
woven-tape products..

63. Afilm according to claim 60 in the form of split fibre products.

64.  Afilm according to any of claims 60 to 63 in which wherein P2

30 inits unoriented state at 20°C exhibits a coefficient of elasticity (E) which is
at least 15% lower than E of P1.



25 orientation cross each other. 62. Afilmaccording to claim60 in the
formof rope, twine or woven-tape products.. 63. Afilmaccording to claim
60 in the formof split fibre products, 64. A filmaccording to any of
clainms 60 to 63 in which wherein P2 30 in its unoriented state at 20C
exhibits a coefficient of elasticity (E) which is at |east 15% | ower than E
of P1. 54 65. Afilmaccording to any of clains 56 to 65 in which P2 is a
copol ymer of propyl ene or pol yethyl ene, préferably a copol ymer of ethylene
and anot her al phaolefin, preferably LLDPE. 66. A filmaccording to any of
clains 56 to 66, in @hi chAfiIm apﬁ@rcﬁmg t/any of ¢laims,a6 ¢S in hieh g@riS@f Pl is

intherane5 rat t ' i al
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second stre?chl ng rre ns a [ ower nper at conprising al so neans for
cool i ng t he extruded6hat eApaaratthsafmwtrudime themnmlastm:thnatgnafmmpnsmg ddie

cool i ng rreansc rlsn t|o ran r caonta .th the
extruded nateri® gsan %gfggf h'lcﬁtﬂf‘ Br{B eé'PLgo\gﬂan’csﬁﬁer%a‘ MRans
downstream fr omn'éahé foﬁﬁ?é’l&ﬁln‘gtthéfrﬁé‘tbﬂﬁl aRRiSis extrided Bytdtoaadt twe el imeans
between said second stretching neans andsaid further stretching neans. W

Appar at us accor terist f jthhrtheTnatﬁnahis@ltretqﬁ@ds!gn@tudm@m By first stretohirg i s
provi ded w ! y‘ hmegfls%hilsf rP &%RRBr mr‘iﬁgaéecBR& Wﬂﬁe%ate%%l

out war ds sage alr ere r or u ssure I'S provided to
control the fri istétmtcb@mvrmgituﬂlmllylwlsaconudtrétmr@manalat aaeweAppar at us

r1otional  devi EERRISHTANPERPONBO SIS C1eags farcrvolipadas SHRAeARTAL cool cd
by a flow of coglbiier e tWe StEEAEE rhdshs, 857 dddling means comprising a
frictional device arrangéd for contact with the extruded material,

15 characterised by further comprising stretching means downstream from said
second stretching means, and additional cooling means between said
second stretching means and said further stretching means.

€8. Apparatus according fo claim 67 in which the said frictional
device is provided with holes or is made of microporous metat for inwards or

20 outwards passage of air whereby over or under pressure of air is provided to
control the friction between the device and the material.

69. Apparatus according to claim 67 or 68 comprising a shock
cooling part upstream of the frictional device past which the extruded flow
passes and which is cooled by a flow of cooling medium through its interior.

25 70. Apparatus according to claim 69 which further comprises
heating means between the shock cooling means and the frictional device,
for controlled heating of the material.

71.  Apparatus according to claim 70 in which the heating means
comprises a pair of fixed heating blocks arranged on opposite sides of the

30 extruded material.



25 70. Apparatus according to claim69 which further conprises heating
nmeans between the shock cooling neans and the frictional device, for
controlled heating of the material. 71. Apparatus according to claim70 in
whi ch the heating nmeans conprises a pair of fixed heating bl ocks arranged
on opposite sides of the 30 extruded material. 55 72. Apparatus accordi ng
to any of clains 67 to 71 in which the(ﬁeaﬁps a grid chanber upstream from
the exit orifice conprising one or nore gri'ds through which the extrudate

, th id id ' [t ' h :
Phe gap i s wider ¢hatPsar APpRraus BE Bl fhy Hdtahisr i h IEupRAE " ©
conprising a gapasedyid tleampber Lpstredhe frofeihel )t drificd mprisihglonaitt o exit
orifice wherein the gap is reduced at |east part way to the gap of the exit

orifice. 73. AppHfathreugbwhigh thriexfdate pasEesdhe arigher gridg bek chata die
havi ng an exit i { =1 :

stretching t o %@Hg%gﬁé g’d?@?%ﬂwﬁgrétﬁgq%%wg%%ber Idl tgk?\se‘ﬁg%%gég‘aby at
:eas_t t\c/i\p sltsleps gritl][qhah&ae‘rifuﬂhetoq‘.omm“lsim argampml clicr pbﬁiogttaeiw:abadhe grid or .
ongitudinally by first stretchin nmea il,st at a hi t enper ature, an
in the second o&'ﬂﬁia&q the Xt 'tcﬁgYher?@rE‘?rg@Pdﬁéﬁgll“iﬁﬁ’g?r}tlgﬁﬁrﬁﬁwvaﬂ);oé@%ond
stretching neanﬁa?tofqﬁégﬁgroriﬁw'nperature, conprising also neans for cooling
the extruded matterial 1 etween the two stretching nmeans, said cooling

means conprising a f8i ct iApparatie forextaudingthedmbplastic matetialvdarprising exdieuded
material, characterised in that there. i rovi ded a, gri,d _chanber tream
from the exit . CRMTGLED RSk Pufice shudh i Begiolit matefigfiows o PreiEhing
extrudat e passesmedritor SfrefhingtHedfaterial Bftb0E &f &dritfedbyaslehsivo Stebbein

chanmber where the ?ap is *xjer than said wft orifice gap, the grid chanmber
further conpri sithgfiest@iwhich the materigl is geateheshlopgitudiaglly b figsti stredehiggi ds and
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grid has wall s igstretetieddosgittedimallyrby secdndestrbtehing inmesansfattehiowerow.
temperature, comprising also means for cooling the extruded material

15 between the two stretching means, said cooling means comprising a
frictional device arranged for contact with the extruded material,
characterised in that theré is provided a grid chamber upstream from the exit
orifice comprising one or more grids through which the extrudate passes,the
grid or grids being located at a position in the chamber where the gap is

22 sadier than said exdt orifice gap, the grid chamber further comprising a gap
reduchion partion between the grid or grids and the die exit wherein the gap
s reduced at least part way to the gap of the exit orifice.

74.  Apparatus according to claim 72 or 73 in which each such grid
has walls extending several mm in the direction of the flow.

25 75.  Apparatus according to any of claims 73 to 74 in which the
major walls in each such grid are substantially planar and are slanted so that
each forms an angle between about 10 to 70° to the major surface of the
extrudate flow entering the grid.

76.  Apparatus according to claim 75 in which said angle and the

30  wall thickness and distances between the walls are such that, ina



25 75. Apparatus according to any of clainms 73 to 74 In which the mjor
walls in each such grid are substantially planar and are slanted so that
each fornms an angle between about 10 to 700 to the nmjor surface of the
extrudate flow entering the grid. 76. Apparatus according to claim75 in

whi ch said angle and the 30 wall thickness and di stances between the walls
are such that, in a 56 |ongitudinal section of the die perpendicular to the
mai n surfaces of the extrudate flow as thisg enters the grid, there are at

| east four such walls. 77. Apparatus according to claim75 or 76 which

conprises at | eq’&ig}tdd?ﬁial sectiorpof e A petpendfcutdrastted mdin @Rpfaséd of ther ect i ons
to one anot her. 8 paratus according to any of clainms 67 to 77

s /8.
conprising nea®xtrpgat s His epters dp gad.sherg e attlepstforr suchwallsi de of
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second str et chi ngorseshgridsidch afpslantediin oppositaldingctianscioanne atothar. whi ch
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pleating devdce, prdRer abiRPEYHEACSP Qat"r?é\yr‘t}ﬁa'mng& APEEN®een whi ch

the extruded nah&idfor BASRIAIING & suffeRa|adr Bt RSeEPbridH diBe B IhPExthlidHtes 79

to 80, in which the 15 transverse stretching neans conprises a tenterrane
i ncl udi ng an oven. 879. Apfpparatys accondingtg any of| kaims167 ton78icoaprisiiad oven

conprises faced_h | oc A Q LL G Si terial,
provi ded with HB%%?%@? ﬁ'%é‘&é%%é’%@@ﬁ?@%%ﬂ?éﬁﬁ'"ﬁe%%r%’feﬁhgﬁfsmf|
Appar at us accor digepnt etretchiimg A2anshi ch further conprises a 20 coaling bl ock
an at |east one side of the material, downstre of the heatin | ocks,
2 0 cool s bl ook bélthg (ARARHES ARCPII BreRo® oMU of 0 | g
air, preferably | ' RRdEH these it Gl ki \ with the
surface of the Sf%hf\fg@;tﬁ%bﬁﬂg extrutgg.d% lﬁ%{ lgbpg%lﬁ%gm\éiap‘ﬁggbg?ef ormng the
cool i ng bl ock f rpreferably sempsising\a pair.of aablset belts betweear winiatvthe exdrudedc| ai m 82
or 83, in which sa{' d. peaéié}‘g

rmaterial passes:

81.  Apparatus according to any of claims 79 to 80, in which the

15 transverse stretching means comprises a tenterframe including an oven.
82. Apparatus according to claim-81, in which said oven comprises
fixed heated blocks arranged on opposite sides of the material, provided with
. heating means, preferably electrical heating means. |
83. Apparatus according to claim 82, which further comprises a

20  cooling block on at least one side of the material, downstream of the heating
blocks, said cooling block being provided with a channel for passage of
cooling air, preferably in which said channel is in fluid communication with
the surface of the block facing the extruded material, by virtue of forming the
cooling block from microporous metal.

25 84. Apparatus according to claim 82 or 83, in which said heating
blocks are formed of microporous metal in fluid contact with channel; for
passage of heated air, whereby heated air exits the blocks from the surfaces
facing the material passing therebetween, to lubricate passage of the
material therebetween.

30 85. Apparatus according to any of claims 67 to 72, in which the
further stretching means is a longitudinal stretching means and the



bl ocks are forned of mcroporous netal in fluid contact with channels for
passage of heated air, whereby heated air exits the blocks fromthe surfaces
facing the material passing therebetween, to |ubricate passage of the

mat eri al therebetween. 30 85. Apparatus according to any of clains 67 to 72,
in which the further stretching neans is a |ongitudinal stretching neans
and the 57 apparatus preferably conprisesdpleating means for i nposing
transverse pleats in the material prior td7said |ongitudinal stretching.

86. Apparatus according to claim85, including a | am pating station, in

whi ch a second spparatuspréferably eomprisefpleating meresdR impRairg transverse

| am nating statipn,ps r abl v. L. k f gi tudi nal cold
stretching neanBféaé‘g'"e‘hgﬁ&ﬁ'&gsﬁ%fﬁﬁﬁ@“g{"gw%“lﬁ whi ch the _
extrusion die is a gsIcuhppardites hetordifig tectigien 85 tindladivg atdrminafihg statbrivhi ch
further conprises helical cutting neans downstream of the said second

stretching st at irowhichrisegpngsheet Mngtsrial isdaminateshia thg extridade, said which the
tub f teri L. Loa. . : terial
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arranged at an strglchirigomears.anot her. 88. Apparatus according to any of

| ai 67 to 86 i ich th t ion dje i flat die 35 89. t
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extrusion die is a flat die.
1s 89. Apparatus for extruding thermoplastic material comprising a die
having an exit orifice through which the molten material flows and stretching
means for stretching the material after it is extruded, characterised in that
the die fas a grid chamber upstream from the exit orifice-comprising one-or
more grids through which the extrudate passes, the grid or grids being
20 located at a position in the chamber where the gap is wider than said exit
arifice gap, the grid chamber further comprising a gap reduction portion
between the grid or grids and the exit orifice wherein the gap is reduced at
least part way to the gap of the exit orifice and the or each grid comprises at
Ie_ast‘ 4 (in the Iongitudinai sections perpendicular to the main surfaces of the
25 flow) closely spaced lameliae having walls extending several mm in the
direction of flow of molten material and, between the lamellae having
apertures through which the molten material can flow.
90. Apparatus according to claim 89 in which the lamellae in each
such grid are slanted so that each forms an angle between about 10 to 70°

30 tothe major surface of the extrudate flow entering the grid.



direction of flow of nolten material and, between the |amellae having
apertures through which the nolten material can flow 90. Apparatus
according to claim89 in which the lanellae in each such grid are slanted
so that each forns an angl e between about 10 to 700 30 to the major surface
of the extrudate flow entering the grid. 58 91. Apparatus according to
claim90 in which the |anellae are substantially planar and preferably are
substantially parallel to the flowas it e&#®er the grid. 92. Apparatus
according to claim90 or 91 which conprises at |east 5 two such grids which
are slanted in opposi9le diArRRaraiysaccerdingtociainm8e in whichAppdameliae &< or di ng

| ayer ar |east cHbsiatEy B i crefian BR Supdandilyiafiond e Bl &°F ,
of clains 89 to éhlet thevdrid:h the extrusion die is a circular die for

extruding a tube of material. 10 95. aratus according to any of clains 89
to 93 in which the &drudiRRAraius QC§DQ?I€Q 53(5"'3!"&309’6.91,50’ Ieh coRprises at pash

i s the t nbckruReech b nich ardielintia o pgosite dirétors @ gnetbnofdr . i nal
cross i s section perg¥hdi pparatus aqgerding to claint at clainis BB do 92l comprisiMg i ses at
least 4 die i "Means for coextruding a surface layer at least on one side of the extrudate.
94. Apparatus according to any of claims 89 to 93 in which the
extrusion die is a circular die for extruding a tube of material.
10 95. Apparatus according to any of claims 89 to 93 in which the
extrusion die is a flat die.
96. A film according to claim 49a, 56 or 60 in which the widths of
the fibrils are at least 10 times the thickness.
97. Afilm according to claim 49 which , in longitudinal cross-
15  section perpendicular to the main surface of the 'ﬁlm, comprises at least 4 die

fines.



