7 APRIL 2006 WO 03/033241 PCTI EP02/12193 1 Longitudinal orientation of a
tubul ar thernoplastic film The invention concerns nethod and appa,rlgl;#lﬁd%
stated in the title... Mre specifically a substantial proportion o sucﬁ
ori ent ati oWOGH8324p| ace by annular frictional neans set upPEa(ERIDR2IOMe
circular exit orifice of an annular s extrusion die and the draw down neans
(rollers, belts or the like) which hauls pff the tube fromthe die, when
the filmis in nolten or sem -nolten state. The invention has been
conceived with a speg¢ial .vi 0 -1 he.,. nan Q 0Ss-l.ami.pates, i.e.
| ami nat es conpri sing 't\UCEIt Qripfiiad FL%'E Moplastic fil ly.
oriented or are bi aptieaink¥ntion e0hEsNYIrhéthedard assarablls as etateatin fk tiged are
| am nated with the (domi nating) directions of orientation crossing each
ot her. This cMorenspecificallya subsiantialprogoriongpfsuchiarientation takes pjace byl | y
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orientated web I ncluded 1n the am nate. ternaflvely or supplenentarily,

the orientati tautsoffthe tubefror theadie,evieeh thve- filem & inl inpltenior sentiimdleerdy
"twisting" the tubular filmwhile it is hauled off formthe extrusion die.
20 A survey o®atet he technol ogy concerning cross lamnated filmis given in
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i nventi on concerns

extruding a fganhctare bPerdssAaminates i) |ampriates comprising tws iormdredifng
circular extrusion die, in which process 25 the flow having |eft a circular

exit orifliice whictheach are uniaxiallydoriented or gre biaxdally arientedwith ane idirection
the I ongi tudi AAMBFERAN 87 letniableg Tl (R TPRGL Ay b Foring T e
the exit orificpessiisleBBH biterd TS dain PRadiice b dbAk DyRFiORRSS tibiRarsild 4 at
| east partly nolten flow on its travel between

generally uniaxial orientation, cutting it helically to from a web with biassed

orientation, and laminating two or. more such webs with the orientations

15  criss-crossing each other. There can also be a generally longitudinally

orientated web included in the laminate.

Alternatively or supplementarily, the orientation on bias can be
achieved in generally molten state by “twisting” the tubular film while it is
hauled off form the extrusion die.

20 A survey over the technology concerning cross laminated film is given
in the inventor's WO-A-93/14928.

More precisely expressed the method of the invention concerns a
process of forming a tubular oriented film by extruding a flow of at least one
molten thermoplastic material from a circular extrusion die, in which process

25 the flow having left a circular exit orifice in the die is cooled and is oriented
at least in the longitudinal direction while it still is at least partly molten,
whereby the longitudinal orientation takes place by a pulling force set up
between the exit orifice and moving draw-down means.

In this process the still at least partly molten flow on its travel between

30 the exit orifice and the draw-down means passes and is in frictional contact

with an annular device (hereinafter the frictional device), and the frictional



30 the exit orifice and the draw down neans passes and is in frictional
contact wth an annul ar device (hereinafter the frictional devi capRibBrdod he
frictional 7 APRIL 2006 WD 03/033241 PCT/ EP02/12193 2 force set up by this
contactis WOW&BIE1i n control | abl e manner other than by adjRESVERG/12HS
tenperature in the flow or the tensions in the flow during its contact with
the device. A nethod and an apparatus of this kind is known from

DE- A-4308689. 5 That invention carries out the |ongitudinal orientation
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fromthe aimof“the present invention, which is to pronote |ongitudi nal

~orientation. Idontactiwith theDievied.308689 io there is an annular insert in the
bubbl e whi ch, necessarily althou

h unintendedly, by friction against the
filmcontributes td\ m%h%ﬁ@ﬂtamgﬁa?rat@fr PEKH%WGH.S Knewnsfrom Qﬁ'&f@@%ﬁg-

eert. "AS ¢ il frlsgitpcdiipd ouh e ldndifthl oReR(tic Bl ih Mtef iay . "
function of tWh@QVérFs@%rééoﬁént‘a‘ti@ﬁrrﬂéﬁllyawithrrﬁﬂ'\epﬁéﬁg?bf éilz'ygtéiﬁzétidnﬂ -

“bubbl e" fromthe rest, so that the tube can be strongly bl'own by over
pressure in tiwherehpitheeffaptof blawing to eblainitrangvense«rientation ihernanaadught
into the "range of, crystallizatign". At.the.sang tine e pressure i t he
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A- 4308689,0 t heinereiis amammulal irsiert indbieibupbile which, mecessarily saltheughof t he
nmentioned insert. This wll also cool,the.insert, but there is pot disclosed
any neans for L@Hﬁ?ﬂ@?é'ﬁ/neylfrhg'q[bﬁ%%ﬁnét &}%f"m conriputesstorits {oﬂgétufjm tion

agai nst the extd ; ' - iR sert
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asses the insert, however the prior art does not .nention anythi abaqut
Euch control ©f crystalﬂzgﬁoﬁ'. 'Ithe ftPnctlono those Sewces is to separate% tlllrs{1 8art o?

15 the film - “bubble” from the rest, so that the tube can be strongly blown by
over pressure in the “bubble” when the thermoplastic material has been
brought into the “range of crystallization”. At the same time the pressure in
the bubble is kept near to the ambient:-pressure in the zone where the
material is fully molten, so that transverse stretching here is avoided.

20 In addition to strong air-cooling from the outside of the bubble in DE-
A-4308689, there is internal air cooling in the bubble upstream of the
mentioned insert. This will also cool the insert, but there is not disclosed
any means for controlling the temperature of this insert. The friction
against the extruded tube can probably for.a given temperature of the insert

25  and a given pressure in the bubble downstream of the insert, be controlled
by the amount of air blown towards the tube while the latter passes the
insert, however the prior art does not mention anything about such control
of friction.

A patent from about 1975 issued to the Dutch Van Leer organization

30  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 friction.. A patent from about 1975 issued to the Dutch Van Leer

organi zation 30 or one of its subsidiaries (the inventor has not7 ABRRILM06
time of filing this application been able to identify it further) concerns
| ongi t udi N8P 04P3R#t ati on 7 APRIL 2006 WO 03/ 033241 PCT/ EPO2PADEBRR/BIY t he
extruded tube in solid state over a mandrel inside th tube, while the
latter is hauled off fromthe extrusion dig. However in practice it is very
difficult to carry out this method due to strong contraction forces which

are set up ‘“*‘Sf‘tﬁé“éxtf&&@jﬂb'e'nméoﬁd 'bdmaﬁd\‘\é\iiﬁgdbrth?ébé d:‘iﬁﬂ%l fhet he tube

firmy to the nmandr nally 1t s ouI e nment1 oned that man S |n5|de

t he extruded f{atter |shaumd3®féfrom thel extrusioh B, cal i bration of the tube. As
exanples reference is nade to GB-A-2112703 and to EP.-A-0285368. The
present invention I!J'B?Wﬁj/eﬂféprﬁ%'@és!‘slsdfefy&'WH@%@U‘M@%W&@@R@@&U%O f| | m

a1t her can be PG uitarldh BRI BREsclon BPenih®isolBfimiE théfn, 4 Cool oo

fromw thgn bWH'E?ﬁﬁi%sQBrﬁ)IélhéﬁJb@mHIWoWrﬂ#ﬁdr@I give its surface in
contact wth the flow a controll able tenperature, and further that this

tenperature and tﬁmallyat sl1¢ulﬂ¢lte| roantiened thatohandriels insiqe theuexrudeddabe t he
said frictional devi.ce, and aw-.do contributi nto.the
| ongi t udi nal EBY? gﬁ?&tv}"aﬁ'yvbfﬁ é@@ﬂ@mégg?‘%%nastmﬁs OF'EERRCE: 'Son
whereby the tpyd fRQHQQ??iB'aﬁHhBSEP\A-Q gsaagli nal shrinkability. The
shrinkability prefera ly 1s o a factor of no less than about 4, referring
to shrink testing Therpresemtunhvertidgrhbeing,theprocéssiof formirnidha tubller ogentedge of
the extruded film that is the film when 20 ehat dtothedsﬂylnktestlng

t enper at 4Pe. 8l ARAINE device thereiek isgharacterise e frigtiengl | ess
a1 oued to cSibEERPLERrerded hFigkhBRaNLrSE Bbisiolp e BibBe angblBika 2
i nside the bfrohi withimybymeahaiof atfiuid doolimg enediGimi tocgivelits surfazedn coatadtt he
tube to 25 becone strongly blown to obtain transverse orientation. Such
bl owi ng with the flow @ controllable temperature, and further that this temperature
and the. said friction is controliable to produce between the said frictional
15 device and the draw-down means, a contribution to the longitudinat
orientation which makes the total longitudinal orientation whereby the tubular
product film has a longitudinal shrinkability. The shrinkability preferably is of
a factor of no less than about 4, referring to shrink testing carried out at the .
upper limit of the melting range of the extruded film, that is the film, when
20 heated to the shrink testing temperature.shrinks in the longitudinal direction
to one quarter or less of its length.
Having left the frictional device the tubular film may be allowed to
contract during the longitudinal stretching, or the air pressure inside the
bubble may maintain the diameter of the tube or even lead the tube to
25  become strongly blown to obtain transverse orientation. Such blowing
normally requires special precautions to be taken, which shall be mentioned
later.
By use of the present invention, as this is defined above, the
longitudinal melt orientation can be adjusted with a particular precision
30 and/or be made particularly strong. This has importance for several uses

especially for the above-mentioned use in cross-laminates.



normal Iy requires special precautions to be taken, which shall be nmentioned
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| ongitudinal nelt orientation can be adjusted with a particul ar precision

30 and/ or W@ %dd4barticul arly strong. This has inportance PET/ERSYNLS uses
especially for the above-nentioned use in cross-lamnates. 7 APRIL 2006 WD
03/ 033241 PCT/ EP02/ 12193 4 For achieving agparticular high nelt orientation,
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the orientation then should take place, while one pol r i s predom nantl
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with air whi cladvantagessisty contairga blerideef atrleasetwio campatible atecompatibilisechr ough
m croporous netal, which forns at | east %tﬁone of the surface which the
Als
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t hrough m croporous ow contacts can have

a grooved papt@dqsmmdmthw mbRtedrstatees are circul ar around the die axis.
The grooves are then subjected to a control]led under pressure. 20 The

pul ling Rérce on t Hnothercembadimerhafdae iavertionisshecaaarised inthal the hr ough
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lubrication with air which is pressed through holes in the frictional device or
through microporous metal, which forms at least a zone of the surface which
the flow contacts.

15 Alternatively, the friction. may-be controlled by sucking the flow
against the frictional device. Thus the suction can be applied through
microporous metal, or the surface which the flow contacts can have a
grooved pattern, whereby the grooves are circular around the die axis. The
grooves are then subjected to a controlled under pressure.

20 The pulling force on the frictional device can be monitored and used
through feed-back means for adjustment of the over- or uhder— pressure
which determines the friction, whereby. the degree of orientation is
controlled.

In case the extruded tubular film is particularly thick and/or from a-

25  polymer of a particularly high molecular weight, the frictional device may
have a-surface temperature in or above the melting range ‘of the main body
of the film. However, this an exception, and normally this device should
have a temperature which, when the film is coextruded-and has a low
melting surface layer on the side facing this device, is even lower than the

30  melting range of this surface layer, otherwise it may be too difficult to obtain

a frictional but smooth gliding of the film over the frictional device. This



In case the extruded tubular filmis particularly thick and/or froma 25
polymer of a particularly high nolecular weight, the frictional ¢geWg 28y
have a surface tenperature in or above the nelting range of the nmain body

of the fil WORMMHEY, this an exception, and normally this dBGTEBIERH d
have a tenperature V\/mch, when the filmis coextruded and has a low nelting
surface layer on the side facing this device, is even |ower than the 30
melting range of this surface |ayer, otherwse it nay be too difficult to

obtain a frictional f|Im r.the fr I onal
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heat from't he F‘ﬁ’!‘@f'?@r’a)fﬁr widnelt prpartinglt again when i Raglef t Srff'F’('Rﬂ%r hi gh
f t | t t f the filmd
rictiona y négw:ﬁg )lp;'ge%refl}o@ﬂ\t}mﬁ% @n?r LRelsfpperature o e filmduring

the. stret crystallisation range or slightly

above this, as it alm et tam@weé mcurm hl?l@lfr@@ibrﬁﬂly ddmtrelied Wkientation,
circunstances the filmshould norma be efticientl io cooled before it

meets the fri ctheotemperaturecf t%f"@ﬂ%'“pdh%éﬁétm@m|h¢éfﬂpt vthim the
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fl ow passes an cts this in a generally frictionless or lowfri ctlon 15
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T such part | ﬁovldspea%sets ha%rdeconiaés%lls in (ahgeerneergﬁly }nctuonless or low friction

15  manner as established e.g. by air lubrication through microporous metal or
through holes.. This part is cooled from its inside by means of a fluid cooling
medium and kept at a temperature which is sufficiently low to take away at
least half of the heat needed to bring the temperature in the flow down to the
desired value for the orientation.

20 Upstream of the frictional device but downstream of the just
mentioned shock-cooling part if such part is used, there is a part (hereinafter
‘the “temperature fine adjustment part”) of a similar construction as the
shock-cooling part, but adapted for a fine adjustment of the average
temperature in the fiow.

25 ‘The following succession of apparatus parts are preferably in close
proximity to one another or mutually connected through low-heat- transfer
connections:

a)  the diepart forming one side of the exit orifice,
b) the shock-cooling part if present;
30 c) the temperature fine adjustment part if present,

d) the frictional device.



the "tenperature fine adjustnent part") of a simlar construction as the
shock-cooling part, but adapted for a fine adjustnent of the aveT ABBIL 2006
tenperature in the flow 25 The followi ng succession of apparatus ﬁ)arts are
pref er abl YWPHP3384! proxinity to one another or nutually coRREGEPEHIHRE ough

| ow- heat- transfer connections: a) the diepart form ng one side of the exit
orifice, b) the shock-cooling part if pregent; 30 c) the tenperature fine
adj ustnment part if present, d) the frictional device. 7 APRIL 2006 WO
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same side of the I nsi de or outsi A preter e way | eve
even and effi dubble dnsideray aftsidee tubular filmimediately upon its exit
fromthe die, is for the flowto |leave the exit s qrifice under an angl e of
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one side @f tRpifiesidnderiahl difyle 0Pt kgt 26° thechds bEthd gielitsdirdchBn®fi t
orifice then should also forman angle of close to 20 or nore to the io die
axi s). The memovementeinting egber away fropeor tewards dhe axis, angd thenmertscr i bed
above if that is,used,, or. otherw se the te ature fine adjust { art
al'so descr i bedORIRG B which i close praxmiy B I0F sxitarice aranpRiediaee. A
substantial pg i iHe exit6rifide? d aRR&I art
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part also described above if that is used or otherwise the frictional device. A
substantial part of the zone in which the flow follows the mentioned part
should be rounded when seen in axial section, so'that the film gradually is
15 tumned at least 20° in the direction towards the die axis while it moves over
this part or this assemblage of parts.

This arrangement of the exit from the die can be achieved very
conveniently when the exit orifice of the die either is at the outer peripherical
surface of the die or, if the die has a central cavity which is defined by an

20 inner periphery, is at the inner peripherical surface of the die. Thisis alsoa
very practical arrangement in connection with the start-up of the extrusion
since it then is easier to get hold.of the molten mass and feed it over the
cooling and temperature controlling annular parts.

Thus it is advantageous for the flow to leave the die under an angle of

25  90° or close to 90° to the axis. -This has the additional advantage that the
gap of the exit orifice can be adjusted from location to location as is usually
with flat dies. To achieve this at least one side of the exit orifice can be
defined by a lip which is sufficiently flexible to allow different adjustments of
the gap of the orifice from location to location. ‘Simple mechanical devices

30 like push-pull screws or more sophisticated devices, known from

construction of flat dies, can be used for this.



20 i nner periphery, is at the inner peripherical surface of the die. This is
also a very practical arrangenent in connection with the start- oxmtiLi2006

extrusi on “sd&%aﬁul then is easier to get hold of the mlte%ﬁﬁ%ﬁgﬁ:’f eed

it over the ~coolTng and tenperature controlling annul ar parts. us'Tt is
advant ageous for the flow to | eave the die under an angle of 25 90 or close
to 90 to the axis. This has the additional 7advantage that the gap of the
exit orifice can be adjusted fromlocation to location as is usually wth
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of orientation. The following measures can be taken in order to avoid the
15 over-pressure acting on the tubular film before the latter leaves the frictional
device:
If the frictional device is inside the bubble, the part of the air which is
contained in the flow before the latter meets the frictional device (hereinafter
air 1) is closed off from the air which is contained in the flow after the latter
20 has left the frictional device (hereinafter air 2), and air 2 is kept under a
pressure which is substantially higher than the pressure in the ambient
atmosphere, while the pressure in air 1 approximately is kept at this ambient
pressure. If the frictional device is outside the bubble, there is provided a
closed space between the die and the frictional device for the air
25  surrounding the bubble, and the air pressure inside the bubble is kept
substantially higher than the ambient pressure, while the outside pressure.
within the closed space approximately matches the pressure inside the

bubble.
As it has been emphasized-in the foregoing a particularly important
30 application of the invention is in the manufacture of cross-laminates. For

this and several other uses, the flow leaving the die should normally be a
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conprising the drawdown neans and a second end conprising the extrusion
die with 1be fpadt(ibthis paehvisased).he shock-cooling part (if this part is
used), and the "te rature.fin ment hi

dj .10, . (i f '
used). The inventio HQY?“W%E@?Q&?%I t ﬁ’é%]a\r\l‘?%f 'E'?f{‘hg?g Iﬂ@ﬁt&'i Wﬁmf?afrﬁ}er@er ence
to the draw ng%otn%@wi% \ﬁl?i%WaﬁﬁéﬁvaQéctiﬂ%@nbhéQHﬂihMeaéQ@ opind e

annul ar extrusion die. - shows the last part of a coextrusion die with
connect ed annular extrusion die.

Fig. 1 shows the last part of a coextrusion die with connected

15 frictional device over which the film is bent during the haul off. The extrusion
is outwardly peripherical through an exit orifice in the external periphery of
the die.

Fig.2 is similar to fig. 1, but showing inwardly peripherical extrusion-
through an exit orifice in the internal periphery of the die, which has a wide

20 tubular cavity around its centre.

Fig.3 is similar to fig. 1, but in addition to the frictional device there is
a shock-cooling-part and a temperature-fine-adjustment-part.

Fig.4 is similar to fig. 3, but for inwardly peripherical extrusion like in
fig. 2.

25 Fig. 5 shows the last part of a coextrusion die in which the exit orifice
is arranged through the generally plane die surface, which is perpendicular
to the axis, like a known annular die for film extrusion, but with the exit orifice
pointing inwardly under an angle of about 20°. The die is supplied with a
shock-cooling-part, a temperature-fine-adjustment-part, and a frictional

30 device.



15 frictional device over which the filmis bent during the haul off. The
extrusion is outwardly peripherical.through an exit orifice in t'hépgilf%‘?%al
peri phery oWoos/bes2¢i e. Fig.2 is simlar to fig. 1, but show pgr/EpysIRTd3y

peri pherical extrusion through an exit orifice in the internal periphery of
the die, which has a wde 20 tubular cavity around its centre. Fig.3 i
simlar to fig. 1, but in addition to-the i ctional device there is a
shock-cooling-part and a tenperature-fine-adjustnent-part. Fig.4 is simlar
to fig. 3, but for anxérsdmoyVSpmalernaiwalém agnodificatien iofi the ifgctional2s Fi g.
5 shows the | agt coextrusion die in which the exit orifice 1is

arr anged throuéﬂv'g otgﬁﬂe?al ly plane die surface, which is perpendicular to

the axis, like a knpyg Acafbfndigr @éﬁ@ﬁ%éﬁ@h@& thgtBuiWard paifs e |

orifice pointing inwar er an an suppl i ed
with a shock- slhwln gfigat twracd:mmeratﬂwbemé die- wHichshrfelis phown itttk a
frictional 30 device. 7 APRIL 2006 WO 03/033241 PCT/EP02/12193 9 Fig.6
shows, in BboulNveBaaiSaFopaNEing WO/ Hig%  ton (one ptthepatent devi ce” of

(190 T APRENOES (BAWARD pFRERY I hedorte Hebeli SUSIIRE™ 1 1R
S inventor's crpgRMcBNLAISIAé ie itsélfare’als také@ﬂ@mfhééﬁuwbgmrhe

applications, fromwhich priority is clainmed for the present case).
ref erence nunedialaxis is pataietiwithithe dot-daste line 4 d), tbakens the@ﬂammcateguhes The

the real ax| SSRlaRISHTSE BOrS W HE Pogkn e FAknG: mﬁat Rpfertin @bt | on
oL oo Oh AR ORI AU B ARDRLAU Bl 20 e J5ec T e
(7b) appear fromfi 'ghe Hie ‘Ehammhﬂeﬂdrmnbsw(ﬂahd c(ﬁ)—fczrmzbc( @rta,refwlmcbXS) uded
to formthe fi (|6r;1 F/ a) and J?L) appe'ar rgrrr]\ttllgo i I‘?hrueséecorﬁgoggntg (A) (BS) and (C) are-
coextruded to form the film B/A/C. If the invention is used to make films to
become cross-laminated, (A) which forms the middle.layers would be the
15 layer to supply the main strength; while (B) and (C), the surface layers,
should form lamination and/or heatseal layers (referring to the above
mentioned patents regarding cross-lamination technology). They should
then exhibit lower melt ranges and normally also lower melt viscosities than
(A). As a practical example, (A) may be a compatibilised blend of 25%
20 homo-pollypropylene of a relatively high molecular weight, 25% HMWHDPE
and 50% LLDPE, (C) if chosen as heatseal layer can be plain LLDPE, and
(B) if chosen as lamination layer can be a low meiting copolymer of ethylene
as e.q. EPDM or low melting metallocene polyethylene - or a blend or such
polymer with LLDPE, (B) merges with (A) at the internal orifice (19) while (C)
25  merges with (A) at the internal orifice (20). These two orifices are here
shown immediately adjacent to each other, and for rheological reasons this
is very advantageous when the surface components have lower melt-
viscosities than the middie component.
The three merged components proceed through the exit channel (18)
30 towards the exit (21) in radial direction. Having left the exit, the tubular

B/A/C-film is pulled, still in a radial direction, towards the outer surface of



becone cross-lam nated, (A) which forns the mddle. layers woul d;hgegriN8¢de
| ayer to supply the main strength; while (B), and (C, the surface Iayers,
shoul d foryig @missati on and/ or heatseal |ayers (referring topdigem

menti oned patents regarding cross-|lam nation technol ogy). They shoul d t hen
exhibit lower nmelt ranges and nornmally also ower nelt viscosities than
(A). As a practical exanple, (A) may be a Konpati bilised blend of 25% 20
hono- pol ypropyl ene of a relatively high nol ecul ar wei ght, 25% HWHDPE and
50% LLDPE, (C)‘thé frictionahdexscéle@tOde.aHdraytes bemb upwapd afoﬂon@DEE,e surﬁbce(dii) i f
chosen aslamnatlonla r .can alow.nelting co rof eth Iene as
e.g. EPDM or IB% m?lt'f)f‘ﬁ F%tlﬂ@éé«n‘ﬁ}“ﬁgﬁ@@f‘ﬁ??grfgap gda{ &lich

pol ymer with 19) while
(O 25 ner geslc\%\n“[r?f ?ﬁ%)raqg % 'é?réﬁ}"g?%' é%'ﬁ%&;ﬂéﬁ@ @glnbv\g%rglflces are

here shown i ﬂﬂ@ﬂktaléé'b(utaﬁlélé@molteﬁ eagheptb ehat tharke st cohralleWfriclion’ easons
this is very advantageous when the surface conponents have |ower nelt

viscositi & t etweea the fittionabdgwiser(i01)raed the ten.mEhgdtctiemieembinationc eed
th h th | th 1) .in.radial t .
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di t t

pCT) EP02/ 12165010 1% B o8l iSMiG ARE. The medfl for e RiHealicn Yedgitaure |

follow ng the cmtrbhaad abntrohef frictiontare explairad below, 101) , whi ch for ns part of

e r oS SR 1, et i o Sy 3 s
there | ConpoalEdilihohé BoBIeFLESR dilfeldr GloePRBlr Rt IHETeb Bib U, 1

film Th fon rn conb na ures I n

controls the Iaosignmudnménwereefoa«bnmuom\buchiasugnmt:antlylmthml dhzeadtet of The
means for air |ubrication, nperature control and control of friction are

expl ai ned bel 80 OHEOIAYEN) 'éﬂ'efleﬁr@df the Playneatiashawid beivery lowies mpneren bem
may, by an OV‘?ﬁver’sQ (@6&?&5{{0?1 falier 1 P'c‘éntrgéffr‘? rﬁeg'd?ngﬁb%ge)(panded

and thereby al’s Sl gnl)fl ca transtrse ori en CEI on
significantly Itbuiglmduﬁl wfmmg eneref should normally be established an over-
.15  pressure inside the bubble also when the tube contracts.

Having left the frictional device (101) the B/A/C-film is further cooled
by air (not shown), preferably both external and internal cooling, in well-
known manner. It is hauled off also in well-known manner (not shown) by
use of a collapsing frame and driven rollers, and normally thereafter spooled

20 upasaflat film. Due to high stretching forces it may be necessary to
substitute the collapsing frame by a set of converging transport belts, a
method which also is known, e.g. from the above mentioned US-A-3513504.

At the exit orifice (21) one dielip (25) is made adjustable with the
possibility to have the gap varying around the circumference and thereby

25  compensate for accidental differences in the flow. This can be done in
simple' manner‘when the channel here is flat (as shown) or almost flat
instead of being pronouncedly conical or being tubular.: The adjustment can
be made by a circular row of screws, of which one (26) is shown. Itis
sketched as a simple screw but could also be a push-pull screw. Instead of

30  screws there can also e.g. be used thermally expansive devices as now

used for similar adjustments of the exit orifice in flat dies:



the orientation is preferred, the blowratio should be very | ow or may even
be inverse (contraction). Due to rather high contracting forcesvd4riiGobbe
| ongi tudi nal stretching there should normally be established an over 15
pressure "YRPYE3EHe bubbl e al so when the tube contracts. HRGHEPI2E2193t he
frictional device (101) the BFIAC filmis further cooled by air (not
shown), preferably both external and intefpal cooling, in well- known
manner. It is hauled off also in well-known nmanner (not shown) by use of a

coll apsing frame agd a?r’eiabghrinér‘?t'i&rf‘écﬁu i@ﬁ?t M'i‘@l:éﬁﬁa@wyu?ggﬁﬁﬁ%cél%&#ﬁ%rﬁo up

as a flat film Due to hi stretching torces it ecessary to

substi t ut e t hand int thip songedtiamsudiy adjustmentfof tbe exit grifigetis alspkmdwrel ts, a
nmet hod which al so i s _known, e. gl fromthe above nentioned US-A-3513504. At
the exit oriflileweyen)it sl pariylar mportance ipconagrtian Mithehg Rresente

possibility tq t | : oyl . - h y 25
Compensat e f dfvaatycsIfics Bk ATl eBE OIS o Forfe e MR TR WFicRAES WELRY

si npl e mesmnerydigse difffcutties)nBhedeenermal preahuticris wbEk\ON tiee priheipséd of | at

i nstead of bei ng pronouncedly conical or being tubular; The adjustnent can

be made by a @iffesentgooling b the extavgded bibulai MM atdiffecant aircumferantial t i s

sketched as a_ si.mple sgcrew . coyl.d o0..be a.push-pul |, .screw,..l nstead of
30 scr evs & naR S EGE. ST estpbishoH B Beaain Bo PTG ER R URPISe re SR,
used for sinmbagl bl MBK%HPT HoWewerl Sugh sstems! db hbéombitie wéll ARl L 2006
WO 03/ 033241 PCT/ EP02/12193 ]I As already nentioned it 1s not newto carry
out peri pher ithel cantacticnioting of imel film usaddn then peasentd invemtibnadj ust ment of the

SRR ETETN T IE  BRE SOMT AT A
achi eve even {4 LHB fri&‘ti%hﬁ?éévi&@ﬁ@ )Z Pﬁé‘fﬁ%rﬁ’defdc ESttdIs ‘f‘ﬁctioW?ﬁ& nor mal

precautions work on the princi rent cooling of the extruded
tubul ar fil mtemplratuce ewtll mow berdxplained aThedosiionalrdeviee (10:t) castbiriadleed by

However . suciPISpEARIRIMASt e e IR SURRER whirks B ik BRSSO PYRy i ¢ he
filmused in hB8eRfd?s MlErdpo¥SUK higtal, shown as a rounded plate (102). This can be

15 screwed to the base steel part of the frictional device (101). - (None of the
drawings will show any of-the screws used to connect the different dieparts).
The microporous plate can conveniently have pore size around 0,01 mm.
The compressed air-for the air lubrication is fed through a number of pipes,.
of which fig. 1 shows one (103). It is distributed over a network of channels

20 in (101). The drawing shows only the channels (104) which extend circularly
centred on the axis of the die. The drawing does not show the channels
which extend perpendicularly to channels (104). In some cases there should
be applied suction instead of over-pressure, namely when the film is
especially thick and/or of an especially high average molecular weight.

25 The frictional device (101) is supplied with. an annular cavity (105) for
circulation of a cooling fluid, e.g. water, oil or air. The circulating fluid.
allows the temperature of the surface of (101) to be controlled within.a few
degrees. For that purpose there can be provided a thermocouple relatively
close to the surface (not shown).

30 The cooling fluid is directed in and out of the annular cavity (105)
through pipes of which one (106) is shown. These pipes and the other



o Details regarding the air lubrication and the cooling of the BIACfilm
on the frictional device (101), and neans to controls friction dhsPRIL2006
tenperature, will now be expl ained. The frictional device (101) can be nade
of steel, R@8B3 MLt the whol e-of the surface which the fil RCPEPQUR18Y er |, i s
made from m croporous netal, shown as a rounded plate (102). This can be is
screwed to the base steel part of the frigtional device (101). (None of the

drawi ngs w II show any of the screvvs used to connect the different
di eparts). 891% ?tp.‘ag ound
0,01 mm The oér?’pﬁ([asse ai erJfV e a| ‘Iﬂgy{l %rﬁ@ﬁvﬁ&éﬁé@éa nunber

. of pi pes, eentvei ofitheidie, \ﬂeh@hwnyrappéé%fxoml theiagboveshemtionedifigv2in a
network of channels 20 in (101 The draw ng shows only the channels (104)
whi ch ext end @laﬁ%ml%i?n|5¢at|@@r\ft\/ A-Qrb 1634 . alhe ppestaeths @oolmeﬂtmi@mng does

not show t he e LR n

sone cases th Qﬂgﬁﬁ ‘Hm g%ﬁ%‘f@h"@@&’ﬁ%‘é‘ ﬁ%gﬁéé/éoéﬁnégéq g’%‘é’éﬁ namel y
when the fil | MabyveqneRtordd pipeBi(d83pa/ eénrsﬁcte@mhrmaﬁldcbuw&loa&ﬁa@e

nmol ecul ar weight. 25 The frictional device (101) is supplied wth. an

annul ar cavi t go(mp@8psdrdor vacuamnl pamp if safctlanosused);wfthmmeiansetogadjuatthe oil or
air. The circulating fluid, allows the tenperature of the surface of (101)
to be control PESSM™Bhin a few degrees For t hat purpose t here can be

provided a thermocogp fick ghgwn\g ﬂc?q§ E8t6 E‘Mb?]‘ﬁ)ép of 30 The

cooling fluid is dlrecte I'n a e annu ar rough

pi pes of whi clarmsge.d. 16fe osfwhm«wh'ﬁhm (0P $s sinaivh. thmM(S)haHDRI L 2006
WO 03/ 033241 PCTI EP02112193 12 pes mentioned above and bel ow pass ou

t hrough a0l ar §€r f@&PPB‘}'"Qtafmfe("%éﬁ?FB ofwhishisdfixed igan ar fB&W?M"ﬁ@Mﬁs from

for the cool | NEST Fir-lptha sk (10K, s AHoE T off YPaRIAHy S ™! Pes

heat i ng/ cool i hgat'frahsfePibstiveeh Yhe hbediepahiaard thievhlichn edider Pestidrkd devivee
connected with an air-accunul ator and a conpressor (or vacuum punp if

suction is us&@chafithe asmsd108) hag asrelatwely i bgdge part (110), thin enough to
achieve measurable variations in bending with variable pull-in the film, and

15 at least one of these thin portions is supplied with a suitable dynamometer
e.g. a strain gauge device (111). Signals from this device are fed to the
devices which control the over-pressure or vacuum, reducing or increasing -
the friction between the film and the frictional device (101), so that the
orientation is kept at the desired value. In order not to make too much

20 resistance against the bending of (111), each of the pipes (103), (106) and
(112) - the last will be described below - may comprise a corrugated
segment (not shown).

Internal air cooling and the air pressure required to maintain the blow
ratio which has been set, are established by conventional devices. The

25 devices pass through the above mentioned cavity at the centre of the die.
This is closed off from the environment. A thin plate (113), installed between
diepart (6) and frictional device (101) separates the inside of the bubbile,
which is held under pressure, from the space (114) between die and
frictional device, and this space is kept at about ambient pressure through

30 the pipe (112). Without the dividing plate (113) the film would be ruined by
the pressure inside the bubble as it leaves the exit (21).



The frictional device (101) is fixed to diepart (6) through a nunber of
arms (e.g. three or four) of which one (107) is shown. Diepart (&)AFRSE. 2906
corresponding arns (108) each of which is fixed to an arm(log) t hrough a
heat insul WOIRE3MHhte (109). This is done in order to avoi d P&IERSRAHF i cant
heat transfer between the hot diepart and the nuch col der frictional device.
Each of the arns (107) has a relatively thisn bridge part (110), thin enough
to achieve neasurable variations in bending with variable pull in the film

and 15 at | east onen:.pf.t ' t L& ' | |
dynanoneter e.g. SS@[:?'ai E@g%%ﬁe&ﬂrﬁﬁ,céeb@ﬂTﬁ_&%ﬁ%h’g?gu%%% ?%;élgdé&g@lhgee are
fed to the dé¥haeabuutamisiont tefiperbiroweill-hy ekenrtsy the cortactraooligdushag or

increasing the friction between the filmand the frictional device (101),
so that the cormel airicoeling sysjemsiused thefesiter dhe slower” with haykeffrdavices make

h i i dj . ) \ h of i
(205 (100, " San B 183, 41 1E'a Aelfoally Rl olipbipniS htec HEBIREF. <. -
corrugat ed SeEsicédRlaySivtB)arolind Bidale atis, &9@tHe tata0Buld? filAihappessur e

required to maintain the'blow ratio which has been set; are established by
conventi onal deeledesp atlthe P afdheé Ctowerass t hrough t he above nentioned cavity

t th t f the die. This is cl d off f .t h ' t. A thi
late (113), i nst aldUa0HaE AOGHE MATKIOREA Qgmeledn Wich s BAINGYEE Copsisle)

t t he Jrasl _ TRy al ' ran th
pace (114) oSt SRR Rf ronio-PPSo iy el gbbBt TOTG MAWHDREERaifing ™, "

about anbi ent gvaesati125t Q) andLLEPE (solidifying dtlahout W20P Q)f tHehfiindwill ldang pl at e
(113) the filmwould be ruined by the pressure _inside the bubble as it
| eaves t B@ exithhe exity21)wibr temasiatureof 88put220-246¢ apddo/achieye a3 Si nce,

roughly speaki . ] used L 0

about anbi ent c? g%@@@f h@?’o\%ipﬁ{’d'bg&ggﬁ%t'g@' ?ﬁéﬂg@%%a%gg\@@%"wg’é ,tﬁgﬁgé‘k'nor mal
air cooling sylpWwrntanegy take phrbitsstwethe 30-1568°C. Yo abhievel sutfidiedy ok  can
be very short. If a helically extending orientation is wanted, these haul 5

of f devi ces nm&polingaard alsatecvoid thatdhe jower-mellingsurface: layabinside the m may be
bubble sticks to (101), the latter may be cooled e.g. to about 50°C. The

15 length of the film-travel over the surface of (101) must be adapted so that,
when the film leaves (101), its average temperature still will not have
reached down to 125°C. A thin part of the film directly. contacting (101) will
be cooled below this and solidify, but will melt again whenthe film has left
(101).

20 Depending on the balance between longitudinal draw-down ratio,
temperatures and frictional resistance, the majority of this draw-down may
take place before or after PP has crystallized. Thus e.g. a 2,5 mm thick film
leaving exit (21) may be drawn down to a thickness of 0,250 mm before the
PP solidifies and thereafter drawn down to a thickness of 0,05 mm.

25 In fig. 2, relating to extrusion out of a peripherical exit leading into an
interior cavity in the circular die, the die axis is indicated by the dot-and-dash
line (1). The upper part of this cavity is closed off from the atmosphere by
means of the circular plate (115). Over this plate, inside the bubble there is -
kept an over-pressure, and there is internal cooling. Devices for imposing

30 the pressure and cooling are not shown. By means of the thin plate (113)

the space (114) is separated from the atmosphere, and the pressure in this



reeled up at the top of the "tower"”. Using the above nentioned exanple in
which the main | ayer consists of a blend of hono-PP (solidifyi ngARRIRROG
160 ©), HWHDPE (solidifying at about 125 C) and LLDPE (solidifying at
about . 120 ¥P,03(038241i Imwi || leave io the exit (21) with a tREFERAMN9S Of
about 220-240C and. to achieve a convenient high |ongitudinal orientation, a
consi derabl e. anmount of the draw down ca .g. take place between 130-150C
To achieve sufficiently quick cooling, and also to avoid that the

may be cool oq Ba5= s e gibe G2 iert Bl Bkl iy hetelpund Bsafe  fe

surface of (1%bs§u@in§ﬂeat&éﬁwrﬂ]>(ljetsﬁlﬁﬁibﬁtis sheRAdr hR 1Eft aNthe ik r its

average tenperature sti ave reached down to 125C. ﬁAt I n part

of the fil m direspettg figoi2x cart fully beldrideraiddd orhbasisdfevhatds exptaimed and
solidify, but. wll nelt again when the filmhas left (101). 20 Dependi ng
on -the bal an&@%’@m@@ﬂmrbg%i{udi nal drawdown ratio, tenperatures and

on - the bal ans | s and
o aiter PP has cr yLPaPpAT ARG EcEpich 51 68 T PRla R e 5

(21) may be droptaindbermost desifablkosrabineition, if dhiemtatisri ané draw-ddwh satidgdi fi es
and thereafter drawn down to a thickness of 0,05 nm 25 In fig. 2, relating
to extrusion onith Bie eelpléivaly sisnple dlevisesishowqinigs. ik andr. The B1dreér cavity in

th [ I di ' LSS .i.ndi b - - h i 1).
(e ool lcifed'vByReh Snban) 1G53 Srehbla s RRABR ARRL o
the circular plopsructid®therdde Usedhrdedindependentepane bubbl e there is  kept
an over-pressure, and there is internal cooling. Devices for inposing. 30

the presd@re and cdl i ng@ &heckreoolingpant (BiBkeans of the thin plate (113)

the space (114) is  separatjed fromthe atnosphere the pressure in this 7
APRI L 2006 W0 03/ 0 B3 248 {ETRRaA Bf)%i%sﬁﬁe@m%)ﬁﬂ%ugh the pipe (112)

kept at approxi mat )y the fRgfighaldevedd 1B)e pressure inside the bubble
(which is shown on the left of the filnm. In other respects fig. 2 can

fully be under st oodlhenthsee ipartsfaretkept thermatly ansidatedfrom each other by

insulating plates (119).- Each of the three parts have devices for directing air

15  for lubrication - or in the case of (118) it may-be for suction - .and.for
circulation of a-cooling/heating fluid, which-are similar-to those devices as
explained in connection with fig. 1. The three parts are controlled
independently of each other. During the passage over parts (116) and (117)
the friction is controlled using information from the strain gauge device (111).

20 The dotted lines (120) show grooves through which the compressed air used
for air lubrication can-escape.

As is explained in connection with figs. 1 and 2, it is important to avoid
any significant pressure difference between the two sides of the film when
the latter leaves exit (21). This is achieved by the use of separation walls

25 (121 and 122).

In the variation of the frictional device (118) shown in fig. 6 the friction
is controlled by suction, but not through -microporous metal. Instead of this
there: are grooves (124) in this part, e.g. with a pitch of.about 3 mm and
about 2mm deep and 1 mm wide, with rounded crests (125), and.a controlled

30 vacuum is applied through the holes (123).



connection with fig. 1. 5 1t appears fromthe description of fig. 1 that it
is relatively difficult to obtain the nost desirabl e conbi nati omaA®RIL 2006
orientation and draw-down ratios wth the relatively sinple devices shown
infigs. W284°%24rhe nore conplicated devices shown in fi g8CTEPRHIZE9F npr ove
these relations. In each construction there are used three independent
parts: to a) - a shock-cooling part (116) jsb) a tenperature-fine-adjustnent
part (117) and <c¢) a frictional device (118). The three parts are kept
thermal |y insul at eg¢d; g iof i ; i of the
three parts have dgﬁ@%gbﬁgﬂﬁgﬁfgg?%ﬂtlgpgé%&gHFyoFE@?ﬁgﬁ%i%}[al%???n t he
case of (118) shockrepbling part{dd6) oan coavehiéotly be keplt at a temperatucmalhich

ing/heating fluid, which are simlar oéo t hose devices as , explained in
connect i on wi €ROIsithe fim teiabouh 14 ‘125[9 sthe lempareluetfine-adingkhentdait | y of

each ot her. t Vv : ] J iction is
controll ed um1gﬂ?ar%f%%r¥§$€%§g? rsg)mg{ hoggtglpgtatlf'\%gnlééggt eéijocz;éhfi'ﬁ)rﬁé% The
dotted liges giadly 8lgowt 988%,esnd pareyuTe)Vdirche kept SOBPPORSavbidistickipgd  f or
air lubrication can escape. As is explained in connection with figs. 1 and
2, it is irrpoﬂ‘harnaS§agamedth%mctlgngﬁde\n@ahﬂertekgase smortrtynertbet%@meen t he
two sides of the fil mwher}. tthe Iattt er ngves exit (21). This is achieved by
t he use of seﬁ%ﬂpa'ﬂ%‘f?rﬁ/gﬁgm Egi_pe(q_g&e ﬁ’” iﬁsy.' O% the variation of the
frictional device (118) shown in fig. 6 the friction is controlled by
suction, but not through m croporous netal; Instead of this there: are
grooves (124) in this part, e.g. with a pitch of. about 3 mmand about 2mm
deep and. 1 mMmm wi de, with rounded crests (125),. and.a controlled 30 vacuum
is appli#@ through the holes (123). 7 APRIL 2006 WO 03/ 033241 PCT/ EP02/ 12193
15 Using again the afore-nmentioned exanple of suitable materials, the
shock-cooling part (116) can conveniently be kept at a tenperature which



cools the filmto about 140-150Cl1 the tenperature-fine-adjustnment part

(117) at a tenperature so as to adjust this tenperature of the f7ARRHD2M6S
exactly e.g. at 145C, and part (118) can be kept at 50C to avoid sticking.
The passage over the frictional device (118) takes so short time that the
drop in average filmtenperature will be very low 10 7 APRIL 2006 16 CLAI M5
1. A process of formng a tubular oriented filmof at |east one

t hermopl astic material having a crystallidétion range by extruding a flow of
at least one nolten thernoplastic material froma circular extrusion die,

in s which proLAdMSsai d fl ow havi ng left a circular exit orifice in the die
Is cooled and is orlented at P?ZQ{ i.n the | ongitudinal direction while

still being at |eadt plrROFesEd mig adubuiag origatefiing of ahleast Ret aki ng

B oo doun st MERlF3E Tpaflial PRYRBLERR f‘%%tf‘ﬂfﬂ farfel by ERr BB bR A (| o
on its traveliohsf ¥5€mditEh Merinopfasticirhaksiapfieni eirduRmeI@RidraRs ipasses and
isin frictional contact with an annular friction device, characterised in

t hat the g ri o¥hichgirodess said flow havingleftecisculangxitl orifice ire then dievisttoatedief | ned
by the tubular f] ow. or u |det buh I s cool ed fron fhin by npeans
of a fluid cc¥d Wgorm% %aﬁl 'Qgﬁ?ljgng'&ﬂ’l' aoléir qcﬁ' Bd’?’}ﬂ L"thWFWQLWe'e%FBW a
-control | abl e al
cont act bl nd YISl Faid Nhdiidiarninidivd @i eicefbybé gkl forch <8l

t enper at ur es ugbétwedrl the exit btifice eandinong Wrawedovnh meaiw iamg intvehiclant act
with this device, the tenperature of tEe surface of the frictional device

and the fri ctﬁf@ﬁe%mﬁgswbable@ét partly maliea flowcends traves between thmgxit devi ce
and 't he rggg‘rﬂ%télﬁgﬂfe d%}\&-ﬁpw PELRED a%geé ?ﬁd i 9k d’féﬂ%’n’%?k?ﬁ&c? WithWRt i on,

whil e t HE I'n OW 1S Wt e said crys I'sation range

or slightl y airmmartﬁmcﬁon\dm@é:ncmmenw&nrfatlmenmdunél device,| whightaasi nal
shrinkability. 2. A process accord a cl whi ch the | ongitudi nal
shri nkabi | it 3b€I arranggd v%ﬂerth%PUHB'q %mchayl t%tﬂhular flowrasrqutsigettbeshr i nk

testing bubble, is cooled from within by means of a fluid cooling medium to give its
surface in contact with the flow a controllable temperature, the frictional
15 force setup by the frictional contact being variable in controllable manner
other than by adjusting the temperatures in the flow or the tensions in the
flow during its contact with this device, the temperature of the surface of the
frictional device and the friction being adapted to produce, between the
frictional device and the draw-down means, a contribution to the longitudinal
20 orientation, while the temperature in the flow is within the said crystallisation
range or slightly above this, whereby the tubular film product has
longitudinal shrinkability.
2. A process according to claim 1 in which the longitudinal
shrinkability is of a factor of no less than about 4, referring to shrink testing
25  carried out at the upper limit of the melting range of the extruded film.

3. A process according to claim 2, characterised in that the main

proportion of the orientation takes place while the polymer material or
materials partly is/are molten and partly crystallised

4, A process according to claim 3, characterised in that at least

30 5% of the polymer material or materials is crystallised.



25 carried out at the upper Iimt of the nelting range of the extruded film
3. A process according to claim 2, characterised in that the nai MAPRIL 2006
proportion of the orientation takes place while the polynmer material or
materirals partly islare nolten and partly crystallised 4. A process
according to claim3, characterised in that at |east 30 5% of the pol yner
material or materials is crystallised. 7 f.?RI L 2006 17 5. A process
according to any preceding claimcharacterised in that the polymer flow

contains a blend of at lLeast two conpatjble or co tibilised polyners, and
The main proporti ch of PRIOEEHREEL loabsPreseiiid GaimshaactelSed iy
predom nant | y.] i IErdoCht ' ' tly in

nol ten stat e&%ﬂr%r%‘?lggleésrgmg%é%@gﬁ?g@?o an?/ opgtéﬁﬂet%?%@gglgﬂgbc ai s,

char act er i se¢ompatitsilisédpolfymers| amd thee maint peopartiohyof #he ofightationt takeswi t h ai r
pressed through holes in the frictional device or through m croporous netal,
whi ch forns glacewhileoneisredompantly ingrysialinenstate aodthe otherss the 1 ow
10 7. A process acco%gin to an% q% clainms 1-5, characterised in that the
frictionds (P&ﬁ??@l"l‘ ynﬁ' '_E‘Bl!%'i‘ Flehe 1 ow agai nst the frictional device. 8.
A process accor di g 0 Kltbelsh acrgmgieraredf the préaedinliaiid, ction_i's
applied through mcroporous netal. 9. "A process accordifig to claim?7,

char act er i sed¢hiaradtbesed liwe tHat thefficton istdaritralled By aiwluricationswitlagira gr ooved
pattern, the grooves bei circul ar. aroynd the dje axis, and the grooves
bei ng subj ectPEaSIeS i‘reHﬂB?@‘F%@ t%&?fﬂqur}}éi Ir&Or hsough migapaEoys @stal. ng ¢ o
any of the pr ' ' r A Iyhi ' e on the
e ot onal 400 Gt oPleBSt 2 foNgHREINBEe LT cotBohit oy e Toke?

adj ust mart  of t he 7.ri ctA pnocedscacdoydinhdodayr efeclaimst ise thatacterised @ thiatol | ed.
11. A process according to any of the preceding clains characterised in

that upstreathefrigtian 'ﬁr‘i%’t“i%'ﬁélb)/o%!ﬁ et %Wiaﬁaé”ﬁéhﬁ;fﬂ@f%na' seNifear |
cylindrical or copycal ghosks<afliongingab cIdifsy denSachtisebidn thdfihe

friction is applied through microporous metal.

9. A process according to claim 7, characterised in that the

15  surface which the flow contacts has a grooved pattern, the grooves being
circular around the die axis, and the grooves being subjected to a controlled
under-pressure.

10. A process according to any of the preceding claims,
characterised in that the pulling.force on the frictional device is monitored

20 and used through feed-back means for adjustment of the friction, whereby
the degree of orientation is controlled.

11. A process according to any of the preceding claims,

characterised in that upstream of the frictional device there is a generally

annular, cylindrical or conical shock-cooling part inside or outside the

25 bubble, which the flow passes in a generally frictionless or low friction
manner this part being cooled from its inside by means of a fluid cooling
medium and kept at a temperature which is sufficiently low to take away at
least half of the heat needed to bring the temperature in the flow down to the

desired value for the orientation.



25 bubbl e, which the flow passes in a generally frictionless or low friction

manner this part being cooled fromits inside by neans of a fl ull dPRIbRDEfY

medi um and kept at a tenperature which is sufficiently lowto take away at

| east half of the heat needed to bring the tenperature in the flow down to

the desired value for the orientation. 7 APRIL 2006 18 12. A process

according to claim1ll in which the flow gast the shock-cooling device is

| ubricated by air lubrication through niéfoporous netal or through holes.

13. A process according to any of the preceding clains, 5 characterised in

t hat upstream of 1Be fA pocessbacerrding:to eaimddvinsyhichineflompastdiheck- cool i ng

part defined in claim1l if any, there is.g tenperature-fine- adjustnent

part which i Shogkrk@QINg device i Kipricaiadthy aﬁe%#@?mﬂa@ﬁ@ug}mmw@pﬁa d by the

flowin a frjctionl r friction manner and is cool ed or heated from
e S eI,

its inside’l ul umfor a fine adjustnent of the average io
tenperature in theafl op.prédessadEdraing Reaoy of the precadingdlainie precedi ng

clains, characterised in that the follow ng succession of apparatus parts
are in csosechasacterised\n thatapstream bttheotricionakdévice camed dowostreamuath

| ow- heat-transfer , connectio ||, parts i. inside.or all outsigde the
bobol o 3. & 18 ShrekdRRpaeparLeles Bigeln 13 ny Al s tnpediirafies,
shock-cool i . | ) LiBr 1dmnil fine
Sl st mont | 1uiorft et \ifichils ShAllEr | conital &f Gcilar o findiE8) BRTREHAIES

devi ce defi ngatheiflfoweimafridtiorl€sslér low fricdioesraanenantd igycoaledror hefatedhkom its
precedi ng cl ai ns, chaﬁé"gjri sed ip that the flow |l eaves the exit orifice

under an andn@idey-a fiu lupn Tgr @ Hing.adjpstnest ot the ayerada t s direction of

novemnent_  poi %IEBP@R e USlhe?iiy. OF towards the axis, then nmeets a cooling
part %h its n cﬁé)ése proximty to the exit orifice, this.cooling part

bei ng ei ther 25 a)4.t heA siethéid @cobiding paahy bt the prededing glaimsl i f present, or

characterised in that the following succession of apparatus parts are in close

proximity to one another or mutually connected through low-heat-transfer
connections all parts being inside or all outside the bubble:
15 a) the diepart forming one side of the exit orifice,
b) the shock-cooling part defined in claim 11, if present,
c) the temperature fine adjustment part defined in claim 13, if

present, and
d) the frictional device defined in claim 1.
20 15. A process according to any of the preceding claims,

characterised in that the flow leaves the exit orifice under an angle of at least
20° to the axis of the die, its direction of movement pointing either away or
towards the axis, then meets a cooling part which is in close proximity to the
exit orifice, this.cooling part being either
25 a) the shock-cooling part defined in claim 11 if present, or
b) the temperature fine adjustment part defined in claim 13 if
present, or

c) the frictional device defined in claim 1,

a substantial part of the zone in which the flow follows the said part or

30 assemblage of parts being rounded when seen in axial section,



b) the tenperature fine adjustnent part defined in claim13 if present, or
c) the frictional device defined in claim1, a substantial part m{prRIE2006Nne
in which the flow follows the said part or 30 assenbl age of parts being
rounded when seen in axial section, 7 APRIL 2006 19 so that the film
gradually is turned at least 20 in the direction towards the die axis while
It noves over this part or this assenbl ag? of parts. 16. A process according
to claim15, characterised in that the exi orifice of the die either is at
t he outer peripherical surface of the die or, if. 5 die has a central
cavity whi ch Be thrifthadimigragdualhnisdurprd ?b’ﬁéﬁgl-?o" g tﬁﬁ Q'Wﬁé?tlpﬁﬁéwaf‘!ﬁeﬁhiepherl cal

hat the {1 owdia 2y iiCrBVBSTRRL TS REE AtnlsCadsshbdR o BAREE o5 1 o Tne”

axis. 18. A procesgg aCC rto es?ﬁ ScEohdi tdé\ﬁlrﬁﬁgcéﬁgr%t%ﬂés@dﬁtg gg]e exit
characterised in that rictional device i i ] e, th
part of the gfificerbf tHedle etmuerm abtlhelmutehperhplwndﬂfsorfeceiwﬂhemieor fetbes t he

frictional device, which is air is dosed off fromthe air which is
cont ai nedsi n diechas awentiat @avw'pbtls gefingd byan innge peFipbefys imat theinper

which is air nd. under pressure which is substantially

hi gher than tﬁ@1§Fg§%hP8&?hgfﬁgﬁﬁg'anblent atmosphere, while the pressure in
air 1 approxinatelyz7is KgRbcéds dEdcrding el G1aim NEeelsaragteried ihfthatelfidwt i onal
device is outside the bubble, there is provided a dosed space between the

die and the flebees mcuedmderearramgler@%"rorc&ﬁemﬁmtngherms@ubbl e, and the

air pressure insidge the bubble |s k tsubs tlaII¥ er t han the
anbi ent pressure, i | AP E‘\g QAN e\ﬂr?ﬁ A% d cl osed space

appr oxi npg el yo{ERhelepiRed W‘?trﬁﬁﬁﬁwﬁchﬂﬁéldﬁe\ﬁ&@ls ipgiele! the tiﬂ)_blé\ REQSERESF

according to any of the preceding clains, characterised in that the flowis
a coext r udat ethefairawhiobds icontained yre the ﬂom@efwegheda%er meets thefgictionalny of t he

Precedi ng ol Al mie Arhich 4 3 107 83delb Bk tnb HiPhARh i LoRISAEE G The W' '
after the latter has left the frictional device, which is air 2, and air 2 is kept
under pressure which is substantially higher than the pressure in the

15  ambient atmosphere, while the pressure in air 1 approximately is kept at this
ambient pressure, and if the frictional device is outside the bubbile, there is
provided a closed space between the die and the frictional device for the air
surrounding the bubble, and the air pressure inside the bubble is kept
substantially higher than the ambient pressure, while the outside pressure

20 within the said closed space approximately matches the pressure inside the
bubble.

19. A process according to any of the preceding claims,
characterised in that the flow is a coextrudate of at least two layers.

20. A process according to any of the preceding claims,

25 characterised in that, in order to produce a tubular film with a predominantly

helical orientation, there is established a rotation between a first end
comprising the draw-down means and a second end comprising the
extrusion die, the frictional device, the shock-cooling part if present, and the
temperature fine adjustment part if present.

30 21. A process according to any of the preceding claims,

characterised in that the parameters of the process are adapted to provide a




helical orientation, there is established a rotation between a first end
conprising the draw down neans and a second end conprising the T7eARPRUsIW0A
die, the frictional device, the shock-cooling part if present, and the
tenperature fine adjustnment part if present. 30 21. A process according to
any of the preceding clains, characterised in that the paraneters of the
process are adapted to provide a 7 APRIL:£906 20 tubular filmwth an
orientation which is predom nantly |ongitudinal or follows a helical

di ti in t t .22, A di t | ai,m 21 i.n_whi th

Cheror 71| mobbich iR SrBOES T uAEAE i S ebulha ol Blob, o

orientation ?‘ﬂelﬁ%lﬁir\@aiﬁng@trﬁm amnate is forned conprising two such
W hel'r do ’

webs arrange m nant direction of orientation crossing each

other. 23. Any use®f tAprocess accordingtoratainc2 irmadistdinegtubolaTiimds cot ai s

1 to 21, for the manufacture of cross-lam nates each conprising at |east two

films | am nategenerateca webtwith akiased deminand dinegtion @f osientatien and &y i ent at i on
24. Use.,according to claim whi ch the. tubul ar

10 crossing each other. 3 i

fim s 8 oddich aassipminatgs (Qirie eprpshodidl S wehe tanged ik ¢
Appar at us fo"th&i‘ﬁibﬁqhgﬂ JIREAIBRRYSTIdritatic 8Fdssind édcte Byl Sing  an annul ar
die having a circular exit orifice (21) through Ich the nolten 1s
material flows an@3roviAny dseof thenubuarfimfprodeged taicogrding ¢p engiaiglaimsnsi on

in the tube of nmaterial extruded through the die ereby the materjal 1is
oriented in {He 36l thegnag QﬁtH”@c?firgﬂgW'ﬁm'g'@?%‘? ng"é"? RESNG ahleastiwg,

|t en, d j i fi . . Y
Tonuar fri BT ITRed o 656 (ardiher i {rich d6iifharit ifecRing Of Brigfion A"
t her moph@ast i eroEim@eachatheri t her inside the tube or outside the tube,

characterised in that the frictional device 1,01# conpri ses neans (102,
103, 104) to al | owdeontis aegorging Yo ¢laim g3 “Bé‘g“%'é e HPYafMei$cP t he devi ce

ey cov b PRMEL DT oo ) RegCBLNS RN 800 1T 0L 00 2 o2, L
draw- down neans a@®.t hé\pparatus for extruding thermoplastic material (A) comprising
an annular die having a circular exit orifice (21) through which the molten
15  material flows and moving draw-down means for exerting longitudinal
tension in the tube of material extruded through the die whereby the material
is oriented in the longitudinal direction whilst still at least partially molten,
and, between the exit orifice (21) and the draw-down means, an annular
frictional device (101) arranged for contact with the flow of thermoplastic
20 material either inside the tube or outside the tube, characterised in that the

frictional device (101) comprises means (102, 103, 104) to allow control
of the friction between the flow and the device and is cooled from within by
fluid cooling medium flowing through a cavity (105) inside the frictional
device (101), whereby the tension between the draw-down means and the

25 frictional device may be varied to confer a controlied contribution to the
longitudinal orientation.

26. Apparatus according to claim 25 in which the surface of the

frictional device over which the flow of material passes is provided with holes

(123) or is made of microporous metal (102) for inwards or outwards

30  passage of air.



25 frictional device may be varied to confer a controlled contribution to
the longitudinal orientation. 26. Apparatus according to clai m28PRH. Wi¥6ch
the surface of the frictional device over which the flow of material passes
is provided with holes (123) or is made of microporous netal (102) for

I nwar ds or outwards 30 passage of air. 7 APRIL 2006 21 27. Apparatus
according to claim26 conprising a vacuum punp for inposing an inward fl ow
of air into the frictional device througﬁlthe hol es (123) or m croporous
metal (102). 28. Apparatus according to claim?27 in which the surface of the
s frictional devi2¢. haqu@agatua\a@@orygngé@ﬁ!almr% GPPISY( A YATUWSI PWNRI r cul ar

d the die axis, 29.. t ' N f ' 5 28 whi ch
Copr i see. aldIBRGSINGE A AT e of At iobe B dedisel tiodeh Mehdledc: | bnl
devi ce and Iﬁ%ﬁifﬂﬁ{éﬁ%g%gf t to control the friction between the

ric

fl ow and the i'on devi ce. /" Appar atus according to any of clains
25 to 29 charact ep8sedApparatug @reoadihy ta.skaith@7, inovhichithe stfacedfithal or
coni cal shock-cooling part (116) upstreamof the frictional device past
whi ch the exfrictideal devige bassegraaved patierp: thergregves (124\peing girculer manner ,
whi ch is cool ed l&y aJ.Iow.of cooling is mediumthrough its interior (105)
wher eby at | HQPf % ¥ eat required to cool the flowto a tenperature

suitable for oriegpati Igﬁpﬁgﬁgcésmm@fb BRP ¥ cldifis 500 28 WhidPBamptisss

according to claim 30 t he shock-cooling part (105) is provided
with air | ubamesansoft 1} foraméasiaring 06 tensioruexerted entihe fridtonzd dexige arid t he

flow over the surface. 32. aratus according tqQq claim31 jn which the air
| ubri cati on fORpgNG @Yﬁ‘rﬁﬁaﬁ' ’ﬁ?fl“e‘? 999%@??'?& t’f‘%ﬁ@&?ﬁ!‘é’eﬁﬂttgﬁ andihe  he
surfaceu?f theion eblgeco0!l i ng part and a conpressor for inposing an outward

flow of "air rough the holes or mnicropores.
30. Apparatus according to any of claims 25 to 29 characterised by

a generally annular, circular cylindrical or conical shock-cooling part (116)
upstream of the frictional device past which the extruded flow passes in a
frictionless or low friction manner, which is cooled by a flow of cooling

15 medium through its interior (105) whereby at least half the heat required to
cool the flow to a temperature suitable for orientation may be removed from
the flow.

31. Apparatus according to claim 30 in which the shock-cooling
part (105) is provided with air lubrication means (102, 104) to lubricate the

20 passage of the flow over the surface.

32. Apparatus according to claim 31 in which the air lubrication
means comprises holes in or microporous metal (102) at the surface of the
shock-cooling part and a compressor for imposing an outward flow of air
through the holes or micropores.

25 33. Apparatus according to any of claims 25 to 32 characterised by
a generally annular, circular cylindrical or conical temperature-fine-
adjustment part (117) upstream of the frictional device and downstream of
the shock-cooling pant, if any, over which the extruded flow passes in a
frictionless or low friction manner which is cooled or heated by a flow of fluid

30  medium through its interior (105).



25 33. Apparatus according to any of clains 25 to 32 characteri sedp®iy, 2006
general ly annular, circular cylindrical or conical tenperature-fine-

adj ustment part (117) upstreamof the frictional device and downstream of

t he shock-cooling part, if any, over which the extruded fl ow passes in a
frictionless or low friction manner which is cooled or heated by a flow of
flurd 30 mediumthrough its interior (19%). 7 APRIL 2006 22 34. Apparatus
according to any of clainms 25 to 33 in which the follow ng successive parts
have | ow heat - ”a@&fer;\gﬁa@e& beaérdag ¥ESAy oherimans @r%ﬂwﬂicﬂ%@e or all
out si de the bubble: e diepart formng one side of the exit orifice;
5 b) the shqgnownr@ sueLessive ;ﬁérlsﬁmavé fovecheat-transfee connections between them

t enper at ur e- f i ne- adj ust nent art (117), if any; and d) the frictional

devi ce (101)andare ahmﬁ*ﬁwsa Qusigede bubBIgy of clains 25 to 34

characterised in _{that,th extruded materi al
to |l eave the exit )I o] omefﬁ?ggéﬁr‘éa&é“ﬁigéges'gé ogp.'%l éﬂg&@% 'to the axis (1)
of the die, the gnhale Htkdddin oves)di away fromthe axis, and in
t hat thgg devi ce, %hat |r§e$| nmedi at E'g/jadowns’tré:{":ilrry‘rlfromthe exit or|f| ce,
which is the shoay- coahertgmperatur¢-fibeyadjustanand paet (il of nyeardj ust ment part
(117), or the frictional deyice &%Oleﬁg has a rounded profile when seen in
axi al section whéDeby hednelienslse Tori al passes around said rounded
profile so that di ?9, r@q@ $ t.us
according to cl alér#SS A@% '}hézﬁ%&rﬂf I t %ﬂ?ﬁ%’g‘rﬁg ?ta%“ draﬁ@%&?éﬁ
peri pheri calthgtaheatsie n@f:an'rdrrgedlfet ﬂ@ﬂovAmbwﬂbdedMendl todletave theliexit 36 i n
which the frictional device ﬁga s inside the bubble. 38. Apparatus
accor dilfg t @récaiundes a"han"cQﬁ at irast 20 1@ the axis (@M}jthesdleaihq anolenner
peri pheri cal h t I n
Wi ch the reltd BREReliohsEec bl gy o RN BT ARETG el e 'V RS
immediately downstream from the exit onﬂce which is the shock-cooling part

(116), the temperature-fine-adjustment part (117), or the frictional device
(101), has a rounded profile when seen in axial section whereby the flow of
15 material passes around said rounded profile so that its direction is turned by
at least 20°.
36. Apparatus according to claim 35 in which the exit orifice (21) is
at the outer, peripherical surface of the die.
37. Apparatus according to claim 36 in which the frictional device
20  (101) is inside the bubble.
38. Apparatus according to claim 35 in which the exit orifice (21) is
at the inner peripherical surface of the die. ’
39. Apparatus according to claim 38 in which the frictional device
(101) is outside the bubble.
25 40. Apparatus according to any of claims 36 to 39 in which the flow
of extruded material leaves the die under an angle of about 90° to the axis.
41.  Apparatus according to claim 37 which comprises means (113, 121)
for closing off the space (114) in the interior of the tube before the frictional
device (101, 118) from the space in the interior of the tube after the frictional
30  device and which comprises means (112) for imposing a higher air pressure

in the space after the frictional device (101, 118).



25 40. Apparatus according to any of clainms 36 to 39 in which the flow of
extruded material |eaves the die under an angle of about 90 to thaPRXL200641,
Appar atus according to claim 37 which conprises neans (113, 121) for
closing off the space (114) in the interior of the tube before the
frictional device (101, 118) fromthe space in the interior of the tube
after the frictional 30 device and which forrpri ses neans (112) for inposing
a higher air pressure in the space after ihe frictional device (101, 118).
7 APRIL 2006 23 42, Apparatus according to claim 39 which conprises nmeans
(113, 122) for cl#2i ngApparaiysascerding to,eeieSf winehgoapisesmeansi(t13.onal
devi ce (101, and for,neans i | i r.pressure. hi.gher .t han anbi ent
in the cl ose@dgﬁge?mme %en@g%ib?%ﬁ%}] &‘&d%%}fﬁ& flnrqbggﬁgg%wp% t he
bubble 5 f i i ! i@t ; t han
anbi ent i 110 el SRR RRES [Bpechian BRRTLSEhgher MRRTHORAIIIR 1"22 i
whi ch the di elosedspacel ¢4 ahdasearisid 15héomalpsiagtthe spaterin #he bGbbleB, C) .
44. Apparatus according to any of claing 25 to 43 in which the 10 draw down
means i s Tapdre the atmpspheye and taripRosiHg: abais pressurghigher than ambiephin 7p)
and fricti one*h i)%\ﬂg (101, 118). 45. Apparatus according to any of clains
25 to 43 furthg P‘ﬁprisi ng neans for cutting the tube after the draw down
nmeans to forma wed WApparalisiacasiditgtortyt ofdilaines RSMo @R inrwisidhahé efe and
means for 15 lam nating two such webs such that their dom nant directions of
orientation coextredesat least mo thermoplastic materials (A, B, C).

44 Apparatus according to any of claims 25 to 43 in which the
10 draw-down means is capable of rotation relative to the extrusion die (5, 6,
7a, 7b) and frictional device (101, 11 8).
45.  Apparatus according to any of claims 25 to 43 further
comprising means for cutting the tube after the draw-down means to form a
web with a biassed dominant direction of orientation and means for
15 laminating two such webs such that their dominant directions of orientation

cross one another.



