
EP 0 371 769 B1 Description This invention relates to processes for the
production of tubular materials of an orientable thermoplastic polymer by
solid phase deformation and to the products of those processes. 5
Previous attempts to introduce biaxial orientation into tubular materials
formed from orientable thermo- plastic polymeric materials by drawing them
over an expanding former have involved only a limited degree of expansion
in the hoop direction i.e. in the direction perpendicular to the axis of
the tube. British Patent 1456222 describes a process and apparatus used to
draw a tube of thermoplastic polymer over an expanding former in order to
calibrate the internal dimensions of the tube. The processes described
require 10 the application of a liquid lubricant to the inner surface of
the workpiece prior to its passage over the former. In our British Patent
2156733 we have described processes in which the tubular material is drawn
simultaneously through a die and over an expanding former. We have now
discovered that uniform biaxially oriented products can be produced by
processes which comprise drawing the tubular material over an expanding
former without the need to apply a liquid lubricant. 15 Such procedures are
advantageous in that the products may have a greater degree of orientation
in the hoop direction and correspondingly uniformly greater strength in
that direction than has previously been attainable. Furthermore insofar as
they involve only drawing the tubular material over a former they offer
advantages in simplicity of operation and in the improved appearance of the
product. Austrian Patent AT (formerly OE) 318905 discloses apparatus for
expanding a thermoplastic tubular film 20 over a mandrel whose weight is
equal to the tension in the film being drawn over it in a plastic
condition. No external force is applied perpendicular to the axis of the
tube and no liquid lubricant is disclosed. DE-A-2030348 discloses a process
for stretching a tubular thermoplastic resin film, in which the film is
drawn vertically downwards over a mandrel supported inside the tubular film
by means of at least two rollers mounted outside the film and exerting
supporting pressure through the walls of the film onto co- 25 operating
rollers connected to the mandrel and mounted vertically above it.
Accordingly our invention provides a process as defined in claim 1. The
term "hollow workpiece" as used herein signifies a pipe, which includes
tubes and other cross- sections of hollow stock. The term includes both
billets and other forms of stock of greater length. Continuous stock, which
may be formed as the process is performed, may be utilised. Examples
include 30 open-ended elongate workpieces of substantially constant
cross-section, desirably with an axis of sym- metry; for example, hollow
workpieces of circular, elliptical, square, rectangular or triangular
cross-section. The orientable thermoplastic polymers may be a
semicrystalline polymer such as polyethylene, polypropylene or
polyvinylidene fluoride, an amorphous crystallising polymer such as
polymethyl- methacrylate or a crystallisable polymer such as
polyvinylchloride, polyesters or polycarbonates. Examples 35 of preferred
classes of such polymers are unsubstituted or mono- or poly- halo-, for
example chloro- or fluoro- substituted vinyl polymers, unsubstituted or
hydroxy-substituted polyesters, polyamides, polyether- ketones and
polyacetals. Specifically, linear homo- or copolymers of ethylene or
propylene with at least one comonomer; a vinyl chloride polymer; a vinyl
fluoride polymer or a vinylidene fluoride polymer; PHB; PEEK; or a homo- or
co-polyoxymethylene may be utilised. 40     The hollow workpiece is
preferably essentially unoriented before deformation. The term "essentially
unoriented" as used herein means that the hollow workpiece has incurred no
orientation other than that minor amount which might be induced during
formation of the workpiece, (including orientation produced in the
semi-molten state) for example during billet moulding or melt extrusion, or
during any subsequent shaping thereof, for example by machining, prior to
its passage over the former. However, workpieces which 45 have been
oriented to a considerable degree may be advantageously utilised in the
processes of the present invention. For example workpieces which have been
produced by extrusion through a die or by deformation in the solid phase
through a die may be utilised. Where it is not possible to use the polymer
as received as a hollow workpiece, the workpiece may be 



formed either in the batch or continuously. In either case care should be
taken to ensure that the workpiece 50 cools at an appropriate rate so that
the resulting hollow workpiece will be without defects. The techniques for
forming such workpieces are well known in the art. For example in the case
of a hollow workpiece formed from polyethylene in a batch process as a
billet, the following general methods have been found to be suitable. The
polymer may be melted in a screw extruder; extruded or injected into a
billet mould at a temperature about 30 * C above its melting point and
cooled under elevated pressure for 5 hours, or it may 55  be melted in an
extruder; extruded or injected into a cold billet mould; transferred to an
oven for 4 hours under ambient pressure at a temperature below its melting
point but above its crystallisation temperature; and thereafter allowed to
cool in the oven after the heating has been switched off. The polymer may
also be injection moulded into an air or water cooled billet mould.
Progressive immersion in the cooling fluid is 2    EP 0 371 769 B1
preferred, thereby ensuring that solidification of the polymer takes place
from the bottom of the mould thereby preventing the formation of internal
voids due to shrinkage. A hollow workpiece may be formed in the batch by
including a mandrel of appropriate cross-section, usually coaxially, in the
mould. Alternatively, stock of circular or other hollow cross-section may
be produced continuously using one of several 5  processes known to those
skilled in the art. For any particular polymer a steady state process may
be obtained by adjusting the parameters of the process. The actual values
will depend on the nature of the polymer and the dimensions of the polymer
before and after deformation. In particular we have discovered that the
minimum hoop draw ratio for any particular polymer should be sufficiently
high so as to ensure that a uniform product is produced. Preferably l0  the
axial draw ratio is also maintained at a level which ensures this. Where a
non-uniform product is produced under particular conditions these ratios
can and preferably are increased. The actual values required to produce a
uniform product of a particular polymer may readily be determined by
routine experiment. The hoop draw ratio is defined as the ratio of the
final hoop dimension to the initial hoop dimension and 15  the axial draw
ratio is the ratio of the initial bulk cross sectional area of the hollow
workpiece to the final bulk cross sectional area of the product. The hoop
draw ratio is conventionally expressed as the ratio of the maximum
dimension of the product to maximum dimension of the workpiece. Because the
walls of a tubular workpiece have a finite thickness the hoop draw ratio
can be expressed either as the inner hoop draw ratio (i.e. the ratio of the
inside diameter of the product to the inside diameter of the workpiece) or
the outer hoop 20  draw ratio (i.e. the ratio of the outside diameter of
the product to the outside diameter of the workpiece. The inner hoop draw
ratio will always be the larger. For polyolefins and in particular linear
homo and co polymeric polyethylenes the preferred inner hoop draw ratio is
at least 1.2 and more preferably at least 1.5 and most preferably at least
2.0. The preferred axial draw ratio is at least 2 and preferably greater
than 3. The outer hoop draw ratio may be less than 1 but 25  is preferably
at least 1 and more preferably at least 1.5 or 2.0. The ratio of the axial
draw ratio to the inner hoop draw ratio is preferably at least 1 and less
than 4, most preferably less than 2. For polypropylene it may be preferable
to utilise large axial draw ratios even up to 7 or 8 and the ratio of the
axial draw ratio to the hoop draw ratio is correspondingly increased. For
these polymers the hollow workpiece is desirably heated to a processing
temperature within 60 [err] C 30  of the melting point of the polymer prior
to deformation. More particularly for polyethylene polymers having a weight
average molecular weight of from 50,000 to 150,000 the temperature is
preferably from 70 C to 100 [err] C and for polymers having a weight
average molecular weight of above 300,000 from 70 to 120 C. For linear
homo- and copolymers of polypropylene of weight average molecular weight
from 150,000 to 



800,000 the hollow workpiece is desirably heated to a temperature from
20[err] C to 170 C, preferably 90 C 35  to 130[err] C. The processing
temperature is only a nominal temperature since the process is not
isothermal but should be within the range which the polymer is amenable to
deformation. The processes of the invention find particular application in
the production of tubular polyolefin materials wherein the thickness of the
walls of the product tube is from to 0.1 to 5.0 mm. By "bulk cross
sectional area" is meant the area of the polymeric material substantially
normal to the 40 machine direction. Thus for tubular workpiece having an
exterior diameter D2 and an interior diameter D1 the bulk cross sectional
area is [err]        4 A preferred class of polyesters is those which are
derivable from the reaction of at least one polyhydric 50  alcohol,
suitably a linear polyhydric alcohol, preferably a diol such as a linear C2
to C[err] diol, with at least one polybasic acid, suitably a polycarboxylic
acid. The alcohol is preferably an alicyclic or aliphatic such alcohol; for
example, cyclohexane-dimethanol or a linear [err] to C[err] alkylene diol
such as ethylene glycol, 1,3-propylene glycol or 1,4-butylene glycol,
especially ethylene glycol. The acid is preferably an aromatic, alicyclic
or aliphatic such acid; for example a mono- or poly carbocyclic aromatic
acid such as an aromatic 55  dicarboxylic acid e.g. o, m-, or terephthalic
acid; 2,6- or 1,5-naphthalene dicarboxylic acid or 1,2 dihydrox- ybenzoic
acid especially terephthalic acid. Examples of suitable polyesters. include
polyethylene 2,6- naphthalate, polyethylene 1,5-naphthalate,
polytetramethylene 1,2-dihydroxybenzoate, polyethylene tereph- thalate,
polybutylene terephthalate and copolyesters, especially of ethylene
terephthalate. 3    EP 0 371 769 B1 With polyesters the inner hoop draw
ratio achieved is preferably at least two and preferably at least 3. At the
same time the preferred axial draw ratio is at least two and preferably at
least three. The processing temperature is preferably from 55 to 110 [err]
C or even 55 to 120 [err] C. The processes of the present invention find
particular application in the production of tubular materials 5  comprising
polyesters wherein the thickness of the wall of the product tube is from
0.2 to 0.6 mm. Such tubes are preferably produced from tubular billets
utilising a deformation ratio of from 2 to 4. For homo- or
copolyoxymethylene a draw temperature of 80[err]C to 170[err]C, preferably
150[err]C to 170 [err]C is suitable and for vinylidene fluoride polymers a
draw temperature of from 80 [err] C to 165 [err] C is suitable . For vinyl
chloride polymers especially polyvinyl chloride itself the preferred axial
and hoop draw ratios io are at least 1.2 preferably at least 1.5 or 2.0.
Values of not greater than three may also be preferred. The ratio of the
axial draw ratio to the inner hoop draw ratio may be less than unity and is
preferably in the range 0.5 to 1.0. The processing temperature may be
further controlled by utilising a heated former and/or a temperature
controlled chamber which extends downstream. Certain polymers may also be
heated by subjecting them 15 to a dielectric field, as disclosed in EPC
0084274 and US 3364294. It is feasible to use draw speeds greater than 200
cm min[err] in the drawing process of this invention. Speeds of 50 cm
min[err] or more are preferred. Lower draw speeds may be used if desired.
The process may be operated by drawing the workpiece directly over the
surface of the former. However, it may be preferred to lubricate the
surface of the former with a non-liquid lubricant as this can 20 improve
the quality of the interior surface of the workpiece and also serve to
reduce the force required to draw the workpiece. Conveniently the surface
is lubricated by use of air (which is preferably heated to an appropriate
temperature). These advantages may also be achieved by varying the nature
of the former, e.g. by utilising a former whose surface is formed by a
multiplicity of small rollers or spherical elements. The improved surface
properties are of particular relevance to processes which utilise
workpieces 



25 formed from transparent polymers. The processes of the present invention
find particular application to the production of transparent products since
the exterior surface of the workpiece need not come into contact with the
interior surface of a die as is the case in the process of our UK Patent
2156733. Processes for the production of transparent workpieces in which
the exterior surface of the hollow workpiece does not contact another solid
surface form a preferred aspect of the present invention. The use of a
lubricated surface on 30 the former represents a preferred aspect of this
embodiment. In some circumstances it may be preferable to employ a die
having an internal diameter equal to the external diameter of the workpiece
to act as a guide member to support the workpiece prior to its being drawn
over the former. Contact with the surface of such a guide may detract from
the surface properties of a transparent workpiece and is thereby less
preferred. However, when utilising opaque workpieces or 35 transparent
workpieces intended for use in non-decorative applications, the use of such
a guide may well be convenient In performance of the invention a nose
formed on the hollow workpiece is advanced to protrude beyond the former
and is secured to tensioning means applied from the exit side thereof. A
suitable arrangement includes a hauloff comprising a pair of serrated jaws
in which the nose is gripped; a high tensile cable one 40 end of which
cable is attached to the jaws, the other to a winch or a loading station to
which a turning moment or mass may be applied thereby applying a draw
tension to the nose. The hauloff may also comprise, instead of a cable, any
tension transmitting means used in the metal drawing art including a chain,
a rack and pinion mechanism, a screw mechanism and a hydraulically operated
draw mechanism. The hauloff may further comprise a pair of continuous
contra-rotating friction belts, generally known as a 45 "caterpillar"
("CATERPILLAR" is a registered Trademark). The draw tension should be
sufficient to draw the hollow workpiece over the former but insufficient to
cause tensile failure of the article; that is, the draw tension should be
such that the true stress at any point of the product does not exceed its
fracture stress at that point. A suitable maximum value of draw tension may
readily be determined by routine experiment. 50     After a grippable
length of the hollow workpiece has been drawn over the former any
unsuitably oriented part of its nose may be removed and the oriented
grippable length re-gripped thereby enabling a higher initial load to be
applied. A batch process may be converted to a semi-continuous one by
putting the upstream end of the deforming hollow workpiece and the
downstream end of stock of the same cross-sectional both in contact 55 with
a hot, stainless steel plate; removing the plate and welding the two
polymer surfaces. Preferably such a weld should be at an angle of 45 [err]
C or less to the axis of the stock. The invention will now be described by
way of example by reference to the accompanying drawings in which:- 4    EP
0 371 769 B1 Figure 1 represents 5 schematic side elevation of the
apparatus diametrically sectional along the machine direction. In the
drawing the apparatus consists of a former 1 and upstream thereof an oven
2. The former 1 is supported by rod 3. Hauloff jaws 4 are positioned
downstream from the former 1 and are connected to the 5  winch (not shown).
The former has an annular slit 6 connected to pipe 7. In use the initial
hollow workpiece 5 which has been machined at one end to provide a nose is
inserted over the former 1 and rod 3. The nose is gripped in the jaws 4 and
load applied slowly at first so that the plastic strain is increased
without causing tensile failure. After this start-up a steady drawing speed
at a steady drawing load is established. 



10     The invention is illustrated by the following Examples:- Example 1
The workpiece comprised a tube of isotropic polypropylene (ICI grade GSE
108) having an internal 15  diameter of 18.5 mm and an external diameter of
26.5 mm. As a preliminary operation a belled end was formed on one end of
the tube by heating that end to a temperature of 140 [err] C and inserting
a hot metal plug in the shape of a taper nosed cylinder into the bore of
the tube. The end of the tube and the plug were immersed in hot oil until
the end had deformed sufficiently. The tube was then mounted in the
apparatus illustrated in Figure 1. The tube was drawn over a former 20
having a maximum diameter of 70 mm and a cartridge heater through which
additional heat could be applied. The tube was drawn at a speed of 13 cm
min[err] at a draw temperature of 135[err]C and using a draw force of 1.55
kN. The drawn tube was substantially uniform throughout its length having
an exterior diameter of 62 mm and a wall thickness of 0.225 mm. The hoop
draw ratio of the outer surface was 2.34. The axial draw ratio 25  was 6.5.
The 10 sec creep modulus at 0.1% strain of samples cut from the drawn tube
was determined for the axial and hoop direction using the standard dead
loading creep method described by Gupta and Ward (V.B. Gupta and l.M. Ward
- J. Macromol. Sci. B1 373 1967). The 10 sec creep modulus in the axial
direction was 3.7 GPa and in the hoop direction 1.7 GPa. 30 Example 2 A
tubular billet having an external diameter of 25mm and an internal diameter
of 17mm of a clear amorphous copolyester (Eastmann 9921) was first deformed
so as to provide a belled nose. The tube was 35  placed in an oven at a
temperature of 110[err]C in such a way that a zone of a length of
approximately 15 centimetres was heated. After 5 minutes the tube was
removed and quickly inflated with room temperature compressed air to a
pressure of 620 KN/M[err] whereupon a bubble is blown in the heated part.
After depressurising and cooling one end of the bubble is removed so as to
produce a belled end on the tube. The tube was then mounted in the
apparatus illustrated in Figure 1 Air heated to a temperature of 95 [err] C
40  was passed through the slit 6 via the pipe 7 so as to float the tube
above the surface of the former. The air pressure used was 275 KN/[err] and
the air flow was 40 cubic feet per hour. The oven was maintained at a
temperature of 90[err]C throughout the drawing process. The tube was drawn
at a speed of 20 cm/min using a draw force of 1.5 KN. The drawn tube was
transparent and had an exterior diameter of 76 mm. The wall thickness was
0.31 45  mm. The axial draw ratio was 3.5. The hoop draw ratio of the outer
surface was 3.0. The Youngs modulus of samples of the drawn tube having a
width of 9.8 mm and a gauge length of 10.6 cms were determined in an
Instron tensile testing machine at a strain rate of 3.3 x 10[err] sec,[err]
The stress strain curve was linear up to at least 0.5% strain. The initial
modulus for the axial and hoop directions are shown in Table 1. 50 Table 1
Direction   Initial Modulus (GPa)   Extension to Break (%) 55 Axial
3.1               63 Hoop            3.0               68    EP 0371 769 B1



Example 3 A series of billets were formed and drawn using the apparatus as
shown in Figure 1. The conditions employed and the results achieved are
summarised in Table 2. For ease of comparison the details of 6  Examples 1
and 2 are included in this table. [err]    EP 0 371 769 B1 Claims 1. A
process for the production of a biaxially oriented tubular material which
comprises solid state deformation of a pipe comprising drawing a pipe
comprising an orientable thermoplastic polymer over 5      an internally
positioned expanding former without the application of any liquid lubricant
to the interior of the pipe and wherein the deformation of the pipe
involves an axial draw ratio of at least 2 and an inner hoop draw ratio of
at least 1.2 and is carried out in the absence of any external force acting
in a direction which is perpendicular to the axis of the pipe. 10  2. A
process according to Claim 1 characterised in that the thermoplastic
polymer is a semi-crystalline polymer. 3. A process according to Claim 2
characterised in that the thermoplastic polymer is a polyolefin. 15  4. A
process according to Claim 3 characterised in that the thermoplastic
polymer is a polyethylene. 5. A process according to Claim 3 characterised
in that the thermoplastic polymer is a polypropylene. 6. A process
according to any of Claims 2 to 5 characterised in that the outer hoop draw
ratio is at least 1. 20 7. A process according to any of Claims 2 to 6
characterised in that the inner hoop draw ratio is at least 1.5. 8. A
process according to any of Claims 2 to 7 characterised in that the axial
draw ratio is at least 3. 25 9. A process according to any preceding claim
characterised in that the axial draw ratio is less than 8. 10. A process
according to Claim 1 characterised in that the thermoplastic polymer is a
crystallisable polymer. 30 11. A process according to Claim 10
characterised in that the thermoplastic polymer is a polyester. 12. A
process according to Claim 10 or 11 characterised in that the inner hoop
draw ratio is at least 2. 35  13. A process according to Claim 12
characterised in that the inner hoop draw ratio is at least 3. 14. A
process according to Claim 10 characterised in that the thermoplastic
polymer is poly(vinyl chloride). 15. A process according to Claim 14
characterised in that the inner hoop draw ratio is at least 1.5. 40 16. A
process according to Claim 15 characterised in that the inner hoop draw
ratio is at least 2.0. 17. A process according to any of Claims 14 to 16
characterised in that the ratio of the axial draw ratio to the inner hoop
draw ratio is in the range 0.5 to 1.0. 45 Patentanspriche 1. Verfahren zur
Herstellung eines biaxial ausgerichteten rohrf6rmigen Artikels, das eine
Verformung eines Rohrs im fasten Zustand, umfassend das Ziehen eines Rohrs,
umfassend ein ausrichtbares thermopla- 50     stisches Polymer, Uber eine
innen angeordnete Expansionsformvorrichtung ohne Verwendung eines flUssigen
Schmiermittels im Inneren des Rohrs, umfalt, wobei die Verformung des Rohrs
ein Achsen- ziehverhAltnis von mindestens 2 und ein inneres
RingziehverhAltnis von mindestens 1,2 aufweist und in Abwesenheit jedweder
AuBeren, in eine Richtung senkrecht zur Achse des Rohres wirkenden Kraft 



durchgeflhrt wird. 65 2. Verfahren nach Anspruch 1, dadurch gekennzeichnet,
daB das thermoplastische Polymer ein teilkristallines Polymer ist. 7    EP
0371 769 B1 &  Verfahren nach Anspruch 2, dadurch gekennzeichnet, daB das
thermoplastische Polymer ein Polyolefin ist. 4. Verfahren nach Anspruch 3,
5     dadurch gekennzeichnet, daB das thermoplastische Polymer ein
Polyethylen ist. 5. Verfahren nach Anspruch 3, dadurch gekennzeichnet, daB
das thermoplastische Polymer ein Polypropylen 1st. 1O  6. Verfahren nach
einem der AnsprUche 2 bis 5, dadurch gekennzeichnet, daB das auBere
Ringziehverhaltnis mindestens 1 betragt. 7. Verfahren nach einem der
AnsprOche 2 bis 6, dadurch gekennzeichnet, daB das innere
Ringziehverhaltnis mindestens 1,5 betragt. 15 &  Verfahren nach einem der
AnsprUche 2 bis 7, dadurch gekennzeichnet, daB das Achsenziehverhiltnis
mindestens 3 betragt. 9. Verfahren nach einem der vorhergehenden Ansprache,
20     dadurch gekennzeichnet, daB das Achsenziehverhaltnis geringer als 8
ist. 10. Verfahren nach Anspruch 1, dadurch gekennzeichnet, daB das
thermoplastische Polymer ein kristallisierbares Polymer ist. 25 11.
Verfahren nach Anspruch 10, dadurch gekennzeichnet, daB das
thermoplastische Polymer ein Polyester ist. 12. Verfahren nach Anspruch 10
oder 11, dadurch gekennzeichnet, daB das innere Ringziehverhaltnis
mindestens 2 betrAgt. 30 13. Verfahren nach Anspruch 12, dadurch
gekennzeichnet, daB das innere Ringziehverhalltnis mindestens 3 betragt.
14. Verfahren nach Anspruch 10, 35     dadurch gekennzeichnet, daB das
thermoplastische Polymer Poly(vinylchlorid) ist. 15. Verfahren nach
Anspruch 14, dadurch gekennzeichnet, daB das innere RingzishverhAltnis
mindestens 1,5 betragt. eo  16 Verfahren nach Anspruch 15, dadurch
gekennzeichnet, daB das innere Ringziehverhaltnis mindestens 2,0 betrigt.
17. Verfahren nach einem der Ansprflche 14 bis 16, dadurch gekennzeichnet,
daB das Verhgltnis des Achsenziehverhiltnisses zum inneren Ringziehverhalt-
45     nis in einem Bereich von 0,5 bis 1,0 liegt. Revendicatlons 1.
Procedd pour la production de materiau tubulaire bi-axialement oriente, qui
comprend une deformation 50     & l'etat solide d'un tuyau, comprenant
l'etirage d'un tuyau comportant un polymbre thermoplastique orientable sur
un conformateur d'expansion positionne intdrieurement, sans application
d'aucun lubri- fiant liquide & I'interieur du tuyau, et dans lequel la
deformation du tuyau implique un taux d'4tirage axial au moins 4gal h 2, et
un taux d'etirage circonf6rentiel interieur au moins 4gal & 1,2, et est 



exdcutde en l'absence de touts force extdrieure agissant dans une direction
qui est perpendiculaire a 55     l'axe du tuyau. 2. Procedd selon la
revendication 1, caractdrise en ce que le polymere thermoplastique est un
polymere semi-cristallin. 8   ~~~~~~~~1111 l llul |    EP 0 371 769 51 3.
Procede selon la revendication 2, caracteris6 en ce que le polymbre
thermoplastique est une polyol6fine. 4. Procede solon la revendication 3,
caracterise en ce quo ie polymere thermoplastique est un polydthylb- 5
no. 5. Procdde solon la revendication 3, caracterise en ce quo le polymere
thermoplastique est un polypropy- lene. 10  6. Procdd6 selon l'une
quelconque des revendications 2 a 5, caracterise en co quo le taux
d'etirage circonferentiel ext6rieur est au moins egal a 1. 7. Proc6de solon
l'une quelconque des revendications 2 a 6, caracterise en co quo le taux
d'etirage circonferentiol interieur est au moins 6gal a 1,5. 15 & Procedd
selon l'une quelconque des revendications 2 a 7, caracterise en ce quo le
taux d'etirage axial est au moins dgal a 3. 9. Proced solon l'une
quelconque des revendications precedentes, caracterise on ce quo le taux 20
d'etirage axial est inferieur & 8. 10. Procedd solon la revendication 1,
caractdris4 en ce quo le polymbre thermoplastique est un polymbre
cristallisable. 25  11. Procede solon la revendication 10, caractdris4 en
ce quo le polymere thermoplastique est un polyester. 12. Procede solon la
revendication 10 ou 11, caracterise en ce quo le taux d'etirage
circonferentiel interieur est au moins dgal A 2. 30 13. Procede solon la
revendication 12, caracterise en ce quo le taux d'etirage- circonferentiel
interieur est au moins 6gal a 3. 14. Proced6 solon la revendication 10,
caracterise en co quo le polymere thermoplastique est un chlorure de
polyvinyle. 35 15. Proced6 solon la revendication 14, caracterise en ce quo
le taux d'etirage circonferentiel interieur est au moins dgal & 1,5. 16.
Proc6dd solon la revendication 15, caracterise en ce quo le taux d'etirage
circonf6rentiel interieur est 40     au moins egal a 2,0. .17. Procedd
solon l'une quelconque des revendications 14 & 16, caracterise on ce quo le
rapport du taux d'etirage axial au taux d'etirage circonferentiel interieur
est compris dans la plage de 0,5 a 1,0. 45 50 55    


