I*I Innovation, Sciences et Innovation, Science and CA 3061283 A1 2017/11/02
Développement economique Canada Economic Development Canada
en 3 061 283

Office de la Propriéte Intellectuelle du Canada Canadian Intellectual Property Office

122 DEMANDE DE BREVET CANADIEN
CANADIAN PATENT APPLICATION

13) A1

(86) Date de depot PCT/PCT Filing Date: 2017/04/28 (51) Cl.Int./Int.Cl. F76L 9/74 (2006.01),

. e . B29D 23/00 (2006.01), B32B 1/08 (2006.01),
(87) Date'publlcatlon I-:’CT/PCT F‘ubllcatlon Date: 2017/11/02 B32B 7/04(2019.01)
(85) Entree phase nationale/National Entry: 2019/10/23 (71) Demandeur/Applicant
(86) N° demande PCT/PCT Application No.: AU 201/7/050394 LONG PIPES LIMITED, AU
(87) N° publication PCT/PCT Publication No.: 201/7/185143 (72) Inventeurs/Inventors:
(30) Priorité/Priority: 2016/04/28 (AU2016901564) GRAHAM, ARTHUR DERRICK BRAY, AU

GRAHAM, NEIL DERYCK BRAY, AU
(74) Agent: HICKS INTELLECTUAL PROPERTY LAW

54) Titre : STRUCTURE TUBULAIRE SOUPLE
(54) Title: FLEXIBLE TUBULAR STRUCTURE

10

~ '

12

11

Fig. 2

(57) Abréegée/Abstract:

A tube (10) and a method of constructing such a tube, the tube (10) being Iin the form of a composite film structure comprising a co-
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configured as a pipe and constructed using the tube (10) Is also disclosed.
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10) and a method of constructing such a tube, the tube (10) being in the form of a composite film structure
n of a plurality of layers bonded together to provide an integrated structure. The layers comprise an inner layer

(11), an mtermediate layer (12) and outer layer (13). The intermediate layer (12) 1s of a material compatible with two adjacent layers
(11, 13) between which 1t 1s mterposed, wherein the intermediate layer (12) provides a bridge between the two layers (11, 13) to provide

the tube (10) as an integi

a coating, typically for b
configured as a pipe and

rated structure. The exterior surface (15) of the tube (10) 1s optionally treated or modified or 1s provided with
onding with another substance such as a resmous binder. A hollow structure i the form of a tubular element
constructed using the tube (10) 1s also disclosed.
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Flexible Tubular Structure

TECHNICAL FIELD

[0001] This invention relates to a flexible tubular structure which will hereinafter be

referred to as a tube.

10002] More particularly, the invention concerns a flexible tube for use In the
construction of a hollow structure comprising an inner portion defined by the tube and
an outer portion of reinforced-fiore construction integral with the inner portion. The
invention also relates to a hollow structure constructed using such a tube. Further, the

inventions relates to methods of constructing a tube and also a hollow structure.

[0003] The tube according to the invention has been devised particularly, although
not solely, for use in the construction of elongate hollow structures of composite
construction, including tubular structures in the form of pipes, tubular elements such as
ducts and tubes, tubular structural elements such as hollow shafts, beams and columns,
hollow bodies such as tanks, hull structures including such structures for aircraft, and

other hollow elements of composite construction.

BACKGROUND ART

[0004] The following discussion of the background art is intended to facilitate an
understanding of the present invention only. The discussion is not an acknowledgement
or admission that any of the material reterred to is or was part of the common general

knowledge as at the priority date of the application.

[0005] The tube according to the invention is particularly applicable to construction of an
elongate hollow structure such as a pipe as described and illustrated in the Applicant’s
international application PCT/AU2011/001401, the contents of which are incorporated
herein by way of reterence. Accordingly, the invention will primarily be discussed In
relation to a tube for use in construction of such an elongate hollow structure. However,
it should be understood that the invention may have application to the construction of
various other hollow bodies, including, tor example, pipes, ducts, tubes and other

tubular elements, tubular structural elements such as shafts, beams and columns,
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hollow bodies such as tanks, hull structures including such structures for aircraft, and

other hollow elements of composite construction.

[0006] International application PCT/AU2011/001401 is directed to an elongate hollow
structure Iin the tform of a tubular element configured as a pipe and to a method of

construction of the pipe on a continuous basis.

[0007] The pipe 1s of composite construction, comprising a radially inner portion and a
radially outer portion, with the two portions merging together to provide an integrated
tubular wall structure. The inner portion is configured as an inner tube constructed from
an inner liner, with a layer of resin absorbent material bonded onto one face thereof.
The other face of the inner liner defines the interior surface of the pipe. Typically, the
iner presents a high gloss surface at the inner face. The inner liner may, for example,
comprise polyurethane, polyethylene or any other resiliently flexible material which is
oreferably also impervious to air and also compatible to fluid to be conveyed within the

pipe. The resin absorbent layer may, for example, comprise felt or flock.

[0008] The inner tube Is constructed from a strip of material which provides the inner

iner by rolling the strip longitudinally into a tubular configuration.

[0009] The outer portion 1s configured as an outer tube of fibre reinforced composite
construction surrounded by a flexible outer casing. More particularly, the outer tube
comprises reinforcement impregnated in a resinous binder. The tlexible outer casing Is
installed around the outer tube to contain the resinous binder, and may remain in place
and ultimately form an integral part of the pipe or it may be subsequently removed atter

having served Its purpose.

[0010] The resinous material which provides the resinous binder may be of any
appropriate type; a particularly suitable resinous material may comprise thermosetting

resin such as epoxy vinyl ester or other suitable resin and thermoplastic resin systems.

[0011] The reinforcement may comprise one or more layers of reinforcing fabric, each
layer being configured as an annular element disposed about the inner tube. The
reinforcing fabric may comprise reinforcing fabric which incorporates reinforcement

fibres featuring quadraxial fibre orientations. The reinforcement fibres may comprise
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glass fibres. The quadraxial fibre orientations ofter the necessary hoop and axial stress

bearing properties to the pipe.

[0012] Constructing the inner tube from a strip of material which is rolled longitudinally
into a tubular configuration is not particularly conducive to cost-effective manufacture on
a large scale. Further, with such a construction, the inner tube is likely to be vulnerable
to leakage at the longitudinal joint, and also vulnerable to pin holes from the single layer

construction.

[0013] It 1s against this background that the present invention has been developed.

SUMMARY OF INVENTION

10014] According to a first aspect of the invention there i1s provided a tube formed as
a co-extrusion composite film structure comprising a plurality of layers, the plurality of
layers comprising an inner layer defining an interior surface of the tube, an outer layer
defining an exterior surface of the tube for bonding with a binder, and at least one
intermediate layer between the inner and outer layers, the intermediate layer being of a

material compatible with two adjacent layers between which it is interposed.

[0015] The tube may be formed as a co-extrusion composite film structure in a
multi-layer blown film extrusion process (also known as a tubular film extrusion

Drocess).

[0016] The tube may comprise three layers, whereby there is a single intermediate
layer between the inner and outer layers. However, there may be more than one
intermediate layer. In one embodiment there are three layers, although it is likely that
there would be at least five layers and perhaps nine to 11 layers. Layers in excess of 11

layers are also contemplated.

[0017] There may be adhesive between the layers or between at least some of the

layers.

[0018] With the multi-layer construction of the tube, it is considered to be less likely

to be vulnerable to leakage through pin holes In the layers. In the event that there Is a
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pin hole in one layer, it is unlikely that the pin hole will be in registration with pin holes In

adjacent layers to provide a leakage path through the tube wall.

10019] The inner layer preferably comprises a material compatible with the intended
application of the tube. By way of example, where the intended application of the tube
s a radially inner portion of a pipe of composite construction for transport of a tluid (gas,
liguid or other flowable material such as a slurry), the inner layer would pretferably be of
a material compatable with the fluid. This may require that the inner layer provide a tube
wall which has (but which is not limited to) one or more of the following characteristics:
impervious to the fluid, impermeable to gas or gasses, chemically resistant to the fluid,
relatively low resistance to fluid flow, resistant to corrosion, resistant to abrasion and

wear, and resistant to rupturing or tearing.

[0020] In one embodiment, the Inner layer may comprise a thermoplastic
polyurethane (TPU) or material of the polyether variety so as to provide excellent
hydrolysis resistance. Other suitable materials may also be used for the inner layer,
such as for example ethylene-vinyl alcohol (EVOH) or polyethylene (PE, LLDPE or
HDPE), as would be understood by a person skilled in the art.

10021] The outer layer preterably comprises a material compatible with a binder. By

way of example, the binder in be in the form of a thermosetting resin.

[0022] In one embodiment, the outer layer may comprise a plastic such as polyvinyl

chloride / vinyl (PVC) or some acrylic co-polymer, vinyl or co-polymer vinyl.

10023] An outer layer comprising a thermoplastic rubber (for example,
thermoplastics elastomer (TPE) Is advantageous as it is flexible and relatively easily
scuffed, and is particularly suitable in applications where the resin comprises a vinyl
ester resin as the resin can chemically “bite” into the rubber side of the thermoplastic.
This 1s also suitable for a polyester based TPU where the polyester is compatible with

the PVC and vinyl ester resin matrix.

[0024] Other suitable materials may also be used for the outer layer, as would be

understood by a person skilled in the art.



CA 03061283 2015-10-23

WO 2017/185143 2 PCT/AU2017/050394

[0025] The intermediate layer may comprise a copolymer compatible for bonding
with the two adjacent layers. This may involve use of an intervening material such as an
adhesive which Is compatible with both the Iintermediate layer and the respective

adjacent layer to thereby establish a bond therebetween.

10026] Where the inner layer comprises TPU and the outer layer comprises a vinyl
or co-polymer vinyl, the two layers may not be sufficiently compatible to an extent to
provide an integrated structure that can be extruded, and so an intervening medium
constituted by the intermediate layer(s) may be required to provide a bridge between
the two layers. In this way, the intermediate layer cooperates with the inner and outer

layers to provide an integrated structure which constitutes the tube.

10027] The intermediate layer may, for example, comprise a blend of thermoplastic
polyurethanes (TPUs), such as a blend of ester and ether. Other suitable materials may
also be used for the intermediate layer, as would be understood by a person skilled In
the art. The number and characteristics of each adhesive to bond adjacent layers
together would be selected according to the intended application, as would be

understood by a person skilled in the art.

10028] The exterior surtace of the tube may be treated or modified to facilitate

bonding with a substance such as a binder.

10029] The treatment may comprise surface modification. By way of example, the
treatment may comprise corona treatment featuring low temperature corona discharge

plasma to effect changes in the properties of the exterior surtace of the tube.

[0030] The exterior surface of the tube may bond with the binder mechanically as

well as chemically.

[0031] The exterior surface of the tube may be treated to facilitate a mechanical
bond with the binder. The exterior surface may be so treated by provision of a
formation on the exterior surface conducive to mechanically bonding with the binder. By
way of example, the formation may comprise texturing, knurling, scuffing, tearing,
abrading, grinding or other roughening on the surface. The formation may present
protrusions projecting from the tube, the protrusions being configured for anchoring In

the binder. Further, the formation may comprise an anchoring structure applied to the



CA 03061283 2015-10-23

WO 2017/185143 6 PCT/AU2017/050394

surface; for example, spicules of fibre sprayed onto and embedded in the exterior

surface using heat.

10032] The exterior surface of the tube may have a coating applied thereto to
facilitate bonding with the binder. The coating may comprise a continuous coating
along the exterior surface of the tube, or the coating may be provided intermittently (i.e.
at intervals along the tube). Where the coating is provided intermittently, it may for
example comprise patches or tufts of coating material on the exterior surface of the

tube. The coating may be applied in any appropriate way, such as by heat welding.

[0033] The coating may be of any appropriate material; for example, the coating
may comprise binder absorbent material. In one embodiment the coating may comprise

polyester cloth.

[0034] The coating may comprise a wetting material. The wetting material may be
bonded such as by heat welding to the tube to provide a chemical and mechanical bond

between the tube and the binder. The wetting material may comprise a polyester telt.

[0035] The coating may serve to facilitate a resin-rich layer in direct contact with the

outer surface of the tube.

[0036] According to a second aspect of the invention there is provided a method of
forming a tube according to the first aspect of the invention, the method comprising co-

extruding the plurality of layers.

[0037] The method may comprise provision of adhesive between adjacent layers.
The adhesive may be applied as a coextruded layer or applied in some other way, such

as for example by spraying onto the surface ot one or more of the layers.

10038] According to a third aspect of the invention there is provided a method of
forming a tube as a composite film structure comprising a plurality of layers, the method
comprising co-extruding an inner layer defining an interior surface of the tube, an outer
layer defining an exterior surface of the tube for bonding with a binder, and at least one
intermediate layer between the inner and outer layers, the intermediate layer being of a

material compatible with two adjacent layers between which it is interposed.
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[0039] There may be more than one intermediate layer. |

[(0040] The method may further comprise treating the outer surface of the outer
layer to facilitate a mechanical bond with the binder. The exterior surface may be so
treated by provision of a formation on the exterior surface conducive to mechanically
bonding with the binder.

[0041] According to a fourth aspect of the invention there is provided a tube

constructed using the method according to the third aspect of the invention.

10042] According to a fifth aspect of the invention there is provided a hollow

structure comprising a tube according to the first or fourth aspect ot the invention.

1004 3] According to a sixth aspect of the invention there is provided a hollow
structure of composite construction, the hollow structure comprising a radially inner
portion and a radially outer portion, with the two portions merging together to provide an
integrated tubular wall structure, the inner portion being configured as a tube formed as
a co-extrusion composite film structure comprising a plurality of layers, the plurality of
layers comprising an inner layer defining an interior surface of the tube, an outer layer
defining an exterior surface of the tube for bonding with a binder, and at least one

intermediate layer between the inner and outer layers.

10044] The intermediate layer may be of a material compatible with two adjacent

layers between which it is interposed.

10045] There may be more than one intermediate layer.

[0046] The exterior surface of the tube may be treated or modified to facilitate

bonding with the binder.

10047] The treatment may comprise surface modification. By way of example, the
treatment may comprise corona treatment featuring low temperature corona discharge

plasma to eftect changes in the properties of the exterior surtace of the tube.

[(0048] The exterior surface of the tube may bond with the binder mechanically as

well as chemically.
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[0049] The exterior surface of the tube may be treated to facilitate a mechanical
bond with the binder. The exterior surface may be so treated by provision of a
formation on the exterior surface conducive to mechanically bonding with the binder. By
way of example, the formation may comprise texturing, knurling, scuffing, tearing,
abrading, grinding or other roughening on the surface. The formation may present
orotrusions projecting from the tube, the protrusions being configured for anchoring In
the binder. Further, the formation may comprise an anchoring structure applied to the
surface; for example, spicules of fibre sprayed onto and embedded in the exterior

surface using heat.

[0050] The exterior surface of the tube may have a coating applied thereto to
facilitate bonding with the binder. The coating may comprise a continuous coating
along the exterior surface of the tube, or the coating may be provided intermittently (i.e.
at intervals along the tube). Where the coating 1s provided intermittently, it may for
example comprise patches or tufts of coating material on the exterior surface of the

tube. The coating may be applied in any appropriate way, such as by heat welding.

[0051] The coating may be of any appropriate material;, for example, the coating
may comprise binder absorbent material. In one embodiment the coating may comprise

polyester cloth.

10052] The coating may comprise a wetting material. The wetting material may be
bonded such as by heat welding to the tube to provide a chemical and mechanical bond

between the tube and the binder. The wetting material may comprise a polyester felt.

[0053] The coating may serve to facilitate a resin-rich layer in direct contact with the

outer surface of the tube.

[0054] Preferably, the outer portion comprises an outer tube of fibre reinforced

composite construction formed about the tube which provides the inner portion.

[0055] More particularly, the outer tube comprises reinforcement impregnated in a resin

which provides the binder.

[0056] The hollow structure may further comprise a flexible outer casing surrounding the
outer tube. With this arrangement, the tlexible outer casing is installed around the outer
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tube to contain the resinous binder. The flexible outer casing may remain in place and
ultimately form an integral part of the hollow structure or it may be subsequently

removed after having served its purpose.

[0057] The resinous material which provides the resinous binder may be of any
appropriate type; a particularly suitable resinous material may comprise thermosetting

resin such as epoxy vinyl ester or other suitable resin and thermoplastic resin systems.

[0058] The reinforcement may comprise one or more layers of reinforcing fabric,

each layer being configured as a tubular structure disposed about the inner tube.

[0059] The hollow structure according to the sixth aspect of the invention may

comprise an elongate hollow structure.

[0060] According to a seventh aspect of the invention there is provided a method of
constructing a hollow structure comprising a radially inner portion and a radially outer
portion, with the two portions merging together to provide an integrated tubular wall
structure, the method comprising: forming the inner portion as a tube comprising a co-
extrusion of an inner layer defining an interior surface of the tube, an outer layer
defining an exterior surface of the tube for bonding with a binder, and at least one
intermediate layer between the inner and outer layers, and assembling the radially outer
portion about the tube, the outer portion being of fibre reinforced composite construction

including reinforcement and said binder.

[0061] The Iintermediate layer is selected to be of a material compatible with two

adjacent layers between which it is interposed.
10062] There may be more than one intermediate layer.

10063] The method may further comprise treating or modiftying the exterior surtace
of the tube to facilitate bonding with the binder.

0064] The method may further comprise applying a coating to the exterior surface

of the tube to facilitate bonding with the binder.
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[0065] The method may further comprise expanding the tube to cause radial expansion
thereof while resisting expansion of the outer side of the radially outer portion thereby

causing the binder to spread.

[0066] The method may further comprise positioning a flexible outer casing about the
radially outer portion, wherein the radially expanding tube operates in conjunction with
the flexible outer casing to cause the volume of a space between the tube and the
flexible outer casing to progressively decrease thereby causing the binder to spread

within the space.

0067] According to a ninth aspect of the invention there is provided a hollow

structure constructed using the method according to the eight aspect of the invention.

10068] According to a tenth aspect of the Invention there iIs provided a tube
assembly comprising a tube formed as a co-extrusion composite film structure
comprising a plurality of layers, the plurality of layers comprising an inner layer defining
an Interior surtace of the tube assembly, and an outer layer defining an exterior surface
of the tube, wherein the exterior surface of the tube is treated or moditied to tacilitate

bonding with the binder.

[0069] According to an eleventh aspect of the invention there is provided a tube
assembly comprising a tube formed as a co-extrusion composite film structure
comprising a plurality of layers, the plurality of layers comprising an inner layer defining
an interior surface of the tube assembly, an outer layer defining an exterior surface of

the tube, and a coating applied to the exterior surface of the tube.
[0070] The coating may be applied to facilitate bonding with a binder.

0071] The coating may comprise a continuous coating along the exterior surface of
the tube, or the coating may be provided intermittently (i.e. at intervals along the tube).
Where the coating is provided intermittently, it may for example comprise patches or
tufts of coating material on the exterior surtace of the tube. The coating may be applied

N any appropriate way, such as by heat welding.
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[0072] The coating may be of any appropriate material, for example, the coating
may comprise binder absorbent material. In one embodiment the coating may comprise

polyester cloth.

10073] The coating may comprise a wetting material. The wetting material may be
bonded such as by heat welding to the tube to provide a chemical and mechanical bond

pbetween the tube and the binder. The wetting material may comprise polyester felt.

10074] The coating may serve to facilitate a resin-rich layer in direct contact with the

outer surface of the tube.

[0075] The coating may comprise one or more strips of coating material applied to
the exterior surface of the tube. Preferably, the coating comprises a plurality of strips,
and more preterably two strips. In the case of a plurality of strips of coating material, the
strips may be applied in generally side-by-side relation. Adjacent longitudinal marginal
edge portions of the strips may, for example, be in overlapping relation or in abutting
relation. Other arrangements are contemplated; for example, adjacent longitudinal
marginal edge portions of the strips may be interconnected in some other way (such as,
for example, by way of a tape applied between the marginal edge portions), or
alternatively adjacent longitudinal marginal edge portions of the strips may be in spaced

apart relation to define a gap therebetween.

1007/6] According to a twelfth aspect of the invention there is provided a method of
forming a tube assembly having a multi-layered tube and a coating on an exterior
surface of the tube, the method comprising co-extruding an inner layer defining an
interior surface of the tube and an outer layer defining an exterior surface of the tube,

and applying the coating to the exterior surface of the tube.

[0077] The coating may be applied by applying longitudinal strips of coating material
to the exterior surface of the tube.

[007/8] The longitudinal strips may comprise two strips applied about the tube. The
longitudinal marginal edge portions of the two strips may be in overlapping or abutting

relation one with respect to the other.

10079] BRIEF DESCRIPTION OF THE DRAWINGS
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[0080] Further features of the present invention are more fully described in the
following description of several non-limiting embodiments thereof. This description Is
included solely for the purposes of exemplifying the present invention. It should not be
understood as a restriction on the broad summary, disclosure or description of the
invention as set out above. The description will be made with reference to the

accompanying drawings in which:

Figure 1 I1s a schematic cross-sectional view of a tube according to a first
embodiment of the invention, the tube comprising a co-extrusion of a plurality of

layers bonded together to provide an integrated structure;

Figure 2 is a view similar to Figure 1 but in an exploded form to show the various

layers;

Figure 3 Is a fragmentary sectional view of a portion of the arrangement shown In

Figure 2, but on a larger scale;

Figure 4 Is schematic cross-sectional view of a hollow structure according to a
second embodiment of the invention, the hollow structure being configured as a

pipe and being constructed using the tube shown in Figures 1 to 3;

Figure 5 is a schematic cross-sectional view of a tube assembly according to a
third embodiment of the invention, the tube assembly comprising a tube and a
coating applied to the tube;

Figure 6 I1s a view similar to Figure 5 but in an exploded form to show the various

parts,
Figure 7 schematic cross-sectional view of the tube In a flattened condition;

Figure 8 1s a view similar to figure 7 but with two strips of coating material

positioned on opposed sides of the flattened tube;

Figure 9 Is a view of the arrangement shown in Figure 8, but with the tube

undergoing inflation;

Figure 10 1s a schematic view of part a production line for the tube assembly

according to a third embodiment of the invention;

Figure 11 Is a schematic view of another part a production line,
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Figure 12 Is a schematic perspective view of the arrangement shown in Figure
11;

Figure 13 Is a cross-section on line 13-13 of Figure 12,;
Figure 14 is a cross-section on line 14-14 of Figure 12;
Figure 15 Is a cross-section on line 15-15 of Figure 12; and

Figure 16 Is a cross-section of the tube assembly on line 16-16 of Figure 12.

[0081] In the drawings like structures are referred to by like numerals throughout the
several views. The drawings shown are not necessarily to scale, with emphasis instead

generally being placed upon illustrating the principles of the present invention.

[0082] The figures depict embodiments of the invention. The embodiments illustrates
certain configurations; however, it I1s to be appreciated that the invention can take the
form of many configurations, as would be obvious to a person skilled in the art, whilst
still embodying the present invention. These configurations are to be considered within

the scope of this invention.
DESCRIPTION OF EMBODIMENTS

[0083] Referring to Figures 1 to 3, there is shown a first embodiment of a tube 10
according to the invention, the tube being in the form of a composite film structure
comprising a co-extrusion of a plurality of layers bonded together to provide an
integrated structure. In the arrangement shown, there are three layers, comprising an

inner layer 11, an intermediate layer 12 and outer layer 13.

[0084] When constructed, the tube 10 is flexible in the sense that it can be caused to
assume a compact condition for storage or transport. The tube may, for example, be
able to assume a “lay flat” condition in which the tube is collapsed upon itself. The tube
may be wound into roll form to assume the compact condition, preterably while in the
“lay flat” condition. Additionally, or alternatively, the tube may be folded at intervals
along its length back and forth upon itselt in sections to assume the compact condition,

preferably while in the “lay flat” condition.
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[0085] In other embodiments there may be more than one intermediate layer 12.

10086] There may also be adhesive or other matter between the layers.

[0087] There may also be a further layer applied to the radially inner side of the inner
layer 11 and/or a further layer applied to the radially outer side of the outer layer 13.

10088] The intermediate layer 12 1s of a material compatible with two adjacent layers 11,
13 between which it is interposed, wherein the intermediate layer 12 provides a bridge
pbetween the two layers 11, 13. In this way, the intermediate layer 12 cooperates with

the inner and outer layers 11, 13 to provide the tube 10 as an integrated structure.

10089] The inner layer 11 comprises a thermoplastic polyurethane (TPU) in this
embodiment. Other suitable materials may also be used for the inner layer, such as for
example ethylene-vinyl alcohol (EVOH) or polyethylene (PE, LLDPE or HDPE), as

would be understood by a person skilled in the art.

10090] The outer layer 13 comprises a plastic such as polyvinyl chloride / vinyl
(PVC) or some acrylic co-polymer, vinyl or co-polymer vinyl. In particular, the outer layer

may comprise a thermoplastic rubber; for example, thermoplastics elastomer (TPE).

(0091] The Intermediate layer 12 comprises a copolymer compatible with the two

adjacent layers 11, 13.

10092] Where the inner layer 11 comprises TPU and the outer layer 13 comprises a
vinyl or co-polymer vinyl, the two layers 11, 13 may not be sufficiently compatible to an
extent to provide an integrated structure that can be extruded, and so an intervening
medium constituted by the intermediate layer 12 may be required to provide a bridge
between the two layers 11, 13. In this way, the intermediate layer 12 cooperates with
the inner and outer layers 11, 13 to provide an integrated structure which constitutes the
tube 10. In this embodiment, the intermediate layer comprises a blend of thermoplastic
polyurethanes (TPUs), such as a blend of ester and ether. Other suitable materials may
also be used for the intermediate layer, as would be understood by a person skilled In
the art. The number and characteristics of each adhesive to bond adjacent layers
together would be selected according to the intended application, as would be

understood by a person skilled in the art.
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[0093] The tube 10 Is formed as a co-extrusion composite film structure in a multi-layer
blown film extrusion process (also known as a tubular film extrusion process). In this
process, the various layers 11, 12, 13 are extruded though an extrusion head as
separate layers which subsequently merge together to provide the integrated tube 10.
The blown film extrusion process may be pertormed in a blown film extrusion plant of
known Kind, In which the extrusion process Is typically performed vertically upward
(although other arrangements may be possible, including horizontal and vertically

downward).

10094] In the arrangement illustrated in Figure 3, the exterior surface 15 of the tube

10 1s optionally treated or modified.

10095] The treatment may comprise surface modification. By way of example, the
treatment may comprise corona treatment featuring low temperature corona discharge
plasma to etfect changes in the properties of the exterior surface of the tube 10. The
corona treatment may be imparted to the outer layer 13 during the blown film extrusion
process, prior to collapsing of the multi-layer composite film structure (which constitutes

the tube 10) into a lay-flat condition for winding into roll form.

10096] The exterior surface 15 of the tube 10 may be intended for bonding with
another substance, such as a resinous binder. The bonding may be in the nature of a

chemical bond. The bonding may be mechanical as well as chemical.

[0097] The exterior surface of the tube may be treated to facilitate a mechanical
bond with a substance such as a resinous binder. The exterior surface may be so
treated by provision of a formation on the exterior surface conducive to mechanically
bonding with the resinous binder. By way of example, the formation may comprise
texturing, knurling, scutfing, tearing, abrading, grinding or other roughening on the
surface. The formation may present protrusions projecting from the tube 10, the
protrusions being configured for anchoring in the binder. Further, the formation may
comprise an anchoring structure applied to the surface; for example, spicules of fibre

sprayed onto and embedded in the exterior surtface using heat.

[0098] In the arrangement shown, the exterior surface 15 Is so treated by provision
of a formation 17 on the exterior surface conducive to mechanically bonding with

resinous binder. By way of example, the formation 17 may comprise texturing, knurling,
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scuffing, tearing, abrading, grinding or other roughening on the surtface 15. In a specific
arrangement, the formation 17 may present protrusions projecting from the tube 10 to
embed in the resinous binder and thereby serve to anchor the tube 10upon curing of the

resinous binder.

10099] The formation 17 may be applied to the outer layer 13 during the co-
extrusion process or it may be applied subsequently, such as after formation of the
integrated tube structure.

[00100] In this embodiment, the tube 10 comprises a co-extruded multi-layer film
structure having a wall thickness which is typically in the range of about 1 to 5

millimetres.

(00101} When constructed, the tube 10 is flexible in the sense that it can be
caused to assume a compact condition for storage or transport. The tube may, for
example, be able to assume a “lay flat” condition in which the tube is collapsed upon
tselt. The tube may be wound Into roll form to assume the compact condition,
oreferably while in the “lay flat” condition. Additionally, or alternatively, the tube may be
folded at intervals along its length back and forth upon itself in sections to assume the

compact condition, preferably while in the “lay flat” condition.
[00102] In other embodiments there may be more than one intermediate layer 12.

[00103] Referring to Figure 4, there i1s shown a hollow structure 20 according to a
second embodiment of the invention. In the arrangement shown, the hollow structure
20 Is In the form of a tubular element configured as a pipe and is constructed using the
tube 10 shown in Figures 1 to 3.

[00104] Typically, the tube 10 would be delivered in its compact condition to a site

at which the hollow structure 20 Is to be constructed.

[00105] The pipe 20 is of composite construction, comprising a radially inner
portion 21 and a radially outer portion 23, with the two portions 21, 23 merging together

to provide an integrated tubular wall structure 25.



CA 03061283 2015-10-23

17

WO 2017/185143 PCT/AU2017/050394

[00106] In the arrangement illustrated, the outer portion 23 Is encased within a
orotective sheath 27 comprising a hardenable composition such as cement or concrete
contained by an outermost skin 29 of any suitable material, such as geotextile cloth.
The protective sheath 27 Is intended to afford protection to the pipe 20 against
compression loading to which it might be exposed once in the installed condition.

However, It likely that the protective sheath 27 will not be employed In many instances.

[00107] The inner portion 21 comprises the tube 10 which will be described In
more detail later. Typically, the tube 10 is no longer flexible once the integrated tubular

wall structure 25 of the pipe 20 has been formed.

[00108] Prior to formation of the integrated tubular wall structure 25 of the pipe 20,
as will be described later, the tube 10 defines an Intlatable bladder 31 having an
inflation cavity 33. With this arrangement, the tube 10 can be caused to undergo radial
expansion upon inflation of bladder 31 by introduction of an inflation fluid such as, for
example, air or water. The inflation pressure required to inflate the tube 10 is relatively

low; typically in the order of 5psi or 0.3 bar.

[00109] Upon formation of the integrated tubular wall structure 25, the tube 10 also
defines the interior wall 34 of the pipe 20, as can be seen in Figure 4. More particularly,
the inner layer 12 of the tube 10 defines the interior wall 34 of the pipe 20.

[00110] The outer portion 23 Is configured as an outer tube 35 of fibre reinforced
composite construction surrounded by a flexible outer casing 38. More particularly, the
outer tube 35 comprises reinforcement 37 impregnated in a resinous binder. The
flexible outer casing 38 Is Installed around the outer tube 35 to contain the resinous
binder prior to curing thereof. The flexible outer casing 38 may be formed of any
appropriate material, including for example polyethylene. The outer casing 38 may
remain in place and ultimately form an integral part of the pipe 20, or it may be
subsequently removed after having served its purpose. In the arrangement shown, the
outer casing 38 remains in place, surrounded by the protective sheath 27 encasing the

outer portion 23.

[00111] The outer casing 38 may comprise an outer layer of polyethylene or TPU
or PVC, and a fibrous layer bonded onto one face thereof, the arrangement being that

the fibrous layer confronts the reinforcement 37. The fibrous layer may provide a
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breather layer and may also be ultimately impregnated with the resinous binder for

integration of the assembly.

[00112] The resinous material which provides the resinous binder may be of any
appropriate type as would be understood by a person skilled in the art; a particularly
suitable resinous material may comprise thermosetting resin such as epoxy vinyl ester

or other suitable resin and thermoplastic resin systems.

[00113] The reinforcement 37 may comprise one or more layers of reinforcing
fabric, each layer being configured as an annular layer disposed about the tube 10.
Where there are multiple annular layers, the layers are typically disposed one about
another, In what could be described generally as somewhat of a concentric
arrangement. The reinforcing fabric preterably comprises reinforcing fabric which
incorporates reinforcement fibres teaturing quadraxial fibre orientations. The quadraxial
fibre orientations offer the necessary hoop and axial stress bearing properties to the

pipe. The reinforcement fibres may comprise glass fibres.

(00114] The flexible outer casing 38 serves to resist radial expansion of the
reinforcing fabric annular layers (which constitute the reinforcement 37) upon radial
expansion of the tube 10, thereby causing the reinforcement 37 to be subjected to radial
compression. With this arrangement, the reinforcement 37 Is confined in the space 41
between the expanding tube 10 and the flexible outer casing 38. Specifically, the
radially expanding tube 10 operates in conjunction with the flexible outer casing 38 to
confine the reinforcement 37 and also causes the volume of the space 41 in which the
reinforcement is confined to progressively decrease. This forces the resinous binder
within the reinforcement 37 to fully impregnate the reinforcement; that is, the layers of
reinforcing fabric configured as the annular layers which constitute the reinforcement
become fully “wetted-out®™ In particular, it provides a compaction force to the
reinforcement 37 and eftectively pumps the resinous binder through the layers of
reinforcing fabric to distribute the resinous binder within the space 41 in a controlled and
constrained manner. It is a particular feature of this process that the step of delivering
resinous binder to the reinforcement 37 and the step of fully wetting out the
reinforcement with the resinous binder are separate and distinct actions. One manner

iIN which resin could be delivered to the reinforcement 37 is disclosed in aforementioned
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PCT/AU2011/001401, the contents of which are incorporated herein by way of

reference

[00115] The progressive decrease in volume of the space 41 in which the
reinforcement 37 Is confined acts to positively expel air from within the space 41 which
has the effect of enhancing impregnation of the resinous binder within the
reinforcement. The outer casing 38 and the various reinforcing fabric annular layers
which constitute the reinforcement 37 may be adapted to facilitate the expulsion of the
air. By way of example, the breather layer defined by the fibrous inner layer of the outer
casing 38 may facilitate this expulsion of air. Further, interstices within the reinforcing
fabric annular layers which constitute the reinforcement may provide pathways for air
expulsion. Still further, the outer casing 38 and the various reinforcing fabric annular
layers may, for example, incorporate vents at intervals along their respective lengths to
facilitate expulsion of the air. In one arrangement, the vents may comprise pertorations,
such as puncture holes, formed in the outer casing 38 and the various reinforcing fabric
annular layers. With such an arrangement, the pertorations are ultimately sealed by the
resinous binder to ensure the sealed integrity of the pipe 20. In another arrangement,
the vents may comprise ports inserted in the outer casing 38 and the various reinforcing
fabric annular layers which constitute the reinforcement 37. The ports may, for
example, comprise tubular inserts formed of a material which dissolves or otherwise
degrades upon exposure to the resinous binder. With such an arrangement, the
apertures in which the ports were accommodated are ultimately sealed by the resinous
binder to ensure the sealed integrity of the pipe 20.

[00116] The flexible outer casing 38 may have some resilience in order to yielding
resist radial expansion of the reinforcing fabric annular layers which constitute the
reinforcement 37, at least to some extent. In this way, the flexible outer casing 38 can
cushion the initial stage of the radial expansion of the reinforcing fabric annular layers.
In particular, it 1s desirable that the flexible outer casing 38 have some elasticity. The
flexible outer casing 38 may have some elasticity for the purpose of enhancing control
of the rate at which the progressively rising pool of resinous binder progressively wets
the reinforcement 37. If, on the one hand, the resinous binder rises within the space 41
too rapidly, it may be that full wet-out of fibres In the reinforcement 37 I1s not achieved.

lf, on the other hand, the resinous binder rises within the space 41 too slowly, it may be
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that the resinous binder could commence to cure before full wet-out of fibres In the

reinforcement 37 Is achieved.

[00117] The elastic nature of the flexible outer casing 38 Iinstalled around the
assembled around the reinforcement 37 functions somewhat as a girdle for controlling
external pressure exerted on the rising pool of resinous binder. The elastic
characteristic of the flexible outer casing 38 is selected to achieve the desired rate of
wet-out.  The elastic force exerted by the outer casing 38 provides some
counterbalancing of the tension exerted by the inflating bladder 31 defined by the tube
10.

[00118] The inflatable bladder 31 is typically maintained in the inflated condition
until such time as the resinous binder has hardened sutficiently to maintain the torm and
shape of the pipe 20, after which the inflation fluid can be released from the inflation
cavity 33. The pipe 20 thus is formed, with the tube 10 defining the central tlow passage
within the pipe.

[00119] Further detalls regarding the construction of the pipe 20, and also the
method by which it can be constructed, are set out In aforementioned
PCT/AU2011/001401, the contents of which are incorporated herein by way of

reference.

[00120] In the arrangement shown, as best seen In Figure 2, the tube 10
comprises a co-extrusion of three layers bonded together to provide an integrated
composite film structure. In the arrangement shown, there are three layers, comprising

the inner layer 11, the intermediate layer 12 and the outer layer 13.

[00121]  The composite film structure which provides the tube 10 is formed as a co-

extrusion of the three layers using a co-extrusion system of known kind.

[00122] The Inner layer 11 comprises a material compatible with the intended
application of the pipe 20. By way of example, where the intended application of the
pipe 20 is for transport of a fluid (gas, liquid or other flowable material such as a slurry),
the Inner layer 11 would be of a material compatible with the fluid to be transported.

This may require that the inner layer 11 provide a tube wall which i1s impervious to the
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fluid, which is of relatively low resistance to fluid flow, which Is resistant to corrosion,

and which Is resistant to abrasion and wear.

[00123] The Inner layer 11 may comprise thermoplastic polyurethane (TPU),
ethylene-vinyl alcohol (EVOH), or polyethylene (such as PE, LLDPE or HDPE).
However, other suitable materials may also be used for the inner layer, as would be

understood by a person skilled in the art.

[00124] The outer layer 13 comprises a material compatible with binder in the form of
a thermosetting resin. In this embodiment, the outer layer 13 comprises a vinyl or co-
polymer vinyl, such as for example polyvinyl chloride / vinyl (PVC) or some of the acrylic
copolymers. Specifically, the outer layer 13 may comprise polyvinyl chloride / vinyl
(PVC).

[00125] The outer layer 13 may alternatively comprise a thermoplastic rubber (such
as thermoplastics elastomer (TPE) which is particularly suitable where the resinous
binder comprises a vinyl ester resin as Is the case in this embodiment. However, other
suitable materials may also be used for the outer layer, as would be understood by a

person skilled in the art.

[00126] The intermediate layer 12 may comprise a copolymer compatible with the

two adjacent layers.

[00127] In this embodiment in which the inner layer 11 comprises TPU and the outer
layer 13 comprises a vinyl or co-polymer vinyl, such as PVC, the two layers 11, 13
would not be compatible to an extent to provide an integrated structure, and so the
intermediate layer 12 1s required to provide a bridge between the two layers 11, 13. In
this way, the intermediate layer 12 cooperates with the inner and outer layers 11, 13 to

orovide the tube 10 as an integrated structure.

[00128] However, other suitable materials may also be used for the intermediate

layer 12, as would be understood by a person skilled in the art.

[00129] The exterior surtace 15 of the tube 10 is configured to bond mechanically, as

well as chemically, with the resinous binder used in the formation of the outer portion 23
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of the pipe to further enhance integration between the inner portion 21 (defined by the

tube 10) and the outer portion 23.

[00130] For this purpose, the exterior surface 15 of the tube 10 is treated to facilitate
the mechanical bond with the resinous binder. In the arrangement shown, the formation
17 on the exterior surface 15 is so configured to be conducive to mechanically bonding
with the binder. In a specific arrangement, the formation 17 may present protrusions
orojecting from the tube 10 to embed in the resinous binder and thereby serve to anchor

the tube 10 to the outer portion 23 upon curing of the resinous binder.

[00131] The characteristics required of the inner layer 11 may call for a material
which may not be compatible with the resinous binder In order to achieve good
adhesion with the binder. It is tor this reason that the tube 10 comprises a plurality of
layers, with the inner layer 11 being of a material providing the required characteristics
as discussed above and the outer layer 13 being of a material providing good adhesion
with the binder. The intermediate layer(s) 12 is disposed between the inner and outer

layers 11, 13 to provide a bridge therebetween.

[00132] Referring to Figures 5 to 16, there is shown a tube assembly 50 according
to a third embodiment the invention. The tube assembly 50 comprises a tube 51 having

an exterior surface 53, and a coating 55 applied to the exterior surface.

[00133] The tube 51 Is In the torm of a composite film structure comprising a co-
extrusion of a plurality of layers bonded together to provide an integrated structure.
While not apparent in the drawings, the layers include an inner layer and an outer layer.
There may be one of more intermediate layers between the inner and outer layers.
Each intermediate layer may be of a material compatible with two adjacent layers
between which 1t I1s interposed. In other words, the tube 51 may be of essentially the
same construction as tube 10 of the first embodiment. However, this need not
necessarily be so, as the tube 51 may be of any other appropriate co-extruded multi-

layer construction.

100134] In the arrangement shown, the coating 55 comprises a continuous coating
along the exterior surface 53 of the tube 51. In another arrangement, the coating 55

may be provided intermittently (i.e. at intervals along the tube 51). Where the coating
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55 Is provided intermittently, it may for example comprise patches or tufts of coating

material on the exterior surface of the tube.

[00135] The coating 55 may be applied in any appropriate way, such as by heat

welding.

[00136] The coating 55 may be of any appropriate material; for example, the coating
may comprise binder absorbent material. In this embodiment, the coating 55 comprise
a wetting material. The wetting material may be bonded such as by heat welding to the
tube 51 to provide a chemical and mechanical bond between the tube and binder (such
as resin binder). The wetting material may comprise polyester felt. In this way, the

coating 55 may serve to facilitate a resin-rich layer in direct contact with the tube 51.

100137] In this embodiment, the coating 55 Is applied by applying longitudinal strips
57 ot coating material to the exterior surface 53 of the tube 51. In the arrangement
shown, the longitudinal strips 57 comprise two strips 61, 62 applied about the tube 51 In
side-by-side relation. In the arrangement shown, the longitudinal marginal edge
portions of the two strips61, 62 are in overlapping relation one with respect to the other,
as best seen in Figure 6. Other arrangements are contemplated; for example, adjacent
longitudinal marginal edge portions of the two strips 61, 62 may be In abutting relation,

or In spaced apart relation to define a gap therebetween.

[00138] One way in which the coating 55 may be applied to the tube 51 is depicted

schematically in Figures 7, 8 and 9.

[00139] After having been formed, the tube 51 Is collapsed to assumed a lay-flat
condition, or at least a somewhat flattened (squashed) condition, to present to opposed
broad longitudinal faces 65 and two opposed rounded longitudinal edges 67, as shown

in Figure 7.

[00140] The two strips 61, 62 are then applied to the tube 51, one to each broad
longitudinal face 65, as shown In Figure 8. The width of each strip 61, 62 Is
dimensioned in relation to the respective broad face 65 to which is applied such that the
strip can be aligned at one side with one rounded longitudinal edge 67 and extend
beyond the other rounded longitudinal edge 67 on the other side, as shown in Figure 8.

The marginal edge portion of each strip 61, 62 extending beyond the respective
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rounded longitudinal edge 67 provides a protruding flap portion 69. The two strips 61,
62 are so positioned with respect to the tube 51 that the flap portions 69 are disposed at
opposed ends of the tlattened tube 51, as shown In Figure 8. With this arrangement,

strip 61 presents flap portion 69a, and strip 62 presents flap portion 69b.

100141] The tube 51 Is then inflated, as shown In Figure 9, causing the protruding
flap portions 69 to progressively move towards and ultimately into contact with the
exterior surface 53 of the tube 51. A guide system such a guide rollers may be provided
to influence movement of the flap portions 69 towards the exterior surface 53 of the tube
51. The flap portions 69 move into contact with the exterior surface 53 of the tube 51,
with the flap portion of each strip overlapping the adjacent marginal edge portion of the
other strip, as best seen in Figure 6.. With this arrangement, adjacent longitudinal
marginal edge portions of the strips 61, 62 are in overlapping relation. The flap portions
59 are bonded into position in any suitable way, such as by heat welding. While the flap
portion 69 of each strip 61, 62 overlaps the adjacent marginal edge portion of the other
strip In the arrangement shown, other arrangements are contemplated. In another
arrangement, the flap portion 69 of each strip 61, 62 may abut (rather than overlap) the
adjacent marginal edge portion of the other strip. In yet another arrangement, adjacent
longitudinal marginal edge portions of the strips may be interconnected in some other
way; for example, by way of a tape applied between the marginal edge portions. In still
yet another arrangement, adjacent longitudinal marginal edge portions of the strips may

be in spaced apart relation to detine a gap therebetween.

[00142] During the application process, the coating 55 is bonded to the entirety of the
exterior surtace 53 of the tube 51, not only at the location of the tlap portions 59. The
strip 61, 62 may be pressed Into the exterior surface 53 of the tube 51 during the
application process (for example by press rollers), thereby embedding the strips in the
exterior surface and integrating the coating 55 with the tube 51. The application process
may involve heat being imparted to the strips 61, 62 and/or the tube 51 to facilitate

bonding therebetween.

(00143] The coating 55 can be applied immediately after formation of the tube 51, or

at a later stage of the production process.

100144] The tube assembly 50 can be produced on a continuous basis, with the tube

51 being extruded continuously, and the coating 55 applied continuously to the extruded
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tube as it advances along a production path. The strips 61, 62 can be delivered to the
production path continuously, being unwound from respective reels Iin which strip

material 1s stored in ribbon form.

[00145] The tube assembly 50 may be produced on a continuous basis along a
oroduction line 70, a typical example of which is depicted schematically in Figures 10,
11 and 12.

[00146] Figure 10 depicts extrusion station 71 at which the tube 51 is formed, and
also station 72 at which the tube 51 Is collapsed to assume a lay-flat condition to
progressively receive the strip 61, 62 as it advances along the production line 70. The
strips 61, 62 are delivered to the production line 70 continuously, being unwound from
respective reels 73 In which strip material is stored in ribbon form. Rollers 74 serve to
guide the advancing strips 61, 62 towards the tube 51 and press the strips 61, 62 Iinto
contact with the exterior surface of the tube 51. The rollers 74 also assist in collapsing
the tube 51 to assume the lay-flat condition. A cooling system 75 may be provided to
cool the assembly and stabilise the bond between the strips 61, 62 and the tube 51. At
this stage, the flap portions 69 are protruding, as previously described.

00147] Figures 11 and 12 depict station 77 at which the collapsed tube 51 is inflated
after moving through roller arrangement 78, causing the protruding flap portions 69 to
progressively move towards and ultimately into contact with the exterior surface 53 of
the tube 51. A heater 79 Is provided to tacilitate bonding ot the flap portions 69 In
position. Roller arrangement 81 Is provided to press the flap portions 69 firmly into place
and to also collapse the tube 51, thereby causing the tube assembly 50 to assume a
lay-flat condition. Once in the lay-flat condition, the tube assembly 50 can be stored; for

example, in a rolled or folded condition.

[00148] The cross-sectional shape of the tube assembly 50 is shown at various

stages of the production process in Figures 13 to 16.

[00149] The tube assembly 50 may be substituted for tube 10 In the hollow structure

20 according to a second embodiment of the invention described previously.
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[00150] From the foregoing it is evident that the above embodiments each provide a
simple yet highly effective arrangement for mass production of an extruded tube

according to the invention.

[00151] The foregoing disclosure Is intended to explain how to fashion and use each
of the particular embodiment described, rather than to limit the true, intended, and fair
scope and spirit of the invention. The foregoing description is neither intended to be

exhaustive, nor to be limited to the precise forms disclosed.

[00152] Further, it should be appreciated that various modifications can be made
without departing from the principles of the invention. Therefore, the invention should

be understood to include all such moditications within its scope.

[00153] The terminology used herein is for the purpose of describing a particular

example embodiment only and is not intended to be limiting.

13 1

[00154] As used herein, the singular forms "a”, "an” and “the” may be intended to

include the plural forms as well, unless the context clearly indicates otherwise.

[00155] The method steps, processes, and operations described herein are not to
be construed as necessarily requiring their performance in the particular order
discussed or illustrated, unless specifically identified as an order of performance. It is

also to be understood that additional or alternative steps may be employed.

[00156] Reference to any positional descriptions, such as "top”, "bottom" and
“side”, are to be taken in context of the embodiment described and illustrated, and are
not to be taken as limiting the invention to the literal interpretation of the term but rather

as would be understood by the skilled addressee.

77 1’ 23 &

[00157] Spatially relative terms, such as “inner,” “outer,” “beneath”, “below”,

‘lower”, “above”, “upper” and the like, may be used herein for ease of description to
describe one element or feature’s relationship to another element(s) or feature(s) as
llustrated In the figures. Spatially relative terms may be intended to encompass
different orientations of the apparatus in use or operation in addition to the orientation
depicted In the figures. For example, If the apparatus in the figures Is turned over,
elements described as “below” or “beneath” other elements or features would then be
oriented “above” the other elements or teatures. Thus, the example term “pelow” can

encompass both an orientation of above and below. The apparatus may be otherwise
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oriented (rotated 90 degrees or at other orientations) and the spatially relative

descriptors used herein interpreted accordingly.

[00158] Although the terms first, second, third, etc. may be used herein to describe
various elements, components, regions, layers and/or sections, these elements,
components, regions, layers and/or sections should not be limited by these terms.
These terms may be only used to distinguish one element, component, region, layer or
section from another region, layer or section. Terms such as “first,” “second,” and other
numerical terms when used herein do not imply a sequence or order unless clearly
indicated by the context. Thus, a first element, component, region, layer or section
discussed below could be termed a second element, component, region, layer or

section without departing from the teachings of the example embodiment

[00159] When an element or layer is referred to as being “on”, “engaged to’,
‘connected to” or “coupled to” another element or layer, it may be directly on, engaged,
connected or coupled to the other element or layer, or intervening elements or layers
may be present. In contrast, when an element Is referred to as being “directly on,”
“directly engaged to”, “directly connected to” or “directly coupled to” another element or
layer, there may be no intervening elements or layers present. Other words used to
describe the relationship between elements should be interpreted in a like tashion (e.q.,

e B 1"

‘between” versus “directly between,” "adjacent” versus “directly adjacent,” etc.). As
used herein, the term “and/or” includes any and all combinations of one or more of the

assoclated listed items.

[00160] Additionally, where the terms “system?”, “device”, and “apparatus"” are used
In the context of the invention, they are to be understood as including reference to any
group of functionally related or interacting, interrelated, interdependent or associated
components or elements that may be located in proximity to, separate from, integrated

with, or discrete from, each other.

[00161] . Throughout this specitication, unless the context requires otherwise, the
word "comprise" or variations such as "comprises" or "comprising”, will be understood to
imply the inclusion of a stated integer or group of integers but not the exclusion of any

other integer or group of integers.
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CLAIMS

1. A tube formed as a co-extrusion composite film structure comprising a plurality of
layers, the plurality of layers comprising an inner layer defining an interior surface
of the tube, an outer layer defining an exterior surtace of the tube tor bonding with
a binder, and at least one intermediate layer between the inner and outer layers,
the intermediate layer being of a material compatible with two adjacent layers

between which it is interposed.

2. The tube according to claim 1 wherein the co-extrusion composite film structure Is

formed by way of a multi-layer blown film extrusion process.

3. The tube according to claim 1 or 2 wherein the plurality of layers comprises three

layers.

4. The tube according to any one of the preceding claims wherein the inner layer

comprises a material compatible with the intended application of the tube.

5. The tube according to claim 4 wherein the inner layer is selected from a group
consisting of a thermoplastic polyurethane, ethylene-vinyl alcohol and

polyethylene.

6. The tube according to any one of the preceding claims wherein the outer layer

comprises a material compatible with a binder.

/. The tube according to claim 6 wherein the outer layer is selected from a group
consisting of polyvinyl chloride / vinyl, acrylic co-polymer, vinyl and co-polymer

vinyl.

8. The tube according to any one of the preceding claims wherein the intermediate

layer comprises a copolymer compatible with the two adjacent layers.

9. The tube according to claim 8 wherein the intermediate layer comprises a blend of

thermoplastic polyurethanes.
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10.

11.

12.

13.

14.

19.

16.

17.

18.

19.

The tube according to any one of the preceding claims wherein the exterior

surface of the tube is treated or modified to facilitate bonding.

The tube according to any one of claims 1 to 9 wherein the exterior surtace of the

tube has a coating applied thereto to facilitate bonding with the binder.

The tube according to claim 11 wherein coating comprise a continuous coating

along the exterior surface of the tube.

A method of forming a tube according to one of the preceding claims wherein the

method comprising co-extruding the plurality of layers

The method according to claim 13 wherein the plurality of layers are co-extruded

by a multi-layer blown film extrusion process.

The method according to claim 13 or 14 further comprising provision of adhesive

between adjacent layers.

The method according to claim 13, 14 or 15 further comprising treating or

modifying the outer surface of the tube.

A method of forming a tube as a composite film structure comprising a plurality of
layers, the method comprising co-extruding an inner layer defining an interior
surface of the tube, an outer layer defining an exterior surtace of the tube tor
bonding with a binder, and at least one intermediate layer between the inner and
outer layers, the intermediate layer being of a material compatible with two

adjacent layers between which it is interposed.

The method according to claim 17 wherein the layers are co-extruded by a multi-

layer blown film extrusion process.

The method according to claim 17 or 18 further comprising provision of adhesive

between adjacent layers.
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20.

21.

22.

23.

24

29.

20.

217,

28.

The method according to claim 17, 18 or 19 further comprising treating or
modifying the outer surface of the outer layer to facilitate a mechanical bond with
the binder.

The method according to claim 17, 18 or 19 further comprising applying a coating

to the exterior surface of the tube.

A tube constructed using the method according to any one of claims 17 to 20.

A hollow structure comprising a tube according to claim 22.

A hollow structure of composite construction, the hollow structure comprising a
radially inner portion and a radially outer portion, with the two portions merging
together to provide an integrated tubular wall structure, the inner portion being
configured as a tube formed as a co-extrusion composite film structure comprising
a plurality of layers, the plurality of layers comprising an inner layer defining an
interior surface of the tube, an outer layer defining an exterior surtace of the tube
for bonding with a binder, and at least one intermediate layer between the inner

and outer layers.

The hollow structure of composite construction according to claim 24 wherein the
intermediate layer being of a material compatible with two adjacent layers between

which it is interposed.

The hollow structure of composite construction according to claim 24 or 25
wherein the exterior surface of the tube is treated or modified to tacilitate bonding
with the binder.

The hollow structure of composite construction according to claim 24 or 25
wherein the exterior surface ot the tube has a coating applied thereto to facilitate

bonding with the binder

A method of constructing a hollow structure comprising a radially inner portion and
a radially outer portion, with the two portions merging together to provide an
integrated tubular wall structure, the method comprising: forming the inner portion

as a tube comprising a co-extrusion of an inner layer defining an interior surface of
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29.

30.

31.

32.

33.

34.

39.

36.

the tube, an outer layer defining an exterior surface of the tube for bonding with a
binder, and at least one intermediate layer between the inner and outer layers, and
assembling the radially outer portion about the tube, the outer portion being of

fibre reinforced composite construction including reinforcement and said binder.

The method according to claim 28 wherein the intermediate layer is selected to be

of a material compatible with two adjacent layers between which it is interposed.

The method according to claim 28 or 29 turther comprising treating or modifying

the exterior surface of the tube to facilitate bonding with the binder.

The method according to claim 28 or 29 turther comprising applying a coating to

the exterior surtace of the tube to facilitate bonding with the binder.

The method according to any one of claims 28 to 31 further comprising expanding
the tube to cause radial expansion thereof while resisting expansion of the outer

side of the radially outer portion thereby causing the binder to spread.

The method according to claim 32 further comprising positioning a flexible outer
casing about the radially outer portion, wherein the radially expanding tube
operates In conjunction with the flexible outer casing to cause the volume of a
space between the tube and the flexible outer casing to progressively decrease

thereby causing the binder to spread within the space.

A hollow structure constructed using the method according to claim 22, 23 or 24.

A tube assembly comprising a tube formed as a co-extrusion composite film
structure comprising a plurality of layers, the plurality of layers comprising an inner
layer defining an interior surface of the tube assembly, and an outer layer defining
an exterior surface of the tube, wherein the exterior surtace of the tube Is treated
or modified to tacilitate bonding with the binder.

A tube assembly comprising a tube formed as a co-extrusion composite film
structure comprising a plurality of layers, the plurality of layers comprising an inner

layer defining an interior surface of the tube assembly, an outer layer defining an
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37.

exterior surtace of the tube, and a coating applied to the exterior surface of the

tube.

A method of forming a tube assembly having a multi-layered tube and a coating on
an exterior surface of the tube, the method comprising co-extruding an inner layer
defining an interior surface of the tube and an outer layer defining an exterior

surface of the tube, and applying the coating to the exterior surface of the tube.
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