Office de la Proprieté Canadian CA 2534145 C 2013/05/28

Intellectuelle Intellectual Property
du Canada Office (11)(21) 2 534 145
Findustie Canada Industry Ganada 1R BREVET GANALIEN
CANADIAN PATENT
13) C
(86) Date de depot PCT/PCT Filing Date: 2004/07/30 (51) Cl.Int./Int.Cl. B328 7/08 (2006.01),
S e . B32B 27/08(2006.01), B32B 27/70(2006.01),
(87) Date publication PCT/PCT Publication Date: 2005/02/10 B32B 27/32(2006.01) B328 29/00(2006.01)
(45) Date de délivrance/lssue Date: 2013/05/28 _
(72) Inventeurs/Inventors:
(85) Entree phase nationale/National Entry: 2006/01/30 ADAMS. KEVIN, AU:
(86) N° demande PCT/PCT Application No.: AU 2004/001017 VILLAESCUSA, MARIANO, AU

(87) N° publication PCT/PCT Publication No.: 2005/011972 (73) Proprietaire/Owner:

o EZYTUBE PTY LIMITED, AU
(30) Priorité/Priority: 2003/07/30 (AU2003903948)
(74) Agent: DENNISON ASSOCIATES

(54) Titre : TUBE MULTICOUCHE A PROPRIETES PHYSIQUES AMELIOREES
54) Title: MULTI-LAYER TUBE OF IMPROVED PHYSICAL PROPERTIES

(57) Abréegée/Abstract:

A tube having walls of multi-layer construction, wherein sald multi-layer construction includes one or more sub-layers, each said
sub-layer consisting of a woven polymer mesh disposed In between one or more outer layers of material selected from the group
consisting of paper, poly-propylene and polyethylene, wherein said tube Is formed by affixing said sub-layers to each other whilst
sald sub-layers are wound around a mandrel.

,
L
X
e
e . ViNENEE
L S S \
ity K
.' : - h.l‘s_‘.}:{\: .&. - A L~
.
A

A7 /7]
o~

» . _
‘ l an a dH http:/opic.ge.ca + Ottawa/Gatineau K1A 0C9 - hmp./cipo.ge.ca o p1C
OPIC - CIPO 191




o
<
@
T~
)
o
o
—
—
I e

—

0

CA 02534145 2006-01-30

(12) INTERNATIONAL APPLICATION PUBLISHED UNDER THE PATENT COOPERATION TREATY (PCT)

(19) World Intellectual Property
Organization

International Bureau

(43) International Publication Date

10 February 2005 (10.02.2005)

B32B 1/08,

(51) International Patent Classification’:
27/08, 27/10, 277/32, 29/00, 31/02

(21) International Application Number:

PCT/AU2004/001017
(22) International Filing Date: 30 July 2004 (30.07.2004)
(25) Filing Language: English
(26) Publication Language: English

(30) Priority Data:

2003903948 30 July 2003 (30.07.2003) AU

(71) Applicant (for all designated States except US): EZY -
TUBE PTY LIMITED [AU/AU]; 113a Fairford Road,
Padstow, NSW 2211 (AU).

(72) Inventors; and

(75) Inventors/Applicants (for US only): ADAMS, Kevin
[AU/AU]; 9 Lavender Place, Alfords Point, NSW 2234
(AU). VILLAESCUSA, Mariano [AU/AU]; C/o. 113A
Fairford Road, Padstow, NSW 2211 (AU).

(74) Agent: WATERMARK PATENT & TRADEMARK
ATTORNEYS: 290 Burwood Road, Hawthorn, VIC 3122
(AU).

(10) International Publication Number

WO 2005/011972 A1l

(81) Designated States (unless otherwise indicated, for every

kind of national protection available): AE, AG, AL, AM,
AT, AU, AZ, BA, BB, BG, BR, BW, BY, BZ, CA, CH, CN,
CO, CR, CU, CZ, DE, DK, DM, DZ, EC, EE, EG, ES, FI,
GB, GD, GE, GH, GM, HR, HU, ID, IL, IN, IS, JP, KE,
KG, KP, KR, KZ, L.C, LK, LR, LS, LT, LU, L.V, MA, MD,
MG, MK, MN, MW, MX, MZ, NA, NI, NO, NZ, OM, PG,
PH, PL, PT, RO, RU, SC, SD, SE, SG, SK, SL, SY, TJ, TM,
TN, TR, TT, TZ, UA, UG, US, UZ, VC, VN, YU, ZA, ZM.,
ZW.

(84) Designated States (unless otherwise indicated, for every
kind of regional protection available): ARIPO (BW, GH,
GM, KE, LS, MW, MZ, NA, SD, SL, SZ, TZ, UG, ZM,
/W), Burasian (AM, AZ, BY, KG, KZ, MD, RU, TJ, TM),
European (AT, BE, BG, CH, CY, CZ, DE, DK, ELE, ES, FI,
FR, GB, GR, HU, IE, IT, LU, MC, NL, PL, PT, RO, SE, SI,
SK, TR), OAPI (BF, BJ, CF, CG, CI, CM, GA, GN, GQ,

GW, ML, MR, NE, SN, TD, TG).

Published:
with international search report

For two-letter codes and other abbreviations, refer to the "Guid-
ance Notes on Codes and Abbreviations" appearing at the begin-
ning of each regular issue of the PCT Gagzette.

(54) Title: MULTI-LAYER TUBE OF IMPROVED PHYSICAL PROPERTIES

e\ (57) Abstract: A tube having walls of multi-layer construction, wherein said multi-layer construction includes one or more sub-
layers, each said sub-layer consisting of a woven polymer mesh disposed in between one or more outer layers of material selected
from the group consisting of paper, poly-propylene and polyethylene, wherein said tube is formed by affixing said sub-layers to each

O
=

other whilst said sub-layers are wound around a mandrel.




10

15

20

25

30

CA 02534145 2006-01-30
WO 2005/011972 PCT/AU2004/001017

MULTI-LAYER TUBE OF IMPROVED PHYSICAL PROPERTIES

FIELD OF THE INVENTION

The invention relates to the field of manufacture of multi-layer tubing that
are manufactured via spiral winding processes commonly used for paper tubes
and cores, knowh in the art as cardboard or fibreboard tubes. In particular, the
invention relates to an improved construction of a tubular product having
improved physical properties, including increased tensile strength and impact
resistance, among others.

BACKGROUND OF THE INVENTION

In the field of manufacture of tubular products formed from multi-layer
paper construction, the physical streﬁgth characteristics of said products based
on a particular paper material, which may relate to tensile strength, crush
resistance, tear or puncture resistance or other parameters, Is determined to a
primary extent by the number of layers of paper incorporated in the tube wall, and
the properties of the adhesives used to bind the paper layers together. Typically,
greater strength is achieved primarily by incorporating more layers of paper in the
tube wall. Similarly, greater resistance to loss of strength in unfavourable
environments, such as humid or damp environments, is achieved by using
stronger or moisture resistant adhesives, such as sodium silicate or PVA
adhesives.

Paper tubes and cores are traditionally formed by gluing multiple layers of
paper (typically Kraft paper or similar fiorous paper) to each other whilst winding
each layer around a steel mahdrel of a given diameter. The process usually
involves supplying the various layers of these tubes on individual rolls or other
dispensers, concurrently drawing the materials from the dispensers in a
predetermined array; applying adhesive concurrently to different strands not in
contact with one another; and then winding the array into a tube structure around
a mandrel. This technique is known as “spiral winding” in the art and will be
understood as such in the following description and claims where this term is
used. Equipment for performing this process is supplied, for example, by Pack
Industrie, of rue Gutenberg - B.P. 109 - 68170 RIXHEIM (Alsace) — FRANCE.




10

15

20

25

30

CA 02534145 2006-01-30
WO 2005/011972 PCT/AU2004/001017

2

Typically the number of layers of paper to be used depends upon the
physical requirements required for the tube, eg small diameter paper tube for
toilet paper cores would require a small number of thin layers of paper using
cheaper déxtrin adhesives; a core for rolls of paper weighing up to 2 tonnes may
require Brown Chip Board or Liner Board with silicate or PVA glues; or a tube for
casting concrete into would require greater wall thickness with glues of g'reater
water resistance, therefore requiring a greater number of layers of paper.

However, these measures typically make the tubes heavier, more difficult
to transport due to mass and/or lack of flexibility, more difficult to cut open where
necessary, and more difficult and expensive to manufacture. In addition, silicate
based adhesives are more expensive, and present various safety issues during
manufacture. For example, some silicate-based adhesives are likely to set very
hard, and residues can tend to present a cut hazard. In addition, some water
resistant adhesives take a longer time to cure, sometimes requiring assistance by
curing in ovens etc, which may increase the unit cost and capital cost of
manufacturing lines.

Accordingly, 1t Is necessary to find ways of improving various of the
strength parameters of paper-based tubing which overcomes some or all of these
Issues with respect to various of the applications to which these tubes are put.

For example, in the building and construction industry, the use of multiple
layer paper based tubes and formwork in the casting of vertical concrete piles has
become common practice in setting the foundations for buildings, especially
larger multiple-storey constructions.

The typical construction used in the prior art for single-use casting tubes is
to create a rigid tube from multiple layers of kraft or other fibrous paper. However,
as discussed above, one issue encountered with kraft or other fibrous paper
construction is that it tends to lose tensile strength when wetted, causing bulging
or failure. Also, in humid conditions, the dimensions of the tube can tend to alter,
which makes control of the dimensions of the concrete pile difficult.

An approach taken in the prior art to the construction of such tubes is
exemplified in US Patent No. 5,376,316 (Weekers), wherein there is described a
tube being made essentially from multiple layers of kraft paper. This particular

casting tube also includes a layer of plastic material within the layers of kraft
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paper for the express purpose of improving the waterproofing properties of the
tube. However, this document does not suggest how the overall strength of the
tube may be improved. For example, a drawback with this construction is that
while the piastic layer may provide some barrier to wetting of the kraft paper
layers, it cannot completely prevent weakening of these layers where water might
enter from both sides, or especially if water enters through the ends of the tube.

In any case, there are concrete forming applications where a semi-rigid or
rigid tube I1s necessary. The prior art does not teach any method of strengthening
and/or waterproofing such tubes. Presumably, the person faced with this problem
must resort to the above-discussed methods involving further paper layers and/or
expensive adhesives.

Equally, where such paper-based tubes are to be used as packaging
material for hard, sharp and/or heavy materials, such as metal components, a
major issue is that these items tend to place a great deal of localised impact
strain on the tube wall as they shift during transport. Again, the construction
disclosed in Weekers would not be sufficiently rigid to reliably be used for this

'kind of packaging measure, but the only other solution available in the prior art

would appear to relate to the well-known route of applying more and more layers
of paper to the tube.

Similarly, when attempting to create a tube having superior crush
resistance, for example for use as a heavy duty core for rolled products such as
newsprint, the prior art teaches only the familiar solution of applying more and
more layers of paper to the tube and different types of paper.

Therefore, it is an object of the present invention to provide a multi-layer
tubing material of improved physical properties, which does not require excessive
paper layering or the use of expensive or hazardous adhesives, and which may
be manufactured using conventional paper tube forming equipment.

SUMMARY OF THE INVENTION

According to one aspect of the invention, there is provided a tube having
walls of multi-layer construction, wherein said multi-layer construction includes
one or more sub-layers, each said sub-layer consisting of a woven polymer mesh
disposed in between one or more outer layers of material selected from the group

consisting of paper or polymer material, wherein said tube is formed by affixing
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said sub-layers to each other whilst said sub-layers are formed into a tube using
spiral winding equipment for the manufacture of paper tubes.

Preferably, the paper is kraft paper, the polymer material is high density
poly-ethylene (HDPE) or poly-propylene (PP), and the paper layers are bonded to
the mesh via an intermediate layer of poly-ethylene (PE). The bonding between
the outer paper layers of successive sub-layers may be performed by water-
based adhesives of the kind well known in the art.

The tensile strength of the mesh material provides an effective way to
increase the overall tensile and impact strength of the tube, in a manner which is
not susceptible of weakening due, for example, to moisture ingress. In addition,
the superior dimensional stability of the mesh provides the same advantage to the
tube, even In conditions of high relative humidity, thereby obviating fhe need to
incorporate undesirable solvent-based adhesives.

This increased overall tensile strength provided by the mesh allows
superior performance of the tube, without needing to resort to excessive paper
layering, meaning that a stronger, tougher tube may be manufactured without
greatly increasing the tube mass. Alternatively, a tube may be manufactured to
the same strength specifications as known in the prior art, but having significantly
thinner walls.

A further advantage of the invention is that as the paper affixed to the
outside of the sub-layers is mainly present to provide a suitable adhesive surface
for the bonding of successive sub-layers, the thickness of these paper layers may
be reduced compared with the prior art, for example to about 40 g/m?®, providing
further opportunities to reduce the necessary tube wall thickness for the tube
strength desired.

A further advantage of the invention is that as the bonding of successive
sub-layers is to be achieved via paper-paper bonding using conventional water-
based adhesives, the tube according to the invention may be manufactured on
conventional spiral-wound paper tube manufacturing equipment.

Preferably, the grammage of the HDPE or the PP mesh is between 40g/m?
and 80g/m? with the overall grammage of the composite structure being approx
120 g/m? and 180 g/m*. Preferably the tensile strength of said mesh is greater
than about 6.5 kN/m. The mesh may take the form of a simple cross-weave or
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may be provided in any other suitable format. Preferably, said mesh is provided in
the form of a scrim cloth having between 6 and 15 strands per inch in any
direction.

When applied to the casting of concrete, the inventive construction of the

form tube not only assists in directly arresting the ingress of water into the tube

structure, but as its tensile strength is not affected by water itself, it prevents the

tensile strength of the overall tube being compromised by water ingress.

The invention is applicable to both rigid and flexible ‘lay-flat’ tubing.

A preferred structure for the tubing, when used as a rigid concrete form
material, is one where a sufficient number of sub-layers are provided to ensure
the thickness of the tube wall is between about 2.5mm and about 5mm, in order
to allow the tubing material sufficient strength to be self-supporting when stood
upright, while retaining an ability to be removed via relatively simple means such
as cutting with a hand-held knife, and in order to provide a semi-rigid or rigid
structure of superior tensile strength and moisture resistance.

An alternative structure, which provides a concrete forming tube having
improved strength, but with sufficient flexibility to be stored and transported in a
flattened’ state, includes one or two layers of the above described ‘sandwich’
structure. The woven structure of the polymer mesh assists in providing a greater
degree of tensile strength than might be provided by a simple sheet of plastic
material, as per the prior art. In addition, the preferred mesh is exceptionally good
at resisting stretching or bulging when the tube is filled with concrete. This allows
the provision of a lay-flat tubing which has the requisite strength for typical
concrete casting operations. The total thickness of this embodiment of the
inventive tubing material is likely to be no greater than about 1.5mm.

In a further alternative embodiment, in order to provide a suitable surface
for the inner casting surface of the tube, one or more additional layers of polymer
sheeting, for example polyethylene, may be bonded to the outermost sub-layers.

In relation to the use of the inventive tube structure in the material
packaging field, a tube suitable for use as a container for, for example, metal
components Is provided via a tube wall structure having four or five of said
‘'sandwich’ layers, the walls of the tube having a thickness of at least about

2.5mm, In order to allow the tubing material sufficient tensile strength to resist
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tearing or puncturing when hard or sharp components come into the kind of
violent contact with the inner surface of the tube as may be expected during
transport.

It is also anticipated that a tube of improved crush resistance may be
provided where the inventive tube wall structure is applied, as the improved
tensile resistance of the wall is likely to assist in preventing deformation of a
thicker version of such tubes. The improved tensile strength achieved throughout
the tube wall is likely to assist in preventing differential buckling of the tube, of the
kind where one side of the wall, for example the outer side, Is placed under
compression and the immediately adjacent and corresponding section of the wall,
for example the inner side, is placed under tension. The portion of the wall placed
under tension is accordingly less likely to yield to the crush force. '

Preferably, when used as a core of this kind, a tube wall structure is
provided having about 10 to 50 sub-layers, and an overall thickness of about
20mm.

Now will be described, by way of specific, non-limiting examples, a
preferred embodiment of the invention.

DETAILED DESCRIPTION OF A PREFERRED EMBODIMENT

In the embodiments discussed below, each will be understood to be
formed by the technique known In the art as ‘spiral winding'.

In one preferred embodiment, the invention provides a rigid concrete form
tube constructed from multiple sub-layers of material, wherein each said sub-
layer consists of a woven HDPE mesh disposed in between one or more layers of
kraft paper. Similar results may be obtained with PP mesh. The kraft paper may
be bonded to the mesh in a conventional manner according to the art, but it is
particularly preferred that the paper is bonded to the mesh via an intermediate
layer of poly-ethylene (PE).

An example of the preferred kind of mesh material is that supplied by
Insulation Solutions, of 127 Dandenong-Frankston Road, Dandenong, Victoria
3175, Australia, under the name of "Metal Wrapping”, item no. 1625.

This material has properties as outlined in Table 1.




10

15

20

CA 02534145 2006-01-30

layer of Kraft paper.

| Tensile strength MD 12.7 kN/m’
| CD 6.9 kN/m
l_OFaII Grammage 134 g/m
Puncture & Tear(PPT) @ |MD24N ]
CD 40 N

WO 2005/011972 PCT/AU2004/001017
7
Table 1.
Property Specification |
Structure ) Coated HDPE weave bonded to one |

‘Beach’ Puncture 3.5 J

Typically, the HDPE material is supplied in the form of a scrim cloth having
between 8 and 10 strands per inch in any direction. This material is particularly
suited to this application due to its \)ery high tensile strength, and in particular to
its very high resistance to any level of stretching. The HDPE is then laminated
with 40 gsm kraft paper via low-density polyethylene (LDPE) via conventional
methods known in the art.

The general type of concrete form tubes to which the invention may be
applied are described in detail in US Patent No. 5,376,316 discussed above, and
the following description is made with reference to the general kind of structures
described therein.

An ideal structure for a rigid casting tube incorporating this material would
consist of between four and six of the above described sub-layers, bonded
together by a conventional paper-paper adhesive, such as PVA. The material
may be constructed using conventional spiral winding apparatus well known in
the art, which involves gluing or otherwise affixing multiple layers of paper
(typically Kraft paper or similar fibrous paper) to each other whilst winding each
layer around a steel mandrel of a given diameter.

Further layers of polyethylene may be affixed to the outer surfaces of the
material to provide a desired surface texture for the casting. In paricular, it Is

preferred that there be sufficient layers of polyethylene bonded to the inside

l Water Absorption (Cobb @ 15 min.) 46 g/m I
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surface of the tube to ensure a smooth surface of the casting. The overall
thickness of the tubing material should be at least 2.5mm. A wall thickness
between 2.5mm and 5mm is preferred and provides sufficient rigidity to
stand up without the assistance of a rigid superstructure.

Where different surface finishes are required, the person skilled in the art
will be aware of other alternative materials which are available to achieve various
finishes or surface properties.

It will be appreciated by those skilled in the art that the invention is not only
applicable to tubing constructed predominantly from kraft paper, and that this is
merely one of the more common materials used in this industry and whose
properties are likely to be enhanced by the invention.

For example, it would be possible to construct a casting tube by
incorporating the HDPE mesh within multiple layers of another polymer material
such as polyethylene. In such a case, it would be preferable to bond the layers
together by direct heat treatment or by using a hot-melt glue.

An ideal structure for a flexible casting tube incorporating this material
would consist of one or two of the above-described sub-layers, with optionally
further layers of a single sided paper/mesh composite affixed to the outer surface
of the tube material to provide a desired surface texture, but having an overall
thickness of less than 4mm in order to provide sufficient flexibility to lay flat
when not in use. In a preferred embodiment the peripheral wall is of a thickness
no greater than 1.5mm.

It will further be apparent to those skilled in the art that the invention
provides an improved construction of multi-layer tubes for a variety of different
applications, notwithstanding the preferred embodiments addressed above are
addressed to concrete forming. It is apparent that the improved tensile strength
of the tubing material provided by the invention will afford improved
performance in many other applications where such properties are desirable.

For example, a tube of similar construction to that described above for the
rigid form-work tube might equally be applied as a packaging material for metal
components. A tube wall structure having four or five of said inventive sub-
layers, the walls of the tube having a thickness of between about 3mm and about
4mm, is anticipated to allow the tubing material sufficient tensile strength to
resist tearing or puncturing when hard or sharp components come into the

kind of
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violent contact with the inner surface of the tube as may be expected during
transport.

It is also anticipated that a tube of improved crush resistance may be
provided where the inventive tube wall structure is applied, as the improved
tensile resistance of the wall is likely to assist in preventing deformation of a
thicker version of such tubes. As described above, the improved tensile strength
achieved throughout the tube wall is likely to assist in preventing differential
buckling of the tube, of the kind where one side of the wall, for example the Quter
side, is placed under compression and the immediately adjacent and
corresponding section of the wall, for example the inner side, is placed under
tension. The portion of the wall placed under tension is accordingly less likely to
yield to the crush force.

Preferably, when used as a core of this kind, a tube wall structure is
provided having 10 to 15 sub-layers, and an overall thickness of about 20mm.
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CLAIMS:

1. A tube having a peripheral wall of multi-layer construction, the multi-

layer construction including one or more sub-layers, wherein each sub-layer is a
laminate that comprises a woven polymer mesh to which is bonded on a first side
thereof a paper layer by means of an intermediate layer of polyethylene material, the
sub-layers being bonded to each other through an adhesive material to provide a

spirally-wound, multi-layer peripheral wall structure.

2. The tube of claim 1, wherein said mesh is provided in the form of a

scrim cloth having between 6 and 15 strands per inch.

3. The tube of claim 2, wherein the grammage of the sub-layer is between
about 120 g/m? and about 180 g/m? and has a tensile strength of greater than about
6.5 KN/m.

4. The tube of claim 1, wherein the paper Is kraft paper that has a

minimum grammage of about 40g/m?.

5. The tube of claim 1, wherein the tube is a rigid concrete column form
tube of multi-layer construction and wherein the thickness of the peripheral wall is at

least 2.5 mm.

6. The tube of claim 5, wherein the thickness of the tube wall is no greater

than about 5 mm.

7. The tube of claim 1, wherein the tube is a flexible concrete column form

tube of multi layer construction, and wherein the thickness of the peripheral wall Iis no

greater than about 1.5 mm.

8. The tube of claim 1, wherein the tube is a roll core tube having a

peripheral wall thickness of at least 2.5 mm.
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9. The tube of claim 2, wherein the tube is formed by bonding the sub-

layers to each other by an adhesive material whilst the sub-layers are formed into

the tube using spiral winding equipment.

10. A tube having a peripheral wall comprising multiple layers between an
outer and an inner face of the tube, at least one of the layers comprising a laminated
sub-layer spirally wound into the tube, the laminated sub-layer comprising a woven
polymer mesh to which is bonded on a first side thereof a paper layer by means of

an intermediate layer of polyethylene material.

11. The tube of claim 10, wherein the tube is formed by affixing the
laminated sub-layer on to another one of said multiple layers using spiral winding
equipment.

12. The tube of claim 10, wherein the mesh is provided in the form of a

scrim cloth having between 6 and 15 strands per inch.

13. The tube of claim 10, wherein the grammage of the laminated sub-
layer is between about 120 g/m* and about 180 g/m” and has a tensile strength of

greater than about 6.5 kN/m.

14, The tube of claim 1 or 10, wherein at least one of the layers comprising
a laminated sub-layer is a plurality of laminated sub-layers and each laminated sub-
layer consists of a woven polymer mesh sandwiched between and bonded to
respective outer paper layers by means of a respective intermediate layer of

polyethylene matenal.

15. The tube of claim 1 or 10, wherein the multi-layer peripheral wall further

includes at least one polyethylene layer.

16. The tube of claim 15, wherein at least one of the polyethylene layers is

present at and provides an inner face of the peripheral wall of the tube.
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17. A tube having a peripheral wall of multi-layer construction, the muilti-

layer construction including a plurality of laminated sub-layers that comprise a woven
polymer mesh to which is bonded on a first side thereof a first outer layer of a
material selected from paper, polyethylene or polypropylene by means of an
intermediate layer of polyethylene material, the sub-layers being bonded to each
other through an adhesive material to provide a spirally-wound, muliti-layer peripheral

wall structure.

18. The tube of claim 17, wherein said woven polymer mesh of at least
some of the laminated sub-layers is bonded to a second outer layer of a material
selected from paper or polyethylene by means of an intermediate layer of a polymer

adhesive material.

19. The tube of claim 18, wherein the outer layers of the laminated sub-
layers are made of kraft paper, and wherein the tube is formed by bonding the sub-
layers to each other by an adhesive material, whilst the sub-layers are formed into

the tube using spiral winding equipment.

20. The tube of claim 19, wherein at least one polyethylene layer is present

and provides an inner face of the peripheral wall of the tube.

21. The tube of claim 17, wherein the thickness of the peripheral tube wall

is at least 2.5 mm.

22. The tube of claims 9 or 19, wherein said sub-layers include a paper to

paper interface adhesively secured by a polyvinyl acetate (PVA) adhesive material.

23. The tube of claim 18 or 19, wherein said polymer adhesive material is a

polyethylene material.
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