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A hew material, a hew and improved layered or laminated material, formwork and or

construction element

Fields of the invention

[001] The present invention relates to a paper material, more particularly to a multi-layered
material suitable for making sheet products which can have a variety of uses, including being
formed into tubing used in a range of applications including forming concrete columns. The paper
material of present invention can be used for any purpose that paper material is used for such as
packaging, bags, wrapping paper, special wrapping paper, mining pipes, special mining pipes,
tubes, tubes for formwork and many others.

[002] The present invention also relates to materials, more particularly to a multi-layered
materials suitable for making sheet products like liners, lining material, wrapping, packaging etc.
Such material can be formed into tubing used in a range of applications including forming concrete
columns and other elements or building elements. The present invention also relates to a
formwork or construction element made from such materials, for use as a building or construction
element or in forming a building element such as a column or pier. The formwork or construction

element can be wound by known techniques such as spiral winding or other winding techniques.
Background of the inventions

[003] There has been a need for a more environmentally friendly paper material, particularly
one which has improved strength over prior art paper materials. Additionally, there has been a
need to reduce or remove the amount of petro-chemical based plastics, and replacement of
chemical glues for the benefit of the environment. There is also a desire to reduce the amount of

energy used to make paper materials.

[004] The technology of materials and tubes for formwork have been developed by the
present inventor and his son since 1992. The inventor previously invented, or co-invented, the

following:

[005] WO1993014287 which was directed to a form for casting columns of concrete
having a substantially square or other rectilinear cross section comprises a cardboard tube
adapted to resist internal pressure, a waterproof skin, a mould cavity liner defining a mould cavity
of square or other rectilinear cross section and disposed within the tube, and foamed plastics filler
bodies filling the spaces between the liner and the tube. It also included a split longitudinally which

is held closed by binding means such as adhesive tapes wrapped about the tube.

[006] WO1996012602 which was directed to a novel tube material, and method of
forming the tube. The tube had an inner liner and an intermediate layer of in situ moulded
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expanding foam material, and a flexible outer line. The tube was rigid, with the structural strength

derived entirely from the intermediate layer. It also included an inner core, which was used to hold
the inner liner in place during forming. The inner core included a mechanism to reduce its

diameter, to facilitate removal after curing of the foam.

[007] AU784695 published in 2002 was directed to a formwork for casting pillar-like or
column-like structures, having two or more complementary mould segments that have an inner
foam core that is at least partly covered with a liquid-impervious skin or liner. The mould segments
define, a moulding cavity open towards an upper and a lower end of the formwork. The formwork
further included a bracing member disposed to surround and restrain the assembled mould
segments, and fasteners arranged to secure, preferably by tensioning, the bracing member, in
order to hold the assembled mould segments together and resist displacement during casting.
The mould segments were provided with complementary abutment surfaces along a longitudinal
axis thereof, such that the segments can be joined in a juxtaposed manner, thereby forming the
internal cavity that corresponds in cross-section with the desired shape of the pillar or column to
be cast with the mould.

[008] WQ2005011972 which was directed to a tube having walls of multi-layer
canstruction, wherein the multi-layer construction includes one or more sub-layers, each the 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
the tube is formed by affixing the sub-layers to each other whilst the sub-layers are wound around

a mandrel.

[009] wO02009079702 which was directed to a concrete formwork tube, the tube
including an internal lining; an external lining; and two or more complementary mould segments,
adapted to be received between the external and internal lining; each mould segment having an
inner face and an outer face. The mould segments, when assembled and substantially restrained
by the external lining from relative movement, defined a moulding cavity open towards an upper
and a lower end of the formwork; and at least one locking segment, the locking segment was
adapted to be disposed between two of the mould segments, thereby to tighten the fit of the

assembled mould segments inside the external lining.

[010] Then in more recent times his son also invented W0O2014075131 which was
directed to a formwark or construction element tube, which is made from multiple layers of a multi-

layered material, which included a filament reinforcing layer or layers.

[011] Any reference herein to known prior art does not, unless the contrary indication
appears, constitute an admission that such prior art is commonly known by those skilled in the art
to which the invention relates, at the priority date of this application.
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Summary of invention 1

[012] It is an object of the present invention to provide a more environmentally friendly
paper product, which uses no petrochemical based plastics and does not utilise chemical
glues. A by-product of this proposed invention 1 is an expected utilising of less energy to
manufacture a paper material and the helping of the environment by being 100%
biodegradable and or compostable and or recyclable and or reusable.

[013] The present invention provides a method of making a paper product, said method
including the step of adding natural reinforcing material to one of: a) a layer of pulp as it exits
or after it exits from a layer formation process or apparatus; or b) a tank of pulp prior to it
exiting from a layer formation process or apparatus or ¢} a combination of a) and b).

[014] The natural reinforcing material is comprised of natural fibres.

[015] The natural reinforcing material can be comprised of natural fibres where the
orientation of the fibres is not predetermined. Alternatively, the natural reinforcing material

can be comprised of natural fibres where the orientation of the fibres is predetermined.

[016] The natural fibres can be oriented to be at an angle to the direction of movement of
said pulp layer. The angle can be in a range from parallel to said direction to 90 degrees to
said direction.

[017] The natural reinforcing material can be comprised of natural fibres of a length which
is not predetermined. Alternatively, the natural reinforcing materials can be comprised of
natural fibres of a length which is predetermined, or a combination of both.

[018] The length can be selected according to a strength characteristic or other material
property characteristic to be worked into the product.

[019] The predetermined length can a combination of two or more different lengths.

[020] The natural reinforcing material can be one of or a combination of two or more of:
hemp, jute, bamboo, kabuya, kenaf, ramie, sisal, or other application appropriate natural
fibre.

[021] The natural reinforcing material can be a film.

[022] The natural reinforcing material can be a filament or filament layer.
[023] The natural reinforcing material can be a mesh or woven layer.
[024] The natural reinforcing material can be hessian.

[025] A second layer of pulp can be added.
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[026] Over the natural reinforcing material there can be a layer of pulp applied to it, thereby

sandwiching said natural reinforcing material between two layers of pulp.
[027] An additional layer of reinforcing material can be applied to the last laid pulp layer.

[028] Over said additional natural reinforcing material can have a layer of pulp applied to i,
thereby sandwiching said additional natural reinforcing material between two layers of pulp.

[029] The natural reinforcing material can be added as at least two layers separated by at
least one layer of pulp, with the two layers being different from each other, such as one being
a layer of natural fibres and the other being in filament form; or one being a layer of natural
fibres and the other being in film form; or one being a layer of natural fibres and the other
being in woven or mesh form; or one being a layer of natural fibres and the other being in a
shredded filament form; or one being a layer in filament form and the other being in film form;
or one being a layer in filament form and the other being in woven or mesh form; or one
being a layer in filament form and the other being in a shredded filament form; or one being a
layer in film form and the other being in woven or mesh form; or one being a layer in film form
and the other being in a shredded filament form; or one being a layer in woven or mesh form
and the other being in a shredded filament form; or an combination of the forms if more than

two layers of natural reinforcing material.

[030] The steps described herein can be repeated as required to construct a multilayered
paper product.

[031] The pulp can be any appropriate paper making pulp including or sourced

from wood, fibre crops, waste paper, or rags or a combination of these.

[032] The present invention also provides a paper material or product being made by the
method of described above.

[033] The present invention also provides a paper material or product having been
produced by a mixture of pulp and natural fibre reinforcement, or be comprised of a pulp

layer and a natural fibre reinforcement layer.

[034] The paper material or product can have additional pulp layers present above a base
pulp layer. There can be present alternating layers of pulp and natural fibre reinforcement.

[035] The present invention also provides a paper material that can used for items such as
packaging, bags, wrapping paper, special wrapping paper, mining pipes, special mining
pipes, tubes, tubes for formwork and many others.
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Summary of invention 2

[036] The present invention provides a multi-layered material, including at least one solid
polymeric non-metallic non-woven film strength layer (hereinafter “the film layer” or “film
layers”), and a layer of paper, cardboard, polymer, or a compostable and or biodegradable
polymer, the layers being bonded together.

[037] The film layer provides strength in the roll direction in the plane of the film layer.

[038] The film layer provides a burst strength in a direction lateral to the plane of said film

layer.
[039] The material can include at least two film layers.

[040] The or each, film layer can be one of the following: a polymeric material; a polymeric
material which is compostable and or biodegradable and or recyclable and or reusable; a
natural polymeric material which is compostable and or biodegradable and or recyclable and
or reusable.

[041] The polymeric material can be one of: polypropylene, polyethylene, a polypropylene
and polyethylene blend, or polyester or a blend of these; polymer which is compostable and
or biodegradable and or recyclable; or any appropriate polymeric material.

[042] The layer of paper, cardboard or polymer is specifically a paper, and weighs 20
grams per square metre or more.

[043] The material can further include a coating on either or both of the film layer and layer
of paper, cardboard or polymer.

[044] The material can include another paper, cardboard or polymer layer that is bonded to

the layer of paper, cardboard or polymer or the film layer.

[045] The material can have two or more film layers, there being at least one layer of paper,
cardboard, or polymer, or a coating layer, between each adjacent two of the two or more film
layers.

[046] The material can have an adhesive film as an outer layer.

[047] One or both outer layers is or are one of: paper, cardboard; a polymeric material; a
natural polymeric material; a polymeric material which is compostable and or biodegradable
and or recyclable; natural insulation material in film form; natural insulation material in

polymer form; natural insulation material in membrane form.

[048] The film layer or at least one of the film layers can include one or more perforations or
shaped apertures therein.
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[049] The perforations or shaped apertures can be of a shape which is one or has one, ora

combination of two or more of the following features: circular: elliptical: regular polygonal:
regular pentagonal: regular hexagonal: irregular polygonal: irregular pentagonal: irregular
hexagonal; rectangular; elongated; aligned to be parallel with the roll direction of the film
layer; aligned to be at an angle to the roll direction of the film layer.

[050] The perforations or shaped apertures can be formed in the film layer prior to the film
layer or layers being bonded to a layer of paper, cardboard or polymer.

[051] The perforations or shaped apertures can be formed in the film layer or film layers
after the film layer or layers are bonded to a layer of paper, cardboard or polymer, whereby
both the film layer and the paper, cardboard or polymer layer have the perforations or
shaped apertures.

[052] The film layer or at least one of the film layers can include one or more lines of
scoring or scribing therein.

[053] The lines of scoring or scribing can have ar can be one or more than one of the
following features: an one side of the film layer or film layers; on two opposed sides of the
film layer or film layers; equally spaced across the width of the film layer or film layers;
formed to different depths in the film layer or film layers across the width thereof; adjacent
lines of scoring or scribing are all of the same cross sectional shape across the width of the
film layer; adjacent lines of scoring or scribing are of different cross sectional shapes across
the width of the film layer; have a cross section which is partially curved; have a cross
section which is an open channel having three sides.

[054] The lines of scoring or scribing can be formed in the film layer prior to the film layer or

layers being bonded to a layer of paper, cardboard or polymer.

[055] The lines of scoring or scribing can be formed in the film layer or film layers after the
film layer or layers are bonded to a layer of paper, cardboard or polymer, whereby both the

film layer and the paper, cardboard or polymer layer have the lines.

[056] The film layer or at least one of the film layers can include one or more shapes
embossed or debossed into the film layer.

[057] The shapes can be each of a shape which is one or has one, or a combination of two
or more, of the following features: circular: elliptical: regular polygonal: regular pentagonal:
regular hexagonal: irregular polygonal: irregular pentagonal: irregular hexagonal; rectangular;
elongated; aligned to be parallel with the roll direction of the film layer; aligned to be at an
angle to the roll direction of the film layer.
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[058] The embossed or debossed shapes can be formed in the film layer prior to the film

layer or layers being bonded to a layer of paper, cardboard or polymer.

[059] The embossed or debossed shapes can be formed in the film layer or film layers after
the film layer or layers are bonded to a layer of paper, cardboard or polymer, whereby both
the film layer and the paper, cardboard or polymer layer have the embossed or debossed
shapes.

[060] The multilayer material can include an outer film layer on one side and a second
outer film layer or outer insulation layer on a second side, with one or more inner paper,
cardboard, polymer or compostable and or biodegradable polymer layers, and respective
adhesive or membrane or liquid polymer layers between said outer layers and other layers,
said material being adapted for use as a liner or lining material.

[061] One or both of the outer film layers can has an insulation characteristic.

[062] The multilayer material can have all layers and intervening adhesive or membrane or
liquid polymer layers and which allows said material, or products made from said material, to

be compostable and or biodegradable and or recyclable and or reusable.

[063] The present invention also provides a formwork or construction element tube having
multiple layers which include at least two layers comprised of a multi-layered sheet material

as described above.

[064] The formwork or construction element can be a multiple multi-layered sheet material
layers which also include at least one layer of paper, cardboard or polymer between said at
least two multi-layered sheet materials.

[065] The multi-layered sheet material each can have a multiple number of film layers.

[066] The formwork or construction element can be formed by one or more than one of the
following means: an adhesive is used to bond said multiple layers together into said tube; a
heat bonding process is used to bond said multiple layers together into said tube; said
multiple layers are spirally wound; said multiple layers are cylindrically or straight wound;
said multiple layers are wrapped.

[067] There can be at least three layers of said multi-layered sheet material as described
above, and at a location intermediate an inner and outer layer of said multi-layered sheet
material is located said at least one layer of paper, cardboard or polymer, each layer being
bonded by an adhesive layer.

[068] The formwork or construction element can include at least one layer which is a

hydrophobic layer or a waterproofing layer.
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[069] At least one layer of said hydrophobic layer or a waterproofing layer is located at one

or more than one of the following: an innermost layer of said tube, an outermost layer of said

tube; an intermediate layer of said tube.

[070] The present invention provides a tube formed from winding a multi-layered material
as described above.

[071] The tube can have multiple layers of said multi-layered material which are bonded or
adhered either side of a paper layer.

[072] The tube can be manufactured from a winding or spiral winding technique.
[073] The tube can be a concrete formwork tube.
Summary of invention 3

[074] It is an object of the invention 3 to provide a more environmentally friendly
laminated material, which uses no petrochemical based plastics or polymers and does not utilise
chemical glues. A by-product of the proposed invention is to help the environment by being 100%
biodegradable and or compostable and or recyclable and or reusable.

[075] The present invention provides a multi-layered material, including at least one
base layer of paper, cardboard or solid polymer of a natural or plant material and at least one
applied layer being of a flowing, liquid or melted natural polymer (hereinafter “the liquid polymer”)
with the liquid polymer bonding to the base layer and setting or solidifying thereto.

[076] The liguid polymer can have combined with it natural fibre reinforcing prior to or
after application to said base layer.

[077] The material can include a natural coating on either or both of the base layer and

the applied layer.

[078] The material can include another paper, cardboard or natural solid polymer layer
that is bonded to the base layer or the applied layer.

[079] The material can have two or more applied layers, there being at least one layer
of paper, cardboard, or natural solid polymer, or a natural coating layer, between each adjacent
two of the two or more applied layers.

[080] The material can have a polymer or adhesive layer as an outer layer.
[081] One or both outer layers can be paper, cardooard or a solid natural polymeric
material.

[082] There can also be included a strength layer adhered or bonded to the applied layer.
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[083] There can be included at least one strength layer which is comprised of a woven
natural polymer or fibres.
[084] There can be included at least one strength layer which is comprised of one or

more filaments comprised of natural polymer or fibres.

[085] There can be included at least one strength layer which is comprised of a film of a

natural polymer.

[086] The base layer or the applied layer or layers can include one or more perforations

or shaped apertures therein.

[087] The perforations or shaped apertures are or can have one or a combination of two
or more of the following features: circular; elliptical; regular polygonal; regular pentagonal; regular
hexagonal; irregular polygonal; irregular pentagonal; irregular hexagonal; rectangular; elongated;
aligned to be parallel with the roll direction of the base layer; aligned to be at an angle to the roll

direction of the base layer.

[088] The perforations or shaped apertures can be formed in the base layer prior to the
base layer and the applied layer are bonded.

[089] The perforations or shaped apertures can be formed in the applied layer or layers
after the applied layer or layers are bonded to the base layer.

[090] The base layer or the applied layer or layers can include one or more lines of
scoring or scribing therein.

[091] The lines of scoring or scribing can have, or are, one or more than one of the
following features: on one side of the base layer and or the applied layer; on two opposed sides
of the base layer and or the applied layer or layers; equally spaced across the width of the base
layer and or the applied layer or layers; formed to different depths in the base layer and or the
applied layer or layers across the width thereof; adjacent lines of scoring or scribing are all of the
same cross sectional shape across the width of the base layer and or the applied layer or layers;
adjacent lines of scoring or scribing are of different cross sectional shapes across the width of the
base layer and or the applied layer or layers; have a cross section which is partially curved; have
a cross section which is an open channel having three sides; have a cross section which is an
open channel having two sides.

[092] The lines of scoring or scribing can be formed in the base layer prior to the applied
layer being bonded to the base layer.

[093] The lines of scoring or scribing can be formed in the applied layer or layers and or

the base layer after the applied layer or layers are bonded to the base layer.
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[094] The base layer and or at least one of the applied layer or layers can include one

or more shapes embossed or debossed therein.

[095] The shapes can be or can have one or a combination of two or more of the
following features: circular; elliptical; regular polygonal; regular pentagonal; regular hexagonal;
irregular polygonal; irregular pentagonal; irregular hexagonal; rectangular; elongated; aligned to
be parallel with the roll direction of the base layer; aligned to be at an angle to the roll direction of
the base layer.

[096] The embossed or debossed shapes can be formed in the base layer prior to the
applied layer or layers being bonded to the base layer.

[097] The embossed or debossed shapes can be formed in the base layer and or the
applied layer or layers after the applied layer or layers are bonded to the base layer.

[098] The present invention also includes a formwork or construction element tube
having multiple layers which include at least two layers comprised of a multi-layered material as
described abaove.

[099] There can be multiple multi-layered material layers which also include at least one
layer of paper, cardboard or natural polymer between the at least two multi-layered sheet

materials.
[0100] The multi-layered sheet material each has a multiple number of applied layers.
[0101] The tube can be formed by one or more than one of the following means: an

adhesive is used to bond the multiple layers together into the tube; a heat bonding process is
used to bond the multiple layers together into the tube; the multiple layers are spirally wound; the
multiple layers are cylindrically or straight wound; the multiple layers are wrapped.

[0102] There can be at least three layers of the multi-layered material as described above,
and at a location intermediate an inner and outer layer of the multi-layered sheet material is
located the at least one layer of paper, cardboard or natural polymer, each layer being bonded by
an adhesive layer.

[0103] The tube can include at least one layer which is a hydrophobic layer or a
waterproofing layer.

[0104] At least one hydrophobic layer or a waterproofing layer can be located at one or
more than one of the following: an innermost layer of the tube, an outermost layer of the tube; an

intermediate layer of the tube.

[0105] A tube formed from winding a multi-layered material as described above.
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[0106] The tube can have multiple Iaye:slof the multi-layered material which are bonded
or adhered either side of a paper layer.

[0107] The tube can be manufactured from a winding or spiral winding technique.

[0108] The tube can be a concrete formwork tube.

[0109] The present invention provides a tube or a formwork or construction element tube

or a multi-layered material as previously described, wherein the tube or material is at least fully

biodegradable and or decomposable and or recyclable and or reusable.

[0110] The tube or material as described above is able to be disposed of by composting
and or biodegrading and or is recyclable and or is reusable.

[0111] The present invention also provides a method of producing a material as described
above, the method including the step of combining at least one base layer of paper, cardboard or
solid polymer of a natural or plant material to an applied layer, whereby the applied layer is a
flowing, liquid or melted natural polymer (hereinafter “the liquid polymer”) combined with natural
fibre reinforcing material, with the liquid polymer bonding to the base layer and setting or
solidifying thereto.

[0112] The natural fibre reinforcing material can be added to the liquid polymer prior to
the liquid polymer being applied to the base layer by a combining or mixing process at a location
remote from where the liquid polymer being applied to the base layer.

[0113] The natural fibre reinforcing material can be added to the liquid polymer prior to
the liquid polymer being applied to the base layer by a combining or mixing process at a location
at or in the vicinity of where the liquid polymer being applied to the base layer.

[0114] The natural fibre reinforcing material can be added to the liquid polymer
simultaneously with, or sequentially to, the liquid polymer being applied to the base layer.

[0115] The natural fibre reinforcing material can added by means of a hopper or other dry

delivery system to be deposited on the liquid polymer and or the base layer.

[0116] The material or method described above can be such that the natural reinforcing
material can be comprised of natural fibres where the orientation of the fibres at the time of

combining with the liquid polymer is not predetermined.

[0117] The natural reinforcing material of the material or method described above, can be
comprised of natural fibres where the orientation of the fibres at the time of combining with the
liquid polymer is predetermined.

[0118] The natural fibres can be oriented to be at an angle to the roll direction of the base
layer.
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[0119] The angle can be in a range from parallel to the direction to 90 degrees to the
direction.
[0120] The natural fibres can be of a length which is not predetermined.
[0121] The natural reinforcing material can be comprised of or can also be comprised of

natural fibres of a length which is predetermined.
[0122] The predetermined length can be a combinatian of two or more different lengths.

[0123] The length of the natural fibre reinforcing can be selected according to a strength
characteristic or other material property characteristic to be worked into a final product.

[0124] The natural fibre reinforcing can be one of or a combination of two or more of:
hemp, jute, bamboo, kabuya, kenaf, ramie, sisal, or other application appropriate natural fibre.

Summary of invention 4

[0125] The present invention also provides a layer treatment for a multilayered material
wherein at least one layer of the multilayered material includes one or more slits, cuts,

perforations or shaped apertures therein.

[0126] The slits, cuts, perforations or shaped apertures is or have one or a combination of
two or more of the following features: circular, elliptical, regular polygonal, regular
pentagonal, regular hexagonal, irregular polygonal, irregular pentagonal, irregular hexagonal;
rectangular; elongated; aligned to be parallel with the roll direction of the layer; aligned to be

at an angle to the roll direction of the layer.

[0127] The slits, cuts, perforations or shaped apertures can be formed in the layer or layers

prior to the layer or layers being bonded or glued or adhered to other layers.

[0128] The slits, cuts, perforations or shaped apertures can be formed in the layer or layers
after the layer or layers are bonded or glued or adhered to other layers.

[0129] The present invention also provides a layer treatment for a multilayered material,

wherein one or more of the layers includes one or more lines of scoring or scribing therein.

[0130] The lines of scoring or scribing can have or can be one or more than one of the
following features: on one side of the layer or layers; on two opposed sides of the layer or
layers; equally spaced across the width of the layer or layers; formed to different depths in
the layer or layers across the width thereof; adjacent lines of scoring or scribing are all of the
same cross sectional shape across the width of the layer or layers; adjacent lines of scoring
or scribing are of different cross sectional shapes across the width of the layer or layers;
have a cross section which is partially curved; have a cross section which is an open
channel having three sides.
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[0131] The lines of scoring or scribing can be formed in the layer or layer prior to the layer or

layers being bonded or glued or adhered to other layers.

[0132] The lines of scoring or scribing can be formed in the layer or layers after the layer or
layers are bonded or glued or adhered to other layers.

[0133] The present invention further provides a layer treatment for a multilayered material,
wherein one or more of the layers includes one or more shapes embossed or debossed into
the film layer.

[0134] The shapes can be or can have one or a combination of two or more of the following
features: circular, elliptical, regular polygonal, regular pentagonal, regular hexagonal,
irregular polygonal, irregular pentagonal, irregular hexagonal; rectangular; elongated; aligned
to be parallel with the roll direction of the layer or layers; aligned to be at an angle to the roll
direction of the layer or layers.

[0135] The embossed or debossed shapes can be formed in the layer or layers prior to the

layer or layers being bonded or glued or adhered to other layers.

[0136] The embossed or debossed shapes can be formed in the layer or layers after the
layer or layers being bonded or glued or adhered to other layers.

[0137] The layer treatment for a multilayered material as described above can be applied to
a multilayered material is also described above.

[0138] The present invention also provides a multilayered material which includes one or
more layers having a layer treatment applied to it as described above. The multilayered
material can also be as described above.

Brief description of the drawings

[0139] An embodiment or embodiments of the present invention will now be described,

by way of example only, with reference to the accompanying drawings, in which:

[0140] Figure 1 is an exploded perspective view of a schematic of a paper product having

a pulp layer and a layer of reinforcing fibres made of naturally occurring materials;

[0141] Figure 2 is a perspective view of a schematic of a production system to produce
the paper product of Figure 1, with the fibres added after pulp layer is formed;

[0142] Figure 3 is a perspective view of a schematic of a production system to produce
the paper product of Figure 1, with the reinforcing fibres added to pulp before a pulp layer is

formed;

[0143] Figure 4 is an exploded perspective view of a schematic of a paper product having
a multiple of pulp layers and a layer of reinforcing fibres made of naturally occurring materials;
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[0144] Figure 5 is a perspective view of a schematic of a production system to produce

the paper product of Figure 4, with reinforcing fibres added after pulp layer is formed, and
subsequent pulp layer added;

[0145] Figure 6 is a perspective view of a schematic of a production system to produce
the paper product of Figure 4, with the fibres added to the pulp to form the first pulp layer with a
subseqguent pulp layer added;

[0146] Figure 7 is a perspective view of a schematic of a production system to produce a
multilayer paper product similar to that of Figure 4, with reinforcing fibres added after first pulp
layer with a second pulp layer added, and a subsequent layer of reinforcing fibres added to the
second layer, and finally a third layer of pulp added;

[0147] Figure 8 is an exploded perspective view of a schematic of a paper product having
a layer of pulp and a layer of reinforcing fibres made of naturally occurring materials applied as a

film;

[0148] Figure 9 is a perspective view of a schematic of a production system to produce the paper

product of Figure 8, with the natural fibre reinforcing film added after pulp layer is formed;

[0149] Figure 10 is an exploded perspective view of a schematic of a paper product
having a layer of pulp and a layer of reinforcing fibres made of naturally occurring materials

applied as a film and a second layer of pulp to sandwich the film;

[0150] Figure 11 is a perspective view of a schematic of a production system similar to
Figure 9, so as to produce the paper product of Figure 10, with the natural fibre reinforcing film
added after pulp layer is formed, and a second layer of pulp to sandwich the film;

[0151] Figure 12 is a perspective view of a schematic of a production system similar to
that of Figure 11, so as to produce a multilayer paper product similar to that of Figure 10, with a
reinforcing fibre film added after a first pulp layer is formed, with a second pulp layer added, and
a subsequent layer of reinforcing fibre film added to the second layer, and finally a third layer of
pulp added;

[0152] Figure 13 is an exploded perspective view of a schematic of a paper product
having a layer of pulp and a layer of reinforcing filaments made of naturally occurring materials
applied to a first layer of pulp to form the product;

[0153] Figure 14 is a perspective view of a schematic of a production system so as to
produce the paper product of Figure 13, with the natural fibre reinforcing filaments being added
after pulp layer is formed;

[0154] Figure 15 is an exploded perspective view of a schematic of a multilayer paper

product having a layer of pulp and a layer of reinforcing filaments made of naturally occurring
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materials applied to a first layer of pulp, and then a second layer of pulp applied to sandwich the

filament layer to form the product;

[0155] Figure 16 is a perspective view of a schematic of a production system similar to
that of Figure 14, so as to produce the paper product of Figure 15, with the natural fibre reinforcing
filaments being added after pulp layer is formed and a second layer of pulp being added to
sandwich the filament layer;

[0156] Figures 17 is a perspective view of a schematic of a production system similar to
that of Figure 16, so as to produce a multilayer paper product similar to that of Figure 15, with a
reinforcing fibre filaments added after a first pulp layer is formed, with a second pulp layer added,
and a subsequent layer of reinforcing fibre filaments added to the second layer, and finally a third
layer of pulp added;

[0157] Figure 18 is an exploded perspective view of a schematic of a paper product
having a layer of pulp and a layer of reinforcing fibres in a mesh made of naturally occurring
materials applied to a first layer of pulp to form the product;

[0158] Figure 19 is a perspective view of a schematic of a production system so as to
produce the paper product of Figure 18, with the layer of reinforcing fibres in a mesh being added

after pulp layer is formed;

[0159] Figure 20 is an exploded perspective view of a schematic of a multilayer paper
product having a layer of pulp and a layer of reinforcing fibres in a mesh made of naturally
occurring materials applied to a first layer of pulp, and then a second layer of pulp applied to

sandwich the mesh layer to form the product;

[0160] Figure 21 is a perspective view of a schematic of a production system similar to
that of Figure 16, so as to produce the paper product of Figure 20, with the layer of reinforcing
fibres in a mesh being added after a first pulp layer is formed and a second layer of pulp being

added to sandwich the reinforcing mesh;

[0161] Figure 22 is a perspective view of a schematic of a production system similar to
that of Figure 21, so as to produce a multilayer paper product similar to that of Figure 20, with a
layer of reinforcing fibres in a mesh added after a first pulp layer is formed, with a second pulp
layer added, and a subsequent layer of reinforcing fibres in a mesh added to the second pulp
layer, and finally a third layer of pulp added; and

[0162] Figure 23 is a schematic of production system similar to that of Figure 22 to
produce a multilayered product where the layer of reinforcing fibres in the lower layer is a woven
or mesh which is overlayed by a pulp layer and then a second reinforcing layer being a filament
layer is add prior to a final pulp layer being added.
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[0163] Figure 24 is a schematic showing a multi-layered material according to a first
material embodiment;
[0164] Figure 25 is a schematic cross section through material 2.10 of Figure 24

perpendicular to direction D, with film and papet/polymeric layer extending into the page of the
Figure 25;

[0165] Figure 25.1 is a schematic cross section through a material 2.10”, which is a liner
and is made from an upper layer of material 2.10 of Figures 24 and 25, and a similar material
2.10" where the film layer 2.20 is an insulative material layer;

[0166] Figure 26 is a schematic showing a multi-layered material according to a second

material embodiment;

[0167] Figure 27 is a schematic cross section through material 2.10.1 of Figure 26
perpendicular to direction D, with paper/polymeric layer, film layer and paper/polymeric layer

extending into the page of the Figure 27;

[0168] Figure 28 is a schematic showing a multi-layered material according to a third

material embodiment;

[0169] Figure 29 is a schematic cross section through material 100 of Figure 28
perpendicular to direction D, with paper/polymeric layer, film layer and paper/polymeric layer
extending into the page of the Figure 29;

[0170]

[0171] Figure 30 is a schematic showing a multi-layered material according to a fourth

material embodiment;

[0172] Figure 31 is a schematic showing a multi-layered material accarding to a fifth

material embodiment;

[0173] Figure 32 is a schematic showing a multi-layered material according to a sixth

material embodiment;

[0174] Figure 33 is a schematic showing a multi-layered material according to a seventh

material embodiment;

[0175] Figure 34 is a schematic showing a multi-layered material according to an eighth

material embodiment;

[0176] Figure 35 is a schematic showing a multi-layered material according to a ninth

material embodiment;
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[0177] Figure 36 is a schematic showing a multi-layered material according to a tenth
material embodiment;
[0178] Figure 37 is a schematic showing a multi-layered material according to an eleventh
material embodiment;
[0179] Figure 38 is a schematic showing a multi-layered material according to a twelfth
material embodiment;
[0180] Figure 39 is a schematic showing a multi-layered material according to a thirteenth
material embodiment;
[0181] Figure 40 is a schematic showing a multi-layered material according to a fourteenth
material embodiment;
[0182] Figure 41 is a schematic showing a multi-layered material according to a fifteenth
material embodiment;
[0183] Figure 42 is a schematic showing a multi-layered material according to a sixteenth
material embodiment;
[0184] Figure 43 is a schematic showing a multi-layered material according to a
seventeenth material embodiment;
[0185] Figure 44 is a schematic showing a multi-layered material according to an
eighteenth material embodiment;
[0186] Figure 45 is a schematic showing a multi-layered material according to a first
material embodiment;
[0187] Figure 46 is a schematic cross section through material 100 of Figure 45

perpendicular to direction D, with applied layer and base layer extending into and the page of the
Figure 1B;

[0188] Figure 47 is a schematic showing a multi-layered material according to a second

material embodiment;

[0189] Figure 48 is a schematic cross section through material 200 of Figure 47
perpendicular to direction D, with applied layer and base layer and paper/cardboard/ natural solid
polymeric layer extending into and across the page of the Figure 48;

[0190] Figure 49 is a schematic showing a multi-layered material according to a third

material embodiment;
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[0191] Figure 50 is a schematic cross section through material 300 of Figure 49

perpendicular to direction D, with base layer and applied layer and natural fibore mesh layer
extending into and across the page of the Figure 50;

[0192] Figure 51 is a schematic showing a multi-layered material according to a fourth
material embodiment;

[0193] Figure 52 is a schematic cross section through material 300 of Figure 51
perpendicular to direction D, with base layer and applied layer and natural fibre filament layer
extending into and across the page of the Figure 52;

[0194] Figure 53 is a schematic showing a multi-layered material according to a fifth

material embodiment;

[0195] Figure 54 is a schematic cross section through material 300 of Figure 53
perpendicular to direction D, with base layer and applied layer and natural fibre film layer

extending into across the page of the Figure 54;

[0196] Figure 55 is a schematic showing a multi-layered material according to a sixth

material embodiment;

[0197] Figure 56 is a schematic cross section through material 300 of Figure 55
perpendicular to direction D, with base layer and applied layer and natural fibre film layer
extending into across the page of the Figure 56;

[0198] Figure 57 is a schematic showing a multi-layered material according to a seventh

material embodiment;

[0199] Figure 58 is a schematic showing a multi-layered material according to an eighth

material embodiment;

[0200] Figure 59 is a schematic showing a multi-layered material according to an ninth

material embodiment;

[0201] Figure 60 is a schematic showing a multi-layered material according to a tenth

material embodiment;

[0202] Figure 61 is a schematic showing a multi-layered material according to an eleventh

material embodiment;

[0203] Figure 62 is a schematic showing a multi-layered material according to an twelfth
material embodiment;

[0204] Figure 63 is a schematic showing a multi-layered material according to a thirteenth

material embodiment;
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[0205] Figure 64 is a schematic showing a multi-layered material according to a fourteenth
material embodiment;
[0206] Figure 65 is a schematic showing a multi-layered material according to a fifteenth
material embodiment;
[0207] Figure 66 is a schematic showing a multi-layered material according to a sixteenth
material embodiment;
[0208] Figure 67 is a schematic showing a multi-layered material according to a
seventeenth material embodiment;
[0209] Figure 68 is a schematic showing a mulii-layered material according to a
eighteenth material embodiment;
[0210] Figure 69 is a schematic showing a mulii-layered material according to a
nineteenth material embodiment;
[0211] Figure 70 is a schematic showing a multi-layered material according to a twentieth
material embodiment;
[0212] Figure 71 is a schematic of a process step according to a first method embodiment;
[0213] Figure 72 is a schematic of a process step according to a second method
embodiment;
[0214] Figure 73 is a schematic of a process step according to a third method
embodiment;
[0215] Figure 74 is a side view or plan view depicting an existing spiral winding machine;
[0216] Figure 75 illustrates a part of a spiral or other wound tube, showing the layers
thereof;
[0217] Figure 76 illustrates a schematic of a mandrel and spiral winding of the material

layers to form a tube similar to that of Figure 75, which utilises individual ones of layers 100, 200,
300, 400, 500, 500,600, 700, 800, 900, 1000, 1100, 1200, 1300, 1400, 1500, 1600, 1700, 1800,
1900;

[0218] Figure 77 illustrates a schematic cross section of a part of a spiral wound tube,
showing the layers used in a large diameter tube of the order of 1000mm to 2400mm and or long
length of tube, which utilises individual ones of layers 100, 200, 300, 400, 500, 500°,600, 700,
800, 900, 1000, 1100, 1200, 1300, 1400, 1500, 1600, 1700, 1800, 1900;

[0219] Figure 78 illustrates a schematic cross section of a part of a spiral wound tube,

showing the layers used in a small diameter tube of the order of 200mm to 1000mm and or short
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length of tube, which utilises individual ones of layers 100, 200, 300, 400, 500, 500°,600, 700,

800, 900, 1000, 1100, 1200, 1300, 1400, 1500, 1600, 1700, 1800, 1900;

[0220] Figure 78A illustrates a schematic of a mandrel and spiral winding of the material
layers to form a tube similar to that of Figure 75, which utilises individual ones of layers 2.10,
2.10.1, 2.100, 2.200, 2.300, 2.400, 2.500, 2.600, 2.700, 2.800, 2.900, 2.1000, 2.1100, 2.1200,
2.1300, 2.1400, 2.1500, 2.1600;

[0221] Figure 78B illustrates a schematic cross section of a part of a spiral wound tube,
showing the layers used in a large diameter tube of the order of 1000mm to 2400mm and or long
length of tube which utilises individual ones of layers 2.10, 2.10.1, 2.100, 2.200, 2.300, 2.400,
2.500, 2.600, 2.700, 2.800, 2.900, 2.1000, 2.1100, 2.1200, 2.1300, 2.1400, 2.1500, 2.1600;

[0222] Figure 78C illustrates a schematic cross section of a part of a spiral wound tube,
showing the layers used in a small diameter tube of the order of 200mm to 1000mm and or short
length of tube which utilises individual ones of layers 2.10, 2.10.1, 2.100, 2.200, 2.300, 2.400,
2.500, 2.600, 2.700, 2.800, 2.900, 2.1000, 2.1100, 2.1200, 2.1300, 2.1400, 2.1500, 2.1600;

[0223] Figure 79 illustrates a schematic plan view of a film having rectangular apertures

or perforations of elongate shape aligned with the roll direction of the film;

[0224] Figure 80 illustrates schematic plan view of another film having rectangular
apertures or perforations where rows and columns are offset but all are of elongate shape aligned

with the roll direction of the film;

[0225] Figure 81 illustrates a schematic plan view of another film where elongated
apertures are present in offset rows and columns with the elongate shape aligned at ninety
degrees to the roll direction of the film;

[0226] Figure 82 illustrates a schematic plan view of a film having circular apertures or
perforations in rows and columns along the length of the film;

[0227] Figure 83 illustrates a schematic plan view of a film having hexagonal apertures or
perforations in rows and columns along the length of the film;

[0228] Figure 84 illustrates a diametric cross section through a rotating knife or blade with
a flat or blunt engaging edge to score or scribe the film layer;

[0229] Figure 85 illustrates a diametric cross section through a rotating knife or blade with

a rounded engaging edge to score or scribe the film layer;

[0230] Figure 86 illustrates a diametric cross section through a rotating knife or blade with
a double flat or blunt engaging edge to apply two scores or scribes simultaneously to the film
layer;
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[0231] Figure 87 illustrates a schematic front view of an assembly of rotating knives or

blade for scoring or scribing the upper surface of the film layer;

[0232] Figure 88 illustrates a side view of the arrangement of the components of Figure
29;
[0233] Figure 89 illustrates a schematic front view of an assembly of rotating knives or

blade for scoring or scribing the lower surface of the film layer;

[0234] Figure 90 illustrates a side view of the arrangement of the components of Figure
31;
[0235] Figure 91 illustrates a side view of a process step where the film layer is scored or

scribed prior to assembly with a paper, cardboard or polymer layer;

[0236] Figure 92 illustrates a side view of a process step where the film layer is scored or
scribed after assembly with a paper, cardboard or polymer layer;

[0237] Figure 93 illustrates a schematic front view of an arrangement of knives to score
or scribe the upper and lower surfaces of a film layer;

[0238] Figure 94 illustrates a schematic front view of an alternative arrangement of knives
to score or scribe the upper and lower surfaces of a film layer;

[0239] Figure 95 illustrates a schematic side view of film layer with embossed or debossed

of shapes, having a plan view similar to Figure 79 or 80;

[0240] Figure 96 illustrates a schematic side view of film layer with embossed or debossed

of shapes, having a plan view similar to Figure 81, 82 or 82;

[0241] Figure 97 illustrates an exaggerated schematic front or rear end view of a film layer
which has been scored or scribed by a V-shaped rotating knife on its underside;

[0242] Figure 98 illustrates an exaggerated schematic front or rear end view of a film layer
which has been scored or scribed by a truncated v-shaped rotating knife such as in Figure 84, on
its upper side;

[0243] Figure 99 illustrates an exaggerated schematic front or rear end view of a film layer
which has been scored or scribed by a truncated rounded end rotating knife such as in Figure 85
on its upper side;

[0244] Figure 100 illustrates an exaggerated schematic front or rear end view of a film
layer which has been scored or scribed by a double v-shaped rotating knife such as in Figure 86
on its upper side;
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[0245] Figure 101 illustrates an exaggerated schematic front or rear end view of a film

layer which has been scored or scribed by opposed and aligned truncated v-shaped rotating
knives such as in Figure 84 and 93, simultaneously on its upper and lower sides;

[0246] Figure 102 illustrates an exaggerated schematic front or rear end view of a film
layer which has been scored or scribed by opposed and offset truncated v-shaped rotating knives
such as in Figure 84 and 94, simultaneously on its upper and lower sides;

[0247] Figure 103 illustrates an enlarged view of a portion of the components and
arrangement of Figures 87, 89 and 93; and

[0248] Figure 104 illustrates an enlarged view of a portion of the components and

arrangement of Figure 94.
Detailed description of the embodiment or embodiments of invention 1

[0249] In general terms, the invention and embodiments as illustrated in Figure 1 to 22,
is a method of making a paper product 10, 10.01, 10.02, 10.03, 10.04, 10.05, 10.06, 10.07, 10.08,
10.09, 10.11, 10.12, 10.13 and 10.14 wherein the method includes the step of adding natural
reinforcing material 31, 31.1, 51, 51.1, 61, 61.1, 71, 71.1 to one of: a) a layer of pulp as it exits or
after it exits from a layer formation process or apparatus; or b) a tank 20, 20.1, 20.2 of pulp 23
prior to it exiting exits from a layer formation process or apparatus as a layer 21, 21.1, 21.2; or ¢)

a combination of a) and b).

[0250] The pulp making process used can be any known to those skilled in the art, but
preferably the most environmentally friendly pulp making process is used, as will be known by
those skilled in the pulp making art.

[0251] Preferably the pulp used is any appropriate paper making pulp including or sourced
from wood, fibre crops, waste paper, or rags or a combination of these.

[0252] In the machines and processes of Figures 2, 3,5, 6, 7,9, 11, 12, 14, 16, 17, 19,
21, and 22, the pulp layering process utilised and or paper making process utilised and or layering
apparatus utilised and or paper making apparatus utilised can be any known by those skilled in
the art, with hoppers 30, 30.1 and roll mechanisms 50, 50.1 and 60, 60.1 and 70 70.1 are sized
and controlled to suit the machinery and processes utilised.

[0253] The natural reinforcing material 31, 31.1, 51, 51.1, 61, 61.1, 71, 71.1 is comprised
of natural fibres, which are one of or a combination of two or more of: hemp, jute, bamboo, kabuya,
kenaf, ramie, sisal, or other appropriate natural fibre.

[0254] In the system and method of Figures 2, 3, 5, 6 and 7 the natural fibres 31 and 31.1

are such that their orientation is not predetermined. Whereas, in the systems and methods of
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Figures 9, 11,12, 14, 16, 17, 19, 21, and 22, the natural fiores 51, 51.1, 61, 61.1, 71, 71.1 have

their orientation predetermined, whether in filament form, film form or woven form.

[0255] The fibres when oriented are preferably at an angle to the direction of movement
of the pulp layer and this angle is in a range from parallel to said direction to 90 degrees to said
direction..

[0256] The natural reinforcing materials utilised can be of a length which is not
predetermined, that is, in the products and systems of Figures 1 to 7, they can be one or more
than one of the following: random or of non pre-set length; uniform length; all the same length
where the fibres are first passed through a sizing process; a mixture of pre-set lengths; a range
of pre-set lengths.

[0257] The range of lengths for the fibres 31 utilised will depend upon the application for,
design of, strength characteristic or other material property characteristic requirements of the
paper product being produced. The length of fibre is expected to be of the order to 2 to 25mm
and up to 50 mm in length when these are being added by means of a hopper 30. It may be that
the operation and characteristics of the hopper 30 may dictate a fibre length to ensure the optimal
operation of the hopper and fibre metering systems used relative to the rate of flow of the pulp 21
passing under the hopper 30. In the case of the filaments the natural fibres are spun into
continuous lengths and in the case of the mesh reinforcing natural fibre, these are filaments which
are woven into the layer to be added to the pulp layer.

[0258] In the case of the embodiment of Figures 8 to12, the natural reinforcing material is
in the form of a film, such as those fiims produced from microfibrillated natural fibres such as
wood pulp fibres, cotton fibres, tunicin cellulose, chitosan, silk fibres and collagen which had been
developed in the 1990s by a super-grinding method.

[0259] In the case of the embodiment of Figures 13 to 17, the natural reinforcing material
is a filament or filament layer, with the filaments being made from spun natural fiores. These can
be individually wound onto reels or rolls 60, and unwound for adding to a layer of pulp.
Alternatively, they can be enveloped in, or temporarily attached to, a film or natural fibre film
whereby they are deployed within the film or they are separated from the film as they are brought
into contact with the pulp layer 21, 21.1.

[0260] In the case of the embodiment of Figures 18 to 22, the natural reinforcing material

is a mesh or woven layer, and can for example be such a layer made from hessian.

[0261] In each of the method and system embodiments of Figures 5,6, 7, 11, 12, 16, 17,
21, 22, and 23 a second or subsequent layer of pulp such as 21.1 or 21.2 is added over the
natural fibre reinforcing layer.
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[0262] While in the embodiments of Figures 1 and 2 produce a product 10 where the

natural fibre reinforcing layer 31 is the last layer added. Whereas in the rest of the embodiments,
the last layer of natural fibre reinforcing is overlayed by final pulp layer such as 21.1 or 21.2.
However, if desired, it will be understood that a multi pulp layer product can be produced which
has one or more layers of natural reinforcing fibre sandwiched between the pulp layers and which
finishes with a final layer of natural fibre reinforcing.

[0263] It will also be understood that any number of alternate layers of pulp and natural
reinforcing fibres can be applied to construct a desired paper product. It will also be understood
that depending upon the application and characteristics, multiple layers of pulp may be applied
before a layer of natural reinforcing fibres is applied.

[0264] lllustrated in Figure 1 is a paper material or product 10, having a pulp layer 21 and
natural fibre reinforcing layer 31, which is made by the processes of Figures 2 or 3. In the Figure
2 embodiment the process is begun by producing a pulp 23 which is generally held in a tank 20,
for feeding to the layer forming apparatus and ejecting a pulp layer 21 from the apparatus.
Downstream of the layer forming apparatus associated with the tank 20, a hopper 30 and
associated metering system (not illustrated) holds a supply of natural reinforcing fibres 33, which
are fed to and deposited on the pulp layer 21 to produce the natural fibre reinforcing layer 21.
This is then fed, as in pre-existing paper making machines, to a series of rollers 40 which apply
pressure as required to produce the desired paper product, and a subsequent dewatering process
{(not illustrated) as is normal in such paper making processes.

[0265] The thickness of the pulp layer 21 and the natural fibre reinforcing 31 will be
determined by the product 10 to be produced and its application.

[0266] Whereas in the embodiment of Figure 3, a paper material or product 10.01 is
formed by the natural reinforcing fibres 33 being added to pulp 23 by either being pre-mixed in a
desired ratio, or added together to the tank 20 and mixed therein. The layer forming process then
gjects a combined pulp and reinforcing layer 21, 31 which subsequently passes through rollers
40 and a dewatering process to produce product 10.01.

[0267] The embodiment of Figure 4 is a paper material or product 10.02 which is similar
to the product 10 in that it has a lower pulp layer 21 an intermediate natural fibre reinforcing layer
31 and an upper pulp layer 21.1. This is made by the process of Figure 5, which is similar to that
of Figure 2 except that downstream of the hopper 30 is another tank or hopper 20.1 holding pulp
23 and has an associated layer forming apparatus to add an additional layer 21.1 to produce the
product 10.02.

[0268] Whereas in the embodiment of Figure 6, a product 10.03 is produced, which is
similar to product 10.01, and made by a similar process to that in Figure 3, except that a
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downstream tank or hopper 20.1 holding pulp 23 with an associated layer forming apparatus adds

an additional layer 21.1 to produce the product 10.03.

[0269] lllustrated in the embodiment of Figure 7 the process is similar to that of Figure 5,
except that downstream of the hopper or tank 20.1 there is first located hopper 30.1 with natural
fibre reinforcing fibres 33 which are deposited to the layer 21.1 via a metering and layer producing
apparatus (not illustrated) which produces a reinforcing layer 31.1. Downstream of the layer 31.1
is added a third pulp layer 21.2 which is added by hopper or tank 20.2 which holds pulp 23, to
produce the final product 10.04.

[0270] lllustrated in Figure 8 is a paper material or product 10.05 which is comprised of a
pulp layer 21 with a natural fibre reinforcing film layer 51. The film layer 51 can be of the sort
produced from microfibrillated natural fibres such as wood pulp fibres, cotton fibres, tunicin
cellulose, chitosan, silk fibres and collagen which had been developed in the 1990s by a super-
grinding method. As illustrated in Figure 9 the film 51 is rolled on a reel or roll 50 and applies to
the pulp layer 21 which exits the tank 20, and is bonded or otherwise compressed to the layer 21
by rollers 40 to produce the product 10.05.

[0271] llustrated in Figure 10 is another paper material or product 10.06 which is similar
to the product 10.05 of Figure 8, except that a second layer of pulp 21.1 is applied by the process
of Figure 11 to the film layer 51. As is shown in Figure 11, this is done by a tank or hopper 20.1
downstream of the film layer 51 and associated layer making apparatus to deposit the pulp layer
21.1 thereby resulting in the product 10.06.

[0272] lllustrated in Figure 12 is a process to produce a product 10.07 which is similar to
the product 10.06 ), and produced by a process similar to that of Figure 11, except that another
natural fibre reinforcing film layer 51.1 is added from roller or reel 50.1 downstream of the tank
or hopper 20.1. Subsequently, another pulp layer 21.2 is added from hopper or tank 20.2 which
holds pulp 23, and this then feeds to further rollers to finally produce the paper material or product
10.07.

[0273] Another embodiment of a paper material or product 10.08 is illustrated in Figure
13 which has a lower pulp layer 21 with an upper layer 61 of natural fibre reinforcing in the form
of filaments. The paper material or product 10.08 is produced by the method of Figure 14, where
a reel or roll 60, which comprises a multiple of filaments individually wound on the reel or roll 60.
Alternatively the reel or roll 60 can be made up of a composite of multiple reels, so as to dispense
the filaments 61 to the pulp layer 21. Ancther alternative is that the filaments 61 are enveloped in
a film layer or attached to a film layer which in turn is wound onto a reel, and as the filaments are
dispensed, the film layer can be removed. The filament layer 61 is added downstream of the tank
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20, and passes through rollers 40 and on to a dewatering process to produce the paper material

or product 10.08.

[0274] lllustrated in Figure 15 is another paper material or product 10.09 which is similar
to the product 10.08 of Figure 13, except that a second layer of pulp 21.1 is applied to the film
layer 61 by process of Figure 16 which is the process of Figure 14 which is extended to add
another pulp layer. As is shown in Figure 16, this is done by a tank or hopper 20.1 downstream
of the point of addition of the filament layer 61 and associated layer making apparatus, to deposit
the pulp layer 21.1 thereby resulting in the product 10.08.

[0275] lllustrated in Figure 17 is a process to produce a product 10.10 which is similar to
the product 10.09, and produced by a process similar to that of Figure 16, except that another
natural fibre reinforcing filament layer 61.1 is added from roller or reel 60.1 downstream of the
tank or hopper 20.1. Subsequently, another pulp layer 21.2 is added from hopper or tank 20.2
which holds pulp 23, and this then feeds to further rollers to finally produce the paper material or
product 10.10.

[0276] Another embodiment of a paper material or product 10.11 is illustrated in Figure
18 which has a lower pulp layer 21 with an upper layer 71 of natural fibre reinforcing in the form
of a mesh or a woven layer which is woven from natural fibre filaments. The paper material or
product 10.11 is produced by the method of Figure 19, where a reel or roll 70 deposits layer 71
downstream of the tank 20, and passes through rollers 40 and on to a dewatering process to
produce the paper material or product 10.11.

[0277] llustrated in Figure 20 is another paper material or product 10.12 which is similar
to the product 10.11 of Figure 18, except that a second layer of pulp 21.1 is applied to the mesh
layer 71 by process of Figure 21 which is the process of Figure 19 which is extended to add
another pulp layer. As is shown in Figure 21, this is done by a tank or hopper 20.1 downstream
of the point of addition of the mesh layer 71 and associated layer making apparatus, to deposit
the pulp layer 21.1 thereby resulting in the product 10.12.

[0278] lllustrated in Figure 22 is a process to produce a product 10.13 which is similar to
the product 10.12, and produced by a process similar to that of Figure 21, except that another
natural fibre reinforcing mesh layer 71.1 is added from roller or reel 70.1 downstream of the tank
or hopper 20.1. Subsequently, another pulp layer 21.2 is added from hopper or tank 20.2 which
holds pulp 23, and this then feeds to further rollers to finally produce the paper material or product
10.13.

[0279] lllustrated in Figure 23 is a hybrid process of the processes described above. The
above forms of natural reinforcing elements can be combined in different layers of the same

product, such as is the case of paper material or product 10.14 in Figure 23. Once the pulp layer
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21 is formed a layer 71 of woven or mesh formed natural fibres is applied, then a second layer of

pulp 21.1 applied, a second natural reinforcing material layer 61 in filament form is applied, before
finally applying another layer of pulp 21.2. This just one example of the possible combinations
able to be performed. Other combinations can include as one being a layer of natural fibres 31
and the other being in filament form 61; or one being a layer of natural fibres 31 and the other
being in film form 51; or one being a layer of natural fibres 31 and the other being in woven or
mesh form 71; or one being a layer of natural fibres 31 and the other being in a shredded filament
form; or one being a layer in flament form 61 and the other being in film form 51; or one being a
layer in filament form 61 and the other being in woven or mesh form 71 as in Figure 23; or one
being a layer in filament form 61 and the other being in a shredded filament form; or one being a
layer in film form 51 and the other being in woven or mesh form 71; or one being a layer in film
form 51 and the other being in a shredded filament form; or one being a layer in woven or mesh
form 71 and the other being in a shredded filament form; or an combination of the forms if more

than two layers of natural reinforcing material.

[0280] Thus by the methods described above a paper material or product 10, 10.01,
10.02, 10.03, 10.04, 10.05, 10.06, 10.07, 10.08, 10.09, 10.10, 10.11, 10.12, 10.13 and 10.14 is
produced. Generally and broadly the paper material or product can be described as having either
a mixture of pulp 23 and natural fibre reinforcement 33, or be comprised of a pulp layer 21 and a
natural fibre reinforcement layer 31. Additional pulp layers 21.1 can be added and or alternating
layers of pulp 21, 21.1 and natural fibre reinforcement 31, 31.1, 51, 51.1, 61, 61.1, 71, 71.1 can

be added to construct the paper material or product to the desired characteristics.

[0281] The paper material or product 10, 10.01, 10.02, 10.03, 10.04, 10.05, 10.06, 10.07,
10.08, 10.09, 10.10, 10.11, 10.12, 10.13 and 10.14 can be used for any purpose that paper
material is used for such as packaging, bags, wrapping paper, special wrapping paper, mining
pipes, special mining pipes, tubes, tubes for formwork and many others, including for use in
manufacturing the materials as described with respect to Figures 24 to 44 and the materials as
described with respect to Figures 45 to 104 below, where a paper or cardboard layer are

indicated.

[0282] While the above description illustrates embodiments which contain exclusively
one type of natural reinforcing material being added such as in Figures 1 to 7 and related
description which has it in the form of natural fibres, or natural fibre film as in Figures 8 to 12; or
natural fibre reinforcing filament as in Figures 13 to 17; or woven or mesh layers of natural fibre
reinforcement as in Figures 18 to 22, it will be readily understood, that combinations of these can
be readily put into production, for example, a paper material of product having a reinforcing layer
which is a combination of two or more of layers 31, 51, 61, 71; or which has layers which alternate
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between the reinforcing types e.g. 31 and 51; or 31 and 61, or 31 and 71, or 51 and 61, or 51 and

71, 0r 61 and 71, or multiple alternating layers of different types.

[0283] In this regard, the film 51 of Figures 8 to 12 is added from a roll 50 and or 50.1, as
are the filaments 61 from rolls 60 and the woven or mesh layer 71 from rolls 70. However it is
readily envisaged that the fiim 51, filaments 61 and mesh 71 could be first chopped or shredded
or comminuted into either random or non-preset lengths or chards or discrete pieces of set length
and width and or thickness or shapes, and these can then be added to the pulp and or pulp layers
in the same manner as natural reinforcing fibres are added as in Figures 1 to 7 to also produce a
paper material or product.

[0284] While natural reinforcing materials described above have specific shapes such a
mesh, or fibres or filaments, it will be understood that the natural reinforcing material can be
supplied in any appropriate shape for adding to the pulp layer 21 or mixed in with the pulp material
23 in the tank or hopper 20.

[0285] In each of the systems described above in respect of Figures 1 to 23, the natural
reinforcing material 31, 31.1, 51, 51.1, 61, 61.1, 71, 71.1 is added in a dry state to the layer 21 of
pulp 23, or mixed in with the pulp 23 in the tank or hopper. However, it will be understood that it
can be added in a wet state if appropriate. The wet state and or dry state of the natural reinforcing
material 31, 31.1, 51, 51.1, 61, 61.1, 71, 71.1 can be varied according to a number of factors
including material characteristics of the paper product or material to be produced and the
downstream paper making processes to be performed, such as dewatering steps etc.

Detailed description of the embodiment or embodiments of invention 2

[0286] As illustrated in Figure 24 there is disclosed an improved multi-layered
construction for a multi-layered material 2.10. As shown in Figure 24 and 25, and in general terms,
the multi-layered sheet material 2.10 includes at least a layer of paper (or cardboard- from this
point forward including the claims the word “paper” includes “cardboard” and vica versa) or
polymeric material 2.15 (which may be, or not be, a compostable and or biodegradable polymer).
For ease of reference, this layer will be referred to as a paper layer, but it should be understood
that it can be replaced with a cardboard or polymeric layer. The paper layer 2.15 is bonded to at
least one solid polymeric non-metallic non-woven film strength layer 2.20 (hereinafter “film layer
2.20” or “film layers 2.20”), which is a single full width film layer 2.20 having strength
characteristics in the plane of the layer and in the roll direction D. Between the film layer 2.20 and
paper layer 2.15 is a layer of adhesive 2.23 such as a polymer adhesive layer, as illustrated in
Figure 25. The layer 2.23 can be replaced by other bonding methods such as sonic welding where
the layer 2.15 is a polymer layer and the film layer 2.20 is a compatible polymeric film layer.
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[0287] The material 2.10 of Figures 24 and 25 is considered to be a single ply material in

that only a single paper or polymeric layer 2.15 is present. It will be noted that a layer 2.25" is
present in Figure 24 which has a broken line outer frame which is used to denote that a coating
layer 2.25" can be applied to form an outer layer of the material 2.10, and which can be applied
to the film layer 2.20, or for that matter the paper or polymeric layer 2.15. The coating layer 2.25’
can be of a thickness of the order of about 40 to 45 pm. The coating layer 2.25 can be
pol666ypropylene, polyethylene, or a polypropylene and polyethylene blend, or another polymer
variant. The coating layer 2.25’ can be a coloured coating. Also, the coating layer 2.25 can be
hydrophobic or hydrophilic, depending on the application and intended use of the multi-layered

material 2.10.

[0288] In the embodiment of multi-layer material 2.10 described in the previous two
paragraphs, the material 2.10 and products made from it may not be biodegradable and or
compostable and or recyclable, but may be reusable. However, in another embodiment the multi-
layer material 2.10 is a product or is used to make a product, which is biodegradable and or
compostable and or recyclable and or reusable, by the material 2.10 being made from a layer
2.15 of paper or cardboard which are themselves biodegradable and or compostable and or
recyclable or a polymeric or natural polymer material is chosen which has the same qualities. The
at least one film layer 2.20 and the adhesive layer 2.23 are also chosen so as to be biodegradable

and or compostable and or recyclable.

[0289] llustrated in Figure 25.1 is a multilayer material 2.10”, which can be utilised as a
liner or lining material, or put to any application for which it is suitable, for example concrete
finishes, a sisalation for roofing, etc. It is made from an upper layer of material 2.10 of Figures 24
and 25, and a similar material 2.10° where the film layer 2.20’ is another film layer and or an
insulative material layer. The layers 2.20 and 2.20’ are joined to respective paper or cardboard
layers 2.15 by respective adhesive or adhesive membrane or liquid polymer layers 2.23. Finally,
the paper or cardboard layers 2.15 are joined by an adhesive or adhesive membrane or liquid
polymer layer 2.23’ to finish the final assembly of the multilayer material 2.10”. If the multilayer
material 2.10” or the product or liner made from it, is to be biodegradable and or compostable
and or recyclable and or reusable, then film layers 2.20 and 2.20’ are made from materials which
are biodegradable and or compostable and or recyclable such as films produced from
microfibrillated natural fibres such as wool fibres, wood pulp fibres, cotton fibres, tunicin cellulose,
chitosan, silk fibres and collagen. Such natural fibre films act as a natural insulative material to
differing levels depending upon the layer thickness and layer material, where the application or
end use would call for this. Alternatively, the insulative film layer 2.20’ can be replaced by a paper
or carboard based insulative layer to perform the insulation functions, as paper or cardboard is
biodegradable and or compostable and or recyclable. It will be understood that the adhesive or
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membrane or liquid polymer layers 2.23 which bind the film layer, insulation layer and cardboard

layers together, are also selected from those which are biodegradable and or compostable and
or recyclable, as described below.

[0290] Whereas if the multilayer 2.10” is not required to be biodegradable and or
compostable and or recyclable and or reusable, then film layers 2.20 and 2.20’ can be made from
materials such as chemical based films as the film layer 2.20 whereas the insulative layer 2.20’
can be made from metallised polyester, polystyrene foam, polyurethane foam, aluminium foil lined
plastics, and the respective adhesive or membrane or liquid polymer layers 2.23, 2.23 can be
selected from chemical based adhesives, membranes and polymers.

[0291] In respect of the material 2.10” of Figure 25.1, if desired, or if called for by the
application to which it is to be put, then a proportion of the layers utilised can be biodegradable
and or compostable and or recyclable and or reusable, whereas other layers need not be so. This
however, may make the material on the whole not biodegradable and or not compostable and or
not recyclable and or not reusable.

[0292] A two-ply material 2.10.1 is illustrated in Figures 26 and 27 is produced by means
of the material 2.10, to which a second paper or polymeric layer 25 is added, in a subsequent
bonding step, or layers 2.15 and 25 are simultaneously bonded to the film layer 2.20 in the
manufacturing process. As in the material 2.10 of Figure 24 and 25, there can be layers 2.23 of
adhesive such as polymer-based adhesives, between the respective paper layers 25 and 2.15
and the film layer 2.20, as best illustrated in Figure 27. If the layer 25 is a paper or cardboard or
polymeric layer 25, then the liquid or melted polymer layer 2.23 represented with a broken line
frame will be present. Alternatively, the paper/cardboard/polymeric layer 25 can instead be a
coating layer 2.25 of a coating, for example of about 40 to 45 um in thickness. The coating layer
2.25’ can be polypropylene, polyethylene, or a polypropylene and polyethylene blend, or another
polymer variant. The coating layer 2.25 can be a coloured coating. Also, the coating layer 2.25'
can be hydrophobic or hydrophilic, depending on the application and intended use of the multi-
layered material. In the case of a coating layer 2.25° being present instead of a
paper/cardboard/polymeric layer 25, then the liquid or melted polymer layer 2.23 represented with

a broken line frame will not be used or present.

[0293] As is described below, further layers can be added to form other variations as
depicted in Figures 28 to 44. The film layer 2.20 can be made from a variety of materials, such as
polyester, polypropylene, polyethylene, other polymer variant, or a blend of different polymeric
materials if the characteristics of compostable and or biodegradable and or recyclable and or

reusable is or are not required.
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[0294] Several embodiments are illustrated in the accompanying Figures 24 to 43. The

different embodiments can be used for constructing tubing or formwork of different tensile
strengths, thicknesses, and weights. In the embodiments depicted in Figures 24 to 43, film layers
2.20 are used as the strength layers.

[0295] Figure 28 depicts an embodiment of a multi-layered material 2.100. The multi-
layered material 2.100 includes a layer of paper or cardboard 2.15, and a film layer 2.20. The film
layer 2.20 is applied, adhered or bonded directly to the adjacent polymeric or paper or cardboard
layers 25. In respect of the embodiment illustrated in Figure 28 preferably the cardboard layer
2.15 is made of paper, such as Kraft paper, preferably of at least 20 grams per square metre
{(GSM). The film layer 2.20 can be made of materials which include polymers such as polyester,
polypropylene, polyethylene, or another polymeric variant such as a blended material, or
combinations of these materials. A specific example of such films are those made of 100%
polypropylene, whether virgin or recycled, having a thickness of approx. 0.04mm to 0.15mm,
having a tensile strength of greater than or equal to 45N in the roll direction, and an elongation of
less than or equal to 30%.

[0296] When the film layer 2.20 and the material 2.100, and a product made from it, is to
be biodegradable and or compostable and or recyclable and or reusable, then the film layer 2.20
can be provided from those films which will give this result. For example, fiims produced from
microfibrillated natural fibres such as wood pulp fibres, cotton fibres, tunicin cellulose, chitosan,
silk fibres and collagen which had been developed in the 1990s by a super-grinding method. An
advantage of such natural fibre films is that they can also act as a natural insulative material,
where the application or end use would call for this.

[0297] As illustrated in Figure 28 and 29, there is also another layer 2.115 located
between the cardboard layer 2.15 and the film layer 2.20, being a coating or adhesive layer 2.115
which bonds the layers 2.15 and film layer 2.20 together. The adhesive coating layer 2.115 can
be made by various resins, such as polymer resins, water or solvent based adhesives which can
be heat activated, or heat activated various polymers, or a resin or adhesive can be used which
creates a sealing bond to give the tube a hydrophobic property. As an example, the coating layer
2.115 which is located between the cardboard layer 2.15 and the film layer 2.20 can be about 30
to 40 pum in thickness.

[0298] The film layer 2.20 of Figure 28 is described above as being bonded to layer 25
which consists of paper or polymer or cardboard, however this can instead be a layer 2.25’ of a
coating, for example about 40 to 45 um in thickness. The coating layer 2.25” can be polypropylene,
polyethylene, or a polypropylene and polyethylene blend, or another polymer variant. The coating
layer 2.25" can be a coloured coating. Also, the coating layer 2.25 can be hydrophobic or
hydrophilic, depending on the application and intended use of the multi-layered material.
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[0299] In respect of Figure 28, if the layer 25 is a paper or cardboard or polymeric layer

25, then the liquid or melted polymer layer 2.23 represented with a broken line frame will be
present. Alternatively, the paper/cardboard/polymeric layer 25 can instead be a coating layer 2.25’
of a coating, for example of about 40 to 45 um in thickness. The coating layer 2.25 can be
polypropylene, polyethylene, or a polypropylene and polyethylene blend, or another polymer
variant. The coating layer 2.25’ can be a coloured coating. Also, the coating layer 2.25 can be
hydrophobic or hydrophilic, depending on the application and intended use of the multi-layered
material. In the case of a coating layer 2.25’ being present instead of a paper/cardboard/polymeric
layer 25, then the liquid or melted polymer layer 2.23 represented with a broken line frame will

not be used or present.

[0300] As an example, a multi-layered material 2.100 as discussed above can have a
nominal thickness of about 0.30mm to 0.40mm, and a mass of around 235 GSM. Initially, the
multi-layered material 2.100 thus constructed can be formed into widths of approximately 2.4
metres, and formed into another roll, which can be cut or slit and rewound to desired lengths and
widths. A preferred roll about 152 to 175 mm in width, and 1000m or more in length, can be used
with existing spiral winding machines, to form a spiral wound tubing of any appropriate internal
diameter, for concrete formwork. Typical diameters range between 250mm and 2000mm. If a
paper layer 2.15 or 25 of about 105GSM is used, the resulting tubing having two layers of the
sheet material 2.100 and two alternating layers of Kraft paper, is expected to have a burst strength

in a radial direction of the tubing of about 700 KPa or higher.

[0301] The coating layer 2.25' can have a bonding function, or not, as the case may be
depending upon the application or use of the material 2.100. Where it has the same or a similar
composition and function as the other coating layer 2.115, it enables further layers to be bonded
to the multi-layered material 2.100. Therefore, the multi-layered material 2.100 depicted in Figure
28 can be considered a base upon which other embodiments can be constructed, or from which
variants are made. Exemplary embodiments are shown in Figures 30 to 44. Of course, as

mentioned above, the layers can be bonded in other ways, such as by roll bonding.

[0302] Thus the basic sheet material can be considered to be a film layer 2.20, which is
bonded to a paper, cardboard or polymeric layer 2.15 in the case of material 2.10 as in Figures
24 and 25; or a film layer 2.20, which is bonded to two paper, cardboard or polymeric layers 2.15
and 25 in the case of material 2.10.1 as in Figures 26 and 27; or a film layer 2.20 adhered to
paper, cardboard or polymeric layers 2.15 and 25 via an adhesive layer 2.115 in the case of
material 2.100 as in Figures 28 and 29.

[0303] As shown in Figure 30, the multi-layered material 2.200 includes a multi-layered
material 2.100 of Figure 28 and further includes a paper or cardboard layer 2.15 that are bonded
together. The provision of Kraft paper layers 2.15 on both sides of the overall material 200
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increases the strength, thickness, rigidity of the material 2.200 compared to the multi-layered

material 2.100 of Figure 28. Tensile and burst pressures of the material 2.200 are also increased
when the material 2.200 is used as e.g. a construction formwork tube.

[0304] As an example, a multi-layered material 2.200 as depicted in Figure 30, given Kraft
paper of about 105 GSM is used, can have a nominal thickness of about 0.45 mm, and a mass
of around 340 GSM. The multi-layered material 2.200 thus constructed can be formed into widths
of approximately 2.4 metres, and formed into another roll, which can be cut or slit and rewound
to desired lengths and widths. The resulting roll can be about 152 to 175 mm in width, and 1000
metres or more in length. The roll can then be spiral wound using existing spiral winding machines
into tubing of any appropriate internal diameter, for concrete formwork. The resulting tubing is
expected to have a burst strength of 1080 KPa or higher.

[0305] Figure 31 depicts a further embodiment. The multi-layered material 200 of Figure
30 is further modified by adding layers of polymer blend coating 305, 310, one on either side of
the multilayered material 2.200. The polymer blend coating layers 305, 310 can be water resistant
(i.e. hydrophobic), so that the resulting multi-layered material 2.300 can act as a moisture barrier.
The moisture barrier function of multi-layered material 2.300 can be useful in construction, or in

other situations where moisture poses a threat to the finished product.

[0306] The multi-layered material 2.400 depicted in Figure 32 is similar to the multi-
layered material 2.300 depicted in Figure 31. The difference between the two materials 2.400 and
2.300 is that the multi-layered material 2.400 shown in Figure 32 adds only one film or polymer
blend coating layer 405 on one side of the multi-layered material 2.200 shown in Figure 30. Other
multi-layered materials, or simply another film layer 2.20, can then be bonded to the multi-layered
material 2.400 where further strength and thickness in the overall material is required.

[0307] The multi-layered material 2.500 depicted in Figure 33 is constructed by adding a
waterproof adhesive film 505 which bonds another paper or cardboard layer 510 to the paper or
cardboard layer 2.15 of the basic multi-layered material 2.100. Another single layer or multi-
layered material can be bonded to the paper or cardboard layer 510 to create the desired
outcome. The multi-layered material 2.500 can be used in different applications, e.g. to form spiral

wound tubes.

[0308] The cardboard, Kraft paper, or polymeric layers 25, 505 or 510 assist with later
bonding of the multi-layered material into spiral wound tubes, by either adhesive or other bonding
means.

[0309] The multi-layered material 2.600 depicted in Figure 34 is similar to the multi-

layered material 2.500 depicted in Figure 33. The difference is that the second paper or cardboard
layer 605 is bonded to the paper layer 25 of the basic multi-layered material 2.100 via a coating
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layer 610. The coating layer 610 can be the same as, or similar to, the coating layer 2.25’

described as being present in the multi-layered material 2.100 described in relation to Figure 28,
but will have adhesive, resin, or a solvent, etc., to enable the bonding between the paper layers
605, and 2.15.

[0310] The multi-layered material 2.700 depicted in Figure 35 adds a film or polymer blend
coating 705 to the paper layer 25 or coating 2.25° of the multi-layered material 2.100 shown in
Figure 28. Further layers or variants of the multi-layered material can be added if desired.

[0311] The multi-layered material 2.800 depicted in Figure 36 adds a further film layer
2.20 sandwiched between two coating layers 810, 815, to the paper layer 25, or coating layer
2.25’ of the multi-layered material 2.100 shown in Figure 28. Again, the coating layer 815 closest
to the paper layer 25 needs to be able to bond to the paper layer 25 or coating layer 2.25'.

[0312] The multi-layered material 2.900 depicted in Figure 37 combines the material
2.100 shown in Figure 28 to the material 2.800 depicted in Figure 36.

[0313] The multi-layered materials 2.800, 2.900 depicted in Figures 36 and 37 have two
and three film layers 2.20, respectively. This increases the tensile and burst pressures of the
materials 2.800, 2.900. The materials 2.800, 2.900 are suitable as moisture barrier or heavy-duty

canstruction liner.

[0314] The multi-layered material 2.1000 depicted in Figure 38 combines two of the multi-
layered materials 2.100 shown in Figure 28, one on either side of three centre layers. The three
centre layers include a coating layer 2.115, a film layer 2.20, and another paper layer 2.15. This
variant can further be bonded to another variant combination, as it has a Kraft paper as an outer
layer. Doing so can substantially increase the overall tensile strength, burst pressure, and rigidity

in the finished product.

[0315] The multi-layered material 2.1100 depicted in Figure 39 can be considered as
being based on the multi-layered material 2.500 shown in Figure 33. A film or polymer blend
coating 1105 is added to the end paper layer 510 of the multi-layered material 2.500. On the other
side of the multi-layered material 2.500, two paper layers 1110, 1115 which are bonded by a
coating layer 1120 capable of bonding the two paper layers 1110, 1115, are added. The outermost
of the twa paper layers 1110 is further coated with a film or polymer blend coating 1125. This
variant 2.1100 in effect adds two more layers of Kraft paper to the embodiment shown in Figure
33. Due to the presence of multiple layers of paper, coating, and film, this material 2.1100 can be
used in applications where more rigidity and higher strength is required. For example, it can be

used as a moisture barrier for various commercial, construction, and industrial applications.

[0316] The multi-layered material 2.1200 depicted in Figure 40 can be considered as
being based on the material 2.200 depicted in Figure 30. Here, two more paper layers 1205, 1210
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are added to the basic material 2.200, one on each side. The paper layers 1205, 1210 are bonded

to the basic material via waterproof adhesive films 1215, 1220, respectively. Both of the outer
layers 1205, 1210 of this embodiment of the multi-layered material 2.1200 are paper. Therefore,
if desired two other variants can be further added to this material 2.1200, one on each side, by
the user.

[0317] The multi-layered material 2.1300 depicted in Figure 41 is based on the material
2.100 depicted in Figure 28, but still has the basic combination of a paper or polymer layer and a
film layer 2.20. Here, a paper layer 2.15 is located adjacent the film layer 2.20. A waterproof
adhesive film 2.1315 is added as an outer layer to the paper layer 2.15. A coating layer 2.25" is
added as an outer layer adjacent the film layer 2.20. The positions of the adhesive fiim 2.1315
and the coating layer 2.25’ can be reversed. The adhesive film 2.1315 allows this variant 2.1300
to be easily added to another multi-layered material.

[0318] The multi-layered material 2.1400 depicted in Figure 42 is also based on the
material 2.100 depicted in Figure 28. An aluminium film or sheet 1405 is bonded to the coating
layer 25 of the material 2.100 described in relation to Figure 28. A polymer blend film 1410 coats
the aluminium sheet 1405.

[0319] The multi-layered material 2.1500 depicted in Figure 43 is the combination of a
multi-layered material 2.100 depicted in Figure 28 and a material 2.100’ being of four layers similar
to material 2.100. A difference being that material 2.100° has instead of the film layer 2.20, it is
replaced by a metallic layer being an aluminium sheet 1505. Another difference is the coating
layer 1510 which coats the metallic sheet is a polymer blend film.

[0320] lllustrated in Figure 44 is a multi-layered material 2.1600, which is based on the
multi-layered material 2.10 from Figure 28, in that upper and lower layers comprise the same
layers as material 2.10 so that the paper or cardboard layers 2.15 are located on either side of a
third polymer or adhesive layer 2.23, with the two film layers 2.20 being the outer layers of the
material 2.1600. In this embodiment the film layers 2.20 can be of a gauge of from around
0.010mm up to of the order 0.150mm. Such a material 2.1600, depending upon the thickness it
is made to, can be used to form construction elements or formwork and or be used with such

construction elements or formwork.

[0321] In all of the embodiments described above in relation to Figures 24 to 44, some or
all of the paper layers can be replaced with polymeric layers.

[0322] Any two or more of the embodiments described above in relation to Figures 24 to

44, or variants of the above embodiments, can be bonded together to form further variations.

[0323] In the above embodiments described above in relation to Figures 42 and 43, the

aluminium sheet layers can be replaced with other metallic layers, provided the metal chosen
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possesses the qualities (e.g. sufficient tensile strength against stretching) for forming sheets or

films, for the applications contemplated herein.

[0324] While the above description of embodiments described above in relation to Figures
24 to 44 generally describes a single layer of film 2.20, it will be readily understood that multiple
layers of film 2.20 can be utilised. Additionally, the material which is selected for the film layer or
layers 2.20 can be a compostable and or biodegradable and or reusable and or recyclable
material so that the final product made from the material can also have these characteristics.

[0325] The steps described above with respect to Figures 24 to 44 can be repeated as
required to construct a multilayered material, that can used for items such as liners, packaging,
bags, wrapping paper, special wrapping paper, mining pipes, special mining pipes, tubes, tubes
for formwork and or construction purposes and many others. The numbers of layers, their
thickness and the combination of layers can be varied according to the end application and or
end product that the multilayered material will be formed into or put to.

[0326] Figure 74 which is taken from Figure 2 of US patent application publication No.
US2005255981 to Perini Fabio, partially shows a spiral winding machine, showing strips N1, N2,
and N3, being fed into the winding machine, with the strips N1, N2 N3 being wound on a mandrel.
The text of US2005255981 is incorporated herein by reference, but it will be understood that any
appropriate winding or spiral winding machine or wrapping or similar technology can be used.

[0327] In the process of spiral winding the multi-layered materials 2.10, 2.10”, 2.10.1,
2.100 to 2.1600 which are described above as being combined with a non-metallic non-woven
film strength layer (herein after “The NNFSL Multi-Layered Materials” and indicated in Figures by
reference numeral 333), there can be different ways of bonding the materials to form the tubing.
For instance, lines of glue can be combed across the full width of the material. Variations having
cardboard or paper outer layers are suited for this form of bonding.

[0328] An alternative way is to use a heat bonding attachment in the spiral winding
machine to enable heat bonding across the entire width of the material. Variations of the multi-
layered material having polymeric outer layers are suitable for heat bonding. By avoiding for
example, a water-based glue, and not having paper outer layers, the resulting product is water
proof rather than merely water resistant, making the resulting tube suitable for a wider range of
applications. For instance, waterproof formwork tube can be suitable for use as part of reinforcing
piers that are submerged in water, or for forming piers under water. If part of the process, then a
wound or spirally wound tube can be placed around an existing pier and grout or similar material
can be pumped between the internal surface of the tube and the pier. In such cases a split along
the outer circumference of the tube may be needed if it is desired to remove the tube once the
grout is set. Heat bonding may also be applied where the multi-layered material includes paper
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or cardboard outer layers. A further alternative is to employ a combination of gluing and heat

bonding. In this case, linear bonding lines, alternating between gluing and heat bonding lines, are
arranged.

[0329] While the adhesive or polymer adhesive or membrane selected will vary according
to application and end use of the material, where the material will be used to produce a product
which is not compostable and or biodegradable and or recyclable and or reusable, then an
appropriate glue or adhesive for use with the above described The NNFSL Multi-Layered
Materials 333, and in forming a spiral wound or wound tube, is a one part cross-linking PVA or
polyvinyl acetate adhesive, such as that sold under the designation DORUS KL 442.e1, which is
D3 water resistant and is manufactured by Henkel. Whereas to manufacture a material which can
be used for a product that is compostable and or biodegradable and or recyclable and or reusable,
then an appropriate glue would be one such as PVA or water based glue made from a natural
base so that the resultant product will end up being compostable and or biodegradable and or
recyclable and or reusable.

[0330] The above paragraphs describe using spiral winding preferably onto a stationary
mandrel, to form the multi-layered material into tubes e.g. for concrete formwork, or a building or
constructional element such as part of a pier or column, as it will remain in place. An alternative

is to wrap the material around a turning mandrel for parallel wrapping.

[0331] lllustrated in Figure 75 is a part section through a spiral wound or wound or
wrapped concrete formwork tubing or construction element 1111, which is also shown in Figure
78A as being spirally wound onto a mandrel 1 of Figure 74. The resultant tubing 1111 has an
inner and outer layer of the material 2.100 (or others of The NNFSL Multi-Layered Materials 333),
which is adhered to an adjacent layer of material 2.200, which respectively have their upper and
lower sides adhered to a layer of Kraft paper 2.15. The adhering process is effected by means of
adhesive spray or combing stations 999 located between each layer coming together in the tubing
1111, as is illustrated in Figure 76, so as to deliver onto the tubing 1111 an adhesive layer of
approx. 40 microns (40 um). Such spraying or combing can prevent excess glue being applied,
or if glue is squeezed out during the winding process, it can be collected or otherwise disposed
of, as is known in the art.

[0332] The illustration of Figures 78A to 78C show the number of layers that might be
used in relatively small large concrete formwork tubing, say of the order of 1000mm to 2400mm
diameters or for a long length of tubing say of the order of 7 metres to 14 metres in length, as
hydrostatic pressure will increase with height and thus greater strength is needed.

[0333] It will be readily understood by those in the tube winding industry, that multiple
layers of the The NNFSL Multi-Layered Materials 333 can be used and that depending upon the
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applications and hydrostatic pressures to be resisted that anything form say 2 to 25 film layers

may be required, depending upon such factors as the MPa of the concrete to be poured, the
setting time thereof, the diameter and the length of the tube 1111 to be used.

[0334] For tubular formwork of lesser diameter, say 200mm to 950mm, as can be seen in
Figure 78C, one of the adhesive coating layers 2.115 and one layer of material 2.200 (or other of
The NNFSL Multi-Layered Materials 333), can be removed as the burst strength required for
smaller diameters or shorter lengths, is much less than larger diameters, as the hydrostatic
pressures applied by concrete poured into the mould is commensurately less. In Australian
concrete pouring standards, when pouring of concrete columns is occurring, standards require
that no more than 3 metres of concrete is poured, before the previous three metres has set.

[0335] As is illustrated in Figures 74, and Figures 78A to 78C, a spiral wound formwork
or building element tube 1111 has multiple layers, each having at least one or two layers
comprised of a multi-layered sheet material such 2.10, 2.10.1, 2.100 to 2.1600 as described
above, with each of the multi-layered sheet material 2.10, 2.10.1, 2.100 to 2.1600 including at
least one film layer 2.20 being bonded to or adhered to at least one layer of paper, cardboard or
polymer 2.15 as described above with the multiple layers also including at least one layer of paper,
cardboard or polymer 2.15 between the at least two multi-layered sheet materials 2.10, 2.10.1,
2.100 to 2.1600 as illustrated in Figures 74 and 78A to 78C, . Each multi-layered sheet material
2.10, 2.10.1, 2.100 to 2.1600, has at least one film layer 2.20 or its equivalent as illustrated in
other Figures 24 to 44. An adhesive layer 2.115 can be used to bond the multiple layers together
into the tube1111, or heat bonding can be used to bond the multiple layers together into said tube
1111. If desired there can be four layers of the multi-layered sheet material 2.10, 2.10.1, 2.100 to
2.1600, and 2.200, and at a location intermediate an inner and outer layer is located at least one
layer of paper, cardboard or polymer 2.15, each layer being bonded by an adhesive layer 2.115;
or there can be three layers of said multi-layered sheet material 2.100, and 2.200, and at a location
intermediate an inner and outer layer is located at least one layer of paper, cardboard or polymer
2.15, each layer being bonded by heat bonding.

[0336] The tube 1111 can include at least one layer which is a hydrophobic layer such or
a waterproofing layer such as coating layer 2.25’ described in relation to Figure 25. The at least
one layer of the hydrophobic layer or a waterproofing layer 2.25’ can be located at one or more
than one of the following locations: an innermost layer of said tube, an outermost layer of said
tube; an intermediate layer of said tube.

[0337] The previous description of The NNFSL Multi-Layered Materials 333 are
embodiments which include film layers 2.20 when the film material is in an unadulterated or
unmodified state. The below is described film layer treatments that can be applied to the film
layers 2.20, before or after they are bonded to the paper or cardboard or polymer layer 15. It will
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be understood that the description below in relation to Figures 79 to 104, directed to layer

treatments that treatments to the film layers 2.20 or The NNFSL Multi-Layered Materials 333, can
be applied to upper and or lower surfaces of the film layer 2.20 or The NNFSL Multi-Layered
Materials 333 in the case of the scoring, scribing, embossing or debossing described below, or
through the film layer 2.20 or The NNFSL Multi-Layered Materials 333 in the case of the
perforation and shaped apertures. Additionally, one layer treatment can be combined with one or
more of the other layer treatments, depending upon the application and end use of the material,
and the strength required.

[0338] In the above description the layer 15, when a paper or cardboard layer is required,
this layer 15 can be made of the paper or cardboard as manufactured in accordance with that
described abaove in relation to Figures 1 to 23.

[0339] An advantage of film layer 2.20 in a wrapped, wound or spirally wound tube formwork or
construction element, is that it leads to a reduction of cost of manufacturing, with the same or
better strength characteristic by comparison with a similar number of layers of prior art tubular
form work tube having woven polymer mesh or those constructed from filaments as respectively
described in WO2005011972 or WO2014075131. Such reduction in cost also comes from less
overall input of manufacturing labour as the cross woven threads of a woven polymer mesh are
not present as in WQ2005011972, and filament layers are not present as in WO2014075131.

Detailed description of the embodiment or embodiments of invention 3

[0340] The embodiments provide a multi-layered material 100, 200, 300, 400, 500,
500’ as illustrated in Figures 45 to 56, each of which includes at least one base layer 15 of
paper, cardboard or solid polymer of a natural or plant material and at least one applied layer
3.23 being applied as a flowing, liquid or melted natural polymer (hereinafter “the liquid
polymer”) with said liquid polymer bonding to said base layer 15 and setting or solidifying
thereto. Optionally, before or after the liquid polymer applied layer 3.23 is applied to the at
least one base layer 15, natural fibre reinforcing can be combined with the liquid polymer or
the layer 3.23.

[0341] In the following description, if it is not specifically mentioned, then all
materials, layers, adhesives, resins, coatings etc are of a natural products or material, and
are compostable and or biodegradable and or recyclable and or reusable.

[0342] The material 100 of Figures 45 and 46 is considered to be a single ply material in
that only a single paper cardboard or solid polymeric layer 15 is present.

[0343] A two ply material 200 is illustrated in Figures 47 and 48 and is produced by means
of the material 100, to which a second paper, cardboard or solid polymeric layer 25 is added, in
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a subsequent bonding step. Otherwise the layers 15 and 25 are simultaneously bonded to the

applied layer 3.23 in the manufacturing process.

[0344] If desired, as is illustrated in Figures 49 to 54, alternative layers to the second
paper, cardboard or solid polymeric layer 25 can be added to form other variations. Thus in
Figures 49 and 50, the material 300 has an the additional layer being a woven or mesh reinforcing
layer 29 of a natural material, and can be applied or as described in WO2005011972, which is
incorporated herein by reference, but such natural material being are compostable and or
biodegradable and or reusable and or recyclable.

[0345] As illustrated in Figures 51 and 52, the material 400 has an additional layer being
a filament reinforcing layer 31 comprised of filaments of a natural material, and can be applied or
as described in WO2014075131, which is incorporated herein by reference, but such natural
material being are compostable and or biodegradable and or reusable and or recyclable.

[0346] Also as illustrated in Figures 53 and 54, the material 500 has an additional layer
being a film reinforcing layer 37 comprised of a film of a natural material, and can be applied or
as described above, which, but such natural material being compostable and or biodegradable
and or recyclable so that the end product has these characteristics which may be or may be not
in addition to the product also being reusable.

[0347] lllustrated in Figure 55 and 56 is another material 500’ which is symmetrically
constructed by having its two outer surfaces being natural material film layers 37 which are each
bonded or adhered to respective paper, cardboard or solid polymeric layers 15, by means of
intervening polymer or adhesive layers 115. The film layers 37 can be of the order of 10 microns
{0.01mm) to of the order of 150microns (0.15mm). The respective paper, cardboard or solid
polymeric layers 15, are bonded to each other by an applied layer 3.23 being applied as a flowing,
liquid or melted natural polymer (hereinafter “the liquid polymer”) combined with natural fibre
reinforcing, with said liquid polymer bonding to the opposed layers 15 and setting or solidifying
thereto. The polymeric coating or adhesive layer 115 which bonds the layers 15 and film layer 37
together are natural resins, such as natural polymer resins, water or natural solvent based
adhesives. These may be heat activated, or heat activated various natural polymers. Otherwise
a natural resin or adhesive can be used which creates a sealing bond to give the material a
hydrophobic property. As an example, the coating layer 115 which is located between the base
layer 15 and the film layer 37 can be of the order of 30 to 40 um in thickness.

[0348] In each of Figures 45 to 56 the materials 100, 200, 300, 400, 500 and 500’ are
illustrated as having a coating layer 19 which is present in the with broken line outer frame, and
a broken line in the schematic cross sectional views, and this is used to denote that a coating
layer 19 can be applied to form an outer layer on the material 100, 200, 300, 400, 500 and 500’
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Such coating layer 19 can be of any appropriate thickness but can be of the order of about 40 to

45 pm. The coating layer 19 is a natural polymer coating which is able to decompose and is
biodegradable. The coating layer 19 can be a coloured coating. Also the coating layer 19 can be
hydrophobic or hydrophilic, depending on the application and intended use of the multi-layered
material 100, 200, 300, 400, 500 and 500'.

[0349] In the materials 100, 200, 300, 400, 500 and 500’ as described above, the multi-
layered materials have a layer 15 or a layer 25 of paper or cardboard or a solid polymer material.
The applied layer 3.23 is applied, adhered or bonded directly to the adjacent solid polymeric or
paper or cardboard layers 15 and or 25. Preferably the layers 15 and or 25 are made of papet,
such as Kraft paper, preferably of at least 20 grams per square metre (GSM), however, it will be
understood that any appropriate gauge of paper, cardboard or solid polymeric can be utilised
according to the end requirements to which the material will be employed.

[0350] It will also be readily understood that an advantage of the materials 100, 200, 300,
400, 500 and 500’ as described above, is that they are each are compostable and or
biodegradable and or reusable and or recyclable, and this is achieved by the paper, cardboard or
solid polymer being of a natural or plant material, as is the liquid polymer and the natural fibre
reinforcing particles that are added as well, and the woven or mesh layers, and or filament layers
and or film layers and any other polymers/adhesives/resins used in constructing the materials
100, 200, 300, 400, 500 and 500'.

[0351] Several embodiments are illustrated in Figures 45 to 56, and Figure 67 to 70. The
different embodiments can be used for constructing tubing or formwork or other related functions
which each may require different tensile strengths, thicknesses, and weights. In the embodiments
depicted in Figures 45 to 70, natural liquid polymer layers 3.23 when combined with natural fibre
reinforcing, with the liquid polymer bonding to the base layer 15 and setting or solidifying thereto,
are used as a strength layer, which is either used as is or added to as in the case of materials
200 to 500'.

[0352] As illustrated in Figure 49, there is a layer 115 located between the cardboard layer
15 and the film layer 37, being a coating or adhesive layer 115 which bonds the layers 15 and
film layer 37 together. The adhesive coating layer 115 can be made by various natural resins,
such as natural polymer resins, water or natural solvent based adhesives which can be heat
activated, or heat activated various natural polymers, or a natural resin or natural adhesive can
be used which creates a sealing bond to give the tube a hydrophobic property. As an example,
the coating layer 115 which is located between the cardboard layer 15 and the film layer 37 can
be about 30 to 40 um in thickness.
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[0353] The film layer 37 of Figure 49 is described above as being bonded to layer 25

which consists of paper or polymer or cardboard, however this can instead be a layer 3.25 of a
coating, for example about 40 to 45 um in thickness. The coating layer 3.25" can be natural or
another polymer variant. The coating layer 3.25° can be a coloured coating. Also the coating layer
3.25’ can be hydrophobic or hydrophilic, depending on the application and intended use of the

multi-layered material.

[0354] As an example, a multi-layered material 100 or 200 as discussed above can have
a nominal thickness of about 0.30mm to 0.40mm, and a mass of around 235 GSM. Initially, the
multi-layered material 100 thus constructed can be formed into widths of approximately 2.4
metres, and formed into another roll, which can be cut or slit and rewound to desired lengths and
widths. A preferred roll about 152 to 175 mm in width, and 1000m or more in length, can be used
with existing spiral winding machines, to form a spiral wound tubing of any appropriate internal
diameter, for concrete formwork. Typical diameters range between 250mm and 2000mm. If a
paper layer 15 or 25 of about 105GSM is used, the resulting tubing having two layers of the sheet
material 100 and two alternating layers of Kraft paper, is expected to have a burst strength in a
radial direction of the tubing of about 700 KPa or higher.

[0355] The coating layer 19 or 3.25 can have a bonding function, or not, as the case may
be depending upon the application or use of the material 100, 200, 300, 400, 500 and 500'. Where
it has the same or a similar composition and function as the other coating layer 115, it enables
further layers to be bonded to the multi-layered material 100, 200, 300, 400, 500 and 500'.
Therefore, the multi-layered material 100, 200, 300, 400, 500 and 500’ depicted in Figure 45 to
56 can be considered a base upon which other embodiments can be constructed, or from which
variants are made. Exemplary embodiments are shown in Figures 57 to 70. Of course, as
mentioned above, the layers can be bonded in other ways, such as by roll bonding.

[0356] Thus the basic sheet material can be considered to be a paper, cardboard or
solid polymeric layer 15 to which is bonded the applied layer 3.23 being formed from a flowing,
liquid or melted natural polymer (hereinafter “the liquid polymer”) combined with natural fibre
reinforcing, with said liquid polymer bonding to the base layer 15 and setting or solidifying
thereto, as in the case of material 100; a paper, cardboard or solid natural polymeric layers 15
and a similar layer 25, or woven or mesh natural reinforcing layer 29, or natural filament layer
31 or a natural film layer 37, which are bonded by an applied layer 3.23 being formed from a
flowing, liquid or melted natural polymer (hereinafter “the liquid polymer”) combined with
natural fibre reinforcing, with said liquid polymer bonding to the base layer 15 and layer 25,29,
31 or 37 and setting or solidifying thereto, in the case of material 200, 300, 400, 500 or 500'.

[0357] If desired, it is understood that in respect of the materials 200, 300, 400, 500
or 500’, a further:
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a) paper, cardboard or solid natural polymeric layer 25, or

b) woven or mesh natural reinforcing layer 29, or

¢) natural filament layer 31 or a natural film layer 37,

which are bonded by another applied layer 3.23 being formed from a flowing, liquid or melted
natural polymer (hereinafter “the liquid polymer”) combined with natural fibre reinforcing, with
the liquid polymer bonding to the base layer 15 and layer 25, 29, 31 or 37 and setting or
solidifying thereto.

[0358] In the following embodiments as illustrated in Figures 57 to 70, the materials
100 or 200 or 300 or 400 or 500 or 500’ of Figures 45 to 56 are not shown in their separate
layers, but as a single layer having a diamond pattern.

[0359] As shown in Figure 57, the multi-layered material 600 includes a multi-layered
material 100 or 200 or 300 or 400 or 500 or 500’ of Figures 45 to 56 and further includes a paper
or cardboard or solid natural polymer layer 15 that are bonded together by another applied layer
3.23. The provision of Kraft paper layers 15 on both sides of the overall material 600 increases
the strength, thickness, rigidity of the material 600 compared to the multi-layered material 100 or
200 or 300 or 400 or 500 or 500’ of Figures 45 to 56. Tensile and burst pressures of the material
600 are also increased when the material 600 is used as e.g. a construction formwork tube.

[0360] As an example, a multi-layered material 600 as depicted in Figure 57, given Kraft
paper of about 105 GSM being used, can have a nominal thickness of about 0.45 mm, and a
mass of around 340 GSM. The multi-layered material 600 thus constructed can be formed into
widths of approximately 2.4 metres, and formed into another roll, which can be cut or slit and
rewound to desired lengths and widths. The resulting roll can be about 152 to 175 mm in width,
and 1000 metres or more in length. The roll can then be spiral wound using existing spiral winding
machines into tubing of any appropriate internal diameter, for concrete formwork. The resulting
tubing is expected to have a burst strength of 1080 KPa or higher.

[0361] Figure 58 depicts a further embodiment of a multi-layered material 700 being of a
layered material 100, 200, 300, 400, 500, 500’ or 600 of earlier embodiments which is further
modified by adding layers of polymer blend coating layers 305, 310, one on either side of the
multilayered material 100, 200, 300, 400, 500, 500’ or 600 — it will be noted that the diamond
pattern representation in this embodiment includes previously identified material 600. The
polymer blend coating layers 305, 310 are of natural materials and can be made water resistant
(i.e. hydrophobic), so that the resulting multi-layered material 700 can act as a moisture barrier.
The moisture barrier function of multi-layered material 700 can be useful in construction, or in
other situations where specified levels of moisture pose a threat to the finished product.
Notwithstanding, the polymer blend coating layers 305 and 310 are also compostable and or
biodegradable and or reusable and or recyclable so that the final product is as well.
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[0362] The multi-layered material 800 depicted in Figure 59 is similar to the multi-layered

material 700 depicted in Figure 58. The difference between the two materials 800 and 700 is that
the multi-layered material 800 shown in Figure 59 adds one natural fibre reinforcing layer or
polymer blend coating layer 405 on one side of the multi-layered material 600 shown in Figure
57. Other multi-layered materials, or simply another applied layer 3.23, can then be bonded to the
multi-layered material 800 where further strength and thickness in the overall material is required.

[0363] The multi-layered material 900 depicted in Figure 60 is constructed by adding an
applied layer 3.23 which bonds another paper or cardboard or solid natural polymer layer 3.510
to the paper or cardboard or solid natural polymer layer 15 of the basic multi-layered material 100,
200, 300, 400, 500, 500'. Another single layer or multi-layered material can be bonded to the
paper or cardboard layer 3.510 to create the desired outcome. The multi-layered material 900
can be used in different applications, e.g. to form spiral wound tubes.

[0364] The cardboard, Kraft paper, or solid natural polymeric layers 25 or 3.510, or
exposed applied layer 3.23 assist with later bonding of the multi-layered material into spiral wound
tubes, by either natural adhesive or other bonding means which will be are compostable and or
biodegradable.

[0365] The multi-layered material 1000 depicted in Figure 61 is similar to the multi-layered
material 900 depicted in Figure 60. The difference is that the second paper or cardboard layer
605 is bonded to the paper or cardboard or natural solid polymer layer 15 of the basic multi-
layered material 100, 200, 300, 400, 500 or 500’ via another applied layer 3.23.

[0366] The multi-layered material 1100 depicted in Figure 62 adds a natural are
compostable and or biodegradable film or polymer blend coating 705 to the paper layer 15 of the
multi-layered material 100, 200, 300, 400, 500 or 500°. Further layers or variants of the multi-
layered material can be added if desired.

[0367] The multi-layered material 1200 depicted in Figure 63 adds a further film layer 37
sandwiched between two natural compostable and or biodegradable coating layers 810, 815, to
the paper layer 15 of the multi-layered material 100, 200, 300, 400, 500 or 500’. The coating layer
815 closest to the paper layer 15 needs to be able to bond to the paper layer 15.

[0368] The multi-layered material 1300 depicted in Figure 64 combines the material 100,
200, 300, 400, 500 or 500’ shown in Figures 45 to 56 to the material 1200 depicted in Figure 63.

[0369] The multi-layered materials 1200, 1300 depicted in Figures 63 and 64 have two
and three applied layers 3.23, respectively. This increases the tensile and burst pressures of the
materials 1200, 1300. The materials 1200, 1300 may be suitable as moisture barrier or heavy

duty construction liner.
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[0370] The multi-layered material 1400 depicted in Figure 65 combines two of the multi-

layered materials 100, 200, 300, 400, 500 or 500’, one on either side of three centre layers. The
three centre layers include a natural and are compostable and or biodegradable coating layer
115, afilm layer 37, and another paper or cardboard or solid natural polymer layer 15. This variant
can further be bonded to another variant combination, as it has a Kraft paper as an outer layer.
Doing so can substantially increase the overall tensile strength, burst pressure, and rigidity in the
finished product.

[0371] The multi-layered material 1500 depicted in Figure 66 can be considered as being
based on the multi-layered material 900 shown in Figure 60. A natural and or compostable or
biodegradable film or polymer blend coating 1105 is added to the end paper layer 3.510 of the
multi-layered material 900. On the other side of the multi-layered material 900, two paper layers
1110, 1115 which are bonded by a natural and compostable and or biodegradable coating layer
1120 capable of bonding the two paper layers 1110, 1115, are added. The outermost of the two
paper layers 1110 is further coated with a natural and compostable and or biodegradable film or
polymer blend coating 1125. This variant 1100 in effect adds two more layers of Kraft paper to
the embodiment shown in Figure 60. Due to the presence of multiple layers of paper, coating, and
film, this material 1500 can be used in applications where more rigidity and higher strength is
required. For example, it can be used as a moisture barrier for various commercial, construction,

and industrial applications.

[0372] The multi-layered material 1600 depicted in Figure 67 can be considered as being
based on the material 600 depicted in Figure 57. Here, two more paper layers 1205, 1210 are
added to the basic material 600, one on each side. The paper layers 1205, 1210 are bonded to
the basic material 600 via natural and compostable and or biodegradable waterproof adhesive
films 1215, 1220, respectively. Both of the outer layers 1205, 1210 of this variant of the multi-
layered material 1600 are paper. Therefore, if desired two other variants can be further added to

this material 1600, one on each side, by the user.

[0373] The multi-layered material 1700 depicted in Figure 68 is based on the material
100, 200, 300, 400, 500 or 500" depicted in Figures 45 to 56, but still has the basic combination
of a paper or cardboard or natural solid polymer layer 15 and an applied layer 23. A natural and
compostable and or biodegradable waterproof adhesive film 1315 is added as an outer layer to
the material 100, 200, 300, 400, 500 or 500. Whereas a natural and compostable and or
biodegradable coating layer 3.25’ is added as an outer layer on the other side of the adjacent the
material 100, 200, 300, 400, 500 or 500’. The positions of the adhesive film 1315 and the coating
layer 3.25' can be reversed. The adhesive film 1315 allows this variant 1700 to be easily added

to another multi-layered material.
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[0374] In all of the above embodiments, some or all of the paper layers can be replaced
with solid polymeric layers.
[0375] Any two or more of the above embodiments, or variants of the above

embodiments, can be bonded together to form further variations, on the proviso that a bonding
system or adhesive used is of a compostable and or biodegradable type.

[0376] While the above description generally describes a single applied layer 3.23, it will
be readily understood that multiple applied layers 3.23 can be utilised.

[0377] In respect of the above embodiments, a method of producing a material 100, 200,
300, 400 400, 500 or 500" and others as described above, is illustrated in Figures 71 to 73,
whereby the method includes the step of combining at least one base layer of paper, cardboard
or solid polymer of a natural or plant material to an applied layer, whereby the applied layer is a
flowing, liquid or melted natural polymer (hereinafter “the liquid polymer”) combined with natural
fibre reinforcing material, with the liquid polymer bonding to the base layer and setting or
solidifying thereto.

[0378] As illustrated in Figure 71 the natural fibre reinforcing material 61 is added to the
liquid polymer 67 prior to the liquid polymer 67 being applied to the base layer 15 by a combining
or mixing process at a location remote from where the liquid polymer 67 is applied to the base
layer 15. For example off site at another location or factory or supplier, or at a different location
and then in a pre-mixed state added to a hopper 53 for application to a base layer. Thus the
hopper 53 receives and holds a pre-mixed mixture of liquid polymer 67 and natural fibre
reinforcing material 61, which is then sprayed or deposited on or otherwise applied to the
continuously passing paper or cardboard or solid polymer of a natural or plant material.

[0379] Alternatively, the natural fibre reinforcing material 61 can be added to the liquid
polymer 67 prior to the liquid polymer 67 being applied to the base layer 15 by a combining or
mixing process at a location at or in the vicinity of where the liquid polymer 67 is applied to the
base layer 15. By this it is meant that the mixing process can occur in the hopper 53, as in Figure
71, or separate supply or hopper 53.1 of natural fibre reinforcing material 61 which is down stream
of hopper 53 having and applying liquid polymer 67.

[0380] The natural fibre reinforcing material 61 can alternatively be added to the liquid
polymer 67 simultaneously with, or sequentially to, the liquid polymer 67 being applied to the base
layer 15, such as illustrated in Figure 72 where the natural fibre reinforcing material 61 is added
sequentially, or after, the liquid polymer 67 is applied. Whereas if the hopper 53.1 and hopper 53
of Figure 72, were oriented and positioned closer together, then the material 61 will be added

almost simultaneously to the polymer 67.
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[0381] As illustrated in Figure 72, the natural fibre reinforcing material 61 can added by

means of a hopper 53 or other dry delivery system to be deposited on the liquid polymer 67. If
hopper 53.1 were upstream of the hopper 53, then the material 61 would be deposited first on the
base layer 15, and then the polymer 67 is added.

[0382] lllustrated in Figure 73 is a process step whereby a paper or cardboard or solid
natural polymer layer 15 is simultaneously bonded to a layer 25, 29, 31 or 37 as described
above, while the premixed liquid polymer 67 and natural fibre reinforcing material 61 combination
or mixture is simultaneously added, and the combination of all three elements then passes
through compressing rollers 59 natural fibre reinforcing material 61 o produce the material 200,
300, 400, 500, 500, depending on whether paper layer 25, woven or mesh layer 29, filament layer
31 or film layer 37 is used.

[0383] The natural reinforcing material 61 is comprised of natural fiores which are
compostable and or biodegradable and or recyclable and or reusable, which are one of or a
combination of two or more of: hemp, jute, bamboo, kabuya, kenaf, ramie, sisal, or other
appropriate natural fibre.

[0384] In the systems and method as illustrated in Figures 71 and 73, where the natural
fiores 61 are pre-mixed with the liquid polymer 67, then they are such that their orientation is not
predetermined. Whereas, in the system and method of Figures 72, the natural fibres 61, because
they are being combined in a dry or moist state with the liquid polymer 67, they can have their
orientation predetermined, whereby the exit the hopper 53.1 in specified dimension and are
metered from the hopper 53.1 so that they exit the hopper 53.1 at a rate which applies to the liquid
polymer 67 to achieve a desired end result.

[0385] The orientation of the natural fibre reinforcing 61 is selected according to the
desired end result to be obtained from the material or the product into which the material is used.
The orientation can be at an angle to the roll direction of the paper or cardboard or natural solid
polymer layer 15 and this angle can range from parallel to the roll direction D to 90 degrees to the
roll direction D.

[0386] The natural fibre reinforcing materials 61 utilised can be of a length which is not
predetermined, that is, in the products, methods and systems of the previous Figures 45 to 73,
they can be one or more than one of the following: random or of non-pre-set length; uniform
length; all the same length where the fibres are first passed through a sizing process; a mixture
of pre-set lengths; a range of pre-set lengths.

[0387] The range of lengths for the fibres 61 utilised will depend upon the application for,
design of, strength characteristic or other material property characteristic requirements of the
material being produced and the application to which that material will be put. The length of fibre
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is expected to be of the order to 2 to 25mm and up to 50 mm in length, when the fibres 61 are

pre-mixed with the liquid polymer, as is the case with the process or method of Figures 71 and
1873 or whether they are being added by means of a hopper 53.1, as in the case of Figure 72. It
may be that the operation and characteristics of the hopper 53.1 may dictate a fibre length to
ensure the optimal operation of the hopper 53.1 and fibre metering systems used relative to the
rate of movement of the layer 15, or other materials, passing under the hopper 53.1.

[0388] The fibres 61 if in a dry or moist state, and added separately to the liquid polymer
67 after application to the layer 15, could also be oriented in a random fashion as they exit the
hopper 53.1.

[0389] The natural fibre reinforcing material 61 can be added between two layers with the

two layers being different from each other, such as one being a layer of paper/cardboard/natural
solid polymer and the other being in filament form; or one being a layer of paper/cardboard/natural
solid polymer and the other being in natural material film form; or one being a layer of
paper/cardboard/natural solid polymer and the other being in woven or mesh form; or one being
a layer of paper/cardboard/natural solid polymer and the other being in a shredded filament form;
or one being a layer in filament form and the other being in film form; or one being a layer in
filament form and the other being in woven or mesh form; or one being a layer in filament form
and the other being in a shredded filament form; or one being a layer in film form and the other
being in woven or mesh form; or one being a layer in film form and the other being in a shredded
filament form; or one being a layer in woven or mesh form and the other being in a shredded
filament form; or a combination of the forms if more than two layers of natural fibre reinforcing

material 61 are required.

[0390] The steps described herein with respect to Figures 45 to 73 can be repeated as
required to construct a multilayered material, that can used for items such as liners, packaging,
bags, wrapping paper, special wrapping paper, mining pipes, special mining pipes, tubes, tubes
for formwork and or construction purposes and many others. The numbers of layers, their
thickness and the combination of layers can be varied according to the end application and or
end product that the multilayered material will be put to.

[0391] In the process of spiral winding the multi-layered materials 100, 200, 300, 400,
500, 500, 600, 700, 800, 900, 1000, 1100, 1200, 1300, 1400, 1500, 1600, 1700, 1800, 1900
which are described above as being combined with natural fibre reinforcing (Herein after “The
NFR Multi-Layered Materials” and indicated in Figures by reference numeral 444), there can be
different ways of bonding the materials to form the tubing. For instance, lines of glue can be
combed across the full width of the material. Variations having cardboard or paper outer layers
are suited for this form of bonding.
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[0392] An alternative way is to use a heat bonding attachment in the spiral winding

machine to enable heat bonding across the entire width of the material. Variations of the multi-
layered material having polymeric outer layers are suitable for heat bonding. By avoiding for
example, a water-based glue, and not having paper outer layers, the resulting product is water
proof rather than merely water resistant, making the resulting tube suitable for a wider range of
applications. For instance, waterproof formwork tube can be suitable for use as part of reinforcing
piers that are submerged in water, or for forming piers under water. If part of the process, then a
wound or spirally wound tube can be placed around an existing pier and grout or similar material
can be pumped between the internal surface of the tube and the pier. In such cases a split along
the outer circumference of the tube may be needed if it is desired to remove the tube once the
grout is set. Heat bonding may also be applied where the multi-layered material includes paper
or cardboard outer layers. A further alternative is to employ a combination of gluing and heat
bonding. In this case, linear bonding lines, alternating between gluing and heat bonding lines, are
arranged.

[0393] While the adhesives, or liquid palymers or membranes selected will vary according
to application and end use of the material, an appropriate glue or adhesive for use with the above
described embodiments, and in forming a spiral wound or wound tube, is a PVA or polyvinyl
acetate adhesive, which can exhibit the properties of being compostable and or biodegradable
and or recyclable, so that the end product or application will be compostable and or biodegradable
and or recyclable and or reusable. An advantage of PVA for example, is that it can also form a

water resistant or hydrophobic layer when it sets.

[0394] The above paragraphs describe using spiral winding preferably onto a stationary
mandrel, to form the multi-layered material into tubes e.g. for concrete formwork, or a building or
constructional element such as part of a pier or column, as it will remain in place. An alternative

is to wrap the material around a turning mandrel for parallel wrapping.

[0395] lllustrated in Figure 75 is a part section through a spiral wound or wound or
wrapped concrete formwork tubing or construction element 1111, which is also shown in Figure
76 as being spirally wound onto a mandrel 1 of Figure 74. The resultant tubing 1111 has an inner
and outer layer of the material 100 (as an example, but could be any one of The NFR Multi-
Layered Materials 444), which is adhered to an adjacent layer of material 200 (as an example,
but could be any one of The NFR Multi-Layered Materials 444), which respectively have their
upper and lower sides adhered to a layer of Kraft paper 15. The adhering process is achieved by
means of adhesive spray or combing stations 999 located between each layer coming together
in the tubing 1111, as is illustrated in Figure 76, so as to deliver onto the tubing 1111 an adhesive
layer of approx. 40 microns (40 um). Such spraying or combing can prevent excess glue being
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applied, or if glue is squeezed out during the winding process, it can be collected or otherwise

disposed of, as is known in the art.

[0396] The illustration of Figures 75 and 77 show the number of layers that might be used
in relatively small large concrete formwork tubing, say of the order of 1000mm to 2400mm
diameters or for a long length of tubing say of the order of 7 metres to 14 metres in length, as
hydrostatic pressure will increase with height and thus greater strength is needed.

[0397] It will be readily understood by those in the tube winding industry, that multiple
layers of the film layered sheet materials or NFR The Multi-Layered Materials 444 can be used
and that depending upon the applications and hydrostatic pressures to be resisted that anything
form say 2 to 25 film layers or The NFR Multi-Layered Materials 444 may be required, depending
upon such factors as the MPa of the concrete to be poured, the setting time thereof, the diameter
and the length of the tube 1111 to be used.

[0398] For tubular formwork of lesser diameter, say 200mm to 950mm, as can be seen in
Figure 78, one of the applied layers 3.23 and one layer of material 200, can be removed as the
burst strength required for smaller diameters or shorter lengths, is much less than larger
diameters, as the hydrostatic pressures applied by concrete poured into the mould is
commensurately less. In Australian concrete pouring standards, when pouring of concrete
columns is occurring, standards require that no more than 3 metres of concrete is poured, before

the previous three metres has set.

[0399] As is illustrated in Figures 75, and Figures 76 to 78, a spiral wound formwork or
building element tube 1111 has multiple layers, each having at least one or two layers comprised
of a multi-layered sheet material such as The NFR Multi-Layered Materials 444 as described
above, with each of The NFR Multi-Layered Materials 444 including at least applied layer 3.23
being bonded to or adhered to at least one layer of paper, cardboard or polymer 15 as described
above with the multiple layers also including at least one layer of paper, cardboard or polymer 15
between the at least two of The NFR Multi-Layered Materials 444 as illustrated in Figures 75, 77
and 78. Each of the The NFR Multi-Layered Materials 444 has at least applied layer 3.23 or its
equivalent as illustrated in other Figures 45 to 70. An adhesive layer 3.23, 115, 1215, 1220 can
be used to bond the multiple layers together into the tube 1111, or heat bonding can be used to
bond the multiple layers together into said tube 1111. If desired there can be four layers of the
The NFR Multi-Layered Materials 444, and at a location intermediate an inner and outer layer is
located at least one layer of paper, cardboard or polymer 15, each layer being bonded by an
adhesive layer 3.23, 115, 1215, 1220; or there can be three layers of The NFR Multi-Layered
Materials 444, and at a location intermediate an inner and outer layer is located at least one layer
of paper, cardboard or polymer 15, each layer being bonded by heat bonding.
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[0400] The tube 1111 can include at least one layer which is a hydrophobic layer such as

a waterproofing or water-resistant layer such as coating layer 3.25 described in relation to Figure
25. The at least one layer of the hydrophobic layer or a waterproofing or water-resistant layer
3.25’ can be located at one or more than one of the following locations: an innermost layer of the
tube, an outermost layer of the tube; an intermediate layer of the tube.

[0401] The previous description of embodiments is referring to The NFR Multi-Layered
Materials 444 when the material or layers are in an unadulterated or unmodified state. It will be
understood that the description below in relation to Figures 79 to 104, are directed to layer
treatments that can be applied to upper and or lower surfaces of the The NFR Multi-Layered
Materials 444 in the case of the scoring, scribing, embossing or debossing described below, or
through the The NFR Multi-Layered Materials 444 in the case of the perforation and shaped
apertures. Additionally, one layer treatment can be combined with one or more other layer
treatments, depending upon the application and end use of the material, and the strength
required.

[0402] While the following layer treatment descriptions are discussed in relation to the
multilayered materials of the previously described Figures, it will be understood that the film layer
treatments can be applied to a layer or layers of other multilayered materials.

[0403] LAYER and LAYER TREATMENT 1- PERFORATIONS AND SHAPED
APERTURES:

[0404] As illustrated in Figures 79 to 83, the film layer 2.20, The NNFSL Multi-Layered

Materials 333, layer 15, film layer 37 or The NFR Multi-Layered Materials 444 (herein after
“The Layer or Material” and in Figures 79 to 104 such layers are identified by numeral 555)
can include one or more perforations or shaped apertures 20.1, 20.11, 20.2 or 20.3 therein.

[0405] The perforations or shaped apertures 20.1, 20.11, 20.2 or 20.3 can be of a shape
which is one or has one, or a combination of two or more of the following features: circular as
in the case of aperture 20.2, elliptical {not illustrated), regular polygonal as in case of 20.1,
20.11 and 20.3, regular pentagonal (not illustrated), regular hexagonal as in the case of 20.3,
irregular polygonal (not illustrated), irregular pentagonal (not illustrated), irregular hexagonal
{not illustrated); rectangular as in 20.1 and 20.11; elongated as in 20.1 and 20.11; aligned to
be parallel with the roll direction D of The Layer or Material 555 as in 20.1; aligned to be at
an angle to the roll direction D of The Layer or Material 555 as in 20.11.

[0406] It will be noted that in Figure 79 the rectangular apertures 20.1 are arranged in a
regular array of rows and columns where the longitudinal axis of the apertures 20.1 is aligned
parallel to the roll direction D of the layer 555. Whereas in Figure 80 the a rectangular
apertures 20.1 are also in rows and columns like in Figure 79 except that the apertures 20.1
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are spaced further apart in their respective rows and columns, and it will be noted that every

second row is offset from the preceding row while every second column is offset from the
preceding column. The rectangular apertures 20.1 are aligned so that their longitudinal axis
is generally parallel to the roll direction D. It will be noted in the embodiment of Figure 81, the
rectangular apertures 20.11 are oriented so that their longitudinal axis is generally at 90
degrees to the roll direction D. It will be noted that the apertures 20.11 like those of Figure 80
are spaced further apart in their respective rows and columns, and it will be noted that every
second row is offset from the preceding row while every second column is offset from the
preceding column.

[0407] Whereas in Figure 82, the apertures 20.2 are circular is section or shape, and are
positioned in an array of rows and columns. In Figure 83 the apertures 20.3 are of a regular
hexagonal shape.

[0408] It will be understood that the shape of the apertures such as 20.1, 20.11, 20.2 or
20.3, or their arrangement on The Layer or Material 555, can be any appropriate shape or
any appropriate arrangement, including if needed random arrangements. The shapes can be
combined whereby a single layer 555 may have a number of different shaped apertures
through it.

[0409] The perforations or shaped apertures 20.1, 20.11, 20.2 or 20.3 can be formed in The
Layer or Material 555 before being bonded to other layers such as paper cardboard or
polymer. Then, when bonded or adhered together by means of a layer 3.23 or a PVA
adhesive or other polymer-based adhesive, the adhesive will enter and interact with the
apertures and the paper/cardboard/polymer layer to which it will be bonded. The side edges
of the apertures also bond and “pockets” of air can be trapped which helps the polymer or
PVA adhesive to set.

[0410] The perforations or shaped apertures 20.1, 20.11, 20.2 or 20.3 instead can be formed
in The Layer or Material 555 after The Layer or Material 555 is bonded to other layers, such
as paper cardooard or polymer, so that all have the perforations or shaped apertures 20.1,
20.11, 20.2 or 20.3.

[0411] The perforations or shaped apertures 20.11, 20.2 or 20.3 can be formed in The Layer
or Material 555 by any known means, such as by stamping/pressing in a direction

perpendicular to the plane of The Layer or Material 555; or continuously by means of a roller
with cutters positioned around its circumference and along its length, or laser or other cutting

mechanisms.

[0412] THE LAYER OR MATERIAL TREATMENT 2- SCORING OR SCRIBING:
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[0413] As illustrated in Figures 84 to 94 and 97 to 102 are mechanisms and examples of

scoring and or scribing in order to impress or compress channels in The Layer or Material
555.

[0414] The Layer or Material 555 can include one or more lines 33.0, 33.1, 33.2, 33.3 of
scoring or scribing which are impressed or compressed therein.

[0415] The lines of scoring or scribing 33.0, 33.1, 33.2, 33.3 can have or can be one or more
than one of the following features: on one side of The Layer or Material 555 as illustrated in
The Layer or Material 555 of Figures 79 to 104; on two opposed sides of The Layer or
Material 555 as illustrated in Figures 101 and 102; equally spaced across the width of The
Layer or Material 555 as illustrated in Figures 97 to 102; formed to different depths in The
Layer or Material 555 across the width thereof as illustrated in Figures 97 to 99; adjacent
lines of scoring or scribing are all of the same cross sectional shape across the width of The
Layer or Material 555 as in Figures 97 to 102; adjacent lines of scoring or scribing are of
different cross sectional shapes across the width of The Layer or Material 555 {not
illustrated); have a cross section which is partially curved as in Figure 99; have a cross
section which is an open channel having three sides as in Figure 98, 101 and 102; have a
cross section which is an open channel as in Figures 97 to 102; have a cross section which
is an open channel having two sides as in Figure 97 and 99.

[0416] The lines 33.0, 33.1, 33.2, 33.3 of scoring or scribing can be formed in The Layer or
Material 555 being already bonded to other layers 15, 37 or 2.20 or such as paper,
cardboard or polymer. Then when the two are bonded together the “channels” or lines of
scoring will help improve the strength of The Layer or Material 555, and will also assist the
PVA or polymer adhesive to set better and faster than if the lines were not present.

[0417] Alternatively, or in addition to the lines 33.0, 33.1, 33.2, 33.3 being formed, the lines
33.0, 33.1, 33.2, 33.3 of scoring or scribing can be formed in The Layer or Material 555 after
The Layer or Material 555 is bonded to other layers, such as paper cardboard or polymer,
whereby both The Layer or Material 555 and other layers have the lines 33.0, 33.1, 33.2,
33.3 formed in them.

[0418] lllustrated in Figures 84 to 94 are the mechanisms and arrangements used to form
the lines 33.0, 33.1, 33.2, 33.3 of scoring or scribing in The Layer or Material 555 described
previously.

[0419] Figure 84 illustrates a profile or cross section through a rotary knife 26 which has a
three-sided tip to form a truncated v channel or line 33.1 of scoring as illustrated in Figures
98, 101 and 102.
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[0420] To form such lines 33.1 in the upper surface of The Layer or Material 555 an

arrangement such as that illustrated in Figures 87 and 88 can be used. In Figure 87 there are
arranged a series of adjacently assembled rotary knives 26 which have their rotation axis or
axes, individually or as a group, mounted for movement by one or more hydraulic or
pneumatic cylinders 29.2 which are respectively powered by hydraulic or pneumatic lines
29.3. The cylinders or actuators 29.2 are able to apply pressure to The Layer or Material 555
by sandwiching The Layer or Material 555 between the knives 26 and a rotating or stationary
cylindrical anvil 29.1. If each knife 26 is connected to its own cylinder or actuator 20.2, then
different pressures can be applied to adjacent knives, whereby different depth of lines or
channels or scoring or scribing can be produced in the one layer, if desired. Due to the
pressures involved, only one of the anvils 29.1 or the blades 26 need be driven in rotation,
but if desired they can be both contra rotating at the same speed so as to not tear The Layer
or Material 555.

[0421] lllustrated in Figures 89 and 90 are components and arrangements similar to that of
Figures 87 and 88 in an inverted condition so that an under surface of The Layer or Material
555 can have lines of scoring or scribing applied. The respective scoring stations 29 and 29’
for upper and lower surfaces of The Layer or Material 555 can be sequentially located in a
roll processing system.

[0422] In Figure 91 a scoring station 29 to do the upper surface of The Layer or Material 555
prior to The Layer or Material 555 being joined or bonded to a lower
paper/cardboard/polymer layer 15. Whereas in Figure 92 the scoring station 29 is located
downstream of the location where The Layer or Material 555 and lower
paper/cardboard/polymer layer 15 are bonded or joined, whereby the scoring will be applied
to both layers.

[0423] The arrangement of knives 26 as illustrated in Figure 93, where upper and lower
knives 26 simultaneously engage each other will produce a set of scoring or scribing lines
33.1 as illustrated in Figure 100. While a v-shaped knife end is illustrated in Figure 93 a blunt
knife profile such as that illustrated in Figures 84 or 85 will be better suited.

[0424] Whereas the offset nature and positioning of the knives 26 in Figure 94, which
engage opposed relatively thin rotating anvils 29.1, will produce a set of scoring or scribing
lines 33.1 as illustrated in Figure 102.

[0425] It will be understood that by substituting rotary knives 26 with knives 27 will produce
rounded scoring or scribing lines 33.2 as illustrated in Figure 99. Additionally, the use of knife
28 will produce the respective pairs of scoring or scribing lines 33.3 of Figure 100.
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[0426] THE LAYER OR MATERIAL TREATMENT 3- EMBOSSED OR DEBOSSED

SHAPES:

[0427] The embodiment illustrated in Figures 79 to 83 and Figures 95 and 96 can generally
be described as the forming of embossed or debossed shapes 20.13 in The Layer or
Material 555. The shapes illustrated in Figures 79 to 83 represent the schematic plan views
of some of the examples of the embossed or debossed shapes 20.13 that can be formed in
The Layer or Material 555. Additionally, and in a similar manner to the apertures in The Layer
or Material 555, the shapes 20.13 selected for embossing or debossing into The Layer or
Material 555 can be decided upon by the end use or application to which the material will be
put, and the desired amount of strength in the finished product.

[0428] The shapes 20.13 that can be embossed or debossed can be one or has one, or a
combination of two or more, of the following features: circular as illustrated in Figure 82,
elliptical (not illustrated), regular polygonal as illustrated in Figures 79 to 81 and 83, regular
pentagonal (not illustrated), reqular hexagonal as illustrated in Figure 83, irregular
polygonal(not illustrated), irregular pentagonal(not illustrated), irregular hexagonal(not
illustrated); rectangular as illustrated in Figures 79 to 81; elongated as illustrated in Figures
79 to 81; aligned to be parallel with the roll direction of the layer as illustrated in Figures 79
and 80; aligned to be at an angle to the roll direction of the layer as illustrated in Figure 83.

[0429] The embossed or debossed shapes 20.13 can be formed in The Layer or Material
555 prior to the layer 3.23, or other layers being bonded.

[0430] The embossed or debossed shapes 20.13 can be formed in The Layer or Material
555after it is bonded to other layers, such as paper, cardboard or polymer, so that they all
have the embossed or debossed shapes 20.13.

[0431] The side view of The Layer or Material 555 of Figures 80 and 81 when viewed in side
view will look like the view shown in Figure 95, whereas the side view of The Layer or
Material 555 of Figure 81 will look like the view shown in Figure 96.

[0432] The embossed or debossed shapes 20.13 can be formed by any known mechanism
including by stamping/pressing in a direction perpendicular to the plane of The Layer or
Material 555; or continuously by means of a roller with set of male and or female dies
positioned around its circumference and along its length, and a corresponding roller with
female and or male moulds or a mould surface to thereby continuously form the embossed or
debossed shapes 20.13. Alternatively, the embossing or debossing can be done by heating

and corresponding moulds.

[0433] THE LAYER OR MATERIAL TREATMENT 4- FORMATION OF INTERMITTENT
SLITS:
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[0434] A fourth layer or material treatment is to provide a series of slits or cuts in The

Layer or Material 555. This will be done by a knife of similar construction as the one which
produced the lines 33.0 in Figure 97 or 33.3 in Figure 100, where sufficient pressure is applied
between the knife and the anvil such that slits will be formed. By programming the cylinders or
actuators to remove pressure and apply pressure intermittently then an array of short slits can be
produced.

[0435] It will be understood that the layer or material treatments 1 to 4 as described above
can be readily performed individually to The Layer or Material 555, or can be combined so as to
achieve a specific result required by the end use of the material or product.

[0436] In manufacturing spiral or other wound type tubing of various heights or lengths,
and of various diameters, the numbers of layers of The Layer or Material 555, can be readily
established by trial and error and calculation. The numbers of layers of the layers or material and
the finished thickness of the tubular formwork or construction element will also be dependent
upon the MPa value of the concrete and it’s settling time. All these factors affect the hydrostatic
burst pressure resistance that must be provided by the tube, as will be readily understood in the

formwork and winding arts.

[0437] While the above description focuses on spiral winding, that is a helical winding, it
will be readily understood that the tubular formwork or construction element can be made by
straight or cylindrical winding, or other winding or wrapping techniques.

[0438] Where ever it is used, the word “comprising” is to be understood in its “open”
sense, that is, in the sense of “including”, and thus not limited to its “closed’ sense, that is the
sense of “consisting only of’. A corresponding meaning is to be attributed to the corresponding

n u

words “comprise”, “comprised” and “‘comprises” where they appear.

[0439] It will be understood that the invention disclosed and defined herein extends to all
alternative combinations of two or more of the individual features mentioned or evident from the

text. All of these different combinations constitute various alternative aspects of the invention.

[0440] While particular embodiments of this invention have been described, it will be
evident to those skilled in the art that the present invention may be embodied in other specific
forms without departing from the essential characteristics thereof. The present embodiments and
examples are therefore to be considered in all respects as illustrative and not restrictive, and all
modifications which would be obvious to those skilled in the art are therefore intended to be

embraced therein.
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CLAIMS

. A method of making a paper material or product, said method including a step of adding

natural reinforcing material in the form of dry natural fibres to a layer of pulp as it exits or
after it exits from a pulp layer formation process or apparatus, and prior to dewatering,
wherein the orientation of the fibres is not predetermined.

A method as claimed in claim 1, wherein the natural fibres are of a length which is not
predetermined.

A method as claimed in claim 1, wherein the natural fibres are of a length which is
predetermined.

A method as claimed in claim 3, wherein said length is selected according to a strength
characteristic or other material property characteristic to be worked into the product.

A method as claimed in claim 3 or 4, wherein said predetermined length is a combination of
two or more different lengths.

A method as claimed in any one of the preceding claims, wherein said natural fibres are one
or a combination of two or more of: hemp, jute, bamboo, kabuya, kenaf, ramie, sisal, and/or
other application appropriate natural fibre.

A method as claimed in any one of the preceding claims, wherein said natural fibres are
shredded or comminuted film.

A method as claimed in any one of the preceding claims, wherein an additional layer of pulp
is applied over said natural fibres to thereby sandwich said natural fibres between two layers
of pulp.

A method as claimed in claim 8, wherein additional natural fibres are applied to the last laid
pulp layer.

A method as claimed in claim 9, wherein a layer of pulp is applied over said additional natural
fibres thereby sandwiching said additional natural fibres between two layers of pulp.

A method as claimed in any one of claims 1 to 7, wherein additional layers of pulp are added
alternately with additional natural fibres to construct a multilayered paper material or product
with natural fibres sandwiched between layers of pulp.

A method as claimed in claim any one of the preceding claims, wherein said pulp is any
appropriate paper making pulp including or sourced from wood, fibre crops, waste paper,

or rags, or a combination of two or more thereof.



