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MULTI-LAYERED PIPE

FIELD OF THE INVENTION

[0001] The present invention relates to a multi-layered
pipe as well as to a method of manufacturing the same. In
particular, the invention relates to a multi-layered pipe to be
used for transportation of hot or cold fluids, for example in
a heating, a cooling or a water supply system.

BACKGROUND TO THE INVENTION

[0002] Multi-layered pipes have widely replaced single
layer metal or plastic pipes, which were formerly commonly
used in the building industry. By virtue of combining
advantageous properties of the different layers such as e.g.,
special rigidity, resistance against corrosion and/or efficient
manufacturability, they may outperform single layered
pipes.

[0003] Multi-layered pipes including a barrier layer suited
to block the passage of fluids such as air or moisture have
been developed. Commonly used barrier layers comprise
aluminium or EVOH (ethylene vinyl alcohol). Barrier layers
can protect a fluid transported in the pipe against other fluids
such as from contaminations in the ground diffusing into the
pipe.

[0004] A pipe with high strength and temperature resis-
tance as well as displaying the additional barrier properties
would appear desirable. However, a problem encountered
when attempting to manufacture a multi-layered pipe dis-
playing both reinforcement as well as barrier properties, e.g.,
by combining the aforementioned pipe including a rein-
forcement layer with an additional barrier layer is that inter
layer bonding and mechanical properties of the pipe dete-
riorate.

[0005] For example, it is known that vapour diffusion
through the layers of a multi-layered pipe causes physical
defects, which can lead to issues with pipe stability and
longevity. Two types of physical defects which have been
identified are blistering and bubbling. Blistering is caused by
the emergence of small bubbles of air within one or more of
the individual layers of a multi-layered pipe due to vapour
diffusion from the liquid that the pipe is designed to trans-
port. Bubbling is a similar, yet more serious, condition to
that of blistering, as the air bubbles generated as a result of
transporting the liquid through a multi-layered pipe are
generally bigger than those produced during blistering. A
further problem is that the larger bubbles tend to emerge at
the interface between two of the layers in the multi-layered
pipe, which can cause the layers to rupture or split apart. For
example, a Technical Information Sheet 850624 dated Janu-
ary 2013 to Rehau acknowledges that “blistering may occur
during operation on the pipe surface”. Both issues with
vapour diffusion through the layers of a multi-layered pipe
can give rise to defects in the pipe itself which lead to
catastrophic failures, particularly when using pipes under
pressure and/or temperature.

[0006] Nanoclays have previously been found to be useful
in the food packaging industry. One of the emerging areas in
this field is polymer nanocomposite (PNC) technology,
which involves the incorporation of various chemicals and
nanoadditives into polymers to improve their inherent prop-
erties or to add required functionality. Because the nanopar-
ticles may interact with food components during processing,
storage, or distribution and may migrate into food, PNC-
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based packaging materials require awareness and under-
standing of their potential impact on human health and the
environment. Interest in migration and cytotoxic analysis of
PNC has gained considerable momentum in recent years. It
is known that clay-containing PNCs comprise 50% of all
nanofillers, being nanoclays of either of natural or synthetic
origin.

[0007] WO2021165290A1 discloses a multi-layer flexible
packaging material comprising a paper layer, an aluminium
layer, a nanoclay barrier coating layer, and a sealing layer
applied to the surface of the nanoclay barrier coating layer
representing the inner surface of the multi-layer flexible
packaging material, said multilayer flexible barrier material
being deprived of a polyolefin layer, such as a polyethylene
(PE), polyethylene terephthalate (PET) or a polypropylene
(PP) layer.

[0008] US2017029196A1 discloses heat sealable food
packaging films, methods for the production thereof, and
food packages comprising heat sealable food packaging
films. The heat sealable food packaging film includes a
humidity-dependent permeable film having a moisture vapor
transmission rate that increases with an increase in relative
humidity (RH). An outer coating comprises a coating mate-
rial on at least one surface of the humidity-dependent
permeable film. The coating material is selected from a
nanoclay dispersed in a poly-vinylidene chloride (PVdC)
polymer or a stretchable urethane polymer, a stretchable
acrylic polymer, or a combination of stretchable urethane
polymer and stretchable acrylic polymer.

[0009] DE10120620A1 discloses a multi-layered poly-
amide plastic pipe for conveying fluid media in heating and
sanitary installations which comprises at least one layer
which is constituted as a multi-material layer consisting of
a polymer with embedded nanoclay processed as a filler
element. The presence of several binder layers between the
respective layers is required which leads to the increased
risk of blistering occurring.

[0010] KR20110052265A discloses fuel injection pipe
using a nano composite is provided to remarkably reduce the
discharged amount of fuel evaporation gas generated when
variable fuel is used. A fuel injection pipe using a nano
composite comprises a nano composite. The nano composite
is formed by mixing engineering plastic 97~99.7% and
nanoclay 0.3~3% through extrusion or three-dimensional
blow moulding. The engineering plastic is polyamide.

[0011] The use of nanoclays in combination with high-
density or ultra-high molecular weight polyethylene has
therefore not been considered for the transportation of hot or
cold fluids in a heating, a cooling or a water supply system,
to prevent the issues arising from blistering or bubbling in a
multi-layered pipe. It would therefore be advantageous to
overcome the problems of the prior art by incorporating a
nanoclay material into one of the layers of a multi-layered
pipe for reducing gas transport through the layers.

[0012] The use of

[0013] The invention is set out in accordance with the
appended claims.

[0014] The present invention provides a multi-layered
pipe comprising:
[0015] a) a first polyethylene layer comprising raised
temperature (PE-RT) resistance forming a longitudinal
axis of the pipe;
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[0016] b) an ultra-high-molecular-weight polyethylene
(UHMWPE) layer disposed around the first PE-RT
layer;

[0017] c¢) a second PE-RT layer disposed around the
UHMWPE layer; and

[0018] d) optionally, at least one bonding layer disposed
between at least one of the respective first or second
PE-RT layers and the UHMWPE layer;

[0019] characterised in that at least one of the layers
comprises a nanoclay material for reducing gas trans-
port through the layers.

[0020] Therefore, the present invention aims at providing
a durable multi-layered pipe having good flexibility and
strength, but which also provides an adequate oxygen barrier
effect by employing a nanoclay material for reducing gas
transport through the layers.

[0021] It has been surprisingly found that a multi-layered
pipe having a layer comprising at least one nanoclay mate-
rial provides for reducing gas transport through the layers of
the pipe. The prevention of gases diffusing from the air
surrounding the pipe into the liquid medium, especially at
high operating temperatures or pressures of the fluid media
carried within the pipe, is considered beneficial to prolong-
ing the lifetime of the pipe.

[0022] Preferably the nanoclay is dispersed in at least one
of the first or second PE-RT layers. Nanoclay materials are
known to have excellent oxygen barrier properties to prevent
vapour diffusion across the layers of the multi-layered pipe.
More preferably the nanoclay is dispersed in the second
(outer) PE-RT layer. A nanoclay-containing outer layer of
the multi-layered pipe provides for an oxygen barrier layer
immediately adjacent to the surrounding environment to
maximise the reduction of potential water vapour diffusing
across the layers of the multi-layered pipe which may
otherwise cause blistering or bubbling.

[0023] Preferably the nanoclay is dispersed in the
UHMWPE layer. Water uptake by the nanoclays is reduced
with an increase in the concentration of the nanoclay when
present in the UHMWPE layer. This improvement is attrib-
uted to the reduced water absorption of organoclay com-
posites leading to less softening and plasticization of the
UHMWPE polymer layer, resulting in better wear resis-
tance.

[0024] Preferably the nanoclay is present in amount of at
least 0.5 wt. % of the respective layer in which it is located,
preferably 1.0 wt. %, preferably 1.5 wt. %, preferably 2.0 wt.
%, preferably 2.5 wt. %, preferably 3.0 wt. %, preferably 3.5
wt. %, preferably 4.0 wt. %, preferably 4.5 wt. % or
preferably 5.0 wt. %. Preferably the nanoclay is present in
amount of up to 5 wt. % of the respective layer in which it
is located, preferably 5.5 wt. %, preferably 6.0 wt. %,
preferably 6.5 wt. %, preferably 7.0 wt. %, preferably 7.5 wt.
%, preferably 8.0 wt. %, preferably 8.5 wt. %, preferably 9.0
wt. %, preferably 9.5 wt. %, preferably 10.0 wt. %, prefer-
ably 10.5 wt. %, preferably 11.0 wt. %, preferably 11.5 wt.
%, preferably 12.0 wt. %. Preferably the nanoclay is present
in an amount of up to 10 wt. % of the respective layer in
which it is located. The permeability and diffusivity of water
vapour through the various layers of a multi-layered pipe are
considerably reduced by the incorporation of nanoclays into
the polymer matrix at levels of up to 10 wt. % of the
respective layer in which it is located.

[0025] Preferably the nanoclay is montmorillonite being a
hydrated sodium calcium aluminium magnesium silicate
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hydroxide of the formula (Na,Ca), 55(AL,Mg),(Si,0,,)(OH)
»,-nH,0). Nanoclay materials are known to have excellent
oxygen barrier properties to prevent vapour diffusion. The
incorporation of nanoclays into polymeric matrixes
enhances the mechanical, physical, and barrier properties of
polymers. Montmorillonite, kaolinite, and saponite are
examples of nanoclays that have been used as fillers in the
food systems. Montmorillonite in particular has attracted
great interest in the food industry due to its cost effective-
ness, availability, simple processability, and significant
improvement in performance. Preferably, the nanoclay is
Cloisite® Na* which is an unmodified type of nanoclay
material

[0026] Surface modification of nanoclays also provides
for improved compatibility with polymer matrix to which it
is embedded.

[0027] Preferably, the nanoclay is surface modified with a
quaternary ammonium salt. Preferably, the quaternary
ammonium salt is a modified dialkyldimethyl, arylalkyldi-
methyl or diaryldimethyl quaternary ammonium salt having
the following general formula:

(CH3),N*"(R),

[0028] wherein each R group is, independently, a linear
alkyl chain having from 8 to 18 carbon atoms, more
preferably from 12 to 16 carbon atoms, or an aryl group
having from 6 to 12 carbon atoms, more preferably 6
carbon atoms. Suitable counterions typically include
chloride.

[0029] Preferably, the alkyl chains of the dialkyl or alkyl
portion of the quaternary ammonium salt are of equal chain
length. Preferably, such a carbon chain length comprises
from 16 or 18 carbon atoms. This appears to improve
thermal stability and provides better delamination of the clay
when incorporated by mixing in polyethylene.

[0030] Preferably, the alkyl chains have hydroxyl end
groups in order to improve compatibility with polar clay
components, potentially providing shorter mixing times.
[0031] Preferably, the aryl group is benzyl. This appears to
improve thermal stability such as required for processing of
UHMWPE.

[0032] The clay/nanoclay may be a hydrophilic bentonite.
The nanoclay may be any of Cloisite® 10 through 90
(including variants thereof such as with a prefix and postfix
to the numerals) or chemical equivalent. Preferably, the
nanoclay is selected from one or more of Cloisite® 10A,
Cloisite® 15A, Cloisite® 20A, Cloisite® 30B or Cloisite®
93A. Most preferably, the nanoclay is Cloisite® 20A, as
comprises cationic surfactant. Cloisite® 20A leads to a
reduction in surface energy of the nanoclay material and
helps in enhancing wettability in a polymer matrix. In
addition, the presence of an aliphatic tail attached to the
cationic group results in enhancement of d-spacing or inter-
layer spacing of the nanoclay layers, thereby improving
exfoliation and associated physical properties.

[0033] Preferably, the amount of nanoclay present in the at
least one of the layers of the multi-layered pipe is based
upon the amount or number of cations that can be exchanged
by another cation on the surface of the nanoclay mineral, the
so-called cation exchange capacity (CEC) of the nanoclay
material. It is often expressed in meq/100 g clay, which is
numerically equivalent to cmol(+)/kg, where mol(+) repre-
sents moles of electrical charge. CEC is measured by
displacing all the bound cations with a concentrated solution
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of another cation, and then measuring either the displaced
cations or the amount of added cation that is retained.
Barium (Ba®*) and ammonium (NH**) may be used as
exchanger cations.

[0034] Preferably, the amount of nanoclay present in the at
least one of the layers of the multi-layered pipe is at least 80
meq/100 g of clay, preferably at least 85 meq/100 g of clay,
preferably at least 90 meq/100 g of clay, preferably at least
95 meq/100 g of clay, preferably at least 100 meq/100 g of
clay. Preferably the amount of nanoclay present in the at
least one of the layers of the multi-layered pipe is at most
110 eq/100 g of clay, preferably at most 115 meq/100 g of
clay, preferably at most 120 meq/100 g of clay, preferably at
most 125 meq/100 g of clay, preferably at most 130 meq/100
g of clay, preferably at most 135 meq/100 g of clay,
preferably at most 140 meq/100 g of clay. Preferably, the
amount of nanoclay present in the at least one of the layers
of the multi-layered pipe is at a concentration of between 90
to 125 meq/100 g of clay. By way of contrast, unmodified
Cloisite® Na* clay has a CEC value of 92.6 meq/100 g of
clay.

[0035] The skilled person will appreciate that multi-lay-
ered pipes according to the present invention will vary in
size according to the quantity of fluid they are designed to
transport or the type of dwelling they are intended for use in,
but will preferably have an outer pipe diameter in the range
from 15 mm to 90 mm, more preferably in the range from
16 mm to 75 mm. The overall outer wall thickness com-
prising the various layers of the multi-layered pipes is
therefore preferably in the range from 1.5 mm to 9 mm,
more preferably 2 mm to 7.5 mm.

[0036] Preferably, the thickness of the first PE-RT layer is
at least 0.5 mm, preferably at least 0.6 mm, preferably at
least 0.7 mm, preferably at least 0.8 mm, preferably at least
0.9 mm, preferably at least 1.0 mm, preferably at least 1.1
mm, preferably at least 1.2 mm, preferably at least 1.3 mm,
preferably at least 1.4 mm, preferably at least 1.5 mm,
preferably at least 1.6 mm, preferably at least 1.7 mm,
preferably at least 1.8 mm, preferably at least 1.9 mm,
preferably at least 2.0 mm, preferably at least 2.1 mm,
preferably at least 2.2 mm, preferably at least 2.3 mm,
preferably at least 2.4 mm or preferably at least 2.5 mm.
Preferably the thickness of the first PE-RT layer is at most
6.5 mm, preferably at most 6.6 mm, preferably at most 6.7
mm, preferably at most 6.8 mm, preferably at most 6.9 mm,
preferably at most 7.0 mm, preferably at most 7.1 mm,
preferably at most 7.2 mm, preferably at most 7.3 mm,
preferably at most 7.4 mm, preferably at most 7.5 mm,
preferably at most 7.6 mm, preferably at most 7.7 mm,
preferably at most 7.8 mm, preferably at most 7.9 mm,
preferably at most 8.0 mm, preferably at most 8.1 mm,
preferably at most 8.2 mm, preferably at most 8.3 mm,
preferably at most 8.4 mm or preferably at most 8.5 mm.
Preferably the thickness of the first PE-RT layer is in the
range 1.3 mm to 7.2 mm. This is good because the first
PE-RT layer, the inner layer of pipe, is made as thick as
possible in order to allow for the outer layer (the second
PE-RT layer) of the multi-layered pipe to be as thin as
possible. Also, it is preferred that a thinner outer layer helps
with compatibility with certain exterior fittings.

[0037] Preferably, the thickness of the second PE-RT layer
is at least 0.1 mm, preferably at least 0.2 mm, preferably at
least 0.3 mm, preferably at least 0.4 mm, preferably at least
0.5 mm, preferably at least 0.6 mm, preferably at least 0.7
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mm or preferably at least 0.8 mm. Preferably the thickness
of the second PE-RT layer is at most 0.5 mm, preferably at
most 0.6 mm, preferably at most 0.7 mm, preferably at most
0.8 mm, preferably at most 0.9 mm, preferably at most 1.0
mm, preferably at most 1.1 mm, preferably at most 1.2 mm,
preferably at most 1.3 mm, preferably at most 1.4 mm or
preferably at most 1.5 mm. Preferably the thickness of the
second PE-RT layer is in the range 0.1 mm to 0.9 mm. The
thickness of the second PE-RT layer is selected to be as thin
as possible so that in scenarios where the nanoclay layer is
present in this layer, it is easier for the second PE-RT layer
(outer) to be compatible with certain exterior fittings.
[0038] Preferably, the thickness of the UHMWPE layer is
at least 0.1 mm, preferably at least 0.2 mm, preferably at
least 0.3 mm, preferably at least 0.4 mm or preferably at
least 0.5 mm. Preferably the thickness of the UHMWPE
layer is at most 0.5 mm, preferably at most 0.6 mm,
preferably at most 0.7 mm, preferably at most 0.8 mm,
preferably at most 0.9 mm, preferably at most 1.0 mm,
preferably at most 1.1 mm, preferably at most 1.2 mm,
preferably at most 1.3 mm, preferably at most 1.4 mm or
preferably at most 1.5 mm. Preferably the thickness of the
UHMWPE layer is in the range 0.1 mm to 0.7 mm.
[0039] Preferably the UHMWPE layer comprises a
UHMWPE tape or a fibre. A UHMWPE layer comprising a
UHMWPE tape or a fibre provides for a thicker reinforcing
layer of the multi-layered pipe.

[0040] Preferably the UHMWPE tape layer comprises two
layers of tape with one layer on top of the other. In this
manner, the UHMWPE layer is formed from several layers
of UHMWPE tape which increases the strength of the
UHMWPE tape while maintaining the overall flexibility of
the UHMWPE tape layer itself, as well as that of the
multi-layered pipe.

[0041] Preferably the two layers of tape have an angle of
overlap between them of at least 20° degrees, preferably at
least 25° degrees, preferably at least 30° degrees, preferably
at least 35° degrees, preferably at least 40° degrees, prefer-
ably at least 45° degrees, preferably at least 50° degrees or
preferably at least 55° degrees. Preferably the two layers of
tape have an angle of overlap between them of at most 60°
degrees, preferably at most 65° degrees, preferably at most
70° degrees, preferably at most 75° degrees, preferably at
most 80° degrees, preferably at most 85° degrees or pref-
erably at most 90° degrees. Preferably the two layers of tape
have an angle of overlap between them of from 40° to 70°
degrees. It has been found that when the two layers of tape
have an angle of overlap between them in this range then this
maximises the strength and flexibility of the UHMWPE tape
layer.

[0042] Preferably the multi-layered pipe further comprise
a bonding layer disposed between the first PE-RT layer and
the UHMWPE layer, and/or a bonding layer disposed
between the second PE-RT layer and the UHMWPE layer.
While not an essential requirement to the present invention,
additional bonding layers, whether present between the first
PE-RT layer and the UHMWPE layer, and/or between the
second PE-RT layer and the UHMWPE layer allow the
corresponding first or second PE-RT layer(s) and the
UHMWPE layer to more strongly adhere to each other to
minimise seam openings between the layers which may be
exploited by blistering or bubbling phenomena.

[0043] Preferably the nanoclay is dispersed in the bonding
layer disposed between the first PE-RT layer and the
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UHMWPE layer, and/or the nanoclay is dispersed in the
bonding layer disposed between the second PE-RT layer and
the UHMWPE layer. In this manner, at least one PE-RT
layer is located between an interior flow path of the multi-
layered pipe and the UHMWPE layer in order to maximise
the reduction of potential water vapour diffusing across the
layers of the multi-layered pipe which may otherwise cause
blistering or bubbling.

[0044] Preferably the at least one bonding layer is formed
from high density polyethylene (HDPE), HDPE grafted with
maleic anhydride (HDPE-g-MA), low density polyethylene
(LDPE), LDPE grafted with maleic anhydride (LDPE-g-
MA) or combinations thereof. Bonding layers formed from
HDPE or LDPE, whether grafted with maleic anhydride or
otherwise, provide for improved bonding between succes-
sive layers of the first PE-RT layer and the UHMWPE layer,
or the second PE-RT layer and the UHMWPE layer.

[0045] Preferably, the thickness of the at least one bonding
layer is at least 0.1 mm, preferably at least 0.2 mm, prefer-
ably at least 0.3 mm, preferably at least 0.4 mm, preferably
at least 0.5 mm, preferably at least 0.6 mm, preferably at
least 0.7 mm or preferably at least 0.8 mm. Preferably the
thickness of the second PE-RT layer is at most 0.5 mm,
preferably at most 0.6 mm, preferably at most 0.7 mm,
preferably at most 0.8 mm, preferably at most 0.9 mm,
preferably at most 1.0 mm, preferably at most 1.1 mm,
preferably at most 1.2 mm, preferably at most 1.3 mm,
preferably at most 1.4 mm or preferably at most 1.5 mm.
Preferably the thickness of the at least one bonding layer is
in the range 0.1 to 0.9 mm. More preferably the thickness of
the at least one bonding layer is in the range 0.2 mm to 0.6
mm. The thickness of the at least one bonding layer is
selected so as to not be too thick, otherwise it affects the
long-term performance of the multi-layered pipe. For
example, when the at least one bonding layer is an LDPE-
based bonding layer it has a lower melting point compared
with layers comprised of PE-RT or UHMWPE. In general,
the thickness of the at least one bonding layer is at most 10%
of the overall pipe diameter.

[0046] Preferably the at least one bonding layer is free
from ethylene vinyl alcohol (EVOH). EVOH is known to be
a strong barrier against oxygen and gas, it is difficult to make
and therefore more expensive. The use of EVOH also
provides disadvantages in terms of recyclability, and the fact
that when it is used additional tie layers are required in order
to bond various layers of the pipe together.

[0047] Preferably the multi-layered pipe is free from alu-
minium. A polymeric multi-layered pipe that does not com-
prise aluminium maintains good flexibility and can therefore
be used in a variety of scenarios where flexibility is useful,
e.g., to transport liquids around corners.

[0048] Preferably the multi-layered pipe has a density of
less than 1 g/cm®. This is good because it is cheaper and
easier to transport than conventional metal or concrete
alternatives.

[0049] Accordingly, the invention provides for a multi-
layered pipe for conveying hot water in a dwelling, the pipe
consisting of concentric layers of polymeric material, the
layers being:

[0050] an inner first PE-RT layer;
[0051] a UHMWPE layer; and
[0052] an outer second PE-RT layer comprising a nano-

clay material.
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[0053] A multi-layered pipe comprising a nanoclay-con-
taining outer layer of the multi-layered pipe provides for an
oxygen barrier layer immediately adjacent to the surround-
ing environment to maximise the reduction of potential
water vapour diffusing across the layers of the multi-layered
pipe which may otherwise cause blistering or bubbling.
[0054] Alternatively, the invention provides for a multi-
layered pipe for conveying hot water in a dwelling, the pipe
consisting of concentric layers of polymeric material, the
layers being:
[0055] an inner first PE-RT layer;
[0056] a UHMWPE layer comprising a nanoclay mate-
rial; and
[0057] an outer second PE-RT layer.
[0058] This is good because water uptake by the nanoclays
is reduced with an increase in the concentration of the
nanoclay when present in the UHMWPE layer. This
improvement is attributed to the reduced water absorption of
organoclay composites leading to less softening of the
UHMWPE polymer layer, resulting in better wear resis-
tance.
[0059] Alternatively, the invention provides for a multi-
layered pipe for conveying hot water in a dwelling, the pipe
consisting of concentric layers of polymeric material, the
layers being:
[0060] an inner first PE-RT layer;
[0061] a first LDPE bonding layer comprising a nano-
clay material;
[0062] a UHMWPE layer;
[0063] a second LDPE bonding layer comprising a
nanoclay material; and
[0064] an outer second PE-RT layer.
[0065] In this embodiment, at least one PE-RT layer is
located between an interior flow path of the multi-layered
pipe and the UHMWPE layer in order to maximise the
reduction of potential water vapour diffusing across the
layers of the multi-layered pipe which may otherwise cause
blistering or bubbling. Bonding layers formed from HDPE
or LDPE, whether grafted with maleic anhydride or other-
wise, provide for improved bonding between successive
layers of the first PE-RT layer and the UHMWPE layer, or
the second PE-RT layer and the UHMWPE layer.
[0066] Alternatively, the invention provides for a multi-
layered pipe for conveying hot water in a dwelling, the pipe
consisting of concentric layers of polymeric material, the
layers being:

[0067] an inner first PE-RT layer;

[0068] a LDPE bonding layer;

[0069] a UHMWPE layer; and

[0070] an outer second PE-RT layer comprising a nano-

clay material.
[0071] This is good because water uptake by the nanoclays
is reduced with an increase in the concentration of the
nanoclay when present in the UHMWPE layer. This
improvement is attributed to the reduced water absorption of
organoclay composites leading to less softening and plasti-
cization of the UHMWPE polymer layer, resulting in better
wear resistance. In addition, at least one PE-RT layer is
located between an interior flow path of the multi-layered
pipe and the UHMWPE layer in order to maximise the
reduction of potential water vapour diffusing across the
layers of the multi-layered pipe which may otherwise cause
blistering or bubbling. Bonding layers formed from HDPE
or LDPE, whether grafted with maleic anhydride or other-
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wise, provide for improved bonding between successive
layers of the first PE-RT layer and the UHMWPE layer, or
the second PE-RT layer and the UHMWPE layer.
[0072] Preferably, a portion of the UHMWPE layer may
be dispersed in at least one of the first or second PE-RT
layers. In scenarios when the UHMWPE layer comprises a
UHMWPE tape or a fibre, preferably the UHMWPE tapes or
fibres are dispersed in at least one of the first or second
PE-RT layers to form a matrix. The skilled person will
appreciate that in scenarios when a portion of the UHMWPE
layer may be dispersed in at least one of the first or second
PE-RT layers, the nanoclay may still be dispersed in at least
one of the first or second PE-RT layers or dispersed in the
UHMWPE layer in accordance with a first embodiment of
the invention. In this manner, at least one of the first or
second PE-RT layers of the multi-layered pipe may therefore
further comprise a mixture of UHMWPE tapes or fibres and
at least one nanoclay material.
[0073] Accordingly, a second embodiment of the inven-
tion relates to a method of manufacturing a multi-layered
polymer pipe according to any preceding claim, the method
comprising the steps of:
[0074] melt-extruding a first PE-RT layer to form a
longitudinal axis of the pipe;
[0075] melt-extruding a UHMWPE layer over the first
PE-RT layer; and
[0076] applying a second PE-RT layer over the
UHMWPE layer.
[0077] Such a method is considered to be cheaper and
easier to carry out in order to manufacture a multi-layered
pipe according to a first embodiment of the present invention
because i) fewer layers are required to form the multi-
layered pipe, ii) those that are required can easily bond and
adhere together due to the similar chemical nature of the
individual layers, and iii) the entire process can be carried
out using existing technology.
[0078] Preferably the method of manufacturing a multi-
layered polymer pipe comprises the additional steps of:
[0079] applying a bonding layer over the first PE-RT
layer prior to melt-extruding the UHMWPE layer;
and/or
[0080] applying a bonding layer over the UHMWPE
layer prior to applying the second PE-RT layer.
[0081] The incorporation of one or more additional bond-
ing layers improves the bonding between the existing layers
of'the multi-layered pipe, to increase the overall strength and
flexibility of the multi-layered pipe while simultaneously
maximising the reduction of potential water vapour diffusing
across the layers of the multi-layered pipe.
[0082] The PE-RT polymer is resilient and allows consid-
erable elastic deformation. In some uses it is desirable that
the multi-layered polymer pipe of the present invention is
deformable, such as in bending, a typical requirement in
applications, but it does not show significant resilient recov-
ery upon bending. The resilience of the multi-layered pipe of
the present invention is therefore preferably reduced. Reduc-
tion of resilience may be conveniently achieved by the use
of fillers, which can be termed bulk fillers. However, the use
of nanoclay (a functional filler) and its beneficial effects, as
described above, can be adversely affected by the introduc-
tion of other fillers, by a filler is meant a physical particulate
in addition to the polymer. It is therefore preferable to limit
the resilience (elastic recovery) of the multi-layered pipe of
the present invention without providing additional solids
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materials to the UHMWPE layer. It has been found that the
desired characteristics can be achieved by adding a filler to
the PE-RT composition. However, it has been found that not
all fillers are suitable and certainly not as equally effective
in combination with nanoclay.

[0083] A filler, that is a material of larger particle size than
a nanoclay filler, for example being of particle size 1 pm or
great, preferably less than 100 um. more preferably in the
range 21 to 50 pm. Such a filler may be referred to as a bulk
filler to differentiate it from the nanoclay which, whilst
different in particle size can be considered as acting tech-
nically as a filler, all be it a functional filler having desirable
effects. The person skilled in the art does not normally
consider the (expensive) functional components such as a
nanoclay as a filler/bulk filler as that is not its function.
[0084] Filler suitable for inclusion in the PE-RT layer(s) of
the present invention includes: Talc—Mg3Si4010(OH)2;
Calcium Carbonate—CaCO3; Kaolinite—AI2Si205(0OH)4;
Wollastonite—CaSiO3; Mica muscovite—KA12
(Si3A1010)(OH)2; Mica phlogopite—KMg3(AlSi3010)
(OH)2; Glass beads or fibre—SiO2. The preferred filler is
Talc as this provides the greatest reduction in resilient
recovery of a bent pipe in a pipe comprising a PE/RT layer
utilising this filler.

[0085] In the present invention a filler may be included at
a level of between 5 and 60% by weight in the first (inner)
PE-RT layer. A preferred level for reduction in resilient
recovery of a bent pipe is between 10 and 50% by weight.
[0086] Alternatively, a filler may be included at a level of
between 10 and 60% by weight in a second PE-RT layer
disposed around the UHMWPE layer.

[0087] The filler may be used in both of the PE-RT layers.
[0088] However, a filler incorporated into the PE-RT as an
inner layer can potentially come into contact with water in
the pipes and the fourth for potable water it can be preferable
to have the filler in the second PE-RT layer even if this is less
effective.

[0089] In terms of the desirable characteristic of a pipe of
the invention retaining its deformation after bending (lon-
gitudinal bending) it has been found that incorporating the
filler in the first (inner) PE-RT layer is the more effective.
Incorporating the filler in the second (outer) is also effective
in reducing resilient recovery after pipe bending, but less so.
[0090] When the nanoclay incorporated in the PE-RT
layer it is preferably incorporated in the inner later for
reducing gas transport, as moisture, from the contents of the
pipe. The presence of filler (i.e., bulk filler with the nano clay
is disadvantageous as it increases the gas permeability, the
bulk filler is therefore preferably in another PE-RT layer.
The bulk filler is therefore preferably place in the outer
PE-RT layer.

[0091] The layer comprising the nanoclay preferably com-
prises no other solids component polymeric additive besides
the nanoclay. The layer comprising the nano clay preferably
consists of polymer and nano clay, optionally we trace
additives are less than 5% in total by weight. The layer
comprising the filler preferably consists of the filler and
polymer, optionally with trace relatives at less than 5% in
total by weight.

BRIEF DESCRIPTION OF THE DRAWINGS

[0092] The description is given with reference to the
accompanying drawings where like numerals are intended to
refer to like parts and in which:
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[0093] FIG. 1 represents a cross-sectional view of a multi-
layered pipe according to a first embodiment of the inven-
tion;

[0094] FIG. 2 represents a cross-sectional view of a multi-
layered pipe according to an alternative first embodiment of
the invention;

[0095] FIG. 3 represents a cross-sectional view of a multi-
layered pipe according to an alternative first embodiment of
the invention; and

[0096] FIG. 4 represents a cross-sectional view of a multi-
layered pipe according to an alternative first embodiment of
the invention.

[0097] The following abbreviations have been used exten-
sively throughout the description.
ABBREVIATIONS
[0098] PE-RT: polyethylene of raised temperature resis-
tance;
[0099] HDPE: high-density polyethylene;
[0100] LDPE: low-density polyethylene;
[0101] UHMWPE: ultra-high-molecular-weight poly-
ethylene;
[0102] (HD/LD) PE-g-MA: (high-density/low-density)

polyethylene-graft-maleic anhydride.
[0103] For the avoidance of any doubt, a corresponding
definition of each of the acronyms used is provided below.

Definitions

[0104] PE-RT is a polyethylene (PE) resin in which the
molecular architecture has been designed such that a suffi-
cient number of tie chains are incorporated to allow opera-
tion at elevated or raised temperatures (RT). Tie chains “tie”
together the crystalline structures in the polymer, resulting in
improved properties such as elevated temperature strength
and performance, chemical resistance and resistance to slow
crack growth.

[0105] HDPE or polyethylene high-density (PEHD) is a
thermoplastic polymer produced from the monomer ethyl-
ene. HDPE is known for its high strength-to-density ratio.
HDPE pipe does not rust, rot or corrode, and is resistant to
biological growth. This means an extended service life and
long-term cost savings. The density of HDPE ranges from
0.93 to 0.97 g/cm®. Although the density of HDPE is only
marginally higher than that of low-density polyethylene,
HDPE has little branching, giving it stronger intermolecular
forces and tensile strength (38 MPa versus 21 MPa) than
LDPE. The difference in strength exceeds the difference in
density, giving HDPE a higher specific strength. It is also
harder, more opaque and can withstand somewhat higher
temperatures (120° C./248° F. for short periods). High-
density polyethylene, unlike polypropylene, cannot with-
stand normally required autoclaving conditions. The lack of
branching is ensured by an appropriate choice of catalyst
(e.g., Ziegler-Natta catalysts) and reaction conditions.
HDPE is resistant to many different solvents, so it cannot be
glued, pipe joints must be made by welding, but this makes
pipes constructed out of HDPE ideally suited for transport-
ing drinking water and waste water (storm and sewage).
[0106] LDPE is a thermoplastic also made from the mono-
mer ethylene. LDPE is defined by a density range of 0.917
t0 0.93 g/cm®. At room temperature it is not reactive, except
to strong oxidizers; some solvents cause it to swell. It can
withstand temperatures of 65° C. (149° F.) continuously and

Dec. 19, 2024

90° C. (194° F.) for a short time. Made in translucent and
opaque variations, it is quite flexible and tough. LDPE has
more branching (on about 2% of the carbon atoms) than
HDPE, so its intermolecular forces (instantaneous-dipole
induced-dipole attraction) are weaker, its tensile strength is
lower, and its resilience is higher. The side branches mean
that its molecules are less tightly packed and less crystalline,
and therefore its density is lower. When exposed to consis-
tent sunlight, the plastic produces significant amounts of two
greenhouse gases: methane and ethylene. Because of its
lower density (high branching), it breaks down more easily
than other plastics; as this happens, the surface area
increases. Production of these trace gases from virgin plas-
tics increases with surface area and with time, so that LDPE
emits greenhouse gases at a more unsustainable rate than
other plastics. When incubated in air, LDPE emits methane
and ethylene at rates about 2 times and about 76 times,
respectively, more than in water.

[0107] A UHMWPE is a polyethylene polymer that com-
prises primarily ethylene-derived units and in some embodi-
ments, the UHMWPE is a homopolymer of ethylene.
Optionally, a UHMWPE may comprise additional c-olefins
such as, but not limited to, 1-butene, 1-pentene, 1-hexene,
1-octene, 1-decene, 1-dodecene, 4-methyl-1-pentene, and
3-methyl-1-pentene. A suitable UHMWPE may have a
weight average molecular weight (Mw) of about 1,500,000
g/mol or greater, about 1,750,000 g/mol or greater, about
1,850,000 g/mol or greater, or about 1,900,000 g/mol or
greater. These molecules are several orders of magnitude
longer than those of familiar HDPE due to a synthesis
process based on metallocene catalysts, resulting in
UHMWPE molecules typically having 100,000 to 250,000
monomer units per molecule each compared to HDPE’s 700
to 1,800 monomers. Examples of commercially available
UHMWPE include MIPLEON™ XM-220, MIPLEON™
XM-330 (both available from Mitsui Chemical), Ticona
GUR™ 4170 (available from Celanese, Dallas, TX, USA),
UTEC3040 (Braskem), LUBMER™ 5000 and LUBMER™
5220 (both available from Mitsui Chemical).

[0108] Suitable UHMWPE may be in a powder or pellet
form and/or have an average particle diameter of about 75
pm or less, about 70 um or less, or about 65 um or less.
Additionally, or alternatively, suitable UHMWPE may have
an average particle diameter of 10 pm or greater, 15 um or
greater, 20 um or greater, or 25 um greater. Additionally, or
alternatively, suitable UHMWPE may have an average par-
ticle diameter of about 40 um to about 75 um, such as about
50 um to about 70 um, or about 55 um to 65 um. Addition-
ally, or alternatively, suitable UHMWPE may have an aver-
age particle diameter of about 10 um to about 50 pum, such
as about 15 pum to about 45 pm, about 20 pm to about 40 pm,
or about 25 um to about 30 pum.

[0109] Particle size in the present invention is determined
by ASTM E2834-12 (2022) suitable equipment is the Nano-
Sight NS300 from Malvern Panalytical®. This is suitable for
the nano clay. For larger particles than the nano scale, such
as the bulk filler, particle size may be determined using a
Mastersizer 3000 Malvern Panalytical®.

[0110] Water may be used as the medium for suspending
the solid in analysis. Measurement are made at 25° C. unless
the method requires otherwise. The preferred particle size
measurement is D3,2 unless the method requires otherwise.
Plastics particle size may be measured using ASTM D7486-
14.
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[0111] PE-g-MA, structure reproduced below for refer-
ence, is a compatibilizer for polymer blends which serves as
support for polar to nonpolar substances:

CH;

CH;

O

PE-g-MA

[0112] It is known that PE-g-MA introduced or admixed
with LDPE/HDPE results in blends which have higher
thermal stability. This is a desirable property for the forma-
tion of multi-layered pipes.

DETAILED DESCRIPTION OF THE
INVENTION

Example 1

[0113] FIG. 1 shows a view of a multi-layered pipe (10) in
cross-section according to a first embodiment of the inven-
tion. More specifically, FIG. 1 shows a multi-layered pipe
(10) having concentric layers of polymeric material being
arranged sequentially on top of each other and consisting of
a first PE-RT layer (12) forming a longitudinal axis of the
pipe (10), a UHMWPE layer (14) containing dispersed
UHMWPE tapes/fibres disposed around the first PE-RT
layer (12), and a second PE-RT layer (16) comprising a
nanoclay material disposed around the UHMWPE layer
(14). The nanoclay material in the second PE-RT layer (16)
is a surface modified montmorillonite being a hydrated
sodium calcium aluminium magnesium silicate hydroxide of
the formula (Na,Ca), ;5(Al,Mg),(Si,0,,)(OH), nH,0)
whose surface is modified with the quaternary ammonium
salt Cloisite® 20A.

[0114] The multi-layered pipe (10) was produced by melt-
extruding the first PE-RT layer (12) forming a longitudinal
axis of the pipe (10), melt-extruding the UHMWPE layer
(14) around the first PE-RT layer (12) and applying the
second (outer) PE-RT layer (16) containing the nanoclay
around the UHMWPE layer (14).

Example 2

[0115] FIG. 2 shows a view of a multi-layered pipe (20) in
cross-section according to an alternative first embodiment of
the invention. More specifically, FIG. 2 shows a multi-
layered pipe (20) having concentric layers of polymeric
material being arranged sequentially on top of each other
and consisting of a first PE-RT layer (22) forming a longi-
tudinal axis of the pipe (20), a UHMWPE layer (24)
comprising a nanoclay material disposed around the first
PE-RT layer (22), and a second PE-RT layer (26) disposed
around the UHMWPE layer (24). The nanoclay material in
the UHMWPE layer (24) is a surface modified montmoril-
lonite being a hydrated sodium calcium aluminium magne-
sium silicate hydroxide of the formula (Na,Ca), ;5(Al,Mg)
5(81,0,,)(OH), nH,0) whose surface is modified with the
quaternary ammonium salt Cloisite® 20A.
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[0116] The multi-layered pipe (20) was produced by melt-
extruding the first PE-RT layer (22) forming a longitudinal
axis of the pipe (20), melt-extruding the UHMWPE layer
(24) containing the nanoclay around the first PE-RT layer
(22) and applying the second (outer) PE-RT layer (26)
around the UHMWPE layer (24).

Example 3

[0117] FIG. 3 shows a view of a multi-layered pipe (30) in
cross-section according to an alternative first embodiment of
the invention. More specifically, FIG. 3 shows a multi-
layered pipe (30) having concentric layers of polymeric
material being arranged sequentially on top of each other
and consisting of a first PE-RT layer (32) forming a longi-
tudinal axis of the pipe (30), a first LDPE bonding layer
(38a) comprising a nanoclay material disposed around the
first PE-RT layer (32), a UHMWPE tape layer (34) disposed
around the first LDPE bonding layer (38a), a second LDPE
bonding layer (386) comprising a nanoclay material dis-
posed around the UHMWPE tape layer (34) and a second
PE-RT layer (36) disposed around the second LDPE bond-
ing layer (385). The nanoclay material in each of the first
(38a) and second (385) LDPE bonding layers is a surface
modified montmorillonite being a hydrated sodium calcium
aluminium magnesium silicate hydroxide of the formula
(Na,Ca), 55(A1,Mg),(S1,0,,)(OH), nH,0) whose surface is
modified with the quaternary ammonium salt Cloisite®
20A.

[0118] The multi-layered pipe (30) was produced by melt-
extruding the first PE-RT layer (32) forming a longitudinal
axis of the pipe (30), applying the first LDPE bonding layer
(38a) containing the nanoclay around the first PE-RT layer
(32), applying the UHMWPE tape layer (34) by winding
layers of UHMWPE tape around the first LDPE bonding
layer (38a), applying the second LDPE bonding layer (3854)
containing the nanoclay around the UHMWPE tape layer
(34) and applying the second (outer) PE-RT layer (36)
around the second LDPE bonding layer (385).

Example 4

[0119] FIG. 4 shows a view of a multi-layered pipe (40) in
cross-section according to an alternative first embodiment of
the invention. More specifically, FIG. 4 shows a multi-
layered pipe (40) having concentric layers of polymeric
material being arranged sequentially on top of each other
and consisting of a first PE-RT layer (42) forming a longi-
tudinal axis of the pipe (40), a first LDPE bonding layer
(48a) disposed around the first PE-RT layer (42), a
UHMWPE tape layer (44) disposed around the first LDPE
bonding layer (48a), a second LDPE bonding layer (4856)
disposed around the UHMWPE layer (44) and a second
PE-RT layer (46) comprising a nanoclay material disposed
around the second LDPE bonding layer (485). The nanoclay
material is a surface modified montmorillonite being a
hydrated sodium calcium aluminium magnesium silicate
hydroxide of the formula (Na,Ca), ;5(Al,Mg),(Si,0,,)(OH)
>, nH,0) whose surface is modified with the quaternary
ammonium salt Cloisite® 20A.

[0120] The multi-layered pipe (40) was produced by melt-
extruding the first PE-RT layer (42) forming a longitudinal
axis of the pipe (40), applying the first LDPE bonding layer
(48a) around the first PE-RT layer (42), applying the
UHMWPE layer (44) by winding layers of UHMWPE tape
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around the first LDPE bonding layer (48a), applying the
second LDPE bonding layer (485) around the UHMWPE
tape layer (44) and applying the second (outer) PE-RT layer
(46) containing the nanoclay around the second LDPE
bonding layer (485).

[0121] The following numbered sentences describe the
present invention:

[0122] 1 A multi-layered pipe comprising:

[0123] a) a first polyethylene layer comprising raised
temperature (PE-RT) resistance forming a longitudi-
nal axis of the pipe;

[0124] D) an ultra-high-molecular-weight polyethyl-
ene (UHMWPE) layer disposed around the first
PE-RT layer;

[0125] c¢) a second PE-RT layer disposed around the
UHMWPE layer; and

[0126] d) optionally, at least one bonding layer dis-
posed between at least one of the respective first or
second PE-RT layers and the UHMWPE layer;

[0127] characterised in that at least one of the layers
comprises a nanoclay material for reducing gas
transport through the layers.

[0128] 2. The multi-layered pipe according to claim 1,
wherein the nanoclay is dispersed in at least one of the
first or second PE-RT layers.

[0129] 3. The multi-layered pipe according to claim 1,
wherein the nanoclay is dispersed in the UHMWPE
layer.

[0130] 4. The multi-layered pipe according to any of
claim 1 to claim 3, wherein the nanoclay is present in
an amount of up to 10 wt. % of the respective layer in
which it is located.

[0131] 5. The multi-layered pipe according to any pre-
ceding claim, wherein the nanoclay is a surface modi-
fied montmorillonite being a hydrated sodium calcium
aluminium magnesium silicate hydroxide of the for-
mula (Na,Ca), ;5(ALMg),(Si,0,,)(OH),'nH,0).

[0132] 6. The multi-layered pipe according to claim 5,
wherein the nanoclay is modified with a dialkyldim-
ethyl, arylalkyldimethyl or diaryldimethyl quaternary
ammonium salt having the following general formula:

(CH3),N"(R),

[0133] wherein each R group is, independently, a linear
alkyl chain having from 8 to 18 carbon atoms, or an aryl
group having from 6 to 12 carbon atoms.

[0134] 7. The multi-layered pipe according to any pre-
ceding claim, wherein the thickness of the first PE-RT
layer is in the range 1.3 to 7.2 mm.

[0135] 8. The multi-layered pipe according to any pre-
ceding claim, wherein the thickness of the second
PE-RT layer is in the range 0.1 to 0.9 mm.

[0136] 9. The multi-layered pipe according to any pre-
ceding claim, wherein the thickness of the UHMWPE
layer is in the range 0.1 to 0.7 mm.

[0137] 10. The multi-layered pipe according to any
preceding claim, wherein the UHMWPE layer com-
prises a UHMWPE tape or a fibre.

[0138] 11. The multi-layered pipe according to claim
10, wherein the UHMWPE tape layer comprises two
layers of tape with one layer on top of the other.

[0139] 12. The multi-layered pipe according to claim
11, wherein the two layers of tape have an angle of
overlap between them of from 40° to 70° degrees.
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[0140] 13. The multi-layered pipe according to any
preceding claim, further comprising a bonding layer
disposed between the first PE-RT layer and the
UHMWPE layer, and/or a bonding layer disposed
between the second PE-RT layer and the UHMWPE
layer.

[0141] 14. The multi-layered pipe according to claim
13, wherein the nanoclay is dispersed in the bonding
layer disposed between the first PE-RT layer and the
UHMWPE layer, and/or the nanoclay is dispersed in
the bonding layer disposed between the second PE-RT
layer and the UHMWPE layer.

[0142] 15. The multi-layered pipe according to any
preceding claim, wherein the at least one bonding layer
is formed from high density polyethylene (HDPE),
HDPE grafted with maleic anhydride (HDPE-g-MA),
low density polyethylene (LDPE), LDPE grafted with
maleic anhydride (LDPE-g-MA) or combinations
thereof.

[0143] 16. The multi-layered pipe according to any
preceding claim, wherein the thickness of the at least
one bonding layer is in the range 0.1 to 0.9 mm.

[0144] 17. The multi-layered pipe according to any
preceding claim, wherein the at least one bonding layer
is free from ethylene vinyl alcohol (EVOH).

[0145] 18. The multi-layered pipe according to any
preceding claim, wherein the pipe is free from alu-
minium.

[0146] 19. The multi-layered pipe according to any
preceding claim, having a density of less than 1 g/cm®.

[0147] 20. A multi-layered pipe for conveying hot water
in a dwelling, the pipe consisting of concentric layers
of polymeric material, the layers being:

[0148] an inner first PE-RT layer;

[0149] a UHMWPE layer; and

[0150] an outer second PE-RT layer comprising a
nanoclay material.

[0151] 21. A multi-layered pipe for conveying hot water
in a dwelling, the pipe consisting of concentric layers
of polymeric material, the layers being:

[0152] an inner first PE-RT layer;

[0153] a UHMWPE layer comprising a nanoclay
material; and

[0154] an outer second PE-RT layer.

[0155] 22. A multi-layered pipe for conveying hot water
in a dwelling, the pipe consisting of concentric layers
of polymeric material, the layers being:

[0156] an inner first PE-RT layer;

[0157] a first LDPE bonding layer comprising a
nanoclay material;

[0158] a UHMWPE layer;

[0159] a second LDPE bonding layer comprising a
nanoclay material; and

[0160] an outer second PE-RT layer.

[0161] 23. A multi-layered pipe for conveying hot water
in a dwelling, the pipe consisting of concentric layers
of polymeric material, the layers being:

[0162] an inner first PE-RT layer;

[0163] a LDPE bonding layer;

[0164] a UHMWPE layer; and

[0165] an outer second PE-RT layer comprising a
nanoclay material.
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[0166] 24. A method of manufacturing a multi-layered
polymer pipe according to any preceding claim, the
method comprising the steps of:

[0167] melt-extruding a first PE-RT layer to form a
longitudinal axis of the pipe;

[0168] melt-extruding a UHMWPE layer over the
first PE-RT layer; and

[0169] applying a second PE-RT layer over the
UHMWPE layer.

[0170] 25. The method according to claim 25, further
comprising the additional steps of:

[0171] applying a bonding layer over the first PE-RT
layer prior to melt-extruding the UHMWPE layer;
and/or

[0172] applying a bonding layer over the UHMWPE
layer prior to applying the second PE-RT layer.

1. A multi-layered pipe comprising:

a) a first polyethylene layer comprising raised temperature
(PE-RT) resistance forming a longitudinal axis of the

pipe;

b) an  ultra-high-molecular-weight  polyethylene
(UHMWPE) layer disposed around the first PE-RT
layer;

¢) a second PE-RT layer disposed around the UHMWPE
layer; and

d) optionally, at least one bonding layer disposed between
at least one of the respective first or second PE-RT
layers and the UHMWPE layer;

characterised in that at least one of the layers comprises
a nanoclay material for reducing gas transport through
the layers.

2. The multi-layered pipe according to claim 1, wherein
the nanoclay is dispersed in at least one of the first or second
PE-RT layers.

3. The multi-layered pipe according to claim 1, wherein
the nanoclay is dispersed in the UHMWPE layer.

4. The multi-layered pipe according to claim 1, wherein
the nanoclay is present in an amount of up to 10 wt. % of the
respective layer in which it is located.

5. The multi-layered pipe according to claim 1, wherein
the nanoclay is a surface modified montmorillonite being a
hydrated sodium calcium aluminium magnesium silicate
hydroxide of the formula (Na,Ca),;;(Al1,Mg),(Si,0,,)
(OH),, H,0).

6. The multi-layered pipe according to claim 5, wherein
the nanoclay is modified with a dialkyldimethyl, arylalkyldi-
methyl or diaryldimethyl quaternary ammonium salt having
the following general formula:
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(CH3),N*(R),

wherein each R group is, independently, a linear alkyl
chain having from 8 to 18 carbon atoms, or an aryl
group having from 6 to 12 carbon atoms.

7. The multi-layered pipe according to claim 1, wherein
the UHMWPE layer comprises a UHMWPE tape or a fibre.

8. The multi-layered pipe according to claim 1, further
comprising a bonding layer disposed between the first
PE-RT layer and the UHMWPE layer, and/or a bonding
layer disposed between the second PE-RT layer and the
UHMWPE layer.

9. The multi-layered pipe according to claim 8, wherein
the nanoclay is dispersed in the bonding layer disposed
between the first PE-RT layer and the UHMWPE layer,
and/or the nanoclay is dispersed in the bonding layer dis-
posed between the second PE-RT layer and the UHMWPE
layer.

10. The multi-layered pipe according to claim 1, wherein
the at least one bonding layer is formed from high density
polyethylene (HDPE), HDPE grafted with maleic anhydride
(HDPE-g-MA), low density polyethylene (LDPE), LDPE
grafted with maleic anhydride (LDPE-g-MA) or combina-
tions thereof.

11. The multi-layered pipe according to claim 1, wherein
the thickness of the at least one bonding layer is in the range
0.1 to 0.9 mm.

12. The multi-layered pipe according to claim 1, wherein
the at least one bonding layer is free from ethylene vinyl
alcohol (EVOH).

13. The multi-layered pipe according to claim 1, wherein
the pipe is free from aluminium.

14. A method of manufacturing a multi-layered polymer
pipe according to claim 1, the method comprising the steps
of

melt-extruding a first PE-RT layer to form a longitudinal

axis of the pipe;

melt-extruding a UHMWPE layer over the first PE-RT

layer; and

applying a second PE-RT layer over the UHMWPE layer.

15. The method according to claim 14, further comprising
the additional steps of: applying a bonding layer over the
first PE-RT layer prior to melt-extruding the UHMWPE
layer; and/or

applying a bonding layer over the UHMWPE layer prior

to applying the second PERT layer.

#* #* #* #* #*
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