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Description

Field of the Invention

[0001] The present invention relates to a shaped article comprising an elastomeric material, a process for making the
shaped article and the use of the shaped article for forming a thermal and/or acoustic insulation, acoustic and/or vibration
damping, mechanical protection and/or for applications requiring load bearing as well as a structure, such as a pipe, a
pipework, a tank or a vessel, with an insulation formed from the shaped article.

Technical Background

[0002] Insulation materials exhibit a broad range of raw material bases, from fibers to plastic foams, expanded resinous
materials, bond hollow particles etc. Elastomeric or rubber based insulation (FEF, factory made elastomeric foam, e.g.
according to EN 14304) is preferred among insulation materials, especially when it comes to insulate complex geometries
and/or when talking about (at least partially) cold installations. This is due to its flexibility on the one hand and its in-built
vapor barrier properties on the other hand. Its flexibility, however, is also one of its major drawbacks as is shown in more
detail below.
[0003] Other materials exhibiting less flexibility, such as thermoplastic or resin foams, but also fiber based insulation,
are not easy to be applied on round shaped installations due to their rigidity. They lead to gaps or air inclusions, which
are undesirable due to poor energy efficiency, noise reduction and condensation prevention reasons. Condensed water
may cause erosion of the structure. As such an insulation material itself is not or not sufficiently compressible, gaps are
very likely already by production tolerances of the insulation mat itself, but also of the installation to be insulated, leading
to some millimeters of deviation per centimeter of metal pipe diameter already (see e.g. EN 10216 and EN 13480).
[0004] However, tightly mounted insulation is required almost everywhere, but can, so far, only be provided by (properly)
using flexible insulation (FEF). For smaller pipes such materials may be appropriate, but problems occur when it comes
to larger installations: the flexible and, thus, soft material will sag when mounted horizontally and collapse when loaded
with weight vertically. In any case the danger of losing the structural integrity of the insulation system is significant and
may lead to poor energy efficiency, noise reduction and condensation prevention reasons. Applying strips or belts as
supports is costly and does not provide sufficient safety.
[0005] In, WO 2014/201456 A1, an insulated assembly including a pipe and a substantially rigid insulation board is
described. The insulation board is disposed around the outer surface of the pipe and includes a plurality of grooves.
Each of the plurality of grooves includes first and second opposed sidewalls. According to the Examples, the grooves
have an rectangular cross-ectional shape.
[0006] EP 2 942 365 A1 inter alia relates to a crosslinkable and expandable elastomeric material. The elastomeric
material, comprises (A) at least one elastomeric polymer and a crosslinking system, or at least one thermoplastic elas-
tomer and optionally, a crosslinking system; (E) an expansion system; and (F) at least one reactive, crosslinkable resin,
which is an oligomer or (co)polymer at least including structural units derived from acrylic acid and/or methacrylic acid
or esters thereof, which may optionally have one or more unsaturated double bonds in the main chain or in a side chain
thereof. Upon curing the material, an interpenetrating network can be formed.
[0007] GB 2 442 240 A describes an insulating product which comprises a planar insulating layer having a top side
into which a plurality of parallel channels is formed. The channels have cross-sections with tapered sides. With subsequent
mechanical manipulation, the insulating product can be bent in regions adjacent the bottom of the channels.

Problem to be solved by the Invention

[0008] It is thus an object of the present invention to provide a material reducing or overcoming the deficiencies of the
prior art mentioned above. It is a preferred object that the material provides structural integrity, thus being self-supporting,
even when used in high insulation thicknesses and on large diameter installations, same time exhibiting sufficient flexibility
and compressibility to safely close possible gaps and to allow tight and reliable, but easy installation. Further objects
are providing a process for manufacturing the material, a use of the material and a structure with an insulation formed
from the material.

Summary of the Invention

[0009] The above object is solved by the shaped article, the process for making the shaped article, the use of the
shaped article and a structure with an insulation formed from the shaped article according to the independent claims.
[0010] In more detail, the object is, in particular, solved by the following items:
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1. A shaped article having a planar form with two main sides and a plurality of tapered recesses formed in one of
the main sides,
wherein the tapered recesses form each a pointed angle and the sum of the pointed angles of all tapered recesses
is 300 to 355 degrees and the protrusion of the recesses into the form is more than 20% but not more than 80% of
the thickness of the planar form, and
wherein the shaped article comprises or consists of an expanded and crosslinked elastomeric material, the elasto-
meric material comprising at least one crosslinked elastomer polymer (A) and at least one crosslinked resin (B),
wherein the at least one elastomer polymer (A) and the at least one resin (B) form an interpenetrating network.

2. The shaped article according to item 1, wherein the recesses have an average angle in the range of 2° to 45°,
preferably 5° to 40°, more preferably 7.5° to 30°.

3. The shaped article according to item 1 or 2, wherein the protrusion of the recesses into the form is 25% or more
and 70% or less, preferably 30% or more and 60% or less, more preferably 30% or more and 55% or less, of the
thickness of the planar form.

4. The shaped article according to any one of items 1 to 3,
wherein the recesses have the same or almost the same protrusion, preferably the same protrusion, and/or
wherein the recesses are arranged in parallel or almost in parallel, preferably in parallel, and/or
wherein the recesses run across the main side of the shaped article from one edge to another edge, preferably an
opposite edge.

5. The shaped article according to any one of items 1 to 4, wherein the elastomeric material contains 1 to 100 phr,
preferably 3 to 75 phr, more preferably 5 to 60 phr, of resin (B), based on 100 phr of elastomeric polymer (A).

6. The shaped article according to any one of items 1 to 5, wherein the resin (B) is a (co)polymer at least including
structural units derived from one or more compounds selected from acrylic acid, acrylic acid esters, methacrylic acid
and methacrylic acid esters.

7. The shaped article according to any one of items 1 to 6, wherein the elastomer polymer (A) is one, two or more
of the group consisting of acrylic rubber (ACM/AEM), polyurethane ester/ether rubber (AU/EU), butadiene rubber
(BR), bromobutyl rubber (BIIR), chlorobutyl rubber (CIIR), chlorinated polyethylene rubber (CM), polychloroprene
rubber (CR), chlorosulfonated polyethylene rubber (CSM), chlorosulfonated polychloroprene rubber (CSR), ethylene
oxide/epichlorohydrine rubber (G)(E)CO, ethylene propylene copolymer (EPM), ethylene propylene terpolymer
(EPM/EPDM), ethylene vinyl acetate rubber (EVM), fluoro rubber (FPM/FKM), fluorocarbon (ethylene) rubber
(F(E)PM), propylene oxide rubber (GPO), polyisoprene (IR), butyl rubber (IIR), silicone rubber (F)(P)(V)MQ, acry-
lonitrile butadiene rubber (NBR), hydrogenated acrylonitrile butadiene rubber (HNBR), natural rubber (NR), styrene
butadiene rubber (SBR), styrene acrylonitrile thermoplastic rubber (SAN), styrene ethylene butadiene thermoplastic
rubber (SEBS), polysulphide rubber (T), urethane thermoplastic rubber (TPU) or any mixture thereof.

8. The shaped article according to any one of items 1 to 7, wherein the elastomeric material has a compressive
strength according to EN 826 of 45 kPa or more and less than 300 kPa, preferably 50 kPa or more and 150 kPa or
less, more preferably 55 kPa or more and 100 kPa or less, at 25% compression.

9. The shaped article according to any one of items 1 to 8, wherein the elastomeric material is a closed or an open
cell foam, preferably a closed cell foam with a closed cell content of at least 70%.

10. The shaped article according to any one of items 1 to 9, wherein the elastomeric material has a density according
to ISO 845 of less than 300 kg/m3, preferably less than 200 kg/m3, more preferably less than 150 kg/m3, and a
thermal conductivity according to EN 12667 of less than 0.050 W/mK at 0°C, preferably less than 0.045 W/mK at
0°C, more preferably less than 0.040 W/mK at 0°C.

11. The shaped article according to any one of items 1 to 10, wherein the elastomeric material exhibits a water vapor
diffusion barrier property according to EN 12086 of at least m 2000, preferably at least m 3000, more preferably at
least m 5000.

12. The shaped article according to any one of items 1 to 11, wherein the elastomeric material further comprises at
least one thermoplastic polymer (E), which is preferably selected form a group consisting of ABS, PE, PEEK, PEI,
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PET, PI, POM, PP, PS, PU, PVC, PTFE, PVDF or any combination thereof, more preferably from PVC, PE, PS,
ABS or any combination thereof.

13. The shaped article according to item 12, wherein the thermoplastic polymer (E) is present in the elastomeric
material in an amount 5 to 250 phr, preferably 15 to 100 phr.

14. The shaped article according to any one of items 1 to 13, wherein the elastomeric material further comprises at
least one filler (F).

15. The shaped article according to item 14, wherein the filler (F) is present in the elastomeric material in an amount
of 5 to 600 phr, preferably 20 to 350 phr.

16. The shaped article according to any one of items 1 to 15, wherein the tapered recesses have a V shape or a
deformed V shape, the deformed V shape having preferably at least one of the following features:

- curved side walls, and
- side walls having different angles to a plane extending perpendicularly to the plane of the planar form.

17. The shaped article according to any one of items 1 to 16, wherein the shaped article has step structures on one,
two or more of its edges to provide an overlap when mounting the shaped article and/or structures on one, two or
more of its edges that are designed for mechanically interlocking the edges together, for example by mechanical
male/female or click connection.

18. A process for manufacturing the shaped article according to any of items 1 to 17 comprising the steps:

(1) preparing a polymer composition by mixing at least the following components:

- at least one elastomeric polymer (A’),
- at least one least one crosslinkable resin (B’),
- a crosslinking agent (C), and
- an expanding agent (D);

(2) crosslinking and expanding the polymer composition to form an expanded and crosslinked elastomeric
material, wherein the elastomeric materials has at least one crosslinked elastomer polymer (A) and at least one
crosslinked resin (B), which form an interpenetrating network, and bringing it into a planar form with two main
sides; and
(3) forming a plurality of tapered recesses in one of the main sides, wherein the tapered recesses form each a
pointed angle and the sum of the pointed angles of all tapered recesses is 300 to 355 degrees and the protrusion
of the recesses into the form is more than 20% but not more than 80% of the thickness of the planar form.

19. The process for manufacturing the shaped article according to item 18, wherein the at least one crosslinkable
resin (B’) is an oligomer or (co)polymer at least including structural units derived from one or more compounds
selected from acrylic acid, acrylic acid esters, methacrylic acid and methacrylic acid esters,
the at least one resin crosslinkable (B’) may optionally have one or more unsaturated double bonds in the main
chain or in a side chain thereof, the at least one crosslinkable resin (B’) has preferably a number average molecular
weight of 103 to 107, and/or the at least one crosslinkable resin (B’) is preferably crosslinkable at temperatures
above 120°C and/or is preferably softening at temperatures above 80°C, which means a decrease in viscosity of
more than 15% at 80°C.

20. Use of the shaped article as defined in any one of items 1 to 17 for forming an thermal and/or acoustic insulation,
acoustic and/or vibration damping, mechanical protection and/or for applications requiring load bearing.

21. The use according to item 20, wherein the shaped article is used

- for forming an insulation of a pipe, a pipe support and/or a pipe hanger,
- for wrapping around pipework or a vessel,
- for making prefabricated parts for equipment insulation, such as insulation shells for valves, flanges and fittings, or
- for thermal and/or acoustic insulation of installations underwater, underground or underneath screed or concrete.
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22. A structure with an insulation, wherein the insulation is obtainable by arranging the shaped article as defined in
any one of items 1 to 17 around the structure, such as a pipe, a pipework, a tank or a vessel, so that the recesses
are at least partially closed and the elastomeric material partially compressed.

Brief Description of the Drawings

[0011]

Fig. 1 is a schematic cross-sectional view of a presumed composite structure of the elastomeric material of a shaped
article according to an embodiment of the present invention.

Fig. 2 is a schematic cross-sectional drawing of some embodiments of the recesses and the shaped article of the
present invention.

Fig. 3 is a schematic cross-sectional drawing illustrating edges of preferred embodiments of the shaped article for
connecting it to itself.

Fig. 4 and 5a are schematic cross-sectional views of an embodiment of the shaped article of the present invention
to demonstrate the dimensioning of the shaped article. Fig. 5b shows schematic cross-sectional view of an unpre-
ferred insulation.

Detailed Description of the Invention

[0012] One aspect of the present invention relates to a shaped article. The shaped article has a planar form with two
main sides and a plurality of tapered recesses formed in one of the main sides,

wherein the tapered recesses form each a pointed angle and the sum of the pointed angles of all tapered recesses
is 300 to 355 degrees and the protrusion of the recesses into the form is more than 20% but not more than 80% of
the thickness of the planar form, and
wherein the shaped articles comprises or consists of an expanded and crosslinked elastomeric material, the elas-
tomeric material comprising at least one crosslinked elastomer polymer (A) and at least one crosslinked resin (B),
wherein the at least one crosslinked elastomer polymer (A) and the at least one crosslinked resin (B) form an
interpenetrating network.

[0013] The inventors have surprisingly found that the shaped article of the present invention solves the above object.
The expanded and crosslinked elastomeric material (herein also denoted as "elastomeric material") is a unique composite
material and exhibits the advantages of both components, namely the crosslinked (vulcanized) elastomer polymer (A)
and the resinous network.
[0014] The elastomeric material is more rigid and exhibits higher structural integrity than ordinary elastomeric foams,
but it is still compressible and flexible in comparison to rigid foams or a fibrous insulation mat. The inventors consider
the elastomeric material to be a semi-rigid elastomeric foam, as it is self-supporting as rigid materials and yet shows
elastomeric properties of the elastomer polymers (A). They surprisingly found that the elastomeric material can bear
significant loads and is thus more suitable for the insulation of larger installations than ordinary flexible (FEF) materials.
Due to the reinforcing and rigidity increasing effect of the resinous network in the elastomeric material, an insulation
made of the shaped article does not sag when mounted horizontally or collapse when loaded with weight vertically. On
the contrary, it maintains its structural integrity, so that the formation of gaps is avoided. It thus leads to enhanced energy
efficiency, improved noise reduction and better prevention of condensation in comparison to ordinary flexible (FEF)
materials.
[0015] Moreover, as the rubber properties of the network of crosslinked elastomer polymer (A) are maintained in the
elastomeric material, the shaped article can be installed more easily than ordinary rigid insulation materials, such as
thermoplastic or resin foams (e.g. polystyrene foams) or fiber-based materials. In addition, as it is compressible, it can
be installed more tightly around structures, which allows for the above-mentioned advantages.
[0016] In the elastomeric material of the shaped article, the network of the crosslinked elastomer polymer (A) accounts
for the elastomeric properties, flexibility and compressibility. Moreover, the inventors surprisingly found that low thermal
conductivity and excellent water vapor diffusion barrier properties are achieved by the semi-rigid elastomeric material
of the shaped article, which were previously only known form flexible (FEF) foam materials, which lack sufficient rigidity
and structural integrity. Thus, the elastomeric material of the shaped article unifies the excellent insulation properties of
ordinary flexible, elastomeric foams with sufficient rigidity, compressibility and load-bearing properties.
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[0017] As mentioned above, the resinous network formed by the crosslinked resin (B) improves mechanical and
thermal stability and rigidity of the elastomeric material. The elastomeric material and the shaped article, respectively,
show structural integrity and are self-supporting. In the interpenetrating network of the elastomeric material, the network
of crosslinked (vulcanized) elastomer polymer (A) and the network of crosslinked resin (B) are preferably crosslinked
with each other, which can further improve the mechanical properties of the elastomeric material and thus of the shaped
article.
[0018] For illustration, Fig. 1 shows a schematic cross-sectional view of the elastomeric material of the shaped article
according to one embodiment of the present invention. For the sake of clarity, cells formed during expansion are omitted.
The crosslinked (vulcanized) elastomer polymers (1) form a network. Crosslinks between the elastomer polymer strands
(10) are present. The resin (2) has crosslinks (20) and forms a secondary network within the vulcanized elastomer
(rubber) matrix, so that an interpenetrating network is obtained. The secondary network is rigid by definition, as it is
resinous. The crosslinked resin may be standalone network or it is linked (15) to the rubber network. Fillers (3) may be
present and, for example, be linked to the resin (30) as illustrated in Fig. 1. Hence, Fig. 1 shows the interpenetration of
the rubber polymer network and the resinous network and the bonding varieties.
[0019] The excellent material properties of the elastomeric material further allow for precise formation of tapered
recesses in one of the main sides of the shaped article. The recesses can e.g. be formed by cutting, milling or erosion.
Such processes are not suitable for conventional elastomeric foams, because they are too soft and would be ripped in
or torn apart. The above-mentioned conventional rigid materials are often too brittle and too stiff, so that the formation
of precise recesses is difficult as well.
[0020] In the shaped article, the tapered recesses are formed, so that they each form a pointed angle. The sum of the
pointed angles of all tapered recesses is 300 to 355 degrees and thus less than 360 degrees. The width of the tapered
recesses is continuously narrowing down from the surface to the inner part of the elastomeric material. The pointed
angle is measured at the narrowest point of the recess using a precise goniometer. The pointed angle is defined by the
side walls of the recesses. In case a recess is formed at the edge of the material, so that it only has one side wall, a
virtual plane, which is perpendicular to the main side having the recesses of the planar form and goes to the narrowest
point of the recess, is used a virtual side wall for determining the pointed angle. Herein, pointed angle means an angle
of less than 90°. Preferably, the recesses have an average angle in the range of 2° to 45°, preferably 5° to 40°, more
preferably 7.5° to 30°.
[0021] The sum of the pointed angles of the recesses being 300° to 355° ensures that the elastomeric material of the
shaped article undergoes a slight compression when being mounted around an installation. Due to the compression,
gaps caused by tolerances of the installation or the insulation material can be actively closed by the elastomeric material
of the shaped article, so that a particularly tight insulation can be assured.
[0022] A total of 360 degrees would mean that an insulation being wrapped around an installation would be without
gaps and tightly applied only if there would be no tolerances of the (metal) installation itself, no tolerances in the insulation
materials and no tolerances in the recesses dimensions. This is neither realistic nor achievable in an economically
reasonable manner. However, the use of the unique shaped article of the present invention having a compressible,
semi-rigid elastomeric material and its specific shape with tapered recesses allows for the first to time to obtain a self-
supporting, but at same time condensation-tight (and sound tight) and minimized thermal bridging insulation.
[0023] The recesses are configured in a way that they protrude into the planar form by more than 20% and maximum
80% of its thickness, preferably by 25% or more and 70% or less, more preferably 30% or more and 60% or less, even
more preferably 30% or more and 55% or less. This is to prevent that closing the recesses by wrapping the shaped
article around an installation would lead to distortion of its outer surface. By leaving at least 20% of the thickness without
recesses, a round and smooth surface is obtained. Preferably, the recesses have the same or almost the same protrusion
into the form. Almost the same protrusion means that they deviate by less than 15%, preferably 10% or less and more
preferably 5% or less, from the average protrusion, as determined by a cross section of the shaped article without
magnification. Preferably, the recesses are arranged in parallel or almost parallel. Almost parallel means that they deviate
by less than 10%, preferably less than 5%, from the main direction (average value). It is most preferred that the recesses
are arranged in parallel. Furthermore, the recesses can run across the main side of the shaped article from one edge
to another edge, preferably the opposite edge, of the shaped article.
[0024] Moreover, due to the recesses and the mechanical properties of the elastomeric material, the shaped article
can be easily installed to form an insulation. It can be simply arranged or wrapped around an installation and then fixed
with an adhesive or by mechanically interlocking the ends of the shaped article. No strips or belts are required as for
conventional flexible insulation (FEF) or as for fixing rigid insulation part, e.g. half shells. Thus, the shaped article enables
faster and more economic formation of insulations. In addition, since gaps are actively closed by the compressible, semi-
rigid elastomeric material of the shaped article, it can be easily applied even on critical mounting sites without special
training or education and still will provide safe and sustainable insulation. It is thus able to balance tolerances and can
therefore ensure a condensation tight insulation.
[0025] It is an additional advantage of the shaped article that it can be stored and transported in its planar form and
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is therefore extremely space-saving in comparison to readily round preforms (shells and half shells).
[0026] For the reasons mentioned above, the unique shaped article of the present invention is particularly suitable for
a variety of applications, including thermal and/or acoustic insulation and/or acoustic and/or vibration damping and/or
mechanical protection. It is fast and easily mounted and ensures tight insulation.
[0027] In the elastomeric material, the total weight of all rubber polymers (elastomer polymers) represents a base of
100 parts, on which all other ingredients are calculated and indicated in phr (phr = parts per hundred parts of rubber
polymer).
[0028] The elastomeric material can contain 1 to 100 phr, preferably 3 to 75 phr, more preferably 5 to 60 phr, of resin
(B), based on 100 phr of elastomeric polymer (A). In case the content of resin (B) is too small, the resinous network is
either not formed or rigidity of the material is too low. On the other hand, if the content of resin (B) is too high, compressibility
of the elastomeric material is reduced, so that the shaped article cannot be installed properly around structures to be
insulated. Herein, resin (B) is different from the elastomer polymer (A).
[0029] The resin (B) in the sense of this invention is polymeric material showing a three-dimensional network of covalent
bonds which is obtained from monomeric building blocks, such as urethanes, melamine, (iso)cyanurates, (meth)acrylics,
phenolics. The resin (B) of the resinous network can thus be polyurethanes, poly(iso)cyanurates, polyphenolics, po-
ly(meth)acrylics including esters or salts thereof, polyesters, polyethers and epoxides. Preferably, the resin (B) is a
polymer or copolymer at least including structural units derived from one or more compounds selected from acrylic acid,
acrylic acid esters, methacrylic acid and methacrylic acid esters.
[0030] In the elastomeric material, the crosslinked elastomer polymer (A) forming the elastomeric network is formed
from one or more rubber polymers (i.e. elastomer polymers) by crosslinking such as standard vulcanization. The under-
lying elastomeric polymers may either be normal elastomeric or thermoplastic elastomeric polymers (A). Herein (A)
denotes the crosslinked (vulcanized) elastomer polymer being part of the interpenetrating network and (A’) the corre-
sponding precursor, which may or may not have crosslinks. For example, the elastomer polymer (A) or (A’), respectively,
can be one, two or more of the group consisting of acrylic rubber (ACM/AEM), polyurethane ester/ether rubber (AU/EU),
butadiene rubber (BR), bromobutyl rubber (BIIR), chlorobutyl rubber (CIIR), chlorinated polyethylene rubber (CM), poly-
chloroprene rubber (CR), chlorosulfonated polyethylene rubber (CSM), chlorosulfonated polychloroprene rubber (CSR),
ethylene oxide/epichlorohydrine rubber (G)(E)CO, ethylene propylene copolymer (EPM), ethylene propylene terpolymer
(EPM/EPDM), ethylene vinyl acetate rubber (EVM), fluoro rubber (FPM/FKM), fluorocarbon (ethylene) rubber (F(E)PM),
propylene oxide rubber (GPO), polyisoprene (IR), butyl rubber (IIR), silicone rubber (F)(P)(V)MQ, acrylonitrile butadiene
rubber (NBR), hydrogenated acrylonitrile butadiene rubber (HNBR), natural rubber (NR), styrene butadiene rubber
(SBR), styrene acrylonitrile thermoplastic rubber (SAN), styrene ethylene butadiene thermoplastic rubber (SEBS),
polysulphide rubber (T), urethane thermoplastic rubber (TPU) or any combination thereof.
[0031] Preferred elastomeric polymers (A) and (A’), respectively, are such having an unsaturated bond in the backbone
and/or in a side chain (such as NBR, SBR, EPDM, BR, IIR) and/or an active site that can be crosslinked using metal
oxides (such as CR) and/or peroxides (such as EVM, CM, VMQ). Hence, the elastomer polymer (A) and (A’), respectively,
is preferably one, two or more of the group consisting of NBR, SBR, EPDM, BR, IIR, CR, EVM, VMQ or any combination
thereof. Especially preferred are elastomeric polymers that can be crosslinked using sulphur based vulcanization agents
or vulcanization compositions (systems), such as NBR, SBR, EPDM, BR, IIR or any combination thereof.
[0032] As mentioned above, due to the interpenetrating network of elastomer polymer (A) and resin (B), the material
has semi-rigid properties. For insulation applications of the shaped article of the present invention, the compressibility
of the elastomeric material is important. If the compressibility is too high, the material is not rigid enough and thus not
self-supporting, which can lead to instable, sagging or collapsing structures. Formation of precise recesses is then
difficult if not impossible. If the compressibility is too low, e.g. as in conventional rigid insulation materials, the elastomeric
properties are deteriorated and problems with tightness and insulation properties may occur.
[0033] The elastomeric material of the shaped article can have a compressive strength according to EN 826 of 45 kPa
or more and less than 300 kPa, preferably 50 kPa or more and 150 kPa or less, more preferably 55 kPa or more and
100 kPa or less, at 25% compression. Furthermore, the elastomeric material may have a compression set of less than
50% under 25% compression at 60°C for 24 hours according to ISO 815 (elasticity criterion).
[0034] In order to attain good insulation properties the elastomeric material of the shaped article is foamed. It can be
present in as a closed cell foam or an open cell foam. Whether closed or open (continuous) cells are formed can be
regulated by the process conditions used for expanding the material. Such processes or process conditions belong to
the skilled person’s general knowledge and are thus not described in detail herein. Since closed cell foams have better
insulating properties, the elastomeric material is preferably a closed cell foam, which may have a closed cell content of
at least 70% (numerical value).
[0035] The density of the elastomeric material and thus of the shaped article can be adjusted by using appropriate
amounts of expanding agent, appropriate process conditions and the type of polymer. The elastomeric material has
preferably a density according to ISO 845 of less than 300 kg/m3, preferably less than 200 kg/m3, more preferably less
than 150 kg/m3.
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[0036] First of all by adjusting the density and the content of closed cells in the expanded elastomeric material, the
thermal conductivity of the elastomeric material can be set. The thermal conductivity of the elastomeric material according
to EN 12667 is preferably less than 0.050 W/mK at 0°C, preferably less than 0.045 W/mK at 0°C, more preferably less
than 0.040 W/mK at 0°C.
[0037] Just like conventional foams of elastomer polymers, the semi-rigid elastomeric material of the shaped article
according to present invention shows excellent water vapor barrier properties, which enables in combination with the
specific shape and the compressibility of the elastomeric material very good condensation tight insulations. The elasto-
meric material and thus the shaped article can exhibit a water vapor diffusion barrier property according to EN 12086
of at least m 2000, preferably at least m 3000, more preferably at least m 5000.
[0038] It is particularly preferred, when the elastomeric material and, accordingly the shaped article, show a combination
of the above described compressive strength, thermal conductivity and water vapor diffusion barrier property. In the
shaped article and the elastomeric material, respectively, according to the present invention, all these desirable properties
can be realized at the same time, which is unique among insulation materials and allows for forming recesses and
accounts for simplified installation, improved security and enhanced insulation properties.
[0039] The elastomeric material may further comprise a compound (E), which is at least one thermoplastic polymer.
The thermoplastic polymer is different from elastomer polymers (A) and resin (B). The thermoplastic polymer is preferably
selected form a group consisting of ABS, PE, PEEK, PEI, PET, PI, POM, PP, PS, PU, PVC, PTFE, PVDF or any
combination thereof. Preferably, the thermoplastic polymer is selected from PVC, PE, PS, ABS or any combination
thereof. The thermoplastic polymer can be added in order to reduce the material costs, to improve the processing and
surface properties (e.g. smoothness, paintability, friction) and to increase the green strength of the elastomeric material.
The thermoplastic polymer can be present in the elastomeric material in an amount 5 to 250 phr, preferably 15 to 100
phr. The thermoplastic polymer (E) does not form a network.
[0040] The elastomeric material may further comprise at least one filler (F). Typical fillers for elastomer foams may
be used. Examples can be selected from inorganic (metal or half metal) chalkogenides, carbonates, halogenides, hy-
droxides, hydrates, silica, carbon black, synthetic particles (such as glass or ceramic plates, tubes or spheres etc.) and
particles of a ground elastomeric material of the present invention. The filler (F) can be present in the elastomeric material
in an amount of 5 to 600 phr, preferably 20 to 350 phr. For the particles of an elastomeric material of the present invention,
the material obtained from forming the tapered recesses can be used, which is preferable in terms of economic and
ecological aspects.
[0041] The elastomeric material may comprise one, two or more further ingredients (G) such as flame retardants and
synergists, biocides, plasticizers, stabilizers (e.g. versus heat, UV, ozone, depolymerization/reversion etc.), colors, ad-
ditives, which are commonly used for foams of elastomeric polymers. They may be use in any ratio. In particular, additives
for improving the manufacturing, application, aspect and performance properties of the elastomeric material may be
used. Examples are inhibitors, retarders, accelerators; and/or additives for adapting it to the needs of the application,
such as char-forming and/or intumescent additives, like phosphorous compounds, expanding vermiculite, perlite, graph-
ite, to render the material self-intumescent in case of fire, e.g. for general protection purposes and/or to close and protect
e.g. wall and bulkhead penetrations; and/or substances that will lead to a self-ceramifying effect to pipes, wall penetrations
in case of fire, such as boron compounds, silicon containing compounds and/or internal adhesion promoters to ensure
self-adhesive properties in co-extrusion and co-lamination applications, such as silicate esters, functional silanes, polyols;
and/or additives that act as internal adhesion promoters to ensure self-adhesive properties in co-extrusion and co-
lamination applications, such as silicate esters, functional silanes, polyols.
[0042] The elastomeric material may also comprise fibers (H) as long fibers, chopped fibers or pulp as both filler
material and reinforcing agent, such as glass fibers, polyaramide fibers, polyester fibers and any combination thereof.
[0043] As regards the structure of the tapered recesses, they are formed as such that the shaped article can be easily
rounded and/or wrapped around a structure, such as pipework, a vessel or a tank, and a slight compression of the
elastomeric material is ensured. Preferably, the recesses are completely closed (not considering the cells in the foam)
when the shaped article is mounted around a structure.
[0044] For example, the tapered recesses can have a V shape or a deformed V shape. In the V-shape, the side walls
are straight and have on both sides of the recess the same length. In the deformed V shape, the recesses have preferably
at least one of the following features:

- curved side walls, such as bow-shaped walls so that a cross-section thereof has a shovel-like or sickle-like shape,
and/or

- side walls having different lengths, so that a cross-section thereof has a saw-tooth-like shape.

[0045] As mentioned above, the recesses form each a pointed angle. Structures having different angles, such as step
structures, or structures, which are suitable for mechanically interlocking the shaped article (see below), are not con-
sidered to be tapered recesses herein.
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[0046] The remaining surface of the main side having tapered recesses may further show grooves or cuts, which can
be beneficial for thermal or acoustic decoupling. These grooves and cuts do not resemble tapered recesses and do not
exceed a protrusion of 10% of the thickness of the planar form.
[0047] In Fig. 2, schematic cross-sectional views of a few embodiments of tapered recesses are illustrated. The
protrusion of the recesses into the shaped article might not be illustrated true to scale. In Fig. 2a, recesses having a
deformed V shape are shown. The pointed angle (α) is indicated in one of the recesses. The side walls are straight but
have a different length, so that a saw-tooth-like shaped is obtained. Fig. 2b shows recesses of another deformed V
shape having curved or bow-shaped sidewalls of different length. In Fig. 2c, (regular) V shaped recesses (40) are shown.
They have straight side walls of the same length. The shaped article further contains cuts or grooves (50) on the same
main side, which are not counted to the tapered recesses herein.
[0048] Furthermore, the shaped article may have step structures on one, two or more of its edges to provide an overlap
when mounting shaped articles to each other or attaching the ends of a shaped article together. In addition or alternatively,
the shape article may have structures on at least one, two or more of its edges that are designed for mechanically
interlocking the edges together. Since the elastic material combines flexibility (i.e. no brittleness) and rigidity (i.e. structural
integrity), the structures for mechanically interlocking the edges may be fastened and opened repeatedly, which facilitates
maintenance and reparation of the insulated installation and allows for reusing the insulation material. Examples may
be mechanical male/female or so-called "click" connections.
[0049] According to a further embodiment, one or more additional layers (I) may be present. The additional layers (I)
may be an additional foam or sponge material, protective cladding, decorative coatings, and foils and may be applied
both on the outer or inner (having the tapered recesses) main surface of the shaped article. Preferably, they are connected
to the shaped article on the main side that is opposite to main side having the tapered recesses.
[0050] The shaped article can be arranged, wrapped or rolled around structures or installations in one or more layers.
It can be glued with standard adhesives available for rubber gluing to close the seams. To facilitate adhesion and to
increase safety in mounting (prolongation of water/humidity ingress path) the shaped article can be furnished with steps
at its ends or edges as outlined above. In Fig. 3a, two embodiments of such steps are illustrated. A glue or adhesive
may e.g. be applied along the steps.
[0051] Furthermore, due to its ideal combination of flexibility (= no brittleness) and rigidity (= safe fastening) the
elastomeric material and thus the shaped article may also be merged to each other mechanically. Fig. 3b illustrates
several structures for mechanically interlocking the edges by male/female or click connections.
[0052] The thickness of the shaped article and, accordingly, of the resulting insulation, is not particularly limited. All
thicknesses, which are typical for the applications discussed herein, can be produced by standard procedures.
[0053] Fig. 4 shows a schematic cross-sectional view of a structure, such as a pipe (90), having an insulation (80)
formed from the shaped article. The elastomeric material can be cut into a pre-defined length L to obtain a suitable
shaped article for pipe (90). The length L of the shaped article is selected depending on the perimeter P of the round
installation or pipe (90) to be insulated with an insulation (80) having a thickness D in a way that the length L is (P+2πD),
which is representing the outer perimeter of the insulation (80) after mounting.
[0054] Fig. 5a shows in a schematic cross-sectional view of a shaped article (100) according to an embodiment of the
present invention in its planar form. In this embodiment, the shaped article (100) has V shaped tapered recesses. On
the left hand side, a virtual plane is indicated to determine the pointed angle on the side of the shaped article (100). As
shown in Fig. 5a, the shaped article can be arranged around a structure and then be fixed using a glue and/or step
structures or structures for mechanical interlocking of the edges. In the state shown in top section of Fig. 5a, the recesses
are closed and the elastomeric material is partially compressed, so that gaps are closed and a particularly tight insulation
is achieved.
[0055] The recesses are configured in a way that they protrude into the planar material by more than 20% and maximum
80% of its thickness. This is to prevent that closing the recesses by wrapping the shaped article around an installation
(as illustrated in Fig. 5a) would lead to distortion of the outer surface of the insulation. By leaving a least 20% of the
thickness of the material, a round and smooth surface is obtained as shown in Fig 5a. This is of special importance, in
particular, when several layers of insulation or a final cladding (201 and 202) are applied: distortion or edges would not
only compromise the optical aspect but would again implicate possible formation of gaps (203) (see Fig. 5b), which is
prevented by using the shaped article (100) of the present invention.
[0056] A further aspect of the present invention is directed at a process for manufacturing the shaped article according
to one of the embodiments described herein. The process comprises the steps

(1) preparing a polymer composition by mixing at least the following components:

- at least one elastomeric polymer (A’),
- at least one least one crosslinkable resin (B’),
- a crosslinking agent (C), and
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- an expanding agent (D);

(2) crosslinking and expanding the polymer composition to form an expanded and crosslinked elastomeric material,
wherein the elastomeric materials has at least one crosslinked elastomer polymer (A) and at least one crosslinked
resin (B), which form an interpenetrating network, and bringing it into a planar form with two main sides; and
(3) forming a plurality of tapered recesses in one of the main sides, the tapered recesses form each a pointed angle
and the sum of the pointed angles of all tapered recesses is 300 to 355 degrees and the protrusion of the recesses
into the form is more than 20% but not more than 80% of the thickness of the planar form.

[0057] As elastomer polymer (A’), one, two or more of the above-mentioned elastomer polymers may be used as long
as it can be crosslinked or vulcanized. It is crosslinked (vulcanized) by standard methods using common crosslinking
agents or crosslinking systems, which are as such known to the skilled person for crosslinking or vulcanizing the respective
elastomer polymers. The polymer composition formed in step (1) may e.g. contain a crosslinking agent or a crosslinking
system (C) selected from sulphur based compounds (e.g. sulphur, thiurames, polysulphides, thiocarbamates, thioureas,
thiazyls, sulphur-Si-O compounds, chlorothio-compounds etc.), peroxides, silanes, radiation or UV initiated systems,
metal salts (such as MgO or ZnO) and combinations thereof.
[0058] In addition, the crosslinking agent or crosslinking system (C) or species formed during the crosslinking reaction
may assist in crosslinking resin (B’) to form the crosslinked resin (B).
[0059] The crosslinkable resin (B’) is a reactive resin and builds next to the network of the crosslinked (vulcanized)
elastomer polymer a second, resinous network (crosslinked resin (B)), so that an interpenetrating network is obtained.
The crosslinked resin (B) may be a standalone network (i.e. not crosslinked with the rubber network of crosslinked
elastomer polymer (A)) or it is linked to the rubber network and/or the surface of filler particles. The polymer composition
can contain 1 to 100 phr, preferably 3 to 75 phr, more preferably 5 to 60 phr, of crosslinkable resin (B’), based on 100
phr of elastomer polymer (A) or (A’), respectively.
[0060] The crosslinkable resin (B’) is preferably obtained from monomeric building blocks, such as urethanes, mela-
mine, (iso)cyanurates, (meth)acrylics including esters thereof, phenolics and epoxides. Preferably, the crosslinkable
resin (B’) is an oligomer or a (co)polymer at least including structural units derived from one or more compounds selected
from acrylic acid, acrylic acid esters, methacrylic acid and methacrylic acid esters. It may have number-average molecular
weight (as determined by GPC) within the range of 1000 to 107, preferably 2000 to 5x106, more preferably 3000 to
1.5x106, even more preferably 5000 to 106.
[0061] The structural units of crosslinkable resin (B’) include preferably units derived from at least one of (meth)acrylic
acid and (meth)acrylic esters. The esters are preferably C1-12-alkyl esters such as methyl, ethyl, propyl or butyl esters.
Acrylate, ethylacrylate, methacrylate and/or methylmethacrylate are particularly preferable. The content of the units
derived from at least one of (meth)acrylic acid and (meth)acrylic esters in the monomer units of the crosslinkable resin
(B’) is preferably 40 mol% or more, more preferably 60 mol% or more, even more preferably 80 mol% or more, especially
preferably 90 mol% or more, and may be up to 100 mol%.
[0062] Optionally, the reactive resin (B’) may contain structural units derived from vinylic or olefinic co-monomers,
such as ethylene, vinyl chloride, vinyl(meth)acrylate, conjugated or non-conjugated dienes with 4 to 20 carbon atoms,
maleic anhydride, C3-14-alpha-olefins, C6-24-arylvinyl (e.g. styrene), C1-12-alkoxyvinyl or C6-24-aryloxyvinyl. The
C1-12-alkyl group is preferably a methyl, ethyl, propyl or butyl group. The C6-24-aryl group is preferably phenyl, tolyl or
naphthyl.
[0063] As apparent, the crosslinkable resin (B’) contains preferably at least an acid or ester group (COOH/R) and
optionally, depending on the (co)monomers, an unsaturated bond in the main chain or a side chain thereof. These
moieties act as reactive groups for the crosslinking.
[0064] For instance, the crosslinkable resin (B’) may be of the general formula (a), (b) or (c)

[(R1)RC-CR(R2)]l (a)

Rn(R1)RC-CR(R2)-Rm (b)

Rn(R1)C=C(R2)-Rm (c)

with I indicating a number average polymerization degree of preferably 5-80, with R independently being H or methyl,
with Rn and Rm independently being aliphatic substituents of preferably 1-12 carbon atoms or the remainder of the
polymer chain, with R1 being H or an aliphatic substituent of preferably 1-12 carbon atoms or an aromatic substituent
of preferably 6-24 carbon atoms, and with R2
being -C(R3)=O, wherein R3 is OH or OR4, wherein R4 is an aliphatic substituent of preferably 1-12 carbon atoms, given
the fact that at least one of the substituents R1, R2, R3, R4 essentially needs to contain an unsaturated bond and/or an
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ORx, group acting as an active crosslinking site. Preferred are the ORx groups OH, OMe and OEt.
[0065] The polymer composition may comprises a reactive resin (B’), which is either an oligomer or polymer reacting
(i.e. crosslinking) at temperatures above 120°C or a resin, which is softening at temperatures above 80°C. Softening in
the sense of the present invention means a decrease in viscosity of more than 15% at 80°C. Thus, the reactive resin
(B’) can be mixed with the other components of the polymer composition at elevated temperatures but below the crosslink-
ing/vulcanization temperature (which is typically higher than 120°C), so that a very homogenous distribution of the
crosslinkable resin can be achieved. For example, the other components can be premixed and then the reactive resin
(B’) can be added at temperatures of 50 to 80°C, such as 70°C.
[0066] Examples for suitable crosslinkable resins (B’) are "Paraloid® EXL 5136" (Dow, U.S.A.), "Fusabond® A560"
(DuPont, U.S.A.) and "Elvacite® 2669" (Lucite, U.S.A.).
[0067] Crosslinking of the reactive resin (B’) can be effected by condensation curing and/or ionic or radical induced
(poly)addition.
[0068] The polymer composition also comprises an expansion agent or an expansion system (D), such as, but not
limited to azo-compounds (e.g. azodicarbonamide), carbonates, interchalate compounds, crystal water compounds,
dispersions, expanding microspheres and hollow spheres in general containing expandable gases or liquids, expanding
clays and graphite and combinations thereof.
[0069] In step (1), the polymer composition may be prepared by any conventional procedure, such as by mixing the
ingredients in an internal mixer or on a roller mill. The processing temperatures during the compounding (mixing) process
are chosen to stay safely below the reaction temperature of a reactive resin (B’) (to prevent pre-scorching), but preferably
above the softening temperature of a viscosity changing resin (B’) (if used) to facilitate mixing. One major advantage of
many of the preferred (meth)acrylic resins is that they drop in viscosity during mixing, but then can be crosslinked at
higher temperatures during crosslinking (vulcanization) of the elastomer in step (2), which typically happens at temper-
atures of more than 120°C.
[0070] In case additional components, such as one or more of thermoplastic polymers (E), fillers (F), further ingredi-
ents/additives (G) and fibers (H) are used, they are preferably added in step (1) to the polymer composition.
[0071] Preferably, step (1) may be a one-step mixing process.
[0072] In step (2), crosslinking and expansion is effected, preferably by heating. The components (A’) and (B’) will
form an interpenetrating network during expansion and crosslinking leading to an elastic and flexible, but load-bearing
foam. Without being bound to theory, both the crosslinking of the reactive resin (B’) as well as the crystallization of the
viscosity changing resin after cooling down the crosslinked and foamed elastomeric material will lead to a reinforcing,
rigidity increasing effect and not negatively interfere with the elastomer network, means, the elastomeric part of the
interpenetrating network will remain flexible.
[0073] The expanded and crosslinked elastomeric material is processed in a way to give a planar form, such as by
molding, extrusion or calendaring, or by cutting a sheet or mat shaped material from expanded and crosslinked blocks
or buns. Preferably, a one-step shaping process is used.
[0074] In step (3), the tapered recesses according to at least one of the embodiments described herein are formed,
for example by milling, cutting or erosion, preferably by cutting. In case the shaped article comprises step structures
and/or structures for mechanically interlocking edges of the shaped article, these structures are preferably formed using
one of the aforementioned methods.
[0075] The waste from producing recesses or steps (or the entire shaped article) can be ground and again used as
filler for the elastomeric material, so that no cutting waste or dust is produced.
[0076] After step (3), additional layers (I) can e.g. be connected to the shaped article if applicable.
[0077] In the process of the present invention, a major advantage is the fact that the polymer composition (components
(A’) and (B’)) can be crosslinked by state-of-the-art, well-examined and economic methods like sulphur curing, and that
co-vulcanization can be controlled by choosing the appropriate vulcanization agent or vulcanization system.
[0078] Another advantage of the process of the present invention is the fact that the preferred reactive resins (B’) and
the crosslinked resin (B), respectively, are neither critical concerning environmental issues nor concerning interaction
with other ingredients of the elastomeric material.
[0079] Moreover, the shaped article can be produced and processed in an economic way on equipment, which is
commonly used in the rubber industry, such as for mixing and shaping processes, e.g. by molding, extrusion and
calendaring, as well as other shaping methods, such as cutting, milling, CNC shaping etc. It shows versatility in possibilities
of manufacturing and application.
[0080] It is another advantage of the expanded and crosslinked elastomeric material that it can be given shape easily
by cutting and milling, e.g. by milling/CNC machines, which is not easily feasible with standard rubbers, as they neither
would give good surface nor acceptable tolerances due to their too high compressibility or they could even tear (see
below, in the Examples).
[0081] A further aspect of the present invention is directed at the use of the shaped article according to one of the
embodiments described herein. The shaped article is used for forming a thermal and/or acoustic insulation, acoustic
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and/or vibration damping, mechanical protection and/or for applications requiring load bearing.
[0082] In particular, the shaped article can be used:

- for forming an insulation of a pipe, a pipe support and/or a pipe hanger,
- for wrapping around pipework or a vessel,
- for making prefabricated parts for equipment insulation, such as insulation shells for valves, flanges and fittings, or
- for thermal and/or acoustic insulation of installations underwater, underground or underneath screed or concrete.

[0083] According to a further aspect, the present invention relates to a structure (or installation) with an insulation.
The insulation is the shaped article according to at least one of the embodiments described herein being arranged around
the structure, such as a pipe, a pipework, a tank or a vessel, so that the recesses are at least partially and preferably
completely closed and the elastomeric material is partially compressed. The insulation may be fixed using a glue and/or
male/female or "click" connections as described above.
[0084] The advantages described above for the shaped article are obtained during its use and for the structure with
an insulation according to the invention. In particular, it is worthwhile noting that the low thermal conductivity and the
excellent water vapor barrier properties of the elastomeric mater and the shaped article, respectively, are retained when
it is partially compressed in the insulation.
[0085] In the elastomeric material of the shaped article, the rubber properties of the elastomer polymers (A), like
flexibility, diffusion blocking and water repellence, are retained despite the resin (B) load. Mechanical properties like
tensile strength and tear resistance are increased in comparison to the rubber compound without the resinous network.
[0086] A tough surface and the increased tensile/tear or wear properties make the shaped article also ideal for protection
purposes, means, protecting sensitive materials from impact or break.
[0087] The shaped article may serve as prefabricated part for equipment insulation, including insulation shells for
valves, flanges and fittings. It can be swiftly and easily composed as outlined above.
[0088] An additional advantage of the shaped article compared to standard elastomeric foams is the fact that its
vibration or noise damping properties can be modified in a broad range by altering the stiffness and therefore its viscous
response to sound waves.
[0089] It is another advantage of the shaped article that it is able to bear significant loads, which makes it ideal for use
in applications where rigid foams are too brittle and/or too expensive and/or too difficult to apply or adapt, such as in
pipe supports, pipe(line) cradles, insulation of underground and underwater installations, insulations and protective
applications underneath screed or concrete etc. Further preferred applications would e.g. be distance heating and
industrial insulation.
[0090] It is another advantage of the elastomeric material and the shaped article, respectively, that it is non-sag and
self-supporting and therefore shows application properties superior to elastomeric foams or fiber mats that tend to sag
and form gaps when being applied on horizontal pipework and that need additional support when mounted vertically to
prevent warping and sagging.

Examples

[0091] For Examples 1 to 3 and Comparative Example 1, a base compound comprising
95 parts of an NBR polymer and 5 parts of an BR polymer = 100 rubber parts (Nippon Zeon, Japan) (elastomer polymer
(A’)),
65 phr (parts per hundred parts of rubber) PVC thermoplast (Ineos, The Netherlands) (E),
170 phr aluminum trihydrate filler (Huber, U.S.A./Germany) (F),
65 phr long chain chloroparaffin plasticizer (Inovyn, U.K.) (G),
10 phr epoxydized soy bean oil plasticizer (NRC, Germany) (G),
100 phr azodicarbonaminde (Tramaco, Germany) blowing agent (D)
was mixed in a closed mixer at a temperature of 110°C and then allowed to cool down. At 70°C, 7 phr of polymethacrylate
resin (Dow, U.S.A.) (reactive resin (B’)) were added and compounded homogeneously into the mixture of Examples 1
to 3 (but not for Comparative Example 1). To all mixtures (Examples 1 to 3 and Comparative Example 1), a vulcanization
system (C) of ZDBC/ DPTU/sulphur/ZnO was added at 110°C in varying ratio and dosage to obtain different final densities.
[0092] The compound was extruded and vulcanized (crosslinked) on a foam extrusion line at a 120°C to 165°C
temperature gradient. The blowing agents decomposed and caused a closed cell structure. By altering the ingredients
of the vulcanization system as well as the extrusion and vulcanization oven parameters different densities were obtained.
The variation in densities given below is +/-5 points. The material was cooled down to room temperature and cut to
sample mats of 25 mm thickness. All materials were tested for compressibility according to EN 826 (see Table 1).
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[0093] The 25 mm sample mats were tried to equip with V-shaped recesses of 18 mm protrusion and a pointed angle
of 12° by different methods. The results are shown in Table 2.

[0094] As shown in Table 2, the elastomeric material as used according to the present invention can be cut in order
to produce tapered recesses. Hence, a shaped article according to the present invention is obtained. The vulcanized
conventional elastomer (Comparative Example 1) is too soft (not rigid enough) and not stable enough to produce precise
or at least acceptable recesses.

Claims

1. A shaped article (100) having a planar form with two main sides and a plurality of tapered recesses (40) formed in
one of the main sides,
wherein the tapered recesses (40) form each a pointed angle and the protrusion of the tapered recesses (40) into
the form is more than 20% but no more than 80% of the thickness of the planar form, the shaped article being
characterized in that
the sum of the pointed angles of all tapered recesses (40) is 300 to 355 degrees and the shaped article (100)
comprises an expanded and crosslinked elastomeric material, the elastomeric material comprising at least one
crosslinked elastomer polymer (A) and at least one crosslinked resin (B),
wherein the at least one elastomer polymer (A) and the at least one resin (B) form an interpenetrating network.

2. The shaped article (100) according to claim 1, wherein the elastomeric material contains 1 to 100 phr, preferably 3
to 75 phr, more preferably 5 to 60 phr, of resin (B), based on 100 phr of elastomeric polymer (A).

3. The shaped article (100) according to claim 1 or 2, wherein the resin (B) is a (co)polymer at least including structural
units derived from one or more compounds selected from acrylic acid, acrylic acid esters, methacrylic acid and
methacrylic acid esters.

4. The shaped article (100) according to any one of claims 1 to 3, wherein the elastomer polymer (A) is one, two or

Table 1: Compressive strength [kPa] according to EN 826 for different densities of the elastomeric material according 
to the present invention (Examples 1 to 3) and Comparative Example 1.

Comparative 
Example 1 Example 1 Example 2 Example 3

Density 55 kg/m3 60 kg/m3 95 kg/m3 135 kg/m3

10% compression 5 15 19 22

25% compression 11 59 72 78

Table 2: Reaction of elastomer material of the present invention (Examples 1 to 3) and Comparative Example 1 to 
different methods for V-cutting (observed result; in italics: technically and optically acceptable for marketing product):

Comparative 
Example 1 Example 1 Example 2 Example 3

Density 55 kg/m3 60 kg/m3 95 kg/m3 135 kg/m3

Cutting by knife 
(manually)

Irregular walls 
and edges

Irregular edges Irregular edges Irregular edges

Cutting by knife 
(machine)

Fraying, irregular 
edges

Good aspect Good aspect Good aspect

Cutting by wire 
(machine)

Fraying Very good aspect Very good aspect Very good aspect

Milling (machine) Partially 
destroyed

Good aspect Very good aspect Very good aspect
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more of the group consisting of acrylic rubber (ACM/AEM), polyurethane ester/ether rubber (AU/EU), butadiene
rubber (BR), bromobutyl rubber (BIIR), chlorobutyl rubber (CIIR), chlorinated polyethylene rubber (CM), polychlo-
roprene rubber (CR), chlorosulfonated polyethylene rubber (CSM), chlorosulfonated polychloroprene rubber (CSR),
ethylene oxide/epichlorohydrine rubber (G)(E)CO, ethylene propylene copolymer (EPM), ethylene propylene ter-
polymer (EPM/EPDM), ethylene vinyl acetate rubber (EVM), fluoro rubber (FPM/FKM), fluorocarbon (ethylene)
rubber (F(E)PM), propylene oxide rubber (GPO), polyisoprene (IR), butyl rubber (IIR), silicone rubber (F)(P)(V)MQ,
acrylonitrile butadiene rubber (NBR), hydrogenated acrylonitrile butadiene rubber (HNBR), natural rubber (NR),
styrene butadiene rubber (SBR), styrene acrylonitrile thermoplastic rubber (SAN), styrene ethylene butadiene ther-
moplastic rubber (SEBS), polysulphide rubber (T), urethane thermoplastic rubber (TPU) or any mixture thereof.

5. The shaped article (100) according to any one of claims 1 to 4, wherein the elastomeric material has a compressive
strength according to EN 826 of 45 kPa or more and less than 300 kPa, preferably 50 kPa or more and 150 kPa or
less, more preferably 55 kPa or more and 100 kPa or less, at 25% compression.

6. The shaped article (100) according to any one of claims 1 to 5, wherein the elastomeric material is a closed or an
open cell foam, preferably a closed cell foam with a closed cell content of at least 70%.

7. The shaped article (100) according to any one of claims 1 to 6, wherein the elastomeric material has a density
according to ISO 845 of less than 300 kg/m3, preferably less than 200 kg/m3, more preferably less than 150 kg/m3,
and a thermal conductivity according to EN 12667 of less than 0.050 W/mK at 0°C, preferably less than 0.045 W/mK
at 0°C, more preferably less than 0.040 W/mK at 0°C.

8. The shaped article (100) according to any one of claims 1 to 7, wherein the elastomeric material exhibits a water
vapor diffusion barrier property according to EN 12086 of at least m 2000, preferably at least m 3000, more preferably
at least m 5000.

9. The shaped article (100) according to any one of claims 1 to 8, wherein the tapered recesses (40) have a V shape
or a deformed V shape, the deformed V shape having preferably at least one of the following features:

- curved side walls, and
- side walls having different angles to a plane extending perpendicularly to the plane of the planar form.

10. The shaped article (100) according to any one of claims 1 to 9, wherein the shaped article (100) has step structures
on one, two or more of its edges to provide an overlap when mounting the shaped article (100) and/or structures
on one, two or more of its edges that are designed for mechanically interlocking the edges together.

11. A process for manufacturing the shaped article (100) according to any of claims 1 to 10 comprising the steps:

(1) preparing a polymer composition by mixing at least the following components:

- at least one elastomeric polymer (A’),
- at least one least one crosslinkable resin (B’),
- a crosslinking agent (C), and
- an expanding agent (D);

(2) crosslinking and expanding the polymer composition to form an expanded and crosslinked elastomeric
material, wherein the elastomeric materials has at least one crosslinked elastomer polymer (A) and at least one
crosslinked resin (B), which form an interpenetrating network, and bringing it into a planar form with two main
sides; and
(3) forming a plurality of tapered recesses (40) in one of the main sides, wherein the tapered recesses (40) form
each a pointed angle and the sum of the pointed angles of all tapered recesses (40) is 300 to 355 degrees and
the protrusion of the recesses (40) into the form is more than 20% but not more than 80% of the thickness of
the planar form.

12. The process for manufacturing the shaped article (100) according to claim 11, wherein the at least one crosslinkable
resin (B’) is an oligomer or (co)polymer at least including structural units derived from one or more compounds
selected from acrylic acid, acrylic acid esters, methacrylic acid and methacrylic acid esters.
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13. Use of the shaped article (100) as defined in any one of claims 1 to 10 for forming an thermal and/or acoustic
insulation, acoustic and/or vibration damping, mechanical protection and/or for applications requiring load bearing.

14. The use according to claim 13, wherein the shaped article (100) is used

- for forming an insulation (80) of a pipe, a pipe support and/or a pipe hanger (90),
- for wrapping around pipework or a vessel (90),
- for making prefabricated parts for equipment insulation, such as insulation (80) shells for valves, flanges and
fittings, or
- for thermal and/or acoustic insulation (80) of installations underwater, underground or underneath screed or
concrete.

15. A structure with an insulation (80), wherein the insulation (80) is the shaped article (100) as defined in any one of
claims 1 to 10 arranged around the structure, such as a pipe, a pipework, a tank or a vessel (90), so that the recesses
(40) are at least partially closed and the elastomeric material partially compressed.

Patentansprüche

1. Formkörper (100), der eine planare Form mit zwei Hauptseiten und einer Vielzahl sich verjüngender Ausnehmungen
(40), die in einer der Hauptseiten ausgebildet sind, aufweist,
wobei die sich verjüngenden Ausnehmungen (40) jeweils einen spitzen Winkel bilden und der Vorsprung der sich
verjüngenden Ausnehmungen (40) in die Form hinein mehr als 20%, aber nicht mehr als 80% der Dicke der planaren
Form beträgt, der Formkörper ist
dadurch gekennzeichnet, dass
die Summe der spitzen Winkel aller sich verjüngenden Ausnehmungen (40) 300 bis 355 Grad beträgt und
der Formkörper (100) ein expandiertes und vernetztes Elastomermaterial umfasst, wobei das Elastomermaterial
mindestens ein vernetztes elastomeres Polymer (A) und mindestens ein vernetztes Harz (B) umfasst,
wobei das mindestens eine elastomere Polymer (A) und das mindestens eine Harz (B) ein interpenetrierendes
Netzwerk bilden.

2. Formkörper (100) gemäß Anspruch 1, wobei das elastomere Material 1 bis 100 phr, bevorzugt 3 bis 75 phr, mehr
bevorzugt 5 bis 60 phr, Harz (B), bezogen auf 100 phr elastomeres Polymer (A), enthält.

3. Formkörper (100) gemäß Anspruch 1 oder 2, wobei das Harz (B) ein (Co)Polymer ist, das zumindest Struktureinheiten
enthält, die von einer oder mehreren Verbindungen, ausgewählt aus Acrylsäure, Acrylsäureestern, Methacrylsäure
und Methacrylsäureestern, abgeleitet sind.

4. Formkörper (100) gemäß einem der Ansprüche 1 bis 3,
wobei das elastomere Polymer (A) ein, zwei oder mehr aus der Gruppe ist, die aus Acrylkautschuk (ACM/AEM),
Polyurethanester/ether-Kautschuk (AU/EU), Butadienkautschuk (BR), Brombutylkautschuk (BIIR), Chlorbutylkaut-
schuk (CIIR), chloriertem Polyethylenkautschuk (CM), Polychloroprenkautschuk (CR), chlorsulfoniertem Polyethy-
lenkautschuk (CSM), chlorsulfoniertem Polychloroprenkautschuk (CSR), Ethylenoxid/Epichlorhydrin-Kautschuk
(G)(E)CO, Ethylen-Propylen-Copolymer (EPM), Ethylen-Propylen-Terpolymer (EPM/EPDM), Ethylen-Vinylacetat-
Kautschuk (EVM), Fluorkautschuk (FPM/FKM), Fluorkohlenwasserstoff(Ethylen)-Kautschuk (F(E)PM), Propyleno-
xidkautschuk (GPO), Polyisopren (IR), Butylkautschuk (IIR), Silikonkautschuk (F) (P) (V) MQ, Acrylnitril-Butadien-
Kautschuk (NBR), hydriertem Acrylnitril-Butadien-Kautschuk (HNBR), Naturkautschuk (NR), Styrol-Butadien-Kau-
tschuk (SBR), thermoplastischem Styrol-Acrylnitril-Kautschuk (SAN), thermoplastischem Styrol-Ethylen-Butadien-
Kautschuk (SEBS), Polysulfidkautschuk (T), thermoplastischem Urethankautschuk (TPU) oder irgendeiner Mi-
schung von diesen besteht.

5. Formkörper (100) gemäß einem der Ansprüche 1 bis 4,
wobei das Elastomermaterial eine Druckfestigkeit gemäß EN 826 von 45 kPa oder mehr und weniger als 300 kPa,
bevorzugt 50 kPa oder mehr und 150 kPa oder weniger, mehr bevorzugt 55 kPa oder mehr und 100 kPa oder
weniger, bei 25% Kompression aufweist.

6. Formkörper (100) gemäß einem der Ansprüche 1 bis 5,
wobei das Elastomermaterial ein geschlossenzelliger oder ein offenzelliger Schaum, bevorzugt ein geschlossen-
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zelliger Schaum mit einem Gehalt an geschlossenen Zellen von mindestens 70%, ist.

7. Formkörper (100) gemäß einem der Ansprüche 1 bis 6,
wobei das Elastomermaterial eine Dichte gemäß ISO 845 von weniger als 300 kg/m3, bevorzugt weniger als 200
kg/m3, mehr bevorzugt weniger als 150 kg/m3, aufweist und eine Wärmeleitfähigkeit gemäß EN 12667 von weniger
als 0,050 W/mK bei 0°C, bevorzugt weniger als 0,045 W/mK bei 0°C, mehr bevorzugt weniger als 0,040 W/mK bei
0°C, aufweist.

8. Formkörper (100) gemäß einem der Ansprüche 1 bis 7,
wobei das Elastomermaterial eine Wasserdampfdiffusionsbarriereeigenschaft gemäß EN 12086 von mindestens m
2000, bevorzugt mindestens m 3000, mehr bevorzugt mindestens m 5000, aufweist.

9. Formkörper (100) gemäß einem der Ansprüche 1 bis 8,
wobei die sich verjüngenden Ausnehmungen (40) eine V-Form oder eine deformierte V-Form aufweisen, wobei die
deformierte V-Form bevorzugt mindestens eines der folgenden Merkmale aufweist:

- gekrümmte Seitenwände und
- Seitenwände mit unterschiedlichen Winkeln zu einer Ebene, die senkrecht zur Ebene der planaren Form
verläuft.

10. Formkörper (100) gemäß einem der Ansprüche 1 bis 9,
wobei der Formkörper (100) Stufenstrukturen an einer, zwei oder mehr seiner Kanten aufweist, um eine Überlappung
zu schaffen, wenn der Formkörper (100) montiert wird, und/oder Strukturen an einer, zwei oder mehr seiner Kanten
aufweist, die zum mechanischen Ineinandergreifen der Kanten ausgelegt sind.

11. Verfahren zur Herstellung des Formkörpers (100) gemäß einem der Ansprüche 1 bis 10, umfassend die Schritte:

(1) das Herstellen einer Polymerzusammensetzung durch Mischen mindestens der folgenden Komponenten:

- mindestens ein elastomeres Polymer (A’),
- mindestens ein vernetzbares Harz (B’),
- ein Vernetzungsmittel (C), und
- ein Treibmittel (D);

(2) das Vernetzen und das Expandieren der Polymerzusammensetzung, um ein expandiertes und vernetztes
Elastomermaterial zu bilden, wobei das Elastomermaterial mindestens ein vernetztes elastomeres Polymer (A)
und mindestens ein vernetztes Harz (B) aufweist, die ein interpenetrierendes Netzwerk bilden, und dessen
Informbringen in eine planare Form mit zwei Hauptseiten; und
(3) das Ausbilden einer Vielzahl sich verjüngender Ausnehmungen (40) in einer der Hauptseiten, wobei die
sich verjüngenden Ausnehmungen (40) jeweils einen spitzen Winkel bilden und die Summe der spitzen Winkel
aller sich verjüngenden Ausnehmungen (40) 300 bis 355 Grad beträgt und der Vorsprung der Ausnehmungen
(40) in die Form mehr als 20%, aber nicht mehr als 80% der Dicke der planaren Form beträgt.

12. Verfahren zur Herstellung des Formkörpers (100) gemäß Anspruch 11, wobei das mindestens eine vernetzbare
Harz (B’) ein Oligomer oder (Co)Polymer ist, das zumindest Struktureinheiten enthält, die von einer oder mehreren
Verbindungen, ausgewählt aus Acrylsäure, Acrylsäureestern, Methacrylsäure und Methacrylsäureestern, abgeleitet
sind.

13. Verwendung des Formkörpers (100) gemäß einem der Ansprüche 1 bis 10 zur Bildung einer thermischen und/oder
akustischen Isolierung, einer Schall- und/oder Vibrationsdämpfung, eines mechanischen Schutzes und/oder für
Anwendungen, die eine Lastaufnahme erfordern.

14. Verwendung gemäß Anspruch 13, wobei der Formkörper (100) verwendet wird

- zum Bilden einer Isolierung (80) eines Rohrs, einer Rohrhalterung und/oder eines Rohraufhängers (90),
- zum Ummanteln einer Rohrleitung oder eines Behälters (90),
- zur Herstellung von vorgefertigten Teilen für die Gerätedämmung, beispielsweise Isolierschalen (80) für Ventile,
Flansche und Armaturen, oder
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- zur thermischen und/oder akustischen Isolierung (80) von Installationen unter Wasser, unter der Erde oder
unter Estrich oder Beton.

15. Struktur mit einer Isolierung (80), wobei die Isolierung (80) der Formkörper (100) gemäß einem der Ansprüche 1
bis 10, angeordnet um die Struktur, beispielsweise ein Rohr, eine Rohrleitung, ein Tank oder ein Behälter (90), ist,
so dass die Ausnehmungen (40) zumindest teilweise geschlossen sind und das Elastomermaterial teilweise kom-
primiert ist.

Revendications

1. Article moulé (100) ayant une forme planaire avec deux côtés principaux et une pluralité de cavités effilées (40)
formées sur un des côtés principaux,
dans lequel les cavités effilées (40) forment chacune un angle aigu et la protrusion des cavités effilées (40) dans
la forme est supérieure à 20% mais non supérieure à 80% de l’épaisseur de la forme planaire, l’article moulé étant
caractérisé en ce que
la somme des angles aigus de toutes les cavités effilées (40) est de 300 à 355 degrés et
l’article moulé (100) comprend un matériau élastomère réticulé et expansé, le matériau élastomère comprenant au
moins un polymère élastomère réticulé (A) et au moins une résine réticulée (B),
dans lequel le au moins un polymère élastomère (A) et la au moins une résine (B) forment un réseau interpénétrant.

2. L’article moulé (100) selon la revendication 1, dans lequel le matériau élastomère contient de 1 à 100 phr, préféra-
blement de 3 à 75 phr, plus préférablement de 5 à 60 phr, de résine (B), sur la base de 100 phr de polymère
élastomère (A).

3. L’article moulé (100) selon la revendication 1 ou 2, dans lequel la résine (B) est un (co)polymère comportant au
moins des unités structurelles dérivées de un ou plusieurs composés choisi(s) parmi l’acide acrylique, les esters
d’acide acrylique, l’acide méthacrylique et les ester d’acide méthacrylique.

4. L’article moulé (100) selon l’une quelconque des revendications 1 à 3, dans lequel le polymère élastomère (A) est
l’un, deux ou plus de deux du groupe constitué par le caoutchouc acrylique (ACM/AEM), ester de polyuréthane/caout-
chouc éther (AU/EU), caoutchouc butadiène (BR), caoutchouc bromobutyle (BIIR), caoutchouc chlorobutyle (CIIR),
caoutchouc polyéthylène chloré (CM), caoutchouc polychloroprène (CR), caoutchouc polyéthylène chlorosulfoné
(CSM), caoutchouc polychloroprène chlorosulfoné (CSR), caoutchouc épichlorohydrine/oxyde d’éthylène (G)(E)CO,
copolymère éthylène propylène (EPM), terpolymère éthylène propylène (EPM/EPDM), caoutchouc acétate de vinyle
éthylène (EVM), caoutchouc fluoré (FPM/FKM), caoutchouc (éthylène) fluorocarboné (F(E)PM), caoutchouc oxyde
de propylène (GPO), polyisoprène (IR), caoutchouc butyle (IIR), caoutchouc silicone (F)(P)(V)MQ, caoutchouc
butadiène acrylonitrile (NBR), caoutchouc butadiène acrylonitrile hydrogéné (HNBR), caoutchouc naturel (NR),
caoutchouc butadiène styrène (SBR), caoutchouc thermoplastique acrylonitrile styrène (SAN), caoutchouc thermo-
plastique butadiène éthylène styrène (SEBS), caoutchouc polysulfuré (T), caoutchouc thermoplastique uréthane
(TPU) ou un mélange quelconque de ceux-ci.

5. L’article moulé (100) selon l’une quelconque des revendications 1 à 4, dans lequel le matériau élastomère a une
résistance à la compression selon EN 826 de 45 kPa ou plus et inférieure à 300 kPa, préférablement de 50 kPa ou
plus et 150 kPa ou moins, plus préférablement de 55 kPa ou plus et 100 kPa ou moins, à 25% de compression.

6. L’article moulé (100) selon l’une quelconque des revendications 1 à 5, dans lequel le matériau élastomère est une
mousse alvéolée ouverte ou fermée, préférablement une mousse alvéolée fermée avec une teneur d’alvéole fermée
d’au moins 70%.

7. L’article moulé (100) selon l’une quelconque des revendications 1 à 6, dans lequel le matériau élastomère a une
densité selon ISO 845 inférieure à 300 kg/m3, préférablement inférieure à 200 kg/m3, plus préférablement inférieure
à 150 kg/m3, et une conductivité thermique selon EN 12667 inférieure à 0,050 W/mK à 0°c, préférablement inférieure
à 0,045 W/mK à 0°C, plus préférablement inférieure à 0,040 W/mK à 0°C.

8. L’article moulé (100) selon l’une quelconque des revendications 1 à 7, dans lequel le matériau élastomère montre
une propriété de barrière de diffusion à la vapeur d’eau selon EN 12086 d’au moins m 2000, préférablement d’au
moins m 3000, plus préférablement d’au moins m 5000.
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9. L’article moulé (100) selon l’une quelconque des revendications 1 à 8, dans lequel les cavités effilées (40) ont une
forme en V ou une forme en V déformée, la forme en V déformée ayant préférablement au moins l’une des carac-
téristiques suivantes :

- des parois latérales incurvées, et
- des parois latérales ayant des angles différents à un plan s’étendant perpendiculairement au plan de la forme
planaire.

10. L’article moulé (100) selon l’une quelconque des revendications 1 à 9, dans lequel l’article moulé (100) a des
structures en marches sur un, deux ou plus de deux de ses bords pour fournir un chevauchement lors du montage
de l’article moulé (100) et/ou des structures sur un, deux ou plus de deux de ses bords qui sont conçus pour verrouiller
mécaniquement les bords ensemble.

11. Procédé de fabrication de l’article moulé (100) selon l’une quelconque des revendications 1 à 10 comprenant les
étapes de :

(1) préparation d’une composition polymère en mélangeant au moins les composants suivants :

- au moins un polymère élastomère (A’),
- au moins une résine réticulable (B’),
- un agent de réticulation (C), et
- un agent gonflant (D) ;

(2) réticulation et expansion de la composition de polymère pour former un matériau élastomère réticulé et
expansé, dans lequel le matériau élastomère a au moins un polymère élastomère réticulé (A) et au moins une
résine réticulée (B), qui forment un réseau interpénétrant, et la mise de celui-ci en une forme planaire avec
deux côtés principaux ; et
(3) formation d’une pluralité de cavités effilées (40) sur l’un des côtés principaux, dans lequel les cavités effilées
(40) forment chacune un angle aigu et la somme des angles aigus de toutes les cavités effilées (40) est de 300
à 355 degrés et la protrusion des cavités effilées (40) dans la forme est supérieure à 20% mais non supérieure
à 80% de l’épaisseur de la forme planaire.

12. Le procédé de fabrication de l’article moulé (100) selon la revendication 11, dans lequel la au moins une résine
réticulable (B’) est un oligomère ou (co)polymère comportant au moins des unités structurelles dérivées de un ou
plusieurs composés choisi(s) parmi l’acide acrylique, les esters d’acide acrylique, l’acide méthacrylique et les ester
d’acide méthacrylique.

13. Utilisation de l’article moulé (100) tel que défini dans l’une quelconque des revendications 1 à 10 pour la formation
d’une isolation acoustique et/ou thermique, l’amortissement acoustique et/ou de vibrations, la protection mécanique
et/ou pour des applications nécessitant un port de charge.

14. L’utilisation de la revendication 13, dans laquelle l’article moulé (100) est utilisé

- pour former une isolation (80) dans un tuyau, un support de tuyau ou une suspente de tuyau (90),
- pour être enroulé autour d’une tuyauterie ou d’une vaisselle (90),
- pour faire des pièces préfabriquées pour l’isolation d’équipement, telle que des coques d’isolation (80) pour
des vannes, des brides et des raccords, ou
- pour l’isolation acoustique et/ou thermique (80) d’installations sous-marines, sous-terraines ou sous une chape
ou du béton.

15. Structure avec une isolation (80), dans laquelle l’isolation (80) est l’article moulé (100) tel que défini dans l’une
quelconque des revendications 1 à 10 arrangé autour de la structure, telle qu’un tuyau, une tuyauterie, un réservoir
ou une vaisselle (90), de telle sorte que les cavités (40) sont au moins partiellement fermées et le matériau élastomère
partiellement comprimé.
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