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EP 2 450 398 B9
Description

[0001] The present invention relates to a material for thermal and/or acoustic insulation comprising an expanded
elastomeric and/or thermoplastic elastomer blend based on styrenic organic polymer and chlorinated organic polymer,
the process for the manufacturing of such material, and the use of such material.

[0002] FEFs (flexible elastomeric foams) are flexible insulation materials. Such materials are almost exclusively based
on a narrow selection of polymer bases, i.e. nitrile butadiene elastomer (NBR, e.g. in brands NH/Armaflex®, AF/Arma-
flex®, K-Flex® ST, Kaiflex® KK) and ethylene diene (EPDM, e.g. HT/Armaflex®, Aeroflex®). The latter polymer base
is mainly used for higher temperature shielding, such as in industrial and solar insulation, whereas NBR is the most
widespread polymer base for standard FEFs, such as in heating and plumbing and ventilation and cooling applications.
There are manifold reasons for this dominating: NBR is said to be tolerant in blending it with other polymers and with
fillers, it shows good general mechanical properties and good physical and chemical stability, and it is said to be most
suitable for creating a good balance in crosslinking and expansion. One major reason, however, why NBR has been the
polymer of choice for decades is the fact that it is compatible with PVC, which itself is said to have positive effect on the
foaming process by melting and thus absorbing excess enthalpy (e.g. created by exothermic foaming/crosslinking) and
which of course is of very economic cost. Additionally, PVC will provide better touch and feel and improved handling
properties to the expanded and crosslinked FEF insulation material. When the first FEF had been introduced in the
1950s it had been tried to use and claim other than NBR/PVC blends. The respective patent (GB 788344) mentions
butadiene styrene acrylonitrile copolymer as one alternative, however, the described compositions and examples clearly
indicate that NBR/PVC or NBR/PS is preferred, and consequently, no further efforts on other elastomer/PVC blends
had been undertaken as the a.m. FEF history has shown.

[0003] US 2010/0071289 discloses a composite annular duct insulation structure, comprising a substantially rigid
annular insulation-retaining insert having a substantially cylindrical outer surface and a viscoelastic insulation foam layer,
wherein any suitable viscoelastic elastomeric foam materials can be used, including amongst others EPDM, NBR, and
Styrene-butadiene (SBR).

XP-002630229 (DATABASE WPI- Week 198221 - Thomson Scientific, London, GB; AN 1982-42838E - XP002630229,
& JP 57 064537 A (SHOWA GUM KK) 19 April 1982 (1982-04-19)) discloses a vulcanized, foamed rubber powder that
is mixed and sintered - after crosslinking, expanding and grinding the rubber - with PVC and a plasticizer.

EP 1 970 403 discloses a closed cell rubber sheet, obtained by foaming a composition comprising a rubber-based resin
like NBR.

However, NBR is showing some drawbacks when it comes to comparing it with other elastomeric polymers: it is a
specialty synthetic rubber mainly used in the automotive sector due to its oil resistance and therefore it is both not very
economic in price and shows restricted availability when it comes to grades, suppliers and volume. As a consequence
there is less literature and supporting chemicals known or available than for more widespread rubber polymers. And
last but not least NBR is forming hydrogen cyanide in case of bum.

Animportant disadvantage of using EPDM is the worse fire performance of the commercial available insulation products,
e.g. HT/Armaflex® (EN 13823: D s3 do; DIN 4102-1: B2) or Kaiflex® EPDMplus (EN 13823: E; DIN 4102-1: B2). This
is not only caused by the rubber itself, but even by the limited possibility of using e.g. halogenated or phosphorus
containing flame retardants / plasticizers, due to their incompatibility, caused by the different polarities of EPDM and
flame retardants / flame retardant plasticizers. Additionally EPDM is forming exceptionally high quantities of CO in case
of burn. Moreover, the insulation properties of commercially available EPDM based insulation foams are worse (according
to DIN EN ISO 8487 at 0°C: HT/Armaflex®: 0,038W/mK; Kaiflex® EPDMplus: 0,038W/mK; for NBR/PVC products see
Table 5). Even the water vapour properties are on a lower level (according to DIN EN ISO 12572: HT/Armaflex®: p.>
4.000; Kaiflex® EPDMplus: p.> 4.500, for NBR/PVC products see Table 5). Additionally, EPDM foams tend to shrink to
a greater degree.

[0004] It would therefore be favourable to use well known and examined rubber polymers, such as styrene butadiene
rubber (SBR) for FEFs, however, it is said that the SBR’s significantly lower polarity and the difference in polymer
morphology and surface energy vs. NBR will hamper mixing it with or into PVC (see e.g. Zhu et. al. in: Journal of Applied
Polymer Science vol. 58/3, 1995, pp 621-631: PVC and SBR need NBR and other chemicals as compatibilizer; similar
statements can be found at Harper (ed): Handbook of Plastics, Elastomers, and Composites, 2002, pp 224-225) Some
patents confirm this in practice by consequently using NBR to blend SBR into PVC. With materials having similar polarity/
morphology like NBR also similar emulsification effects can be expected: DE 1961037 uses pitch-like material instead
of NBR to achieve an SBR/PVC mixture, however, with low SBR content in relation to pitch. Eventually, DD 210546
claims that mixing SBR and PVC will create major difficulties and proposes to overcome this by copolymerisation.
[0005] This said incompatibility would be one major obstacle to fulfil the market requirements for FEFs together with
said less expandability and less "nerve" (i.e. compression deflection/rebound resilience combined with modulus). Indeed,
SBR has found very limited use in combination with PVC. US 4500591 describes PVC/SBR latex on a foam for adhesion
purposes; generally, latex is at least an appropriate method to compatibilize SBR and vinyl chloride polymers. Similarly,
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the emulsion of SBR like polymers into a vinyl chloride homo or copolymer plastisol or organosol is examined; JP 9123688
discloses an eraser made of PVC containing e.g. SBR powder.

The explicit combination of SBR and PVC in expanded materials has only been described for some special applications:
e.g. KR 20030026671 claims foam-type mastic for sealing which contains SBR and PVC among other chemicals (e.g.
resins, plasticizers; all acting obviously as emulsifiers), DE 4326367 discloses a rigid PVC for moulded foam parts which
is modified with rubbers, among them SBR, with stabilisers.

SBR in combination with CPE, which is very similar to PVC, of course, has found even less application in foams: some
patents describe thermoplastic foams (e.g. polystyrene or polyethylene foam) where CPE and SBR can be used as
additives.

For insulation purposes SBR and PVC have not been used in one compound, but only in combinations, as in IT 1203818,
where SBR and PVC form parts of the composition of the self-adhesive layer of an insulation product. Even the bare
use of SBR for insulation materials is very limited: KR 100316366 mentions SBR as one facultative out of numerous
ingredients of an ethylene/EVA based copolymer insulation foam.

[0006] A maijor object of the present invention thus is to provide a versatile, preferably flame retardant FEF insulation
material that is reliable, economic and easy to apply and will fulfil modern regulations and approvals in the respective
application fields.

[0007] Surprisingly, it is found that such a versatile FEF material not showing the above mentioned disadvantages
can be achieved by expanding an elastomeric or thermoplastic elastomer blend comprising styrene substituted organic
polymer and chlorinated organic polymer which are mixed by the aid of physical dispersion through emulsifying additives
and/or of mechanical dispersion through appropriately loading the blend with fillers, and optional further additivation.
[0008] In the drawings, which form a part of this specification,

Fig. 1 is a schematic drawing of possible lap seals for planar (Fig. 1a)) or tubular (Fig. 1b)) configurations of the
claimed material to form tightly sealed insulation installations;

Fig. 2 is a schematic drawing of a possible way of manufacturing of the claimed material as a mono or multilayer
product without need of waiting for degassing/shrinkage.

Fig. 3 is a schematic drawing of possible composites of the claimed material.

[0009] The claimed material comprises at least one layer (A), see Fig. 1-3 of expanded elastomer or thermoplastic
elastomer blend which itself comprises a styrene substituted organic polymer, preferably styrene butadiene polymer.
The styrene substituted polymer shows a styrene content of at least 10 %, preferably at least 17 %, especially preferred
20 % and higher (bound styrene according to ASTM D5775). The styrene substituted organic polymer is present in the
formulation in at least 30 phr (parts per hundred rubber, means, it represents at least 30 percent of the elastomeric
content of the claimed material), preferably at least 50 phr, especially preferred at least 70 phr.

The elastomer or thermoplastic elastomer blend furthermore comprises at least 10 phr, preferably at least 30 phr,
especially preferred at least 50 phr - related to the styrene substituted polymer - of a chlorinated organic polymer of
thermoplastic or thermoplastic elastomer nature, preferably polyvinyl chloride (PVC), chlorinated polyethylene (CPE,
CM), chlorosulfonated Polyethylene (CSM), or any mixture thereof. Additionally the elastomer or thermoplastic elastomer
blend comprises at least 30 phr, preferably 50 phr, especially 70 phr of halogenated paraffin, halogenated fatty acid
substituted glycerine, or any combination thereof - representing an oil and/or fat and/or wax -, preferably chloroparaffin
and/or chlorinated fatty acid substituted glycerines, especially preferred long-chain chlorinated paraffin (C>17) and/or
glycerines substituted with fatty acids with at least respective C>8. The degree of chlorination of the chlorinated paraffin
and/or the glycerines substituted with fatty acids is least 15 percent, preferably at least 20 percent, especially preferred
at least 30 percent.

The elastomer or thermoplastic elastomer blend may also comprise at least 30 phr, preferably at least 100 phr, especially
preferred more than 200 phr of inorganic filler, preferably of metal and/or half metal chalkogen (i.e. compound of oxygen,
sulphur) nature.

The inorganic filler may be an aluminium compound, such as aluminium silicates, oxides, hydroxides etc., e.g. ATH
(aluminium trihydroxyde), and/or a silicon based compound, such as silicates, quartz, zeolites etc., or mineral based
accordingly, e.g. on gypsum, clay, perlite, vermiculite, chalk, slate, graphite, talc/mica etc., or any mixtures thereof.
The a.m. ingredients show easy mixing and good dispersion in a wide range of dosage (see Table 2/3).

The elastomer or thermoplastic elastomer blend furthermore may comprise at least one crosslinking system such as
peroxides, hydrosilylation agents, radiation activators (for radiation or UV curing), sulphur compounds, bisphenolics,
metal oxides etc.

The expanded elastomer or thermoplastic elastomer blend furthermore may comprise at least one expansion agent
chosen from the classes of chemical expansion agents (e.g. releasing carbon dioxide, nitrogen, oxygen or water) and/or
physical expansion agents (e.g. solvents, CO,, N,, other gases). Preferred are chemical expansion agents, especially
preferred is azodicarbonamide.
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The elastomer or thermoplastic elastomer blend is expanded to a mainly closed cell foam with a closed cell content of
at least 80% and to a density of less than 100 kg/m3, preferably less than 65 kg/m3, especially preferred less than 50
kg/m3 according to ISO 845 to lower the thermal conductivity to less than 0.075 W/mK at 0 °C, preferably less than 0.040
W/mK at 0 °C, especially preferably less than 0.035 W/mK at 0 °C according to EN 12667.

The elastomer or thermoplastic elastomer blend furthermore may comprise a heat and/or reversion stabilizer system.
The stabilizers can be chosen from the classes of carbon blacks, metal oxides (e.g. iron oxide) and hydroxides (e.g.
magnesium hydroxide), metal organic complexes, radical scavengers (e.g. tocopherol derivates), complex silicates (e.g.
perlite, vermiculite), and combinations thereof.

The elastomer or thermoplastic elastomer blend furthermore may comprise all kinds of other fillers or additives, such as
other elastomers (e.g. based on polymers of ACM/AEM, AU/EU, BR, BIIR, CIIR, CR, CSM/CSR, (G)(E)CO, EPM/EPDM,
EVM, FKM/F(E)PM, GPO, IR, lIR, (V)MQ, (H)NBR, NR, T etc.), thermoplastic elastomers and/or thermoplastics and/or
thermoset based polymer mixtures, fibres, flakes, or any combinations thereof, as virgin or as recycled material.

The elastomer or thermoplastic elastomer blend may comprise further additives such as flame retardants and synergists,
biocides, plasticizers, stabilizers (e.g. versus UV, ozone, reversion etc.), colours etc., of any kind in any ratio, including
additives for improving its manufacturing, application, aspect and performance properties, such as inhibitors, retarders,
accelerators, etc.; and/or additives for adapting it to the applications’ needs, such as char-forming and/or intumescent
additives, like expanding graphite, 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 etc. in case of fire, such as boron compounds, silicon containing compounds
etc.; and/orinternal adhesion promoters to ensure self-adhesive properties in co-extrusion and co-lamination applications,
such as silicate esters, functional silanes, polyols, etc.

The elastomer or thermoplastic elastomer blend of (A) is easily mixed to a stable compound despite of the fact that e.g.
SBR and PVC are not compatible. This is achieved by two methods that can be applied separately or in parallel:

One way consists of mechanical dispersion of the two polymers into very small, mechanically miscible and stable
particles, which is achieved by using at least 200 phr of inorganic filler with an appropriate hardness or stability of
the filler particles. The suitability as dispersion aid therefore increases e.g. in the row carbon black/graphite < chalk
< clay < ATH < silicates/quartz. Care has to be taken that the filler is not only enabling to disperse the polymers but
is also then stabilizing the readily mixed compound to prevent demixing or formation of domains that would lead to
processing problems as well as inhomogeneous expansion. It has been found during our works that fine powdered,
relatively hard particles with medium polarity or of amphoteric nature will give best results, such as ATH, perlite,
vermiculite or slate.

The elastomer or thermoplastic elastomer blend of (A) shows high tolerance in manufacturing (expansion, crosslinking),
as the SBR base polymer

1) is known for accepting more variances in crosslinking conditions and
2) has experienced more scientific examinations and trials for crosslinking, blending, viscosity etc. than any other
rubber polymer due to its widespread use.

The elastomer or thermoplastic elastomer blend of (A) shows very good flame retardant behaviour (see Table 3) due to
the fact that

1) one of the most efficient dispersion agents is chloroparaffin, which itself is a flame retardant, that

2) due to at least equal or better interaction of classic flame retardants (antimony trioxide as synergist plus brominated
organics) in the SBR matrix (see Table 4, example 6) and that 3) it is even possible to achieve a highly flame
retardant level without brominated agents and without antimony and/or boron based compounds (see Table 4,
examples 7-9 and 10). Eventually, the elastomer or thermoplastic elastomer blend of (A) shows very good and
appropriate insulation properties as desired for the intended applications (see Table 5). This is due to the a.m.
tolerance in processing which allows expansion down to very low densities rendering the foam the better insulation
material.

Layer (A) may show surface structures on one or both sides for sound and/or thermal decoupling purposes as well as
forincreasing the surface to adhere to for other layers to be applied. The structure can be of any shape, such as triangular,
sinus shape, rectangular, trapezoidal, (semi)circular (semi)multi-edge (e.g. honeycomb) etc., and any combinations
thereof. The structure of any shape can be applied in two dimensional manners, as e.g. ridges or tubes, or in three
dimensional manners, as e.g. knobs, and any combinations thereof; the structure can be applied longitudinally or trans-
versally or in any combinations thereof. This can be achieved by extrusion, embossing, deep-drawing, moulding, by
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applying the structure directly or by applying it onto a carrier (layer), in cold, warm or hot state, or in any combination of
applicable methods.

[0010] The claimed material may furthermore comprise further layers (B), (C) see Fig. 3, which can be used as
protective, decorative or functional (e.g. further insulation, mechanical support etc.) layer. Layers (B), (C) can be massive
layers or can be expanded as described for (A). An expanded layer will support the thermal insulation properties, but in
some cases lead to worse sound and flame barrier performance.

Layers (B), (C) may be brought into connection with each other and with (A) by use of adhesives, preferably flame
retardant ones (such as e.g. PVC or CR based adhesives) or by directly melting the materials together, e.g. by heat or
ultra high frequency welding. Surface structures for improving the optical aspect (e.g. for prevention of ripple formation
in case of bending the material) and/or improving the flame retardant properties (dilution of fire energy by higher surface)
may be applied onto (B), (C) by e.g. embossing them in.

Layer (B) preferably is applied to the substrate (A) in a way to provide one or more overlaps which can be sealed by
adhesive and/or application of heat and/or UV to obtain applied composite layers with a complete built-on-top cladding
(see Fig. 2 a). For tubular shape materials the overlap consequently can be applied to seal the longitudinal seam of the
tube (if it is e.g. cut for better mounting) and/or the transversal seam (or butt joint) between two tubes (see Fig. 2 b).
Layers (A) and (B) and/or (A) and (C) can be made as a direct composite, e.g. by co-extrusion or co-moulding, or can
be produced separately and then brought together by gluing, UHF welding or melting one or both materials’ surface,
thus, in @ more or less lamination process. This can be done in on- or off-line manner.

[0011] Due to the fact that freshly expanded polymer tends to shrink significantly (by loss of gas pressure and thermal
contraction) on-line processes might implicate the danger of the final part to warp or crinkle. This can be overcome (see
Fig. 2) by bringing the expanded and shaped, e.g. extruded, material (A) to a lower than the ambient (manufacturing)
temperature, preferably down to less than 10 °C, especially preferred down to less than -20 °C: the expanded material
will contract and preferably shrink under its projected final diameter or thickness or size. Tension by gas is taken out of
the material and letting it warm up again will lead to

1) less total shrinkage, means less danger of deformation and smoother surface and
2) stable properties in stock and during mounting (see Fig. 2a).

Alternatively, the material (A) can be considered as substrate for lamination and being treated the same way as mentioned
above (see Fig. 2b): after being laminated with (B) the composite is allowed to warm up again. Cutting and other finishing
manipulations may be applied afterwards. For planar material there will be less warping due to the fact that less shrinkage
tension will occur in general. For tubular materials this will even be leading to the expanded inner layer (A) tightly pressing
onto (B) providing excellent bonding and dimensional stability. By this method a fully continuous on-line process is
feasible. The necessary cooling can happen by impulse cooling of surfaces in contact with the material, by running the
material through cold atmosphere (e.g. chilled air, evaporating dry ice) or through cold liquids or solids (e.g. salt, powder).
Layers (C) can be applied between (A) and (B) and/or on top of (B) and/or at the inner side of (A) (see Fig. 3) that can
contribute both to the mechanical strength necessary for the intended application as well as to the fire retardant properties.
The compounds for (C) thus may be e.g. fibres, foils, papers, sheet etc. from polymers, metals, ceramics etc. in various
forms, but also self-ceramifying, char-forming or intumescent compounds or compounds releasing flame-stopping or
cooling or diluting substances, such as gas, vapour, liquids, halides etc., in case of fire. (C) may also have only decorative
purpose. (C) may be bond to other layers of the material by adhesives or adhere by itself.

[0012] The claimed material furthermore may contain any further element (D) necessary for the intended application,
such as wire inlays in case of cables or the like, massive parts such as wood, glass, metal or concrete structures for
building purposes etc., or tubular parts, such as corrugated metal pipe for fluid transport etc., see Fig. 3. The elements
(D) may be bond to other compounds of the material by adhesives, adhere by themselves or be enclosed mechanically.
[0013] A major advantage of the claimed material is its suitability for applications where low flame spread and/or low
smoke generation are required (e.g. ASTM E-84, EN 13823/EN 13501-1, see Table 4), providing better economics and
less critical substances.

[0014] Itis alinked advantage of the claimed material that it may be flame retardant already without the use of critical
chemicals that contain antimony, bromine or boron, as they are still standard in the industry.

[0015] It is a linked advantage of the claimed material that it is very versatile concerning the fire tests and shows
constantly good performance under the different test conditions (see Table 4).

[0016] A further advantage of the claimed material linked to a.m. advantages is the fact that no additional measures
have to be taken to render it fire retardant.

[0017] Itis anotherimportant advantage of the claimed material that it provides very easy mounting when being applied
with lap seals and that the lap seal leads to air or vapour tight sealing if installations.

[0018] It is another advantage of the claimed material that it provides equal insulation properties, like vapour barrier
(vapour barrier properties are essential to prevent corrosion under insulation through condensation of humidity) and
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thermal conductivity or better economics.

[0019] It is another prominent advantage of the claimed material that it is easily processed on standard equipment
and that it is very tolerant in manufacturing.

[0020] Itis a prominent advantage of the claimed material that it can be produced in an economic way in a continuous
process, e.g. by extrusion, extrusion and co-lamination or direct co-extrusion. It shows versatility in possibilities of
manufacturing and application. It can be extruded, co-extruded, laminated, moulded, co-moulded, overmoulded, welded
etc. directly as mono or multilayer system and thus it can be applied in unrestricted shaping onto various surfaces in
automotive, transport, aeronautics, building and construction, furniture, machinery engineeringand many other industries,
even by a thermoforming or other shaping methods following the manufacturing process of the material.

[0021] Itis alinked advantage of the claimed material that it can be transformed and given shape by standard methods
being widespread in the industry and that it does not require specialized equipment.

[0022] It is a further advantage of the claimed material that the insulation effect can be enhanced by using hollow
fibres and/or particles in layers (B) and/or (C).

[0023] Another advantage of the material is the fact that the layers (A)-(C) can contain scrapped or recycled material
of the same or other kind not loosing its fire retardant properties significantly.

[0024] A further advantage of the claimed material is its suitability for thermal and sound/vibration insulation applica-
tions.

[0025] It is a further advantage of the claimed material that no heavy metals containing compounds, e.g. in form of
stabilisers, are needed.

[0026] Another advantage of the claimed material is that no hydrogen cyanide is formed from acrylonitrile functions
in case of burn if NBR is not part of the non-styrenic phr of elastomeric polymer.

[0027] Another advantage of the material is that no phthalate plasticizers are needed, which are suspected of being
e.g. liver damaging, kidney damaging and/or carcinogenic.

[0028] A further advantage of the material is that no short- or medium-chain chloroparaffins (<C18) have to be used.
[0029] Itis an additional advantage of the claimed material that due to the significant lower glass transition temperature
of SBR (approx. -50°C) compared to e.g. NBR (approx. -22°C) the material can be used for low temperature insulation
without the risk of cracks or any other damages.

Examples

[0030] In the following examples and comparative examples the base compounds were mixed in a closed mixer
(average mixing time 8 minutes, average dumping temperature 120°C), then mixed on a roller mill to obtain accelerated
sulphur curing with azodicarbonamide as expansion agent as it is standard in the industry, then extruded and expanded

to a 25 mm thick foam sheet. Table 1 lists the used raw materials; Table 2 shows the respective compounds.

Table 1: Raw materials

Trade name
Krylene® 1502
Vinnolit® S3265

Chemical Supplier

Polystyrene Butadiene Rubber (SBR)
Polyvinylchloride (PVC)

Lanxess, Germany

Vinnolit, Germany

Chlorinated Polyethylene (CPE) Elaslen 401AY Showa Denko, Japan
Polybutadiene (BR) Buna® CB23 Lanxess, Germany

Ethylene Vinyl Acetate (EVA) Levapren® 400 Lanxess, Germany

Aluminium Trihydroxide (ATH) Martinal® 111 LE | Martinswerk, Germany

Carbon Black (CB) Corax® N550 Evonik Industries, Germany
Ground Slate F 170 Schieferwerk Bacharach, Germany
Perlite Rohperlite AG Stein Germany
Calciumcarbonate (Chalk) Omya® BSH Omya, Germany

Chloroparaffin (CP)

Chlorparaffin 50

Leuna, Germany

Antimony Trioxide (Sb)

Antimontrioxid

GMS-Chemie, Germany

Diphenyl Kresylphosphate (DPK)

Disflamoll® DPK

Lanxess, Germany

Dekabromo Diphenylether (Deka)

Saytex® 102 E

Albemarle, France
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(continued)

Chemical

Trade name

Supplier

Zinc Borate (ZB)

ZB 467

Great Lakes, U.S.A.

[0031] Table 2 shows the composition of some innovative examples.
Table 2: SBR/PVC compounds (all innovative examples)
No. Composition (in phr= parts per hundred rubber/SBR)
6 90SBR, 10BR,80PVC, 70 CP,200ATH, 120 Deka, 30 Sb, 5DPK,2CB
7 100 SBR, 100 PVC, 150 CP, 300 ATH, 70 Chalk, 2 CB
8 100 SBR, 100 CPE, 200 CP, 300 ATH, 3ZB, 1 CB
9 100 SBR, 100 CPE, 200 CP, 200 Ground Slate, 1 CB
10 100 SBR, 100 CPE, 200 CP, 250 Perlite, 1 CB
[0032] For comparison with existing insulation materials the required foams were acquired on the market (e.g. Arma-

flex®, Armacell GmbH, Germany; Kaiflex® KK, Kaimann, Germany) or being produced according to state of the art

procedures to 25 mm thickness sheet samples.

Table 3: Materials and their compositions (*=innovative example)

No. | Material Rubber polymer | PVC/ CPE Flame retardant** Miscellaneous
1 AF/Armaflex® NBR PVC Brominated/antimony ATH filled
2 NH/Armaftex® NBR - halogen free ATH filled
3 HT/Armaflex® EPDM - Brominated/antimony ATH filled
4 Kaiflex® KK NBR PVC Brominated/antimony ATH filled
5 Kaiflex® BluEco | NBR - halogen free ATH filled
6* SBR PVvC Brominated/antimony ATH filled
7* SBR PVC Chloroparaffin ATH filled
8 SBR CPE Chloroparaffin ATH filled
9* SBR CPE Chloroparaffin Slate filled
10* SBR CPE Chloroparaffin Perlite filled
**prominated/antimony is chemically equivalent to Deka/Sb, see Table 1.

[0033]

burning item/round corner test) and DIN 4102-1. Table 4 shows the results.

Table 4: Flammability test results (*=innovative example)

Material EN 13823/13501-1 | DIN 4102-1
1 B s3d0 B1

2 E/D s3 d0 -/B2

3 D/C s3 d0 B2/B1

4 Cs3d0 B1

5 E -

6* B s3d0 B1

7* B s3d0 B1

The materials were partially examined for fire retardant behaviour according to EN 13823/EN 13501-1 (single
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(continued)

Material EN 13823/13501-1 | DIN 4102-1
8 B s3 d0/B s2 dO B1
9* B s3d0 B1
10* B s3 d0/B s2 dO B1

[0034] Table 5 shows the insulation properties of the claimed material vs. other FEF types.

Table 5: Insulation properties (*=innovative example)

Material | Density [kg/m3] | A [W/m*K] at 0 °C according to EN Water Vapour Barrier (WVT) p
12667 according to EN 12086
1 56 0.033 10000
2 61 0.035 7500
3 65 0.036 6500
4 59 0.034 10000
5 66 0.037 6000
6* 51 0.034 10000
7™ 48 0.033 10000
8* 47 0.034 10000
9* 45 0.033 9500
10* 45 0.033 8000
Claims
1. A material comprising at least one layer (A) of expanded elastomer or thermoplastic elastomer blend

wherein layer (A) comprises a styrene substituted organic polymer, preferably styrene butadiene elastomer, which
is present in the formulation in at least 30 phr, preferably at least 50 phr, especially preferred at least 70 phr - related
to a total elastomeric polymer content of 100 parts per hundred rubber (phr) -

and layer (A) furthermore comprises at least 10 phr, preferably at least 30 phr, especially preferred at least 50 phr
of a chlorinated organic polymer of thermoplastic or thermoplastic elastomer nature, preferably polyvinyl chloride
(PVC) and/or chlorinated polyethylene (CPE, CM),- related to the styrene substituted organic polymer -

and layer (A) additionally comprises at least 30 phr, preferably at least 50 phr, especially preferred at least 70 phr
of halogenated paraffin, halogenated fatty acid substituted glycerine,

or any combination thereof.

The material according to claim 1 wherein the styrene substituted organic polymer shows a styrene content of at
least 10 %, preferably at least 17 %, especially preferred at least 20% (bound styrene according to ASTM D5775).

The materials according to claim 1 or 2 wherein the styrene substituted organic polymer, preferably styrene butadiene
elastomer, is present in the formulation to 100 phr.

The material according to any of claims 1-3 wherein the halogenated paraffin is chloroparaffin - preferably long-
chain chlorinated paraffin (C>17) - wherein the degree of chlorination is at least 15 percent, preferably at least 20
percent, especially preferred at least 30 percent.

The material according to any of claims 1 to 3 wherein the halogenated fatty acid substituted glycerine is chlorinated
fatty acid substituted glycerine - preferably chlorinated fatty acid glycerine with at least C>8 - wherein the degree
of chlorination is at least 15 percent, preferably at least 20 percent, especially preferred at least 30 percent.
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6. The material according to any of claims 1-5 wherein the elastomer or thermoplastic elastomer blend comprises at
least 30 phr, preferably at least 100 phr, especially preferred more than 200 phr of inorganic filler, preferably of
metal and/or half metal chalkogen nature.

7. The material according to any of claims 1-6 wherein the elastomeric or thermoplastic elastomer blend foam has a
closed cell content of at least 80% and a density of less than 100 kg/m3, preferably less than 65 kg/m3, especially
preferred less than 50 kg/m3 according to 1ISO 845.

8. The material according to claim 7 wherein the expanded elastomeric or thermoplastic elastomer blend is showing
a thermal conductivity of less than 0.075 W/mK at 0 °C,
preferably less than 0.040 W/mK at 0 °C, especially preferred of less than 0.035 W/mKat 0 °C according to EN 12667.

9. The material according to any of claims 7-8 wherein the expanded elastomeric or thermoplastic elastomer blend is
showing a water vapour diffusion barrier property of at least . 1800, preferably at least . 2500, especially preferred
at least p. 5000 according to EN 12086.

10. The material according to any of claims 7-9 wherein additional layers (B) are applied on one or multiple sides of (A).

11. The material according to claim 10 wherein additional layers (C) are applied between the inner (A) and outer layer
(B) and/or on top of the outer layer (B).

12. The material according to any of claims 10-11 wherein the layers are bond with an adhesive which is preferably
flame retardant, adhered by themselves, bond by melting, bond by UHF welding, or any mixture of said methods.

13. The material according to any of claims 7-12 wherein surface structures are applied on the inner and/or the outer
side of at least one of the layers, preferable on the inner side of (A).

14. A process for manufacturing the material according to any of claims 1-13 in a continuous process.

15. Aprocess for manufacturing the claimed material according to any of claims 1-13 wherein the material (A) is expanded
and given shape to preferably tube or sheet, preferably by extrusion and/or calendaring.

16. The process according to claim 15 wherein layer (B) is applied to (A) in a way to provide one or more overlaps which
can be sealed by adhesive and/or application of heat and/or UV to obtain a tight sealing of seams between parts
made out of the claimed material and wherein for a material of tubular shape the overlap is applied to seal the
longitudinal seam of an optionally cut tube and/or the transversal seam (butt joint) between two tubes.

17. The process according to any of claims 14-15 wherein the material is brought to a temperature of less than 10 °C,
especially preferred down to less than -20 °C, then cut and laminated with (B) or alternatively laminated with (B)
and then cut.

18. The use of a material according to any of claims 1-13 for thermal and/or acoustic insulation and/or acoustic and/or
vibration damping insulation and/or fire protection insulation in indoor and outdoor applications.

Patentanspriiche

1. Stoff, umfassend wenigstens eine Schicht (A) aus geschdumten Elastomer oder einem thermoplastischen Elasto-

mergemisch, wobei die Schicht (A) ein durch Styrol substituiertes organisches Polymer, vorzugsweise Styrolbuta-
dienelastomer, das in der Formulierung in einer Menge von mindestens 30 phr, vorzugsweise von mindestens 50
phr, besonders bevorzugt von mindestens 70 phr, bezogen auf einen Gesamtelastomerpolymergehalt von 100
Teilen pro 100 Teile Kautschuk (phr), umfasst, die Schicht (A) auRerdem mindestens 10 phr, vorzugsweise minde-
stens 30 phr, besonders bevorzugt mindestens 50 phr, eines chlorierten organischen Polymers von der Art eines
thermoplastischen Polymers oder eines thermoplastischen Elastomers, vorzugsweise Polyvinylchlorid (PVC) und/
oder chloriertes Polyethylen (CPE,CM), bezogen auf das durch Styrol substituierte organische Polymer umfasst,
und die Schicht (A) zusatzlich noch mindestens 30 phr, vorzugsweise mindestens 50 phr, besonders bevorzugt
mindestens 70 phr, halogeniertes Paraffin, durch eine halogenierte Fettsdure substituiertes Glycerin oder ein Ge-
misch davon umfasst.
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Stoff nach Anspruch 1, bei dem das durch Styrol substituierte organische Polymer einen Styrolgehalt von mindestens
10 %, vorzugsweise mindestens 17 %, besonders bevorzugt mindestens 20 % (gebundenes Styrolgemisch geman
ASTM D5775) aufweist.

Stoffe nach Anspruch 1 oder 2, bei dem das durch Styrol substituierte organische Polymer, vorzugsweise Styrol-
butadienelastomer, in der Formulierung in einer Menge von 100 phr vorliegt.

Stoff nach einem der Anspriiche 1 - 3, bei dem das halogenierte Paraffin Chlorparaffin, vorzugsweise langkettiges
chloriertes Paraffin (C>17) ist, wobei der Grad der Chlorierung mindestens 15 %, vorzugsweise mindestens 20 %,
besonders bevorzugt mindestens 30 %, betragt.

Stoff nach einem der Anspriiche 1 - 3, bei dem das durch eine halogenierte Fettsdure substituierte Glycerin durch
eine chlorierte Fettsaure substituiertes Glycerin, vorzugsweise durch eine chlorierte Fettsdure subsituiertes Glycerin
mit mindestens C>8 ist, wobei der Grad der Chlorierung mindestens 15 %, vorzugsweise mindestens 20 %, beson-
ders bevorzugt mindestens 30 %, betragt.

Stoff nach einem der Anspriiche 1 - 5, bei dem das Elastomer oder thermoplastische Elastomergemisch mindestens
30 phr, vorzugsweise mindestens 100 phr, besonders bevorzugt Giber 200 phr, eines inorganischen Fllers, bevorzugt
eines Metalls und/oder eines Halbmetalls vom Chalkogentyp, umfasst.

Stoff nach einem der Anspriiche 1 - 6, bei dem der elastomere oder thermoplastische Elastomergemischsschaum
einen Gehalt an geschlossenen Zellen von mindestens 80 % und eine Dichte von unter 100 kg/m3, vorzugsweise
von unter 65 kg/m3, besonders bevorzugst von unter 50 kg/m3, geméaR 1ISO 845 aufweist.

Stoff nach Anspruch 7, bei dem das geschaumte Elastomer- oder thermoplastische Elastomergemisch eine War-
meleitfahigkeit von unter 0,075 W/mK bei 0° C, bevorzugt von unter 0,040 W/mK bei 0° C und besonders bevorzugt
von unter 0,035 W/mK bei 0° C, gemaR EN 12667 aufweist.

Stoff nach einem der Anspriiche 7 - 8, bei dem das geschdumte Elastomer- oder thermoplastische Elastomergemisch
ein Wasserdampfdiffusionssperrvermdgen von mindestens p. 1800, bevorzugt von mindestens p. 2500, besonders
bevorzugt von mindestens p. 5000, gemaf EN 12086 aufweist.

Stoff nach einem der Anspriiche 7 - 9, bei dem die zusétzlichen Schichten (B) auf eine oder mehrere Seiten von
(A) aufgebracht sind.

Stoff nach Anspruch 10, bei dem die zusatzlichen Schichten (C) zwischen der Innenschicht (A) und der Auf3enschicht
(B) und/oder oben auf die AuBenschicht (B) aufgebracht sind.

Stoff nach einem der Anspriiche 10 - 11, bei dem die Schichten miteinander durch einen Klebstoff verbunden sind,
der vorzugsweise ein an diesen haftendes Flammschutzmittel darstellt, durch Verkleben durch Schmelzen, UHF-
Schweil’en oder eine Mischung aus beiden Methoden verbunden ist.

Stoff nach einem der Anspriiche 7 - 12, bei dem die Oberflachenstrukturen auf die Innenseite und/oder die Auf3enseite
wenigstens einer der Schichten, vorzugsweise auf die Innenseite von (A), aufgebracht sind.

Verfahren zur Herstellung des Stoffes nach einem der Anspriiche 1 - 13 auf kontinuierliche Weise.

Verfahren zur Herstellung des nach einem der Anspriiche 1 - 13 beanspruchten Stoffes, bei dem der Stoff (A)
geschaumt ist und durch Extrusion und/oder Kalandrieren vorzugsweise zu Rohren oder Folien geformt wird.

Verfahren nach Anspruch 15, bei dem die Schicht (B) auf (A) so aufgebracht wird, dass eine oder mehrere Uber-
lappungen gebildet werden, die durch einen Klebstoff und/oder durch Anwendung von Warme und/oder UV-Strahlen
abgedichtet werden, um eine Abdichtung der Nahte zwischen den aus dem beanspruchten Stoff hergestellten Teilen
zu erzielen, wobei bei einem Stoff von Réhrenform die Uberlappung angewandt wird, um die Langsnaht eines
gegebenenfalls geschnittenen Rohrs und/oder die Quernaht (Klebstumpfverbindung) zwischen zwei Rohren abzu-
dichten.

Verfahren nach einem der Anspriiche 14 - 15, bei dem der Stoff auf eine Temperatur von unter 10° C, besonders
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bevorzugt auf unter -20° C, gebracht, danach geschnitten, mit (B) laminiert oder alternativ dazu mit (B) laminiert
und dann geschnitten wird.

18. Verwendung eines Stoffes gemaR einem der Anspriiche 1 - 13 fiir die Warme- und/oder Schallisolierung und/oder

Schall- und/oder Schwingungsdampfungsisolierung und/oder fur die Feuerschutzisolierung von Innenrdumen eines
Gebaudes oder auRerhalb von Gebauden.

Revendications

Matériau comprenant au moins une couche (A) d’'un mélange expansé d’élastomeéres ou d’élastoméres thermo-
plastiques

dans lequel la couche (A) comprend un polymére organique substitué par du styréne, de préférence un élastomeére
de styréne-butadiéne, qui est présent dans la formulation a concurrence d’au moins 30 phr, de préférence d’au
moins 50 phr, de maniére particulierement préférée d’au moins 70 phr - par rapport a une teneur totale en polymére
élastomere de 100 parties par cent de caoutchouc (phr) -

et la couche (A) comprend en outre au moins 10 phr, de préférence au moins 30 phr, de maniére particulierement
préférée au moins 50 phr d’'un polymére organique chloré de nature thermoplastique ou de la nature d’un élastomére
thermoplastique, de préférence du chlorure de polyvinyle (PVC) et/ou du polyéthyléne chloré (CPE, CM) - par rapport
au polymere organique substitué par du styréne -

et la couche (A) comprend en outre au moins 30 phr, de préférence au moins 50 phr, de maniére particuli€rement
préférée au moins 70 phr d’'une paraffine halogénée, de glycérol halogéné substitué par un acide gras, ou de l'une
quelconque de leurs combinaisons.

Matériau selon la revendication 1, dans lequel le polymere organique substitué par du styréne présente une teneur
en styréne d’au moins 10 %, de préférence d’au moins 17 %, de maniére particulierement préférée d’au moins 20
% (styrene lié conformément a la norme ASTM D5775).

Matériau selon la revendication 1 ou 2, dans lequel le polymére organique substitué par du styréne, de préférence
I'élastomére de styréne-butadiéne est présent dans la formulation a concurrence de 100 phr.

Matériau selon 'une quelconque des revendications 1 a 3, dans lequel la paraffine halogénée est de la chloroparaffine
- de préférence de la paraffine chlorée a longue chaine (C > 17) - le degré de chloration s’élevant a au moins 15
%, de préférence a au moins 20 %, de maniére particulierement préférée a au moins 30 %.

Matériau selon I'une quelconque des revendications 1 a 3, dans lequel le glycérol halogéné substitué par un acide
gras représente du glycérol chloré substitué par un acide gras - de préférence du glycérol chloré d’acide gras avec
une longueur de chaine d’au moins C > 8 - le degré de chloration s’élevant a au moins 15 %, de préférence a au
moins 20 %, de maniére particulierement préférée a au moins 30 %.

Matériau selon I'une quelconque des revendications 1 a 5, dans lequel le mélange d’élastoméres ou d’élastomeéres
thermoplastiques comprend au moins 30 phr, de préférence au moins 100 phr, de maniére particulierement préférée
plus de 200 phr d’'une matiére de charge inorganique, de préférence de la nature d’'un métal et/ou d’'un chalcogéne
semi-métallique.

Matériau selon I'une quelconque des revendications 1 a 6, dans lequel la mousse du mélange élastomére ou
d’élastomeres thermoplastiques posséde une teneur en alvéoles fermées d’au moins 80 % et une densité inférieure
a 100 kg/m3, de préférence inférieure & 65 kg/m3, de maniére particuliérement préférée inférieure a 50 kg/m3,
conformément a la norme 1SO 845.

Matériau selon larevendication 7, dans lequel le mélange expansé d’élastoméres ou d’élastomeéres thermoplastiques
présente une conductivité thermique inférieure a 0,075 W/mK a 0 °C, de préférence inférieure a 0,040 W/mK a 0
°C, de maniére particuli€rement préférée inférieure a 0,035 W/mK a 0 °C, conformément a la norme EN 12667.

Matériau selon I'une quelconque des revendications 7 a 8, dans lequel le mélange expansé d’élastomeéres ou
d’élastomeéres thermoplastiques présente une propriété de barriére a la diffusion de la vapeur d’eau d’au moins p.
1800, de préférence d’au moins . 2500, de maniére particulierement préférée d’au moins . 5000 conformément a
la norme EN 12086.
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Matériau selon 'une quelconque des revendications 7 a 9, dans lequel on applique des couches supplémentaires
(B) sur un ou plusieurs cétés de (A).

Matériau selon la revendication 10, dans lequel on applique des couches supplémentaires (C) entre la couche
interne (A) et la couche externe (B) et/ou par-dessus la couche externe (B).

Matériau selon I'une quelconque des revendications 10 a 11, dans lequel les couches sont collées avec un adhésif
qui est de préférence ignifuge, adhérent d’elles-mémes, sont collées par mise en fusion, sont collées par soudage
UHF, ou via n’importe quel mélange desdits procédés.

Matériau selon I'une quelconque des revendications 7 a 12, dans lequel des structures superficielles sont appliquées
sur le coté interne et/ou le c6té externe d’au moins une des couches, de préférence sur le coté interne de (A).

Procédé pour la fabrication du matériau selon I'une quelconque des revendications 1 a 13 dans un processus en
continu.

Procédé pour fabriquer le matériau revendiqué selon 'une quelconque des revendications 1 a 13, dans lequel le
matériau (A) est expansé et prend une configuration de préférence tubulaire ou en forme de feuille, de préférence
par extrusion et/ou par calandrage.

Procédé selon la revendication 15, dans lequel on applique la couche (B) sur la couche (A) d’'une maniere telle que
I'on obtient un ou plusieurs chevauchements qui peuvent étre scellés a I'aide d’'un adhésif et/ou par application de
chaleur et/ou par exposition au rayonnement UV pour obtenir une forte étanchéité des joints entre des éléments
constitués du matériau revendiqué, et dans lequel, pour un matériau de configuration tubulaire, le chevauchement
est appliqué pour sceller le joint longitudinal d’'un tube facultativement découpé et/ou le joint transversal (joint a
bout) entre deux tubes.

Procédé selon I'une quelconque des revendications 14 a 15, dans lequel le matériau est amené a une température
inférieure a 10 °C, de maniére particulierement préférée jusqu’a une température inférieure a -20 °C, avant d’étre
découpé et contreplaqué avec (B) ou en variante contreplaqué avec (B) et ensuite découpé.

Utilisation d’'un matériau selon I'une quelconque des revendications 1 a 13 pour l'isolation thermique et/ou acoustique

et/ou pour lisolation procurant un amortissement acoustique et/ou vibratoire et/ou pour lisolation de protection
contre l'incendie dans des applications pour l'intérieur et pour I'extérieur.
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Figure 3
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