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Flexible polyolefin thermal insulation foam and use there-
of, and a method for producing a flexible polyolefin ther-

mal insulation foam.

The present invention relates to a polyolefin thermal
insulation foam and use thereof, and to a method for pre-
paring a physically foamed polyolefin thermal insulation

foam.

For the thermal insulation of pipes such as hot water
conduits, high and low pressure steam pipes, and pipes for
split-air conditioning, district heating, solar energy ex-
ploitation and the process industry, hollow profiles hav-
ing a wall of synthetic foam are used on a large scale.

The most common types of pipe 1insulation that are
currently commercially available are polyethylene (PE)
pipe insulation and rubber pipe insulation.

PE pipe insulation consists of foam that is composed
of thermoplasts and has a density of approximately 35
kg/m®>. This type of foam is usually produced using physi-
cal blowing agents (for instance iso-butane) and 1is not
crosslinked. This type of foam has good product properties
such as 1insulation value, fire behaviour, water vapor
ftransmission and water absorption capacity. The foam can
be recycled excellently due to 1ts non-crosslinked nature.
The foam is prepared in a single process, 1.e. the produc-
tion takes place 1in one step. A drawback of PE pipe insu-
lation material is however that it 1is less flexible than
rubber pipe insulation as a result of which it is diffi-
cult to apply around thin and twisting pipes. As a result
the material is not suitable for some uses such as for in-

stance air conditioning and cooling.
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Rubber pipe insulation consists of foam that is com-
posed of elastomers and has a density of about 60 kg/m{
This type of foam is often produced using chemical blowing
agents (for instance azo-compounds) and usually is cross-
linked. Rubber pipe insulation 1is a very flexible material
that is easy to apply. This type of foam has good product
properties such as insulation value and fire behaviour. A
drawback of rubber pipe insulation is that 1t cannot be
recycled and that it 1s relatively heavy (that means that
a lot of material is necessary for insulation). The water
absorption capacity is good as such, but in case of damage
to its skin the material behaves 1like a sponge and good
properties are lost. Another drawback of rubber pipe insu-
lation 1s that this material 1is produced using a method
comprising three steps: kneading, extruding and foaming.
In combination with the high density this makes the cost
price of rubber pipe insulation higher than that of PE
pipe insulation.

A pilpe 1insulation that 1s flexible, has excellent
thermal insulation capacity, and that can be recycled well
was described in W002/42679 of the present applicant. The
polyolefin foam disclosed therein is made from a basis of
metallocene polyethylene. W002/42679 discloses in particu-
lar a thermal insulation foam which 1s made by extruding,
using a physical blowing agent, a foam composition com-
prising a metallocene polyethylene, a flame extinguisher
and a cell stabilizer, characterised in that said composi-
tion comprises 77-92 % by weight of metallocene polyeth-
ylene, 5-10 % by weight of flame extinguisher, and 3-8
by weight of cell stabilizer.

The present inventors have however found that there
is still a need for improvement with regard to the flexi-
bility of the foam. The present invention therefore aims
to provide a foam which has excellent thermal insulation
capacity, which can be recycled well and which has excel-

lent flexibility characteristics.
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Summary of the invention

In a first aspect the invention therefore provides a
non-crosslinked polyolefin thermal insulation foam, which
is obtainable by extruding a foam composition comprising:
i) an ethylene/ ao-olefin block copolymer, which comprises
alternating Dblocks of: <crystalline or semi-crystalline
blocks characterized by comprising ethylene in an amount
of higher than 95 weight %; and elastomeric blocks charac-
terized by comprising ethylene in an amount of 95 weight

o

or less and a comonomer content of 5 weight or higher.
The foam composition also comprises 11) one or more random
polymers with a density of Dbetween 0,880 g/cm3 and 960
g/cm3, selected from the group of a metallocene polyeth-
ylene and/or a polyethylene. The foam composition also
comprises 1i1i) a cell stabilizer. In a second aspect, the
invention relates to a method for producing a non-
crosslinked polyolefin thermal insulation foam, comprising
the steps of

a) extruding, using a physical Dblowing agent, a
foam composition as defined under the first aspect of the
invention, in an extruder,

b) melting said mixture in the melting zones of the
extruder adjusted to temperatures of 160 to 220°C, at a
pressure increasing from 1 bar up to 400 bar,

c) injecting said physical blowing agent at an in-
jection temperature of 140 to 180°C and an injection pres-
sure of 30 to 300 bar,

d) cooling the molten mixture 1in one or more cool-
ing zones of the extruder adjusted to temperatures of 85
to 115°C, and

e) extruding the mixture through an extrusion noz-
zle adjusted to a temperature of 85 to 115°C, so that the
mixture expands to a foam at a pressure of 1 atm.

In a third aspect the invention relates to the use of
the non-crosslinked polyolefin thermal insulation foam for

thermal isolation.
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The inventors have surprisingly found that while an
ethylene/ o-olefin block copolymer as defined above alone
cannot be foamed to a suitable thermal insulation foam,
when such a block copolymer is combined into a composition
with one or more olefin based random polymers with a den-
sity of between 0,880 g/cm® and 960 g/cm’®, this composition
can be foamed easily and results in an excellent thermal
insulation foam. The resulting composition behaves well in
an extruder and the polyolefin thermal insulation foam ac-
cording to the invention and made with this composition
has excellent thermal insulation capacity. Due to the high
flexibility of the foam, pipe insulation made from the
foam according to the invention 1is easier applied around
twisting pipes than pipe insulations from existing poly-
olefin Dbased foams such as the one described 1in
W002/42679. Analogous, when the foam is made in the form
of a sheet, such sheets can be easier applied over irregu-
lar surfaces. Because the foam is prepared using physical
blowing agents and 1is not chemically crosslinked, 1t can

be recycled easily.

Description of the figures

Fig.l: Flexibility of a pipe insulation of a prior
art foam.

Fig.2: Flexibility of a pipe insulation of an exem-

plary foam according to the invention.

Detailed description
The foam composition used for obtaining the foam according
to the invention comprises: i) an ethylene/ a-olefin block
copolymer, 1i) one or more olefin based random polymers;
and 1ii) one or more cell stabilizer.

The ethylene/ o-olefin block copolymer comprises
blocks of: crystalline or semi-crystalline blocks charac-
terized by comprising ethylene in an amount of higher than
95 weight % based on the weight of said crystalline or

semi-crystalline blocks; and elastomeric blocks character-
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ized by comprising ethylene in an amount of 95 weight % or
less and a comonomer content of 5 weight % or higher based
on the weight of said elastomeric blocks. The terms “soft
blocks” and “elastomeric blocks” can be used interchangea-
bly. The terms “hard blocks” and "“crystalline or semi-
crystalline blocks” can also be used interchangeably.

The comonomer content 1in the hard blocks 1is less
than 5 weight percent based on the weight of said hard
blocks, and preferably less than 2 weight percent. The
hard blocks may be comprised of only ethylene or substan-
tially only ethylene. Elastomeric blocks (soft blocks), on
the other hand, are blocks of polymerized units in which
the comonomer content 1s higher than 5 weight percent of
the weight of the soft blocks, preferably higher than 8
weight percent, higher than 10 weight percent, or higher
than 15 weight percent. The comonomer content in the soft
blocks may even be higher than 20 weight percent, higher
than 25 eight percent, higher than 30 weight percent,
higher than 35 weight percent, higher than 40 weight per-
cent, higher than 45 weight percent, higher than 50 weight
percent, or higher than 60 weight percent.

The term "crystalline" refers to a block that pos-
sesses a first order transition or crystalline melting
point (Tm) as determined by differential scanning calorim-
etry (DSC) or equivalent technique. The term may be used
interchangeably with the term "semicrystalline".

The hard blocks may suitably be present in an amount
from 5% to 85% by weight of the block copolymer. The hard
blocks and soft blocks may be connected in a linear fash-
ion to form a linear chain and be randomly distributed
along this chain. The block copolymer suitably comprises
said hard and soft blocks in an alternating fashion.

Preferably, the hard blocks comprise at least 98% of
ethylene by weight, and the soft blocks comprise less than
95%, preferably less than 50%, of ethylene by weight.

It i1s preferred that in the block copolymer the o-

olefin comonomer 1is a C3-Cyg o-olefin. Suitable C;3;-Ciyv o-
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olefins include styrene, propylene, l-butene, 1-hexene, 1-
octene, 4-methyl-1l-pentene, norbornene, l1-decene, 1,5-
hexadiene or a mixture thereof. In a particularly pre-
ferred embodiment said o-olefin is l-octene.

Preferably, ethylene comprises the majority molar
fraction of the block copolymer. In this respect it 1is
preferred that ethylene comprises at least 50 mole percent
of the whole block copolymer. More preferably ethylene
comprises at least 60 mole percent, at least 70 mole per-
cent, or at least 80 mole percent, with the substantial
remainder of the whole polymer comprising at least one
other comonomer that is C3-C,p o-olefin. In case the block
copolymer is an ethylene/l-octene block copolymer, suita-
ble ethylene/l-octene block copolymers may comprise an
ethylene content greater than 80 mole percent of the whole
polymer and a l-octene content of from 10 to 15 mole per-
cent, preferably from 15 to 20 mole percent of the whole
polymer.

In a particularly preferred embodiment said ethylene/
a-olefin block copolymer comprises alternating blocks of
hard blocks of linear medium-density polyethylene and soft
blocks of ethylene/l-octene. Medium-density polyethylene
(MDPE) 1is a type of polyethylene defined by a density
range of 0,926-0,940 g/cm3 (as measured according to ASTM
D792) .

Suitable ethylene/ o-olefin block copolymers have a
density between 800 and 880 g/cm’ as measured according to
ASTM D792. Other physical properties of suitable ethylene/
a-olefin block copolymers include a melt index (g/10 min
(2,16 kg at 190°) as determined in accordance with ASTM
D1238 between 0,5 and 30, preferably between 0,5 and 5 or
a DSC melting point between 115 and 125°C, such as between
118 and 122°C, preferably both of these physical proper-
ties. Suitable ethylene/ o-olefin block copolymers with
such properties are commercially available and may be pro-

vided in the form of granules.
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The inventors have observed that said ethylene/ o-
olefin block copolymer as defined above on it itself can-
not be foamed to a suitable thermal insulation foam, be-
cause this block copolymer does not retain gas. The pre-
sent 1invention overcomes this problem by the addition of
one or more random polymers with a density of between
0,880 g/cm’ and 960 g/cm® (densities are as measured ac-
cording to ASTM D792), selected from the group of a metal-
locene polyethylene and/or a polyethylene.

It is to be understood that the term “polyethylene”
in this application encompasses both ethylene copolymers
and ethylene homopolymers. In case of a random copolymer,
it is preferred to use an ethylene/ C;-C;; x-olefin random
copolymer. Suitable C3-Cyy «-olefins in this respect in-
clude styrene, propylene, 1 -butene, 1-hexene, 1l-octene,
4-methyl-l-pentene, norbornene, 1l-decene, 1,5-hexadiene or
a mixture thereof. In a particularly preferred embodiment
in the random polymer said o-olefin is l-octene.

The random polyethylene polymer component contributes
to enhanced melt strength of the produced foam and con-
tributes to foamability. It 1is preferred that said poly-
ethylene is LDPE. LDPE 1is defined by a density range of
0,910-0,940 g/cm3. A suitable LDPE may have a melt flow
index (MFI) as determined in accordance with ASTM D1238 of
between 0,5 and 5, such as 0,65 and a melting temperature
between 108 and 118 °C, such as between 110 and 115 °C. The
inventors have observed that a foaming composition of the
ethylene/ o-olefin block copolymers in combination with
LDPE retains gas well, so that a foam can be produced with
sufficient thermal insulation capacity. The inventors have
found that metallocene polyethylene also contributes par-
ticularly to achieving high foamability of materials with
low material density such as the o-olefin block copolymer
component. The term "metallocene polyethylene" refers to
polyethylenes that are prepared by polymerising ethylene
in the presence of a metallocene catalyst. For preparing

and processing metallocene polyethylene reference is made
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to for instance Kurt W. Schwogger, An outlook for metallo-
cene and single site catalyst technology into the 21°° cen-
tury, Antec 98, Processing Metallocene Polyolefines, Con-
ference Proceedings, October 1999, Rapra Technology, and
Proceedings of 2™ International Congress on Metallocene
Polymers, Scotland Conference Proceedings, March 1998. A
preferred metallocene polyethylene for use in this inven-
tion is an ethylene based octane metallocene plastomer.

It is preferred that in addition to the block copoly-
mer both a metallocene polyethylene and a polyethylene are
included in the foaming composition. This way optimal melt
strength and foamability are obtained.

While preparing the foaming composition the balance
between the amount of block copolymer component and amount
of the metallocene polyethylene and/or polyethylene compo-
nent depends on the precise properties of the components
that are selected to prepare the foam. It has been ob-
served that a high amount of block copolymer component
provides high flexibility, but may Dbe detrimental to
foamability if too high, while a high amount of the metal-
locene polyethylene and/or polyethylene component promotes
foamability, but is detrimental to flexibility of the foam
if too high. When a block copolymer comprising alternating
blocks of crystalline blocks of linear MDPE and elastomer-
ic blocks of ethylene/l-octene is used, a suitable foaming
composition preferably comprises between 25 and 80 weight
% 0of said one or more random polymers and 20 and 75 weight
% of said block copolymer, based on the weight of the com-
position. Preferred compositions comprise between 30 and
70 weight % of said metallocene polyethylene (e.g. eth-
yvlene based octane metallocene) and/or polyethylene compo-
nent (e.g. LDPE), such as between 30 and 60 weight % or
between 40 and 50 weight % based on the weight of the com-
position. A suitable foam composition may comprise for
instance 60 weight % of said ethylene/ o-olefin block co-
polymer, 10 weight % LDPE, and 15 weight® ethylene based

octane metallocene based on the weight of the composition.
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To produce the foam according to the invention, a
cell stabilizer is required. Such a cell stabilizer pre-
vents the blowing agent from escaping from the polymer
melt immediately after injection, as a result of which no
foam is formed. Any cell stabilizer normally used in the
art can be used as cell stabilizer, provided that it does
not affect the properties of the foam. Examples of suita-
ble cell stabilizers include cell stabilizers of the type
stearic acid amide, glycol monostearate and fatty acids of
glycine. It 1s also possible to use more than one cell
stabilizer. The total quantity of cell stabilizer in the
foam composition may suitably be about 1-8 % by weight,
such as between 2-5 weight %, based on the total quantity
of polymers and additives. In the production process, the
cell stabilizer is suitably added by means of for instance
a side feeder, to the polymer mixture before the mixture
is melted.

Said foam composition preferably comprises one or
more additives selected from the group consisting of a
flame retardant, a cell nucleator, a colourant, an isola-
tion improver, an uv stabilizer, a processing aid, a pro-
cessing stabilizer, and an anti-oxidant.

A suitable foam has a density of 10-45 kg/m’, volumet-
rically determined, for instance 25-30 kg/Hﬁ, a Ccross-
section of cells between 0,30-0,80 mm and an insulation
value of 0,035-0,040 A40, W/m.K.

The non-crosslinked polyolefin thermal insulation
foam according to the invention may suitably be made in
accordance with the method of the invention, which com-
prises the steps of

a) extruding, using a physical Dblowing agent, a
foam composition as defined under the first aspect of the
invention, in an extruder,

b) melting said mixture in the melting =zone(s) of
the extruder adjusted to temperatures of 160 to 220°C, at

a pressure increasing from 1 bar up to 400 bar,
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c) injecting said physical blowing agent at an in-
jection temperature of 140 to 180°C and an injection pres-
sure of 30 to 300 bar,

d) cooling the molten mixture in one or more cool-
ing zones of the extruder adjusted to temperatures of 85
to 115°C, and

e) extruding the mixture through an extrusion noz-
zle adjusted to a temperature of 85 to 115°C, so that the
mixture expands to a foam at a pressure of 1 atm.

The foam composition preferably is a water-free mix-
ture which 1is made by mixing the solid components con-
tained therein. Polymers may suitably be provided in the
form of granules.

As blowing agent any substance can be used that 1is
liquid at high pressure, particularly the pressure pre-
vailing in the extruder used for carrying out the method,
but which substance evaporates at lower pressure. Non-
limiting examples of the blowing agent comprise alkanes
having 3 to 8 carbon atoms, such as for instance propane,
butane, isobutane and hexane. The blowing agent 1is brought
to a temperature of 140 to 180°C and a pressure of 30 to
300 bar and continuously injected into the melted mixture
in the extruder.

It is important that the foaming composition is melt-
ed well in the extruder, 1i.e. the polymer 1is brought in
the liquid phase resulting in such a viscoelastic Dbehav-
iour that polymers and additives are mixed well into each
other and that in a later stage also the physical blowing
agent 1s incorporated well into the polymer mixture. When
for the preparation of the polyolefin foam according to
the invention a mixer 1s used in which only low shearing
forces are exerted on the mixture, it 1is advantageous to
choose such a temperature that the viscoelastic behaviour
of the polymer and additives is almost equal. A parameter
to express viscous behaviour is the melt flow index (MFI)
(the throughput of material at a certain temperature and

pressure). With the present method the MFI-values of poly-
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mers and additives are suitably between 0.5 and 5 g/10
minutes at 2.16 kg @ 190°C as determined in accordance
with ASTM D1238.

The method of the invention can suitably be carried
out on a single or double screw extruder having an L/D be-
tween 30 and 60, provided with mixing parts and a static
mixer having for instance a throughput of 50 to 600 kg/h.

The 1insulation material according to the invention
suitably has a wall thickness of 3 to 50 mm at an inner

diameter of 4-130 mm.

Examples
The following examples are meant to 1illustrate and

not to limit the invention.

Example 1

To produce a foam composition a mixture was prepared
by mixing the compounds listed below to obtain an exempla-
ry foam composition for making an exemplary foam according
to the invention (percentages are weight percentages based
on weight of the composition:

e 23,2% of LDPE;

e 50% of an ethylene/ o-olefin block copolymer compris-
es alternating blocks of crystalline blocks of linear
medium-density polyethylene and elastomeric blocks of
ethylene/l-octene;

e 15% of an ethylene based octene plastomer produced
with metallocene catalyst;

e 2,5% of a glycerol monostearate / stearamide cell
stabilizer;

e the remainder being additives (flame retardant, cell
nucleator, isolation improver, processing
aid/stabiliser, anti-oxidant).

Example 2

A single screw extruder of the type described above
was provided with an open space of 5-100 mm?, after which
the number of revolutions was adjusted at 15-40 rpm. The

foaming composition of example 1 was added. The melting
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zones of the extruder were adjusted at 160-220°C, the
cooling zones were adjusted at 85-115°C. Blowing agent
(propellant) was 1injected at an injection pressure of 67
bar and an injection temperature of approximately 170° in
a quantity of 20-25 1/h (as liquid). The pressure in the
extruder decreased to approximately 10-30 bar at the noz-
zle of the extruder, after which the mixture expanded to a
foam having a density of 10 to 15 kg/m’ in the form of
pipe 1insulation having an internal diameter of 18-28 mm
and a wall thickness of 20-30 mm. The foam has a density
of 10-30 kg/m’, volumetrically determined, for instance
10-15 kg/m’, a cross-section of cells between 0,30-0,50 mm
and an insulation value of 0,035-0,040 A40, W/m.K.

Example 3

The properties of the pipe insulation prepared as de-
scribed in example 2 were compared to a pipe insulation as
described in the example of W002/42679 which is made of a
composition comprising predominantly metallocene polyeth-
ylene, but no block copolymer (Comparative example). The
pipe 1insulation prepared as described 1in example 2 had
similar thermal insulation characteristics compared to the
pipe insulation of the comparative example. Elongation at
break, also known as fracture strain, was also tested.
Elongation at break is the ratio between changed length
and initial length after breakage of the test specimen. It
expresses the capability of a material to resist changes
of shape without crack formation. The elongation at break
was by tensile testing in accordance with EN ISO 527. From
table 2 below it appears that the pipe insulation made
with the foam of example 2 has improved elongation at
break; it breaks at an elongation of 175%, while the pipe
insulation of the comparative example breaks at an elonga-
tion of 104%.

Elongation at
break (%)

Pipe insulation | 175




10

15

13

(example 2)

Pipe insulation | 104
(Comparative exam-

ple)

Table 2: Elongation at break

The improved flexibility of the polyolefin thermal insula-
tion foam of the invention 1is visualised in the photos
shown 1in Figures 1 and 2. The pipe insulations shown 1in
Figs. 1 and 2 had the same dimensions. In figure 1 the
pipe insulation of the comparative example was held in the
alir horizontal along the dotted line, manually holding one
end and leaving the other end unsupported. In figure 2 the
pipe insulation of example 2 was held in the air horizon-
tal along the dotted line holding one end and leaving the
other end unsupported. It is clear from the photos that
the pipe insulation made of a foam according to the inven-
tion (Fig. 2) bends significantly more than the pipe insu-
lation of the comparative example (Fig. 1), which shows
that it has improved flexibility compared to the pipe in-
sulation of the comparative example. This proves the en-
hanced flexibility of the polyolefin thermal insulation

foam of the invention.
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CONCLUSIES

1. Niet-verknoopt thermisch isolatieschuim op poly-
olefinebasis, verkrijgbaar door het extruderen van een
schuimsamenstelling omvattende:

i) een ethyleen/o-olefineblokcopolymeer, dat blok-
ken omvat van:

A) kristallijne of semikristallijne blokken ge-
kenmerkt door het omvatten van ethyleen in een hoe-
veelheid van hoger dan 95 gew.%; en

B) elastomere blokken gekenmerkt door het omvat-
ten van ethyleen in een hoeveelheid van 95 gew.# of
minder en een comonomeergehalte van 5 gew.% of hoger;
ii) één of meer willekeurige polymeren met een

dichtheid van tussen 0,880 g/cm® en 960 g/cm’, gekozen uit
de groep bestaande uit een metalloceenpolyethyleen en/of
een polyethyleen; en

iii) een celstabilisator.

2. Niet-verknoopt thermisch isolatieschuim op poly-
olefinebasis volgens conclusie 1, waarbij het o-olefine

een C3-Cl0 x-olefine 1is.

3. Niet-verknoopt thermisch isolatieschuim op poly-
olefinebasis volgens conclusie 1 of 2, waarbij het ethy-
leen/o-olefineblokcopolymeer afwisselende blokken van
kristallijne blokken wvan lineair polyethyleen van medium
dichtheid en elastomere blokken van ethyleen/l-octeen om-

vat.

4. Niet-verknoopt thermisch isolatieschuim op poly-

olefinebasis volgens één van de conclusies 1 tot 3, waar-
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bij het ethyleen/x-olefineblokcopolymeer een dichtheid
tussen 800 en 880 g/cm’ heeft.

5. Niet-verknoopt thermisch isolatieschuim op poly-
olefinebasis volgens één van de conclusies 1 tot 4, waar-

bij het polyethyleen onder i1i) LDPE 1is.

6. Niet-verknoopt thermisch isolatieschuim op poly-
olefinebasis volgens één van de conclusies 1 tot 5, waar-
bij het metalloceenpolyethyleen onder 1ii) een op ethyleen

gebaseerd octaanmetalloceen is.

7. Niet-verknoopt thermisch isolatieschuim op poly-
olefinebasis volgens één van de conclusies 1 tot 5, waar-
bij de één of meer willekeurige polymeren =zowel een ge-
noemd metalloceenpolyethyleen als een genoemd polyethyleen

omvatten.

8. Niet-verknoopt thermisch isolatieschuim op poly-
olefinebasis volgens één van de conclusies 1 tot 7, waar-
bij de schuimsamenstelling één of meer additieven omvat
gekozen uit de groep bestaande uit een vlamvertrager, een
celnucleator, een kleurmiddel, een 1isolatieverbeteraar,
een UV-stabilisator, een verwerkingshulpmiddel, een ver-

werkingstabilisator, en een antioxidant.

9. Niet-verknoopt thermisch isolatieschuim op poly-
olefinebasis volgens één van de conclusies 1 tot 8, waar-
bij de schuimsamenstelling tussen 25 en 80 gew.% van de
een of meer op olefine gebaseerde polymeren onder 1ii) om-

vat.

10. Niet-verknoopt thermisch isolatieschuim op poly-
olefinebasis volgens één van de conclusies 1 tot 9, waar-
bij de schuimsamenstelling tussen 20 en 75 gew.% van de

ethyleen/a-olefineblokcopolymeer onder i) omvat.
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11. Niet-verknoopt thermisch isolatieschuim op poly-
olefinebasis volgens één van de conclusies 1 tot 10, dat

in de vorm van een cilinder is.

12. Niet-verknoopt thermisch isolatieschuim op poly-
olefinebasis volgens één van de conclusies 1 tot 10, dat

in de vorm van een vel 1is.

13. Werkwijze voor het maken van niet-verknoopt
thermisch isolatieschuim op polyolefinebasis, omvattende
de stappen van:

a) het extruderen, bij gebruik van een fysisch blaas-
middel, van een schuimsamenstelling zoals gedefinieerd in
één van de conclusies 1 tot 10, in een extruder;

b) het smelten van het mengsel in één of meer smelt-
gebieden van de extruder die 1ingesteld zijn op tempera-
turen van 160 tot 220 °C, bij een druk die verhoogd wordt
van 1 bar tot 400 bar;

c) het 1injecteren van het fysische blaasmiddel bij
een injectietemperatuur van 140 tot 180 °C en een injec-
tiedruk van 30 tot 300 bar;

d) het afkoelen van het gesmolten mengsel in één of
meer koelgebieden van de extruder die 1ingesteld zijn op
temperaturen van 85 tot 115 °C; en

e) het extruderen van het mengsel door een extrusie-
mond die 1ingesteld 1is op een temperatuur van 85 tot 115
°C, zodat het mengsel expandeert tot een schuim bij een

druk van 1 atm.

14. Werkwijze volgens conclusie 13, waarbij de

schuimsamenstelling een watervrij mengsel is.
15. Gebruik van een niet-verknoopt thermisch isola-
tieschuim op polyolefinebasis volgens één van de conclu-

sies 1 tot 12, voor thermische isolatie.
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ABSTRACT

The present invention relates to a polyolefin thermal
insulation foam and use thereof, and to a method for pre-
paring a physically foamed polyolefin thermal insulation
foam, which can be recycled well and which has excellent

flexibility characteristics.
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. Statement
Novelty Yes: Claims 3,4,8, 7 11-18
No:  Claims 1.2.5.8-10, 158
inventive step Yes: Claims
: No: Claims 1-15
industrial applicability Yas: Claims 115
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Refitem V

Reference is made to the following documents:

D1: WO 02/426782 A1 {THERMAFLEX INTERNAT HOLDING B [NL]; VEN EMANUEL
JOZEPH HERMAN MARI [NL) 30 mei 2002 (2002-05-30) in de aanvraag gencemd

D2: EF 2070 876 At (NITTO DENKO CORP [JP]) 17 juni 2009 (2008-06-17}

D3: WO 2008/102151 A1 (DOW GLOBAL TECHNOLOGIES INC [US]; MARTINEZ
FELIPE [US] CHEUNG YUNWA W) 28 september 2008 (2008-09-28)

1. Novelty

1.1 D1 relates (o pipe insulation foams based on polyclefins (page 1, lines 1-4}, The

foam composition comprises 77-92 % by weight of a metallocene polyethylene, 5-18
% by weight of 3 flame extinguisher, 3-8 % by weight of a cell stabilizer and 0-5 % by
weight of other usual foam additives {claim 1}.

The subject matter of claim 1 differs from D1 in that the foam composition comprises
an ethylene alpha-olefin block copolymer as defined under point i) of claim 1. D1 ig
silent about block copolymers.,

The subject matter of claims 1-15 is therefore novel over D1.

1.2 D2 relates to polyolefin resin foams suitable for use as heat insulating materials
{paragraphs 1-2}. The polyolefin resin of D2 comprises (A} a rubber and/or a
thermoplastic elastomer, (B) a polyolefin resin, and (C) at lsast one aliphatic
compound selectsd from an aliphatic acid, an aliphatic acid amids and an gliphatic
acid metallic soap, said compound having a polar functional group and having a
meiting point of 50 to 150°C, wherein a content of the aliphatic compound is 1 {0 5
parts by weight based on 100 parts by weight of the total amount of the rubber and/or
thermoplastic elastomer and the polyolefin resin (clgim 1).

Component {A) may be an sthylene polymer (paragraphs 11-13).

Component (B) may be a block copolymer and said block copolymer may comprise

ethylene derived units and units derived from higher alpha-clefins (paragraphs 17-18).

D2 does not disclose a foam composition comprising an ethylene alpha-clefin biock
copolymer as defined under point iy of claim 1, let alone a composition comprising
such a block copolymer in combination with a polyethylene as defined under point i}
of D2.

Foet NESEA3 (separaty shoel (il 20051 {shesgd 1}
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Example 1 and comparative example 1 of D2 do not contain an ethylene alpha-olefin
block copolymer either.

The subject matter of claims 1-15 is therefore novel over D2.

1.3 D3 relates to soft foams comprising at least one sthylene alpha-olefin copolymer
suitable for use as thermal insulation material (paragraph 1). Said ethylene alpha-
olefin copolymer may be a block copolymer (paragraphs 20, 45, 48, 52). Said block
copolymers typically comprise "hard” segments which are blocks of polymerized units
in which ethylene is present in an amount greater than 95 wit% and "soft” segments
which are blocks of polymerized units in which the comonomaer content {monomers
other than ethylene) is greater than 5 wi% (paragraph 46},

Examples 23, 23P and 24-29 (paragraphs 272-273) disclose foam compositions
comprising an ethylene alpha-olefin block copelymer {(polymers 184 and 18b), a low
density polyethylene (LDPE 8201 and giycerol monosiearate (paragraph 268) which
is also used in the present application as celi stabilizer. The compositions aiso
coimprise stabilizers and nuciealing agents (paragraph 269).

Since block polymers 18a and 18b are inventive examples of D3 (table 8A), it can be
assumed that they have the properties as described in paragraph 46. '

it can be assumed that LDPE 620i has a density between 0.880 and 0.960 g/cm®,
The alpha-clefin comonomer in polymers 18a and 18b is oclene (table B).

Ethylene alpha-olefin block copolymer and LDPE are used in different weight ration in
the above mentioned examples.

D3 discloses the use of the foams disclosed therein as thermal insulating material
{paragraph 1).

Hence, D3 disclozes all the technical features of claims 1, 2, 5, 8-10 and 15. The
subject mattier of these claims is therefore not novel over D3,

2. Inventive step

2.1 D3 may be considered as closest prior art te the subject matter of claim 1 {see
1.3).

D3 already anticipatas the subject matter of claims 1, 2, 5§, 8-10 and 15. The subject
matter of these claims is therefore inventive either.
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Dependent claims 3, 4, 8, 7, 11 and 12 do not appear to contain any additional
featuras which, in combination with the features of any claim 1o which they refer, meet
the requirements of noveily and/or inventive step, unless any surprising
advantageous technical effect associated with any of the additional features can be
shown. Most probably, the ethyiene alpha-olefin block copelymers of D3 fulfil the
requirements of dependent claims 3 and 4. The use of more than one polyethylene
polymer does not appear inventive either. The same applies to dependent claims 11
and 12,

Even if it could be shown that block copolymers 18a and 18b of D3 do not fulfil all the
requirements as defined in point §) of claim 1, an insulation foam according to claim 1
would not be considered inventive in view of D3 {(ses paragraph 48}.

The process for producing the claimed insulation foam according to claims 138 and 14
does not appear inventive either in the absence of a surprising advantageous
technical effect associated with any of the process features defined in these two
claims. D3 also discloses the use of a blowing agent and the process is carried out in
the absence of water (paragraph 268).

Re ltem Vi

The relevant background art disclosed in D2 and D3 ig not mentioned in the
description, nor are these documents identified thersin,

Re Hem Vill

The unit "atm” employed in olaim 13 is not additionally expressed in /terms of the
metric system.
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