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(57) Abstract: The invention relates to a process for producing a polyolefin foam having a higher temperature resistance and com-
~~ prising a polypropylene and/or polyethylene, which process comprises first mixing and melting one or more polyolefins having a
melting range, measured by means of differential scanning calorimetry at a heating rate of 10 °C/min, within the range of 95 to 170
°C and optionally other polyolefins and/or additives so as to form a homogeneous mixture having a melt temperature within the
range of 120 to 160 °C, melting said homogeneous mixture in an extruder, mixing said molten mixture with a physical foaming agent
and subsequently cooling said mixtrue so that the molten mixture transfers from the liquid phase into a semi-crystalline phase, and
expanding the cooled mixture into a foam. The invention further relates to an insulation foam produced with said process.
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A process for producing physically foamed polyolefin foams
and insulation foams prepared therewith.

The present invention relates to a process for producing
physically foamed polyolefin foams having a higher tempera-
ture resistance and in particular polyolefin foams which
are resistant to temperatures up to 160 °C. The invention
further relates to insulation foams produced by using this

process.

Polyolefin foams are generally known and are used for a
large number of applications, vide e.g. David B. Todd,
Plastics Compounding, Equipment and Processing, Hanser
Publishers, Minich, 1998 and Friedhelm Hensen, Plastics

Extrusion Technology, Hanser Publishers, Minich, 1988.

A conventional process for producing polyolefin foams
comprises melting the polyolefin and optional additives in
an extruder, adding at high pressure a physical foaming
agent such as an inert gas or inert liquid to the molten
mass in the extruder, and extruding the molten mass through
the die of the extruder, whereupon due to gas expansion or
liquid evaporation at the lower pressure outside the

extruder, the material expands to form a foam.

US patent specification 5817705 discloses a process for
producing a closed-cell propylene polymer foam, which
comprises feeding a propylene polymer resin into an
extruder, adding a nucleating agent to the resin feed,
plasticating the mixture in an extruder to form a polymeric
melt, incorporating at least one foaming agent selected
from organic foaming agents, inorganic foaming agents and
mixtures thereof in the polymeric melt, to form a foamable
composition, uniformly mixing said foamable composition and
cooling said composition to a temperature effective for the
expansion of the low-density propylene polymer foam, and

extruding or ejecting the foamable composgition through a
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die at a sufficiently high rate to form a low density
closed-cell ©propylene polymeric resin foam with a
Foamability Index in excess of 1.9 and an Ebullition Time
of less than 2.1 x 10™* geconds.

US 5817705 describes that for the production of a stable
closed-cell propylene polymer foam by means of conventional
processes with the aid of a phsyical foaming agent, it is
required to use a polypropyiene having a high melt strength
(HMS-PP) . Conventional propylene polymers are highly
crystalline and have a poor melt strength. In addition to
the rheological characteristics of the melt the extrusion
rate is also an important factor in the foam production. By
using the process of US 5817705 it is possible to produce
thick cross-section, low density propylene polymer foams
having combinations of cell sizes and foam densities which
heretofore have been reported as unfeasible in the art.

As examples of foaming agents inorganic foaming agents such
as argon, carbon dioxide, water and nitrogen, and organic
foaming agents such as alkanes and partially fluorinated

hydrocarbons are mentioned.

The known polyolefin foams are not resistant to higher
temperatures, that is to say temperatures of about 105 °C
or higher, so that said foams are not suitable for e.g. use

as insulation material for hot water and steam pipes.

Foams having a higher temperature resistance are known,
such as elastomers foamed by using AZO-compounds and
polyurethane foams, but said materials have a number of
disadvantages over polyolefing. For example, such materials
can be less easily processed and recycled than olefins.

Therefore, there is a need of foams resistant to higher
temperatures which can be prepared £from recyclable

materials.
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It has now been found that it is possible to produce such a
foam by using a process wherein first a homogeneous mixture
comprising one or more polyolefins, selected from polypro-
pylenes and polyethylenes and a physical foaming agent and
having a melt range as measured by means of scanning dif-
ferential calorimetry, within the range of 120 to 160 °C, is
produced, which subsequently, optionally after cooling and

granulating, is extruded.

The invention provides a process for producing a polyolefin
foam having a higher temperature resistance and comprising
a polypropylene and/or polyethylene and optionally one or
more other polyolefins and/or one or more conventional
plastic foam additives, comprising the steps of
a) mixing and melting a polyolefin having a
melting range as measured by means of different-
ial scanning calorimetry at a heating rate of 10
°C/min, within the‘range of 95 to 170 °C or a mix-
ture of one or more of such polyclefins and
optionally other olefins and/or additives so as to
form a homogeneous mixture consisting of one
single phase and having a melt temperature as
measured by means of differential scanning
calorimetry at a heating rate of 10 °C/min, of 120
to 160 °C,
b) feeding the homogeneous mixture obtained in
step a) into an extruder and heating said mixture
in a first part of the extruder to a temperature
effective for melting the mixture,
c) mixing the molten mixture obtained in b) in a
second part of the extruder at an increased
pressure with a foaming agent comprising a
substance which is liquid at the temperature and
pressure in the extruder, but which evaporates at

pressure drop,
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d) cooling the molten mixture formed in c) to such
a temperature to transfer the molten mixture from
a ligquid to a semi-crystalline phase, and

e) extruding the cooled mixture formed in d)
through the die of the extruder, so that the
extruded mixture expands by evaporation of the
foaming agent to form a polyolefin foam, and
subsequently further cooling said foam to ambient

temperature.

The foams produced by using the process of the invention
have a temperature resistance within the range of 120 to
160 °C dependent on the content and the type of the
polyolefins used. The foams are particularly suitable for
use as insulation, e.g. in the fields of split-
airconditioning, high and 1low pressure steam pipes,
district heating, surn-energy  recovery, and process

industry.

The foams are better processable than the conventional
materials for these applications such as e.g. rock wool and
polyurethane foam. The foams are ecologically sound and can
be very well recycled.

The process of the invention can be carried out with
conventional apparatus without any adaptation of said
apparatus.

The melting range of the polyolefins is measured by means
of differential scanning calorimetry (DSC) with a heating
rate of 10 °C/min.

The used polyolefins having a melting range within the
range of 95 to 170 °C in general have a MFI-value, as

measured at 190 °C, not in excess of 8.5 g/10 min.
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The term ’'polyolefin’ as used herein includes homopolymers
and copolymers. Polyopropylene refers to both homopolymers
of propylene and copolymers of propylene with other
olefins. The polyolefins can be modified, e.g. by cross-
linking of side groups.

As polyolefin having a melting range within the range of 95
to 170 °C for example a polypropylene having a melting
range within the range of 140 to 170 °C or a polyethylene
having a melting range of 95 to 135 °C can be used. An
example of such a polypropylene having a melting range
within the range of 140 to 170 °C is HMS polymer supplied by
Montell.

The polyolefins having a melting range within the range of
95 to 170 °C can be combined with one or more other
polyolefins. Non-limitative examples of other polyolefins
comprise low-density polyethylene, high-density polyethyl-
ene, polypropylene and EVA.

As foaming agents, any substance can be used, which is
ligquid at high pressure, in particular the pressure in the
extruder used for carrying out the process, but which
evaporates at lower pressure. Non-limitative examples of
the foaming agent include alkanes having from 3 to 8 carbon

atoms, such as e.g. propane, butane, isobutane and hexane.

The polyolefins can be mixed with common polyolefin-foam
additives. Non-limitative examples thereof are flame-
retardants, colourants, pigments, fillers, nucleating
agents and stabilisers. The additives can be added in any
amount that does not affect the properties of the foam
formed, and are preferably added in an amount of from 0 to
17% by weight of the mixture, depending on the desired
properties of the foam. Parts of the optional additives can

also be mixed with the polyolefins in the extruder.
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During mixing the polyolefins and optional additives for
forming a homogeneous mixture in step a) of the process of-
the invention it is important that little friction energy
is released. Mixing can be carried out in a conventional
type of compounder, preferably a co-kneader. During mixing
the mixture is melted at melting temperatures within the
range of 120 to 200 °C. Usually the heat developed during
kneading is sufficient for melting the mixture. Optionally
the mixture can be heated when the kneading is started, and
later on when friction heat is released, said mixture can
be cooled. The residence time in the mixer should be short,
preferably 1less than 6 minutes. The homogeneous phase
formed in the mixer, when measuring the melting range by
means of differential calorimetry (DSC) should show one
peak in the DSC-diagram at a temperature of 120 to 160 °C.
The forming of a homogeneous polyolefin mixture which shows
one peak in the DSC-diagram is essential for obtaining the
effect of the invention, wviz. the production of a high
temperature resistancé polyolefin foam. The mixing and
melting sequence is not critical. The polyolefins having a
melting range within the range of 95 to 170 °C and the
optional other polyolefins may first be melted and
subsequently be mixed with the additives. Alternatively,
all the components may be mixed first and subsequently
melted. The resulting homogeneous mixture can be granulated

under cooling in a granulting head provided on the mixer.

The homogeneous mixture formed in step a) of the process is
subsequently melted in a conventional foam extruder
provided with a plurality of individually controlled
temperature zones. An example of a suitable extruder is a
single screw extruder. The foaming agent is injected into
the molten mixture in the extruder at a pressure of from 45
to 300 bar. Downstream the injection point of the foaming
agent the molten mixture is cooled in the extruder to such
a temperature to transfer the molten mixture from a liquid

to a semi-crystalline phase. The transition of liquid phase
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to semi-crystalline phase is determined by means of
volumetric density determination and is characterised by a
strong decrease of the density. The liquid phase has a
density of more than 500 kg/m?. The density of the semi-
crystalline phase should be of from 10 to 250 kg/m?. The
cooled mixture is subsequently extruded through the die of
the extruder, whereupon the foaming agent evaporates so
that a foam is formed. The foam is subsequently cooled to
ambient temperature.

The foam can be extruded into any conventional form such as
hollow tubular elements and plates. The die of the extruder
in general has a cross-section of from 10 to 500 cm?. The
expansion ratio generally is a factor of 22 to 50.

The temperature resistance of the foams depends on the used
polyolefins having a melting range within the range of 95
to 170 °C. Insulation foams produced with from 40 to 95% by
weight of polypropylene having a melting range within the
range of 140 to417O°C, from 0 to 55% by weight of other
polyolefins and up to 12% by weight of flame extinguishers
and optionally other additives have a temperature
resistance within the range of 130 to 160 °C. Insulation
foams produced with from 0 to 40% by weight of
polypropylene having a melting range within the range of
140 to 170 °C, from 55 to 95% by weight of other
polyolefins, up to 12% by weight of flame extinguishers and
optionally other additives have a temperature resistance
within the range of 110 to 130 °C.

The temperature resistance of the resulting foam can also
be determined by means of differential scanning calori-

metry.

Foams having a high polypropylene content have the best
temperature resistance but are somewhat less flexible than
the foams having a lower polypropylene content. The

flexibility of the above mentioned foams containing from 40



10

15

20

25

30

35

WO 01/94092 PCT/NL00/00384

-8 -

to 95% by weight of popylpropylene having a melting range
within the range of 140 to 170 °C in general have a
flexibility of 0.10 N/mm* at 20% impression, measured
according to DIN 53577, while the above mentioned foams
containing from 0 to 40% by weight of polypropylene having
a melting range within the range of 140 to 170 °C in general
have a flexibility of 0.06 N/mm®* at 20% impression,
measured according to DIN 53577.

Example
Tubular insulation profiles having an inner diameter of 18

mm and a wall thickness of 9 mm were produced by first
producing a homogeneous mixture of from 30 to 65% by weight

'Elenac 2426 F low density polyethylene as polyolefin having

a melting range within the range of 95 to 170 °C, from 30
to 65% by weight of Lupolen 4261 AG high density
polyethylene, from 5 to 10 % by weight of Saytex flame
extinguisher, from 0 to 3.0% by weight of Alu 7417
insulation additive and from 0 to 2.0% by weight of PB
1850H colouring agent. These raw materials were compounded
into a granulate in a BUSS type MDK 90 co-kneader. The
temperature of the feeding zone of the kneader was kept at
100 °C. The polyethylenes were added at the first dosage
point of the kneader. The homogeneous mixture was produced
in an amount of from 300 to 500 kg/hour.

The resulting granulate was introduced in a single screw
extruder having a plurality of separately adjustable
temperature zones (designed by Thermaflex). The melting
zones were adjusted at temperatures within the range of 200
to 300 °C. As nucleating agent from 0 to 3.0% by weight,
based on the.weight of the granulate, Schullman TPE 50 talc
was added and as foaming additive from 0 to 5% by weight,
based on the weight of the granulate, of Loxamide S was
added. In the molten mixture about 0.15 1/min C,-C,-alkane
foaming agent was injected. The mixture was cooled and
transferred from a liquid into as semi-crystalline phase.

The mass pressure in the extruder was from 70 to 90 bar and
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the mass temperature was from about 115 to 130 °C. The
cooled mixture expanded at a die pressure of the extruder
of from about 20 to 30 bar into a foam having a density of
from 22 to 27 kg/m®. The DSC-diagram of the foam showed one
single melt peak at about 128 °C.
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1. A process for broducing' a polyolefin foam having a

higher

temperature resistance and comprising a poly-

propylene and/or polyethylene and optionally one or more

other polyolefinsg and/or one or more conventional plastic

foam additives comprising the steps of

a) mixing and melting a polyolefin having a
melting range as measured by means of different-
ial scanning calorimetry at a heating rate of 10
°C/min, within the range of 95 to 170 °C or a mix-
ture of one or more of such polyolefins and
optionally other olefins and/or additives so as to
form a homogeneous mixture consisting of one
single phase and having a melt temperature as
measured by means of differential scanning
calorimetry at a heating rate of 10 °C/min, of 120
to 160 °C,

b) feeding the homogeneous mixture obtained in
step a) into an extruder and heating said mixture
in a first part of the extruder to a temperature
effective for melting the mixture,

c¢) mixing the molten mixture obtained in b) in a
second part of the extruder at an increased
pressure with a foaming agent comprising a
substance which is liguid at the temperature and
pressure in the extruder, but which evaporates at
pressure drop,

d) cooling the molten mixture formed in c¢) to such
a temperature to transfer the molten mixture from
a liquid to a semi-crystalline phase, and

e) extruding the cooled mixture formed in d)
through the die of the extruder, so that the
extruded mixture expands by evaporation of the
foaming agent to form a polyolefin £foam, and
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subsequently further cooling said foam to ambient

temperature.

2. A process according to claim 1, wherein the mixing in
step a) is carried out in a co-kneader.

3. A process according to claim 1 or 2, wherein during the
melting of step a) the temperature is from 120 to 200 °C.

4. A process according to claim 1, 2 or 3, wherein a
polypropylene having a melting range within the range of
140 to 170 °C is used as polyolefin having a melting range
within the range of 95 to 170 °C.

5. A process according to claim 1, 2 or 3, wherein a
polypropylene having a melting range within the range of
140 to 170 °C is used as polyolefin having a melting range
within the range of 95 to 170 °C and a polyethylene is used
as other polyolefin.

6. A process according to claim 1, 2 oxr 3, wherein a
polyethylene having a melting range within the range of 95
to 135 °C is used as polyolefin having a melting range
within the range of 95 to 170° C and a polyethylene is used
as other polyolefin.

7. A process according to any one of the preceding claims,
wherein as foaming agent an alkane having from 3 to 8

carbon atoms is used.

8. Insulation foam comprising

:%a) a polypropylene and/or polyethylene,

b) a flame extinguisher, and

c) optionally one or more other polyolefins and/or one or
more other plastic-foam additives, which insulation foam is
produced by using the process of any one of the preceding

claims.
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9. Insulation foam according to claim 8 compriging from 40
to 95% by weight of polypropylene having a melting range
within the range of 140 to 170 °C, 0 to 55% by weight of
other polyolefins and up to 17% by weight of flame

extinguishers and optionally other additives.

10. Insulation foam according to claim 9 comprising from 0
to 40% by weight of polypropylene having a melting range in
the range of 140 to 170 °C, 55 to 95% by weight of other
polyolefins, up to 17% by weight of flame extinguishers and
optionally other additives.
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