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High-temperature foams having reduced resin absorption for producing sandwich materials

Field of the invention

The present invention relates to the field of producing high-temperature foams, such as are used in
the construction of aeroplanes, ships and rail and other vehicles, in particular further processed into
sandwich materials by joining with two outer layers. To this end there is provided a novel process for
producing high-temperature foams (HT foams) which are particularly suitable for producing such
sandwich components for lightweight construction. This process achieves an improvement in the
processability of the HT foams produced according to the invention and a weight reduction of the
sandwich materials. The HT foams are furthermore rigid particle foams which are markedly more

economic to produce than rigid block foams.

The present invention in particular brings about a reduction in resin absorption in fibre composite

processes through a process-related optimization of the surface constitution.

Prior art

Particle forms consist of a multiplicity of individual polymer foam beads which in a contouring mould
are sintered at the interfaces by supplying energy. This affords a characteristic surface as is apparent
in Fig. 1 in the example of a moulding made of expanded polypropylene (EPP). The boundaries of the

individual foam pearls are still clearly apparent in the moulding.

In addition, it is a consequence of the process that some of the air used for the filling procedure
always remains in the mould cavity, thus resulting in voids between the foam beads. The prior art
relating to particle foam moulds discloses methods of minimizing these problems. Thus for example
structured mould surfaces can blur the particle boundaries for the eye of the beholder by imprinting a

primary structure into the foam surface.

However, this is of only secondary relevance when the moulding is to be utilized as a core for a
sandwich construction. Surfaces that are as closed as possible are desired here. There are three
substantial reasons for this: A depiction of the defects in the foam core on the surface of the (fibre
composite) outer layers must be avoided. This phenomenon is regarded as a quality defect. In
addition, to exploit the maximum lightweight construction potential, penetration of resin into the core
material is to be avoided as far as possible. Finally when using prepreg outer layers penetration of the
resin into the voids at the foam surface creates a risk of so-called “dry” points in the outer layer. These

are in particular points on the form core surface where the resin has completely penetrated into the
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interspaces and consolidation of the fibres is therefore insufficient. This can result in mechanical

failure of the outer layers under load.

To solve these problems the prior art initially provides solutions taken purely from mouldbuilding to
modify the foam surface as desired during foaming. Fig. 2 shows a characteristic surface produced by
means of a process utilizing porous metal inserts in the mould interior. However, close inspection

reveals that here too cavities cannot be avoided completely by means of this technology.

In order to realize a completely closed surface from such a material it is additionally necessary in a
process step downstream of the foam particle sintering to heat the mould cavity to such an extent that
the moulding surface of the foam becomes flowable, thus forming a compact skin on the foam. Given

suitable process management this skin is completely closed and thus impervious to liquids.

The prior art discloses in relation to polypropylene foam (expanded PP/EPP) for example the use of a
suitable coating material in the form of an inliner which must be specially produced. This inliner is
melted in the course of the process for production of the foam. The inliner can therefore be joined to
the EPP foam. Such a process is described for example in DE 2010 200 10 411. In one variant
according to DE 19 640 130 this film formed from the inliner may also be perforated and thus steam-
permeable. Another variant according to EP 11 557 99 which is limited to expanded polystyrene (EPS)
or EPP comprises additionally performing a steam treatment step. This melts the moulding surface
and achieves a closed surface. All of these processes require additional process steps and in some
cases additional input materials. There therefore remains a great technical need for a simpler

alternative solution to the abovementioned technical challenges.

According to WO 2017 125412 it is also possible to utilize radiated energy to melt the foam surface.
However, this procedure must be regarded as problematic on account of process- and safety-related

challenges.

Problem

Against the background of the discussed prior art the problem addressed by the present invention was
therefore that of providing a process, which is simpler and more effective compared to the prior art, for
producing sandwich materials comprising a foam core made of particle foams produced from HT
foams in such a way that the sandwich materials are as light as possible while exhibiting good

mechanical stability and good bonding between the foam core and the outer layers.
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A particular problem addressed was that of providing a novel process by means of which HT foams
having a foam surface which is as closed as possible may be produced simply and at a high

throughput rate.

It would be particularly preferable if the novel process for producing the HT foams could be provided in
the form of a modification of in-mould foaming processes. This process shall be performable rapidly

and with low energy consumption.

Other problems not explicitly discussed here can be derived from the prior art, the description, the

claims or the exemplary embodiments.

Solution

The problems are solved by a novel process for producing HT foams suitable in particular for further
processing into sandwich materials. The process according to the invention is in particular
characterized in that particles of a high-temperature polymer are foamed and sintered in a mould at a
sintering temperature T+ to form an HT foam moulding. The aspect of foaming does not necessarily
encompass the entire foaming procedure for producing the high-temperature foam. On the contrary, it
is possible to employ particles which have been prefoamed to a certain extent and which by continued
foaming are finally sintered into a moulding in the process. Furthermore, in particular additionally and
as such particularly preferably, the foaming at the sintering temperature T+ is not carried out to

completion but rather is only concluded in the further process.

The process according to the invention is furthermore characterized in that the mould cavity containing
the now formed foam moulding is subsequently heated to a temperature T2 for 5 to 120 sec, preferably
15 to 90 sec, very particularly preferably up to 60 sec. This temperature T2 is at least 10°C above the
sintering temperature T+ and not more than 20°C above the glass transition temperature of the
employed HT polymer. The action of heat in the second step should be as short as possible to prevent
collapse of the foam part which, surprisingly for a person skilled in the art, may be realized in the

recited short time periods.

The sintering temperature T1 of the HT polymer is preferably between 140°C and 220°C, particularly
preferably between 145°C and 180°C. The sintering temperature is markedly below the glass
transition temperature of the HT polymer, which may also be described as the base polymer, due to

the effect of the blowing agent present and the steam used, which both serve as plasticizers.

The glass transition temperature of the HT polymer is preferably between 210°C and 235°C,
particularly preferably between 215°C and 230°C. For an HT polymer which is not part of a blend the
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glass transition temperature is to be understood as meaning the glass transition temperature of the
pure polymer without additives and in particular without a loading of blowing agent. For blends the
glass transition temperature is to be understood as meaning a corresponding measured glass
transition temperature of a phase in the polymer mixture without additives and in particular without a

loading of blowing agent.

Finally, the temperature Tz is preferably between 180°C and 255°C and particularly preferably
between 190°C and 240°C.

A particularly gentle yet still functioning variant of the present process is characterized in that the
mould cavity is heated to a temperature T2 which is at least 15°C above the sintering temperature and

below the glass transition temperature of the HT polymer for 15 to 90 sec.

The present process according to the invention surprisingly results in a reduction in resin absorption in
sandwich cores consisting of high-temperature particle foams and composite outer layers. This effect
is surprisingly realized by heating the mould cavity to such an extent that the polymer melts but is not
damaged. Virtually complete avoidance of cavities on the material surface was a result that would be

unexpected to a person skilled in the art.

Suitable high-temperature polymers (HT polymers) are in particular those having a glass transition
temperature T4 between 210°C and 235°C. Materials having a lower glass transition temperature are
often not suitable for fulfilling the desired profile of properties of a high-temperature foam. By contrast,
materials with higher Tg values are scarcely available. According to the invention the definition of the
glass transition temperature relates to the most relevant (energetically greatest) thermal transition of a
material. This means it is quite possible, even in this preferred embodiment, that the material has a
second thermal transition below 210°C. This occurs for example in phase separating systems, in

particular in polymer blends (polymer mixtures).

For materials for which no clearly disclosed glass transition temperature is known, said temperature
may be determined by DSC (differential scanning calorimetry). In this regard, a person skilled in the art
is aware that DSC is only sufficiently conclusive when, after a first heating cycle up to a temperature
which is a minimum of 25°C above the highest glass transition or melting temperature but at least
20°C below the lowest decomposition temperature of a material, the material sample is kept at this
temperature for at least 2 min. The sample is then cooled back down to a temperature at least 20°C
below the lowest glass transition or melting temperature to be determined, wherein the cooling rate
should be not more than 20°C/min, preferably not more than 10°C/min. This is then followed after a
further wait time of a few minutes by the actual measurement in which the sample is heated at a
heating rate of generally 10°C/min or less to at least 20°C above the highest melting or glass transition

temperature.
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A person skilled in the art may carry the further performance of DSC, for example with regard to
sample preparation, according to DIN EN ISO 11357-1 and ISO 11357-2. DSC is, per se, a very stable
method which can result in larger variances in measured results only in case of deviations in the

temperature program.

A material that has proven particularly suitable for use as the HT polymer in the process according to
the invention is polyethersulfone (PESU). As a pure polymer PESU has a glass transition temperature
of about 225°C.

Alternatively and equally preferably polyphenylsulfone (PPSU) may be employed as the HT polymer.

This material has a glass transition temperature of about 220°C.

In a particularly preferred variant of the present process the HT polymer is polyetherimide (PEI). PEI

has a glass transition temperature of about 217°C.

According to the invention it is also possible to employ blends in which a component as such would
not alone be usable according to the invention because of an excessively low glass transition
temperature for example. Such a mixture would then contain a second component which could also be
employed on its own according to the invention. The proportion of the polymer employable according
to the invention preferably accounts for more than 60% by weight, particularly preferably more than

75% by weight, of the mixture of the two polymers.

Further examples of blends employable according to the invention are mixtures of PPSU and PESU.
Such blends may be employed with a PESU to PPSU ratio between 1:9 and 9:0.5, preferably 1:1 and
8.5:1.

To perform the process there are further aspects which are preferably to be realized. Various options
may thus be contemplated to realize the high temperature stage of the heating phase to temperature
T2

This may be realized by a second circuit through which the energy transfer medium, such as steam or
heat-transfer oil, may be conducted. The mouldbuilding sector is familiar with a very wide variety of
realization options, for example shell-like construction of the mould cavity, welding of pipes to the side
of the mould facing away from the moulding or the use of generative methods such as for example

selective laser sintering.

It is also possible to employ an induction-heatable inlay or an inner layer in the mould. The advantage

of these two options is that rapid and controlled heating to the target temperature is ensured.

It is optionally possible in both variants to add a further circuit for rapid cooling of the surface.



10

15

20

25

30

In order that a homogeneous compact outer layer may be formed the volume reduction brought about
by the transition from foam to compact polymer should be compensated. It is, however also possible
to carry out the process without such compensation. However, qualitatively higher-quality results are

achieved when a compensation is considered. For this purpose too there are various options.

The volume reduction may optionally be realized by a closing of the mould, thus reducing the cavity
volume of the mould. This should be considered when designing the mould. A person skilled in the art

would in this context refer to a so-called “breathable mould”.

However, a better and simpler alternative involves utilizing the intrinsic expansion of the foam
particles. This intrinsic expansion is effected by blowing agent contained in the foam cells. Preference
is therefore given to an embodiment of the process according to the invention in which the particles of
the high-temperature polymer are foamed in the mould to form the HT foam moulding at a sintering
temperature T1 between 140°C and 180°C in such a way that upon heating of the mould cavity to the
temperature T2 at least 5% by weight of the originally employed blowing agent still remains in the

material.

As already explained above it is also possible according to the invention to employ prefoamed

particles in the process. This gives rise to two different equally preferred process variants:

The first of these process variants is characterized in that prior to foaming the mould is filled with non-

prefoamed HT polymer particles having a particle size between 0.5 and 5.0 mm.

The second of these process variants is characterized in that prior to foaming the mould is filled with
prefoamed HT polymer particles having a maximum particle size between 1.0 and 10 mm and a bulk
density of 30 to 200 kg/m3.

Preferably, the foams according to the invention have a degree of foaming that amounts to a reduction
in density compared to the unfoamed material of between 1% and 98%, preferably between 50% and
97%, particularly preferably between 70% and 95%. It is preferable when the foam has a density
between 20 and 1000 kg/m?, preferably 40 and 250 kg/m?®, especially preferably between 50 and 150
kg/m3.

The to-be-foamed composition of the high-temperature polymer preferably comprises in addition to the
polymer itself 0.5 to 10% by weight, preferably 1% to 9% by weight, of a blowing agent. It may further
contain inter alia 0% to 10% by weight, preferably 1% to 5% by weight, of additives.

The additives may be in particular flame retardants, plasticizers, pigments, antistats, UV stabilizers,
nucleating agents, impact modifiers, adhesion promoters, rheology modifiers, chain extenders, fibres

and/or nanoparticles.
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Flame retardants used are generally phosphorus compounds, in particular phosphates, phosphines or
phosphites. Suitable UV stabilizers and/or UV absorbers are common knowledge to a person skilled in
the art. HALS compounds, Tinuvins or triazoles are generally used for this purpose. Impact modifiers
used are generally polymer particles comprising an elastomeric/flexible phase. These are often core-
(shell-)shell particles having an outer shell which as such is no more than weakly crosslinked and as
pure polymer would exhibit an at least minimal miscibility with the PEI. Any known pigments are
employable in principle. It will be appreciated that particularly for relatively large amounts the effect on
the foaming procedure should - as for all other additives employed in amounts above 0.1% by weight -

be investigated. This may be carried out by a person skilled in the art with relatively little effort.

Suitable plasticizers, rheology modifiers and chain extenders are common knowledge to those skilled
in the art from the production of films, membranes or mouldings from HT polymers or blends
containing HT polymers and may therefore be transferred with little effort to the production of a foam

from the composition according to the invention.

The optionally added fibres are generally known fibrous materials that may be added to a polymer
composition. In a particularly suitable embodiment of the present invention, the fibres are PEI fibres,

PES fibres, PPSU fibres or blend fibres, the latter from a selection of the polymers mentioned.

The nanoparticles which may be in the form of for example tubes, platelets, rods, spheres or other
known forms are generally inorganic materials. They may perform various functions in the final foam at
one and the same time. Thus these particles in some cases act as nucleating agents during foaming.
The particles can further affect the mechanical properties as well as the (gas) diffusion properties of

the foam. In addition the particles further contribute to low flammability.

In addition to the recited nanoparticles it is also possible for microparticles or sparingly miscible,
phase-separating polymers to be included as nucleating agents. When considering the composition
the described polymers must be considered separately from the other nucleating agents, since the
latter primarily exert influence on the mechanical properties of the foam, on the melt viscosity of the
composition and hence on the foaming conditions. The additional effect of a phase-separating polymer
as a nucleating agent is an additional desired effect of this component, but not the primary effect in
this case. Therefore, these additional polymers appear further up in the overall tally, separate from the

other additives.

The additives may optionally also include up to 9% by weight of a further polymer component for
adjustment of physical properties. The additional polymers may be for example polyamides,
polyolefins, in particular PP, polyesters, in particular PET, other HT polymers, in particular sulfur-

based polymers, for example PSU, PPSU, PESU or poly(meth)acrylimide.
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The choice of blowing agent is relatively free and for a person skilled in the art is dictated in particular
by the foaming method chosen, its solubility in the polymer and the foaming temperature. Suitable are
for example alcohols, for example isopropanol or butanol, ketones, such as acetone or methyl ethyl
ketone, alkanes, such as isobutane, n-butane, isopentane, n-pentane, hexane, heptane or octane,
alkenes, for example pentene, hexene, heptene or octene, CO2, N2, water, ethers, for example diethyl
ether, aldehydes, for example formaldehyde or propanal, hydro(chloro)fluorocarbons, chemical

blowing agents or mixtures of a plurality of these substances.

Chemical blowing agents are relatively or completely non-volatile substances which undergo chemical
decomposition under foaming conditions to form the actual blowing agent upon decomposition. tert-
Butanol is a very simple example thereof in that it forms isobutene and water under foaming
conditions. Further examples are NaHCOg3, citric acid, citric acid derivatives, azodicarbonamide (ADC)
and/or compounds based thereon, toluenesulfonylhydrazine (TSH), oxybis(benzosulfohydroazide)
(OBSH) or 5-phenyltetrazole (5-PT).

Preferably, the particle foam according to the invention has a tensile strength to ISO1926 of greater
than 0.4 MPa, an elongation at break to ISO1926 of between 5% and 15%, a shear modulus to ASTM
C273 at room temperature of greater than 6 MPa, a shear resistance to ASTM C273 at room
temperature of greater than 0.35 MPa, a compressive modulus to ISO 844 at room temperature of
greater than 10 MPa, and a compressive strength to ISO 844 at room temperature of greater than 0.3
MPa. When employing the process for producing the particle foam described hereinbelow it is a
simple matter for the person skilled in the art to comply with these mechanical properties while
retaining the glass transition temperature and cell size according to the invention. In addition, it has
also been found that, surprisingly, the particle foam according to the invention is usable with
satisfaction of the fire protection specifications or fire properties according to FAR 25.852 that are of

particular importance for use in the interior of an aircraft in the aviation industry.

The HT foams produced according to the invention may as described be further processed into
mouldings or foam-core composite materials. Said foam mouldings or foam-core composite materials
may in particular be used in mass production for example for bodywork construction or for interior trim
in the automobile industry, interior parts in rail vehicle construction or shipbuilding, in the aerospace
industry, in mechanical engineering, in the production of sports equipment, in furniture construction or

in the construction of wind turbines.

Exemplary embodiments
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The experiments were performed with polymer foam beads based on polysulfones (PESU and PPSU)
and based on polyetherimide (PEI). Processing of the foam beads was carried out with a TVZ162/100

automatic moulding machine from Teubert Maschinenbau GmbH.

The particle foam based on PESU was foamed and sintered into mouldings in a temperature range of

145-165°C. The conversion of the surface into a skin took place in a temperature range of 185-235°C.

Figures
Fig. 1: Characteristic surface of a particle foam moulding according to the prior art

Fig. 2: Homogeneous and relatively closed but partially open particle foam surface by use of porous

sintering metals in the mould according to the prior art

Fig. 3: Comparison of the characteristic surfaces of a particle foam moulding according to the prior art
and a particle foam moulding produced by a process modified in accordance with the invention but

otherwise analogous.
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Claims

10.

10

Process for producing HT foams for further processing into sandwich materials, characterized
in that particles of a high-temperature polymer are foamed and sintered in a mould at a
sintering temperature T+ to form an HT foam moulding and subsequently the mould cavity is
heated to a temperature T2 at least 10°C above the sintering temperature and not more than

20°C above the glass transition temperature of the HT polymer for 5 to 120 sec.

Process according to Claim 1, characterized in that the sintering temperature T+ of the HT
polymer is between 140°C and 220°C, the glass transition temperature of the HT polymer is
between 210°C and 235°C and temperature Tz is between 180°C and 255°C.

Process according to Claim 2, characterized in that the sintering temperature T+ of the HT
polymer is between 145°C and 180°C, the glass transition temperature of the HT polymer is
between 215°C and 230°C and temperature Tz is between 190°C and 240°C.

Process according to any of Claims 1 to 3, characterized in that the mould cavity is heated to

a temperature T2 for 15 to 90 sec.

Process according to any of Claims 1 to 4, characterized in that the HT polymer is
polyethersulfone (PESU).

Process according to any of Claims 1 to 4, characterized in that the HT polymer is

polyphenylsulfone (PPSU).

Process according to any of Claims 1 to 4, characterized in that the HT polymer is

polyetherimide (PEI).

Process according to any of Claims 1 to 8, characterized in that the particles of the high-
temperature polymer are foamed in the mould to form the HT foam moulding at the sintering
temperature T1 between 140°C and 180°C in such a way that upon heating of the mould cavity
to the temperature T2 at least 5% by weight of the originally employed blowing agent still

remains in the material.

Process according to any of Claims 1 to 8, characterized in that the mould cavity is heated to
a temperature T2 which is at least 15°C above the sintering temperature and below the glass

transition temperature of the HT polymer for 5 to 120 sec.

Process according to any of claims 1 to 9, characterized in that prior to foaming the mould is
filled with non-prefoamed HT polymer particles having a particle size between 0.5 and 5.0

mm.
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11. Process according to any of claims 1 to 9, characterized in that prior to foaming the mould is
filled with prefoamed HT polymer particles having a maximum particle size between 1.0 and
10 mm and a bulk density of 30 to 200 kg/m?.



