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Process for producing foam panels for the production of foam films

Field of the invention

The invention relates to a process for producing foam panels for the production of foam films
consisting of a polymer having a glass transition temperature T4 of at least 100°C, characterized in
that the average cell diameter measured according to the standard ASTM D 3576 is between 20
um-and 250 uym and less than 20 cells having a diameter > 260 ym are present per-m? and the
elongation at break of the foam is 4%-13% measured according to ASTM D 638.

Prior art

Rigid foams, for example polymethacrylimide, which is marketed under the product name
Rohacell®, may be cut by different processes, similarly to other foams. The standard way of doing
this in the case of Rohacell® is by sawing. This comprises horizontal division of thick foam blocks
using band saws, thus generating relevant amounts of sawdust. In addition, it is barely possible by
this process to obtain thin or very thin sheets or films from the rigid foam. Very thin films are not
achievable, if only because of the thickness of the saw blades and the relatively high mechanical
stress on the region of the rigid foam to be cut in the course of sawing. Thin sheets having a
thickness between 3 and 10 mm are in turn possible only with great material losses and with
relevant dust formation, since a saw blade used in sawing has a relevant thickness of at least 2
mm, thus resulting in corresponding material losses. If in turn the saw blade is particularly thin, said
blade will sag and lead to high thickness variances in the cut product and/or make cutting of films
virtually impossible. If thicker sheets having a thickness of more than 10 mm are to be divided
problems likewise arise in the course of sawing since the bending of the region to be cut, which is
caused by the thickness of the saw blade, would lead to fracture thereof during the division. This is
a problem which occurs especially in the case of very rigid, and thus to some extent brittle, foams.

Flexible foams, for example flexible polyurethane foams, can also be cut by the use of band knives,
giving no sawdust as waste product.

Many foams (rigid and flexible foams) can additionally be cut by means of heated tensioned wires.
However, there is the possibility here of thermal damage to the material as a result of the hot wire.
Moreover, as a result of the finite thickness of the wire, there is also the problem here of material

loss or of fracture of thin sheets.

A process for planar division of rigid foams which is suitable for obtaining films or thin sheets is
described in US 10,556,357. This process is characterized in that the rigid foam is first flexibilized
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and then cut with a knife. The foam films described in this IP right exhibit an insufficient elongation

at break due to a multiplicity of pinholes.

Problem

Against the background of the discussed prior art the problem addressed by the present invention
was therefore that of providing a process for producing foam panels from which it is possible to
provide thin foam films made of a polymer having a glass transition temperature Ty of at least
100°C having small cell diameters and few pinholes.

The production process for the foam panels shall be suitable in particular for producing foam films
from these foam panels in a thickness of less than 3 mm. The division of foam panels shall be

effected without chip formation.

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

claims or the exemplary embodiments.

Solution
This problem was solved by providing a process for producing foam panels for the production of
foam films consisting of a polymer having a glass transition temperature T, of at least 100°C, an
average cell diameter measured according to the standard ASTM D 3576 between 20 ym and 250
um and less than 20 cells having a diameter > 260 um per m? and an elongation at break of the
foam panels between 4%-13% measured according to ASTM D 638, characterized in that

A) the foam skin of the foam block is removed and

B) the remaining portion of the foam block is cut into foam panels having thicknesses

between 10 and 135 mm.

The foam panels according to the invention are produced from polymers having a glass transition
temperature Tq of at least 100°C, preferably at least 140°C, measured according to DIN EN ISO
11357-2. The standard DIN EN I1SO 11357-2 (dated 07-2014) for plastics describes differential
scanning calorimetry (DSC) — Part 2: Determination of glass transition temperature and glass

transition activation energy.

The polymers are selected from the group consisting of polyether sulfone, polyphenyl sulfone,
polyether ether ketone, poly(meth)acrylimide, polymethyl (meth)acrylate, polyetherimide,
polysulfone, polyurethanes, polyethylene terephthalate and mixtures and also copolymers thereof.
The term poly(meth)acrylimide (P(M)I) is hereinbelow to be understood as meaning

polymethacrylimides (PMI), polyacrylimides (PI) or mixtures thereof. Similar applies for example to
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polymethyl (meth)acrylate. Accordingly the term polymethyl (meth)acrylate is to be understood as
meaning not only polymethyl methacrylate but also polymethyl acrylate and mixtures thereof.

The material for the foam core is preferably P(M)I, particularly preferably PMI. Such P(M)I foams
are also referred to as rigid foams and exhibit particular strength. The production of P(M)I foams is
described for example in EP 3221101. The P(M)I foams are normally produced in a two-stage
process: a) production of a cast polymer and b) foaming of this cast polymer.

The cast polymer is produced by first producing monomer mixtures which comprise, as main
constituents, (meth)acrylic acid and (meth)acrylonitrile, preferably in a molar ratio of from 2:3 to 3:2.
In addition, it is possible to use further comonomers such as esters of acrylic or methacrylic acid,
styrene, maleic acid or itaconic acid or anhydrides thereof or vinylpyrrolidone. However, the
proportion of the comonomers should be not more than 30% by weight. It is also possible to use
small quantities of crosslinking monomers, e.g. allyl acrylate. However, the amounts should
preferably be at most 0.05 to 2.0% by weight.

The mixture for the copolymerization further contains blowing agents which undergo either
decomposition or evaporation to form a gas phase at temperatures of about 150°C to 250°C. The
polymerization occurs below this temperature, so that the cast polymer contains a latent blowing
agent. The polymerization advantageously takes place in block form between two glass plates. For
the production of foamed sheets, this is then followed according to the prior art by the foaming of
the cast polymer in a second step at an appropriate temperature. The production of these P(M)I
foams is known in principle to the person skilled in the art and can be found by way of example in
EP 1444 293, EP 1 678 244 or WO 2011/138060. Examples of PMI foams include in particular the
ROHACELL® line from Evonik Industries AG, Germany. Acrylimide foams can be considered as
analogous to the PMI foams in respect of production and processing. However, for toxicological

reasons, these are substantially less preferred compared to other foam materials.

The density of the rigid foam material can be selected relatively freely. P(M)l foams may be
employed in a density range of for example 20 to 320 kg/m?, preferably of 25 to 250 kg/m?. It is
particularly preferable to employ a PMI foam having a density between 30 and 200 kg/m®.

The foams described here are produced in foam blocks. These foam blocks have different
thicknesses according to the employed polymers and the achieved density.

It was found that it is particularly advantageous to use only the foam from a particular region of the
foam block. It has been found that removing the foam skin/surface of the foam block results in foam

panels having exceptional mechanical properties.

It is preferable when 3 mm, particularly preferably 5 mm, very particularly preferably 10 mm and
especially preferably 15 mm of the surface/the foam skin of the foam block is removed. The
remaining material has a better homogeneity of cell size and elongation at break and thus

suitability for processing into foam panels.
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The remaining portion of the foam block is cut into foam panels having thicknesses between 10

and 135 mm, preferably between 60 and 125 mm, particularly preferably to a thickness of 75 mm.

Various methods for cutting foam panels from foam blocks are known. Cutting is preferably

effected using a laser, band knife or band saw.

The foam panels produced according to the invention are especially suitable for producing foam
films.

The foam panels may be used to produce foam films of particularly low thickness. Thin foam films
having a thickness between 0.05 and 3 mm are producible. It is preferable to obtain foam film
thicknesses between 0.15 and 1 mm.

A particular problem in the production of foam films are pinholes. In this context the term pinholes
refers to relatively large cells which occur at the surface of the film and result in a reduction in
strength. In extreme cases the cell size is greater than the thickness of the film, thus resulting in a
hole in the film.

According to the invention the foam films have an average cell diameter of the foams between 20
pm and 250 um, preferably between 50 ym and 220 um, particularly preferably between 80 to 200
pm, measured according to the standard ASTM D 3576. The standard ASTM D 3576 (2015 edition)

is used to determine the cell size of hard foams.

To obtain the desired mechanical properties, in particular elongation at break,only less than 20
cells having a diameter > 260 ym are present per m2. It is preferable when only less than 15 cells

having a cell diameter > 260 ym are present per m2.

Preference is given to foam films having an elongation at break between 4% and 30%, particularly
preferably between 5% and 10%, measured according to ASTM D 638 (2014 edition). ASTM D 638
corresponds to ISO 527-1 and is a standard test method for determining tensile properties of

plastics.

Specifically particularly rigid foams having a high stiffness and brittleness, for example rigid P(M)I
foam, can suffer the problem that the slabs fracture in the course of cutting, especially as a

consequence of the wedge-shaped cross section of the blade.

The foam having particular properties, such as high breaking elongation and cell structure, is
suitable for splitting into thin layers. The splitting of rigid foam is a very efficient process for

producing thin layers used for example in loudspeakers for smartphones. Due to the



10

15

20

25

30

35

40

WO 2022/089931 PCT/EP2021/078108

5

mechanical demands of the splitting process (deflection of the cut film at the cutter bar) a high
breaking elongation of the foam is advantageous for process stability and achievable layer
thicknesses. Since the cut foam film is adhesively bonded to a very thin layer of aluminium foil,
through which relatively coarse and inhomogenous cells can become apparent, the finest and

most homogeneous possible cell structure is required.

In one variant of the process the splitting of the still-heated rigid foams is carried out directly after
the foaming operation in an oven or in a heating press.
With regard to the arrangement of the knife too, there are various embodiments.

In a preferred embodiment, the rigid foam slab is moved at right angles to the cutting surface of the
knife, while the knife moves only at right angles to the transport direction of the rigid foam slab.
Alternatively, albeit less preferably, the knife in the cutting operation is moved along a fixed rigid
foam. It is also possible that the knife and the rigid foam have opposite directions of movement, in
which case the knife in the two latter variants can effectively be moved at right angles to the rigid
foam in addition to the support of the cutting operation.

In the case of movement of the knife at right angles, there are again two variants. Firstly, the knife
can be moved back and forth. However, it is preferable to use a band knife. Such a band knife is
moved in a circuit in one direction at right angles to the cutting direction and is generally guided
and driven by means of at least two deflecting rollers. Band knife systems are commercially

available.

In a particular embodiment several pieces, for example in the form of films or thin sheets, are cut
from the rigid foam in one movement by means of a plurality of knives arranged in succession.
These may especially be several band knives arranged in series. It is thus possible to cut a plurality

of workpieces from one block in one operation in a very efficient manner.

Alternatively or in addition the film may subsequently be covered with at least one outer layer.
These outer layers may, for example, be composite materials, metal or wood. This makes it
possible to realize for example sandwich materials employed in lightweight construction.
Alternatively, the outer layers may simply be merely a protective film that can be removed again or

a decorative layer. Especially the application of very thin aluminium foils is of interest.

Great advantages of the present invention are that the generation of waste in the form of sawdust
during cutting of rigid foams is virtually avoided and that thermal damage to the rigid foam surfaces
is ruled out. This makes it possible to limit material losses and the process is altogether more

economical than processes of the prior art.

The thin foam films in principle have a very broad field of application. Foam films may be used for

example as membranes, in particular in loudspeakers, mobile music players or headphones. The
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use thereof for decorative purposes, for example for surface finishing of articles, is also

conceivable.



10

15

20

25

30

WO 2022/089931 PCT/EP2021/078108

Claims

Process for producing foam panels for the production of foam films consisting of a polymer
having a glass transition temperature T4 of at least 100°C, an average cell diameter
measured according to the standard ASTM D 3576 between 20 um and 250 ym and less
than 20 cells having a diameter > 260 ym per m? and an elongation at break of the foam
panels between 4%-13% measured according to ASTM D 638, characterized in that

A) the foam skin of the foam block is removed and

B) the remaining portion of the foam block is cut into foam panels having thicknesses

between 60 and 135 mm.

Process according to Claim 1, wherein the polymers have a glass transition temperature
of at least 140°C.

Process according to Claim 1 or 2, wherein the polymers are selected from the group
consisting of polyether sulfone, polyphenyl sulfone, polyether ether ketone,
poly(meth)acrylimide, polymethyl (meth)acrylate, polyetherimide, polysulfone,

polyurethanes, polyethylene terephthalate and mixtures and also copolymers thereof.

Process according to any of the preceding claims, wherein the average cell diameter of
the foam panels is between 50 um and 220 um, preferably 80 um to 200 um.

Process according to any of the preceding claims, wherein less than 15 cells having a cell

diameter > 260 um are present per m? of foam panel.

Process according to any of the preceding claims, wherein the elongation at break of the
foam panel is 5%-10 % measured according to ASTM D 638.

Process according to any of the preceding claims, wherein the foam skin of the foam block

in step A) has a thickness of 3 mm.

Process according to any of the preceding claims, wherein the foam panels in step B) are

cut using a band knife or band saw.



