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(57) Abréegée/Abstract:
A device (10) for producing mouldings composed of a mouldable foam has a multiplicity of sub-moulds (11, 12) which In each case
have a sub-cavity (14), wherein these sub-cavities (14) act together to form a moulding cavity (K). At least one of the sub-moulds
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(57) Abrege(suite)/Abstract(continued):

(11, 12) has a feed chanr
chamber (24) from which s

el (35) through which plastics beads can be Iintroduced into the moulding cavity (K), and a steam
Uperheated steam can be introduced through at least one steam channel (18) into the moulding cavity

(K). The at least one sub-mould (11, 12) here comprises a 1st mould segment in which the sub-cavity (14) is present and a 2nd

(15) by means of which the
mould segment has a 2nd
cooled to a predetermined
(10) Is moreover explained.

mould segment In which the steam chamber (24) Is present, where the 1st mould segment has a 1st temperature-control system

1st mould segment can be heated and/or cooled to a predetermined temperature, and where the 2nd
temperature-control system (20), by means of which the 2nd mould segment can be heated and/or
temperature. A process for producing a corresponding moulding with use of a corresponding device
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(54) Title: DEVICE AND PROCESS FOR PRODUCING MOULDINGS COMPOSED OF A MOULDABLE FOAM

(54) Bezeichnung : VORRICHTUNG UND VERFAHREN ZUR HERSTELLUNG VON AUS EINEM PARTIKELSCHAUM
BESTEHENDEN FORMTEILEN

(57) Abstract: A device (10) for producing mouldings composed of a
mouldable foam has a multiplicity of sub-moulds (11, 12) which in each
case have a sub-cavity (14), wherein these sub-cavities (14) act together to
form a moulding cavity (K). At least one of the sub-moulds (11, 12) has a
feed channel (35) through which plastics beads can be mtroduced mto the
moulding cavity (K), and a steam chamber (24) from which superheated
steam can be mtroduced through at least one steam channel (18) into the
moulding cavity (K). The at least one sub-mould (11, 12) here comprises a
1st mould segment in which the sub-cavity (14) is present and a 2nd mould
segment 1n which the steam chamber (24) 1s present, where the 1st mould
segment has a Ist temperature-control system (15) by means of which the
Ist mould segment can be heated and/or cooled to a predetermined
temperature, and where the 2nd mould segment has a 2nd temperature-
control system (20), by means of which the 2nd mould segment can be
heated and/or cooled to a predetermined temperature. A process for
producing a corresponding moulding with use of a corresponding device
(10) 1s moreover explained.

(57) Zusammenfassung: Fine Vorrichtung (10) zur Herstellung von aus
einem Partikelschaum bestehenden Formteilen besitzt mehrere
[Fortsetzung auf der nachsten Seite]
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Erklarungen gemall Regel 4.17: Verottentlicht:
—  hinsichtlich der Berechtigcung des Anmelders, ein Patent —  mit internationalem Recherchenbericht (Artikel 21 Absatz
zu beantragen und zu erhalten (Regel 4.17 Ziffer ii) 3)

—  Erfindererklarung (Regel 4.17 Ziffer iv)

Teillwerkzeuge (11, 12), die jewells eme Teilkavitdat (14) autweisen, wobel die Teilkavitiaten (14) im Zusammenwirken eine
Formteilkavitdt (K) bilden. Zumindest eines der Teillwerkzeuge (11,12) weist einen Zufiihrkanal (35), durch den Kunststoti-
Partikel in die Formteilkavitat (K) embringbar sind, und eine Dampitkammer (24) aut, aus der emn Heildampt durch zumindest
cinen Dampikanal (18) mn die Formteilkavitiat (K) emgebracht werden kann. Dabel 1st vorgesehen, dass das zumindest eine
Teillwerkzeug (11, 12) e die Teilkavitat (14) autweisendes 1. Werkzeugsegment und ein die Damptkammer (24) autweisendes 2.
Werkzeugsegment umiasst, wobelr das 1. Werkzeugsegment emn 1. Temperiersystem (15) besitzt, mittels dessen das 1.
Werkzeugsegment aut eine vorbestimmte Temperatur erwarmbar und/oder kiihlbar 1st, und wobel das 2. Werkzeugsegment e 2.
Temperiersystem (20) besitzt, mittels dessen das 2. Werkzeugsegment aut eimne vorbestimmte Temperatur erwarmbar und/oder
kiithlbar 1st. Ferner wird ein Verfahren zur Herstellung eines entsprechenden Formteils mit einer entsprechenden Vorrichtung (10)
erlautert.
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Device and Process for Producing Moldings Consisting of a Particle Foam

The present invention pertains to a device for producing moldings consisting of a particle foam,
with a plurality of sub-molds, which have a sub-cavity each, wherein the sub-cavities interact to
form a molding cavity, wherein at least one of the sub-molds has a feed channel, through which
plastic particles can be introduced into the molding cavity, and a steam chamber, from which a

superheated steam can be introduced into the molding cavity through at least one steam channel.

The present invention pertains, moreover, to a process for producing moldings consisting of a
particle foam, wherein the plastic particles are introduced into the molding cavity and are foamed

and/or sintered there while feeding superheated steam.

A device for producing moldings or components, which consist of a particle foam, usually has two
sub-molds, which have a sub-cavity each and can be brought together and moved apart from one
another. In the brought-together state, the sub-cavities form a molding cavity, into which the
plastic particles, consisting, for example, of EPP (expanded polypropylene) or EPS (expanded
polystyrene) can be introduced. A steam chamber each, which is supplied with superheated steam
by one or more steam generators, is formed in the sub-molds. The superheated steam can be
introduced into the molding cavity from the steam chambers via steam nozzles, which leads to the

welding or sintering of the foam particles previously introduced into the molding cavity.

The fed superheated steam heats in the process not only the foam particles present in the molding
cavity to the temperature necessary for the welding or sintering (approx. 160°C in the case of EPP
and approx. 120°C 1n the case of EPS), but it also heats at the same time the sub-molds, the wall of

the molding cavity and also the wall of the steam chamber.

After the welding or sintering of the foam particles has taken place in the molding cavity, the sub-
molds and hence also the steam chamber are cooled with a cooling fluid, usually cold water, to a

temperature ot approx. 80°C, after which the sub-molds are moved apart, so that the molding can

be removed from the mold.

The process of heating the molding cavity, the sub-molds and the steam chamber by means of

superheated steam and the subsequent cooling of the molding cavity, of the sub-molds and of the
1
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steam chamber with cooling water usually take place periodically. This leads to a high energy and
superheated steam demand, because not only is the energy necessary for welding or sintering fed
to the plastic particles by means of the superheated steam, but the essential portion of the
superheated steam heats the surrounding components, 1.e., the molding cavity, the sub-molds and
the steam chamber, which must subsequently be cooled again and then heated again by new
superheated steam. This leads, on the whole, to a high energy demand, as a result of which the

prior-art processes are very costly.

The basic object of the present invention is to provide a device for producing moldings consisting

of a particle foam, in which the energy demand is markedly reduced.

Further, a process for manufacturing moldings consisting of particle foam shall be provided,

which can be carried out with reduced energy demand rapidly and in a simple manner.

This object 1s accomplished from the viewpoint of device technology by a device having the
features of claim 1. Provisions are made here for the at least one sub-mold to comprise a first
mold segment having the sub-cavity and a second mold segment having the steam chamber,
wherein the first mold segment has a first temperature control system, by means of which the first
mold segment can be heated and/or cooled to a predetermined temperature, and wherein the
second mold segment has a second temperature control system, by means of which the second

mold segment can be heated and/or cooled to a predetermined temperature.

The present invention 1s based on the basic consideration of introducing the energy that is
necessary for welding, sintering and optionally also foaming the plastic particles in the molding
cavity exclusively or at least predominantly in the known manner by means of the superheated
steam, but of separating the energy that is necessary for the periodical heating and cooling of the
molding cavity and of the steam chamber from the energy system of the superheated steam. Each

sub-mold 1s divided for this into a plurality of mold segments, whose temperature is controlled,

1.e., which can be heated and/or cooled, separately from one another.

To solidity the molding formed from the particle foam within the molding cavity, it is necessary to

cool the wall of the molding cavity and hence the molding after the welding or sintering. This is

carried out by means of the first temperature control system, with which the first mold segment, in
2
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which the sub-cavity of the molding cavity is formed, can be heated and/or cooled to a desired
temperature. In addition to this, the second mold segment is provided, which comprises the steam
chamber. The steam chamber does not have to be cooled to solidify the molding present in the
molding cavity, so that the second temperature control system of the second mold segment can be
used to maintain the steam chamber and hence the second mold segment at a predetermined
temperature. The components or compounds, which must be heated and cooled in each cycle of
the process, are markedly reduced in this manner, and the amount of superheated steam necessary

for torming the molding is additionally reduced, because the superheated steam must essentially

only introduce the energy necessary for foaming, welding or sintering the plastic particles.

Provisions are made in a preferred embodiment of the present invention for the device to comprise
at least two sub-molds and especially exactly two sub-molds, which have each the first mold

segment and the second mold segment having each the mentioned configuration.

Provisions may be made in a preferred embodiment of the present invention for the first mold
segment and the second mold segment to be separated from each other and/or maintained at
spaced locations from one another by a heat-insulating layer. The heat-insulating layer between
the first mold segment and the second mold segment ensures that the heat transfer between these
two mold segments can be reduced. It can be achieved in this manner that the second mold
segment will not be needlessly cooled as well during the cooling of the first mold segment. In
addition or as an alternative to the heat-insulating layer between the first mold segment and the

second mold segment, an air gap, which has an insulating effect, may be formed between these

two mold segments.

Provisions are preferably made for the first temperature control system of the first mold segment
to have at least one fluid channel, which is formed in the first mold segment and through which a

temperature control tluid can flow. The temperature control fluid may be a liquid or a gas. Hot

water 1s usually used for heating and cold water for cooling.

Provisions may be made in a variant of the present invention for the first temperature control

system to have at least one first temperature sensor, which is connected to a first temperature
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control device. A control circuit 1s formed in this manner, by means of which the temperature of

the tirst mold segment can be set and monitored in a predetermined manner.

Provisions may be made in a variant of the present invention for the second temperature control
system of the second mold segment to have at least one fluid channel, which is formed in the
second mold segment and through which a temperature control fluid can flow. The second
temperature control system may have here a least one second temperature sensor, which 1s
connected to a second temperature control device. The temperature control fluid used in the
second temperature control system is preferably likewise hot or cold water, and the second
temperature control device ensures that the predetermined temperature of the second mold

segment 1s set and monitored.

The plastic particles are fed to the molding cavity via a feed channel, and the plastic particles may
already have been foamed or will be foamed only within the molding cavity. The feed channel for
the plastic particles preferably comprises at least one first feed channel section formed 1n the first

mold segment and at least one second feed channel section formed in the second mold segment.

The above-mentioned object is accomplished in terms of device technology by a process having
the features of claim 9. Provisions are made in this connection for the second mold segment to be
maintained by means of the second temperature control system at a temperature that corresponds
at least to the temperature of the superheated steam; for the first mold segment to be brought prior
to the feeding of the superheated steam by means of the first temperature control system to a
temperature that corresponds at least to the temperature of the superheated steam; and for the first
mold segment to be cooled after the foaming and/or the sintering of the plastic particles in the

molding cavity to a mold release temperature by means of the first temperature control system.

Provisions may be made in this connection for the second mold segment to be maintained by
means of the second temperature control system at a temperature that is at most 5°C below the
temperature of the superheated steam and preferably corresponds at least to the temperature of the

superheated steam and 1s especially preferably above the temperature of the superheated steam by

at least 3°C and especially by at least 5°C.
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The second mold segment having the steam chamber is preferably regulated during the process by

means of the second temperature control system to a steam chamber wall temperature that 1s
slightly (by 3°C to 5°C) above the temperature of the superheated steam. This temperature is
maintained at least approximately at a constant value during the process. The condensation of the
superheated steam during the entry thereof into the steam chamber is avoided in this manner and

energy 1s supplied once again to the superheated steam before it enters the molding cavity.

The first mold segment, in which the sub-cavity and hence the wall of the molding cavity 1s
formed, is regulated to alternating temperatures by means of the separate first temperature control
system during the process, i.e., the first mold segment is brought, before the feeding of the
superheated steam, to a temperature that corresponds to the temperature of the superheated steam
or is slightly above this temperature by means of the first temperature control system. When the
first mold segment has reached the desired temperature level of the superheated steam, the plastic
particles are filled into the molding cavity via the feed channel. After complete filling of the
molding cavity, the superheated steam is introduced from the steam generator into the steam
chamber preferably via insulated steam tubes and it is introduced from this into the molding cavity
via steam nozzles. Condensation of the superheated steam can be prevented by the preheated and
insulated mold segments, and the superheated steam reaches the molding cavity, where 1t welds,

sinters and optionally previously foams the plastic particles, at a high temperature.

After welding or sintering of the foamed plastic particles has taken place in the molding cavity, the
feeding of the superheated steam is interrupted, and the first mold segment and hence also the
molding located in the molding cavity are cooled by means of the first temperature control system
to a mold release temperature of, for example, approx. 80°C. After reaching the mold release
temperature, the device is opened and the stabilized molding can be removed. The device then

closes again and the process described takes place again in the above-described cycle.

The device for producing moldings consisting of a particle foam comprises at least two sub-molds,
at least one sub-mold of which and preferably both sub-molds has/have the first mold segment
mentioned and the second mold segment mentioned and the temperatures thereof are controlled by

means of the mentioned process and the corresponding temperature control systems.
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Further details and features of the present invention can be found in the following description of

an exemplary embodiment with reference to the drawings. In the drawings,

Figure 1 shows a schematic view of the device for producing moldings consisting of a

particle foam in the opened state,

Figure 2 shows the device according to Figure 1 in the closed state during the introduction

of the plastic particles,

Figure 3 shows the device according to Figure 2 during the feeding of the superheated
steam, and
Figure 4 shows the device according to Figure 3 with the formed molding.

Figure 1 shows a device 10 for producing moldings consisting of a particle foam, which has an
upper, first sub-mold 11 and a lower, second sub-mold 12. The first sub-mold 11 has a lower, first
mold segment 13, on the underside of which a sub-cavity 14 is formed. A first temperature
control system 15, which comprises a fluid channel 16, which is formed in the first mold segment
and through which a temperature control fluid, for example, hot or cold water, can flow, as 1s
indicated by the arrow Fj, is associated with the first mold segment 13. A first temperature sensor
22, which detects the temperature of the first mold segment 13 and sends a corresponding
temperature signal via a line 31 to a first control device 32, which can influence the supply of the
temperature control fluid, as this is indicated by broken line, is arranged in the first mold segment

13. The first mold segment 13 can be brought to a desired temperature and maintained at this

temperature with high accuracy by means of the first temperature control system.

The first mold segment 13 1s provided with an outer heat insulation 28 on 1ts outside.

Via the intermediary of a heat-insulating layer 30, a second mold segment 19, in which a steam
chamber 24 is formed, is arranged on the first mold segment 13. The steam chamber 24 can be
supplied with superheated steam from a steam generator 26 shown only schematically via a steam
teed channel 27, and the superheated steam can be introduced from the steam chamber 24 into the
sub-cavity 14 via a plurality of steam channels 18 formed in the first mold segment 13. Shut-off

valves or control valves (not shown) may be arranged in the steam channels 18.
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A second temperature control system 20, which comprises a plurality of fluid channels 21, which
are arranged 1n the second mold segment 19 and which can be supplied from a source, not shown,
with a temperature control fluid, for example, with hot or cold water, as i1s indicated by the arrow

F2, 1s associated with the second mold segment 19.

A second temperature sensor 23, which 1s connected via a line 33 to a second control device 34,
which can affect the quantity and the temperature of the temperature control fluid being fed, as 1s
indicated by broken line, is associated with the second mold segment 19. The second mold
segment 19 can be brought in this manner to a desired temperature and maintained at this

temperature with high accuracy.
The second mold segment 19 is provided with a heat insulation 2 on the outside.

The configuration of the upper, first sub-mold 11 as described so far can correspondingly also be
found in the lower, second sub-mold 12, and corresponding components are designated by the
corresponding reference numbers. The first sub-mold 11 and the second sub-mold 12 face each
other with their sub-cavities 14 and can be brought together, and the sub-cavities 14 form a

molding cavity K in the closed state ["ist" on 1. 7, p. 11 1s a typo for "in" — Tr.Ed.] (see Figure 2).

The upper, first mold segment 11 [sic — (13)? — Tr.Ed.] differs from the lower, second mold
segment 12 [sic - (19)7 — Tr.Ed.] in the exemplary embodiment shown in that a feed channel 35
for plastic particles is additionally provided. The feed channel 35 comprises a first feed channel

section 17, which is formed in the first mold segment 13 and opens in the sub-cavity 14 and passes
over at its end facing away from the sub-cavity 14 into a second feed channel section 25, which is

formed 1n the second mold segment 19.

The production cycle for producing a molding consisting of a plastic foam shall be described on
the basis of Figures 2 through 4. The two sub-molds 11 and 12 are first brought together from the
state shown 1n Figure 1, in which they have been moved apart from one another, wherein the two
sub-cavities 14 form the molding cavity K. The two second mold segments 19 of the two sub-

molds 11 and 12 are maintained at a predetermined temperature by means of the respective second
temperature control system 20, so that the temperature of the wall of the steam chamber 24 is at

most 5°C below the temperature of the superheated steam and preferably corresponds at least to
7
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the temperature of the superheated steam and is especially preferably above the temperature of the

superheated steam being used by at least 3°C and especially by about 3°C to 5°C. Condensation of

the superheated steam when it enters the steam chamber 24 is avoided hereby.

The two first mold segments 13 of the two sub-molds 11 and 12 are first heated by means of the
respective first temperature control system 15 to a temperature that either corresponds to the

temperature of the superheated steam or is slightly above this temperature, as is indicated by the

arrow P 1n Figure 2.

When the two first mold segments 13 and hence the wall of the molding cavity 14 have reached

the temperature level of the superheated steam, the plastic particles are filled into the molding

cavity K through the feed channel 25 [sic — (35) — Tr.Ed.].

After complete filling of the molding cavity K, the superheated steam 1s introduced from the steam
generators 26 through the respective steam feed channel 27 into the steam chambers 24 and 1s
introduced through the steam channels 18 into the molding cavity K, as it is shown in Figure 3.
Due to the temperature-controlled mold segments, the superheated steam can now reach the

molding cavities K without condensation and weld or sinter the plastic particles there.

After the welding or sintering of the plastic particles has taken place in the molding cavity K, the
feeding of the superheated steam is stopped (see Figure 4) and the two first mold segments 13 of
the two sub-molds 11 and 12 are cooled by the respective first temperature control system 15 to a
mold release temperature of, for example, 80°C (see Figure 4). After reaching the mold release
temperature, the device 10 opens and the stabilized molding can be removed. Consequently, the

state shown in Figure 1 is again reached, and the aforementioned cycle takes place once again

starting from this state.
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Patent Claims

. Device (10) for producing moldings consisting of a particle foam, with a plurality of sub-
molds (11, 12), which have a sub-cavity (14) each, wherein the sub-cavities (14) form a molding
cavity (K) by interacting, wherein at least one of the sub-molds (11, 12) has a feed channel (35),
through which plastic particles can be introduced into the molding cavity (K), and a steam
chamber (24), from which a superheated steam can be introduced into the molding cavity (K)
through at least one steam channel (18), characterized in that the at least one sub-mold (11, 12)
comprises a first mold segment (13) having the sub-cavity (14) and a second mold segment (19)
having the steam chamber (24), wherein the first mold segment (13) has a first temperature control
system (15), by means of which the first mold segment (13) can be heated and/or cooled to a
predetermined temperature, and wherein the second mold segment (19) has a second temperature
control system (20), by means of which the second mold segment (19) can be heated and/or cooled

to a predetermined temperature.

2. Device in accordance with claim 1, characterized in that at least two sub-molds (11, 12) are

provided, which have each the first mold segment (13) and the second mold segment (19).

3. Device in accordance with claim 1 or 2, characterized in that the first mold segment (13)
and the second mold segment (19) are separated and/or maintained at spaced locations from one

another by a heat-insulating layer.

4. Device in accordance with one of the claims 1 through 3, characterized in that the first
temperature control system (15) of the first mold segment (13) has at least one fluid channel (16),

which 1s formed in the first mold segment (13) and through which a temperature control fluid can

flow.

5. Device 1in accordance with one of the claims 1 through 4, characterized in that the first

temperature control system (15) has at least one first temperature sensor (22), which is connected

to a first temperature control device (32).

6. Device 1n accordance with one of the claims 1 through 5, characterized in that the second

temperature control system (20) of the second mold segment (19) has at least one fluid channel

9
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(21), which is formed in the second mold segment (19) and through which a temperature control

fluid can flow.

7. Device in accordance with one of the claims 1 through 6, characterized in that the second
temperature control system (20) has at least one second temperature sensor (23), which 1s

connected to a second temperature control device (34).

8. Device in accordance with one of the claims 1 through 7, characterized in that the feed
channel (35) for the plastic particles has at least one first feed channel section (17) formed in the
first mold segment (13) and at least one second feed channel section (25) formed 1n the second

mold segment (19).

9. Process for producing moldings consisting of a particle foam with a device in accordance
with one of the claims 1 through 8, wherein the plastic particles (P) are introduced 1nto the
molding cavity (K) and are formed and/or sintered there by feeding superheated steam,
characterized in that the second mold segment (19) is maintained by means of the second
temperature control system (20) at a temperature that corresponds at least to the temperature of the
superheated steam; that the first mold segment (13) is brought before or during the feeding of the
superheated steam by means of the first temperature control system (15) to a temperature that
corresponds at least to the temperature of the superheated steam, and that the first mold segment
(13) is cooled to a mold release temperature by means of the first temperature control system (15)

after the foaming and/or the sintering of the plastic particles in the molding cavity (K).

10. Process in accordance with claim 9, characterized in that the second mold segment (19) 1s
maintained by means of the second temperature control system (20) at a temperature that 1s above

the temperature of the superheated steam by at least 3°C.

10
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