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(57) Abstract: The mvention relates to a method for producing an extruded foam product. An extrudate mixed with at least one
blowing agent 1s guided through an extrusion tool (100). After the extrudate exits the extrusion tool, the extrudate 1s foamed by the
blowing agent in order to create a foamed mass (110). Surface, edge-layer, or complete hardening of the foamed mass (110) exiting
the extrusion tool within a temperature-control zone (106) adjacent to the extrusion tool 1s prevented by the temperature control of
the foamed mass (110) within the temperature-control zone. The mvention further relates to a device for performing said method.
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Es wird emn Verfahren zur Herstellung emes extrudierten Schaumprodukts beschrieben. Ein mit zumindest emem Treibmittel
versetztes Extrudat wird durch e Extrusionswerkzeug (100) gefiihrt. Das Extrudat wird nach Austritt aus dem
Extrusionswerkzeug durch das Treibmittel zu emer geschdaumten Masse (110) autgeschaumt. Em obertlachliches, randschichtiges

oder vollstandiges Frstarren der aus dem Extrusionswerkzeug austretenden geschdumten Masse (110) imnerhalb einer
Temperierungszone (106), die sich an das Extrusionswerkzeug anschlief3t, wird verhindert durch Temperieren der geschdumten
Masse (110) mnerhalb der Temperierungszone. Ferner wird eine Vorrichtung zur Austiihren des Vertahrens vorgeschlagen.
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METHOD FOR PRODUCING A FOAM PRODUCT, AND DEVICE THEREFOR

Field of the invention

F

The present invention relates to the field of extrusion

technology and in particular to the field of foam extrusion.

Prior art

It 1s known to use an extruder to produce foam products in

which a plastic mass 1s fused. The fused plastic inside the
extruder, which 1s also called extrudate, 1is mixed with

blowing agent inside the extruder at high pressure and

pressed through a shaping opening of the extruder. The

shaping opening 1s provided by an extrusion tool which 1s

po—,

located in that end of the extruder to which the extruder

conveys the extrudate. After leaving the extrusion tool, the

blowing agent decompresses and a foamed mass 1s formed which

solidifies as a result of the foamed mass being conveyed

from the extrusion tool 1nto a space whose temperature 1s

e

significantly below the melting point of the plastic, for

P

exampie, at room temperature. As a result of the cooling,

the cell growth 1s ended, where in particular during the

r—

production of closed-pore products the ending of the cell

growth by cooling prevents the cells from bursting. The

solidified mass 1is finished and the foam product 1s

obtained.

E 20117403 Ul describes a cooling mandrel

U
1

The document

-

which cools a foamed mass after exiting from an extrusion

tool 1n order to produce a foamed product. For numerous

applications, possibly for foam products for sound and heat

insulation, 1t 1s however desirable to have a foam product

avallable which has a lower density than can be achieved

with conventional methods. It 1s therefore an object of the
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invention to 1ndicate a possibility whereby a foam product

having a lower density can be produced.

Disclosure of the 1nvention

phr—

This object is solved by the subject matters of the

independent claims. Further advantages are obtained with the

features of the dependent claims.

It has been identified that direct cooling after exit from

the extrusion tool does not optimally configure cell growth

P

and that in particular a lower density can be achieved 1if

the mass i1s held in a not completely solidified state in

F
p—

order to homogenize the cell size 1n the cross-section of a

d
b

further

from the extrusion tool. It was

foamed mass exlting

F

1identified that a subseguent expansion of an already-

solidifled mass certainly leads to a reduction 1in the

density where however a specified delay of the

solidification directly after exit from the extrusion tool

leads to lower densities. Since the cell structure of the

product can be specifically influenced, the desired foam

product properties are malntalned desplte the lower density.

A method for producing an extruded foam product 1s therefore

described, where an extrudate mixed with at least one

blowing agent 1s gulded through an extrusion tool. After

| -

exlt from the extrusion tool, the extrudate 1s foamed by the

blowing agent to form a foamed mass. A solidification of the

foamed mass exiting from the extrusion tool within a

temperature-control zone 1s prevented by temperature control

of the foamed mass i1inside the temperature-control zone. The

temperature-control zone here adjolins the extrusion tool. In

particular, a surface, edge-layer or complete solidification

1s prevented. As a result, compensating processes between

the cells of the foamed mass can take place i1nside the

temperature-control zone so that cell sizes can compensate
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one another and a homogeneous cell structure is obtained, in

particular a matching of the cell structure of cells located

Sh—

1n the vicinity of the outer surface with respect to cells

F

of the foamed mass located further inwards. The edge lavyer

1s the outermost layer of the foamed mass and has a higher

density than regions located further inwards. The edge layer

comprises or 1s defined by the outermost layer in which the

density of the foamed mass 1s a factor of at least 20 %, 40
s, 60 %, 80 %, 100 %, 125 %, 150 %, 175 %, 200 %, 300 % and
preferably at least 25 3, 50 %, 75 %, 100 % higher than the

density 1n regions of the foamed mass located further

\O

N

inwards. Furthermore, the edge layer can be defined by means

of its thickness with which 1t projects from the outer

surface i1into regions of the foamed mass located further

inwards. The edge layer preferably has a thickness of at
least 0.2, 0.4, 0.6, 0.8, 1.0, 1.2, 1.4, 1.6, 1.8, 2.0, 2.2,
2.4, 2.0, 2.8, 3.0, 3.5, 4, 4.5, 5, o, 7, 8, 9 or 10

-
p—

millimetres and preferably of at least 0.2, 0.5, 1, 2, 5 or

10 millimetres. The edge layer can furthermore have a

pr—

thickness of no more than 30, 20 or 15 millimetres.

Depending on the productilion method, application, blowing

P

agent, blowing agent pressure and type of plastic, this

N

thickness can vary. In particular, during the production of

insulating boards which are produced from foamed plastic,

the thickness 1s usually at least 2 mm. In addition, the

edge layer can be defined 1n terms of 1ts relative thickness

P

relative to the thickness of the foamed mass. The thickness
of the edge layer 1is preterably at least 1 %, 2 %, 3 %, 4 %,
> %, 10 %, 15 %, 20 % or 25 % and preferably at least 2 %, 5

-

s or 10 % of the thickness of the foamed material. The edge

\\®

= Q

layer can furthermore have a thickness of no more than 50 $%

F

or 40 % of the thickness of the foamed material. As

mentioned, this thickness can vary depending on the

production method, application, blowing agent, blowing agent

pr—

pressure and type of plastic. In particular, during the

production of insulating boards which are produced from
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\C

foamed plastic, the thickness 1is usually at least 5 % and no

more than 20 % of the thickness of the foamed material. The

thickness of the foamed material corresponds in particular

to the distance between two opposlite outer surfaces.

It 1s provided that an extrudate which comprises at least a

plastic is fused and mixed with at least one blowing agent.

F
p—r—

This can take place 1in particular in a hollow cylinder of an

extruder, where depending on blowing agent, this can also be

added to the extrudate before introduction into the

extruder. The extrudate together with the blowing agent 1is

fused 1n the extruder. The resulting mixture is further
conveyed 1n the extruder. For this purpose the extruder can
have one, two or more than two conveying devices, 1n
particular conveying screws. The conveying device produces a
conveylng direction which guides the extrudate together with
the blowling agent to the extrusion tool and presses it

through this. After passage through the extrusion tool, the

F
p—-

pblowing agent decompresses since the pressure upstream of

P

the extrusion tool 1s higher than that downstream of the

extrusion tool. This definition relates to the conveying

-

ftter passage through the

direction. In particular, a

extrusion tool, the blowing agent can partially or

completely have a phase transition, for example, from the

liquid phase to the gaseous phase. As a result of the

decompression, and 1in particular due to the phase

transition, heat 1is removed from the extrudate which emerges

i

from the extrusion tool as the already-mentioned foamed

mass. The procedure described here can at least partially

compensate for the associated cooling, where the temperature

control 1n particular prevents a solidification of the

foamed mass and also a

surface or edge layer of the

solidification of regions of the foamed mass located further

inwards due to the expansion and/or due to the phase

transition of the blowing agent. In this case, the surface

designated here corresponds 1n particular to the outer
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surface as 1s herein defined. The edge layer 1s the outer

layer of the foamed mass which comprises the outer surface

and accounts for a fraction of the overall thickness of the

| —

foamed mass, for example as 1s defined further above. An

edge~-layer solidification 1s a solidification only of the

edge layer. Depending on the temperature of the extrudate

inside the extruder, on the solidification temperature or

-

the solidification temperature range and on the amount of

heat which 1s withdrawn due to the expansion or due to the

—

phase transition of the foamed mass, heat can be supplied to

or removed from the foamed mass in the temperature-control

P

zone, where the amount of heat removed or supplied provides

the foamed mass with a temperature in which this is

preferably not completely liquid (in order to prevent

bursting) and not completely solidified. In the temperature-

control zone, the foamed mass 1s held at a temperature (or

on a temperature profile along the conveying directlion or on

a temperature 1interval) which keeps the foamed mass between

a completely liquid and a completely solidified state. The

foamed mass 1s held in a state 1n which it can be deformed

plastically by the blowing agent within the temperature-

control zone. The foamed mass 1s further held within the

temperature-control zone i1n a not completely ligquid state in

LA

which the pressure of the blowing agent 1s not sufficient to

cause the cells produced by the foaming to explode.

In the temperature-control zone, the foamed mass is provided

p-

with a temperature profile over the cross-section of the

foamed mass which 1n particular provides temperatures on the

outer surface of the foamed mass at which the mass certainly

remalns plastically deformable but prevents bursting of the

cells of the foamed mass on the outer surface. The

temperature profile provides temperatures for the inner

F

zones of the mass which enables a deformation of the cells

(—

and 1n particular enables a displacement of wall between

adjacent cells. These temperatures are dependent on the
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plastic properties of the foamed mass and, for example, also
on the residence time of the mass 1nside the temperature-
control zone and can readilly be determined by controlling
the heat supply or heat removal within the temperature-

control zone. Withlin the temperature-control zone, the

foamed mass can be temperature-controlled to a temperature

(or to a temperature profile) which lies no more than 20 K,

10 K, 5 K or 1 K above the melting point or the upper

melting point of the mass. Furthermore, within the

temperature-control zone, the foamed mass can be

temperature-controlled to a temperature (or to a temperature

profile) which lies no more than 20 K, 10 K, 5 K or 1 K

F

pelow the melting point or the lower melting point of the

foamed mass. In particular, 1n the case of plastic mixtures

as extrudate, the foamed mass can have a melting range which

extends from the lower to the upper melting point. The

temperature to which the foamed mass 1s temperature-

controlled can also lie between the lower and the upper

melting point, preferably no more than 10 K, 5 K or 1 K

above the lower melting point.

The temperature-control zone within which the temperature
control takes place can directly adjoln the extrusion tool.

Furthermore, the temperature-control zone can adjoin the

extrusion tool via an i1ntermediate section, where the foamed

mass 1s preferably provided within the intermediate section

wlth a temperature above a minimum temperature. The minimum

temperature preferably lies above a temperature at which

P

surtface, edge-layer or complete solidification of the foamed

mass takes place but can, for example, also lie 5 K, 10 K,

20 K or 30 K below this temperature. This can in particular

only apply to the outer surface of the foamed mass where

inner zones of the foamed mass, as a result of a lack of

o
p—

cooling effects on the outer surface, can have a higher

F

temperature than the outer surface of the foamed mass. The

residence time and temperature or temperature distribution
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within the intermediate section depends 1in particular on the

P

density of the

-

foamed

-

mass, on the thermal capacity of the

foamed mass and on expansion processes within the foamed

mass which in turn depend on the concentration or the

F

pressure of the blowing agent. The temperature and the

residence time of the

such a manner that 1in

i1ntermediate section are selected in

the directly following temperature-

control zone, the foamed mass can be transferred into an at

least partially plastically deformable state as described

above. After leaving the temperature-control zone or at the

end thereof, the foamed mass 1s completely solidified and

plr—

becomes a foam body. The foam body itself corresponds to the

foam product to be produced or corresponds 1in cut form to

the foam product to be produced or corresponds to a pretform

further process steps

P

pressure compensation

r—

temperature profile of

of the foam product to be produced which 1s obtalined by

from the foam body.

In one embodiment of the method, a duration and/or a

the temperature control provides a

between closed cells of different

cross~sectional position 1n the foamed mass by plastic

variation of the cells. In other words, the duration and/or

the temperature profile (1n the conveying direction) 1S

provided 1n such a manner that zones located further inwards

in the foamed mass have cells which can expand due to the

blowing agent within the temperature-control zone and that

as a result of the expansion of zones located further

inwards, cells 1n zones located further outwards can be

displaced outwards or

cell walls can migrate outwards.

Outwards means here a direction directed towards the outer

surface, 1n particular a radial direction of the foamed

mass. Further inwards and further outwards are positional

designations which merely relate to a relative position of

zones of the foamed ma

ﬁ

pr——
—

ss. The temperature control assists a

compensation of the cell sizes of cells having different

radlial position within the foamed mass. This compensation 1is
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extended temporally by the method according to the invention

compared with a non-temperature-control method, with the

gt

result that a homogenization of the density 1s obtained

pr—

within the cross-section of the foamed mass.

A further embodiment provides that a duration and/or a

temperature proflile of the temperature control and/or a

h

pressure provided by the blowlng agent prevents bursting of

ﬁ

cells at an outer surface of the foamed mass. In particular,

a temperature-control arrangement which provides the
temperature-control zone 1s designed wlth regard to the

temperature-control 1n such a manner that within the

temperature—-control zone, cells on the outer surface do not
burst. Furthermore the temperature-control arrangement can

be actuated 1n such a manner that within the temperature-

control zone, cells at the outer surface do not burst.
Furthermore a controller can be provided which actuates the

temperature-control arrangement so that within the

temperature-control zone, cells at the outer surface do not
burst. The temperature-control arrangement and/or the

controller can be adapted to the blowing agent, to the

'}

the foamed mass and can be adjusted depending on this in

F
—

order to prevent any bursting of these cells. Bursting of

cells at the outer surface 1s preferably designated as the

bursting of more than 1/10000, 1/1000, 1/100, 1/50, 1/20,
1/10 or 1/5 of all the cells which have at least one side

— —

wall which 1s part of the outer surface of the

—den

foamed mass.

Further embodiments provide that during the temperature

control of the foamed mass, heat is supplied or removed from

1)

4

this. In aadition, heat can be supplied at a first point of

the temperature-control zone and heat can be removed at a

second cell which differs from this. Heat can be supplied or

removed by physical contact between the foamed mass and a

"

surface along which the foamed mass 1s passed. Heat transfer
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18 obtained by direct physical contact and 1in particular by

transfer of thermal radiation between the foamed mass and

the surface. Furthermore, heat can be suppllied or removed by

guiding a temperature-control flow along the foamed mass.

e

The temperature-control flow comprises a temperature-control

fluid, preferably gas or also a ligquid. The temperature-

control fluid is preferably heated or cooled by guiding

along the mass. The flow can be produced by means of a pump.

| - .

The flow can be guided by a flow-guiding element, possibly

-

py means of a baffle plate or by means of a diffuser. In

addition, heat can be supplied by irradiating with thermal

radiation or microwave radiliation. In this case, a heating

element i1nside the temperature-control zone can be directed

onto the foamed mass. Alternatively or 1in combination with

this, a microwave emitter can be directed onto the mass.

When using an extrusion tool having an opening cross-—-section

which circumferentially encloses an unopened inner region or

H

which has an incision, possibly 1n the case of a round-slot

nozzle or a nozzle having a U-shaped gap, a foamed mass 1s

obtained which has a non-outwardly directed (part) surface.

i

In addition to the outwardly directed surface of the foamed

F
—
—

ace and

mass, this surface 1s also designated as outer sur:

can be temperature-controlled as described here by supplying

heat or removing heat. The physical contact, the

temperature-control flow or the i1rradiation can also take

place on an 1nner side of the foamed mass. The surface which

forms an interface of the mass to the atmosphere 1is

p— gr—

designated as outer surface. If the foamed mass encloses a

region which 1s not filled with foamed mass, the interface

petween mass and region forms a part of the outer surface.

The inner surface relates to the surface of the cell walls

P

of cells 1nside the foamed mass and 1in particular all the

surfaces contalned 1n the foamed mass. The outer surface

corresponds 1n particular to the remaining surface. In the

P

case of such foamed masses having a hollow cross-section as
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_.10__.

described herelinbefore, heat removal elements or heat supply

elements of the temperature-control arrangement or the

temperature-control arrangement can be provided inside the

region which is not filled with the foamed mass. In

particular, a flow guiding element or a heat-removing or

heat-supplying surface to be contacted or also a heating

element or

region. The

(outside) .

A further embodiment relates to the application o:

a microwave emitter can be provided 1n this

-

foamed mass 1s guided past these components

-

pressure

to the foamed mass or to 1ts outer surface. Contact pressure

1s applied

gt

to the foamed mass which counteracts the pressure

of the blowing agent. It has been described previously that

by means of appropriate temperature-control, a

pr—

homogenization of the density over the cross-section 1s made

possible. Furthermore, 1t 1s explalined here that this

temperature control - 1n particular the residence time 1n

the temperature-control zone and/or the temperature or the

temperature profile - 1s also used to prevent bursting of

cells on the outer surface. Another possibility 1s 1ndicated

hereinafter whereby a bursting at the foamed mass at the

outer surface can be prevented.

In one such embodiment of the method, within the

temperature-control zone a contact pressure 1s applied to an

outer surface of the foamed mass. The foamed mass 1s guilded

along a surface which applies the contact pressure to the

outer surface of the foamed mass. As a result of the

guldance, the foamed surface 1s guided whilst applying a

force 1n a

certalin manner so that the surface along which

the mass 1s guilided can apply the contact pressure. The

surface 1is

—

formed by a solid. The surface 1s not deformed by

the guiding and 1n this sense rigid. Alternatively or in

comblnation wlth thils, a contact pressure can be applied by

a liquid or a gas, which 1s configured as a flow. A fluid
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- 11 -

o

flow 1s directed onto the outer surface of the foamed mass.

This applies the contact pressure. For the said

(—

possibilities of applyling a contact pressure, 1t applies 1in

particular that the contact pressure 1s at least as high as

a foaming pressure which 1is produced by the blowling agent

inside the foamed mass 1n order to locally delimit the

foamed mass. Alternatively the contact

[ —

cross—-section of the

pressure can be lower than the foaming pressure 1n order to

“oamed mass whilst the

| .

increase the cross-section of the

contact pressure 1s applied. In one further alternative, the

contact pressure of the said possibilities 1s at least as

—
p—

high as a minimal pressure which 1s sufficient to press the

foamed mass seamlessly onto another surface, possibly a

Jrte-
e

surface which serves as a counter-bearing and/or for

removing and/or supplying heat.

s

A particularly preferred embodiment of the method provides

that the same means which applies the contact pressure 1s

also used for temperature control and 1n particular for the

removal or supply of heat. As described, for example, a

1

surface at which the foamed mass 1s passed by (1n particular

1n combination with another surface as counter-bearing or as

ol

clamping element) and/or a fluid flow can be used as means

e

for applying the contact pressure. It can therefore be

provided that the surface and/or the fluid flow which

applies the contact pressure to the outer surface of the

foamed mass, supplies heat to the foamed mass or removes

heat from 1t or generally controls temperature. The
temperature-control or the supply or removal can be
accomplished by physical contact and/or by thermal

radiation. Further elements can be provided which remove or

supply heat but apply no pressure and further elements can

pbe provided which apply pressure but do not remove or supply
heat. The surface which applies a contact pressure can at

which heat 1s

bt

least partially overlap with the surface via

supplied or removed. Thus, a surface section can possibly be
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provided which radiates heat to the foamed mass but which as

——

a result of the guidance of the foamed mass, 1s at a

distance from this or at least applies no pressure and which

goes over 1nto a section which 1s used both for temperature

control and for applying the contact pressure.

According to a further aspect, 1t can be provided that the
extrusion tool through which the extrudate 1s guided,

comprises a round-slot nozzle. The round-slot nozzle 1s

provided with a circumferentially closed slot. The extrusion
tool through which the extrudate 1s guided can comprise a

wlde—-slot nozzle through which the extrudate 1s guided or a

d
b

profiled nozzle. The round-slot nozzle forms the foamed mass

as an annular foam body. A wide-slot nozzle forms the foamed

mass as a flat foam body. A profile nozzle forms to desired

dimensions and 1n particular defines the proportions of the

cross—-section. According to another approach, the round-slot

nozzle 18 used 1n order to produce a hollow foam body or a

foamed mass as a hollow mass. Furthermore, the wide-slot

nozzle 1s used to produce a foam body having a solid cross-

section. In the case of a hollow cross—-section, heat can be

supplied to the foamed mass from i1nside the hollow mass

F

(1L.e. from the free region 1in the cross-section of the

rdre.

hollow mass) or removed from this and/or a contact pressure

can be applied from there (or also a counter-pressure by

P

means of a counter-bearing i1nside this free region.

Furthermore, a device for producing an extruded foam product

1s described. The device comprises an extruder with an

extrusion tool. The extruder and the extrusion tool

preferably correspond to the extruders or extrusion tools

described here. The device further comprises a temperature-
control arrangement with at least one temperature-control

zone, which adjoins the extrusion tool. The temperature-

control zone preferably corresponds Lo the temperature-

control zone described here. The temperature-control
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arrangement 1s adapted to provide the temperature-control

zone as descrilbed here. The temperature-control arrangement

has at least one heat supply and/or heat removal element.

The heat supply and/or heat removal element i1is provided in
the temperature-control zone or 1s coupled to said
temperature-control zone 1in a heat-transmitting manner. The

at least one heat supply and/or heat removal element is

adapted to temperature-control the foamed mass as described

here and 1n particular to supply heat to or remove heat from

the foamed mass, as described here.

V)

The temperature-control arrangement 1s adapted by means of

the heat supply and/or heat removal element to prevent a

F

surface, edge-zone or complete solidification of a foamed

mass exlting from the extrusion tool within the temperature-

e

control zone. In particular, the design of the heat supply

and/or heat removal element and/or its controller provide

that surface, edge-layer or complete solidification 1is

prevented.

The heat supply and/or heat removal elements comprise one or

F

several of the same type or different ones of the following

temperature-control components. Alternatively the heat

supply and/or heat removal elements correspond to one or

—

several of the same type or dif

—

ferent ones of the followilng
temperature-control components. A contact temperature-
control arrangement can be provided as a temperature-control

component. The contact temperature-~control arrangement is

provided with a surface which 1s coupled to a heat source or

heat sink of the device in a heat-transmitting manner or

which comprises a heat source or heat sink. The surface

extends substantially along or parallel to the longitudinal

direction of the temperature control zone. The surface

extends 1n particular substantially along or parallel to the

conveylng direction.
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Furthermore, a temperature-control nozzle can be provided as

a temperature-control component. This 1s adapted for

~

dispensing temperature-control fluid in the form of a

temperature-control flow. The temperature-control nozzle 1s
directed onto the temperature-control zone. Furthermore the
temperature-control nozzle can be connected to a heat source

or heat sink, where the temperature-control nozzle can also

be connected to a source for temperature-control fluid

and/or to a pressure source. In particular, a compressed air

source can be provided which comprises a heating element for

the temperature-control of the compressed air. The

temperature-control fluid 1s 1n particular a gas or Jgas
mixture such as air or nitrogen or carbon dioxide or a

ligquid such as water or, 1n particular, oil. The

temperature-control nozzle extends circumferentially with

preferably uniform gap or a plurality of circumferentially

uniformly distributed nozzles are provided. Alternatively,

the nozzle 1s adapted for executing a rotary movement and,

as a result of the rotary movement, provides a

circumferentially distributed flow 1n the radial direction.

The nozzle or nozzles can be provided together on a nozzle

arrangement and can 1n particular be arranged on a ring. The

pressing nozzle(s) can be configured 1n the same way as the
temperature-control nozzle(s). One or more nozzle
arrangements with temperature-control nozzles and/or

pressing nozzles can be provided. A plurality of nozzle

arrangements can follow consecutively 1n the conveying

direction.

The temperature-control component can further comprise an
electrical heating element or a combustion heating element.
These are directed onto the temperature-control zone.
Furthermore, the temperature-control component can comprise

a heating element connected to a heat source. The heating

element 1s equipped with an emitting surface which 1s

directed onto the temperature-control zone. Alternatively
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the heating element 1s equipped with a contact heat transfer

surface which 1s present 1n the temperature-control zone and

which 1s in particular adapted in such a manner that the

foamed mass can be guided past this surface 1n contact with

this surface. The heating element can furthermore generally

be a temperature-control element which 1s connected to a

heat sink and/or heat source. Between the emitting surface

or the contact heat transfer surface on the one hand and the
heat sink and/or heat source on the other hand, there 1s a

heat-transmitting connection which can comprise an active or

passive heat medium circuit. In addition, the temperature-
control component can include a microwave emitter which 1s
directed onto the temperature-control zone. The microwave
emlitter 1s an antenna which can be connected to a microwave

SOUrce.

A further embodiment provides that the device and 1in
particular the temperature-control arrangement comprises a
pressing device. The pressing device 1s adapted to apply a

e .
——

contact pressure onto the foamed mass either by contact of a

solid or to apply the contact pressure onto the foamed mass

by directing a fluid flow. These two possibilities can be

combined and are set out 1n detaill hereinafter.

One possibility 1s that the pressing device comprises at

least one surface for delivering a contact pressure. This

surface preferably extends substantially along or parallel

F
pp—

to the longitudinal direction (or conveying direction) of

the extrusion tool. The extrusion tool is inclined onto the

surface in such a manner and 1n particular 1is disposed 1in

such a manner relative to the surface that this applies the

! 1}

a foamed mass

contact pressure onto an outer surface o:

which exits from the extrusion tool. The surface for

delivering the contact pressure, and the extrusion tool and

optionally further elements which guide the foamed mass, are

aligned and arranged with respect to one another 1in such a
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manner that the contact pressure 1s obtained as described

nere. The surface can be provided by a contact arrangements

such as a contact ring. This 1s preferably temperature-
controlled and comprises a heating element or has a heating

fluid flowing through 1t, which 1s supplied to the contact

ring by a heat source or heat sink. One or a plurality of

contact arrangements can be provided, where 1n particular a

 nd

plurality of contact arrangements can follow one another in

the conveylng direction.

A further possibility 1s that the pressing device comprises
at least one pressing nozzle which 1s directed substantially
radlially onto a region onto which the extrusion tool 1is

directed 1n a substantially axial direction, wherein the

pressing nozzle 1s configqured for delivering a fluid flow

onto this region. The pressing nozzle can be connected to a

pressure source and/or to a source for fluid. The fluid

b

which 1mplements the fluid flow can in particular be a gas

such as air, nitrogen or carbon dioxide or 1t can be a

liguid such as water or oil.

The application of pressure makes 1t possible to control how

strongly the foamed mass expands 1nside the temperature-

control zone or becomes deformed 1n another way. In

addition, the contact pressure prevents the foamed mass from

bursting at the outer surface. Finally, the contact pressure

serves to press the foamed mass, for example, onto a

counter-bearing and/or onto a heat supply and/or heat

removal element, possibly in order to prevent gaps between

e

this element and the foamed mass.

In a further embodiment, the surface which applies the

contact pressure 1s 1dentical at least in sections with at

# *
p—
Rl

ace OL a contact temperature-

least one section of a sur:

control arrangement or another heat supply and/or heat

removal element. The surface of the contact temperature-
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control arrangement can correspond partially or completely

to the surface for delivering the contact pressure. It can

further be provided that the pressing nozzle corresponds to

£ 7

luid is

the temperature-control nozzle or at least the same

used both for the transfer of heat and for applying the

contact pressure. The temperature-control fluid 1s used to

provide the fluid flow which produces the contact pressure.

Furthermore, the extrusion tool of the device can comprise a

round-slot nozzle having a circumferentially closed slot, or

a wide-slot nozzle, 1n particular a nozzle as 1is described

here by reference to the method. The wide-slot nozzle can be

g

in the form of a rectangle and have a side ratio of at least
o, 10, 15, 20, 30, 50, 75, 100, 150, 300, 600, 900, 1200 or

1500. The round-slot nozzle has a circumferentially closed

F

slot, preferably i1in circular form, 1in the form of an oval, a

rectangle or another polygon, 1n particular with rounded

corners. The wide-slot nozzle has a profile with a straight

line, with two preferably parallel straight lines, in the
flat)

Jr—

form of a parallelogram or 1n the form of a

-

rectangle.

A further aspect relates to the possibility of varying the

gro—

heat transfer and/or the application of the contact pressure

with time, possibly 1n the course of a regulation or for

adaptation to varylng process parameters, possibly in a

starting phase. The heat transter or the contact pressure

can be varied quantitatively here, 1in particular a

temperature-control profile can be varied. Furthermore, the

location at which the contact pressure is applied can be

varied, possibly by varying the guidance, by shifting,

turning or pivoting elements which guide the foamed material

or which form the counter-bearing. In combination or

alternatively the places at which the heat is supplied to

the mass or removed from this can be varied. For example,

the heat supply and/or heat removal element can be
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displaceable, pivotable or rotatable, preferably also

detachably lockable. In particular, the surfaces which apply

the contact pressure and/or the surface via which heat is

transferred from/or to the foamed mass are displaceable,

plvotable or rotatable, preferably also detachably lockable.

The elements concerned are displaceable, pivotable or

rotatable with respect to the foamed mass or the conveying

direction radially, axially, circumferentially or in another

direction.

F

gr—

In particular, the surfaces which apply the contact pressure

can, 1n the case of hollow-profilile extruder nozzles, be

provided outside the entire foamed body and can be provided

| G

1nside the

foamed mass. These regions correspond to hollow regions of

the profile. Preferably surfaces

and i1nside the foamed body which

foamed body 1in regions which are not filled with

g,
Pl

are provided both outside

gulde the foamed body and

which preferably also apply the contact pressure or form a

Caces or the bodies which

counter-bearing thereto. The sur:

form the surfaces are preferably

plvotable, displaceable or

rotatable as described above. Instead of or 1n combination

wlith surfaces which apply the contact pressure, surfaces can

also be provided which supply heat to the foamed body or

remove heat from this. These surfaces used for temperature

control are preferably also pivotable, displaceable orx

rotatable. The surfaces used for

temperature control can be

provided by bodies other than the surfaces applying the

contact pressure. Preferably the

temperature control are provided

surfaces used for

by the same bodies,

elements or components as the surfaces which apply the

contact pressure. In particular,

the surfaces used for

temperature control can be 1dentical to the surfaces which

apply the contact pressure. A mandrel can be provided within

the foamed body along which the

foamed body 1s guided. The

mandrel 1s 1n particular provided to temperature-control the

foamed mass and 1in particular to

supply heat. The mandrel
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expands the foamed mass. The mandrel further produces the

contact pressure or preferably forms the counter-bearing for

this. The mandrel 1s provided within the temperature-control

zone. The mandrel 1is preferably adjoined by a cylindrical

body which by cooling fixes the foamable mass 1in 1its

circumferential final dimensions. The cylindrical body cools

the foamed mass below the solidification temperature. As a

result of the cooling of the cylindrical body, the foamed

mass solidifies to form a foamed body.

Subsequently further features and properties are set out
which can be used to execute the method and/or to implement
the device. The extrudate or the mass which 1s introduced

1nto the extruder comprises a polymerisate, 1n particular

polystyrene. The extrudate can substantially consist of the

polymerisate, 1n particular polystyrene (apart from

.

optionally further additives or blowing agents as described

-

here). The extrudate comprises for example a synthetic,

nature-based or renewable plastic, 1n particular

polystyrene, polypropylene or polyethylene terephthalate.

Alternatively the extrudate substantially consists of the

plastic (preferably apart from optionally further additives
or blowing agents as described here), 1in particular

polystyrene, polypropylene or polyethylene terephthalate.

Particularly suitable as further components of the extrudate

are the mixture described 1n the 1ntroduction to the

description or the substances described there. Likewlse the

steps mentioned i1n the introduction to the description for
presenting and pre-processing the extrudate are preferably

executed.

According to a further aspect, the extrudate comprises a

polyolefin, 1n particular polypropylene or polyethylene or

the extrudate substantially consists of the polyolefin, in

particular polypropylene or polyethylene (preferably apart

from optionally further additives or blowlng agents as
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e

described here). According to a further aspect, the

extrudate comprises a polycondensate, 1n particular

polyethylene terephthalate, cellulose acetate, polylactic

acid, polyhydroxy acetate or polybutylene succinate or the

extrudate substantially consists of polyethylene

terephthalate, cellulose acetate, polylactic acid,

polvhydroxy acetate or polybutylene succinate (preferably

apart from optionally further additives or blowing agents as

descrilbed here). The extrudate can comprise one Or more

pr——

thermoplastic plastics from the group of nature-based or

petroleum-based polymerisates, typically polystyrene as

petroleum-based polymerisate or polycondensates.

At least one blowing agent as solid, as liquid or as blowing

gas can be added to the extrudate before pouring into the

extruder or during conveyance inside the extruder. The

blowing agent 1s preferably a heat insulating gas having a

lower thermal conductivity than air, e.g. a heat insulating

gas for second-, third- or fourth—-generation air-
conditioning systems, e.g. 142b (thermal conductivity 12.9
mW/m?K) or R22 (thermal conductivity 10.5 mW/m°K) or 134a
(thermal conductivity 13.7 mW/m°K) or 152a (thermal
conductivity 14.3 mW/m°K) or HFO-1234ze (thermal conductivity
11.8 mW/m’°K) or an alcohol, e.g. ethancl, propanocl or a
hydrocarbon gas e.g. butane or propane. Carbon dioxide,

propane, butane, pentane, hexane, ethanol, ether, acetone,

nitrogen, water or a mixture of at least two of these

substances can be used as blowing agent or heat insulating

gas.

In addition to the blowing agent, one or more additives can

be added to the extrudate. The one or more additives

comprise 1in particular a foam nucleating agent, dye,

softeners, flame retardant, UV stabilizer, slip agent, cell

stabllizer, filler or an antistatic. Here the foam

P

nucleating agent reguired for

-

foaming 1s possibly a passive
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agent consisting of talc or contailning talc and/or active

foam nucleating agent, 1n particular a chemical blowiling

agent which 1s based on an exothermic decomposition reaction

such as citric acid or bicarbonate. Preferably after the

pr—

fusing and mixing of the material mixture, at least one

.

pblowlng agent 1s metered i1nto the fused and mixed melt which

wilthdraws heat on transition from the liquid to the gaseous

state of the melt during foaming. After mixing in the
blowing agent/blowing gas, the resultant mass is cooled
during extrusion in the same or one or more adjoining

g

extruders and then processed by means of the extruder

nozzle, possibly a round nozzle, to form a foam body which

1s annular 1in the case of the round nozzle. In this case,

the type/quantity of the blowing agent and optionally the

type/quantity of the foam nucleating agent is selected so

that the foam formation takes place as close as possible to

the extrusion tool outlet.

After exit from the round nozzle, the foam body produced 1is

rr—
—

expanded by means of inflating by 1nternal air, in

particular inside, at the end or optionally alsoc after exit

"rom the temperature-control zone and in particular in only

b

partially solidified or 1n a completely solidified state.

Furthermore, after exit from the round nozzle and preferably

at the end of the temperature-control zone or after leaving

the temperature-control zone, the foam body is pulled over a

s -~

cooling mandrel by means of a take-off system, cut up and

#

then wound onto winders to form rolls of foam web,

preferably in the completely solidified state or also in an

only partially solidified state. Optionally a subseqguent

expansion can take place. The foam webs obtained, resulting

b

from the foamed mass and the foam product can be combined to

achileve greater overall thicknesses as a multilayer

composite 1n order to possibly form an insulating board.
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In one embodiment, the foamed mass which 1s obtained by

guliding the extrudate through the round nozzle 1s inflated

-

to form an annular foam body having a layer thickness of >=

.

0.1 mm by means of a flow inside the

"}

foam body. The layer

thickness of the foam body 1s determined by the layer

thickness, by the temperature-control, by the contact

"

pressure, by the pressure of the blowling agent and

optionally by the expansion due to the 1nflating or by the

mandrel. The layer thickness 1s thus controlled by the

foresald parameters and 1is preferably at least 0.1, 0.2,

0.3, 0.4, 0.5, 0.0, 0.7, 0.8, 0.9, 1.0 or 1.2 mm, at least

1.5 mm, at least 1.8 mm, at least 2 mm or at least 2.5 mm.

-

As a result of the method, a multilayer composition can be

e

obtained 1f the foam product 1s connected in several layers.

Furthermore, it complilies with the standard thickness

-

tolerance standards of insulating materials (DIN 18164).

Depending on the area of application, the corresponding

standard must furthermore be adhered to. For use 1n the
roofing area, these are DIN 52612 or ASTM C 518 (thermal
conductivity), DIN 53421 or ASTM D 1621 (compressive
strength), ASTM D 2842 (water absorption) or/and ASTM C 355

(steam permeation). For use 1in the wall area these are DIN
52012 or ASTM C 518 (thermal conductivity), DIN 53421 or
ASTM D 1621 (compressive strength), ASTM D 2842 (water
absorption) or/and ASTM C 355 (steam barrier). For use in
the floor area these are DIN 52612 or ASTM C 518 (thermal
conductivity), DIN 52612 or ASTM D 1621 (compressive
strength) or/and ASTM D 2842 (water absorption). The foam

product according to the invention executed as a multilayer

composite or resulting foam product has a thermal

pr—

conductivity of <= 28 mW/m“K, in particular of <=24 mW/m°K

when using a heat insulating gas.

(—

In cases of application of the thermal insulation, the use

of so-called “ailr-conditionling system gases” (i.e. gases
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which are also used 1n air-conditioning systems) as blowling

agent/blowing gas to produce the foam webs now however

reduces the thermal conductivity to 1n some cases

significantly below 30 mW/m°K and therefore to better values

than the insulations established on the market (black EPS

particle block foam >= 32 mW/m“K, white EPS particle block

foam >= 40 mW/m°K, mineral wool >= 36 mW/m°K) . Therefore, in

addition to the reduced density obtained according to the

invention, a significantly increased heat insulation

capaclty 1s obtained compared with 1nsulating products

- 1\

according to the prior art. If the fourth generation of “air

conditioning system gases” 1s used (such as, for example,

Honeywell HFO-1234ze), the thermal conductivity for foam

products produced according to the i1nvention can even fall

below 28 mW/m°K.

Therefore, a very light and therefore cost-effective

insulating product 1is available with this method and this
device, which with very good thermal conductivities requlres

significantly lower thicknesses than the insulating products

presently available on the market for setting a specific

insulation value.

The procedure described here allows a specific temperature

pr—

guldance of the extrudate and 1n particular at least one

contact element which is used for heat transfer and

LD

alternatively or in combination with this for application o:

the contact pressure. It 1s possible that the contact

pressure opposing the foaming pressure is adjustable and

that in the temperature-control process and 1in particular at

—
o

the start thereof, the cell size and the cell structure of

the individual foam cells can be adjusted.

With the procedure described here it 1s possible that the

cooling only begins when a pressure egquililibrium has been
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established in the individual cells, whereby the maximum

possible uniformity of all the celils 1s obtalned.

P

As a result of the specific optimization of the foam

products produced according to the invention which has been
possible, a lower volumetric density 1s achieved with the

same mechanical and/or optical product properties. The term

density used herein preferably corresponds to the volumetric

F

weight of the foamed mass or the (solidified) foam body or

the (cut) foam product.

The 1nvention further comprises a foam product produced by

F F

means of the device described here or by means of the method

described here.

A method and a device are disclosed hereinafter:

A method for producing an extruded foam product, wherein an

extrudate mixed with at least one blowing agent 1s guided

through an extrusion tool, after exit from the extrusion

tool the extrudate 1s foamed by the blowing agent to form a

foamed mass, characterized 1in that a solidification, 1in

particular a surface, edge-layer or complete solidification

of the foamed mass exiting from the extrusion tool within a

temperature-control zone adjolning the extrusion tool 1s

P

prevented by temperature control of the foamed mass 1inside

the temperature-control zone.

A device for producing an extruded foam product, wherein the
device comprises an extruder with an extrusion tool,

characterized 1n that

the device further comprises a temperature-control
arrangement with a temperature-control zone, which adjoins
the extrusion tool, wherein

the temperature-control arrangement has at least one heat
supply and/or heat removal element, which is provided in the

temperature-control zone or which 1s coupled to said
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temperature—-control zone 1n a heat-transmitting manner,

wherein

the temperature-control arrangement 1s adapted by means of

the heat supply and/or heat removal element to prevent a

complete solidification of a foamed mass exiting from the

extrusion tool within the temperature-control zone.

i

Brief description of the drawings

The 1nvention 1s explained 1n detail herelinafter with

reference to an exemplary embodiment in conjunction with the

drawlings.

In the figures:

Figure 1 shows a schematic view for more detailed

explanation of the procedure described here.

Jr—

Flgure 2 shows an embodiment of a temperature-control zone

as 1s provided according to the method or

according to the device described here.

—

Detailed description of the figures

Figure 1 shows a device for producing foam bodies, in

particular a foam extrusion web system comprising two

extruders. The device depicted schematically in Figure 1

possesses a first extruder 1 with a corresponding drive 2

and a second extruder 7/ with a corresponding drive 8. The

starting material, 1.e. the educt components of the

extrudate, mixed with a foam nucleating agent and optionally

one oOr more additives 1s 1ntroduced 1nto the extruder 1 via

P

an 1nput hopper 3. By rotation of the extruder screw and

heating, the 1ntroduced material mixture 1s compacted and

fused. A blowing agent/blowing gas or blowing agent

P

mixture/blowing gas mixture, for example, a mixture of

carbon dioxide and ethanol, 1s introduced into the melt by
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means of one or more sultable loading devices 4. The fused

mass 1s passed through a suitable, optional filter 5 which

can optionally also adjoin the second extruder 7 and a

transfer line, transfer device or a transfer extruder 6 into

the second extruder /. The first extruder 1 provides a pre-

pr—

processing of the extrudate and the subsequent second

extruder 7 guldes the extrudate through an outlet tool 10 in

order to produce a foam web and subsequently a foam body. In

a further embodiment not shown, the first extruder 1is

optional where the second extruder 1in this case 1is

configured with a hopper such as the input hopper 3 and with

a device such as the loading devices 4, 1f the first

extruder 1s not provided. The second extruder can also

comprise a filter such as the filter 5.

The material delivered from the first extruder, i.e. the
extrudate, 1s conveyed further 1n the extruder 7 and thereby

cooled. During the cooling phase in the second extruder 7

the fused mass 1s cooled by contact with the extruder with

the aid of cooling water or another cooling medium which is

supplied to or removed from the extruder for cooling the
extruder cylinder via a cooling water container or
temperature-controller 9. An appropriate cooling of the mass

1s 1lmportant 1n order to achieve moderate ratios during the

foaming process which takes place after leaving the extruder

-

and to prevent the blowing agent/blowing gas from escaping

too abruptly. The extrudate 1s delivered by means of a

sultable extruder tocl 10 having a round nozzle in the form

of a tube having an annular or circular cross-section, where

the extrudate 1s foamed after exit from the round nozzle as

a result of the ensulng pressure release, whereby the

blowing agent/blowing gas goes over from the liquid into the

larger-volume gaseous state. The extruder tool 10 1is

adjoined 1n the conveyling direction of the extruder by the
temperature-control zone 20. Provided therein is a

temperature-control nozzle 12 which delivers in particular
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temperature—-controlled and in particular heated, ailr

uniformly distributed circumferentially to the outside, 1in

particular radially. The resulting temperature-control flow

F

1s directed onto the foamed mass, of which only the

F

circumference 1s depicted 1n the form of bent, left-pointing

arrows. Furthermore, an air ring or contact ring 11 1s

provided which provides at least one surface which applies a

contact pressure from outside onto the foamed mass. The air

P

ring or contact ring 11 can instead of or 1n addition to the

contact pressure, supply heat to the foamed mass or remove

g —

heat therefrom. Instead of the air ring or contact ring 11,

a contact arrangement or a nozzle arrangement can generally

be provided. By means of this the contact pressure 1is

applied, the foamed mass 1s temperature-controlled, or both.

The hollow-cylindrical foamed mass 1s now inflated by means

- -

of 1nternal alr or by means of an internal temperature-

il

control flow 12 (air) and drawn over a round, temperature-

controlled calilibrating mandrel 14, over a calibrating ring

P

or over calibrating rings after the outer side of the foam

pbody has been temperature-controlled or guided possibly by
an air ring or contact ring 11 or has been acted upon with a

contact pressure. The contact ring provides a temperature-

controlled i1inner surface or contact surface. Optionally a

F

further temperature-control of the foamed mass 1s

F
p—

accomplished by means of a further optional nozzle

arrangement or contact arrangement, in particular a further

alr ring 13. A desired temperature profile can be adjusted

by means of the components 11, 12 and/or 13 i1f heat is

removed or supplied with these. The components 11 and 13 act

on the foamed mass from outside and the component 12 acts on

gr—

the foamed mass from inside. None, one or a plurality of

successively arranged contact or nozzle arrangements can be

'}

provided which act from outside. None, one or a plurality of

successively arranged contact or nozzle arrangements can be

provided which act from i1nside. Preferably at least one of
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the contact or nozzle arrangements i1s a heat removal or heat
supply element. Furthermore, none, one or a plurality of the
contact or nozzle arrangements can be a pressing device. The
pressing device and the heat removal or heat supply element

can be provided by a common component. Components acting

from 1nside and from outside can be arranged successively or

can be provided 1n an overlapplng manner or on the same

longitudinal section.

Figure 2 shows as a schematic longltudinal sectional view an
embodiment of a temperature-control zone which adjoins an
extruder tool 100. The extruder tool 100 has a circular gap
102 through which the extrudate 1s guided, with the result
that the foamed mass 110 1s formed at the gap 102. The

extrudate and the foamed mass 110 are conveyed away from the

extruder tool 100, possibly through an extruder screw of an

F

extruder (not shown) at the output end whereof an extruder

tool 100 1s provided. It 1s apparent that the hollow-

cylindrical foamed mass 110 expands with i1ncreasing distance

e

from the extruder tool 100. The dot-dash line gives the

central axis 104 of the extruder tool and also gilives the

conveying direction by means of the end of the arrow. The
extruder tool 100 1s adjolined by a temperature-control zone

106 via an optional gap whose width is so small with respect

to the conveying speed that the foamed mass at least does

not undergo surface, edge-~-layer or complete solidification.

In Figure 1 the longitudinal boundaries of the temperature-

control zone 106 are depicted as a dotted line. Components

—

of a temperature-control arrangement are provilided 1n which

..

the temperature-control zone 106 1s formed. The temperature-
control arrangement comprises a heat supply or heat removal

element 120 which delivers heat via thermal radiation to the

foamed mass 110 or absorbs 1t. The element 120 can comprise

an electrical heating element or has a cavity through which

heat medium flows. The element 120 has a surface directed
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towards the foamed mass 110 which 1is connected by thermal

radiation 1n a heat-transmitting manner to the foamed mass.

As an alternative or 1n combination with the element 120, a

temperature-control nozzle 160 is provided which i1s aligned

onto the foamed mass 110. This blows, for example,
temperature-controlled and 1n particular heated air onto the

"oamed mass 110. The temperature-control nozzle 160

L.

preferably extends circumferentially around the foamed mass.

The temperature-control nozzle 160 1s 1n particular provided

= r—

by a nozzle ring. Instead of a nozzle, a plurality of

nozzles arranged one after the other circumferentially can

also be used.

Furthermore, a pressing device 122 1s provided which has a

surface for guiding and for applying a contact pressure. The

surface 1s aligned and arranged 1n such a manner with

respect to the extrusion tool that the foamed mass 110

ex1tlng from the extrusion tool 1s passed along the pressing

device 1272. The surface of the pressing device 122 which 1is

used for contact and guidance 1s opened 1n the conveying

direction 104. The pressing device can in particular be

provided as a contact ring. The surface of the pressing

device 122 can 1n particular curve away from the foamed

mass, preferably in the conveying direction and in the

opposite direction. This also applies to further surfaces,

in particular to surfaces which are used for heat transfer.
The pressing device can be provided as a contact ring. The

pressing device can be provided by an at least partially

circumferentially running metal sheet which opens in the

e

conveylng direction. Instead of the sheet metal, a plastic

plate can also be provided which i1is formed like the metal
sheet. The metal sheet or the plastic plate can be anti-

adhesion coated. The metal sheet or the plastic plate

deliver heat received from the element 120 to the foamed

mass 110 or deliver heat received from the foamed mass 110
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to the metal sheet or to the plastic plate. The pressing

device 1s 1n particular transparent with regard to the heat

transfer. If the element 120 1s a microwave emltter, then

the pressing device 1s preferably transparent to microwaves.

The pressing device 122 can be provided at the same height

(in the longitudinal direction) as the heat removal element

120. The pressing device 122 and the heat removal element

120 can extend over sections in the longitudinal direction
10 which partially or completely overlap or which do not

overlap and 1n particular lie consecutively 1n the

longitudinal direction, for example spaced apart i1n the
longilitudinal direction via a gap section or also directly
adjacent to one another. This can also apply to other

15 components, 1n particular to at least two of the components
120, 122, 130, 140, 160, 170 and 172 of Figure 2. The

previously mentioned components 120, 122 and 160 are

arranged circumferentially around the foamed mass.

F

Components of the temperature-control arrangement are also

20 provided 1nside the hollow foamed mass. These, like the

components arranged outsilide, are aligned towards the foamed

mass. A further heat supply or heat removal element 130 1s

provided 1nside the hollow foamed mass, which delivers heat

"

—t

to the foamed mass 110 or absorbs heat

from this by means of
25 thermal radiation. The element 130 has a surface directed

towards the foamed mass 110 which 1s connected to the foamed

mass by thermal radiation in a heat-transmitting manner. It

can be seen that the element 130, like the element 120, also

has a section at which the relevant element 1s in contact
30 with the

e

foamed mass 110. In this section, the surface of

the contact temperature-control arrangement corresponds to

ﬁ

the surface of a pressing device.

A further temperature-control nozzle 140 which is directed

35 outwards to the foamed mass 1s provided as a further

optional element. The blows, for example, temperature-
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controlled and in particular heated air onto the foamed mass
110. The temperature-control nozzle 140 preferably extends

completely circumferentially around the central axis 104 and

1s located 1nside the foamed mass 110. The temperature-

control nozzle 140 1s 1n particular provided by a nozzle

— ~~

ring. Instead of a nozzle, a plurality of nozzles arranged

circumferentially adjacent to one another can also be used.

Instead of the temperature-control nozzle 140 and/or 160, a

pressing nozzle can be provided. This 1s configured like the

temperature-control nozzle where the fluid delivered by the

nozzle need not have any specific temperature properties.

-
—

However, a minlimum flow rate can be provided at the nozzle

outlet (or a minimum volume throughput) in order to

I 1)

specifically provided the contact pressure. The functions o:

the temperature-control nozzle and the pressing nozzle can

be combined. In this case, this nozzle 1s operated 1n such a

manner that the contact pressure 1s adjusted (for example,

— —

by means of the minimum flow rate or by means of the minimum

p—

volume throughput) and that the temperature-control 1s

obtained (possibly by heating or cooling the fluid delivered
by the nozzle).

P

Further elements 170, 172 which lie downstream of the

elements 120-160 can be provided. The elements 170, 172 form

surfaces arranged i1nside and outside the foamed mass which

are each 1n contact with the foamed mass 110. These elements

170 form surfaces which guide the foamed mass 110. Depending

s Jo

on the degree of solidification, the surfaces of the

elements 170, 172 can apply a contact pressure so that cells

inside the foamed mass still remain plastically deformable

- -

and cell sizes can be homogenized. If the outer surface of

the foamed mass 110 1s possibly not vyvet solidified 1n such a

P

manner that the pressure of the blowling agent can deform the

*

outer surface at this point, the surfaces of the elements

10, 172 then apply a contact pressure. In this case, the

-

72 can serve as counter-

element 170 or the element
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bearings. Furthermore, the elements 170, 172 can also be a

contact temperature-control arrangement, for example, an

arrangement through which temperature-controlled heat medium

g,

flows. If the elements 170, 172 not only guide but also

apply a contact pressure, the elements 172, 170 combiline a

contact temperature-control arrangement and a pressing

device with a surface for delivering a contact pressure. In

F

this case, the surface of the contact temperature-control

arrangement partially or completely corresponds to the

surface of the pressing element for delivering the contact

pressure. After exit from the elements 170, 172, the foamed

mass 110 1s preferably completely solidified. If not, a

further, followlng temperature-control arrangement can be

-

provided for removal of heat, for example, a cooling

arrangement i1n the form of a contact ring or cooling ring.

According to an advantageous specific embodiment to explain

the 1nvention, which 1s set out 1n this paragraph, the

F

elements 170, 172 are surfaces of a pressing device which

apply the contact pressure to the foamed mass. The element

-

120 1s a surface of a temperature-control arrangement which

provides heat transfer by thermal radiation. The optional

nozzle 140 dellvers a fluid flow for applying a contact

pressure and the optional nozzle 160 delivers a temperature-

i

control flow. If the optional nozzle 160 1s provided, the

P

element 122 can be omitted. If the element 122 is provided,

thlis 1s then a contact temperature-control arrangement. This

can, for example, be mounted radially movably so that this

only guides but does not apply any contact pressure.

Alternatively, the element 122 can be a combined contact

temperature-control device and pressing device which

provides one surface as a heat removal or heat supply

element which 1s at least partially a

Wty

surface for applying

the contact pressure. The optional nozzle 160 and/or the

optional nozzle 140 can however also deliver a flow as a

combined fluid flow and temperature-control flow and
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therefore be used for temperature control and for applying

the contact pressure. In particular, the temperature-control

F

formed by one or by several of the aforesaid

| 1

arrangement 1S
components 120, 122, 130, 140, 170 or 172. Each of the

aforesaid components 120, 122, 130, 140, 170 or 172 can be

provided singly or multiply. In the last-mentloned case a

plurality of components of the same type are arranged along

the conveying direction 110 and/or provided inside and/or

outside the foamed mass. The components 120, 122, 130, 140,
170 or 172 are depicted merely schematically where the

drawing elements used for the diagram in particular are not

intended to represent the shape of the components realilzed.

The drawing elements give the arrangement of the components

with respect to the extruder tool 100, with respect to the

foamed mass 110, with respect to the conveying direction 104

(= axial direction) or the arrangement of the components
amongst one another, in particular in the radial or axial
direction. The double arrows 200 and 210 depilct as an

ﬁ

example the possible directions of displacement of the

component 120 or the components 160. All, a plurality of or

only one component of the components 120, 122, 130, 140, 170
or 172 can be displaceable according to the double arrows

200 and/or 210. Double arrow 210 corresponds to a

displacement in the radial direction. Double arrow 210

corresponds to a displacement in the axial direction. The

lines used to represent the foamed mass further give the

F

cuter surface of the foamed mass in cross-sectional view.
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PATENT CLAIMS

-l

A method for producing an extruded foam product,

wherein an extrudate mixed with at least one blowiling

agent 1s guided through an extrusion tool (100), atfter

exlt from the extrusion tool the extrudate 1s foamed by

the blowing agent to form a foamed mass (110),

characterized 1n that a solidification, 1n particular a

surface, edge-layer or complete solidification of the

foamed mass (110) exiting from the extrusion tool

wlithin a temperature-control zone (106) adjoining the

extrusion tool 1s prevented by temperature control of

the foamed mass (110) 1nside the temperature-control

zone, wherein inside the temperature-control zone (106)

_
P —

an adjustable contact pressure on an outer surface of

the foamed mass (110) 1s applied by means of a

pivotable, displaceable or rotatable surface or by

p—

means of a fluid flow directed onto the surface of the

foamed mass.

The method according to claim 1, wherein a duration

F

and/or a temperature profile of the temperature control

provide a pressure compensation between closed cells of

different cross-sectional position in the foamed mass

(110) by plastic variation of the cells.

The method according to claim 1 or 2, wherein a

duration and/or a temperature profile of the

temperature control and/or a pressure provided by the

blowing agent prevents bursting of cells at an outer

-

surface of the foamed mass (110).

P
p—

The method according to any one of the preceding

o~

claims, wherein during the temperature control of the

foamed mass (110) heat 1s supplied or removed from
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this, 1n particular by physical contact between the

foamed mass (110) and a surface (122) along which the

foamed mass (110) 1s passed, by guiding a temperature-

control flow along the mass and/or by irradiating with

thermal radiation or microwave radiation.

H

The method according to any one of the preceding

claims, wherein within the temperature-control zone

(106) the contact pressure 1s applied to the outer

| N—

surface of the foamed mass (110) by guiding the foamed

mass along the surface (170) which applies the contact

F
p—

pressure to the outer surface and/or by directing a

—~—

fluid flow onto the outer surface of

the foamed mass

(110), wherein 1n particular the contact pressure

applied by the outer surface and/or the fluid flow is

at least as high as a resulting foaming pressure which

1s produced by the blowing agent inside the foamed mass

r—

in order to locally delimit the cross—-section of the

-

foamed mass or the contact pressure 1s lower than the

foamling pressure 1in order to i1ncrease the cross-section

of the foamed mass (110).

The method according to any one of the preceding

claims, wherein the surface and/or the fluid flow which

F
pasn

applies the contact pressure to the outer surface of

the foamed mass (110), supplies heat to the foamed mass

or removes heat from it by physical contact and/or by

thermal radiation.

pr—

The method according to any one of the preceding

claims, wherein the extrusion tool (100) through which

the extrudate 1s guided, comprises a round-slot nozzle

having a circumferentially closed slot (102), a profile

nozzle or a wide-slot nozzle through which the

extrudate 1s guided in order to form the foamed mass

(110) as an annular or flat or profiled foam body.
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Device for producing an extruded foam product, wherein
the device comprises an extruder (/, 8) with an

extrusion tool (10, 100),

characterized in that

the device further comprises a temperature-control
arrangement (120 - 170) with a temperature-control zone

(106), which adjoins the extrusion tool, wherein the

temperature-control arrangement (120 - 170) has at
least one heat supply and/or heat removal element (120,
122), which 1s provided in the temperature-control zone
(106) or which 1s coupled to said temperature-control

zone 1n a heat-transmitting manner, whereiln

the temperature-control arrangement 1s adapted by means

of the heat supply and/or heat removal element to

prevent a complete solidification of a foamed mass

(110) exiting from the extrusion tool within the

temperature-control zone (106) and the device has a

pressing device (170, 172) which 1s configured to apply

-

an adjustable contact pressure onto an outer surface of

the

e

foamed mass.

The device according to claim 8, wherein the heat
supply and/or heat removal elements comprise one or a

- -

combination of several same-type or different ones of

N

the following temperature-control components:

(a) a contact temperature-control arrangement (122)

with a surface which 1s coupled to a heat source

P

or heat sink of the device 1in a heat-transmitting

manner and the surface extends substantially along

or parallel to the longitudinal direction (104) of

the temperature control zone (106);
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(b) a temperature-control nozzle (1l00) adapted for

dispensing temperature-control fluid in the form

of a temperature-control flow, wherein the

temperature-control nozzle 1s directed onto the

temperature-control zone and the temperature-

control nozzle 1s connected to a heat source or

heat sink;

(c) an electrical heating element (120), a combustion
heating element or heating element connected to a

heat source which 1s equipped with an emitting

surface which 1i1s directed onto the temperature-

control zone; or

(d) a microwave emitter which is directed onto the

temperature-control zone and 1n particular the

=

foamed mass (110).

10. The device according to claim 8 or 9, whereln the
pressing device (170, 172) 1s in particular comprised
by the temperature-control arrangement and the pressing
device (170, 172)

(1) comprises at least one surface for delivering a

contact pressure, which extends substantially
along or parallel to the longitudinal direction
(104) of the extrusion tool (100), whereln the

extrusion tool 1s directed in an i1nclined manner

onto the surface or 1s aligned along the surface

and 1is disposed 1n such a manner relative to the

surface that this applies the contact pressure

onto an outer surface of a foamed mass which exits

from the extrusion tool and/or

(ii) which has at least one pressing nozzle (140) which

1s directed substantially radially onto a region
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onto which the extrusion tool 1s directed 1n a

substantially axial direction, wherein the

pressing nozzle is configured for delivering a

fluid flow onto this region.

The device according to claim 10, wherein the surface

r—

of the contact temperature-control arrangement

corresponds partially or completely to the surface for
delivering the contact pressure and/or wherein the
pressing nozzle corresponds to the temperature-control

nozzle.

gromy

The device according to any one of claims 8 - 11,

wherein the extrusion tool comprise a round-slot nozzle

having a circumferentially closed slot, a profile

nozzle or a wide-slot nozzle.
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