1 Process for preparing expanded copolymers based on poly(meth)acrylimide comprising an adhesion
promoter Field of the invention 5 The invention relates to a method for producing expanded
copolymers based on methacrylic and acrylic compoynds with good grain boundary adhesion and to
the attachment of various outer layers of plastics and/or metals and/or fibre-plastic composites on the
resultant foam core. 10Prior art ROHACELL(r) is a foam with diverse possible uses which is
commercialized by EvoitkcRelss fentepafiDg evprided (Rerofymets-baredrives the production of

poly(meth)acrylimide foami&%éﬂéjggggﬂrm}Hgmgw&? I%Iglt réiﬁ R;Wéi,es even at high

temperatures. The foarhs In @ casting process, I.e. the monomers and required

adjuvants are mixed and the mixture is polymerized in a chamber. In a second step, the polymer is
foamed by hddgihotisstveatiee of the 20 foams described in DE 27 26 260 is their course pore
structure. The pore size can be lowered considerably just by varying the blowing agents. Producing
PM foams with even smaller pores has been accomplished through the use of insoluble nucleating

agents (DE 10 21 22 35.0, Rohm GmbH). The 25use of insoluble nucleatin ents jn the casting
process, thoweler Rl Esielgs bR BePA IR RISV ERG %Ba&ﬂﬁslgﬁ?fg?.%gréobﬁ §9rR8r mixture

for polymerizatiomaag i drieskiQfio drapRurdd ®itgpddubrtameasdertadheisies asdtwleating
agents, such as silicon dioxide, zinc sulphide, and sodium or pota siumé‘goride for §xample, have
higher densitit€ RERCHE Y RlorRSIRLE AHIRH PYRE & F’(ﬁéﬁgg@ﬁfﬁ?ﬁéﬂ R/%CBS& ®A foam of a

uniform pore gladgis @i plERERbIe B yds e sieleasiiepref the nucleating agent is
16 Prior art

ROHACELL® is a foam with diverse possible uses which is commercialized by
Evonik R6hm GmbH.

15 DE 27 26 260 (Réhm GmbH) describes the production of poly(meth)acrylimide
foams (PM! foams) which have excellent mechanical properties even at high
temperatures. The foams are produced in a casting process, i.e. the monomers
and required adjuvants are mixed and the mixture is polymerized in a chamber.
in a second step, the polymer is foamed by heating. A disadvantage of the

20 foams described in DE 27 26 260 is their course pore structure. The pore size

can be lowered considerably just by varying the blowing agents.

Producing PMI foams with even smaller pores has been accomplished through
the use of insoluble nucleating agents (DE 10 21 22 35.0, R6hm GmbH). The

25 use of insoluble nucleating agents in the casting process, however, entails
considerable exira production cost and complexity. The comonomer mixture for
polymerization has a density of only around 0.8 g/lcm?®. Substances
contemplated as nucleating agents, such as silicon dioxide, zinc suiphide, and
sodium or potassium chloride, for example, have higher densities than the

30 monomer mixture and are therefore immediately deposited. A foam of a uniform

pore structure is obtainable only if the deposition of the nucleating agent is



2 prevented. For this purpose, it is necessary to add anti-settling agents, such as Aerosil and carbon

blacks, for example, or thickeners, such as soluble polymers of high molecular mass, to the monomer
mixture and to incorporate them into the mixtures together with the nucleating agent, which is a costly
and 5inconvenient process. Fine-pored foams based on PMI have also been described in EP 532 023

(Rohm GmbH). The process described therein, however, has various, grave. disadvantages. The
polymerizatigrasestediaivenighiprrgolt (DRESHFAEBNLY REMARY %@lﬂﬁﬁé‘tﬁo%‘%‘?,a&espite

being produced B A cRFIRBIPERRSNAs Lusishleave iRas arlns WacwelgBbamicipiisrge of

50-500 kDa. Furthermore, no crosslinker was added to the formula. For these reasons, the resulting

foams have @fdvigheaptstdrionassidatie BRIYHSF FELR BraRadR IRERP OISR HEBbIB Bams are
known and age markefed wgfh@%mﬁmlé@%gém,@ﬁ@ﬁ Rehab&iplaHd Fine pores are
wi

achievable by varying blowing agents or by adding insoluble nucleating agents. A problem, however, is
that the eveliotfinggyoeasipyergfiéved by varying the blowing agents is not always enough. 20
Materials of greater fine porosity can be produced using insoluble nucleating agents, but the latter
necessitate the use of anti-settling agents, which entails increased cost and com@fﬁ%in the

production protescapet {eests) hesarmicE Mithay aiglspLsendsrmibresidGnca obtained by
reacting po'y”@?cﬁ% @%@?P%%t%Rk%%@%@@fﬁémf@w,tmmgwy ABNNRF AT hgawanerous
po a

examples of this polymer-ahalogous imidation may be represented by the followin% ref?trences: usS4

246 374 (RoHiisacMank)e Dhe BoyMerFalinn WSk el e g AN IS CE BB OHPNe). High

heat distgrtion s AINpNEA Retpithritlrarahuese of andaning pabds2 2kl o A2,
Mitsubiﬁs}fgi Ra%é%)é?rqﬁwgrgﬁt?ttﬁg use of sbecifgi% com&n%rﬁers 30(EPfy561 Zg%éBASF AG), EP 577 002

Al (BASF AG).wédalet chMeregs resdaeHar waiglerYdabes #9n finSteQY Bdfucing solid polymers

which in orde{g.give.a foam Wad iR e laaees iha erRAIRier seeossksiepsons, the
Poly(meth)acrylimide foams are well-established (see e.g. DE-C 27 26 260 (Rohm GmbH)). On

account of thegsuljinaderaistoricrariasheried HenighdaTsiABREseRR RARNTTRERNd their low weight,
they find broa&%pgg@rgg%sfor example, as core material for laminate materials or foam composites

(cf. DE-C 28 22 885 (Rohm GmbH), DE-A 33 04 882 (Rohm GmbH), US-A 4 316 934 (Rohm GmbH)).
15

Fine-pore foams are known and are marketed under the name ROHACELL® by
Evonik Réhm GmbH. Fine pores are achievable by varying blowing agents or
by adding insoiuble nucleating agents. A problem, however, is that the level of
fine porosity achieved by varying the blowing agents is not always enough.

20  Materials of greater fine porosity can be produced using insoluble nucleating
agents, but the latter necessitate the use of anti-settling agents, which entails
increased cost and complexity in the production process.

Poly(meth)acrylimides with a high heat distortion resistance can be obtained by
reacting polymethyl (meth)acrylate or copolymers thereof with primary amines.

25 The numerous examples of this polymer-analogous imidation may be
represented by the following references: US 4 246 374 {Rohm & Haas), EP 216
505 A2 (Rohm & Haas), EP 860 821 (Saint Gobain Vitrage). High heat
distortion resistance can be achieved here either through use of arylamines (JP
05222119 A2, Mitsubishi Rayon) or through the use of specific comonomers

30 (EP 561 230 (BASF AG), EP 577 002 A1 (BASF AG)). None of these reactions,
however, produces foams, instead producing solid potymers which in order to

give a foam would have to be foamed in a separate, second step.



DE 3 630 930 (Rohm GmbH) describes a further method for the foaming of the abovementioned
_copolymer boards made from methacrylic acid and methacrylonitrile. In this case, the boards are
|nQUced to foam by means of a microwave field, this therefore being referred to below as the
microwave process. In this process it is necessary to bear in mind that the board for foaming, or at
least its surface, must be heated beforehand to or above the softening point of the material. éince, of

(r:lour_se, uEdepﬂsigga@wndﬁwmmfeaﬂmwsmwﬁ@%ﬁh@ ese il sbieted by tePikiernal
eating,the foaming procerre sanat e saplepliee Solel BIDR Bkessr.ba migipwasa feld, b

must'instead y concom ating from outside. Added to th | single-st
hot-air pr(r)]cesmrﬂimfhﬁei‘% ?ﬁir&mlgjtbr(amd\kb@iell@wn@@@ﬁIB‘&&dcé?@rﬁf@@@a@ﬁi%Qaﬁﬁe@Tr%%?ngyg See
process, however, has proved to b ¢ icated, ek Ny anatinpragtice, and to
date has not &égﬁ“& p%ﬁ,&Sr%@%}%%ﬁ) (%@ﬁ%q%mb%gcﬁgﬁ%; fogrﬁﬁ}go% met(r?ai:r lic acid and
methacryelonltatem\aeﬁzmmma@rmt}omﬁnﬁrﬁam&%@@Mi@ifaﬂbﬁéé%r&ﬁa%ﬁﬁé@/%‘hring the

polymerizatio Tpﬁ;‘ rrg%%rmed is very uniform, and the product has no internal
T ' , @ stresses. DE 197 17
42_33 (Rb?m G?ﬁﬂ-l gcn % a method for producing polymethacrylimide foams which are admixed

with 1-5% by weight of MgO, 30based on the monomer mixture. This gives foams having significantly

mproved emonyech bl iangiesy  QELD525 81 4RR ) destulemg oethod for

producing Iqu - membranes inating an outer layer to a ROHACELI2 foam element. The
outer layer is useddonéntiasingpiEisnenyteriamadedmmkae fiase/lic #pI-88%t temperatures

o oS RIS A e gt mhaa st emariel e
microwave field, this therefore being referred to below as the microwave
process. In this process it is necessary to bear in mind that the board for
foaming, or at least its surface, must be heated beforehand to or above the
softening point of the material. Since, of course, under these conditions there is

15 also foaming of the material softened by the external heating, the foaming
nrocedure cannot be controfled solely by the influence of a microwave field, but
must instead aiso be controlied by concomitant heating from outside. Added to
the normal single-stage hot-air process, therefore, is a microwave field, in order
to accelerate foaming. The microwave process, however, has proved to be too

20 complicated and therefore not relevant in practice, and to date has not been

empioyed.

WO 90/2621 (Réhm GmbH) describes a foam of methacrylic acid and
methacrylonitrile in which acrylamide comonomer nrevents precipitation
25 prematurely during the polymerization. The foam formed is very uniform, and

the product has no internal stresses.

DE 197 17 483 (Rohm GmbH) describes a method for producing
polymethacrylimide foams which are admixed with 1-5% by weight of MgO.
30 based on the monomer mixture. This gives foams having significantly improved

thermomechanical properties.



DE 196 06 _530 (Rohm GmbH) describes the addition of flame retardant to polymethacrylimide foams
10 Mechanlcally.stable PMI foams crosslinked with allyl methacrylate are found in EP 356 714 (Rohrﬁ
GmbH).‘The_z raghcal in.itiator used is azobisisobutyronjtrile, for example, and the mixture for
polymerization is admixed with 0.1% - 10% by weight of electrically conducting particles. These foams

as well, which are very 15solid, exhibit very little elongation at break. The s '
. ) . ame applie h I
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?Vi‘fa”, owegy rifeeteaisicn) desuititorol Su? ﬁwaﬂﬁﬁﬁﬁéfﬂﬁémg‘%ﬁﬁ’@@léﬂé“ﬁr‘é‘ﬁ&ﬁgiﬁé)ﬁ{er than
5A) EP 1 17@5@458 gRothrf?_((}%r%%IEI rqglzgpbes t'he production of thick slabs in an isothermal regime.
This is gchlev tmef e use of at feast 4 different initiators. The initiator described which is active
at the highest temperature has 30a half-life of 1 hour at 115C to 125C and has its primary activity

during ther itioni ' j N$JRase haendt {

o 216 dosorobiFTgE D O L B e s 1Sl aditionaly o use at east

o are ¢ > einCl 02C. Alternatively it is possible additionally to use at least
initiators w ishhpreetimapoderad digiatesnperatures, having a half-life of 1 hour at 60C to 100C or 100C

to 140C. This method, however, cannot be transposed to acid-containing systems or systems that are

to be foarhed. DE 18 17 156 (Rohm GmbH) describes the preparation of foamable mouldi
ocompounds frgemamibatiyestsbieRidt fpiamiinsorsitiadpNtnaly bigthacryiate are found h

EP 356 714 (Réhm GmbH). The radical initiator used is azobisisobutyronitrile,

for example, and the mixture for polymerization is admixed with 0.1% - 10% by

weight of electrically conducting particles. These foams as well, which are very
15 solid, exhibit very little elongation at break. The same applies to the PMI foams

crosslinked ionically with metal salts that are disclosed in JP 2006 045532.

Fine-pore foams with crosslinker are likewise known and are found in EP 1 678
244 (Rdhm GmbH). These fine-pore materials may have an elongation at break
20  of up to 5.5%. It is possible to achieve fine porosity by varying blowing agents or
by adding insoluble nucleating agents. Materials with greater fine porosity can
be produced using insoluble nucleating agents, but the latter necessitate the
use of anti-settling agents, a use which is accompanied by increased cost and
complexity in the production process. Overall. however, there is no description

25 of small-pore foams with tensiie strengths greater than 5.5%.

EP 1 175 458 (Rdhm GmbH) describes the production of thick slabs in an

isothermatl regime. This is achieved through the use of at least 4 different

initiators. The initiator described which is active at the highest temperature has
10 a half-life of 1 hour at 115°C to 125°C and has its nrimary activity during thermal

conditioning, but not during foaming.



formamide, urea or monomethylformamide as blowing agent in board form, by the polymerization of
mixtures of methacrylonitrile and methacrylic acid between two glass plates which are sealed with a
flexible cord. Also present are radical initiators, in thesform of a two-component mixture of tert-butyl
perpivalate and isbenzoyl peroxide, for example. Foamable moulding compounds foamed are plastics
mouldings, such as pellets, for example, which are obtained by grinding a compact plastics moulding,
or beads obtdinabie bydrrhdrpoigtherizdiipacid andtiastadenioidmang Arapobediies Gx@rd pisei bf
adhesion pro tq@ol Mt?ed mechanical or chemical properties of the foam elements are not
20disclosed. Object An objéct of the present invention was to provide a new method for the in-mould
25foaming of copolymers based on methacrylic compounds and acrylic compounds. The method is

e P ATGRRR e aaNBg R e e uaRat oA bRuiRRahesion. | A more

particular objec esen |nven nwastop OVI e a method for 30producing said foams,
featur|nggverydgood%atlaemhérgfofem;t@fﬂye?s dféphiﬁl@sfmﬁfd%ﬁ ﬁfe‘tdlé“&”n@?(ﬁof gréopﬁ)ﬁl@composites

on the esutap! {op S0re - AHBSHRLINBANSSLS BaYR U050 ASHIBNALINR3gS of

innovative meth I producing a oam moulding from poly(met )acryllmlde an adhesion promoter or
an adhesion proTtEtengévsiaTendraystemisalingti ane $o canipasigg the following steps:

DE 18 17 156 (Réhm GmbH) describes the preparation of foamable moulding
10 compounds from a mixture of methacrylonitrile, methacrylic acid and
formamide, urea or monomethylformamide as blowing agent in board form, by
the polymerization of mixtures of methacrylonitrile and methacrylic acid between
two glass plates which are sealed with a flexible cord. Also present are radical
initiators, in the form of a two-component mixture of tert-butyl perpivalate and
15 benzoyl peroxide, for example. Foamable moulding compounds foamed are
plastics mouldings, such as peliets, for example, which are obtained by grinding
a compact plastics moulding, or beads obtainable by bead polymerization. A
multi-stage foaming method without the use of adhesion promoters is
described; mechanical or chemical properties of the foam elements are not

20  disclosed.
Object

An object of the present invention was to provide a new method for the in-mouid
25 foaming of copolymers based on methacrylic compounds and acryiic
compounds. The method is intended in particular to result in a foam having

particularly good grain boundary adhesion.

A more particuiar object of the present invention was to provide a method for
20 producing said foams, featuring very good attachment of outer layers of plastics

and/or metals and/or fibre-plastic composites on the resultant foam core.



grinding a polymeric moulding made of poly(meth)acrylimide, coating the grindin [ [
prepedlng step with an adhesion 10promoter, intr)odu)éing the coatedggrindgi;ngsC,jin?s gmﬂﬁf nhe
optionally adding the auxiliaries, heating the mould, g cooling the mould below the foar,ning
temperature, and 15demoulding the foam moulding. In accordance with the invention there are two
versions of the method: a one-stage method and a two-stage method. 20 The one-stage method
comprises the following steps: grinding a polymeric moulding made of poly(meth)acrylimide, coating

the grindings Rbhainegﬂ pe preceding step with an adhes on [ '
e gl _ btaing _ | promoter, introducing the coated
grindings into a mouF . %é optionally adding the auxiliaries, heating the mould, ) cooling

the mould below the foaming temperature and demoulding the foam moulding. 30The two-stage

method comprises the followind 3igRs;c ARG R PRIYMESCARaMEgmadesthpoligmeth)acrylimide,
5 producing a foam moulding from poly(meth)acrylimide, an adhesion promoter or

an adhesion promoter mixture and optional auxiliaries, comprising the following
steps:

~ grinding a polymeric moulding made of poly(meth)acrylimide,

—  coating the grindings obtained in the preceding step with an adhesion

10 promoter,

~  introducing the coated grindings into a mould,

-~ optionally adding the auxiliaries,

- heating the mould,

—  cooling the mouid beiow the foaming temperature, and

15 —  demoulding the foam moulding.

In accordance with the invention there are two versions of the method: a one-

stage method and a two-stage method.

20  The one-stage method comprises the following steps:
~  grinding a polymeric moulding made of poly{meth)acrylimide,
— coating the grindings obtained in the preceding step with an adhesion
promoter,

~  introducing the coated grindings into a mouid,

P2

5 -~ optionally adding the auxiliaries,
-~ heating the mould,
- cooling the mould below the foaming temperature, and

—- demouiding the foam moulding.

30 The two-stage method comprises the following steps:
~ grinding a polymeric moulding made of poly(methjacryiimide,

— pre-foaming the grindings,



pre-foaming the grindings, 7 coating the grindings obtained in the preceding step with an adhesion
promoter, introducing the coated grindings into a mould, optionally adding the auxiliaries, heating the
mould. cooling the mould below the foaming temperature, and demoulding the foam moulding. It is
possible here with preference to use polyamides as adhesion promoters. oThese are used more
particularly in amounts of 1% to 20% by weight, preferably of 1% to 15% by weight and more

preferably of 1%.to 10%iky weighhdagedbprathedlintisgscltdsipgssibiewithagudhpsiterence to use
poly(meth)acrylates as adhesion 15promoters. These are used more particularly in amounts of 1% to
20% by weight, pref@faBi%f 19 to 15% by weight and more preferably of 1% to 10% by weight,

based on the grindinggoduciHieressalistiagantagemassasiairg with the production of foam
components 20from copolymer grindings with adhesion promoter are as follows: ease of metering of

the grindings in the RRIMBANCBARIABLOE RMKAESRIhesion promoter,
5 —~ heating the mould,

— cooling the mould below the foaming temperature, and

- demoulding the foam moulding.

It is possible here with preference to use polyamides as adhesion promoters.
10 These are used more particularly in amounts of 1% to 20% by weight,
preferably of 1% to 15% by weight and more preferably of 1% to 10% by weight,

based on the grindings.

It is possible with equal preference to use poly(methjacrylates as adhesion
15 promoters. These are used more particularly in amounts of 1% to 20% by
weight, preferably of 1% to 15% by weight and more preferably of 1% to 10% by

weight, based on the grindings.

The essential advantages associated with the production of foam components

20  from copolymer grindings with adhesion promoter are as follows:

— ease of metering of the grindings in the mould in conjunction with the

adhesion promoter,

25 ~ the grindings can be positioned at the appropriate location in the mould
(at an angle, for exampie) by immediate melting of the adhesion

promoier,

— production of attachment between grain boundaries/connecting seams in

30 the {foam core,



25- the grindings can be positioned at the appropriate location in the mould (at an angle, for example)
by immediate melting of the adhesion promoter, production of attachment between grain
boundaries/connecting seams in 30the foam core, 8g precise and smooth imaging of the mould
surface on the foam core, optimized production of adhesion between foam core and a corresponding
matrix of the outer layers (e.g., thermoplastic, thermosetting or metallic). In order to produce a
homogeneous foam @@ﬁwbﬂdmm@ﬂymm@ingi0@$M@ﬁ%&§&ﬁ@@@l@%@lﬁé@?fﬁc@é’ﬁﬁ!acrylic basis,
with adhesion promoter, first the grindings are weighed off from the corresponding polymer, in order to
achieve a 10desired density in relation to the mould volume. Thereafter the grindings are wetted with
the solid or liquid_adgsien-BepprotRictiowith atktsies dfevizbaridamuigrgddesion promoters, by the
mixing of the two materials. The adhesion pramoters wet r ur}?l [ or entirely and form a
more or less continu6BY BPS"BEHRARE aﬁ}ﬁ? %ﬁﬁ%&i‘%%%o %@gﬁ?]%élﬂés is between 1.5 mm
and 5 mm, preferablyrketgenthgon ardafiio)m and very preferably between 2.5 mm and 3.5 mm. The
grain sizes are determined by screening with sieves having mesh sizes of 5 mm, 3 mm, 1.5 mm and 1
mm. 20 The grindings are produced, for example, in a cutting mill. This mill possesses two stator
blades and twg, retasbladns dueeve tisalayeneges évarT regpaddromrolpior 50 FREIBONS/min,
and the electrical power of the motor is.1.5 kW, With utti il S , model
1325), he iUy IRE R BRI AL M oA 5 L ahoar bromoter R ae
grindings are weighed off from the corresponding polymer, in order to achieve a

10 desired density in relation to the mould volume. Thereafter the grindings are
wetted with the solid or liquid adhesion promoter or with mixtures of solid and
liquid adhesion promoters, by the mixing of the two materials. The adhesion
promoters wet the ground grain partly or entirely and form a more or less

continuous layer around the grain.

15
The grain size of the grindings is between 1.5 mm and 5 mm, preferably
between 2 mm and 4 mm and very preferably between 2.5 mm and 3.5 mm.
The grain sizes are determined by screening with sieves having mesh sizes of
5 mm, 3 mm, 1.5 mm and 1 mm.

20

The grindings are produced, for example, in a cutting mill. This mill possesses
two stator blades and two rotor biades in a vertical arrangement. The speed of
the rotor is 50 revolutions/min, and the electrical power of the motor is 1.5 kW.
With the cutting mili (manufacturer: Siemens, model 1328}, the throughput is,

25 for example, about 1 kg/hour to 1.5 kg/hour.

The amount of the pulverulent adhesion promoter, for example, that is added is
1% to 20% by weight of the grindings, preferably 1% to 15% by weight of the
grindings and very preferably 1% to 10% by weight of the grindings. The

30 adhesion promoter ensures that in the melted state, the polymer particles to be

foamed slide past one another and past the walis of the mould.



The amount of the pulverulent adhesion promoter, for example, that is added is 1% to 20% by weight
of the grindings, preferably 1% to 15% by weight of the grindings and very preferably 1% to 10% by
weight of the grindings. The 30adhesion promoter egsures that in the melted state, the polymer
particles to be foamed slide past one another and past the walls of the mould. 9 After that, the solids
mixture is scattered uniformly into the mould. The form of the mould may be of any esirg% complexity,
though it shosfebbenaortresisohinimdutiick sestesastlonfamalit Bims BRIt e REVEGBA foamability
properties. SAfter that, the mould.is_clo j [ BEeSS, iarratherwise. The
wetted ponn’iE?l’g}ﬂH iR’ Zbc%ﬁ%saenxfcfﬁzr%g%rﬁmjggﬁd ?@a%mifgm%?n%ter melts. A layer of
adhesion profstehitimes seeUrelavetuahhgpolmisneal Shetae Y ARPBR P RORF R esce
during foaming. io The polymer The wording "(meth)acrylic acid" stands for methacrylic acid, acrylic
acid or mixtures of both. The wording "(meth)acrylonitrile” stands for methacrylonitrile, acrylonitrile or
mixtures:of batheSinaitatreommedits afsigdraresebestetvibing e5s0eR BOaRIFHdth)acrylate”.

This stands or.he ally gsters SLMEUARRIS AR o SRS ASEIS A TERR Rl Bathior he
Irs

production oft polymer, I monomer mixtures are prepared which comprise

(meth)acrylic aficsiod Erath)aryieiiil, layefcrb By Eiva FremPIatiP TSI 2 and 3.2, as

principal constituents. Additionally it | sible tq.use, further erpaRRe usHgiamesigrs of acrylic or
methacrylic j&a%ﬂﬁe%@y%éié%é’gé@%%%a onic acid or their anhydrides, or vinylpyrrolidone, for
example. The fraction of the comonomers in this case ought not to be more than 30% by weight,

0
preferably ot uore g 10% by

The wording "(meth)acrylic acid" stands for methacrylic acid, acrylic acid or

mixtures of both. The wording "(meth)acrylonitrile” stands for methacrylonitrile,

acrylonitrile or mixtures of both. Similar comments apply in respect of a wording
15 such as "alky! (methjacrylate”. This stands for the alky! esters of methacrylic

acid, of acrylic acid or of mixtures of both.

For the production of the cast polymer, first of all monomer mixtures are
prepared which comprise (meth)acrylic acid and (methacrylonitrile, preferably
2 in a molar ratio of between 2:3 and 3:2, as principal constituents. Additionally it
is possible to use further comonomers, such as esters of acrylic or methacrylic
acid, styrene, maleic acid or itaconic acid or their anhydrides, or
vinylpyrrolidone, for example. The fraction of the comonomers in this case
ought not to be more than 30% by weight, preferably not more than 10% by
25 weight, of the two principal constituents. Small amounts of crosslinking
monomers, such as allyl acrylate, for example, may be used as well. The
amounts, however, ought preferably to be not more than 0.05% to 2.0% by

weight.

55 The mixture for the copolymerization further comprises blowing agents, which
either decompose or evaporate at temperatures of about 150 to 250°C and form

a gas phase in so doing.



25weight, of the two principal constituents. Small amounts of crosslinking mon
acrylate, for example, may be used as well. The amounts, however, oug%t pre]%rrnaebrlfl’ tf)ugg 2§tar|rl1)(l)(re
than 0.05% to 2..0% by weight. 30The mixture for theycopolymerization further comprises blowing
agents, which _elther decompose or evaporate at temperatures of about 150 to 250C and form a gas
phase inso domg_. 10_Po|ymerization takes place usefully in a slab mould. For the production of flat
tvaVa:)bs,lalln Ia;qers W|th_th|cknesses of up to 80 mm, for example, the monomer mixture is sited between
Chamber & THCTRUEEL) S SrAceIULR ToR I et s ation temporaiure. The
ris } a‘waterbath, which 1s set to the desired polymerization temperature. The
polymerizatigpsenibeagarted tuthiaigelyassovienviae3arens JRHEXABMEriNE BRIMBRS, i.e. with a

constant waterbath temperature. In it 4 | t
constant frofEd r?té?ﬁ%%fé %{rew 89%%%%%%@?? z%i% m&tﬁﬁgﬁgﬁgsgﬁﬁﬁ?hﬁ@?ﬁgﬁ?g keep
the waterbatiiemperatuiercoadtant édiflatichgrifer tJ Stadatiehame e iﬁ(‘?ﬁéré%qugégt?%%ertain time in

order to carry out part of the polymerizati -3 hi '

car e polymerization at PeEﬂ ReriRmpsraiv ez atits subsequent
polymenzaﬂ&?iﬁ{géé AN , 'carrledg outat a \'ug %r T!érmperature, the waterbath temperature can be
kept constant. The selected waterbath temperature is dependent on the thickness of the

avantageo L ER T B RS A oLt o 0w AL IrEastRdmIext s generell

isothermal conditions, i.e. with a constant waterbath temperature. In many

10 cases it is possibie to keep the waterbath temperature constant from the start to
the end of the polymerization. Optionally, however, it is also possible io keep
the waterbath temperature constant for a long time to start with and to increase
it after a certain time in order to carry out part of the polymerization at a higher
temperature.

15
In this subsequent polymerization phase as well, carried out at a higher

temperature, the waterbath temperature can be kept constant.

The selected waterbath temperature is dependent on the thickness of the

20 polymerization chamber and on the formula used in the polymerization. In this
context it is generally advantageous 1o shift the polymerization temperature and
hence also the temperature of the waterbath towards lower leveis as the

thickness of the board to be produced goes up.

25 The appropriate temperature for formula and thickness can be optimized in

each case by means of simple preliminary tesis.

It is a given that the temperature is set for the thickness of the chamber and for

the formuia, within the limits set out above, in such a way that the heat which is
30 given off during the polymerization can be removed sufficiently without

unwanted temperatures occurring in the polymerization mixture during the

nolymerization. After the end of the polymerization process, which is controiled



hence also the temperature of the waterbath towards lower levels as the thickness of the board to be
produced goes up. _25The appropriate temperature for formula and thickness can be optimized in each
case by means of simple preliminary tests. It is a given that the temperature is set for the thickness of
the chamber and for the formula, within the limits set out above, in such a way that the heat which is

BOgive_n off during the polymerization can be removed sufficiently withouyt t
occurring intthetobumeriratiog wiseua by ey el 681%@?&@@0%%&%? %Jurévﬁl’%%ﬁ %gé%g‘] srr:él#irze;ion
process, W RAO Tl ,.*?éﬁﬁeﬁiﬁgrf%@ma@te@at@réhermmmm@ 8Cioried outin a

heating cabifet Thermal con itioning takes place in general at te ratures 0

a:[s ;érgady ?m@‘tﬁltasqbbgsmlé?e(ﬁgéﬁabtéﬁ%%fﬁl‘% P@&ﬂfﬁ%ﬁi@ﬁr{gl 3%‘“&%9&'8 ﬁ‘é’%ﬁ%ﬁiﬁgg t;ieng; nhnei}rr%

a , pre erﬁ% Qggén%@goq}%tgg;ngﬁgylg@g%mgﬁem.p@emaiwmakﬁm@, a0tk® 1000 hours

are suff_|C|en¥V or'this final polymerization in the thermal conditipning inet. Th gl ng: nts

flOOerIi%Wagg% ageiymf@):ﬂl_@ioﬁwﬂ%@tﬂg‘édcﬁ?@%%iVoﬁB@ﬁrlﬁfj *&rﬁ@éﬁﬂmrhr%ﬁ urgés %Ygrﬂe% - formamide
id, urea,.itaconi idcitrie acid, 4] {3t ' [ | |

55 azobis L 3 A SO B TSomy e, e mees

2,2 -azobis(N-diethylisobutyramide), 2,2‘,4,4,4‘,4'-hexamethy|-2,2'-a{zOpentane,

2,2"-azobis-2-methylpropane, 15dimethyl carbonate, di i
,ﬁ , di-tert-butyl carbonate, acetone cyanohydrin
carbonate, meaqﬁygf hydrréiy%obutyrate carbonate, N-methylurethane, N-ethylurethane, ’ -

N-tert-butylurethane, urethane, oxalic acid, maleic acid, hydroxyisobutyric acid, malonic acid

cyanoformargj e,.g\i eihylaleic aig, letrasthy saeshanetetsioaingxytated\ a0 N Stri
metha&é)tricar%rb%")\&lge, trie fé/l methanetricarboxylate, and also monohydric WOQL%?&Z{E,SU;(T 8ethyl
carbon atoméheuehfal) foveexanie ProBak. 198t 2o iRRan 5. 6L BB ?o‘ifé{j Eécﬁ-%?é} tert-butanol and

Isobutanol. water, monoalkylureas, dimethylurea, 555‘~azobis(5-ethy5‘1,3-dioxane),
2 2'-azobis(N-butylisobutyramide), 2 2'.azohis(N-diethylisobutyramide),
2 .2' 4.4 4° 4'-hexamethyl-2 2"-azopentane, 2 2‘-azobis-2-methylpropane,

15  dimethyl carbonate, di-tert-butyl carbonate, acetone cyanchydrin carbonate,
methyl hydroxyisobutyrate carbonate, N-methylurethane, N-ethylurethane,
N-tert-butylurethane, urethane, oxalic acid, maleic acid, hydroxyisobutyric acid,
malonic acid, cyanoformamide, dimethylmaleic acid, tetraethy!
methanetetracarboxylate, N-butyl oxamate, trimethyl methanetricarboxylate,

20 triethyl methanetricarboxylate, and also monohydric alcohols with 3 to 8 carbon
atoms such as, for example, propan-1-ol, propan-2-of, butan-1-of, butan-2-ol,

tert-butano! and isobutanol.

The initiators

Initiators used are compounds and initiator systems which are able to set
radical polymerizations under way. Known ciasses of compound are peroxides,
hydroperoxides, peroxodisulphates, percarbonates, perketals, peroxyesters,
hydrogen peroxide and azo compounds. Examples of initiators are hydrogen

3¢ peroxide, dibenzoyl peroxide, dicyclohexy! peroxodicarbonate, dilauryl peroxide,
methy! ethyl ketone peroxide, acetylacetone peroxide, di-tert-butyl peroxide,

tert-butyl hydroperoxide, cumene hydroperoxide, tert-butyl peroctanoate, tert-



The initiators 25 Initiators used are compounds and initiator systems which are able to set radical
polymerizations under way. Known classes of compound are peroxides, hydroperoxides,
peroxodisulphates, percarbonates, perketals, peroxygsters. hydrogen peroxide and azo compounds.
Examples of initiators are hydrogen 30peroxide, dibenzoyl peroxide, dicyclohexyl peroxodicarbonate,
dilauryl peroxide, methyl ethyl ketone peroxide, acetylacetone peroxide, di-tert-butyl peroxide,
tert-butyl hydmﬁrpéidEa:{hmEe&dmymm)mmmbn@mu@ﬂmwﬁa@ﬁtéﬁmw‘f@iateﬁ
per-2-ethylhexanpate, tert-butyl pernegdecan -amyliberpivalate, tertibHbtpermivalate,
tert-butyl perl?)%‘ﬁ'z%éyé,Hﬁﬁ%‘fﬁ%&%b%ﬁoﬂ%ﬁ%%%@ gs%%%rﬁé;eeroxod%ulphat_e, pgtassium
peroxodisulphaie andisuiphetsiupotaperorauisaksithse! plzate sidyRBHRARIUM
Z’Z_aZObiS(iSO_ZA_dimPEE lvaleronitril -azabis(isabutyroniyrile), 2if-aaRhisleamigingPropane)
dihydrochlorid& 2X@4H %‘&?azaoﬁ?s%ﬁfﬁocni lrﬁl%‘legér?dbjl%? Ta_lzggbis(cyanovalenc acid).‘Likg\?/ise suitable
are redox initasAHbiREethR wTtigae), T2 Voies Aayltidcenass)EmaadeidSpringer,
Heidelberg, 1967 or Kirk-Othmer, 10Ency: ig of Chemi @}/35809@95%0\/ l. 1, pages 286 fif,
John Wiley & é)cf?srgﬁrer{ﬁ%zrﬁiig% Y ﬁ(ﬁ%?/é)t%eﬁgd%g{n%%eoi 0 combine initig?ors and initiator
systems having different decomposition properties in terms of time and temperature. The initiators are

used preferahly in amounts of 0.01% to 2% ight, ferably, of Q- 129140 laa¥piby weight,
based on theqri%gmfeefgwiﬁgé}%haepemrgé%r%g{jﬁg‘%e gglygnégg‘a%glnﬁg es’plape preferablg? by way of
versions of bulikk g Mgtierizgtienhsutingsnidspxagep|dididerecast IbwntddtRE¥R&Mmber process,

greater fhan TOB GRS HTe SaEL S P § 2105 sl e oy oo hat (s
should constitBtena, restrictiork, 1978). It may be advantageous to combine initiators and
initiator systems having different decomposition properties in terms of time and
temperature. The initiators are used preferably in amounts of 0.01% to 2% by
weight, more preferably of 0.15% to 1.5% by weight, based on the total weight

15 of the monomers.

The polymerization takes place preferably by way of versions of bulk
polymerization, such as, for example, the process known as the chamber

process, without being limited to this.

20 The weight-average molecular weight M of the polymers is preferably greater

than 10° g/mol, more particularly greater than 3 x 10° g/mol, without any

intention that this shouid constitute a restriction.

Furthermore, the precursors may comprise customary additives. These include,
o5 among others, antistats, antioxidants, demoulding agents, lubricants, dyes,

flame retardants, flow improvers, fillers, light stabilizers and organic phosphorus

compounds, such as phosphites or phosphonates, pigments, weathering

nrotectants and plasticizers.

1g  Conductive particles which prevent electrostatic charging of the foams are
another class of preferred additives. These include, among others, metal

particles and carbon-black particles, which may also be present in the form of



Furthermore, the precursors may comprise customary additives. These include, 25among others,
antistats, antioxidants, demoulding agents, lubricants, dyes, flame retardants, flow improvers, fillers,
light stabilizers and organic phosphorus compounds §UCh as phosphites or phosphonates, pigments,

weathering protectants and plasticizers. 30Conducti€/ particles which prevent electrostatic charging of

the foams are another class of preferred additives. These include, among others, metal particles and

carbon-blackspagiclas.whichamayalse berrfesemtinaheranm ofrikd, flwres deaviigeal diz&Mahe range
from 10 nm to 10 mm, as is described in EP 0 356 714 Al. One especially preferred

poly(meth)ac%zlﬁrﬁaé foam which can be used may be obtained, for example, by the following steps:
Production of a polymer board by radical polymerization of a composition consisting of 10(a) a
monomer mixture of 20% to 60% by weight of methacrylopitrile, 80%. to 40% by weight of methacrylic
acid and opti@féﬁl;?%e@aéb%rﬁﬁﬁ&ﬁiﬂ?%%@(%lﬁ%ié&% FATRE yﬁzgggg Hﬁagnr@t%%g@lonitrile,

of furtheg mogekdnctionals ¥ihgaly mhastusitedimpprpers, 15 (b) 0% to 15% by weight of a blowing
agent mixture of formamide or monomethylformamide and a monohydric aliphatic alcohol having 3 - 8
carbons atoms in the molecule, such as isopropanol, for example, 20(c) a crosslinker system

consisting of 1. Production of a polymer board by radical polymerization of a composition

consisting of

10 (a) a monomer mixture of 20% to 60% by weight of methacrylonitrile,
80% to 40% by weight of methacrylic acid and optionaily up to 20%
by weight, based on the sum of methacrylic acid and

methacrylonitrile, of further monofunctional, vinylically unsaturated

monomers,
15
(b) 0% to 15% by weight of a blowing agent mixture of formamide or
monomethylformamide and a monohydric aliphatic alcohol having 3 -
8 carbons atoms in the molecule, such as isopropanol, for exampie,
20 (¢} a crosslinker system consisting of
(c.1) 0.005% to 5% by weight of a radically polymerizable,
vinylically unsaturated compound having at least 2 double
bonds in the molecule, and
(c.2} 0.1% to 5% by weight of magnesium oxide, dissolved in the
25 monomer mixture,
{d) an initiator system,
(e} customary additives
30

2. This mixture is polymerized over several days at 30°C 10 45°C in a

chamber which is formed from two glass plates measuring 50 cm ™ 50 cm



(c.1) 0.005% to 5% by weight of a radically polymerizable, vinylically unsaturated compound having at
least 2 double bonds in the molecule, and (c.2) 0.1% to 5% by weight of magnesium oxide, dissolved
in the 25monomer mixture, (d) an initiator system, (g),customary additives 30 14 and from an edge
seal which is 2.2 cm thick. For the final polymerization to form poly(meth)acrylimide, the polymer is
subsequently subjected to a thermal conditioning program ranging from 40C to 130C for about 20
hours. The subsequgnt faaming ¢akesselalcetoveis@v2mainhibics. &t @0DE to250uyoptisatPadditives for

poly(meth)acrylimides_ The mixtures . may further he admixed wit m it] itable io
amounts are, for ex%ﬁ'f@? 8903’1@7?85{/%%/%}5%% ef,t@?o C(r)ﬂ %%%rk;%/ %v%#gg‘é%gfgéﬁf g)gé%ég?/%v%igﬁt, based
on the monomer mixigresal e cdstoniagypectgitive ssagrdiffependBoh tthé 3ate omaboviiets,
crosslinkers, blowing agents or injtiators. 15 They include, n ] joxgants,
demoulding agents,'%’lﬂ'ﬂ%’?’cnéj?g, %?%W]E?nopar@\% s,%%%e%ﬁ%%t%f%ﬂ%ée?g%ﬁé%%agpm%%g)?%aéphorus
compounds, such asptigsighites or phosphonates, pigments, release agents, weathering protectants

and plasticizers. Further possible additions are flame 20retardants. As well as halogen-containing
flame retardants, some of which contain antimony oxides, it is also possible to use

phosphorus-costiainin a comfulsp Biesptyarsydionitising compounds are preferred on account of
the reduced smoke-gas toxicity in the event of fire. The phosphorus compounds include, among
others, phosphanes, phosphane oxides, phosphonium

The mixtures may further be admixed with customary additives. Suitable

10 amounts are, for example, 0% to 20% by weight, 0% to 10% by weight or 0% to

5% by weight, based on the monomer mixture.

The customary additives are different from the stated monomers, crosslinkers,
blowing agents or initiators.

15
They include, among others, antistats, antioxidants, demoutdiﬁg agents,
lubricants, dyes, flow improvers, fillers, light stabilizers and organic phosphorus
compounds, such as phosphites or phosphonates, pigments, release agents,
weathering protectants and plasticizers. Further possible additions are flame

20 retardants. As well as halogen-containing flame retardants, some of which
contain antimony oxides, it is also possible to use phosphorus-containing
compounds. Phosphorus-containing compounds are preferred on account of the
reduced smoke-gas toxicity in the event of fire. The phosphorus compounds
include, amang others, phosphanes, phosphane oxides, phosphonium

25 compounds, phosphonates, phosphites and/or phosphates. These compounds
may be organic and/or inorganic in nature, such as, for exampie, phosphoric
monoesters, phosphonic monoesters, phosphoric diesters, phosphonic diesters

and phosphoric triesters and also polyphosphates.

20  The adhesion promoter



25compounds, phosphonates, phosphites and/or phosphates. These compounds may be organic
and/or inorganic in nature, such as, for example, phosphoric monoesters, phosphonic monoesters,
phosphoric diesters, phosphonic diesters and phospgoric triesters and also polyphosphates. 15 In
principle the adhesion promoters may be liquid or solid, and it is also possible to use mixtures of solid
adhesion promoters with one another, of solid and liquid adhesion promoters with one another and of

s, t
liquid adhesimr’ppimwmmﬁhea@amﬂmﬂtw%fpeséﬁﬁléi%Fjé%(a?ﬁi%,%%gé%%’ts-%gf?ﬁﬂ%gesives or

reactive adhesives the adhesion pr ters | HHHRehaaest osr difierentdyings of
polyamide (ﬁ%}’?@.é‘%%@%\?i %ﬁnﬁ%r%%ﬁ@t ?@@%{ﬁf@ﬁik gegussa GmbH), Pl\ﬁ/ll]vr\één e.g. Degalan

BM310, soldeshEsionilRomte@mit) pPavianothenand @l fasd, adieHyED

(Acrymid(r) 1T50Q,is a poly(n-methylmethacrylimide) with high heat distortion resistance)) or curing
agents (Vestﬁﬂﬂ%; sold by Evonik Degussa GmbH (Vestamin is a crosslinker based on aliphatic and
cycloalighatic amines))). The adhesion promoter may optionally consist of a mixture of the

aforementioned constityents. 15 ting temperaturgpfdhe adhesionipsonaaiasiissbéteeen 120
degrees Cel fg 88832%%’?%Fexeaﬁ%gi%és%eferably between 120 degrees Celsiug and 250 degrees
Celsius and veiyesiofeably tiersee thE2e degrsedaeliulassd AA-IERSRSSIG5. 20 The amount of

petieon 1% BN TDHL] RUGHE fACR Seuekert 53 and L55e by welgh ane veny praterably
between 1°)/@GantsHiF Avéinht Rsgalan” BM310, sold by Evonik Rohnt GmbH).

10 (ll\cr\,/mid® TT50, sold by Evonik Ré6hm GmbH (Acrymid® TT50 s &
poly(n-methyimethacrylimide) with high heat distortion resistance)) or curing
agents (Vestamin®, sold by Evonik Degussa GmbH (Vestamin® is a crosslinker
based on aliphatic and cycloaliphatic amines))). The adhesion promoter may
optionally consist of a mixture of the aforementioned constituents.

15
The melting temperature of the adhesion promoters is between 120 degrees
Celsius and 255 degrees Celsius, preferably between 120 degrees Celsius and
250 degrees Celsius and very preferably between 120 degrees Celsius and 245
degrees Celsius.

20
The amount of adhesion promoter or adhesion promoter mixture, based on the

poly(meth)acrylimide polymer, is between 1% and 20% by weight, preferably
between 1% and 15% by weight and very preferably between 1% and 10% by
weight.

25
Optionally it is possible additionally to use the customary demoulding assistanis

and/or release agents; additionally, the mould may be provided with non-stick

coatings.
30 Procedure

Production of mould-foamed materials



Optionally it is possible additionally to use the customary demoulding assistants and/or release agents;
additionally, the mould may be provided with non-stick coatings. 30Procedure Production of
mould-foamed materials 16 The following parametefg were used for all of the foaming operations: -
the pressure p is about 3 to 4 MPa and serves for xing and closing the mould the temperature T is
about 240 degrees Celsius to 250 degrees Celsius the foaming time is about 11,4 hours, or about 30
minutes in the case of pre-foamed material. ioCompression test The compression test took place in

accordance with DIN EN 1SO 844. The specimens.are L-f g} .m%p sawn to the
required testvﬁl %?r%%%%%%g 8?%8%%% emurﬁ%gs ggrrﬁnrqgﬁ Re? §§§§r&|‘§r?) aéa"\fregt cE:onditioned at 125
degrees Celsius for 2 hours. Compressive strength is tested using a Z 030 testing machine from

Zwick/Roell. Because of the characteristics of th terial the compressive str 109% deformation
is determined for m %RB%%%erﬁa{?eﬁ%ﬂ%g &fb%—& ik r)?%rgeﬁ)(%r%trn Sc?g%ﬁg%ﬁg

determined, since inrtiigidase there is a clear fracture in one cell plane. Tensile test 25The tensile test
took place along the lines of DIN EN |SO 527- . .
: 9z the temperature stis a%ou? 240 degrees Celsius to 250 degrees Celsius
~ the foaming time is about 1% hours, or about 30 minutes in the case of

pre-foamed material.
10  Compression test
The compression test took place in accordance with DIN EN ISO 844,

The specimens are mould-foamed and are then sawn to the required fest

15  dimensions of 50 mm x 50 mm x 50 mm. The specimens are conditioned at 125
degrees Celsius for 2 hours. Compressive sirength is tested using a Z 030
testing machine from Zwick/Roell.
Because of the characteristics of the material the compressive stress at 10%
deformation is determined for mould-foamed material; for ROHACELL®, the

20 compressive strength is determined, since in this case there is a clear fracture

in one cell plane.
Tensile test
25  The tensile test took place along the lines of DIN EN IS0 527-2.

in deviation from that standard, the specimens were produced by machining of

mould-foamed boards. The specimens (type 1B) are milled from ROHACELL®

board blanks and mould-foamed boards and have a thickness of 10 mm. The
310 specimens are conditioned at 125 degrees Celsius for 2 hours. The tensile

strength is tested using a Z 030 testing machine from Zwick/Roell.



In deviation from that standard, the specimens were produced by machining of mould-foamed boards.
The specimens (type 1B) are milled from ROHACELL(r) board blanks and mould-foamed boards and
have a thickness of 10 mm. The 30specimens are cppditioned at 125 degrees Celsius for 2 hours. The
tensile strength is tested using a 7 030 testing machine from Zwick/Roell. 17 Results For the same
densities, the inventive material achieves about 50% of the compressive strength of ROHACELL(r)
RIMA. The agfgsittn promoter VESTAMELT(r) (5% by weight, based on the grindings employed)
improves the compressive strength by 15%; the adhesion promoter DEGALAN(r) BM310 (5% by
weight, based on the grindings employed) improves the compressive strength by 8%. 10 The inventive
material achiByestabeat 3086 witles téhsilestrengtmetRBHAORVES RIMK, HHE 06%9f the elongation

at break. The modulus.of elasticity i %‘3 1.85% ob lue for ROHACELL RIMA 110. 15 The
adhesion pro?‘r?&’é)rr%g‘? Erl‘_qf%)(%oo imﬁ/)ﬁi‘\iﬁat?/gf‘hl(‘)té E;sﬁﬂ\é@i on the grindings employed) increases the
tensile strength and the elongation at break by about 35% and the modulus of elasticity by about 5%;
the adhesion.promqter DEGALAN(r % by weig sed qnthe.grindings.aemployed)
improves thef@ﬁs?l% sﬁ?é%%t%"f’tﬁ‘é’ %%ggﬁ%%ﬁ%én%tﬁg %?ghgat%% at brea%?by 20%55 than 5%.
Two-stage foamirigylad)rtep tovesring zethprpestes stiengshthy HoSsibilyadBeesddITRIBf 25foaming
out a mould vy inding ich haye alr CaoaRedindingeorpEarent prsvioaming
temperature;,%,ﬂ gcfg)lé{jv&}eqens%%é ah%yig%g%%ﬁgg%gée,o&%ﬂ%rg? oa‘m'ng time%%)fﬁbet\ﬁ'(reen 60
minutes and $@emiEeskivexsiraptghand®iso different temperatures, of between 230C and 250C, for

example, and times, of between 10 minutes and 40 minutes, for example, for 30foaming to completion
in the nfould were tested.

The inventive material achieves about 30% of the tensile strength of
ROHACELL® RIMA, and 15% of the elongation at break. The modulus of
elasticity is about 85% of the value for ROHACELL® RIMA 110.

15 The adhesion promoter VESTAMELT® (5% by weight, based on the grindings
emploved) increases the tensile strength and the elongation at break by about
35% and the modulus of elasticity by about 5%; the adhesion promoter
DEGALAN® BM310 (5% by weight, based on the grindings employed) improves
the tensile strength, the modulus of elasticity and the elongation at break by

20 less than 5%.

Two-stage foaming

in order to minimize the process times, the possibility was tested of fully

25 foaming out a mould with grindings which have already been pre-foamed. «: |
Therefore, different pre-foaming temperatures, of between 170°C and 190°C,
for example, and pre-foaming times, of between 60 minutes and 90 minutes, for
example, and also different temperatures, of between 230°C and 250°C, for
example, and times, of between 10 minutes and 40 minutes, for example, for

30 foaming to completion in the mould were tested.



18 The essential difference relative to the one-stage foaming is that the grindings are already
pre-foamed before the IMF procedure. For this purpose, the calculated quantity of grindings needed
for the cavity is stored in the preheated forced-air oygn at a temperature between 175C and 185C for
about 1 hour. As a result of the onset of foaming, the volume of the grindings increases by two to three
times. This is accompanied by a whitish to yellowish coloration. The pre-foamed material is distributed

in the cavity, Ersci stemtiaingifferaheayreialivgstURGE RS 23R d oMo AR I RE e S age
foaming, apart frometahoexg)g%%?ggpﬂigbebgf&é%Elﬁm‘?@r&%‘%ﬁé??@r Mpgesdtef the pre-foaming. the
r “Forfo

10process i i€ r&qU aming to completion a foaming time of t = 20-30 mi utets 5‘ used.
Cooling takesgitadetatthaantieal gyindingstheastRdJRided S!S Sﬁ@‘i‘%%&éﬁ%ﬁ%%g is
intended in paticylar o ollgw e dcliani Ns.REA B spdhmsanatesiadsaaibetptaced in nterim

storage for a %rﬁger"?fme and shorter cycle times for the production of foam cores can be ensured. The

foam mauldirgabtamably hacrseteideaminthehpnaiuaitio Blsidmd RERHRETRPShent for the
production Oﬁﬁﬁﬂ%eth?%e‘%%%%??Hs?ﬁ%ﬁﬂiﬁ'&én%Qi 39 SlaimsOreysirg@snaibriidgopratueing a

foam moulding from poly(meth)- acrylimide, an adhesion promoter or an adhesigp pramater mixture
and optional predifaiesdcovalatisht WistfeNeiRhE St sa \4in @ S LORBRIN SR HAEE of
poly(meth)acgli@eig%ecgg%@c Sindings:gbigined idhe prRepMing, siearnitbranredhesion promoter,
10- introducing thé coated grindings into a mould, .
process time, a foam element is produced. As a result of the pre-foaming, the
10 process time is reduced. For foaming to completion a foaming time of t = 20-30
minutes is used. Cooling takes place in the same way as for the one-stage

process.

The two-stage foaming is intended in particular to allow a reduction in the cycle
15 time, so that material can be placed in interim storage for a longer time and

shorter cycle times for the production of foam cores can be ensured.

The foam moulding obtainable in accordance with the invention is a suitable
material component for the production of space, air, water and land vehicles.

20



optionally adding the auxiliaries, heating the mould, cooling the mould below the foaming
tempe.rature, and demoulding the foam moulding. 15 2 Two-stage method for producing a foam
moyldlng fro_m poly(meth)- acrylimide, an adhesion pgomoter or an adhesion promoter mixture and
optional auxnlar_ie§, comprising the following steps: 20- grinding a polymeric moulding made of
pqu(meth)acryllmlde, pre-foaming the grindings, coating the grindings obtained in the preceding step
W|th gn_adhesmﬂrpeomoter, introducing the coated grindings into a mould, 25optionally adding the
auxiliaries, heating the mould, cooling the mould below the foaming temperature, and

demoulding the foam moulding. 303 Method according to Claim 1 or Claim 2, characterized in that
polyamides afe uSed aseadhesitiogriompterkicing a foam moulding from poly{meth}-

acrylimide, an adhesion promoter or an adhesion promoter mixture and

u

optional auxiliaries, comprising the following steps:

- grinding a polymeric moulding made of poly(meth)acrylimide,
—  coating the grindings obtained in the preceding step with an adhesion
promoter,
10 — introducing the coated grindings into a mould,
~ optionally adding the auxiliaries,
~ heating the mould,
—  cooling the mould below the foaming temperature, and
-~ demoulding the foam moulding.
15
2. Two-stage method for producing a foam moulding from poly(meth}-
acrylimide, an adhesion promoter or an adhesion promoter mixture and

optional auxiliaries, comprising the foliowing steps:

20 ~ grinding a polymeric moulding made of poly(meth)acrylimide,
~ pre-foaming the grindings,
- coating the grindings obtained in the preceding step with an adhesion
promoter,
— introducing the coated grindings into a mould,
25 ~ optionally adding the auxiliaries,
~ heating the mould,
— cooling the mould below the foaming temperature, and

~ demoulding the foam moulding.

20 3. Method according to Ciaim 1 or Claim 2,
characterized

in that polyamides are used as adhesion promoters.



204 Method according to Claim 1 or Claim 2, characterized in that poly(meth)acrylates are used as
adhesion promoters. 5 Method according to Claim 1 or Claim 2, characterized in that polyamides are
used as adhesion promoters in amounts of 1% to 209g by weight, based on the grindings. 06. Method
according to Claim 1 or Claim 2, characterized in that polyamides are used as adhesion promoters in
amounts of _1% to 15% by weight, based on the grindings. 157 Method according to Claim 1 or Claim
2, characterizéd ivetabpalyandieg tocllaivd Aoadh@ision promoters in amounts of 1% to 10% by
weight, based on g%%r%rindi.n S 208 Method according to Claim 1 or Claim 2, characterized

16
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20

30

10.

cteriz

in that poly(meth)acrylates are used as adhesion promoters.

Method according to Ciaim 1 or Claim 2,
characterized
in that polyamides are used as adhesion promoters in amounts of 1% to

20% by weight, based on the grindings.

Method according to Claim 1 or Claim 2,
characterized
in that polyamides are used as adhesion promoters in amounts of 1% to

15% by weight, based on the grindings.

Method according to Claim 1 or Claim 2,
characterized
in that polyamides are used as adhesion promoters in amounts of 1% to

10% by weight, based on the grindings.

Method according to Claim 1 or Claim 2,
characterized
in that poly(methjacrylates are used as adhesion promoters in amounts of

1% to 20% by weight, based on the grindings.

Method according to Claim 1 or Claim 2,
characterized
in that poly(meth)acrylates are used as adhesion promoters in amounts of

1% to 15% by weight, based on the grindings.

Method according to Claim 1 or Claim 2,
characterized

in that poly{methacrylates are used as adhesion promoters in amounts of



in that poly(meth)acrylates are used as adhesion promoters in amounts of 1% to 20% by weight,
based on the grindings. 9 Method according to Claim 1 or Claim 2, characterized in that
poly(meth)acrylates are used as adhesion promotersiin amounts of 1% to 15% by weight, based on
the grindings. 3010. Method according to Claim 1 or Claim 2, characterized in that poly(meth)acrylates
are used as adhesion promoters in amounts of 21 1% to 10% by weight, based on the grindings. 11.
Foam moulding dbtainaiflécdyyaveisiio@a3ed amie @168 . Use of the foam moulding according to
Claim 11 for producing space, air, water and land vehicles.

11. Foam mouiding obtainable by a method of Claims 110 10.

12 Use of the foam moulding according to Claim 11 for producing space, air,

-
o]

water and land vehicles.



