PMI foams with improved mechanical properties, in particular with increased elongation at tear Field of

the inventiow e ¥2yerdisasrelates to compositions for producing polymeigagepspidedeasys (PMI
foams) with particularly good mechanical properties, in particular with particularly advantageous tensile

strain at break. The invention further relates to processes for production thereof, processing and use of
the said foams. The invention in particular relates to novel materials which have markedly reduced

tendency taeward £sackéng whien GapaRarsdnids ohade wih the pHerar <Ehisis,equivalent to higher
tensile strai QPI%@&WPGQ;LCQH"E%@PQ a{ g&adeel\évgh th:e ggor %rt.tFérior art PMI foams, e.g.

ROHACELL- from Evonik Rohm, are used as struct alfoam i comsgsites and to this end are
processed together with outer layers composed of fibres, mostly carbon fibres or glass fibres, and
resins. The composites are often constructed at temperatures of 180C, while the component is also
intended fo% use ttegnp ratures of -55C. The different coefficients of thermal expansion (CTESs) of the
outer layer ang of the P ?oéﬁgéfﬁ(g&l?& cracks in the core on cooling, and this is a criterion that
excludes the use of PMI foams in components of this type. The materials usually fail corresponding
airline industry tests. There is therefore a high level of interest in foam materials with improved tensile
strain at bregk, ngg%ggtwqgogg{%%%BSSBFCTlEP2011/060888 g ip proc%ssin industries such as the

g O O composaitiorns for .pr 1
aerospace Industry but also among producers of foad vehicles or raif veliicies BMI foams have been

known for lohgniptéiafheydamide foams (PMI foams) with particularly good
mechanical properties, in particular with particularly
advantageous tensile strain at break. The invention further
relates to processes for production thereof, processing and
use of the said foams. The invention in particular relates
to novel materials which have markedly reduced tendency
toward cracking when comparison is made with the prior art.
This is equivalent to higher tensile strain at break when

comparison is made with the prior art.
Prior art

PMI foams, e.g. ROHACELL  from Evonik R&6hm, are used as
structural foam in composites and to this end are processed
together with outer layers composed of fibres, mostly
carbon fibres or glass fibres, and resins. The composites
are often constructed at temperatures of 180°C, while the
component is also intended for use at temperatures of
-55°C. The different coefficients of thermal expansion
(CTEs) of the outer layer and of the PMI foams produce
cracks in the core on cooling, and this is a criterion that
excludes the use of PMI foams in components of this type.
The materials usually fail corresponding airline industry
tests. There is therefore a high level of interest in foam

materials with improved tensile strain at break, not only



with trademark ROHACELL are used in particular in many applications in the sector of layer materials
- (laminates, gpopoesiteestasm-composite products, sandwich structures, parggeld (Majgdalss- Laver
materials are mouldings composed of an external outer layer and of an internal core material. The
outer layers used comprise materials which can toleate extremely high tensile forces, monoaxially or
multiaxially. Examples are glass textile and carbon-fibre textile, and also aluminium sheets, fixed to the
core materidibyPadhesirl rgins: Gore materiglssedpreferablycorpprise matbrists witkrlow
densities, typically iy ie-fapos AIS0.k0/mS and 800 kgirms solrapic foams.gf fis Jype are capable of
tolerating shear forces in all spatial directions. An advantage Is easy mechanical working by the tooling
and machinery conventionally used for wood. Certain rigid foams, e.g. ROHACELL', can moreover be
thermoformed. A considerable advantage of closed-pore rigid foams is that penetration of resin, which
would increaser totalweight is: prevented. cRE 2726260 deseribesthe praduction:of2Mlfoams which
have excellent rpeg_hanécal roperties, even at high temperatures. The fpams, are produced by the
casting procssi.& i Efs gﬁgﬁggé%aﬁfddﬁfe‘i are mked drid-Fdlyierizédih a cell. In a
second stepstipé polymerris faamed by heating. Hewexes these: standard materials, da ot exhibit
particularly high tensile strain at break. 3 Mechanically stable PMI foams crosslinked with allyi
methacrylate are found. %’Eg%%%"ff@%gga}ﬁﬁh%@ gé&tﬁron%afb%‘fﬁsc@xrﬁﬁﬁldﬁﬁﬁ}é‘?f low tensile
strain at breaknd@he samesappliesits the Piifoamstwhich e gisclasadlin 520060425324
crosslinked (i}ornic?{lye%/trglgt%faltstOnelparticular féeld gf development in recent years involves
fine-pore foams based on PMI. These are described by way of Bxarhpein®EP 832023. However, the
process described im thatTocumert hasasasions seddus disadvantages The resultantigams, free from
crosslink n ent, have only low heat resistance, and poor ¢reep performance. Fine-pore foams with
crosslinkingg;C %gler?%%?g ﬁl?egv%isg Wn%%vr?’\ea{ﬁd %%eg oundin %1%% 47, The said ﬁﬁg-%%reo Materials can
have tensilensttdin 2 beadkyof B tonbB96. lais=passisle ta aghieve fimedpare hanacieida variation of
blowing agefs,ot by adging insguble ueaing agets. The Lse, of insolyble nugleating agents can
produce relatively fine-pore materials, but the saldgnuﬁeatlng agents require the Use of antisettling
agents, withratiendiant ilreaséet piodtiction tost. Howevenathere hage been nosmiali-parefoams
described wi ' I g eater t %. The only.known solution to the problem of
inadequat(;/\%tlggr*lrgleWI;%r%eirﬁ%’[[é %%g%?vgaghﬁ:g{/i;éﬁ” by tqég[?rto%%%f R%i%&éé)g\lgﬁf:)&nﬁ%hﬁasticizing effect
in the said pradtet was dde ke incteaset waterkabsorption resulting from an additive system. However,
PMI foams with high water content also exhibit marked impairment of mechanical or
thermomechanical properties. ON 100420702 describes PMI foams based on acrylonitrile. Although
these exhibit good values for ultimate tensile

Isotropic foams of this type are capable of tolerating

shear forces in all spatial directions. An advantage is

easy mechanical working by the tooling and machinery

conventionally used for wood. Certain rigid foams, e.g.

ROHACELL®, can moreover be thermoformed. A considerable

advantage of closed-pore rigid foams is that penetration of

resin, which would increase total weight, is prevented.

DE2726260 describes the production of PMI foams which have
excellent mechanical properties, even at high temperatures.
The foams are produced by the casting process, i.e.
monomers and necessary additives are mixed and polymerized
in a cell. In a second step, the polymer is foamed by
heating. However, these standard materials do not exhibit

particularly high tensile strain at break.



WO 2012/028353PCT/EP2011/060888 4 strength, at the same time they exhibit a slightly reduced

level of thervaonzesbaypgabproperties. Object It was therefore an object @¢hespaspPbysggion to find
formulations for the production of PMI foams with particularly high ultimate tensile strength. The foams

are moreover intended to have equally good or eve® improved thermomechanical properties, when
comparison is made with the known PMI foams. A particular object was to provide PMI foams with
tensile straif 2 hrekcralues Giedtérthahle. 0oavenrpatictiarasteater than 9:0%. Another object of

the present puentionwasto rrevide ML foams withyedyead cracking. Thesaid ed cracking is to
be ensured especially in the temperature range from -60C to 200C. Achievement of objects The

objects are 2EReVEd @%ﬁ‘%o@él%éésﬂﬁr}brﬁﬁﬁémé%rﬁéﬁl‘éidrésﬁ#\ké_élf_bo%ﬁnéﬁ?iﬁ}i)articular of
PMI foams, where dhe palymercomprisess(meth)acryic-acid.; (meth)acryionitrile ang a (meth)acrylic

diester of a diol which has a molar mass of at least 250 g/mol.
2006 045532, crosslinked ionically by metal salts.

One particular field of development in recent years
involves fine-pore foams based on PMI. These are described
by way of example in EP 532023. However, the process
described in that document has various serious
disadvantages. The resultant foams, free from crosslinking
agent, have only low heat resistance, and poor creep

performance.

Fine-pore foams with crosslinking agent are likewise known
and are found in EP 1 678 244. The said fine-pore materials
can have tensile strain at break of up to 5.5%. It is
possible to achieve fine-pore character via variation of
blowing agents or by adding insoluble nucleating agents.
The use of insoluble nucleating agents can produce
relatively fine-pore materials, but the said nucleating
agents require the use of antisettling agents, with
attendant increased production cost. However, there have
been no small-pore foams described with ultimate tensile

strengths greater than 5.5%.

The only known solution to the problem of inadequate
tensile strain at break was provided by the product
ROHACELL  FX. The plasticizing effect in the said product
was due to increased water absorption resulting from an
additive system. However, PMI foams with high water content
also exhibit marked impairment of mechanical or

thermomechanical properties.

CN 100420702 describes PMI foams based on acrylonitrile.

Although these exhibit good values for ultimate tensile



5 from 30 to 70% by weight of (meth)acrylic acid, from 30 to 60% by weight of (meth)acrylonitrile, from

- 0.01 to 15%nny peerghugskacrylic diester of a diol which has a molar massf gple@stgdaggdgiol, from
0.01 to 15% by weight of blowing agent and from 0.01 to 2.0% by weight of polymerization initiators.

The expression (meth)acrylic acid means methacrydic acid, acrylic acid or a mixture of the two. The
expression (meth)acrylonitrile means methacrylonitrile, acrylonitrile or a mixture of the two. An
expression SGEES Blkyl fheth)acryiate hasreecdrresporrdinioieaning! ligheans thedalky @ster of

methacrylicacid, of aervligacid,preta mixtiye ;%ﬁ:%et}.“’coi Jhe diol from which the (meth)acrylic d ester

is formed is a polyetherdiol, a polyesterdiol., an OH-functional oligo(meth)acrylic telechelic compound
or a polyolefindiol, preferably a polyetherdiol. The (meth)acrylic diesters can be produced from the
diols by way of known processes, such as transesterification with (meth)acrylic esters or esterification
with (meth)aeryke-acid or with (meth)acryloyl halides. The diols have a minimum molar mass of 250
g/mol, preferably of 400 g/mol. The maximum molar mass of the diols is 5000 g/mol, preferably 2000

g/mol and partiowarly: preferablye1500 ghmelct6 Tthie polyetherdials caninvetrepolyethyleng oxide,

polypropylegg Pr%(xil &, P;E’Q’met?x'reng oxide O&Bg%eotgh grofuran The polyesterdiols preferably involve

sho --chain amorphous pgfyesterdio sﬁf p%&uced from mcigg%nécf%?ﬁ dY’afI§, r involve polyesterdiols,
where thes@gah beyrediged byhvaylofimeng-openinglpolymesization reaction camexample being

pdybcﬂdegk@@g%@%O@% é%'é@mg%p%gggugé%391y good or even improved
thermomechanical properties, when comparison is made with

the known PMI foams.

A particular object was to provide PMI foams with tensile
strain at break values greater than 6.0%, very particularly

greater than 9.0%.

Another object of the present invention was to provide PMI
foams with reduced cracking. The said reduced cracking is
to be ensured especially in the temperature range from

-60°C to 200°C.

Achievement of objects

3

he objects are achieved via a novel process for producing

Ih

camable crosslinked polymers, in particular of PMI foams,
where the polymer comprises (meth)acrylic acid,
(meth)acrylonitrile and a (meth)acrylic diester of a diol

which has a molar mass of at least 250 g/mol.

In particular, the mixture for producing the polymer in the

process according to the invention is composed at least of



Oligo(meth)acrylate telechelic compounds are available by way of example by way of a controlled

- free-radical woyroepimaigasseaction, for example atom transfer radical p@whgiEza;itndéodsr)- The
polyolef ins that can he used according to the invention are non-crystalline, short-chain polyolefins,

such as atactic polypropylene, polybutadiene, hydrégenated polybutadiene, EPDM, EPM or APAOS
(amorphous poly-alphapolyolefins). An initially low level of crosslinking stabilizes the PMI foam during
the foamingtpioedlret thukFerptitting ittt reductivatdf Forrogerecus fdamsr Anthidsane time, the

heat resistapge apg the performange of the faam, aremprqyed By grosslinking ;‘%?j[ts_

Surprisingly, it has been found that when the crosslinking agents used are exclusivel 0 some
extent long¢RafPcorRpouritis e fasultant P S6amshave pakculaty gbodisensilestraimrat break.

The creep performance {creep) is measuregaccording to the inventiar in gompliance with DIN 53425,
ASTM D621 and D2990 at 180C, with a measurement time of two hours and with a suitable pressure

that dependd G il &% of HRe! nfatefial® P Thé Process docording!ss tiinvention provides further

advantagesgn camparisen with theiprogesses of the prior art: - Fine-pore PMI foams are obtained, and
the density of these is in the desired range of 30 to 300 kg/m3. The desired high tensile strain at break

has been ensured within a wide temperature range from -60C to 200C. The polymerization reaction
uses homogeneous, low-viscosity liquid mixtures which can be produced and further processed in a
manner whithds ¢eghnicaly simples tAlpagside the tensilerstiain: atbraake thel atber meghanical

properties, hegl peistance.And creep;Reriarmange, e markedly beller than for commercially
available products.

(meth)acrylonitrile means methacrylonitrile, acrylonitrile
or a mixture of the two. An expression such as alkyl
(meth)acrylate has a corresponding meaning. It means the
alkyl ester of methacrylic acid, of acrylic acid or of a

mixture of the two.

The dicl from which the (meth)acrylic diester is formed is
a polyetherdiol, a polyesterdiol, an OH-functional
oligo(meth)acrylic telechelic compound or a polyolefindiol,
preferably a polyetherdiol. The (meth)acrylic diesters can
be produced from the diols by way of known processes, such
as transesterification with (meth)acrylic esters or
esterification with (meth)acrylic acid or with

(meth)acryloyl halides.

The diols have a minimum molar mass of 250 g/mol,
preferably of 400 g/mol. The maximum molar mass of the
diols is 5000 g/mol, preferably 2000 g/mol and particularly
preferably 1500 g/mol.



Blowing agents that can be used comprise the following compounds and mixtures thereof; formamide,

formic acid,weaotaapEgsxcid, citric acid, dicyandiamide, water, monoalsyheriepse froigysgea,
5,5'-azobis-5-ethyl1-1,3- dioxane, 2,2'-azobis(N-butylisobutyramide),
2,2'-azobis(Ndiethylisobutyramide), 2,2',4,4,4',4'-hegamethy1-2,2'- azopentane,
2,2'-azobis(2-methylpropane), dimethyl carbonate, di-tert-butyl carbonate, acetone cyanohydrin
carbonate, igthyPexyissbatyrhte barlserate INmetisy|peiartd;N-ethy lurethidme, N-tert-butylurethane,

urethane, oxalic,acid, maleic.acid; axyisohutyric agigdy maloni¢ agid, cyanoformamide, dimethylmaleic

acid, tetraethyl methanetetracarboxylate, N-butyl oxamate, trimethyl methanetricarboxylate, triethyl
methanetrio’é@d@é&@éﬁé?&h’diéféﬁqﬁéﬁohydric alcohols 8 composed of from 3 to 8 carbon atoms, e.g.
1-propanol, 2- propanol, 1-butanol, 2-butanol, tert-butanol and isobutanol. The initiators used comprise

compounds &Hd MRGEyRtshe WhidH 84 Tittidts freeviatical peRFieriZation reactonsokAown

classes of comppusd-are perexides.ydreperoxidesaparoxgdisiphates,pescarbonates, perketals,
peroxyesters, hydrogen peroxide and azo compounds. Examples of initiators are hydrogen peroxide,

dibenzoyl p&fbkide’ didelofeEictbRddicatbiiate, diatifoyf peréd& iRty retHyY kataie peroxide,

acetylaceton€ peraxide;-diper-hudyl peroxide.itest-huyl hydieparsxide, cumeng dyreperpxde,
tert-butyl perOjtta oate, %ert-butyl 2-etgg&|§erhexanoate, tert-butyl perneodecanoate, tert-amyl

perpivalate R8rebiuty petpivalat® T HDut§HerBanz Sdte MK peRskbiistfiHate 28odihm
peroxodisulphate, potassium peroxodisulpha d ammonium peroxodisulphate, azoisobutyronitrile,
2,2-azobisi§o%§1{?r()|rﬁa§t% Va r%ﬁﬁreﬁe}t??fggzelgg%igokﬁﬁ?}?o%%i% 3¢ 2585 (A RhditSpropane)
dihydrochlovide, 2-f(careamdyazg)isobutyrbnirile and4 4 tazohis(eyanevaleda acid). Redox initiators
(H. Rauch-Runtigam, .Th. Volker, Acryl-.und Methacrylverhindungen [Acrylic and methacrylic
compoundsﬁ),%sﬁ%?leg%lr,z ﬁ%ih%ibe%? 967 ot g%fﬁ%tﬁ%n%@?%ﬁc?&oﬁne i4 3f Chemi&airechiology, Vol.
1, pp. 286 folomrewiley & Sond AV&® Y.ork, 1978) are equally suitable. It can be advantageous to
combine initiators and initiator systems with different decomposition properties in respect of time and
temperaturé&TEhampansipreferabytusearofithe isitistors arerflome0 .00 t6 1286 byweeightoparticularly

ffom WO 2012/028353PCI/ERIOLYO60REE.0. Q.45 40 5% by g, baser op fhe total weight of

the monomers. The mixture can moreover comprise from 0 to 35% by weight 0 Gther vinylically
unsaturated®fioRbifers Ftoff PlYIGHDy polybutadiene, hydrogenated

polybutadiene, EPDM, EPM or APAOS (amorphous poly-alpha-

polyolefins) .

An initially low level of crosslinking stabilizes the PMI
foam during the foaming procedure, thus permitting the
production of homogeneous foams. At the same time, the heat
resistance and the creep performance of the foam are
improved by crosslinking agents. Surprisingly, it has been
found that when the crosslinking agents used are
exclusively or to some extent long-chain compounds, the
resultant PMI foams have particularly good tensile strain
at break. The creep performance (creep) is measured
according to the invention in compliance with DIN 53425,
ASTM D621 and D2990 at 180°C, with a measurement time of
two hours and with a suitable pressure that depends on the

density of the material.



eight of another crosslinking agent and from 0 to 20% by weight of conventional additives. According

to the inventiam 20he2/opdsse is polymerized in bulk to give a sheet. This ¢agrigs plagsaiiggwise in
the cell process or continuously by charging or extruding the material into suitable tooling for shaping

processes. Examples of the other vinylically unsat@rated monomers are: acrylic or methacrylic acid,
and also esters thereof with lower alcohols having from 1 to 4 carbon atoms, styrene, maleic acid or its
anhydride, fAoriR acie ot iRerPydiias, Vinylphrolidors viryh chioride del/druityliene chloride. The

proportion of dhe cemengmers whieh cannat bes eyelized to give anhydride arjiide, orwhich are very
difficult to cyclize togg}l%e anhydride or imide, is not to excgzad 30% by weight, pre eJFany 20% by weight

and particufaf§ preferably 10% by weight, based on the weight of the monomers. The other
crosslinking agents that can be used alongside the (meth)acrylic diesters of the long-chain diols can
be divided into two groups: covalent crosslinking agents (D1), i.e. copolymerizable polyunsaturated
compounds. Examples of monomers of this type that may be used are allyl acrylate, allyl methacrylate,
allylacrylamide, alyik&thacryiamidd > RetRyIEn S5 iEhiacrsRmidd sdidfhyferehistallyl carbonate),
ethylene glydet diaciyaterorethyléae plyedl vk disnethacrylate, diethylenerglycol diacrylate or
diethylene glycol dimethacrylate, triethylene glycol diacrylate or triethylene glycol dimethacrylate,
tetraethylene gieoldar teteaethylehnetglycaol imethagiylatet Ji) tené glyssl diaerylate o tripropylene

glycol dimeths .I%tealwa- utanediol diacrylate or. 13-%1taned_i | dimethacrylate, 1,4-butanediol
diacrylate or ]ﬁ%utanedfo %iarggtrpr%%?y%t%%ﬁegﬁgl%ﬁl |cl;f38}acr83/ atg| o?%e%fx)gnt()j/r diol dimethacrylate,

hexane-1,6-di dlagrylate, ot hexane:1. & diol dimethacryale, Limelhvloloropan diacrylate or
|

trimethylolpropane dimethacrylate, trimethylolpropane triacrylateor trimet lylolpropane trimethacrylate,
pentaerythriéFFiaEAfate b pehtheryetits esmethachylate peataergtivito deteaatritatetdre r

pentaerythrijpHielramethaorylate, the penfaardhital dervatives;derived, from respective tri- and

tetrafunctional compounds, optionally also in the form of technical mixture, and also triallyi cyanurate

or triallyi isocyanuraje ; lesic.eresslinking agents (D) are anether graup that,can be used. These are
polyvalent metal cations which form ionic bridges between the aciglhgoups of the copolymers.

Examples A8 TART AFE thPAOHRIEES BF miRadry REss 6B 2k ame saritmetals or of zinc.
Preferenceyis giuepriaee(meth)acidate-ang to Mg-(methiacylate. The(msth)actylgte salts can also

be produced by dissqlving, for example, ZnO or MgO in the monomer mixture. The conventional
additives can By é?(ﬁﬂ%f@ﬁﬁlolve antistatic agents, antioxidants, demoulding aids, lubricants,
dyes, flame retardants, flow improvers, fillers, light stabilizers and organophosphorus compounds,

Blowing agents that can be used comprise the following
compounds and mixtures thereof: formamide, formic acid,
urea, itaconic acid, citric acid, dicyandiamide, water,
monoalkylureas, dimethylurea, 5,5’'-azobis-5-ethyl-1,3-
dioxane, 2,2’-azobis(N-butylisobutyramide), 2,2’'-azobis (N-
diethylisobutyramide), 2,2',4,4,4',4’ ~hexamethyl-2,2’-
azopentane, 2,2’'-azobis(2-methylpropane), dimethyl
carbonate, di-tert-butyl carbonate, acetone cyanochydrin
carbonate, methyl oxyisobutyrate carbonate, N-
methylurethane, N-ethylurethane, N-tert-butylurethane,
urethane, oxalic acid, maleic acid, oxyisobutyric acid,
malonic acid, cyanoformamide, dimethylmaleic acid,
tetraethyl methanetetracarboxylate, N-butyl oxamate,
trimethyl methanetricarboxylate, triethyl

methanetricarboxylate, and also monohydric alcohols



W02012/028353PCT/EP2011/060888 11 such as phosphites or phosphonates, pigments, release

agents, weafgryipd Hiylzars and/or plasticizers. The mixture used for tp-piRRYEYPHEH able
crossl aked polymers via polymerization in hulk to give a sheet in the process according to the

invention preferably involves a mixture of from 30 t@70% by weight of methacrylic acid, from 30 to
60% by weight of methacrylonitrile, from 0.01 to 15% by weight of a methacrylic diester of a diol which
has a molardaass efat leastt28mng/indlowhera tiion partivslar mvolves-appolyethel digethacrylate,

from 0.01 to%%%f’?al}yo\ygigm BL@QM\QQQI agQgh{rg%g.oktg&O?@ap%/avgleoighg of another crosslinking
S . e

agent, from to 2% by weight of polymerization initiators and from t6 30% by weight of other
vinylically uAsathrdted fdonomers, and also from 0 to 20% by weight of conventional additives. After
the polymerization of the mixture in hulk to give a sheet, the polymer is optionally heat-conditioned and
then foamed at temperatures of from 150 to 250C. The present invention equally provides the
poly(meth)acrylimide foam which is obtained by foaming of the polymer described. The tensile strain at

break of the said PMIFOATPACCOrMY t6 TEBF SR 258 GREAB  thaR 096 i pafictlar greater than

9.0% and particulaily prafesably greater tan £0.6% Thesfoams) agrording e sae inyention can then be
processed to give layer materials. The said layer materials comprise a layer of the PMI foam in a layer

which is preférably* M201 2162835 3P CTHRP201 1/ GEURRE T e drtfal PEHEUHHEE by unfoamed
polymers orpydethes matedals, sychrasctexiilasignueed, percarbonates,

perketals, peroxyesters, hydrogen peroxide and azo
compounds. Examples of initiators are hydrogen peroxide,
dibenzoyl peroxide, dicyclohexyl peroxodicarbonate,
dilauroyl peroxide, methyl ethyl ketone peroxide,
acetylacetone peroxide, di-tert-butyl peroxide, tert-butyl
hydroperoxide, cumene hdyroperoxide, tert-butyl
peroctanocate, tert-butyl 2-ethylperhexanocate, tert-butyl
perneodecanoate, tert-amyl perpivalate, tert-butyl
perpivalate, tert-butyl perbenzoate, lithium
peroxodisulphate, sodium peroxodisulphate, potassium
peroxodisulphate and ammonium peroxodisulphate,
azoisobutyronitrile, 2,2-azobisiso-2,4-
dimethylvaleronitrile, 2,2-azobisisobutyronitrile, 2,2’ -
azobis (2-amidinopropane) dihydrochloride, 2-

(carbamoylazo) isobutyronitrile and 4,4’ -azobis (cyanovaleric
acid) . Redox initiators (H. Rauch-Puntigam, Th. Vdlker,
Acryl- und Methacrylverbindungen [Acrylic and methacrylic
compounds], Springer, Heidelberg, 1967 or Kirk-Othmer,
Encyclopedia of Chemical Technology, Vol. 1, pp. 286 ff.,
John Wiley & Sons, New York, 1978) are equally suitable. It
can be advantageous to combine initiators and initiator
systems with different decomposition properties in respect
of time and temperature. The amounts preferably used of the

initiators are from 0.01 to 2% by weight, particularly from



foams or the aver mater s produced therefrom can way of example he included in the structure of the

following: tupesaéAudsReAIErs, antennas, X-ray tables, machine parts, nyHefpesy ﬁia\éehlcles
watercraft, aircraft, spacecraft. The examples given below are provided for |IIustrat|on of the present

invention, but do not restrict the invention to the feagures disclosed herein. 13 Examples_ Tensile strain
at break and ultimate tensile strength were determined by means of tensile tests accordino to ISO
5272, Densfty o meastretbaccordingdbisO@4as:d on the total weight of the

monomers.

The mixture can moreover comprise from 0 to 35% by weight
of other vinylically unsaturated monomers, from 0 to 10% by
weight of another crosslinking agent and from 0 to 20% by
weight of conventional additives. According to the
invention, the mixture is polymerized in bulk to give a
sheet. This can take place batchwise in the cell process or
continuously by charging or extruding the material into

suitable tooling for shaping processes.

Examples of the other vinylically unsaturated monomers are:
acrylic or methacrylic acid, and also esters thereof with
lower alcohols having from 1 to 4 carbon atoms, styrene,
maleic acid or its anhydride, itaconic acid or its
anhydride, vinylpyrrolidone, vinyl chloride and/or
vinylidene chloride. The proportion of the comonomers which
cannot be cyclized to give anhydride or imide, or which are
very difficult to cyclize to give anhydride or imide, is
not to exceed 30% by weight, preferably 20% by weight and
particularly preferably 10% by weight, based on the weight

of the monomers.

The other crosslinking agents that can be used alongside
the (meth)acrylic diesters of the long-chain diols can be
divided into two groups: covalent crosslinking agents (D1),
i.e. copolymerizable polyunsaturated compounds. Examples of
monomers of this type that may be used are allyl acrylate,
allyl methacrylate, allylacrylamide, allylmethacrylamide,
methylenebis (meth)acrylamide, diethylenebis(allyl
carbonate), ethylene glycol diacrylate or ethylene glycol



Heat resistance was determined according to DIN 53424. Creep performance (creep) was measured

in complianggoyvwidy PP ds3A25, and ASTM D621 and D2990 at 180C, Witp@ﬁg%%qrﬁ%ﬁﬁigne of two
adde

hours and a pressure of 0.7 MPa. 10 Inventive Example 1: 355 g of tert-butanol were as
blowing agent to a mixture of 2487 g of metahcrylia@cid, 2538 g of methacrylonitrile and 102 g of
tert-butyl methacrylate. 2 g 15 of tert-butyl perpivalate, 1.8 g of tert-butyl 2-ethylperhexanoate, 5.1 g of
tert-butyl pefbewidare 1y 23 6f cuhyipgerneodecanoatd, Hi2 grofimagnesiunioxide archis.2 g of

elease ageg (Moldiz NT 20E)iere alsq addedin emixye, 7729 o eyl destr o 2
y e

polyethylene glycol 400 were added as crosslinking agent. said mlxturengs%o yrrherized for 89 h

at 39C in a &l forhebefremawsflass plagedrmeaslang 50be50 ertwith arperipheral seal of thickness
28 mm. Fordhg fipah pelymerization- reagtion. fhe palymey W@?&Q@ﬂé?@?ﬁffﬁdet,o 25 a heat-conditioning

programme extending from 40C to 115C, for 32 h. The subsequent foaming by the hot-air process
took 2 h at SFACTPRE deRsitPdfthe reSdltart foamss 205 igimBoPeAsiteestedin @ break is 7.2% and

Umn“neten§ﬁ%ethacrylate, 1,3-butanediol diacrylate or 1,3-butanediol
dimethacrylate, 1,4-butanediol diacrylate or 1,4-butanediol
dimethacrylate, neopentyl diol diacrylate or neopentyl diol
dimethacrylate, hexane-1,6-diol diacrylate or hexane-1,6-
diol dimethacrylate, trimethylolpropane diacrylate or
trimethylolpropane dimethacrylate, trimethylolpropane
triacrylate or trimethylolpropane trimethacrylate,
pentaerythritol triacrylate or pentaerythritol
trimethacrylate, pentaerythritol tetraacrylate or
pentaerythritol tetramethacrylate, the pentaerythritol
derivatives derived from respective tri- and
tetrafunctional compounds, optionally also in the form of
technical mixture, and also triallyl cyanurate or triallyl
isocyanurate. Ionic crosslinking agents (D2) are another
group that can be used. These are polyvalent metal cations
which form ionic bridges between the acid groups of the
copolymers. Examples are inter alia the acrylates or
methacrylates of the alkaline earth metals or of zinc.
Preference is given to Zn (meth)acrylate and to Mg
(meth)acrylate. The (meth)acrylate salts can also be
produced by dissolving, for example, Zn0O or MgO in the

monomer mixture.

The conventional additives can by way of example involve
antistatic agents, antioxidants, demoulding aids,
lubricants, dyes, flame retardants, flow improvers,

fillers, light stabilizers and organophosphorus compounds,



30 strength is 6.0 MPa. The creep test at 0.7 MPa (2 h/180C) 14 is passed at 0.07% compaction. A

further specieeryvapieamed at 205C for 2 h. The density of the resultapidpipJgikiogeHay - Tensile
strain at break is 8.3% and ultimate tensile strength is 9.0 MPa. 5 Inventive Example 2: 593 q of

tert-butanol were added as blowing agent to a mixtute of 2421 g of methacrylic acid and 2471 g of
methacrylonitrile. 2 g of tert-butyl perpivalate, 1.8 g of 10 tert-butyl 2-ethylperhexanoate, 4.9 g of
tert-butyl pePbieiyz oate P2 gpbfidummyl pernbodadarivate: 10.9 ofenagnesigmeoxide and 14.8 g of

elease agest (Meldiz INT 20F) were alsosaddes o e nixiure: T8, of methacrylc dester o

polyethylene glycol 400 were ad as 15 crosslinking agent. The said mixture was polymer zed for
118 hat39Cin a

The mixture used for the production of foamable crosslinked
polymers via polymerization in bulk to give a sheet in the
process according to the invention preferably involves a
mixture of from 30 to 70% by weight of methacrylic acid,
from 30 to 60% by weight of methacrylonitrile, from 0.01 to
15% by weight of a methacrylic diester of a diol which has
a molar mass of at least 250 g/mol, where this in
particular involves a polyether dimethacrylate, from 0.01
to 15% by weight of blowing agent, from 0.01 to 10% by
weight of another crosslinking agent, from 0.01 to 2% by
weight of polymerization initiators and from 0 to 30% by
weight of other wvinylically unsaturated monomers, and also

from 0 to 20% by weight of conventional additives.

After the polymerization of the mixture in bulk to give a
sheet, the polymer is optionally heat-conditioned and then

foamed at temperatures of from 150 to 250°C.

The present invention equally provides the

poly (meth)acrylimide foam which is obtained by foaming of
the polymer described. The tensile strain at break of the
said PMI foam according to ISO 527-2 is greater than 7, 0%,
in particular greater than 9.0% and particularly preferably

greater than 10.0%.

The foams according to the invention can then be processed
to give layer materials. The said layer materials comprise

a layer of the PMI foam in a layer which is preferably



cell formed from two glass plates measuring 50 x SO cm with a peripheral seal of thickness 28 mm.

For the finalpolygengsgipssreaction, the polymer was then subjected to gg-gEesd1congHiesang
programme extending from 40C to 115C, for 32 h. The subsequent foaming by the hot-air process

took 2 h at 188C. The density of the resultant foamtwvas 150 kg/m3. Tensile strain at break is 9.7% and
ultimate tensile 25 strength is 9.1 MPa. The creep test at 0.7 MPa (2 h/180C) is reliably passed at
0.35% compé&étions inveditive Exanssie By 1851840 1eof ter-hutens! wereladdedrasrblowing agent to a

mixture of 2379 g-qf.methacrylic agid, 2428,9 of methacrylonitrile and 97 g of tert-butyl methacrylate.
1.9 g of tert-butyl perpivalate, 1.8 g of tert-butyl 5 2-ethylperhexanoate, 4.8 g of tert-butyl perbenzoate,

5.0 g of cumyl perneodecanoate, 10.7 g of magnesium oxide and 14.5 g of release agent (Moldwiz INT
20E) were also added to the mixture. 73.8 g of methacrylic diester of polyethylene glycol 400 were

added as crosslirkinghagent the layer materials produced therefrom can by
way of example be included in the structure of the
following: tubes, loudspeakers, antennas, X-ray tables,
machine parts, motor vehicles, rail vehicles, watercraft,

aircraft, spacecraft.

The examples given below are provided for illustration of
the present invention, but do not restrict the invention to

the features disclosed herein.



10 The said mixigregase agdgaerized for 90 h at 39C in a cell formed from pya-@pss Pialpaagasuring
50 x 50 cm with a peripheral seal of thickness 28 mm. For the final polymerization reaction, the

polymer was then subjected to a heat-conditioning preagramme extending from 40C to 115C, 15for 32
h. The subsequent foaming by the hot-air process took 2 h at 212C. The density of the resultant foam
was 99 kg/m3. Tensile strain at break is 13.0% and ultimate tensile strength is 6.0 MPa. A further
specimen was foamed at 210C 20 for 2 h. The density of the resultant foam was 114 kg/m3. The creep
test at 0.7 MPETARRBPE) was reliably passed, with compaction of only 0.45%. Comparative Example
1: 25 360 g of tert-butanol were added as blowing agent to a mixture of 2520 g of methacyrlic acid,

2572 g of metH&HIonfriB G103 e buitthéthadRfdte. ZanF i rrEbmyngédpivarts 1.9 g of

tert-butyl 2-ethylperhexanoate,, 5.4 sefdersbutyl perbenzoate :5.39. 30 of cymy), pemneodecanoate,
10.3 g of maggesium oxide and 15.4 g of release agent (Moldwiz INT 20E) were also added 16

5 Density is measured according to ISO 845.
Heat resistance was determined according to DIN 53424.

Creep performance (creep) was measured in compliance with
DIN 53425, and ASTM D621 and D29%90 at 180°C, with a

measurement time of two hours and a pressure of 0.7 MPa.
10
Inventive Example 1:

355 g of tert-butanol were added as blowing agent to a
mixture of 2487 g of metahcrylic acid, 2538 g of
methacrylonitrile and 102 g of tert-butyl methacrylate. 2 g

15 of tert-butyl perpivalate, 1.8 g of tert-butyl
2-ethylperhexanocate, 5.1 g of tert-butyl perbenzoate, 5.2 g
of cumyl perneodecanoate, 11.2 g of magnesium oxide and
15.2 g of release agent (Moldwiz INT 20E) were alsc added
to the mixture. 77.2 g of methacrylic diester of

20 polyethylene glycol 400 were added as crosslinking agent.

The said mixture was polymerized for 89 h at 39°C in a cell

formed from two glass plates measuring 50 X 50 cm with a

peripheral seal of thickness 28 mm. For the final

polymerization reaction, the polymer was then subjected to
25 a heat-conditioning programme extending from 40°C to 115°C,

for 32 h.

The subsequent foaming by the hot-air process took 2 h at
217°C. The density of the resultant foam is 105 kg/m>.
Tensile strain at break is 7.2% and ultimate tensile

30 strength is 6.0 MPa. The creep test at 0.7 MPa (2 h/180°C)



to the mixture \gd £H9baPgausthacrylate were added as crosslinking age”%‘i‘%?%%@&&d{%&"a;
a

polymerized for 88 h at 39C in a cell formed from two glass plates measuring 50 x 50 cm wit
peripheral seal of thickness 28 mm. For the final polymaerization reaction, the polymer was then
subjected to a heat-conditioning programme extending from 40C to 120C, for 32 h. The subsequent
foaming by the hot-air process took 2 h at 10 200C. The density of the resultant foam is 114 kg/m3.
Tensile strain at break is 5.5% and ultimate tensile strength is 3.7 MPa. A further specimen was
foamed at 19065fdP 238 SFhetllefsif)/5f themesultartoarh i§ 148kgt 2 fensilestrairrat break is 5.4%

and ultimate tensiigdgstengtiis7-¢MPa. 17 Ratentlaims brogess,far prodycing foamable
crosslinked polymers, characterized in that the polymer compfises
is 145 kg/m’. Tensile strain at break is 8.3% and ultimate

tensile strength is 9.0 MPa.

Inventive Example 2:

593 g of tert-butanol were added as blowing agent to a
mixture of 2421 g of methacrylic acid and 2471 g of
methacrylonitrile. 2 g of tert-butyl perpivalate, 1.8 g of

10 tert-butyl 2-ethylperhexanocate, 4.9 g of tert-butyl
perbenzoate, 5.1 g of cumyl perneodecanocate, 10.9 g of
magnesium oxide and 14.8 g of release agent (Moldwiz INT
20E) were also added to the mixture. 75.1 g of methacrylic
diester of polyethylene glycol 400 were added as

15 crosslinking agent.

The said mixture was polymerized for 118 h at 39°C in a
cell formed from two glass plates measuring 50 X 50 cm with
a peripheral seal of thickness 28 mm. For the final
polymerization reaction, the polymer was then subjected to
20 a heat-conditioning programme extending from 40°C to 115°C,

for 32 h.

The subsequent foaming by the hot-air process took 2 h at
188°C. The density of the resultant foam was 150 kg/mB.
Tensile strain at break is 9.7% and ultimate tensile

25 strength is 9.1 MPa. The creep test at 0.7 MPa (2 h/180°C)

is reliably passed at 0.36% compaction.

Inventive Example 3:



S(meth)acrylicyeichdpaiBgasrylonitrile and a (meth)acrylic diester of a diolydyghpg m@gnass of
at least 250 g/mol. 2. Process for producing foamable crosslinked polymers 10accord|ng to

characterized in that a mixture made of (A) from 30 to1§0% by weight of (meth)acrylic acid,

from 30 to 60% by weight of (meth)acrylonitrile, 15from 0 to 35% by weight of other vinylically
unsaturated monomers, (E) from 0.01 to 15% by weight of a (meth)acrylic diester of a diol which has a
molar mass of at least 250 g/mol, 20(C) from 0.01 to 15% by weight of blowing agent, (JD) from O to
10% by weightéfCartbthér &R55IMKIGagentEEEromdR 01 as 2t0% hyngeigheotpolymerization

initiators and i xture of 2379 g of methacrylic acid, 2428 g of
methacrylonitrile and 97 g of tert-butyl methacrylate.
1.9 g of tert-butyl perpivalate, 1.8 g of tert-butyl
S5 2-ethylperhexanocate, 4.8 g of tert-butyl perbenzoate, 5.0 g
of cumyl perneodecanocate, 10.7 g of magnesium oxide and
14.5 g of release agent (Moldwiz INT 20E) were also added
to the mixture. 73.8 g of methacrylic diester of

polyethylene glycol 400 were added as crosslinking agent.

10 The said mixture was polymerized for 90 h at 39°C in a cell

formed from two glass plates measuring 50 X 50 cm with a
peripheral seal of thickness 28 mm. For the final
polymerization reaction, the polymer was then subjected to
a heat-conditioning programme extending from 40°C to 115°C,

15 for 32 h.

The subsequent foaming by the hot-air process tock 2 h at
212°C. The density of the resultant foam was 99 kg/m’.
Tensile strain at break is 13.0% and ultimate tensile
strength i1s 6.0 MPa. A further specimen was foamed at 210°C
20 for 2 h. The density of the resultant foam was 114 kg/m’.
The creep test at 0.7 MPa (2 h/180°C) was reliably passed,

with compaction of only 0.45%.

Comparative Example 1:

25 360 g of tert-butanol were added as blowing agent to a
mixture of 2520 g of methacyrlic acid, 2572 g of
methacrylonitrile and 103 g of tert-butyl methacrylate.

2.1 g of tert-butyl perpivalate, 1.9 g of tert-butyl
2-ethylperhexancate, 5.1 g of tert-butyl perbenzoate, 5.3 g
30 of cumyl perneodecanocate, 10.3 g of magnesium oxide and

15.4 g of release agent (Moldwiz INT 20E) were also added



25(F) from O tena9 %yl righs of conventional additives is polymerized in hylicie g @lﬁglsri;%ﬁ a3t.the

Process for producing foamable crosslinked polymers according to Claim 2, characterize

diol is 30a polyetherdiol, a polyesterdiol, an oligo(metigacrylic 18 telechelic compound or a
polyolefindiol, preferably a polyetherdiol. 4. Process for producing foamable cxosslinked polymers
5according to Claim 2 or 3, characterized in that a mixture made of (A) from 30 to 70% by weight of
(meth)acrylic acid, from 30 to 60% by weight of (meth)acrylonitrile, from 0 to 30% by weight of other
vinylically 10ufiSattifsted Horomers> (B) fropf 0 011w 11 5% Hyareightofa gmeth)acykcidiester of a

diol which has & molarmass,gf frgm250 to 1500 g/mol,

The said mixture was polymerized for 88 h at 39°C in a cell

formed from two glass plates measuring 50 X 50 cm with a

5 peripheral seal of thickness 28 mm. For the final
polymerization reaction, the polymer was then subjected to
a heat-conditioning programme extending from 40°C to 120°C,

for 32 h.

The subsequent foaming by the hot-air process tock 2 h at
10 200°C. The density of the resultant foam is 114 kg/m’.
Tensile strain at break is 5.5% and ultimate tensile
strength is 3.7 MPa. A further specimen was foamed at 190°C
for 2 h. The density of the resultant foam is 148 kg/m’.
Tensile strain at break is 5.4% and ultimate tensile

15 strength is 7.6 MPa.



(C) from 0.01 i dFpibyoweight of blowing agent, 15(D) from 0.01 to 10% bﬂmfﬁag?léﬁ?%rom 0

crosslinking agent, (E) from 0.01 to 2,0% by weight of polymerization initiators and

to 20% by weight of conventional additives 20is polymerized in bulk to give a sheet. 5. Process for
producing foamed crosslinked polymers according to at least one of Claims 1 to 4, characterized in
that the mixture is polymerized in 25bulk to give a sheet, optionally heat-conditioned and then foamed
at temperatures of from 150 to 250C. 19 6. Poly(meth)acrylimide foam, characterized in that it is
obtained by foBA$g6f theaddi§mers produced by the process according to at least one of Claims 1 to
4-

1. Process for producing foamable crosslinked polymers,
characterized in that the polymer comprises
5 (meth)acrylic acid, (meth)acrylonitrile and a
(meth)acrylic diester of a diol which has a molar mass

of at least 250 g/mol.

2. Process for producing foamable crosslinked polymers
10 according to Claim 1, characterized in that a mixture
made of

(A) from 30 to 70% by weight of (meth)acrylic acid,
from 30 to 60% by weight of (meth)acrylonitrile,
15 from 0 to 35% by weight of other vinylically
unsaturated monomers,
(B) from 0.01 to 15% by weight of a (meth)acrylic
diester of a diol which has a molar mass of at least

250 g/mol,
20 (C) from 0.01 to 15% by weight of blowing agent,

(D) from 0 to 10% by weight of another crosslinking

agent,

(E) from 0.01 to 2.0% by weight of polymerization

initiators and
25 (F) from O to 20% by weight of conventional additives

is polymerized in bulk to give a sheet.

3. Process for producing foamable crosslinked polymers
according to Claim 2, characterized in that the diol is

30 a polyetherdiol, a polyesterdiol, an oligo(meth)acrylic



7. Poly(meth)agrylipgifigdogsasccording to Claim 6, characterized in that the éansis sirpigesareak of

the foam is greater than 7.0%, very particularly greater than 9.0%. 10 8. Laminate comprising a layer
of a poly(meth)acrylimide foam according to Claim 6 qg7. 9. Tube, loudspeaker, antenna, X-ray table,
machine part, motor vehicle, rail vehicle, watercraft, aircraft, 15spacecraft, characterized in that it is
composed to some extent of a poly(meth)acrylimide foam according to at least one of Claims 6 to 8.

10

15

20

25

telechelic compound or a polyolefindiol, preferably a

polyetherdiol.

Process for producing foamable crosslinked polymers
according to Claim 2 or 3, characterized in that a

mixture made of

(A) from 30 to 70% by weight of (meth)acrylic acid,
from 30 to 60% by weight of (meth)acrylonitrile,
from 0 to 30% by weight of other vinylically

unsaturated monomers,

(B) from 0.01 to 15% by weight of a (meth)acrylic

diester of a diol which has a molar mass of from 250 to

1500 g/mol,
(C) from 0.01 to 15% by weight of blowing agent,

(D) from 0.01 to 10% by weight of another crosslinking

agent,

(E) from 0.01 to 2.0% by weight of polymerization

initiators and
(F) from 0 to 20% by weight of conventional additives

is polymerized in bulk to give a sheet.

Process for producing foamed crosslinked polymers
according to at least one of Claims 1 to 4,
characterized in that the mixture is polymerized in
bulk to give a sheet, optionally heat-conditioned and

then foamed at temperatures of from 150 to 250°C.
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15
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Poly (meth)acrylimide foam, characterized in that it is
obtained by foaming of the polymers produced by the

process according to at least one of Claims 1 to 4.

Poly (meth)acrylimide foam according to Claim 6,
characterized in that the tensile strain at break of
the foam is greater than 7.0%, very particularly

greater than 9.0%.

Laminate comprising a layer of a poly(meth)acrylimide

foam according to Claim 6 or 7.

Tube, loudspeaker, antenna, X-ray table, machine part,
motor vehicle, rail vehicle, watercraft, aircraft,
spacecraft, characterized in that it is composed to
some extent of a poly(meth)acrylimide foam according to

at least one of Claims 6 to 8.



