WO 2011/138060B6HRBSsH0L/053138 Folymethacrylimidefoammates@isbpyoiRdd$ag flammability
and method for producing same Field of the invention 5 The invention relates to compositions for

production of polymethacrylimide foams with particularly reduced flammability. The present invention
further relates to the process for production thereof, and to processing and use 10 thereof.
Polymethacrylimide foams (PMI foams) have already been known for a long time. Under the
ROHACELL tradename, these foams find many applications, especially in the sector of laminate
materials. These applications include, for 15 example,lprocessing to laminates, composites, foam
composites, sandwich constructions or sandwich materials. Laminate materials are shaped bodies

formed from aRGiit@etohaayerldmi de innerfem® mataniat stticafp layelawsedare matstiatsedhich

can absorb extreseinbighi tepsie dOdercrsdn fdiipRoaiiitisndp! saanner. Examples are glass fibre
and carbon fibre fabrics, or else aluminium sheets which are fixed to the core material with adhesive
resins. The core materials used are preferably materials with low densities, typically in the range from
30 kg/m3 to 25 ReDKghfi3t Rartiotiasrsigrificance is possessed by such materials in lightweight
construction, especially in aircraft or vehicle construction. Specifically in these fields of application, an
additional factor of great significance is the nonflammability of the materials. WO
2011/138060PC¢/ERRGL1#058138=2ates to compositions for production of

polymethacrylimide foams with particularly reduced
flammability. The present invention further relates to the
process for production thereof, and to processing and use

10 thereof.

Polymethacrylimide foams (PMI foams) have already been
known for a long time. Under the ROHACELL® tradename, these
foams find many applications, especially in the sector of
laminate materials. These applications include, for

15 example, processing to laminates, composites, foam
composites, sandwich constructions or sandwich materials.
Laminate materials are shaped bodies formed from an outer
top layer and an inner core material. The top layers used
are materials which can absorb extremely high tensile

20 forces in a uni- or multiaxial manner. Examples are glass
fibre and carbon fibre fabrics, or else aluminium sheets
which are fixed to the core material with adhesive resins.
The core materials used are preferably materials with low
densities, typically in the range from 30 kg/m? to

25 200 kg/m®. Particular significance is possessed by such
materials in lightweight construction, especially in
aircraft or vehicle construction. Specifically in these
fields of application, an additional factor of great

significance is the nonflammability of the materials.

30



State of the arwizeondingsoghe prior art, polymer foams based on p@yngibagiviigygdes5MI) are
stabilized with dimethyl 5 methanephosphonates (DMMP), especially in a concentration of approx.

1096 by weight; see EP 0 146 892, in which DMMP and functionalized DMMP are disclosed as flame
retardants for polymethacrylimide. However, DMMP has now been identified as mutagenic, and so
there is a great need to 10 replace DMMP as a flame retardant, in particular for PMI foams. It is
common knowledge, however, to the person skilled in_the art that polymethacrylimide foams in
particular are 15 sensitive systems and can be optimiged only with difficulty in relation to the foaming
behaviqqr. Forsigg@cgfa&ygng%rtof commerc'ial fIame-retardant stabilizers reduce or prevent_ .
foamability in such foam formulations. 20 The list of commercial flame retardants for other applications
is very long. In addition to halogenated flame retardants, some of which contain antimony oxides, it is

also possible to yse phosphorus ga ounds. Phosphorus compounds are preferred owing to the
lower smoke gas 25 to;ilié;y in the er:/]gnt (33 fire. 'Fhe %ﬁéggﬁcﬁug%%%spo%ansd%%aﬂde phosphines,
phosphine oxiges,yitrisphonivhi sompolRMS,) plosphenates] phesphitestanti/aephgsphates. These
compounds maybe-of organicandiarinorgapic nature. WO 2011/138060PCT/EP2011/053138 3
However, there hasabeeglgﬁ no%escript%n to date 5i1ri the Er%’r ar% aflame rce?grcd%%%ﬁ%%’:ﬁ%%ables
similarly good pfopéiessf tHe PMifoamiwitt regerd t&Bofmphtablé Jlamel retardanoy BNdiechanical

properties. 5 Rattaerpalymies 10a/0s iBigprast vatigus fame relardagisnave bgen.dascribed. For

instance, it is possible to stabilize methacrylonitrile/acrylonitrile foams, according to C T 544 720,
with chlorinatecPfrarRe 10 etadragnts! Hovws er Hpsaiserof diBFhaied systenizsismot preferable for

various reasongspeciically alsonn cegngastion wiih flage fetardangy or forreasans of health
tection.
pn)ecuqb replace DMMP as a flame retardant, in particular for PMI

foams.

It is common knowledge, however, to the person skilled in
the art that polymethacrylimide foams in particular are

15 sensitive systems and can be optimized only with difficulty
in relation to the foaming behaviour. For instance, a
number of commercial flame-retardant stabilizers reduce or

prevent foamability in such foam formulations.

20 The list of commercial flame retardants for other
applications is very long. In addition to halogenated flame
retardants, some of which contain antimony oxides, it is
also possible to use phosphorus compounds. Phosphorus
compounds are preferred owing to the lower smoke gas

25 toxicity in the event of fire. The phosphorus compounds
include phosphines, phosphine oxides, phosphonium
compounds, phosphonates, phosphites and/or phosphates.

These compounds may be of organic and/or inorganic nature.



EP 1501 891 was@naagipBosphorus compounds in general for 15 thegaig-5eipfganyagdification of
polyurethane foams. EP 2 152 834 details alkyl dimethyl phosphonates for improving flame retardancy

of epoxy resins, polyesters or polyurethanes. The use of dimethyl propyl phosphonate (DMPP)
specifically for polyurethane foams can be found in 20 DE 44 183 07 or in CN 101 487 299.
(Meth)acrylimides are not described as a matrix material in any of these documents. Problem 25
Against the background of the prior art, the problem was to find a new flame retardant for o
polymethacrylimides (PMIs) or polyacrylimides (PAIs)?especiaIIy for PMI or PAI foalmsawhlch is got
mutagenic or carcinogenic and does not WO 2011/138060PCT/EP2011/053138 4 lead to any adverse
effectgl on foam%fgm?yvggrhpgarhe%rt% tehg Sprtl%erz%?t. AuRRES prabievddtd Frovide a fidmeR&tdant PMI

foam which hasrdt |ledstdhé same flarhe rétandandyiwith Srcamparablanheshagicalpraperties to the
rior art. It wa rther.problem to ensyre that the foams have at least equally good __
P %9&#4@%¢%g ofng%e.ﬁw’ ngﬁ]fﬁﬁﬁ¥%ﬂﬁ§h%ﬁN %%ﬁ%égmgfﬁ?e

thermomechanical properties and S|m|Iari)L/ gro%%mprocessa 0 /
Furthermore, thetrrovéb PV feardsshohkhbie fist as@asity peaducible as the prior art PMI foams.

5

For other polymer foams, in contrast, various flame
retardants have been described. For instance, it is
possible to stabilize methacrylonitrile/acrylonitrile
foams, according to CN 101 544 720, with chlorinated flame
10 retardants. However, the use of chlorinated systems is not
preferable for various reasons, specifically also in
connection with flame retardancy or for reasons of health

protection.

EP 1 501 891 describes phosphorus compounds in general for

15 the flame-retardant modification of polyurethane foams.

EP 2 152 834 details alkyl dimethyl phosphonates for
improving flame retardancy of epoxy resins, polyesters or
polyurethanes. The use of dimethyl propyl phosphonate
(DMPP) specifically for polyurethane foams can be found in

20 DE 44 183 07 or in CN 101 487 299. (Meth)acrylimides are
not described as a matrix material in any of these

documents.

Problem

25
Against the background of the prior art, the problem was to
find a new flame retardant for polymethacrylimides (PMIs)
or polyacrylimides (PAIs), especially for PMI or PAT

foams, which is not mutagenic or carcinogenic and does not



Further objectswehih sresgoéstated explicitly are evident 15 from theppveiadganiexsqRiEe description,
claims and examples which follow. Solution 20 The problems were solved by use of dimethyl propyl

phosphonate (DMPP) as a flame retardant for poly(meth)acrylimide foams. It has been found that,
surprisingly, DMPP is the only commercial flame retardant which is suitable for replacing DMMP in 25
poly(meth)acrylimide foams. Equally surprisingly, it was found that DMPP also has to be used in
different, higher concentrations than DMMP. WO 20111138060PCT/EP2011/053138 5 More
particularly, the problems were solved by novel foamet poly(meth)acrylamides which had been
produced frontheC{oltl:%wing mix re: (A)ﬂ 0 -t70% b¥ W%lggt, gr,eferably 40 - 60% by weight, of
Smethacrylic acid or acryfic acid. 30 - 60% by Weight pretafibiy 30 55085 By aw&ght of e
methacrylonitribe beaceonitrile, 0 - 30% by weight, preferably 0 - 10% by weight, of further vinylically
unsaturated monomers, 10(E) 8 - 18% by weight, preferably 10 - 15% by weight, of dimethy! propyl
phosphonate, £CY 0.:01her0% tybweightgreferably Ovl d 5% by Waighty of blodvding agent, fos(d) O -

10% by weight,preferaly. 0.1 - $%, by m@%%htsoa{nq'gcﬁsgrugkerrétardancy with

S5 comparable mechanical properties to the prior art.

It was a further problem to ensure that the foams have at
least equally good thermomechanical properties and

similarly good processability to the known PMI foams.

10
Furthermore, the novel PMI foams should be just as easily

producible as the prior art PMI foams.

Further objects which are not stated explicitly are ewvident
15 from the overall context of the description, claims and

examples which follow.

Solution

20 The problems were solved by use of dimethyl propyl
phosphonate (DMPP) as a flame retardant for
poly (meth)acrylimide foams. It has been found that,
surprisingly, DMPP is the only commercial flame retardant
which is suitable for replacing DMMP in

25 poly(meth)acrylimide foams. Equally surprisingly, it was
found that DMPP also has to be used in different, higher

concentrations than DMMP.

The term "poly(meth)acrylimide" hereinafter represents both

polymethacrylimide (PMI) and polyacrylimide (PAI).



(E) 0.01 - 2% kyoveoghta pgebyably 0.1 - 1% by weight of polymerizatisgigidie|$dés1% g 10% by
weight, preferably 0 - 5% by weight, of customary additives. 20 The poly(meth)acrylimide foam is
generally obtained by foaming and crosslinking this mixture. More patrticularly, the
poly(meth)acrylimide foam is polymerized in bulk to give a slab which is optionally heat treated. The
foaming 25 is subsequently performed at temperatures of 150 to 250C. Examples of the further
vinylically unsaturated monomers mentioned under (A) are: esters of acrylic or methacrylic acid with
lower alcohols having 1 - 4 carbon atoms, WO 2011/$38060PCT/EP2011/053138 6 styrene, maleic
acid or the ankl%jrride the%e.of, i_ILacoPic acig, or the anhydride thereof, vinylpyrrolidone, vinyl chloride
and/or vinylideng chi&ide. The propdrtion of the CanBHontEEWITEH 6af BYcythived ofily e
difficulty, if 5 aball ytongivén thecantiydnideser intide-showld net exceed 30 padtstnsweight preferably 20
parts by weigh% and more preferablly 10 parts by weight, based on the weight of the monomers. 10 The

blowing agents? Sg—éél%anfllé{g%heefbllowing compounds or mixtures thereof: formamide, formic acid,

urea, itaconic agid, ¢itric acid, dicyandiamide, wateg, monoalkylureas, dimethylurea

5,5'-azobis(5-eth3§/jl-1,3-dioxane), %2 ach}gs'(l\ﬁg&téﬁsroab%%%a%b:de),5, "’-aggbivsvﬁ\f-%}lle%yligcf)- 15

butyramid®),2,2' 4, A& thaexaEiiethylc 22 azopentahe c2 25 adobis(2-methylpropane), dimethyl

carbonate, di-tertbuty] carbgnate, acetqne cyanghygri onafe, methyl,hydroxyisobutyrate

carbonate, N-methylurethane, Néﬁylure harie,% N-tert-%%ty retﬁ)aner,q:ﬁ('riéth% e?v(%)%/ﬁ%l.éta’cid?
methacrylonitrile or acrylonitrile,

0 - 30% by weight, preferably 0 - 10% by weight, of

further vinylically unsaturated monomers,

10 (B) 8 - 18% by weight, preferably 10 - 15% by weight, of
dimethyl propyl phosphonate,

(C) 0.01 - 10% by weight, preferably 0.1 - 5% by weight,

of blowing agent,

(D) 0 - 10% by weight, preferably 0.1 5% by weight of

15 crosslinker,

(E) 0.01 - 2% by weight, preferably 0.1 - 1% by weight of

polymerization initiators,

(F) 0 - 10% by weight, preferably 0 - 5% by weight, of

customary additives.
20

The poly(meth)acrylimide foam is generally obtained by
foaming and crosslinking this mixture. More particularly,
the poly(meth)acrylimide foam is polymerized in bulk to
give a slab which is optionally heat treated. The foaming

25 is subsequently performed at temperatures of 150 to 250°C.

Examples of the further vinylically unsaturated monomers
mentioned under (A) are: esters of acrylic or methacrylic

acid with lower alcohols having 1 - 4 carbon atoms,



20 maleic acidhgdrexyisggesyric acid, malonicacid, cyanoformamide, igeEpagipiRjsa¢sigetraethyl
methanetetracarboxylate, n-butyl oxamate, trimethyl methanetricarboxylate, triethyl

methanetricarboxylate, and also monohydric alcohols composed of 3-8 carbon atoms, e.g. 25
1-propanol, 2-propanol, 1-butanol, 2-butanol, tert-butanol and isobutanol. For slight crosslinking, which
stabilizes the foam during the foaming procedure and thus enables the production of 30 homogeneous
foams, crosslinkers (D) are added. At the same time, heat distortion resistance and creep performance
of WO 2011/138060PCT/EP2011/053138 7 thefoam %reimproved bycrosslinkers.Possible

crosslinkers me qfeegg/idedaj%oit(\:/voaggogpgé co%egené%olgssx]in ers %)1), i.%. c%%oall)érggringle

polyunsaturated tompounds. Exampies of dhich MorfgHErEinetids EryFS T -

acrylate,allylnrettiatrylate, alhdacylagdidéde thereof, vinylpyrrolidone, vinyl
chloride and/or vinylidene chloride. The proportion of the
comonomers which can be cyclized only with difficulty, if

5 at all, to give the anhydride or imide should not exceed

30 parts by weight, preferably 20 parts by weight and more
preferably 10 parts by weight, based on the weight of the

monomers.

10 The blowing agents (C) used may be the following compounds
or 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-diethyliso-
15  butyramide), 2,2',4,4,4’ ,4' -hexamethyl-2,2’ -~azopentane,

2,2'-azobis (2-methylpropane), dimethyl carbonate, di-tert-
butyl carbonate, acetone cyanohydrin carbonate, methyl
hydroxyisobutyrate carbonate, N-methylurethane, N-

ethylurethane, N-tert-butylurethane, urethane, oxalic acid,

20 maleic acid, hydroxyisobutyric acid, malonic acid,
cyanoformamide, dimethylmaleic acid, tetraethyl
methanetetracarboxylate, n-butyl oxamate, trimethyl

methanetricarboxylate, triethyl methanetricarboxylate, and
also monohydric alcohols composed of 3-8 carbon atoms, e.g.
25 l-propanol, 2-propanol, 1l-butanol, 2-butanol, tert-butanol

and isobutanol.

For slight crosslinking, which stabilizes the foam during
the foaming procedure and thus enables the production of
30 homogeneous foams, crosslinkers (D) are added. At the same

time, heat distortion resistance and creep performance of



allylmethacrylaygdego metbsteoebis (acrylamide) or -(mechacrylamidep¢hetipgeiepissalda carbonate),
ethylene glycol diacrylate or ethylene glycol dimethacrylate, diethylene glycol diacrylate or diethylene
glycol 10 dimethacrylate,triethyleneglycoldiacrylateOr dimethacrylate, tetraethylene glycol diacrylate
Or tetraethylene glycol dimethacrylate, tripropylene glycol diacrylate or tripropylene glycol
dimethacrylate, 1,3- butanediol diacrylate or 1,3-butanediol dimethacrylate, 15 1,4-butanediol
diacrylate or 1,4-butanediol dimethacrylate, neopentyl diol diacrylate or neopentyl diol dimethacrylate,
1,6-hexanediol diacrylate or 1,6-hexanediol dimethacrgllate, trimethylolpropane diacrylate or
trimethylolpropane dimethacrylate,trimethylolpropanetriacrylateOr 20_trimethylolpropane
trimethacrylat%%p%ntge}%/ﬁﬁnﬁtyl tral%ljc:erylatéL %P ﬁ%ﬁégérythﬁgll trinTStRACRTALE S pEntaery iyl tBttacrylate
or pentaerythrityldetsdmetizacsylate; eadbeof thipiettalerythritol derivativesoviiere apprepiiaie also
being used in the form.of,an industrial 25 mixture composed of tri- and tetrafunctional compounds, and
also triallyl cyanurate or t]r%ﬁﬁ isgc%?/gﬁﬂraté.'ihoth%? Sef(il Gfoup 1S that &?%ﬁﬁ‘é%?&%ﬂﬁﬁef@‘éoz).
These are polpraiestunésal catidnsmphiets formfionicshiidges retween the acicb@rodps ofdhe vl
copolymess. Ag&gqg] gther examples are 30 the acrylates or methacrylate f%li;"e aIkaJ{ne earth metals
Or of zinc. Zinc (meth)acrylate and magnesium r%g{h ac Fagt%%fe pr(a\ferar?elg.y aec(rrﬁ'e ﬁ‘)“é%:aﬁate salts
may WO 201%438066PEI¢ER2611/053138 8 alsodieprepasdd vidadissdlatidnidy way of example, of
ZnO or MgO In fhe-meROmer il e, Aleallyelyy heifop migy alsg g unergssiniad, s he
initiators (E) used are compounds and initiator systems which can initiate freeTadical ponmerlzatlon
reactions. Kndihy ElassesHfaompatirtls afs peroxides eipdropsroxides, peioxodisulphates;e,

percarbonates; pepkgfalsy peroxyesters, hydsggen pergxide and azo &9@&9396993- Exa”é%'g%’{r |
[ , dilaury

initiators 10 are hydrogen peroxide, dibenzcyl peroxide, dicyclohexyl peroxaodicarbona
peroxide! netRy ki ketoie peroxide, ecbtihtEBRE perogdiEcdiltert-bdtyhperokites tert-baty!

hydroperoxide cmenedysraperoxide. tert-putylperogtanoate, fert toutyl 2egthylperhexanoate, tert
-butyl 15 perneodecanoate,tert-amylperpivalate,tert-butyl
tetraethylene glycol dimethacrylate, tripropylene glycol
diacrylate or tripropylene glycol dimethacrylate, 1,3-
butanediol diacrylate or 1,3-butanediol dimethacrylate,
15 1,4-butanediol diacrylate or 1,4-butanediol dimethacrvlate,
neopentyl diol diacrylate or neopentyl diol dimethacrylate,

1,6-hexanediol diacrylate or 1,6-hexanediol dimethacrylate,

trimethylolpropane diacrylate or trimethylolpropane
dimethacrylate, trimethylolpropane triacrylate or
20 trimethylolpropane trimethacrylate, pentaerythrityl
triacrylate or pentaerythrityl trimethacrylate, penta-

erythrityl tetraacrylate or pentaerythrityl tetra-
methacrylate, each of the pentaerythritol derivatives where
appropriate also being used in the form of an industrial
25 mixture composed of tri- and tetrafunctional compounds, and
also triallyl cyanurate or triallyl isocyanurate. Another
useful group is that of ionic crosslinkers (D2). These are
polyvalent metal cations which form ionic bridges between
the acid groups of the copolymers. Among other examples are
30 the acrylates or methacrylates of the alkaline earth metals
or of zinc. Zinc (meth)acrylate and magnesium

(meth)acrylate are preferred. The (meth)acrylate salts may



perpivalate,teralmdpernsgusmate, lithium peroxodisulphate,sodiumpem@pﬁﬁgm@%@qgwsium
peroxodisulphateandammoniumperoxodisulphate, azoisobutyronitrile,2,2-azobis(2,4-dimethyl-

20isovaleronitrile),2,2-azobis(isobutyronitrile),2,2'- azobis(2-amidinopropane) dihydrochloride, 2-
(carbamoylazo)isobutyronitrile and 4,4'-azobis(cyanovaleric acid). Redox initiators are equall;_/ suitable
(H. RauchPuntigam, Th. Volker, Acryl- und Methacrylverbindungen 25 [Acrylic and Methacrylic
Compounds], Springer, Heidelberg, 1967 or Kirk-Othmer, Encyclopedia of Chemical Technolog_y, Vol.
1, pages 286 ff., John Wiley & Sons, New York, 1978f It may be advantageous to C(ijbine initiators
and initiator systems with different decompagsition. properties. in relation 30 to time and temperature.
The initiators )(/% g%e lié)\,?ef}ér]':aebifg;1 5§(egd Ynlgm%hﬁfsoof’(gbf% sy Feight2mRre Wt 2no
2011/138060RCT/EF20111 10581 8®8queferablytoi 0cl5 to 1.5 parts by weight, based on the total )
weight of the ition, conventional additives (F) may be added tq the 5 mixtures. These
inclgde antistalgg,%%lr%%%(%é%%igﬁOlﬁggrefe%%g a%%}ﬁts&? *mi%%tﬁn@%g?ﬁéﬁ?rjﬁ%}j‘wers, fillers, light
stabilizers, pigments, separating agents, weathering stabilizers and plasticizers. 10 The
poly(metryacryirde;{eamedupduce inaccerdance Wil e lnventian an be.yoed (0. poduce
laminate materials. Laminate materials comprise materials prowdecrilwnﬁ a solid materialor one side,
and likewise sthdwith adaterigis inlwhich fheefoan &iswrtoundésbyrsotid materialemdiotiods sides.
The solid matgrils,may beslms o sheels, Thigse.may. consist of fetal, wog o prefslaply gther
polymeric materials. The bond can be effected by means of adﬁesmn, fusion or sewing.
peroxodisulphates, percarbonates, perketals, peroxyesters,

hydrogen peroxide and azo compounds. Examples of initiators
10 are hydrogen peroxide, dibenzoyl peroxide, dicyclohexyl
peroxodicarbonate, dilauryl peroxide, methyl ethyl ketone
peroxide, acetylacetone peroxide, di-tert-butyl peroxide,
tert-butyl hydroperoxide, cumene hydroperoxide, tert-butyl

peroctancate, tert-butyl 2-ethylperhexanocate, tert-butyl

15 perneodecanocate, tert-amyl perpivalate, tert -butyl
perpivalate, tert-butyl perbenzoate, lithium
peroxodisulphate, sodium peroxodisulphate, potassium
peroxodisulphate and ammonium peroxodisulphate,
azoisobutyronitrile, 2,2-azobis(2,4-dimethyl-

20 isovaleronitrile), 2,2-azobis (isobutyronitrile), 2,2 -
azobis (2-amidinopropane) dihydrochloride, 2-

(carbamoylazo) isobutyronitrile and 4,4’ -azobis (cyanovaleric
acid). Redox initiators are equally suitable (H. Rauch-
Puntigam, Th. V&lker, Acryl- und Methacrylverbindungen
25 [Acrylic and Methacrylic Compounds], Springer, Heidelberg,
1967 or Kirk-Othmer, Encyclopedia of Chemical Technology,
Vol. 1, pages 286 ff., John Wiley & Sons, New York, 1978).
It may be advantageous to combine initiators and initiator
systems with different decomposition properties in relation
30 to time and temperature. The initiators (E) are preferably

used in amounts of 0.01 to 2 parts by weight, more



Alternatively, in®Eoasiplggoeplace fibrous structures, 20 typically corppasef af1aasgan sgres or glass
fibres, into a mould together with the foam, then to impregnate them with resin and to cure the charge.

The inventive poly(meth)acrylimide foams or the laminate 25 materials produced therefrom have a
wide field of use. They can be used in motor vehicles, rail vehicles, air vehicles, water vehicles, space
vehicles, machine parts, antennas, X-ray tables, loudspeakers and pipes. WO
2011/138060PCT/EP2011/053138 10 The examples given hereinafter are given for better illustration
of the present invention, but are not capable of restricting the invention to the features disclosed

therein. 5 Exa The foaming appearance assessed.visually. This involved making a
comparison with tefzeﬁﬁ%rigrt g?co?diﬂgo%ﬁ C,i/c\;’mpéargﬁ\?es E%gmp‘Tee J_L.g-Ef'ﬁé fi}oeat%g antt thee
assessment ofthiearesuks frbm the firbaestsiwereris accordance with standard FAR 25.853. The

density was determined in accordance with 1ISO 845.

In addition, conventional additives (F) may be added to the
5 mixtures. These include antistats, antioxidants, mould
release agents, lubricants, dyes, flow improvers, fillers,
light stabilizers, pigments, separating agents, weathering

stabilizers and plasticizers.

10 The poly(meth)acrylimide foams produced in accordance with
the invention can be used to produce laminate materials.
Laminate materials comprise materials provided with a solid
material on one side, and likewise sandwich materials in
which the foam is surrounded by solid material on both

15 sides. The solid materials may be films or sheets. These
may consist of metal, wood or preferably other polymeric
materials. The bond can be effected by means of adhegion,

fusion or sewing.

Alternatively, it is possible to place fibrous structures,
20 typically composed of carbon fibres or glass fibres, into a
mould together with the foam, then to impregnate them with

resin and to cure the charge.

The inventive poly(meth)acrylimide foams or the laminate

25 materials produced therefrom have a wide field of use. They
can be used in motor vehicles, rail vehicles, air vehicles,
water vehicles, space vehicles, machine parts, antennas, X-

ray tables, loudspeakers and pipes.



15 Comparatiugy&samniesdoédMMP To a mixture of 2800 g of methagsify@sish147d45% 984 _
methacrylonitrile and 5.9 g of anyl methacrylate were added 66 g of water and 69 g of formamide as

blowing 20 agents. Additionally added to the mixture were 2.0 g of tert-butyl perpivalate, 1.5 g of

tert-butyl per-2-ethylhexanoate, 4.9 g of tert-butyl perbenzoate, 4.9 g of cumyl perneodecanoate, 35 g
of zinc oxide and 9.8 g of separating agent (Moldwiz INT 20E). The flame retardant added was 25 491
g of DMMP. This mixture was polymerized at 39C for 68 h in a chamber formed from two glass plates
of 50x50 cm in size with an edge seal of thickness 28fhim. WO 2011/138060PCT/EP2011/053138 11

Subsequently, the polymer.was heat treated for final polymerization at a temperature rising from 32C
to 115C over t g%oﬁ%aemgflff hItRE %u%?éﬁdéh#&fgﬁinagrﬁy e 78t difinebivdd Gas effected 5 at
201C over theicblwse b2 hoithe foamethps obtained hadrecdensityraftl 18kg/m3: Adupherisample

was foamed at 219C for 2 h, The foam thus obtained had a density of 76 kg/m3. The foams have a
homogeneous(jf%ar%?r?g(;% gﬁgéalr%ﬁc%%%dlfbvggtlksjﬁga the r%ﬁre’iﬁgﬁféroﬁh Hirs et Ftull.

therein.

Examples

The foaming appearance was assessed visually. This involved
making a comparison with the prior art according to

10 Comparative Example 1.

The fire tests and the assessment of the results from the

fire tests were in accordance with standard FAR 25.853.

The density was determined in accordance with ISO 845.
15

Comparative Example 1: DMMP

To a mixture of 2800 g of methacrylic acid, 2110 g of
methacrylonitrile and 5.9 g of allyl methacrylate were
added 66 g of water and 69 g of formamide as blowing

20 agents. Additionally added to the mixture were 2.0 g of
tert-butyl perpivalate, 1.5 g of tert-butyl per-2-ethyl-
hexanoate, 4.9 g of tert-butyl perbenzoate, 4.9 g of cumyl
perneodecanoate, 35 g of zinc oxide and 9.8 g of separating
agent (Moldwiz INT 20E). The flame retardant added was

25 491 g of DMMP.

This mixture was polymerized at 39°C for 68 h in a chamber
formed from two glass plates of 50x50 cm in size with an

edge seal of thickness 28 mm.



Example 1: DNiRY 202 gri88gsge of 2400 g of methacrylic acid, 2400 q;@‘ﬂﬁ;aaq:qy&giirgg and 9.6 g of
allyl methacrylate were 15 added 144 g of formamide as a blowing agent. Additionally added to the

mixture were 1.9 g of tert-butyl perpivalate, 1.4 g of tert-butyl per-2-ethylhexanoate, 4.8 g of tertbutyl
perbenzoate, 4.8 g of cumyl perneodecanoate, 33.5 g of zinc oxide and 9.6 g of separating agent
(Moldwiz INT 20 20E). The flame retardant used was 600 g of DMPP. This mixture was polymerized at
40C for 72 h in a chamber formed from two glass plates of size 50x50 cm with an edge seal of
thickness 28 mm. Subsequently, the polymer was heattreated for final polymerization at ab .
temperature riging 25 from 32C tg 115C aver the course of 32 h. The subsequent foaming by the hot
air rgethod Wag%%%g%%eé)t C 5t ROTRE Fdani UL 6Btainerid®d density bRO
2011/138060RCI/ER2012 4058338512 208 kgiad-oA firther sample svasfoamed at219Csfor 2 h. The
foam thus obtaLiQ_eedr hgpea dc%%srit%eof 7f0 K%/mé%. The foams from Example 1 h_ave a homogeneogs
foaming appeé)rance which 13 hot noticea lydistinguishable from the 5 foaming from Comparative

' ' [ i le 2;
Example 1. Both foams e} g requirgmenisof the frg,test In full, Comparative Example 2
Vinylphosphonic acid
S5 at 201°C over the course of 2 h. The foam thus obtained had
a density of 118 kg/m’. A further sample was foamed at
219°C for 2 h. The foam thus obtained had a density of

76 kg/m’.

The foams have a homogeneous foaming appearance and

10  satisfied the requirements of the fire test in full.

Example 1: DMPP

To a mixture of 2400 g of methacrylic acid, 2400 g of
methacrylonitrile and 9.6 g of allyl methacrylate were

15  added 144 g of formamide as a blowing agent. Additionally
added to the mixture were 1.9 g of tert-butyl perpivalate,
1.4 g of tert-butyl per-2-ethylhexanocate, 4.8 g of tert-
butyl perbenzoate, 4.8 g of cumyl perneodecanoate, 33.5 g
of zinc oxide and 9.6 g of separating agent (Moldwiz INT

20 20E). The flame retardant used was 600 g of DMPP.

This mixture was polymerized at 40°C for 72 h in a chamber
formed from two glass plates of size 50x50 cm with an edge
seal of thickness 28 mm. Subsequently, the polymer was heat
treated for final polymerization at a temperature rising

25 from 32°C to 115°C over the course of 32 h.

The subsequent foaming by the hot air method was effected

at 203°C for 2 h. The foam thus obtained had a density of



To a mixture o8O @ phBIwIb@ECrylic acid, 211 g of 10 methacrylonitri}q;aﬁgp's‘,m nes9h aly!

methacrylate were added 6.6 g of water and 6.9 g of formamide as blowing agents. Additionally added
to the mixture were 200 mg of tert-butyl perpivalate, 150 mg of tert-butyl per-2-ethylhexanoate, 49 mg
of tert-butyl perbenzoate, 49 mg of cumyl 15 perneodecanoate, 3.5 g of zinc oxide and 980 mg of _
separating agent (Moldwiz INT 20E). The flame retardant added was 42.7 g of vinylphosphonic acid.
This mixture was polymerized in glass ampoules at 50C for 44 h. Subsequently, the polymer was heat
treated for final 20 polymerization at a temperature ri%i?lg from 32C to 115C over the course osz h.
The polymer was_inho eneouys. The subsequent foaming by the hot air method was effected at
220£ fo); 2 h. ?1068 fo%%?ﬁ}s Obtalhéd Rad saaa‘gﬂs?tywcﬁﬁﬁWﬁ%. Afutther Sahple wadtfoamed at
230C for 2 h. Zh&hédeamtthus obtainad badeadensiyafd.02/kgim3; Botk samples foamed
inhomogeneously and failed fire tests. Comparative Example 3: Dimethyl vinylphosphonate WO_
2011/138060PUE ER2014 /053188613 Thé @anlourts and frocedursavere dadageus to Comparative

Example 2. The lame glardaniused,was, 33-8.6 of dimethy! vinylphosphonale, . oo the
5 foaming from Comparative Example 1. Both foams met the

requirements of the fire test in full.

Comparative Example 2: Vinylphosphonic acid

To a mixture of 280 g of methacrylic acid, 211 g of

10 methacrylonitrile and 590 mg of allyl methacrylate were
added 6.6 g of water and 6.9 g of formamide as blowing
agents. Additionally added to the mixture were 200 mg of
tert-butyl perpivalate, 150 mg of tert-butyl per-2-ethyl-
hexanoate, 49 mg of tert-butyl perbenzoate, 49 mg of cumyl

15 perneodecanocate, 3.5 g of zinc oxide and 980 mg of
separating agent (Moldwiz INT 20E). The flame retardant
added was 42.7 g of vinylphosphonic acid.

This mixture was polymerized in glass ampoules at 50°C for
44 h. Subsequently, the polymer was heat treated for final
20 polymerization at a temperature rising from 32°C to 115°C

over the course of 32 h. The polymer was inhomogeneous.

The subsequent foaming by the hot air method was effected

at 220°C for 2 h. The foam thus obtained had a density of

141 kg/m’. A further sample was foamed at 230°C for 2 h.
25 The foam thus obtained had a density of 102 kg/m’. Both

samples foamed inhomogeneously and failed fire tests.

Comparative Example 3: Dimethyl vinylphosphonate



This mixture wyoRRlYMesgesbin glass ampoules at S0C for 5 20 h. Sgpsegpsitl ol Bglymer was
heat treated for final polymerization at a temperature rising from 32C to 115C over the course of 32 h.

The polymer was inhomogeneous. The subsequent foaming by the hot air method was effected at
200C for 2 h. The foam thus obtained had a density of 10 80 kg/m'. A further sample was foamed at
210C for 2 h. The foam thus obtained had a density of 58 kg/m'. Both samples foamed
inhomogeneously and failed fire tests. Comparative Example 4: Exolit OP 550 (from Clariant) 15 The
amounts and procedure were analogous to Compara’tiée Example 2. The flame retardant used was
72.2 g of Exoli{,OP 550. This mixture was %olgmerized in gélass ampqules at 50C'for‘41.5 h.
Subsequently, he soNd But Blotidy pOlyIERWAS HAGF S0 HFAtEF B FinaP pofyRstZAtioN &t a
temperature risingrfrdn 32C MhEl 50 aver ieceatdse of 3241 Thesubsegugntipaming:Ry e hot air
method was unsuc SF‘fc%J" 'ijlhe samples did not foam. 25 Comparative Example 5: Exolit OP 560 (from

VvV .1IL

Clariant) The amo nAtand procedure were analogous to Comparative Example 2. The flame retardant
used was 10249 of FxQUit OF 360, WQ 2Q111138060PCI/EE20I1/003138 14 o oy
5 20 h. Subsequently, the polymer was heat treated for final
polymerization at a temperature rising from 32°C to 115°C

over the course of 32 h. The polymer was inhomogeneous.

The subsequent foaming by the hot air method was effected

at 200°C for 2 h. The foam thus obtained had a density of
10 80 kg/m’. A further sample was foamed at 210°C for 2 h. The

foam thus obtained had a density of 58 kg/m®. Both samples

foamed inhomogeneously and failed fire tesgts.

Comparative Example 4: Exolit OP 550 (from Clariant)

15 The amounts and procedure were analogous to Comparative
Example 2. The flame retardant used was 72.2 g of Exolit OP
550.

This mixture was polymerized in glass ampoules at 50°C for
41.5 h. Subsequently, the solid but cloudy polymer was heat
20 treated for final polymerization at a temperature rising

from 32°C to 115°C over the course of 32 h.

The subsequent foaming by the hot air method was

unsuccessful. The samples did not foam.

25 Comparative Example 5: Exolit OP 560 (from Clariant)

The amount and procedure were analogous to Comparative
Example 2. The flame retardant used was 102.1 g of Exolit
OP 560.



This mixture wa®©Egymesgmsbin glass ampoules at S0C for 41.5 h. Sppsegpesloeiglgudy and
partly still liquid polymer was heat treated for final polymerization ata temperature rising from 32C

to 115C over the course of 532 h. The subsequent foaming by the hot air method was unsuccessful.
The samples did not foam. The selection of flame retardants detailed here in Comparative Examples 2
to 5 shows that none of the 10 conventionally used flame retardants is suitable for producing a stable,
fire-resistant and simultaneously homogeneous foam. Only DMPP, used in accordance with the
invention, leads to a result comparable to the prior art.*And this is the case preferably only when it is
used in a 15 hiqﬁeé C%Q%%r&t]gaetionatshanOQMMl%. V\é 20111138060PCT/EP2011/053138 15 Claims

1. Poly(meth)acrylimide foam, charadtenzed in that hle%fgar%scsorﬁgﬁ)s?éjs &i%eﬁ‘ﬁylsp(?o&l BﬁEsphonate.

2. Poly(meth)dcrylimide f8akrsacpordingito Glain & charactetizeddn that the foamedquia
powoneﬂoam¥@ﬂy$%pa§§§egéggdg%gggggl%g@x%@%ggn%gTW ggization at a
temperature rising from 32°C to 115°C over the course of

5 32 h.

The subsequent foaming by the hot air method was

unsuccessful. The samples did not foam.

The selection of flame retardants detailed here in
Comparative Examples 2 to 5 shows that none of the

10 conventionally used flame retardants is suitable for
producing a stable, fire-resistant and simultaneously
homogeneous foam. Only DMPP, used in accordance with the
invention, leads to a result comparable to the prior art.
And this is the case preferably only when it is used in a

15  higher concentration than DMMP.



10(A) 30 to 7Q9 %g ethacrylic acid or acrylic acid, 30 to 6%% ? weight of methacrylonitrile
or acrylonitriI(S,’ébb 2ot d'(%3;0210% by weight of further vinylically 15u g’J %%%8&91%?&%&5 (3)8to
18% by weight of dimethyl propyl phosthonate, (C) 0.01 to 10% by weight of blowing agent, (D)
0 to 10% by weight of crosslinker, (E) 0.01 to 2% by weight of polymerization initiators, 20(F) O
to 10% by weight of customary additives. 3. Poly(meth)acrylimide foam according to Claim 2,
characterized in that the mixture consists of (A) 40 to 60% by weight of methacrylic acid or
acrylic 25acid, 30 to 50% by weight of methacrylonitril& or acrylonitrile, WO
2011/138060PCT/EP20111053138 16 0 to 10% by weight of further vinylically unsaturated monomers,

(B) 10 to 15% by weight of dimethyl propyl phosphonate,

Claims

1. Poly(meth)acrylimide foam, characterized in that the

5 foam comprises dimethyl propyl phosphonate.

2. Poly(meth)acrylimide foam according to Claim 1,
characterized in that the foamed poly(meth)acrylamide

has been produced from a mixture consisting of

10 (A) 30 to 70% by weight of methacrylic acid or acrylic

acid,

30 to 60% by weight of methacrylonitrile or

acrylonitrile,

0 to 30% by weight of further vinylically

15 unsaturated monomers,

(B) 8 to 18% by weight of dimethyl propyl phosphonate,
(C) 0.01 to 10% by weight of blowing agent,

(D) 0 to 10% by weight of crosslinker,
(E) 0.01 to 2% by weight of polymerization initiators,

20 (F) 0 to 10% by weight of customary additives.

3. Poly(meth)acrylimide foam according to Claim 2,

characterized in that the mixture consists of

(A) 40 to 60% by weight of methacrylic acid or acrylic
25 acid,

30 to 50% by weight of methacrylonitrile or

acrylonitrile,



5(C) 0.1 to 5%y weighfagioelpwing agent, (D) 0.1 to 5% by weight o easERkeYydEa 33 to 1% by
weight of polymerization initiators, (F) O to 5% by weight of customary additives. 10 4.

Poly(meth)acrylimide foam according to at least one of Claims 1 to 3, characterized in that it is
obtained by foaming and crosslinking the mixture according to Claim 1 or 2. 15 5.
Poly(meth)acrylimide foam according to at least one of Claims 1 to 4, characterized in that it is
polymerized in bulk to give a slab which is optionally heat treated and then foamed at temperatures of
150 to 250C. 20 6. Laminate material comprising a IaJy@r of a poly(meth)acrylimide foam according to
any of Claims 1 to 5. 7. Mator vehicle, rail vehicle, water vehicle, air 25vehicle, space vehicle,
characterized in that it conistspartly &ta ﬁ’&?@ﬁgthﬁ’gcrﬁ;mﬁf&%%aﬁfﬁé@drﬂﬁfb% any of Claims 1 to
5. WO 2011/138060PCT/ER281 11053338rdomBrMaehine part, antenna, X-ray table, loudspeaker,

pipe, characterized in that it consists partly of a poly(meth)acrylimide foam according to any of
Claims 1 5to 5. (B) 10 to 15% by weight of dimethyl propyl
phosphonate,
5 (C) 0.1 to 5% by weight of blowing agent,

(D) 0.1 to 5% by weight of crosslinker,
(E) 0.1 to 1% by weight of polymerization initiators,

(F) 0 to 5% by weight of customary additives.

10 4. Poly(meth)acrylimide foam according to at least one of
Claims 1 to 3, characterized in that it is obtained by
foaming and crosslinking the mixture according to Claim

1 or 2.

15 5. Poly(meth)acrylimide foam according to at least one of
Claims 1 to 4, characterized in that it is polymerized
in bulk to give a slab which is optionally heat treated

and then foamed at temperatures of 150 to 250°C.

20 6. Laminate material comprising a layer of a

poly(meth)acrylimide foam according to any of Claims 1

to 5.

7. Motor vehicle, rail vehicle, water vehicle, air
25 vehicle, space vehicle, characterized in that it
consists partly of a poly(meth)acrylimide foam

according to any of Claims 1 to 5.
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8. Machine part, antenna, X-ray table, loudspeaker, pipe,
characterized in that it consists partly of a

poly (meth)acrylimide foam according to any of Claims 1

to 5.



