In-mould-foaming process using a foamable medium with outer layers, and plastics moulding

obtainaglﬁ?t@%rpﬁpg%g' d of the invention The inyention relates to a singtetstagefoamingséminating

and moulding process for producing composite components, composed of a foam core made of a
loarnable medium, for example a foamable plastic and one or more outer layers made of plastics
and/or composite materials and/or metals. The plastics foam composite mouldings have high
mechanical strength and have lower mass than comparable metal components and therefore have
excellent suitability as components in spacecraft, aircraft, watercraft and land vehicles and for other
structural elements. Prior art Forming praocess for compasite mater| f o) of example,
bladder mol.ﬁh‘lﬁﬂ %&&‘f@%@@ ‘Q@a@@%@%“é@%%ﬁéﬁ%@%ﬁ%&%o expand a
parison made\it ; compesitéanpeeria!, larefapiesti gBssritbieldinigceddeiainibre-reinforced
plastic, in a mould, and to shape the parisop,to_the mould and achieve thermal hardening of the same.
Bladder moulding process: in the bladder MéL&%[r% pratess (used especially in the sports products
ind@stry, examples being bicycle frames, tennis racquets, etc.), outer layers made of fibre-reinforced
plastics (FRP) are pressed and hardened at elevated internal pressure and elevated temperature by
means of a silicone bladder. To this end, FRPs mostly having a thermoset matrix, these being known
as prepregs, are inserted into a mould. In order to replicate the external shape of the mould, once the
mould has been closed a silicone bladder is pressurized in the interior of the mould. The FRP is then
hardened at e defined temperature. The mould is then opened. The component is demoulded and the
silicone bladiderfidiremovediincases where, for reasons associated with the component, it is
impossible to retrieve the bladder, "sacrificial cores” are used. DE 193 45 269 (MBK) describes how

a Bfadder surrounded by an air cushion is 10passed into a mould cavity of complicated shape and is
then expanded, thus completely filling the mould cavity.

The invention relates to a single-stage foaming, laminating and moulding process for
producing composite components, composed of a foam core made of a foamable
medium, for example a foamable plastic and one or more outer layers made of

15 plastics and/or composite materials and/or metais. The piastics foam composite
mouldings have high mechanical strength and have lower mass than comparable
metal components and therefore have excellent suitability as components in

spacecraft, aircraft, watercraft and land vehicles and for other structural elements.

20
Prior art

Forming process for composite materials are known. By way of example, bladder
25  moulding processes use a bladder made of, for example, silicone rubber in order to
expand a parison made of a composite material, for example of glass-fibre-reinforced
or carbon-fibre-reinforced plastic, in a mould, and to shape the parison to the mould
and achieve thermal hardening of the same.
Bladder moulding process: in the bladder mouiding process (used especially in the
30 sports products industry, examples being bicycle frames, tennis racquets, etc.), outer
iayers made of fibre-reinforced piastics (FRP) are pressed and hardened at elevated

internal pressure and elevated temperature by means of a silicone bladder. To this



DE 10 2007 056 830 (Head) describes a bladder moulding process for producing tennis racquets
made of\gempasitesmaterials. 15 The invention of DE 10 2007 051 517 Atrirpsdan) oeigtesoto a
hollow shaft or, respectively, hollow axis made of fibore composite material for interlocking with
functional elements. The hollow shaft has at least two fibre layers in the jacket, different fibre
orientations in the layers, and a profile with rounded edges. The 20functional elements have a profile
contact area which corresponds to the profile of the shaft, and they have a functional area

arrangedfiehtdrdsantasbitimviemdheseassd MeirbhdhpsePathe SRa acsordiyi8tné hvention, and
also the functionalslemenis havedeweightE 18 204 Q4% RZ8LBeiie FRhH &l KE)

describes a process for producing rods made of transparent plastics by extruding a plastics moulding

composiigHIccharaRes iy 86 F¢ thas s exer b prasieCaToliaRty B SR BRI i dVFEPINES two

differentrsfrands and-the plastics moulding compositiondis used torxiruderarplasties iubpand, after
entry into a vacuum-tank calibrator, after about 20 cm, the 30freshly extruded tube receives, in

par‘éllel,OEW@W@@i@h@l@%W%éﬁ@ﬁ%@iié@ﬁﬁdﬁﬁ#ﬁ&%@ﬁ%@ﬁ@ﬁ-éﬁ&ﬁf%%%e?eg%rltam plastics
moulding.is firther processedi@sqi comventienal ipiResxbusion. (DR H2 h395idkisar-Draximaier
GmbH) describes a transverse member which is intended for a motor vehicle and which hitherto has
been erg&f@bﬁPé9§fe@lqw@§%y way of the internal high-pressure process: various means of
receiving further parts can have been welded onto the transverse member. The transverse member
according to the invention comprises a curved tube made of a fibre composite material or of

metal-plR&tidShBridbaedigH bRARSWItER I ArMESIREaHY Of AteEng TRTher PARE fave been
injested;10DE 10-2009.002 232 (V0 lkswaaen:AGiidassribesia pracesp andean arparatus for
producing a camshaft, where the process is more flexible than the previous processes, for example
internal BRgAPHRESYUTETBrmEPHEESIEY (IHU) or casting processes, and the products have lower
weight. The camshalft is composed of fibre-reinforced plastic, and the production process is composed
of the following stegs: 15 the prefabricated load-introduction elements are arranged on the

semifiniéied 0 2007 056 830 (Head) describes a bladder moulding process for producing
tennis racquets made of composite materials.

oty
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The invention of DE 10 2007 051 517 (TU Dresden) relates to a hollow shaft or,
respectively, hollow axis made of fibre composite material for interlocking with
functional elements. The hollow shaft has at least two fibre layers in the jacket,
different fibre orientations in the layers, and a profile with rounded edges. The

20 functional elements have a profile contact area which corresponds to the profile of
the shaft, and they have a functional area arrangement and a transition element
located therebetween. The shaft according to the invention, and also the functional

elements, have low weight.

25 DE 10 2004 015 072 (Réhm GmbH & Co. KG) describes a process for producing
rods made of transparent plastics by extruding a plastics moulding composition,
characterized in that an extruded plastics moulding composition is divided into two
different strands and the plastics moulding composition 1 is used to extrude a
plastics tube and, after entry into a vacuum-tank calibrator, after about 20 cm, the

30 freshly extruded tube receives, in parallel, the previously isolated molten plastics
moulding composition 2, and the new resultant plastics moulding is further processed

as in conventional pipe extrusion.



fibre product having a hollow structure, an elastic hollow body is introduced into the semifinished fibre

product ane 4he £pYre;girangement is placed in atemperature- controllap} f? k” @21%? 869
ollo

load-introduction elements are positioned within the mould, 20 the elastic h ody |s ed and the
semifinished product is thus forced onto the shape of the mould and of the load- mtroductlon elements,
a matrix material is inserted and thermally cured, the shaft can be demoulded after curing. DE 10
2007 026 553 (TU Dresden) describes a multicellular composite structure with an automobile-wheel
profile for axes and shafts, for example for aircraft landing gear. The highly mechanical strength of the

componeit inBchieyed Mssartsnarmant enis fliedavers al yarous agies, BaPR 0 po0° 020 274

(Denk Engineering GmbH) describes a process for producing a re reinfo plastics mouldlng part

by applyifig fise fibes %mmafe/ﬁhmﬁee&mh\gmmm&ﬁm@magrpmdnnedmmng aheieel tube
fibre-laminatescavered internal.maulding part, inta. a.negative gmngS%qdrﬁxp ing,the moulding part,

LEHG Bt [EEE15% N U‘uv

where the intefnal moulding part'e pan s and the fibre material is forced onto the inner Fwall of the
componéAfmskfd DRfstarplats onpraiiptislyhardenad fitrerrdinfotcats parts caarbedntroduced into the

compongeMAE AR NAGHRGA! e ARLE-BEUGHRRLBRLPHRILNESR yR.een bonded

securely to the plastics mouldlng part and prov
material or of metal-plastics-hybrid design, onto which the various means of

accepting further parts have been injected.

10 DE 10 2009 002 232 (Volkswagen AG) describes a process and an apparatus for
producing a camshaft, where the process is more flexible than the previous
processes, for example internal high-pressure forming processes (IHU) or casting
processes, and the products have lower weight. The camshaft is composed of fibre-
reinforced plastic, and the production process is composed of the following steps:

15 ¢ ihe prefabricated load-introduction elements are arranged on the semifinished

fibre product having a hollow structure,
¢ an elastic hollow body is introduced into the semifinished fibre product and
¢ the entire arrangement is placed in a temperature-controllable mould,
¢ the load-introduction elements are positioned within the mould,
20 e the elastic hollow body is filled, and the semifinished product is thus forced
onto the shape of the mould and of the load-introduction elements,
e a matrix material is inserted and thermally cured,

e the shaft can be demoulded after curing.

25 DE 10 2007 026 553 (TU Dresden) describes a multicellular composite structure with
an automobile-wheel profile for axes and shafts, for example for aircraft landing gear.
The highly mechanical strength of the component is achieved via arrangement of the

fibre layers at various angles

30 DE 10 2005 020 274 (Denk Engineering GmbH) describes a process for producing a
fibre-reinforced plastics moulding part by applying the fibre laminate to an extensible

internal moulding part, introducing the fibre-laminate-covered internal moulding part



additional reinforcement thereof. The expansion of the core sheathing taKes place via introduction of

gas or of liquigh Hitcanalso take place via subatrpospheric pressure. DE3-/200% §2@ 88844 (iti

Dresden) describes a hollow structure made of fibre- 10reinforced plastic with lead-introduction
elements which have been moulded onto the internal shape of the hollow structure. The hollow
structure is composed of a textile semifinished product saturated with a reactive resin mixture. The
reactive resin can be applied manually or by means of a known injection process, for example resin

transferintoading IRV OAIB ladeBAREHL S MIEVE S diSE! s erdpdatRRaTCHItiRguishing
features, ot In-foa AN NGB A1 Reg5RGE] UniDerBAinBLLImRYIing loamBadakes place into

the componen method being similar to that for construction foam). 20- PU is used to produce

"sacrificiapoistelie o Hisser i s bdesvered By suteiniysrd PRESSRNPIEIBEStHEPEOmprises a

plurality, of steps. Jn.the, case.af RUxfoaming dakes plass fomitherliguidphrsecinarderis dissipate
the energy of a motor-vehicle crash, crash elements are inserted 25within the structure of an

autbmobilesTheye aregersrany BRELIBBUBYNE TBIASHHER PrECES i SR hRstd B RiféSRating the energy by
way of definehdefermationn(eptansrial he.meiallic silsture WhRnoAfiaysaRes pladkidual

specific applications (racing cars or sports cars produced in very small 30numbers) already use crash
elementsiigthafoarm’ are and ERPG UIEE p@é%@:@ take place via subatmospheric'pressure.

DE 10 2005 020 907 A1 (TU Dresden) describes a hollow structure made of fibre-

10 reinforced plastic with load-introduction elements which have been moulded onto the
internal shape of the hollow structure. The hollow structure is composed of a textile
semifinished product saturated with a reactive resin mixture. The reactive resin can
be applied manuaily or by means of a known injection process, for example resin

transfer moulding (RTM). A bladder is used to achieve precise shape replication.

(O3]

The distinguishing features of "in-form moulding” using PU in essence:

- In "normal" PU moulding foaming takes place into the component (the method
being similar to that for construction foam).
20 - PU is used to produce "sacrificial cores", and these can then be covered by
outer layers. The said process then comprises a plurality of steps.

- In the case of PU, foaming takes place from the liquid phase.

In order to dissipate the energy of a motor-vehicle crash, crash elements are inserted
25  within the structure of an automobile. These are generally produced by a forming
process from metals, dissipating the energy by way of defined deformation (collapse)

of the metallic structure when a load arises.

Individual specific applications (racing cars or sports cars produced in very small
30 numbers) already use crash elements with a foam core and FRP outer layers.

However, the production process differs fundamentally from the procedure according



However, the production process differs fundamentally from the procedure according to the invention:
fibres arenappliehin %%ond process step to a foam core placed in a mc})}{lﬂ, g;# t iési SS step
is then used to consolidate these, PU foams are ug‘g:j by way of example in vé%]ic eaklic])/ry WO§<§'[O
achieve a stiffening a effect (including at locations subject to stress in a crash). These foams are
injected directly into hollow metallic profiles, and expand during the introduction process (e.g. into the
Bcolumn of an automobile). The process here uses the possibility of in-situ foaming of the PU. WO
2012/0153936 PEFIEPR011765 8862 MbjedtiDbjeetadcorditg scthe inve fiom axe ¢heliedard in
Development gfa .AH‘%‘W%’C’;SPHE%&%‘ESIE% 9%"&'&’@&%%8&95@8!@848’tﬁ'é‘%?'smge. process for
producing three- dimensional components comprising foam (plastics foam composite mouldings), 10
development of a simple, single-stage process for producing three-

PU foams are used by way of example in vehicle body work to achieve a stiffening

5  effect (including at locations subject to stress in a crash). These foams are injected
directly into hollow metallic profiles, and expand during the introduction process (e.g.

into the B-cclumn of an automobile). The process here uses the possibility of in-situ

foaming of the PU.



dimensional components which comprise foam (plastics foam composite mouldings) and which have

been sh W/or more outer layers, where the outer layers rlcpoxgg%?d to one
kil ghtweight s%i%%ﬁ(%% Bci?n/po& e

another, production of i -structure crash elements made of pla

mouldings. production of mouldings and profile structures with a core and an outer layer or a plurality
of outer layers, production of sheet-like plastics foam composite mouldings, production of integral
components with force-introducing structures (inserts) or bonding structures or stiffening structures,
in-situ plodjetdn of foam foils, sensors, production of components with variable/adjustable density,
antenna (spacer), production of elements for increasing pressure resistance and buckling resistance,
production of a very substantially homogeneous foam structure, production of components with
anisotropic mechanical properties, stiffening of longitudinal and transverse members (e.g. A-, 3- and
C-columps in automobiles) via a plastics foam composite moulding. Achievement of object The

objects atebrding 6 TAVEHiIGN At RHISIEd 3 fflEwvs via a plastics foam composite moulding and

via 8 process for producing the same: Use of a solid, foamable plastic, such as poly(meth)acrylimide

(PMI), polyvinyl chloride (PVC), polyurethane (PU), or poly(meth)acrylate, (PMMA) permits
s Development’of an in-situ foaming process,

¢ development of a simple, single-stage process for producing three-
dimensional components comprising foam (plastics foam composite
mouldings),
10 = development of a simple, single-stage process for producing three-
dimensional components which comprise foam (plastics foam

e It ey .,E Fo v en b o Iy

composite mouldings) and which have been sheathed by one and/or
more outer iayers, where the outer layers can have been bonded to one
another,
15 e production of lightweight-structure crash elements made of plastics
foam composite mouldings,
e production of mouldings and profile structures with foam core and an
outer layer or a plurality of outer layers,
e production of sheet-like plastics foam composite mouldings,
20 e production of integral components with force-introducing structures
(inserts) or bonding structures or stiffening structures,
e in-situ production of foam foils,
e SEensors,
e production of components with variable/adjustable density,
25 e antenna (spacer),
¢ production of elements for increasing pressure resistance and buckling
resistance,
e production of a very substantially homogeneous foam structure,
¢ production of components with anisotropic mechanical properties,
30  stiffening of longitudinal and transverse members (e.g. A-, B- and C-

columns in automobiles) via a plastics foam composite moulding.



10production of a plastics foam composite moulding which is in essence homogeneous and which, in

the coukggPbine feaering process, forms a stable-mechanical bond withramoptes davenaiwih a

plurality of identical or different outer layers. "Stable mechanical" hereinafter means that the force
required to release the outer 15layer (test method: drum peel test according to DIN 53295) is greater
than the peel forces typical of the material. For ROHACED (r), these are in the range from 10 to 80
Nmm/mm. 20 The outer layers The outer layers of the plastics foam composite moulding can by way
of example be composed of: 25 thermoplastic materials with or without reinforcement materials,

exampl ing, vari : olyamide (PA, PA 66, PA 12), polypropylene (PP), polybutylene
terephtr?g ateé(?’%%%qggléi@gjrgeéﬁer ketone (PEEK) with optional reinforcement by, for example, glass

fibres, aramid fibres, polymer fibres, 30natural fibres or carbon fibres, an example being PA 6 GE
thermoplastic fibore composite materials or organopaneis, for example continuous-fibre-reinforced PA 6
thermoset materials with or without reinforcement materials, examples being

5 The objects according to the invention are achieved as follows via a plastics foam

composite moulding and via a process for producing the same:

Use of a solid, foamable plastic, such as poly(meth)acrylimide (PMI), polyvinyl
chloride (PVC), polyurethane (PU), or poly(methjacrylate, (FMMA) permits

10 production of a plastics foam composite moulding which is in essence homogeneous
and which, in the course of the foaming process, forms a stable mechanical bond

with an outer layer or with a plurality of identical or different outer lavers.

"Stable mechanical" hereinafter means that the force required to release the outer
15 layer (test method: drum peel test according to DIN 53295) is greater than the peel
forces typical of the material. For ROHACELL® these are in the range from 10 to

80 Nmm/mm.
20 The outer layers

The outer layers of the plastics foam composite moulding can by way of example be

composed of:

25
- thermoplastic materials with or without reinforcement materials, examples
being various types of polyamide (PA, PA 66, PA 12), polypropylene (PP),
polybutylene terephthalate (PBT), polyether ether ketone (PEEK) with optional
reinforcement by, for example, glass fibres, aramid fibres, polymer fibres,
30 natural fibres or carbon fibres, an example being PA 6 GF

- thermopiastic fibre composite materials or organopanels, for example

continuous-fibre-reinforced PA 6



prepregs only reinforcement materials, examples being fibres made of glass, carbon, aramid,

polymex,fey leybgsalt fibres, boron fibres, cgramic fibres, metal fipses;/pelyestergipesonylon
fibres, polyethylene fibres, Plexiglas fibres, natural fibres, such as wood fibres, flex fibres, hemp fibres,

sisal fibres metals, examples being aluminium, high-strength steel or other steel elastomers, such as
rubber, PU, fibre-reinforced rubber or fibre-reinforced PU gel coats 10- and combinations made of one
or more of the ab.overnentioned materials, examples being multilayer structures (laminates) made of
combinations dheieEessTsesiatrinitasd KithediseBRE QR Ih MalkEipifresABRISR &SI RS that can
be used for thﬁ)P ?éégyers of the plastics foam 15composite moulding are the fibre materials

Y

conventional in plastiCs technology, examples being: glass fibres, for example in the form of short
glass fibres: |oﬁ@¥glé@§fﬁ>mw§3@ahmﬁ3@n§l$ummﬁ@$@ﬁ, R RS SeRRTSONVITER fFTERCRnits,

non-wovens or.20mals, carban fibres, for-example inthe ferp.efshed dassfikres-dang.glass fibres,
continuous-filament fibres, laid fibre scrims, woven fibres, knits, non-wovens or mats 25
5 fibres, polyester fibres, nylon fibres, polyethylene fibres, Plexiglas fibres,

natural fibres, such as wood fibres, flex fibres, hemp fibres, sisal fibres
- metals, examples being aluminium, high-strength steel or other steel
- elastomers, such as rubber, PU, fibre-reinforced rubber or fibre-reinforced PU
- gel coats
10 - and combinations made of one or more of the abovementioned materials,
examples being multilayer structures (laminates) made of combinations of laid
glass-fibre scrim and laid carbon-fibre scrim.

Reinforcement materials that can be used for the outer layers of the plastics foam

®
o
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composite moulding are the

examples being:

- glass fibres, for example in the form of short glass fibres, long glass fibres,
continuous-filtament fibres, laid fibre scrims, woven fibres, knits, non-wovens or

20 mats

- carbon fibres, for example in the form of short glass fibres, long glass fibres,
continuous-filament fibres, laid fibre scrims, woven fibres, knits, non-wovens or
mats

25 -

- aramid fibres, for example in the form of short glass fibres, long glass fibres,

continuous-filament fibres, laid fibre scrims, woven fibres, knits, non-wovens or

mafis

30 - natural fibres, examples being wood fibres, flex fibres, hemp fibre, sisal fibres



aramid fibres, for example in the form of short glass fibres, long glass fibres, continuous-filament
fibres, Iawfgbj imsewoven fibres, knits, non-wqQyens or mats 1.? - sy, Tol | , %@es being
polyester fi reé?s%(:?r? T%LF%S: polyethylene fibres, Plexiglas fibres - glass %?afgggagrg ﬁé@fg eing
glass-bead-reinforced polyamide (e.g. PA GR30) The outer layers can also have been
adhesive-bonded to one another. WO 2012/01339310PCT/EP2011/058869 The poly(meth)acrylimide
and the poly(meth)aorylimide foam The core layers that are particularly relevant for the process of the
invention compésigetagbiclyipnesh marytiphiseofoam pthe simcketes, exfrediivas, are jatentieddo
characterize ar}igf)gg’rgk{%@greﬁ@%gvay of examplg: therefore, (meth)acrylic means not only acrylic
compounds but also methatrylic compounds and mixtures of the two.

The outer layers can also have been adhesive-bonded to one another.



10 The po_Iy(meth)acryIirnide foams obtainable from the compositions according to the invention have
repeat ypits JRaberhe sepresented via formula ¢y (1) R? _ -elf,. LIl 0 15omhrpORI @R, identical

or different, are hydrogen or a methyl group and R3 is hydrogen or an alkyl or aryl moiety having up to
20 carbon atoms. It is preferable that units of the structure (1) form more than 30% by weight of the
poly(meth)acrylimide foam, particularly more than 50% by weight and very particularly more than 80%

by weight. The production of rigid_poly(meth%acrylimicle foams is known per se and is described
The poly(meth)acrylimide and the poly(meth)acrylimide foam

The core layers that are particularly relevant

5  comprise a poly(meth)acrylimide foam.

The bracketed expressions are intended to characterize an optional feature. By way
of example, therefore, (meth)acrylic means not only acrylic compounds but also

methacrylic compounds and mixtures of the two.

10
The poly(meth)acrylimide foams obtainable from the compositions according to the
invention have repeat units that can be represented via formula (1),
()
R /Rz
L «é{,/ )
- CHy
& N0
R’
15 in which

R' and R?, identical or different, are hydrogen or a methyl group and R is

hydrogen or an alkyl or aryl moiety having up to 20 carbon atoms.

It is preferable that units of the structure (1) form more than 30% by weight of the
20  poly(meth)acrylimide foam, particularly more than 50% by weight and very
particularly more than 80% by weight.

The production of rigid poly(meth)acrylimide foams is known per se and is described
by way of example in GB Patent 1 078 425, GB Patent 1 045 229, DE Patent

25 1817 156 (= US Patent 3 627 711) or DE Patent 27 26 259 (= US Patent 4 139 685)
or DE 199 17 987.



by way of example in GB Patent 1 078 425, GB Patent 1 045 229, DE Patent 251 817 156 (= US
Patent 7 atent 27 26 259 (= US Patent 4 139 685) or I?]Eélf(% %87. By way of
example, téezéﬁi]%)s/%f%%gtructural formula (1) can%iter alia form from adja % gyfo(#%é?tﬁ acrylic
acid and of (rneth)acrylonitrile via a cyclizing isornerization reaction on heating to from 150C to 250C
(cf. DEC 18 17 156, DEC 27 26 259, EP-B 146 892). In the usual method, a precursor is first produced

via polymerization of the monomers in the presence of a free-radical initiator at low temperatures (e.g.
from 30@ yoreQDE ewitinsleh sequerishefatingstoutramab Qo B20C; anthtbisdsthemfoamed by a

blowing agent that is, present, via heating.to abput 180C to 250C. (see EP-B 356 .714). To this end, by
way of e%‘gtlr%%?& & "é’f%%&y meer’ﬁ?: {v .@? B‘E’Pg%‘f&%élmﬁgﬁ?a%‘a‘fﬁtﬁawja&ﬁ%c ¢ld%nd
(n-ieth)aenyhonitriiim agaolamnraticwhittyisofreferably ttam 258 10 3ct. TheCsakl cppalgmers can

i EE)#‘wgymof example from esters of acrylic or

moreover comprise fyther monomey units which derive 1 example.from esters of .
methacr%yﬁl|‘(:'"‘é(c‘f“o?,| m”p%‘%tglcmhf%i'tﬁ‘fo%éfjé‘r’ oGS Y NSRS 1268 & SAson atb it 8 G Cstyrene,

frond maleicpadidrarrits iSaniydeide; fromdtsaicoitic acidondts ainhydridesdiom vimyipyreaiidene, from
vinyl temperatures (e.g. from 30°C to 60°C) with subsequent heating to from 60°C to
120°C, and this is then foamed by a blowing agent that is present, via heating to
about 180°C to 250°C (see EP-B 356 714).
To this end, by way of example, a copolymer can first be formed, comprising
10 (meth)acrylic acid and (meth)acrylonitrile in a molar ratio which is preferably from
1:3t03:1.
The said copolymers can moreover comprise further monomer units which derive by

way of example from esters of acrylic or methacryiic acid, in particuiar with lower

alcohols having from 1 to 4 carbon atoms, or from styrene, from maleic acid or its

—h

(&1

anhydride, from itaconic acid or its anhydride, from vinyipyrrolidone, from vinyi
chloride or from vinylidene chloride. The proportion of the comonomers which cannot
be cyclized or can be cyclized only with great difficulty is not to exceed the following
values, based on the weight of the monomers: 30% by weight, preferably 20% by
weight and particularly preferably 10% by weight.
20
Other monomers that can be used with advantage in a likewise known manner are
small amounts of crosslinking agents, e.g. allyl acrylate, allyl methacrylate, ethylene
glycol diacrylate or ethylene glycol dimethacrylate, or polyvalent metal salts of acrylic
or methacrylic acid, e.g. magnesium methacrylate. The quantitative proportions of the
25 said crosslinking agents are frequently within the range from 0.005% by weight to 5%

by weight, based on the total amount of polymerizable monomers.

It is moreover possible fo use metal salt additions, where these often act to reduce
the amount of smoke. Among these are inter alia the acrylates or methacrylates of
30 the alkali metals or of the alkaline earth metals or of zinc, of zirconium or of lead.

Preference is given to the (meth)acrylate of Na-, of K, of Zn, and of Ca. Amounts of



chloride or from vinylidene chloride. The proportion of the comonomers which cannot be cyclized or
can be gygHzeshony waghareat difficulty is not to exseed the following Vaﬁ@ﬁ”/}??’@q p}b%\ggight of
the monomers: 30% by weight, preferably 20% by weight and particularly preferably 10% by weight.
20 Other monomers that can be used with advantage in a likewise known manner are small amounts
of crosslinking agents, e.g. allyl acrylate, allylmethacrylate, ethylene glycol diacrylate or ethylene glycol
dimethacrylate, or polyvalent metal salts of acrylic or rnethacrylic acid, e.g. magnesium methacrylate.
The qualieifatr/&ppapitadns Wit 25sarircrsssiitking ageily ars freg semkewdtiisithéndhge from
0.005% #ﬁ%‘%@é@%&@(ﬁ@(a"@}g@@@%pn the total amount of polymerizable monomers. It is
moreover possible to use metal salt additions, where these often act to reduce the amount of smoke.
Among these are inter alia the acrylates or methacrylates of 30the alkali metals or of the alkaline earth

metals of,0f ﬁmgmog@%um%%g;gead. Preference is given to the (meth)acrylate of Nam of K, of Zn,

Ul}fi!l EORERER

and of Ca. Amounts of from 2 to 5 parts by weight of the monomers markedly reduce smoke density
in tie fire test according to FAR 25.853a. The polymerization initiators 5 Polymerization initiators used

comprise fla3e yUGH ARG PR Re R EBHgNA dan g RlYEResizAlaP &F (ORIRIARHIAR.S Framples

being azo compounds, such as
polymerization of (meth)acrylates, examples being azc compounds, such as

azodiisobutyronitrile, and also peroxides, such as dibenzoy! peroxide or dilaurovy!
peroxide, and also other peroxide compounds, such as tert-butyl peroctanoate, or

10 perketals, and also optionally redox initiators (in which connection cf. by way of
example H. Rauch-Puntigam, Th. Volker, Acryl- und Methacrylverbindungen [Acrylic
and methacrylic compounds], Springer, Heidelberg, 1967, or Kirk-Othmer,
Encyciopedia of Chemical Technoiogy, Vol. 1, Pages 286 ff, John Wiley & Sons, New

York, 1978). The amounts preferably used in the polymerization initiators are from

sy

(o)}

0.01 to 0.3% by weight, based on i
it can also be advantageous to combine polymerization initiators with different
decomposition properties in relation to time and temperature. An example of a very
suitable method is simultaneous use of teri-butyl perpivalate, tert-butyl perbenzoate

20 and tert-butyl 2-ethylperhexanoate, or of tert-butyl perbenzoate, 2,2-azobisiso-2,4-

dimethylvaleronitrile, 2,2-azobisisobutyronitrile and di-tert-butyl peroxide.

The regulators

25  The molecular weights of the copolymers are adjusted via polymerization of the
monomer mixture in the presence of molecular-weight regulators, particular examples
being the mercaptans known for this process, for example n-butyl mercaptan,
n-dodecyl mercaptan, 2-mercaptoethanol or 2-ethylhexyl thioglycolate, or else
quinones or terpenes, where the amounts generally used of the molecular-weight

30  regulators are from 0.01% by weight to 5% by weight, based on the monomer
mixture, preferably from 0.1% by weight to 2% by weight and particularly preferably

from 0.2% by weight to 1% by weight based on the monomer mixture (cf. by way of



azodiisobutyronitrile, and also peroxides, such as dibenzoyi peroxide or dilauroyl peroxide, and also
other pqﬁ%i% ppeupds, such as tert-butyl perggtanoate, or 10perketpls;jane aso aptignaty redox
initiators (in which connection cf. by way of example H. Rauch-Puntigam Th. Volker, Acryl- und
Methacrylverbindungen [Acrylic and methacrylio compounds], Springer, Heidelberg, 1967, or
Kirk-Othmer, Encyclopedia of Chemical Technology, Vol. 1, Pages 286 ft. john Wiley & Sons, New
York, 1978). The amounts preferably used in the polymerization initiators are from 150.01 to 0.3% by

weight, basawbnfth&steetingumnibgenald Nt YarkalsoAse davartitribas td RIBHE e merization
initiatoriggl !ﬂiféﬁgﬁ&%%%me%g%BWﬂ%% atio ta-fimeand sdempelaibrevis example of a

very sui met s simultaneous use of teri-bu %/I perpivalate, tert-butyl perbenzoate 20and

tert-butyVibthyieatsciaeaies o dIABAMDGVSERsEs Zat60 2TPC L BIRIBHYD, XobinmEthY Ivaleronitrile,
2,2-azobisisobutyrenitrilerand.di-tert-putvlperaxide.ofheeauiators 5EhesmRlecHiaraveighisof the

copolymer are éafusted via polymerization of the monomer mixture in the presence of
moleculdeaightgsgiiatots Asaticiiaiexalipfes bEingthemétéaptans known for this process, for
example n-butyl mercaptany n-dodecyl mercaptan, 2-mercaptoelhanol or 2-ethylhexyl thloglycolate, or
else quinones or te,rpene.s, where the amounts generally used of the molecular-weight 30 regulators
are from 0.01% by weight to 5% by weight, based on the monomer mixture, preferably from 0.1% by

Weight (q 226 Y MERBL A0 BRSSP RGP DML B.2% UMD giBrpight based on the

monomer mi y way of example H. Rauch-Puntigam, Th. Volker, "Acryl- und
Methacryhesdsiadirigermple what is known as the cell process, without restriction thereto.

10

1

The weight-average molar mass '+ of the polymers is preferably greater than

1 g/mol, with no intended resultant

restriction.

15 The foaming of the copolymer during conversion to a polymer containing imide
groups is achieved in a known manner by using blowing agents, where these form a
gas phase at from 150°C to 250°C via decomposition or vaporization. Blowing agents
having amide structure, e.g. urea, monomethyl- or N,N'-dimethyl urea, formamide or
monomethylformamide, decompose with liberation of ammonia or amines, which can

20  contribute to additional formation of imide groups. However, it is also possible fo use
nitrogen-free blowing agents, such as formic acid, water or monohydric aliphatic
alcohols having from 3 to 8 carbon atoms, such as 1-propanol, 2-propanol, n-butan-

1-ol, n-butan-2-cl, isobutan-1-ol, isobutan-2-ol, pentanols and/or hexanols.

25  The amount used of blowing agent depends on the desired foam density, but the
usual amounts of the blowing agents in the reaction mixture here are about 0.5% by

weight to 15% by weight, based on the monomers used.

The precursors can moreover comprise conventional additives. Among these are
30 inter alia antistatic agents, antioxidants, mould-release agents, lubricants, dyes,

flame retardants, flow improvers, fillers, light stabilizers and organophosphorus



[Acrylic and methacrylic compounds], Springer, Heidelberg, 1967; Houben-Weyl, Methoden der
oroanis | hods of organic chemistyy), Vol. XIV/1, Page 6 hi idelberg,
1961 or(\}aﬁg- thm@ﬁ%%egyclopedia of Chemical Tt({:-)(ﬁ:hnology, Vol. 1, Pag%g%%%%%ﬁgfﬁ@ York,
1978). The polymerization process preferably uses variants of the bulk polymerization process, for
example what is known as the cell process, without restriction thereto. 10 The weight-average molar
massof the polymers is preferably greater than iO g/mol. in particular greater than uxgime!, with no
intended>eaBntantrestrictions p5T4ENftenting lufthe@upelyméyrdaring eembesion tabpohgmer
containi%glg?j %@é%ggis achieved in a known manner by using blowing agents, where those form a
gas phase at from to 250C via decomposition or vaporization. Blowing agents having amide
structure, e.g. urea, monornethyl- or N,N'-dimethyl urea, formamide or rnonomethylformamide,
decompase with liberation of ammaonia. or amines, which can 20contribute. to, additjonal formation of
imide route. FIWever Th1S 108 pocuHIL o (et PHiE bR el bidiig RUdHE s UL fofine acid
water orinfopid keticaliphatic adgotpts Havilng frem’3rtorg) chdsencatomis;rsiichrastiiprapasiek

2-propa Q]I %(EE .- -2-0l, iscbutan-1-ol, isobutan-2-pl, pe.ntanals and/or hexanols. 25The
amount%sgc?E 0 t(?g)qv@r% g %iﬁ%c%%‘en Es% %n}%ggeé;etg‘fi%%%grﬁh%ngsﬁtgr %??%@Jgﬁgflpé?ﬂo nts of the
blowing &ligesistsvititheizeaction rangarédreréGreratao (it 01590 by aaeighibtal 15%Mby Beiyt] based on the
monomers used.

One particularly preferred poly(meth)acrylimide foam that can be used can be

10 obtained by way of example via the following steps:

1. Production of copolymer sheet via free-radical copolymerization of a

Pelud W B

.

931

(@)  amonomer mixture made of from 20% by weight to 60% by
weight of methacrylonitrile, from 80% by weight to 40% by weight of
methacrylic acid and optionally up to 20% by weight, based on the
entirety of methacrylic acid and methacryionitrile, of further
monofunctional, vinylically unsaturated monomers

20

(b)  from 0.5% by weight to 15% by weight of a blowing agent mixture
made of formamide or monomethylformamide and of a monohydric
aliphatic alcohol having from 3 to 8 carbon atoms in the molecule

25

(c) a crosslinking agent system which is composed of

(c.1) from 0.005% by weight to 5% by weight of a vinylically
unsaturated compound which can be subjected to free-radical
30 polymerization and which has at least two double bonds in the

molecule and



The precursors can moreover comprise conventional additives Among these are 30inter alia antistatic
agents, n@o d;i é)s Id-release agents, lubricants, dyes, flame retardants, flow improvers, fillers,
light stag}fl e%%) ?2 1o’?rgggophosphorus. compoun@rg, such as phosphiteggr%!ﬁggﬁﬂ(aﬁ@@%?%ments,
weathering stabilizers and plasticizers, Another crass of preferred additives is provided by conductive
particles, where these 5inhibit electrostatic charging of the foams. Among these are inter alia metal
particles and carbon black particles, which respectively can also be present in the form of fibres, with

size in the range from 10 nnid@ LBanim| BscgeserdraddreBP Y 3adght b AnagnSiie-particuasly

preferred poly(meth)acrylimide foam th tcar] he used can be 10obtained by way of example via the
following steps:  ProductidRoPE5iSolfie? ¥RedrvREHBRNAdIEAREHd§merization of a composition

composed of (a) a monomer mixture made of from 20% by weight to 60% by weight of
metnacrylonitrile, from 80% by wqi%}} to 40% by weight of methacrylic acid and optionally up to 20%

by weight, based on thqa( enti‘f‘é‘tf/qfﬁ étﬁgﬁﬁfb acid and methacrylenitrile, of further monefunc.tional,

vinyically unsaturated monomers 20 (b) from 0.5% by weight to 15% by weight of a blowing agent
mixture made of formglaide or monom'%tg%l%grtmamide and of a monohydric aliphatic alcohol having
from 3 to 8 carbon atos in thE O ves

(f) a regulator or regulator mixture

10 2. This mixture is polymerized for a number of days at from 30°C to 45°C
in a cell formed from two glass sheets of size 50*50 cm and from an edge seal
of thickness 2.2 cm. The copolymer is then subjected to a heat-conditioning
program extending from 40°C o 130°C for about 20 h or final

poly(meth)acrylimide copolymerization.

o

The subsequent foaming takes place during a period of some hours at from
170°C to 250°C, preferably at from 200°C to 250°C and very particularly
preferably at from 220°C to 250°C.

20 Poly(meth)acrylimides with high heat resistance can moreover be obtained via
reaction of polymethyl(meth)acrylate or its copolymers with primary amines, where
these can likewise be used according to the invention. The following may be
mentioned as representative of the large number of examples of the said polymer-
analogous imidation process: US 4 246 374, EP 216 505 A2, EP 860 821. High heat

25  resistance can be achieved here either via use of arylamines (JP 05222119 A2) or
via the use of specific comonomers (EP 561 230 A2, EP 577 002 A1). However, all of
the said reactions give solid polymers rather than foams, and to obtain a foam these
have to be foamed in a separate second step. Again, there are techniques known to
a person skilled in the art for this purpose.

30



(c) a crosslinking agent system which is composed of (c.1) from 0.005% by weight to 5% by weight of
a vinylic ?&ll@ t]?g% ompound which can be subjected to free- radlcﬁé[(?%gy s d which
has at Ie%{!/st two 1 onds in the molecule andﬁ Cl) from 1% by wei Aét?ﬁw%(aslg% gfg
magneoxide or zinc oxide, dissolved in the monomer mixture (d) an initiator system 5

(e) conventional additives (f) a regulator or regulator mixture 102This mixture is

polymerized for a number of days at from 30C to 45C in a cell formed from two glass sheets of size
50r50 crivigidl Srornlgimredig e sedinnidbitiaressc2r? @en Fhebobuneristkerislbjected dormle

heat-congilioning niBafem S eNEA% R AH1B WmdR'EROBL QL LR Bl etacrylimide
copolymerization
densities and sizes.

5 The density of the copoly(meth)acrylimide foam is preferably in the range from
20 kg/m3 to 320 kg/m®, particularly preferably in the range from 50 kg/m® to

k':dil

Without any intended resuitant restriction, the thickness of the core layer is in the
10 range from 1 mm to 1 000 mm, in particular in the range from 5 mm to 500 mm, and

very particularly preferably in the range from 10 mm to 200 mm.

The core layer can also have further iayers in the interior. However, the materials

bonded by the process of the present invention are a copoly(meth)acrylimide foam

s

81

specifically and/or outer fayers (see above). However, particular embodiments of the
process according to the invention use a core layer which is composed of

copoly(meth)acrylimide foam.

It is also possibie that poly(meth)acrylates are used as plastics to be foamed.



The subsequent foaming takes place during a period of some hours at from 170C to 250C, preferably

at from very particularly preferaply at from 220C to 25 a t gc limides
with higﬁ%@e@s&gﬁ%g%an moreover be obtain?c?via reaction of polynge%@fggg ‘@&5 %g%r its
copolymers with primary amines, where these can likewise be used according to the invention. The
following may he mentioned as representative of the large number of examples of the said
polymer-analogous imidation process: US 4 246 374, EP 216 505 A2, EP 860 821. High heat
25resistalnioe grote atibievedbersseither via use of aryiamines (JP 05222119 A2) or via the use of
specific comonomers (EP 561 230 A2, EP 577 002 Al ). However, all of the said reactions give solid
polymers rather than foams, and to obtain a foam these have to he foamed in a separate second step.
Again, there are techniques known to a person skilled in the art for this purpose. Rigid
copoly(meth)acrylimide foams can also be obtained commercially, an example being Rohacell(r) from
Evonik ROMPERBEIQRHIERCEsS B Sippliasiirs/ansu s BRsiHE: aivdidEids. crmerasrsity bilthe
copaly(msth)asiylisnige foam is preferably in the range from 20 kg/m3 to 320 kgim3, particularly
preferably in the range from 50 kg/en-13 to 110 kg/m3. Without any intended resultant restriction, the
thickness of the core layer is in the 10range from 1 mm to 1 000 mm, in particular in the range from 5

mm to 500 mm FaBd vaIyrPa s IBrAs REeTRIaRIHY the EpBR fIamntR. R R 200 Ama fllecore layer

can also have further layers in the interior. However: the materials bonded by the process of the

present inventidRAHE A2 GoENRrRetvRIAHiRde 96 AR DS Faethieds, taribrof ivirasiapers (see above).
However, partiqylaniesabqeiggmien@idhe depend on the foam density to be set in the finished

10 plastics foam composite product. Given the known density of the copolymer, a

constant foaming factor arises, based on the target density, because of the

isotropic foaming behaviour. This factor can be used to calculate the

it

” .
dimensions of the required copolymer.

15 2. The outer layer is placed in the mould, and a release means can optionally be
applied between mould and outer layer, in order to facilitate demoulding of the

plastics foam composite product.

3. The foaming and bonding of the resultant foam to the outer layer(s) are carried
20 out in a step at temperatures of from 170 degrees Celsius to 250 degrees
Celsius, preferably from 200°C to 250°C and very particularly preferably from
220°C to 250°C.

The foaming time is from half an hour to five hours, preferably from one and a
25 half hours to four hours and very particularly preferably from two hours to three

hours.

4. After cooling, the plastics foam composite product can be removed from the
mould.
30
There is a restriction placed upon the material from which the mould is produced,

insofar as it must be capable of withstanding the temperatures of the foaming



process according to the invention use a core layer which is composed of copoly(meth)acrylimide
foam. Iti J at poly(meth)acrylates used as plastics to (é
2012/01%@%@%%%%11/058869 The producz{o%] process The produ%gt%l%tﬁ%%)%c gyﬁ?%ﬁg %Iastics
foam composite product is composed of the following steps: 1. Production of the plastics moulding.
The plastics moulding is an unfoamed moulding and is converted by mechanical methods to the
dimensions required. The dimensions depend on the foam density to be set in the finished 10plastics
foam comiposiss pitddust Giveear tadvardagedensitjhef ithte tap alyim eff, taconstéhifeanuogfactor arises,
based o ity, b he.isotrnpic, foaming behaviour. This, factor cgn he used to
cacu Latg %ﬁgﬁ?ﬁg&ggﬁ% %@‘?h@%‘%@fﬁzﬁ c%i)o ;e/rﬁei%r.Sti%sz%n ncé %%’i”e‘??éﬁ%r%ﬁﬁfi%% ‘W?%:k:omould, and a
release mgdascarsoptivhally Feapplibd betsieantaoulcoamubeitterdayetinig. order to facilitate
demoulding of the plastics foam composite product. 3. The foaming and bonding of the resultant foam

to the outer layer(s) are carried 20out in a step at temperatures of from 170 degrees Celsius to 250
degbeesThe plastics foam composite mouldings obtainable according to the process

according to the invention are suitable, on the basis of their low weight and of their
excellent mechanical properties, as a component in spacecraft, aircraft, watercraft

and land vehicles, and in particular as components which deform in a manner that

absorbs energy in the event of an accident (crash elements).



Celsius, preferably from 200C to 250C and very particularly preferably from 220C to 250C. The

foaming,iimeysdremsbadf an hour to five hours, preferably from one andrCa3a&L0O0UMS 3G G hours
and very particularly preferably from two hours to three hours. 4. After cooling, the plastics foam

composite product can be removed from the mould. 30 process. It is moreover advantageous if the
internal side of the mould is smooth, in order to facilitate the demoulding of the plastics foam
composite moulding and to achieve a smooth surface of the plastics foam composite moulding. The
plasticﬁéalﬁﬁlbdfmposite mouldings obtainable according to the process according to the invention are
suitable, on the basis of their low weight and of their excellent mechanical properties, as a component
in spacecratft, aircraft, watercraft and land vehicles, and in particular as components which deform in a
manner that absorbs energy in the event of an accident (crash elements). WO

2012/01339319PCT/EP20111
B le 058869 Examples Example 5

5

The plastics moulding is produced in accordance with the specification according to
example 1 of DE 199 17 987 A 1.

10 A mixture made of about 61 parts of methacrylic acid, about 39 parts of

methacrylonitrile, about 4.7 parts of formamide and 4.2 parts of propan-2-0l

By R E B B o

(isopropanol) and of an initiator mixture made of 0.3 part of tert-butyl pivalate, of 0.04
part of tert-butyl 2-ethyihexanoate, of 0.07 part of tert-butyl perbenzoate and of 0.077
part of cumyl perneodecanoate is polymerized with 0.001 part of chain-transfer agent

15  between two glass sheets separated by 23 mm and sealed by a peripheral sealing
bead, for about 66 hours at a water-bath temperature of 38 degrees Celsius, with
subsequent post-polymerization for 24 hours in an oven at a temperature of 115
degrees Celsius. This gives a uniform plastics moulding . ("Parts” in the above
example always mean parts by weight.)

20

Example 2

25 A polyamide foil (organopanel: produced by Bond Laminates GmbH, Brilon, TEPEX ®
dynalite 102-RG600(1)/47%, 0.50 mm black (PA6 + GF)) is placed on the internal
side of a cylindrical mould of diameter 53.5 mm and length 265 mm in such a way
that it is in contact with the internal edge of the mould. A poly(meth)acrylimide
polymer constituted according to example 1 and measuring 98 x 17.5 x 17.5 mmis

30 placed in the mould, and the mould is heated to 220 degrees Celsius for a period of

about 2 hours.



The plastics moulding is produced in accordance with the specification according to example 1 of DE
199 17 QB4 Ah D prigtire made of about 61 pagts of methacrylic acid,rabeut B9parts 96369
methacrylonitrile; about 4.7 parts of formamide. and 4.2 parts of propan-2-ol (isopropanol) and of an
initiator mixture made of 0.3 part of tert-butyl pivalate, of 0.04 pad of ten-butyl 2-ethylhexanoate, of
0.07 part of tert-butyl perbenzoato and of 0.077 part of cumyl pemeodecanoate is polymerized with
0.001 part of chain-transfer agent 15between two glass sheets separated by 23 mm and sealed by a
periphefPatagiti e PlapbBoiREB RBUTRGE Wteldhdmiéiber fllrvBi s gegasssatelsius, with
subseqlrb%l pastzpolymerization for 24 hours in an oven at a temperature of 115 degrees Celsius. This
gives a uniform plastics moulding ("Parts" in the above example always mean parts by weight.) 20
Example 2 25A polyamide foil (oroanopanel: produced by Bond Laminates GmbH, Brilon, TEPEX
dynalite 102-RGEOQCHA7%r a0 mmyblack (BAGE Shy)deRlaced-on the intsabside-of gcylindrical

mould of diameter 53.5 mm and length 265 mm in such a way that.it is in contact with the internal edge

of the mould. APBIYHIBth EEhRiRIBRIYIHBE caRsttiiet RLEERG B ZIAHHB 1 and measuring 98 x
17.5 x 17.5 mnyig 30piacedHn theimeud anchthednpidddsheated020-0e0restgisius for a period

of about 2 hours. _ _ .
requires more explanation) homogeneous, i.e. closed-cell foam structure with

no significant preferential direction is present.
10 - The core of the component features uniform cell size distribution (the cell sizes
being in the range from 0.05 to 0.8 mm, preferably in the range from 0.2 to

0.6 mm, varying with the target density required).

- The structure of the foam core is almost 100% closed-cell.

s

(&2}

- There is very good coupling/adhesion to the outer layers. "Very good
coupling/adhesion” hereinafter means that the force required to release the
outer layer (test method and Standard: drum peel test according to DIN
53295) is greater than the peel forces typical of the material. For ROHACELL,

20 these are in the range from 10 to 80 Nmm/mm.

- The process achieves very good shaping. Three-dimensional geometries with

very small radii can be replicated.

25 - Replication of three-dimensional geometry is very good. This means that the
process achieves high degrees of forming of the foam core and of the outer

layers.

- The composite moulding has a smooth external skin.
30
- The plastics composite moulding has very good fibre consolidation. High

temperatures (range see above) are introduced into the component in order to



Cooling gives a plastics foam composite moulding with th ollo ng mechanical properties: The density of

the co e/ caR Peadjusted in the range fromzk0 kg/m3 to 300 kg/mbpteteraphsiveihe range
from 50 kg/m3to 200 kg/rn3. Throughout the entire core of the component, a relatively (a term which

requires more explanation) homogeneous, i.e. closed-cell foam structure with no significant
preferential direction is present. 10The core of the component features uniform cell size distribution
(the cell sizes being in the range from 0.05 to 0.8 min, preferably in the range from 0.2 to 0.6 mm,

varying with théﬁéﬁéét@éfﬁ@ﬁﬂ@ﬁLQF@@?,SSTEB%M% JNEEe A e AR R B Elosed-cell.
There is very good counling{adhesion odheRiietilanessix o8R0 d corpinaiadirsionaRereinater

means that the force required to release the outer layer (test method and Standard: drum peel test

according to D GRS PR R TREANRE et foRE8Y g Hica SR HRAARATRIBR OISACELL,
20these are in the fange om0, 1a-8Q Mpm/re. JAesRIEEss achieyrsvery GOk $ikeiag.

Three-dimensional geometries with very small radii can be replicated. Replication of three-dimensional
geometry is vely . This means that the process achieves high degrees of forming of the foam
core and of the outer layers. - The composite moulding has a smooth external skin. 30

- The composite permits absorption of large amounts of energy. The large
amounts of energy absorbed are the result not only of the fibre-reinforced
outer layers but also of the foam core: in the event of exposure to large

10 amounts of energy (for example a crash) cracks will form in the outer layer
once the strength value has been exceeded. These "migrate” from fibre to

fibre and thus "consume" energy. The situation with the foam is as follows:
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y is thus dissipate

an obstacle (intact plane of cells)".

- The plastics composite moulding has high flexural and torsional stiffness

values, high buckling stress, and very good buckling performance. The good

20 mechanical properties derive in essence from the sandwich-construction
principle. Sandwich construction is a type of construction for semifinished
products where a plurality of layers of various properties are embedded within
a material. It is very frequently used in combination with fibre composite
materials, such as fibre-plastics composites. Sandwich construction is a type

25 of structure in which the components are composed of force-absorbing outer
plies which are separated by a relatively lightweight core material. The said
parts are very resistant to bending and buckling, with low weight. Linear
sandwich theory is used for the relevant calculations. The core material can be
composed of paper honeycombs, of foams (rigid foam) or of balsa wood.

30 Since by way of example when a "bending” load arises it is especially the

exterior plies that absorb the tensile and compressive forces, the core sheet



initiate the foaming process. This leads to melting of the materials by way of example in the case of
thermoplast ' ms of the outer layers (an example being orga gg% Theé '

process %gc?\gyg%p |e§ high pressures to the outer layers. This leads E)%S@ gﬁgé %%tlgo%gof the
fibres 5present. The composite permits absorption of large amounts of energy. The large amounts of
energy absorbed are the result not only of the fibre-reinforced cuter layers but also of the foam core: in
the event of exposure to large 10amounts of energy (for example a crash) cracks will form in the outer
layer once the stsedgthrvakiedias drehaxoesdedeifhe sectenighatelfioradilresio fibresant) thus
“consume” enefgy, . ﬁgﬁi u@ltéogh\g%p@% %gam is as follows: when the strength value is exceeded the
process known as collapse occurs to the first cells. A complete plane of cells then collapses, then the
next, then the next, etc. Energy is thus dissipated by virtue of the repeated "encounter with an obstacle
(intact plane of cells)". The plastics composite moulding has high flexural and torsional stiffness
values, high buckling stress, and very good buckling performance. The good 20mechanical properties
derige infessampksfidm the sandwich-construction principle. Sandwich construction is a type of
construction for semifinished products where a plurality of layers of various properties are embedded
within a material, it is very frequently used in combination with fibre composite materials, such as
fibre-plastics composites. Sandwich construction is a type of structure in which the components are
composed of force-absorbing outer plies which are separated by a relatively lightweight core material.

The said PRAY ARG HErRrr G tRinBiRgcaharBiatfag] itk fowdverjie i fhear sandwich theory is

used forrdtestmievany ealculians. dihecara matetial cap becconmpesetofRapskagreycombs, of foams
(rigi foamg or of balsa wood. 30Since by way of example when a "bending" load arises it is especially

the extefid! RS SIFHRR ERE e and CofsHeeNIE feds e surd shiseyy (iReditimibe
composed atiawatrweightaatarial gbeincheespanaible ferehstardrapemittingdhe.shear forces.

Example 3 )

constituted according to example 11

n

Q.

placed in the mould. A stesl bar with

i 8

2 x 12 mm (square) and length 245 mm is also placed in the mould in

dimensions 1
such a way that the polyamide foil does not sheath the steel bar, and the mould is

15 heated to about 220 degrees Celsius for about 2 hours.

After cooling, a plastics foam composite moulding is obtained with a groove

measuring 12 x 12 mm depth, with the following mechanical properties:

20 - The density of the component can be adjusted in the range from 10 kg/m?to

300 kg/m®, but preferably in the range from 50 kg/m® to 200 kg/m?>.

- Throughout the entire core of the component, a relatively homogeneous, i.e.
closed-cell foam structure with no significant preferential direction is present.
25
- The core of the component features uniform cell size distribution (the cell sizes
being in the range from 0.05 to 0.8 mm, preferably in the range from 0.2 to

0.6 mm, varying with the target density required).

20 - The structure of the foam core is almost 100% closed-cell.



A polyamide foil (organopanel: Bond Laminates TEPEX dynalite 102- - 0(1)147%, 0.50 mm black

(PA@ +\ﬁ5)%s‘ E%Q%% the internal side of a 1(}_%ylindrical mould of di@qﬁ%?m@%éength
[ ould. A po e

265 mm in such a way that it is in contact with the internal edge of the m y ylimide
polymer constituted according to example 1 is placed in the mould. A steel bar with dimensions 12 x
12 mm (square) and length 245 min is also placed in the mould in such a way that the polyamide foil
does not sheath the steel bar, and the mould is 15heated to about 220 degrees Celsius for about 2
hours. After codlsgedsplasticfohrpopinusisitbanouldnthis obitainegwnsth degyopyedneasuring 12 x 12

mm depth; wit lJowi ' ies; 20The density of the compopent can be adjusted
in the rznge fr&%&@%@%%ﬁﬁgﬁgﬁﬁpﬁgﬁa %@ﬁﬁ&h@e?%ﬁ%ﬁ%irﬁ%g{ggrﬁm%%ez ekg/m3. -
Throughout thedeitiréagord iebtheatbmpandritianddatively hopsed éasous; dreliniosedioell fo?m stru<|:|ture
with no signific ref ial ditection is present. The core of the component featyres uniform ce
size distrigutiong %f%@e%%e% %%(% ’é"?r%%iﬁ”t ?gin?é Fé”rﬁygﬁg(?t‘é‘ 0.8’ mm, preferably in the-tange from 0.2
to 056 mm, varyirpwihettie taegetiderfsity réquéd) Nfverenis very gcod coupling/adhesion to the outer
layers. "Very good coupling/adhesion” hereinafter means that the force required to release the outer
layer (test method and Standard: drum peel test according to DIN 53295) is greater than the peel
forces typical of tienttatesiak Foe RONACELLseseiae iNthe raingerfsamal 0;¢o 8&:Nmmintm,

very small radii can be replicated. The shape of the steel bar is well replicated.

10 - Replication of three-dimensional geometry is very good. This means that the
process achieves high degrees of forming of the foam core and of the outer

layers.
- The composite moulding has a smooth external skin.

- The plastics composite moulding has very good fibre consolidation. High
temperatures (range see above) are introduced into the component in order to
initiate the foaming process. This leads to melting of the materials by way of
example in the case of thermoplastic matrix systems of the outer layers (an

20 example being organopanel). The foaming process moreover applies high
pressures to the outer layers. This leads to good consolidation of the fibres

present.

- The composite permits absorption of large amounts of energy. The large

25 amounts of energy absorbed are the result not only of the fibre-reinforced
outer layers but also of the foam core: in the event of exposure to large
amounts of energy (for example a crash) cracks will form in the outer layer
once the strength value has been exceeded. These "migrate" from fibre fo
fibre and thus "consume" energy. The situation with the foam is as follows:

30 when the strength value is exceeded the process known as collapse occurs to
the first cells. A complete plane of cells then collapses, then the next, then the

next, etc. Energy is thus dissipated by virtue of the repeated "encounter with



- The process achieves very good shaping. Three-dimensional geometries with very small radii can be
replicate% I'@h E% e steel bar is well replicated. 10- Replica ion %ﬂ [anal geometry
is very goo%. ?s meagn%g':hat the process achiev?sﬂhigh degrees of forrﬁgi;ng 0 he@gg/nﬁ%%%g%nd of
the outer | ayers. - The composite moulding has a smooth external skin. 15 The plastics composite
moulding has very good fibre consolidation. High temperatures (range see above) are introduced into
the component in order to initiate the foaming process. This leads to melting of the materials by way of
example in the gasgosfablerttplzstie matfixslstems of the outerla.yers (an 20 example being
organopanel). The foaming process moreover applies high pressures to the outer layers. This leads to
good consolidation of the fibres present. The composite permits absorption of large amounts of
energy. The largbebianiotmtm offersig yrabsdirmet axé ihe fesultbhandrilyrsibthal filifeveainforced outer
layers but also gfffa;h faam care: in the event of exposure tg large amounts of energy (for example a
crash) cracks wi 'ﬁj)%ﬁ iﬁ%?ﬁ%?g’ 'Téh)sleg%ﬁ’ccé%ﬁé é?e%ﬁfé valtie has besn excesded “THage "migrate:
fron®fibre to fibrecaid e toopsuines darergyn Ehesitmfiomwith twnfoanhisassfollotiisn30 ihen the
strength value i £XG d mg prpGe l[?n ollapse.occurs to.the first cells. A complete plane of
cells then colla sres, ?r%ént e neéﬁ ﬁ?i% ﬁg\{x{gﬁge%tg%\egﬁg%gst “d%“é’,gs%‘é &d @”@?Fﬁ‘?éfof the
repeated "encopriterioiithviaerelsstacte! intalctaptarecdfvesits)s properties are dded within

embedde
a material. It is very frequently used in combination with fibre composite
materials, such as fibre-plastics composites. Sandwich construction is a type
10 of structure in which the components are composed of force-absorbing outer
plies which are separated by a relatively lightweight core material. The said
parts are very resistant to bending and buckling, with low weight. Linear
sandwich theory is used for the relevant calculations. The core material can be

composed of paper honeycombs, of foams (rigid foam) or of balsa wood.

(@4}

Since by way of example when a "bending” load arises it is especiaily the
exterior plies that absorb the tensile and compressive forces, the core sheet
used can be composed of lower-weight material, being responsible merely for

transmitting the shear forces.



The plastics composite moulding has high flexural and torsional stiffness values, high buckling stress,
and ver ' rformance. The good 5mechanical properties derive.i 1% the
sandwiﬁ(%orggﬂlgz ii%%gﬁlciple. Sandwich constrgﬁion is a type of cons rucl:}tlﬁ)zr&;g %@Si/gécﬁe% sgrgeld
products where a plurality of layers of various properties are embedded within a material. It is very
frequently used in combination with fibre composite materials, such as fibre-plastics composites.
Sandwich construction is a type 10of structure in which the components are composed of
force-abBtabirg @liteimplies which are separated by a relatively lightweight core material. The said
parts are very resistant to bending and buckling, with low weight Linear sandwich theory is used for the
relevant calculations. The core material can be composed of paper honeycombs, of foams (rigid foam)
or of balsa wood. 15Since by way of example when a "bending” load arises it is especially the exterior
plies that absorb the tensile and compressive forces, the core sheet used can be composed of
lower-weight mafefiaf beihg TEHonsiBIe Fately fo traAstRkHHG the SHEW forces. WO
2012/01339325PCT/EP2011/058869 Patent Claims 1. Process for producing a plastics foam

composite moulding; characterizec
characterized in that

one or more outer layers and a solid poly(meth)acrylimide copolymer are

introduced into a mould and then the poly(meth)acrylimide copolymer is

10 foamed and bonds to the outer layer(s).
2. Process according to Claim 1,
15 characterized in that

the foaming is carried out at from 170 degrees Celsius to 250 degrees

Celsius.

20
3. Process according to Claim 1,
characterized in that
25 a plastics foam composite moulding is produced in a single processing step.

4. Plastics foam composite moulding obtainable according to a process of patent
Claims 1 to 3.
30



one or more outer layers and a solid poly(meth)acrylimide copolymer are introduced into a mould and
then the,pelyimesihasndignide copolymer is foameghand bonds to the ou (%% %%%s‘ ccording
to Claim 1, characteﬁe)ze in that the foaming is cz(:%r!'?ed out at from 70 deggféé%se siyiuﬁ;yﬁo 8%egrees
Celsius. Process according to Claim 1, characterized in that a plastics foam composite moulding is
produced in a single processing step. Plastics foam composite moulding obtainable according to a
process of patent Claims 1 to 3. 5. Use of the plastics foam composite moulding according to Claim 4
as componént lasspalcltrafta siies dfta mate ropafsiém dhianld inghiclesidin g se Glime plastics foam
composite moylding ac 'q{(ﬂj] to % i 4a e j 0 in spacecraft, aircraft,
watercraft and and ehil-%les.néyp ¢ ?ﬁgle’se o(?r%e’ %&%ﬁ%@%@gﬂ\g@&k&ldmg according to Claim
4 as 10stabilizing component in spacecraft, aircraft, watercraft and and vehicles.

5 6. Use of the plastics foam composite moulding according to Claim 4 as energy-

absorbing component in spacecraft, aircraft, watercraft and land vehicles.

7. Use of the plastics foam composite moulding according to Claim 4 as

10 stabilizing component in spacecraft, aircraft, watercraft and land vehicles.



