Moulding compound or coating system (PMMA-free) having IR-reflecting properties in combination
with a surface layer or film containing PMMA Field of the invention The invention relates to opaquely

coloured, infrated- £%f_llelc}i5]g&3léldings which are able to serve as %@QEHI i@,yoebr gFgfan be used,

for example, in the 10 construction industry or in automotive engineering as, for example, a vehicle
roof module with thermal protection properties. On account of the very good properties of PMMA, the

15 corresponding moylding cal 88@8”%%“% prqcesse ing(e_reﬁlia( mGoexjrugion @grs or as top
layers of inmould-coated (IMC) parts. These layers s rveyas a top layer on, among oti]ier , films,
sheets, profiles ARAPHfe<SHIAMEN BFORRHT £6/pbReRPERdBRbaCkINY ider2058 E6@PEsed of
plastics, which in some cases ara difterentrplddtics. dbase piaistigs psivck as PVC, polystyrene,
polycarbonate, ABS and ASA, for example, have further important properties, such as impact strength
and/or low price, 25 Applicationscontemplatedforthesecoloured coextrudates or IMO articles include,
for exampffe, cgﬁsefﬁfétié)ﬁ a%ﬁcéﬁb‘ﬁ%?gﬁa?as drainpipes and window frames; automotive
applications, such as roof 30 modules, exterior and interior trim components (panels), spoilers and

mirror housingsyRousekeld @ns-speds applicatignsygeh,as ook savarsceuteripanelsfogboats and ski
foils. A problem W'T.P tg§§e CO'%%{?P coextrudﬁd or IMC arti Ielsé hgvg/ever,ris that often th% 35 are

. Y e ings winic are a Serve gag, . a
IR-absorbing and ence, for example, &vehicle interior heatd up readfy as & résult 3f'a roof module of

this kind. WO 2811/1944 202 pePCF/EP2021/05889 MPfier artfPa preventsteh hédting: fise use is
known of opaquetyseutdRetiansparenilycejoused pely(methiastylate (BAMMAR evoLidingsgompositions
for the Weatheggg pr %{ of plastics.mouldings made, for example, of polyyinyl chloride (PVC). The
coated plastics mou? w%g é%tﬁénaéiv%egflé ggl%rérnétzjosézﬁl%%élﬁ%z,%rrpgxa?n%?e?%%icérr%%gﬁs the IR
radiation at the-B&ihddryPsfer Hetween

On account of the very good properties of PMMA, the
15 corresponding moulding compositions are processed inter
alia to form coextrusion layers or as top layers of in-
mould-coated (IMC) parts. These layers serve as a top
layer on, among others, films, sheets, profiles and
pipes in which the main component and/or backing layer
20 1is composed of plastics, which in some cases are
different plastics. These plastics, such as PVC, poly-
styrene, polycarbonate, ABS and ASA, for example, have
further important properties, such as impact strength

and/or low price.

25
Applications contemplated for these coloured
coextrudates or IMC articles include, for example,
construction applications, such as drainpipes and
window frames; automotive applications, such as roof
30 modules, exterior and interior trim components

(panels), spoilers and mirror housings; household and
sports applications, such as tool covers, outer panels
for boats and ski foils. A problem with these coloured
coextruded or IMC articles, however, is that often they

35 are IR-absorbing and hence, for example, a vehicle
interior heats up readily as a result of a roof module
of this kind.



10 the two plastics mouldings and so prevents excessive heating of the article. DE 27 19 170
describes a method for protecting PVC layers against sunlight effects, by means of a layer which is
applied durably,fo the Pvggh M%rgand which is equipped both with UV, Ltl,iggr \g/ig@g:\’ reflectors.
IR reflectors used arelgléac ang chromate, molybdatgred, molybdatg?)lr?agnge, o ?(}r%ium oxide green,
antimony sulphide, cadmium sulphoselenide, cadmium 20 sulphide, anthraquinone black pigment,
anthraquinonePdaJr_k-querQigment, monoazo pigment or phthalocyanines. Some of these pigments are
no longer permitlfe(ffoo%ty. As material for the top layer, an otherwise unspecified FMMA is described.
25 DE 26 05 325 likewise describes a method for protecting PVC surfaces: the applied protective layer
is given opaquesoledeng it sushca way astaachieme maximum reflestian drthe JRgegior and
minimum transpare in 30 the UV region. The objective is achieved through the t least one
IR-reflecting b?glékE o?fgolgﬁra &%%ae%%%%rythg %%?ﬁlelgecgolﬁ? ﬁg&ﬁgﬁg?ﬁfer%u?naﬁﬁgnt&%% lymer-based
dispersingadditivie lstitas|e tRBRSST. WOZD08 D97 '8Y5 antalTE Z60F 097 205 Hesefbe 2 three-layer
automotive finish £emprisingnealodr pigments freone fayer andaliRereflectas pigmentsit anather layer. 5
Neither system.issitafle for:producing,trim corpponepts.or, shaped, parts /g objectiyg,of these

applications is to provide black finishes which heat up to a reduced extent in Spite of the dark colour.
10 A mouldingEohiPbsifion, A ifSihgleSiaF8r fGh, conprising ToloFiiBments ald 1S eflector
pigments is fourrfihcER 48t 7R Arsimikar systeatistdeschbeddabDE 1:2607 D61 ©521Single-layer
systems; Bowaves, alspaye the disadvantage: that the desige fregdap is great-testiicted, and that
sufficient heatgist%rtion re%istt nce in co ination with good weathering resistance is difficult to
realize. A muItl-%?/erlf%gné)parentesfé]ferﬁco o PMMA layers 20 joined by a PU adhesive and with
IR-absorbers in one PMMA layer is found, additionally, in EP 20 323 60. This system, however, is
colourless andpwhiterbeing less dranspissiveder heatpagieairespandipglyshadedsysteras, is
nevertheless t(i%trgngparerétiglalsr%iculszﬁll)( 215 r ve \ simil
non-transparent, ‘oI]E’)ur‘e?jg{/arlant is not (]:Iegcrl ed. Pure PMM ysys ems, however, ma§ undergo
alteratioht 2t tetiper@tures afveFobClcrelprediSely 2oV T05€Y ThuS e ré’fiey be dfstances of
hazing or distostian pbthe shapedhparty Patticutawly insthercaseaf ostdoanapplieatians under direct
insolation, this,is adisadyantagefor, dark.coloured gomponents that heat yp reagdily35 .

Corresponding,smgIeéléagermouIdlngcomposmons comprising 12-reflector pigments and dark colour
pigments and BGpBSat 6f petfmetRadKpstas &r RSANGR ryI RN Fe e’ IR a8RRRE terpolymers)

are antimony sulphide, cadmium sulphoselenide, cadmium

a gla%llggé r vehicles or veQichtrooafs.f\ similar

20 sulphide, anthraguinone black pigment, anthraquinone
dark-blue pigment, monocazo pigment or phthalocyanines.
Some of these pigments are no longer permitted today.
As material for the top layer, an otherwise unspecified
PMMA 1s described.

25
DE 26 05 325 likewise describes a method for protecting
PVC surfaces: the applied protective layer 1is given
opaque colouring in such a way as to achieve maximum
reflection in the IR region and minimum transparency in

30 the UV region. The objective 1s achieved through the
use of at least one IR-reflecting Dblack or colour
pigment. For the darker colour pigments, predominantly
IR-absorbing pigments are not used. A pigment used in
the examples 1s titanium dioxide or anthraquinone black

35 in combination with a UV absorber.

WO 2009 097 205 describes a coating composition

comprising IR-reflecting nanoparticles and a triblock



WO 2011/144429- 4 -PCT/EP2011/056691 found in US 2007 01 294 70 and in US 2007 01 294 82. In
dimensional terms, these single-layer moulding compounds also have only limited thermal stability and

are therefore n% Sl{ e/EOJsz?ff icularly dark vehicle%rim compone%éfgg‘%gr&fggggig% g)_(stem with a
a bac .

top layer and ing layer of PVC, PE or PP is described in EP se plastics as well,
however, are no longer dimen- 10 sionally stable when subject to particular development of heat at
100C. Often these materials undergo alteration even at temperatures of more than 85C. Applications

described are, firBartilfat, BARATY apbiBaicHs Sud 4e PYEewiRtdAREfiest BEE AdtAtitomotive 15
engineering. Latter apphcalidiis, Hiowveward ar® sidje@ct 16 PolatbEdy examtingrequirenientssin terms both

of heat resistance,a3d cfvisuabappearancs &P 13473 83.describesa singledayersystem comprising
20 a shaped plg%gcsloart a pginis Iaggr, a f%irgcrggtrerialia hé/d‘rcaulically sett@g material such as
| Ion Ic

concrete or a composﬁg ?n%tenré | IR-reffec may bé adhieved inlle}ayasnv?h nciudé e addition of

reflecting pigmBREsAIRE dyes Sitfieh, ScofjuhEaén Wit 25 carresponting disabdvartageeoare located

necessarily in thersagnedayeshApy dyesateslocated isthesaine layer. ERHe:1%3-83 proyides teaching
as to how to equjp covered ggrt%po%dyggiclgﬂgtggor ?H?Ql’?@ 4e%g§%%eal%ggit{}/?’gsto(g elg,e structural
components such as 30 pantiles, window frames and even facades in such a way that they exhibit little

heating-up whérr tHeREcbIGehTE Hark TEP A8 243, Tt Kd G&st Rbprovide

10 A moulding composition, also in single-layer form,
comprising colour pigments and IR-reflector pigments is
found in EP 18 173 75. A similar system is described in
DE 10 2007 061 052. Single-layer systems, however, also
have the disadvantage that the design freedom is

15 greatly restricted, and that sufficient heat distortion
resistance in combination with good weathering resis-

tance is difficult to realize.

A multi-layer transparent system of two PMMA layers
20 joined by a PU adhesive and with IR-absorbers in one
PMMA layer 1s found, additionally, in EP 20 323 60.
This system, however, is colourless and, while Dbeing
less transmissive for heat and correspondingly shaded
systems, 1s nevertheless too transparent particularly
25 as glazing for vehicles or wvehicle roofs. A similar
non-transparent, coloured variant is not described.
Pure PMMA systems, however, may undergo alteration at
temperatures above 100°C, more precisely above 105°C.
Thus there may be instances of hazing or distortion of
30 the shaped part. Particularly in the case of outdoor
applications under direct insolation, this is a disad-
vantage for dark-coloured components that heat up

readily.

35 Corresponding, single-lavyer moulding compositions
comprising IR-reflector pigments and dark colour
pigments and composed of polymethacrylates or ASA

(acrylonitrile-styrene-alkyl acrylate terpolymers) are



teaching on how to produce a visually appealing shaped part, as a roof module in a vehicle, for
example. 35 Moreover, this teaching is probably not sufficient to meet the exacting requirements in

relation to a) high rgg@ip@ 49ad gnd b) particularly_effective heat i@g@}igg% flv%%esgierior,

through a roof module, for example. Object An object of the present invention was to provide darkly
and opaquely coloured shaped plastics parts for outdoor applications that in comparison with the prior

art are at !east fg[Lllle(gllelnrtl bglé pae&grgb%ar 9|21pj;?}ve£rhldo in te{rjrgs 205 (ggelggr_og%tleész Th%lntentlon
more particularly Is t0 provide shaped plastiCs parts Which By comparison with the prior art'can be
designed with §regarsispizility in tEMHS of optichedssign, WieatHer resistance oneattidiqimlities and

which exhibit ackibighriempernaturenesistasgewp 1amerethamd@0c1 By dadd shades areimeant
brown, grey, dgrkégre%@l, draer§-blue or black sha(f - mixed_shades are likewise possible. 20 The
object, furthermorre, Was 1o p,rc?vrléze dar %colosu% as%ﬁg:%ed g%gticspp?alftslvc\:/ﬁ\%ﬁrm%imigéa ﬁ%ating of the
shaped plastic¥ PRHOrOf B relidiPARRASE sftuated behind the shaped plastics parts from the

viewpoint, 25 for example, of insolation. The object, furthermore, was that the plastics moulding must

be weather-resistan,inde; ly o the.calouring, Afurther requirement, imppsgd on 1he, _
dark-coloured ,?h?Ped part was that the adhesion in said part between to%hla er and plastics moulding
to be coated mtiY 5 eRSuréd to bé effédtivé and GurdabRS TEhackrhdre>thelcolotféd at<colourless
moulding compsitionsiare 36 hage gsodysrbtessimypropertiesamdrare foove stabléiat¢ire processing

temperatufe. SalgHan1y stable when subject to particular development
of heat at 100°C. Often these materials undergo altera-

tion even at temperatures of more than 85°C. Applica-

tions described are, 1in particular, building applica-

tions, such as PVC window frames, but not automotive

15 engineering. Latter applications, however, are subject

to relatively exacting requirements in terms both of

heat resistance and of visual appearance.

EP 18 173 83 describes a single-layer system comprising
20 a shaped plastics part, a paint layer, a fibre
material, a hydraulically setting material such as
concrete or a composite material. IR-reflection may be
achieved in ways which include the addition of
reflecting pigments and dyes which, in conjunction with
25 corresponding disadvantages, are located necessarily in
the same layer. Any dyes are located in the same layer.
EP 18 173 83 provides teaching as to how to equip
covered parts in a vehicle interior, such as leather
seats or fittings or else structural components such as
30 pantiles, window frames and even facades in such a way
that they exhibit little heating-up when their colour
is dark. EP 18 173 83, however, does not provide
teaching on how to produce a visually appealing shaped
part, as a roof module in a vehicle, for example.
35 Moreover, this teaching is probably not sufficient to
meet the exacting requirements in relation to a) high

radiation load and b) particularly effective heat



The solution to achieving these objects is provided through an innovative, dark-coloured plastics
moulding which exhibits little heating-up and which features the following properties: a.The plastics

moulding is co%o%qgf aleasttwo layers, a backl layer and a &le -EE%@Q layer is a

transparent plastics Iayer c. The backing layer is a polymer layer w has partlcular heat distortion
stability up to at least 100C. d. An inorganic, IR-reflecting pigment, WhICh is 15present in a layer which
is not the top layer. |_ILIS important that the pI stics moulding has a total solar reflectance (TSR) of at
least 10%, preferably aEP féast’ 5%aandvr% %Feferéﬁﬁ/e Htieast D095 ik 26 TSRS
accordance witfoASTRI EF03-98x#Hecstandard test method for solar absorption, reflection and
transmission for Materials Using Integrating Spheres. The top layer of a transparent plastic may be a
top 25 layer of&gg@gy'de (PA), polyvinyl fluoride (PVF), polyvinyl dichloride (PVDF), polycarbonate
(PC), alkyl acrylate-styrene-acrylonitrile terpolymer (ASA), styrene-acrylonitrile copolymer (SAN) or
poly(meth? acrylate. It is preferably a poly(meth)acrylate layer. 30 Poly(meth)acrylates are known in
the art. These palymerg exwe obtginedigenepaltyshy radicalpatymerizatiansof mixtupas-conderising

(meth)acrylates. The expression (meihjacrvaies ancempnsses meharnyiatesiand acnyales and also

mixtures of both. Preferred 35 poly(meth)acrylates are obtainable by polymerization of mixtures which

have a methyl ﬁﬁéttﬁlé)&%af’éj&}ﬂtgﬁltdfgéﬁea%?%é%*ﬁ&/ \ﬁ@f&ﬂ??ﬁ@@‘pa"?ﬁ&ﬂarﬁ}“ﬁt |85t 85% by weight
and more preferablyzatdeast 80&a by weightydbaged irbeachpraseonltfie tatalenveigbtraftie@imonomers

to be polymerized. TheRaly(meth)acrylate Ia)tgg%g\@t@l@gticuI%grefelrnéép@%ﬁqPM%@yer In this
case it may be alteék at'\ie% a PMMA film, havm(g ckne s of between 15 and 15 or a PMMA
sheet, having & THICkiess Bf bbtwiden 015 And 285 af O exahiié bf thePBrVA & ﬁc;hent is the
moulding compasitiepEexigiery #H tie istitcavaiiablie centmeraiallyofrord EviagiilicRoh GmbH.

greater variability in terms of optical design, weather
resistance or tactile qualities and which exhibit a

15 high temperature resistance up to more than 100°C.

By dark shades are meant brown, grey, dark-green, dark-
blue or black shades; mixed shades are likewise possi-
ble.
20

The object, furthermore, was to provide dark-coloured
shaped plastics parts which minimize heating of the
shaped plastics part or of a region which is situated
behind the shaped plastics parts from the viewpoint,

25 for example, of insolation.

The object, furthermore, was that the plastics moulding

must be weather-resistant independently of the colour-

ing.

30
A further requirement imposed on the dark-coloured
shaped part was that the adhesion in said part between
top layer and plastics moulding to be coated must be
ensured to be effective and durable.

35

Furthermore, the coloured or <colourless moulding
compositions are to have good processing properties and

are to be stable at the processing temperature.



The top layer may further comprise further polymers, and hence take the form of a polymer blend, in
order to modify the propert ies. Such further polymers include, 15 among others, PA, PVF, PVDF,

ASA, ponacryIQBitrg%g,lpﬂgsé%:%*nes, polyethers, p_oly6es_'gers, polycca)%%n/aég(? 5"99 gggg@é{é}fglorides.

These polymers may be use ividually or as a mixture, and cop ers derivable from
aforementioned polymers may also be added to 20 the moulding compositions. Such copolymers
include, in particular, styrene-acrylonitrile polymers (SAN), which are added preferably to the moulding
compositions in an amount of up to 45% by weight. Particularly preferred styrene-acrylonitrile polymers
may be obtainéP#isdg 25 the polymerization of mixtures which are composed of 70% to 92% by
weight of styrene, 8% to 30% by weight of acrylonitr le and 0% to 22% by weight of further
comonomers, q%seed isnoﬁ%cthicase n the tgtal vv.eril%ht %fhtgg monomers fo ble Spo?@&;ilz_%% d§O The

. @) (@] C evil e e .
weight-average molecular welgrht Al, of e homo- olymers-an ot copolymers for use as matrix

polymers th acEGraaREE with theRGERtcr fay AaetiafORRHIFARide tafdes therBleedigBweight
normally beingw35itailoredriohe end iiselandHedhe nepyuin vehich thel moulthiag: cempositian is to be
processed. Gegg@ﬂg@gﬁgk' d-haweyer, said weight is in the range between 20 000 and 1 000 000
g/mol, preferably 50 000 to 500 000g/molandmorepreferably80 000to 300 000 g/mol, without any
intention that tAis shodldcoRsattite 8 Fe RABHSH BITHS b iRPRSer R4 13Fer CoRffos&d st a
thermoplastic polymel whichshasparticulanbeatdistortioni resistapcé apdo at least 100C, preferably up

to at leastcl10¢. Prefered thermoplasticipolymers, arey in-particylas palyesters, pplyamides, ASA,
styrene- 10 acr Ionitri%eh%SAgl : t}germop astic poly urethaneseL po?/-ca bonates, . .
acrylonitrile-bufadiene-styreRia Wrpdimet (ABS) Bolybxyifethiiehe (B8R, PUE BYDRE2Eycloolefin
(co)polymers (COP oPETG)BHRiIxturest thesessolyinees: arftpélymet mixtipes Whichaomprise at
least 50% 15 by weighteaf-at least«ane of these polymers. The backing layer can have a thickness of

between 15 pm and 25 nramiil C,)A\I[}%ag%eirgatlyel%qslsltﬁt catsi%%Ck'”&'S‘%Sk |§lto usg 20 thermosets
produce(::iLé)n the basis of melamme, epoxidée or phenyl.

present in a layer which is not the top layer.

It is important that the plastics moulding has a total
solar reflectance (TSR) of at least 10%, preferably of
at least 15% and more preferably of at least 20%. The
20 TSR 1s in accordance with ASTM E903-96, the standard
test method for solar absorption, reflection and

transmission for Materials Using Integrating Spheres.

The top layer of a transparent plastic may be a top
25 layer of polyamide (PA), polyvinyl fluoride (PVF),
polyvinyl dichloride (PVDF), polycarbonate (PC), alkyl
acrylate-styrene-acrylonitrile terpolymer (ASA),
styrene-acrylonitrile copolymer (SAN) or poly(meth)-
acrylate. It 1is preferably a poly(meth)acrylate laver.
30 Poly(meth)acrylates are known 1in the art. These
polymers are obtained generally by radical polymeriza-
tion of wixtures comprising (meth)acrylates. The
expression (meth)acrylates encompasses methacrylates
and acrylates and also mixtures of both. Preferred
35 poly(meth)acrylates are obtainable by polymerization of
mixtures which have a methyl methacrylate content of at
least 20% by weight, more particularly at least 60% by
weight and more preferably at least 80% by weight,



In one inventive embodiment the backing layer comprises at least one inorganic, IR-reflecting pigment.
In a 25 preferred embodiment where there is only one inorganic, IR-reflecting pigment present in the

moulding, saidag)dé?%rg%q]tlrpi\x?&ig the backing layer. I7n an alternativgceT?%o%iwef} OtLJ% G%Iglstics

moulding 30 additionally’comprises a further layer. This further layer 15gré era%ly ana 23ive layer
having a thick- ness of between 1 and 100 pm. With particular prefer- ence the adhesive layer is layer
and the backing layer. 35 In an alternative embodiment the inorganic, IR-reflecting alia, preferably
exclusively, lodatetf BetideRE tdp B tHepreSént iehtioN pigMEntaE Idcated iRt TIEtR® adhesive
layer. The adhesivedayerliyay congtise an adhesive system or an adhesion-promoter system. Use
may be made more particularly of polyurethane adhesives, butadiene-styrene copolymers, or
terpolymers co%nrprisinc%_t%utadiene 5 and styrene, or else of vp.ol acrylates, egoxides or other adhesives

or adhesion profioters The ciidlea OF Appropriaty Sdhesive s Thads by 1 SRifledPpESSH in
accordance witae tvio SUstratésg ¥e be jolmed tHosexaaipte, bh thealyasiseof thelipaterials of the

backing layer anthefithe tep layera The layer eqwipped with thecingkganics HR-reflegting pigment

comprises, in accqrd with the inventi etween 0.01% and 5.0% by weight, preferabhly between
15 0.05% and%%%/o l:?y% s?/eeférﬁt, and vea?y p%e&%a?r‘abFy%t?é?t%\/eer%/1 G195 And™2. o]bcg{vrvlgiaﬁt, o??his pigment.

This inorganic FRfeflReing pitmetit s prefattibly Aynetak axidechavingtd parbitiéssiZzecsibetween 50 nm
and 5.0 Rm, preferably betteendo0mm and Sthpasand s1ore20:prefesalily betwees 200snm and 2.5

Rm. Thrawn ts ioe ot eoe ardiferent n{igred UR) welieing Kigroanig,olour pigments in the
mouldings of the invention it is possible to achieve signifi-

The top layer may further comprise further polymers,
and hence take the form of a polymer blend, in order to
modify the properties. Such further polymers include,

15 among others, PA, PVF, PVDF, ASA, polyacrylonitriles,
polystyrenes, polyethers, polyesters, polycarbonates
and polyvinyl chlorides. These polymers may be used
individually or as a mixture, and copolymers derivable
from the aforementioned polymers may also be added to

20 the moulding compositions. Such copolymers include, in
particular, styrene-acrylonitrile polymers (SAN), which
are added preferably to the moulding compositions in an
amount of up to 45% by weight. Particularly preferred
styrene-acrylonitrile polymers may be obtained through

25 the polymerization of mixtures which are composed of
70% to 92% by weight of styrene, 8% to 30% by weight of
acrylonitrile and 0% to 22% by weight of further
comonomers, based in each case on the total weight of
the monomers to be polymerized.

30
The weight-average molecular weight EZ; of the homo-

polymers and/or copolymers for use as matrix polymers
in accordance with the invention may fluctuate within
wide ranges, the molecular weight normally being
35 tailored to the end use and to the way in which the
moulding composition 1s to be processed. Generally
speaking, however, said weight is in the range between
20 000 and 1 000 000 g/mol, preferably 50 000 to



25 cantly higher total solar reflectances under insolation than with mouldings coated with or composed
of conventionally darkly coloured polymers. It has now been found that by the use of pigments of

30 the followingglasges Mg, 4931/144429- 10 -PCT/EP2011/0566Q Ly CAS, NYIMPSE gég%lame C.l
Number Chemistry 68186-85-60.1. green pigment 50 C.I. 77377 Cobalttitanate green spinel

68909-79-5 0.1. green pigment 17
500 000 g/mol and more preferably 80 000 to
300 000 g/mol, without any intention that this should

constitute a restriction.

5 The backing layer 1is a layer composed of a thermo-
plastic polymer which has particular heat distortion
resistance up to at least 100°C, preferably up to at
least 110°C. Preferred thermoplastic polymers are, in
particular, polyesters, polyamides, ASA, styrene-

10 acrylonitrile (SAN), thermoplastic polyurethanes, poly-
carbonates, acrylonitrile-butadiene-styrene terpolymer
(ABS), polyoxymethylene (POM), PVF, PVDF, cycloolefin
(co)polymers (COP or COC) or mixtures of these poly-
mers, and polymer mixtures which comprise at least 50%

15 by weight of at least one of these polymers. The
backing layer can have a thickness of between 15 um and

25 mm.

An alternative possibility as backing layer is to use
20 thermosets produced on the basis of melamine, epoxide

or phenyl.

In one inventive embodiment the backing layer comprises
at least one 1inorganic, IR-reflecting pigment. In a
25 preferred embodiment where there is only one inorganic,
IR-reflecting pigment present in the moulding, said

pigment may be in the backing layer.

In an alternative embodiment, the plastics moulding

30 additionally comprises a further layer. This further
layer is preferably an adhesive layer having a thick-
ness of between 1 and 100 um. With particular prefer-
ence the adhesive layer 1s located between the top
layer and the backing layer.

35 In an alternative embodiment of the present invention
the inorganic, IR-reflecting pigment is located inter

alia, preferably exclusively, in the adhesive laver.



0.1. 77288 Hematitechromium green black Chromium iron oxide 109414-04-2 C.1. brown pigment 29
168187-09-7 C.I. brown pigment 35 C.I. C.I. 77501 77504 Ironchromitebrown

WO 2011/144429 - 9 - PCT/EP2011/056691

The adhesive layer may comprise an adhesive system or
an adhesion-promoter system. Use may be made more
particularly of polyurethane adhesives, butadiene-
styrene copolymers, or terpolymers comprising butadiene
5 and styrene, or else of polyacrylates, epoxides or
other adhesives or adhesion promoters. The choice of
appropriate adhesive is made by the skilled person in
accordance with the two substrates to be joined - for
example, on the basis of the materials of the backing

10 layer and of the top layer.

The layer equipped with the inorganic, IR-reflecting
pigment comprises, in accordance with the invention,
between 0.01% and 5.0% by weight, preferably between
15 0.05% and 3.0% by weight, and very preferably between
0.1% and 2.0% by weight, of this ©pigment. This
inorganic, IR-reflecting pigment is preferably a metal
oxide having a particle size of between 50 nm and
5.0 um, preferably between 100 nm and 3.0 pum and more

20 preferably between 200 nm and 2.5 um.

Through the use of one or different infrared (IR)-
reflecting inorganic colour pigments in the mouldings
of the invention it 1is possible to achieve sgignifi-
25 cantly higher total solar reflectances under insolation
than with mouldings coated with or composed of conven-

tionally darkly coloured polymers.

It has now been found that by the use of pigments of

30 the following classes



spinel Nickel iron chromiMe black spinel 71631-15-7 C.I. black pigment 30

C.l. nomenclature

according to Colour Index, The Society of Dyers and Colourists (SDC) 5 in polymers it is possible to

produce darkly,apagyely /g_o‘lql%%i moulding comp_os'itié)n_s without t%@lﬁg%n%zﬁrﬁg%% u

therewith or moulding produced therewith undergoing excessive heating in su
may be defined by means of the L* value 10 in accordance with DIN 6174 (01/1979): Colorimetric
determination of colour differences for masstone colours by the CieLAB formula. For the darkly

ipped
ark" quality

41 and

which

n, 20 iron,
icon

opaquely coleured-moulding-compositions;-the-Ciekab-L* value-is-below-51,-preferably-below
very preferabl¢beldwiss] . WG Jo/2881Z (ferro) Bedcribegieerundbemhehratite struc- tures
incorporate axidess et alurpiniuny antimeny, Rismuth, porens hromiym, cobalt, gallium, indiyn
lanthanum, lithium, magnesium, manganese, molyb- denum, neqd rn;gpgm%gh niobium, sil
and/or tin. The-heat-distortion-resistanttR-radiation-reflecting P
68909-79-5 C.I. pigment |C.I. 77288 Hematite chromium
green 17 green black
109414-04-2 C.I. pigment Chromium iron oxide
brown 29
68187-09-7 C.I. pigment |C.I. 77501 Iron chromite brown
brown 35 spinel
71631-15-7 C.I. pigment C.I. 77504 Nickel iron chromite
black 30 black spinel
C.I. nomenclature according to Colour Index, The

10

15

20

25

Society of Dyers and Colourists (SDC)

in polymers it is possible to produce darkly opaquely
coloured moulding compositions without the plastics
moulding equipped therewith or moulding produced there-
with undergoing excessive heating in sunlight. The
"dark" quality may be defined by means of the L value
in accordance with DIN 6174 (01/1979): Colorimetric
determination of <colour differences for masstone
colours by the CieLAB formula. For the darkly opaquely
coloured moulding compositions, the CieLab L° value is
below 51, preferably below 41 and very preferably below
31.

WO 00/24817 (ferro) describes corundum-hematite struc-
tures which incorporate oxides of aluminium, antimony,
bismuth, boron, chromium, cobalt, gallium, indium,
iron, lanthanum, lithium, magnesium, manganese, molyb-

denum, neodymium, nickel, niobium, silicon and/or tin.

The heat-distortion-resistant, IR-radiation-reflecting
plastics mouldings of the invention can be employed in
numerous sectors, particularly in the construction
industry or in vehicle construction. The mouldings are

employed preferably in elements in modules for facades,



plastics mouldings of the invention can be employed in 25 numerous sectors, particularly in the
construction industry or in vehicle construction. The mouldings are employed preferably in elements in

modules for fag&ge§01\(ypl%q14]g;44429- 11 -PCT[E€%01_1/056691 Bﬁ&d}%%‘aqfi /aégé/gg@le roofs, or

in parts for installation in"or on vehicles. In such applications, the plastics mouldings may be installed
with either the backing layer or the top layer on the outside. The 5 outside in this case is the side which

is exposed to t e gre lter |rrad|at;=E e load, geneg}allé the gl[eatgr thermal radiation lpad. C%%r}erally

speaking, theretore, & Butsiqe isSthe™Stin sidle™ }ﬁ analterfiative’ Use the Elggttfcss mouldings of the

invention may &ki88 treldgplicdto asulpstrats: Thebd slbstratésimay.be, fepexamplel glass, concrete,
masonry, wooc:eemgtal slnitbis caselherais amy application Bsaan ieflectingsurfaceseladding, in
15 the constru%tg)cnklgg%stry for examrpletﬂ'ge Qlastlci Egnouldlrég;s of&p{g mggggg ay alsg

: a . .
alternatively be combined with Turther plastics {6 Torm cc\ifrﬁﬁosne plastics materials. For this purpose,

the 20 plastics WS HdRGs are dpplid e séEondslastitddtiidifg with tHe<aa st €onventional
methods such akdéoammeacking, insneuddcoating, minatingenadhesiye baneing.vAiternratively or

additionally it is. glso-popsible o anply, atisast ong fyuher plastics Jayar 25 to the plastigs. moulding of

the invention, with the aid of the methods recited. The colorants or colorant mixtures which are present

in one of the a8, Prefarably ibthetop Tarers 4R -

10 In an alternative use, the plastics mouldings of the
invention may also be applied to a substrate. These
substrates may Dbe, for example, glass, concrete,
masonry, wood or metal. In this case there 1is an
application as an IR-reflecting surface cladding, 1in

15 the construction industry, for example.

The plastics mouldings of the invention may also
alternatively be combined with further plastics to form
composite plastics materials. For this purpose, the
20 plastics mouldings are applied to the second plastics
moulding with the aid of conventional methods such as
foam backing, in-mould coating, laminating or adhesive
bonding. Alternatively or additionally it 1is also
possible to apply at least one further plastics layer
25 to the plastics moulding of the invention, with the aid

of the methods recited.

The colorants or colorant mixtures which are present in
one of the layvers, preferably in the top layer, are
30 additionally wused for wvarying and harmonizing the
colour. These colorants may be IR-reflecting, such as
titanium dioxide, for example, or IR-transparent. The
colorants, furthermore, may be organic dyes or further
organic and inorganic pigments, and/or else mixtures
35 thereof.
The fraction of these additional colorants may be

between 0% and 3.0% by weight, preferably between 0%



30 additionally used for varying and harmonizing the colour. These colorants may be fl-reflecting, such
as titanium dioxide, for example, or fl-transparent. The colorants, furthermore, may be organic dyes or

further organicyandigarganicRiggnents, and/or else mixtures 35thergef. Thefractiog of hese additional
colorants may be between 0% and 3.0% by weight, preferably between 0% WO 2011/144429- 12

-PCT/EP2011/056691 and 2.5% by weight and more preferably between 0% and 2.0% by weight,
based on the matrix gf the top layer. The mouldings may be broduced, for example, as follows:
colorant(s) an?%%yl%ih% °co%n[?)bo§i%6ﬂ%% thaéntcci)p T{%/%? aérﬁg%gaggi%eg ﬁwtt‘ﬁ%ef%rr?l) of dar‘% end and
subsequently proféssed BiFédRisior S RAMCa filrier Baheet THe BackitgRyerEaH be produced

accordingly, compris- 10 ing the IR-reflecting pigment, depending on embodiment. Subsequently, one

Of the two layers,s firshpraided withan adhesive lave, tidpeans ghiallers, anddhep igdoined to the

second layer. Alternatively, all'of the layers can be coextruded in one step - and provided, depending

. 1eq P
on embodimert with 3R adhesifE thy 8P dAESionBrefiotEr Rero Fhe Roultiiys t&H6Rymously
plastics mouldinygs) ohthecgeentimtlare testetas follows: fifst afall press 2@ plagquesds @-thickness of

0.5 mm are preducedifipmdths colaired and tiapsparent mowldings, ysing a press. The individual
press plagues are %Lébsequently compressed to form a two-layer construction. 25 Examples The
PLEXIGLAS stan‘aard'moulding composition is extruded using an extrusion mould as per Fig. 1,
composed of pféss M#F B ndispRicer dise (4 porandlaed 3380 arndinp Hate{2nrhealsottom plate
having andnterierliameterrof £9amat Alse usedare o terpperatug-reguiated hetplates (2000 W), a
hydraulic pres te ratur nsor wjth alarm function, WO 2011/144429- 13

-PCT/EP2011 O%%G%%%énpéeﬁﬁ 'plz.a%e1§ |gs S%IE tojcrg ?eritpweorat%?g of 250C, 1 lgrésfta ﬁgﬁgérgerﬁioulding
composition (féFihficafon3tRaaEral seavifdividsl examipie) e iizbHeBInto e topeRBmMber of the
extrusion moulds and thetotdd tshe second layer.

Alternatively, all of the layers can be coextruded in
15 one step - and provided, depending on embodiment, with

an adhesive layer or adhesion-promoter layer.

The mouldings (synonymously plastics mouldings) of the
invention are tested as follows: first of all, press
20 plaques in a thickness of 0.5 mm are produced from the
coloured and transparent mouldings, using a press. The
individual press plaques are subsequently compressed to

form a two-layer construction.

25 Examples

The PLEXIGLAS standard moulding composition is extruded
using an extrusion mould as per Fig. 1, composed of
press ring (1), displacer disc (4), bottom plate (3)
30 and top plate (2), the bottom plate having an interior
diameter of 50 mm. Also used are two temperature-
regulated hot plates (2000 W), a hydraulic press, and a

temperature sensor with alarm function.

35 General procedural instructions for producing the

specimens.



5 placed on the hot plate. The temperature sensor is inserted into a receiver bore which is present in
the press ring (1). A second hot plate is placed onto the extrusion mould in such a way that the mould

is heated both ffgm, fie;batiom agd from the top. When the 10 tempggatygs.ofthe axdrpigion mould

reaches a figure of 210C, the hot extrusion mould is taken from the hot plates and placed in a
hydraulic press. Here, the mould is compressed immediately with a pressure of 100 kN, causing part
of the melt to flow from the top chamber 15 into the bottom chamber. 0oling fo roo

temperature, tr(m%nr%o%?dt isﬁfém%% round %%n a ger%oﬁlﬁﬁnr%eﬁr?g;t and pﬁfgg%io(i:on o] thgeipr%ssg]fwhere it is
demoulded with thé BaRNERE Fam{giahretBB< 40°HRDS Thé Phouldifgtprodteéd ALt wayis taken 20
off with the pressing:plate, ard cansiitutes the backingleyer. 4 this way by furthee gontpression, a
PMMA outer layg haé@%g%l}ic@@ssﬁgg@x@?uig anIE)”%gd Tﬂg oué&rday&rlgs%g(ﬁ PLEXIGLAS& Film
99524. 25 Exampgfe 1 As colourless plastics pe ets?stan ard moulding composition), the blend
Cyrex& EXP-3R0 i Evomik BYfo L1 is BLéd St is ddiRixecPRR 413 BiFFeighitef PR- 36 Feflecting
pigment (FerroiPiKd:0264) andcompaunded-byrméans=ofeniexiruder. $he satouradchplasties pellets

produced are gorppressionnotided tg givea giscylpyidise aving @ digmeterofl2Qmmygnd a
thickness of 4 mm. 35 Examgle 2 As colourless plastics pellets (standard mouldln%éomposmon), the

blend Makroloff 2667 Fromh BAJ&Y Matérial Seieride 1o tised Iis admidstwith 15 B &&ight of
IR-reflecting pigaient (Eereo PKE 1820 cdrcbsompodnddd by medrs oftarpextridenThé beloured

plastics pelletsrpragducad are-compression-piquided o give Aciredlasdise having,diamgter of 120
mim and a thicknessof 4aT- GYTPARHYE ExamPle L, (GE1).For spmparison, PLEXIGLAS BN wes
plates and placed in a hydraulic press. Here, the mould
is compressed immediately with a pressure of 100 kN,
causing part of the melt to flow from the top chamber
15 1into the bottom chamber.
After cooling to room temperature, the mould is turned
round on a demoulding ring and put back into the press,
where it is demoulded with the aid of a ram (diameter
< 40 mm). The moulding produced in this way 1s taken
20 off with the pressing plate, and constitutes the
backing layer.
In this way, by further compression, a PMMA outer layer
having a thickness of 750 um 1is applied. The outer
layer used is PLEXIGLAS  Film 99524.
25
Example 1
As colourless plastics ©pellets (standard moulding
composition), the blend Cyrex® EXP-310 from Evonik Cyro
LLC 1is wused. It is admixed with 1% by weight of IR-
30 reflecting pigment (Ferro PK 10204) and compounded by
means of an extruder. The coloured plastics pellets
produced are compression-moulded to give a circular
disc having a diameter of 120 mm and a thickness of
4 mm.
35
Example 2
As colourless plastics pellets (standard moulding

composition), the blend Makrolon 2607 from Bayer



10 weight of IF-reflecting pigment (Ferro PK 10204) in the same way as for Examples 1 and 2. In this
case, however, there was no second compression with a PMMA outer layer, and so the specimen

subjected to MEBSWEMEN Nas,3 one-layer system zigico_rding to the, Lo PEPE gr‘ltlgbglglg%s&lspecimens,

the heat distortion resistance temperature (HDT) was determined in accordance with ISO 75, and the
Total Solar Reflectance (TSR) was 20 calculated in accordance with ASTM E 903, based on optical

measurementsi@/ glreani of hioet%s eectr%me&r%/e eeE)sﬁqued.with %V?ria Ce‘}% EgﬁOOC‘)!’)c}on ghe
PMMA-coated side. CET | [%(amp el I%xamp §2'HDT 1018 166C 15 25% Y
weight of IR-reflecting pigment (Ferro PK 10204) and
compounded by means of an extruder. The coloured

plastics pellets produced are compression-moulded to

5 give a circular disc having a diameter of 120 mm and a

thickness of 4 mm.

Comparative Example 1 (CE1)

For comparison, PLEXIGLAS 8N was compressed with 1% by
10 weight of IR-reflecting pigment (Ferro PK 10204) in the

same way as for Examples 1 and 2. In this case,

however, there was no second compression with a PMMA

outer layer, and so the specimen subjected to

measurement was a one-layer system according to the

15 prior art.

On these specimens, the heat distortion resistance
temperature (HDT) was determined in accordance with
ISO 75, and the Total Solar Reflectance (TSR) was
20 calculated in accordance with ASTM E 903, based on
optical measurements by means of photospectrometry

(measured with a Varian Cary 5000) on the PMMA-coated

side.
CEl Example 1 Example 2
HDT 101e°C 109°C 122°C
TSR 25% 22% 22%
25
Relative to the prior art (CEl) it is apparent that the
plastics mouldings of the invention combine a
comparable TSR with a significantly better heat
distortion resistance.
30

Indications relating to the drawing Fig. 1

Fig. 1: Extrusion mould
(1) Press ring
35 (2) Top plate



22% 22% Relative to the prior art (CE1) it is apparent that the plastics mouldings of the invention
combine a comparable TSR with a significantly better heat distortion resistance. Indications relating to

the drawing Fig; ion mould (1) Press ri g 35(2) Top 1 4
-PCT/EPZOll/OEEgé%%g)%CE{gO%I’T? plate (4) Dlsplacer£ Isc WO 201 /fﬂi}ggoﬁg/]déﬁgﬁml/%%%
Claims 1Dark-coloured plastics moulding characterized a. in that the plastics moulding is composed
of 5at least two Iagers a backln%%%/er and a top layer, b. in that the top layer is composed of a

transparent plag the backing layer is a polymer layer, 10d. in that a layer which is
not the top layérd) Displacer disc



comprisesatleastoneinorganic, IR- reflecting pigment, e. in that one layer comprises one or more
further colorants, and 15f. in that the plastics moulding has a total solar reflectance (TSR) of at least

10%. 2.Plasticgyopiding agqargling to Claim 1, charag- _ terized iy thsy ghe topslawes is a layer of
poly-20amide, polyvinyl fluoride, polycarbonate, alkyl acrylate-styrene-acrylonitrile terpolymer,

styrene-acrylonitrile copolymer or poly(meth)- acrylate, preferably of poly(meth)acrylate. 25 3Plastics
moulding accogeing fo.Claim 1, charac- terized in that the backing layer is a layer of a thermoplastic,
such as PVF, PVDF, COC, COP, POM, ASA, SAN, polyester, polyamide, thermoplastic polyurethane,
polycarbonate or PIES or of a mixture 30comprising at least 50% by weight of at least one of these
polymers. 4.Plastics meuldingcaccording pa £4aimct, eharaeing chterizeddnthatdhe backing layer

comprises at 35least gne inqrganic,JRygflecfing pigment., wo,2011/144429- 1 ¢ -rcT/Ep2(11/056691

has a further layer, and in that one of the layérs which is not a poly(meth)acrylate layer is an adhesive
layer havifig a thickness of Betwé&T T andCLOPRATS 6.Bla BHIdiy &&cFbing 3o Efdin 5,

charac- terized in that the ddtiesive layer is located between the top layer and the backing layer.
b. in that the top layer is composed of a trans-

parent plastic,
c. 1in that the backing layer is a polymer layer,
10 d. in that a layer which is not the top layer
comprises at least one inorganic, IR-
reflecting pigment,
e. 1n that one layer comprises one or more
further colorants, and
15 f. 1in that the plastics moulding has a total

solar reflectance (TSR) of at least 10%.

2. Plastics moulding according to Claim 1, charac-
terized in that the top layer is a layer of poly-

20 amide, polyvinyl fluoride, polycarbonate, alkyl
acrylate-styrene-acrylonitrile terpolymer,
styrene-acrylonitrile copolymer or poly(meth)-

acrylate, preferably of poly(meth)acrylate.

25 3. Plastics moulding according to Claim 1, charac-
terized in that the backing layer is a layer of a
thermoplastic, such as PVF, PVDF, CO0C, COP, POM,
ASA, SAN, polyester, polyamide, thermoplastic
polyurethane, polycarbonate or ABS or of a mixture

30 comprising at least 50% by weight of at least one

of these polymers.

4. Plastics moulding according to Claim 1, charac-
terized in that the backing layer comprises at

35 least one inorganic, IR-reflecting pigment.

5. Plastics moulding according to Claim 1, charac-

terized in that the plastics moulding additionally



10 7.Plastics moulding according to Claim 5, charac- terized in that the adhesive layer comprises at
least one inorganic, IR-reflecting pigment. 8.Plastics moulding according to at least one of 15 Claims 1
to 7, characteriggd i'rbgh%melg%layer is a PMMA film, or sheet havg&a},g}iglgpﬁ}sdg pgiyveen 15 pm
and 25 mm. 9. Plastics 20Claims 1 colorant layer. 10. Plastics 25Claims 1 value is moulding
according to at least one of characterized in that the further or colorants are present in the top
moulding according tq at Ieastfonet%f to ? characteriéed in % at %he CielLa -?elosf/ 51. 11. Plastics
moulding according to afledst one of Claims 1o 10 Charactetized i that the aeyer %éf%orr%prising the
inorganic, IR-reflectingpighientEompriSes betwedl O1G10s aely.09¢ By wealyktof the pigient, and in
that the inorganic, IR-seflecting Pigneatis Ranetal oxiderhavinga padicle-sizeof hetwegn b0 nm and
5.0 wit, preferably bewﬁgn&szoo nm and 2.5 urn.

5
6. Plastics moulding according to Claim 5, charac-
terized in that the adhesive 1layer 1is located
between the top layer and the backing layer.

10 7. Plastics moulding according to Claim 5, charac-
terized in that the adhesive layer comprises at
least one inorganic, IR-reflecting pigment.

8. Plastics moulding according to at least one of

15 Claims 1 to 7, characterized in that the top layer
is a PMMA film or sheet having a thickness of
between 15 pum and 25 mm.

9. Plastics moulding according tc at least one of

20 Claims 1 to 8, characterized in that the further
colorant or colorants are present 1in the top
layer.

10. Plastics moulding according to at least one of

25 Claims 1 to 9, characterized in that the CieLab L’
value is below 51.

11. Plastics moulding according to at least one of
Claims 1 to 10, characterized in that the layer

30 comprising the inorganic, IR-reflecting pigment
comprises between 0.01% and 5.0% by weight of the
pigment, and in that the inorganic, IR-reflecting
pigment is a metal oxide having a particle size of
between 50 nm and 5.0 um, preferably between

35 200 nm and 2.5 um.

12. Use of a plastics moulding according to at least

one of Claims 1 to 11 in elements or modules for



facades, roofs of buildings or roofs of vehicles or in parts for installation in or on vehicles. 13. Use of a
plastics moulding according to Claim 12, 5characterized in that the backing layer is installed on the

outside, i.e. thengr%igf/ﬁ.,;gg@ of a plastics mouldigg according t}gcq.lgggzlglg%rggtgg{ed in that

the top layer is installed 10on the outside, i.e. the sun side.

facades, roofs of buildings or roofs of wvehicles

or in parts for installation in or on vehicles.

13. Use of a plastics moulding according to Claim 12,
5 characterized in that the Dbacking layer is

installed on the outside, i.e. the sun side.

14. Use of a plastics moulding according to Claim 12,
characterized in that the top layer is installed

10 on the outside, 1.e. the sun side.



