1 CROSSIINKED NANOSTRUCTURED CAST SHEETS The present invention relates to the field of
the impact strengthening of cast acrylic sheets. 5 Polymethyl methacrylate (EMMA) is a material
valued for Its excellent optical properties (in particuldr the gloss and a high transparency with a
transmission of at least 90% of visible light). However, it is also a 10 brittle impact-sensitive

thermoplastic material. Thig-gharacteristie is;relatediothe fact thatdhe glagsitransition temperature of
PMMA is approximately 110C, so that, in this material, the polymer chains are not capable of readily

moving at ambient temperature. For 15 some applications, it is therefore necessary to improve the
impact strength &ftheFPRMA whileYetdifing its tFanispaténcy: The fmpadt’strefigtitening st PMMA is
generally improved:26:by virtieaftitbe intcodiction sntodbe acrdicarsivief an impact additive, known
as core-shell additive, which is provided in the form of multilayer spherical particles. These particles
are prepared by emulsion polymerization and are recovered in the powder form by 25 atomization.
They generally comprise’a sedlierte g+ hard® and ot yers. s U Possbte 16 find fwo-layer
(soft-hard) or three-layerc@hatd-soft-lnard) patticles: dpdire case of cast aerylic shéets, obtained by

polymerization of the;mixture-ofmanomersin.a mold, 30, the.impact additive is dispersed peforehand
in the mixture of monomeys. In the case, of extrgde acrylic sheets, the impact additive is compounded

in the extruder Withthe actylic ¥&sin” 1f bth cadds! it is neteddaRFfor thé impatt additive fo be well
dispersed 35 withintthesacrijlie pesin fre o rder 1o enaibbainaruichahgingrahe homogeBous level of
impact strength:n2 5 {Rder artl:Internatioral application WQ 997297 72-descrikes-the impact
strengthening qf semicrystalline thermoplastic 5 SE% Hsin block copalymers of WJ pe
(styrenebutadigcnreailr]nsejﬂ%l Orﬁletﬁgén@?alfg %Po]f:(ﬁ cgéilymers) .l%te?%)tf:o%%fé%@asﬁoﬁ 0%2/055573 of
the Applicant ¢ that, in this material, the polymer chains are not
capable of readily moving at ambient temperature. For
15 some applications, 1t is therefore necessary Lo improve
the impact strength of the PMMA while retaining its

transparency.

The iImpact strengthening of PMMA 1s generally improved
20 by virtue of the introducticn into the eacrylic resin of
an impact additive, known as core-shell additive, which
is provided in the form o¢of multilayer spherical
particles. These particles are prepared by emulsion
polymerization and are reccovered in the powder form by
25 atomizaticn. They generally comprise a sasquence of
“hard” and “soft” layers. It 1s thus possibkble to find
two-layer (soft-hard) or three-layer (hard-scft-hard)
particles. In the case of cast acrylic sheets, obtained
by polymerization of the mixture of monomers in a mold,
30 the impact additive 1s dispersed beforehand in the
mixture of monomers. In the case of extruded acrvylic
sheets, the impact additive 1s compounded in the
extruder with the acrylic resin. In both cases, it is
necessary for the impact additive to be well dispersed
35 within the acrylic resin in order to maintain an

unchanging and homogeneous level of impact strength.



Company describes the impact strengthening of a 10 methacrylate homo- or copolymer using a block
copolymer of ABA type in which B denotes a block obtained from a diene, for example an SBM.
International application WO 03/062293 of the Applicant 15 Company describes a process of the
impact strengthening of a thermoplastic matrix using a B(-A), block copolymer composed of a block B
and of n branches-Aand,pegpared using the controlled radical polymerization technique. This process
applies to the strengthening of numerous 20thermoplastics (PS, PC, PVDF, and the like) and in
particular to the manufacture of cast PMMA sheets. The process of WO 03/062293 applied to the
manufacture of castisheetscisaniot capablecefiiaing tid#Asf}RPRDTIZ thelindustriak scalehEhis is

because it exhibitsthe disadvantage of reguiring a stage.of semoyvakef selvent, folloyed: by a stage of
redissolutié)n of the.co olt\{rpjer. Fir t, tr&se two uTit Oé)eratlor}s, t%%'ncreasing the overall cycle time,

affect the yield 0t 30 the proceds. Secondly, the stags 'of refoval of solvant is afso’éapable of resulting

in the formatioR'of gelsSh e BLLA). copERer Ywhith affects its ratiidsonation in the mixture of
monomers and, consequently, can damage the transparency of the cast sheet. 35 Furthermore,

according 10 the-roeess. desarbed, In padieyiay e EXpgUES ! s prefereble, during e 2nd stage,

to initiate the formation of the -3-- branches A at the same time as that of the rix._ or this, the
monomer A is bttt ihto E6rtaét with twotypes of itiators, the EBAVERTbHAF radithl inifiator and the
reactivatable bleckrB.cEhel monometdA iscthus Sieehgumediat the sanieltime aceqrdingdortwo

competing radical pelymetization. meghanisms, gach.exhibiting, its own kinetics,;The control of this 2nd
stage is highly problematic as it implies matching the rates of formation of the blocks A and the matrix.
This implies 10'tHat ftis h8CeSE5H Yo adjtist ature of the radical initiator to the block B and thus

also to carefully adjust the temperature cycle. In practice, contradictory requirements are encountered

and the possibte,eermpramises gengrallydesult,y oA prenoaiiite separation. during pelymerization of
the copo{ygner&ggé:gér\évhicg mi rggeeasstoéhe inf'g%gasce %f,Fth _lsQeet and gmlqc. In this_rg:ase, sheets are
obtained which ar imﬁ{)ssicf) & to remove 20 trom the mold &nd/oF W ichsarreeﬁlé’?ﬁal?yncjifqgompIeter
opaque; cf a thermoplastic matrix using a B{-A}, block copolymer

composed of a block B and of n branches A and prepared
usling the controlled radical polymerization technigue.
This process applies to the strengthening of numerous
20 thermoplastics {PS, PC, PVDF, and the like) and in

particular to the manufacture of cast PMMA sheets.

The process of WO 03/062293 applied to the manufacture
c¢f cast sheets 1s not capable of being transferred to

25 the industrial scale. This 1is because it exhibits the
disadvantage of requiring & stage of removal of
solvent, follcocwed by a stage of redissolution of the
copolymer. First, these two unit operations, by
increasing the overall cycle time, affect the vyield of

30 the process. Secondly, the stage cf removal of solvent
is also capable of resulting in the formation of gels
in the B(-A), copolymer, which affects its redissolution
in the mixture of monomers and, consegquently, can
damage the tTransparency of the cast sheet.

35 _
Furthermore, according to the process described, in
particular in the examples, it is preferable, during

the 2Znd stage, to initiate the formation of the



- in unacceptable contents of residual methyl methacrylate, which it is impossible to remove once the
sheet is complete. 25 An improvement is introduced in patent EP 1 858 939. The cycle time of the
process of this patent is improved with respect to that3described in WO 03/062293 as it does not
require any stage of removal of 30solvent/redissolution. However, the mechanical properties of the
materials obtaingd,withdhe progesses.desgribed above, are-nelentirely satisfagtory.and-an
improvement in the 35 properties, such as impact strength and the flexural modulus, is desired. The
Applicant Comﬁ yshasthno?/v diSESVEHEd that r%aj%% ASTOvemEnts incﬁ%%ﬁ\%tactwsjtrtéﬁgﬂﬁwfnd in the
flexural - 4 - médaas ape observed witeh séme coriposhions tomprise credslihkingagents. While the
abovementionegrgocumentsoftenimgntien ¢herpossiblenise of £rosshinidig-agent, nione gives
examples 5 of or describes the properties of compositions comprising them, in particular the
advantageg.presce?ffrt}esd1 ]Bl)("?h %eauie% %roggﬁ‘hﬁ(in%la%%ntaﬁi?ﬁ gc\%“;fe%v% tcr)]%J cd%rﬁft?ineg f%%a]é%gm the
flexural moduluSashicthe irfipactistrentitly 110! [Brsf Bescription of tHeinveritidh} The preiseht invention
relates to a trarsparent and impactiesistanterosslinkedadnyliccompositieny 25 ¢ensistinglof a brittle
matrix (1) haviqgr%lgkaesiﬁatgﬂn\gitiogstemp.gratgrlgp(y‘igggategﬂ%qg Cgalnd of elastomeric domains having
a characteristic dimension of less than 100 nm consisting of macromolecular sequences (11) having a
ﬂeﬂbbrmuueﬁﬁﬁ%ﬁﬁé&? of the bleocks A and the matrix. This implies

i0 that it 1is necessary tTo adjust the nature of the
radical initiator to the block B ana thus also to
caraefully adiust the temperature cycle. In practice,
contradictory requirements are enccuntered and the

possible compromises generally result:

15
-~ 1in a premature separation during polymerization
of the copolymer B(-A),, which migrates to the
interface of the sheet and mold. In this case,
sheets are cbtained which are impossible to remove

20 from the mold and/or which are partially or
completely opague:;
- in unacceptable contents of residual methyl
methacryiate, which it 1s impossible to remove
once the sheet 1s complete.

25

An improvement 1s introduced in patent EP 1 858 939.
The cycle time of the process of this patent is
improved with respect to that described in WO 03/062293
as it does not require any stage of removal of

30 solvent/redissolution.

However, the mechanical properties of the materials

obtained with the processes described above are not

entirely satisfactory and an improvement in  the
35 properties, such as impact strencth and the flexural

modulus, 1s desired.

The Applicant Company has now discovered that major

improvements in the impact strength and in Lhe flexural



20 transition temperature of less than OC, characterized by a number-average molecular weight of
between 30 000 and 500 000 g/mol. [Detailed description] 25 The term "crosslink" is understood to
mean a polymer or copolymer, some of its chains ef whieh are connected to one another via covalent
bonds or chemical or physical interactions. These chains, connected to one another, 30 are for the
most part distriputed-in the 3.dimgnsions of the,space; AsJegards,the; matrix. (1) this-exhibits an overall
Tg of greater than 0C, measured by DSC, and is compatible 35 with the methyl metﬁacrylate homo- or
copolymer. Thé’ %%?ﬁ)?ﬁ?@&%p%%d‘ﬁﬁm methyl methacrylate and optionally one or more
monomer(s) chdséndrornhe 5 abacrylicmononsers ofcformetCH2=CH-0(=030tR thwhehre Ri denotes
a hydrogen atopy gk agingar; gyclicrordyranched, €1-GA0:alkyl group pptionallysubstituted. by a halogen
atom or a ydr%>§yl, a!%gxy, cyano, néisno o%ﬁgoxy T[%lﬁj% SJ[l:JCh as, for exam Ie,oac7r¥lg{: acSid, methyl
acrylate, ethyl acrylate,propy acryiLa €,n-butyl acrylate, solbujfﬁ acryféjge, ter -gﬁty?écryPa?e,
2-ethylhexyl acfyldter gfieidy aéi§iate, Hydioiyakyhtodcrylaes af aeRfioile resented
methacrylicmorgmersefformaula GH2=G(EH3):0(=0)-0-R2ywhere:R2 Hengtes adiydregenzatom or a
linear, cyclic or hranehed, C1:¢:40 alkyl arqup optignally substitted By 8 halggen atom.of 15a hydroxyl,
alkoxy, cyano, amino or epoxy group, such as, for example, methacrylic acid, methyl
methacrylate,eﬂﬁ%ﬁ@ﬁa%%ﬁ%%%pyl methacrylate,n-butylmethacrylate,isobutyl ~ methacrylate,
tert-butylimethacrylate, 2-ethyl20hexylmethacrylate,glycidylmethacrylate,

[Brief description of the invention]

The present inventicon relates o a fLransparent and
impact-resistant crosslinked acrylic compasition

consisting of a bprittle matrix (I} having a glass

[
w

transition temperature of greater than 0°C and of
elastomeric domains having a characteristic dimension
cf dess than 100 nm consisting of macromolecular
sequences (ITI) having a flexible nature with a glasgss

20 transition temperature of less than 0°C, characterized
by a number-average molecular weight of between 30 000
and 500 000 g/mol.

[Detailed description]

25
The term “crosslink” is understood to mean a polymer or

copolymer, some of its chains of which are connected to
cne another wvia covalent bonds or chemical or physical
interactions. These chains, connected to cne another,
30 are for the most part distributed in the 3 dimensions

of the space.

As regards the matrix (I}, this exhibits an overall Tg

of greater than 0°C, measured by DSC, and is compatible
35 with the methyl methacrylate homo- or copolymer.

Trne matrix {I) is prepared from methyl methacryiate and

opticnally one or more monomer (s) chosen from:



hydroxyalkyl methacrylates or methacrylonitrile; vinylaromatic monomers, such as, for example,
styrene or substituted styrenes, such as a-methylstyrene, monochlorostyrene or tert-butylstyrene. 25
Methyl methacrylate is predominant. The matrix (I}-thus-includes a proportion of methyl methacrylate
of between 50 and 100%, preferably between 75 and 100% and advantageously between 90 and
100%. 30 As regards the macromglecular sequences gl having a flexible nature, these exhibit a glass
transition temperaturéi of Pg%é fhan é denoted ?g an ()zﬁjéaélsitjaf(ged E)%X (») ).Ellztrﬁ?er(r?;\o%é,’ the
number-average weigHt®f the B5 nfsticmdlecular S¥GFHEes (115 haling a flekiblé iatdre with a glass
transition temperature:gt:less tham 0C is: greater thigr30Q 000 .g/mol, preferablygreatex than 60 000
g/mol and advantagequsly, 9{%6&%@&%%?] 120,000 a/mol.hutlessthan500 00, g/imol fhe

polydispersity is between 1.5 and 2.5. e macromolecular sequences (ll) are prepared from one 5
or more monomer(s) EHOSERfroriY HeR/lic HOMSMETS oFRSHRUIZORAZECHIEE0) DR 1 Lkere R1
denotes a hydrogen atearorlalinearceyclicor branched GlC4 alkykgroppadptionathy sufistituted by a
halogen atom or a hydraxyl, 10. alkoXy, gyano, amina,oreRoxy graup, sych asdggr[y@gaggple, acrylic

a

acid, methyl acrylate, ethyl acrylate, propyl acrylate, n-butyl acrylate, isobutyl acrylate, tert-butyl
so)éua’c § PL% ate T bLﬁ% 1 %Io%i%%f,m

acrylate, 2-ethylhexyl acrylate? glyci ﬁ%cr;}lgt’e, hydroxyatkyl 15a¢rylates orac

methacrylicmonomer$sfformula OH2EC(EHI) C(=0HIYR2, whaiel B2 denotesia hydedgentatom or a
linear, cyglic or branched £1=€49 alkyl group eptienally-substituted by a halogen atom or 20 a

hydroxyl, alkoxy, cyano t<”;hrgti(r:19 Of £poXy groupmgu%@ng%, for examplg,fmethacryli% agg irclﬁethyl
methacrylate, ethyl met acryla%é, propyl methacr§7late,n-%utylmethacrylate,isobutmee acrylate,

tert-butyl methacrylate "2=th{it 2bniexyirethacrlate gRicidyiethigciylets, @ hvdrogen

atom or a linear, cyclic or branched Cy~Cyp alkyl

group optionally substituted by a halogen atom or

15 a hydroxyl, alkoxy, cyano, amino or epoxy groug,

such as, for example, methacrylic acid, methyl

methacrylate, ethyl methacryiate, propyl

methacrylate, n-butyl methacrylate, isobutyl

methacrylate, tert-butyl methacrylate, Z-ethyl-

20 hexvyl methacrylate, glyoidyl methacrylate,
hyvdroxyalkyl methacrylates or methacrylonitrile;

+ vinvlaromatic monomers, such as, for example,

styrene or substituted styrenes, such as a-methyl-

styrene, monochlorostyrene or tert-butylstyrene.

25
Methyl methacrvlate 1s predominant. The matrix (I) thus
includes a proportion of methyl methacrylate of between
50 and 1060%, preferably between 75 and 100% and
advantageously between 90 and 100%.

30

As regards the macromolecular secguences (TI1) having a
flexible nature, these exhibit a glass transition
temperature of less than 0°C (denoted Tg and measured
by DSC). Furthermore, the number-average weight of the
35 macromolecular seguences (IT) having a flexible nature
with a glass transition temperature of less than 0°C is
greater than 30 000 g/mecl, ©preferably greater than
60 000 g/mol and advantageously greater than



hydroxyalkyl methacrylates or methacrylonitrile; vinylaromatic monomers, such as, for example,
styrene Or substituted styrenes, a-methylstyrene, monochlorostyrene or tert-butylstyrene. 30 The
macromolecular sequences (Il) are not prepared frorg a-diene. A person skilled in the art knows how to
combine these monomers so as to adjust: - the overall Tg of the block B. In order to 35 obtain a block
B with a Tg of t 0C, it is necessary to,use at | ne omer.exhibiting a Tg, of less than
0C, for example §ut§l§a%crylé?é?§r’ Z-etﬁﬁ_}%exy gcsrf/lat;é%-%he :2%2&?%%825 %F the block B, which
has to be as clBse ¥s paeible td'that oP e Riarix (1Y irferder to provide the best possible
transparency when the transparency is 5required for the targeted application. The macromolecular

sequences (I1) sap becomposed-selely of amopomer pxhibiting.a Tg of less than Q00 for example

butyl acrylate or 2-ethylhexyl acrylate. 10 The macromolecular sequences (ll) can also be composed

of at leastone AlkyTAER/IE HHEF EVin§larsMatic MBHomer. Advantageously, the macromolecular
sequences (1) are*composedof butyhagrylate and styfenetinlthe byt acrhtatesstyrehelratio by weight
of between 70/30 15 and 90/16;, preferably. hetween /5/25,and 85{15, As regards the.compounds
which make the crosslinki ossible (the crosslinking agent), they are preferably polyfunctional acrylic
monomers, such as, F&%@ﬁ?ﬁp@}fzﬁ) éo?%cﬁp%ﬁ/arg(ﬁy_lgt@s, | j)?I}gnfe §iyeo ppol%&r%/ a é}glio?! allyl
acrylate, ethylene glyéskdiaérylste 1, 3tbutyenelflycdl diacrylateior £4-batylehecgiges] diacrylate,
polyfunctional methacrylie: mpnomess,such:asHolyot belymethagrylates, alkylene g)ycebz25

polymethacrylates or gllyl acrylate,ethylene glycol dimetha rylatae L -put Ienee e I
é‘!!)éﬂg%‘, éacgi%% & gbvg z%thrﬁ e ﬁa , %'é{yg

dimethacrylate or 1,4-butylene glycol éthacrylate, divinylbenzene or tfivinylbenzene ’Preferably, it
is 1,4-butylene glycol #fimétiactylate EIMIAY. ThaContént=30 of Brossliniking agent s bétween 0.1 and
2% by weight, with respett.toithe crosslinked poly= materialg whicharé @acsuybjeet-matter of the
invention. Preferably ,{he gontent of erasslinking agent is befween 0.4 and. 2% by weight,with respect
to the 35_crosslinked golg/mer materials which are a subject
15 crylates or acrylenitrilie;
* methacrylic MONOMErs of formula
CHy=C (CH3) ~C (=0) ~0~Rz, where R; denotes a hydrogen
atom or a linear, cyclic or branched C;-Csy alkyl
group opticnally substituted by a halogen atom or
20 a hydroxyl, alkoxy, cyano, amino 0r epoxy Jgroup,

such as, for example, methacrylic acid, methyl

methacrylate, ethyl methacrylate, propyl
methacrylate, n-butyl methacrylate, iscobutyl
methacrylate, tert-butyl methacrylate, 2-gthyl-
25 hexyl methacrylate, glycidyl methacrylate,

hydroxyalkyl methacryiates or methacrylonitrile;
* vinylaromatic monomers, such as, for example,
styrene or substituted styrenes, o-methylstyrene,

monochicrostyrene or tert-butvylstyvrens.

30
The macromolecular sequences (I1) are not prepared from
a diene. A person skilled in the art knows how to
combine these monomers so as to adijust:
- the overall Tg of the block B. In order to
35 obtain a bleock B with a Tg of less than 0°C, it

is necessary to use at least one monomer
exhibiting a Tg of less than 0°C, for example

butyl acrylate or Z-ethylhexyl acrylate;



matter of the invention, and more preferably still between 0.6 and 0.8% by weight, with respect to the -
8 - crosslinked polymer materials which are a subject matter of the invention. According to a first
embodiment of the invention, the preparation of cast-sheets made of methyl methacrylate 5 homo- or
copolymer which are impact-reinforced using the macromolecular sequences (Il) comprises the
following stages: 1. preparing the macromolecular sequences (I ixing, with the monomer(s)
intended to form the 10 m%?é?orﬁgégﬁ%%g&ue]hncéesﬁlI)?gn'% %xéén%)ﬁﬂgﬁ’generlaﬁ ortlrjnauﬁa Z(-T)"in
which Z denotes a polyvaléht gidup®T dérctés a Aitroxide 8AdP hgs andintéderigreater tham or equal to
2; 2. mixing the macramolecular seguengces (Hyat15 stage lpwith-methyl methacrylate, the
crosslinking agent, optionglly at Jeast ane.camgnaner M andatieast png agicalipiigtop, 3

casting the mixture obtained in stage 2 in a mold andthen heating it according to a temperature 20
cycle in order to obtain a E5§sheRt: THE content6FBIBER B (e MheidmbRcular sequences (I1)) in the
sheet is between 5 and 20% by weight, preferably between 5 and 15% by weight, with respect to 25

the crosslinked:pelymex maigrialwhich is a subigct matter of the inyention, According,to-a second
embodiment of th§ i%enti n, theéJreparation %T, ast sheets made of crosslinked méethyl 30
[yme gin

methacrylate cop r Which dreimpact-r &dUsthg™a bigckCdopofyier BIER),- consisting of a
block B (the masromeketlar seduences (HPrand:ofn sranches Phinleiriy n inteyerddetween 1 and

3) comprises the bollgwing-stages:35k: Preparingthe black)B by mixngWiththe onposed
of at least one alkyl acrylate and of a vinylaromatic
monomer. Advantageously, the macromolecular seguences
(II) are composed of butyl acrylate and styrene in the
butyl acrylate/styrene ratio by weight of betwsen 70/30
and 90/10, preferably between 75/25 and 85/15.

o
N

As regards the compounds which make the crosslinking
possible (the crosslinking agent}, they are preferably
polyfunctional acrylic monomers, such as, for example,
20  polycl polyacrylates, alkylene glycol polyacrylates or
allyl acrylate, ethylene glycol diacrylate,
1,3~butylene glycol diacrylate or 1,4-butylene glycol
diacrylate, polyfunctional methacrylic monomers, such
as rolyol polymethacrylates, atkylene glycol
25  polymethacrylates or allyl methacrylate, ethylene
glycol dimethacrylate, 1, 3-butviene glycol
dimethacrylate or 1,4-butylene glycel dimethacrylate,
divinylbenzene or trivinylbenzene. Preferably, it is
1,4-butyvlene glycol dimethacryviate (BDMA). The content
30  of crosslinking agent 1s between 0.1 and 2% by weight,
with respect to the crosslinked polymer materials which
are a subject matter of the invention.
Preferably, the content of c¢rosslinking agent 1is
between 0.4 and 2% by weight, with respect to the
3% crosslinked polymer materials which are a subject
matter of the inventicon, and more preferably still

between 0.6 and 0.8% by weight, with respect to the



monomer(s) intended to form the block B, an alkoxyamine of general formula Z(-T), in which Z denotes
a -9 - polyvalent group, T denotes a nitroxide and n is an integer greater than or equal to 2; 2.

preparing the block copolymer B(-A)" by mixing the bjock B obtained in stage 1 with the monomer(s) 5
intended to form the branches A; the monomers intended to form the branches A are identical to those

of the matrix 1, that is,to sa eth imethacrﬂae and.gptionally at least one_.comonomer M, in the
absence of theccrrggs?lllnjk?ngégn erﬁ;%/ i} .er%i_xingat %rb]lgékspco;%%rﬁgr B(a-if, ofastagséug Qv?t%tmethyl
methacrylate, thé cr6sslinking&gerit 6ptiortally at least one comonomer M and at least one radical

initiator; 4. ccasting the mixture obtainedsnistagend in a 45 mald and then:heating itaccording to a

temperature ny&ee' -Qrdet 10, obtain a,cast sheet. Thg conteptofblagk B (themacromalecular
sequences (II)) in the sheet is between 5 and 20% by weight, 20 greferabjty between 5 and 15% by

weight, with reS588 To thE croSBfikéETolyier Thatériet whith 7€ 4 stbjot fiater ofthd isvention. As
regards the blockeopohpmepB(-A) ; the latterdis 26«composed(dfiseverabpalymes blocksieonnected to
one another via govalgnt,bonds, (see.Kirk-Othmer Encyclopedia of Chemical Technology, 3rd ed., Vol.
6, p. 798). The block ? is the core of the o§oll)émer andlthe blocks A reBpresenc:[ the branches attached
to the 30 block B. The block copotymer g%] ), IS EMposed of 24595 EK B%hd 0f i brafches, n
denoting an intég&r stigreaterithan bhequalts 2 preferably: oitseteen 2and £0@nd ddvantageously
of between 2 and 8- Jheikleck sepolymnerB-13), although possessingia blogk:8,kas 35mothing to do
with the impact-strengthening agents.commonly referred.to as care-shell agents, which are composed
of substantiallygs@prhéae]:r%gl %Igr%rgllggaog%aﬁneﬂ& by ér%ul‘g?é)lhcgoly%meaﬁzna%s%%? -a(lgogolqr’]}fﬁg%%ﬁ%ext of the
invention, it cafl b8 triblock E6p6iyfer With, i tHis €48, n &2!(a Bentrdl bidtk ahitZBRdnches).
Examples of tribtockicopotymer ean beuRMMA-bzpoly(n-butyl acrylate)-b-PMMA PMMA-b-poly(n-butyl

acrylate-co-styrene)-b-PMMA P A@igol)ggggngbggg@g—go-ggaq@@éIgMI\/(Iﬁlgolyg@ethyl
methacr)ﬁlate-co-n-butyl acrylate)- -poly(nnbutyl acrylate-co-styrene)-b-poly(methyl methacrylate-
5 stage” 1 “with methyl o} the “crossdglinking

methacryiate,
agent, optionally at least one comonomer M and at least
one radical initiator;

3. casting the mixture obtained in stage 2 in a
mold and then hesating 1t according to a temperature

20 cycle 1n order Lo cobftain a cast sheet.

The content of block B (the macromolecular seguences
(IL)) 1in the sheet 1is between 5 and 20% by weight,
preferably between 5 and 15% by welght, with respect to
25 the crossiinked polymer material which 1s a subject

matter of the invention.

According to a second embodiment of the invention, the
preparation of cast sheets made of crosslinked methyl

30 methacrylate copolymer which are impact-reinforced
using a block copolymer B(-A), consisting of a block B
(the macromoliecular sequences (II)) and of n branches A
(n being an 1integer between 1 and 3) comprises the
following stages:

35 1. preparing the Dblecck B by mixing, with the
monomer {s) intended to form the bleck B, an alkoxyamine

of general formula Z2{-Ti,, in which 72 denctes a



10co-n--butyl acrylate) (b: symbol used to denote a block copolymer, co: symbol used to denote a
random copolymer). In the case where n > 2, the copolymer is said to be a 15 star copolymer. The
block copolymer B(-A), is prepared as was described;above using an alkoxyamine Z(-T)n and
monomers which make it possible to obtain the block B and the branches 20 A. Preferably, the
copolymer B(-A)" is gbtained using the alkoxyamine Z(-T)n_and the.controlled radical The block
copolymer A(- )116%%%211; nu%:ggll?évea#gg?%npb gceuiar%ve@h% of l%ié”t(vfi/eeer(fl 40 000 and 17000 000
g/mol, preferabiy betifidery 160 000 drichT 000 Gov g/t oTHe 35 polydispersity index is between 1.5
and 3.0, preferably betweerdr8 and?.#ard mose preferably,between-1a9 and2. 7nAsregards the

alkoxyamine, the latter, s desgribed.by.5 the gg_lqergltf%@u@ ZETn, int\@{}%ic%ggﬂgp%g polyvalent

group, T denotes a nitroxide and n denotes an integer greater than 2, preferably between 2 and 10,
advantageously DetWEER 2End 810 i reprédehtS ttiebfunctiohafity 6t tRE alkdxydrimedfitat is to say
the number of hitroxiderradicals Trwhich<ean be peteasedsbytthezalkoxyaminesaeccardingite the

mechanism: ZgL)r:Z+ 7T, +that is to say methyl methacrylate, and
optionally at least one comonomer M, in the absence of
the crosslinking agent;

10 3. mixing the Dblock copolymer B{(~A), of stage 2
with methyl methacrylate, the <crosslinking agent,
optionally at least one comonomer M and at least one
radical initiator;

4. casting the mixture obtained in stage 3 in a

15 meld and then heating 1t according to a temperature

cycle 1in crder to obtain a cast sheet.

The content of blcocck B (the macromolecular sequences
(IT}} in the sheet 1is between 5 and 20% by weight,
20 preferably between 5 and 15% by weight, with respect to
the crosslinked polymer material which 1s a subject

matter of the invention.

As regards the block copolymer B(-A),, the latter is
25 composed of several polymer blocks connected to one
another via covalent bonds (see Kirk-Othmer
Encyclopedia of Chemical Technolegy, 3rd ed., Vol. &,
p. 7928). The block B 1is the core of the copolymer and
the blocks A represent the branches attached tce the
30 block B. The block copolymer B(~A), is thus composed of
a block B and of n branches, n denoting an integer of
greater than or eguali o 2, preferably of between 2 and
10 and advantageously of between 2 and 8. The block
copolymer B{-A),, although possessing a block B, has
35 nothing to de with the impact-strengthening agents
commenly referred to as core-shell agents, which are
cemposed of substantially spherical particles obtained

by emulsion polymerization.



15 This reaction is activated by the temperature. In the presence of monomer(s), the activated
alkoxyamine initiates a polymerization. The preparation of a copolymer polyM2-polyMI-polyM2 based
on an alkoxyamine for which n - 2 is illustrated in the $€heme below. The 20 monomer M1 is first
polymerized after activation of the alkoxyamine and then, once the block polyMi is complete, the
monomer M2 is subsequently polymerized: MI T-Z-TT (MOx- T (M2) MON-q 7-T Poblv1/2 25

The principl-e of f.lgle Q@Qa@éigg éthblggfk %(?peo!ym%r&{g@&ms ylaéid (f:%rnn ? 2 % d%l}gtg§ g&olyvalent
group, that is to say a group capable of releasing, after activation, several radical
copolymer with, 1in this case, n = 2 (a central block
and 2 branches). Examples of triblock copolymer can be:
5  PMMA-b-poly{n-butyl acrylate)-b-PMMA
PMMA-b-poly{n-butyl acrylate-co-styrene)-b-PMMA
PMMA-b-poly{iscobutyl acrylate-co-styrene}-b-PMMA
peoly (methyl methacrylate-co-n-butyl acrylate)-b-poly(n-
butyl acrylate-co-styrenej-b-poly{methyl methacrylate-
10 co-n~butyl acrylate)
{b: symbocl used Lo dencte a block copolymer, co: symbol

used to denote a randocm copolymer).

In the case where n > 2, the copolymer 1s said to be a

15 star copolymer.

The block copcelymer B{~-A), is prepared as was described
above using an alkoxyamine Z(-T), and monomers which
make it wpoessible Lo obtain the block B and the branches
20 A. Preferably, the copolymer B(-A), 1s obtained using
the alkoxyamine Z(~T), and the controlied radical
polymerization technigue. By  this technique, the
branches A are terminated by a nitroxide, all or in
part according to the control of the polymerizatiocon.
25  The branches can be terminated in part by a nitroxide
when, for example, there occcurs a transfer reaction
between a nitroxide and an alkyl methacrvlate, as shown

in the reaction below:

L2
CHs CH,

\x

3 E ~
N——@-+CH3={}—C—4QR§ mmwmwhﬁN"“QH4-QH3={}—S—43R3
30 '

The Dblock copolymer A(-B), exhibits a number-average
molecular weight of betwesen 40 000 and 1 000 000 g/mol,
vreferably between 100 000 and 1 0060 000 g/mol. The
35 polvdispersity index 1s between 1.5 and 3.0, preferably



sites. The activation in question takes place by 30 cleavage of the covalent bond Z-T. - 12 - By way of
example, Z can be chosen from the following groups (I) to (VIII): R3-C H -C -0(13 )"TO -C -C H4(1) O
in which R3 and R4, which are identical or different, 5 represent a linear or branched alkyl radical
having a number of carbon atoms ranging from 1 to 10, phenyl or thienyl radicals optionally substituted
by a halogen atom, such as F, Cl or Br,.or else by a linear or branched alkyl radical having a number
of carbon ator%)sefg ?gﬁlgir?g go?nni? to? 470?3 e se%%%?n W %f%r%?%%&y%%%&?cgrb%]n%né% carboxyl
radicals; a benzyl’radical, a cycloalkyl radical having a number of carbon atoms ranging from 3 to 12, a
radical comprising one or more unsaturations; B represents a linear or branched 15 alkylene radical
having a numhe 028%@9&@%3 r%&saegga@m&go 204 m is anJntegerranging fram 4 19.10; HC H2 -0
-c -W)rc -0 - HnCH-R5 0 in ' which R5 and R6, which are identical or different, 20 represent aryl, pyridyl,
furyl or thienyl radicalJptivRally sabstituted By'a hatogen Btoni stich asF, BFEFBE Br efse by a linear
or branched alkyllradicat:having ainumber ckcarben atomsirangingdfrom dco 4, ateelseagain by nitro,
alkoxy, aryloxy, carhonyl,ar-23 carhoxyl radicals; D pepresents alinear or branched alkylene radical
having a number, of carbon ato%s a%%ing from 1 to 6, a phenylene radical or a cycloalkyfene radical; p

is an integer rahging oL & G R7-EHAC (CHATN

i0 n represents the functionaiity off the alkoxyamine, that
is to say the number of nitroxide radicals T which can
be released by the alkoxyamine according to  the

machanism:

Z+nT

AR NE—

1> This reaction is activated by the temperature. In the
presence 0L moncmer{s), the activated alkoxyaming
initiates a polymerization. The ©preparation of a
copclymer polyMZ-polyMl-polyMZ based on an alkoxyamine
for which n = 2 is illustrated in the scheme below. The
20 monomer Mi is first polymerized after activation of the
alkoxyamine and then, once the Dblock polyMi is

complete, the moncmer M2 is subsequently polymerized:

TgT — M o) 2 (M), T

B .
— e T (M) (M g2 (M) (M),- T

‘\,___Y__,._-"\. '\’*——!q;w"—;
polyki,  polyM; poly W~

25 The principle of the preparation of block copolymers
remains valid for n > 2.
Z denctes a polyvalent group, that is to say a group
capable of releasing, after activation, severazl radical
sites. The activation 1n <question takes place by

30 cleavage of the covalent bond Z-T,



0 111 CHA-0-C-CH 0 in which R6, R6 and R9, which are identical or different, have the same

meanings as R3 and R4 of the formula (1) and g, r and s are integers ranging from 1 5to 10;

in which

Rn has the same meaning as R5 and R6 of the farmula (1), t is an integer ranging from 1 to 4 and u is
an integer between 2 and 6 (the aromatic group is 10substituted);

15

20

By way of example, Z can be chosen from the following
groups (I) to (VIII):

| |
Rs—CH—C —0—(B)7~0 —C —CH—Fy4 (T

J

in which R: and Ry, which are identical or different,
represent a linear or branched alkyl radical having a
number of carbon atoms ranging from 1 to 10, phenyl or
thlenyl radicals optionally substituted by a halogen
atom, such as ¥, Cl or Br, or else by a linear or
branched alkyl radical having a number of carbon atoms
ranging frem 1 to 4, or else again by nitro, alkoxy,
ryloxy, carbonyl or carboxyl radicals; a Dbenzyl
radical, a cycloalkyl radical having a number of carbon
atoms ranging from 3 to 12, a radical comprising one or
more unsaturations; B represents a linear or branched
alkylene radical having a number of carbon atoms
ranging from 1 fto 20; m is an integer ranging from 1 to
10;

R_c,—AHCHz—Q—C —{D:}?—G—Q—SHQA:H““H,S (111
|
in which Rs and Rs, which are identical or different,
represent aryl, pyridyi, furyl or thienyl radicals
opticnally substituted by a halecgen atom, such as F, C1
or Br, or else by a linear or branched alkyl radical
having a number of carbon atoms ranging from 1 te 4, or
elgse agalin by nitro, alkoxy, aryloxy, carbonyl or
carboxyl radicals; D represents a linear or branched
alkylene radical having a number of carbon atoms

ranging from 1 to 6, a phenylene radical or a cyclo-

alkylene radical; p 1is an integer ranging from 1 to 10;



in which Rfl has the same meaning as the radical R10 of the formula (IV) and v is an integer between
2 and 6; / 0-CIf2CH-Ru 0 -C H-5-C EL R14 15in which R12, R13 and 1214, which are identical or
different, represent a phenyl radical optionally substituted by a halogen atom, such as Cl or Br, or else
by a linear or branched alkyl radical having a number of carbon atoms ranging from 1 to 10, W 20
represents an oxygen, sulfur or selenium atom and w is equal to O or 1; - 14 - 0 R15 I-I-0-0 -01-32-C
H -R16(VII) in which R15 has the same meaning as R3 of the formula (1) and R16 has the same
meaning as R5 or R6 of thedormula (11); 5 injyvhich Rly and 128, which are identical or different,
represent a hydrogen atd)m,_“a linear or braﬂm;d alkyl radical h@lving a number of carbon atoms
ranging from 1 to 10 oF 5 aryHrabicakioplionally stbstitifed 5y & t6hBtogen atom or a heteroatom. T
denotes a nztroxide, which is a stable free radical exhibiting a -1\I-0. group, that id say a group on
which an unpaired electron is prese 15 free radical" denotes a radical which is so
long- lasting and unreactive with respect to thp air and the

(CHs),-0-C-CH-Rg

in which Ry, Ry and R, which are identical or

different, have the sams meanings as Rz and R; of the

formula (I} and g, r and s are integers ranging from 1
5 to 10;

'G'{GHEji‘CH'Rlﬂ) (Iv)
1

if" %,
ll\ £
e ~

in which Rip; has the same meaning as Rs and Rz of the

formula (II), T is an integer ranging from 1 to 4 and u

is an integer between 2 and 6 (the aromatic group is
10 substituted);

v

]: CH-Fq 1) V3

in which Ri;y has the same meaning as the radical Ry, of
the formula (IV} and v is an integer between 2 and §&;

I
P-CI—IE—CH-RH

[%ﬁz]wmﬁw@~ﬂﬁz-qﬁ-ﬂls (V1)

|
O-CHg-K]?H—RM

15 in which Riz, Riz and E.s, which are identical or
different, represent & phenyl radical opticnally
substituted by a halogen atom, such as €1 or Br, or
else by & linear or branched alkyl radical having a
number of carbon atoms ranging from 1 to 10, W

20 represents an oxygen, sulfur or selenium atom and w is

equal to 0 or 1;



moisture in the ambient air that it can be handled and stored for a much longer period of time than the
majority of free radicals (see, in this regard, 20 Accounts of Chemical Research, 1976, 9, 13-19). The
stable free radical is thus distinguished from the free radicals having a short lifetime (of a few
milliseconds to a few seconds), such as the free radicals resulting from the usual polymerization
initiators, such as 25 peroxides, hydroperoxides or azo initiators. The free radicals which are initiators
of polymerization tend to accelerate the pglymerization, whereas stable free radicals generally tend to
slow it down. It may be said that a free radical is stable within the meaning of the 30 present invention
if it is not an initiator of polymerizaﬁtﬂé"' andif? Unde“tHeusual conditids of - 15 - the invention, the
mean lifetime of the radical is at least one minute. T is represented by the structure: 5

in which R:y has the same meaning as Rz of the
formula {(I) and Rig has the same meaning as Rs or Rg of

the formula (I1);

Rz
AN S
EH.,{H{“} - g (VD)
Rz "

in which Ry; and Rjg, which are identical or different,
represent a hydrogen atom, a linear or bkranched alkyl
radical having a number of carbon atoms ranging from 1
to 10 or an aryl radical optionally s=substituted by a

10 halogen atom or a hetercatomn.

T denotes a nitroxide, which is a stable free radical
exhibiting a =N-0" group, that is to say a group on
which an unpairsd electron is present. The term “stable
15 free radical” denotes a radical which is =0 long-
lasting and unreactive with respect to the air and the
moisture in the ambient air that it can be handled and
stored for a much longer period of time than the
majority of free radicals (see, 1in this regard,
20 Accounts of Chemical Research, 1876, 9, 13-19). The
stable free radical is thus distinguished from the free
radicals having a short lifetime (of a few milliseconds
to a few seconds), such as the free radicals resulting
from the usual polymerization initiators, such as
25  peroxides, hydropsroxides or azo initiators. The free
radicals which are initiators of pelymerization tend to
accelerate the vpolymerizaticn, whereas stable free
radicals generally tend to slow it down. It may be said
that a free radical is stable within the meaning of the
30 present invention 1f 1t dis not an initiator of

polymerization and 1if, under the usual conditicons of



in which R19, R20, R.21, R22, Rn and R24 denote: linear or branched C1-020, preferably 01-Clof
alkyl groups, such as methyl, ethyl, propyl, butyl,isopropyl,isobutyl,tert-butylor
10neopentyl,whicharesubstitutedor unsubstituted,- substituted or unsubstituted. C6-030 aryl groups,
such as benzyl or aryl(phenyl), saturated CI-C30 cyclic groups, 15 and in which the R19 and Rfl

groups can form part. of an pptionally substituted
from: in whic%edeln%}fégsngrg ?rlﬁégexrhoef between T an
following nitroxides: & T8¢ COXTETEM PO TEMPO

T is represented by the struc

lic structur
R B use my)

Ture:

% Rtlg-CI\lr%:(-ﬁZ%X\/hi{:h can be chosen

O & S 4
‘be made, as examples, of the

;q_@' [
;
Hai“‘?i““ﬁh4
Fas
5
in which Ris, Rzo, R21, Raz, Ros and Ry denote:

- linear oc¢r Dbranched CCi~Cy,, preferably Ci-Cqg,
alkvl groups, such as methvl, ethyl, proovi,
butyl, isopropyl, isobutyl, taert-butyl or

10C neopentyl, which are substituted or

unsubstituted,

- substituted or unsubstituted C¢-Cszy arvyi groups,
such as benzyvl or aryl{phenvl),

-  saturated C.~Csy cyclic groups,

15 and 1n which the Ris and Ry groups can form part of an
opticnally substituted cyclic structure Rig-CNC-R,, which
can be chosen from:

— () Gy ACHD
{ )’ J ’M)./ N .
L PR
in which x denotes an integer of between 1 and 12.
20

Use may be made, as examples, of the following

nitroxides:



Particularly preferably, the nitroxides of formula (X) are used in the context of the invention: H Ra 5Re
and RID denoting identical or different alkyl groups having from 1 to 40 carbon atoms which are
optionally connected to one another, so as to form ajring, and which are optionally substituted by
hydroxyl, alkoxy or amino groups, 10RL denoting a monovalent group having a molar mass of greater
than 16 g/mol, preferably of greater than 30 g/mol. The RL group can, for example, have a molar mass
of between 40 and 450 g/mol. It is preferably a phospfjorus group of al formula (XI):  15in
which X and Y, which can be identical or different, cast.be chosenfr all?y}«,cycloalkyl,alkoxyl, aryloxyl,

aryl, aralkyloxyl, perfluoroalkyf or aralkyl radicals apd car comprise fig /to 20 carbon atoms; X 20
and/or Y can also be a ha n ato ch as lorin mine of fluokine atom. - 17 -
4, et S —
/ , 1\\. 4] /' \\"ﬁ/’ \"\'
C, : 5
TEMPO OXO-TER PO

Particularly preferably, the nitroxides of formula (X)

are used in the context of the invention:

H l?*a
Ry n—0° ()
Ry
5 Ry and Ry denoting identical or different alkyi

groups having from 1 to 40 carbcon atoms which are
optionally connected to one another, so as to form a
ring, and which are optionally substituted by hydroxyl,
alkoxy or amino groups,

10 R; denoting a monovalent group having a molar mass
of greater than 16 g/mol, preferably of greater than
30 g/mol. The R, group can, for example, have a molar
mass of between 40 and 450 g/mol. It 1is preferably a

phosphorus group of general formula (3I):

“F— oD
?/'

15
in which X and Y, which can be identical or different,

can be chosen from alkyl, cycloalkyl, alkoxvyl,
aryloxyl, aryi, aralkyloxyl, perfliuoroalkyl or aralkyl
radicals and can comprise from 1 to 20 carbon atoms; X
20 and/or Y can also be a halogen atom, such as a

chlorine, bromine or fluorine atom.

Advantagecusly, Ry is a phosphonate group of formula:



in which. Re and Rd are two identical or different alkyl groups which are optionally connected, so as to
form a ring comprising from 1 to 40 carbon atoms, and which 5 are optionally substituted or
unsubstituted. The group RE can also comprise at lgast.one aromatic ring, such as the phenyl radical
or the naphthyl radical, for example substituted by one or more alkyl 10 radical(s) comprising from 1 to
10 carbon atoms. The nitroxides of formula (X) are preferred as they make it possible to attain good
control of the radical polymerization of (rgeth)_ rylic monomers, as is taught 15 in WO 03/062293. The
alkoxyamines of formula (XIIl), having a nftroxi f formula ()&,Iﬁre thus preferred: in which:

Z denotes a polyvalent group and n is a%rﬂaggr 0 greater than or equal to 1; R, and Rb denote
identical or different alkyl groups having from 1 to 40 carbon atoms which are optionally connected to
one another, so as to form a ring, and which are optionally substituted by hydroxyl, 25 alkoxy or amino

groups, RE Helbtes™h Mondvalett gidlp having A5Hbiar inast’of Greater tHan 16 §ifol, preferably
of greater thang30rgipsol wThesRI, agreupran ofor example; havé adnolar nrass bbbdtween0 and 450

g/mol. Itis preferably a 3Qphosphgrus greupof general fermula (X1%+ A8 - and which

5 are optionally substituted or unsubkstituted.

The group Ry can also comprise at least one aromatic
ring, such as the phenyl radical or the naphthyl
radical, for example substituted by one cor more alkyl

10 radical{s) comprising from 1 to 10 carbon atoms.

The nitroxides of formula (X} are preferred as they
make it possible to attain good contrel of the radical
polymerization of (meth)acrylic moncmers, as is taught
15 in WO 03/06229%93. The alkoxyamines of formula (XIII),

having a nitroxide of formula (X), are thus preferred:

1 Rh‘_ H .
\/ A
.
P - (¥ 1113
Ky, 03 7
i

7 denotes a polyvalent group and n is an integer

in which:

20 greater than or equal to 1;

R, and Ry, denote identical or different alkyl
groups having from 1 to 40 carbon atoms which are
optionally connected to one another, so as to form a
ring, anrd which are optionally substituted by hydroxyl,

25 alkoxy or aminoc groups,

R;, denotes a monovalent group having a molar mass
of greater than 16 g/mol, preferably of greater than
30 g/mocl. The R; group can, for example, have a molar

mass of between 40 and 450 g/mol. It is preferably a

]

30 phosphorus group of general formula (XI):



in which X and Y, which can be identical or different, can be chosen from alkyl,cycloalkyl,alkoxyl,
aryloxyl, aryl, aralkyloxyl, perfluoroalkyl or aralkyl 5 radicals and can comprise from 1 to 20 carbon
atoms; X and/or Y can also be a halogen atom, such as a chlorine, bromine or fluorine atom.
Advantageously, Rb is a phosphonate group of formula: 10 in which Rc and Rd are two identical or
different alkyl groups which are optionally connected, so as to form a ring comprising from 1 to 40
carbon atoms, and which are optionally squtimted or unsubstituted. 15 The group RL can also
comprise at least one aromatic ring, such asthié phenyl radical or the naphthyl radical, for example
substituted by one or more alkyl radical(s) prising from“t Yo 10 carbon atoms. 20 Mention may be
made, as examples of nitroxide of formula (X) which can be carried by the alkoxyam ne (XIlI), of:
N-(tert-buty1)-1-phenyl-2-methylpropyl nitroxide, 25- , . .

-0 hydroy by roB L By b2 ek ok Rirosdgnt ioal or aieferent,
N-(tert-buty1)-EélibenBAphosptioion2, 2-8itasthylgropylinitroxies Loalkyl,  alkoxyl,
N-(tert-buty1)-%-dif2 2:2-triflugroethyl)s 30phosphano-2, 2-dimethylpropyknitrexide; ra1 kvl
N-(tert-buty1)-1-giethylphosphono-g:methylpropyl iLIOXIdE. 20 carbon atoms; x

and/or Y can also be a halogen atom, such as a

chlorine, bromine or flucrine atom.

Advantagecously, R: 1s a phosphonate group of formula:

R,

— 0. Cl]
P — (XD
Ry —0"
10
in which R. and Rg are two identical or different alkyl
groups which are optionally ceonnected, S0 as to form a
ring comprising from 1 to 40 carbon atoms, and which
are optiocnally substituted or unsubstituted.
15
The group Ry can also comprise at least one aromatic
ring, such as the phenyl radical or the naphthyl
radical, for example substituted by one or more alkyl
radical{s) comprising from 1 te 10 carbon atoms.
20
Mention may ke made, as examples of nitroxide of
formula (X) which c¢an be carried by the alkoxyamine
(X111), of:
- N-({tert-hbutyl)-1-phenvyl-Z-methylproepyl nitroxide,
25 - N-(Z-hydroxymethvlpropyl)-l-phenyl-2-methylpropyl
nitroxide, _
- N-(tert-butyl)-i-dibenzylphosphcno~2, 2~-dimethyl-
propyl nitroxide,
- N-{tert-butyl)-1-di(2,2,2-trifluorcethyl)-
30 phosphono-2, 2-dimethylpropyl nitroxide,
- N-{(tert-butyl)-il-diethyipheosphono~2-methylpropyl

nitroxide,



- 19 - N-(1-methylethyl)-1-cyclohexy1-1-diethylphosphono nit roxide,
N-(1-phenylbenzyl)-1-diethylphosphono-I-methyl- ethyl nitroxide,
5N-phenyl-1-diethylphosphono-2,2-dimethylpropyl nitepxide,
N-phenyl-1-diethylphosphono-I-methylethyl nit roxide,

formuta. The niroside aftoreAIa(KVIE Demeuarty 18 Bratoyed 2DCHECHE b PRICHACHA CH3
CH3--C--CH--N --0CH3 TH3GHS (XIV)
- N-{i-phenylibenzyl)-l-diethylphosphono-1-methyl-
ethyl nitroxide,
5 - N-phenyl-l-diethylphosphono-2,2-dimethylpropyl
nitroxide,
- N-phenvl-l-diethylphosphonce~i-methylethyl
nitroxide,
- N-{l-phenyl-Z-methylpropyl)-1-diethylohosphono-
10 methylethyl nitroxide,

- or also the nitroxide of formula

The nitroxide of formula {XIV) is particularly

15 preferred:

JICHZCHs
Ozﬂi\
OCH,CH;,
GHK‘ LCHg
4 e
CHBW}CWCH—-E]J WS\-:“C Hs (V)
CHz 0. CHs

It 1s HN-(tert-butyl)-l-diethylphosphono-2,2~dimethyl-

propyl nitroxide, commonly referred to as SG1  for

simplicity.
20
The alkoxyamine (I) and in particular alkoxyamine
(XITT) can be prepared by recipes described, for
examnple, in US 5810549 or in FR99.04405. One method
which can be used ccnsists in carrying out the coupling
25 of a carbon-based radical with a nitroxide. The

coupling can be carried out starting from a halogenated
derivative in the presence of an organcmetallic system,
such as CuX/ligand (X = Cl or Br), according to a

reaction of ATRA (Atom Transfer Radical Addition) type



It is N-(tert-buty1)-1-diethylphosphono-2,2-dimethylpropyl nitroxide, commonly referred to as 501 for
simplicity. 20 The alkoxyamine (I) and in particular alkoxyamine (XIII) can be prepared by recipes
described, for example, in US 5910549 or in FR99.04405. One method which can be used consists in
carrying out the coupling 25 of a carbon-based radical with a nitroxide. The coupling can be carried out
starting from a halogenated derjvative.in the presence of an organometallic system, such as
cux/ligand (X £%for Bf Saccording o aFeactidh of APRATAISH Transfel Raditht Additidn) type - 20
- suchasdescrifedbyb o Geesztastal.ihMacerontoleddles; T@Q’@, 29, 7661-7670. 13)(Jltgand ZcX +n T

so lvent - n CuXilligand.
+ oGl Aigand
ZE,+nT oo & ETh
- n Cu¥yligand

The alkoxyamines which can be used in the context of

[

the invention are represented below:

cﬁ\ Tm W
. - - O
HDJ%(T g7 \/D\r \)\U/
DIAMINS:

SG'I

f——f\ /gmcr::s OH

ﬂ—mm«i
Hmr::-\< IR

TRIAMING

¢

Preferably, DIAMINS is used.

10 It would not be departing from the scope of the present
invention to combine several alkoxyamines corresponding
to the formula (I), in particular several alkoxyamines
of formula (XIIl). These mixtures might thus comprise,
for example, an alkoxyvamine having nl nitroxides

15 attached and an alkoxvamine having nZ nitroxides

. attached, with nl different from n2. A combination of
alkoxyamines carrying different nitroxides might alsc

be concerned.

20 As regards the radical initiator, it can be chosen from
diacyl peroxides, peroxyesters, dialkyl 9peroxides,
peroxyacetals or azo compounds. Radical initiators

which may be suitable are, for example, iscpropyl



The alkoxyamines which can be used in the context of 5 the invention are represented below:
Preferably, DIAMINS is used. 10 It would not be departing from the scope of the present invention to
combine several alkoxyamines corresponding to the-formula (1), in particular several alkoxyamines of
formula (XIII). These mixtures might thus comprise, for example, an alkoxyamine having nl nitroxides
15 attached and an alkoxyamine having n2 nitroxides attached, with n1 different from n2. A

combination of EikGxyatines EAMiRY diflefeithitioxide<Smight alsh beccoiiternett RENE regards the
radical initiatorpit car béchosendrony diacykpemxites, peroxyestersy Hialky peroxides; gperoxyacetals

or azo compougglistR@gi@giini@gtszwgigﬁ}mg)égg%tg@[e are, for-example isopropyl s 21 -
carbonate, benzoyl per %lde,lﬁjfﬁﬁgperomde C rgylsp_)%roxidew icum Ipegoxidﬂe, tert-butyl
perbenzoate, tért: ufnge‘?‘- -ty hexanoate! bumyt hydropikide) - ¢ Y cLonexane,
1,1-di(tert-butyligarexy)-3, 8 5-tripvathyicyclohexaies Setert-butyl peroxyisobunygate; tére-batyl
E)eraceltate, te)rtt@bil%b@m}\la|at®émlyiﬁ§m&/@lﬁle11,%n@i’-lb perpilvalat()e, dl,lt;di— .
t-amylperoxy)cyclohexane,tert-hut roctoate, azodiisghutyranitrile(AIBN),azodiisobytyramide,
2,2'—azobis(2,4?§;|m%et _éﬁglg%iﬁ/i?ri? . (,34?2%532}{0%?9?'10 (4-(?y%%%p£e)h}té%%oic acio%%rrOC%oa%g’
1,1'-azobis(cyatoeyelbRexane) fikould Hot be déparftiiy from thestbbessithé ¥Rahtien o use a
mixture of radiéaldnitiators thogen framuherabovellist.ohie: preferred radical, imtiateris 1 s -

1,1-di(t-anylperaxy)cyclohexane, dp-The content of gadicalyinitiator with;respect o he monomers of

the mixture whijch is cast in the mold varies from 100 to 2000 ppm by weight, preferably between 200

and 1000 ppm'ByWEight. This cBRtENTE cdif20 Vary 888fuhdith of the applicatidri&id Githe thickness
targeted. Otheringredierits tanibe optionadly addedstothie of radical initiators

chosen from the above list. The preferred radical
initiator is 1,1-di (t-amylperoxy)cyclohexane.
15
The content of radical initiator with respect to the
monomers o0f the mixture which is cast in the mold
varies from 100 to 2000 ppm by weight, preferably
between 200 and 1000 ppm by welght. This content can
20 wary as a function of the application and of the

thickness targeted.

Other ingredients can be optiocnally added te the
mixture which 1is cast in the mold {during stage 3 of
25 the process according to the invention or stage 1 of
the alternative form)}. Menticn may Dbe made, without
implied limitation, of:
e opacifying fillers, such as Ti0, or BaS0,,
generally used in the form of pastes prefabricated
30 in a plasticizer c¢f dialkyl phthalate type;
e colored crganic dves or colored inorganic
pigments;
* plasticizers;
e UV-stabilizing additives, such as Tinuvin P from
35 Ciba, wused at contents of 0 fto 1000 ppm and
preferably 50 to 500 ppm, with respect o the

mixture which is cast in the mold;



mixture which is cast in the mold (during stage 3 of 25 the process according to the invention or stage
1 of the alternative form). Mention may be made, without implied limitation, of:
opacifyingfillers,suchasTiO2 or BaSO4, genesally used in the form of pastes prefabricated 30in
a plasticizer of dialkyl phthalate type; coloredorganicdyesorcoloredinorganic pigments; plasticizers;
UV-stabilizing additives, such as Tinuvin P from 35 Ciba, used tcontentlf1 of 0 to 100$§pm and

preferably 50 to 500 ppra-with Fesp&Gt to the mixtdrawiich f&¢ast the

stabilizers, such as, férlexample/ Tiruvin 770; antioxidants;

oid; <" 22"%light or heat
flame-retarding additives, such as,

for example, 5tris(2-chloropropyh phesphate; thickening agents, such as, for example, cellulose
acetate butyrate; mold-release %%%gs such agi.&or veggmpletgg)ctglssodl m sulfosuc%;]nate, used at

arably 6 10

contents of 0 to 10500 Ppiit and pré

0 ppm, with respect’to

Oor .eXa o . .
e mixture which is cast in

the mold; GnorganicorefgériéfilfersFsrexaniple polyanfidé > FEE or BaS04) intended to scatter light

* thickening agents, such as,

acetate butyrate;

* mold~release agents, such as,

for example, celiulgse

for example, dioctyl

sodium sulfosuccinate, used at contents of 0 to

10 500 ppm and preferably 0 to 200 ppm, with respect

to the mixture which is cast in the mold;

»  incrganic or organic fillers (fox example

polyamide, PTFE or BaS0,;) intended to scatter light

(for example, to give sheets

15 1it).

which can be edge-

The cther ingredient can also {(optionally) be a chain-

limiting agent commonly used in

sheets, for example vy-terpinene

20 preferred chain-limiting agent

the field of cast

terpinolens. The

is  vy~terpinene at

contents of between 0 and 500 ppm and preferably

between 0 and 100 ppm, with respect to the monomers of

the mixture which is cast in the mold.

25 The chain-limiting agent can alsc be added before the

formation of the branches A ({(during stage 2 of the

second embodiment according to

the invention) at

contents of between 0 and 500 ppm and preferably

between 0 and 100 ppm, with respect to the monomer(s)

30 - intended to form the branches A.

35

The impact strengthening accerding to the invention 1is
produced by virtue of the macromolecular seguences (I1)
but the addition of impact-strengthening additives of
core-shell type in synergy with the copolymer B(-A), is
not ruled out. These additives of core-shell type are
known to & person skilled in the art aﬁd can, for

example, be of the soft-hard or hard-soft-hard type, in



(for example, to give sheets which can be edge- 15lit). The other ingredient can also (optionally) be a
chain- limiting agent commonly used in the field of cast sheets, for example y-terpinene or terpinolene.
The 20 preferred chain-limiting agent is y-terpinene at,caontents of between 0 and 500 ppm and
preferably between 0 and 100 ppm, with respect to the monomers of the mixture which is cast in the
mold. 25 The chain-limiting agent can also he added before the formation of the branches A (during
stage 2 of the S&ContemBodiment aEcordiftfto the Mvention) at comeRts GrBEtvEEn 0%nhd 500 ppm
and preferably*betweér 0cgnd 100 pprxanith cespectad thecmanomer(s)30 infended ¢oform the
branches A. The,impaetstrengtheningracearging tasthe ipventignds preduced by virtue ofithe
macromolecular sequences él I()_% t the adtiiEjon ogim%acé-strengtépgn{ addjti\ﬁ)s /%tf035 core-shell type
in synergy with the-Copoiymer BL:A), &t rled oit. Thede sdditives of core-shell type are known to a
person skilled in the art and can, for example, be of the soft-hard or hard-soft-hard type, in - 23 -
particular thoseseld ynderdbe Durastrength(r) ¢ MetablendO {for example,1332@)Jrade. marks of
Arkema. The p ion, of additives of core- IJT pe/ ocﬁ< copolymer B(-A), can.thus t%:a between
90/10 and 10/9I{(1)%.1F1)é?I rgeg ggo%gesé \é? t%%slcﬁve%%%% g]d?sl%)ttjé (o] %eﬁ?&ﬁ%ﬁégt%%e of ca%t sheets having a
thickness of 2 t'36" A hdireféraply 'of 25 to 12 nim. 18 A¥vegards the process, the latter

comprises the following stages:
10 As regards the process, the latter comprises the
following stages:

During the 1lst stage, the block B is preparsed by mixing

the alkoxyamine Z{-T), and the monomeri{s; intended to
form the block B and by heating the mixture obtained at

15 a temperature sufficient to activate the alkoxyamine.

It is possible to alsc add nitroxide to the mixture in
order to provide better control of the polymerization.
The nitroxide which is added can be identical to that

20 which 15 carried on the alkoxyvamine or different. The
melar proportion of the nitroxide added with respect to
the alkoxyamine 1s Dbetween 0 and 20%, preferably
between 0 and 10%.

25 The conversion can vary between 10 and 100%. However,
preferably, the polymerization is  halted for a
conversion of between 50 and 100% and advantageously

between 50 and 80%.

30 This stage can be carried out in a closed reactor or in
an open reactor, for example a reactor of plug-flow
type. Preferably, the reactor is a closed reactor. The
block B is prepared at a temperature of between 80 and
150°C, preferably  between 80 and  130°C. This

35 temperature is related to the alkoxyvamine and to the
moncmer (s) used. The duration of the polymerization can
vary between 30 minutes and 38 hours, preferably between

1 and & hecurs, advantageously between 2 and &6 hours. It



‘During theist stage, the block B is prepared by mixing the alkoxyamine Z(-T)fl and the monomer(s)
intended to form the block B and by heating the mixture obtained at 15 a temperature sufficient to
activate the alkoxyamine. It is possible to also add nitsoxide to the mixture in order to provide better
control of the polymerization. The nitroxide which is added can be identical to that 20 which is carried
on the alkoxyamine or different. The molar proportion of the nitroxide added with respect to the

alkoxyamine is"BetWé&rt B et 2096 préferaily bdties 85U T0os. 25°Fhe?Edhversiontan vary
between 10 andhiG0%.tHewevere preferablys therpolymedzationds haltet: forsseohversien of between

50 and 100% andadvantageously-hetween 56 and 89%:. 30 This stage cande carried qut in a closed
reactor or in ar%ﬂ%e%reactori for example a reactor of plug?-flow type, Pr_efer.abl% tge reactor is a

closed reactor. lock B'is pf%eﬁlalréa(ﬁ%nter%be%ﬂ‘r% betWeet 80 and 15 C* preferably between

80 and 130C. THis 35°teffpeiature is related to the alkoxyamine and to the monomer(s) used. The
duration of the polymerization can vary between 30 minutes and 8 hours, preferably between 1 and 8

hours, advantqﬂ@ou%grtgﬁv&%g%g and 6 hours.Jt - 24 is %rggegrgble tgﬁgoidgﬁ% é){{esegce of oxygen.

To do this, the reaction mixture is generally degassed under reduced pressure and the reactor is

rendered inert B fitShtg with hittgen Bi-With drgen atferfntFotiticihg Btheeadtants. Grf conclusion
of this 1st stagepbtheiblock B, ptipnatlymixes withrthe etconsumetsmohbdatet(s), is:ohtained. They

can be removed.by, distillation.under 10 reduced pressure at 3 temperaturg of legs<than 000. In the

context of the first embodiment of thg |nventign, the block B constituting the macromalecular
sequences (1) i€ mixed with mefhyl mathacryiate, Fd'er6sdiifiRing agent’ Bptiohfly at fdast one
comonomer MtBandlatdeasBonecratlical iitiater drideis thenrcast s aumeld, whigh dsisalssequently

subjected to a temperature cycleiinrder te:qbtain aeastgheet. Jherthermalcycle compeses a first
stationary phase Withlai teﬁnperature o1f: betwecein 6% Ja_ltTd 1§Qleor a time which 20 can vary from 2 to 6

hours, followed 6? Sassec%né%?at%%%?y bhgge With & ebrfnperatu(?é—’t 8F betweeh 13 '@ha 150C for a time

which cahvanfftémaAttoEhéirs *ABcorditd the Beddrmd-embeditheht of-fielingeérition - the block B,
optionally mixed with{he uncorstimed 25snonemes(s);frentthe 1stsipgeissubjected to:a 2nd stage

of p°'V_me”Za“Q@ni{_%&%BR?ES”%%SEED%VQO%%Sﬁ_(s)é@t%g%(%{%f_c’émc:tﬁa‘%@ras'k%‘eeé Auyith the
exclusion of the crosslinking agent. This stage can be carried out in the same reactor as
thermal cycle comprises a first stationary phase with a
temperature of between 60 and 120°C for a time which
20 can vary from 2 to 56 hours, followed by a second
staticnary phase with a temperature of between 100 and
150°C for a time which can vary from 1 to 4 hours.
According to the second embodiment of the invention,
the block B, optionally mixed with the unceonsumed
25  monomear{s) from the 1ist stage, 1is subjected to a 2Znd
stage of ©polymerization in The presence of the
monomer (g) intended to form the branches A, with the
exclusion of The ¢rosslinking agent.
This stage can be carried out in the same reactor as
30  the reactor emplcoyed in the 1st stage cor in another
reactor. Preferably, the reactocr 1s the same closed

reactorn.

If the conversion of the 1st stage 1s lege than 100%,
35 the not completely polymerized moncmer(s) from the lst
stage may be found in the mixture. The mixture thus
comprises the block B, the monomer(s) intended to form
the block A which has/have been added and possibly the



30 the reactor employed in the 1st stage or in another reactor. Preferably, the reactor is the same
closed reactor. If the conversion of the 1st stage is less than 100%, 35 the not completely polymerized
monomer(s) from the 1st stage may be found in the mixture. The mixture thus comprises the block B,
the monomer(s) intended to form the block A which has/have been added and possibly the - 25 -
monomer(s) not completely polymerized in the 1st stage. The proportion_of block B in this mixture is
between 1 and"S0%" BrefErabli e tdBh ' afid 1596 5rFhé bifithis At fofthed B4 %emperature of
between 80 anthE50Q00; preférably betwieen@0 andib30C. TFherduratiar ofitheipotymerization can vary
between 30 migdtesyand 8.hours, pieferablybetween 1.and 4 hours, advantageously between 1 and 2
hours. As 10 during stage 1, it is preferable to avoid the presence of oxygen. To do this, the reaction
mixture is generally degassed under reduced pressure and the reactor is rendered inert by flushing
with nitrogen of With ‘argers Bfter idtradiingthegeactants. Itisaiso 25 possible tbehvisage adding
nitroxide during this=stage; it being pessible:farthis nittaxide to bedifferent fromthat caried by the
age is between 0 and Zqomgl%éwith respect

alkoxyamine. The, proportion of nitroxide ?{ggga%rggw% §‘If ; a0 s

to the alkoxyamine, 20 preferably betwee 10 mol%. Burin% the 2nd s¥age, the Conversion can
vary between T affd 10696 HoWever, in brdernot t& 6BtHHT &7 eXce2R/efF Giscous miktiste, it is
preferable to limitbithe, corvérsion toybetween StandaQ%, preferaldy between:sand 309, so that the

mixture gbfained, pn,conclusion of this gnd stage.comprises the block copplymer B(A)n mixed with the

unconverted monomer(s). This mixture is commonly referred to as "syrup”. 30 During the 3rd stage,

still according fd'the $€8f& embbdimétit of the ventior: metii MiethRcryikté SthEcrossiinking agent,
optionally at leastreneiother mibmontered, atledstronerradicatihitiatoeancire and  the

reactor is rendered inert by flushing with nitrogen or
with argon after introducing the reactants. It is also
15 possible to envisage adding nitroxide during this
stage, it belng possible for this nitroxide to be
different from that carried by the alkoxyamine. The
proportion of nitroxide added at this stage is between
G and 20 mol%, with respect to the alkoxyamine,

20 preferably between 0 and 10 mol%.

During the 2nd stage, the conversicn can wvary between

10 and 100%. However, 1in order not to obtain an
excessively viscous mixture, i1t is preferable to limit

25 the conversion to between 5 and 50%, preferably between
5 and 20%, so that the mixture obtained on conclusion
of this Znd stage comprises the block copolymer B (-A),
mixed with the unconverted meonomer{s}!. This mixture is
commonly referred to as “syrup”.

30

During the 3rd stage, still according to the second

embodiment of the .invention, methyl methacrylate, the
crosslinking agent, optionally at least one other
monomer M, at least one radical initiator and
35 opticnally a chain~limiting agent are added to the

mixture obtained in the Znd stage.

This stage, carried out at ambient temperature, can be



35 optionally a chain-limiting agent are added to the mixture obtained in the 2nd stage. - 26 - carried
out in another reactor or preferably in the same reactor as that used in the 2nd stage. Advantageously,
the same closed reactor is used for the three stages,which have just been described. 5 During the 4th
stage, the mixture from the 3rd stage is cast in a mold and then heated. This final stage is very similar
to that which may be encountered in the case of the processes for the manufacture of acrylic 10
sheets already kHowrt “Th8 iold 8 forMma B twd §RaSE Sheets separdted by a seal mad€ of PVC, for
example. The heating cana forexample, consist in usirgla vessel filléd: withwater o aventilated oven
in which the malds with theirmixfure:are plaged ina rw; and which-13 bag atemperature which is
modified. Accorglilr:}% E;[o SFhe irg_}vsenvtqign:.t,C I}thhaevaéin can l%% g%rriggsocu:} t a 01constant temperature
(isotherm) or e?se it can ?&%w a very precise temperature program. The 20 temperature program
generally @omprises a first stationary phase at a temperature of the order of 70C, followed by a second
stationary phase: at ademperatune oftheoyderef IR0C: After coaling; the sheet-obiginedds removed
from the mold. SSIheiplro%es%gﬁgwe gﬁ%sere&@xerﬁg@ g pp|lf,§9|§ t%gmeagrogg%tg)@ of gndustrlal

acrylic sheets of various thicknesses. A person skilled in the art knows how to adapt the manufacturing
process, in partictfar 4380 8gards theSid stAgETRndIEY of the RTINS ard of thE temperature
program), accardimg to thetthicknessof thwe acryliosheet Assegdiasithe €ast Sheetrtheilatter
compriseg,a 35 grogslinked rethyl methacrylate copglymer whigh,constitutes the mairbxin which the
macromolecular sequences (Il) are homogeneouslédis ersed. The macromolecular sequences (ll)

have a tenden&y &5 S6ttI€ ToWITinSidethé niatrik fo iv@gg%oé)efne&\@y distHbufetPd&mains. The
matrix thus cofistitutes aréartinueus phase efkerusshinketbmethyt methactylate @ vessel

filled with water or a ventllated oven 1in which the

molds with fTheir mixture are placed in a row and which

15 has a temperature which 1s moedifisad.

According teo the invention, the heating can be carried
out at a constant temperature (isotherm) or else it can
follow a very preclse femperature program. The
20 temperature program generally comprises a first
stationary phase at a temperature of the order of 70°C,
followed by a second stationary phase at a temperature
of the order of 120°C. After cooling, the sheet

obtained is removed from the mold.

The process of the present invention is applicable to
the production of industrial acrylic sheets of wvarious
thicknesses. A perscon skilled in the art knows how to
adapt the menufacturing process, 1in particular as
30 regards the 3rxd stage {(choice of the radical initiator
and of the temperature program), according to the

thickness of the acrylic sheet.

As regards the cast sheet, the latter comprises a
35 crosslinked methyl methacrylate copolymer which
constitutes Lhe matrix in which the macromolecular
seguences (11 are homogeneously dispersed. The

macromolecular sequences (I1) have a tendency to settle



copolymer.Thedomains,visibleusingelectron 5 microscopy or an atomic force microscope, exist in the
form of nodules having a size of less than 100 nm. The size of the domains is estimated from the
atomic force microscope analyses. 10 The sheets mapufactured according to the present invention
can be used as windows, noise-reducing walls, flat screens, and the like, or else can be converted to
various articles by thermoforming, cutting out, polishing, adhesive bonding or folding. These sheets 15

can be used inPifficulat 16 nfhufactdfe bathrdom Xittings (bathd “&inks, 'SHBWET Y45 akd the like).
For this, the shéets aréthermofornrediinsa waytknowretora persomuskilledbinghe ant. 20 The molecular

weights are determingd by -sterie gxclusion chromatagraphy; (SEE) ot gel prrmgation chromatography
(GPC). The polymers are dissol%ed at 1F9/1 in. THF stabilized with BHT. The calibration is carried out

using monodisperse polystyrene standards. 25 Differential Scafining Caloimetry SA) i order to
estimate the gkiss frapsition températuré YL is éarried out aecurdirigdo Staniddrd 1SOT1857-2. 30

EXAMPLES 1ststage; Praparation ohableck B based on butykaerylate and on styrenerhe following

are introduced irité)ea % gteﬁigréet%lor%ggt% e%%ip%%q :)L/v'thé“% Rro 3(:egrenr ngp(er, c%/vrith a 'ac;}gg;ﬁ 3; for heating
by circulation of oil and with'a vacuum nitrogen liné: 616 g of butyl acr)?lateb%rﬁ‘g of styrenhe -28- 2.4

g of dialkoxyarfheTMB{pafityof 9486 and free SG1 of 0.35%), i.e. 2.3 g of pure DIAMS 0.09 g of
SG1 with a purity of 85% (i.e., 0.077 g of pure SG1), which represents a 5 mol% excess per 5 alkoxy

functional group carried, by the DIAM ¢taking into account the 0.35%.0f freg SG, already present in

the DIAMS. After introduction of the reactants, the reaction 10 mixture is degassed three times under
vacuum/nitroger: “Fie- FedbtiAg thdh d5&&d and thert Stitfing T80 révimiie) Hnd Fediiy’ Bet
temperature: 125€) arebegus.. Thertenperaturé of thereattion mixtureisckI8C intapproximately 30
min. The pressyge stapilizes,at- i -1es by  thermoforming, cutting  out,
polishing, adhesive bonding or folding. These sheets
15 can be used in particular to manufacture bathroom
fittings (baths, sinks, shower trays, and the iike).
For this, the sheets arse thermoformed in a way known to

a person skilled in the art.

20  The molecular welghts are determined by steric
exclusion chromatography (SEC) or gel permeation
chromatography (GPC). The polymers are dissolved at
1 g/1 in THF stabilized with RBRHT. The calibration is
carried out using monodisperse polystyrene standards.

25
Differential Scanning Calerimetry (DSC), in order +to
estimate the glass transiticen temperature Tg, 1s
carried out according te Standard TSO 11357-2Z.

30 EXAMPLES
1st stage: Preparation o©f a block B based on butyl
acrylate and on styrene
The following are introduced idinto a 2 liter metal
reactor equipped with a propeller mixer, with a Jjacket
35 for heating by circulation of c¢il and with a
vacuum/nitrogen line:
= 616 g of butyl acrylate
* 84 g of styrene



15 approximately 1.5 bar. The temperature of the reactor is kept stationary at 115C for 522 min. After
cooling, 608 g of a mixture with a solids content of 67% are recovered. The excess butyl acrylate is
subsequently removed by evaporation at 70C underygduced pressure 20 for 3 h and replaced with
700 g of MMA. 1110 g of a 37% solution in MMA of a "stripped" macroradical (freed from its excess
butyl acrylate) are thus recovered. The butyl acrylate:styrene ratio by weight of the macroradical

obtained is 83:17. Thé GParfalysis 6t thé 2B BIGEB gives the fBldwing réults! ¥in: 326 000 g/mol;
Mw: 252 000 g/mol; pblyelispEisity: 2.1..Stage 2 The shéets areproduced frdmle mixture of 10% by
weight 30 of a poly(butybacrylatercamgtyrene)imacroinitiatqr macremglecular sequence;ptepared in
stage 1, of methyl methracr}/llate, §’&L 4-butylene g%%ql dimetthacgyl%tergB MA, in amounts which can
vary according to the festiunder condiders |6ﬁ[}1an of 866 ppm of T1-di-amyl-35° Per
peroxy)cyélohexane. Thé Iixturéis stibseuently caspin & aiold £The Biold idfirst Réatéd at a
temperature of approximately 90C-for approxinately=3 hours: The shiaetds subseguentiysubjected to a

post- - 29 - polymeri igg at.a temper tuIS%%ngpproximately 130C for approximately 2 hours. TEST
%BDMA Flexural mo%?j%us ?M€a5 nnotc%ed charpy impact 1t13/n1) 1 1

After introduction of the reactants, the reaction
10 mixture is degassed three times under wvacuum/nitrogen.
The reactor is then closed and tThen stirring
(50 rev/min) and heating (set temperature: 125°C) are
begun. The temperature of the reaction mixture is 113°C
in approximately 30 min. The pressure gstabilizes at
15 approximately 1.5 bar. The temperature of the reactor
is kept stationary at 115°C for 522 min. After cooling,
608 g of a mixture with a solids content of 67% are
recovered. The excess butyl acrylate is subsequently
removed by evaporation at 70°C under reduced pressure
20 for 3 h and replaced with 700 g of MMA. 1110 g of a 37%
solution in MMA of a “etripped” macroradical (freed
from its excess butyl acrylate) are thus recovered. The
butvyl acrylate:styrene ratio by welght of the
macroradical obtained is 83:17. The GPC analysis of the
25 block B gives the fellowing results: M,: 120 000 g/mol;
My: 252 000 og/mol; polydispersity: 2.1.

Stage 2
The sheects are produced from a mixture of 10% by weight
30 of a poly(butyl acrylate-co-styrene) macroinitiator
macromolecular sequence prepared in stage 1, of methyl
methacrylate, of 1,4-butylene glvcol dimethacrylate
(BDMA, in amounts which can wvary according to the test
under consideration) and of 800 ppm of 1,1-di(t-amyl-
33  peroxy)cyclohexane. The mixture is subsequently cast in
a mold. The mold is first heated at a temperature of
approximately 90°C for approximately 3 hours.

The sheet 1s subsequently subiected Lo a post-
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polymerization at a temperature of approximately 130°C

for approximately 2 hours.
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Content of crosstinking agert (BOMA wi)

It is observed that the impact strength (ftoughness) and
the flexural modulus are an increasing function of the
content of c¢rosslinking agent with a maximum in the

10  wicinity of 0.7%.



37 7 0.1 851438090040 00.2040.6BB112 Content of crosslinking agent (BOMA w%) 5 It is
observed that the impact strength (toughness) and the flexural modulus are an increasing function of
the content of crosslinking agent with a maximum in 10vicinity of 0.7%. - 30 - CLAIMS 1. A
transparent and impact-resistant crosslinked acrylic composition consisting of a brittle matrix

CLATMS

1. A transparent and impact-resistant crosslinked
acrylic composition consisting of a brittle matrix

5 (I) having a g¢glass transition temperature of
greater than 0°C and of ¢lastomeric domains having

a characteristic dimension of less than 100 am
consisting of macromolecular sequences (IT) having

a flexible nature with a glass transition

10 temperature of less than 0°C, characterized by a
number-~average molecular weight of between 30 000

and 500 C00 g/mol, in  which the content of
crosslinking agent 1s between 0.1 and 2% by

weight, with respect to the crosslinked polymer

15 material.

2. The compesiticn as claimed 1in claim 1, 1in which
the content of macromolecular sequences (II) is
between 5 and 20% by weight.

20

3. The composition as claimed in claims 1 and 2, in
which the crosslinking agent is chosen from polyol
polyacrylates, alkylene glycol polvacrylates or
allvyl acrylate, ethylene Flycol diacrylate,

25 1,3-butylene glycol diacrylate or 1,4-butylene
glycol diacrylate, volyfunctional methacrylic
MONoOmars, such as polyol polymethacrylates,
alkvylene glycol polymethacrylates or allyl
methacrylate, ethylene glycol dimethacrylate, 1,3-

30 butylene glycol dimethacrylate or 1,4-butylene
glycol dimethacrvlate, divinylbenzene or

trivinylbenzene.

iy

The composition as claimed in claims 1 and 2, in
35 which the crosslinking agent 1is butylenes glycol

dimethacrylate.



5 (1) having a glass transition temperature of greater than OC and of elastomeric domains having a
characteristic dimension of less than 100 nm consisting of macromolecule' sequences (IlI) having a
flexible nature with a glass transition 10 temperature; of less than OC, characterized by a
number-average molecular weight of between 30 000 and 500 000 g/mol, in which the content of
crosslinking agent is between 0.1 and 2% by weight, with respect to the crosslinked paolymer

15material. 2. The compositiGAaS Thaim&d irf Blaint T, AWhich thé cBntent'of matromol&ular
sequences (ll) is betwéen Srand:209% byoweight. 203 Fheeempdsitibn ascelaimedireglaiins 1 and 2,

in which the crosslinkﬂgagqge(mﬂ%@ggger@ﬁ@g@golygbqplyacrylgg@?pil@/le&%lggfg@l:goly@grylates or
aIIyIacryIate,ethyleneglgcold'acrylaléﬁ,m?%@ékeg%/rl]ejbeﬁgilycol d\_,i\%cr ate or 1,4- u%lene

2 = oy
glycoldiacrylate,polyfuncﬁ%%a?met acrylic mono ers,sdéhaspofflo%olynjlethag@ a%éésf <

alkylenegfycolpolymelyaryiarsOrallgmetiacrylate, ‘éthigene @hycol dimetiacrylate.ahgd30butylene
glycol dimethacrylateqyr-L4-butylere glyseldimethacrylate;divinylbenzeneentrivinylbgnzene. 4. The
composition as claimed § ims d 2,in 35which the crosglinking. agent is butyl lycol
dimethacrylate. - 31 - 5. r%z%eg cor%%c%s%tio%as%:lﬁr?fgd?n %%im %L,r?ﬁév}%fch i egl §rlnga'cro%?o%g((:guIar
sequences (Il) are préfaretFiroii mehomers chBsén frofmacry it mdhoifersof foffGk: <
CH2=CH-0(=0)-0-R1 awhere Rindehetes aacrylate, ethyl acrylate, propyl

10 acrylate, n-butyl acrylate, iscbutyl acrylate,
tert-butyl acrylate, Z2—ethylhexyl acrylate,
glycidyl acrylate, hydreoexyalkyl acrylates or
acrylonitrile, methacrviic monomers of formula
CH,=C {CH3) -C(=0)-0-R;, where R; denctes a hydrogen

15 atom or a linear, cyclic or branched Ci-Cyp alkyl
group opticnally substituted by a halogen atom or
a hydroxyl, alkoxy, cyano, amino or epoxy Jgroup,
such as, for example, methacrylic acid, methyl
methacrylate, ethyl methacrylate, propyl

20 methacrvlate, n-butyl methacrylate, isobutyl
methacrylate, tert-butyl methacrylate, Z2—ethyl-
hexvyl methacrylate, glycidyl methacrylate,
hydroxyalkyl methacrylates or methacrylonitrile,
or vinylaromatic monomers, such as, for example,

25 styrene or substituted styrenes, o-methylstyrene,

monochlorostyrene or tert-butyistyrene.

6. The composition as claimed in claim 1, in which
the macromolecular sequences (II) are prepared
30 from butyl acrylate and styrene in the butyl
acrylate/styrene ratio by weight of between 70/30
and 90/10.
7. The compoesition as claimed in c¢laims 1 to 4, in
35 which the macromolecular sequences (II) are
prepared by mixing, with the monomer(s) intended
to form the macromolecular seqguences (II), an

alkoxyamine of general formula Z(-T}, in which 2



5 hydrogen atom or a linear, cyclic or branched C1-C40 alkyl group optionally substituted by a halogen -
atom or a hydroxyl, alkoxy, cyano, amino or epoxy group, such as, for example, acrylic acid, methyl
acrylate, ethyl acrylate, propyl 10acrylate, n-butyl acrylate, isobutyl acrylate,
tert-butylacrylate,2-ethylhexylacrylate, glycidyl acrylate,hydroxyalkyl acrylates or acrylonitrile,
methacrylic monomers of formula 0H2=C(CH3)-C(-0)-0-R2, where R2 denotes a hydrogen 15 atom or
a linear, cyclic or brafcHed GECA0 akyIgrolp Optishallp subbtitited by a halogehratsatér a hydroxyl,
alkoxy, cyano, amino £t €poxy greup, such@sy far-exanple smethacryliccacid, methyl methacrylate,
ethyl metha.crylate, propyl 20 methacrylate, n-butyl methacrylate, isobutyl methacrylate, tert-butyl
methacrylate, 2-ethylhexyl methacrylate, glycidyl methacrylate, hydroxyalkyl methacrylates or
methacrylonitrife, or vinyfarGmake fidnbrierE Such a$Mef exdimpfe: %tyﬁéneb‘ﬁ stibstituted styrenes,
a-methylstyrene, mondchlorastyrergonier-butyistyremec 6cdFhe campasition as:dlaimedhin claim 1, in
which the macromoleeylar, sequences (Il) are prepared 30 from butyl acrylate and styrene in the butyl
acrylate/styrene ratio by weight of between 70/30 and 90/10. 7. The composition as claimed in claims
1 to 4, in 35 which the macromdfecular sefﬁlences (1) are prepated by,mixing, with the monomer(s)
intended to form the macromgl qges\(kl\lf)/anﬁgmo%%g ling e ral formula Z(-T), in which
Z -32-denotes a polyvaleﬁl[ grouf,, T denotes a nitroxide ang n is an irteger greater than or equal to
2. 8.The composition as claimed in clair‘?-"‘iﬁf,| in which the alko%/amine c&fresponds to the following
formula:

561 being N-(tert-butyl)-l-diethylphosphono-2,2-
dimethylpropyl nitroxide.
10
9. The composition as claimed in claim 7, in which
the alkoxyamine corresponds to the following

formulia:

15 10. A process for the preparation of a transparent and
impact-resistant crosslinked acrylic  composition
consisting of a brittle matrix (I) having a glass
transition temperature of greater than 0°C and of
elastomeric domains having a characteristic

20 dimension of less than 100 nm consisting of
macrcmolecular seqguences (1I) having a flexible
nature with a glass transition temperature of less
than 0°C, characterized by a number-average
molecular welght of between 30 Q00 and

25 500 000 g/mol, in which the content of
creosslinking agent 1is between (.1 and 2% by
weight, with respect to the c¢rosslinked polymer

material, comprising the following stages:



301 being N-(tert-buty1)-1-diethylphbsphono-2,2- dimethylpropyi nitroxide. 10 9.The composition as
claimed in claim 7, in which the alkoxyamine corresponds to the following formula: 15 10. A process
for the preparation of a transparent and impact-re§isg nt crosslinked acrylic composition consisting of a
brittle matrix (1) having a glass transition temperaturé of greater than 0C and of elastomeric domains
having a characteristic 20 dimension of less than 100 nm consisting of macromolecular sequences (II)
having a flexible nature-with'zegRss iransikien wErmpermheof1ess thad ot charactdrizddiby a
number-average moleg¢iianejghiofbetwean3t0Rand-25 500 006 gimal, inavhich-the ceatent of

crosslipking agentis ti;Jnec_it\(/jv}4(3&[91OOJ‘i % gn? aZL% %gg&h&e\éﬂth (rffp?ct to, th%1 EE?&;?"E'?&% golyrq_ger mgterial,
comprising the following stages: - 3357, pre arlng%t e macromolecular seqd'/ences (II)%y mixing,

with the monomer(s) itetidet to f6fthTHe Mactdmb

ecular-8eqUEhtEE (IIF an‘@keXy2imind of general

formula Z(5T),, in whichoZ deadtesta Spalywalent groupy Tedenates arnitrexide andd is an integer
greater than or equal £9,2;; 2. mixing {he macromplecular sequences, (1) of stage 1 with methyl

methacrylate, the crosslinking agent, o%tlonally at least one comonomer M and at 10least one radical

initiator: 3. casting thé mixitiré dtfaine

Gin SPAGE 2R HMdlPand TS REATY it Bctordifg to a

temperature cycle in ordetto dbtainta castisheet. M1z The processtaseclaimesiniclainm g0, in which
there is added, to the mjxture which:iscast in the mald during, stage3-0fihe pracegsanother
hosen fror?é3 apsatcﬁglrrgg f

ingredient (é:

pastes prefabricated ina plasti

15

20

25

30

35

11,

cizer o

ngfcris‘,csuEh as .TtiOZtorrBaSO4, 20 generally used in the form of
cﬁafﬁyl ﬁﬂqﬁal%fe ?yp’e;

3. casting the mixture obtained in stage 2 in a

mold and

temperatur

The proces
is added,

during sta

then heating it according to a

e cycle in order to obtain a cast sheet.

s as claimed in claim 10, in which there
to the mixture which 1s cast in the mold

ge 3 of the process, another ingredient

chosen from:

* opacify
general
prefabr
phthala

¢ colored
plgment

» wlastic

= UV-stab

ing fillers, such as Ti0; or BaS0u,

1y used in the form of pastes
icated in & plasticizer of dialkyl
te type;

organic dyes or coiored inorganic
37

Lzers;

ilizing additives, such as Tinuvin P

from Ciba, used at contents of 0 to 1000 ppm

and preferably 50 to 500 ppm, with respect to

the mix
« light

example

ture which is cast in the mold;
or heat stabilizers, such as, for
, Tinuvin 770;

+ antioxidants;

» flame-r
example
« thicken
celluio
» mold-re

dioctyl

etarding additives, such as, for
r tris(Z-chloropropyl) phosphate;

ing agents, such as, for example,
se acetate butvyrate;

iease agents, such as, for example,

sodium sulfosuccinate, used at contents



colored organic dyes or colored inorganic pigments; 25 plasticizers; UV-stabilizing additives, such as
Tinuvin P from Ciba, used at contents of 0 to 1000 ppm and preferably 50 to 500 ppm, with respect to
the mixture which is cast in the mold; 30 light or heat gtabilizers,such as,for example, Tinuvin 770;
antioxidants; flame-retardingadditives,suchas,for example, tris(2-chloropropyl) phosphate; 35

thickening agents,such a%ﬁor 8xatmople5 &@II c}%e acetat bugyﬁragq%rgglgoeceasg@[gents such as, for

example, dioctyl sodium sulfosuccina e, used at contents - 0 ppm and pl?ef'erably 0to
200 ppm, with respect to the- Mixtrenetch i§ Castiift th8 iiéldr oryanicior b?gaﬁt%sfﬂleﬁsl(ifor example
5polyamide, PTFE or Ba$®4) inténded to scatter light. 12. An item obtained from a composition as

claimed in one of claims 1 10,910 3. The.useqf an,item as claimed in glaim 12 in the fields of

windows, noise-reducing waIIs fiat screens or bat oom flttlngs
5] polyamide, FE intended to scatter

light.

12. An item obtained from a compositicn as claimed in
one of claimg 1 to 9.
10
13, The use of an item as claimed in claim 12 in the
fields of windows, noise~reducing walls, flat

screans or kathrcoom fittings.



