‘COMPOSITION FOR STRUCTURAL ADHESIVE k The present invention relates to the field of acrylic
structural adhesives (based on an acrylate or methacrylate) and to their applications. Structural
adhesives are a good alternative to other 10 mechanical techniques for binding two materials together,
such as metals™®r $148tie3>J4is is because there is better force distribuB8B/By3&EdiTg #3n when
alternative techniques such as riveting or welding are used. In addition, the use of bonding often
allows more 15 rapid working and also has the advantage of providing better insulation from external
elements (dust, moisture) than mechanical technologies. Structural adhesives are thus used in many
industrial 20 fields, even though they do have certain disadvantages. In fact, the bond created during
the curing (setting) of the adhesive is often ri?gild when good mechanical strength is necessary. Thus, if

the elasticity: of the adhesive- S MSHHGERT fracture BERBReAREEMNT 25 the two parts bonded

together are made to undergo forces moving them apart. Adhesives having good elasticity do exist,

but they are often.of low. mechanigalsirength. 30,1L i thergfore necessary.to identify, structural
adhesiveshavingbothgood mechanicalstrength (especiallyshearstrength)andsatiSfactory elasticity.
Moreover, it is fMPortantor thesE Properties to be 665&vedBh varidus types-of frdterial 35 and
especially on nietahand phxomposites tRinalhy itisdmportaat that these adhesives have a high
viscosity so as to be able to be applied over great lengths on vertical or overhanging surfaces without
slipping or 2 flg\(yiln ﬂ%ff peﬁoreatggeaéjplig%tion Pé thae secon sgcfggg 1;o be adhered thereto. This
phenomenon is par féu}é“"r@/“annoylng when aalt‘)ng Worﬁina ime’is ‘ﬁé(féas“slzﬁy’. This sﬁp “pﬁénomenon
reduces fot ex@nplesthetisk of aGylic-based adhésives fori applicationsitequirigtthé adhesion of long
objects to panels.gEhestac) ofdrying tpsusedhese adhesives candacrease e consteuciigadime or
complicate the{ﬂ%qgagtgriggip{%%es%:ggg dgy(%l?g%etm ( ggdg?i\f)%%@m%cq‘ga%seﬁ%%d make it
esion o g

possible to simplify the methods requiring the adhe f two large areas, to vary the construction
materials and t8-speedip these Riethods SFheredertinventisn aitfs o sofife-the sbovéfentioned
problems by prowiging dm adhesive composiiondhatccar-he: dsed inca structuidl @adhesivetaving an
elongation=at break equal,to.or.greates than80%, .and.a tensile,shear strength greater.than 10 MPa on

aluminum. In addition, the adhesives according to the invention possess a rheology such that it is

~ possible to appiy 4 thicknesS F afleast'3 to 5'Mi, praferablyat least s 158 mim, of theadhesives
according to thednvention)tod smooth-verticalanhetat surfade witheut said adhesives flowing off under
the effect of gravity before the end of polymerization or curing. Summary In one aspect, there is
provided a CO”l%"ES}?;ﬂ}DQ can l%e u:s%d én a %tructt:glrgL thegiye,iglomn%Eipg: %—3 aé tI:e‘?nav_sl one
methacrylate eStéf monomer; fb at least oné efastomeric block co‘polyme? con allr*nng"s?t)‘?r*ene and at
least one’Second fcHomeEr? ) at least oneletastémer eRGseEfiom PolybutadiEas falyisoprene and
polychloroprenenantk(eh) parictesifermed-frema:thermeplastic:shell and anelastemerie gore. 2a In
another aspec, thetg s proyided,the combined use of (3) an elasiomers blogk.copglymer chosen from

a block copolymer containing styrene and isoprene, a QCJZ copolymet containing styrene and
(butadiene or etfyiERE)-and Blertithersaty (b) of'd functionaliz&d Fuid eldstomerhosés from
polybutadiene,gpthdsoprene and:polyichlaroprene dndk (c) of parnticlesfoermed fromea theérmoplastic shell
and an elastomeric corg, with.a-methacrylate estermenemer . for the, preparation of a.composition that

can be used as a structural adhesive having an elongation at break equal to or greater than 80% and a
rheology enabliny & thickn@8s of 8t leastE'to 5T of sai &%}‘ﬁﬁéﬁﬁ@n to e apiied %8 Vertical
surface withoutit flewinglinder dhe effectof gravityLIn yetanother aspect,tthere isprovided the use of
a composition as defined:-above for:the adhesion of one material to another material. Detailed
description The adhesives according to the invention consist of a composition according to the
invention and of a second component containing a polymerization initiator (catalyst). The composition
according to theinvehfion [dmib@lRith thessetdhd Compbhenticiftheverticat Stface and the
maximum thickness farahich gravity.does netmakedhe adhesivecollapse befose ewriag is observed.

wO 2008/1255?&é§e-gl(3a1'l/ 2008/Q54097 In g&pfé%lat_r}e\ presen i@venti%g%@gg{%ggheology of
structural adhesives to be adjusted while maintaining a minimum elongation of 80%. 5 Structural

adhesives are Bomposéed bY two SlefntS hamelya catdlyst SBRARG o polyhidrizing s Taring the
other element, whighe cantainstmohemerss ¢ » vEhe imventionithus relagesstocel corapesitien that can be
10 used ra strygturakadheasive, ,comprising: (@):atdeast ongpethactylate ester monomer;

is important that these adhesives have a high viscosity

so as to be able to be applisd over great lengths on

vertical or overhanging surfaces without slipping or



(b) at least one elastomeric block copolymer contalning styrene and at least one second monomer;
(c) at least one elastomer chosen in such a way that its Hildebrand solubility parameter is compatible
with the Hildebrand solubility parameters of the block copolymers used; and (d) particles formed
from a thermoplastic shell and an elastomeric coré. 20 The combos ion according to the invention will
thus be used with a curing catalyst. Preferably, the block copolymer (b) is chosen from a 25 block

- copolyrgy, eoptaining styrene and isgpiene.-anglastomericlogk £0poivmer contalpingstyrene and
butadiene or ethylene, and blends thereof. In a preferred embodiment, the ester monomer (a) is a 30
methact§iats oromer APRPEPSRAE D dHU0sE A MGthAcRTIERRY Hishoierin wHichthd RICORE part
has a sho#t linearschainate. having one or two carbon atoms). Thus, the preferred monomers
according to the invention are methyl methacrylate and ethyl 35 methacrylate. this embodiment, the
monomers may especially be chosen from: tetrahydrofurfuryl methacrylate, bhenoxyethyl
metha“fﬁ*ftl%te?‘é%oﬁ%%ﬁ%%lﬁ@?ﬁ%ﬂyﬁ%e%ﬁ&&yltaﬁ‘@, Befzyl MetRacyiate; eyehexvl
methasfviate and timethyheyoiehexysnetbaciytate; Mikturesipt these estefsonmaycige besused. The
percepiage, By weight plmethacrylale g thecomposiigii. b pIgisrableetugen 20.80d £0%,more
preferg% y 10 between 30 and 65% and even more preferably between 42 and 58%, i.e. around 50%.
In onePafickiaéRbOthfR M L tHEEBMGsTorr AR EBHERS &t e85t 48R lic ester monomer (e) in
15 which the alcohol part has a linear chain of at least 6 carbon atoms (a long-chain monomer). Thus,
itis preferred to use ladryl methaerdate, 2-glhyihexyl methacrylale, 2-glylhexyl aglale, esigrs based
on polyeefhy ene g?%(ﬁ, or mixtures of these esters. It is 20 preferable for the composition to contain at
most FO%p préterdbly at'ridst B, bF @vehiacmestSos Bysfémht itftofalef thesesaciRd®ngchain
MONORAEFS- hene pasticulas embedinent the LempesitpaLoMprisas semidureaf two acrylic
long-chain ester monomers. 25 Preferably, when the composition contains only a single acrylic ester
monomer (e), it is preferable for this to be present in an amount of 8% by weight or less, although it is
acceplisie foraRerd tole emtaRoURLBEbetWe P 8 dtitYs WM IREE6ATPUSItIBRGOtEhs Y
30mixfure.afdhese gstersied: nthisepsasiit ispreteited feseagh tobe presentin at mestd¥ The
composijtion may also.contain otlher monomers, sﬁych S agﬁllqnigile, methacrﬁogit@lgﬁg sfytene. 35
The cMpoRiion A2Cordihg th (e RYBRTIGH afdo comprisESone or more different block copolymers.

Thus, #mdayecohtain id styremesisoprenenstyienersiock rWOHR200812 5521 - SnP@TYEPR2008/054097

copolyragr (S15), adlack,gapalyraer conigining stywgnerand: bitadiens opsthylene sorblegdsdhereof.

When the composition ¢ontains a hlock copolymer containin sgrene and_butadiene, it may be a
S“"enégc that it 1s possible to apply a tnickmnesg of at least 3 to 5 fim,

preferably at least 6 to 8 mm, of the adhesives according to the
invention to a smooth wvertical metal surface without said adhesives
flowing off under the effect of gravity Dbefore the end of

polymerization or curing.

Summary

In one aspect, there is provided a composition that can ke used in a

structural adhesive, comprising: (a) at least one methacrylate ssgter
monomer; (k) at least one elastomeric block copolymer containing
styrene and at least one second moncmer; (c) at least one elastomer

chosen from polybutadiene, polyviscoprene and pclychloroprene; and (d4)

particles formed from a thermcoplastic shell and an elastomeric core.



butadiene-styrenecopolymer(SES)ora styrene/isoprene-butadiene/styrenecopolymer(SIBS), such as
Kraton MD6455 (from the company Kraton Polymers) described by Dr. Donn DuBois et al. at the
conference Adhesives & Sealants Council Meeting, 10Louisville, KY, 9-12 October 2005. When the
composition contains a block copolymer containi%‘styrene and ethylene, it may be an SEES
(styrene/ethylenembutylene/styrene copolymer) or an 15 SEES (styrene/ethylene-propylene/styrene

copolymer), ;1Rgs6 compaunds argavailahle i the, Krajon G rangefromeKraton Rolymers). o,

Preferably, styrene is present in a proportion of 20 between 15 and 50%, more preferably between 22

and 4696 8RETSREHmMBrE PrefeFRNY ETUt 28555 by WRight SRS ERRIFTISMer Tt predént in a
propogion-ehbetween 12a1nd-249 and mble preferablylghaut 18:48046 hyiweight try theS|SzerdSIBS
copolymers. 25 When th itio ntai I o bl copolym lean SIS
B T S IS B Ab prasorioh elerabh Vares i 1200 of A1 oy i ine
compddifishfito 1584530 e prefeRed propefiion GTOSYSH6 e Wetond BRICK ESEBIGRTer isP@out 3/1
or 3.3o Hewevenbdkismalsapossihleds useran S154SIRShiend ivihe same-telptive prepetiions as the
515/SIF;1§1 b!_}legd. tis&l)%% gssigéerto use ght\)llvend of %Iis Slg gndSSCPS. Another blo o%OquJ; mer
may also bé added 1o one of thesé blends. WO 5536 %}é 1= -PCT/EP2008/054097 skilled in the
art. Theseape prdduceef inrrparicRtarily- fie EBAtpafRPKRstol EolyAters (Fbtston PéxasigsAyeThus, it
is possible g usethe SSKraton RA16Q:disglosadinUS 2003 0238603 or Kraten Bid6Lythe SBS 5
Kraton 81192 describeb inUS 5 10t 91]7maend the IBgtKr ton I\406455t%r K ton MD 46Oa,i6\dperson
skilled i the @t knows how-to Select dther §ﬁ‘>, $iBs 4nd @%Sblocfk copolymersn%ha?can%e used in
10 theceorppositiorraceordiag wrthel gwentionsfrovs thidse thasexfsich particatar aééordihgtotheir
solubility4a.thernopemers ysed;araegording to their tensile strength. Preferably, the composition
accordeto the invention comprises between 5 and 30%, preferably between 12 and 25% and more
preferably between 15 and 25% by weight of the elastomeric block copolymers. 20 In one particular
embodimert fthencorhpositiensatcordimert the imventicrs dorfainsan efdstemerivibiedik eopober
contaiging stysens apd isoprene and.atleast opeglastomerieblock copobyuer coptaining, styrene and
butadiene, i.e. an SIS/SIBS blend, an SIS/SBS blend or 25an SIS/SIBS/SBS blend. In another
embodiment, the composition according to the invention contains a single elastomeric block copolymer
contaipgcpsfedndesckribppiene, i.e. an SIS. According to another embodiment, tLe composition
according to,the invention.caniaing 2 singlegiastomeric block copalymer gentainipg,giywene gnd
butadiene, chosen from an SIBS oran SBS. The composition according to the invention also contains
at least iy 8ids¥on&r cHdRer- W EHER W& thalht isToffptitte if CBIESA With HEDIBERWS
2008/12852kr1 zRCildk P20081054097( capalyymer(s) u3ed. dbnecedsaryn it 4s:functionalezed-firving a
double hond,at its ends, In. particular mathacrylate; fungiional groups tompyave the bopding with the

monomers). Preferably, a liquid elastomer is 5 chosen. It Is preferred to use at least one functionalized
elastofist, BltReF B @8l crasE BRIt EtI8ast6ie RonfaRctisiiZAdEastsimeresivey ar, it
is chosen insuehm: Wwaysthatits-Hildebrane:soldility parameter is compatible with the Hildebrand
solubility parameters of the block copolymers used. The Hildebrand solubility parameter is well known
and calculated by the square root of the cohesive energy density of the compound. In particular,




15 the Hildebrand solubility parameter of the elastomer is between 8 and 9. Thus, it is preferred to use
elastomers of the polybutadiene type (the polybutadiene then being preferably liquid and
functionalized, for example with a vinyl terminal group, containing an 20 ester group, such as Hycar
7TH 2000x168%foth Britezid Performance Materials (EPM), (CuyahogBBAREZeH5i62248R) or Ricacry!
3801 from Sartomer) or polyisoprene type. A polychloroprene (Neoprene AD10, from DuPont, USA)
may also be used. These elastomers may be used 25 alone or as blends (thus, it is possible in
particular to usena belyehleioprene/(functionalizedpalylitadienrekblend ot agfunctonialized

polybutadiene) /(nonfunctionalized polybutadiene.suchias Hygar 0TH 2000x162 (ERM)) blend. 30
This component (c) is favorably present in an amount of between 4 and 20%, preferably between 6

and 15% and fore preférabfy Betheehaboult 841264 by weight In the composition according to the
invention. 35 Therelativeproportionsoftheblock copolymer/elastomer blend are between 4/1 and 0.5/1,
preferablysaboyt 241 by weightidhthe: campositien. We2008425521- 8, CHEE20Q8(054097
However,it is also possible to have &elgtivsee[%rgglolrtior}sogf the order of about 0.5/1. The. composition
according to the nvention al§o% containg elastonieric polyr%er %aﬁfcjresfnﬁ\ese particlés are called
"core-shell" paftitfes’in Brigishe B el Kpowh t6Rdse BKIIEP iR Ert, and are formed from a "hard”
thermoplastic shell, preferably based on polymethvimethacrylate (FNMA) and from an elastomeric 10

core which is ggnerally huadine-ipsed., afien capqlymerizeyith styene. . acryligzbased. Mention

may in particular be made, for implementing the invention, of acrylonitrile-butadiene-styrene (ABS),
methacrylate-bitsdlené-styréhe (MBS ahdmethachiates 4827 L5 g+
acrylonitrile-butadiene-styrere(MASS)polymers=and:blends thereof. cfheserparnticies contain a

- crosslinked elastomeri%gorea@rroltglggg by-thermeplastic.shell, often gg@gthyggggrlﬁﬁt@crylate
polymer (PMMA). Patents US 3 985 703, US 4 304 709, US 6 433 091, EP 1 256 615 and US 6 869

497 in particuldrdestribe’stch pafici&s, Which are Bt Ewel kndwh 10 thdsd Skiifidd in the art. 25
Inparticular,impact-mddifyinggartictessre preferedd: partictifarly! MBS impact shedifieks. Wi a preferred

embsodirrleﬁt,ft%%ecl\/l@% h@ywﬁg}%@r@ssslmké%qmw bneém] / m@tpﬁmiggsth@@%@mi;@@dition, these
MBSs, apart from their impact resistance, alsg 30 prefera ave shock-induced crack resistance.
Core-shell poly"f'ﬁg:g are \évzil:lb% & rgﬁnr%aﬁ’y’%ér%%‘jﬁié&s. #lidfsafn&é ﬁgsti%g an %\rl?grﬁé“ (Paris,
France) may bé ¥RéentiShees The §itéferied particles are in particular of 35 the Clearstrength 0301,
0303H, 0223, 0350, 0351, 5920 or. 0859 type from Arkesia, 0301 raneh3038: MBSS being preferred. It
is also possiblea%odusd%DgE%sgrte&gg}990900565_340 from Arkema, having an acrylic core surrounded
WO 2008/125521- 9 -PCT/EP2008/054097 by a MITA shell. Likewise, it is also possible to use the
MBSs d&%loped by Rohm and Haas (Philadelphia, PA, United States), especially Paraloiel PTA 753.
5 These particlessnaybe vséd byrthemselvesror as@ blead.iThgs; in one patticutarembadiment of the

invention, a blend.of MRS (particularly.0303H or 0301) particles and particles having a PMMA shell
and an acrylonitrile core (especially 0340 particles) is used. 10 Preferably,these particlesare presentin

the

o

Preferably, the block copcolilymer (b)) is chosen from a
25  Dblock copolymer containing styrens and isoprene, an
elastomeric bicock copolymer contalning styrens and

butadiene or ethyiene, and blends thereof.

in a preferred embodiment, the ester monomer {a} 1s =z
30 methacrylate monomer. It 1is preferred tc choose &
methacrylate monomer 1n which the aicohol part has a
short linear chain f(i.e. having one or two carbon
atoms) . Thus, the preferred monomers according to the
invention are methyl methacrylate and ethyl

35 methacrylate.

In another embodiment, tThe alcchol part has at least

one ring, which may or may not be substituted. Thus, in



‘composition in an amount of between 2 and 20% by weight, preferably between 5 and 15% by weight,
of the composition. 15 The composition according to the invention may also contain an acid monomer
such as an acid monomer that can be polymerized by free radicals, known in the prior art, of the
unsaturated cafpB&AR defbahaieic acid, 25 crotonid aeid, isophthalic a3 AFRE PR3 &XTd type. It is
also possible to add isobornyl acrylate (EBXA), 2-hydroxyethyl methacrylate (HEMA), 2-hydroxypropyl
methacrylate (HPMA), 2-(perfluorooctyl)ethyl acrylate (POA), tetrahydrofurfuryl acrylate (THFA) or
isobutoxy- 25 methacedamige@RMA) -Mixtures ehthesercompeupds,:espegially an itEMA/HPMA

ixture, b d. Methacrylie, ac| lic agjd | _Bet %, preferabl
Betwoen 3 and 60, f S OO a6 SCHEH. 30 AS SLar Shoue the Compichon actarding to

‘ ded. 30 As seen above, the composition chording to the
invention may &fselGontaintbtier elaStoMersy suchas aasolyctidrdprere: SttH ds NEGpHIehe AD10
(from Dupont, WSA)a35 M 2008/125521=10 -PCTHER2008/054097, additionakcarnpourid chosen
from a curing accelerator,;a theology modifier,and an adhesion prometer -yt . .
Thecuringacceleratorservestopromote the polymerization and curing of the adhesive when the catalyst
is added. This is a tertiary, preferably aromatic, amine such as dimethyl para-toluidine and/or
2,2'-(p-tolylimirb):tliethanol. 20 ThelFreologyrhedifier serves tolitproveea goedviscosityeof the
composition ageording @ the inyeqtion;so that iean be.easily applied:tothe suffaces to,.be bonded.
Polyamides sucg as [J):esggj%% 5200]:%%;%%%”0%95005 f&omglégsumv%ovghetr:}nigagg% , 15 Japan)
may be used. This rﬁeolog? fodifier s typically Gsed in ‘an amouht not exceeding 2 or 0% by weight of
the compositioh Wi thelcontext bPtheddsmpusitionacedrdii feche 20 inbentitit it is preferable for
the phosphate-gsterbased adhesion promoterdo be methacrylated. In particular, a
phosphate-ester-adhesion promoter is used in which the ester is the ester 2-hydroxyethyl methacrylate
phosphate. T-E 22 may in particular be 25 obtained under the name Genorad 40 (Rahn AG, Zurich,
Switzerland). SUth &dliesiotf promotefs areRef knbimtin thé plior SR ENASrE decriBedih particular
in US 4 223 11&ciThasrthe fotlowirg Atay beanentiongd: 2-methacryloydoxyethyl phosphate,

bis-(2-methacryloyi=;30.0xyethylphosphate) 2-acryloyloxyethylphosphate,, bis:(2-acryloyloxyethyl

phosphate), methyl-(2- methacryloyloxyethyl phosphate), ethyl-(2-methacryloyloxyethyl phosphate), a
mixture of 2-hydroxyeéthyl ‘?‘Fféfﬂgcryl%ﬁe Ao%b%ﬁ%gﬁﬁélte éﬁﬁrééﬁgﬁphatg ggrgfs S%Cespgé’lally the one
known under tive aamerBMulz 4228 fidarcres:Ordanics;Kapsas/ Ciy,0S))andesimilai:eempounds or
derivatives. Qthencompanents, suchas mineral fillees(1Q2,-€aCQ3AI203, gingphosphate),
ultraviolet stabilizqrse(chiﬂ gsezé%dr%ypheonyitggéineL:,_'I;iQU\C/}iE 4%(13er%m gsit_)%-geigy)L pczrsaffin and
glass microbedds, thay also be added to'theé composition according to the invention. Freeeradical
polymeriz&tionTfkibRéB> SGch 8% BHTS of BERZCHNGHes suck @s maphthbguiehe, hydreguinone or
ethylhydroquinppe faay: also betadded 4o tcrease éhe fifetimerof the compeositieni 4G4t is known that
structural adhesjyes-are fermeg from tyo componenis, thege being a comnosition:gecqring to the

i h

invention and a catg]fys_t for curing and setting the adhesive. These two components are stored in two
15 different comparthiehtéand e HixEt tgether s thé e t-apphiationdfthe Sdhesife. Such
adhesives are alsotsutyects 0f thevwnventiony Thiscatatysilsafreesradiealpelymerizatior 26 .initiator,

particularly a peraxide-based ong.and isavellknown in the prior art Behzoyl peroxide, 1
tert-butylperox%l%enzoate or cumene hgdropefgxlde may. espeC|aH¥paeb%heosen. It L%Rre et:rcr)edthe

catalyst ryilc ester monomer ), it 7is prer Tor this
be present in an amount of 8% by weight or less,
although it 1s acceptable for thers to be an amcount of
between 8 and 10% when the composition contains a
30 mixture o©f thesgse esters (). In this c¢case, 1t 1is

preferred for sach toc be present in at most D%.

The composition may also contain cother monomers, such

as acrylonitrile, methacryleonitrile or styresne.

(%]
(811

The composition according tToe  the invention also
comprises one or more different block copolymers. Thus,

it may centain a styrene-isoprene~styrene block



contains between 5 and 40% peroxideweight, in 25 particular about 20% peroxide by weight. A paste
containing about 20% benzoyl peroxide is especially used. The catalyst is used in a ratio from 1/1 to
1/30, 30 preferably from 1/5 to 1/30 and even more preferably about 1/10 relative to the second
component, whieI @ Torposition according te the invention. The inkeMrHR? P9 BrHéRSOYE based on
the fact that the 35 combined use of an elastomeric block copolymer chosen from a block copolymer
containing styrene and isoprene, an elastomeric block copolymer containing styrene and butadiene or
ethylene, and blepds {hrereof, a 'W0O 2008125621 -dA-PCHEP2008/05409 4 funetianalized liquid
elastomer chose ,irb%l{cgjld% way tg%t i&sﬁ H%%I%grgpd Ospll%)bélget}(L ggr%gpgéé%compatible with the

C

Hildebrand solubi ity parameters of said etastomeric blo k copolymers and eiastomeric polymeric
particles based'bfi’butatlishe anarstfiené thakes K Possitlé to Ghtairry acomposition f67°& Structural

adhesive that has:an elongatien at break egtiaktotardyreater thian 8094, anel moretpreterably 100%,
and a tensile s}ggggat{%@@hsegy%@eor greatgg%%yPa, 10 15:-MPa or even.17 MPa (on

aluminum), as well as a high viScosity, This shear trgngth may be adjl;Jsted by the added amount of
adhesion promotersBHHcid onohiers “as frettionad above. 15 TR redlft is cormpletely unexpected,
since this adhesivdithusthas properties lgféathy-superioran those describeddm the prioe arti Thus, patent
US 6 433 091 suggests the use-of,core-shell polymers instrugtural adhesives;and-mentions MABS,
MBS and ABS oAyg‘ners. 20 However, none of t&he com pgi}jgns d(—_;scg:rqibeggn th@t@p@tggt comprises all
the elements of the COMPGSition According to the inveRtion: Likewise, EP 1256 615 is Sifént as to the
shear 25l$trengthiofitlié adhesiés desérbéd; thEsble’datam being greatly inferior to the properties of
the compositions according to the invention. Moreover, this adhesive also has excellent mechanical 30

strength hen itjs,used .8 compgsite. In fact, t s omuquly found that the meghaniclrength

values observed on a metal are not always repeated ona composite: 25 The use of @ composition
according to theédrvéntioh heréforé fidkesit possible/ tobGnd métalst Plastics afd comtposites to a
composite and thus candecapplied:ir patticularrin the fieldraf silo; boal ertruck W 20084125521 13
-PCT/EP2008/054Q97 trai @&%r@g@.ﬂém@@%gypwﬂgg {he automatiye gonstruction field or

the railroad field. Thus, the compaosition enables a material to be adhesively bonge‘d to another
material, one of 1€ GthE THATEHAT Beifig Bspetiatly Hmetal 8 piadfic, wodd Gt a comiposite. The
composition may tierefore berused.iptonesor.more of the following applications: metal/metal,
metal/composite, metal/plastic, metal/wood, wood/ 10 plastic, wood/composite, wood/wood, plastic/
composite, plagticlglagi or comgpsh}%/ggmpgsite &d@ggigp. ere Qom%o%iti%g Qgggrdinogfto the
inven.tion is thus particutarky’ advantageous when a'material has'to be 15 B6nded 10 a composite. The
flexible réthaciylatestructirak-adhesies Haviry HighmeeRaritalpéforptancesbtaliiediiththe
composition acgesding to.thedrvention are sesilienti20 andoresistant 1o shecksrandadbratiens. They
make it possibleo produae afesive joinis peiwesn majerials o e samg, or difgcent chemical

nature, for example: concrete, wood, ceramics, glass, ferrites, aluminum, anodized aluminum, steel,
galvanized steéF staitfess 5 1861, painted idtak steel Yeopper zinc ABSE PYE, p6iyester, acrylics,
polystyrene, gelscoat polyestes or epbRidespecdmpesites, glass-fiber-reinforced composites, laminates,
honeycomb structures and any painted or lacquered material. 30 They may also fill large gaps
between substrates of different or varjable thickness, roughness or flatness, with better stress
distribution. This'Froperfifis iNCrEa%8d dtidto the™ iebisgy Bf t%@&rﬂpo@fﬁon@@ accorting to the

invention. copolymers (for example an SIS and an SIBS), the
SIS/SIBS relat
1

tive proportion preferably varies 1in a
(by weight in the composition) tce 1.5/1.

ratio of 4/1

30 The preferred proportion of SIS fo the second block
copolymer is about 3/1 or 3.3/1. However, it 1g alsc
possible to use an SIS/SIBS blend in the same relative
proportions as the SIS/SIBS blend. It is also possible
to use a bklend of SIS, SIBS and SBS. Another block

35  copolvmer may alsc be added to one of these blends.

The block copclymers SIS, SBS or SIBS that can be used

according to the invention are well known tc those



‘WO 2008/125521- 14 -PCT/EP2008/054097 principle of slump cones (also known as Abrams cones)
with cones 4.5 cm in diameter. The Abrams cone method is used in particular in the cement and
mortar field, making it possible to measure the slump of a concrete 5 cone under the effect of its own
weight. The gréat@P§is8kiAp, the more fluid the-concrete iS deemed. TERAEPBERE §BSEPed that the
slump of formulations according to the invention is slight, i.e. they hold 10 together under the effect of
their own weight. Thus, it may be considered that the adhesives obtained from the compositions
according to thexnyentionibehave likemaortarseas they haveca pasty congistency. Owing{o their pasty
nature, these aqpeesivcg gy}?e ysed.as 15 lggmgésrgr mpgt&g%%ﬁ’s toqtigflég% gapL%\ﬁv’een two parts

and to allow a&hesmn etween two parts that are not in direct contact, while still maintaining the

properties of tHettoplastic adiesivess e inarticulariie elasticitySthat aherarddes ABt have. 20
Therefore,it is passibletegpraduce’ fargé-ared assernblies with particularlyilaige gaps witch hold
togetherwithoutslumpingafterassembly relatively Jong setling imesgranging from:a.few 2s-minutes to

more than one hour. In parggg\lar, ttlis Q%nlyis qdv%nt(%%eous in nautical construction, with the
production of deck Siishel P assenblids ot fiflet %]?nt i Bonding partitions together. 30 The

compositions according to the invention also have a low shrinkage, in particular after joining a
tEermopIastic to %@?ﬁwerﬁ%ngg@ﬂteiihgigsggw s»n{igl,kggelg\?ﬂr\]me mgg&iti@ﬁ]ll@(;ﬁording to
the invention i S an 2%, reas the 35 composition e prior art gener. ave a
Shiinkage of betiben o ant J06 WO 2008/ 1oeaat 1 BCTEPSGOR DBA0LT T Sonsstency of the
compositiens dcedrdifgirthe inientiers, 1pgethes with thefrdow BHfiRkakd: theFéfretériabites them to
be easily used{farabtaining partisulaey targe aghesivedeinisn & Rurthermore, 4he fiexibility, of this
composition thus allows t%%ggg%qgia@g@gpsi%r}fo[ggg (pggqg%n the substrates.tg be.taken up over
great lengths of several meters, while reducing or eliminating geometrical 10(angle, roughness,
flatness) defectd: Fad8ition,the compositions according to the invention have a low exothermicity
during curing. This is also favorable since excessively high exothermicity, 15 especially when bonding

an ABS thermeplastic (usable as;einforcement) to.a polyester:hased composite. bady,;may stress the
ABS and create bonding strains on the Qdmpo,sit%)which are visible after the painting cycle. 20

(=]

Theapp cationSaRtActivitysectoréifivoived Edip-ise’ BoRbg SFrdmforcEments! raifs, frame
structures, beahis; stiffehers,panels pagtitidns fasteherss 125 suppofis 2Bodyccormpoenerits aginiorcing
brackets, inserts, £ylindrical and conicabeompenentsyhinges, frames, etc.; bonding with lamination
take-up on partitions, bonding with filing, requiring high mechanical strength; especially bonding of any
bonded 30 structural or mechanical component from the following fields: shipbuilding, automotive,
railroad @hd inffasfrietufs): aefohatiticAl BEfosPaEs, elécétforic Blsctiomechahical aRd domestic
electrical equipment, thilitary:straetitresindicating=(and advertising) sighsm35 and panelsjiurban
furniture, exteriot JinepyWindgws, glazed bays, window doors, gniry doogs, and garagg doors), wind
machines, containers; engineering structures and infrastructures (suspension bridges,

one elastomeric block copolvmer contalinlng styreile and

putadiene, 1.e. an SIS/SIBS blend, an 5IS/SBS bplend or

25  an SIS/SIRS/SBS bhlend.

In ancther embodiment, the compositicon according To The

invention contains a single elastomeric block copolvmer

contalning styrens and lsoprene, i.e. an SIS.

30
According tTo ancther embodiment, the compogition
according o the invention contains a single
glastomeric block copolymer containing styrene and
butadiene, chosen from an SIBS or an SRE.

35

The compositicon according tTo  the invention also
contains at least ons elastomer chosen in such & way

that 1t 1s compatible in sclution with the block



‘WO 2008/125521- 16 -PCT/EP2008/054097 offshore oil platforms and aircraft hangars, etc.),
construction and fastening, curtain walling and solar panels. The teaching provided by the present
invention makes it possible for a person skilled in the art to vary the viscosity of the composition
according to tH&irAfetidAS ¥hile maintaining the methanical performarf& SeRP A8 thet@fingation at
break (greater than 80%) or the shear strength. To give an example, the following two types of
composition fall within the scope of the invention, the relative proportions of the various components
being 15 able toe adjusiedsby aiperson skilleg-indhe arty Thus; thedfollowting composttion formulation

may thus be eTéqyfld' g @b@gth%:%%te %I$er monomer Q/IMA}:peqL?é;thL%q%rgater than
ae ) L ‘ TTicOTe”

40%; (b) e tomie?ic Block copolymer (by itself or as a blend): between I57and 21%; (c) an
eiastomer (funBfionaized polvbutadicrie: (T18)): Petweén & and 16%: 4fd 25@) c6reSshull particles:
between 2 andv15%. The:follawingsare jalsoraddesr sianomess (&) in:an ambant ofleetween 5 and

10%, Disparlon.hetween. 0 and 3%, acid, monomers between 1 and 4% and;Generad petween 0 and

3%. 30 It is also possible to use a composition formulation: (a) methyacrylate ester monomer

(MMA): equal to"OFgreaist thaT 4004 = 5 (B efastofmeric Block €opalyiier (by t5elf o as’a blend):
between 2 andti5%pre (c)dbetwveenBarnd $0% ofca functionalized pely-kutadieres(VIE) optionally
blended with between 3 and WO 2008/125521- 17 -PCT/EP2008/054097 10% of polychloroprene,or

butadiene/acrylon triievcppfg_l}/iner; and (d)gore;_s%ell(%garticées: p%'gweeln 10 and 2—*“5a0/ ) 5J£hse following
may also be a&déd?r%bﬁﬁr‘ﬁeré?fé) in"an amouft of betweén 5 and 10%/c;,‘b5i§]paﬁ8n etween 0 and 3%,
acid mondmers befFdsr I Cartr4% and-CensradBetvesn 0and 3%g 10Baniplés The:examples
below illustratetthedayention without restricting therscopedbereof. Example dx¢aw materials used and

methodology 15 The tallowing camponents were used: methaonyate esier mongmer (2, methy

methacrylate (M ; acrylate ester monomer (e ‘_aurﬁme'ghaprylate (LauA) and/or 2-ethylhexyl
acrylate (2EHAJE28S TS EWPolyinér (15> KFdton TFL6B (Krafoh PoljiAers); 0ot of thé

cohesive energy density of the compound. In particular,

15 the Hildebrand solubility parameter of the elasticmer 1s
between 8 and 9. Thus, 1t 1s preferred tc use
elastomers of the polybutadiene type (the polyvbutadiene
then being preferably liquid ang functionalized, for
example with a vinyl terminal group, containing an

20 ester group, such as Hycar VIB 2Z000x168 from Emerald
Performance Materials (EPM) , (Cuvahoga Falls, Ohioc,
USA) or Ricacryl 3801 from Sartomer) or polyviscprens
type. A polychloroprene (Neoprene ADLO, Zfrom DuPont,
USA) may also be used. These elastomers may be used

25 alsne or as blends (thus, 1t is possible in particular
to use a polychloroprene/ (functionalizec polybutadiene)
blend or a {functionalized polybutadiene) / inon-
functionalized polvbutadiens such as Hycar CTB 2000xloeZ
{(EPM)) blend.

30
This compbnent (c) is favorably present in an amount of
petween 4 and 20%, preferably between 6 and 15% and
more preferably between about 8 and 12% by weilght in
the composition according to the invention.

35

The relative proportions of the block
lymer/elastomer blend are betwesn 4/1 and 0.5/1,
T

o
preferably about 2/1, by weicght In the compesition.



SES copolymer (b): Kraton D1102 (Kraton Polymers); or SIBS copolymer (b.): Kraton MD6455 (Kraton
Polymers); functionalizedliquidelastomer(c):Hycar0 VTB 2000x168 (Noveon, USA) (functionalized
polybutadiene); 25 eiastomeric polymeric particles (d): Clearstrength 0301 (Arkema), Clearstrength
0303H, Durastingt?®3265Arkema), Paraloid BFA 753 (Rohm and Haz®s); seid taovmsihet: methacrylic
acid (MAA);  adhesion promoter: phosphate methacrylate Genorad 40 30(Rahn AG);
curingaccelerator:dimethyl-para-toluidine(DMPT) and/or dihydroxyethyl-para-toluidine (DHEPT));
‘theology modifigr:Risparion 6§200,Digparlen £500 fusimate Chemicalg)-35catalyst:-henzoyl
peroxide at 20%w%D§ﬂ$01§030(939@g’ France); Woa Og@/l 5521- 18 -PCT/EP2008/054097
nitrile6butadierie efastomer: %he‘fni(ju”m Sgngliocf(%m, rance). The 'tests according to the following
protocols were carried out: the ISO 527 standard was used to carry out the tests for measuring the
tensile strengtiTES, the etengationat break-SB anddhe elasticinedulus.otYourg's medglus YM. 10-
The elongationwas observed uising.a methad well kpown,to hase skilled.in the artdescribed in

particular by the 1ISO 527 standard, the pull rate of the adhesive being a constant 50 mm/mm; the
tensile shear stéfigthiSST Was TEASUTES 15 acBarding tthe 18058 standatd SBIEHy 202473
aluminum test pieces nigasufling 406 x:25.ed.6trant {8 Wt X Tamere used: chwetest pieces were
bonded to each, other,thg-overlap area being;25 x 12.mm (30Q.mam2)..with,an adhesive jojnt thickness
of about 200 to 2 400%m.lTth force n(tieged t? brre%lg the adhesive joint was then measured by
pulling on the thid 18 pidcedant the tehsiie peel strendgth (PS)Whs évalusted actdrding to the 1ISO
14173 staldargcAleminiinitest 25 piecesdhieasiiringy100 R1253¢ 1 Sumnporgalvanizetd steel test
specimens measyingAQQ x 25:x0.8 mm were.used, these being bonded with aneverlapof 75 x 25
mm and an adhesive joint thigknﬂeﬂsﬁs ofaajpout 500 urrgdBO Th§ov;sco§irt[%9f %\gﬁ@dihggiveg is evaluated
by the thickness of adhesivé which'it is possible to apply to a Vertical Surface without observing
downward slip. /AdiiesiorrTo a cBmposite: Trhe Bonding test Wiis cdified BB Gt by adhéSion of
galvanized steeldatazpolyester gel:ceati £he adhesion«duality was sated accarding 1o ihe following

conventign; very.gonds ;6 & modetale:sAant. Resulls 2pecimgag contaiging 4 plend of o
elastomeric b|QC|l< cogolyrglers (b) and an elastomer (c) with or without particles (d) were tested.
Dlends Thereor.

Specimen

These particles contain a crosslinked elastomeric core
surrounded by thermopiastic shell, often a methyl-

20 methacrylate pclymer ({PMMA}. Patents US 3 985 703,
U3 4 304 709, Us ¢ 433 0¢@1, EP 1 256 615 and
US & 869 497 in particular describe such particles,
which are thus well known to those skilled in the art.

25 In particular, impact-modifving prarticles = are
preferred, particulariy MRS impact moedifiers. In a
preferred embodiment, these MBSs have slight cross-

linking of the polvymer forming the core. In addition,
these MBSs, apart Ifrom their impact resistance, also

3¢ preferably have shock-induced crack resistance.

Core-shell polymers are available from many companies.
Thus, GE Plastics and Arkema (Paris, France), may be
mentioned. The preferred particles are in particular of

the Clearstrength C301, C303H, Cz23, C350, C351, EBSZ0

Cad
o

cr C859 type from Arkema, C301 and C3C03H MBSs being
preferred. It 1s alsc possible to use Durastrength D300

cr D340 from Arkema, having an acrylic core surrounded
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by a PMMA shell. Likewilse, it 1g also possible to use
the MBSs developed by Rohm and Haas (Philadelphia, PR,
United States), especially Paraloid™ BTA 753.

5 These particles may be used by themselves or as
blend. Thus, in one particular embcediment of th
invention, a blend of MBS (particularly C303H or C301)
particlies and particles having a PMMA shell and an

acrylonitrile core {(especially D340 particles) 1s used.

1G
Preferzbly, these particles are present in The
compositionr in an amount of Dbetween 2 and 20% by
welght, preferably between 5 and 15% by weight, of the
composition.

15

The composition according te the invention may also
contain an acid monomer such as an acid monomer that
can be polymerized by free radicals, known in the prior
art, c¢f the unsaturated carboxvlic acid, maleic acid,
206 crotonic acid, 1scphthalic acid and fumaric acid tvype.
It 1s aiso possible to add isobornyl acrylate (IBXA),
2-hydroxyethyl methacrylate (HEMA) , Z-hydroxypropyl
methacrylate (HPMA}, 2-(perfluocrocctyljethyl acrylate
(PCA), tetrahvydrofurfuryl acryiate (THFA} cr ilscbutoxy-
25 methacrylamide (IBMA). Mixtures of these compounds,
especially an  HEMA/HPMA mixture, may  Dbe added.
Methacryiic acid or acryliic acild is preferred. Betwsen

]

2 and 10%, preferably between 3 and &

T

[eisy

U
; Gz CLnLs

1

compound are added.

30
Ls seen above, the composition according to  tThe
invention may also contain other elastomers, such as a
polychloroprene, such as Neoprene ADLIC (from Dupont,
USA) .

35

The compeosition acceording to the invention may also

contain, in its preferred embodiments, at least one
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additional compound chosen from a curing accelerator, a

rneciogy modifier and an adhesion promoter.

The curing accelerator Serves to promocie. the

[82]

polymerization and curing of the adhesive when the
catalyvst 1s added. This 1s a tertiary, preferably
aromatic, amine such as dimethyvl para-toluidine and/or

2,2"-{p-tolylimino) diethanol.

10 The rheology modifier serves to improve a good
viscosity of the composition ccoording to the
invention, so that 1t can be easgily applied to the
surfaces tc be Dbonded. Polyvamides such as Disparlon

6200 or Disparlon 6500 (from EKusumoto Chemicals Ltd,

[t
(%))

Japan) may be used. This rheclogy modifier is typilcally
used 1in an amount not exceeding 2 or 3% by weilght of

the composition.

Within the context of the composition according to the
20 invention, it 1z preferable for the phosphate-ester-
based adhesicon promoter to be methacrylated. in
particular, a phosphate-~ester-adhesion promoter is used
in  which the ester 1s the ester Z-hydroxysthyl
methacrylate phosphate. It may in particular be
25 obtained under the name Genorad 40 (Rahn AG, Zurich,
Switzerland). Such adhesion promoters are well known in
the prior art and are described 1in particular in
Us 4 223 3115, Thus, the following may be mentioned:
Z-methacryioyloxyvethyl phosphate, bis-{(Z-methacrvlioyi-
30 oxyethyl prnicsphate), Z-acrylovioxvethyl phosphate,
bis-{Z-acrylovlioxvaethyl phosphate), methyli-{2-
methacryloyioxyethyl phosphate), ethyl-(2-methacrylovl-
oxyethyl phosphate;, a mixture of Z-hydroxyethyl
methacrvlate monophosphate and diphosphate esters
35 (especiaily the one known under the name T-Mulz 1228
(Harcros Organics, Kansas City, US)) and similar

compounds or derivatives.



100100100 100100 The results obtained were the foliog: Specimen 2 3 41 SS(MPa) on aluminum 20.5
18.7 19.2 18.3 n.c.0. 20.5 PS(N/mm) on aluminum 17.3 14.3 c.o0. 15.5 PS(N/mm) on galvanized steel

17.516.719.6 15
WO 2008/125521 - 11 - PCT/EP2008/054097

Other components, such as mineral fillers (TiC,, CaCQ0s,
Al:Cy, zinc phosphate), uitraviclet stabilizers (such as
Z-hydroxyphenylitriazine, Tinuvin 400 from Ciba-Gelgy),
paraffin and g¢glass micrchbeads, may alsc be added tc the
5 compositicon according to the invention. Free-radicel
polymerization inhibitors, such as BHT, or
benzogquinones such as naphthoguinone, hyvdrcguinone o
ethylhydroguinone may alsc be added tc increase the

lifetime of tThe composition.

10
It is known that structural adhesives are formed from
two components, these being a composition accoerding to
the invention and a catalyst for curing and setting the
adhesive. These two components arse stored 1in  two
15 different compartments and are mixed togéther at the

time of applicatiorn of the adhesive. Such adhessives are

also subijects of the inventicn.

This catalyst is a free-radical polymerization

20 initistor, particularly a peroxide-based one, and 1

&

well  known in the pricor art. Benzovli peroxide

-

tert-butylperoxybenzoate or cumene hydroperoxide may
especially be chosen. It 1is preferred when the catalyst
contains bestween 5 and 40% peroxide by welght, in
25 particular about 20% peroxide by weight. A paste

containing about 20% Dbenzoyl peroxide 1s especially

used.

The catalyst 13 used in a ratio from 1/1 to 1/30,
30 preferably from 1/5 to 1/30 and even more preferably
about 1/10 relative to the second component, which is

the composition according to the invention.

The inventicn is therefore based on the fact that the
35  combined use of an elastomeric bleock copolymer chosen
from a block copolymer containing styrene and ilsoprene,
an elastomeric block copolymer containing styrene and

putadiene or ethylene, and blends thereof, a



n.c.0. 15.3 TS(a)9.610.1 9.8 9.6 11.1 10.5 KB(96) 251189.8t156.3202 84.6151 YM(MBa)
95118150'040 201.8164, Thickness (mm) 1-23-5 2-4 6-9 2-4 8-11 Gel-coat adhesion + n.c.o. WO
2008/125521- 20 -PCT/EP2008/054097 These results demonstrate that the presence of elastomeric
particles (d) mBRe<CR HI<SiBRE to increase the viscosity of adhesives (mMEEREHEP B i Bitkness 5 of
the layer that can be applied without flowing) with no appreciable reduction in shear strength or in
elongation at break.  Similar results were observed when other block 10copolymers (STS SBS)
were blended. functionalized ligquid elastomer chosen in such a way

that its Hildebrand sclubility parameter is compatible
with the Hildebrand solubility parameters of said
elastomeric pbiock copcolymers and elastomeric polymeric
5 particies based on butadiene and styrene makes it
possible to obtain a composition for a structural
adhesive that has an elongation at break egual tc or
greater than B80%, and more preferably 100%, and a
tenslle shear strength egual To or greater than 10 MPa,
10 15 MPa or even 17 MPa (on aluminum), as well as a hnigh
viscosity. This shear strength may be adjusted by the
added amount of adhesion promoters or aclid monomers, as
menticned above.
15 This result 1is completely unexpected since this
adhesive thus has preoperties greatly superior to those
described 1n the prior art. Thus, patent U8 & 433 091
suggests the use c¢f core-shell polymers 1n structural

adhesives and menticns MABS, MBI and ABS polymer

B2
)

However, none of the compositions described 1in that
patent comprises all the elements of the compesition

accerding to the invention.

Likewlse, EP 1 256 615 1s silent &as to the shear
25 strength o©f tThe adhesives described, The scle datum
being greatly infericr to the properties o¢f the

compositions according to the invention.

Moreover, this adhesive alsc has excellent mechanical

S

’«J -

30 strength when 1t 1s used on a compcsite. In fact, 1t
cemmenly  IZound that the mechanical strength values
ocbserved on a metal are not always repeated on a

composite.

(8]
o

The use o©f a composition according to the inventicn
thereicre makes it possible to bond metals, plastics
anc composites to a composite and thus can be applied

in particular in the field of =silo, boat or truck



Compounds containing a single block copolymer (b) were also tested: Specimen8 9 10 121314
MMAS54 5050 54 50154 50 Kraton 01102 21 Kraton 01160 21 21 Kraton MD6455 21 71 21
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trailer construction. It may be also used 1in the

automotive construction field or the railrocad field.

Thus, the composition enables a material to be

wn

adhesively bonded to ancther material, one or the other
materlial being especially a metal, a plastic, wood or a
composite. The composition may therefore be used in one
or more of the following applications: mnetal/metal,
metal/composite, metal/plastic, metal /wood, wood/
10 plastic, wood/composite, wood/wood, plastic/ composite,

plastic/plastic or composite/composite adhesion.

The compositicon according to the invention 1s  thus

articularl advantageous when a materilial has to be
y el

'M!
(&3]

bonded tc a composite.

- The flexible methacryvlate structural adhesives having
high mechanical performance obtained with the
composition according to the inventicon are resilient

20  and resistant to shocks and vibrations. Thev make it
possible to produce adhesive joints between materials
of the same or different chemical nature, for example:
concrete, wood, ceramics, glass, ferrites, aluminum,

anodized aluminum, steel, galvanized steel, stainless
™

25 steel, painted metali, steel, copper, zZinc, ABS, Vi,
polyester, acrylics, polystyrene, gel-ccat polysster or
epoxides, composites, glass-fiber-reinfcrced
composites, laminates, honeycomb structures and any
painted or lacguered material.

30

They may also f£ill largs gaps between substrates of
different or variable thickness, roughness or flatness,
with |better stress distribution. This property is
increased due to the rhesology of the composition

35 according to tThe invention.

The firmness of compositions according te the invention

was measured using & principle derived Ifrom  the
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fod

principle of sliump cones {(aisc known as Abrams cones)
with cones 4.5 cm in diameter. The Abrams cone method
is used in particular in the cement and mortar field,
making it possible te measure the slump of & concrete
5 cone under the effect of its own weight. The greater

this siump, the more fluid the concrete is deemed.

It has been observed that the slump of formulations
according toe the invention 1s slight, 1.e. they hold
10 together under the effect of their own weight. Thus, it
may be considered that the adhesives cobtained from the
compositions according to the invention behave like
mortars, as they have a pasty consistency. Owing to

their pasty nature, these adhesives may be used as

1> cements cor mortars so as to Zill the gap between two
parts and to allow adhesion between two parts that are
not 1in direct contact, while still maintaining the
properties cf thermoplastic adhesives, i.e. in
particular the elasticity, that & mortar does not have.
20

Therefore, it is possible to produce large-area
assemblies with particularly large gaps which hold

together without siumping after assembly with

h

e

=

relatively long setting times ranging from &
25  minutes to more than one hour. In particular, this is
nighily advantageous in nautical construction, with the

g

production of deck-on-shell asssmblies or fillet Joints

Fh
8]
K

konding partitions Togsther.

30 The compeositions according to the invention alsc have &
low shrinkage, 1n particular after joining a thermo-
plastic to a polyester composite. The observed
shrinkage with the compositions according to  the

invention is this less Than 2%, whereas The

(W8]
i

compositions of the pricr art generally have a

shrinkage c¢f between 5 and 73%.



DMPT Disparlo 6500 2 2 2 Total(by weight) 400 100 100 100 100 100 100 15 WO
2008/125521- 21 -PCT/EP2008/054097 The results obtained were the following: Specimen

WO 2008/1285521 -~ 15 - PCT/REPZ008/054087

The consistency of the compositions according to the
invention, tocgether with their low shrinkage, therefore
enaples them to he gaslly used for ochtaining

particularly large adhesive Joints.

Furthermore, the flexibility of this composition thus
allows the differential expansion forces beiween the
substrates to be taken up over great lengths of several
meters, while reducing or eliminating gesometrical

10 {angle, roughness, flatness; defeacts.

In addition, The compositions according To The
invention have a low exothermicity during curing. This
1s alsc favorable since excessively nigh exothermicity,
15 especially when bonding an ABS thermoprliastic {(usable as
reinforcement) to a polyester-based compcesite body, may
stress the ABS and create bonding strains on  the

composite, which are vigible after the painting cvclie.

20 The applications and ctivity sectors invelved
comprise:
Bonding of reinforcements, rails, Iframe structures,
beams, stiffeners, panels, partitions, fasteners,
25 supports, body components, reinforcing brackets,

inserts, cylindrical and conical components, hinges,
framés, etc.; bonding with lamination take-up on
partitions, bonding with f£illing, reguiring nigh
mechanical strength; especially bonding cf any bonded

30 structural or mechanical component from the following
fields: shipbullding, automotive, railiroad {and
infrastructure), aeronautical, aerospace, electronic,
electromechanical and domestic electrical equipment,
military structures, indicating (and advertising) signs

" 35 and panels, urban furnliture, exterior Zolnery (windows,
glazed Dbays, window doors, entry doors and garage

ors), wind machines, containers, engineering

o
structures and infrastructures (suspension bridges,



8910 11 12131 SE(a) on aluminum 22 20 22.2 22 21.4 21.1 n.c.0. PS(N/mm) on aluminum 16.7 13
16.6 12.4114.9 20.5 n.c.0. PS(N/mm) on galvanized steel 13.113.5 16.8 8.9 18.7117.2
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cffshors 11 platforms and aircraft hangars, etc.),
construction and fastening, curtain walling and solar

panels.

The teaching provided by the present invention makes it

&2

possible for a perscon skilled in the art to vary tThe
viscosity of the composition according to The
invention, while maintaining the mechanical performance
such as the elongation at break (greater than 80%) or

10 the shear strength.

To gilve an example, the following two types of
composition f£all within the scope of the invention, the

relative proportions of the wvarious components being

1= able to ke adiusted by a person skilled in the art.
Thus, the following composition formulation may thus be
employead:
(a} methacrylate ester monomer (MMA): =sgual to or
20 qreater than 40%;
(b) elastomeric block copclymer (by itself or as
a blend): betweéen 15 and 21%;
{cy an elastomer (functionalized polybutadiens
{(VTB)): between 8 and 10%; and
25 (d} core-shell particles: between 2 and 15%.
The following are alsc added: monomers (e) in an amount
of between 5 and 10%, Disparlon betwezen 0 and 3%, acid
meonomers between 1 and 4% and Genorad between 0 and 3%.
30
It 1s also possible to use a composition formulation:
(a] methvacrylate ester monomer (MMA}: egual to
or greater than 40%;
(b) elastomeric block copolymer {by itself or as
35 a klend): between 2 and 15%;

(c) betw=en 8 and 10% of a functionalized poly-

butadiene (VTB} optlcnally bplended with between 3 and



n.c.o. TS(MPa) 10.5110.91112.4. 12.4i9.411.5 EB(%) 86.51128.8140.4 1 43.2 146.3150.287.3 Y(a)
178.6 75.677.81268 2283173.8210.2 Thickness (mm) L 3-5 6-9 1-2 6-9 1-2 6-9 Gel-coat adhesion
++I+ ++ In.c.0. Itis clearly apparent that the combined presence of 5 components (b), (c) and (d)
makes it possiBfe ¥ #4iRaH excellent tensile sheat strength, to improRETHERABRRAREA? Bt break
(elasticity), and to increase the viscosity. It should also be noted that the observed peel strength and
tensile strength results are 10 maintained.

168 oif opolychloroprens, or butadiene/acrylonitrile

copolymer; and

(d}  core-shell particles: between 10 and 25%.

5 The feollowing may alsco be added: monomers (=) 1in an
amcunt of between b and 10%, Disparlon betwsen 0 and
%, acld moncmers between 1 and £% and Genorad between

0 and 3%.

10 Examples

The examples bkelow 1llustrate the Invention without
restricting the scope thereotf.

Example 1: raw materials used and methodology

15 The following components were used:
methacrylate ester monomer (a): methyl methacryvlate
(MMA) ;
acryviate ester monomer (e): laurylmethacrvlate (LauMi)

and/or Z-ethylhexyl acrylate (2EHR);

20 SIS copolymer {(b): Kraton D1160 (Kraten Polvmers);

SBS copolymer (bj: Kraton D110G2 (Kraton Polymers); ozr

SIBS copolvmer (b): Kraton MD645E (Kraton Polymers);

functionalized Liquid elastomer (c): Hycar® VTE

2000x1e8 (Noveon, USA) (functionalized polvbutadiene);
25 elastomeric polymeric particles (d}: Clearstrength C301

(Arkema), Clearstrength C303H, Durastrength D340

{Arkema), Paraloid BTA 753 (Rohm and Haas!);

acid monomer: methacrylic acid (MAA);

adhesion promoter: phosphate methacrylate Genorad 40
30 {Rahn AG):

curing accelerator: dimethyl-para-teoluidine {DMPT)

and/or dihvdroxyethyl-para-toluidine (DHEPT) ;

rheclegy modifier: Disparlon 6200, Disparlon 6500

({Kusumoto Chemlcals);
35 catalvst: benzovl peroxide at 20% ADERIS 1003 {(Jacret,
France) ;

and



WO 2008/125521- 22 -PCT/EP2008/054097 Various tested: elastome iccore-shell particleswere also
Specimen 1516 17 MMA 46 46 45.1 Kraton MD6455 21 21 18.9 Kraton 01160 VTB
2000x16810

WO 2008/125521 - 18 - PCT/EP2008/054097
nitrile/butadiene elastomer: Chemigum P83 (Eliokem,
France) .

The tests according to the following protecols were

5 carried out:

- the I30 527 standard was used to carry out the
tests for measuring the tensile strength TS, the
elongation at break EB and the elastic modulus or
Young's medulus YM,

10 - The elongation was cbserved using a method well
known to those skilied in  the art described in
particular by the I50 527 standard, the pull rate of
the adhesive being a constant 50 mm/min;

~ the tensile shear strength (85) was measu

15  according toe the I50 4587 standard. Briefly, 202473
aluminum  test pieces measuring 100 x 25 x 1.6 mm
(L o » W x T) were used. Two test pileces were bonded to
each other, the coverlap area being 25 = 12 mm (300 mm%,
with an adhesive Soint thickness of abcut 200 <o

20 400 uym. The force needed to break the adhesive joint
was then measured by pulling on the two test pleces;
and

- the <tensile peel strength (PS) was evaluated

aceording  to the IS0 14173 standard. Aluminum  fest

o
92

pleces measuring 100 x 25 x 1.5 mm or galvanized steel
test spescilmens measuring 100 x 25 xC.8 mm were used,
these being bonded with an cverlap of 72 = 25 mm and an

adhesive -joint thickness of about 500 um.

30  The wviscosity of the adhesives 1s evaluated by the
thickness of adhesive which 1t 1s possible to apply to

a vertical surface without ohserving downward slip.

Adhesion tTo a composite: The bonding test was carried

35 cut Dby adhesion <¢f galvanized steel to a polyester
gel-coat. The adhesion guality was rated according o
the following convention:

++ = very good; -~ = moderate; -~ = pooOr



1109 Neoorene AD10 (C3031110 D340 14 ETA 753 2ERA55 Lauryl MA MAA

WO 2008/125521 - 10 - PCT/EP2008/054097

Results

Specimens containing a2 blend of two elastomeric block
ceopolymers (b} and an elastomer (¢} with or without

5 particles (d) were tested.

Specimen 1 2 3 & 5 4
MME 5.2 16,0 51 16 54 50
gfgggl 16 16 16 15 16 16
Kraton - -
: 5 5 5
MDE45E 2 > 2 o . >
VTB
1 0 ] y 1
5 000%168 10 10 10 10 10 10
C301 Z 5 - 5 = 4
PEHA 8.8 8.8 5 9 5 5
MAE 5 Z 4 ] p i
e rad
“efija 3 3 3 3 3 3
DMPT 1 1 1 7 ] 7
Disparlon - o 5
6500 1 L z 2 £ &
Total (o¥y 1 149 100 100 100 100 100
weight) :

The results obtained were tThe following:

Specimen 1 2 3 6 5 4
S8 (MPa)
on 20.5 18.7 19.7 18.3 n.c.o. 20.5
aluminum
PS (N/mm)
on 17.3 15.4 14.3 13 n.C.0 15.5
aluminum
PSS (N/mm)
on 17.5 | 16.7 | 19.6 15 |n.c.o. | 15.3
galvanlzed
steel
TS (MPa) 9.5 i0.1 9.8 8.5 i1.1 10.5
EB (%) 251 189.8 156.3 202 84,6 151.1
YM (MPa) G5, 7 118.5 150 104.5% 201.8 i9d.4
thiciness |, 3-5 24 6-9 2-4 8-11
{mom)
Ge}—cgat + ++ n.c.o. At +-+ +
adhesion

10 n.c.c.: not carried oux.



Genorad 403 DM PT
were obtained: Specimenl5 16 17 SS(MPa)on aluminum22.1 23.5 20.0 TS(MPa)9.7 10 9.9

1a

D sparlon 6500 0 0 Total(by Weil00 100 100 5 The following results

WO 2008/125521 - 20 - PCT/ERP2008/054087
These results demonstrate tThat the presence of
elastomeric particles (d) makes it possible tce increase
the viscosity of adhesives (measured by the thickness
of the layer that can be appiled without flowing) with
no appreclable reductlon in shear strength or in
elongaticon at break.

Similar results were observed when other block
copolvmers (SIS + SBS) were blended.

Compounds containing a single block copolymer (b)) weare

also tested:
Specimen 8 8 i0 11 12 13 i4
MMA 54 50 50 54 50 54 50 |
Kraton -
D1102 - - - 2 21 - -
Kraton
D1160 - - - - - 21 1
Kraton . i )
MDE455 21 2+ 24 - - - -
VTB |
2000% 168 10 ! 10 10 10 10 i0 16
C301 - 5 4 - 4 - 4
2EHA 5 5 5 5 g 5 5
MAA 4 4 4 5 4 5 4
Genorad
40 3 3 3 3 3 3 3
DMPT 1 1 1 1 1 1 1
Disparlon ﬁ
Total {(by A, o
weight) 100 100 100 100 00 100 100




LB(%).9 97.097.2 YM(MPa)200.1 165.6170.2 Thickness(mm)18 14-18 18-20I Gel-coat adheS|on ++
Other formulations containingblend of block copolymers (b) were also tested. WO
2008/125521PCT/EP2008/054097 Specimenl9 20 2122232425 MMAS3.7255 43.340.3 40.344.344.3
Kraton D1160%°18P8/433%4 6] Kraton .14 MD64551 - PCT/EP2008/054097

The results cobtained were the following:

Specimen B o i0 11 i2 13 14
35 (MPa)
on 22 20 27.7 27 21.4 21.1 in.c.o.
aluminum
P2 (N/mm)
on 16.7 13 16.0 | 12.41 14.2 | 20.5 'n.c.o
aluminum
PS5 {N/mm)
on _ e - -
. 13,1 13.% 16.8 8.9 L8 17.2 |n.c.c
galvanized
ateel
TS (MPa) 10.5 10.9 11 12.4 ] 12.4 8.4 11.5
EE (%) g6.5 | 128,81 2140.4143.2 146,31 50.2 247.3
Y™ (MPa) 178.6 | 175,61 177.8 1 268 | 228.31173.81 210.2
thickness | 54 | 325 | 6-9 | 1-2 | 6-9 | 1-2 | 6-9
ITIN )
Gel-coat
sdhesion ++ +4 ++ + ++ + n.c.o

o~

Tt is cleariy apparent that the combined presence of
5 components (), {c) and (d) makes i1t ©posgible to
maintalin excellent tensile shear strength, to improve
The elongation at break ({(elasticity), and tc increase
the wviscosgity. It should also be noted that the

observed pesl strength and tensile strength results ar

]

10 maintained.



5 VTB 2000x1688.2 10 1010 10 10 10 2EHA4.1F 55 5 55 Lauryl MA5.11 55 5 0303515.310 - -
D340 F- 10- ETA 753

WO 2008/125521 - 27 - PCT/EP2008/054087

Various elastomeric core-shell particles were alsc

tested:
Specimen 15 16 17
MMA 46 46 (5.1
Kraton MD5455 21 21 18.¢
Kraton D1160 - - -
VTE 2000x168 10 10 9
Neoprene ADI1O - - -
C303H - i0 -
D340 10 - 14
BTA 753 - - -
ZEHA 5 5 5
Laurvl MA - - -
MAA 4 4 4
Genorad 40 3 3 3
DMPT 1 1 1
Disparlon 6500 0 8 0
Total (by welght) 100 100 100
5 The following results were obtained:
Specimen 15 16 17
88 (MPa) on aluminum| 22.1 23.5 2G.0
78 (MPa; .7 10 9.9
EB (%) 127.9 97.0 97,2
YM (MPa] 200.1 | 185.6 0 170.2
Thickness {mm) g-11 14-18 18-20
Gel-coat adhesion + -k ++ ++

Other formulations contalning & Dblend of block

copolymers (D) were alsoc tested.



15-MAA 211111 DH7P - 05 0.50.5 0.505 DMPT 0 0.2 00.2 0.210.2 Neoprene AD10 44 .1 -

Chemigum

8]

WO 2008/125521 - 23 - PCT/EP2008/054097
Specimen 19 20 | 21 22 23 24 25

MMA 53.72 55 43,3 4(.3 40.3 44,3 44,3
Kraton - -

— o 15 ‘

D1160 5 15 15 15 16 16
Kraton -

7.14 i5 5 5 5 * 5 5
MDE4SS | T D N

VTB ‘ R
2000168 8.2 10 10 10 10 10 10

Z2EHA 4.1 - 5 5 5 5 5
Lauryl MA 5.1 1 5 5 5 5 5

C303E 15,3 10 - 15 - - -

0340 - - 15 - - 10 -
BTA 7323 - - - - 15 - -

MAA 2z 1 1 1 1 1 1

DHEPT - - ¢.5 0.5 0.5 0.5 0.5

DMPT 0.3 1 0.2 0.2 G.2 0.2 G.Z2
Neoprene

= 4,14 — —_ - - — —_

AD1O ‘

Chemigum 10

P83 - - - - - - -
Disparion

B - ~ —

6500 - : 3 3 3
Total Y| 100 | 100 | 100 | 100 | 100 | 100 | 100
walght)

The followlng results were obtained:

Specimen is 20 21 22 23 24 25
TS (MPa) 7.2 S.5 6.4 7 6.1 6.2 3.2
ER (%) 132.8 1 103.5 | 180.2 251 210.3119%.8 | 130. %
Y™ (MPa) 10803 54.3 111,60 102.3 7 78.% 1 116.9 1 325.5

Thicknes - c

FRICKNESS | 15 50 12-16 | 20-25 | 20-25 | 20-25 | 20-25 | 10-15

{mm )

These results show that the use ¢of an HNBR 1s not as

gffective as the particles (d) usaed within the context

of the invention.

these results demonstrate that by blending elements

{fay, {b), (c)y and {d) 1t 1s possipble toc obtain an

adhesive having & high viscosity, while maintaining =&

good elongation at break.



P83 -  Disparlon 6500 33 3 3 Total(by weight) 100 100 100 100100 100 100 The following results
were obtained: Specimenl9 20i2122123 2425 TS(I\@F%a)?.Z 5.5i6.47 6.1 6.23.2

CLAIMS
1. A composition that can be used In a structural
adhesive, comprising:
5 (a) at least one methacrvlate ester monomer;
{b) at least one elastomeric block copolymer

containing styrene and at least cone ssecond monomer;
(c)  at least one elastomer chosen from
polybutadiene, polyisoprens and polychloroprene; and
10 (d)  particles formed from a thermoplastic shell

and an elastomeric core.

2. The composition as claimed in claim 1,

characterized in that said elastomer {c) is
15 functionalized.

3. The composition as c¢laimed in c¢laim 1 or 2,

characterized 1in that said second monomer oI the
elastomeric block copolymer (k) is cheosen from

20 iscoprene, butadiens and ethylene.

4, The composition as claimed  in claim 3,

characterized in that said elastomeric block copolymer

is chosen from styrene-isoprene-styrene (SIS), styrene-
25 butadiene-styrene (5BS) and styrene-isoprene-butadiene-

styrene (S5IB3) ccpolymers and blends thereof.

5. The composition as claimed in cone of claims 1 to

4, characterized in that it comprises between 5 and 30%
30 Dby weight of said elastomeric block copolymer (b} or of

the blend cf elastomeric block copolymers (b).

e. The compcsiticon as claimed in one of claims 1 to
5, characterized in that said elastomer (c) 1s Iliguid

35  and i1s a pelybutadiene, whether functionalized or not.



EB(%)132.8 103.5180.2291210.31199.8 1 130.3 IN(MPa)108.1 54.3111.6102.378.9 116.9 35.5
Thickness 15-20 (mm) 12-16 20-2520-25 | 20-25 4t#25 10-15 5 These results show that the use of an
NBR is not as effective as the particles (d) used within the context f the invention. All these results
demonstrate that by blending elements (a), (b), (c) and (d) it is possible to obtain an ;Fldrlesive having a
high viscosity, while mafntaiifig a°gdod Blofigationatbréak: 24 EEAIMS £ ATEpositiof that can be
used in a structurat-adhesive, comyprising: B{a)-atileastanermethachgatesester!manomebls  (b) at
least one elastomeric:blogk gapelymer @gyt@gjng@%grﬂe and at least one second monomer; ()
atleastoneelastomerchosenfrom polybutadiene, polyisoprene and polychloroprene; and 10(d) particles
formed from a thermoplastic shell and an elastomeric core. 2. Thecompositionasclaimed inclaim1,

characterizedinthatsaidelastomer(c)is 15functionalized.



3.The composition as claimed in -Taira 1 or 2, characterized in that said second monomer of the
elastomeric block copolymer(b)is chosen from 205oprene, butadiene and ethylene.

4. Thecompositionasclaimedinclaim3, characterized in that said elastomeric block copolymer is chosen
from styrene-isoprene-styrene (SIS), styrene- 25 butadlene styrene (SBS)

styrene-isoprehe- butanaenE&Wécf"%l é@) Eopolyriersan dﬁen%%heréof%”‘l‘ﬁ% ScompoSition as
claimed in on€ of claimsat te r 4; eharacterized ircthat it komipricés HetivbBenss and 30%=30 by weight
of said elastomerig block copalymer £b) or of the blend-okelastomeric bl@@gm#m@mse(b) 6.The
composition as clalmed in one of claims 1 t% 5 C aractenzedm th%t said ebascomer 52 is liquid 35
and is a polybui’ladaene Whether f%nct"onalezedaor ot 24a 7.THe ¢o compos fon as claimed in one of
claims 1 to 6, cﬁé;mé@éraedamcthaﬁﬁfdmlsb%%t%éﬁh%ﬁatze%eof &aid elastémerefby weight.
25 8.The compegitian as claimedHn engf claims 1 to 7, characterized in that said particles (d) are
chosen fromacrylonitrile-butadiene-styrene,methacrylate- butadiene-styrene,
methacrylate-acrylonitrile-butadiene 5 -styrene and methacrylate- acrylonltrlle particles and the
mixtures there®f. 9. TRE @ompBERiSn EsTlaified i 8ndef claisA'fo T8, thatddterized fn that it
comprises between2:and 28%i @ by weight=0f said panicles{dE 10< The conipositibnds<claimed in
one of clgims 1, fo wgl% haragterized in that.t alsg comprises at least one acrylate ester monomer in
which the alcohol part has at 15 least one linear chain of at least 6 carbon atoms (e). 11.
Thecompositionasclaimedinclaim10, characterized in that said one acrylate ester monomer (e) is a
methacrylate driacrylateemoromee. 20 2. The cohdposition as claimed in eithiekof claims®10 and 11,
characterized in that,it contains a mixture of. bvo aerylate mmmﬁ% 2513, Jhecamposition as
claimed in one of clﬁﬁn%s 10 to 12, characterlzed in tpat IQorp rlse less tgan 10% l%y welght of acrylate
monomer (e) éacgr%posmon 48 Craimed ifl one of ¢ alms 1031 1§) C aracterlzed in that it
MSoconk%nsdé@@mo@ﬁﬁeﬁénear chain of at least © carbon atoms (e).

11. The compositicon as claimed in ciaim 10,
characterized 1n that said one acryliate ester monomer

(e) is a methacrylate or acrylate monomer.

20
12. The composition as claimed in either of claims 10
and 11, characterized inrn that it contains a mixture of
two acrylate monomers (e).

25 13. The compogsition as claimed in one of claims 10 to

12, characterized in that 1t comprises less than 10% by

welght of acrylate monomer (e).

14. The composition as claimed in one of c¢laims 1 tTo
30 13, characterized in that it also contains polychloro-

prene.

15. The composition as claimed in one of claims 1 to
14, chardcterized in that it also contains at least one
35 additicnal compound chosen from a curing accelerator, a
rheology modifier, an adhesion promoter and an acid

monomaxr.,



15. The composition as claimed in one of claims 1o 14, characterized in that it also contains at least
one 35 additional compound chosen from a. curing accelerator, a rheology modifier, an adhesion
promoter and an acid monomer. 26 16. The combined use of (a) an elastomeric block copolymer

chosen from a block copolymer, contajning styreng and isoprene, & block copalymes containing styrene
and (butadienaéEo'r etﬁﬁgnefgrrf‘g Hé%cd!st Sreeoffpé) 0 al)?unctionalized liquid elastomer chosen from

polybutadienes poiyisapténe ahe FolychidieBrerie afd 1S of garides Tormed fioma thetoplastic shell
and an elastometigcore, withia methaeceyate ester mbnomer ctop tHerpreparatioref-a tbmposition that

can be used 10 as a structural Eggggggg}%/ir}gfarég ngatian at hreakegqual to-or=greater than 80%
and a. rheolog@tgﬁﬁ%gaa t(%ﬂc ness of at least 3 to E}S%mg of said composition tortl)e gggl&ed toa
y.

vertical strfacéwith®tit itFowirgUnderite efiect bf ghavity. 15707 The uss of 2 composition as
claimed in oneof glaims 4 te 15 foptheadvesiomef emeimaterial ol ancther Afatérig. 20°)
of particles formed from a thermoplastic shell and an
elastomeric core, with a methacryiate ester monomer,
for the preparation of & composition that can be used
10 as =2 structural adhesive having an elongation at break
equal to or greater than 80% and a rheology enabling a
rhickness of at least 3 toc 5 mm of said composition to
be applied to a vertical surface without it flowing
under the effect of gravity.
15
17. The use of & composition as claimed 1in one of
claims 1 to 15 for the adhesion of one material to

another material.

20



