WD 03/ 066737 PCT/ US03/ 02786 32988/ GTL/ A51 ELASTOVER- MODI FI ED EPOXY

SI LOXANE COMPCSI TI ONS  FI ELD OF THE I NVENTION This invention relates to
epoxy reswo asen7conpositions useful for protective coathRamesoasnnsshe |i ke
and, nore specifically, to elastoner-nodified epoxy sil oxane polyner
conpositions having inproved properties of flexibility, weatherability,
and ghegiggalri//@si;st ance. BACKGROUND OF THE | NVENTI ON Epoxy si | oxane
conpositions useful for application as coating materials are well known,
and have gai ned commercial acceptance as protective and decorative

coatings for BLESTOMER!NMODTEIEDgRbyANi 21 NGxAN® atombds eerekete in

mai nt enance, marine, construction, architectural, aircraft and product
finishing markets. While epoxy-based conpositions have | ong been known for
t hei F1gédi O&d IhEopeMENaS o good adherence to substrates, corrosion

resi st ancey,-an »]gpggﬂ'c ' nce, an at-herabil ikty, they have
suffered ?P&% ?less t %C%lli{égg%%%r %%er 18Y \(ljfes\/\%enat ST D ’\épp\yogﬁgllo&sat ed
gl os¥seétidnt ifore  BpoRyecsivexaneatompesi windns tier e Ligvel oped, t omprevi de
i npr Q}b_@@_i fRIBAaN | e Of e‘ﬁ%%tt%%{eﬁmrrlo'd%%i%@d %%38% retentlon V"'ﬁgﬁ?/ by
sacrificing the desjred properties of corrosron'resistance and *cheni cal
resi SCHRCEI YOS pabenin®o. YEYey4 BIrspRosEssa kifownfapevipidiityxane

conpaskthef aGAMArhS| RhARHARIPenatdaldtpol yner network (1PN)  of
intertw ned epoxy polynmers and pol ysil oxane polymers. The conposition is
prepared by sinultaneously polynerizing, at substantially bal anced

r eaCc BAGHGROIRE), OF M une/ENTERPOXY resin  and silane groups to formtwo

osul 11 ng SRt ng IRHCRS nEoMBOPE ROCRgert T A s G o G T ol Sier | zed

epoxyonstingr knatendialwt erei svalilst kndwt edatbir duglouta t hed mextee ctielcause

hydr @lvh g arick  as protective and decorative coatings for steel,
aluminum, galvanizing, wood and concrete in maintenance, marine,
construction, architectural, aircraft and product finishing
markets. While epoxy-based compositions have long been known for
their desired properties of good adherence to substrates,
corrosion resistance, and chemical registance, and
weatherability, they have suffered from less than ideal
properties of"weatherability'and related gloss retention. Epoxy
siloxane compositions were developed to provide improved
properties of weatherability and gloss retention without
sacrificing the desired properties of corrosion resistance and
chemical resistance.

U.S. Patent No. 4,250,074 discloses a known epoxy siloxane
composition comprising an interpenetrating polymer network (IPN)
of intertwined epoxy polymers and polysiloxane polymers. The
composition is prepared by simultaneously polymerizing, at
substantially balanced reaction rates, a mixture of epoxy resin
and silane groups to form two intertwined networks of polymerized
epoxy and polysiloxane throughout a resulting coating. An amine
curing agent is used to form the polymerized epoxy network, and

water is distributed throughout the mixture to cause hydrolytic
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pol ycondensati on of silane groups to formthe polysiloxane. Wile this
epoxy si | woamsaeemat i ng conposi tion displayed i nproved pr @uartsoss2sb

weat herability, corrosion and chem cal resistance when conpared to
conventi onal nonsil oxane-contai ning epoxy resin conpositions, it is known
to bessogewbat /Reittle, lacking a desired degree of inpact resistance,
flexibility and abrasion resistance for certain applications. U S. Patent
No. 5,618,860 discloses a known epoxy polysiloxane conposition for use as

a coapdhgconliencanpesi Wongi 1sndr eRBLSE byocqgghpiggea&ﬁg§%:&ﬁgptic epoxy
resinguih ighgunctiOEal am nosi’| ane hardener, an ordganotin cé?ETyst, and
an optional pigrent. SThE*8§8Sf GPkYIe pexIL Yot et skl e osinimred

pr ovi kleeP ¢ Hpt ov edf pregpgid s Ioft weatdierabidd s ¢hemcall %&isqgr[&éi on
resis%ﬁgﬁqmﬁ@g&é@pgpgoggghgganci when, oq¥ared to . conventional

nonsi | oxane- cont ai ni ng epoxy ?gg'ﬁn%?ﬁ&ié% POt HHR L BIt PPRX B F®EL B | oxane
coat i MY RBFPOEPES on 1pr oM diedowmichio ipr sumdwhet f arBnCee pr opekt hes.q | i ke

t he epoxyrsil g¥apee it.0 S ed abpve,, it1.t00 is known to be
somewhat . bri tt?e, I gggﬁﬁgatgtder}s% e%% egree O?Xillﬁb%]cifyr @E%staabr@eg,lon
f1exibTTTTVPane HOF a0 Fesirrldmes fors certai n applications. It is,

t heref ore,udesi r edtthat 88 .epexy %LI% aney ;GR: ifio e devel oped that is
bOth&&§§%QifQOf grovidin, t he eéirgdé p?gbert%%%§ofgmegpﬁgPaMQ#aﬂX

corrgsion and chenfTHOTEsi ¥t dite U=l Peady cassdeidat e@hsi tdpmgmediy isid oxane
conpost t boreareki | Iy akeebipieyi t NGohTRL-ONEd: Br QRESL) €5-<Qfi f MPAC

resi s{ange jhility..and abrasion resistance.” It" is desired %hé& epoxy
silojgne %%%%%é%fpgﬁg%ﬂﬂapﬁ AFHVERTT o™ pr oAt I vty $lesiasthee to. -

cr ackiRigt @il del gmemiat i Ghewser fapmeidedpoiyt el ei Modhneoldds: + iSHMVARY OF
e o I PR SR R gt g
corrosion resistance, and impact resistance when compared to
conventional nonsiloxane-containing epoxy resin compositions.
While this epoxy siloxane coating composition provided such
improved performance properties, like the epoxy siloxane
composition discussed above, it too is known to be somewhat
brittle, lacking a desired degree of impact resistance,
flexibility and abrasion resistance for certain applications.
It is, therefore, desired that an epoxy siloxane compbsition
be developed that is both capable of providing the desired
properties of weatherability, corrosion and chemical resistance
already associated with epoxy siloxane compositions, while also
providing improved properties of impact resistance, flexibility
and abrasion resistance. It is desired that epoxy siloxane
compositions of this invention provide improved resistance to

cracking and delamination when applied in the form of coatings.

SUMMARY OF THE INVENTION

An elastomer—modified epoxy siloxane composition is
prepared, according to principles of this invention, by combining

in the presence of water: (1) a silicone intermediate preferably
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in the presence of water: (1) a silicone internmediate preferably -2 WO

03/ 066737 PCT/ US03/ 02786 32988/ GIL/A51 in the formof an al koxy or

si | anol - f wacdasioeemsl pol ysi | oxane; with (2) an epoxy resin pamefsesabisy havi ng
nore than one 1, 2-epoxide groups per nol ecule, and an epoxi de equival ent
weight in the range of from 100 to about 5,000; (3) an el astoneric
reS|ng@@88|@F%Ag§Q|ate having a functionality selected fromthe group
consisting o roxyl, isocyanate, carboxyl, epoxy, mercaptan, and anine,
and bei ng selected fromthe group of resins consisting of but enes,

pol ybuthenes, £ bt i epes; x8Q y&pgggyéygygfdﬂ n|t|r|Ies
polys%Ifldes and conblnatlgns t hereof; an gl L p0§&;¥unct|onay 5m1ne

curative 8GefPOXEn TEstitoraet Qﬁiﬁﬁﬁnﬁﬂ%ﬂmgcm@éﬁatyén can beZusdei@e
facil Igb:a)UpSClp’eec atobabh Al ahanRes aé}%)@l&@”@hhh@ﬁ?;engh%e@gqﬁt regpdi fied

epoxy xane o conpri se t'he range of ronta out 1to 40
percerjtt%h % ﬁgldﬁ¥ﬂp fé#c%ﬂenEﬁPErﬁe&PQP e 3 3P 15 pererer i pyropigens
pol yf dnceroadiatan meyingt a Gmm@wwm&lbyyv\@egtétct@@xyr@@mtme ageodpto 25

perce g ric_resinous internediate. These
above@FEg?¥F$? BE ﬁ& %ggﬁ 988e¥ana ydr89§é9§y nd“PREYy cBRteRRE R on

r eact POASsA R d@ﬁ% d ﬁeﬂﬁetpdeéenmetbé yatgy oft @ebdn® consisting

| ast dified I I
Sﬁ%&?‘i“@i&é&fﬁh?%@wn fiel ook S 8198 TR Ebal fien HEet i e o

that E6pé Fﬁfélﬁﬁtf hPREY 5t Fésane anplgamrinatridior tépmepipobydets) to form

a ful by- cos gt @hest onET - Rdidd ed-gpaxyvel | 0xgpg. pol yne
UItlnateI chenlcai and phys 3 i cal _proper eg of th%'e|g§$0%%¢$gbdlfled

epoxy r§|¥8wsgéléaﬁp%§tt Bk Qﬁn uﬁ?és%ﬁt£§?ﬁ&ﬂﬁ@?ﬁtQﬂﬁ@ atf auhbeenty
j udi cteupechbice obnémGX¢néeS|n silicone internedi ate, polyfunctional

am ne hardeper, ?ﬁgtglgne '_El gst oner - nnd i ed epoxy sil oxane
conposi ti ons of THT'S MRvehPioh ale GRPEYe, SWHBRATRonpaFeast blebnvert i onal
epoxyCpEPyiELoskané heonpogid iohsfréom dhatt 1 to 40 percent by weight

silicone intermediate, 1 to 15 percent by weight polyfunctional
amine, 5 to 60 percent by weight epoxy resin, and 1 to 25 percent
by weight elastomeric resinous intermediate.

These above-identified ingredients undergo hydrolysis and
polycondensation reactions when combined in the presence of water
to form elastomer-modified epoxy polymers or elastomer-modified
polysiloxane polymers, depending on the choice of elastomeric
resinous intermediate, that copolymerize with polysiloxane
polymers and/or epoxy polymers to form a fully-cured elastomer-
modified epoxy siloxane polymer composition. Ultimately, the
chemical and physical properties of the elastomer-modified epoxy
siloxane compositions of the present invention are affected by
judicious choice of epoxy resin, silicone intermediate,
polyfunctional amine hardener, and pigment. Elastomer-modified
epoxy siloxane compositions of this invention are unique, when
compared to conventional epoxy polysiloxane compositions, in that
the incorporated elastomer serves to provide an improved degree
of flexibility, impact resistance, crack resistance, and abrasion

resistance to finélly-cured coatings formed therefrom. These
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the incorporated el astonmer serves to provide an inproved degree of
flexibility, inpact resistance, crack resistance, and abrasion resistance
to final | wocasroeerscoat i ngs formed therefrom These -3 WO (R TO@&H387786

PCT/ US03/ 02786 32988/ GTL/ A51 i nproved properties are provided w thout
detracting fromthe desired properties of weatherability, chem cal and
corr sj.sf,ance. DETAI LED DESCRI PTI ON OF THE | NVENTI ON

Elasgékg&/ i%@%éd epoxy sil oxane conpositions of this invention.are

pr epar ed, accordlng to one exanple, by reacting an epoxy-containing

ingr@ﬁkﬁgﬁg Dol Y ﬁg@?&yég]%% ?E%%{§§é'%”Ehou@gﬁ%@fggtﬁé’fﬂ{ﬁhf;ﬁ“rEd

epoxysi and react nosI | ane |ngre
S|I|é&ﬁ?ﬁQQePﬁ@E?étéeFoCﬂbrWﬁathpéhbslibxaneﬁwohymé'ai@oxwrspb@mane
compasidisns,@f this invention are referred to as being

"el astonmer-nodi fied" due to the additional reaction of an elastoneric
resin wwth the epoxy- containing ingredient, the silicone internediate, or

the mEHUAKSD oI @lioammergependingrn the type of elastoneric resin
functi onalj.t Elastoqﬁb%gg ified epoxi si |l oxane coppositions of this
invention%&' r GBEF) e§10PX P ApactTR RSt stam e O | EXEBI lity,

and aﬂbnasiuﬁmn.esiespae@ar\ddenaccom‘plamgdtb%z@@m/}emplm,alby reactlng an

I if.i . i | oxane._, €O tions mer - nodi fi er
epoxy b rlastl, ERERE L ey CH RS KRRy o BAHEFAREESor ¢ hi s
i nveriti@redigntcdebifpirngai Aurhé eporgentenofpwlkresy, (@)d arezartdmet kheor
nonar&ﬁ@%déﬁf’aq@wlﬂ d iy Dayi QQ t ol gast oo 1%%&8@?&9@ g‘;Q“Eérm\M th (b)

an al koxy or silano functlona SI i cone inter
pol yfRMGES b3ianeri RELYIEY -a r BRIXVe Séllé@ﬁ@ﬁerﬁl@mp@%ihb@@a mfer tbdisat e; and

(e) amepid ohala gaeeetad | £6 63t BLYSY “elastomer-modified” due to
the additional reaction of an elastomeric resin with the epoxy-
containing ingredient, the silicone intermediate, or the
aminosilane or polyamine depending on the type of elastomeric
resin functionality. Elastomer-modified epoxy siloxane
compositions of this invention provide improved properties of
impact resistance, flexibility, and abrasion resistance when
compared to conventional nonelastomer-modified epoxy siloxane
compositions.

Elastomer-modifier epoxy siloxane compositions are prepared,
according to principles of this invention, by combining in the
presence of water;

(a) an aromatic or nonaromatic epoxy resin having at least

two 1,2-epoxide groups; - with
(b an alkoxy or silanol-functional silicone intermediate;
(c a polyfunctional amine;

)
)
(d) a reactive elastomeric resinous intermediate; and
(e) an optional organometallic catalyst
Elastomer-modified epoxy siloxane compositions of this
invention may also contain other components such as optional

pigments and/or solvents, rheological modifiers, plasticizers,



El ast omer - nodi fi ed epoxy sil oxane conpositions of this invention may al so
contain other conponents such as optional pignments and/or solvents,

r heol ogi celo aswdéBrers, pl asticizers, -4 WO 03/066737 PCT/AdSD300A7B6

32988/ GTL/ A51 t hi xotropic agents, antifoam agents and solvents and the |ike
to achieve the desired properties sought by the user. Wth respect to the
epoxX Y -lesi Mi-ngredi ent, useful epoxy resins include nore than one
1,2-§5§%§V3?3U%“§%r nol e and nay be saturated or unsaturated, aliphatic,
cycloaliphatic, or heterocyclic. The epoxide resins generally contain

vel oal | p er ocy _ ontain
A eDox1 6. SCuL VA Ent- we gy ol PROH T8 o £ 080" ani Rave 4e Bfctivi 1y

of aBGHt Mo PRt EHidBaA mEaneatsl 95 FRIHD! Pyprids deer.in | i quid rather than
sol i d for mitixamiseepoKy £8s! apdigehide f0T 1 AOFMNGL COMROSELL 0RBAQL, Lhi s

i nvention inclyde glycid h Bolxethers of pol yhydric phenol s whi R are

deri V& 1 orh I@hé PPNCNE. §: 2 - BBPERI Dr Oy didth modifd 2ad p@lvyheri ¢
Ehgn@bhdﬁ&ﬁmﬂesonz $w%F¢Kﬂ@?aﬂI:CamgﬁgQE§CLndd#ﬂioéﬁ%?ﬁ&%ﬂﬂ'i or

ydr [ [ 4- r ox ny < - pr opane, or j sphenol. A as it is
oo R . 4 SR R aRE G GgeTatly SoncalPSTRehap

bi s( #shvypdr oxy phemiidy-Lll ethetrhgneypbi siidvd yad nedigite melr) epbxli-desgbutane,

bi s(4+h : Qgﬁy - - bis(2-_di roxyna hyl| t hane,
phlorgb¥%%?ﬁ%%? bisi%%f?ﬁ§gy%§€%%én§?)gr%ﬁl?%ﬁeeoA§d$F§Ong%dggﬁyﬁyaric
phendFs Card 1tah Sifagboadi kyo - cohpai ehory nmerit Hanpredephdiol providabst it ut ed

phenalh, 1ARfEld esitHdwkathd Waugh smthyl ene bridges as wel |l as hal ogenat ed,
e.g., br%ninated and chl orinated phenolic conpounds. Additional useful

epoxy resinETHE GREXY LEFHYP Wik Forsfosmipg| samrps it koroledl shpeepar ed
by reackinngon pabybydr§tyal 6phelol phdHe @N cephSBHORYEN & BHESING aRiagi dic
catag¥%tdé%f%éd %oron trifluaorid 1_vand su?seguent#y treating the resulting
prodict with ' -an dlKaFhéR @W@&F@%&16@eﬁaglng RYERLOTPRYPEdBA aReng t he
polyhdric phenol. Examples of such polyhydric phenols include
resorcinol, hydroquinone, bis (4-hydroxyphenyl) -2, 2-propane, or
bisphenol A as it is commonly called, 4,4'-dihydroxybenzophenone,
bis (4-hydroxyphenyl)-1,1-ethane, bis(4-hydroxyphenyl) -
1,1-isobutane, bis (4-hydroxy-phenyl)-2,2-butane, bis(2-
dihydroxynaphthyl) methane, phloroglucinol, bis (4-hydroxyphenyl)
sulfone. Additional polyhydric phenols are novolac resins
containing more than two phenol, or substituted phenol, moieties
linked through methylene bridges as well as halogenated, e.g.,
brominated and chlorinated phenolic compounds.
Additional useful epoxy resins include glycidyl polyethers
of polyhydric alcohols prepared by reacting a polyhydric alcohol
with an epihalohydrin using an acidic catalyst, e.g., boron
trifluoride, and subsequently treating the resulting product with
an alkaline dehydrohalogenating agent. Included among the
polyhydric alcohols that can be used in the preparation of these
polyepoxides are glycerine, ethylene glycol, propylene glycol,
diethylene glycol, hexanediol, hexanetriol, trimethylol propane,
trimethylol ethane, pentaerythritol and the like.



pol yhydric al cohols that can be used in the preparation of these

pol yepoxi des are glycerine, ethylene glycol, propylene glycol, diethylene
gl ycol, hwoemsadéml, hexanetriol, trinethylol propane, triprcarisoBot7set hane,
pentaerythritol and the like. -5 WO 03/066737 PCT/ US03/ 02786 32988/ GIL/ A51
Epoxy resins and their preparations are described in U S. Pat. Nos.
2,463258%,/c21.948,007, 2,615,008, 2,801,227, 2,538,072 and 3,033,803, which
are herein incorporated by reference. Still ot her exanpl e epoxy resins

i nclude glycidyl esters of polycarboxylic acids which are derived from an

epi hal Ohyﬂpbnyamé31ﬁsp@hﬂCthéQ&ygj%f%p\%ﬁ*a@ﬁ@$ﬂsn9hr¥ %@Q@ff@eﬁeﬁ?:ﬂ; d§d in US
| C ar e ereln | nCorporate

Pat S 859 4

refere%geNO%x 7 ?gé 8?9 %ygégb%9}1|% % d80¢ nct uBiRe phehal | 053%c@ﬂ2or its
anhyéﬂddé,OB§0§hBhaWh¢chcade herepht hatoepacated bet kalfydieppbt hal i c aci d,
hexahydr o I i.d, dinmeriezed fa ty_acids di basi ¢
aci ds nadgga?gn$g%éﬁn%%%pgﬁat3%”5%%?5 %@l Ch ScPyricd oy %S&ﬁﬁst%% li ke.
Epox?oﬁ§§?ﬁ§0§¥é#GIa¢b¢8fwhh¢mQMﬁndewaaeﬂeirpesastapuhaéoaydngncﬂm@03|t|ons

| nol udockpiceencsd it umiRhanerk %%a&@&@tﬁ ERabausiy I &  Kent ucky;

Epon_DPL- g Egonex 1510 and ponex rogenate blspheno
A epPCRI- oPoRydr Ph4eposLy 3/ FdSi B P7ﬁrUﬁﬂR@s@Hﬁ|hﬁ¥¢¥nftm©®np@r$¢©ﬁdes in

Houstefier&axas; rﬁaﬁt fllddkot S50 1202 F k0 Masant gl ield,
Nhssach setts; Odl|(%%; (cig?o%eiaﬁgﬁylnet a%g8(¥ﬁgfﬁ%%3§$Pﬁi 9% from

Air Bréducts Ahd de | odgPRAthALig) Iaéﬁt%vmtei"@ aldsi aackdal dite
xuevgesrahgdwaaizhanmm \laidt O hem@gﬁe@phmhaawowﬁ d&lqweYoréqu?\i@f' i nt
r

393 607 ch I | ocat rha and ERL4221 om Uni on
Car b?SQd Io%%%%gllgg arf qﬁg%’Yog aﬁﬁSxyaFééﬁnsméééqur?Br 3Br ni ng

chenﬂéﬁﬁtﬁéét§ﬂaﬁ@tCUaacmgsandnetuﬂblble@dé ahdRekel Gtiiken Epon 828

(bi sphenokphsyepiedh].of oydirin epgxY FKsiiHy Wiekl diLupgtional  epoxide

rea?%ggglng compositions include Epirez 505 from Rhone-Poulenc
located in Lousiville, Kentucky; Epon DPL-862, Eponex 1510 and
Eponex 1513 (hydrogenated bisphenol A-epichlorohydrin epoxy
resin) from Resolution Performance Products in Houston, Texas;
Santolink LSE-120 from Monsanto located in Springfield,
Massachusetts; Epodil 757 (cyclohexane dimethanol
diglycidylether) from Air Products and Chemicals located in
Allentown, Pennsylvania; Araldite XUGY358 and PY327 from Vantico
located in Hawthorne, New York; Aroflint 393 and 607 from
Reichold located in Durham, N.C.; and ERL4221 from Union Carbide
located in Tarrytown, New York. ‘

Epoxy resins useful for forming chemical resistant coatings
include blends of Resolution Epon 828 (bisphenol  A-
epichlorohydrin epoxy resin) with difunctional epoxide reactive
diluents such as neopentylglycol diglycidylether, resorcinol
diglycidylether and cyclohexanedimethanol diglycidylether,

" bisphenol F epoxy resins i.e., Resolution Epon DPL 862 (bisphenol
F-epiclorohydrin epoxy resin) and epoxy phenol novalac resins

such as: Epalloy 8250 (epoxy novalac resin) from CVC located in



di luents such as neopentyl gl ycol diglycidylether, resorcinol

di gl yci dyl et her and cycl ohexanedi net hanol di gl yci dyl ether, bisphenol F
epoxy reswus03iose737 Resol ution Epon DPL 862 (bisphenol F- epdevsesongdri n
epoxy resin) and epoxy phenol noval ac resins such as: Epalloy 8250 (epoxy
noval ac resin) from CVC | ocated in -6 WO 03/066737 PCT/ US03/ 02786

3298 é£§§4 rry Hill, New Jersey; Araldite EPN 1139 from Vanti go; and
DEN4 a from Dow Chemi cal. Preferred epoxy resins include

epi chl or ohydri n- bi sphenol A epoxy resins, epochl orohydrin bisphenol F

epo NSy 4 d e i i.chl.ar.ohydrin_epo resins,
ng)é?Cé{e%%‘y:mI%lh%a%%/ Fgge@%g%%#sm %@dﬁ gg#’egé&’ 9p eﬁ%‘%‘ }4%8‘6%%%" eBIBQy resi ns

and |D fad rﬁ%i‘lﬁg;e(fr@ﬁb%@% é8igmsiaghi.ch have at |east two epoxy groups
in a nol ecdeEerthes @ RROX Y-ek8$isNS ndh &Ry %f;ﬁ'é'h@gropi&g@i%%b&@éyleeg?b}ke.
formation of_a fhree-dine cross-|linked _network by réactron with an

i onal _ _
ami no=t Urct i%%%}n%'orrp@aﬂaﬂi?ro%%band§1§§h§@§éri Bed ¢pokEt t sesdatai l
| at ehyRrgfeerated! epexnenedi is epsehlbrberdpioviegorg chemical l;;iyccﬁiSﬁSt ant
conp 'gﬂ(yg?fagplggg.ggosgggha re.the copbi nati on of standard.
epi chl or Ghydrin-bi sphenol I & Ghoky SESTF WPRRLBASHIYOL 20 FRAY 8B6%YST esi n.
Pr ef éi1cedr epoxyinebimeduseidl eporypr@didisngvh geodhweat har abbd it Viwgl 0SS
ret enty gygh I e j i nclyde  hydrogenat ed bi sphenol. A
epi c%gra%ﬁhydri rﬁe@? nés @ﬁgégﬁ%r dy T%(r%esteha r%ﬁ}gtre@%]a%%daﬁgr DFEEereeins. In
the PHTGSS ChEgmTRR ke dorpetdent obya wiget- difnetrivs cepaxyrotesi hnkegr edi ent
basehe@drire ak-aweicgbt, of;ithe gﬂnpgﬁHBBQEUnc£§PH?§d £

b d Lo prepare.,
el astoner-nodi fie epox,)é si | .oxane conpositions o Isrnventron’” It is to
&l

be urGEFst PfattieSRire Perpdat Petérredes aife leswal- anount of epoxy resin

i ngr edi entexretfhatredlr eeptiged dets piLpakerihe g@frp%'sﬁiot\}i%,nd/mgﬁgmgggl? nprise a
si nglr%sies@%% resin |.Egred| entlocri a }(%Oﬂbl nation of twoor nore different
epoxy resim Ingpgglgﬁ ons include those that are the combination of

Lstandard epichlorohydrin-bisphenol A epoxy resin with phenol
novolac epoxy resin. Preferred epoxy resins useful for providing
good weatherability, gloss retention, and color retention include
hydrogenated bisphenol A epichlorohydrin resinsg and glycidy
methacrylate-based acrylic resins.

In the range of from 5 to 60 percent by weight of the epoxy
resin ingredient, based on the total weight of the composition,
is used to prepare elastomer-modified epoxy siloxane compositioﬁs
of this invention. It is to be understood that this amount
reflects the total amount of epoxy resin ingredients that are
used to prepare the composition, which can comprise a single
epoxy resin ingredient or a combination of two or more different
epoxy resin ingredients.

Using less than about 5 percent by weight of the epoxy resin
will produce a final composition having an undesired degree of
chemical resistance and/or weatherability for many coating
applications. Using greater than about 60 percent by weight
epoxy resin will produce a final composition having an undesired
degree of flexibility, impact resistance, and abrasion resistance

due to the limited amount of the elastomeric ingredient. A
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Using | ess than about 5 percent by weight of the epoxy resin wll produce
a final conposition having an undesired degree of chem cal resistance
and/ or wewtohsroawidri ty for many coating applications. Usi r@Tgueanziset han
about 60 percent by weight epoxy resin will produce a final conposition
havi ng an undesired degree of flexibility, inpact resistance, and abrasion
reS|s:%Qﬁ$, u the limted anmount of the elastoneric ingredient. A -7
WO 0§§ 66 é?gﬁg¥%6803/02786 32988/ GTL/ A51 preferred wei ght percent range
for the epoxy resin ingredi ent is between 10 and 30. A particularly

pr ef %f@f_tgﬂé@t WRAITRYTT Ifded fEEl Eﬁén&gp?%gpe é{lll on, i Secgﬂ{eerﬁ red by

using a rOX|natek% percent y weig poxy | *$Hased on
the t eehe YD & he %mqulmmﬂmtek@um@mqmmd

i nt ereRatate 1useche @d@&l‘%ﬁont he {ﬁélbr%]rt%gm?“@@ %%ggﬁ S5E & i@}fczqu owi ng

|nterned|ate i ncl ude but are no avin

f or mit lghB Ok FheRERPXhelROBRREIETRL: | Basedeened Hﬂnuik gr oup
con5|wﬂmgn;(ﬁftﬂhe duyra @it Psroup, oxygen and al kyl, aryl, and al koxy
groups ha 9 i rbon. tons Each R2 is selected fromthe group
con5|st|né& H%%?%dg% g%d Fyt éﬁﬂnﬁr yPLEFBERL 2h5v MG up X 613858 URar bon
aton§lqtrﬁ%ﬂmw@wmpme@nthaprEﬁeandnglcdnpheseng@mmmaldm@éIﬂhdxﬁaéthan Si X
carb t f t e sili one nt er nedi at e,
whi C%%&%%OII{W&C] slalgllrllliji/éed’fn1 X4 ?ﬂ{&%?ﬁ\? PI( t@q%fg?ﬁ; ‘gfl?:%h Bhaf og product

of the hydrolysis. Rl and R2 groups having greater than six carbon atons
tend to inpair the hydrolysis of the silicone internediate due to the
relatively lowvolatility of eadhEaIcoh)I analog. It is preferred that the
"n", or nunber of repeating Si-O

R~ Si — O+R,

where each R, is selected from the group consisting of the
hydroxy group, oxygen, and alkyl, aryl; and alkoxy groups having
up to six carbon atoms. Each R, is selected from the group
consisting of hydrogen and alkyl and aryl groups having up to six
carbon atoms. It is preferred that R, and R, comprise groups
having less than six carbon atoms to facilitate rapid hydrolysis
of the silicone intermediate, which reaction is driven by the
volatility of the alcohol analog product of the hydrolysis. R,
and R, groups having greater than six carbon atoms tend to impair
the hydrolysis of the silicone intermediate due to the relatively
low volatility of each alcohol analog.

It is preferred that the “n”, or number of repeating Si-O
groups in the molecule backbone, be selected so that the silicone
intermediate ingredient have a weight-average molecular weight
in the range of from about 400 to about 10,000. A silicone

intermediate ingredient having a weight -average molecular weight
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groups in the nol ecul e backbone, be selected so that the silicone

i nternedi ate ingredi ent have a wei ght-average nol ecul ar weight in the
range of Wwoorsvaésat 400 to about 10,000. A silicone interreadisaB®2786

i ngredi ent having a wei ght-average nol ecul ar weight -8 WD 03/066737
PCT/ US03/ 02786 32988/ GTL/ A51 of | ess than about 400 can produce a

conpasidgicmrifyals;i s too brittle for practical coating applications. A
silicone '‘internmediate ingredient having a wei ght-average nol ecul ar wei ght

of greater than about 10,000 can produce a conposition having a viscosity

out siodfe edlestned tavge afod rem appyiude 090 cbapbai@Q@n G PP SELLCP) at
20C, . maki q t?g cog?05|tjo too viscous for, application wthout adding
sol vEAEHE s Uy VoPatite ROt ent (MOCPitéganeenent s.
Pr Ief ém:t@chr@idljjmlfknglﬂééliﬂfﬁd: ata{ariin@,gafe@tijej%ts ala{(&a’:éé{f(ﬂ?@l ePular weight

si |l anal - tio Parti cyl ar preferr al koxy-functional silicone
inte?%e F%%ggrégéaﬁefﬁg§§L#SHQP%OH§P B5P§§FFo§aﬁ§§p8ﬁﬂ lpﬁckﬂﬁé?gbﬁt are
not MlﬁQQ§dtWODUD®43@7¢.ahﬁdﬁﬁkgﬁﬁigérpﬁ1tmmm goonkng, 0GE BR12%, 08Y- 550,
and_S¥rdbditam Wagkel |06a! efhaldng/ahkaBonBboht 88n- BLeleLteds ror

silanol -functional silicone inter I ates are no Phited to,
Dow @BPHilfgtd orprgahouzseidingrsobsenand: Gx223® ofnctisenangelatileom 1 to

40 perepiti Dot @fod)he-cflildnpRgd. ntermedi ate ingredient, based on the
t ot al mei%pt of the conmposition, is_used to prepare el astoner-nodified
epoxy si Foedre TeShposi 1GUHs VRt errediahetiaiedisnts 262 belkeer stood

t hat stiliascardumictriefd=act s tphe-ttictakragouyite frsdd | 80RExyLALAEAREHAL €
ingf%ﬁh%ﬁ%§F$Q%-e%yedﬁéﬁgf to prgﬁgke Ege Ccogggiitign,,ﬁhigh can 8onprise
a single silicone i F &€ "ErgPEdT ERPChE oRBi- WAt 6F2BFSt @B%r nore
di f f émentudsi,| ilceneard nter nedhated i ngr edd@rde74 Ushdgptess3vhanoabpotly 1
et ootk g e bt heyoldd fongyd eLiEel o gyl ockies, 1 1A
Adrian, Michigan. Preferred silanol-functional silicone
intermediates include, but are not limited to, Dow Corning's
DC840, Z6018, Q1-2530 and 6-2230.

In the range of from 1 to 40 percent by weight of the
silicone intermediate ingredient, based on the total weight of
the composition, is used to prepare elastomer-modified epoxy
siloxane compositions of this invention. It is to be understood
that this amount reflects the total amoﬁnt of silicone
intermediate ingredients that are used- to prepare the
composition, which can comprise a single silicone intermediate
ingredient or a combination of two or more different silicone
intermediate ingredients. Using less than about 1 percent by
weight of the silicone intermediate will produce a final
composition having an undesired degree of chemical resistance
and/or weatherability for many coating applications. Using
greater than about 40 percent by weight silicone intermediate
will produce a final composition having an undesired degree of
brittleness, i.e., low impact resistance, in the cured film.

A preferred weight percent range for the silicone

intermediate ingredient is between 2 and 20. A particularly



and/ or weatherability for many coating applications. Using greater than
about 40 percent by weight silicone internediate wll produce a final
conpositi wo ¢3a6613g an undesired degree of brittleness, i .rRT/USGM2TISHPACT
resistance, in the cured film A preferred weight percent range for the
silicone internediate ingredient is between 2 and 20. A particularly -9
VO 03L06673r1PGH1US03/ 02786 32988/ GTL/ A51. preferred el astoner-nodi fi ed
epoxy siloxane conposition is prepared by using approximately 5 percent by
meight of the silicone internediate ingredient, based on the total weight

of ﬁxm@ﬂBIEMMEtdﬂﬁﬁnbaiﬂﬁéﬂ t epbhe p@hl%&ﬁﬁ%‘Oﬁéhp%@h@gohngégd'ent
usef tlonal ani ne |q8redi %§ for form el ast oner - fied

epox% S|onane O&%Hgg%l%%% FFTRFS Y n enP?BﬁePEcﬁﬂﬁeweéﬁpﬁoﬁﬁthhénal
S|Il@é&éqgmﬁxmnﬁkIMﬁdiaMarumghﬁdHGHMuﬂbagaﬁnmnwthe adtdatanehbghsebect ed
fronkh@ed%ﬁﬁggytfgnasses of aliphatic am nes and pol yam nes, aliphatic

am ne adducts, pol yanm doami nes, cycloaliphatic am nes and pol yam nes, and
cycl oal i piati repPREtatie tdts pantivatits cam nesyindannockediases, usketini nes,

and_gailneirstatinnalariikadhepeadehy bopbLr kbenstonops. ATEY. Aalkabke from

Noveon. ‘A preferred am ne ingredient is an anin ane
di f uREFehal S1+082Neha HRP R Qi t /6 acthie hydvegdnsn amdcmhdeh may

have ahh@off@lrﬂc(t\mdm 1genef Bl cdox mu Ic%mp%u‘nd%' - ah& X)an?iﬂ@ er Su?(c{: $ oh‘g HNR) a,
"a' is_an integer of _froml1l each is a unct i onal

and

or ga\réflggl%r aél%cal i e;‘fé‘ﬁldg?ﬁl 7EdErEECe r‘P‘PoﬁhtenegﬁFl%Eﬁlcdﬂqu‘sﬁtQSwgoéf aryl ,
al kypl igihaltky! aeylinesal Ianﬁyap&yyamaﬁdsc;yclamabkat1E:adaﬁ@hg ffaaeu%@re 5 can
vary X can.be the ifferent, ‘and is
I|nlFE%&?gﬂgF%%ﬁ%ehydroiégpﬁyﬁpﬁgpﬁ8xy3Wﬁ9FSanan hyBngﬁgFﬁﬁﬁyaIRVﬁ groups
Cont§Vﬁﬂﬁ@1P§@§tﬂWammmnﬁﬂadﬁuctarbanomatlc amines, Mannich bases,

ketimines, and amine-functional butadiene acrylonitrile such as
ATBN available from Noveon.

A preferred amine ingredient is an aminosilane that is at’
least difunctional, i.e., having at least two active hydrogens,
and which may have the following general formula:

Y- 8i- (0-X),

where Y is H(HNR),, and where “a” is an integer of from 1 to 6,
each R is a difunctional organic radical independently selected
from the group consisting of aryl, alkyl, dialkylaryl,.
alkoxyalkyl, and cycloalkyl radicals, and.whefe R can vary within
each Y molecule. Each X can be the same or different, and is
limited to alkyl, hydroxyalkyl, alkoxyalkyl and
hydroxyalkoxyalkyl groups containing less than about six carbon
atoms. At least 0.7 equivalents of amine or 0.2 moles of
aminosilane per equivalent of epoxy may be present in the amine
ingredient. The aminosilane can be replaced in whole or in part
with an organic amine curative.

Preferred aminosilanes include, but are not limited to:
aminoethyl aminopropyl triethoxysilane, mn-phenylaminopropyl
trimethoxysilane, trimethoxysilylpropyl diethylene triamine, 3-

(3-aminophenoxy)propyl trimethoxy silane, amino ethyl amino
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atons. At least 0.7 equivalents of amne or 0.2 noles of am nosilane per
equi val ent of epoxy may be present in the amne ingredient. The

am nosi | an® axket3e replaced in whole or in part wth an @UJarsos/0zass ne
curative. Preferred am nosilanes include, but are not limted to:

am noet hyl am nopropyl triethoxysilane, n-phenyl am nopropyl

tri metheeysithgae, trimethoxysilylpropyl diethylene triamne, 3-

( 3-am nophenoxy) propyl trimethoxy silane, amno ethyl anmino -10 WO

03/ 066737 PCT/ US03/ 02786 32988/ GTL/ A51 net hyl phenyl trinethoxy silane, 2
an nonealbiyil gheaiNopr DYt hoxf 651 2né€f Nyl RAXRX ST ANS; Bn A 7

am n%p)rr.%pyl tri ng%h xysi |l ane, trisam nopropyl trismethoxy ethoxy sil ane,

g ammaamih Yg r OFIVEIL ARG neNRH IO | apelngPEeR M a - a m
i n cypmethopygillaner, i teibahinoprypgli drismettho:gaAM@hoxg Bildhd, P r 0 p
y m d et 0.X S | an e, .

l\l—besgata( gn‘ll}{n%et ﬁa{yl -lggrr?nr;}?arr1‘ion3§)p910%yhlrfiJma“[1 foxySi Patiey s 11 ane,

N- betsa&( @ninndet hyl ) - gamm@-rard wopr gpyl trrethexysilane,y and 1 a n e ,

\- belcaa (i A0SLhy!) +08mre- 81 RORIORYAES Ayhdi RELROXYSI gne.; These.

am no-functional conpounds can be used al one or in conbination W'th one or
mor e "orhel 2ani HB1 PeRt R A4l - TRRPeUrRIRl TR TRy dct inetd carids t Lade names of

sone MBS | @fiesoe HBO YL ot e PIeSeRbpi 1Y eak 1dsted inJable 1
Tabl i\b%’ T Am _nosi ?Ege? lyl\/f‘:‘i)‘r?uf act ur ef‘&% o%igct Dgg?l%rﬁﬁ{sﬁolnéﬁdow C(I;hrﬁlc?l‘g 26020,
Xl - 6100 "R16 15668 %E?aé%fr“f‘%iaé%lm@@ymﬁrtmiﬁlm boxyallaws, Tras®, A1120
Al 1261irA- FL30t 1AK387 coblhidbacker HeD Jded S M 0o A0E9 6o hidBR8s 1 AP699,
A0700,.,A0710, A0720, AQ733, A0733, AQ742, A0750, A0800 PCR 12328-1

Pr ef g“’rlrt@d Oé% r?? Rgrediveiits a&%‘oé?“%géfm&ilf GREPPHRAE

The manufacturers and trade names of some aminosilanes

useful in the present invention are listed in Table 1

Table 1 - Aminosilanes

Manufacturer Product Designation

Dow Corning 76020, X1-6100, X16150
OSI Specialities A1100, A1101, A1102, A1108, A1110, A1120
A1126, A1130, A1387,Y9632

Wacker ED117

Sivento A0696, A0698, A0699, A0700, A0710, A0720,
A AQ0733, A0733, A0742, A0750, A0S00

PCR 12328-1

Preferred amine ingredients are at least difunctional
silanes. A particularly preferred difunctional silane is
N-beta- (aminoethyl) -gamma-aminopropyltrimethoxysilane.
Difunctional aminosilanes are desired because it has been found
that the combination of an aminosilane having a reactivity of
two, i.e., having only two amine hydrogens, reacts with the non-

aromatic epoxy, also having a reactivity of two, to form a linear
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silanes. A particularly preferred difunctional silane is

N- bet a- (am noet hyl ) - gamma- am nopr opyl tri met hoxysi |l ane. Di functi onal

am nosi | awesosawersdesi red because it has been found that tHoa/cwwab28ati on of
an am nosil ane having a reactivity of two, i.e., having only two am ne
hydr ogens, reacts with the non- aromatic epoxy, also having a reactivity of
two, ipod®rarmyAdnear -11 WO 03/066737 PCT/ US03/ 02786 32988/ GTL/ A51
noncross-|inked epoxy polyner that displays inproved weatherability. Use
of the am nosilane ingredient is desired to provide the property of

chemmcfmsrm t Oeg6kgs speh Aer sulhburi ¢ agid %1%%% Cr"%‘fc' ’
the fi nal }Il%%%ﬂ cta,coatl ng. Such preferred am nes an nos anes produce

el ast'Oner epORy STl Bklﬁnémé&ﬁﬁééﬁﬂﬁoh%g?ﬁ@%enm Ggpldest taas a

substpatel doathagprexstbit ofupﬁrerorcafueawﬁi@@éﬁééy £0 Lerhs <ofnbyth col or
e.of fraom1 to ercent by weight of the

and gl.0ss; L€ d the. ra

am ne mgrédée[ﬂ{ d)b%zils% on the® ?b‘{lal Lo Erght i Y’u WorHoPE U - is used to
prepare el%ﬁmnerpmﬁﬁrred epoxynesd | oxame coapdAbkidAsesf tRrSdurvention.
It | Sse1fsdhgnetngdestoed o eflects e .total anmount of am ne
i ngredi ents That are useg@% %?%gggfe@t e coosrrlptolsor % SE T RAR G Li EGnpri se a
si ngl&® &niSHestigEedrenting . acubh Hha&upﬁro@rtwmmermxblﬁyfﬁremsam ne

i ngreslf enfis ddaicRgakessibhan r%l%%ttl%nperﬁﬁ%g@yré{&gé&héf% e 2% deqr ce of

|ngred| ent will produce a final conposition having an un dedi re

chemRH C s f a"r‘r%Jeg hdPér theatHE D H@%ﬁcﬁkﬁrn‘?mn]yas@@a@nnghapplqt@at| ons.

Usi ngve;rrgﬂai erf thancahpubi2ioper §8ntisby Igiﬁax%“él%ét%ﬂ{eﬁcd'rr%%
produyg (ip)ﬁl %pg+ corrp03|t| on having _an undesired degree of am ne g’l ush The
thon o

f or ma " E?Blﬁéjtslrjréso“@al PEd tBf SomiThiEBriBkodalé) ikubPl Pehas a
det r iyndaradtoast ftérxat drhmaamognperéoraaooeth@cat.rﬁall buoant! e&d stQ ngl oss

reductipng Pogr. recoal b||| ,_.and intercoat adhesion
gt %}%Se%%%ce& %éh % percepnl:t pof érﬁ%éﬁétlon which can

pr obl erns.
comprise a single amine ingredient or a comblnatlon of two or

more different amine ingredients.

Using less than about 1 percent by weight of the amine
ingredient will produce a final composition having an undesired
degree of chemical resistance and/or weatherability for many
coating applications. Using greater than about 25 percent by
weight amine ingredient will produce a final composition having
an undesired degree of amine blush. The formation of blush
(sometimes called blooming or exodate) usually has a detrimental
effect on coating performance because it can lead to gloss
reduction, increased yellowing, poor'recoatability, and intercoat
adhesion problems. Using more than 25 percent by weight amine
ingredient can also promote carbamate formation and water
spotting from regions of amine, carbon dioxide and water at the
coating surface. A preferred weight percent range for the amine
ingredient is between 2 and 20. A particularly preferred
elastomer-modified epoxy siloxane composition is prepared by

using approximately 7 percent by weight of the amine ingredient,
based on the total weight of the composition.
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i ngredi ent can al so pronote carbamate formation and water spotting from
regi ons of am ne, carbon dioxide and water at the coating surface. A
pr ef er r edweidglaé73per cent range for the am ne ingredi ent irCTOES0BOZIS62 and
20. A particularly preferred elastoner-nodified epoxy siloxane conposition
is prepared by using approximately 7 percent by weight of the am ne
ingrggb@@gGT12% d on the total weight of the conposition. -12 WD 03/ 066737
PCT/ US03/ 0278 2988/ GTL/ A51 I n preparing el astonmer-nodified
epoxy-si | oxane conpositions of the present invention, the proportion of
am ne i ngnedpbeBbpatOngt &8s SPMY- 1SN G _ r w de range, regardless
of whgtggr ?hebaning IS QhOSé% ﬁé%ﬁ%%: e g% r§¥§8 %ggego%?oﬁgF§?ﬂﬁctional
ami n8%, “0F PrENCHY yiURELi6Ral thAI RESPPERESNOP Lt Amigenenatedientuta above,
or ahjecepbipatésinthen eefry byegenesade rteh‘ggee,p% arf8Sisd 8@"@9@?9%1:' s cured
ou :

edient to vide at Neast froma 7 to

W th fficient, am.ne in ro
abou{:ﬁ%. flmgﬁenéseqctﬂ%zﬁré%{ro%ﬁ tIPTA PATIRS et val shuneeighal or with

at | emgnes., 2 Onblﬁﬂmmfp@&&ﬁ@&b&&@@aperaﬁp@d&ﬂﬁaﬁﬁgi%ﬁie@he“e?gﬁéraif the
anouRpg ] dd vides |l ess than 0.7 am ne equival en wel ght per
epoxi dg?‘gé%in%/gﬁ\égf ﬁgi%ﬁfc% éml’%%l?lnt Fﬁﬁ“&%’gti ng' 9€6RpE<i-t FBR PPO¥iced can

exhi BFE18 SSVWERE t i fre cameddivsipllaysuf Df eféor weahberialjdddierand: gheni cal

resi stanege If t Smogt | Rpe-adde rovi.des greater than. 1.2 am ne
equi %g#gﬂ%e\/\gtghltr& per ep%x%%&lg] gi’\zaﬁgntgb\%él;%g&t? tHE FesTRrhneL 8B4t i ng
n

conpl Pant eRRPBi e s gavdve Lsngs Wenghsr, greasitesst Wddst espect to
t he meaebi w&f ehasheBRI hfiel @%iN0 1 8L epgRdiLabepin hent, suyitable
reacg%ggngl%g;oneric r$%%£%§%nt%ﬁ%%diategﬁgncﬁuag tegggﬁaaviﬁg?ht ?oxyl,
epoxy, Isocyanat "€ ¢ yPTO¥PERY, 1REFCEPPENL Or aarinte ¢qunmivibeatiti es.
Exanpéeghteguts vepekastonepitrd Bsit watghredi @les +baghYdey coatin
hydrgéﬁg-gggggho @od%g ut enes; quroxy ind i socyanat e- ?unctlona
pol ybut 8[ene Fedi iy avall abl'e, SF o Ex afpFEOWt FEREARGDe and display

inferior weatherability and chemical resistance. If the amount

of amine added provides greater than 1.2 amine equivalent weight

per epoxide equivalent weight, the resultant coating composition

can exhibit surface blushing or greasiness.
With respect to the reactive elastomeric resinous
intermediate ingredient, suitable reactive elastomeric resin

intermediates include those having hydroxyl, epoxy, isocyanate,

carboxyl, epoxy, mercaptan, or amine functionalities. Example
reactive elastomeric resin intermediates include
hydroxyl-functional polybutenes; hydroxy and isocyanate-

functional polybutadiene resin available, for example, from ARCO
of . Lyondell, Newtown Square, PA, sold under the product
designation Poly-BD; urethane-modified epoxy resins available,
for example, from Reichhold of Durham, NC, sold under the product
designation Epotuf 95-472; urethane-modified amine curatives
available, for example, from Resolution Performance Products of
Houston, TX, sold under the product designation Euredur 70;
Aradur 70 available, for example, from Vantico of Basil,
Switzerland; amine and carboxy-functional

butadiene-acrylonitrile resins available, for example, from
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of . Lyondell, Newtown Square, PA, sold under the product designation

Pol y- BD; urethane-nodified epoxy resins available, for exanple, from

Rei chhol dwaf 03dé13am NC, sol d under the product desi gnat iraT/Epenemse 95-472;
uret hane-nodified am ne curatives available, for exanple, from Resolution
Per f ormance Products of Houston, TX, sold under the product designation
Eur edur. ur 70 avail able, for exanple, from Vantico of Basil,

Swi t ggr98%9gTL2%%ﬂe and carboxy-functional butadiene-acrylonitrile resins
avai l abl e, for exanple, from -13 WD 03/066737 PCT/ US03/ 02786

3298&1@6'5@&],6@ No f r ksville,  Chio, | d under
be gﬁ%%]?gﬁgh%&r%%lga%e%%ﬁlé@%ox% adduet £ Elfd Amdse ﬁ

t he %]uﬁ t desi
car bé’f cOESHaN B dcad &TEMNMEnA GWiBY 1 i¢roresidduatai bdbbeintorndexanpl e,

fromclae:@obcytlfuﬂctsahélukﬂ&h%di&% @H}Mnﬂ%%‘ﬂﬂ@ﬁrb@ﬂ% oM 28005, 58006,
d1e5|grfaF| ons

58042, g@? 58 fé@% ei chhol d Id un er _ the product
Kel poxy 51§~ r'%“ AT @Q??O an RE| pdrey @@%uc‘éndeﬁﬂénﬁ@/@ﬁpem alty
EhNeRnﬁ@@Ins 560 OIVBEIS@@mane 5M2d soidl aguder, tﬂﬁgﬂgr;@gyﬁﬁhﬁal gRaki QASEr | IdSyS

- and Eri s and_the mercaptan an
epox%?lfuﬁgoﬁg%gl B %‘%%QTO ‘e Ige]spgﬁ%y %1%‘01 D el BREHpFe278r of?ohm &
Haas X6 POk Fadel p@ﬂl@ £ 1iom §NICdSpadealtjne:lmrmﬂ1mls desivgnatdonrdE)i gol  LP.

hego f he f
hi's E?Z‘ﬁ??%‘%rFﬁsr5§ba‘3“§ LB PIL Sy PO Bl o IR R 2,0 e

31641a/d Bt Uy SEBRF om0 ;Resdl the mrl@@xft@rmauudeeemgucfnscu%ﬁéerred
reacpb\zgsanasa@rr@éls@nrse%kz%%%m@ eff%%d'e%aﬂﬁaj] CJ{HQ"? £ O6n €ROX ?gdd cts of
on ri

amn E g oxy-functiqnal _ but'adi éne-ac e Trésins xanpl e,
Resof it 898 Bon3 58608° ﬁduF@?%HBﬁdPK@@B@RdeIQ}ﬂatII@@séhpakbﬂcIlPar

reacDiber et hstionmettor @sidioUsud ntlagma,ah@h@% af@uﬂéef@éé:‘?gl b%aufﬁ they
have gaégggém&gt tehastomer ont ent, aﬁﬁ a wei ght -average nol ecular wei ght
of th UGt ed resih t o Prothdd opfc Smine-functional resins

Epi-Cure DPC-3163, Epi-Cure 3164 and Epi-Cure 3260 from
Resolution Performance Products.

Preferred reactive elastomeric resinous intermediates
include the -epoxy adducts of amine and carboxy-functional
butadiene-acrylonitrile resins (for example, Resolution Epon
58005 and Reichhold Kelpoxy G272). These particular reactive
elastomeric resinous intermediates are preferred because they
have a sufficient elastomer content and a weight-average
molecular weight of the adducted resin to provide optimum
properties of flexibility and viscosity to the coating
composition. '

In the range of from 1 to 25 percent by weight of the
reactive elastomeric resinous intermediate, based on the total
weight of the composition, is used to prepare elastomer-modified
epoxy siloxane compositions of this invention. It is to be
understood that this amount reflects the total amount of reactive
elastomeric resinous intermediate ingredients that are used to
prepare the composition, which can comprise a single reactive

elastomeric resinous intermediate ingredient or a combination of



properties of flexibility and viscosity to the coating conposition. In the
range of from1l to 25 percent by weight of the reactive elastoneric

resi nous wa@roeedrat e, based on the total weight of the campo®BOLBR, S
used to prepare el astoner-nodified epoxy siloxane conpositions of this
invention. It is to be wunderstood that this anount reflects the total
amount2oés f@aciAve el astoneric resinous internediate ingredients that are
used to prepare the conposition, which can conprise a single reactive

el astoneric resinous internediate ingredient or a conbination of -14 WD

03/ 066YS PPCEISAILARZ6L BRIBEL CILLARIL bor OF 1 gnslid f BTNt J8aGl] ve
el ast igidgsinous intermediate ingredients. Using |ess than about 1
percent” by weight of the reactive elastoneric resinous internmediate

i ngredi entUsig peoeuceam dboat lcpaposhti by hevbhg af uidesid-ed jdegree of
flexididdtymetPaclsi LS i on resi.stance .for y coating
applicationsé,LBing]6§%atZ%Q?ﬁgﬁég%gS?B%ga%%F%ghﬁ’ REP&HFedgﬁﬁ

r eact TVEPRT bist Ohrel P €1 1@ s PRo v daftigiatk diegesd ngf edilenti buillilty, priogzee a fi nal

conpasiéiomidal | sukeryoyiagaus, mekbngeswed cpalinguyery difficylt to
applyaabﬂye 2§§Ferc%pt. A preferred megg?t percent range Tor e Yé&active
el ast onert & FEdifous ﬁ%ﬂ%%ﬂ%ﬁ% Gh7gt et @t 25 Dsatameen by amd 20, ofA

par t i che ar¢ycipted ecl edc ehasi OneesMRELE edePAXM 1 §LLOXANE « LQAIROS)sHHON s

prep usi proxi matel.y 4 percent by weight of the reactive
elasﬁ%ﬁg?%%ar%s?%ggg CRtBPRddiikre ¢ Hgredi ¥ty basedusn tH&inst suckei ght of
t he coPplosig ivery Elastionert nodidped, efgoxye Sid @ane@onposi tions of this

invention are foroul aged pplication with conyventional air, airless,
ai r-assi st ed %jrIess@gndw%?ég?rO§F%?FggépﬂﬁymghuféﬁﬁntFgebr&§ﬁFtdWerolIer.

The YRG0 T@sd monsehdbarnedbet asbuyasli @rotiec beveceoat ings 2ar st eel
gal vani Zioaigs i AlIHBIRMMp GONGHRIE elastomer-modified epoxy siloxane
composition is prepared by using approximately 4 percent by
weight of the reactive elastomeric resinous intermediate
ingredient, based on the total weight of the composition.
Elastomer-modified epoxy siloxane compositions of this
invention are formulated for application with conventional air,
airless, air-assisted airless and electrostatic spray equipment,
brush, or roller. .The compositions are intended to be used as
protective coatings for steel, galvanizing, aluminum, concrete
and other substrates at dry film thicknesses in the range of from
25 micrometers to about two millimeters, and can be applied as
protective floorings for convention floor surfaces at dry film
thicknesses in the range of from about 15 to 200 millimeters.
Pigments and/or fillers can be used if desired to provide
colored or textured coating compositions. Useful color pigments
may be selected from orgaﬁic and inorganic color pigments which
may include titanium dioxide, carbon black, lampblack, zinc
oxide, natural and synthetic red, yellow, brown and black iron
oxides, toluidine and benzidine vellow, phthalocyanine blue and
green, and carbazole violet, and extender pigments including

ground and crystalline silica, barium sulfate, magnesium

_15_



and ot her substrates at dry filmthicknesses in the range of from 25

m cronmeters to about two mllineters, and can be applied as protective

f I oori ngswioon3/oeemsvent i on fl oor surfaces at dry film thickoasses/iozset he
range of from about 15 to 200 mllinmeters. Pignents and/or fillers can be
used if desired to provide colored or textured coating conpositions.
Usef@2g§§ Tq?égynns may be sel ected from organic and inorganic col or

pi gnents whi c may include titanium di oxide, carbon black, |anpblack, zinc
oxi de, natural and synthetic red, yellow, brown and bl ack iron oxides,

t ol vigdilnesard kenziidimes el dow m&l %Craiéq g,lsbllli% and ;ﬁggéF?/g‘?“m li ne

carbazo e V|0Iet_ and extender ‘pigments i I'ng "~ groun
si | C&TPAANTm &ﬂ%tpgwc}%neas%%nmwnm@mmﬁ1@@1&/a@303/9@2%&61

32988:/eCE'ﬂdpéErl shdli ctatee maém unusé Fhtate,) 18,68, 3 AL LAGEOUS L L0R 1 BXL4e,
d alunlnun1S|P'cate gypsum

cal ciymy Gar honat e, g&g r, aIun1nun1an
feldspar “and the' | k% ef 2 Serd IS K Ohvent Fomara priders known
in tﬁ@lGodMQﬂnﬁsxmmwgmylsatb)a3caaMsxgunnw&g,chigéccﬁgygqg§hﬁqh§hl|cate)
cl ay o um, num _Si ate), . wollastonite (cal cium
SI|I%§?§%%t%2 c?h%?%%%%%na e, e f ?@sS%EéFF%ﬁ?SuF? Fej™ GRrPERARE abor at e,
alunﬁﬁﬁﬁﬁﬁﬁiﬁ?ﬂraﬂé=$Jh¢®@©)téﬁuznmcmeahbnraual oppieturand ibierkicke. The
anou ra@,ﬂn@@qn%qtnci hagldn%ﬁ{ﬁ@d éotr)pgé)_l_r r’gﬁ&%h orrl1)q§| tion is understood to

h

vary, depen ing on the particula conp05|t|on a pllcatlon t he requirenent
of hiding 8@%@“Fﬁ%“§ﬁﬁ%ﬂ¥%&m@nﬁ’tk@ﬁdéﬁtwﬁﬁd-&ndf©am b&ezepopnbéniancl ear’ or

COIOHBG%&d@ﬁE@EﬁdIﬂﬁ1véﬁydeééﬁ@ﬁdlﬁﬁ éh @Ké”85§t§§3?gk”38bpﬁg§E?oa grey

colored desired, a conbination of eren plgnen

ing i
e.g., % Siégﬁpa %h?IF§H MAREREDki RE cARdbed usEer Afcexawpsterate oxr

elasmodemcmadlfaad epaxpesktoxaniges CMNOSd 4 @Y FRY SRS S8 PBSEQlOﬁbOUt 70
percent by, weight pignent and/o filler, based on the total weight of the

conp05|t|on ing gredter %%%% 90 SPECERE Ly BRTGhE FenEOAREEsr il l er
can FPedues dtodpesieron & hatmbination of two different pigments,

e.g., lampblack and titanium dioxide can be used. An example
elastomer-modified epoxy siloxane composition may comprise up to
about 70 percent by weight pigment and/or filler, based on the
total weight of the composition. Using greater than 70 percent
by weight pigment and/or filler can produce'a composition that
is too viscous for application.

The pigment and/or filler can be.added as part of the resin
components used to form the composition, e.g., with the epoxy
resin, silicone intermediate, and reactive elastomer resinous
intermediate, and/or can be added as a separate powder component.
The pigment and/or filler, when added as part of the resin
component, is dispersed with a Cowles mixer to at least 3 Hegman
fineness of grind, or alternatively is ball milled or sand milled
to the same fineness of grind. Selection of a fine particle size
pigment and/or filler, and dispersion or milling to about 3
Hegman grind, allows for the atomization of mixed resin and cure
components for application by conventional air, air-assisted
airless, airless and electrostatic spray equipment, and provides

a smooth, uniform surface appearance after application.
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is too viscous for application. The pignent and/or filler can be added as
part of the resin conponents used to formthe conposition, e.g., wth the
epoxy rewiom3/sei3rcone i nternedi ate, and reactive el ast onEBCTERBNDI86

i nternedi ate, and/or can be added as a separate powder conponent. The

pi gment and/or filler, when added as part of the resin conponent, is
diqu%»@th/Aab- Cowm es m xer to at |east 3 Hegman fineness of grind, or
alternatively 'is ball mlled or sand mlled to the sane fineness of grind.
Sel ection of a fine particle size pignent and/or filler, and dispersion or

mlling tozakaut; 3 rg—leg,ﬂ@gr i.nd; ) o, t atom zation of mxed resin

and cure COHggglentas for ap%%#ga%?%%]é%ﬁ%nc\%fen ) Fe?ﬁ?? AFYSR5PEt ed

ai r| 688 SHOPLESbe nEe BeRE t Ho sttt uBpr Syt Bl onentto kamichgrdiadesota snoot h,

uni f artra suyrdadey Aippest anee 31 1 8FoRPP] HCAtH QY 216 0 L

PCT/ U3 02786 32988 CTL/ A1 R TP G g Tt S

present 1nventioh “and”ShButd"Be Preveft i Al&n Savewas suf fivetentate bring

aboutndiatlly athesiherdley busmidf tiyhengiddwoned Margmdiate and ﬁbﬁrgéﬂpsequent
inly

condepsal; of . S| | wgroups. The sources of_ water are
at rmspherI:l%qHum%@%ﬁ/ég(%\%gdsg%ﬁ%%d W8St uP8Y ol REdsignient 2chal eFrik.

Addi t9Bital denerEingaeer amvy cbpé adued ttionacceherat s enee (gependi pgeoN
anbi edatcerdi bhanss i SYEhLAS Q. the coating _and flooring

conposi ti glrr%di n arid envi r%nn%%ﬁ%l%%r eter raelal%I fg’tvdr@m??dﬂ'ﬁ'i ed €poxy
si | oXAITe SEiTpost R FbAMeEnprisEted gpory i lspuichicompbsiit ianpoathpof swat er to

faci hict abeahds obobher - Conpasidi oS Llial. atecpropay edou.thoul, added vater

may not  contain the amount of noisture nee F&%and
condenskrraiiPESct TORS, Rl REGPRKEF efBrdgtodadéed compesi magn net oduct
havi wgnaainngufe | eheaht degr ee iaft utld radRlet s £0LEQSI r@i%ic@e L gal

r esi ositions that are prepared using gredter than about one
per c?%’?] @%;?/1 Sﬁegggﬁt §Cﬁ/{‘;’{tc grl “t'&nd af‘gi Fn‘?gr ﬁ?ﬁ%foﬁ%dpjﬁ%qi‘y%r@Z@OWE)OQBb‘?h@Jan

unde®rrabicé Havibef eneiappfiféatieon. degree of ultraviolet, corrosion
and chemical resistance. Compositions that are prepared using
greater than about one percent by weight water tend to hydrolyze
and polymerize to form an undesirable gel before application.
If desired, water may be added to either the epoxide resin
ingredient or the polyfunctional amine ingredient. Other sources
of water may include trace amounts present in the epoxide resin
ingredient, polyfunctional amine ingredient, thinning éolvent,
or other ingredients. Water may also be incorporated by using
ketimines or alcohol~solvent—w§ter mixtures as described in U.S.
Patent No. 4,250,074, which is incorporated herein by reference.
Regardless of its source, the total amount of water that is
used should be the stoichiometric amount needed to facilitate the
hydrolysis reaction. Water exceeding the stoichiometric amount
is undesirable since excess water acts to reduce the surface
gloss of the finally-cured composition product. Since coating
compositions of this invention can be applied, for flooring
application, in thickness from about 15 to about 200 millimeters,
it is important to add a sufficient amount of water and

distribute the same uniformly in the combined material to ensure
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| f desired, water may be added to either the epoxide resin ingredient or
t he pol yfunctional am ne ingredient. O her sources of water may include
trace anowa®/e6mB3ent in the epoxide resin ingredient, pdacifusesoesnal

am ne ingredient, thinning solvent, or other ingredients. Water may al so
be incorporated by using ketim nes or alcohol-solvent-water m xtures as
descr{had i b U Pat ent No. 4,250,074, which is incorporated herein by
referjence.)%relg’/azr%d]l ess of its source, the total amount of water that is
used shoul d be the stoichionetric anount needed to facilitate the

hydr ieSr r@aeti - i oLghi tric angount . is
unde@ij?b?bl e Si ncré@;&xncéém;sﬁvﬁ@é?%g[g;tg@t g}qggg{‘jcgﬁ?ﬁg%ﬁﬁ gggqgﬁf%égnﬁf t he
finalt y RaAReF tidHosi tiret spirsducelastrerc vatiifig edc omposivt | sidoghnthi s

| nveridngrosiait die BPHric@thr oMby hRAHNd e sa8PRhhaLLAN: Ion 1t by Sp{,rom
abougﬂellSﬁo about 200 m |l rretyfer S, 'gint eiss inportant to ald%e%léggl?f |in ent
amount. of ‘_Wa"faé nd distribute the sane uniform y in the conbi ned materi al

to ensure Wity WOSRRCB66737 T/ WA/ 12186 0r3a98RCELNATL pLeRel <dryi ng and
curing,f t he hi t hi.cknes pplications. A particularly preferred

el ast or%et%fbrgo%i?%%]og%&ar}lslﬂ gfzcﬁg%ctfnposi tion is prepared by using |ess

t han vEsdutl 6or pernbmy efystweieghtoddtfered Moy resipecind eckpesept bapal

or gargmet &i ¢ gahakyst 5 ist.a tallic catalysts useful for
formng el ast ofer - rmé?f ilggﬁeﬁgéxyh% %%g%gnggﬁ%%i twiegt&s ]yrb‘?wrf ht% Fh@enti on
i ncl ide tthe IMASVAL1dn i efsIvel Fikpowmdnyarese paizitcciomdust,r y £ieagiumi, nc,
mnganesat 21 Reenl UM eddt aHAM: s hcoball , jif opy.l "-Pc%r nd.gin each in the

f or m_of doct oates, neodecanat eslgnd naphtlrrllanalfl%s. urﬁt gqbﬁt eogg SF%{S

i ncl JFE Y HHGHY n2Bat AR aaFasy t he gehbrblef slahaly RE Recluel n-R

R8 organotin catalysts having the general formula ‘

where R5 and R6 are each selected from the group consisting of
alkyl, aryl, and alkoxy ester groups having up to eleven carbon
atoms, and where R7 and R8 are each selected from the same groups
as R5 and R6, or from the group consisting of inorganic atoms
such as halogens, sulphur or oxygen. Dibutyl tin dilaurate,
dibutyl tin diacetate, dibutyl tin diacetyl acetonate, dibutyl
tin diethyl hexaoate, organotitanates, sodium acetate, and
aliphatic secondary or tertiary polyamines including propylamine,
ethylamino ethanol, triethanolamine, triethylamine, and methyl
diethancl amine may be used alone or in combination to accelerate
hydrolytic polycondensation of gilicone intermediate and silane.
A preferred catalyst is dibutyl tin dilaurate. |
Up to about five percent by weight of the organometallic
catalyst, based on the total weight of the 'composition, is used
to speed drying and curing of the elastomer-modified epoxy

siloxane compositions of this invention. The organometallic
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where R5 and R6 are each selected fromthe group consisting of alkyl,

aryl, and al koxy ester groups having up to el even carbon atons, and where
R7 and R8warw/eemh sel ected fromthe same groups as R5 armCTRE&03/02786r om t he
group consisting of inorganic atons such as hal ogens, sul phur or oxygen.

D butyl tin dilaurate, dibutyl tin diacetate, dibutyl tin diacetyl
acetggs%g,GghgﬂEXI tin diethyl hexaoate, organotitanates, sodium acetate,
and a |pﬁat| Secondary or tertiary polyam nes including propylam ne,

et hyl am no et hanol, triethanol am ne, triethylamne, and nethyl diethanol

an neaiBY yRe HagdLal 988-@T:d N reonhin; id@%ﬁ%%,%&ﬁe%§f%5§ bgygr§é§tic
pol ycondensatjon of silicone internedi ate and si'l ane. YA pre? rre%scatalyst
is d?Bu?9F1FF%Ytﬁ¢E&ﬁ%&%LCQM@QﬂﬁnébouFtf%%élbéﬁt@W@EEVtweﬁghhaOfch@

or ganepehal lief1eatal ¥skb, thased apotihe tof al Wei-ghicrefh 1tihe 'nggqyggti on, is
usedinto §Eeeg d%ﬁigg and curiqg of the elastoner-nodified epox Si | oxane
conpdSPEEEASTGF thRS PREeHERANCC ThECBREanERet 8PTPesSitignwbarbeeT a7

PCT/ b808402¢286a 329881 &TIdARh@aia Yisic can ks yadded nbecdhientesbp conponent,
or nentirely s ate conponent. It is to be understood
tha??%ﬁ?gngggggn?§%e V%cf%'f%?xioggﬁ%ﬁﬁﬁﬁﬁtq%%*ﬁ?ﬁﬁﬁﬁﬁkﬁ%ﬂI?%t%%Y%Fyst

i ngr éapeRtdenhat avelunsewrear qr epmre dtheitc dripes peireentwoiyChetght 6DNMPri se a
Si Ngkg0r GanoiERh iC; ca LN i ent a.-.conbjination of .two, or nore
different ot gano%eét%ﬁ(fccggle%g%s%t g{rI? g?%ld?rg{nt g.llﬁlsi%ﬁog?%ﬁté_’r F At about

fi veCREPESRL 1By WeigHid of Pehelbfgamomsiatiing caiwdyshaicngreeditenttoi | |
prodgeerd Fbrabracerpasi hiken having a pot life or working time that nay be

to short aor gractlcaL use.. El astoner-nodi fi ed epoxy siloxane conpositions
of the pFée8RP™RRVEREEEASEr eSHeREr aPlyOKBReI nCOTReSsEE9nandoEantive spray

appl bedsenthonvehbeonddid ieheohla ysobwenh viHVEYery QHPRRICHeSGH¥ENt S May
be added;La fmiore aom Zation and appl | cption wth el ectrostatic spray
equi prent —or 'to 1pr ove® f FOW -t BVeling » OTg

solvents may be added to improve atomization and application with

~electrostatic spray equipment or to improve flow, leveling,

and/or appearance when applied by brush, roller, or standard air

and airless spray equipment. Exemplary solvents useful for this

purpose include esters, ethers, alcohols, ketones, glycols and

the like. The maximum amount of solvent added to compositions

of the present invention is limited by government regulation

under the Clean Air Act to approximately 420 grams solvent per

liter of the composition.

Elastomer-modified epoxy siloxane compositions of the
pbresent invention may also contain rheological modifiers,
plasticizers, antifoam agents, flow control agents, slip and mar
agents, thixotropic agents, pigment wetting agents, bituminous
and asphaltic extenders, antisettling agents, diluents, UV light
stabilizers, air release agents and dispersing aids. A preferred
elastomer-modified epoxy siloxane composition may comprise up to
about ten percent by weight such modifiers and agents.

Elastomer-modified epoxy siloxane compositions of the
present invention can be supplied as a two-package system in

moisture proof containers, wherein one package contains the resin
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and/ or appearance when applied by brush, roller, or standard air and
airless spray equi pnent. Exenplary solvents useful for this purpose

i ncl ude ewtcersgs6Brhers, al cohols, ketones, glycols and tre1/Ud08/0278he
maxi mum amount of sol vent added to conpositions of the present invention
is limted by governnment regulation under the Clean Air Act to,

appr 8xPAAI@TY/A20 grans solvent per liter of the conposition.

El ast omer - nodi fi ed epoxy sil oxane conpositions of the present invention
may al so contain rheol ogical nodifiers, plasticizers, antifoam agents,

f | owEBRPRBNL Agent &,/ sltilpe ampoxar reagent i ltilvionet riopi ernagiinttss, phgient

wet t k@gc@-g@@t %18&!1564{@1’:!9@5 re@l%o%%ph%qefmgé&ggger Sandanglaa?e:}tézjrin gagents,

dil uen%z stabilizers, air ease ageht s and aids. A
pr ef 8PfFed” éfllésjteorrreraﬁéélfcﬂi"éé efpféﬁyS@llN@Xlénelf:odﬁ@smldon may senpidse up to

aboupatbmg@etﬁamble;W@h@“bo&?&ﬂn&@@b&bﬁr%néﬁ@aagﬁ@&édlghﬁs%QEPr dified
GDOXXB |0ane ositions o resent I nvention can be Squﬁxc ed as a

co
Rage SRR M st inconPgERERs, whtked Fnane phckage
cont apmgo$h’91©33|wf tHHGs \zﬁﬁv@ﬂtﬂ@ﬁﬂaznﬂglé@&b?ﬂi(@&@ a 329884 Gl 4

compepepls, In8reihhg @AY reshn, silicone internmedi ate, and reactive
el astOnBri ¢ resi nous i At érimedioat &2 and iy i grisht™ S St/ GPmR NG as .

addi i 9880RAdPEkasat cohtddsis ehe ,@cslqcﬁmd:tjpmzlﬂagﬁnmtmqhﬁedir@qt,

pol yfdacki enak-gam e dar &, n n i onal cat al sts or celerating
agents. Alternat :Eve dyco%ﬁpgg%??ogggo%gowﬁgs i m?n TS Sy 3%}3? ied as a
thre@l%‘a%lk%%ean‘%{/‘é?e%r%l%ﬁﬁﬁel n a first package contains the resin

cormonent51as@oﬁ@ﬁ&nsdpagléageeﬁeﬁyal 8s1LhenRol 35@8&&91‘8418 amfe Jngredi ent,
nd a third packagce contains t wder conponent he  pighents

and/%?e?“?ﬁ“f erd VR onBRE oS f P@Bléﬁéxyal?ﬁl SRARY c@hﬁiﬁ)sﬁtl croiofntt he
pr eseatperwent ¢ orocdnt benapphi edeandnful by ¢ubR aboapbient 4 enperature

CondA{'égﬁbéfgéigéé 9% Of fggﬁkﬁggugs-gg§gge§y retarded. However,
compositions of the present invention may be applied under bake
or cure temperatures up to 150°C to 200°C.

While not wishing to be bound by any particular theory or
mechanism, it is believed that elastomer-modified epoxy siloxane
compositions of the present invention are formed by the following
reactions. The epoxy resin ingredient reacts the amine moiety
of the polyfunctional amine or aminosilane ingredient and
undergoes an epoxy-amine addition reaction to form a three-
dimensional cross linked network.

In the event that the silicone intermediate is alkoxy-
functional, it is believed to undergo a hydrolysis reaction in
the presence of water to form a silanol-functional silicone
intermediate. The silanol-functional silicone intermediate then
undergoes hydrolytic polycondensation to produce alcohol and
polysiloxane polymers.

The reactive elastomeric resinous intermediate is believed
to react in the following manner. If the elastomeric resinous
ingredient is hydroxy or carbonyl-functional, it reacts with the

silanol groups of the silicone intermediate and forms part of the
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At tenperatures below -18C cure is severely retarded. However,
conpositions of the present invention may be applied under bake or cure
t enper at uneso3pee130 150C to 200C. While not wishing to be raumdkoby2mey
particular theory or mnmechanism it is believed that el astomer-nodified
epoxy siloxane conpositions of the present invention are fornmed by the
fol | osRgs/Leaghiens. The epoxy resin ingredient reacts the amne noiety
of the polyfunctional amine or am nosilane ingredient and undergoes an
epoxy-am ne addition reaction to forma three- dinensional cross |inked

net wopkel kit bhanevgolyibat the id laamedhatarmediate, L. ALk Lunct i onal
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el ast BMePecivesthonsl i ngr edhent wsthyﬂM@XQpémyCﬁé@gﬂyinéy@giéﬁgaéndlt

react sownthpshe ~gi Lapol the.silicone internediate and forns part
e e e 037 0605 r R BRa S he s BELPhab S 08 arl) Aby pol ysi | oxane

pol yner . ?h?ﬁﬁ’éP§§Fﬁh@ﬁﬁétp@§rnmgélfngdedueqtpdiyw&ﬂ0&¥~éy@§ﬁ©@@ﬁl it

rea“M”the‘@hpo"%m@%“e‘)%lﬁmf"e ra PO bher L ras, s hEFeds ent

part of e epo si |l ane

i's ne@cé%?%n g é%%ﬂ?ﬂﬁn?%hg%ﬁ%n%ﬁde¥$03$%hxérwﬁxﬂu¢rpnkymmmdémsafuon

i ngr edi ehttengolfyarimepard, Qrflthhehgrz%élsblfaeﬁ {orned

el ast gpeL s &%?j%éﬁg gpq$¥ 0 elastOnEr_eﬁg ?BE%OIQﬁ 6%3%5

pol yner co St h% g?:@hémﬁﬁﬂeﬁ%ﬂ%ﬁOWQﬁr@@d1is¢daﬂ@om%dergoes

hydr ﬁ%%@%a%%lwmmmmmmw@m t e @QEY§h£@é{aﬂ@rm‘[’“ &ﬁet@f‘aéﬁé}ﬁér of the

D Pho AN R 11 0 SROKS1 PRLY g S AL dR Bl d 8L St formiy
igpersed arrangement of linear epoxy chain fragments that are

cross-linked with a continuous polysiloxane polymer chain,
thereby forming aIumq—interpenetrating'elastomer—modifieélpolymer
network (IPN) chemical structure that has substantial advantages
over conventional epoxy polysiloxane systems.

When the ingredients are combined, it is believed that the
silane moiety of the aminosilane ingredient condenses with the
silicone intermediate ingredient, and the epoxy resin undergoes
chain extension with by reaction with the amino groups pendent
from the silicone intermediate polysiloxane to form a fully-cured
elastomer-modified epoxy siloxane composition. As discussed
above, either the polysiloxane polymer or epoxy-silane polymer
may be elastomer modified depending on the particular type of
elastomer functionality. In such reaction it is believed that
the epoxy resin functions as a cross-linking enhancer that adds
to the cross-link density of the composition without diminishing
the beneficial features of the polysiloxane.

Ultimately, the chemical and physical. properties of the
elastomer-modified epoxy siloxane compositions of the present

ilnvention are affected by ijudicious choice of epoxy resin,
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si | oxane pol yner conposition. In its cured form the elastoner- nodified
epoxy sil oxane pol ynmer conposition exists as a uniformly dispersed

ar r angenmewo @focbizmear epoxy chain fragnents that are crosci/uswkezised t h a
conti nuous pol ysil oxane polynmer chain, thereby formng a
non-interpenetrating el astoner-nodified polyner network (IPN) chem cal
structyb@syhat,/Ras substantial advantages over conventional epoxy

pol ysi | oxane systens. Wen the ingredients are conbined, it is believed
that the silane noiety of the am nosil ane ingredient condenses with the

si | ceneikoner mediatmcanaredi epo1 200 4heGROX YL 163l N undergoes - chain
extensi.on W th reaction wth the am no_groups pendeﬁ% ¥ t HE'Si 1i cone
p

i nt er redi'at'e" FINENERG TP By lewras cempeEsteonsodi fileds epoxy

si | oxangenoiposi aten. ursqel SCugsed C@QggﬁedeiEBercéﬁ@eHQ'¥§£i04§¥%8P0|yner
or ep 5, Sk olyner .may be el astoner podified depending on

parti géﬁ?&%%gngf eSS e unt | D i Ehe fiRcorawnadad i ohnstonar

bel i ef€8VERato mvowpexyan esipréuadt Henseascd @iessyimking @nhancgy that

adds rtQiLh8nELOSSH i f e.conposition without dimnishing the
benef i ci al fréa%b?%gé%@tr%gq%&%ﬁﬁ %éanaeb.ratrglp]tcfrhﬁtegllf\,@af‘rﬂ? ERemt et L ¥and

physi GHFSIpropet tpestormefet hetasromer -Tivatid i BOBPOXY 1SibEXATEe £ HIROS t i ONs
of thprpteseat widventi R ffec by .j udici Qus choi ce of .epoxy. resin,
21 VO 0%06673w . PCT/ uso3/_t%%‘%gmggzg§§?“ G%L%%S?%gﬁrutiegon??ﬁ?)éh@% e,

pol yf URet'oh@P it he REFRERR:, 2RAJCOBPT@Pme . r&t astanee- modi fi ed epoxy

si | oxane cadPOS]dnONBY Ol IekitSmehIWRAL FR A EMPITYE aW@eﬁoﬁﬁgggyf%%é()
si | QXxang conposl tirons, In t?lcat t he ncor por at ed

convepki ppal epoxy .gol ‘
el ast orrer  ser Vst Br BV Py 95n I kprEFed CHEGed 1M nmndstias), sudcki ng
resis§anéeﬁubﬁda&&minﬁagéwmﬁdaﬁdp&bﬁéaiQ@dﬂﬁﬂéﬂéﬂmﬁot%r%bﬂﬁBQY}gﬁPFed

coati g h ro These jinproved properties are provided w thout
det rac??%%%ﬁ%%hgkgésiégg&) aﬁr%%e?? i 88BFRE WAt he FROFYI tRRLeHef*@dle and

corr oSPBRCT B @Rrancefonventional epoxy polysiloxane compositions are
highly cross linked and exhibit high shrinkage when fully cured,
which shrinkage can result in cracking or delamination of coating

or flooring formulations on steel or concrete substrates.
These and other features of the present invention will

become more apparent upon consideration of the following
examples:

EXAMPLE 1

A resin component was prepared by combining approximately
10 grams epoxy phenol novalac resin (Epalloy 8250 or EPN 9850CH),
0.14 grams additive (BYKOS80 defoamer), 3 grams Titanium dioxide
pigment, 0.1 grams lampblack pigment, 4 grams silicone
intermediate (DC~3074, 8Y231 alkoxy-functional silicone
intermediate), 9 grams bisphenol A epoxy resin (DER 331), 3 grams
elastomer-modified resin (Kelpoxy G272-100 epoxy—termiﬁated
elastomeric copolymer), and 0.04 grams deionized water. To the
resin component was added a cure componient in the form of
approximately 7 grams aminosilane (26020 aminosilane)/ and a

powder component in the form of 45 grams silica, and 19 grams
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Addi tionally, elastoner-nodified epoxy siloxane conpositions of this

i nvention provide inproved cured film properties, such as reduced

shri nkagewanad/oeesr oved resi stance to cracking and del am rratTi/gse3mnemsn
conpared to conventional epoxy polysiloxane conpositions. Conventional
epoxy pol ysil oxane conpositions are highly cross |inked and exhi bit high
shri nkagesywhen/Asl |y cured, which shrinkage can result in cracking or

del ami nation of coating or flooring formulations on steel or concrete

substrates. These and ot her features of the present invention w II becone
mor e &ppar entheipors Donsiwies Atden Whwdde b oMM £X fgpéﬁb 1 A
e grans ré OoXy

resin o} S-prepared. b nmbi ni ng appr oxi mat

phenol" %gga Qﬂr%\@l ]Flg]( a??ﬁlo‘%Z%g ore EPN *9‘8@0‘@-5“1’:850 14 granms additive
(BYKGBO defoaner), 3 grams Titanium dioxide pignment, 0.1 grans |anpblack
pi gnepkavérgrans silicone internmediate (DC-3074, SY231 al koxy-functional
silicone 1nfternediate), 9 grans bisphenol A epoxy resin (DER 331), 3 grans
el ast oner - Z?TDHGFSFJr%dC@TéB‘Pnel(lKeWpsxprezazeaiO(byepimyntrgrﬂfg r@@@xﬂ‘ﬁglq}mri c

copol yoejgamaeg ot t resip_conmponent was
added g@ue;né cgo Wé}%tgﬁ?%%g@épgéfn@%m %rﬁra&%o%?glg’)? 7T gt Bl S'I | ane

(26020 Afri Ho¥T A1 tiar YRRt ﬁﬁﬂmﬁenﬁ igratriee Toran ofm 45 @t

silicpigmamt 19 gransgradd W@a@%&ﬂ@@ﬁ@?If@;ﬂéﬁpS/O@?Sgra§%988/qq%%gé% tglg
mXed and for

The r er conponents were conbi ned

a per?%%lgr g%&n%%WV# M nut esg BrlavpLe X dgie tcompohent sidst qumepar ed by

combi HiPerappiahe) maf?emramwbgszananemmép@a%%s&%vqb@ﬁ 58510 ’(%%Fl oy 8250
YK I

or EPRPN; 98506 gram; addj |ve)§; def.oamer), % ani um
di oxi de  pi gmsrrl]%Od 1jle grans 1 | girerts ™ 0 Gr %@1‘1%@11@61‘:6(1

i Nt er FEF ERIDC 3@:@31@‘»@31 aiﬂ(b)Q/ dw@iamaielsjﬂllz‘@ﬁ%ater To the
resin component was added a cure component in the form of
approximately 7 grams aminosilane (Z6020 aminosilane), and a
powder component in the form of 45 grams gilica, and 19 grams
talc. The components were combined and mixed by hand for a
period of from one or two minutes. The composition was similar
to that prepared according to Examiner 1, except that it included
a reduced amount of epoxy resin and a roughly doubled amount of
the elastomer resinous intermediate ingredient.

The elastomer-modified epoxXy siloxane compositions of
Examples 1 and 2 were prepared using cylindrical compressive
strength test specimens having a dimension of 1"diameter by
1"high. The test specimens were cured at room temperature for
14 days and then immersed completely into solutions of
concentrated sulfuric acid, concentrated hydrochloric acid,
methanol and ammonium hydroxide 'for 7 days. Afterwards, each
test specimen was evaluated for coating integrity and displayed
satisfactory coating integrity. Compressive strength was
measured per ASTM C579 before and after immersion into the above-
described chemicals. Aall of the test specimens retained greater

than 90 percent of their initial compressive strength after
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intermedi ate), 7 granms bisphenol A epoxy resin (DER 331), 7 grans

el astoner-nodified resin (Kel poxy &72-100 epoxy-term nated el astoneric
copol ymer Wo @nd613704 grans dei oni zed water. To the resin REOMKIBOLIS6 WAS
added a cure conponent in the formof approximtely 7 grans am nosil ane
(26020 am nosil ane), and a powder conponent in the formof 45 grans
silicazoandc®/agans talc. The conponents were conbi ned and m xed by hand
for a period of fromone or two mnutes. The conposition was simlar to
that prepared according to Exam ner 1, except that it included a reduced
anmountmetrepexy rébereantsailtaughty dotddesb baoont bet tethe heahastorer

resi i i i n i . | ast oner - nodi fi ed epoxy sil oxane
Composr 1T s ol Bt e fokEh oS AT TR e ‘T T cal

conpr essi V'S stdlgrftdneeviodpetedrerepdravi rey losdimensicmpaafi th'edisanetter by
L' i ghvcarliibed eslanpeol s VEIS, CHESHA! [OOFMLCIREELUr 6 f Olonchd days and

t hen ifmal%sed coEpI etely into sol concentrated sulturic &ci d,
concent PR hydrddil SHiEkaGEE, ofnBPhhRol 2 Ariel Wrientiairs i axirgesker 7
days.off tenpardsureacicl1i 0§t specbiBRe¥as be¥akuahed shal cealilg JiRtegrity
and dés n%%%' satll sf act or% coa mg integrity. Conpressive strength was
measut ed per ASTRI CBRE*BelP Ot 65 Lha*arE &° $iBh Atk Be tFEnQiseRE L ndescr i bed
cheni tlal ¢knedd fofr thephest ispepipposes et ailredogeeat BTockhan 20 Rperegent of

t hei r i nithal. GOoNRr I\ rength after -23 WO 03/066737 PCT/ US03/ 02786
329887 GTLT A51enlctmr:§fe§§%r{a%se%r%§sul$¥eﬁr ed@Bfipardbt e TPHRY er" han ot her

conveﬁ‘ﬁmmt‘éﬁ)wﬁ sﬁq"(ﬁ(aﬁfg’ CEposidayen ks itenteeaafiire By@le was
) S5 e et e RO A0Sl Aokl 1
to 1 THiHetB s FEm puitpos ezpnasfe teanper &lase coyeal-imegli £4 econepetg bl ock
was  ab S0 %n@c{(ﬁti&:z?@rﬁ’@rﬁi&ﬁ@eseﬁo%&@ Mo%%%t%@h%%%:e&iigg at the
iﬁ‘?‘; d'geosa:{slztn%cé h:loc cq:eascskir?gg acrgdnpdaglaa;[rrlli\%%t%%rneoiifs 'sh-lc;w%n(_ijoar‘foe sign%c o:SE were
cracking or delamination within the same number of temperature
cycles that it took the block coated with the conventional epoxy
polysiloxane to fail by cracking and delaminating.
Although elastomer-modified epoxy siloxane compositions of
the present invention have been described with considerable
detail with reference to certain preferred variations thereof,
other variations are possible. Therefore, thé spirit and scope
of the appended claims should not be limited to the preferred
variations described herein.
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at anbient tenperature for seven days, and exposed to a tenperature of 60C
for seven days. This tenperature cycle was repeated until one of the

coat ed bl eeka/odersel oped cracking or delam nation from t heCIowsnBe286

El ast omer - nodi fi ed epoxy siloxane conpositions of Exanples 1 and 2
denonstrated superior resistance to cracking and del am nation, by show ng
no signss@fcrecyaski ng or delam nation within the same nunber of tenperature
cycles that it took the block coated with the conventional epoxy

pol ysil oxane to fail by cracking and del am nating. Although

el astwiner - hwdcisede@poxy sil oxane conpositions of the present invention
have been described with considerable detail with reference to certain
preferred variations thereof, other variations are possible. Therefore,

the spiritland Boopelastohbe-appefded ckabry shauldgdHat b@o&hréégi@fmgo the
prefgé%gﬁar%?r%ﬁiégﬂgi%?gcribed herein. -24 WO 03/066737 PCT/ US03/ 02786
/ I A at '1's

3298 armed is: 1. An el astoner-nodified epoxy sil oxane
conposi ti ofRt@¥epared by conbining: water; a silicone intermediate having
the formula sR; ST - n_where each R is selected from
the group consis?%%€9%§%?ﬁggaﬁg%%OQévg%%u%h%nf af'kyF, aryl and al koxy
groups having up to six carbon atons, each R2 is selected fromthe group
consi sting of hydrogen and al kyl; and aryl groups having up to six carbon
atons and, wherein n is selected 4 that the weight-average nol ecul ar

where each R, is selected from the group consisting of the
hydroxy group and alkyl, aryl and alkoxy groups having up to six
carbon atoms, each R, is selected from the group consisting of
hydrogen and alkyl and aryl groups having up to six carbon atoms
and, wherein n is selected so that the weight-average molecular

weight for the polysiloxane is in the range of from about 400 to
10,000; )

a polyfunctional amine curative agent;

an epoxy resin having at least two 1,2-epoxide groups; and

an elastomeric resinous intermediate having a functionality
selected from the group consisting of hydroxyl, epoxy,
isocyanate, carboxyl, epoxy, mercaptan, and amine, and being
selected from the group of resins consisting of butenes,
polybutenes, butadienes, polybutadienes,

nitriles, acrylonitiriles, polysulfides, and combinations
thereof.
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wei ght for the polysiloxane is in the range of from about 400 to 10,000; a
pol yfuncti onal am ne curative agent; an epoxy resin having at |east two

1, 2- epoxi ¥® @roeen3s; and an el astomeric resi nous inter medirdTeUvav2718g a
functionality selected fromthe group consisting of hydroxyl, epoxy,

i socyanate, carboxyl, epoxy, nercaptan, and am ne, and being selected from
the ospopg phry,e8sNSs consisting of butenes, polybutenes, butadienes,

pol ybut adi enes, nitriles, acrylonitiriles, polysulfides, and conbi nati ons
thereof. -25 WD 03/ 066737 PCT/US03/ 02786 32988/ GTL/ A51 2. The

el ast oner - zmdlf'rleéi EPOXYordd I ONSHNEF LUMQR L) QN 135% 5 JLC1 InGla
wherein th nctional am ne curatlvégis an%ﬁ% né%ﬁ&%ﬁgiﬁaV|ﬁ§ t he

|
generaf - %%e%pﬁ) g aing 1l Wheyean 4 {gh d W uns tHORRR) amme where iae is an

i nt eger a@fifooildnd ohdyify ﬁﬁgegéhéjgunﬂdymghﬁrganlc radi cal independently
selected fromthe group consi gg of ar al kyl, dial kyl aryl,
al koxyal kyl, and cycloal kyl raditals 3mhere Xislimted to al kyl,

hydr O¥8 kg1 Y B$k®k@@ﬂ%gﬂanﬂ'Mhﬁdmomyah&ommahhybgg&o@gsf@@ﬂ{@l@bng kess than
about; $izxg¢arh e | 0
CoNpos| ti on asggﬁg%?ggo ? gfﬁ% gggﬁgﬁaﬁFQEan%?ié? ddﬁ“?%égﬁ one
netaﬁgr%%Ea$9%%l¥%@@%c@fl@aYé caiéyét émblbﬁlarghpeaakumgalwgereaﬁdthe
catahx&ﬂd@ﬂﬁydecfggléépg1thgngrowgfggns&st 1%1?8& gaﬂgya f

in the 0

zirc Ium cobalt, 1ron tin eac
oct o égg %Qﬁggtéﬂ§F€§aJ§W1nQﬁh@%@ﬁ%%EQﬂkQKYﬂﬁ@YbKasuqnecommduhuag epoxy

si | oxlarres cOMOSABOON @Sk FRebdethidhgl @i m 1 conprising in the range of from
about 1 to 40 percent by weight silicone internediate, 1 to 15 percent by

wei ght pol yfunctional amine, 5 to 60 percent by weight epoxy
3. The elastomer-modified epoxy siloxane composition as

recited in claim 1 additionally comprising at least one metal
catalyst to facilitate cure at ambient temperature, wherein the
catalyst is selected from the group consisting of zinc,
manganese, zirconium, titanium, cobalt, iron, lead, and tin each

in the form of octonates, neodecanates, or naphthanates.

4. The elastomer-modified epoxy siloxane composition as
recited in claim 1 comprising in the range of from about 1 to 40
percent by weight silicone intermediate, 1 to 15 percent by
weight polyfunctional amine, 5 to 60 percent by weight epoxy

resin, and 1 to 25 percent by weight elastomeric resinous
intermediate.

5. The elastomer-modified epoxy siloxane composition as
recited in claim 1 wherein the silicone intermediate is selected
from the group consisting of alkoxy and silanol-functional
polysiloxanes having viscosity of from about 3,000 to 15,000
centipoise (cP) at 200C.

6. The elastomer-modified epoxy siloxane composgition as

recited in claim 1 wherein the epoxy resin ingredient is selected
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resin, and 1 to 25 percent by weight elastoneric resinous internediate. 5.
The el astoner-nodi fi ed epoxy siloxane conposition as recited in claiml
wherei n tW® ®id63oONe i nternediate is selected fromthe grrapUsHengisst i ng of
al koxy and sil anol -functional polysiloxanes having viscosity of from about
3,000 to 15,000 centipoise (cP) at 20C. 6. The el astoner-nodi fied epoxy

si | ox £ '%][on as recited in claim1l wherein the epoxy resin
ingredient” is 'sel'ected -26 WO 03/066737 PCT/US03/02786 32988/ GIL/ A51 from
t he group consisting of epichlorohydrin-bisphenol A epoxy resins,

epi chie5® ) n b enol A
eB: chl or o% : %‘rcg%%%&?gis?ﬁéﬁ@g%%c:é ?C%%grlaag‘rd%gglt ?’L% 513| Irépl‘%‘glefcﬁ(éfyl

esters;® noTPHOVHPERN YoMy pesPRSNOL Bs gperiolrasidisti dy cepwepatesi ns, and

corrblhsrmmmmnt e resifchlbr oAy calias lamty mdified aRexas e, caapasi tion
pr epalr bsy con‘g 1 | i cone i nternedi ate "sél ect'ed TromtHe group
consisting 3 P’E(};@ ande@f?ﬁﬁol RIFRG onaPOy8Lesi | oRBPEE harsigsa

wei ghtesveriayel muldiciileat aixghtrddinde dngeombifsomadorte 400 to 10, 000;
an am nosil ane curative having the general formula Y - Si - (O X) 3 where

Yis HHNR)a and where "a" is an integer in the range of froml to 6, Ris
a di functi‘onal At ggdiestradircalodifdegendenkly ssebrshed f rempdia rgoaup

consistd & W nﬁr{&x{ di al kyl aryl, al koxyal kyl, and cycl oal kyl
radi CE?ILIt sﬂ&and b%Jreroe q imted to aI kyl, hydroxal kyI al koxyal kyl or

hydr oxyal I?offallli&ﬂnegrléﬁ@éfmec@dmtﬁ rfeigpdtess 'firtram o six coardien iatoms;  an
epoxyoff eshNkdayi ngnat |l8ash d1WehA-eRpxi d &Ifé‘ff t&g&'? afly %E gtoneric
ected Tr

resi nous i nternedl ate haV| ng a functionalit om t he gr oup
consi‘&ti QR} QBﬁW%gv7 <@ﬁ5§§ weight in the  range of from about 400

to 10,000;

an aminosilane curative having the general formula
Y - 8i - (0-X),

where Y is H(HNR), and where “a” is an integer in the range of
from 1 to 6, R is a difunctional organic radical independently
selected from the group consisting of aryl, alkyl, dialkylaryl,
alkoxyalkyl, and cycloalkyl radicals, and where X is limited to
alkyl, hydroxalkyl, alkoxyalkyl or hydroxyalkoxyalkyl groups
containing less than about six carbon atoms;

an epoxy resin having at least two 1,2-époxide groups; and

an elastomeric resinous intermediate having a functionality
selected from the group consisting of Thydroxyl, epoxy,
isocyanate, carboxyl, €poxy, mercaptan, and amine, and being
selected from the group of fesins consisting of butenes,
polybutenes, butadienes, polybutadienes,

nitriles, acrylonitiriles, polysulfides, and combinations
thereof.
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i socyanate, carboxyl, epoxy, nercaptan, and am ne, and being selected from
the group of resins consisting of butenes, polybutenes, butadienes,

pol ybut adwenesaeemrtrites, acrylonitiriles, polysulfides, aud/cswabrisati ons
t hereof. -27 WD 03/066737 PCT/ US03/ 02786 32988/ GIL/ A51 8. The

el astoner-nodi fi ed epoxy sil oxane conposition as recited in claim?7

wher edgnddassi fasone internediate has the formula RL R2 S - OR2Z 1 Rn
where each Rl is selected fromthe group consisting of the hydroxy group
and al kyl, aryl and al koxy groups having up to six carbon atons, each R2
is sel ectedl frornd hel griostpecaisd 5t ieg &loxhydinegehand RlHod and, ary|
groupée&ae/é'cg\gigpc&%i%i calrabon.at %ﬁs 9.. The el astoner-nodi fi ed epoxy

si | oxane conposi tionas feefted TSl SHmePRhet et el 2pdxiareding

i ngr eldpemla s selected fromthe group consisting of

epi chl or ohydri n- bi sphenol A epoxy resins, epochl orohydrin bisphenol F
epoxy resins, hydrogenated bisphenol A epichlorohydrin epoxy resins,

gl ycidyl methacrylate resins, gI'y(ﬂ'rldyI sters, phenol noval ac epoxy
resins, resorcinol-nodified epoxy Resing, and conbinations thereof. 10.
The el astoner-nodi fi ed epoxy sil gxape cofrposition as recited in claim?7
additionally conprising at |east jone netal catalyst to facilitate cure at
anbi ent tenperature, wherein the!l gatalysp is selected fromthe group
consisting of zinc, manganese,” Zirconium?®titanium cobalt, iron, |ead,
and tin each in the formof octdnates, heodecanates, or naphthanates. -28

L Rl

where each R, is selected from the group consisting of the
hydroxy group and alkyl, aryl and alkoxy groups having up to six
carbon atoms, each R, is selected from the group consisting of

hydrogen and alkyl and aryl groups having up to six carbon atoms.

9. The elastomer-modified epoxy siloxane composition as
recited in claim 7 wherein the epoxy resin ingredient is selected
from the group consisting of epichlorohydrin-bisphenol A epoxy
resins, epochlorohydrin bisphenol F epoxy resins, hydrogenated
bisphenol A epichlorohydrin epoxy resins, glycidyl methacrylate
resins, glycidyl esters, phenol novalac epoxy resins,

resorcinol-modified epoxy resins, and combinations thereof.

10. The elastomer-modified epoxy siloxane composition as
recited in claim 7 additionally comprising at least one metal
catalyst to facilitate cure at ambient temperature, wherein the
catalyst 1is selected from the group consisting of =zinc,
manganese, zirconium, titanium, cobalt, iron, lead, and tin each

in the form of octonates, neodecanates, or naphthanates.
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WO 03/ 066737 PCT/ US03/ 02786 32988/ GTL/ A51 11. The el astoner-nodi fi ed epoxy
sil oxane conposition as recited in claim?7 conprising in the range of from
about 1 twolB/oepmrcent by wei ght silicone internediate, 1 raa/d®spzseent by
wei ght pol yfunctional amne, 5 to 60 percent by weight epoxy resin, and 1
to 25 percent by weight elastoneric resinous internediate. 12. An

el ast guersyedirf/ixed epoxy siloxane conposition prepared by conbining:

water; a silicone internediate having the formula RIL I R2S - o R 1R
n where each R1 is selected fromthe group consisting of the hydroxy group

and al kyl , ary| Taed calblswonegr-oues i Rpoy La18kAnCAARALATE, cach R2
al Kyl” "an

is se ~ fromthe group consisting o hydr ogen an aryl
gr oup%%%tellgigrcllg l&pcﬁglgi >5< 85?‘86?18&?8@ GRS, TR &iin T alietled osd 0t hat

the werghenavdrageeighecddricoves ghhttomethetpol yisi toxane psrbant heg.r ange

of frqm;abeut ﬁq% g%j 0, _an_am_nasil| ape_curative having the general
fornul a %Y I S (rgc-tx a\%ﬁe?fé‘%’%ers%?ﬁm?g RRUCHREr €Y aveidhin ePRi&ger in
the r&f§éTof 2Rforh 1tPo 85 Rementdi byncreimat erlganicngmadi calesinous

i ndependerinkyiasel ected fromthe group consisting of aryl, alkyl,

di al kyl aryl, al koxyal kyl, and cycl oal kyl radicals, and where Xis |[imted
to -29 WO 03/066737 PCT/ US03/ 02786 32988/ GIL/ A51
12. An elastomer-modified epoxy siloxane composition
prepared by combining:
water;

a silicone intermediate having the formula

where each R, is selected from the group consisting of the
hydroxy group and alkyl, aryl and alkoxy groups having up to six
carbon atoms, each R, is selected from the group consisting of
hydrogen and alkyl and aryl groups having up to six carbon atoms
and, wherein n is selected so that the weight-average molecular
weight for the polysiloxane is in the range of from about 400 to
10,000;

an aminosilane curative having the general formula

Y - 81~ (0-X),

where Y is H(HNR), and where “a” is an integer in the range of
from 1 to 6, R is a difunctional organic radical independently
selected from the group consisting of aryl, alkyl, dialkylaryl,
alkoxyalkyl, and cycloalkyl radicals, and where X is limited to
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al kyl, hydroxal kyl, al koxyal kyl or hydroxyal koxyal kyl groups contai ni ng

| ess than about six carbon atons; an epoxy resin having nore than one

1, 2- epoxi W® @roeen3s per nolecule with an epoxi de equi val errcvesoghe78sn t he
range of from 100 to about 5,000; and an el astoneric resinous internmedi ate
having a functionality selected fromthe group consisting of hydroxyl,
epoxy32988peyanate, carboxyl, epoxy, nercaptan, and am ne, and being
selected fromthe group of resins consisting of butenes, polybutenes,

but adi enes, pol ybut adi enes, nitriles, acrylonitiriles, polysulfides, and
combi adkyéns hytdreredfyl1l3. aThexgh bisy bmer- nbgd f bega BRoxyasklOXaneups
conpoghii It LN L m, itionally conprising at |east one
nmet al %E§g?$§ ggg ac!?#t%%%ééﬂ%%gdggg%%éé%%NF%hperature, wherein the

cat al yst |31 s@Pe¥Y el EBmMaHiengrrerie ddrsi striend. - eziarci de Ny areges

zi r combustul bt RREHMin CORGt e idADivd RA% AN | &, £ ofm of
octongﬁis neodecanat es, orfiap tHg%ates.ﬁ%ﬁ%HdTﬁg?gﬁg%t%ﬁ%éénﬁéﬂ#%E?a epoxy
si | ox £OnPBerEi 5nV%%/ #Rited in claim 12 wherein the epoxy resin

i ngr edi entanselset @adeit fde@Mdhe ghespmeanststhagiof a functionalitgi .

epi ch i n<bi sphenal A epoxy resjns, epochlorohydrin bisphen
eBoxyégie%?%%{i ﬁ§8pgggg’§t ,e@rtﬁhglphgﬁ%rfswteﬁ%hl %th?éffiirﬁxéfﬁoxy FRFhs,

gIyciH§$CY@@@hacrybabexyésingxngLyCMdytaps&ﬁrsanahenghugpvabgp}ﬁggﬁy
resinge1 LESQKCI = | fi oxy .resins, _and conbinations .thereof. 15.
The el ast oner - rr%gél)r? rggle;pgg;?%%i I éganlée(s:%)frlr%os?%%lrﬁtajsngre% t S G5RSE ai m 12
conprPeivguianene paprydiofies r opolipoutadiemes 40 percent by wei ght silicone

i nternediat e L1 e - y i I nctional anm.ne, 5 to 60
per ce wel ght g%%?@%?%gtl\?\%’03%561%%#9%%%303%578 OUE G ST As1

t b
resih? %ﬁ%oﬁ'to 25 percent by wei ght el astoneric resinous

13. The elastomer-modified epoxy siloxane composition as
recited in claim 12 additionally comprising at least one metal
catalyst to facilitate cure at ambient temperature, wherein the
catalyst is selected from the group consisting of =zinc,
manganese, zirconium, titanium, cobalt, iron, lead, and tin each

in the form of octonates, neodecanates, or naphthanates.

14. The elastomer-modified epoxy siloxane composition as
recited in claim 12 wherein the epoxy resin ingredient is
selected from the group consisting of epichlorohydrin-bisphenol
A epoxy resins, epochlorohydrin bisphenol F epoxy resins,
hydrogenated bisphenol A epichlorohydrin epoxy resins, glycidyl

methacrylate resins, glycidyl esters, phenol novalac epoxy

resins, resorcinol-modified epoxy resinsg, and combinations
thereof.
15. The elastomer-modified epoxy siloxane composition as

recited in claim 12 comprising in the range of from about 1 to
40 percent by weight silicone intermediate, 1 to 15 percent by

weight polyfunctional amine, 5 to 60 percent by weight epoxy
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internediate. 16. A nethod for making a fully-cured thernosetting
el ast oner-nodi fi ed epoxy sil oxane conposition conprising the steps of:
form ng awoesineonMponent by conbi ning: an al koxy or sil amrdfsesotisenal
pol ysil oxane; with an epoxy resin; and an el astoneric resinous
i nternediate havin functionality selected fromthe group consisting of
hydrox???8§2%?9/Aﬁgocyanate, carboxyl, epoxy, nercaptan, and am ne, and
being sel ected fromthe group of resins consisting of butenes,
polybuggnes bu&ﬁglenes pol ybut adi enes; and curing the resin conmponent in
t he presenc ﬂer‘ét25anBP§ﬁ?nFed§era&um&nbyeaddtagekmeregéglﬁbus
polyfuhntenmeﬁlanene ingredient; and an organotin catalyst. 17. A nethod
for making a fully-cured el astonmer-nodified epoxy siloxane conposition
conprisingnége steps of: formng a resin conponent by conbining: a

ol ysi | oxan€® havh ngnetieod orfmat a mddind

03/ 0 i %gﬁ %eéilfﬁbnlthe

03/ 06648564 MSP3 §2988/G§L/A51 mhere each Rl is
gr oup conS|st|ng déggh R FﬁﬁﬁmhndCQWR9F1ta@?lC@ﬁwraBRO%wtgnﬂups
havmg“3 St®fsix carbon atoms, each IS selected fromthe group

consi sti ng ofrduel ogen angd @Anl&%n&@ }chljo PS haV| ng up

an alkoxy or silanol-functional polysiloxane; with

an epoxy resin; and

an elastomeric resinous intermediate having a
functionality selected from the group consisting of
hydroxyl, epoxy, isocyanate, carboxyl, epoxy, mercaptan,
and amine, and being selected from the group of resins
consisting of butenes, polybutenes, butadienes,
polybutadienes; and
curing the resin component in the preeence of water at

ambient temperature by adding thereto:

a polyfunctional amine ingredient; and
an organotin catalyst.

17. A method for making a fully-cured elastomer-modified
€poxy siloxane composition comprising the steps of:

forming a resin component by combining:

a polysiloxane having the formula
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to six carbon atons and, wherein n is selected so that the weight-average
nol ecul ar wei ght for the polysiloxane is in the range of from about 400 to
10, 000; wwdho3aaeBpoxy resin having nore than one 1, 2- epoxirA/ES0MPEB6 per

nol ecul e and having an epoxi de equi val ent weight in the range of from 100
to about 5,000; and an el astoneric resinous internediate having a

f unct i3@P8lsi/Grig@lsact ed fromthe group consisting of hydroxyl, epoxy,

i socyanate, carboxyl, epoxy, nercaptan, and anmine, and being selected from
the group of resins consisting of butenes, polybutenes, butadienes,

pol ybut adi &hege @adhckni by ShéECESdnfrompbhengr®mpt@@n@i355ﬁ§6oﬁftM@ter at

o noat 1 ang GO S pent A ST A BRI 3S2! K318y o1
O six carbon atoms, each R, is selected from the group

consisting of hydrogen and alkyl and aryl groups having up
to six carbon atoms and, wherein n is selected so that the
weight-average molecular weight for the polysiloxane is in
the range of from about 400 to 10,000; with

an epoxy resin having more than one 1,2-epoxide groups
per melecule and having an epoxide equivalent weight in the
range of from 100 to about 5,000; and

an elastomeric resinous intermediate having a
functionality selected from the group consisting of
hydroxyl, epoxy, isocyanate, carboxyl, epoxy, mercaptan,
and amine, and being selected from the group of resing
consisting of butenes, polybutenes, butadienes,
polybutadienes; and
curing the resin component in the presence of water at an

ambient temperature by adding to it:

an organotin catalyst; and

an aminosilane curative agent.
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