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ELASTOVER- MODI FI ED EPOXY SI LOXANE COMPCOSI TIONS FI ELD OF THE | NVENTI ON Thi s
invention relates to epoxy resin based conpositions useful for protective

coat i ngyARfed e |1 ke and, nore specifically, to elqﬁhﬁgﬁghggdified epoxy
si | oxane polynmer conpositions having inproved properties o? Texibility,

“weatherability, and chem cal resistance. BACKGROUND OF THE | NVENTI ON Epoxy

’Wsrbgé%gggggzgg§itipns useful for application as coating materials are vell
known, an ave gained commercial acceptance as protective and decorative
coatings for steel, alumnum galvanizing, wood and concrete in

Tei Nt enanc ELASALIER - MOSHNSIL YHok@Ns1AGEAE Sohpbalrrgiscraft and product

finishing markets. Wil e epoxy-based conpositions have | ong been known for
their desired properties of good adherence to substrates, corrosion

r eSiELBNOE, THRJLICIRNTIICAl resi stance, and weatherability, they have
suf f er egyt O ; i I roperties.of ,weatherability and rel ated
gl oss rg?g%t?gksﬁgiéﬁsﬁe%gﬁ%ad%g %%ﬁ%b§?@ﬁ8n?aﬁgpec&@@@?bﬁéﬂ“io provi de

i NPE6YEd  SPEpePEPESCHE Ve attririalgsl | epdanthgl o3skeet endj onmawd hout
saepiebi i g1 desi eedspPhHRPLL ki afy C [ resist nd chem cal
re%gﬁtgnggiotfg. Pat ent nb@@ﬁfgﬁgﬁﬁg% d%%%gzsggjég%ﬁ%mgﬁg legsiloxane
COpOSI ti 6N RBnpPPE NG af™PHPEFDenBEPRRT G0l 9fer TAeKNBEKIYIPN)  of

i nWertheradibpoxy spd yivemns cabdrgeistsinkexane pol ymers. The conposition is
prepared by sinultaneously polynerizing, at substantially bal anced
reaction rates, a mxture of epoxy resin and silane groups to formtwo

i nEAFERRABND &% ok SNYENBEOY neri zed epoxy and pol ysi |l oxane throughout a
[ esul ti Bgoepaldilaxadl afBiitsitubh8y AR | fot'SehiaLeraLt g pol yreri zed
DO IELURLE, AL YELeL L e i SUTTbulgd Lhroughe“Che m xiie 1o cause
ydrolyttc
acceptance 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 <xretention without
sacrificing the desired properties of corrosion resistance and
chemical resistance.
U.S. Patent No. 4,250,074 discloses a known epoxXxy 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 throughou__t_ the mixture to cause hydrolytic
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Pol ycondensation of silane groups to formthe polysiloxane. Wile this
epoxy siloxane coating conposition displayed i nproved properties of

veat hergighihdeysy corrosion and chem cal resistance wigq, oo dto
conventi onal nonsil oxane -contai ning epoxy resin conpositions, it is known
"to be sonmewhat brittle, lacking a desired degree of inpact resistance,

flexhbididy and abrasion resistance for certain applications. U S. Patent
No. b5, 6%}86%[% scl oses a known epoxy polysiloxane conposition for use as
"a coating. The conposition is prepared by conbining a non-aromatic epoxy
r espdl Wdrtichsa@li bHNGe anal,,am i | ane hardener, an organot'in catalyst,
an t.i onal pi gne%lﬁaf%e ilgo-%“lpgr med EBHRy Y581 \RIYvsideEarerposi ti on

R g over '

provi ded i@‘r’rﬁr Fr-d PEREE €xpabfl ngeetrimrastiont dispbeyéd dmpaBdegcor r osi on

r esheangs.csand *’Wfa’}:ﬂiiﬁi’?r@@rﬂ@ﬁ%ncQHEaEEQInié’aJ‘Aﬁr%@é%E%%ngZLOXy

nongid,p = ai_ni ng_epoxy resin conpositions.
si | oxan)g:‘??gt g%::éﬁg"t OcS%B%EfMPBV?HWWOWﬁBﬂQFQCEW veghance
pr dPEIRGSEd 1oppke ithd segmoprsi o Xem esoRomRasi b&pﬂtﬂé,scyéa?#hqabgve, it too is
knats iredoieggaaWaat 5 RLLtt . l.acki ng a desi.ted degree of 1 npact
resistance, "Ll exibi Ilﬁpéhgnlfi?séjbértgasr}coen r@ﬁ’@'ﬁ’éﬁl&&yf ghdcaprashemppl i cati ons.
It 5 REFET HPE, CHlISiire@Pphitatiorspoxy si | oxane conposition be devel oped
~that isUbSth capahte 0b. provéd Bgot hey ' roperties of

e NeahbLiLLY, .SOrrasi.on gnd chem cgllgregg%ggange P{gﬂyﬁad?/p%%oci ated with
epoxy "SI [ 0xane compositr8nsoT Wi &5aPseoakinmi diThe icomposidiquoperti es of
| npdctPFEFRAcanke, chieiiniid | &Y noARdraRaBE: OBpERY He@RRe ikl 1§ desired that

ePREF usick 95AH QITROSL 1 ] f this inventi-on provide inproved resistance
o %g?g?ﬁ%%ﬁ%?ﬁ?%ﬁ,ﬁgh HHHEBEOr A Frt 3 Brsh-oPE R i ngs: |

SURRRAG - HEMANENTRENEd ek spoapmelye] banepeengbtst Twent Lon, ther e
i sprovided improved properties of weatherability, chemical and
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 registance for certain applications.
It is, therefore, desired that an epoxy siloxane compesition
be developed that is both capable of providing the desired
properties of weatherability, corrosion and chemical registance
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 inventioen provide improved resistance to
- cracking and delamination when applied in the form of coatings.

SUMMARY OF THE INVENTION

In a first aspect of the present invention, there 1is
provided an elastomer-modified epoxXy siloxane composition

prepared by combining:
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prOV|ded an el astomer-nodi fi ed epoxy sil oxane conposition prepared by
conbining: -2 1 August 2006 water; a silicone internediate having the
formrWla RR, R- - S - 0- R R Jn  where each R is selected fromtile
~group consisting of hydroxy, aikyl, arYl and al kOXY groups having up to
si x carbon atons, each R2 is selected fromthe group consisting O
hydr ogen, alkymkiand aryl groups having up to six carbon atons and,
wherein nis § -average nol ecul ar weight for the
Pol Ysi | oxane |§m§%kt 35%§%§§&§Pﬁfron1 Q%Ut 400 to 10, 000; a pol yftmetional
am ne curative agent; an ep y?re5|h having at |east two 1, 2-epoxide
groups; and an el astoneric riesi'nous}internediate having a ftnctionality
selected fromthe group consijsting| of hydroxyl, epoxy, isocyanate,
carboxyl, nercaptan, and anine. Inf a second aspect of the present
invention, there is provj lspn @lgst oner - nodi fi ed epoxy sil oxane
conmposi tion prepared by cBrbining:| & silicone internmediate selected from
the group consisting of alk XY and sitanol -functional polysiloxanes having
a -wei ght - aver age nol ecul ar i'ght ijn the range of from about 400 to
10, 000; an am nosi |l ane curat|ﬁ$ haV|ng the general fornula Y- Sl- (0- Ala
where Y is HUM. and where ™a" 'is-an integer in the range of froml to 6, R
is a difunctional organic radical independently selected fromthe group
consisting of aryl, alkyl, dialkylaryl, alkoxyaliql, and cyc] oal kyl

radical s, andyUeERh X, issseiebteah%ﬁthegr 'c}!ﬁszsﬁﬂg%%ﬁﬁg j koxyal kyl or
LORp

I al kyl r,oups, contaj nin S| carbon atons; an
epoE @E Afg&%{ th E% SDE% :

FRFE: Greglepied fram dhe
group consisting of hydrogen 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 abont 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, mercaptan, and
amine.

In a second aspect of the present invention, there is
provided an elastomer-modified epoxy siloxane composition
prepared by combining:

a silicone intermediate selected from the group consisting of alkoxy

and silanol-functional polysiloxanes having a weight-average molecular weight in the
range of from about 400 to 10,000;

an aminosilane curative having the general formula -

Y- Si- (O-X,

where Y is H(HNR), and where “a” is an integer in the range of from 1 to 6,Risa
- 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 hydroxyalkoxyaikyl groups containing less than
about six carbon atoms;
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, mercaptan, and

-Z2a—
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an clastoneric resinous internediate having a fanctionality selected from
the group consisting of hydroxyl, epoxy, isocyanate, carboxyl, nereaptan,
and -2a | August 2006 anine and being selected fromthe group consisting
of epoxy resins, polybutene resins, polybutadiene resins, acrylonitrile
resins, polysulfide resins, and conbinations thereof. In a third aspect of
the present invention, there is provided an el astoner-nodified epoxy

si | oxane; i Li ared by conbining: water; ilicone

intern@@?%ﬁ%ﬂﬁggéﬁgﬁgﬁgh%%ﬁ#ﬁ?g? ﬁﬂmgﬁ%goﬂ%§$yy?Eﬁ”ﬁﬁﬁm Jel where each R

i s sel E&pdPobibaidiepereging gerdomilestering nolysulfide rosips, andicpmbingiigns and  al koxy

gr oupsthl@wf.ng up to six carbon atons, each R2 is selected fromthe group

- consi sting yd , .alkyl, and_aryl groups having up to six carbon
atoms and, ﬂ&hgreﬁﬁgﬁpigsg%¥%cf d §3°t RAESERE SVSREIMRer 496 Rolcul ar

wei ghtPHgridede pol ysileotanerisoditidde rangg ofsiflogBhabowong89itnl0, 000; an

am nosi ti .haying the general formula Y - S1 - (0- A3 where Y is

H(HNR?%kgﬁseaH%fékﬁ%;nﬁébén integer in the range of froml to 6, Ris a

di-fanctional orW##:c radical independently selected fromthe group

consi sting of ad dilicone MtbrMediatt Mty M/ formad koxyakl , and cycl oangi radical s,

and where X is limted to alkyl, hydroxal VI, al koxyal kyl or

hydr oxyal koxyal kyl groups contpmijyi ngjl ess than about six carbon atons; an

epoxy resin having nore than gn€1l, 2-lepoxi de groups per nolecule wth an

epoxi de equi val ent weight in thg randge of from 100 to about 5, 000; and an

el astoneric: resinous internedi dte hgving a functionality selected from

the group consisting of hydroxyl, epdxy, isocyanate, carboxyl, nercaptan,

and am ne, and being selec ﬁ‘$?ﬁﬁ$tﬁ% group consisting of epoxy resins,

pol ybut ene resins, polybutadieqe regins, acrylonitrile resins, and

conbi nati ons thereof. -2b

A

1 dn

where each R, is selected from the group consisting of hydroxy, alkyl, aryl and
alkoxy groups having up to six carbon atoms, each R, is selected from the group
consisting of hydrogen, 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- 8- (O-X,

where Y is H(HNR), and where “a” is an integer in the range of from 1t0 6, Risa
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 more than one 1,2-epoxide groups per molecule
with 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, mercaptan, and
~ -amine, and being selected from the group consisting of epoxy resins, polybutene -
xesins, polybutadiene resins, acrylonitrile reéins, and combinations thereof.

-2b-
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| August 2006 1In a fourth aspect -of the present invention, there is
provided a nethod for nmaking a fully-cured thernosetting
el astomer-nodi fi ed epoxy sil oxane conposition conprising the steps of:
form ng a resin conmponent by conbining: an al koxy or silanol-functional

.pol ysil oxane; with an epoxy resin; and an el astoneric resinous

internmediate having a functionality selected fromthe group consisting of
hydr oxyl , Epory,fduddyamspest cfr tmxylprementaam;reptand amhleee ard bei ng '
sele ]eﬂ,lfd m {he of e ¥y butene resins,

pol yg%t adi %ﬁe %esfn%;c%@and corﬁ)alwﬁggl oRs It%ﬁg%o(fg‘? AN curP‘F’t%t'iJheq resin
conpcﬁﬂéﬁtofﬂﬂrtwltﬁlésienéﬁow witlerane atmmp@ﬁt:.tloerrtrmn@u:ulsen@y t@adi ng

t her e§t@psaopol yfunctional amin ingredient; and an organotin catalyst. in a
fifth aspect of t he gresent i nventi on, there is provided a nethod for
meking a full y fermag é‘FSH’s‘EQWPé’P@%HF‘Pm@ngepoxy si | oxane conposition
conprising the st epanalkoxjf or sifamgd-fenctiewsl polysitaxemes withoy conbi ning: a

pol ysi | oxaj ae havi ng, ¢t feifih@d R RS -Si- 0- R | Rl Jn where each R
is selected fromthe grotp c¢dnsisting of . hydroXy, alky,, arYl. and al koxy

p ¢
groups having up to® ﬁSt%PWm%dﬁEm@Wﬁ%f‘%@%}ﬂt@d fromthe group
consi st i gg 3;] Isqlebtﬂnﬁmnth@gﬂoyﬁcoxﬁisﬁ:tgamﬂhydgtxgu[&poi)a\monpnalp to Sli( calr bon
atoms an eg gﬁt ehlins0 SR ge nol ecul ar
YsI rca eqﬁla ﬁ&d%g r%t %Egﬁéﬁ m @gﬁ{

wei ght for the s inthera abqut 400 to 10, 000;
with -2¢c 1 Augﬁglg)smggg)g €poxy resins, polybutene resms polybuta lene resins,

and combinations thereof; and
curing the resin component in the presence of water at ambient
temperature by adding thereto:
a polyfunctional amine ingredient; and
an organotin catalyst.

{

In a fifth aspect of the present invention, there is
provided a method for making a fully-cured elastomer-modified
epoxy siloxane compositiort comprising the steps of:

forming a resin component by combining:
a polysiioxane havittg {ke formula

[ R,
R
A—+8i— O-R,
| _
! R" In

where each R, is selected from the group consisting of
hydroxy, alkyl, aryl, and alkoxy groups having up to six carbon
atoms, each R, is selected from the group consisting of hydrogen,
alkyl, and aryl groups having up to six carbon atoms and, wherein n is
selected so that the weight-average molet:ular weight for the
polysiloxane is in the range of from about 400 to 10,000; with
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an epoxy resin having nore than one 1, 2-epoxi de groups per nol ecul e and
havi ng an epoxi de equi val ent weight in the range of from 100 to about
5,000; and an elastOreric resinous internediate having a functionality
selected fromthe group consisting of hydroxyl, epoxy, isocyanate”
carbOXYl, nercaptan, and arnin , and being selected fromthe group
consisting O epoxy resins, polybutene resins, polybutadiene resins, and
conbi nations thereof; and curing the resin conponént in the presence of
wat er at an anbient tenperature by adding to it: an organotin catalyst;
“and an am nosil ane curative agent. An el astoner-nodified epoxy sil oxane
conposition may be prepared, according to principles of this invention, by

conbining in the pagse ah p—({ i hicope internmediate preferably

-2d | August 2%98uggo@foﬁm%%%?ﬁéﬁ%‘}%%e%’%‘%8%?@?@?%51 in the form

of an al koxy or. Sriari o215 AN FRATie sayvglent weightdn theirenge of fioman epoxy resin

preferably havilﬁgtmtﬁﬁﬁﬂc amde 1, 2-epoxide groups Per nolecule, and an

epoxi de equi val ent whmbm&ﬁbfﬁg}ﬁousriﬁt@ﬂﬁecﬁteﬂe{vﬁalﬁ% t o gabout 5,000; (3) an
- - - v g ORIy

el-astoneri c re§él@£&ffr i E}tller nedi at e . havi ngx ¢ _selected fromthe
- group consisting of Y DRYID Canslsusgpidperoxgh eponsy isocyapisy, mercaptan, and
am ne, and bei A g@lw@m@ﬁ@gmegmi@seree@um@npmagiolﬁg' ng of jDutenes,
- pol ybut enes, busmikies 8SepoR? kashput t . acrylonitiriles,

Ko onepoRP I, RVANES redly bl BilgionB

gﬁlgf?LL'SSth. Aﬁﬁﬁﬁwﬁgﬁ%¢8%%$%%§onetalIic catal yst can Egthgggltgnlne
facilitate cur@IHg thassiarmomporenpinrthé pireence BflivhieONtSn akibRne! ast oner - nodi f i ed
epox yemperareiby 2daipesitt i on nay conprise in the range of fromabout | to 40
Bglrflfelrjltnc??/o\rfl\g: Q&gansolﬁlnlcggi}gt;lar&&er mediate, 1 to 15 percent by wei ght

an aminosilane curative agent.

An elastomer-modified €poxy siloxane
prepared

composition may be
r according to principles of this invention, by combining

.%n thg prgsence of water: (1) a silicone intermediate breferably

-2d—~
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amne, 5 to 60 percent by weight epoxy resin, and | to 25 percent by
wei ght el astoneric resinous internediate. These above-identified
ingredi ents undergo hydrolysis and pol ycondensation reactions when

conbi neqg gAnkdis; pPresence of water to form el astonmer gmdichi @zﬂ (EPOXY
pol ymers or el astoner-nodi fied polysiloxane pol yners, depending on the
choi ce of elastoneric resinous internmediate, that copolynerize with

pol ysi.l ol yners and/ or epoxy polymers to forma fully-cured
el aétagra}g?é@w }ied epoxy sil oxane polyner conposition. Utimtely, the

chenm cal and physical properties of the elastomer-nodified epoxy siloxane

COMu@sthéd FrgnObyst Lhventjon are affected by judicious choice of
epoxy, resin, fl%ﬁﬁ%%ﬁf%&ﬁ% aI%Oi 4 PEYPORL ROAE! Lapres MitBener, and

pi g At 2 @%Y%Wﬁﬁ@&lﬁmylmlmahannpnsl 1] prejpoafigehi s i nvention

ar eouLaepewhenleoTBAT £ { n COBNRNAI 003 ALY RALNG! Fangeconpost ti ons,
S 0 prOVI ve egr ee

%CP é ]‘b_: |nco r at e&qel ast oher serv
I bi F #r% W @0 icrigek aPe?ﬂ%‘é%%rlQam@labnam on
resP§F§ﬁ‘6@d1€6‘-€flhaViqg car efdncaabnagss;jrosaracié@r ?frér@mthgh%%%ug 3 1 August
rop

2006on¥: 034 -/ £ 329 L/ AS1 i nprove erties are
provfjged Wi tgﬂgﬁt %gg?g Lt n%%/fc% ggﬁé 8% Ge‘[ld EPBﬁErt‘Peé“sca@ltaWeat herability,

CheRfd ARy BB fssinee} estiest £mom EIBE BioLE D> DESERhBTdda iGE 1 713 | NVELATI ON

Bl asf obetemexi fpsidepenyssi b@g@&l&@p% gbtglgﬁ 9&&41 %,lltl nxggthut glnm ﬁge

pre rdi_n
i ngggjg nzﬁﬁ les g%?lg‘ffrﬁqﬁé 6P aﬁ‘?’u&éﬁ“lb&ﬁétl@%rt@@f@ﬁf tamd dfim a cured
epo%ysﬂoébféupgtyml aptdineactiurgttihe %@e@@m I aneAhngrO%@lgﬂglvm th a

Sl|b£§ﬁ1ﬂ>nﬁé”ttaqu%dé§€§i§s‘% Lok B ucBgl o d 0xane, PO (BT ERDXY, 51 oxane

n§05|t|ons of hi s nvention are re

SRS ”rﬁ?dCPPéatl‘éE% to

The elastomer-modified epoxy siloxane composition wmay
comprise 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.

These above-identified ingredients undergd 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 cowmposition, Ultimately, the
chemical and physical properties of the elastomer-modified epoOxXy
siloxane compogitions 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 fleX1blllty} impact resistance, crack resistance, and abrasion
resistance to flnally cured coatings formed therefrom. These .
. t '
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the additional reaction of an elastoneric resin with the epoxy- containing

ingredient, the silicone internediate, or the am nosilane or pol yam ne

depending on the type of elastomeric resin functionality.

El ast omﬁb IR&h{ ed epoxy siloxane conpositions of H}'C"des G‘E%{gi on provide

i nproved properties of inpact resistance, flexibility, abr asi on

r esi stance when conpared to conventional nonel astoner - m)dl fied epoxy

si | oxane ositions. Elastoner-nodifier epoxy siloxane conmpositions are

pr 78S, GTL ggbrdi ng to principle's of this invention, by conbining in the

presence of wat er; (a) an aromatic or nonaronmatic epoxy resin having at
ais,rtl rov‘@% gom de rou th (b) an al koxy or_silanol -functional

si I ¢one 1°n SPR% FhER: a? EcFP 8"?38?&‘ Hh’c‘i“i"&na‘f‘e%ﬁﬁ%ng( dhroq ridigct i ve

el atomedi puopsirhbes it evemrdticatpil Ang,  (8Imiadi10HADNabresHpoNet al | i c

catd st snELast omer - nodi fi ed epoxy sil oxane conpositions of this invention

may al so contai n other conponents such as optional pignments and/ or

sol vents, rheological nodifiers, plasticizers, -4 1 August 2006 WO
03/@&1&%}3%&’%@@&&@&78}@ TERIBIEmtroNdl t hi xotropi c agents, antifoam agents
and so and tté[% ﬁe to achieve the desired properties sought by the
user. Fpedt® glte WTY Pelrrrisigreurentticnseraf ddv®y resins

N ncﬂtl‘a@@tnﬁnealtqt@nreyneed kmm@ingrbmlpaqaaemmﬁﬂ::ee,amﬂr Faycbing Sat urated or
unW%ggtaﬂl@aiﬁ e&y @ahifﬁnag %0195 milgt er oc¥cl iC. The epoxi de
resins ener al cont

ester or g yC|dy oups have a
we i "GiF- SpeFrE d’(?X gEm(3 félred &ﬁoéﬁéklfﬁe? @q&warerﬂnd/\geght::)n@ftlter om 100 to

5, Gidncatliaiavingredieatt Wity 0fsiabedhe t YRr eI BRAX N 6%tk 1S Preferably

pr %@1@%10&&1588&%{1&%? herEtg}%p SS?.HOgalfleor E:nompositions of this
invention are referred to as being “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;

(¢} a polyfunctional amine; | .

(d) a reactive elastomeric resinous intermediate; and

(e} an optional organometallic catalyst

Elastomer-modified epoxy siloxane cowpositions of this
invention may also contain other components such as optional
pigments and/or.solvents, rheological modifiers, plasticizers,

t
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Exanpl e epoxy resins useful for formng conpositions of this invention
i ncl ude gl ycidyl polyethers of polyhydric phenols which are derived from
an epi hal ohydrin, e.g., epichlorohydrin, and a polyhdric phenol. Exanples

of such i c phenols include resorcinol, hydr bi s
(4-hydrg§§%ﬁgﬁgg) -2, 2 -propane, or Dbisphenol A asqﬂﬂhﬁgﬂ@gﬁnnnly cal | ed,
4,4 1 -di hydroxybenzophenone, bi s (4 -hydroxyphenyl) - 1, 1 -ethane,
bis(4-deroxxghenyl)- 1, 1-i sobut ane, bis(4-hydroxy-phenyl)-2,2-butane,

bi [ %ﬁ *ynapht hyl ) net hane, phloroglucinol, bis (4 -hydroxyphenyl)
sul fone. Additional polyhydric phenols are novolac resins containing nore
han, o] r substituted phenol ieties |inked through nethyl ene
r?eguré_éséﬁgg)g\?\gl %gglgt%'alaé’ &hRRBIRLS, and eR&fetndrfdiechibeitmat ed phenolic
oﬁﬁgUﬁﬂ§.thﬂdﬁ€Sén%¢ msgfert iepoggugtas ibys thachaete. gl yci dyl pol yethers  of
pol yhydmii¢ hakeahak e e r 1] LLvbydr.i.c cohol wth an
epi_hal.ohydrin gging g% gg%dggg%5f§$§§i?Qgﬁﬁggeﬁgfoﬁsefgif?%3ﬁfde,,and
suBSEGEEN L PG e di9%Ry thAR ¢Ra W 2 REORY GNP REY ok aaidkmby e
detspdraiaskdgenat | ngnegaiatednc! udegnampag t Becl pel yhydiic algohols that can

be I he preparatiqn of these ol yepoxi des are gl ycerine, ethylene
gI;%%%goggg%b?éneg§F§éﬁFﬁldﬁiéFﬁVP@n@%6F¥ng¥ ReEREAEdI Bt YcHdanet ri ol

t r ISPEERY PB| IPrGphile etheri grenipd, ohavt hawe ighenpaeragcxidboli and the |ike.
AuglistepdfQBle WELOILDESY e REEN USP3ED 988/ GIL/ A51 Epoxy resins and
theircgteggrq%%ons ar e dé?é&?%eg in %ﬁgﬁN{%§ig'R§§f 5?% 72 2,615, 007,
2, 6150088, Bo POORE, t¥053Fhe7oPoRnFesin3ss sptamebdly previvedei n
i néor paat ddrbyheefigianceli &t fbdnm ot her exanpl e epoxy resins include
gl yci dyk gsie f ol ycar bo %i aci ds. which are derived from an
epi hal olﬁ?gr#né zer'?%xya PO %8?8@ Ifl%E e FRYP PP Hickdif 88 Wescribed in U. S.
PattVeR§son rgRnde  dlyeidiyd, BFby82kranwbt golghgdhee eihenolsofpemat ed by
r eferenee: vex e 0 boRRL VSRR ! Leqaci ds eqpbghalig acid or its
anhydride, iso hthalicpacid,ﬁ{ereﬁhFH%IIGg%%#ggh%%ydgln’ and a
_ yhdZic phénol. Examples of such polyhydric phencls include
resorcinol, hydroguinone, bis(4-hydroxyphenyl) -2, 2-propane, or
bisphencl A as it is commonly called, 4,4 '-dihydroxybenzophenone,
bis(4—hydroxyphenyl}—1,1-ethane, bis{4-hydroxyphenyl) -
i,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 prhenol, moleties
linked through methylene bridges as well as halogenated, e.g.,

brominated and chlorinated phenolic compounds.

t
b
c

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.

{
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tetrahydropht hal i ¢ acid, hexahydrophthalic anhydride, adipic acid,
dineriezed fatty acids, dibasic acids nade froman unsaturated fatty acid
and acrylic acid and the |ike. Epoxy resins useful for form ng for weather

resi st ing conpositions include Epirez 505 fr ne- Poul enc
| ocat egﬁlbr?sﬁ[z%ﬁ%it ville, Kentucky; Epon DPL-862, Eponefcig}fg%gﬂsﬁ Eponex.

1513 (hydr ogenat ed bi sphenol A-epichl orohydrin epoxy resin) from
Ré'ggl rH%%i(9';F1'I("5@3=?1|::tformance Products in Houston, Texas; Santolink LSE-120 from
MbASA {) ®d in Springfield, Massachusetts; Epodil 757 (cycl ohexane

di ret hanol diglycidylether) fromAir Products and Chem cals |located in

Al |l ento nnsyl.vanisa; | dite XUGY3S8 and . PY327 from Vantico | ocated
in vvt%\%?}ﬁ}g, NevvaJSY%l?1 - Fé%fléjrnetpatgggggﬁa 859 ‘fl?%ﬁ’flt??é{ olfdSkocat ed i n
DuFfam NeE - @ 46721 ERLAL 5 DOy ot &F AP 8Garbisde , 2bocar &dsi, p7Tar ryt own, New

Yorkd EpOy, 3051 mmsunchsb e O MLOBERANF T esboLAN coalings i ncl ude
|

bl ends Eiﬁfso%huti on Epon 828 (bi sghenol A- epi chl orohydrin epoxy resin)

wi th_di Functionar "e‘b%&'éﬁﬁ—‘eeP‘a%%t PSPl Bueidyd etepenedl gl ycol

di. gPyxeasboilier acids ordichohre dieghyetidyten kel epadatyelaiexangdi met hanol

~ di gl peigydet 1 kisph F esins i.e.,. Res tion Epon DPL 862

(bl s§he§o¢§ élg%lpliccllﬂg?gh%gg#ﬂ ggg%ﬁur%essisn%]esacﬁ&%gﬁloﬁ no%aﬁoval ac resins

su@ﬁ as® P haAtoprdo305Teptk mhighasreebenyifr onc@voratedtbg in 1 August

2006£e MRS/ 06BISTHIRET/AISH3 024 800x A0 G ARl R ioncali L New Jersey,
n

r SF el B8 Gy B TEe nISSHBL B EhI 8Oy it ATBTEBRHEI SAidepoxy T oSi NS,
epbehTnohnpphithabispherid, Fhephyirophtnslic * hydiageaal edabpgsehenol A
o o e ol BB "R MRS o ofnapony 1 esi ns
\/\hFEﬁaq’Hp\f‘eteg][ fpgh¥t a¢iwd andharyyhiouwsid mna wbkeddke, These epoxy resins are
preferrigbxy resins useful for forming for weather resistant
_coating compositions include Epirez 505 from Rhone-Poulenc
located in Lousiville, Kentucky; FEpon DPL-862, Eponex 1510 and
Eponex 1513 (hydrogenated bisphenol A-epichlorohydrin epoxXy
resin) from Resolution Performance Producte 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 res_ins useful for forming chemical resistant coatings
inciude blends of Resolution Epon 828 (bisphenol A~
epichlorohydrin epoxy resin) with difunctional epoxide reactive
. diluents such as neopentylglycol diglycidylether, resorcinol
‘diglycidylether a}nd cyclohexanedimethanol diglycidylether,
" bisphenol F epoxy resins i.e., Resolution Epon DPL 862 (bisphenol
F-epiclorohydrin epoxy resin) and epoxy phenol novalac resins
guch as: Epalloy 8250 (epoxy novalac resin) £rom CVC located in .

( .
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because they enable formation of a three-dinensional cross-linked network
by reaction with an am no-functional conpound or conpounds as described in

better det aiI | ater. Preferred epoxy resins useful for providing chemcally
resi st aph gpigpRsi tions include those that are the co standard
epi chl or ohy rin-bi sphenol A epoxy resin w th phenol gﬁ%@%ﬁég&epoxy resin.

Preferred epoxy resins useful for providing good weatherability, gloss
retentiaon nd color retention include hydrogenated bi sphenol A
epidCS8r 6RYdR%h resins and glycidy net hacryl ate-based acrylic resins. in
the range of from5 to 60 percent by weight of the epoxy resin ingredient,

$8d 9 t ot.al ht of tﬂ,co osition, is used to prepare
I ast rr’rgr ar flheg §B5§§/YS|%§< ‘ﬁ’e st13DnEromfVariigonwedt ion. It is to
beD@ﬁTdé?sF@@dDEN@tB thos Bowulhenieafll.ect s the total anount of epoxy resin
|ngr edi eptsethad oy ;%j Q R eRar n%i% si,tion, which_can conprise a
Si n% epoxx rese?n in I ent orag 8}8} | 1At r&fl*ghﬁp}bernoﬁof*e di fferent
epSRY ¥ es iSRG edFRRf .011011U§F-”Pi§ | &3 sPhéral abE)uteﬁo:gercmuinhy wei ght of the
epbyyirpgshatedidilsphenduce e’:pldel@a'roﬁgHP%'é;!d%} hawing, ag[iﬂl@ﬁ' red degree of
Chﬁ\@cﬁéhr&f&&é&%@?ﬁs ang/ 8r erability for nmany coati‘n appl i cations,
. % ter fhan abgut “80Y ert&Te Bk 1gﬂ?voléﬁbﬁi}’°?¢ésﬁer$lmﬁll produce a
fi RAF dEFPESLRPbrindtiviing @@Oumdeasnaé wiléghehaoé BkeXiehBiti ko | Npact
re&p&kﬁngﬁeuﬁé‘d:\.@bé %l%uﬁ%s' St’I‘?] G g the | 1m tedﬁf Tount of the
gstorrerl in % i ent . % us 8%50%%]&/(5’ 037D FEPEFTEESf US03/ 02786
§§f‘tﬁ?/ %? %’E}“"i‘/ﬁc@h?fpﬁeﬂl fe-dimrys ifopa lt trompddykedsi n i ngredi ent
|sneb'eoweerby10 rendt 86n Aurtaftlaﬁm ahiﬂom&{c%&eﬁgle'@é&wir gified epoxy
si Lax SO g us appr oxi mat € 0 "percent by
wei gh ?&%? t he eoﬁggtlj‘!ﬁ%rl et erb éeal%ﬁ%ttﬁéftot al weight of the
cor’rp03|rt’¥%1?ﬁrre-d epoxy resins useful for providing chemically
resistant compositions include those that are the combination of
standard 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 resins 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 compogition,
is used to prepare elastomer-modified epoxy siloxane compogitions
of this invention. It is to be understcod that this amount
reflects the total amount of epoxy resin ingredients that are
~used to prepare the composition, which can comprise a gingle
epoxy resin ingredient or a combination of two or more different
€poXy 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
appllcatlons Using greater than about 60 perxcent by weight
- époxy 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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Wth respect to the silicone internediate used to make up the resin
conponent, preferred silicone internediates include, but are not limted
to, those having the following formula: RL R 2-- Si - 0- R2 R | n where
each R i ted fromthe group consisting of the group,
oxygen,“gﬁgag?ﬁgl, aryl, and al koxy groups having ugcgéggﬁé%%arbon at ons.
Each R2 is selected fromthe group consisting of hydrogen and al kyl and
aryl_groups having up to six carbon atons. It is preferred that R and R
con%?%%ﬁj%%ﬁdaﬁé having | ess than six carbon atons to facilitate rapid
hydrolysis of the silicone internediate, which reaction is driven by the
vol gtid 0 al cohol anal og product of the hydrolysis. R and R2
gro}?JJiL)s farédnge'lﬁtatpeﬁ‘mteﬁ’ﬁnr%% bbhie fRgHY Eerdntgugddient ihe hydrol ysis
of ®Hevesn l@omed | er e diaat dodler 1o pris€et-ebat bVeddomdrOWoMoEaLg | ity of each
al cahoty anab8ne Idonts®sh r e "n", or_nunber of repeating Si-O
grou$)s in %bhe ol eClﬂ%eS Egrgﬁbio%g),rteggkgé{L&tugéhgoa?ﬁlﬁ‘foW&eéyl ?‘gone
i nt® at® MRYPBEI eft thaveraxyelwinedivatagdasetiecul ahewebgdl i n t he
r angeigift bfotthabewtipiQ: ity . about 10, 000. A silicone internediate
i ngredi gat,hay] wei ght - aver age nol ecul ar wei ght 1 August 2006 WO
03/ 0667% BC‘?%%J%%%’?OEOIB%“G ﬁéggP%‘?‘LPAﬁﬁr‘EﬁdJi% usgan tabBake 409 can produce
a CotfpdSistioRorhanent, tioefdmietd lse 18 oongr actdaaldiceati Rgcappbj cations. A
si lhaonrge hotelimdiad & d NgLedL ViR ight -average nol ecul ar wei ght
of greater than about 10, 8%% g@%Vp &ﬁ%é%gwg8ﬁﬁ%%%¥ﬁaﬁ8ﬁéving a viscosity
outside a desired range of fromabout 1,000 to 15,000 centipoise (cP) at
200C, maki ng the conpositi onaIA 00 viscous for application wthout adding

sol vent in excess of current vdatile organic content (VOC) requirenents.
Preferred silicone internmedi ate ingriedients are al koxy or

R~ 51 — OR,
| .

. Rl

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 ’é:o 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-0O
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 v:reight—average molecular weight

-8-
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silanol -functional. Particularly preferred al koxy-functional silicone
i nternedi ates are nethoxy- functional polysiloxanes and include, but are
not limted to: DC 3074 and DC-3037 from Dow Corning; GE SR191, SY-550,

and SY- Wacker |ocated in Adrian, Mchigan. P
si | anol - ursl)(gé(‘??nal silicone internedi ates incl ude, l})ﬁ{ﬁ{gﬁ%&ﬁst limted to,

- Dow Corning's DC840, Z6018, Q-2530 and 6-2230. In the range of froml to
- 40 r wei ght of the silicone internediate ingredient, based on the
totg%s&zlgéﬁ?x%} the conposition, is used to prepare el astoner-nodified
epoxy siloxane conpositions of this invention. It is to be understood
thals s t f s the total anount of. silicqne .nternediate

i ngredi ents t atal{f(r%et ES%teOd.CIatnopﬁPg‘r}%?eatﬁgmp%%JrﬁJ‘d:gi t56H, WRhitO® can conpri se
a Sgltdesi EPEonera el etate dicoréing ngrmdiient ionsa conbi natiimwref two or nore
di fifteenedsité GorRediBher MRYEAL & Loghad | Agn about 1
pergent. Qgerv%t bof the si Iiﬁ%onecg%]teramg?g?é%&r%dlg?éﬂc%g?ga final

composi t1 on- havihg &httunlel?? efudgPeecera Grumosat ipashatimece and/ or

- wedtiseraBLYi oyt $iote madystpadi rahgeppli £adh atsoutUsi, 000 86 eat, oot han about 40
pereant Bysdet ght sil-ixgane it iate w.,l.l produce a final conposition
havi ng%gn fmdg%yr ea? ge reégm%%n%{or%lggt ?‘Be%%ssl,tjio.ngﬁ?ol XW?%%?’W esi stance, in
t hEPEUFERTHPT ML tRoptepeding smdivght peeseass rethgarirentt el aiilliecone

I Noeyaadtatent g egiceNt rb§ubsimgsl 2 and 20. A particularly 1 August 2006
WO 03/ nggggrr% / US03102786 32988/ GTL/ ASI preferred el astomer-nodified
epoxy siloxahe ProAFETMetiatsr dRIBGALSTHE 2P radkiorat Oy 5 percent by
veisghenel - fyrct isidalconePant Bruledi gt @riefigredieall kokasethaidnae total wei ght

o i BECROTRSINONo L 0L SaRath | B B LUSELL 0l ety nared ent
epORFLERP 0xldiHe shpwdi dilshsedf tahi PC-3AVEnaRENDERBOYTSErom Dow
Corning; GE SR191, SY-550, and SY-231 from Wacker located in
Adrian, Michigan. Preferred silanol-functional silicone
intermediates include, but are not limited to, Dow Corning's
DCB40, 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 wused. to prepare the
composition, which can comprige 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 compeogition 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

{
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am nofunctional silicone conpounds and am ne functional conpounds, and can
be selected fromthe general classes of aliphatic am nes and pol yam nes,
al i phati c am ne adducts, pol yam doan nes, cycloaliphatic am nes and

pol yam {esys cycl oal i phatic am ne adducts, aronma Manni ch
bases, ket!iognd:}%es, and am ne-functional butadi ene ac:l)flq‘{}%g%rﬁ%e such as

- ATBN avai |l abl e from Noveon. A preferred am ne ingredient is an am n05|lane
hat, d r{%tf*L/A% ast difunctional, i.e., having at |east two active

roge whi ch may have the follow ng general fornula: Y - Si 7
(OX) 3 where Yis HHNR),, and where "all is an integer of froml to G

= d dependent | |l ected f th
eagdRdryed éié‘é‘é—‘érde‘inﬁ aft: l%pé)?cg:: ﬁ%}la'?:??e %o%%gﬁi‘:i%leclﬁid Cygf?m k$|

groq:p con |3§;n ary
radic %1’%9 @%ﬁ?ﬂ%&\%ewt B neexestt Yoyolwedghe. oFactheX can be the

samelaconef fetentediand isgréaiéied bauedl kW cnBY 060y ke %Lﬁoxya' Kyl ~and
r

hy@q@xy@%gg@ig groups containing |less than about siIXx ca atons. At
| east equi valents of amne or 0.2 noles of am nosilane per equival ent

of epox¥ifhyrdepanteserithd pol ffumriitmali agiadi Arfredibat anifwgsil ane can be
. I eplodgEdntRivhg] Gnfihel th.an G ne curati Preferred
- am _nasi | anel i ncl ud ee Qn@'a%%lgn\#gt Q f(?{—rgla%) elaglﬁf)ﬂsaétrw# ]%é‘rﬁdnoprOIO)’I
trir6CAxy st NS SREREE i PR oﬁﬁl thmet*m@tmﬂoatne include

t riematihéuyst § grhair Opyil:(bcﬁlbhykﬁﬂ@)ohhﬁém Nehd 3-ahBaN %@%%%pr opyl

trb%ggﬁ si Lane, mnoe 0 1 August 2006
03/%%78 % L?%Q%C“r‘?anh%%héﬂ% Ierekel heipssepamd, 2 anino
=etﬁ Pp§a5ﬁ?no§j1‘36¥§3$| an@rlwlzraeuhyls hea(b:kg}ﬁad:a:neammn@mamm@(;)gl ami nopr opyl
rpoeybexyekhans, { EiapmlnonLeny! | é&iﬁé@t LS X\ﬁ 4 anggg 9.2 mma am
cglg{lohgl)[/ d'mlnopro
p Ypipapiphat rﬁr@%@ @dgluptg, naéomatlc amlnes, Mannlch 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- 51 (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, dlalkylaryl,.
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 epoxXy 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, n~phenylaminopropyl
trimethoxysilane, trimethoxysilylpropyl‘diethylene triamine, 3-
(3-aminophenoxy) propyl trimethoxy silane, amino ethyl amino

1\

~310-




' 1 August 2006
ganmma- am nopr opynet hyl di net hoxysi | ane,
N- bet a- (am neet hyl ) - gamma- am nopr opyl tri net hoxysi | ane,
N- bet a- (am noet hyl ) - gantma- am nopropyl tri et hoxysil ane, and N-beta-
~(am noe gamma- am nopr opynet hyl di met hoxysi | ane.
am no- fm"ﬂ’%ﬁnm conpounds can be used alone or in co"mﬁﬁﬁ%’%sﬁ w th one or
m)re ot her am no functional conpounds The manufacturers and trade nanes of

/&‘B;fé useful in the present invention are listed in Table 1

Tab €l SI | anes Manuf acturer Product Designation Dow Com ng Z6020,
Xl -6100, X16150 OSI Specialities Al 100, Al 101, A1102, A 108, A 110, A

12Qe 11 2 ker ED117 vent o A0696, A0698, A0699,
Ao7ooﬂon%%8n9£o%§%me@i%gss‘sl\{%g%s\ga%ﬁ‘?ﬂﬁ %3715 APHHPIOERL 12328- 1
Pr &1 ed Zani f&Wigr edieEArEShFaneat | gastmidbhemyl i onahinagiroppes. A
parti:nnmme:zltamkys:u.:pe;zr%c er ﬁgﬂsgﬁ{ﬂ%bgmaltlsllg”@@gok ethoxv sila

q%(: a.m(nqrg nogt hyI }_1 gam"ra am ngero? yltrinmet hoxyS| Ihan E] Puhctl onal
anihosi | anes ard ddsPred BeRaldeti £ hds Sbbh I SUNE i Aad T Ke: . combi nati on
of it Bnf'ndsi lfamel avd pgracreactli ¢i kyiof ¢ hwe,xiy & i haviong only two amne
hy gg@ﬂsa M -T-To c_e al so.having a reactivity of

V\g{a form a i?lngnaﬂr 2 6%6‘5%9@ & g(}g@% ‘B?Dgéé?é‘z P%ﬂl/% %02786

32 é??frirA%‘f‘%{tﬁﬁ%%é ISR 2Bk P opaloptet t T hne tdiospntsaiyisa nerpr oved

we at- tb@rtabl(lanhymeUﬁymtgahﬁaagmm@f dPgsei 8 1 desi rgg 4t0 provide
resistance, 10 acids such as sulfuric acid and

th e cal
acgqt ?’cegm cﬁ{ l}oetf’ Hgmﬁﬁ?m PIERERIPRY BE R insk baxys bkadie e FhERE nes and
: am%@Pl‘ﬁﬁ@%thmmiu@@mpehaM oreat -ndidfeided 1epeXyr Sih axaRaneempesi ti ons that,

WNaA LAPBhE Ol MSeA otHBE! &fth-GRRL R8na PX I Rid,igper i o weatherability in
erns
The manufacturers and trade names of some aminosilanes

useful in the present invention are listed in Table 1
Table 1 - Aminosilanes

Manufacturer Product Desigmation

Dow Coming 26020, XI-6100, X16150
OSI Specialities Al1100, A1101, A1102, A1108, A1110, A1120
Al126, A1130, A1387, Y9632

Wacker ED117

Sivento A0696, A0698, A0699, AQT00, A0710, A0T20,
_ AQ0733, AQ733, A0742, AG750, AO8OO

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

~-11-
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of both color and gloss retention. In the range of from1l to 25 percent by
wei ght of the am ne ingredient, based on the total weight of the
conposition, is used to prepare el astoner-nodified epoxy siloxane
conposi this invention. It is to be wunderst t hi s anount
reflect‘bsVlo E@ 6?%t al armount of amine ingredients that %E&g&%éas 5 o prepare
the conposi tion, which can conprise a single amne ingredient or a

”?%{9;%& Gg[ﬁ, g% two or nore different am ne i ngredients. Using |ess than
abou é t by wei ght of the amine ingredient will produce a final
conposition having an undesired degr ee of chem cal resistance and/or
weag hvekahid. coat i-n plication Usi ng greater than about 25
per cent t;y ll\%\g}f:ég(ﬁt 2%] e | ngprélﬁg'}?ﬁ Wft’ﬁf‘ pr 3YSf | n&lPESYRSbsi ti on havi ng
an YRAIQSTe0EL d8gr edsst ofnthe dlivokil The froprediens 0§ delsishba fsonmetimes

cal e isicoanngopeetpdatelnunyali yr%gqsstgnggz rigeatal, sifect. °9ef|°§bm' ng

perglﬂrfmrl%e b it can | ea

poor recoat aB| @f?aa%ﬁ}ﬁ%lag,lé@a*{:o e‘-é-F]éﬁliﬂr@’blf%ﬁm'—‘Oaﬂsmgg nore than 25
per cent Syghwei ghefanra@ | agined enta@n aAnEihdRHAERES cap P@&@f formation
ande Maft@mer SROH regigns of am ne. carbon dioxide and water at the
coati ng Surf ace. fl% Eg?ﬂ}r & SAETGHt On‘f?&ségﬁ? & g1en fepifiche i ngredi ent
i's akfélav@é}?lStZ"’a&ﬁdc?B 1¥A9pa$?tfl1émtaﬁugemcerf eenelerabisignen- tadis i ed epoxy

-~ Si |@<W‘Ehcmmﬂslahdoglb§spf@é@{tei%nby Iysaﬂggfggg%o%fa At el yh% g,g cent by

r%}tc o1 B{;ew m nte | dient, based on Wel g t he
cofposition? "ivey A% 26‘6’6ne B 55366Y7 3 7bpegt USo 3t 102 7i86:a132988/ GTL/ A51

| n Wieh&r phghel asmmaaxtirmd; fisedse@axy peeh¥ans LoFRasLLb NS «of the present
ingredient to the epoxy resin can vary

N\e@Rsdy O r n
Iover %léb?%rl\@ 988%%13?5}%2% g}f FRET &PV Y nkti 45ck6s&® from t he
ger’r’éﬂdgi‘r\,\%f’%‘% S hithE pmeneti satlectarities toorlf nosupbl of ungideconal

amimgsetaeess ahathergeggeal to prepare the composgition, which can

comprise a single amine ingredient or a combination of two or
more different amine ingredients:

Using less than about 1 percent by weight of the amine

. ingredient will produce a final compogition 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 vellowing, poor recoatablilty, 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 compogition.

-12-
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fornmul a above, or any conbination thereof. In general, the epoxy resin
conponent is cured with sufficient amne ingredient to provide at |east
fromabout 0.7 to about 1.2 am ne equivalent weight per | epoxide
equi val gltes il ght, or with at least 0.2 noles of am | per epoxide
equi val ent }\;\%%t If the anmount of am ne added pr oﬁ%ﬁﬁéhﬁ?@zssﬁ than 0.7
am ne equi val ent wei ght per- epoxi de equival ent wei.ght, the resulting
coat.i conposition produced can exhibit a slow cure tine and displ ay
in\g’érgi%%/e’ zgﬁ%r ability and chem cal resistance. If the anpbunt of am ne
added provides greater than 1.2 am ne equi val ent wei ght per epoxide

equi val ept ' , e fesultant _coating conposition can exhibit surface
bl ushi ng o%%%&g}gnéi;assftqwgﬁm? $htrd epPexy nel fewee verpdsistiomer i ¢ resi nous

i nfPér fBdi B 8S¢Rgristieatit pns Ui halpireppeacsh Vet ehaskomBEi&aias o | Nt er medi at es
i nehedepdbpsadiavi-88 ‘W — i socyanat.e, ~carboxyl, epoxy,
mergaptan, or_ani ne functi&?é%%lal Flg‘g%&yaﬁl?gr‘rﬁ aadé'&stsi 9€ “@%Yé@é’neri c resin

i nternsdi-ates®i ALPRRI TUYditoRy BeRenrk i Graisepobf bpbEymicthydiaaxy and
- i seByanat e-off uicdihonallypehybitadi engi f8siRRA%AI Jable, for exanple, from

. ARER At 5- del |, Newtown Square, PA, sold under tThe product

~ desi Ir_?at?‘oé}l Poi’ysglf}nyu%ﬁﬁhaetl- GRPTRRL epdR Paesicds Bhaicoable, for
-exafipt®, “PFBRNREE chiokured BithasntfGicnl dminderddrespeaduet, designation

Epprotide- 4721 etiset fale syRdi f5i ed anmine curatives —available for exanple,
frg %i[ggol ut i gn Per f or maNCE Prodguggggg?ml-éaﬁstmnerﬁq% Bhder the
u

or 8 deST gnafPom Etr 8dwtvadent medgbk, 70rawathabkelehor exanple, from
Vafioles of'Bmambs;lénétpeflggdki@@?egufwﬁhéﬁyﬂ%%ﬁ_}IQ“CtiP“%he
guéﬁgﬁl?@eééc%hggl%%#r%y'ﬂs agallabl er,1 for exanple, Trom~-13 1

ugust 2006 / CtFE803r82 7882 320B8ERy ABI iNelesh Speciality
ChBFt €2t sPEF Binsetdei leawivahent seldhtndenet hesuPEodychodeshgnations AT13N
ancoiidi, t RPOXYrARddat S0 2P NE and,; 4., cure time and display

inferior weatherability and chemical resistance. If the amount

of amine added provides greater than 1.2 amine equivalent weight

per epoxide eguivalent weight, the resultant coating composition

can exhibit surface blushing or greasiness.

~ With respect to the reactive elastomeric resinous

intermediate ingredient, suitable reactive elastomeric resgin

intermediates inciude those having hydroxyl, - epoxy, isocyanate,

carboxyl, epoxy, mercaptan, or amine functicnalities. 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 avai;able, for example, from Vantico of Basgil,

Switzerland; amine and carboxy-functional
- butadiene-acrylonitrile resins,_ayailable, for —example, from

~13-
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car bOXy-functional butadiene-acrylonitirile resins available, for exanple,
from Resol ution, sold under the product designations Epon 58005, 58006,
58042, and 58901, from Reichhold sold under the product designations
Kel poxywal@nk@s770, Kel poxy G 272, and Kel poxy (293, $50RCVC Speci al ty
Chem cal s of Mapl eshade, NJ, sold under the product designations Erisys
EMR-95, Erisys EMRA- 1340 and Erisys EMRF-1320; and the nercaptan and

. ePOXYee S tiopal polysulfide resins available, for exanple, from Rohm &
mgggggfa/ﬁgﬁ'{#ggel phia, PA sold under the product designation Thi okol LP.
O her el astoneric resinous ingredients found useful in the practice of

t hirgovidave b j 4 1 ne-fupctional. resins Bpi-Cure DPC 3163, Epi-Cure
3164 aq,rl;ldtgltéi (-g%lljirle nggmf%%? Olségg?ﬁg?‘@r}llfer tRantelPredastshe Preferred

r edCIVE “ePEEL ORI &9BNoaadi ATBN neehatie sdduntlsude thene epoxy adducts of
anmasebarg - Candodonf1Upet 4 DNde - PR R =gar nifrile resins (for exanple,
RegQdiihan EQ&Q Rés 5 .and Seiach%g%ﬂ%gl%%x%%%a%%) & icular
reactive ' el ast onerit red]ngidd Wderedihst eyoduetpretégnatidecause t hey
hal®°8 SEPPPci BP0l &S0ader andns &9l anth-cin \WaiigRhoaMe L8988 nlxrfe?érﬁcu' ar wei ght
of tthee padduet ege {43 ; p | opfd I pr rties of flexibility and

Vi %gsipf&% éé’ theéﬁgglz%lﬁgs gg%%&t%énwﬂot’h%%ﬁgﬁﬁg Gr<f#omnd t o 25 percent
by WeFg 23 hand g FVe Sresdedherhemissilsons Naplersedeates, based on the

t otsalld wedghttlef prd8ue®NBOSi driz®A onkS tQprepare. el a r-nodified
J tﬁins iE%:f/e ti%ﬂrl\a.ogi%te fggl? Sgﬁé\ﬁﬁ‘g‘nder st ood t hat

Pt Ry AR 1887 e hmustvreoat aneeis ispexyoFantoimardlc T esi nous
i nPeRHER! fide iegriodi enbslabibe, afcr usatiple, PESRRGNHNE 1LQIPQR Lion, which
v 0O -
und useful in the
practice of this invention include amine-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 resing . (for example, Resolution Epon
58005 and Reichhold Kelpoxy G272). These particular reactive
elastomeric resinous intermediates are preférred 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 brepare 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
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two or nore different reactive elastoneric resinous internediate
ingredients. Using |less than about 1 percent by weight of the reactive
el astonmeric resinous internmediate ingredient WIIl produce a final
conposi i ng an undesired degree of flexrbrlrt resi st ance,
and abr%@ﬁ%ﬂ&?gsrstance for many coating appl|cat|ongTh%Eﬁﬁéﬁgreater t han
about 25 percent by weight of the reactive elastoneric resinous
|nt§§§ggyé¥ ‘A5@gred|ent will produce a final conposition that is very
Vi scous, 1krng such coating very difficult to apply above 25 percent. A
preferred wei ght percent range for the reactive elastoneric resinous

| ntmcmaﬂl Abee | 1IN t 20 articular|y preferred
@ redLRp réa%ﬁ%v‘@fgs@on?&qc .F?%Ihn(?lg d‘r”é‘ﬁﬁ?‘@@ll

O%Ee d| fied epoxy siloxane ~coOnposi #F usi ng
appr rra]’t 4 percent by weight of the reactive el astoneric resinous
i nt er medlsdng leagrtetmhrerabomﬁaae@e%ehhebﬁ %eaﬂgh‘ﬂe'c&htth%f rbh&. Lonposition.

El a&%meqqgrgé ane conpasitions of Irnvention are
f or nul at ed q’]or ca toers'rmglvﬁa/l htgojrﬁ%nr%%llﬁﬁﬁlw%lr Pmdﬂ?‘? PeSEnalai r - assi st ed

ai r{eg® érr'fr}O@I EBYr%temren@wagecqugnmntof flexiBAliey, r ohpfte. The

conpasiidtiaans, ar exddnt eages {4 be ggegt pr ctive coatings for steel,
gal 1524509 5,81 umd num concrete and of h % strates at® % Film

t hi CKnesses In’ t e PEngEeaEe¥ ridwmn ?@Oﬁ\tc%mm@u dyabeiwht wef ni | | i meters,
and-hearragetappl ebabasmericotest nyasf L osRas kel 4 99\4@5}&1‘1@’1%1 oor surfaces
5> to

at dﬂfcrelgr { Kk raneof fr om about mllinmeters.
s flhh? ?(ﬁﬁeé gldﬂbrbgz gEiWeGXSVFEHOP%J pPalime susH ored or

nent.s an 5 can

%%Fé&gcﬁ‘éﬂ’rfblf&%ﬁﬁéi@l ’@PoﬁB}?l&USﬁé:qule ealpercmrgfmnts may be selected from
or gani cRangrepergadi Gy Sy MG | ude tit.ani um di oxi de,
A AT é{} raf&\étndgféyntT"r%‘—i“'ﬂrtc1 Vfed, yell ow,

T T N A L LA
phtthaPatyasulariy uprafidrrel ealastRfieeanddzaled Viepbsl, and,exkender pigments
 DGhgloB81 68 04538 LY Sb LT8O dp S DALY ST a1 T Thgnestum 15

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 eguipment,

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 mic_ronreters 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

rrray be selected from organic 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 yellow, phthalocyanine blue and

green, and carbazole violet, and extender pigments including

ground and crystalline silica, barium sulfate, wmagnesium

-15~
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| August 2006 WO 03/066737 PCT[US03/02786 32988/ GIL/ A51 silicate, calcium
silicate, mca, mcaceous iron oxide, calcium carbonate, zinc powder,
al umi num and al um num silicate, gypsum feldspar and the like. Useful

filler S“j‘ﬂﬁ}“%ﬂﬁ conventional fillers known in the C%tljﬂ% ozinﬂ;d“St ry such

as silica powder, talc (magnesiumsilicate) , clays suc S china cl ay
(alumnum silicate), wollastonite (calciumsilicate), calcium carbonate,

bar j ﬁ r/'i"'um sul fate), barium netaborate, alum numtrihydrate,
grapnite, 2l al uni num copper and the like. The anmount of pignent that
is used to formthe conposition is understood to vary, depending on the

pardiiGia ¢ i Li . application,, the requirenment of hiding over the
substrate orggggg{ééc%%%ca%ﬁd AR b FAEF WAt An Q*date - ofatalwt | ess

CONPEANRER: PéNeeaPwdar, kAuvminexanpl elenhadinneritioster egpp@igy col or ed
coafdlngpas desi rege aigeNMDI RALJ two different pignments, . e.g.,
I anﬁtill%&_k %nd titani %1 di ox?’%‘f@gn lél\éggd.ln ﬁlqlg)%ar?%Pgen Jr%f%"‘l]orrer -nodi fied
epoxy siToxand cofip&Sft CORTHAYS chrmbistse wicho asalsalii cTOppedasnt by wei ght
pi et (madiherifinl béljichased @mythesudiotal MBinght19) Y heufaapesi tion. Using
~ Oreahekathan b i.ght pignment, and/or, filler can produce a
co:g)osic'?i oﬁ'tﬁg%ﬁg%g&ﬁ%%e kS gﬁgmf 8!‘%gf)?)"f‘?)c'atcfa(}ﬁ.m*?héa’ﬁ]i)%ﬁr and/or filler
carPaé L8 dERpHEQparE ffe) hbar beh metsbapaventiunsess teihedratd)e conposition,

e. graphiita, t BenE@PAMumiT®S, Neogbls gh%t gg@di ate, and reactive el astoner
resi nou§heigt ernedi ate, and/ or  can be added as a separate powder comnponent.
The pi giteRt “BRdt orCf ALSERNt WHetr dfdegedstpaferoftheheompssitioonponent, is

- di $gensdaratodd atCovhgs, MependtfAgabn | eastpa-tHRATRR bhpenass,of orind, or
dmlled to the same fineness of grind.

gla}agbtm ?E?\H%ﬂhl ?%2%%.%%%%2“2{ éagb‘?%n?v%dvilﬁ figtertea®® di spersion or
i ppﬁﬁgjc?%tam C3n PegFae ghendy dldaowsrf osldtiesat eshgediarRnof m xed resin
andsc ulesirednpongnt $nf Q!xa%@:ﬁlei %ﬁﬁo&ﬁm@ﬁtc%&%gt iaongg‘rleyaicgdloe}.jerci_ assi sted
~coating is desired, a combination 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 ecan produce-a compeosition 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 SpOXy
regin, 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, allowe 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 aﬁplication.

-1 6~
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airless, airless and electrostatic spray equi pnment, and provides a snooth,
uni form -surface appearance after application. -16 1 August 2006 WD
03/ 066737 PCTI US03/ 02786 32988/ GTL/ A51 Water is an inportant ingredient of

t he pr Olr},ttém'ﬁ%genti on and should be present in an a{}g?ﬁ:@@"ﬁgﬁi cient to

bring a oth the hydrolysis of .the silicone in € and the
subsequent condensation of the silanol groups. The sources of water ate

mai t heric hum dity and adsorbed noisture on the pignent nmterial.
Adﬁ%@%ﬁ%%%e" wat er nmay be added to accelerate cure dependi ng on
anbi ent conditions, such as the use of the coating and flooring

conposi QR B a vi_ronnent S"ffg\l preferred el astoner-nodified epoxy
si | oxane Conposi ?Ilqoﬁ Csrits BIrediat: L istdecRrafeRt i tovenuom of water to

f a@9 PRPRLG RS Brysest inConpositni-onst filerar toRsERRy 8ot Gyl added wat er
maytheothydgenyai d dhe i dmunt ' .needed.for the hydrol ysis and
cor&%%ra%%ftsggnyrea t gtns,, ag C%?%%re (;%rlg%ﬁr SHQCE{‘% THFTRIton  product
having_an-t nsuf Pt cHent Stegicde sPuns t r alhe| soyrasor rafsiverterangechen cal

1 eSRdnACRL NGpiEnSict honsdiAknar £105:850ar £9; USi opgi&ﬁé.tp%ggr{e%%][‘ about one
yneriz 0] orm an

pengert-i Ry wei r tend, to hydrolyze and po
undesi rétél e %IEB%%%&:I applicat'PFoh" T?jyd]%%i?%‘? vie e2cqrdyprisdeadded to
ei tHEF Beégb%ﬂ denr agbkeny ngpreditenhsor stbe pel yhunekkopal @i ne

i ngoediagt .amt helosPLHFes r y .inglude trace anpunts present in
& legés,y%tgﬁyfﬁcﬁféﬁaleﬁfrﬁrr?@mﬁﬁﬁﬁedi efit, thinning

th rg@g{g]i_,g(g rleshn i ngredi-e :

sofVént, F-6CHaPeT 1 LeftePoxystidoxang @imprshie ibnammparated by using

ketbntees séoiahtohetricahisant ofgkbets Mo fices  Bac daRprIgd LN U S, Patent
erence:

Nocofipeafs Q44  Which _Is incorporated herein by re REgardl ess of its
sou?glé, “the o APREnstR: TFBRARR: Ehpat o addtd \wHteul drde phg

st GPERFHirebhe campwiit ohevdistwe fraeidedt doe the Hi!éd&b@ﬁ;%%safu@ac“ on. Vater

| ?éczgﬁ@tﬁ]&? g:‘ﬁrﬁl’gzgggﬁgﬁtd'ﬂdc m@@%refoﬁ:e“%%%ﬁﬁéé‘ b?:ll ecosrr{p%%%tgégess water acts
P GE having an insufficient 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 regin
ingredient, polyfunctional amine ingredient, thinning ‘solvent,
or other ingredients. Water may also be incorporated by using
ketimines or alcohol~solvent~w]at'er 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. wWater 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

-17-
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gl oss of the finally-cured conposition product. Since coating conpositions
of this invention can be applied, for flooring application, in thickness
fromabout 15 to about 200 mllineters, it is inportant to add a

suffi ci 03ﬁggg§5nt of water and distribute the same %%té%%y%i n the

conbined materral to ensure -17 1 August 2006 WD O CTf US03/ 02786
32988/ GIL/ AS1 proper drying and curing for the higher thickness

~appl i cat) ons A particularly preferred el astoner-nodi fied epoxy il oxane
co |A§1prepared by using | ess than about 0.1 percent by weight

wat er . Wt h respect to the optional organometallic catalyst, suitable

or cat St.s ef ul r. form ng el astoner-nodi fied epoxy
Iloxgne co ‘gr%l }Teng’éﬁplaﬁntl?#ﬁi‘frtﬁf@ epplietalomriers wel |

kno‘t/m Haﬁttllﬁfe apby ntpnerfdursedy eﬁsg:ontélrnmod:[fﬁ:[@:ﬁn%a{ Zi gEpREAHY titani um

cobidnipoditQln ks i the form of at es, neodecanates and

napht haxnat es. Sufk%aet%{%g ?a?%ﬁ%@? R T i o&]’bé:’a'rjfo Bﬁt“a?%thy havi ng t he

gene % $AGFa Rs RE SI n- R7 where R5 and R6are each selected from

the groWittonsésidory o6 tdekybptadndl 8 aﬁérh@eaa {; t%ﬁf having up to
ec

el e¥aR FALD and e R7 and are eac ‘rom the sane
groups a%% %gga&%ﬁ%%n% F%@ﬁiﬁfﬁ’ﬁ? group consisting of i norgani c atons such

as Ur?élf&ée _L f@ﬁWpMulelestomgrgemdllﬁlbdtgﬁoﬁ}d mmptaw abfpos iyl tin
dl et thiikYbnt §AcHi@acetyd r‘ﬁl&@é on t' n d' ethyl hexaoate,

%ano itanates, sodium acetate, rt‘?at"ie;l Gtertiary

poRFAR e SV n§- Br oFy-Pgmi rf@nga@ﬁﬁylfammcentmanol t:titarmﬁmhanol am ne,

t r icobaykam henn,anteaiet Byl wdiret 8209l saMNLR NMBY,-he dseg. QI

CO’i‘i@o@l@ShﬂQt&Q geelerate hydrolyti § poI condensation ot si I’| cone

i nt ermedr at e an Pgﬁg ana Suitable catalysts include
organotin catalysts having the general formula

R
|

where R5 and R6 are each selected from the éroup 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 R> and R6, ox from the group consisting of inorganic atoms
such as halogens, sulphur or oxXygen. Dibutyl tin dilaurate,
dibutyl tin diacetate, dibutyl tin diacetyl acetonate, dibutyl
tin diethyl hexaocate, organotitanates, sodium acetate, and
aliphatic secondary or tertiary polyamines including propylamine,
ethylamino ethanol, triethanolamine, triethylamine, and methyl
diethanol amine may be used alone or in combination to accelerate

- hydrolytic polycondensation of silicone 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 drylng and curing of the elastomer-modified epoxy
sil__oxane compositions of this invention. The ‘organcmetallic

t
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A preferred catalyst is dibutyl tin dilaurate. Up to about five percent by

wei ght of the organonetallic catalyst, based on the total weight of the
'conposition is used to speed drying and curing of the el astoner-nodified

epoxy conpositions of this invention. The nonet aI lic 1 August
2006 \/\8 @%%3%737 PCTI US03/ 02786 32988/ GTL/ A51 cat 31(32‘{5 ¥%¥he added to

the resin conponent, or may be added as an entirely separate conponent. It
TS to be understood that this amount reflects the total amount of "

or gATS#EEAL % catal yst  ingredients that are used to prepare the
corrposi tion, which can conprise a single organonetallic catalyst

%(gll or } cagb Lnation of two or nore different organonetallic
catéal | 7t &Fi 8PS YRitRG HREHt SoTPRARNEDOME TEW bepaddsshesby wei ght of

t h@lbﬁg’amlht aeberatataimpshehtigr adi eatt bkl um%{%@tﬁé@%hlSCOWpOSI tion
hay f I.AQ may_be to . .short ractical use.
nddn® Q%tfllebf:g q:he\’\qchzaﬂ AT %p Ogil.‘é?.la?l!gei'cﬁll[% c%,aglgg

El ast oner - nodi f epoxy sil oxane co i nventi on
ar e 'GERELERTS qlba‘,p PFeviseddia prapareanhd ecsprosy tiappl wietbinicghout t he

addicpetisel @ sahyeat . oﬂda%\ﬁéﬁawwa@a%alggkVeﬂ{g%er&%nbe gddgd to inprove

at Q.4 anda lication with_electrosStatic y ‘equi pnent or to
i rrprovgh%\ﬁ VEF’PnGr TG/ G §§5§E’Faﬁé‘éaﬁﬁ‘éﬁt@g‘pﬂq eertRLysSEush, roller,

or 1§9§ﬁ@a¢@t%u rUsang @neﬂt@ssth@magbcﬁquﬁmﬂerperd@ggmya@ylgmj went s usef ul for
thltﬁe ngggﬁetgﬂygecg%% ‘r?ﬁh:?réie | co gtones gqn\é ols and the
50 a CBH’B

ik hé maxi num anmount ed”t 7€ 8n t he present
i n\?QH’PPﬁht?%nIWﬁ%% hyPYoVierfitmem wathiingt itdme wheler nhlgebEl ean Air Act to
apphoxtnﬂrb:elpd:a%%acguaﬁge solvent per |liter of the composition.
Bl ast bngy dlefrl le“d e "si | oxane conpositions of the present invention
may al s¢ Cont &in i CHO%odPiiekane gogpepsdtiers, aint theam agents,
f | BREBORE rlmveagennﬁresgepemmwabw hgeiltost Bl XMd eRhChageRLs, pi gment
WekbhNPe Q08 Boutd MM AMS ion of a solvent. However, organic
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
undex the Clean Air Act to approx1mately 420 grams solvent per
liter of the composition. '
Elastomer-modified epoxy  siloxane compositions of the
present 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~m0dified 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 asphaltic extenders, antisettling agents, diluents, UV |ight
stabilizers, air release agents and dispersing aids. A preferred
el astonmer-nodi fi ed epoxy sil oxane conposition may conprise up to about ten
per cent Lght such nodifiers and agents. Elastonmer-nndified epoxy
si | oxane "conmpositions of the present invention can ﬁngjgﬂfﬁqz?séd as a
t wo- package systemin noisture proof containers, wherein one package
coa@gg@p@ﬁ%sﬁesi"ﬁ e R --- 1 August 20060 WO 03/ 066737
PCTI US03/ 02786 3298B/ GITL/ A51 conponents, i.e., the epoxy resin, silicone
internediate, and reactive elastoneric resinous internediate, and any
pi gompsnerand) of d 1) liete asidit inkssnandsgobught hiodesined. A second package
co%%&@lsvet hglgg%%functl onal —am ne I ngredient fande any O_S_fl Sﬂ | catalysts or
acceél erati ng agents Al FEFHRYS el Plrermeddrid t i o ofivt Biismenventi on can be
suppdied &slderhr eddpadtkegeandyso@ienvherei ded ddd. St pagkagggcontains the:
I eph Bk E£RNPONSY e kage- cont.ai ns, t he pol yfuncti onal am ne
i nﬁredi ent, an%qsa ?ﬁ?rgggjgfc\&g%éo%g%t CUR H@gﬁsﬁ}lg%?yc%%oﬂ’éﬁt s, e.g., the
pi 8%%?@%n8ﬁ5?11’ﬂ$ ery, Efrestermringdagerts epoxylisidnaxdnelgpnpositi ons of
t heomprsiteintmsi 0F efiiiOAnoan: 1, appl i Lyl a | gnt
t egperat urﬁe‘i%’lﬁi tiens in the ran %@%f@%%q&aéb%aﬁg%é %}ggg&g At
teggerat’ures bel'ow ~188€ BaTE9S Er 8Py thet Hpefdy . CoMpRESRES, conpositi ons
of 2t PROGIICk SEvkagey eonica insayhd @apfhired i YAdET aake irfre@YERe [ eperat ures up
t 0aAd® ) G 1 0-£ 000G, i Lshin 0_be bound by any particular theory
or_, nechani sg‘; it ai,g\sg]béecﬁte%\géam%ﬁ%t pg‘f"é%{oﬁ%rf‘pcfﬂ%‘itﬁi'e '%pOXE’h%i | oxane
c RPBEE0A8dEPTt fitle%Bent invention are formed by the fol | owing

reacti aisstbherepedyri@si RpoRgr egi%gaﬁgagﬁgﬁ%gg% E'nuﬁ g;)igg];é% a(r)]f t he

28%%(%/%% In:é adlc}-’%t%}ngﬁcgéagg g‘%% ggagﬁ:ﬂr‘]ﬂgr’%ﬁé’e-c‘éﬁm@i gWblert oss |inked
nekt§igature conditions in the range of from about -6°C to 50°C.
At temperatures below -18°C cure is severely retarded. However,
compositions of the present invention way 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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In the event that the silicone internediate is al koxy- functional, it is
believed to undergo a hydrolysis reaction in the presence of water to form
a silanol -functional silicone internediate. The silanol-functional

sili Conﬁroio%(ﬁsry:ﬁ‘?di ate then undergoes hydrol ytic pol %ﬁ@@gﬁl“ﬁ%ﬁgrg

produce al cohol and pol ysil oxane polyners. The reac
resinous internediate is believed to react in the follow ng manner. If the

el a A i nous ingredient is hydroxy or carbonyl -functional,* it
reaé?gggh/(t%#ﬂtﬁzl silanol groups of the silicone intermedi ate and forns part
of the -20 1 August2006 WD 03/066737 PCTI US03/02786 32988/ GIL/ ASI

PO X8 {9xBNRe RO | f .the, el astoneric resinous ingredient is epoxy-
functi %n% it }’D)esgﬁ'%rwi &R Eﬂ% SYPRREL T gipBingwenéngredimyimasi | ane

i ngFBAFENTINGTd ongl s ipanteastt st he tapmhy- $d1IFANCBOLUTR! amhfiet B €l astoneric

r esamboss ilkgree di 8fted Sor{fer GARL L.ne -fupctional, 1t reacts with the
i ﬁ?o?frksﬁ%argg%'f He g%%xﬁ%?ﬁya'ﬁélﬁéﬁyner. The so

epoxys in E[@géﬁam gpt tandr, ] _ I _ Pt

f orhred e astoryer-‘?n? !aﬁ PRET &P 3587 1pens nergadieings t e meex camdinl bed

g?n! 2\3;1& %Qtjagrelzggsmﬂ} Ql ?Fgﬁ’tylae %gﬁgggggtéii%n ;‘?Mrﬁle?’tﬁgagfgolt Sgi | oxane
wth thﬁ"l,l% her of th%p(%%lﬂ_yss J%é‘gfaﬂgﬂﬁéﬁmer or epoxy polynmer to forma ,
ful | y- curEdSRI%eere? Larsdinfarethod pbigd epbkpXaigmies! yARI -aeRRESLtion. In its
C urraetl i foired mﬂgsanaﬁaﬁrgbélm f ié‘c&; %&%?(e%‘Si | oxane popérrer conposi tion

_ Q ize, - il gn i

i AR e GO Al A,

chdf¥Fh thparalpifloranag & 0300he | SHREPEN Aricbh 1l £ ASLAMEL RAL{ 1ed pol ymer

netawrdsokl P lfrh&f“t%alfoﬁnrgcgu%ﬁ—t hat _has substaritial a vahtages over

conventional €poxy polysii dx 7 sf_é‘f'fﬁﬁs. rermar@adidied emoxy are conbi ned,

it S BEPFRR NS acompesition. In its cured form, the elastomer-
mt.adified €poxy siloxane polymer composition exists as a uniformly
dispersed arrangement of linear epoxy chain fragments that are
cross-linked with a continuous polysiloxane polymer chain,
thereby forming a non-interpenetrating elastomer-modified polymer
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
gilicone 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
?1astomer-m0dified €poxy siloxane compositions of the present
invention are affected by judic}ous choice of epoxy resin,
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silane noi ety of the am nosil ane ingredi ent condenses with the silicone
internmedi ate ingredient, and the epoxy resin undergoes chain extension
with by reaction with the am no groups pendent fromthe silicone

i nt er meg) ysiloxane to forma fully-cured elast r-nodi fi ed epoxy
si | oxangevogotcs)ﬁ%dgg)i tion. As discussed above, either th}cﬁg[‘fs%&?%xane pol ymer
or epoxy-silane polyner nay be el astoner nodified dependi ng on the

parti.cul ar_type of elastomer functionality. In such reaction it is
bel ?@%8??%&% he epoxy resin functions as a cross-1inking enhancer that

adds to the cross-link density of the conposition w thout dimnishing the
benefih¢i-ghafe f ,the polysiloxane, Utimtely, the chem cal and
physi:_LcaI - %roﬂ]ie%ﬁ%gesﬁgf:ef hegoﬁf;ﬁ%ﬁﬁpﬁﬁodﬁm@ﬁ elppxdensid,oxan@ conpositions
of PREMBREsefitastaventiati fire apdecieloRiing uthngidays i6hQi S€ Rk L €POXy resin,

- 21lihvAngust 2096 /0 7 3/,02786 32988/ GTL/ ASI silicone
ed R ond A GEC R ot | CARYSPFGRBNT SPoxy

i nt gr E_m(s:l_;tfte, PO%%:I unction :

Bl a Coner - o i ' RAFd%y OBFt okBnEhebnposi L hocospofatdd sldsavasati on are
U e s s T T e 0
flexibility, 'cracki ng. resrstanlsd Ahuistor Festatannsctaddnablasi on

r esFEF S 93t ngpn&pryed dilrea fromt | nsedeoimpaotrBar ef &P 1 Taeghe | Nproved

propeotidsi &f€hold OVededc WM L0 e cting. fromthe desired properties of
i i cal and c‘?o#%@i E)t?\j%r eclls@i3 St ePEARRT tiShatt v,

we iLi. che
el Z‘g’tg%%%ar}fﬁgﬁ?:yi' e‘alq%'ﬁl‘ﬁ&/l dAndoRarECToNpasistisbraceof this invention provide
| nprovedidsiitédnailyn pllapeohérsnodi¥ehd epeaheducsd shidnkage; and i nproved

resyst gpce i i an del am nation.when conpared t0 coriventi onal
: i @gﬁ‘ﬁ%‘g‘? t%‘%?ﬁé’."e%oﬁk}‘é%@ i bhir BiBertieby sstdxane

gg%%srg%%?s% SFlet L rfegtel yarst cisprbialledeandt sl bib Bi-abicsdy | fkage when ful ly
cur@mﬂamﬂﬂﬁt@bnsﬂhéﬁk%%ﬁpﬁﬁgdr@5”&&n&éﬁé§aﬁgﬂIE%S%§ %Eh%QE gﬁéﬁg of coating
compositions. Conventional 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 3] .

. A resin component was prepared by combining approximately
10 grams epoxy phenol novalac resin (Epalloy 8250 or EPN 9850CH),
0.14 grams additive (BYKO80 defoamer), 3 grams Titanium dioxide
pigment, 0.1 grams lampblack pigment, 4 grams silicone
intermediate  (DC-3074, 5Y231  alkoxy-functional silicone
intermediate), 9 grams bisphenol A epoxy resin (DER 331), 3 grams
elastomer-modified resin (Relpoxy G272-100 epoxy-termiﬁated
elastomeric copolymer), and §.04 grams deionized water. To the
resin component was added a cure component in the form of
approximately 7 grams aminosilane (26020 aminosilane); and a

 powder component in_the form_ofwgs grams silica, and 19 grams
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or flooring fornulations on steel or concrete substrates. These and ot her
features of the present invention wll becone nore apparent upon
consideration of the followi ng exanples: EXAMPLE 1. A resin conponent was

pr epar i ning approximately 10 grans epoxy nal noval ac resin
(Epa||§§°@%@§9%? BPN 9850CH) , 0.14 grans additive %%%ﬂ%gwu%@foaner), 3

granms Titani um di oxide pignent, 0.1 grans | anpbl ack pignent, 4 grans
o sil i3%9§§ G'L%h%rlnedi ate (DC-3074, SY231 al koxy-functional silicone
i nterme {a . 9 grans bi sphenol A epoxy resin (DER 331), 3 grans
el astoner-nodified resin (Kel poxy &72-100 epoxy- term nated elastoneric

copekyser )Th Q.0 a dei oni zed water. To the resin conmponent was
© 248, &%’n%ﬁegf%&% SRR HaF el sombigedngndni nosi | ane

added_a rC#r gg_llclzlﬁngonent My
(26028°Aih §ePdafey @ pericd ofowderoxonponentuties.t he form of 45 grans
silica, and 19 grans -22 1 August 2006 WO 03/066737 PCT/ US03102786

3298844 ASL talc The resin, cure, and powder conponents were conbi ned and
nixﬁ‘w#‘i’é‘nd for a period of one or two mnutes. EXAMPLE 2 A resin

ﬁg\r;ggnerft wérfpemaoembwmr%ﬁe%gﬁgdaggr e&&ﬂ?ﬁ%&%fﬁ%&%ﬁgﬁeﬁ%g ?2\6(28:30
jovsamassrontay 0.0 B S e LT AL e (oo,
4 gr ams LPPcBNS L1 R AFEABAL de{®B=B0743 S¥aRd Bl dumiymf Unski@nal silicone
et N iy o o ML B
copol yner), and” 0. gr anB L gét cni 2AHORKr Eunciondle  r esiicamponent was
ag&%{:n@gé@t@bnﬂoggams ihiﬂphenb%mlregbxyai%h&%i(ﬁﬂgkfﬁyl); rgr sig] n;)si | ane
gi 'éfa%zfggéﬁ%fi%%n;efggid(Ife%;zog‘y Cag%)_,leoc.} epoxy-terminated ~ o
' . grams deiocnized water. To the
resin component was added a cure component in the form of
approximately 7 grams aminosilane (26020 aminosilane), and a
powder component in the form of 45 grams silica, and 19 grams
talc. The components were combined and mixed by hand for a
period of from one or two minutes. The composition was similaxr
to that prepared according to Examiner 1, except that it included
a reduced amount of EpoxXy resin: and a roughly doubled amount of
the elastomer resinous intermediate ingredient.
The elastomer-modified epoxy siloxane compositions of
Examples 1 and 2 were brepared iusing 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
Lest 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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talc. The conponents were conbined and m xed by hand for a period of from

one or two mnutes. The conposition was simlar to that prepared according
to Exam ner 1, except that it included a reduced anmount of epoxy resin and
a roug ed amount of the elastomer resinous internediate

i ngr edmé’%l’t"%ﬁ% el ast oner - modi fi ed epoxy sil oxane cofpddYBRE of Exanpl es
1 and 2 were prepared using cylindrical conpressive strength test

spegh eRNS.MaYkng a dinension of 1" dianeter by ‘1" high. The test specinens
wer e %@ﬁzﬁg?oomtemer ature for 14 days and then i mersed conpletely
into solutions of concentrated sulfuric acid, concentrated hydrochloric

aci tmmerEidnanolriaed DM} d i fiar 7 days. Afterwards, each test
spe\%&n‘pn Jas _eval uat ed fg*r:gcr:%g%li {:1(8@ fi ebgl(r%l &y a%%afslbf‘%?e‘ath%ti sfactory
coat i hg TnCEGr EROXEuiipraddsey sospeagian Waewnnbasthedagter ASTM C579 bef ore
and af t éfhs nﬁtgst@mimﬁaitfhetdﬁb@y%{ d%s__%g{tgggf c,%ﬁr{ﬂogq!t%?@l :O§ ' f the test
S pegk ARy e ate an percent o gir_initral conpressive
st rengt h%e%[ ?e%ln.ﬁ- SWf%ﬁuaég?Zﬁ%h% %/%&Wfpﬁl 2503P 06

32938/ BFALAASH §imtetbilohneThesk s0etul 120 aidltosparalfioe phri@ider than ot her
Corunidupeat apexuysllaxang CHROSLL! BN W LNEealLa (G,

el astoner - nodi fied epoxy siloxane conpositions of © ER&npT €& and 2 were
al so appl| etPHY FRE*E TS Iorans mmposit bpoeksthe sariki toatihickness of 80
t o tizGkuielski fat eosphoat ey PReRssedf waANAIAlY B16YL Wage ALgncrete bl ock

was;ral $eneeat e 1 onyentional epoxy polysiloxane conposition at the
same coati ng '(t:tﬁe:mgtl?%gis:gr‘%or Conparsti \;gay rpﬁgés.expﬁéeéoa‘f%d &l ocks were

cursiPeXRtERe| @ht6d Enferaseven 'days . seVeis dayheraldrexpesasl e a

t enpereattede vt 16006 8 SN ER, LAV - j rature cycle was repeated
unt4, .one %fl%t he. coat ed bl ocks de%eﬁlygé% E:d%ggg?%% or 2 YeEni%at i on fromthe

5 13t IR mb APt | SRERHE i EbaetmmasompdsEiédnsemixyExanpl es | and

concret e.
2 ddrreneatetsliidcne of Examples 1 and 2 demonstrated superior

resistance to cracking and delamination, by showing no signs of
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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resi stance to-cracking and del am nati on, by showi ng no signs of cracking -
. or del'amination wthin the same nunber of tenperature cycles that it took

‘the bl ock coated with the conventional epoxy polysiloxane to fail by .
~cracking and del am nati'ng. Al though el astonmer-nodi fied epoxy sil oxane
conposi tions of the present invention have been described wth L
considerable.(ﬂgﬁ&gl with reference to.certain preferred variations
~thereof, othet—variations_are possible. Therefore, the spirit and scope
of the appended clains should not be limted to the preferred variations
descri bed hereinl- - 24An elagigmsrpegEicd@paxysiloxane cumpsisiion Paepareddyi f i ed epoxy
si | oxapembigigesi ti on prepared by conbining: water; a silicone .

i nternedi ate hav&gﬁrthe formula R 5 Rj--Si- OR2 R n where each R
is selected from'the group consisting of hydroxy, alkyl, aryl and al koxy
groups havi ng upa sibciexineamnpdinte heving thefaomiR2 i s sel ected fromthe group
consi sting of hydrogen, alkyl, gnd aryl, groups having up to six carbon
atonms - and, wherein nis sel ect ddffso tHat the wei ght - aver age nol ecul ar

wei ght for the 10 polysiloxane ijs in the range of from about 400 to 10, 000;
a pol yfunctional am ne curative [adent; lan epoxy resin having at |east two
1, 2-epoxi de groups; and an el astfoneri c jresi nous internedi ate having a
Sfunctionality selected fromfhe-§fieup4fnsi sting of hydroxyl, epoxy,

i socyanate, carboxyl, mercaptan,j and 15--- amne. 2. Tle ~

el ast orner-nodi fi ed epoxy siloxdnd congdosition as recited in claim]l
wherein the pol yfunctional am ng curatijve-is an am nosil ane havi ng the
(general fornul a , R,

4

where each R, is selected from the group consisting of hydroxy, alkyl,
aryl and alkoxy groups having up to six carbon atoms, each R, is selected from the
group consisting of hydrogen, alkyl, and aryl groups having up to six carbon atoms
and, wherein n 15 selected so that the weight-average molecular weight for the

10 polystloxane 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, mercaptan, and

15~ amine.

2. The elastomer-modified epoxy siloxane composition as recited
in claim 1 wherein the polyfunctional amine curative is an aminosilane having the
general formula

20 Y- Si- (0-X),

where Y is H(HNR), and where "a” is an integer of from 1 to 6 RlS a difunctional
organic radical independently selected from the group consisting of aryl, alkyl,
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20 ¥ - S - (0- N3 where Yis HHNR). and where "a" is an integer of from|l

to 6,, Ris a difunctional organic radical independently selected fromthe
group consisting of aryl, alkyl, 25 | August 2006 dial kylaryl,
al . koxyal kyl, and cycl oal ky!jadi cals, and where Xis,limted toal kyl,
bydr oxal kyl , al koxyal kyl or hydroxyal k' o' xyal kyl groups contai ning Tess
t han about six carbon atons. 5 3. The el astoner-nodified epoxy sil oxane
. conposition.as recited in claiml additionally conprising at least one

mst 61: d%{y_fl’dryls,tallltdiyﬁﬂtyl%ﬂah@ a¥cﬁo£m§‘a@i&a]s,@mi\?&&e b{éi}fi}piﬁﬁﬁaué @ikywherein the .
cal a | ctLe I O e.agLoup.,,consti st n 0 <Z1 N nganese,.
8 ok aR A SRS AR BP0, 0 aing Jois fian TRRCRRS e

oct ongaxben atw@sdecanat es, or napbt banates. 10 4. The el astoner-nodified
epoxy sil oxane conposition as recited in claiml| wherein the el astoneric
resi nous i nternedi atg I s selecte fI romthe group Consisting of epoxy
resins, polybuténe rddfSESOBGINOGHTRY; PAZY FASI2AE COTMROHABASITESEE 1 esi ns,

pol ystihtlate Iradditimmallyanempasiiy atdeasoose tnbeat enblysttd faxilidteeued ast omer - nodi fi ed

epoxy .Siik: Okl : | o | aj el e silicone
hter (e GRS kAT IR TalBA el (Ol arbul BRI O° N ©
si | andiin FRESANSAR| ZIFSONEY, [ligandHecoball Wen.irak @Bd tip caeh mrthenferpbek 3, 000 to
15, 00Goctmbies, nodecanstly, dtnaphibdnated0 6. The el ast onmer-nodi fied epoxy sil oxane
conposition as recited in claiml wherein the epoxy resin ingredient is
sel ected fromthe group consisting of epichlorohydrin-bisphenol A epoxy
resins, epochl odehydrlibg eliswpieemsdifiedegpoxy silexang sompopjtitmoasoneitedd bi sphenol A

epi chligeRiiy Ar whRerBRAKY cla§tdnBae r@intGé shtérnidRfafaR seabe flofSigrowgo 9l yoi dyl
esters, ghenol noval ac e

X I esi.ns, SOr.C Dol -nodi f| ed ‘epoxy resins, and
combi rERRITHE QfRBPEAFesing, DolYblenedREe PSS Tei R g he composi t| on
pr eparresins, pplysoifide mesigs, add cambinhtionsnkereeft er medi at e sel ected fromthe group

sconsi sting of al koxy and silhnol-functional polysiloxanes having a

wei ght - aver age nol ecul ar weight in_the . .. )
5. ‘The elastomer-modified epoxy siloxane composition as recited

10

‘ in claim-1 wherein the silicone intermediate is selected from the group consisting of
(-' K alkoxy and silanol-functional polysiloxanes having viscosity of from about 3,000 to
15,000 cent_ipoise (cP) at 200C.
20 :

6. The elastomer-modified epoxy siloxane composition as recited
in claim 1 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, glycidy! methacrylate resins,

25 glycidyl esters, phenol novalac epo:iy resins, resorcinol-modified epoxy resins, and
combinations thereof.

7. An elastomer-modified 'epoxy siloxane compdé_ition prepared
_ by combining: ,‘5_:_
30 : a silicone intermediate selected from the group consisting of alkoxy
fx ,'“f and silanol-functional polysiloxanes having a weight-avérage molecular weight in the

range of from about 400 to 10,000;
an aminosilane curative having the general formula

Y- Si- (O-X),

35 '%Where Yis 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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range of from about 400 to 10, 000; an ammosil ane curative having the
general formula Y - S - (0- X3 35 --where Y is HHNR), and where "a" is
an integer in the range of froml to 6, Ris a difunctional organic
radi cal independently selected fromthe group consisting of aryl, alkyl,
di al kyl aryl, al koxyal kyl, and cycl oal kyl radicals, and where Xis [imted

t Xr % afkylé‘ﬁ%ﬁ?o&aﬁc?g%lk&é kM’ﬂi ?fs OX aikﬁh"ﬂkﬁlegs g‘)l( S%hk J%G‘E“ B3% car bohiat ons;

.an ep@ Rant sixsGarbMeatPme; at | east two 1, 2--epoxi de groups; and an el astoneric

5

M

15

o

25

2

consi sting of bg ]o% E L soC natg .carb , hercaptan, and am ne,
and bei ng sel ectBEFPHITIE ‘éf“?)lmc Yl pavipg s funspienality selqcies pol ybut ene
r esi nsronptileygronpchinsisang eShyisoxydcepoxgnisbeyanate; esboyl, heatystan, fdnde resins, and
conbi si | oxane

| i 35d bEE B0 HinPine ERRSIASLARPLr (R} fgésﬁﬁlbﬁﬁg% | | ox

conmposition as r ] ‘Wi%r nedi ate has
the f&FHRMH ROKD maf’éﬂpﬁ feseﬁs acryjonifgilp regins, ipelyspi{de sesinsc andrcomlynatisnect ed fr om

t he gnmwgofconsi sting of hydroxy, alkyl, aryl and al koxy groups having up
to six carbon atons, each R2 is selected fromthe 15 group consisting of
hydrogen al ky), and aryl groups having up to six carbon atons. 9. The

O el ast oner - nodi f Bed epfdRglagtomex medifisdrapory siloanasompositieas fenited ai m 7

wher eiifd clali 76Pkef¥in (RS §ilicdne GhteAh@IMte hes Ge!eshas from the group consisting. of
epi chl or ohydri n-bi sphenol A epoxy resins, epochlorohydrin bisphenol F epoxy
resins, 2 hydrogenated bi sphenol'A epl(hlorohydrln epoxy resins, glycidyl
nethacrylate resins, glycidyl lesters, [phenol noval ac epoxy resins,
resorcinol -nodi fi ed epoxy resins, [and conbi nati ons thereof. 10. Tle

el astomer - nodi fi ed epoxy siloxane conpgsition as recited 25 in claim?7
additionally conprising at Iegs égnecythgl catalyst to facilitate cure at

resinous inter nﬁﬂ'bﬁé)@' ﬂéﬁ){'hﬂﬁngaf kﬂﬁtnwerlat'ewxﬁ@ r%g? fhSdnp fromthe group

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

+

?r

10. The elastomer-modified epoxy siloxane cemb_osition as recited
in claim 7 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
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anbi ent tenperature, wherein the catalyst is sel ect ed fromthe group

consisting of zinc, manganese, zirconium titanium cobalt, iron, |ead,
and tin each in the formof octonates, neodecanates, or napht hanates. 27 1
August 2006 11. The el astomer-nodifi ed epoxv, siloxane conmposition as
recited in claim7 conprising in the. range of from-about | to 40 percent
by weight silicone T aaseieniediflediepodbsifpaume gompysinei giecioal yf unct |bonal
am-ne r ercent- by

wei gh eﬁlgg?gﬁgpﬂ%ﬂﬁﬁ@,&lﬁ% eﬁ%&m%?@%m @Sﬁlgceng\yd&%]?glrlré?nefmdl fied epoxy
si | ox émermedinpo di toj ISrpepreaphy wlghsy’f)b'@mmnahgmrmﬁép 60 pgrespt b one -

I nter P&fgh@gﬁ? énﬂ arddEtd 25 Pevcént Uy w Iﬁelastodﬁherrc r@mnﬁ ml@nnécﬁat&‘lhe(rje efiﬁ h R
_is selec ro e Consi roxy, a and al kox
5 groups. havi ng u ég)g?f{sﬁlmt’d qghf‘r‘ggp%‘éfcsﬂx ﬁ%’f’é’(ﬁ "‘}l%lm the gr oupy

con5|$ymngmnﬁm$ydrogen al kyl, and aryl groups haV|ng up to six carbon

at ons and, r - nis selected so that the weight-average nol ecul ar

wei ght f or - the pol ysil oxane js ﬁn th ranqﬁ of from about 400 to 10, 000; 15
an ani nosi | ane é@?‘%&PPQ/E“‘T{H\FF‘W& HangadeE G ormula Y - S - (0- 43 where Y
is HHNR), and where "a" is an integer in the range of froml to 6, Ris a
di functional organic radical ingependently selected fromthe group

consi sting of aryl, aIkyI di a kjﬁaryl, al koxyal kyl , and cycl oal kyl

radi cal s, and where X is lintefl o algkyl , hydroxalkyl al koxyal kyl or

hydr oxyal koxyal kyl groups contalnfng | gss than about six carbon atons; an
epoxy resin having nore thanF?Qgé%uztgg i de, groups per nolecule wth an
epoxi de equi val ent wei ght in the Tange |o? from 100- to about 5,000; and an
el astoneri c resinous internedia1e|havirg a functionality selected 25 from
the group consisting of hydroxyl, 'epoxy, isocyanate, carboxyl ' nercaptan,
and am ne, and being selected frgmthd group consisting of epoxy resins;
pol ybut ene resins, polybutadiebe’tesins, acrylonitrile resins, and

conbi nati ons thereof.

10 where each R, is selected from the group consisting of hydroxy, alkyl, aryl and
‘ alkoxy groups having up to six carbon atoms, each R, is selected from the group
consisting of hydrogen, 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 rangc of from about 400 10 10,000;
15 i an aminosilane curative having the general formula

Y- Si- (O-X),

where Y is H(HNR), and where “a” is an integer in the range of from1to6, Risa
difunctional organic radical independently selected from the groﬁp:_‘_‘.;éonsisting of aryl,
_ alkyl, dialkylaryl, alkoxyalkyl, and cycloalkyl radicals, and wheré“-X is limited to
: g”“ alkyl, hydroxalkyl, alkoxyalkyl or hydroxyalkoxyalkyl groups contammg less than
about six carbon atoms; : R
an epoxy resin having more than one 1 2-epox1de gronps per molecule
with an epoxide equivalent weight in the range of from 100 to about 5,000; and
an elastomeric resinous intermediate having a functionality selected
25 from the gro'up'consisting of hydroxyl, epoxy, isocyanate, carboxy}l, mercaptan, and
-aminﬁc,r and being selected from the group consisting of epoxy resins, polybutene
~-regins, polybutadiene resins", acrylonitrile Vl‘CSiIIIS., and combinations thereof. ...
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28 | August 2006 13. The el ast oner - nodi f i ed epoxy sil oxane conposition as
recited in claim12 additionally conprising at |east : one netal catal yst
to. facilitate cure at anbient tenperature, wherein the catalyst is
selected fromthe group consisting of zinc, nmanganese, zirconium

‘titanium coballB, |ﬂmnehkma&;mmmmmjQxﬁgshomnmthﬁmi@ﬁﬁha&rmﬁm@Ctonates

neoc“?ﬁ%ﬂ%q%ad@ftloﬂ%ﬁ’}h&nﬁél‘?&%%t 133‘%385@ e{?a 1 2FLOME0 Qc?ﬂater Gf gpoxy s | oxane

ingredient is ™

" Tsel e RN (SRR HEY MOGE IR UG Shé Seéﬁueépclf@hl”@ﬁrzmyléiﬁ@mkbns pfienol A epoxy

‘ingredient; and _an‘or

r esi rnc, amngdiﬂe@es afigednjum, bitsphenadbakt, @paxicad Cendari dash iPidregedat ed bi sphenol
A eplocemng{] %}i&ng@?x& r{agﬁt'hy E{,Lesgl ycidyl methacrylate resins, glycidyl

esters nova resins, resorcinol-nodified epoxy resins, and
conblnatlons thereof 15 The cl ast omer - nodi f i ed epoxy sil oxane conposition

as recited | Im cl alrhmeia%tcﬁﬂ:rmﬁdcﬁﬁageﬁdiytshexsrn%naﬁnﬁsuﬂ‘oh%@r@&eﬂt | to 40
percqg%huxlgp ﬁhe%conee lpteQEE : §&“ﬁkf 1 gﬁwc%nt Y wei ght

pol yf Uncétt onal ROXY Jegp EFLEt B GRS BOND PRUSRE and | to 25
per c@fﬁplegprmdglhtbiaihaewlo*mmw resss, rﬂwshlprtthgsdmmsam@aol F@pody met hod for
meki ngsids, fylik eﬁ#é@gusbl%ﬁﬂﬂ%%ichld?gh #fa n.?oi‘?tr&%r k h@ﬁxa@rﬁ/%cy si | oxane

conposi.ti eps o nt by

conbi'nt'hy g’yafﬁ‘?y?é%?y pg?"oé PP‘é?h?ﬂ @Péﬁé‘fﬁ”ﬁfné?soffg'i‘%’é‘i‘?déﬁ%@oxw th an epoxy

reS|n?mmhdnanombamnomamemofeS|nous intermedi ate having a functionality 25
sel ected fromthe group consisting of hydroxyl, epoxy, isocyanate,
carboxyl, nercaptan,. and am ne, and being selected fromthe group

consi sting of 3§oxy Tﬁ’éﬁlqﬁ?m%ﬂ%ﬁﬁfwaﬂé@we SRonRAslitoadis defdtedesi ns,  and
conbiinatairorig doherrieofg; inalraape bNfoinebole s ith4€ par@aneiytwélgmtshﬂ:oﬂé esence of

vt eticBhe D! P18 15 30 LETMELALNTE) HaARJLN G HASE BB pacRgiy unct fonal i ne

ing a
ful | YRHLEROBY EEsiro i |1rf@ét|5fﬁewn\el@owylghgsla@pm@mrrém@gﬁm@med@n: conpri si ng
the steps of: formng a resin conmponent by conbining:

16, A method for making a fully-cured thermosetting
_ elastomer-modified epoxy siloxane composition comprising the steps of:
forming a resin component by combining:
an alkoxy or stlanol-functional polysiloxane; with
an epoxy resin; ar;d
an elastomeric resinous intermediate having a functionality
selected from the group consisting of hydroxyl, epoxy, isocyanate,
carboxyl, mercaptan, and amine, and being selected from the group
consisting of epoxy resins, polybutene resins, polybutad;ene resins,
and combinations thereof; and '
curing the resin component in the presence of water. at -ambient
temperature by adding thereto: R
a polyfunctional amine ingredient; and
an organotin catalyst.
17 A method for making a fully- cured elastomer—modlﬁed epoxy
siloxane composition comprising the steps of:
‘ forming a resin component by combining:
a polysiloxane having the formula

{
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6Iysi|oxane havi ng the fornmul
re each R
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10,.000;- wi th_an epoxy resin havf
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is selected fromthe group consisting of

and al koxy groups having up to six carbon
the group consisting of hydrogen,
X Carbon atoms and, wherein n is

onane
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hydr oxy, al kyl,
atonms, each R2 is selected
5 al kyl, and aryl groups having up
sel ected so that the weight-average
is in the range of from about 400 to

t han one 1, 2- epoxi de groups per

nt wei ght inthe range of from 10
resinous internedi ate having a

consi sting of hydroxyl, epoxy,

ne, -and being selected fromthe

@t ene resins,. pol ybutadi ene resins,
the resin conponent in the presence
adding to it: an organotin catalyst;

n

i

where each R, is selected from the group consisting of

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

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 1$ in the range of from about 400 to 10,000; with
an epoxy resin having more than one 1,2-epoxide groups per

" molecule and having an epoxide equivalent weight in the range of from

an elastomeric resinous intermediate having a functionality

selected from the group consisting of hydroxyl, epoxy, isocyanate,

carboxyl, mercaptan, and amine, and being selected from the group

consisting of epoxy resins, polybutene resins, polybutadiene resins,

curing the resin component in the presence of water at an ambient

10 100 to about 5,000; and
15 and combinations thereof; and
temperature by adding to it:
an organotin catalyst; and
an armnosilane curative agent.
o
L
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