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PCT/ 8897/ 07594 Epoxy-based coating materiatp genersliy denefphave-2oad seritanseita vanthesingdn s
have gai negunlighe WHIIGWcﬁ lcaAtings ﬁiﬁiﬁt&iﬁ&ﬁeu thenical and corrGSi@ldrdﬂi%mbé ftﬁb@ﬁﬁe to the
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chalking which changes both the gloss and color of the original coating. Where color and gloss

retention is desired or required, epoxy-based protective coatings are typically top coated with

35 a more weatherable coating, e.g., an alkyd, vinyl or aliphatic polyurethane coating. The end

result is a two or sometimes three coat system which provides corrosion resistance and
weatherability, but which is also labor intensive and expensive to apply.
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5 ° better chem cal and corrosion resistance, and inproved resistance
to nmechani cal abuse. New : epoxy coating materials are needed to
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regul ati ons. Epoxy coating nmaterials with inproved col or and gl oss
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percent by wei ght of the non-aromatic epoxy resin ingredient, 15 to 60
percent by wei ght ’ol ysil oxane, 5 to 40 percent by wei ght am ne
har dener, t e percent by weight catal yst.

-2- 25 ﬁﬁ@y Slysifokiie com; smon is prepared, according to principles of this invention,
PCT/ US97/ 07594 % fy?l po at?ovpe i denti f |ged I|)ngrped| ents react to

form a non?¥ SAmab W?@OW@‘*&R@%WSCOWW tion that conprises a
conti nuous phagg) epaxesimpeimminentdmsed crop blepdef a neparomaticlepexy resbrtaving at least
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I nvention displ s retention that approaches a | evel
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(&) water.
The epoxy-polysiloxane composition is prepared by using in the range of from about 10-
35 60 percent by weight of the non-aromatic epoxy resin ingredient, 15 to 60 percent by weight
polysiloxane, 5 to 40 percent by weight amine hardener, and up to about five percent by weight
catalyst.
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PCT/ US97/ WSR2 Det ai | ed Descri ption PCT/USITI07594
Epoxy- pol ysi | oxane conposition are prepared, according to principles of
thi-d i nvention, 5 by conbining in the presence of water, (a)

a resin conponent conprising a non-aronatic epoxide resin and pol ysil oxane;
e e e I L
that comprises a continuous phase epoxy-polysiloxane copolymer. Epoxy-polysiloxane
5 . compositions of this invention display improved resistance to ultraviolet light and weathering
| in sunlight as well as improved chemical and corrosion resistance when compared to
conventional epoxy resin based coatings. Additionally, epoxy-polysiloxane compositions of this
‘invention display color and gloss retention that approaches a level exhibited by aliphatic
polyurethanes and may, depending on application, obviate the need for top coating.
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10 - Epoxy--pol ysi | oxane conpositions of this invention may al so
contai n other conponents such as, rheol ogical nodifiers,

pl asti ci zeWO 983AAPRot r opi ¢ agents, antifoam agents and sol veRCF/EHIF07594
the like to achieve the desired properties sought by the user.

The Yesin conponent conprises a blend of epoxide resin and pol ysil oxane.

Epoxy resins useful in form ng the epoxy-pol ysil oxane conposition
are non-ar.onatic hydr_otcilenat ed epoxy 15 resins that contain nore than one
1, 2- epoxi d2& ] $ | ecule. A preferred non-aromatic epoxy

resin conpri seEpoxppdlysdil Ry copasitivipare peépared, Scvotding forirefsley/ofthisiinvention,
.pref.irabl ybi;n e ool (}%i d [ h(—ji% than solid form has an epoxide
equi<val ent wnb‘HP‘nﬁd“ﬁ? %?ﬂ@ee o om about 100 to 5,000, and has
‘a reactivi@y ofaredinoompomnent comprising a non-aroBaticepoxide egsinandpedysiloxanes| ude

non- aromat@§ hydLpfaeAddeshdnkat; ohexane -di met hanol and 20 di gl yci dyl
et hers of - §drogena,t8§£ Bi'sphenol . A-t ge epoxi de resins, such as Epon
DPL-862, (¢) anoph 9@9@?"%?}/‘ 07 and Eponex 1513 (hydrogenated

_bi'sphenol @) epiadioptiond] pilfnent apd/syaggregate conipenent) from Shel | Chemical in
Houstpn, Texas; t okl SE- . | .

Sor i el o nEPDR R neod el ihbArb RS AR on 867 (ditain pther components
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Pennsyl vankalikAiohdide (A I8 pripertitY Bt bpitieQhita Goi gy 25 - located in
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I , w i I n o om el Cho em Ccal .

Such non-a??nmén‘ﬁ%raorﬁgﬁgﬁtg%f@%@f‘&é resins are desired for their limted
reactivity of Preferred epaxygesinsipcludp nerrarpmatishydrogenaied enelabexane dimethanelandy
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weat her abi fekiny foin Shels Chemical in Houstars iTexas) Saiftblinki ESER20 Sroph Mensasto doested:in

‘epoxi de regj 1 yRat R . §,gﬁ i
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and, Anchor located in Allentown, Pennsylvania; Araldite XUGY358 and PY;327 from Ciba Geigy

%%833/7%%%?1 ilf Hawthorne, New York; Epirez 505 from Rhone-Poulenc located ifn Lousiville,
S5tk Agpios 297 gul 387 BRI Reich GHShBhY a1 bhbtol! Fioia! 6 "

to cure to fy : : , i _
epoxy- pol ysmaaréom&hpm Cerbige l@mtg? insEarryitown,New Yoge Oftharsyitable nerragmnatic
ggr cent btyeﬁgﬁy £Hsfns RiRAIN DER 752 aﬂcf-D_El(}eJ%PHEEiy 67,968, qml'gmsl, $£3505988 71 ][aa{,h fb@ut
percen . ‘ oxi de resi.n m cal Jesistance of. the .
coati ng. wi PelbCherpisel SAREIA0; fHomatco Chitnical & NG He Ao hIRFELERS: Ears:
t han3tabout GB&0pfrome@V Co§pevizltynCherpicaly, ChamrynHill,iNewdatshyr addi Fineglad A241 fromof
the coati ng.ihdilh cdengQiProm sed. A particularly preferred conposition
conpri ses approximately 25 percent by wei ght. non-aronmptic epaoxy
resin. 10 Such non-argpatic hydrpgsnated §pexide frsing ara deliprfon theyr limgitedireactiyiti ofe
resin conpserniwo Pwhickipréflote formation dfal Nisdat epcyqsolymer dtdeprohibits frtmatioh of a
limted t Ocrogshfl):%l?edhe%\t/)k{) 8olty:ql%r.f RliL' Bfidvdd fﬂ(xjart e r%'sulting linear epoxy polymer formed by
35 adding the hardener to the epoxide resin is responsible for the enhanced weatherability of this
composition. The use of such non-aromatic epoxide resins to form a weatherable protective -

coating has never before been explored because of the limited reactivity of the epoxide resin and,
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15 [err] 25 where each Rferr] is selected fromthe group

consi st ng‘g‘@‘ hydr oxy group and al kyl, aryl, and @J&% r oups
having up-to 958?3?(%3& bon atons. Each R2 is selected fromthe qu 9}§¥59Q -
consi sting of hydrogen and al kyl and aryl groups having up to six |
carbon atons. It is preferred that R err] and Rl err] conprise

groups having |l ess than six carbon atons to facilitate rapid hydrolysis of
t he | ysi . [ 1) | | :he tility of
thio. al conderefiy R peREARG indilief o1 eAEkih Woies L R beBlecl ol 1 oY)
groups havi ng 4 d epewy-RalysiloxansorPIBRQSHON: eaveprisss infhe langnef fomr H) §o 68
of §he pobmeﬁmﬁmi@ﬁrbﬁg fe3f. I EIth borfipositich\cotprides lless tha atiir 103 esno b

anal og. . . t s preferred that, the "n" he sel ected so,that
o1 y P o HiiEht ROiecFiSoh SRl srataRcs, OF the Soating, il B chmpHEnRGh ol Jhe
f r om aboutonipésition edmprised fre@epthan apohtyGl pevoean by weight dpaxytresinythe greatherability

woul o be BF P teatite \GEF bk %ﬁ“ﬁi&i%%ﬂ%@éﬁ“ﬁ%ﬁ RHPoRP btiprses

he

wei ght of appreximately Ra Rersp by WOgHTOnIpmARGRRAXY resin. conposi ti on
havigg a vi scowiithyregpéctitoahe pdbailofher @@ o0make @ M reinScdififorieflt, IirefeAd

centi poi se

o (CP o[ er.r1.C.. making t.h Ltion t i
For appl | Bomlsangs it ARbe oL e 1 Bipse Ralidf i BHORig SmyfRD, o,

-

PCT/ US97/ 07594 1 . excess of current volatile organic content
(VOC) requirenents. o Preferred pol ysiloxane ingredients are
al koxy- and sil anol -functional polysil oxanes. 5 Particularly '
preferred al koxy-functional polysiloxanes are methoxy-functional

pol ¥%i | oxanes and include, but are not linmted to: DC 3074 and
DC- 3037 from Dow Corni ng; GE SR191, SY- 550, and SY-231 from

Wacker |ocated in Adrian, Mchigan. Prgfe@rredisilanol-functional _
pol ysi | oxanes include, but are not limlted to| Dow Corning' s DC840, 76018,
QLl- 2530 and 6- 2230 internmedi dtgs. 10 A preferred
epoxy- pol ysi | oxane conposition conprisgs 'in the range of from 15 to 60
percent by wei ght polysiloxane. Usgugp itg of the pol ysil oxane

i ng2@di ent outside of this ande can préduce a conposition having
inferior weatherability and chem cal rgsijstange. A . - particularly
preferred epoxy-pol ysil oxane conpositidn conpiji ses approxi mately 30 percent

by wei ght pol ysi | oxane. 15 R The hardener conponent
conpri ses an am ne chosen fromthe gen af cl dses of aliphatic
am nes, aliphatic am ne adducts, polyanm doam nes, cycl oaliphatic am nes and
cycl oal i phatic . .amne adducts, aronmatic_am nes, Mannich bases and
ket 2¥i neswherepach &qrie seleetedigomr the grqupreonsisting of the hydnopy geawp andalkydrsyl, end
am ne, i . gikoxPhoRPd RAVInEY) ik ¥RbATAOKR. EYeH Rg f\Rlectdd! fidin BRYrBEp consisting of
substitut gd Olal'_é/ a(ilrc In.part -Wwth an am nosi agle havi nﬂ.t he ge al
fornul a: Eﬁlrogen d alkyl and aryl groups having up to six carbon atoms., 1§pre_fgr(%et§gﬁ Ri P‘Td
R, comprise groups having less than six carbon atoms to facilitate rapid hydrolysis of the
polysiloxane, which reaction is driven by the volatility of the alcohol analog product of the
30 hydrolysis. R and R, groups having greater than six carbon atoms tend to impair the hydrolysis
of the polysiloxane due to the relatively low volatility of each alcohol analog.
It is preferred that the “n” be selected so that the polysiloxane ingredient have a molecular
weight in the range of from about 400 to about 10,000. A polysiloxane ingredient having a
molecular weight of less than about 400 can produce a composition that would be brittle. A
35 polysiloxane ingredient having a molecular weight of greater than about 10,000 can produce a
composition having a viscosity outside a desired range of from about 3,000 to 15,000 centipoise . |

(cP) at 200C, making the composition too viscous for application without adding solvent in

-5-



where Y is HHNR)[err], and where "a" is equal to one, each Ris a

di functional organic radical ‘i ndependently sel ected fromthe group
consi sting-VP9%#IM2 4| kyl, dial kylaryl, al koxyal kyl, and PCT/USEHOTSMA| Ky |
radi cal s, and where R can vary within each Y nol ecule. Each X can be the
samd or different, and is limted to al kyl, hydroxal kyl,

al koxyal kyl and hydroxyalkoxyalkyl groups 25 cont ai ni ng Iess t han about
six carbon atons. At least 0.7 equivalents of amne or 0.2 noles of

ami nosi | arexcpssiof suuentaolaile ganip sontent{(Y QD rpquireaments. n t he har dener

conponent . Preferred polysu&aa& Eihél@ﬂleﬁﬁ‘ #e Sdlké¥3e ant NilaHélCfunOidnal (R 1yAdbxanes.

limged t t t th I

- preny! amaTBEHERY Ptk SRy Sanel polysilaRisAre i bprayictinel pelpsilpanes
“triamne, ﬂd@ﬁblwdq butjafecnodlimjted top DC43074rend DX3y3637 frore DosnComirg; IGE SRIPhSY-
met hyl phenyy ﬂﬁan%Y'ﬁﬁ'ﬂ&thézkeF'lbm &A%?ﬂaﬂowﬁélﬁg%n 3P?é1‘é Ei?ﬁib?-ﬁ:ﬁcrhbﬁ%l

et hyl hexox: i am no am nopr.op trinme oxyﬂil ane an
trisanino Px‘lf}eiséﬁﬁl'e‘%k?t e ﬁe&ymstpqi ihdow Coming's DC840,

and trade 230%cfhedigte® ani nosilanes useful in the pr esent I nventi on

: ?[3? 1|0I sted in Rabr%eg@pggygglysﬂoxane composmon comprises in the range of from 15 to 60

PCT/ US97/ Qmﬁﬁnt byweight polysiloxane. Using an amount of the polysiloxane ingrediantisiugside of this

Am nosi | a thon
Do ot i @ge cah produce a co%xgosmon havnp{g Xl6lé§fxerabxhty and EIRAMES x@ﬁﬁ’aﬂ%ﬁl }C\m
Car bi de  Particularly praferrsd epwmym XaRsCompOsHion campTises aRpIoydmately 30 percent by

Al 126, Allsight polyBdxanéd632 10 Wacker

ED1 ég po710, Kbobggdener compdiiéht¥omprises an amine chosen from MR ge%eréf‘gpagﬁes o@g@&%

AQ7
A0733, A0 mneso\@hgh}mcmg adducts, polyamidoamines, cyclpatjphatic amines and cycloahphatlc

12|328 1 ]a?'ﬁn? adducts,-aromatic anfthed FadrEch basesadﬁli'k@ﬁﬂxﬁﬁie@e& refeﬁré@haxde&érfcuﬁﬁ:bh&ﬁal
SI | anes a

am no tri tho ne an
e o AriSeR B Ciheare aing, i sh B inG Havok TWp ARV hydoSer Whidh mapbe;
Uni on Car mhaimd&&olmomﬁpmbmtbmhmmnsﬂmhaamgthsgeimallf(nmluhacause it has
beemygf ound that the conbi nat ion of gn_agy %e having a reactivity of
two, i.e., havip y, two gmn reaglls wth the

non- ar onatWherg %J&H?HNB& ﬁ%ﬂ/?"h adr &:8q ¥/°c gpe@pac R is a difyggtionalorggpigradical
| i near norindgeadéntiyketberidoiom [tind groep cohsisting sfdraly alkiyldiaiieylarylyedkdgahdl, landy -
Such pref %ﬁ&ﬁgl#gmaﬁﬁﬁls?&ﬂl ‘%&{Q Rséah%ﬁs\gﬂﬁﬁ%%f Yetﬂgfé&{lg Ofﬂcﬂt X UABE € the same or

conposi tio

super i or \diffenent Apd| is tlimited tocaligl, dwdmﬂ;yb cAlkaxyalkyl and hMraxmlg@syaH@i &UpSN.
A praf er r ednRiaNY 1639thaf iabSKINECHBIRSME] AR 168N RT eqEiTalemits b 8miRNE9D. Dinoles of

aminosilane per equivalent of epoxy may be present in the hardener component.

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 methyl phenyl

30 trimethoxy silane, 2 amino ethyl 3 aminopropyl, tris 2 ethyl hexoxysilane, n-aminohexyl
aminopropy! trimethoxysilane and trisaminopropy] trismethoxy ethoxy silane.

The manufacturers and trade names of some aminosilanes useful in the present invention -
are listed in Table 1
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25 ° from5 to 40 percent by wei ght am ne and/or am.nosilane. Using an-
anount of wtegmnme and/ or am nosi |l ane ingredient oupcr/ﬂsgmsgmr S
range can produce a conposition having inferior i weat herability and
chenrjical resistance. A particularly preferred epoxy-polysiloxane

conposi tion conprises approximately 15 percent by wei ght am ne and/ or

am nosi | ane. Accordingly, a preferred coating conposition according
to.practice of the present inventiDabl8D- Aminosilgnesonpri se a wei ght rati o of
pol ysi | oxane to am ne and/ or am nosil ane of approxi mately two to
one. In preparrng epoxy polysrloxane conpositions of the
present invention, Mam ct Degigng , : o resin
conponent can vary over a w de range regardl ess of whet her t he
har dener is chosen the gener al e or froman '
ani nosi | ane of the égw OMiffeneral for kgﬁz} ég&}g@%f@ny conbi nati on
thereof. In general Unibh€arhidexy resin add@hreiol, A1102, A1108, Adi HY AULZH
sufficient hardener to provr de at |eagy % 9&'196’%f389 ¥9d3@ about 1.2 amine
equi val ent wei ght per epoxi de equr va ent weight or’wth at |least 0.2

nol 4 of ani nosi | an\é’aCkef ED117

. Z-T/ USo7/ 07504 1 VWig8/ 32792 . . dA0696,_A0698, A0699, A0700, iaono A0720, .
per epoxi i vaken | e anount o
har dener added provi des |-ess than-0. 7%@0%§ AO%e’gﬁ?@aﬁéﬂqumer ght per ..

epoxi de equival ent BERght, the coati ng2328ell | oori ng conposition 5

produced will exhibit a slow cure tinme and have inferior weatherability and
chen cal resistance. If the anount of hardener added provides
ar ealt5er than 1.2 am ne equi val ent wei ght per epoxi de equi val ent

wei ght, the coPtéfegreand fahﬁmsixlagescorrme'i t | difupctiohabed sidanes that eniuhtdet.
f bl ) ) |

e Ciatapp o3RRS  ana. aminopronyimiceRRANIRC) Y8 ARNATRY prpfered

convent i oraminesilane iy UpionsCarhide- ALHI0s+ Aqdifynctiena) amigosilane is desirgd ibecayse 4 has

equi prent ,peby fiind thit the combmah@h logfan Eﬂi\ﬁlo;%ﬂmtoﬁdvﬁng)ﬁl seaefi¢ity of ewoeile!, habing

use as r lve.,.CO or al van

Cond0or o i By it BudrPens. Faet Bl o Ron ARbefiE pouy s sisq patpl AyRidivi, o,

25 twoi to fomnt 22liseat nosdposstlinked epoxy pokymmer shat Alisplaysiimprovedpweptherabidity .

aggregate ingr §g?fﬁfefeﬁéﬁ%ﬁnes and ammoguanefs e#)&@ P&iﬁl@ﬂxﬁa'c@ﬁ: §ifions that,

sel ected from e particle size ma havi
| east 90 VERGIHAPRYEA A8t SUPSEAIP SO ME )‘% it SHPS p‘reaﬂtgraivﬁgyerliegns 5 both chlor
Sui t abl e ping Piosk Setbiionh eA gntfesred epbxp{ml;m@rane composition gempnsemlncthe warggeestt s

\gi;: ccé natfﬁ(?lﬁl%ﬁb ?@#ﬂ‘ ?3? k}e@%%&l mg?%‘@gﬁﬁgbbggﬁé ac kqb‘:ﬁrl o%‘mﬂ%

oxi des, t dndroma:mn@dmetmmnh@xtgl@r phthis yangchednqrpduse mecomnpémon having ipferior
green, andweéﬁ&asﬂtf dﬁdo Eﬁémxcarnéeﬁstaﬁedemp pﬂﬁeﬂhﬁyl B?éfékﬁ'éd‘%}ﬁ)&?lﬂwysﬂﬁﬂane

crystallrne 20 l'ica, barium EY % . @ silicate, calci
silicate, cr?i"&%i’s‘tmncﬁ%%%esr%ﬁme 13 pércent %I"Y;’f‘ g ppd/or aﬂ’ﬂ‘ﬁs ane.
powder, al Aerordinglpnal prefersed)coating | dongpositiog yapsardingf tel ptsgiwe ofrtbie present invention

l'i key The apr%fe PHBITRE }at%h@ft e%défsﬂ&?ﬂe {cCarhitE Bl mARBGRLE bf 'ﬂp%l%xmately

understoo on the particular conposi
applicati dWO t&rﬂ!lecan be zero Wnen a cI ear conposition is desired. A

preferred epoxin prephiing epvxgpolysiloRans bbmpdikltiﬂm ofah@pmmtlmvérmﬁ5 the propbaisn

50 percent s

greater t hgﬁ%:%&g m@gﬁe@gl&é Eé)ypo\jrﬂgrﬁlg né%panﬁdglr egqg&lg Rent " anal or
aggr egat e thedagitnenis chosen figm, the general classesmfmmes,r memmaan amm@dam of thes
for gppli Cg%heﬁpforaemwgom téwnm@artiohqabeaf eng é&'ﬁeﬂal @Je epoxy resill @

fjonest
ot oo red i, kR atieher BB bt T i 0.7 o S 2, e
and/ or aggsaiyalent wa'mhepﬁranepdxklet equivaldrit wveagmeml wich athieast 02 ynoles ofampinosilane
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of the resin conponent and is dispersed with a Cow es mixer to at |east 3

Hegman fin of grind, or alternatively is ball mg and
mlled to %3@%61%’ fineness of grind before addi ti o[?'#’ﬁ%%ﬁ :

pol )iSI | oxane ingredient. Selection of a fine particle size pignment or

aggregate and dispersion or mlling to about 3 Hegman grind all ows
for the atom zation of mxed resin 35 and cure conponents wWith
conventio ighd

Cont e S ShiyaBSE SR, ' 5 B e 0 e skl O ki

appl i cat i @qmvalent weight per epomeemulgalan Veight.t Bet cqaﬁgg calidefloowng (cREp9Bitionnt
i nvent i on pagshcelowis eSlebli’tr §SP6W dufe diine and have inferior weatherability and chemical

- 8- 2792

e/ Uso7/ Gesigancey I the aimount of Barrenes, AP PEONIdSS SH5RIeF §hath b e eauialent
hydr ol ysi smghn;m qpoknﬁsldquwalmt weight,hehe coatingamh flooring compositionl proshiced wild f
t he S|IangL ﬁ{esare mai nl.y atnospheric humdity and 5

adsor bed m)iﬂ)ft ure on [ e g&g@ggate material . Additional water
may be added tEpoxy-polysﬂoxm@empﬁws dvsation s fmulatedb far appHeationoith

suchoas t kenisfionl iﬁ*eaﬁléﬁé i figasited hivless BAA electrostatic SFvAP Qsjuipraeht] Brdshd or

Tp 10 a SeoRe; BRuemmosEmAE TR A be BATE SrORRRE il GB Mok Favantzing

Conposi t i aheninhe, c@nerete and other jsubsteates catwiry Hilm thieknessescdin dhe wgngenof flooh2ai n
the armumm EdJﬂ%uf‘F‘v%jﬁﬁMrEferst hAcéeQdmgly, Pigsticat vb 'a%gx@ sle GRAEARAANIISBI

reacti ons, ere V.| Ng

uce 0SIt1,
an i nsuf f i@ if@mm&l rCQElPB’Fm‘BH tag%\%q nﬁ) Olgﬁgzecrﬁgtﬁpelapr;fggqbg Sﬂ
Conqiési ti @pgeast 90 weight perentogreatpr Gmr326 meshy.yrsieeesizet han about two

percent by wei Bl[lktqm | 15 bi

an undesi r abl eglg%bY%éghehEr}ﬂa I Cg%il on i%ﬁl :Tndrlfl_y gpa{rﬁeaf err ggﬁy@%m
pol ysi | oxamay mdmgmshdmsld@r blagk aFips exiKephatuigl apd s}%‘h@%fedby
wei gh;tj wahRflow]l 5rowr|1 and black ddn Sheads) Q@iuldi\@é #id bairidige 961!&&1 plﬁhﬂbéjt‘ﬁinet Hlae
epoxi de re5|n or _po n c

i ncl ude t ARAEBT ﬁﬁ%u‘?ﬂd\s/c%‘b%@é% q?ﬁ ?ﬂ% eéEBQ?rd%lgF%{l mc%@% gﬁ% chfl afd’crystifihe
har @@ner , silitap tharigms sulfate)t magnesivmh silicateg caldivan silicateameica,nmjcageats sen oxide,

I ncor pora %ﬁg&% I%ﬁ;d&ﬁgﬂ I S
as degcrl tgg]g I'n zgnc Rqudet 25 7zelﬁ11er el n i Siicate, g or a aﬁ‘aﬁd%@
r ef er ence likreghhepmeuntHf plggxegtoﬁ%g used do tfﬁfnalth%lﬁ%ﬁ?s"ﬂ?n Wa‘ﬂ Tt ‘Us ed
20 sh@ependiny tdie tid pagtivulretomposition. applivatidrd ahd danc be i zaxd ewhbm a clear

hydr ol

Undes © abiabpRiinR ds el A preferred oBERP Siipobglle dribdsio Ty cbmBR D b0
t he 26i nal |apmm,ﬁ0qz¢rmmsweug ding partinle size pigment and/or aggrggatee Hmatgrq:at%reﬂlan
percent by ‘c’]fé réelt | yowakEEtind PartieR s I&n{eﬂt hifof ﬁ§gx’€ z&@'iﬂgi'ﬂﬂi@ht c#l produce a

may be adde t.| rely.separ and curing
of the modPpEHtion tiat 1858 WseBRE, For SPRIRANTY oﬁﬁémagwatoer fhe Eafdlad B e A
I nvent i on.préfexréditoating abmpbsnomhwdmnnmeedpproxnnately 20piernent by meight dine parnticibe
pal nt i ndL, anese, zirconium titanium cobalt, ’
iron, |ead aég§ agn e%lrg%&c%g E form of ,octpates, e%fgﬁca tﬁé es and
napiPhanat es. and/or aggre(ggqedpgxgtp)gnq ByRiglnpder I0 the ERRXH TFSInPATEiOR ng
t he gener af ttiwrashl wmponent and is dispersed with a Cowles mixer to at least 3 Hegman [fimengdss
of grind, ‘or alternatively is ball milled or sand milled to the same fineness of grind before
addition of the polysiloxane ingredient. Selection of a fine particle size pigment or aggregate
and dispersion or milling to about 3 Hegman grind allows for the atomization of mixed resin
35 and cure components with conventional air, air-assisted airless, airless and electrostatic spray
' equipment, and provides a smooth, uniform surface appearance after application.
Water is an important ingredient of the present invention and should be present in an
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where R err] and R err] are each selected fromthe group consisting of

al kyl, aryio g4 Koxy 35 groups having up to el.even Caf@ﬂﬂs ISy and
where R err] an err] are each selected fromthe same groups as -
R[err] and R[err], or fromthe group consisting of inorganic atons such as
hal ogens sul phur or oxygen. Dibutyl tin dilaurate, di butyI tin

di acetate, organot | tanates, sodium

- 9: nt suffiiehto/ B’t?iggﬂ)out both the tydrolysxs of the %ol siloxane and the subsequent

PCT/ US97/ 075 acet a | c secon
tertiary ﬁBF‘?%‘ﬁ‘%Of the f’}lﬂnﬂg &g] 8f walkt dte aﬁl‘éﬁdlty and

tri &t hanoladsorbed mbistuze by Ithrrmxgmﬁnmrchggmgajd mdteeiahamﬂdltmnah watalymi}ebel addedto

|
ot yei I ox ket ddpndifly B fioien? bondiiEHs? VcH £ 8 b 3P Y BB ol flooring
di | aur at e composition in arid engireRIERs, yg prefeaad eee;ﬁapn@l)a/'{s iloxane spmpﬁ@ngn eomprises
i n;fﬁnt { 0 ? rx}:@r ﬁ)d @eftéfcﬁidn?bm@%ﬂdﬁnt tof water Yo F8ciBiate) hpdidlySR) fmms;m"smbnannhﬂ Sﬂ:
W ou e a n Ve SO Ve nma

Ndoq t o sk vafti? aded Sl tiny HRACSebain W Ao of maisuie meSled 58 e ©
equilprrent hydmlysxs rapdcnmdénsauom nehctionss | and gnay thexefiors produee awheempositicnepradyct
‘brush, rolg, ﬁp% an insufficie gie@ u%viiﬂét &i?fbsfﬂnrdnﬁ%ﬁeﬁﬂa?)‘ f?éﬂéﬂcg "eBém ?.vﬁuons

en

Exerrpl ary so ts usef ul esters,

al cohol's, thataphprepargd PsiBg Sreatry ﬂmea opkgvo Rexeent-BX iwight mnt@né)ﬁo hydrolyze and
sol vent atifdgdnérizeqermml dn wiiesiedblé el ermeiﬁphmmnt Aoparticulariyip 0?2 5 -

g?;rer; anT(E;lrr\[Pg Wl :CB&RPSIHPH g%g&@gﬁs by]‘%l% gﬁ‘qgﬁ?"unaté%? ton'é%e?é%ﬂ{ 8§ 'welgl?tl V¥ater
Epox$- pol ysi | olfadesixedmyeasért may de aiddedito pitkarethe epoxideresim onmplmoe bardeacn
rheol ogi cghher sources JOHhtet 81 a?  inBtudé tlabd ZR0Bnts %?ékﬁ@ﬁﬁh@%?ﬂilae ghsi e lg e

T sot t | HgeRere ARiSTing: SolNbb<Or oW Ingredicdittp NASiomey Ao be incorporateds by ASEE
agent s andetinies bs alcch@sdhrenwwmﬁﬁﬁxwmé Biessritied| iy W S0 PaneNo 041356] 0740kersimy
oL e ko foda by HfieREL  Rkarlest BF B bote o0l hBhEn Ul 0P Plal s 484

EpOX% p0| OSI I'oNsS®0 @;Pr esen Inventli on are su
2 ShOUléakag?eSTQ@!wmﬁ amust meeded, toofacilisate ghe) hydrolysise rw@mg eWater

cont ai nts lehee ?the{ §bichiometric amougt) hy?iﬂ&%faﬁlg sax%@kx@%sﬁn@i_ﬂkr ao@/t8'reduce thed
aggregat e I ngred en ves and solvent i esire e secon
package céﬂ&g %?&%@F@MXMCWW&% BFRQ“%nd optionally catalysts or
accel erating abjprto sbowHive percent by wwumtabtst yeyy| bexadided ¢o thporesini eomspayient, e
present i tﬁ.@ﬁl

t enper at ur@é@cr:%én ii%ﬁen é 0 d rr% mﬁ)a gﬁ% dry“gﬁ [ I Euﬂﬁ@ bF mfglﬁeg
teﬁﬁ r at ureB%"Yb%?aHW e?fﬂf}gcmé |°§ theRresent JAVERkCR- ¢ C1Ud metal
conposi t i anidrsodell Reown és et paint industry, revg.ntine nmanpanbse, airpd)madx uindﬁumbabbalqr

cure tenp 0 r |l e

wi shi ng tgﬁ%éq%) %iéc?titn ea?:ﬁ% g‘?‘{}%gﬁg‘?ﬁh@{ rle9d?canate%a11d nvp héh ﬂ\%{ epsc?)l%bleSO
pol ysi | ox&h@b@@n@%‘ﬂ? 0&@033 Cﬁwsﬁﬁr@é@ﬂﬂlﬁrﬁﬁ’é e cured by: (1) the
reaction of the .epoxy resin weth the am ne and/ or am nosil ane J
har §§ner to form epoxy polymer chai ns (2) the hydrol ytic

pol yCondensati on of the polysil OX@Ne ?ﬂgn@gl ent to produce al cohol and

pol ysi | oxane polyner; and (3) the“€op I zation of the epoxy polyner
chains with-the pol ysi | oxane gol yner to.f.orma fully-cured

epoxy- pol ysi | oxane pol yner conpositiofis When 35 an am nosil ane is used
to make up the hardener conponent, the am ne noiety of the

_ am nosi | ?nﬁ?mmr R¢tdre easlpxslectad Iﬁgmﬂdﬁh gro?pdcf@nimﬁngmfalncylt ‘ﬂd’s ahdAfkoxy
y o e 0si e S o ol ycondensati on
t ﬁ%t he &9% l}ag%lép ?q ﬁfé cl::ttﬁ?ré 8{2?[6%' %Pg whete il aX& 'lf: 2B edch et it {‘rom the
-10- same groups as Ry and RG, or from the group consisting of inorganic atoms such as halogens,
sulphur or oxygen. Dibutyl tin dilaurate, dibutyl tin diacetate, organotitanates, sodium

-



WD 98/ 32792 , _ - _

PCT/ US97/ 07594 1 t he epoxy-pol ysil oxane conposition exists as a
uni formy WOIERERI arrangement of |inear epoxy chRGTOIGTRMt S .
that are cross-linked with a continuous polysiloxane polyner chain, 5

t herleby forming a non-interpenetrating polymer network (I1PN) chemical
structure that has - substantial advantages over conventional epoxy
syst ens. L n.the ingredients are conpined, it is believed
Shot SThe splism apeate, andofURIRGE Secondily G5 RHIEY | SOIEAIGS S IRNE CORBBATEE,
with the pdyjsminoxthanol| tiptleiolamine, tricthylamire) ang methylrdiethanol amine! ehyr igoased

chaigh ext i . Vs | i ] e 10
ol o1 | ox 300e 88 1 shbibkadnF Glsbisichat yGrdife ST ABABAIHB of BOfEbrane A Wl
In such rdaprefemed catalyst is dibutyktindilpesated that the epoxy resin functions as
a cross- | i nki ngpexyLasKsiloxaiét contibsitions t dFe tHe Pfe%t;nt invention aré "'deneRN§i low Gh

t he conposi.tion \ME1 out, dim nis Lr&g the benef,icial features t he .
pol ysi | oxi¢osity and can be spray amﬂl smtg?l?to © afiﬂgm@p@iﬁ splyent, V€T PIEAE he
ani nosi | arselventsf mayn tepaddedptol jmprove hetomization and dppligation withaeldctrostatic spray
pol ygi | oxape: ' | heardiak Yren ' .

f or ?%ga po?egg‘n"?‘%%ﬁg]f@pgf‘ }r?gfg%#ﬂgﬁdr g%,gﬁ‘%%ﬂ 'Xg%tlcs_i r g“?@ﬁé&g rbnr%%’zrg{l?rbn
are subst #AtStandapd air and airlegs spray cApIPmeRt gﬁ"}ﬂ‘ﬂeﬁq VERE YseR ¥

(HiE RYFPOSE o
exanpl e, tifiduiié @etefs)retheas,yatestiols;tketonesf glycols and thé like e PDhey niaixinimi EnoUN Wf
SI X tines at. o ' | r .
s bl ebyahe sl 15 cRRpHEDACE i brlkend Hieion AT Gy Bietien: ravtasion
t he non- amunder the Clean Air Aepigxappreximately 420 gramos solvent piee litartofithe eamppsition. of
r ot or ppoar SRR RempOions of the preséi® IRAth ffy oG Lot helogicat!
Chen cal DiRdtEeR i RIBTcizebh o BER ASEN,  SHESLTORIG| SEEPISBASEIED FULRE | 9puts,
of I t h_eI pr ddtmntinousvand asphaltic eextdnklers| adtikegtling digents) diluénts, CH Voligletpstabjilizers,i air

ol ysi | ox o . : @l a @ hﬂﬂﬁ 0
ggg-)r/egat qul%an%%gg? e 2 ndlg%e&xggg%?{?si_ﬁ]oﬁﬁe ng Hﬂ-ﬂ@g%%@ﬁ ?idg’n i Q{mi é‘my
prepared 9mPEis®HRitA@beutden prrcentobysweight such madifier; and agemti- ar omat i c
_ep??m_ {esi n di prﬁypo}bﬁgfmef&om@dsiﬁbﬁl@ﬁ the® gﬁé&ﬂﬁﬁ irenticn. uﬁatsiimﬁhltﬁ, a ?hw"om
Intrnite [ €CQ d ]| | aprasi Qn Sl nce,ne [ an a
pol yur et hgﬂ‘élfa%?y@ e 4 c@ﬁ‘ﬁb@% é‘r?/&r SXntgi?ér 5 r(l%feeﬁ?c&g% |°§£%gl§aﬁ‘§ eé%oﬁyos?ﬁ'ﬁe
pol ymer s @olysidgxans, any|pigment apd/er Rggrogate mgredieat,t asiditives @nd solvent if debiredsi dhe

resi st anc ecdHA0 phciBitley Tohtaihs NBolyAMRRS iahil AR S aMindsilfhe 268 € BptiddANG Nch@lYsts or
exhi bit ah 0 ., -uUnexpected and surprising |Inprovenent in chem cal
cor r osi on 25¢f0CIAHRE ARSI resi st ance as wel | as high tensile and

.C ﬁ m2sess ijv e st Epoxytiolysildxane cempesitiorisrofabd preseht aiwemmnfmn rbesappliehamd fully cure
T t . : tr, ] [ | o
oo il gl MR (ol B B B, (g

apparent - upo ) ration o | oW ng exanple
Tabl e 2 f &emperafuEss below J8°Grourenis sevgfelyetarded. However, compesitioni=f s present
t hrough 4 inventien eiaycberapplied untier bakerertives temperfdredrud 1©0150°Ted 200°Che 35
E,E?.P?Jrstg'?? B%SEerbfoq \pi¥hi¥¥g3't9 e ddbnd "6y Rny particular theory, it Pneftbved ‘Bt epoxy-
30 polysiloxane compositions of the present invention are cured by: (1) the reaction of the epoxy
resin with the amine and/or aminosilane hardener to form epoxy polymer chains; (2) the
hydrolytic polycondensation of the polysiloxane ingredient to produce alcohol and
polysiloxane polymer; and (3) the copolymerization of the epoxy polymer chains with the
polysiloxane polymer to form a fully-cured epoxy-polysiloxane polymer composition. When
35 an aminosilane is used to make up the hardener component, the amine moiety of the
aminosilane undergoes the epoxy-amine addition reaction and the silane moiety of the -

aminosilane undergoes hydrolytic polycondensation with the polysiloxane. In its cured form,
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Table 2 | ngr edi ent Description 5 Eponex 1513

Shel | epox Eq. W. =230 - Epodi | 757 Paci

cycl ohexan)gv(ﬁfﬁ%zhazn di gl yci dyl et her Aroflint 607 liéf'@]@}g’f‘d
epoxi de resin DC- 3074 - Dow Cor ni ng net hoxy functi onal
pol-ysi | oxane © A-1100 Car bi de' am nopropyl trinethoxysil ane
Y- 9632 Car bi de proprietary am nosil ane 26020

Dow Cor ni nge % ? g%hm?:ﬂih %a{g%%bnte&is?%ﬁ§19 Eﬁ'ﬂ‘b@@ didfersed aﬁ%gjegeﬁ“ of linear

Wacker propri m nosi | an ering
Berlin po|epgny ebaimfragments-thapare cross-linked swith A contimous polisiloxanepalymer chain,

pol ysam ne thgrebyornting G non-m ﬂﬁdﬂﬁg ‘iﬁblymer networkqn’m {chenfial B&ﬁétﬁfé)flﬂi(ﬁ&e
Araldite. R9§ é%‘ﬁ'ﬁ | ene |s diani |l ine Eq. . =48
Nuosper se 9 s;tantxa.lpp@.péﬁes\%ﬁ F‘?\‘B'% HRRA EPOXY SYStEMS. oy de RTC 60 T| t ani um

di oxi de- Whien? the - ingredients are cofbinedl) it iis ibelievednthat She silaner ymdiety & klieca
#70 70 nme S | gudr

el on égmﬁbsl»ﬂa&@ ﬁéﬁlﬂl&}t condens ﬁ@t ihe pétﬁ?sﬂoxa.ﬁé Wé i 8" epoxy resin
BYK- Chem émdermmhmn extensmnex YeSeaCEQH with the almnExmpp%spemder froph the
desqui be thofys6ms e forina Aillytdiged Eoxy-poBRilexaas polyinet BSmposition. If SUERORhEHEN.

?Rseh??oﬁ°§§'h§§s@%¥%€§q’cﬁg@% ﬁ%@é@aﬁgﬂne %%@%‘%?ﬁ}#@ce&%@ 580 T fross-

proporti orlmkofdens:ty of .thengomposition without: diminishing thérebeneficial afedtupésyrafnthe

bl end are s%hgié varied. A portion of each resi n and pi gnent
bl end as n each exanpl.e i s then conbj a various, 25
har dener conpo EPQXY Fesin reac ffl‘f"l‘}éf@nam’ ttP pEM £ROXY, pRlymer chaiy o

3. Hasch fragments, emd ﬂlenpplymhnxgnqaahd/mﬂlmsﬂm nmimgs ihlydrolytic polyesidegsitivn to
cure {1 e o463t DEFlBfhok 55iv51eN b reaction kineEY op BhAHpdi§ef AN ard WA

resi st anc
EXAVPLE 1 different, thereby provepteg Imrfanpa% nFoxbcmloa%le e forepplyperizatisionofng

385 gr a{ns tﬁ% o Booy eesinl Blabout six timed fﬂﬁfééf( Bﬂnatﬁn%ﬁgﬁ f;féiysﬁbl ¢l @157
(pi gnen ns_Q i foam

oFaim ot 1 SrtsevaORAt b relafie JARest agatisy Of Hime pesded 1 B eiog 10 htomatic
RTC@0 (ti tepokynresinxiscie. tol e inhgreat!ivantastivity of dtielawntaromatio epqry rtesios nwiend
di spersed J, ag@gﬁﬁ:s LeRfjsdi - ot or powered
Cow es di sso p\i/lléerdto 1§1§r$r'%ﬁu of P%%sgﬁﬁ%gdﬁ’{}g after which tine
432 grans DC 3Yimg il’&%?ﬁb igalcrrepatties ofithe eIJOXY'PO lysdlgrane rampasitionr e
was then sifite sdminvenﬁun éreraftbct&h ﬁlﬁﬁmaud)bmcé bepox Besiﬁkpogkmomcmiﬂey

3; gﬁlto ' g?lag;ﬁ} Mﬂ&%%a?feng} ando E g{n%gi &t arlégcr%ga%] gor%p&?e &ul AT po';@ oY}?sxke)g%xe
WO @$/ 327%pmposition that is prepared by combining a difunctional aminosilane with a non-aromatic
PCTI US97/ QpaR¢ redin displays improved resistance to caustic, is weatherable, allows infinite
recoatablh{y provides abrasion resistance better than a polyurethane, which is completely
unpredictable because siloxane polymers and epoxy polymers are known to have terrible

abrasion resistance. Epoxy-polysiloxane compositions of the present invention exhibit ah

30 unexpected and surprising improvement in chemical corrosion and weathering resistance as
well as high tensile and compressive strength and excellent impact and abrasion resistance.

_ These and other features of the present invention will become more apparent- upon
consideration of the following examples. Refer to Table 2 for a description of the ingredients

used in Examples 1 through 4. In each example, the ingredients used are combined in the

35 proportions described by weight in grams.

-11-



per "equivalent. 5 EXAMPLE 2
A resin and pignent blend was prepar ed by conbi ning 390 grams of Epodil 757 .
(epoxi de r MO PY327R gr ans of Nuosperise 657 (pignment wetting RERESY7/0784gr ans

of BYK 080 (antifoam agent), 10 grams of Dislon 6500 (thixotropic
agerit) and 338 grans of Tioxide RTC 60 (titaniumdioxide). The

I ngredients were added to a one quart can and dispersed to 10 . 5 Hegman
fi neness of grind using an air.-notor paoyered Cow es dissolver. This

required about 20 m nutes, aft &R ch ti me 432 granms DC- 3074
(polysilo . was added conbi ned m xture was stirred

untid unif resi 3 BLR _WhsCosity of -
appr_slqm mat 3& cP a E wtﬂfa\%gléc&h%%ﬁﬂl gﬁ*&val ent wei ght

g mmbﬁﬁz'ﬁﬂkﬁoxﬁ!l‘ﬁo%mé”e used to prepare -

-the resi nm opi grrent blcgﬁglidgf ndhbpropyl iGaiBMoxysili@S used, except that 356

grams of Arggipnt 607 (em@muéq,r aimiposik@e i nstead = of 385 grans

of Eponex Z6008 (epoxi de resi Dpw bmmgmnfnobﬂlghdmmqupyﬂsmmbmoxymanescosu ty
r oxiBb41di7y 6, 800 - (Waciderﬁ a(ﬂﬁ%shn@ ngand a cal culated

eqw al entEumdxg‘I*ﬁZﬁﬁf 338 gr afishering Berlin 1. Bt =4005

COVPARI SOMuSsnme £942  Pacific Anchor POMQIR!% W,ts-r'n Bind pi grrent bl end was

Grame. of el RUL%; (o e CoRy et i 5B S o0 °

(anti f oam PR 6010 X e 6500 (thixotropic agent) and 338
grans of TH8% 40 %‘;ﬁl E ah anl um di oxi de). This conparison

exanmpl e di Q gl%e 7bty gane 30 i ngredi ent The ingredients
wer e "adde s@ 35 quart Uzgnsﬂﬁ persed to Il ess than 5 Hegman

fineness ls%l oUSi NY Kailg #hdustritl thixpaepe ed Cowl es di ssol ver. The m xture
was thinnegyxk 080 - Wi glie defoafmex’y| ene to reduce vi'scosity and-then.
m xed until uniform The resin blend had a Brookfield viscosity of
approxi mately 12,000 cP at 70[err]F (20[err]C) and t he cal cul at ed

equi val entEmnjd:St was 313 grans per equi vaI ent. 35 Three hundred
gramgy of the reghp Mseﬂ%ﬁiu Examsenﬁe VRS piépagstiol bf e rsﬁlﬁrr@or@;ﬁonem of the

Uni on Car bi de A—ll am no ro tr t hoxysi | ane

acet at e ( JOFRositon, b e %f‘\"g%ﬂ‘ érﬁ% Fﬂgﬁ/ V\%)?T %“&bﬁqﬁr@pﬁﬁ i B{fs

sandbl ast ddvesttien| ast wsetl foarophting) purppses. In each example the types and proportions of

- 13- d.

5T Uso7/ pEsgients used® Folkd 4P e resin and, R LI T

dried to tegckresimandepigment blepd as Wmareén@ &agh example 1s

ei ghts hourkardede® commionesitsCAIAPSUIvent i diffaremtymdportiohs ak sﬁG{vﬂrm] Tﬂ$16$5 CEacHO
| resulting egoxy—polysﬂoxane composition was tested for cure time, weathering resistance,

corrosion resistance and chemlcal resistance as shown in Table 3. i

9

EXAMPLE 1

30 A resin and pigment blend was prepared by combining 385 grams of Eponex 1513
(epoxide resin), 5 grams of Nuosperse 657 (pigment wetting agent), 5 grams of BYK 080
(antifoam agent), 10 grams of Dislon 6500 (thixotropic agent) and 338 grams of Tioxide

RTC60 (titanium dioxide). The ingredients were added to-a one quart can and dispersed to

5 Hegman fineness of grind using an air-motor powered Cowles dissolver. This required

35 about 20 minutes, after which time 432 grams DC-3074 (polysiloxane) was added and the
combined mixture was then stirred until uniform.  The resin blend had a Brookfield viscosity -

of approximately 10,000 cP at 70°F (20°C) and a calculated equivalent weight of 315 grams

-12-
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5 ° The resin btends of Exanples 1, 2 and 3 and Conpari son ,
Exanpl e 4 lxed with t he hardeners and sol vents 1N _Tabl e
3 and appl {\wéégwgajégst panels in a simlar nmanner. P's‘:l}mgﬁ@b%“ :
conpositions prepared according to Table 3 were tested for curing tine,
weat hering resi stance, corrosion resistance and chem cal resistance

according to the fol |l ow ng ASTM and industry test nethods:- 10

1. ~ASTM B3, sopeiines called QU accelerated weathering, is an

accel er at B intended to sinulate the deterioration of
coatings caused by sunlight and water as rain or dew. Test
pane{s are exposed to alternating ul tRRAMPEE 2 | ght and condensi ng

hum dity cycles, radatj on | asured .b Ioss 0 or rusti
biTster g < S resit and piggient Blend A% pigpated b9 copbining 300 dawny Gl 157

t he corr osfepoxide sesitgricgrants ofQ¥nasgenisenés 7 (pigmentewletting agerit), sjngm,ms of BYK 080

f d

ot el for o by, f°pindy ADSERIE sﬁ"%““’i“%c%%p%" 348 BB pf Qdopice

The rat i ngRTES0 (ianiny dipxide) aT!!G ingredients were added to1g)ong guart gan and dispersed to

w?kﬂgt '&%57 Hegekla ﬁeness of gnnd 8sing a@f ﬁiﬂhﬁb@df RRdr Rewéred Toveles H%ss&verC?Thisd%qulred

0 sus e anc at |

di fferent ?Bé’ggéﬂtrgm ﬁ* ﬁ g%fg&%s Pgaa%-{"ﬁ (polystioxans; 3%5% ‘%ﬁg&tagg

coating. ambmhm@rmdcmvctmsasumdam@ luaiform Af Ther regin blend had arBroomgé rvaacosmeof
d 0

D cat | ngipEe ’%‘ﬁ“ tely 3,800 £ 30-TONGeE) ki § BheSladl AP walplt of 263 Grilnd Bor

maj or chan@uy alentndi cat i ng part.i aI failure and 2 i ndi catl ng

conpiste failure. 25 30 - 35
-14- WO 98/ 32792
PCT/ US97/ 07594 1
Table 3 '
EXAMPLE 3

- The same ingredients and procedure used to prepare the resin and pigment blend of
20 Example 1 was used, except that 356 grams of Aroflint 607 (epoxide resin) was used instead
of 385 grams of Eponex 1513 (epoxide resin). The resin blend had a Brookfield viscosity
of approximately 6,800 cP at 70°F (20°C) and a calculated equivalent weight of 338 grams
per equivalent.

25 COMPARISON EXAMPLE 4
An epoxy resin and pigment blend was prepared by combining 711 grams of Epon 828
(epoxide resm) 5 grams of Nuosperse 657 (pigment wetting agent), 5 grams of BYK 080
(antifoaming agent), 10 grams of Dislon 6500 (thixotropic agent) and 338 grams of Tioxide
RTC 60-(titanium dioxide). This comparison example did not include the polysiloxarde
30 ingredient The ingredients were added to a 1 quart can and dispersed to less than 5 Hegman
fineness of grind using an air-motor powered Cowles dissolver. The mixture was thinned
with 100 grams of xylene to reduce viscosity and then mixed until uniform. The resin blend
had a Brookfield viscosity of approximatély 12,000 cP at 70°F (20°C) and the calculated
equivalent weight was 313 grams per equivalent. '
35 Three hundred grams of the resin blend of Example 1 was mixed with 48 grams of
Union Carbide A-~1100 (aminopropy] trimethoxysilane) and 20 grams of butyl acetate (organic
solvent). The mixture was then spray applied to sandblasted steel test panels using a

-13-



5 ° Epoxy- pol y5| | oxane, Conposition (coati ng)

Wi ght (g WO&SISZ B Exarrpl el . 300 - 300 300
300 : 792 Exanpl e 2 PCT/US97/07594
- - 300 - - Exanpl e 3
-1 - - - 300 - Conpar i son Exanpl e 4
- - - - - 300 10 butyl. acetate
ig 3 ) ?)%Vilbiss air:zagomizing.spfza?/ gun. gtmg dn% to touc%x in less than one éﬂnﬁgd

fry érough in about eight hours. The-coatmg composition displayed initial 6088 Df 90
" 5 The {tSmblends of Exgruples 1; 2 and 3 and Cdnfarisori Example 4 we@% 4261%5
2  the hardeners and solvens shown in Table 3 and applied tgdest panels in a similar mypagr.
Resul ts The cofipokitibns secdrtdiig to Table 3 werd tested fob curing tnn@
?. 5 wgatherxng reflstance fo ﬁ{n &s&ﬁ%%ﬁeﬂsﬁgﬁ? gc}'cordmg to Jﬂ§ followmg 6
10 1&STM and jadustry test xgethods20 ~ QUV Accel er at ed Weat hering 20
gg ghoss 1ini tAg"l‘I\% G53, soffetimes cafldd QUV ac@@erateglwe 1s a?15accelerat3d2 test
- 3 ndeda t>c/> sm;ulatgﬂe deterioration of coatings,caused by ggnhght and ggater as ranh 8
58 13 or dew. Test panels aftlexiposed to alternating ultraviolet light an condensifi
Cblistering Hmidity cycles: Degradatign ieftlehsur@¥ by 16s5 W E1E YrHhsting and blistering
10 of_the spating. 10 10 -

10 15 % ASTM BhEnineshrebds cdriosich mbistance of coatcd\bﬁdls( &ped to salt spray
(conc. ) (fog) ugder prescnPed conditions. Panels are cher]:'ked periodically and ra&led dor
- H[ err] sq er r | Ylistening Jand rusting accopding to ASTM D1654 The ratmg test method uses a 1 to
- ] 10 sczle with ﬁbelﬂ@icam%_' o ch

- 3.  Chemical Resistagce, Uni rCraT1 §1 Mtg O@jc_ﬂ) measures the rg%stance of_Lo

- 20 - coatings to ten different reagdfts. One milliliter of eadiereagent is placed on the tesf O

;gi d( con c ) coating and covered with a watch glass. A_ﬁ”@r 34 hours, the reag'eﬁfse;}ré (i-emoxed and

- cunene any change is rated on a sggde of 1 to 10 with 10 indicating no change, 8 indicating

10 ' somRCRARYEE 6 mdlcatmg major changk, 4 indickfing partial failure and 2-indicating -
d oss retention in QJ\F accel erat ed weat heri ng,

sal t fog t est i SPRIFH fRiE: cal spot tests clearly show that
coal¥ngs forned from epoxy- pol ysil oxane conpositions of the present 35

i nvention have inproved chem cal, corrosion and weat hering resi stance when
conpared to # conventi onal epoxy-based coatings conpositions.

Al t hough epoxy- pol ysi | oxane corrp05|t|ons of the “present I nvention have been
WD 98/ 32792 ,

PCT/ US97/ 07594 . _ _ ,

30 -

35
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1 described with considerabl e detail
preferred ladlh3S t hereof, other

Ther.ef or e, V?Heﬁé%?bra

be |}

20 - 25 30 35
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it and scope of the appended cl ai ns shoul
im’ted to the preferred variations described herein.

~with reference to certain
variations are

%%ﬂ?éé&kﬁﬁ%

15

K Table 3
Epoxy-polysiloxane Composition (coating)
Weight (grams)
Example 1 . : 300 300 300 300 - - -
Example 2 _ - - - - 300 - -
Example 3 - - - - - 300 -
Comparison Example 4 - - - - - - 300
butyl acetate 20 20 20 20 15 20 25
A1100 43.3 - - - 57.9 - -
ED-117 - 54.9 - - - - -
Y-9632 . - - 48.0 - - 450 -
DCH-99% .- - - 15.0 - - -
Versamid 125 . - - - - - - 86.3
Test Results
Dry film thickness (mm) 6 6 6 6 6 6 6
Dry to touch (hours) 1 1 1.2 1.5 1.5 1 1.5
Dry through (hours) 8 6 10 16 16 12 20
QUV Accelerated Weathering
60° gloss -initial 90 91 90 86 75 22 65
-1 day - 91 9 65 - - 3
-7 days 52 920 66 48 58 13 1
21 days - 75 36 - - - -
Salt Fog - (1000 hours)
-blistering 10 10 - - - - 10
~rusting ) 10 10 - - - - 8
Chemical Resistance
-NaOH (50%) 10 10 - - - - 10
-HCl (conc.) 10 10 - - - - 8
-H2804(9nc.) 10 10 - - - - 4
-phenol 8 8 - - - - 4
-H3P04(conc.) 10 10 - - - - 6
-NH4OH _ 10 10 - - - - 10
-ethanol 10 10 - - - - 10 }
- -acetic acid(conc.) 8 8 - - - - 4
-cumene 10 10 - - - - 10
-acetone 10 10 - - - - 10

Gloss retention in QUV accelerated weathering, salt fog testing and chemical spot tests
clearly show that coatings formed from epoxy-polysiloxane compositions of the present
invention have improved chemical, corrosion and weathering resistance when compared to
conventional epoxy-based coatings compositions. :

Although epoxy-polysiloxane compositions of the present invention have been

-15-



1 ~ 30307PCT/ GIL VWat is Cained is: 5 1. A
Cr 0Ss- Ilnked gﬁgég pol ysi | oxane pol yner conposition prepared by conbining:

wat er ; a pol ysil oxane having the fornul a PEkPEITNO7594

wher e each R[err] is selected fromthe group consisting of the hydroxy
grodp and al kyl, aryl and al koxy groups having up to six carbon

at ons, each R[err] is selected fromthe group consisting of 20 . hydrogen

and al kyl and.a ro av, X caraon and, . wherein n |s
sel ect ed ﬁmbe& X"‘thinH%fB ‘?ﬂ deéﬂé@ﬁﬁ KS?CIWE'F ShEerp %@%Y%‘*o&i Ibgreels othe:

t he range vafiafionsnare lppssiblé00Thayefods, 0he ;spirit and scope of theappemdedrolaintsi shoaldcm)t
resisn havi i er nolecul.e with an
,epoxs:qde e(y&?\l@[aée‘ﬁ%ot@l\g:b ?rc& V%ﬁga%ndg%gc H&gemﬂloo to about 5,000; and ~ -
a sufficient amount of an an1n05|lane har dener conponent having two am ne
hydr ogens 25 to react with the epoxide-groups in the epoxy resin to
form epoxy chain polynmers, and to react with the pol ysil oxane to

f orm pol ysil oxane pol ynmers, wherein the epoxy chain polyners and

pol ysi | oxane polymers copol ynerize to forma cured cross-|inked
epoxny- pol ysi | oxane pol yner conposition. 30 . 2. ~The
conposition as recited in claiml wherein the non-aromati c epoxide resin
is selected fromthe group of cycloaliphatic epoxide resins consisting of
hydr ogenat ed cycl ohexane . di nmet hanol and dlegC|dyI et hers of

hydr ogenat ed Bi sphenol A epoxide resins. 35

-17-
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1 - 30307PCT/ GTL - 3. The conposition as recited in claim

1 wherein L30si | ane has t he general formula 5 o
Y-.Si - (%"?’g‘r’r MW and whel'S A d0TR8 -
IS E di functional organic radic rndependent |y selected fromthe
group consisting of aryl, alkyl, Gi Imfxyal kyl, and cycl oal kyl
10. radi cals, and where X is | gmﬂmumml hydr oxal kyl , al koxyal kyl
or hydrox_%%y&amgd ige groUps cort ai*ni fig Tess than about six carbon
at ons. e The conposition as recited in claim1l wherein
the conposition additionally conprises at |east one netal catalyst

to Kacilitate gure in éoxiyguolysiloxaier pulymer coiposition piepared by combiningyst i s
sel ected fromthe group consisting of zinc, manganese, zirconium titanium
‘cobalt, iron, iwé‘g"’cﬁ: and tin each in the formof octonates, neodecanates, or
napht-hanat es. a polysiloxane having the formalpe conposition as recited in claim1
conprising at |east one additional . ingredient selected fromthe
group consi sting of rheol ogical nodifiers, plasticizers, antifoam 20
agents, thixotropic agents, pignment wetting agents, bitum nous and

asphel ti c extenders, antisettling agents, diluents, UV |ight
stabilizers, air release agents, dispersing aids, and m Xt ur es
t her eof . - 6. The conpgsitionyas recited in claiml
further conprising a pi.gnent or 25 g@rega e material having a fine

particle size selected fromthe group consistipg of organic and

i norgani ¢ col or pignents, at |east 90 pg¢rdent by wei ght of the pignent

bei ng greater than 325 nesh U. S| sieve|size. 7.

The16onposition as recited in clai Byt @griri @&Re in the range of from about

30 " 10 to 60 percent by wei ght epoxy r?sin, 15 to 60 percent by weight

pol ysil oxane, and 5 to 40 percemt Iby i ght am nosi | ane har dener

based on the total weight of the conposiitjon. _ 8. An

epoxy- pol ysi | oxane pol ynmer conposition prepareg by conbining:

a pol ysil oxane selected fromthe group consisting of al koxy- and

sil anol -functional 35 pol ysi | oxanes having a nol ecular weight in the

ran@® of from shere eath®, ivsela@tcgiofyomyshe tgroup consisting of theyhydraxy gseupcandatkyl,

resin havipg d?i‘araﬁk&#}lagroﬁg? hERAK P Qo HiL LADER atdiN, abh R, is selected from the group

sufficient "appunt 0 n Mﬁﬂla%ge ar den«i\,lra con‘i%onent havi n twodamﬂle.

hydr ogens consisting of hydrogen 1 aryl groups having up 10 51X carbon atomscand, wherein
n is selected so that the molecular weight for the polysiloxane is in the range of from about

: 400 to 10,000; _
25 a difunctional aminosilane hardener component that condenses through its silane
groups with the polysiloxane; and
a nch-aromatic 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 that undergoes
chain extension by reaction with the amine groups .in the polysiloxane to form a fully cured
30 non-interpenetrating polymer network epoxy-polysiloxane polymer. X

2. The composition as recited in claim 1 wherein the non-aromatic epoxide resin
is selected from the group of cycloaliphatic epoxide resins consisting of hydrogenated
cyclohexane dimethanol and diglycidyl! ethers of hydrogenated Bisphenol A epoxide resins.

35 '
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30307PCT/ GTL providing in the range of from0.7 to 1.2 am ne

equi val ent wei ght per one epoxi de_equivaleat———— weight having the
general for W@ 9§'3 792 (USB7/07594

(OX)lerr] where Y is H(glmnml ;“ﬂ“l“\)[“‘reals one, Ris a
di fubctional organic radical inde selected fromthe group
consisting of aryl, alkyl, dlalkylaryl alkoxyalkyl and cycloalkyl 10

radi cal s, and ere is limted to droxa.l .pal k.o aI k.

hydr oxyal koxyal ﬁgmposmonasr %flé’gﬁ‘ I%'%%' n %8 %BFI has
at ons, mheﬂmigtnbiﬂfmxﬂmm | ane hardener reacts with the epoxy resin
to fgrmepoxy chai n pol ynmers, and rep ? ¢ e polysiloxane to form

pol ySi | oxane ol yners that co o] ﬁ/ 3with the epoxy chain

is

pol ymers t Whexsr ¥nig ape mraspowne a dlﬁxpem}xg pmwaé@ﬁbwmndnnﬂm
an. or ganot héle&éd FHan§ the SAlp consisting of aryl, alkyB Lttlitkylaﬁylt anmymkylofanmsrero

facilitate oI |s an en eac

ful l y-cur et k&)ﬁ%‘tﬁ% éﬁ%@ﬁé ’ﬁ’glpbn@ﬁ( ‘?ft'?!t%‘”é)t WF’@X{
t enper at ur groupﬁ’.ﬁontammg less than@bout si¥lcerbongpams.t i on as recited in claim8
conpihsing in the range of from about .10 to 60 percent by wei ght’
epoxy resin based on_the total, weight, of, t he conposition, where

the epoxy resinfhas ZRE SOBIPOBILIOR 8 Tecited in ﬁli@r!grlnwqurem CFSWQQS’HPHWM
to 5,000. comprises at ledst one fidtal cathlyst anfaeilititeicure asambient ethperatareqiwhefein the

epoxy res X Seipor sfond o ét‘t& HOR0, of i Mé%é?ﬂ"%rsr&f%ﬁa%ﬁn
di gl yci dy! cehalte ironofleady dnd gisreacke én Biesform rof] octonatesx hetsiecanatass or naphthanates.
11. 35The conposition as recr ted in cI aim8 conprising in the range of from

15 to 60 pergent b ht I.l oxane based.on th t ot al
of the conposit?on, ®"AECE tg‘i I, ] A FRmprising h‘é ¢ast r?BFaF\ﬁ%’t?omb,S
-19- ingredient wmmﬁigroup consisting of rheological modifiers, plasticizers, antifoam

agents, thixotropic agents, pigment wetting agents, bituminous and asphaltic extenders,
antisettling agents, diluents, UV light stabilizers, air release agents, dispersing aids, and
20 mixtures thereof.

6. The composition as recited in claim 1 further comprising a pigment or
aggregate material having a fine particle size selected from the group consisting of organic
and inorganic color pigments, at least 90 percent by wetght of the pigment being greater than

25 325 mesh U.S. sieve size.

7. ‘ The composition as recited in claim 1 comprising in the range of from about
10 to 60 percent by weight epoxy resin, 15 to 60 percent by weight polysiloxane, and 5 to
40 percent by weight aminosilane hardener based on the total weight of the composition.

30 ' -
8. An epoxy-polysiloxane polymer composition prepared by combining:
a polysiloxane selected from the group consisting of alkoxy- and silanol-functional
polysiloxanes having a molecular weight in the range of from about 400 to 10,000,
a difunctional aminosilane hardener component that condenses through its silane
35 groups with the polysiloxane having the general formula

Y - 8§ - (0-X), .
where Y is H(HNR), and where a is one, R is a difunctional organic radical independently

nnrit‘\’iii\‘ftt‘r‘irt‘““ .



5 Jerr] 15 where—each Rlerr] is selected fromthe group

aving up O MR Lo di ome. a”il, Ef'lﬁﬂm‘féﬁ’ ot ed 1 romAHPRIAYS

consi sting of hydrogen a groups having up to six
carbon atonms and, wherein n is selected so that the nDIecuIar wei ght
for the polysiloxane is greater than about 400. 20 The

o oxt et RS AL ghdhoct kil Of BiVIPaIGR BaNoLER, Wi fw#ﬁr éﬁoaem
addi.ti ves rthea and wh@él%éi gﬂmﬂi mailﬁ'é Bydsopalieyn slkoxy sy bor hy@mxw&maékﬂ
r hegl ogi Cg-}ouﬁd;bﬁtaﬁlﬁ 143k $fsdni ﬂjoﬁegﬁ carbon atomst i f oam agents, t hi xot r opi ¢

agents, . pigment wettin ent s t um nous nd asphal t nders
At set 11 . anafBaronte R, fesin o Fapradss At SBon by réidrion vt
and di spegeoupy in the polysilaxspe to-form a Mly-wred@oxy-phlysﬂnxapesmiym as reci t ed
in claim8 fur&{g% ﬁlgfmrchﬁggg gndine particle size pi gnent or

e

aggregate nateria cte omt he [of0) sfin f or gani ¢ and

i norganic 30 2 sutfigient amqynéﬂf ?amﬂ@rfg‘?lﬁta&@"ﬁﬁid FW“E%E?)W@EQ
at jeast fliyaired Polymerdingdsition at ambigy tegpsrambeVi ng a U.S. mesh size
greater than 325 based on the total weight of the . aggregate :
mat eri al . A non-inter enetratl ng pol ymer network

epoxy- pol ysi | o2ane fi‘beympoagmmassrqcitedn irzglaim 8 ¢omagrisinglirbtheangs af fiegm about
wat er; w g6 60 perc§m3b8'7 P%lghngb Xy s BHiEd B e tBtal RRighPbf Me?omposition, wherein

- 20- er rl
the epoxy resin contains more ,2-epoxide groups per molecule and has an epoxide
15 equivalent weight in the range of from 100 to 5,000.

10.  The composition as recited in claim 9 wherein the epoxy resin is selected from
the group of cycloaliphatic epoxy resins consisting of hydrogenated cyclohexane dimethanol
and diglycidyl ethers of hydrogenated Bisphenol A epoxide resins. |
20 ' _

11.  The composition as recited in claim 8 comprising in-the range of from 15 to
60 percent by weight polysiloxane based on the total weight of the composition, wherein the
polysiloxane has the formula

25 where each R, is selected from the group consisting of the hydroxy group and alkyl, aryl and

v
2
30 . S I
| R- 0| 5Si- o-FR2
I
L Rl 4n
35

alkoxy groups having up to six carbon atoms, each R, is selected from the group consisting

' -19-
-
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10 - where each Rerr] is sel ected fromthe group consisting of the
hydroxy group and al kyl, aryl -and atkoxy—groups having up to six’
car bon at oW 9883¢R R[err] is selected f roup consi stMOTJUNITO7594
hydrogen and al kyl and aryl gro Hﬂl“ﬂwgmy X carbon atons and,
whedein n is selected so | ar wei ght for the

pol ysiloxane is in the range of from about 400 to 10, 000; 15 a
non- aromat.i ¢ epoxy resin havjng nore thap one . oxi de’ g

mol ecul e ®F hydrogen and alkyloand ayh SEQHPS having: “Evé‘i’ §Ht C*}fﬁ n@msaﬁgi ¥ °11°}Ith i$00
‘to about $eledted s fht the molecular weight fof diecpolpsikixane isegreatart thah abou4d0nosi | ane

har dener conponent to react both with the epoxy resin to form epoxy

resi'n polymers and the polysiloxane to form pol ysil oxane pol ymers.
and has the get2r al Therenthpositipn as recited in claim 8 further comprising additives up ty -

0 i e e, e it gt S B
consi st i nﬁe &W F 1BIPUP GPUSISED é}?&fow zﬁ{%ﬁ?‘ﬁf EI%O?(’%??S h %er P

radi cal s, aﬂﬂ?danﬁagmt@ﬁ thixétropic eagents, @ﬁgmdant Wweiting xageints] blmlnhnagsahh(jfl asphaltic

hyd I
a ong. S SRR M tiflp Sgns, dinen Y Bl AREERS oh Slkal o obeBreing

pol yners RWSct together to forma. cross-1linked non-i nterpenet rating
pol ymer networ k epoxy- pol ysil oxane pol ymer.. 30 A et hod
for making a fully-cured thernpsettin S|onan.e oI ner_ . .
conposi tion conmpri si 5°PH’<P §‘E‘8’b§s 5?(‘1&’8 if i £)?m)ﬁ'“”rf r@%il’ﬁmc‘e Size
conponent pigment wbiaggregate material selected from the grenm oonsastmgmf mgaim)md LreOx Zamic

| a p%ys' | %l%?eglgﬂfe fit 0?{?}&&& thé Q?%&gnes ﬂgfllﬁl' §6ﬁ1ﬂﬂse? atalf:ééf”% e%ﬁ%tsd# W&ght

p | ng no
range of PEFREYBPAVENS @, Bl Eﬁc; h size greater %5 onthe ' tota weight offhe :
and aggregate material. - 21- §
30307PCT/ GIL curing the resin conponent at anbient
tenperature by adding thereto: an am nosilane with two

active hydrogehd. t h& nerinterPERALIBLAL t rpdmerepngtwqﬁc r epsxy-polysiloxane  polymer
for gnepoxgoﬁpgdlﬁmppfepgﬁrdsb)a%mﬂg t he pol ysil oxane to form pol ysil oxane

pol ymers. erein the epoxy chain polyners react with the
pol ysi | oxane p¥fffers to form a fully- cured cross-1inked
epoxy- pol ysi | oz polysjlokaneehayvingrttie formula ' an organotin catal yst

to facilitate curing the resin conponent at ambient

25
é _
Rl
N ’
30 RO} Si- OR,
|
g |

35
' where each R, is selected from the group consisting of the hydroxy group and alkyl, aryl and -
alkoxy groups having up to six carbon atoms, each R, is selected from the group consisting

-20-
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tenperature. 10 16 A_ et hod as—r—e-eited in claim15 wherein
duri ng.the_v% 883, f Or m ng the resin onent one or p ;0?97,07594
ingredient’1s a ed that is sel ecmn“‘ ﬂmmmﬂlﬂ p consi sti ng :
pi gnents, aggregates, flow nodifi nodi fiers, plasticizers,
ant{’f oam agents, t hi xot ropi ¢ agen s, pi grrent wetting agents,

bi t.um nous and asphaltic extenders, anti settl i ng 15 agents, di I uents,

UV Jight gnd iky1 afd %ﬂﬂegrﬁﬂﬁ’d”'h&vx QpUioSHRChtBYD oA and, wherein n is
A rretﬂ?éir?%ﬁ{ q(la%% a full ighgg gmedﬁ?))'gloggleyﬁlnll mngg%fw 2bput400

corrp05| ti oylected

conppnent tbyl(l;mtbl ni ng: 20 a pol ysil oxane having the
formul a [err]

sel ected from t%glfb‘%‘f&}m{: 3%?955{1 e{x %r °%m8?%é§€qé§to§<§fd§ﬂ§g eti‘{";“éhsits silane
al kyl , ar ygroupsiwithith polysilersse nad/%ﬂg ifradlabon atons, each Rerr] iis

sel ected fromthe group consisting of hy,-dtqu.lx)and al kyl and aryl groups 35 |

e o of whers ¥ i AR BR8P sinenti et Pl by

of froom atnewcteﬂ)&oﬂnthbfgrﬁﬁp consisting of aryl, alkyl, dialkylaryl, alkoxyalicd; andiciycloalkpky .

”23;'” hav'aalfm ﬁg%%i%gg}e{s}ﬁ"t&o@(ﬂﬂﬁ Wy aHAGIKy1, alkoxyallg'l h' droxyalkoxyalkyl
epoxi de ecgroups eontaipingdess than abrut sixearbon atoms;, awb ¢

about 5, 000; angdpén-aromatic epoxy resin havmg more ﬂlaﬂ\/@hellﬂ-epoxxde groups per mI¢cltd
the resin conponent. at erat ur

an or ganot Wik @Bepp3ide- °‘1§}Y6ﬁ=rﬁPW°1ght in the range of tfohn iﬁg é%gh%‘g # Q?m%‘%‘ Ppdergges
act iMe hydhaipesxtensiontbyceactionswith ther amiph groupssinl the polysiloxane to form a fylpcpsed

W|th t he %ﬂﬁﬂ@ﬁﬁﬁ%ﬂﬁspﬁw ’{“Rg"n‘?@*’(@gg"sm’%gﬁ% Af chai n extensi on by

I-n t ysil oxane to form a
fuIIy cured epoxy-

15. A method for making a fully-cured thermosetting epoxy-polysiloxane polymer
composition comprising the steps of:
20 forming a resin component by combining: -
a non-aromatic epoxy resin;
a polysiloxane selected from the group consisting of alkoxy- and silanol-
functional polysiloxanes having a molecular weight in the range of from 400 to
10,000; with |
25 water; and . _
curing the resin component at ambient temperature by adding thereto:

4 an aminosilane with two active hydrogens that condenses through its silane -
groups with the polysiloxane, whereby the non-aromatic epoxide resin undergoes
chain extension by reaction with the amine groups in the polysiloxane to form a fully-

30 cured epoxy-polysiloxane polymer; and
an organotin catalyst.

16. A method as recited in claim 15 wherein duﬁng the step of forming the resin
component one or more ingredient is added that is selected from the group consisting of
35 pigments, aggregates, flow modifiers, rheological modifiers, plasticizers, antifoam agents,
thixotropic agents, pigment wetting agents, bituminous and asphaltic extenders, antisettling
agents, diluents, UV light stabilizers, air release agents and dispersing aids.
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pol-ysi | oxane. pol yner. . . 18. A cross-linked _
epoxy- pol ysi | oxane copol yner conposition that is prepared b .
conbi ni ng:WQ88/32792 a pol ysmﬂmmﬁl Mﬂ)mjﬂﬁ' fromthe é?yﬂﬁwé‘!?ﬁ%ﬁ st.i ng
of al koxy- and silanol -functi onal xanes having a nol ecul ar
weilght in the range of from 400 to*10°000; "wi tth * a ,
non-aromati c epoxy resin having nore than one epoxide group per nol ecul e;

a sufficient anpunt of an, am nqsila i ngredi.ent t rovide,in the range of
fromo.7 to 1F  A'metbod,farmaling a Fajlwsired spoRy-pofyetlahe pofyer. compapiion
equi val endonvpisiiy tHeostdpstdf: react with the 20 epoxy resin to form epoxy
' chag n pol yners | %§%S¥‘§£$fﬁf§‘?’ﬁﬁ&5ﬁ°5ﬂ’mi I ysi | oxane pol ynmers that

I nke

copol ynmerize t0 Ta a Cross-| epoxy-pol ysi | oxane copol yner
conposi tion. 25 a polysiloxane bgving the formula _

10
Rl
|
R- 01 5i- O-R,
15 |
I
- Rl

. where each R, is selected from the group consisting of the hydroxy group and
20 alkyl, aryl and alkoxy groups having up to six carbon atoms, each R, is
selected from the group consisting of hydrogen and alkyl and aryl groups
having up to six carbon atoms and, wherein n is selected so that the molecular
weight for the polysiloxane is in the range of from about 400 to 10,000;
a non-aromatic epoxy resin having more than one 1,2-epoxide groups
25 ' _ per molecule with an epoxide equivalent weight in the range of from 100 to
_ about 5,000; and .
¢ - water; ) -
curing the resin component at an ambient temperature by adding to it:
an organotin catalyst; and ] _
30 ' an aminosilane with two active hydrogens that condenses through its silane
' groups with the polysiloxane, whereby the epoxy resin undergoes chain extension by
reaction with the amine ‘groups in thé polysiloxane to form a fully-cured epoxy-

polysiloxane polymer.

35

- 22
This Sheet Has

L

REPLACED




