2 Septenber 2003 SI LANE- BASED, COATI NG COVPCOSI TI ONS, COATED ARTI CLES

OBTAI NED THEREFROM AND METHODS OF USI NG SAME CROSS- REFERENCE TO RELATED
APPLI CATI ONS This application clains priority from Provi sional
Applications SN 60/185,354 and SN 5 60/185,367, both filed February 28,
2000, and from Provisional Application 60/236,158, fil ge feRibegnbes 29,
2000. BACKGROUND OF THE I NVENTION Field of the Invent| on The present
invention relates to conpositions useful for coating various surfaces, 10
i ncluding, netals, sxﬁﬁmﬁbtm @bxmaraom@smem@ gekYED ARUCIESE! , and
various netal alloys, such as brass al kal i rret al silicate coatl ngs,
primng netals, pai QRBAINED SHEREFR AND | 23S OF AIINGHAYIEKe . More
parti cul arlcgliSg based, coating conpositions
whi ch are : ic and/or non-netal lic
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this inventg&fnyepys dgodard, transparent, durable coatings which do not
suf fer noticeabl e degradation in gloss nor concurrent yellow ng over |ong
peri ods of BAGKGRQIAND ORHAEINYENIIQN r osj ve, e.g., acidic or alkaline
condi tions. the Prior Art 20 It is well known to catal yze
silanes wit iHg3t @‘—%@ver acid catal yzed aqueous sjlane coating
conposi tions ar eTheptese ivicuitonendlates &4 empositiopiefuh for seating VaHos SWraces,

condi ti H bel ow te.
08 ol it @i Sisting ay BATE feeE iR adhodbiech 36 ShRES mebaldyS, ©
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of whi ch t heyigRhe rcatQQ&éd Wit dckd RIPRVRRAENIIE @RF b o8, métallieContwiutdscand elhithi on,
trial koxysilanes (e.g., nethyltriethoxysilane) with ali hatl pol yol s,

silicones dormstrongly hereatnedrosion resistant spntings ¢k VIdF#A8E & andjed- pe
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The compositions of thxs mvexmon provide hard, transparent, durable coatings which do not suffer

noticeable degradation in gloss nor concurrent yellowing over long periods of time under
exposure to corrosive, e.g., acidic or alkaline conditions.

Discussion of the Prior Art
20 It is well known to catalyze silanes with acids. However, acid catalyzed aqueous

silane coating compositions are not considered useful for coating steel; the acid conditions,
e.g., pH below 7, promote corrosion of the steel substrate.

U.S. Patents No. 3,944,702, 3,976,497, 3,986,997 and 4,027,073 describe coating
compositions, which are acid dispersions of colloidal silica and hydroxylated silsequioxane in

25 an alcohol-water medium.

U.S. 4,113,665 discloses chemically resistant ambient curable coatings based on a
binder of which the major portion is prepared by reacting, in an acidic solution,
trialkoxysilanes (e.g., methyltriethoxysilane) with aliphatic polyols, silicones or both.

Barium fillers, such as barium metaborate, may be added to provide resistance to sulfur
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conpositions may be applied to, e.g., steel petrol eumtanks, by spraying,
concrete, vitreous surfaces. U'S. 4,413,086 describes water reducible
coating conpositions containing 5 organosil ane-polyol which is a reaction
product between certain hydrophilic organic polycarbinols and _
organosilicon material, e.g., organosilane, curing agewseptember 2@08 nopl ast
resin), organic solvent (optional), essentially unreacted pol yol
(optional), ess | a: : isBmeA MR | ane
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nmet hyl t ri net hoxysi | ane, (b) surfactant (e.g., Table |, col. 4) and (c)
wat er. Thé ings may be used for rendering nasonry water repellant.
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conposi ti q&tﬁaﬁvﬁ}&ﬁoﬁiﬁn& @) stitfotan? (€. BdleTpedl. 4)fand () watesu Thacetinguohy as
nmetal s generally, 1 ncluding steel, titanium copper, zinc and,

parti cul arbeysed faniendaring masongy Wetee reRE¥L| on properties of the pretreated

surface to 25 H0SCAHSAS AR fbbaE hfiproveiht 0 tcRidEarlyRANi Sh.

| acquer; or of presence or absence of a )
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conpositions 1s apparently obtained by introducing the conposition to the
fluid enclea@lyse and upon exiting froman opening, the conposition (i.e.,

or ganomet al | i ¢}y g 5636487 sk BaRRbposiinor it Reailkyihicapeni ng. 2 2
September rr?o?ngixeric or oligomeric hydrolysis product thereof, present in a proportion of 40-90% by
20 weight based on the non-volatile content of the compositionk and a hydrous oxide sol (Type A

or Type B), in an amount such that the oxide constitutes 10-60% by weight of the non-

volatiles. According to the patentees, this coating composition is suijtable for the

pretreatment of solid surfaces such as metals generally, including steel, titanium, copper, zinc

and, particularly aluminum, to improve adhesion properties of the pretreated surface to
25  subsequently applied coatings, such as paint, varnish, lacquer; or of adhesive, either in the

presence or absence of a lubricant.
U.S. 5,882,543 describes methods and compositions for dehydrating, passivating and

coating HVAC and refrigeration systems. The compositions include an organometalloid
and/or organometallic compound, which reacts with water in the system. The sealing

30 function of these compositions is apparently obtained by introducing the composition to the
fluid enclosure and upon exiting from an opening, the composition (i.e., organometallic)

reacts with atmospheric moisture to seal the opening.



U S. 5,939, 197 describes sol-gel coated netals, especially titanium and
al um num al l oys. The sol -gel coating provides an interface for inproving
adhesi on, through a hybrid organonetallic coupling agent at the netal
surface, between the netal and an organic matrix resin or adhesive. The
sol is preferably a dilute solution of a stabilized allgeptambeP2o0sm 5
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these coating are applied to, e.g., boat hulls, such as aluminum hulls, they are highly effective

in preventing corrosion from salt water for extended periods.
The coating compositions of this earlier patent, have also been found to be very
25 highly effective in providing strongly adherent, corrosion resistant coatings on a variety of
other substrates and products, including, especially, air conditioning and other HVAC
systems (see, e.g., Provisional Application 60/181061, filed February 8, 2000, in the names of
Anthony Gedeon, et al.).
In my Provisional Application, SN 60/185,354, filed February 28, 2000, silane-based,
30 aqueous coating compositions are described which are especially adapted for coating or
overcoating refurbished painted finishes, especially as a gel-coat restorative for fiberglass-

reinforced epoxy and polyester resins, particularly, for boat hulls and other marine finishes.



2 Septenber 2003 According to this Provisional application, an acidic
aqueous sil ane based coating conposition is described which is obtained
by adm xing (A) at |least one silane of the formula (1) R1SI (OR2)3 (1)
wherein 5 R is a lower alkyl group, a phenyl group or an

N- (2-am noet hyl) - 3-am nopropyl group, and R2~ is a | ggéptambyt 26030up; (B)
aci d conponent selected fronlmater-soluble organi ¢ acids, H3BO3 and H3PGCS;
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a | ower al kyl gr up, nis er of I or 2; (B)
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ot her enbagg nents, the conpositions may further include one or nore of (C
ethylortho- silicate, ethylpolysilicate or colloidal silica dispersed in

| oner 1 kanol ; (%BF“Horlc acid, optionally dissolved in |ower alkanol; (E)
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| ubri cant tember 2003 In addltlon to th bove
descr i bed alikyhgsbers gﬁ atindeneghycoh lgwaralkaael; u gpvx?lﬁbh sht algTsTcEE) ers, cgﬁn}( dal aluminum

hydroxides and metal alcoholates.
In my provisional application SN 60/1 85,367, filed February 28, 2000, I described
15 non-aqueous coating compositions containing, for example, (A) silanes represented Aby
formula (1):
R'nSi(OR)4n )
where R' is a lower alkyl group, pheny! group, 3,3,3-trifluoropropyl group, y-
glycidyloxypropyl, y-methacryloxypropy! group, N-(2-aminoethyl)-3-aminopropyl group or
20 aminopropyl group,
R? is a lower alky! group; and
n is a number of 1 or 2;
(B) vinyltriacetoxysilane and/or colloidal aluminum hydroxide and/or at least one metal
alcoholate of formula (2):
25 M(OR%)m ey
where M is a metal of valence m, R? is a lower alkyl group; and n is a number of 2 to 4. In
other embodiments, the compositions may further include one or more of (C) ethylortho-
silicate, ethylpolysilicate or colloidal silica dispersed in lower alkanol; (D) boric acid,
optionally dissolved in lower alkanol; (E) y-glycidyloxypropyltrimethoxysilane; (F) finely
30 divided solid lubricant.



present invention, there is still a need to provide corrosion resistant
coatings which do not require acidic pHs to catalyze the polynerization
of silanols to form polysil oxane coatings and which may be applied to
steel or other acid degradable surfaces. 5 There is also a need to provide

coating conpositions with inproved pot life, nanely, fb@%feﬂﬁl'el“f@ﬁj zation
rates. There is also a need to provide silane based aqueous coating

conposi tions jch.are effectjve tp overcpaj silicate coatings. |t would
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generally, there is still a need in the coating art for coatin

. L ! C g .
conposi t i offquivicidic PHs i catadyze the nabysmerizationsof silzsiels tadaren nolysileanh BRfASS al | i ¢
SUDSE Al €S iphitHth &b UpBHL A stk B MR ABA HErbdbR ARG LY, 10! UGl N
adhesi on 0 the Supstra e, corrosion resistance to acids, alkalis and
sol vent s, and dlhersris alspa oseddo proyjstercoiting, compesitions withampreaedprt Jife, pareddlom
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surfaces, SHREHVEdP AYereqabaificateycRalin®s- zed steel, brass, aluminum 2 O alkal i

netal silicategywsli@sBo b 4dVahabans o R8Vidd SHnSbisboaRBoRPatidpeoplsitionkn
accordance wi th one enbodi nent hereof, an aqueous coating conposition is

f or med1By velieh s ney inciude potequirs swyfacianis sEemwsiSersA) | one or both of (B)
and/or (C), an X ) . ' r e - Bl (OR) 3
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H3PQG3; and (D) water. 5 2 Septenber 2003

15 gellation, storage stability, and the like.
The foregoing and other objects of this invention are described in further detail below.
SUMMARY OF THE INVENTION

Accordingly, this invention provides compositions effective for coating a wide range

of metallic and/or non-metallic surfaces, including steel, galvanized steel, brass, aluminum,
20 alkali metal silicates, glass, fiberglass, painted surfaces and the like.
In accordance with one embodiment hereof, an aqueous coating composition is
formed by admixing the following ingredients (A), one or both of (B) and/or (C), and (D):
(A) at least one silane of the formula (1)
R'Si(OR?);, ey
25 wherein
R' is a lower alkyl group, a phenyl group or a functional group, including at least one
of vinyl, acrylic, amino, mercapto, or viny! chloride functional group; and
R? is a lower alkyl group;
(B) base component;
30 (C) acid component selected from the group consisting of alkanoic acid having from
about 1 to about 5 carbon atoms, H;BO; and H5PO;; and
(D) water.



The conposition may further conprise (E) epoxy silane. Especially when
conponent (C) is present, the conposition may also further conprise an
hydr oxi de or carbonate of magnesium cal ciumor zinc. When conponent (B)
Is present, the base conponent nay be am nosilane, such as, for exanple,
3- (2-am noet hyl am no) propyl tri nmet hoxysilane or 3 5 2 September 2003

am nopropyl tri net hoxysil ane. The conposition with conponents (B) and/or
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| east one ‘g '?QW@Y 8? %@&%ﬁ?ﬂc?@ﬂmg‘*@wﬂ%w@p&%% gtéé)é oﬁ?}}} Wg’? 1&%’?0 0| dal
al um num hyyiloaidet ﬁght(abkdrbéi‘ﬁ(ﬂ)iﬁ) adlloniabdhahiaumthytoxite oa(J)@) meid s)late
wherein MiIs a rre}ﬁ] of valence m R3 is a |lower alkyl group, and mis 3
or 4, or QGIPIMUIZZY xture of (i) and (ii); and, optionally, a silane
hydrol y@i ng catal ysiyyorPj,ective tg)i nhibit gel lation and extend storage
life and pot life, such as epoxide silane, 20 In accordance with stil|l yet
anot her erhase Meepregsntstaaeteknfaalencs i, sapfeR eindepepdently aawesents loyer allyk aidat i ng

conposi ti qp;f o @?gﬁr%%ﬂ% b&ﬂﬁf)@?ﬂt@ W%ﬁemd ildhe hydkrdfdid (1)

gi ven above; ower  al kano wat er ; ) chriom um acet ate
hydr oxi de oatalwtbmhas;ﬂoaaeampﬂmbmummmlh}dmxaiwst whi ch provi des

| ti to the | t at ' by th
resent | nvent Pty wiaeer enqingt one iSRRG, Rt BVMe S, " ari xi ng
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and (J) @PyveHM) ‘g"}tﬁ'am@ y ’%4 l_‘gfl(llbm?fé]tai‘folﬁ P &ﬁf&?’&’c“g"’éﬁ
formula ( %kg&%ah&@ﬁm i0f me&a a,waneacéwmw I6¥Wer aildy! @06, @hd In is Bor Nt her

enbodi nment e Invention there is provided a non- metal lic aqueous, 3 0

coat i ng cdiipesiixiurrofi(dand (ibandacptionnliyy a silgue sy drolyaing catalyst; pifestiae tr intibit | a
() 2 R AR R bR
si | anego (D) \Naﬁrealqcox(dE:)ce@pd»@tﬁi@reSadoﬁwe¢ml§dd}m¢1mnéﬁxea’lVIcatnm theod i @rovided an
aqueous coating composition formed by admixing (A) at least one silane of formula (1) given
above; (H) lower alkanol solvent; (D) water; (K) chromium acetate hydroxide or other silane
polymerization catalyst which provides coloration to the resulting coating.
Another embodiment provided by the présent invention is an aqueous coating
25 composition formed by admixing (A) at least one silane of formula ) given above; (D)
water; (F) alkali metal silicate, optionally pre-hydrolyzed; (H) lower alkanol as solvent; and
(@ (i) colloidal aluminum hydroxide or (ii) metal alcoholate of formula (2) given above or
(iii) a mixture of (i) and (ii).
In another embodiment of the invention there is provided a non-metallic aqueous
30 coating composition formed by admixing (A) at least one silane of formula (1) given above;
(B) a basic amine silane catalyst, such as 3-(2-aminoethylamino)propyltrimethoxy silane or

3-aminopropyltrimethoxy silane; (D) water; (E) epoxide silane; (H) lower alkanol solvent.



2 Septenber 2003 The present invention further provides an aqueous coating
conposition containing mxed val ence silane catalysts. According to this
enbodi ment of the invention, an agueous coating conposition is forned by
adm xing (A at |east one silane of formula (1) given above; (B) at |east
one conpound conprising an hydroxide or carbonate of a, diyRhfk 20832l ., 5
such as cal ciumor nmagnesium (C) boric acid or phosphorous acid; (D)
water; (E) ethy | . : . SOl v . x{ta]i?lin nmet al
al cohol at e of fglr]en%%acx'(slb*e%g@%@gh Q%@?% aﬁ;}e‘é@%&ggﬁ%{%ﬂ?@s %“3’? ?%va egt

met al , i . emixédvatende silancdatapsts. fAcomrdigtp this embodinienbof the jnventinaaneaquéqusst i | |

yet another aspect of.the.invention there is provide a | coholic
10 coati ngcﬁﬁwgﬁgrf‘l’?sg}?nésf ?’EE?%@“%B’F“%?’%W ’ﬁaﬁé’nﬁf%ﬂf f’?ﬁ’é?lgggﬁ?vsc rongl y
adher ent capéwR${B) At lekise shSdoripoudeimprimg b® hydibassorvattvhitabes diaulentinttal,
providing clear, hard, glossy and slick (s]ippery or .%x-l i Ig&)) ﬁ&ﬂerent
corrosi én peshiascalpinmos mapnesiing §¢) brsiceidof phqsphgreds acidy () water, () §Hhi | es
and ot her kifthiR; RS0l BIveRY, ShdAPRERLRIcohbRte oTSHRulO) abokgr e i s
provi ded a@@gﬁxﬁn} a@g%éﬁ%gnﬁ%%hdﬁs an al ccohol i c sol utaﬁg)n cont ai ni ng
as the esswheictl Maemiesants o tetiavalent imstaki ing m54.cvphpesn Eresamples xt ure of sil ane
conpounds gf %‘gg)fygpovte formula (1) wherein the R group in one silane
conpound i St PCal kyl group and in another silane conpound the Rl
group is an arstijiyeisnothesqpet of thy inventioh dtreyd is gravide. anBljeecvs alpawllici on al so
i ncl udes smal| anounts of. an .al cohal sol ubl ctivato such as

t et r amafhy FRATHB RITTRASIURY 8&8‘%"8 @f@fOVé‘ﬁ%?s‘%%}?{fg?@#‘aggﬁy aé&]eiméﬁ g?rﬁ’ﬁ'é’{li ons, on
gl ass, as ARisARf AaiNGS FHIAAE sibRFated MATGHprovadife dles] hdrélessy midsfiek @lippery 20
partially hydrolyzed silicate, especially a hydrolysis product of

tetraet hyl o waxhiebadireat ensrosion geststant caabngsden metal jubstEREsah 85 B#RRIBles el ude
as an optignal, b %hiagfI %{cﬁﬁﬂl\q tg%ﬁgglpgég%)ﬁmé(invenﬁon, there is provided a coatin

gl yci dyl oxypropyl'trinmethoxysilane o er epoxysilane conpound. icgording
to the presmmositiov ehichdsrn didvholiosolutipn contsining apths icssentinl aad major filnbéyming t he

revio aragraph may be_.applied to.a b . ' w
(part1 dai rrgponeitee moterd o SPffe @poueCorde PhEEhmu R VRS itp ]
pai nted fi piedllagd cogfpoad 0 tHelbwer alkyy giolyp hrittin whétherailieusmposphthgR| group iof t
cloth. After allowi ng the al cohol to gvaporate, leaving a wﬂitist}s r
chal ky fi nfs#y! gronp, epesiplly, epbens) amaerrﬁecq%sg"’ﬂ%‘ifb%‘?‘t ‘88‘“8‘?? SPIe 2Egpt 8‘2‘?‘ the
coating i s;p@ldh stk ackiBathy, QNéhCil?, t@uﬁﬁ%&@l&ﬁnﬁérﬁlﬂﬁ BPdrSRide BAEALiaa Rgdregite,§ i ni sh.

Wien applied to a painted netal surface, such as an autonobile, the

coating bewbishfunstionskonglasscpis@n shrasiye agentind gichant; apd|agilicategpigferaliyh e f i ni sh,

much syger | of el hbly AP hroBRTLE REth Asilibdte. "% nBf- and

genera?py #ag{uﬁlé’ggé{é ryd%&%t{‘lgggggﬁf? Cir?{;alycfgan t he surf)gst’:lel.t% be ncoat ed. 7
aqueous compositions may additionally include as an optional but preferred ingredient, y-

glycidyloxypropyltrimethoxysilane or other epoxysilane compound.
According to the present invention, the non-aqueous composition as described in the

previous paragraph may be applied to a substrate, such as glass window (particularly, the

25 outside surface of the glass window), or to the painted finish of an automobile, by wiping
with a brush, sponge, or soft cloth. After allowing the alcohol to evaporate, leaving a whitish
or chalky finish, due to the Ca(OH), particles deposited on the surface, the coating is polished
to provide a highly transparent hard adherent finish. When applied to a painted metal
surface, such as an automobile, the coating becomes slick and glossy, providing a highly

30 durable finish, much superior to known wax finishes. For optimum results, it may be and

generally is necessary to thoroughly pre-clean the surface to be coated.



2 Septenber 2003 The invention also provides the novel coatings obtained
fromany of the above aqueous coating conpositions and the coated articles
obtained there from In still another aspect of the invention, there is
provi ded a coating conposition which is highly effective as a primer for
steel, galvanized steel, alum numand other netal surf@aggegember 26630 di ng
to this aspect of the invention the primer coating conposition contains as
the essential HRGFEHtRAS0ProVidRThe foVe! dBRinES ¥Batred Hdim &P’%m&bbwe
conmpounds, such as, an aninoal kyl am noal kyl tri al koxysiane and an epoxy
si | ane i n agusoys eqating compasitions ausl the peated agtighescabigined thesadomal kanol sol vent .

Th | cohol lo%h I
conpounds i s cigBbARRs of e fiRhidh H i€ plividell3 coRBeXpliptcghick! | 2ne
hydrol yzi righxgblyaﬁ?yaivc ad inpmacqur steel, gad)etmzecgstecflmimmmrxmﬂ otheemetabsurfacesm

I d t,
hvent i on. ARG S 2IREt oFE YPPR B PG FYALPESTRPR P STBRD S Bescr | bed
in furt hercsgéﬁﬁzmﬂgréayenw J6abt twD polyfinetiarborgiosilse @nqmmnsﬂcbas,aml t hough

the invention is not limted to these SpeCI fic errbg\gl ment s. DETAI LED
DESCRI PTI mwwhmmmmmsnmrs anegn gyo H‘r of this
I nvention,eg ?{H?Qb%édtoﬁhé ﬁth%[&%é%rgzﬁii@oWeﬂﬁnﬁﬁ}e @ﬂthé east one
si l ane of t 1) R1SI (OR2) 3 ( 20 wherein Rl is alkyl,

pr ef er abl yply&nﬂlona&lhhkwm@ugdﬁpls combinggd vmlpa rEpll guangitysefwaternts silagfc | | c or
b h |
S0 iy ofze et THE R Boahtt oppotftqns Bre e S0P e dlp O,

groEp, mi@%&bmfxﬁdmhinyu?xammhw ethyl, propyl or butyI group) aryl,

such as a phen or a functi,o rou u vinyl , .2
acrylic, neth ﬁ‘eyl?’f’sént IgKanggn, 1 P@P@E%fﬁ?c%ﬁ R)?“ﬂﬁ? Sﬁ'h‘f%‘%ﬂﬂ f& eS?’{&eggr oup,
and each Rffier deiall $9 RAH L Sicific eMbodinteils 268 exdmples, QithcaghireGiventiomisabt  or

branched chain al kyl "group, preferably a Cl-C4 alkyl group, such as a
met hyl gr bmpydto(tmgsem@mh@éw sel ected fromcal cium zinc and al uni num

hydr oxizdegy : ANTS begh ,,,», u consi sting of
wat er -'sSol obte DT €T € 2 acid such as formc
acid, acetic aAwdrdnmtopmaembo&hmcdt erthxbmlthlfm, ae¢a@mg compositipnds formed By aceti c

acid), I—BaBéDrglxg]l%orl c acid) and H3PO3 (phosphorous acid); and (D) water.

(A) at least one silane of the formula (1)
' R'SI(OR?); )
20 ~ wherein
R! is alkyl, preferably, a C;-Cs alky! group (the group may be a straight, cyclic, or
branched-chain alkyl), such as methyl, ethyl, n- or iso-propyl, n- or iso-butyl, n-pentyl,
cyclohexyl, and the like, preferably a C-C4 alkyl group, most preferably a methyl, ethyl,
propyl or butyl group), aryl, such as a phenyl, or a functional group or groups, such as vinyl,
25  acrylic, methacrylic, amino, mercapto, or vinyl chloride functional group, and each R? s,
independently, an alkyl group (i.e. a C;-Cs straight or branched chain alkyl group, preferably
a C-Cy alkyl group, such as a methyl group);
(B) base component selected from calcium, zinc and aluminum hydroxides;
(C) acid component selected from the group consisting of water-soluble organic acids
30 (preferably alkanoic acid such as formic acid, acetic acid, propanoic acid or butyric acid,

most preferably acetic acid), H3BOjs (boric acid) and H3PO3 (phosphorous acid); and
(D) water.



8 2 Septenber 2003 As exanples of silanes of fornula (1), wherein RL is an
al kyl group or aryl group, nention may be nmade of, for exanple,

met hyl tri nmet hoxysi |l ane, ethyltrimethoxysilane, ethyltriethoxysilane,

n- propyl tri met hoxysi | ane, n-propyltriethoxysilane, isopropyltrimethoxy
silane, n-butyltrinethoxy silane, isobutyltrinmethoxy s)kghRmber 2003
phenyl tri met hoxy silane, 5 preferably nethyltrinethoxy silane. In the case
where R is a fu ' . : ' ; ; f of

N (25 ami noet hyl A SPABRL SOSBHR o RN, Whleeint€ IRy douf AR bup,

mer capt opr ofaghtiohinnytbe made of, farresamplemeetbdpinmthoxysilane,ictyttomgthokysilane,

3-am nopropyl triethox silane,. 3-(neth)acryl o QpY: Il |l ane,
3- (net h) acr YJWE’PU@%% P“é’f??é’ﬁvmgﬁhg’wgf"}ehg‘p%’%@ aorﬁ?' %‘ll)aﬁ'%’olj‘f) ‘%p?%n%?ﬁ%?'y

si | ane, Vi nylahé nSukjirimsthoiy sille, dbuyltrietiokysitaye, Phedydeimefdxpbikaye,t r i met hoxy
silane, and any of the am nosi| ane_cat al yz@?@rﬁlescri bed herein bgl oW as

conponend (Beferablxmetdtimeghasy silaney, In e case 1§ 3 foetionaLeroge fifauon may
| ntended t 0,4 .gl&ie Pefipld]bPNRD- anfildify i DainGpt G Mrithothcy AriegB-ng _al koxy,
. Which I's hy

aryl oxy, etc. rolyzableto provide, in situ, a reactive
group (e. g.mercaderropydirimpthonysiline, dnetsaptonropylteighpxy silaneg Sraminepiapyltgethoxy
condensation, l15.reaeti o ] . t2€ et i Qr
other T oact T8 3EB eI yPlspYl R b SaciryiotRiSplrichbtilne,
functional gieayl@sinopropylatitietiony silane; vieyliriethyoxysilage, vinyltimgthoyyisilihgsi s of t he
(OR) groups), .tend to formthree-di nensi onal , 0 0SS hin uct ure,
as wel | 1Rncﬂ£¥ ltyimethopy silage, an%yé)g' "‘,m‘f“??ﬁ???eca{?%s{sb%gc%‘f%5‘8‘56%%%%0? %Sf t he

i nventi on, Jo‘infpbﬁen?{'ﬁ’ﬁn preferred to use 20 mixtures of two or nore silane
conpounds of formula (1). Mxtures of at |east phenyltripefhoxysilane and

met hyl t ri met hox ysiused-ferein, dheyispesssiar fangtional grqupe isdpicaded to mSHdE a1 §FOUR: ot o)

t f gj N Whi | i f
amounts o %A't%%ﬁ gg%%%ﬁ&%@%&%%)ﬁ ] %vhlcﬁ@éﬂyg}lmﬁfabla t p@vidange o

from about t, prefera rom about 50 to
about 85 pesitagmreactivy groep (., reidive Hydmgenhwhich mall reges, iprnthesthay;acapdegsatign d

d watef., 25 diti t. il 7 3 ke (1),
Fhe combbs PG bR i yhelinRehor S5 SRR KiidnGin crialtnd, 100
such as reppo @gomodahfe_ foIdI O\llo\li ng forgul a (4): XR1Si(OR2)3]2 (4)
where Rl and are as defined, abqve, a represents am
(-NH) or keto grBefmcionghereypsy inaddition foatﬂsa@fexﬂg{"éﬂr’géx },’yﬂ?}?@? @3’6?@?8 acid
stabi | i zat | Qphps\end td RRA BREiRIch¥iEnd? $PEMdsAinREd structure, as well known in the art.

Moreover, in the various embodiments of the invention, it is often preferred to use

20 mixtures of two or more silane compounds of formula (1). Mixtures of at least

phenyltrimethoxysilane and methyltrimethoxysilane are often especially preferred.
Generally, total amounts of silane compounds of formula (1) will fall within the range

of from about 40 to about 90 percent by weight, preferably from about 50 to about 85 percent
by weight, based on the total weight of silanes, acid component and water.

25 In addition to silane compound(s) of formula (1), the composition may additionally
include a bistrifunctional aminosilane, such as represented by the following formula (4):

X[R'S{OR’: (@)

where R! and R? are as defined above, and X represents an amino group (-NH) or keto group
0

30 |

(C<), as a basic catalyst, not requiring acid stabilization. As a representative example of

aminosilane or ketosilane catalyst according to formula (4), mention may be made of, for



am nosil ane or ketosil ane catalyst according to fornmula (4), nention may
be made of, for 9 2 Septenber 2003 exanple, bis(trimnmethoxypropyl silane)
am ne, bis(trinethoxyethylsilane) am ne, di(trinmethoxybutylsilane)

ket one, di (trinmethoxypropylsilane) ketone, and the |ike. The silane
conmpounds of formula (4) function as a | ess active basj gelﬁ@ﬂ,%yg(qm not
requiring acidic passivation. Mnor anounts, usually fromabout 1 to

about 10 parts ref erabl fro Q 2t 0aa r of conpound
of formula e(ﬁ?plﬁg’?s%%wr?p%@%ﬁbﬁ%eé (l)si%l%)"(tﬁ)’ﬁhd)?g#ﬁ%%h?%raﬁr’ﬁu?cé (1) provide
sat i sf act orgi(trimshdxyButylbllend) Retone; difpintetivxyrBylsityte)ietont,and ehedikpl Hhe silane

I norgani ¢ base, such as, for exanple, calcjum hydroxide .aloungcﬁ%m

hydr oxi de semppynds pffrmuk &b fungtiopaxe E’F%“‘?iﬁ%*’@lﬁ‘fa & gt HRaE I s e
conponent, SUGNLGS 1¥F§E ARSI uSualld HoPsboho'@-abd& 10hperts pesfttblnffrontisbduas e

conponent i's genera up to about 2% such as, for exanple f.r.om about

0.1 to 25 0% atmyt fipartshof epinpobed etfapuda (4) oer, 108 Pas Pfalpge compgindis) of forpuk ¢ o

1.6% As e | es. of. L d.component (C), nention nmay be nade of | ower
al kanoi c gﬁgég‘flgessﬁéﬁfgggfﬁ%&séxanpI e, formc acid, acetic acid, propanoic

acid, butyric aThebasensmporent@miay badbrexamplecan ingrganie basexsiehr% Oohor i ¢ aci d
(H3B03) or ortho-phosphoyrous acid PC3). . I ' 3

boric aci d <&t F’tcﬁlg!“ﬂﬁ&%wg%a@%%, yc%%xge %’?lélfcrehs'g Vv, %on?]@géatggﬁgf’ g¥
econony andgy safafk basedotipofiertGuch as e exdbple, magndsitanadded as free acid or as
I norgani c salt™ thereof, such as alkalj net e@g‘h }Q}ji urq @I kal i he
earth nkal (e. Ghe araeungpfithy bassicompersnf 1§ #Fnesally, Up teAbBYLAYp5uCH 45¢ F SXaMRIG: s
O oo, SR e] & LOADONGHnrlde donibsifb biyckilf foftfuod.2 (A6 o

about 0.3 to about 4 pérce wei ght, preferably fromabout 0.5 to about
3% preferably, Abexampidsofitheaci ¢compabeni(CRnsntien mahhe mydegllopyar alkgapied on

the total wei,ght ,of .silanes,. acid. t r §Cc acid,
the prefer P&*&gﬁa‘%‘é’ ﬁogp’f"r"u’ﬁgf’ Sosatic a%&%g%%%%@b%@?&fy%kgé%@%aﬂ%?g erably,
f ][ omhabout h&brgantdhcaﬂa,;uubh 8s, Torrbiejimﬂa,tborib)acid/ﬂl{g}@s) obm@epf hosphonass a@llét(HﬂT%i ght
of the conposition. 25 Genera , the tot amount t '
Wit hin chhg%reéﬁg!éy agetie @ basts aeid OFRO'PQ%B\?R“"&?%QP‘(S’%H" SR?E(XE’?"%&???J“Q of
pr ef er abl y eEJrB??y%HI@ Wfet) Oackfc O UTheARiIdBACHddBY as/iRie@bid,or hamerkanin salt he

Si

total weight o aneS, acid conponent and water. sSonme or all of the

wat er ray erepfovehmsdlia)i metel (a.€i sodign) alkaline caiih g15tal (8- £3loimy, or agupopium
conponent i?s]“suppl I ed as an aqueous solution, e.g., 5% aqueous sol ution of
ortho 3 0 5 0sphorous acid or saturated aqueous sol ution of boric aci
(about 6% by weiGetrraltyf tdtiB@@)nts of the inorganic acid component will fall within the range o

20 from about 0.3 to about 4 percent by weight, preferably from about 0.5 to about 3%,
preferably, from about 0.5 to about 2.5 percent by weight, based on the total weight of
silanes, acid component and water. For acetic acid, the preferred range is from about 0.1 to

about 1.0 percent, preferably, from about 0.2 to about 0.7 percent, by weight, based on the

total weight of the composition.
25 Generally, the total amount of water will fall within the range of from about 10 to

about 60 percent by weight, preferably from about 10 to about 45 percent by weight, based on
the total weight of silanes, acid component and water.

Some or all of the water may be provided by the acid component, when the base or
acid component is supplied as an aqueous solution, e.g., 5% aqueous solution of ortho-

30 phosphorous acid or saturated aqueous solution of boric acid (about 6% by weight of H3BOs).

10



10 2 Septenber 2003 Since the presence of netallic and other inpurities
may have an adverse effect on the properties of the resulting coatings,
preferably, the water is distilled or de-ionized water. While general and
preferred ranges of amount for the filmform ng and catalytic conponents
have been described above, it will be recognized by thpgg,gkiver2do3 n the
art, that 5 these anobunts may be increased or decreased as necessity

demands and thaf. t he opti num.anpynts,for .any.particul ar end

appl i cation rrayg’ﬂ’ée @8?%?%%%“‘%“‘?@8‘1 8‘@%5'?’8 t?eﬁé'?ap’ et .vcrfﬁa?ﬁ P Pegard,
for exanpl gropéhiRsiof theresulbitig toatihgss pilefrabh, theswated dudigidlled bhée-idnived vater.achi eve
freedomfromtack wll increase. Simlarly, \Z/;yhen t.he ampunt of the

catal yst(s) is While ssnera_ﬂe%a@’ée&ed fagges ‘%ﬁ?‘oi"@ ‘b’t’é‘%ﬁ‘“ﬁg"r’@é’%dfﬁf‘@gc of
cracking, |.Qs55ohts ﬁ%%b&ﬂes?ﬁ%ﬁ?agoﬁ'?ftfxﬂﬂ pERES:RE f%y &Hosd £)811daaif tetartDhat

coating. The tonpositions o I s enbodi ment may further include one or
more addi t ihesmimouatidiayi hedscreased o dectenrssd a3 negpsgity feraandpand that the ertigun  syuch
as, for exanpl L1 cat o B8 b5 MGt UV

absor bers, a’ﬁ@f"‘% fo?%?"a‘?a)?é‘%@aréaﬁ%g%%gsﬁaﬁ% M%féé%bovg{éno?eg optional

i ngr edi ent perfonaice. listhis regard) fjr example, wien thoamounsof atalyshistreduced, the-timotat | ng
conposition of this ipvention, .As ex lL.es of silicat .Jqrenti on
may be madachigvederdam Bpmfaskyil m%wﬁggﬁxrl?riyapv &e%thegfnﬁlﬂ% ‘%ﬁ%"% isl Ec(gz';?tlgerfa These
silicates () iRGedddt i Map had iihcresad e of éracking, &3 0f ad8fior andabout  52%
silica. Especially preferred in this regard is tetraethylsilicate (TEQS)
whi ch B&s pedmenssjless oftheresultipgcedinBed hydrol ysis, providing a mixture of
TECS and, 20 fr itioR%eRs RUEmER Yoap Alrthe} RERGX TR Jr dite MditdmAEr S.  For
exanple, a 50%%&%@9@?@%&%%( na beyr eferred to herein as

" pol ydi et haddjtives fomduncEo8dl atid/Goastaetids|effects, suchl asdppenpmplep piligates, ergaric

conponent, en used, w || Il within fromO to about 45
per cent bysqugﬁ“ @?cﬁ-ﬁ%@%ma@rg So*‘%‘%‘“%%‘&ﬁ@%‘hﬁgé‘%ent by wei ght, based
on the total wefighibowrfndiéd Giaal itdlentsanpobearntd singly nainemny cabibistiondntipl es

of nono-| ower, al kyl ether of alkylene (e.g., ethylene) glycol, nention
may be 1Fadeoang sremposition oftiug iRYantig-ner s of et hyl ene gl ycol, such as, for

exanpl e, mnor{@ééwngﬁg BEsilicAORGHohM:, a6k mafiBe fABOHHEthyE bh@kthyl

nmonobut yl et her, nonopentyl ether or nonohexyl ether, preferably nonoet hyl
ether of eodthdsiinate gt stadipolysitisate.aThepe sifieatosimayrhs e bged, forexappl- FoMer al ky!
ether of e o ly pretihredf ih bhid REdrd ¥ didthyigieateange of
fromO to %b?ét@aﬁ [l))é@gfjezrﬁ’ X@%V\%ﬁ%ﬁ%‘?m}fef erlag}ly Fr_o_m 0to )IaboSt 6

per cent by(TROS)whjichtas beknonbjetted toavatrollne hydrolysis, psoviding 8 mixtgrePf dEMASANENt
and vva%%r " from about 20% to about 60% polydiethoxysilane oligomers. For example, a 50% hydrolysis

product may be referred to herein as "polydiethoxysilane (50%)."

Generally, total amounts of silicate component, when used, will fall within the range
of from 0 to about 45 percent by weight, preferably from Q to about 25 percent by weight,
based on the total weight of silanes, acid component and water.

25 As examples of mono-lower alky! ether of alkylene (e.g., ethylene) glycol, mention
may be made of mono-C;-Cg-alky] ethers of ethylene glycol, such as, for example, ‘
monomethyl ether, monoethy! ether, monopropy! ether, monobutylether, monopentylether or
monohexylether, preferably monoethyl ether of ethylene glycol.

Generally, total amounts of the mono-lower alkyl ether of ethylene glycol, when used,

30 will fall within the range of from 0 to about 15 percent by weight, preferably from 0 to about

6 percent by weight, based on the total weight of silanes, acid component and water.

11



11 2 Septenber 2003 As an exanple of ultra-violet |ight absorber, nention
may be made of titanium dioxide in finely powdered form e.g., having an
average particle diameter of about 20 nm Qher inorganic or organic
ultra-violet Iight absorbers nay be utilized in so far as they do not
interfere with the objects of this invention. 5 CGeneral§dptefnBbAbo@@muNt S
of the ultra-violet |ight absorber, when used, will fall wthin the range

of fromO to abput r 2] . rQ ﬁ@ﬁm 5
percent by vvei‘g%fn,&g'g@%a&g'n%afﬁéle@hgF%S\R/reb%ﬁeﬁégﬂsnlx? é?’l gh eo%ff:t?a conponent
and wat er . didgide iafinelyepovadereal fgan, ez, Saling ab sveragenparticle dimyetireofmbale 20 nl. ower

al kanol, e,g.,. C2-C4 al kanols, .preferably isopropanol,.. O her qorggnic

sol vent s, ngﬁmag?mf’(% o'@fﬁlﬁﬁit@,’v'glﬁ&gglﬁ&so%ﬁm% utilized i SRE"F &h ,egg? 9
acetate, apgbrfehBwitt the oBRYts Bk ths iaeenticed. CGeneral Iy, total anounts of

organi ¢ sol vent, such ower al kanol, w]| wthin ‘?vgg%gge of from

| , f al
0 to abdut 50 ffemewHy fgSSi’l P ?f‘b"r‘éf‘é‘!”é’ﬁﬂtyg‘“r%g‘?rbfrt whenRse ViRt by
vei ght, ba%%%n%@of@&nbﬁ&%oﬁﬁb ?glrgeeﬂsﬁ)y Weigﬂﬂgge?érg%lg(ﬁ‘oﬂl ¢ RMBRT Perarfihypr base

conponent water. 1n some 'S, ” howev stantially higher "amounts
may be conweightebased asthedotall weight of sitaaese acid oompongnisind watdie coat i ng

conpositions arg appljed.by sprayin . 0 K Jd exappl es
of The metar carargepleS Cr B Rt pRiE AR PRe FipfRriliapor e Rty
][wldlr oxi de, ?lkénb)s,l pmfeadbbaismbpd)nar. ﬁthemngdnimmehmsmlch a?rfcarsi&amﬂd, doyt(ondqe |
ollowing formula (2): m whe IS a neta val ence m (nanely,
from @Buﬁem,emy\éet%’?%w;%%wf{tﬁ%kﬂk@@’ ?)l?ﬂ#’%‘bﬁe‘g tabl e of the

el enents), e. g:GenQﬁﬂ?,_rtotai drh@mtshorgahiEbRen) such di, WsWer WikanolLwill falt Wit

| ant hanum silicon, tin, hafnium etc; boron, alum numand titanjiumare

especi al | yrapgestt iomeQito about1dperaentbyweighti Rreterably o 9do ARULPQ PLFRRt By o
readily cq i ' : ngd.. | & ko ' | ower
kol or o e o @Y Beat i Pllind GPA PortFonclfialphist bompthcnPar ¢
pr ef er abl yw4tg G somekgalsesyhowgyer, suisstantialbyf lighen aounts oy bp yonvenisathespgdialby
n-butyl; and miis an integer. of 3 or.4. As | fic exanple he, met al
al cohof-at ¥hest Hrexampls ‘%‘? ?‘,’at‘ﬁ% SOTMROFIHRHS 21 é’pﬁlg%gjy sg?ayll‘gtag%‘ ﬁ%ﬁ’%ﬁ 8'5) %f at es
of C2-CA al kanQlsxarfiplés of thé indfal wm%s& riRhSEDmaY b indde &l cbildidalialuminum
tetrabutoxide. 30 In addjtion, double netal alc thaéSs 0t for 8(_61I’I‘p| e,
Al Ti, Al zrhydpide, (fiymetal &’Q?‘P‘zla‘e%‘fﬁj‘,as thoge fFP‘F?é“iPteéﬁg ¢ ollqwing formula (2):
M(OR*)m . (2)
where M is a metal of valence m (namely, from Groups IIIA, TVA, TIB or IVB of the

20 periodic table of the elements), e.g., boron, titanium, aluminum, indium, yttrium, cerium,
lanthanum, silicon, tin, hafnium, etc; boron, aluminum and titanium are especially preferred
because the alkoxides of these metals are more readily commercially available, and tend to be
non-toxic);

R? is a lower alkyl group, e.g., C-Cs straight or branched chain alkyl group,
25 preferably C2-C; alkyl group, most preferably, isopropyl, isobutyl or n-butyl; and
m is an integer of 3 or 4.
As specific examples of the metal alcoholates of formula (2), mention may be made
of titanium alcoholates of C,-C4 alkanols, e.g., titanium tetraisopropoxide and titanium
tetrabutoxide.

30 In addition, double metal alcoholates of, for example, AlTi, AlZr, AlY, MgAl, MgTi,
MgZr, etc., may also be used.
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12 2 Septenber 2003 The presence of the trivalent and tetraval ent netal
lons are especially useful for coating conpositions applied to steel
since they tend to forminsoluble (water and alkali) iron silicates,
whereas the products of divalent netals, tend to be soluble. Generally,
total amounts of the colloidal alum num hydroxide and/pgepRhider2003

al cohol ate, when used, will fall wthin the range of fromO to about 2.5
percent by wei glat f t, based
on the tot al gp)crﬁres%c% o%ﬁ%ﬁr&%l&%%ﬁ%@tr&&&?&% 113:1?%! %%@Elaﬁy%%} t he
above genecadnng)c@mmsmonmmphbmm stdel sime tmayrtpuherﬁbm( iAjolnily (voaterizné alkali) ieom

anount of f .om about abouyt a preferably as a

m xture of SHiPaH E%%ﬁs%éﬁﬂoigq%dévﬁgﬂfm%ﬁﬁgﬁt\é\%ﬁg h\'kkﬁ Cyht of

net hyl tri met how&e@p,ecoan@hxmmmmloidammhmumy&onmeraﬁd/bymm ght of
phenyltrlnethoxy5|lane base conponent sed in

an anount algeh Oh%ﬂ’lhﬁ%kﬁffi wlllfa)[l Within ths gpge ‘Hé"é‘@]f" B‘f rg%%np by Bﬁ\ggbout 0.2
to 2.5 wei g.?re{abgﬁﬁ&ﬁ Dlto aﬁ&%@%&nw TRRAE Bﬁseﬁghme%ﬁﬂwﬁgﬁ&ﬂﬁﬁaneé scigsed in
rom about 0.2

an anount about 0.8 part by weight; the water (D) is
used i n ancammuernt aod whtepm about 2.5 parts by 15 weight to about 22 parts

by wei ght; the ayf about
15 parts by vvel‘gﬁl?m a%oseggl %{;gg\%?&ﬁ?‘%y@g %S?BO?WE%) %&33 taﬁs used
in an armuﬂhounoéf ffor abdiit 1 § tedbout 253 apiaby weight, peefayitily ag ihmm!lh'e Dﬁﬁml@b@ﬁ | i ght
absor ber us ibn an amouni of fromO to.about 2 rt Y, . and

| ower élokai%'i" GQEH@W‘ﬁﬂg‘téﬁ?gmﬁhy ‘mf‘ gRrHatesnd & %Oﬁél %’ ab a}'tsv\m ght ;
and the copy Qé;?lﬁ'of phényititmBinbyyiiiahe, the b&i&%@xboﬁdﬂe(mjewén ;ﬁéseﬁtbﬁlwéchnlaa used

20 in an armount of fromO to about 0.5 part "?WBW Accord| ngtcto a

parti cul ar¥moupt efifeam @lwué%d@iiw@mnﬁrcmh@m&ré@wm 2 B2 VR8I 0at i ng
conposi ti o Hﬁﬁw a@ﬁl c'dglgoﬁreﬁ& ?(%)g n?rys%ﬁ 1%&@&1 af Aot YT FohyabBlt@2 fe @ tint

or col orat tIng. rom um acetate hydroxide is
especi al | yabaeﬂfwﬂ)anbyWhgkt, thegwataﬂ ,(D)smnsedngan amount phEpw abent 3} tri ch

provides a hluis t he | 1. ! 25
especi &Pl yW ﬂ%lgft%"ln’o“* %# p@%&’%ﬂ’?’ eégh i %fb‘f?ge fQ“ oncn\?mlst'fsnlg‘i lrsxloa\‘)?a&oﬁéteoé gl]ra %ﬁlo(gfoon
resi stant geatispafs bpweight; ﬂfaxﬁtﬁlohawrrwqil aﬂlgeofsethyleae glyaoldaased imddroamount
dlffICU|t|y accessi bl e regions, where vis

th lied
can assur et o abowRAES &Y Weight; Ea'l”(?iebbglg&ﬁfoé'&“\}%‘%%‘% ok ﬂt;oci\‘i\l/alstn ?ng
coating Dyg&X 6 &PsoUe? ﬁ&&'ﬁyqﬁélgm%dwr a&hﬁ@mweﬁxﬁ&mﬂmmo td:zﬂi’out

i nstance, addition of the  chrom um acetate hydroxi de catal yst has been

successf ulzwpaapb)r weight; and e cplinjdal plymingin hystioxidsandiar dhr mgal %‘afér\%i" her
HVAC a I as described in Provisional
Appl i ngl on%ﬁg@gﬁggémq%g aﬁ?& cfgé%g%aagr%g/ 8, 2000, | and : ts cor\r/laslpondl ng

non- According to a particularly preferred embodiment of the present invention, the coating

compositions may include metal catalysts which additionally provide a tint or coloration to
the resulting coating. Chromium acetate hydroxide is especially useful in this regard, serving
as a basic catalyst which provides a bluish tint to the resulting coating. This feature may be

25 especially useful, for example, in connection with providing corrosion resistant coatings to
articles having large surface areas and/or difficultly accessible regions, where visibility of the
applied coating can assure total coverage of the areas to be coated while avoiding wasting
coating by excessive applications over already coated surfaces. For instance, addition of the
chromium acetate hydroxide catalyst has been successfully applied to coatings for air

30 conditioning units and other HVAC and heat transfer coils and products, as described in
Provisional Application No. 60/236,158, filed February 8, 2000, and its corresponding non-
Provisional Application, filed on even date herewith, titled “METHOD FOR IMPROVING
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Provi sional Application, filed on even date herewith, titled "METHOD FOR
| MPROVI NG 13 2 Septenber 2003 HEAT EFFI Cl ENCY USI NG SI LANE COATI NGS AND
COATED ARTI CLES PRODUCED THEREBY", under attorney docket nunber CED- 6.
O her basic netal catalysts providing a colorant function include, for
exanple, iron acetate, iron acetate hydroxide, chromueneabat2go3and the

i ke. Gher netal compounds such 5 as conpounds of antinony, | ead,
bari um ot BEATEFECIENGY USIG SILANE GRABNGRANDGRATEDRTISLES  oxi ¢ and,
therefore, p}!{@ﬁﬁcﬂﬁﬁﬁtxﬁgﬁr’%m@ﬂmeyEeaé%m@%ﬁﬁt >sent coatling

pbe T orne e a

conposition nay by m xi ng bove-note conponent s and
al | owi ng t hem tQtherdmsit metal satalysth providegat cotumartt ifuretiorsint e, darl ekymplef iborl 2

hours, if no colloida | umi, num hydr oxj de angd/ al _al.cohol ate i
D asent | cBftecpon aefl my R SR AL aR e Re, Th & maisBRBaRE sigh
col | oi dgl a@lcompaunds byaitR¥ongElest) Baritim, B!, also dbrepéuibred produdis, bat tkr@beal kanol

Is present, frequent shaking may. be necefsar to achieve a shorter
reaction tpFe toxfcands theeetese, lﬁﬁh’é?ﬁ‘lrf@‘:gepﬁ@ RBBY¥*Hg conposition may be
provided as a 4yopRkerdtRbatfg HMPbMiAGHayBEIHRNBA 1 Hixing iCabdYd-AdtEd COMPONent
and any silicate 8orrponent, it present, being "15 provided in a first
cont ai ner cemgorsnts and hBewingrtesn tareast. b iswitpblerreadtion dime is tipisabohie 13rhoyese nd
and third co | . rQVi : t ; t her
component 40 L0 Eumiblif 19Blokloe BRYortiesh th i 1S HRARE ol Eoh Wl
shor t | yo prihayrbetobtaitsed imthet padsememd cdlvidabaiominuirohydaoxideprodopmietal alcohodatt.i on
tinme, as noted _abqve. |In accordance w th another, enbodi nent, , of t

i nvention, es pggﬁ"gf’?"ﬁr @Ear“f’gﬁlpéesf'g’rf?eﬂg%m F‘?P%“fd"ﬁyo%etqeﬁﬁsﬂngoe?Chﬁﬁg331?0““
subst r at eseachgif@yee no acid conponent is used, a coating conposition is
prepared by adm xing (A) at |east one silane of the fornula (1) R Si(OR2)3
(1) wherei n REorgage ¢thandling, thegeating camperition maysbe pupvidedas aéwﬂﬁb\?%’é?ﬁ,

especi al | Lidese of | | et Lo Ehrl8R 0 ane,;
and (D) é?@?ﬂ&??’“?ﬁi%B'é#%%?‘#eqﬁ%“?""?ﬁﬁ“é‘a“}génént S (A, "'% B%‘" S (E)é may be
any ofl13 hpswidtddra fikst dontzibenand alh othersesponents béingprovided in asecoadiopstcardht .

For exanyi8 BAEOUARHG e walf s B ey RERmed el (BbEH Bitpfpert 1T 1O

contents of the two or three containers may be mixed shortly prior to use and allowed to react

b

for an appropriate reaction time, as noted above.
In accordance with another embodiment of the invention, especially suitable for use in
20 coating steel based substrates, because no acid component is used, a coating composition is
prepared by admixing
(A) at least one silane of the formula (1)
R'Si(OR?) n
wherein R! and R? are as defined above,
25 (B) base component, especially hydroxides of calcium, zinc, and aluminum,;
(E) epoxysilane; and
(D) water.
In this embodiment, the components (A), (B) and (E) may be any of those described
above in connection with the first embodiment. Similarly, one or more of the other optional
30 ingredients, including, for example, the amino or keto silane compounds of formula (4),
silicate component (F), metal alcoholate catalyst of formula (2), monoloweralkyl ether of

alkylene glycol, UV absorbers, solvents and co-solvents, etc., which may be included in the
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silicate conponent (F), netal alcoholate catalyst of formula (2),

nonol ower al kyl ether of al kylene glycol, UV absorbers, solvents and
co-solvents, etc., which nay be included in the 14 2 Septenber 2003
coating conpositions of the first enbodinment may simlarly be used in the
coating conpositions of the second enbodi ment. As the; §pppibei R80E,
conponent (E), nention nmay be made of, for exanple, ]

gl yci doxy ( Coatag-camppsitionsqf tigifirstembedimepmaysi@ilardy beused in the coating

3-gl yci doxy, o g [

3-gl yci doxycgfr’n g%‘:lcg{sio;%eﬁgﬁﬁlagt g‘%/nse?tf ane,

( 3- gl yci doxypr opyithewpoky kithinetdeopymsxint @i)emention may be made of, for example,

3-gl yci doxypr | tri et i Lape, and..epoxy:functional si €.4C unds

¢ epr eaent oIS OHC eGSR 8 b, S Ry SRR
wher ei n R 3-gikidoxgpispildiisopaspytetbaindilaye, (3-giytidssypiopyl)mpthaldiethaxysikngmat i ¢
groups, especially, lower alkyl of from]l to § carbon atqns, preferably
Cl-C3 al kyl :ﬁl%éﬁpw@bwmgyﬂweé a!gﬂxyxf\é@&?{mq@ﬁ icaw%?@ﬁ {CPWﬂtﬁﬁé&‘gﬁe
oxi de (epoxyaytd @hexyl) or cycl opentane-oxide (epoxycyclopentyl); and n
is a nunber of froml ta 4, preferably 1, 2 or 3. As exanples of the epoxy
functional conpounds ®Bpresented by formula (3), mention may be made of,
for exanpl e, ganna-g”ycidyloxynethyltrinethoxysilane, 20
ganmma- gl yci dyl oxynet Ryl tri et hoxysi | ane,

gama- gloyci doxy mRP4SiEHPs-EPoxysi | ane, 3)

gamma- gl yci doxynet hyly-tri but oxysi | ane,

bet a- gl yci doxyet hyl t di met hoxysi | ane, beta-glyci doxyethyltriethoxysil ane,
bet a- gl yci doxyet hyl - pr*br opoxysi | ane,

bet a- gl yci doxyet hyl -t .}, byt oxys;,|.ane, beta-glycid et hyl tri et hoxysi | ane,
al ph agg%/yci doiy‘éb%?ip-&l!r)’ ﬁ%‘% s’giipd(;ﬁgl,dently, re%r sent aﬁ;))(}};tlc ory aromatic groupsy

al pha-glyc ieéﬁeemgt, Wber rakgp&mmm 6 &d#6on atomns, preferably C,-C; alkyl;
al pha- gl yci doxyét hyl tri but oxysi | ane,

ganmma- gi5yci dox yER rapydsents glveidildzgs glyaidiloxy), cyclohexane oxide (epoxycyclohexyl) or

gama- gl ycj |21 £ LLAn

e

ganmma- gl yci doxyipis apmirber dfiframx ¥ $o 4,preferably 1, 2 or 3.

bet a- gl yci dox opyl -t ri net hoxysi | ane .

bet a- g| § c! do Xg%%%{;plpie's !Og‘ﬁﬁ&)?g/‘éﬁ f;ug(ﬁlé)flél compounds represented by formula (3), mention

bet a- gl yci gexXyPmady/st for eRdrNe) piidadilfridyloxymethyltrimethoxysilane,

beta-gL¥C|doxypropyI-tr|butoxy5|Iane, ] . .

al pha- §Py cBaRY gl sidyloxymethlidiopytilans gammg-glycidoxymethyl-ripropoxysilane,

al pha- gl y ciflaxy.p eR¥kyhdthRldIORYS/s1iM8 Seta-glycidoxyethyltrimethoxysilane,

al pha- gl yci doxypr opyl™-tripropoxysil ane, . )
beta-glycidoxyethyltriethoxysilane, beta-glycidoxyethyl-tripropoxysilane,
beta-glycidoxyethyl-tributoxysilane, beta-glycidoxyethyltrimethoxysilane,
alpha-glycidoxyethyl-triethoxysilane, alpha-glycidoxyethyl-tripropoxysilane,

25 alpha-glycidoxyethyltributoxysilane, gamma-glycidoxypropyl-trimethoxysilane,
gamma-glycidoxypropyl-triethoxysilane, gamma-glycidoxypropyl-tripropoxysilane,
gamma-glycidoxypropyltributoxysilane, beta-glycidoxypropyl-trimethoxysilane,
beta-glycidoxypropyl-triethoxysilane, beta-glycidoxypropyl-tripropoxysilane,
beta-glycidoxypropyl-tributoxysilane, alpha-glycidoxypropyl-trimethoxysilane,

30 alpha-glycidoxypropyl-triethoxysilane, alpha-glycidoxypropy!-tripropoxysilane,
alpha-glycidoxypropyl-tributoxysilane, gamma-glycidoxybutyl-trimethoxysilane,
delta-glycidoxybutyl-triethoxysilane, delta-glycidoxybutyl-tripropoxysilane,
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al pha- gl yci doxypropyl -tri but oxysi | ane,

gamma- gl yci doxybutyl -tri nmet hoxysi | ane,

del t a- gl yci doxybutyl -tri et hoxysi |l ane,

del t a- gl yci doxybutyl -tri propoxysilane, 15 2 Septenber 2003

del t a- gl yci doxybutyl -tri but oxysi |l ane,

del t a- glycidoxybutyl-trinethoxysilane, 2 September 2003
gamma- gl yci - 148t ho Ll ane. . . i .

gama- g y ga lé lbpM Ikrgaﬁxo é%(ﬁ%xsnll:,l%gﬁaeglymdoxybuty] trimethoxysilane,
ganmma- al prgﬁmma@yviddwbutyhﬁbthmilin&n@,mma—glycidoxybutyl-tripropoxysilane,

del t a- gl yci dox - hox
del t a- g| g (g?'awy gsﬁxyf; gﬁ%t%%sl cqta—glycldoxybutyl-mmethoxysﬂane

del t a- gl y%ﬂ@m&u&:&w&-&mﬁm Hélﬂﬁgly@idoxybutyl-tnpropoxysnlane
al pha-gl yci doxybutyl -tri met hoxysila
al pha- ¢ yelpliag @py'ybmflﬂ@mﬁbszw1lmlan@pha-glymdoxybutyl—mﬂhoxysﬂane

21 pha- o1 y AR XYL ORALHRRE Hha-glycidorybuty-ributorysilane,
(3, 4- epoxyi§-epoiyeyolohexyipuitustiy -rimetisiepsi | ane,
(3,4-epox cl ohex tr.iethao I | ane,
(3, 4- epox %8?‘8‘!3( ﬁ’*geﬁ”i’&‘ﬂé*‘y‘ ?)S/pﬁ%(ﬁ%m | ane, 10
Eg j epoxygy@il;@dgey«;yéb)exﬂmh fiwl-ﬁlﬁmbaﬁy@mh Jl | ane,
epox cl ohe et hyl -t ri pet hoxysi | ane,
3, 4- éﬁoxh‘é@l’%@@?‘?& Dripetiyy}- F@W&Wép?’ane
4- epoxygys G+ ? (}h\%ﬁ?&!ﬂ ylrithRh SeNanS qBGIDé})oxycyclohexyl)ethyl-tnethoxysﬂane
, 4- epoxycycl o yI-trlbutoxyS| ane

(

(3,

E g 4- cpox @%pmw@qhywlw—mmq)mﬁm§g§ ﬂagﬁgxycyclohexyl)-cthyl-mbutoxysxlane
3, 4- epox | i

E3, 4- eBoxyfd %R@)Eﬁhgeg)pgﬂ%y]— in pr&ggxiagxgl(?Q@egoxycyclohexyl)propyl triethoxysilane,
3

(3

(3,4

(

O

, 4- epoxy_bgteﬂaoady@c}dh):pﬂm;iy{- dmmmlpae;,|(b.|4@po:gx‘gyclohexyl)propyl-trlbutoxysxlanc
e eDOXé %//gnl)q%gex ﬁ;&%‘ (Jaqincpoxycyclohexy)butyl-methoxysxlane
3, 4- epoxyx4L &E@ﬂﬂh}sﬂﬂ)&i{ﬁlﬁﬁrﬁi&?ﬂm&(k a%oxycyclohexyl)butyl—trxbutoxysxlane

3, 4-epo ch elbt-trbto | an e anoun t he component
() OBy At Py anaphtelise comppnerts (AJo(E) 4 (RHBAN B RLR by e s egors '~ ©

di scl osed dei’%dﬁ&edﬂ] anount of conponent (E

epoxysi | aerllsfe&gw{”lt} g%‘%lcg‘?gg? e Wt Lﬁoﬁ&t&ﬁ% range of frglron 20 aE)oLt l1to

about 22 per ceFite aawmmfg:ompomfﬁé eperyyilanewithesnsaly be W@onﬁysewéfr@ﬁt

based o ot her
Zﬁe Ou IE tb%Lt e?g}%tntgjw‘g'gﬁq@g%%}s &i]lombm&c}%b coatl gtt’ bstd &

enbodi He lhv o) an-a ane- base conposition
i's fornedthbyotaldmng&xmgﬁm&ompmnmnent (A) at |east one organosilane of

f la (1 f | |
h?(rjrlcj)x?d((a Z)r (|X?°§ ‘ﬁ’é&‘&ls %P%&%’P& pipint, ‘f@%‘é‘%‘%"evo*l“ 5&55%’%@ fmul a (2)
or fi 31 xt Wagngéorﬁpo)sxtilﬁﬂds %otﬁhéd byAdigtiixin® as¢onspdnanteA) ht;dekst)d)qemrg@omMabﬁ/st "

i ncl udi n or exa e e CO ou Qfr, (0] er
di scl os eg ogmtiaé5h ?Sgﬁflée"c%ﬁ’f’&‘f’)@ te%?ﬁégf’?@‘@dqqghﬁ"ﬁ{\‘?‘%wdo‘ﬁ’é‘?? é‘i @gﬁlegﬁay al so
be adged élaoho%éj&fthé ﬁ’reh@t?dlf’%ﬁ/cxgﬁ)hhﬁlfa'(ﬂbr%ﬂﬂmﬁ@@ﬂ(@%d exl uditnalsge: | i fe

and pot |if exanpl es of the organosilanes of forpmula (1) and netal
al cohol at bydmlyzzm mlast,(xggludmg, for cxample the compound of formula (4), or any of the

other disclosed aminosilane catalysts, effective to inhibit gellation, may also be added in

order to inhibit gellation and, thereby extend storage life and pot life.
As examples of the organosilanes of formula (1) and metal alcoholate of formula (2)
30 the same compounds as mentioned above may be used. Generally, the amount of
organosilane(s) of formula (1) will be from about 10 to 50%, preferably, 12 to 35%, and the

amount of the component (J) will be from about 0.05 to about 1.0 percent, preferably, from
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3 0 the sane conpounds as nentioned above may be used. Generally, the
anount of organosilane(s) of fornmula (1) will be fromabout 10 to 50%
preferably, 12 to 35% and the anount of the conmponent (J) will be from
about 0.05 to about 1.0 percent, preferably, from 16 2 Septenber 2003
about 0.1 to about 0.8% each based on the total weighs gphtehibRr 2003
conposition. Representative of the additional silane hydrolyzing agent and

gellation iphihitor, the  afqrenentioned, epoxide silanes (E) are

especial ly? ‘i"@_ elrtPéhc:’“tI%r?V&ﬁﬁ%{@FedéWﬁ%d‘ioﬁé_ {gﬁﬁ%ﬂé‘?ﬁﬁ’mgt‘%ganosi | ane
coating conposi RemBscnativ®bfMéladitiondl sHeMB hydRdyin) agdht ah@ géilation RihibiARNRS| | ane
of formula (1); ( | oner al kanol solvent; (D) water; “and (K) chrom um

acet at e hy@fossthendionad eponide silanpp(Fd arsssResialy PEferse. cat al yst which wil |

provi de col oratj d | L L { nent
(k01 5. usual by ot o il daiibokp Blgafions tBaERfibo Ronl P forkiedBY
conposi t3 oadmjxirf(A) ableyst bnoorgaivsilane of brinala §Ho(H) lawgrkandselyeatt (3), waterpm
about 0.4 to 0,abaut 1.3%0b i ght n t.he. tq is .of the
coati ng coﬁﬁ%gét%ﬁ."“ﬂeat"%mﬁéﬁ%ﬂ%%%eo%? tgﬁ%‘r%g’ogﬂe%'%%gf’ @gﬁﬂ‘%‘s"o such as
those di scpffvit coldrdtion etk irésaltingtddiingt her enbodi ments, may al so be

I ncl uded in the_conpositjons of this enbodinent. cordi t @ anaqt her
embodi ment  of t e Wﬁ?#@ﬁ?‘_"%&?“ﬁ&&g})ﬁs"% L‘/er B‘rﬁ’&ﬁ?s‘?"r‘ﬁﬁ _ 0‘835‘?{@3 the
conposi ti oRodting bohPEStidAY prefiibly s G¥dut 81 tb B5but 1 8RS esPEAARD Fromabeut®.4 foor nul a
(1); (D 15 water; (F) alkali" metal silicate, preferably pre-hydrolyzed;

(H) | oviér abaushadt byowsight; bas¢dion the fotal weighbelhe easting enmenesitiglal cat al yst (i)

col l oi dal al um roxide: (i - al.c : 2) - as

gi ven above, orﬁ%?]f‘%m’n?%éf 8&@«3&#&%@}"&?@3 le?l{si @ngﬁ’?ﬂfﬁgﬁg‘%gﬂ;ﬁo@%ﬁ%

conposi t i owithothet érhisodimrs] inmsyntsp bé inchidedimsthe afmpokitiops afthis embodinemtr nat i ves,

may be selected,fromthe sane conpon and.in the sa ampunt s..as 20

previously descffB _ggﬁng@goqnﬁ:gﬁggngfnétﬁe g’tvf'}tﬁonaaf?@ﬂﬁeé’?’gg‘?‘?ﬁggﬁgﬁ%%fl%ef t he

i nventi on, coafin@Est@ssion Qs BANEEHY adfifxif® L) ab (FastonP ophidsineiof formubsd); (D)

adm xing (A) at_least one organosil ane of lforr_n;}:’lﬂ (1);%8‘2 at | east one

basi ¢ é%l né’a*ﬁ’;IW@’&F%FPW%@WM@EB[Y&’?'*‘(‘EY Yé"ﬁ’o awen alicanal solypt; US ﬂ; | ower

al kanol SOlmé%ﬂJrem%ﬁo&ga ﬁg@xfmhgét @Lcoil@iﬁal%ﬁhﬁmﬁ B8xidk; (B Re@Plihbfite of B' ),
of, for xanpl e I

mention may be nade ol e, am noet hyl -tri et’hoaysi | ane,

bet a- ani nofoemhlzl(2)ras igiseh akgvsi ordii) mixthestof (MA@t hyl -t ri et hoxysi | ane,

bet a- am no- et hy),-tri but o Il ). i i .

al pha- ani noet hy .°t°P{nﬁg?ﬁ-‘.%@J§lﬁ%§ﬁlg?R§5‘g oﬂﬂé‘é}&&o‘&}ﬂx&i HRE %Qé(gﬁhé Br'gsrous
alternatives, may be selected from the same components and in the same amounts as

20 previously described.

In accordance with still another embodiment of the invention, an aqueous
organosilane coating composition is formed by admixing (A) at least one organosilane of
formula (1); (B') at least one basic amine silane catalyst, (D) water, (E) epoxide silane: and
(H) lower alkanol solvent.

25 As examples of the basic amine silane catalyst, (B'), mention may be made of, for
example, aminoethyl-triethoxysilane, beta-amino-ethyltrimethoxysilane,
beta-aminoethyl-triethoxysilane, beta-amino-ethyl-tributoxysilane,
beta-aminoethyltripropoxysilane, alpha-aminoethyl-trimethoxysilane,
alpha-aminoethy!-triethoxysilane, gamma-aminopropyltrimethoxysilane,

30 gamma-aminopropyl-triethoxysilane, gamma-aminopropyl-tributoxysilane,
gamma-amino-propyltripropoxysilane, beta-aminopropyl-trimethoxysilane,

beta-aminopropyl-triethoxysilane, beta-amino-propyliripropoxysilane,
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al pha-am noet hyl -tri et hoxysi | ane, ganma-am nopropyl tri net hoxysil ane, 30
ganmma- am nopr opyl -tri et hoxysi | ane, ganmma- am nopropyl -tri but oxysil ane,
gama- am no- propyl tri propoxysil ane, beta-am nopropyl -tri net hoxysil ane,

bet a- am nopropyl -tri et hoxysi | ane, beta-am no-propyltripropoxysilane, 17 2
Sept enber 2003 Dbet a- am nopr opyl -t ri but oxysi | ane 2 September 2003

al pha-am nopropyl -tri nmet hoxysil a al pha- arp % ltl’l et hoxysi | ane,

al pha ani nh?&'%‘?‘l’m?l’x]ﬁﬂ'?‘ﬁ%l@ila}“ﬁ h OPrapy i, B’&g‘ % pr opoxysi | ane,

N- ami norretﬂ%ﬂ nl;tgﬁ ﬁ-wﬁ,Eﬂgﬂmom{ﬂ-&ﬁiﬂﬁpmpyl-mbutoxysxIane,

N- am nonet thyl -tri propoxysilane, 5 N-am nonet hyl - beta
am noet hy| alpharansndpoopyd-ripgepxysilane, N-aminomethylaminoethyl-trimethoxysilane,

N- am nonet hyl - bet m.noet si | ane,

N- ami nomet NyiI9R}e 1y %%?@Tm?rﬂ’ og%'éyy | ane,
N-am noget Nsmiartsi-betamioethyl-trindthoay silarg,si | ane,
N- am nonet hyl - gamya- ani nopr o -friet si | ane,
N- ami nometNypminegieH Hi'l' ﬁ@%?%% -triefho Hglg%iym | ane,
N- ani nonetipinideflefyRBitAaniddethly -riprdpekyig i | ane,
N- am nonet hyl - beta am nopropyl -tri et hoxysi | ane,

N- ami nometNrpmineeethy a@m@ma@mpprqpﬂ F‘H’b‘w&‘ e

N-ani nopr gp RificthoRysPaNd, - t i met hoxysi | ane, 15
N (bet a- am noﬁr{ hﬂw get a- am ngr -ct r?irret hoxyS| | ane,

N- ( betaearN-lammohry:th)'L-bamaa-amnwmph VLPYQPPEYWSI | ane,

N ( bet a- a noet h s ani _noet h oxysi | ane,

N- (bet a- a ﬁ%‘éf’to @1' ARHOREEY R m?q_ {&roH’TE aﬁ%xym | ane,

N- ( bet a- am@@@bmﬂw}-aéwh@mﬁidwmnbmbxysﬂm hoxysi | ane, 20

N ( bet a- am_noet hyl ) - al pha- am noet hyl -t rtﬁﬁ?poxysi | ane,
N- ( bet a- arﬁ’ﬁ@&oﬁ‘ffﬂ‘y -Bett-aminoproBy Bip(APO hoxysi | ane,

N- (bet a-a -ﬁ%ggﬂ@{s,ﬁghgqu,gﬁm robyl-tefidethoxgsilane) e,
N ( bet a- aﬁ ﬁ@g{()ﬁ% : ganma- an no ropyF %)?I pr opoga | ane,

N- ( bet b5 arrﬂﬁwc-wmet@é)m@am ylowimethoxysenfoxysi | ane, 25

N-(bet a- angy noet thbkysahmohysi | ane,

N ( bet a- aﬁ ﬂ’o%t%+§€t%ﬂi‘get§%‘%§pr pylg- %){r&lspr opoxysi | ane,

N- ( gamma- NHbrepintipydthyl pdta-amimosthgk-tniproppxysilandoxysi | ane,
N-(beta-aminoethyl)-beta-aminoethyl-trimethoxysilane,
N-(beta-aminoethyl)-alpha-aminoethyl-triethoxysilane,

20 N-(beta-aminoethyl)-alpha-aminoethyl-tripropoxysilane,
N-(beta-aminoethyl)-beta-aminopropyl-trimethoxysilane,
N-(beta-aminoethyl)-gamma-aminopropyl-triethoxysilane,
N-(beta-aminoethyl)-gamma-aminopropyl-tripropoxysilane,
N-(beta-aminoethyl)—gamma—aminopropyl—trimethoxysilane,

25 N-(beta-aminoethyl)-beta-aminopropy!-triethoxysilane,
N-(beta-aminoethyl)-beta-aminopropyl-tripropoxysilane,
N-(gamma-aminopropyl)-beta-aminoethyl-trimethoxysilane,
N-(gamma-aminopropyl)-beta-aminoethyl-triethoxysilane,
N-(gamma-aminopropyl)-beta-aminoethyl-tripropoxysilane, N-methyl aminopropyl

30 trimethoxysilane, beta-aminopropy! methyl diethoxysilane, gamma-diethylene

triaminepropyltriethoxysilane, and the like.
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N- (gamra- am nopr opyl ) - bet a- am noet hyl -tri et hoxysi | ane,

N- (gamma- am nopr opyl ) - bet a- am noet hyl -tri propoxysi |l ane, N-nethyl

am nopropyl 30 trimethoxysilane, beta-am nopropyl nethyl diethoxysilane,
gama-di et hyl ene triam nepropyltriethoxysilane, and the like. 18 2
Septenber 2003 O these, 3-(2-am noethyl am no) propyl tskestlary 2903 ane
[al so known as N- (2 am noet hyl)-3-am nopropyl trinethoxysilane], and

Lal s as | . | f e
Formul 8 (4) - abgy ey A o oL 0. (B
y

and (H), t hainoepylpseniindriromy teimathokssilanednd Framinepropylyimethen silangy s
equally to this, enbodi pent. I n accordance with still another enbodi nent of
the invent PS@ﬁ?*além’aﬁc al ent catalyst systemmay be used to polynerize

t he organosi | angm@fosflaesvt Brofuld (4),Fabove; xagalse betbd. mi xed nul ti val ent

catal yst may include a dival ent netal und, sych as_h |

carbonat%e 10 ofFa &anm ?“‘g@ﬂg&)‘c 5?$§F%@e§§??%lg§&%{8aﬁou§&

trival ent gﬁ%@%&Q%ﬁ&'gﬂmll?Mis%ﬁlboaiﬂfent exanpl e, boric acid or other
al

conpound o oron mnunm and a tetraval ent netal c¢ und, .sych as
a conpound of flinmoedrdanc@with stillanothergplodiment of the)nyggHen amuqﬁ%’égigﬂyga
tetraval ent tal . suc | ' iGahk 6Ptk (AN EoFskampled the nliRed
previ ousl ySX ‘ﬂ@}d‘?e‘ﬁf‘?g?@olbhg&?gh#ﬁ%ﬂgﬁ@di nent , t(?e érogg?t i ons of the
respect i vemgRivakishtlysamapincludes divalent retaleogmpaund, suchas hydsexide effartonae but

generally in terns of netal jons, .weight rati : . r

about .01 of vl faagnesian Sp oA < hong i HfvsBymi e M st 1T
provi de goQdninfs Hbricacid breother cérycthe BE bereh ot slemimsys tmha wigvaleat wstall wi th any
of the coating 20 conpositions descrihed herein. In one particular

enmbodi nent cantpound SWPh/@rPtqomﬂol"H’é’@‘HB]“@c@‘ ornul ations are aqueous

al coholic fornul ati ons efh)‘llg(?ﬂ:fy‘e for provighmg clear, hard and strongly
adherent corrosion resistant Coatings for glass subst ratg:ss, e.g.,

Wi ndows, nivhére M represent etetraalest metabsechtas sitaniugmer Zirgpaium, gad Ry l§#s3) so for
provi di ng cl ear, d, glossy and slick (slippery or wax-1ike) adherent 25
corr osilen P’ég’i"ﬁbéa?air“l?gati ngs for netal surfaces, e.g., autonobiles,

trucks, buses, Adcoidiss toahid embédimentythbpripesionsief the respegtivs catalitamay bq ke.

R TRCRERA Y TN RN T
M'2:MM* of from about 0.1-1:0.05-1:0.1-2, preferably from about 0.4-1:0.2-1:0.5-1,
provide good results. The multivalent catalyst system may be used with any of the coating

20 compositions described herein.

In one particular embodiment of the invention the subject formulations are aqueous
alcoholic formulatiéns effective for providing clear, hard and strongly adherent corrosion
resistant coatings for glass substrates, e.g., windows, mirrors, counter-tops, table-tops, and
the like, and also for providing clear, hard, glossy and slick (slippery or wax-like) adherent

25 corrosion resistant coatings for metal surfaces, e.g., automobiles, trucks, buses, trains, and
other vehicles, metal signs, and the like. According to this aspect of the invention, the
coating composition contains as the essential and major film-forming components, a mixture
of silane compounds of above formula (1), wherein R! in a first silane compound is a lower
alky! group, such as methyl or ethyl while ina second silane compound, R' is an aryl group,

30 especially, phenyl. The ratio of the first silane compound to second silane compound is not
particularly critical and may, generally, fall within a range of from about 3:1 to about 1:3,

preferably, from about 1.5:1 to about 1:1.5, such as about 1:1, on a weight basis.
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of silane conpounds of above fornula (1), wherein R in a first silane
conpound is a |lower alkyl group, such as nethyl or ethyl while in a
second silane conpound, R is an aryl group, 30 especially, phenyl. The
ratio of the first silane conpound to second silane conmpound i s not
particularly critical and may, generally, fall within rom
about 3:1 to about 1:3, preferably, from about 1.5: 12?%&’38‘“%{)%06 such
as about 1:1, ofli‘h:acmmbgﬂﬂodmﬂiaiso idude &pﬂlemtmnt cﬁ@ﬁﬂeraf&ly acahohmbetile toon

will also i ampupt of .nod ely,alc sol uple to.al cohol
sol ubl e ba %hcgéi%f’sl& B?‘CF%H“‘PFIEO r {g Sélﬁ’é??fl Wy the é EBH‘E’brF CC1aYY i n
situ), espegltiam hydroxidd &ltmmlm&eum hydrekide.ngédydlig aimh simt Jsts«droﬁnm de.
General |l y, an anmount of cal ¢cium tydrOX| de, in thei\Bra ge of {Bgabout 0.4

to about  4hygpwidein gheyangeaf Fomabaut 04 o abgutd, graferably fomahopt 1. 1‘0 ut 2.8
_&Clt : Va|to g(r__)vpg!eérosf;ot%}g ?&fvtaﬁx emma%m@&axsbmm ShiperniRde frfnufaqi Wi (1),

actory results. Since tetranethyl ammoni um hydrOX| de
tends to berovisdesatisfadtors resiltsl Singedetsamatiylammeninmdydokide Fﬁaﬁs todieanerpactive

xanp e, 1 Ponraisgo Bl Hepn gk SR unPRl o R84 el moudl RS efSe 4G, TY
1 part of Blﬁixtcﬁﬁmisbﬁxﬂ,&hﬂm mﬁmdrabcmt@em tpabowb,cmefemﬂ@ fnemtasouﬂ) 02itbane
conpounds of 1 for shoul r ovi ti ctory. results. For.this
particul ar ala%ga f(‘ 3’@“‘85?5’8 r‘?‘ﬁ Vipﬁﬂﬁ'%éffﬁgﬂc Sompounds of
for exanpkfmuRqd, gmuhwﬁ@@mbg@mfag@}ﬁﬁ:gumm hydrOX| de, and the |ike woul d be
too active for eaz%‘g application of the corrp05|t|on EPS@{‘G man ot her | ess

active al kal i esFordeiaperticwaiambodimpmtit is gxpegted that mopoya al’tso““ﬁ e the
reaction, m:tp cﬁ{xrﬂrhgdromk‘ dgtagén thoxﬁf% Qxﬂ@ﬁeeﬁl{e%ufcpﬂe th‘ etive foritagnded

application ass substrates. These fornulations al so
include a applhcatmn@,f thnrceﬁ@pabtbry whpiamanmbthyr lesschctive aliadies icowld aequire additon as,

pol ya ot nogyASHa bt > RaBbedturtion FHIFF e BRpUSB) fortf emed for e

sol i ds 1lBasinfendétPdpp h@aﬁxoﬂﬁfdgias@f)rﬁalhtwmetad:mwms of fornul a (1) will
usual ly fall vmthlntheraneof om_about %‘?’%” rts t,.ef erably,

from about 2 t@&%mi@lﬁbfﬁﬂsg inglpgees silicates PLg a}t%rfi?ly?dfg afout 8
parts.  Thggfhl %rf&Eﬁ?Pﬁghﬁ!P&i ﬁﬁﬁ@hl\!&bﬂeﬂ%@ﬁkxﬁé}{t& el golgdﬁm@xysmokmer

al cohol sol vent’ erably, isopropyl alcohol. Relatively dilute

sol ut i ons ﬁ‘ah@tl5p?’ca10éd9pmclvatﬁl06ﬁ‘ewl eppthgsolidg basis, pasd Pogarts Qfé?l%“ecl ot h,
sponge, S tﬁpﬁg, g,bglﬁa 1500
parts of fm)&g{ldsper%‘ggggsﬁg%g@ﬂz)ff%ﬁﬁeﬂ?orrpoufcg(ﬁgﬁgfbor mul a (15~ts provi de
sat i sf aot opryferadly, lﬁemﬂltostzmbotpttwcpaas norg prediirahly, ffopy aboh 4tofabpyiifl partson i s

y-glycidyloxyp AR ytll n”ﬁan%X ga{tzlllysp: mgrcc{lents are added to lower alcohol solvent,
preferably, isopropyl alcohol. Relatively dilute solutions facilitate application by wiping

(e.g., using a soft cloth, sponge, etc.) or spraying. Generally, from about 600 up to about
1500 parts of alcohol per 100 parts of silane compounds of formula (1) provide satisfactory
25 results.
An optional ingredient for this formulation is y-glycidyloxypropyltrimethoxysilane, or
other epoxy silane compound, such as mentioned above.
As described above, the coating compositions of this invention may be applied to a
wide range of painted and non-painted metallic, non-metallic, e.g., siliceous, ceramic,
30 vitreous substrates, including, for example, and not by way of limitation, iron, steel,
aluminum, copper, brass, bronze, other alloys, plastics, e.g., polyolefins, polyesters,

polyamides, polyimides, polycarbonates, polyetherimides, polysulfones, and the like,
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ot her epoxy silane compound, such as nentioned above. As described above,
the coating conpositions of this invention may be applied to a w de range
of painted and non-painted netallic, non-netallic, e.g., siliceous,
ceramic, 3 0 vitreous substrates, including, for exanple, and not by way
of limtation, iron, steel, alumnum copper, brass, PgES&mbePRDEI

all oys, plastics, e.g., polyolefins, polyesters, polyamdes, polyimdes,

pol ycarbonates. . p e Lm lfr.an |
Sept omber - 2005 eieoR e A il asep dh e (QTRS ARG Gab iRt e |
Ls parlt i cgl mﬂmsiﬁmm&h'ggﬂaﬁim:cmbet)dwlied:mrqwsnm led metabsubstiutes, ¢-&vetated®on?:an
e applied to even, rysted,netal, suybstrat . Q.. rusted iron. or steel,
and still prsFehand gYide sirpnely @ er%ancg@rglg?,%?h%s 5y CPJehéllg%’t ant
coatings, Qseayd thy sistritb & prévashddabihias, foF éxepplecwith § berhipaition komp@siagIp! e,
with a conposition conprising 5 water, isopropyl al %ohol and acetic acid
(e.qg., f¥borwaereiserrgpyl owmga@scwﬁ’{%gp %%PB%B?W QW JaPags Prderad¥ut 92
parts, e.g.y, &%SQq‘éﬁoﬁxt 91\@&&! egf §9}§?r§pﬁﬁﬁr; frofh dbButafXPidlabdifl 10 Phdtss prefergdigr abl y
B parts, éé 0p

about 8 to about arts, i1sopropyl alcohol; and from
about 0.1 tabowtiBtunbeyt 14 paws, egahf partshisopropy!slcobolatndiftomsaboyt @ tasaboyt gyar t |

acetic acid).. The coat.i QNROSiL Lo f 1Sea ' : ' to
o ubst  at FRERER 500825, Tish bl Parp apid 5oy, THEZEbbobIE ARG
even narr ovihvitlonwhérgplied o asubstiaeesuch s thoseanemion¢dereain vell reatidy penstrater m
strong adherent bonds with {he substrate. t hqugh t w shi tq be
bound b¥0 arfyeThRaAmONANdRICToscapiaFreyices grRares Af fhe S“B%a%s t“[)kgf‘? \é\d\‘}% a‘?ﬁear%rﬁt he
penet r at i orhoAdlyiBHIRE sEkirale O Atthéizh WBE Widhink fo BEbUuRY Bylanyi partfealak theofyatause of
the absence of Iarge organic nolecules fromthe invention coating systens.

The coat i n@pewtion ifiis belisved-hatteapsnetration gad adhsrenppbong formation is aphigvedgin part,
sol vent | es r - t o cases,
o0 | onst a veo GHHE QB or DOR SUEMSIOERUR o Mo earing byiomy, Ba0"

t aken from t he Therceting cehposkions eontempilated henein sualy be farmalated ag yalventisssimy

contain a mxture of nethyltrinethoxysi.l ane an | &1 '

o0, Ch ot & sttt v SR, in B RS, R BIHLch IR G  WARE

t et r abut oxy4 éveatidllyaddEnlireaiyv@ ke Fom thy irdsphefe)y Borleranplaythé sabekntlessbr ass
and bronze substrates to provide extrenely duyrabl nd 20 corrgsion
resistant GYHEMTHIY gqnizin a mixtussof Qﬁ@?’h@mﬂ%@?ﬂ?@ aflg P@‘?"%W"Rﬁ%@"’i‘?ﬁﬁ“@ﬂ’f sal t
water —spr %Xtapﬁsgs ‘?r%? fhel gt ofats; Q@dﬁgﬁ%for Rvhbabletra GHA0UThSMlean®s (€. J.

by addition o amounts of diluent, especially, |ower alcohol, such
as, i sopr opwsiahshavebsendppliedse braseand biorze substrmtes rPraiddrestismely dusable agde
describgd in fF ' 'S ciaf @g@gﬁ 0ReE 4000 BSSs 30&M wlspendi ng
Provi si%[ﬂalcogé%ﬁ@%%ﬁcg%gg&aeigg ,lh ?ﬁ’gﬁ&gebruary 28, 2000, t?]re 25
di scl osur e sphy with @b visible lngg)o Seitabl treragiepus systenss (egt by additiongf smafler ence

thereto. ountsof diluent, especially, lower alcohol, such as, isopropanol), may also be used, and

such non-aqueous systems are described in the Applicant's aforementioned commonly
assigned co-pending Provisional application SN 60/185,367, filed February 28, 2000, the
25 disclosure of which is incorporated herein in its entirety, by reference thereto.

The coating composition may be applied in any conventional manner, preferably by
dipping, wiping, brushing or spraying. Preferably, the spraying is carried out under an inert
atmosphere, especially using dry N, propellant, as a result of which extra gloss and hardness -
is imparted to the resulting coating. Although the reason for this has not been ascertained, it

30 is presumed that nitrogen impacting the substrate surface removes at least some of the
adsorbed oxygen and water, while at the same time, its positive Joule-Thomson coefficient

retards solvent evaporation and promotes film generation. Therefore, since any such
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The coating conposition may be applied in any conventional manner,
preferably by dipping, W ping, brushing or spraying. Preferably, the
spraying is carried out under an inert atnosphere, especially using dry
N2 propellant, as a result of which extra gloss and hardness is inparted
to the resulting coating. Although the reason for this &§giefiBtr PRAN
ascertained, it 30 is presuned that nitrogen inpacting the substrate

surface renpves,at |east sone of . i.he adso oxygen .and ile at
the same tﬁ%ﬁﬁ’e‘i’ PYYESR ARY/ST tﬁ@(ﬂ“gbﬁ%ﬁs‘é‘ﬁ'tgg'gﬁlf%’lggﬁl%e? 8#@%?5511130 vent
evapor at i Ogbafifié tiy renfovA shetdok BY the Nargas stteam, Woeldedndrte improvethe goslitesofithel 2
Sept enber 2003  adsorbed oxygen and/or water would be expected to inpair
the quali t?oégng}ﬂn‘il‘ﬁjéngr%%ﬁﬁl"{‘% dneshat i ng, the renoval thereof by the N2 gas
stream woul d tAddentiifiRhGEaldd |RovIBE dobrbsion Rbistaltprinte? batTHE, copesitishsng

gl oss and hardness. The present invention also provides corrqsio

resi st apt whickrare nobenly strpnelyradbereatite a broad rapge ehmataksuhgtatesningludingolog v
adherent t r - I : 4o | | | e,

a1 urm o Spleft QAT EciBhd BBt UREH b (RS top Bl o of pamend AP

pi gnent ed @ipibmentadi toproattntaiertatsp mohutlingpfoe examiple, polyutethdnengsing,apoxkresinh.e,

pol yur et hane resi.ns, .epoxy resins, .acrwlic resins. pol LAS.,

al kyd resi *}?gfhcﬁﬁq‘ﬁﬁem“%‘%;%Fi?’é’é’ta@fy%rr‘ésé?sngé,ﬁyf)tg?'?@ﬁ?sg% Fsis ﬁ“ﬁ%“‘ﬁ‘i",“%gﬁs t he
li ke. AccoditmdiRé AcBsdigiyBe phimepeimpositions 6ffthis ivention\wan be asedowithdoeanys ed
wi thout any 10 other tie-coat nmaterial. According to this aspect of the
inventl@)n,oﬂlﬁﬁéleﬁp?tr%ﬂ*ﬁf@érrposition is prepared by adm xing two or nore
pol yfuncti onal @'cg,q ' h?sn&ﬁ ' | ¥he Peififef edpbsitidh &¢d pyal
(e.g., organosi aneis}]%f)t or ec?gﬁ&ﬁ%)ﬁo\?\ﬁe{}%’e R'(i', is al Kyl or liﬁ;éreﬁi a?jg.not

i ncl uded iadntixieg pva oremore polpfvostionalorrganosilanesaseviayslyi degeribedy Xﬁﬂ"eéwg%&ak

thereof are also not ingluded i pri | 14 : : t one
of the polGEantEngiaresgf GIRSE e R T oraty BRRBFmERIGFn & phiie
group as RompBsifie. nilic and kilicateoEprgcursors thesbf &re also nét indhededdh thwvprmer f or mul a
(1-A) H2ZN - Ra - NH- Rb - Si(OR2)3 (1 A) where R and Rb are each,

i ndepehderfPPPOsIEPISy| of from| to 6 carbon atons, preferably 1 to 4 2 0

carbon atons, o3mas dkbythé pb cicHabergadslifes walhprefRfablysinafude pblyaaioabove.
Am noet hyl am nopr.opyl trirnet hoxysil ane

-

ami noet hy|zaeHprestRi iy formpleknesmely. lagyiosilanes of the following formula (1-A)

am noet hyl am nopr opy it i e'gﬁgx i_ISq{mz Lan b 10Nt I oned as representative
of am nosil ane corrpf)un S o or mut a A iITe the

1- A) .
pol yani nopuieyd RyaidiRaraed each, gradeperidentise 8 r@t) frame &9 ¢ easbonateras, psRfERAPlYHCPYonal

20 carbon atoms, especially 2 to 4 carbon atoms; and R? is as defined above.

Aminoethylaminopropyltrimethoxysilane, aminoethylaminobutyltrimethoxysilane,
aminoethylaminopropyliriethoxysilane, can be mentioned as representative of aminosilane
compounds of formula (1-A).

While the polyaminopolyfunctional organosilanes are preferred, other polyfunctional

25 organosilanes, such as vinylsilanes, acrylic silanes, methacrylic silanes, and the like, as
described above, may be used in place of, or in addition to, the polyaminopolyfunctional
organosilanes.

At least one other polyfunctional organosilane which is an epoxysilane, including any
of the epoxysilanes as component (D) mentioned above, is also preferably included as one of

30 the polyfunctional organosilanes of the primer coating composition. Especially, mention may
be made of the glycidyloxy (C;-Cs-alkyl)(tri-C,-Cs alkoxy) silanes, such as 3-

glycidyloxypropyltrimethoxysilane, for inclusion in the primer coating composition.
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25 organosil anes, such as vinylsilanes, acrylic silanes, nmethacrylic
silanes, and the |like, as described above, may be used in place of, or in
addition to, the pol yam nopol yfuncti onal organosilanes. At |east one

ot her pol yfuncti onal organosilane which is an epoxysilane, including any
of the epoxysilanes as conponent (D) mentioned above, 2 Sepfefithep260®r ably
included as one of 3 0 the polyfunctional organosilanes of the primer
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about 8 tOc@i@;ﬂM&;oEA%foeratwmﬁﬂiﬁon of the total corrp05|t|on in the as

prepared conposition, before water addition. Thus aF’P’r eferreq
conposi tion conwwrﬁeﬁWW‘%?“?%?%?%WSG @‘é relypminqarsanqsianey (b)

gl yci dwooxm(gftg@&a*xagfg Cagaﬁ@m eﬁp?ép?xaﬁé%ﬁahlé &g@ﬁcgs%weﬁt, ﬂalfem isopropy!

preferably 1 sopropy total anount ~of é
pr ef er abl yaltohomtiefotal arsouns of(ablts (5 isypaeferably franeabogt foeerbabtl %5 partﬁmrabout 10

b 2
R
2, pref er abirthefmdie, Gavéxglt Iatibs of\@):b) rethe rzfngel ofifrom apoun 1 i0cketoes peedérably ¥:0gotod

results. .n u or ic solyen ., i1 sopropyl alcohol, solution
of the pol E? Jies g"&ﬁ&ﬁ’“ﬂ%‘dﬁ’ g'gﬁ@gﬁp&ﬂé’iy 99 rEdHE- ‘oughl'y mixed with a snal |
anount 16f wat erp s, fRlcsanicSolves, @gdrseﬂ;m%»laxconaaﬂumﬂ of te@olydis¢tibhal 9
formul ation is then generally rea é l'1ed to the substrate .in

@s

from about orsaqwmp%,ss %roaﬁénml@d ntaymam of wafes togatalyzetthe bysdrelpsitit 30
m nut es, ﬁSTh@‘%%ﬁn%ﬁnml%%theg %ngxg r@adgﬂt@ﬁ?é %h&’&&éﬁ&r@i such
to ar wat er

as from about rts”of utlon . [}rom
about 0.5 fmm abat panma;eamatabautybéouriﬁ'ppaﬂx,sn muyimm@bomdélmmukame@)asw Il be
sufficient b t atlal %e the hydrolysis reaction. The priner conposition nmay
be appli ed” % )strate in any conveni ent manner,

20 Only a minor amount of water, such as from about 1 to 2 parts water per 100 parts of

solution (e.g., from about 0.5 to 1.0 parts water per 10 parts polyfunctional silanes) will be
sufficient to catalyze the hydrolysis reaction.
The primer composition may be applied to the substrate in any convenient manner,
such as by wiping, brushing, dipping and spraying. Since the subject primer coating
25 compositions do not form lumps, it is easy and convenient to apply by spraying, for example,
using a number 4-6 nozzle with a pressure of about 20 psi. Preferably, the spray is in the
form of a mist. It is not necessary to apply the composition uniformly since the coating will
tend to flow together to provide a uniform continuous film.
Although the precise nature of the resulting primer coating is not known, it will be
30 recognized by those skilled in the art that the polyfunctional silanes provide multiple reactive
sites for adhering to the substrate, to itself and each other, as well as to the subsequently

applied top coat.
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such as by w ping, brushing, dipping and spraying. Since the subject
primer coating 25 conpositions do not formlunps, it is easy and
convenient to apply by spraying, for exanple, using a nunber 4-6 nozzle
with a pressure of about 20 psi. Preferably, the spray is in the form of
a mst. It is not necessary to apply the conposition ungdgembyr 3003ce the
coating will tend to flow together to provide a uniformcontinuous film
Al t hough the prggl il K iting fiotn het known,
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adhesi on t tistiiventiiDcdn tatiged foe mahy differdnt applications whert exposure ¢aalkalianddirt es,

the primer ¢pating is extremely corrosign.resistant. a i | hpwn
fromthe e%ﬂiﬂr@é‘g’ﬁ AEH G“W&%qdng?teé?“.‘ﬁﬁdﬁ g}ed\“f? ob?c ‘Pﬁ‘éswgﬁs rz}g’rgm%f)g)tr ing
~conposi ti ORgin@hint fifikifes! Nvention can be used for nany different

appl i cations where exposure to alkali_ and/or 5 acid gorrosive agents is
anti ci pat ed, f dsenesaliprspaaking,the pidans GoHMBCPTROSIHANS 2opdingto e RIPSRRr ¢ of
resin pai i Liih RS, brERNSHAl dthsSRPAIKIBMont MhoolidiR SRargnaerRes ti ons
according to e present 1hvention have a broad scope of useful

appl i cat i omm-lirfitieg,fesimplas ofppalieatioapinaxitel enei of smorgyfithe GoaOPIIARS Rhg,

Goccri Ba SesalR o £ Py Bhimdles et ol 0B GRS £03, 70 2

Wi th good reggsul ts. 1. Protection of alum num steel, galvanized steel,
stainless steel, brass, bronze, coppet, silver, and other netals, from
corrosive envi rflorfreksedon ohalymigpmgste ’sgaq"é‘ﬂ’é‘ﬁ‘t’ftgeé’,“ &y S\‘Kgll S5 BOBF%chl ori ¢
acid, sulfuric aciflyePQRePhRd bheAfbER, fraf Gofrdiive ehbirdnntefits, Acluffingfsct i on of
interior and exteri 8r bui I'ding materials, such as, for exanple, ceramc
roofing tiles, comemples, safivategdiydeachlosis acidcwifuric 3rid, phpsaBoriGAcks; Hd B f aces
of dugémwor ks, fgam deposition and growth of mldew and infectious

or gani . 3. Overcoating and/or renoval of graffiti fromcoated or

uncoat ed concr @t ePratectior26f intetiar dnid extetiof tuilding mdteriabsusuck as forfaxamplg, t he

ting, wh t. 4.. Co ' t] TR i
and heati ng. of 1 cieBep seofgE By ARsci o Fapendd P, AT ERARGF affeckt | 10

duct works, from deposition and growth of mildew and infectious organisms.

3. Overcoating and/or removal of graffiti from coated or uncoated concrete and
20 ‘metallic surfaces, without sacrificing the coating, when present.
4. Corrosion protection and maintenance of cooling and heating efficiencies of
HVAC and other heat exchange equipment.
5. Corrosion resistant primer for various finishes, including, for example, urethane,
epoxy, polyester, latex, and the like.
25 6. Overcoating for automotive and truck (e.g., cement truck), bus, and other vehicle,
finishes.
7. Corrosion protection for food and beverage container surfaces in contact with
foods, beverages, and the like, e.g., aluminum cans.
8. Overcoating and containing rust.

30 9. Coating fasteners, e.g., screws, bolts, rivets, and the like.

10. Barnacle release agent.
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5. Corrosion resistant prinmer for various finishes, including, for

exanpl e, urethane, epoxy, polyester, latex, and the |ike. 25 6.
Overcoating for autonotive and truck (e.g., cenment truck), bus, and other
vehicle, finishes. 7. Corrosion protection for food and beverage
container surfaces in contact with foods, beverages, @§& kel 266 € 9.
al um num cans. 8. Overcoating and containing rust. 30 9. Coating
fasteners, e.g., screws, bolts, rivets, and the like. 10. Barnacle

rel ease agent. 24 2 Septenber 2003 11. Protective, corrosion resistant and
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applications, n coat’| ngs or er 0 or |ess,
wi Il provide good eqmpuientsﬁmsﬁes:eral ly, the coating conposi t | ons of t he
present invent re.eff CtIV en applied to a coating (film

t hi ckness (aftekggrlffg?atm of fromabout 5 to about 150
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In the follow hg ‘exanple water used is distilled or de| oni zed wat er.
EXAVPLE | invemtiohiares¢ffective uhw@pphmp agpating (Blndhigksiess{alter cure) in the range of
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of 15 part , respec o] conta ner,
ani noet hyl eoﬁmimrpﬁnydtionjthbkércﬂlmsniaybeamiﬂeQZ am noet hyl ) 3- ami no-
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part, and ghylwBardnless @ﬁﬂ:ﬁ GtHe¥@ike/ all 'ﬁﬁx@dnd percentages are by weight. In the following
examples the water used is distilled or deionized water.
EXAMPLE 1
In a first container, methyltrimethoxysilane, phenyltrimethoxysilane and
20 propyltrimethoxysilane are mixed in amounts of 15 parts, 1 part and 5 parts, respectively. In
a second container, aminoethylaminopropyltrimethoxysilane {N-(2-aminoethyl)-3-amino-
propyltrimethoxysilane}, water, acetic acid, and titanium dioxide (average particle size,
22nm), are mixed in amounts of 0.2 part, 13 parts, 0.4 part, and 0.2 part, respectively. After
combining the contents of the two containers, the resulting mixture is allowed at least four
25 hours to homogenize. Faster homogenization will be achieved by using a mechanical shaker
or stirrer. The so-formed liquid mixture may be applied by wiping, foam brushing,
conventional brushing or spraying using dry nitrogen as propellant to boats or automobiles
for restoration. After 24 hours, the reaction may be applied to, for example, boats and
automobiles. The resulting coatings perform satisfactorily for over one year without visual
30 change. In this example, the titanium dioxide functions as a UV absorber. The TiO; may,
however, be omitted, with similar results by replacing acetic acid with an equivalent amount

of metal alcoholate, such as tetrabutoxy titanate.



conbi ning the contents of the two containers, the resulting mxture is
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m xture may be applied by w ping, foam brushing, conventional brushing or
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over one ut visual 30 change. In this exanple, the titanium
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t he |i ke, amingnym cadsum num cans. EXAMPLE 2A The procedure of Exanple 2 is
general ly |l %&%except that isopropyl alcohol is 15 omtted. To 15
parts met xysilane, there is added, while stirring, 5 parts
propyl tri nmet hoxKé plosédaredt ERample Ris Qélﬁmnbltfblldmﬂj‘mmgm tHanisepropyl dl¢uhel isi xt ur e,

0.3 parts boric acid is added fol | gwed by ad of. 0.2_.t0,0.3 parts
t et r abht oRpittada @t 18 parthmethy nmethoxysil %C}@ﬁ’édsﬁdg él@?“’ﬁ?@ﬁ PAY to 13 parts
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Application na I Ng, Wip
avoid excessive heat build-up. The resultmg composmon may be applied to a substrate while

20 it is still warm or after further heating by reaction. Alternatively, the composition may be
stored and applied after as long as about 6 days after water addition. Application may be by
spraying, wiping, brushing ,etc.

EXAMPLE 2B
As another example of an organic-solvent free composition of this invention, a

25 mixture of 15 parts methyltrimethoxysilane and 5 parts phenyltrimethoxysilane is combined
with 0.2 to 0.35 parts of tetrabutoxytitanate. While stirring, 2.4 parts water is added. After
about 15 minutes the resulting composition is ready to be applied to a metal or non-metal
substrate.

This composition may be used, for example, on brass, steel and stainless steel

30 substrates, including as an over coating for stainless steel primed with the primer composition

of this invention, see, e.g., Example 30, below. Similarly, this composition may be used as

an overcoat for primed aircraft wings or other surfaces for corrosion protection and/or as
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EXAMPLE 2B As anot her exanple of an organic-solvent free conposition of
this invention, a 25 mxture of 15 parts nethyltrinethoxysilane and 5
parts phenyltrimethoxysilane is combined with 0.2 to 0.35 parts of
tetrabutoxytitanate. Wiile stirring, 2.4 parts water is added. After
about 15 m nutes the resulting conposition is ready tozggp@gﬂ,leygdojo a
nmetal or non-netal substrate. This conposition nmay be used, for exanple,
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applied as @cﬂnk%‘éﬂft&&ﬁé 'ngs,l@ﬁﬁcl{kgy substrates prined with a priner

coating of this~invention, I's coating is also useful for protection
corrosi of% resi st@themapplicatians for the coatingsompesition ofithis pxpmpleinpludefor iastance,

applications, such as | fol ds S | L&
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and the |ike, esHEEPaMEFOMPOSH ‘ﬁﬁﬁ%“!‘“ﬁﬁg‘%gﬁwﬁeﬁg&l’m{:%ﬂiﬁ' ?‘?’é’ﬁ" Yo% hi s
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on boat 40 s¢ricpunteradiombeats; slfips angigireraflonposi ti on nmay al so be advant ageously
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conposition of this and other exanples given bove and hereinafter,
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subf r eezi ngabowerpsihetainadisr, especialipoiven ¥sed asa fopeqas inFombination With {s ME%ssi | ane
are added tc%m%ogiggl}s%f i) inQrQnQitoﬂ,' i H}Q:ox]rési&%rtoéction and/or as deicing agent for aircraft

wings and other surfaces exposed to subfreezing 'temperatures.
20 EXAMPLE3
5 parts of phenyltrimethoxysilane are added to a container containing 15 parts
methyltrimethoxysilane, While mixing, 0.3 part of tetrabutoxy titanate are added, along with
2 parts of polydiethylsiloxane (approx. 50%), and 15 parts of isopropyl alcohol. After
mixing, 10 parts of an aqueous 3% boric acid solution are added and, after waiting eight

25  hours, the resulting coating composition is applied, by dipping or spraying (with N
propellant), to steel, aluminum and brass coupons. The cured compositions will be corrosion
resistant.

In this example, similar results will be obtained when, instead of 0.3 part of
tetrabutoxy titanate, 0.4, 0.5 or 0.6 part of tetrabutoxy titanate are used.

30 EXAMPLE 4

17 parts methyltrimethoxysilane, 3 parts phenyltrimethoxysilane, 20 parts isopropyl
alcohol and 2.5 parts polydiethylsiloxane (~50%), are mixed. 5 parts of an aqueous 5%

27



met hyl tri met hoxysilane. Wiile mxing, 0.3 part of tetrabutoxy titanate are
added, along with 2 parts of polydiethylsiloxane (approx. 50%, and 15
parts of isopropyl alcohol. After mxing, 10 parts of an aqueous 3% boric
acid solution are added and, after waiting eight 25 hours, the resulting

coating conposition is applied, by dipping or spraying gm&ﬁbwmm
propel lant), to steel, alum numand brass coupons The cured conpositions

Il b ) |
obt ai ned wiRaoF FRtasRror e 8tg el in HRNTRYR: re3beTo Pl S04k BorfosoR”
0.6 part ofEXAXfPBRGt OxXy titanate are used 30 EXANPLE 4 17 parts
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allowed to react, to forma coating osition LE 5 .16 parts of

met hyl t r nbt:ﬁdwylilmﬁ@ e sitjcp and 8 pw 28 ggueops hddharlutipn aﬁ@oarrl@rcw A8d i n
fi
a first co Fﬂs %&% in £ Vﬁilagchﬁtﬁgx%r Sﬁ%ee i ﬁ{s 89{119 QPO LontaifkrP&dr therlPbe mixed

pol ydi et hy oxane, rol'yzed to 52%silica, and 5
parts of am@qxeemdsallﬂxw%%rsa:cttﬁfounaobatpig@gphwmm acid are mxed in a
second conmm contents of the two containers can then be m xed
t oget her a d to react to forma coating conmposition. EXAMPLE 6 0.2

part of am noet mylpaﬂrbﬂaﬁmoawmmpiobpmtﬂamlane 04 pat of wbticaid and 18ci d and
13 10 parts of water are mxed in a t cg{gtaln é@pgrtso

met hy| t40 nBapdyeter arpanixed B4 rstcﬁontagﬁ&ni,ﬁsgqﬂis 6’%‘1’“[3 prysieng 5PyLet s of
propyl tri npihowNBlthaRRiAeanlSs pas bfproapyieiidxysRnd At Rfiked ihAGecnat ent s of

the two cohtarners can then be m xed together and allowed to react to
form a coaténajnzofhosintintrnf tRxtaoromainersTay thep he mixeditogethpyapdaliaved & d
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mixed in a second container. The contents of the two containers can then be mixed together
and allowed to react to form a coating composition. |
By eliminating isopropy! alcohol, the rate of emulsification can be increased by
20 increasing batch size.
EXAMPLE 8
15 parts of methyltrimethoxysilane, 5 parts of isobutyltrimethoxy- silane and 1.1 parts
of polydiethylsiloxane (~50%), are mixed in a first container. 0.2 part of
aminoethylaminopropyltrimethoxysilane, 0.4 part of acetic acid, 13 parts of water, 1.5 parts
25 of ethylene glycol monoethyl ether and 0.5 part of titanium dioxide (average particle size of
22 nm) are mixed in a second container. After mixing, the contents of the two containers will
react to form a coating composition.
EXAMPLE 9
20 parts methyltrimethoxysilane and 20 parts isopropyl alcohol are mixed to form a
30 homogeneous silane-alcohol solution. Six (6) parts of a saturated solution of calcium
hydroxide is added to catalyze the silane-alcohol solution. The reaction is allowed to proceed

until the temperature peaks before acidifying. The reaction time may be longer or shorter,
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EXAMPLE 8 15 parts of nethyltrinethoxysilane, 5 parts of

| sobutyl trinmetboxy- silane and 1.1 parts of polydiethylsiloxane (-50%,
are mixed in a first container. 0.2 part of

am noet hyl ar ni nopropyl tri net hoxysil ane, 0.4 part of acetic acid, 13 parts
of water, 1.5 parts 25 of ethylene glycol monoethyl ethggppmep2b0part of
titani um di oxi de (average particle size of 22 rim are mxed in a second
container. After mxing, the contents of the two containers will react to
form a coatépepdiagopiieibhich size, Kiiéd/ M Exeth@hipmadtion tempeydture isndapprserisinibaise and

20 parts isopropyl alcohol are mxed.to forma ..3.9 h .
si | gne- al cﬂﬁ%lMg{‘?Pm’i %’h.a@ﬂ S 8?]“??3?{ teppr %mgh%f?%%ga&g%qﬁési el 1 i um
hydroxi de i s adggaded s@Bilig! tEbd dbtaindd trudding 03Hpatt of adetit acid in filae of et i on

is allowed to proceed _until the tenperature peaks before acidifying. The
reaction tPferamsofishromigmascta$- shorter, 28 2 Septenber 2003 dependi ng on

the batgh size. rigl Befing finSKoR Siafibe uscadtr iyl MGk aLdtion of tutsfiopentient  on

batch Size. Moreover, atch Sizes of about 1 liter or nore
artificial extendribnijdinggonseuation miatesials; asaovashahleovercopting foy PRotEstoROfshEfateHed by

adding 0.3 part of acetic acid in p f HorPoflinddsBaBie @fafSisOom um

acet at e. 5“%&%%985‘?"1%8 %e%%gﬁr{apeghé‘%&&tggpﬂggt onoof or gtfasxarrg e, for

pr ot ect i onoérwigttvelitiomaylicsubjext te répeatedsilvait clganingneperations; 8hatheMeEOAHIEs; as a
washabl e overcoating. fqr protection of .sur S r d
metal |ic sfoF Peigetion gﬁl@ﬂ‘%’&? o @Pt%fggﬁ“{ec&ﬁkéwc&l?&gﬁg’é‘g?‘ !Fkgqgltg&lé%g% a?%&c‘)%@

ot her whge kS]] biRY alkfotfidt RERiEles; (a8 protdetiad 6fbuffaley on tontdisars thatcaeintat i ons; as
an overcoating for protection of finishes, on autonotive truckrR(yi.ncI udi ng

const r uct i eamtact with odgulnanddererngas: csperially EMUm GRS aRBEHYTOVERY ¢l es;
as protectj e%n%RtLME ‘ﬂéléagg S8£00 og&ﬂ%f}?,;ﬁgﬁﬁcés lRRfosePRightbBperatarisauth ay, fon

foodstuffs everages, especl al um num cans; as a protective,
COrr 0si on exagples tranifolds dxlrapstapsens godkingutensils, OMeNss ¥¢-; HNFITERSR PELRRYORI t o

hi gh tenperatures, such_as, far . ex | feol: ns,
cooki ng ut@‘%é‘?’ldg‘,"mg\?gﬂg ,f°r§fr8r.a',ﬁ %1gss %grr% #hgg?%ﬁgéﬁ ri%ét“%z?xpggé}?@an yﬁﬁgi ci ng
agent h@r @inpefafifds (WipB@allyPRAnQVEresating irf cmetdnation with texgpinsancompesitionhof eezi ng

15 tenperatures (especially as,an overcoati.ng.in conbinati | .
primer conipisspyanier); #ra Wlpﬁﬁoﬁa‘ﬁb@mt?%‘ﬁ)af‘ frfurfiis ’5%’-a<r§’ﬁ°“¥°?‘r‘{f’ sﬂd %ﬁr’%p 3%’?% and

ref ur bi sheg, R hRER! ds\uSreRBGht Rialifdna @ TintdhCandaigikeoent fini shes; as a
gel - coat n’%ﬂumer?ancle f1ni se; and the |like. EXAMPLE 10 In this exanple the

procedure BKAMRIIDI®E 9 is repeated except that instead of
In this example the procedure of Example 9 is repeated except that instead of

20 catalyzing the silane-alcohol mixture with calcium hydroxide a mixture of 0.15 molar
Ca(OH), and 0.08 molar Zn(OH); is used. After addition of the base catalysts the resulting
solution is allowed to react for about 1 hour and is then applied to a steel substrate using dry
N; as propellant, to AGoating thickness of 0.5 mil. The coating is cured by baking at 80 °C
for 5 minutes or at 62°C for 20 minutes. The resulting cured coating is able to withstand

25 immersion in 5% HCI for at least 45 minutes before failure.

To the unused portion of the base catalyzed reaction mixture 0.2 grams of acetic acid
may be added to inhibit gellation. After standing for from 3 to 5 days the composition may
be applied to an aluminum or other substrate. The coating may be allowed to cure, under
ambient conditions.

30 EXAMPLE 1l

20 parts of methyltrimethoxysilane, 10 parts of isopropyl alcohol and 0.2 parts of

magnesium ethoxide are mixed until the solution becomes homogeneous. A base catalyst (a
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20 catalyzing the silane-al cohol m xture with cal cium hydroxide a m xture
of 0.15 nolar Ca(OH)2 and 0.08 nolar Zn(OH)2 is used. After addition of
the base catalysts the resulting solution is allowed to react for about 1
hour and is then applied to a steel substrate using dry N2 as propellant,
to a coating thickness of 0.5 mil. The coating is curefdsbyehdki oot 80 c
for 5 mnutes or at 62C for 20 mnutes. The resulting cured coating is
able to wi gﬁgﬁagbl%d SRS tuad of dalchlh hkdroxidy; cﬂtmmemﬂiondtﬁandmgmxubef or e
failure. To the unused portion of th basge  cat Ct'l?tg g

grans of aecasbenatepdituted Yitly2 partsapieiends i ePﬁ et ﬁﬂdglé%/’f* Ng oA Agn 13 ¢

for from3 4.9 c,‘-'?f&%ﬁéuttlh]%mcorrposmlon may be applied to an al um num or

ot her subs% o e coating may be allowed to cure,

condi tions. 3 OTHEXtesbirg mmampmb@ appiied t?eﬂt%#“cbﬁ‘i’%ﬂﬂ)% ?Séﬁggg)%PE’équrs of
| Sopr Opﬁl b%l con %S%tgag’ﬁ% l%r" bou{?ﬂ&ﬁﬁyg%@&ﬂﬂﬁﬁg&ggggwm B&ableyati | the

solutio eous. ase cata t (a 29 ember 2003
saturated ﬁz‘ithﬂiﬂdﬁﬂmi&smm 5% HCe fovfat least ¢ 5 mmdtgscmﬂw%@aﬂmal ci um car bonat e
and magnesi um carbonate

d d, d
the resulting f'B‘???ﬁF‘%iltH"Bhfe é5 ’I%) dglyflg étﬁé’é’s'ﬁlé ur‘“ﬂﬂl%i(6 o

resul ting ?&%&tdf'is%p@yl A%ohdD B ddaet focthééawjzecswasmmmmxm Afterriydolysiss thef
about 1 m | eSs, and baked at abg};t 150 C for ah'xt .5 m nut es. The

resul ting wseltingiepating pormgosition anayde appliad éﬂ&W%ﬁBF@F‘&HH R e i o

| east hout change. To extend pot life, 0.3 parts of

3-gl yci goxy‘m met hoxysi | ane, m xed wth 10 arts_of isop I

al cohol , is addadildme-ddvbolonixtirg saueparsdes indixampla UEOt Akf Senaraigiyy ‘ffg i
resulting coati cQ 0 3%%“? d) and

al umi num CB{E’B‘HF\EQ tgp@&{:&)ﬁ%@ 9% gﬁglgal ¢ Bfnég{lr}?gﬁ?gﬁigf‘cgg%r ed as
i B Exarrgl gnﬁﬁ{oﬁge isoprSsn alcaksl) Z’parhwpdydlsth?mdp@neﬂ“iﬁ)%ﬁdlda)s 4 (prrsg ofB)
obt ai ne conmbining 11.3 part 3% solutio in
i sopr opyl é‘f bm@fymazwﬁsaad% BgW@V@’t"ﬁ%& 'aneé){m)g1 s P (%L%%Q@

parts qfg Ecgfe E&tzam&éstaﬁ&lﬁttﬁen a%add%m@sitaﬁe-atomwwdumm Aomns rdsaltiog The
m xturé i n Pot is allowed 15 to react for, 24 hours and.is then acfded to

the sil anemixthPOEdl andiBymay he ppplicd to steeh ‘ﬁH‘PPWd’O“H‘?%?thrSBmX’Pg BBtE A and

B may be ap ﬁp Im num coupons by spraying under dry N2
propel | ant Zf%oéwglgﬁtctgg Q)a MPLE 13
EXAMPLE 13

To a base catalyzed reaction mixture prepared in the same way as in Example 10 (Pot
20 A), there was added the contents of Pot B, obtained in the same way as for Pot B in Example
12, except that in place of the 0.4 parts of tetrabutoxytitanate, 0.44 parts of iron ethoxide is
used. Similar results to the results of Example 12 will be obtained.
EXAMPLE 14
After thoroughly mixing 20 parts methyltrimethoxysilane with 10 parts isopropyl
25 alcohol, 0.2 parts of aminoethylaminopropyltrimethoxysilane is added to the resulting silane-
alcohol mixture, and again thoroughly mixed. Then 6 parts of water is added to the resulting
mixture and, after standing for 90 minutes, the resulting coating composition is applied to
steel and aluminum coupons by spraying using dry nitrogen propellant.
The resulting coatings may be allowed to cure under ambient conditions to form acid
30 resistant.
The above coating composition may be stabilized to obtain a longer pot life, using any

of the stabilizers as shown, for example, in any of the preceding examples, including, acetic
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To a base catal yzed reaction mxture prepared in the sanme way as in
Exanple 10 (Pot 20 A), there was added the contents of Pot B, obtained in
the sane way as for Pot B in Exanple 12, except that in place of the 0.4
parts of tetrabutoxytitanate, 0.44 parts of iron ethoxide is used.
Simlar results to the results of Exanple 12 will be opkgphfegfber RYMVPLE 14
After thoroughly m xing 20 parts nethyltrinmethoxysilane with 10 parts

i sopropyl 25 alcohal, 0.2 parts. . of am.nqethyl am nopropyl trimet hoxysil ane

i s added toa?‘a’é’ QuUPAcTiRfe EY‘fraﬂé% 3513?[5‘6?1?8?‘7?#/??@’8?£3?ﬁ§¥%f§ai n thoroughly

m xed. Then (fheRptrinfetiRiysRh&! is added to the resulting mxture and, after
standing for 90 m nutes, the resulting coating conposition is applied to
steel and aEX#MRIE Ebupons by spraying using dry nitrogen propellant. The
resul ting coati ;%@ pu grer ' bfions to form
acid 30 resist gglt%.ﬂ%gﬁ}g%g{/ﬂé C ia%fl%gt%ﬁ%osi t%péﬁﬁ?rgnf/ﬂ%cgqg?gbi lized to

obt ai n a5l omgmoethypaminojpeopyltsimethoxysjlane; ain equel amadt ¢firers as shown, for
exanpl e, in_any of the breceding. e ' ' tic 30 2

Sept ember 280oREPIrHRETH R RolsbL PR bl o YD GorafiEE

3-gl yci dyl ogXpMRDH 16 | net hoxysi | ane (phenyl trimethoxysilane). EY-AWE 15

The procedures of Exanple 14 are repeate xcept th i | ace aof 3-(2- 5
ani noet | i yl ani no%ogﬂa%g? ‘E‘th‘}ﬁng‘ﬂ@%?‘ﬁa&ﬁé?éj%\(ﬁpaé‘ﬁ ﬁgprogﬁf)ﬂ?ﬂ?xog?reggme% and e
ami nopr opy| fsiRE AR isl BRMiHed with@hsVpabth oSilihingm iscppepokile bidgtiviag ahnied.

EXAWE 16 20 parts of nethyltrinethoxysilane and 20 parts iSO‘p,I‘ o%l
al cohol 18r ethgalunum isoprapoxideds partipliydipsolvedsy To this mbxbise Aearswvaet Baddedy s ¢ s
of al uni nuM 30RF RG] e ikt 4 Pait) for ABpIVAG 1 FRBMIY substrate,

| sopr opoxi d“e“h?’gsgpa Q?S% ?9%?2’%3‘?%3 .&@get |s} n?irxﬁ%?egﬁ parts water is
added. Aft eby brushing, sprafimg, etcb diotextend pbtdife, phemydirimeshionysilangsmay beliptrpdyced to
applying to, the jntended. substrate, by brushing, spraying, etc. To extend
pot life, pHERCAUPE CHBPYAECPsi| ane may be introduced to the coating
conposi ti ongXEXfYRLE 17 15 140 parts nethyl trinmet hoxysil ane and 140 parts,
i sopropyl alcohol are m xed. and catalyzed using 2. arts of ,al.um num

i sopr opéRi de. TH4O Pé%ﬁfpftpﬂmtﬁqﬂﬁ‘@@é“‘il&)rﬂagﬂ‘sg?f@% a???é‘)‘s%ﬁf“&egé‘f i s

di SSF' ;’ed \’m@affiflﬁred BEhED 8 PartPEF ainiRhm W¥pRIpoREE PRGESItinERixhee GlstiRed arfil the

conpl et e when

i catalyst is dissolved, after which 42 parts of water are added. The reaction is complete when

the mixture is nearly at room temperature. The reaction mixture is applied, by spraying,
using dry N; propellant, to galvanized iron, and to the inside of aluminum cans, e.g., as can

20 inner liner. In the case of the galvanized iron, the coating is allowed to cure at ambient over
7 days. For the aluminum can, curing is by heating at 150°C for 2 minutes.

The coatings of this and the other examples, do not include large organic (i.e.,
insulating) molecules and tend to be good conductors of electrical charge and may be applied
to various electric appliances, such as power boxes, to provide a corrosion resistant coating

25  which does not interfere with the flow of electric current. Similarly, the compositions of the
present invention may be applied as very thin coatings, on the order of about 2000 nm or less,
they tend to be good thermal conductors. Therefore, they are highly useful for providing
corrdsion resistance to HVAC units and other heat transfer surfaces. The composition of this
example may also be applied for protection of aluminum surfaces.

30 EXAMPLE 18

This example shows that rare earth metal compounds will also function as the catalyst

for the silane polymerization reaction. 15 parts methyltrimethoxysilane, 5 parts
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the m xture is nearly at roomtenperature. The reaction mxture is
applied, by spraying, wusing dry N2 propellant, to galvanized iron, and to
the inside of alum numcans, e.g., as can 20 inner liner. In the case of

t he gal vani zed iron, the coating is allowed to cure at anbient over 7
days. For the alum numcan, curing is by heating at 13509{ptémber2003ut €S.
The coatings of this and the other exanples, do not include |arge organic

(i.e., insulatin no),ecul.es and tend t e od conduct ors.,of e rical
char ge andpmf%&é?}ﬁ(f“il%’ 2&8“\175&?91’6‘3@'?%%@?’1‘?&3&’%? PQ%@@@QX@H%H%E%*‘ r
boxes, t0 g1V, G niix &b With! (26 peirisTBfiurk FopropexidOuiM) itk latiresdisiolved.
interfere with the flow of electric current, Simla , .the conpositions

: rly
of the prEhemé puthafiate arepddedie campletesatabisisy dhg resulting mistureifaliowsd & ne
order of m’ﬁﬁ[ ich i fin o) llagtofgduct ors.
Therefore?I'Q?ﬁtef‘;)lxzafa&r9|ge)t hi g ?ﬁﬁﬁ?%&ggpp@bg}{%ﬁaﬁ% cgfg?lgtsrji?%‘gaﬁéeg?’s_t ance to
HVAC unbt salamihuetdndrto $teeltsulistrates, fiea wetithickness of Irmdél. ddiep owriing, the respltingi s
‘exanpl e ma | so..be appl.ied for. pr i al um num surfaces. 3 0
EYCAW.E 183/0?%1’%“’8%7‘6 S'g’hf)e\ﬁg&f‘h%fj%eg%gp' a?l%ﬁ metal conmpounds will also
function as thergxhé asuged porfien of thealsive acing obmipasitiona0.2 parts efict i on. 15 parts
met hyl t ri net hoxysi | ane

5, part 1 2 Sept ..20Q3
phenyl t ri nehepyinagthoxysilans i Q?d(s sﬁﬁeé’é’ﬁP’tS‘gVﬁ{%%éllﬂ‘?(?%?r aboyt bhoyt, gnd thereafter
pol ydi et hogy sbhpbsion if appfed toRlrifith and kteel Fubshetet ROSKERickhdslofbbdutianil S
cerium i sopropoxide until the latter is dissolved. Then, 6 parts of water

are addyed ardessonpl ete catalysis. The resulting mxture is allowed to

react for aboutygh, ol cuthl 84r $MAYVE hd doatirlys ARV ASHY RSO B Xy dbchildd dr Y

N2 propel |l ant; um nu O steel Substrates, to a wet thickness
of | ml. abid e¢notedbynicnmerdien inaheidtiove descrlbeaitdopperwitlfdte saduttomr r osi on r esi st ant

and free of pinholes. To t .unuse ortion, of the ghove '

conposi tion, O. eﬁ%‘PP%s‘tlﬂnoglgH%Wfq'ﬁﬂ%&?giﬁsIaatﬁ@ Ofgngeo%aé{:d@%ﬁlﬂg%r‘ﬁ%{ ure
Wil | st abidxhmplegthé Silanadadtaldohblib one Sonthiidhaheedtilgst in & Bzosdcqntsiet,iand thes
applied to_alumnum and steel substrates to a wef ,thi_FchI%nefs'g o&‘ about | ml
10 or 1esdlistilled ar deignized vrates sppRiigd separagely anare-mixed wighgifngpat the gthentyo) o y
resi stant fpuhudrochloric acid, as noted by inmersion in the above
descri bed copper sulfate solution. The conposition of this exanple nay be
sol d as a EXWMPLEtIBree part fornulation, for exanple, the silanes and

al cohol in one.conta I t al | a8 ) il } 15
distilled or dei {S‘ﬁi‘%‘%@'g\ﬁ%‘%"gesﬁﬁ% ﬁ%ﬁf‘é’é“‘%ﬁ%&%@gﬁ’y %?aq%?%‘- s a\?fﬁ? ‘@f t her
of the ot hempbsiton. o ahifirmesohution, obtained by mixing 15 parts methyltrimethoxysilane, 5
20 parts phenyltrimethoxysilane, 20 parts isopropyl alcohol, and 2 parts polydiethoxysiloxane
(~50% solids) is catalyzed with 6 parts of an alcoholic (isopropyl alcohol) solution of a

double alkoxide of aluminum and titanium. The resulting mixture is allowed to react for

about 4 hours using six parts water. The resulting coating composition may be applied to
steel by spraying, using dry N; propellant, to a wet thickness of about 1 mil and then baked at

25 82 °C for 5 minutes. No pinholes will be observed when the resulting coated substrate is
immersed in an acidic copper sulfate solution as described above.

To an unused portion of the above catalyzed composition, 0.2 parts of
phenyltrimethoxysilane is added. After ambient curing for 6 days, the resistance will be
equivalent to that of the composition without phenyltrimethoxysilane.

30 The stabilized phenyltrimethoxysilane coating composition may be applied as an

overcoating on a potassium silicate coated concrete and will cure in about 3 days. After 5
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EXKWLE 19 This exanple shows the use of a double netal al koxi de cat al yst
for the silane coating conposition. A uniformsolution, obtained by

m xing 15 parts nethyltrimethoxysilane, 5 20 parts phenyltinethoxysil ane,
20 parts isopropyl alcohol, and 2 parts pol ydi et boxysi |l oxane (-50%
solids) is catalyzed with 6 parts of an alcoholic (isopsGR¥mbat SRl )
solution of a double al koxide of alum numand titanium The resulting

m xture is allowed to react for about 4 hours_ using six parts water. The
resul ting &% ihagveEwaisdoradrehinayhe manesisein waer for atdeastd wesksIiqWidy, usi ng
dry N2 propglehabiechdnged Wet thickness of about 1 ml| and then baked at 25
82 *C for 5 mnutes. No pinholes will be observed when the resulting

coat ed subst r at Bhi§ eompositien may be applied.cfor exampleoiomyercoatiand sentaip rust shoardas
descri bed ahb . unused portion of the above catal yzed conposition,
0.2 parts g?chg%%%%s?érisl'rret hoxysil ane is added. After ambient curing for 6
days, the EEAMRIEBR20e Will be equivalent to that of the conposition

wi t hout phenyttrinethoxysilape. 3Q .The stabiljzed env.l tripedi,oxysil ane
coating conposi q%ﬂ"‘r‘?ﬁ# e‘iBﬁW’ﬁ‘b‘“’&ﬁQW@ﬂ@@ﬁ&?ﬁ@‘%#& poqag%si um
silicate cRasBpylaRiCLYnE 29aks PoldiethoryBiloane60%s sdlidy)ythicre ¥ ddded Dealilys?

Sept enber 2003 days, the overcoated product may be i nmmersed jn water for
at | east o6camiainag Gp paréiorepmethordds W@*’ep%ﬁéh’&@’.‘““TWBr°B@ﬂ§%s}|\#?r6‘i‘F §?§95 be

applied, f X0 aRYS FEnflaR iR icBalydiR! TAORSIng ABA@B i90I Ng
vessel s. 5&E§%\NPLE@§rE%ba m'gg‘?%% forﬁrlrgg by cgdnbi ni ng 20njgoarts 1
A7

net hy| £0i naltoiwss yasitandr(eeactpfor pbout ¢ hoiirs dibe agpptionsprediicd may heapplied i stegl and

pol ydi et hoxysi |l oxane (:52% | ar e . cat | ni ng
b6 par t o DURBH SRRk UEksSSS e} RRg 3 A 3Pees) Bdidibed R 1D
sol i ds arndei sstidnt eonditivne for @bopdrdags. In shiscdanld, theditapteaind bbive ethatide ysi s.
The resulting m xture s, 10 al |l owed stand (react) for a t hour. The
reaction GE‘F“‘??&?EIS ° ?tﬁ%léﬁ'ccﬁms %I‘B%qe campes éﬂ"ﬁﬁ?‘%ﬁ%"é (%B@ﬁ's 0 wet

t hi cknessegndquinty] d vedyBnPpet k! . respectively, and allowed to cure under
anbi ent conditions for about 7 days. In this exanple, the titanate and

boron &Bhoxi de Thissempesitienthas heandounste b gHectixe.Hor examples as @ overcaaiing for
conpositi : o] | QSR ntly, a very long pot life.
15 This c%n%ggﬁp%%gﬁg%sﬁgggﬁ{#%ﬁ?}%ﬂ%e ef e%five, for exanple, as an

over coat i MEXKANPLE@Aot ecti ng and contai ni ng rust aboard ocean goi ng

vessels. Following the same procedure as in Example 20, except that 0.4 parts by weight of

iron ethoxide is used in place of the boron ethoxide and tetrabutoxytitanate, similar results
20 will be obtained. The iron ethoxide adds an orange-red tint to the coating.
EXAMPLE 22
This example shows the formation of a coating composition which does not use a
metal compound catalyst.
20 parts methyltrimethoxysilane, and 20 parts isopropyl alcohol, are mixed with 0.2
25  parts of aminoethylaminopropyltrimethoxysilane (as hydrolysis catalyst). After thoroughly
mixing with 6 parts water, the mixture is allowed to react (hydrolyze) for 45 minutes. Then,
the mixture is combined with 0.3 parts phenyltrimethoxysilane predispersed in 10 parts
isopropyl alcohol. After about 1 hour, the composition is ready to be applied, by wiping, on
stainless steel, or an acrylic coating on steel, on aluminum, etc. Further stabilization may be
30 promoted by adding 0.2 to 0.3 parts of a silyl epoxide.
The coating composition of this example may also be used advantageously as a

primer for a powder, e.g., epoxy, coating. In this case, after heating, the coating may be
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EXAMPLE 21 Fol |l owing the sane procedure as in Exanple 20, except that 0.4
parts by weight of iron ethoxide is used in place of the boron ethoxide
and tetrabutoxytitanate, simlar results 2 0 will be obtained. The iron
et hoxi de adds an orange-red tint to the coating. EXAMPLE 22 This exanple
shows the formation of a coating conposition which dowsgﬁgmggﬁzm3 met al
conpound catal yst. 20 parts nethyltrinethoxysilane, and 20 parts isopropyl
al cohol , arebjentedgd awiassrhaicl? (1 B soparatéongest). No adhesion loss is observed.

am noet hyl am nogpr.opyl § ri met hoxysi | £ol ysis.c

Chor oughly T Rep R eompe ot B2 bR oM afu iy tiipboflite
(hydr ol yze)s fplacedwithi anvih@Fopyliiaiethoxysilndisintilar eesiilts wilktiziobeinedi t h 0. 3 parts
phenyl tri nmet hoxysi | ane predll’ spersed in 10 parts isopropyl alcohol. After
about 1 homﬁmposition is ready to be applied, by wiping, on

stainless steel A:REiMbthExysatel 5 ParR bhériyd@imetitkyslane] 0 pares (508) Furt her
st abi Ii?ation mla5 be 30 prom)te)% by agdi nrbg .2 to 0.y3 arts_of a silyl

epoxi de. Thelydietaoxystjoxaoapth) anst20uparts fsopropylaligehal ara gorbined wikh 04 parts

advant ageoysl| y_as. ' . r is§UNLAY 6 par R WAlkr alehdlidd. S
case, aft e?ﬁlﬁ%’é‘ﬂ ‘ﬁ‘%’,’°’?‘ﬁ%”§§%{s§%‘g@“&n‘g’w@§ c%%l?gqssglst enbe? P 209?1;I ;subjeect ed to
a cross- hatfler hikingths speowt mixture fxtah addidoratififiesinoninkiss she mixgpe sreasy fon f i n

t he above conposition, the 0.2.parts af. . . . .

ami noet hyl a?ﬁr%&ﬁ%?ﬂ‘f"trf?'%ﬁt%%f%i ‘103}?83‘{'?% GUTgsion Zgsistant goatings are obtained on

ani nopnePY kthiniesPddrQ mifd dtévl Qlursiniin] Brassifixdutes, broaze toupen,ahd galnarized iéALY) E 23
5 15 parts nethytrimethoxysil ane, 5 parts phen%ig;lri meé(gox %Iﬁ"ll ane, 6 parts
(-509% pofayexasmpie Aippineds sprying yuith dry Atrogen pygpeliant. dp g B?»Tv' OB are
conbi ned w i ' ' | #lfotaddfn®ilisdid édatdaGontiétt| t he
cat al yst }A%&’%fogrsté %gfbégp@a#%&gwé\g{agé?ﬁ es%glﬁied.‘ After m xing the
aqueous ni frevieuslyenredifortidays). ohlidr ciiing foe A daysn the ceatingidoespotsyelbor changes oy

for wuse as a _gor.rosion re isrttgln. glgggsi ng conposition. Corrosion resistant
Pt AR ol in R 8 Sy BES

coatings a Stainress steel, mld steel, alum num brass
fixtures, bronzrhe@oati@fornteddn teb exanipteits ar"glassaljke” apprarapzaan qualitsti Bps ng ¢, °
spraying with dry nitrqgen propellant. In.addiLion, .the coatin

conposi t i oPresgedihat the ; Pcé&’o%‘is (gﬁ oFyasn ipAnd e &'eg‘dﬁ%tﬂé t_ﬁh’iv@clr S8 o

coat ed congglForofpd hoW SHeaYihisth@E sl tehdd@yiso to thé Supfacefotming athard coatipy's,
the coating does not swell” or change even after inmmersion in water for

six weeks. EXBMRIE Moating forned in this exanple has a "glass-1ike"
appear ance and -flalyal¥ie shbwh & three part mixed valence catalyst system for silane

20 catalyzation. In particular, tetrabutoxy titanate (Ti+4) functions as the primary catalyst, boric
acid (B+3) as secondary catalyst and calcium hydroxide (Ca+2) as tertiary catalyst.
Together, these three catalysts are believed to enter the ethyl polysilicate into the final matrix

and thereby create a nonporous silicone coating.
It has been found that this composition, even without addition of a stabilizer, has a pot

25 life of about 2 days. These coating compositions provide excellent corrosion resistance, as
seen from the results in the acid immersion test.
Twenty (20) parts methyltrimethoxysilane, 5 parts phenyltrimethoxysilane and 20
parts isopropyl alcohol are combined and thoroughly mixed. To this mixture is first added
0.2 parts of boric acid followed by addition of 4 parts of polydiethoxysiloxane (50%). After
30 the boric acid is dissolved, 0.6 parts tetrabutoxy titanate and then 6.5 parts water are added.
By adding the water slowly, premature hydrolysis of the tetrabutoxy titanate may be

prevented. After about one hour, 1.6 parts of a 0.5% solution-suspension of calcium
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presuned that the silica bonds (via oxygen) to and seals the netal
substrate, whereas the phenyl groups from phenyltrinethoxysilane tend to
rise to the surface formng a hard coating. EXAMPLE 24 This exanpl e shows
a three part m xed val ence catal yst systemfor silane 20 catal yzation. In
particular, tetrabutoxy titanate (T| +4) functions as tpgepleniRi 2003t al yst,
boric aci d (B+3) as secondary catal yst and cal ci um hydr oxi de (Ca+2) as
tertiary cahpdroxide inTsapearybalcohdl éssadd ecmixtury istalowedstotredct By atdeasborent er

t he et hyl pgll}rsilicate into the final matrix and thereby create a
nonporous sifitone coating. It has been found that this conposition, even
wi t hout additi onAetkelaoapaidoaicderith thizsigupqt.g., B sprafing afingdrg i pBdeﬂaus)
These coating, conposi{i ons, proyij excel | ent- cqrrosi.on.r.esist nce,

seen fromtﬂ‘%l‘f"é%du‘l’gsgi'ﬁcat“ﬁ g‘#gff @?%%g’t““‘?%ﬂ’f‘?ﬁ ‘)sgﬂé ts

net hyl t r isMetdRsion (AR EmatonRAVisibld PRAVES) evdirifeOmibdrkian B 220% gdlutiopdf t6pper

| sopropyl al cohol are combi ned and thoroughly m xed. To this mxture is

first added‘sul@t‘f?_m é‘éﬂﬂ@l@r%bwré buctpet, *ﬁlcPﬁﬁ)édV‘B?’O&&’ﬁrcPFﬁﬂmb‘f“‘mrts of
pol ydi et hoxys) &@&xﬁ Lmarheé Gdtilg bompbskamb.ved, 0.6
parts tetra ut oxy trtaéeglt%toa mgﬁy par t%&\}/'\/ater ar eg(gdded By addi ng
the water sl ow yﬁmmmﬂpemywﬁmbgdsf% ewnnlh@s aetote&bmmgmg for alnmr@mmy be
prevent ed. bou 10U rt si on
of cal ci um %Eftl’zs ?Jstgé{?ﬁlgsr"” 3 aﬂ%‘fé?ecpaﬁ eéraﬁ Y%%O(%P%&?ms co |s added
and t he1oi Xédeaegdifig wssedred to react for at |east one hour. A steel coupon
coated with this mxture (e.g, by spraying using dry N2 propellant) and
cured, e.g.3 ing to 80 "C for 5 mnutes, was found to be highly
resistant to 5 ckSRiwARe EdtRpdsRiodBs prephré and! e @sdal, 7o @kidple, &y Euatiag 861

i mersion in a 20% sol utrodrllﬂfz)fS copper sul fgfdg in 5% HCIze?%r 24 hg%rs I'n
fact, this coatiTwgnipartsof metbalrimethosyilens arecomhingddth TRARE abl e or
e &t ooPHEAHEe R len e Llifer TPR I RORULI Bp QUL IR chlthe
corrposrtronp e us of or exanpl e rote tive tin

al um nupp lgtdﬁﬂyzedmajontms@ﬂcherroshxbanxtmwddamw eapdmnalabxyl Themar’rure

over coating on rus ur.f aces ea
The fol | owi HFEHS fi@?’? ic aud Iy 583 8‘8 I%{ﬂ‘g Oﬁé’fﬁrgg?tfgg‘ﬂ% ?anétgﬁ M\L
coating st eghile sn}m@riﬁ Yoritialidd FihallyRs. U)ph&idﬂ%&it&i@l@/ﬁddrlaa&dean@ambtmm WI t h 5

part of phenyltrr met hox%srlane I n cont ai er t 0, whi ctﬂ | s added 4 parts
of a pol ydlm fiepthg catalyzed reaction procee s for al out two hours, the mixture may b

applied to steel panels by spraying, using dry N». The coating will cure under ambient

u

20 conditions in about one week. The resulting coating can withstand immersion in HCI bath for
a minimum of two hours. It is believed that the boric acid, which is not corrosive to steel,
forms a chemically inert borosilicate glass-like reaction product.

EXAMPLE 26
This example shows a formulation suitable for providing a salt, mildew and streak

25 resistant coating for glass substrates, e.g., windows, especially in corrosive environment, such
as in seaside dwellings.
To a container containing 600 parts of isopropy! alcohol there is added, while stirring,
24 parts of methyltrimethoxysilane and an equal amount of phenyltrimethoxysilane. To this
mixture, there is added 6 parts of polydiethoxysiloxane (~50% solids) and one part of calcium
30 hydroxide. Stirring is continued until the mixture remains cloudy, and then, 5.4 parts of

water are added while stirring is continued.
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15 hydrol yzed to about 50% solids. To this mxture is added 0.3 parts
boric acid. The m xture is stirred until the boric acid is dissolved.
Next, 0.5 parts of tetrabutoxytitanate are added, while stirring is
continued. Finally, 6.7 parts of water are slowy added to avoid a col or
change. After the catal yzed reaction proceeds for aboutsdptembersgos t he

m xture may be _applied to steel panels by .sprayjng,, ysi ry . N2.. The
coating will cuFe &fHfe coatingmay %ﬂpeﬁ?fi%%%g%‘%&%am%ﬁ%’ a%)eéﬁmpll?‘re
resul ting gﬁ?‘?ﬁé‘ NG RPaplirdtidalor ﬂ@gﬂoﬁﬂ&le&h&ﬂhb Burkick ciidpolistied, @iy 4¥oMLuN0tR

two hours. I's believed that the boric acid, which is nt?t corrosie{e to
steel, fopnspoages pasiiitcfasls sligkite the teysho dpjafditipral gpplicatiqn may BeeCeSSHY Y¢S duct .
EXAMLE 26 ' ] hi.S I REpe | W Al £difu@ agibeiéistifitgand. sal t
m | dew andsés‘}tg}reecgﬁaﬁg(g&r g??st anfﬂlgggﬁagg%@g??s;s subsft ra%dgs,_ e.g., .

Wi ndows 5 einecessary, yesiduabaating imag be remioveshirem the windew, ate; by soraping (eefl With a

‘dwel I'ings. To ai n cont ai nj ng ,6 ' opyl al cohol there
i s added, Wﬁ'?ﬁ@“@??@??’ﬁg?’y "ﬁﬂn%gﬂt‘gﬁgl}()?ﬂcégﬁ% ?égfrlrg{cﬁlgc’g{?si | ane and an equal
anount of phenyditnilarfeidiexayssttanal wha thihtampasitioh is appliedomestal{e.gdded 6 parts

of pol ydi et hoxysi | oxane (-50% sol i ds% and one part of calcium3 0O
hydr oxi de. alemirum, gtgel; galvapized sigelsuhsE4!es- ¢ he ni xture remains cloudy, and

then, 5.4 panhprd27 Water are added while stirring is continued. 35 2
Sept enber W‘?ﬁ‘e’resulti ng coating may be ag)g{‘i ed to, agrgj ass wn

ow
substrape by, {Dris exampjs sho t fogmulaions aceopdippioghe prRseHt InVEBIOR 35 T8¢ ¥ ohol |
t he surface,can i I ng a soft cloth or sponge, until it feels
slick to t?‘ldé]efef%Lt(Q:MJﬁle%Q%& |%€1slél application may be neces_sar(i;a under
severe condi ti OFsa cohtwines mﬂt&in'mgrtﬁ)paﬂtﬁlflpbb@iﬂmml%gﬂ(ed?@%) izddedZ0@partst e
aqueous surfactant). 5 If cess .resi dual ' ved from
e wi ndout EREPTbLYectidl s 05 bR ) timip R sgoepa 8 vy ks BY SRS B
rinsing W bin@tifdiRdxybifand. Thé m@RieRystirrad 0ailaf Yecorfiesdldanr At thatliths, venile
obt ai ned en this conposition is applied.to al (e.g., alum num
st eel , 1gal coninyiegistitiag|2)3 B%Eﬁ?"’&i%%‘?@%ﬂ‘:‘%éy _%Ba('rﬁsrﬂqfs exanpl e shows
that for %ﬁhtlﬂ-{h?etﬁ& QAL NG Ak OstiddGy BF SRAN houdy, SRS thRfurd [spplidduvel tisty

rusty S

adher ent nmet a ubstrates. To a container containing 10 parts of
pol ydi et hostyed wimishisld Wis@Holdess (anpolodsepfalgyapstds finst manygfly smavedt AHKEMOEHd 0. 2

parts of alum.num.i sapropoxi £ ol t is visible through the
phenyl tri YR VST a?g *POrhs %&‘Zijlﬁgéévl%}?g a%“z thf{{’slgf‘ghs Eg(lzscl)rres_ clPear. At
t hat ti e, coaking. €The coating in this example contains approximately 56% silica, mostly as iron

20 silicate.
EXAMPLE 28
To a container containing 10 parts of polydiethoxysiloxane (approx. 50%) is added,
while stirring, 20 parts of isopropy! alcohol and 0.1 part of boric acid. Stirring is continued
until the solution becomes clear. Then, 0.2 parts of titanium tetrabutoxy oxide are added.

25 The mixture is stirred for about 3 hours. Then, 2.3 parts of water are added, while stirring,
followed by 5 parts of phenyltrimethoxysilane. After stirring for an additional about 3 hours,
the solution may be applied to metal, glass or ceramic substrates.

EXAMPLE 29
To a container containing 20 parts of isopropyl alcohol, there is added 15 parts of
30 methyltrimethoxysilane, 5 parts of phenyltrimethoxysilane, 0.2 parts of boron methoxide, and

0.3 parts of aluminum isopropoxide. The mixture is stirred until the aluminum isopropoxide

is dissolved.
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15 continuing stirring, 2.3 parts of water are added, followed by 5 parts
of phenyltrinmethoxysilane. After stirring for about 3 hours, the m xture
is applied over rusty steel wi ndshield wi per holders (any | oose, flaky
rust is first manually renoved). After nore than six weeks of exposure,

i ncl udi ng several heavy rain storms, no rust is visiblegihfegit@h 2008
coating. The co@htaligisiisconpldteddiadtiding 6qars wates Dépending omthelbytch 62, Toblinga,
nostly as iron 20 silicate. = EXAMPLE d28 To a contai ner containing 10 parts
of pol ydi etRaY:Besequisdivsoptsp)theeactionagd reaction lIBPEralil: | ¢ stirring, 20 parts

of isopropﬁ§%¢9@9§g and 0.1 part of boric acid. Stirring is continued

until the ecomes clear. Then, 0.2 parts of titani umtetrabutoxy
oxi de are addedThig s antexampleoia priiner conting comppsitiomtssonding tpgus ventigan, 2. 3
parts of_water are ad - Whi | LI I Jparts of

phenyl t r7 et hox?}‘é‘??‘g"r’]‘gﬁ‘gﬁf%’\@?"@#?éM’{ﬁé’l?gg?méﬁ %@ﬁ@??gﬁaﬁ about 3 hours,
the sol uti eminvesylmirmppipyitdmethoxpailaie and B apstsof 3elycidoxypropyitimethasysilaBXAVPLE

29 To a contai ner containin arts .of i r | coho .1 s. added
15 parts of |B§SHIDHE ‘ﬁ‘}fF?‘ieir}‘_?‘fgg‘fégﬂ/@P‘FéH@?'t%a QQB%*SQSW(@%?'I JPr"T'Er(r’e ﬁlgtf(o 5P ane,
0.2 parts adadp@iras ifRbo@AAdsh mifits afll providéstasolills lwhding, s silansb@ndanatioie.  The
mxture is stirred until the al um num i sopropoxide 1s dissolved. 36 2

Sept enber  pogEcts, chbenl E%dyiveightnpl et ed by adding 6 parts water. Depending
on_the fatCh Sife fofRRkdddGulihé shRliddqd bhuinifi, Salailiddalert, Beel @ACKIREN and

reaction tenperature. is 1s an exanple of a priner coating
conposi t i ohecamingrtaikypeachof the sutistratesis taprooated withy for exampls, applyprethangtesised 420

parts of isopropyl alcqhol, 6 45 part f '

ami noet hyl %ﬁp“rﬁg% 1 %%WW§WF§%€%S%&4§§W53?{; f oygr coated sample, and each

3- gl yci doxpymedqupsttatd mﬂlbﬁt)top@h!?,aﬂﬁut intd B eslespraygeneitommént operatingtbetvaasghl y

m xed prior to addin parts of water, or.nmyl.ation is, re or use
I xed [ 0 addi 6 S T@g f erI ' ' dy f

in about fambigwie rg anch H0°F meithi Scpstsalf (L sofution) fmpingime 98 the;cPali
CO”d.e”§%t ! Qvgfoa&'a%g imed f‘mﬁnﬁéo Rer3V1eldt 3RV I G credP orl@radidiinaink @R theBy be
appliedto um nu gal vani zed steel, steel, etc. Arter becom ng tacky,
each of theamplisstobatrwed.i s top coated with, for exanple, a polyurethane

A G L T e R
sal t spr ayglecidyloxysilaetaraapesreddl ng bet ween
Similar results will also be obtained using acrylic resins, polyester resins, and alkyd
20 resins as the topcoat. |
EXAMPLE 31
, This example is similar to Example 26 except that instead of 24 parts of
methyltrimethoxysilane, 48 parts of isobutyltrimethoxysilane was mixed with 24 parts of
phenyltrimethoxysilane while stirring.
25 Similar results will be obtained when the procedure of Example 26 is followed.
Further improvements in flow and clarity are obtained by adding 8 parts
glycidyloxypropyltrimethoxysilane with the other organosilane compounds.
Similar results will also be obtained when any of the compositions of this Example or
Example 26 are applied to metal substrates.
30 EXAMPLE 32

This example demonstrates the feasibility of amine catalyzation without acid

stabilization, cf. Example 1.
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anbi ent tenperature and 1800F with 5 psi salt (20% sol ution) inpinging on
the coated 15 topcoated or prinmed substrate. After at |east 8 days, no
creep or degradation on any of the sanples is observed. Simlar results
wi |l be obtained when the proportions of the am nosilane and

gl yci dyl oxysilane are reversed. Simlar results wll tbabepigyszned

2 Sé
i [i i , | t i , | k 20 i th
oot Ay By et soaioay Lalsco i adtaf 1 bk falired BalsReRt
i nstead of m%ﬂ?ﬁ%{et@x $ilanBRAY pérfs dﬂpﬁd@ﬂﬁﬂ&ﬁ&h@a@im@ Whilel stirrtfg, 0.9 part of

i sobutyltrimethoxysilane was m xed with 24 parts of .

phenyl t ri nbistianethoxysihdproapyDamise isradiedy Then, 6gpagts|of watepargiaddedyniAfier FRacting: ai ned
when the p | : ' LN
low and oiagyols siiBHirEmeh ob it b URing I kAR ohTRIANATRHOF Snke

gl yci dylsoxmptabsupsttate. ridierdipped iahd sprayed ichatinge besomerharst ig aha ithregleoves rifsunds .
‘Simlar results wll aé so be obtained when any of the conpositions of this
Exanpl e or PEEIEM BOLSELUR- o applied to metal substrates. 3 0 EXAWE 32 This
exanpl e depRAMPIEBS the feasibility of am ne catal yzati on without acid

stabilization, ef Exanple 1. 37 2 Septepber. 2003 . Twent rt.s af
i sopropyl al colidfs exa@plegisapnsiptes gﬂﬂb}ﬁﬁ?’mlw@ lﬂaglp’@fﬁlgipnmg {ie. gas

met hytri mef Aoy b3Ne1,3) datalyRa6 henehke PERRNE fromThé ¥R sRaR-codiig €
stirring, % 9 pna}cgr’t%éf 2%gi a'ls(?,ri rrgt hoxysi | yl%r opyl)am ne is added. Then, 6
parts 30 wemposiiere added. After reacting for about 4 hours the m xture

5 b0 veempositien add _ | pe mx!
may be applie 29?55%% o] aRBAG e aaNba R IR s Pt e © e 2

substrate. The coat 1 ngs "becone [ ut three
hours. Themethyl#imstiooxysildne and 5 parts afpropitridEhexyddakh i Whidstiminrg: 09amoeft r at es

the feasibility of fusi a.fugjtiyyely,.functionin i .8, . rating,
05 “ro pereamopronsitims iRt soed o el P st ey A Timg TR | 1O
coating 104 KRENRAS Mt madbeRPplicd BT dippiRPercpidying onehdiimum. ahdedating a pot ,
foll owed by 15 parts of “nethyltrimethoxysilane and 5 parts of

propyl 15i rhecomassyhard iggboutrhones after anpliggjiony. 9 part of

In this example, an intermediate silyl moiety, capable of promoting hydrolysis and
slow polymerization, is created. As another example of fugitively functioning catalyst, a
disilylsilazane, such as hexamethyldisilazane (an ammonia generator), heptamethyl
disilazane, and the like, may be mentioned.

20 EXAMPLE 34

This example shows a three part formulation (3-container formulation) which
provides extremely stable coatings.

200 parts methyltrimethoxysilane and 100 parts isopropyl alcohol are mixed in a first
container (Container A). Separately, in Container B, 40 parts of a saturated solution of

25 calcium hydroxide is diluted with 20 parts of water before the diluted solution is added to
Container A.

In Container C, 6.2 parts boric acid is dissolved in 96.8 parts of isopropyl alcohol and
is after cooling begins, is combined with the contents of Container A (to which the contents
of Container B has been added).

30 After about three days, the resulting mixture forms a sprayable or wipeable coating
composition which may be applied to virtually any metal to provide an extremely corrosion-

resistant, heat-resistant finish. This coating composition may be used, for example, on inside
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mer capt opropyl tri met hoxysil ane is added foll owed by 6 parts water. After
reacting for about 4 hours the m xture may be applied by dipping or
sprayi ng onto alum num The coating 15 becones hard in about 4 hours after
application. In this exanple, an internediate silyl noiety, capable of
pronoting hydrolysis and slow polynerization, is creafggpteberdodder
exanple of fugitiyely functioning . catalyst, a disilylsilazane, such as
hexanet hy!| uehses phized e*a#ig%vﬁf?gﬁ comajasry caiesieTior dRtarenbiing MAETipls UrRas and
the |ike, rRynfierddBhgiiR8Sncré@, SavARbAst3d, iffdtior MEBWBIKS, anld eSika, th Prots par t
fornul ation (3-contai ner formulation) which provides extremely stable

coatings. Z@eingaiepasitinatand erawthnof mildsys or othrs infactions orepnisms; overesting gf caatedohol
are mxed i ' ' . ( ' apai ' | ier B,
30 par o ofot sl Ehner 8 BBl SRR ) roHeeaipan Bt G OFLAEAET
20 part s5 ofovembating i proteet autemoliveytred (Bwlusive ofcemenhaidether consttaatipn bmeks),A. | n
Container C, 6.2 rts.boric .acid,is dissolved i 6. i sopropyl
al cohol angus ssanqﬂgtggrrvegggq gri’?'@heﬁ’elﬁgwgmp Frgélﬁeo%ﬁﬁaen n%s'fcﬁl a?’ﬁé't %Sﬁbeeht s of
Cont ai ner AndnifoldéfeixBdnst $etefRdodRIng utehfilsCovehs) iané theBikBasrrbdanpratdctivth) and 0
After about three days, the resulting m xt %(r*e forgs gh,s%a%ab*e ‘gr

wi peabl e cdlicinggeent gmsambination with 8 Rrifg; e e EXpRPiedl: ¢fdhis mvertion) and gel- et g
to provide g4 ettt BNE dni@R" r 0si on- resistant, heat-resistant finish. This

coating conposition nmay be used, for exanple, on inside 38 2 Septenber
2003 sur f FXAMBEE BHod and beverage containers; on exterior and interior

bui l ding materi ' . | ' o 1saalaani zed
steel, interior iéj %@%ﬂ@&f?ﬁcﬂﬁ%ﬁ?ﬂo&%@@% %S‘%‘}'@gﬁﬁwgg‘?ﬁ‘gﬁ 1%%6%% ition
and gr owt h cortaifier] Oemtainer At Then, 013fpartiof barke apidjiaaddedsiollowet byocmiditiog 066.2dovat ed
or uncoated concrete and netalli¢ surfaces.tqQ. praj,ect .again

facilitat e 93dpwhfetaputyltifagat fo.assist i the 8@3@‘@310889&%’?‘&?”%%% 19l ¢ ok
(i ncl usi ve 19to TEFHRE bf WHLr &tk RBdedGRNAY, sifeb tHetedckibl lsekotheriic eAfidadewt her

vehi cl e finishes; high tenperature applications, such as, for_exanple,

mani f ollds, misytes. the miytreawidl warsoip and may & applisd to g mistallicos gop-pistaflicy o -
corrosion i ?Cﬁg_/ - O - | fineahy ' B, a priner,
e.g., ExanplFbg&%g},' ’ﬂg’P | SO?:AIFR/I%%{%@(;% © angﬁgﬁel?-l co%ﬁﬁ@%ﬁ?&ﬂe&’fi ni sh. 10
EXAW.E 35 Bfuishiag,tagd tmedike afayrbetnmaptionadras stitaplededhaigiesand i sopr opyl al cohol

are mxed 14 Qfh 5}

As a further indication of the excellent corrosion rcsistance and adhesion of the

20 primers of the present invention, one-half inch thick steel panels, which are first degreased
and sand blasted, are primed with the primer composition prepared according to the above
Example 30. To the cured dried primer coating, a topcoat of Navy Standard epoxy deck
coating is applied and allowed to cure. :

Each of the so prepared panels is subjected to an ASTM pull test. Whereas primers

25 currently in use fail this test at only 300-320 psi, the primer of this invention is able to
withstand more than 600 psi, without failing, and generally, about to about 700-720 psi,
before failing. '

EXAMPLE 37
In this example, the primer of Example 30, is used to prime a steel panel for an

30 automobile. A standard automobile finish is applied to aluminum panels primed with the

composition of the present invention. The primed panels are able to withstand at least 30 or

more flexures of about 120° before the applied finish (paint) flexes free at the bend.
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container, Container A Then, 0.3 part of boric acid is added, followed by
addition of 0.2 to 0.3 part of tetrabutyl titanate to assist in the
solubilization of the boric acid catalyst. Finally, 10 to 20 parts of

wat er are added slowy, since the reaction is exothermc. After a few 15
mnutes, the mxture will warmup and may be applied tosétémbet 2003 or
non-netallic substrates. The node of application is not particularly
limted andisyveywhen theispireged fldxed piniehiy sulsieuted tocalt spt#y fopshrézevarksnto oned as
sui tabl e techni_clg,es seE W.E 36 a further i i,cs,tio of the excell ent

) i
corrosi on rEEPIeNISEk ondhiunderlyipg alpmmustpagels,ipdicates thitthe pmE JFmains

i nvention, jpB&rdetith tHeGanéiNitiousepfhtidaanel s, which are first degreased

and sand bl asted, are prined with the priner conposition prepared

accordi ng tEXAMBLEB8ve Exanple 30. To the cured dried priner coating, a

t opcoat of Navy -ﬁ,gﬁ)ﬁ : ' hst LEGHG Gk to
cure. Ea%)h of t%@ggo rlgﬁ)lar e gsptgﬁgmlc?gﬁtsoﬁg?ggﬁ%%@%bgﬁn ASTI\t/Iﬁépl%JrlegIﬁ?est
Wher eas pr iimwention t8 ¥inyliandeasphalt tiles. Foethisaipplication, a vyl geoup contpin@gGilarovisi |

t he primer bof t.hi aﬁi.nvert ion.i s abl exko wi t hstand nore than 600 psi,

wi t hout f aiPf P3Fg ™ 5 4nSaHRR SHaHDE COlROSFOPSy ahout 700- 720 psi, before
failing. EXAVPLEo thé cbimpbéition sDExampR 4, 0.1%, pasedren thefwdiphnofthe siBies,iof 3used to
prinme a steel panel for, an 3 0 'aUtorgﬁRthEFél A st andard aut%m)bill. fi,nish is
appl i ed t o methagayienpeRY ETmethoxyaiage §afied Hae r £PRHng Mayy eﬁﬁ%‘%‘%&*&m

i nventiQgn. eJlRedHik gﬁ?ﬁc@ﬁ?%ﬁﬁhiﬁ%ﬁr 3hthfing, %o MHidknke Ve nemdre @tk aBSutArmil.nor e

fl exures of "about 1200 before tThe applied finish (paint) flexes free at

t he bend. 3be rs@tipg eosting prodies a mildew essistaphidle- t he so treated fl exed panel

I s subjected tog; .k Qr : | | on

t he underlying Sdl ur%} 'r?g‘gn&g%%{eb SP&{},%(SIE%E‘%?,%&% Rglly I %‘,ﬁé& f)br%lkér?r)\eﬂrr“!l ?‘e@r‘ab‘?‘?suxﬁgn

cont act wi fibmtabeutaiel 194 bakedwin tiseweighttol the silédd\VEimilr fs@tsWillalsebanpl e

illustrates, the l.i catjon qf .the coating c osi tion, of the present
i nvention PWWF%@FEWéé%W&ﬁtSﬂT‘}CP g—ywéﬁyﬁ%@mﬁquﬂgm a vinyl group
cont ai RisN Gy indéikoxdtilane ob Ginyiafkthdkybiluae.| Sivifa reqilts aRalsodg obaied By hdding. To

t he conposition of Exanple 4, 0.7% based on the weight of the silanes, of
3- net hacr freaiaybsilpyta the semprsitiop of Examplesy-$dded. The resulting coating nay

be applied MBt 0 exposed tile surface by brushing, or spraying, to a
t hi ckness £ q33de than about | ml.

To render a surface resistant to marring by graffiti, the resulting coating should be

resistant to ultraviolet (UV) light exposure (e.g., sunlight), and be able to withstand repeated
20 washings, often as frequently as daily washings. This latter property may be achieved by a
high gloss coating to provide the surface stable to repeated solvent application.

Generally, therefore, to facilitate on site application to an existing wall surface, for
example, the coating composition should be applied after preliminary reaction to increase the
viscosity and provide a non-sacrificial coating. Therefore, the preferred coating compositions

25 according to this invention, for providing an “anti-graffiti” coating, will be able to provide an
exothermic reaction capable of raising the temperature by at least about 70 °C in a gallon
sized container. One suitable composition for this purpose, therefore, comprises an acid or
titanium alcoholate-boric acid containing composition with a mixture of
phenyltrimethoxysilane and methyltrimethoxysilane, such as the composition according to

30 Example 2, which, when hydrolyzed-polymerized, with shaking, provides the desired
temperature increase. Since the compositions are generally applied while still warm, it is

preferred to use an inert gas (e.g., nitrogen) propellant to slow solvent evaporation. Coatings
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The resulting coating provides a mldew resistant tile. Simlar results

w Il be obtained by using the vinyl silane conpound in an anmount of from
about 0.5 to 1% based on the weight of the silanes. Simlar results wll
al so be obtained by using as the vinyl silane,

3-acryl oxypropyl trinethyl oxysilane, 15 vinyltriethoxysi$giemser 2003
vinyltrinmethoxysilane. Simlar results are al so be obtained by adding the
vi nyl si | anecdrding irethe prgsasiihveftionire Slatoplidstabd BpwiardLHDIEIP morfsolender a
surface resistant to marrj Q%/ affiti, the resulting coating should be
resi st ant t%eaﬂfngrpéc?ﬁeg‘frgfw('% 5’%{4{‘°‘bxposure (e.g., sunlight), and be able
to wthstamgkasppeBt4pd 20 washi ngs, often as frequently as daily washi ngs.
This latter property nay be achieved by a _high glaoss coating to provide
the' surface sta 5%"6“‘?’%;5’@&%‘63 the pprlicetionf thecompssitionsapearding {p the pesserttor e

to facil it 8h&nfibh which aRehiRAtd wﬁhs&aqd%g_m;s&e% hipd t4Rebattt shAE S, fdr®kample,

t
exanpl e, the coating conposition shoul e appliied after prelimnary
reacti on t onanifoldsansens, aed the like oAs was thercase fayshedapplicatiom tos aotigraffiiatoatings i ng.

Therefore, . ryed coat.ing. ¢ it ' '

nvent i on, 1 BFrIESF b fonitihthor PR RAoHoREE o bidh M bl oo,

provi de an undetgé haubsiaatialecmycraire @psalkd, esuafly atleast aighut He°Q emmperedfonagalion at

| east about, 70 'C in a gallon sized container,. e suitable conposition
for thi's papBee. sty comepifms adicheliz e mbi pondfines over 4 priod

al cohol g eob@duEorGhékk P UngéinBgbo@eposi tion with a mxture of

phenyl tri met hoxg‘stgsane and net hyl tri net ho%si | ane, such as_ the conposition

according to 3 aegard apthegprtent of the sihangpligemers ithe sempasition dgoreqse; the
shaki ng, p i Lesinr Ha& i ncrease. Since the
conposi ti owaegg‘ﬁ%é%@rh I i;l/l °§%§ﬁp%’§d;9§%?‘1t°e still warm it is preferred to

use an inert ga4 pfiemeycompusitionge ddscyired e Ekamyle 80 isgircpared @hd,enfiter thgapor at i on.
Coatings 40 2 Septenber., 2003 accor.di t he present invention.are able
Lo wi { hat alFRSRILY HERGF hagneremsas by arouCfh Eopver BBt RaPpiBLem PRB S nout
degr adats 0Bubsiraf&NVA K ofércddd bSaraciideohtingunatéridl éstheappHal The alu@iun® nal be

conpositions_according to the present §5 invent'?n.mhich are required to
wi t hst and &&%@éﬁ%htgé%w@rﬁwré ﬁgwélﬁm%l?m%%ﬂt Oéjé,“"?'{slfm Ighprke 'eiliﬁFﬂtf ol ds,
ovens, andyfdiend dvéRoattciRs fillfraGef&. f Or the application to
"anti-graffiti™ coatings 1In anple 39, the conpositions for high
tenperature applications should preferably also wundergo a substanti al
tenperature increase, usually at |east about 70 *C or nore (for a gallon
size batch). Alternatively, conpositions which cure under anbi ent
conditions over a period
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10 of about one week- or longer, may be used. In this regard, as the
content of the silane oligoners in the conposition decrease, the
tenperature stability will correspondingly increase. A primer conposition
as described in Exanple 30 is prepared and, after the tenperature thereof
has increased by about 70 *C over ambient is applied tpsgitembédr2oosm 15
substrate. An overcoat of an acid free coating material is then applied.
The al um num may be subjected to high tenperature above the nelting point
of alumnumto generate a red heat wuntil the overcoat becones fully tack
free. 41 2 Septenber 2003 1 2 3 WHAT IS CLAIMED IS: 1. An aqueous coating
conposition fornmed by adm xing (A) at |east one silane of the formula (1)
RS (OR)3 (1) 4 wherein 5 R is a C -C6 al kyl group, a phenyl group or a
functional group containing at |east one 6 of vinyl, acrylic, am no,
mercapto, or vinyl chloride functional group; and 7 R2 is a C1 -C6 alkyl

group; 8 (C) WarildIS<IrBheRiS:conpri sing a menber sel ected fromthe group
hater and furt her auraseadl ik fe SRR or Bk oy SRR P 11 0 (P
XIR S (OR2)3]2 ( 13 14.1 2 re R .and R2 are as defined above, and
X repré%gnts a b?é?%ﬁ?ﬁé"ﬁé%ﬂﬁ°5&Q§@P8W§qup 2. The aqueous coati ng
conp05|§|on according to ClalnH&SKSR%prISIng (B) at | east %n$

3

4 wherein

3 R'is a C-Cs alky! group, a phenyl group or a functional group containing at least one
6 of vinyl, acrylic, amino, mercapto, or vinyl chloride functional group; and

7 R* is a C,-Cs alkyl group;

8 (C) acid component comprising a member selected from the group consisting of

9 water-soluble organic acids, H3BOs5 and H3POs; and

10 (D) water and further comprising a silane compound of formula (4):

1 X[R'Si(OR*);] @

12 where R' and R? are as defined above, and X represents a bis-amino group or keto group

13 (')

14 ’C( .

1 2. The aqueous coating composition according to claim 1, comprising (B) at least one
2 alkali component comprising an hydroxide or carbonate of magnesium, calcium, or zinc.

1 3. The aqueous coating composition according to claim 2, further comprising (E)

2 epoxy silane.
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al kali component conprising an hydroxi de or carbonate of magnesi um
calcium or zinc. 3. The aqueous coating conposition according to claim 2,
further conprising (E) epoxy silane. 42 2 Septenber 2003 1 4. The aqueous
coating conposition according to claim1, further conprising (E) 2 epoxy
silane. 1 8. An aqueous coating conposition accordi ng 1 Septedib@r 2003vher ei n
the base 2 conponent (B) conprises amnosilane. 1 9. An aqueous coati ng
conposition according to claim@8, further conprising (E) 2 epoxy silane.
1 10. An aqueous coating conposition according to claim8, wherein the
am nosilane 2 conprises 3-(2-aminoet hyl amino)propyl-trinmethoxysi |ane or
3-aminopropyltrinethoxysi lane. 1 11. An aqueous coating conposition
according to claim1, further conprising (H 2 C2-C4 alkanol. 1 12. The
coati ng conposi t4.oTheagomusliEaagng conupasition Becording ticlpimp, fusthaigomprsingd) is 2
methyl, 1 13. The coating conposition according to claim1l, wherein R is
Cl - C6 4l kyl SPOXY $43"®The coating conposition according to claim1, wherein
said at |east ong &hhqueeus@bating composilien {ctyrdingnpclhigel wherein the base
met hyl tri net hoxysilane. 1 15. The coating conposition according to claim
1, wherein %&n@&(gﬁ@)ﬁp,@é}%ﬁ,ﬁdsm. 2 conprises a mxture conprising
met hyl Tri nmet hoxysi | ane and phenyl trinet hoxysilane. 1 16. The coating
conpos t i on accay di b ShahFlcdmpilifsieictodtidh asis, camosantridd(E) 2
conprises acetic acid. 1 17. The coating conposition according to claim1,
wher ei i sai epoagisifaneonponent 2 conprises H3BG3. 1 18. The coating
conposition according to clai.m 1 i I I QARR : ri ses
HBPOB.1 1 19.  Thel CedUTATHEPHE STHsE Fom¥IRIGH ot ifh € O 1@%?’?%85%? |
conprisi ng ¢dnpriés 3-@adntinosthytMMRGPEIPY -8 ivhetiatxgsilahe amd-srhisopropyifrireshexysitanag of
ethyl orthosilicate and ethyl polysilicate. 43 2. Sept er 2003. . The
§gon R G s e Bl

coatinlg conposi tlilofnAIEHNEFIY Positinn pgeo onent
2 C,-C, alkanol. |
1 12. The coating composition according to claim I, wherein in formula (1) R%is
2 methyl.
1 13. The coating composition according to claim 1, wherein R' is C,-Cs alkyl.
1 14. The coating composition according to claim 1, wherein said at least one silane of
2 formula (1) comprises methyltrimethoxysilane.
1 15. The coating composition according to claim 1, wherein said at least one silane
2 comprises a mixture comprising methyltrimethoxysilane and phenyltrimethoxysilane.

16. The coating composition according to claim 1, wherein said acid component (C)

2 comprises acetic acid.

1 17. The coating composition according to claim 1, wherein said acid component
2 comprises H;BO;.

1 18. The coating composition according to claim 1, wherein said acid component
2 comprises H;POs. | ’

19. The coating composition according to claim 1, further comprising (F) silicate

2 component selected from the group consisting of ethyl orthosilicate and ethyl polysilicate.
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2 (F) has been hydrolyzed to about 28%to about 52%silica. 1 21. The
coating conposition according to claim1, further conmprising (G nono- 2
Cl-C6 al kyl ether of ethylene glycol. 1 24. An agueous coating conposition
formed by adm xing 2 (A) at |east one silane of the formula (1) 3 R S

i (ORZ)3 4 wherein 5 R is a C-C6 alkyl group, a phenyl Sgsteimbep2068
functional group containing at |east one 6 of vinyl, acrylic, amno,
mercapto, or vinyl chloride functional group; and 7 RRisaC-Cs al kyl
group; 8 (C) acid conmponent conprising a nmenber selected fromthe group
consisting of 9 water-soluble organic acids. H31303 and H3PQG3; and 10 (D)
wat er; and further conprising (J) (i) colloidal alum num hydroxide, (ii)

metal 11 al coho of fornula (2) 12 .m (2). 13 wherein Mis
(Tt ani ub e’ o b e Gastibg P itoR BecoripL a0 asFin o st Sgonen, |
m xt ur e of (ﬁ;4m£baenapdio(yhéd)maﬂoaﬁs%web&@m%@mcsormom tion according to

claim?24, wherein R3 is an isopropyl group or an n-butyl group. 44 2
Sept enbkr 2003 12127TheAﬁat§QGé@9%5"éf@aﬁCF9\”é'"%éﬂﬁkﬁi'tl ef%ﬂ"?ﬁ!ﬁ"'@g GaEeNi ng 2
(A) at ] eastc caedl,(@? Ltﬁ&%fgtfhykn@ l%gg,rrul a(l) 3R Si(OR)3 4 wherein (1) 5
R is a“C - group, ﬁ nyl group or a functional group including
at least one 6 M Amnquepusaaontyﬂg@mpamwroformgfr‘ua@m)ﬁiﬂ@r vinyl chloride
functional group; and 7 R2 is a Cl-C6 al kyl group; 8 (B) base conponent;
9 (D) water; andA}et léd§) o sijedd afttheoformuthi(Di t i ng anmount of silane hydrol ysis
catal yst conprising chromum 11 acetate hydroxide.

3 R'Si(OR?);

4 wherein

5 R' is a C;-Cg alky! group, a phenyl group or a functional group containing at least one
6 of vinyl, acrylic, amino, mercapto, or vinyl chloride functional group; and

7 R%isa C-Cs alkyl group;

8 (C) acid component comprising a member selected from the group consisting of

9 water-soluble organic acids, H;BO; and H;POs; and |

10 (D) water; and further comprising (J) (i) colloidal aluminum hydroxide, (ii) metal

11 alcoholate of formula (2)
12  M(OR)n e

13 wherein M is titanium, R? is a C;-C; alky! group, m is an integer of 3 or 4, or (iii) mixture of

14 (l) and (ii).
1 25. The coating composition according to claim 24, wherein R’isan isopropyl group
2 or an n-butyl group.
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1 28. The coating conposition according to claim27, wherein the silane
hydrol ysis 2 catal yst conprises acetic acid. 1 32. An aqueous coating
conposition formed by adm xing 2 (A) at |east one silane of the formula
(1) 3 R Si(OR2)3 (1) 4 7 wherein R is a C-C6 alkyl group, a phenyl
group or a bifunctional silane containing vinyl, acryljseptenibep2063 Vi nyl
chloride functional group; and R2 is a Cl-C6 al kyl group; 45 2 Septenber
2003 8 (D) water; 9 (H C2-C4 al kanol; and 10 (K) chrom um acetate

hydroxi de. 1 35. The conposition according to claim1, further conprising
a catalytic anmount of 2 cal cium hydroxi de or tetranethyl anmoni um

hydr oxi de, and wherei n conponent (A) 3 conprises a mxture of at |east two
~silane conpounds of formula (1), wherein R in one 4 silane conmpound is a
C -C6 al kyl group and R in another silane conpound is an aryl group. 1
36. The conposi t pPNARGGROGS E@tihcomtppbitiod brmehby edmixdgnponent (A) conpri ses
az2m xt ure of rret hyl tri met hoxysil ane and phenyl trinethoxysilane; and
conponent ( Q) agtsdﬁg sitadelor flelfyrmttyen pl yzed tetraethylsilicate. 1 37.

- The conposition gCCOI‘dI ng to claim36, further conprising (G C-C4

al cohol3 2 solvent. 46 R!Si(OR?); 0} :

4 wherein

5 R! is a C-Cg alkyl group, a pheny! group or a functional group including at least one

of vinyl, acrylic, amino, mercapto, or vinyl chloride functional group; and

6

7 R* is a C,-Cs alkyl group;

8 (B) base component;

9 (D) water; and

10 (K) a gellation inhibiting amount of silane hydrolysis catalyst comprising chromium
11 acetate hydroxide.

1 28. The coating composition according to claim 27, wherein the silane hydrolysis
2 catalyst comprises acetic acid.

1 32. An aqueous coating composition formed by admixing

2 (A) at least one silane of the formula (1)

3 R'Si(OR%):s | )

4 wherein

5 R' is a C;-Cs alkyl group, a pheny! group or a bifunctional silane containing vinyl,
6 acrylic, amino, or vinyl chloride functional group; and

7 R?is a Cy-Cg alkyl group;
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(D) water;
(H) C;-C4 alkanol; and
(K) chromium acetate hydroxide.

35. The composition according to claim 1, further comprising a catalytic amount of
calcium hydroxide or tetramethylammonium hydroxide, and wherein component (A)
comprises a mixture of at least two silane compounds of formula (1), wherein R' in one
silane compound is a C,-Cs alky! group and R' in another silane compound is an aryl group.

36. The composition according to claim 35, wherein component (A) comprises a
mixture of methyltrimethoxysilané and phenyltrimethoxysilane; and component (C)

comprises partially hydrolyzed tetraethylsilicate.
37. The composition according to claim 36, further comprising (G) C,-C4 alcohol

solvent.
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