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resultant coatings are often suscept1 e to chipping or thermal cracklng due to
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[0004] As a result, it would be desirable to provide low temperature, moisture

curable coating compositions that are capable of producing a flexible, crack resistant

coating when applied to a substrate and cured. Moreover, it would be desirable to

provide such coating compositions that are, in at least some cases, substantially solvent

free, sprayable at room temperature, and storage stable.
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[0008] In still other respects, the present invention is directed to multi-pack
coating compositions, wherein (A) a first pack comprises (1) an ungelled, secondary
amine-containing, Michael addition reaction product of reactants comprising, or, in some
cases, consisting essentially of: (a) a compound comprising more than one site of
ethylenic unsaturation, and (b) an aminofunctional silane; and (2) a moisture scavenger;
and (B) a second pack comprises a compound comprising functional groups reactive

with the secondary amines of the Michael addition reaction product.
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[0011] In other respects, the present invention is directed to coating compositions

comprising: (1) an ungelled, secondary amine-containing, Michael addition reaction
product of reactants comprising, or, in some cases, consisting essentially of: (a) a
compound comprising more than one site of ethylenic unsaturation, and (b) an
aminofunctional silane; (2) a Michael addition reaction product of reactants comprising,
or, in some cases, consisting essentially of: (a) a compound comprising one site of

ethylenic unsaturation, and (b) an aminofunctional silane; (3) a compound comprising
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thi: kdmBiRation to coalesce form a substantially continuous film; and (D) allowing the
combination to completely cure within 24 hours in the presence of air having a relative
humidity of 10 to 100 percent and a temperature -10 to 120°C.

[0014] The present invention is also related to, infer alia, substrates at least

partially coated with such compositions and by such methods.

DETAILED DESCRIPTION OF THE INVENTION

[0015] For purposes of the following detailed description, it is to be understood
that the invention may assume various alternative variations and step sequences, except
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[0019] As previously mentioned, certain embodiments of the present invention
are directed to low temperature, moisture curable coating compositions. As used herein,
the term “low temperature, moisture curable” refers to coating compositions that,
following application to a substrate, are capable of curing in the presence of ambient air,
the air having a relative humidity of 10 to 100 percent, such as 25 to 80 percent, and a
temperature in the range of -10 to 120°C, such as 5 to 80°C, in some cases 10 to 60°C
and, in yet other cases, 15 to 40°C. As used herein, the term “cure” refers to a coating
wherein any crosslinkable components of the composition are at least partially
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I?e?fc::ig,ntgé term “ungelled” refers to resins that are substantially free of crosslinking and
have an intrinsic viscosity when dissolved in a suitable solvent, as determined, for
example, in accordance with ASTM-D1795 or ASTM-D4243. The intrinsic viscosity of
the resin is an indication of its molecular weight. A gelled resin, on the other hand, since
it is of essentially infinitely high molecular weight, will have an intrinsic viscosity too
high to measure. As used herein, a resin (or polymer) that is "substantially free of
crosslinking" refers to a reaction product that has a weight average molecular weight

(Mw), as determined by gel permeation chromatography, of less than 1,000,000.
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As used herein, when it is stated that a coating is
"conpletely cured" it neans that the coating is
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PRSI B ERRS Pk BFise il T BlBBbAG o
dintethagehitd, pgedhenediol) diaoniatehy dicoigme gl-}ﬁoltuﬁmelthhxeyleuemﬁ
t.o.resins . tha

the term "ungel] | ed" .refer

et ST RIS ke Beab Rbf b et R drtO R Ang giveol
dindrlaRShdlydthy3&Relyicyl dheVla@] Sk Bisshenbl A disibiHaaRie;
solvent as determned, for exanple, in accordance

(RiaE Ty aﬁ@TSIWIDaslt‘?‘%théS]P PAW E‘S‘&?W?te *i‘H%eﬂPH?lP’fOH%Ii‘ecmmethacrylate’

MRl fdnoh of}ﬁtﬁhé}frﬂa& A/dr RSth &BYIbBOpAe dib®oxy triacrylate;
nol ecul ar wei ght resin, on the other hand,

irprceylates, puch gf p@%@eﬁlﬁmtal tpyaariyfgiGy P@%Wlﬁﬁu@ﬁhﬂelpe@avear
t\éﬁha@WIate Wi o MYa%c@ﬁtés Nt MlﬁenYa%ﬁﬁQﬁblt(Mloﬁﬁ@d%gg fis

measure. As used hérein, a resin (or polyner) t
W@&@@Whﬁtlally free of crossllnklng refers to a

ﬁﬁgﬁtlonNMgQ BB?&JEQ%fQ% 6N gﬁh%ﬁﬂlar

eterrn ned per meat’i o
mat@m@mﬁ thefcodtimg SOlIlh‘ZSmOJJS @fl@e pEe:Nf BOAR{on Inrry comprise
. n han
RS IR e L SOIPR POTRL P ER
pohyetdiydlignmea IAsywﬂl s appre@dted troeoneidigomert land$pothingmtlare

at.es eci.fic ampl es. sui tab
BROE SF LI SRR TR B S TR SRl bRty wsed o
disattied ralaggely ﬁid)ﬁthbogfﬁlel ke thﬁxx Hzn;eﬂ)i goheralilyatafial d@finition with
4- but anedi ol di acryl ate, | ene | ate
b RS AR AR R A R AR
ahsaeﬁyg @ngouhdsicBmMPRYhEMBreghaCak sitd SNl CunsNBAREN IHA terms
ycol dlacr¥late 1, 4- but anedi ol di net hacryl at e,

ﬁ%@9@ﬁh@§% WP e areap @ be interehapgrably | ene gl ycol
@op®t hacr ylahfles df Bme Q#@cﬂcﬁﬂ%@emyﬁﬁhllﬂﬁrﬁQt'hbﬁltéﬂtdﬁgomers

Met hyl ene gl ycol diacrylate, triisopropyl ene

iitable Jorapein t%ﬁ‘owryf@pww@ﬁen @Cbléwforoﬁxa@p&w la?fean%‘af %B‘PS
Pély%l%té? chylalés %d@&ﬁﬁ&rtﬂér@&fﬁpaﬁlculaﬂy those that are free of hydroxyl
functional groups. Specific examples of such materials include urethane acrylates, such
as Ebecryl 220 and Ebecryl 264 available from Cytec Surface Specialties Inc. and
polyester acrylates, such as Ebecryl 80 available from UCB Chemicals.

[0025] As previously indicated, in the coating compositions of the present
invention, the compound(s) comprising more than one site of ethylenic unsaturation
identified above is reacted with an aminofunctional silane. As used herein, the term
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triacrylates, such as trimnethylol propane triacryl ate,

trinmethyl ol propane trinethacryl ate, pentaerythritol
woremslogddeoxy triacryl ate, and/or trimethyl ol pre@EI§2007/078863

triethoxy triacrylate; tetraacrylates, such as

pentaerythritol tetraacryl ate, and/or

di -trimethyl ol propane tetraacryl ate; and/or

pent aacryl ates, such as di pentaerythritol

(monohydr oxy) pentaacryl at e@wl 0023] In addition to or

[ amnin¢lanrtioal siamnea febireiveriompaed! oing etisleciir gigiciype that includes

Mpﬁﬁhygﬁhﬁ%@ﬁﬁ%rﬁwmt he coating conpositions of the

present 1 hvention nay conprise the M chael addition

H83@t i on fr catwgtendfodmeatt hinegimodmgrioni signautilized in the coating

C

po%rﬁéglglggg ogglll [?kJeXt ﬁef%%a&g o%tl g%eesre{ éo%ﬁjgﬁﬁd hﬁgﬁnﬁe e”orrglﬁa

frequently used inter changeabl y. At hough t he ter m

"oligoner" is gener NHR'os8d—(QRUEscpi be a rel atively

short polyner, the term hag, no. generally accepted

definition with respect to“tfe nunber of repeati ng

m)norrer uni ts As used herein, therefore,

SERSR Do SRS LAEP LAY i 1Rhger 350 3{16‘% kRl

lla@iyyllif&fryloy?t‘ goﬁfemmgtfﬂ)fnbe td &f@bcﬁlhl'lﬁllﬁgsa ROT" &. an[a0G24doup having
a S sone s ITI1C yet |.CcCa .
e F 2eBn P SRR EAL Fu B pthiy 1T s el mipdismesyg o

{hB YRR Givehtihl RUE an bRY1cRXSOW BavidgMRINNARES Sdbotl @drRSand p is
$ol yester acrylates and m xtures thereof, particularly

ﬁ%%%gepﬁg{llcgf@ ipYeaRrHiavh JigrKEee i it dsagigme grBegents, best
PPB6thini e @XAFRIBSs B 10TMEN RISk aAd SonhfI&by derel iRH IR 24
acryl ates, such as Ebecryl 220 and Ebecryl 264
By padsy gieflows MnDpragE e St faie suissapd ensidesstipprbearlighg
%gB'Y]eSt er S@Q&B{é @ktaﬁ'l%les SH&RindRnERAGI YhnS Qnihakd &Rhifte er 95@ in
Chemi cal s. previously 1 ndicated, In
ho arcseny 1rwemtpmanlmd§m§nmethyheetb@@/s@w W m@mrpmﬁtrlethhéysﬂane

hyl enic

(RO S RS e T S AR SO G flnc LT

amnnmbpodmemmld@thosysﬂawey agnapglltiiwe bpyysilanka -

%]rglnobu%mneﬁlc Ilil(gcl Osas 11?038 er%hglc[iﬁtg §1la{:n]&gu &ec:seﬁgiﬁ%ﬁl%gdlments

oe ammoﬁnﬂuma&;mlan@ amaisesm v- Euﬁﬁhﬁﬁt]opﬁmaﬁ@kysmuanﬁ

ﬁ)ﬂ‘gﬂdl msn S, the mnof g%ﬂ onal tS| ﬁ m lized ant
coat | ‘b CEHPEY: Of’ 151 @D RSEN TRV ER DY 8%““ reactant,

SRRPS 4 ﬁ(ﬁﬁanﬁn@, Q:fmﬂbkh@ tharehdight hfieufedontié ®lichael addition reaction.

NH2R ~Si -
As aresult, in ertaln gmsboglments the reactants taking part in the Michael addition

reaction are substantially free, or, in some cases, completely free of any polyamine. As
used herein, the term “polyamine” refers to compounds comprising two or more primary
or secondary amino groups. As used herein, the term “substantially free” means that the
material being discussed is present in a composition, if at all, as an incidental impurity.
In other words, the material does not affect the properties of the composition. As used
herein, the term “completely free” means that the material being discussed is not present
in a composition at all. The inventors have discovered that the presence of any

significant quantity of polyamine can, in at least some cases, result in increased
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wherein R is an al kylene group having from2 to 10
carbon atons, R' is an al kyl, aryl, al koxy, or aryl oxy
w@e@ap3diavi ng from1l to 8 carbon atons, R " i sPERUSI0RY78863

group having from1l to 8 carbon atons, and p has a

value of fromO to 2. In certain enbodinents of the
present invention, R is an al kylene group having from
2 to 5 carbon atoms and p is 0, the use of which the

i nventors have discovered is, in at |east sone

¥l éznta eneraiion of fdshitioppk wivianiag bugductsy ansl/drian grdesiablQ

FUCBL 3 pf0th 515 DG SRR K EAY o GHAGeldibBrothafi 1 24
ours t he
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| u
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aempoeerd ydrtekaeplhopysil 0@E0e Thg reaction of an amine group with an

etﬁ%‘?ﬁl aglrg ﬁyatt o tﬁrb)}olé Eich 8ccu S 1|n élﬁlémventlon is often referred to as a

ghcamlmdmnomehﬁtdny Mla&édimxg}&smécﬂfemm @he term “Michael addition

r%gn(fﬂr(])ﬁ(%r Ogé%/ Esp rﬁ?%{e %E@ﬁ egllﬂrlg c&of s%ch areaction. Such products can
&fﬁhﬁl‘élhldit)éh& lis1@ s ABK YiSdnl g2d¥@r acrylyl content-containing products. It should
d- am nobut yl et‘}%l di et hoxysilane. In certain

BeviserEnirehiiat slewly adding e gRaraligstpnad silage i hefespRoyad comprising

SloRThAHRE @ﬁé’ ittty nk Q¥ stinlaBEre sl Q@R BlrelbRing QM4rdé Sxcess of
enbodi nents of the present invention, little or no

MHaE 2Fowat Cartinofrssinnad silae p Bnleanthe emppetugefdle Feactione

hEaGE &lep {@u}‘ﬁdi’ffnﬁ%/fl&& atggﬁecgﬂrgm%an%g%et&% TERESth@ftnes AS
a result, in certain enbodiments, the reactants taking

brifer, thereforheto ffld tha ansasuieipd marialée & rqagiipnayessel already containing
%fﬁlh@fﬂhétf&l&%ll&k%g xst915 an alﬂ%] lggr?ea&?ot%%zoduep niﬁf@ g%a]% idn éaql%$

any polyam ne used herein term yam ne
capfial @it tnghe drpownt s sdompoi igithrgpressoceart amored spiventaByaraples of

ﬁlztg g h%oaﬁtpgr]g%l&lflesbu ay@éc#%ta h e{jlﬁrl ?sogl%tg er: n rélIH]rf]:télylene

ree e nm I a
diysi nsmedhyl $th|ar ssent i oﬁercdnmalﬂa uhatnhe; reaftioatbe ablductad in the
den

t.he ma
et R PO Rk aliMR ﬁ%%@?ﬁs% o 8 e RRES 825‘?%% ST
td-,s&td)nhard@oﬁslblylgelaﬁ@f m "conpl etely free" neans that the
rial eln cyssed not pr.esent
PBEos T e Bt dRat: Ml R RR6ak s Sndveed st
thbeqiv 8&R RES 0P theatylcnicgny fins@nieddiaups td Me @iine@kotpEIsneleast
can, in at | east soms cases, result in

Mc‘i‘lé‘é‘é‘%ﬁﬁf%ﬁl PIGh05the generation of additional
g)og\ﬁnt ed hyprREUGsHdinRRe, B MbhadNARR0h 28 BorAi6&lceladhEtba
u

i 1'ding of viscosity in the Mchael addition reaction
#osd udvreselyt@@%]cothg CEMPRHtPNE AHHE PiveRE Grventioa iy pyaneuagot up

M %%ﬁkm%?%@h@ Nn §GRCLQMpRE 86 PGEent By (Rf A HasBY of IR
bl ending the Teactants at roomtenperature or at a

whighhit [the cohgositiend In certain embodiments, the Michael addition reaction
product identified above is present in the coating compositions of the present invention
in an amount of at least 30 percent by weight, such as at least 40 percent by weight,
based on the total weight of the composition.

[0032] As previously indicated, to produce the coating compositions of the

present invention, the previously described Michael addition reaction product is, in
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tenperature, for exanple, up to 1000C. The reaction of

an amne group with an ethylenically unsaturated group
wawioshsgecurs in this invention is often referPEHUSWOTE78863

a Mchael addition reaction. As a result, as used

herein, the term "M chael addition reaction product”

is nmeant to refer to the product of such a reaction.

Such products can be nore heat and |ight stable than

greater acrylyl content-containing products. It should
Qﬁ‘étame?@ei@ﬁmee@ qoeined v thl aMigdiel] adfitonercention afodheiof Brelnts

ofﬂll et | e nltnlggmg QIR ld&%lsglﬁgpg Sélﬁl{laﬁg OM) @ C{)llillg&b g%gmﬁﬁglﬁg one

) ic unsaturation results in’ther elng
$imrog ethglenie sigsapfratapar yrldabeangpno ngfgndtionad milanef unct | onal

PUALc: o) FRB IR R B 00 R0 0 e
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ed terial to Byleactio rea
SRR TRL B B B S PR SR Rl RS
nagelhed)acedtd, edRl(pehihdsiate, 'ﬁk@yl(ﬁaﬂhlialcqﬂht@ anblbgl(mahrab@ﬁue,
out in of | vent or ence
Syl bR R TS i Br Qe b o PR BB SErY
@ﬁ@)h@&l@@n@meawaydm@ﬂ@t @hch)adFelh ey N-Bus@ D uleytyl &ﬁdﬂ@ﬁ@ylamlde
and_ et hyl ene ycol nonoet hyl ether acetate.

BrL e a5 %‘/Ciql?ﬁ’fyl {Reae s Bpf! bé- é%lﬁ%@%&oheﬁylt he

aRORGHaRf noisture or in a controlled amount of
noi sture to avoid unwanted side reactions and possi blt[)l/
(

9834t i on. /PEO3Oslyindierqdainicedrigr rihretainsebpdapents of

ﬁg@ni inQ&htibf, afd édﬂqbohﬁ‘d(g:)% ?ﬁ&ﬁgo&%@ of aﬁﬁeﬁlp fnsaturation
equi valent ratio of th ['eni cal | y unsaturated

gewilisd abovetihsacied wigh gjr mpgfun@waﬁl silangs tSuiable arigokigponal
ﬁ%ﬁ&sf r tﬁfs é)lu?p%% m&lu@e'sar% of R&%ﬁﬂofﬁ& iG] tsf’ﬂa{ Bs I[ﬁg? Eﬁtﬁﬁed

ddition reaction pro duct i ove
hageipresent in the coating conpositions of t he present

' ntionj f { Q .cent. b
S 0 BN B B, B
fwhad a miyagmhe af ackih@toabfmaaﬂiutt inoxturelfor the fdreggoimg Michael addition

enmbodi t.he Mc t.i.on pr.oduct.
RERRD (bt st SReauRi, et BB R iR B Vrichac
sdlitpegedciionse ofbsta@alRries et inisove diseQBomple@ly fesrwi aiy of
at |east 30 percent by weight, such as at |east 40
B‘@W&%‘H‘f by weight, based on the total weight of the
OB§IOSI 1 mcer{aﬁwiaiodﬁsengr @V MibisdeYaddidh G €6h inVélving a

produce the coati ng nmposi tions of the

compound comprising one sife of ethylemc unsaturation is performed by simply blending
the reactants at room temperature or at a slightly elevated temperature, for example, up to
100°C. The reaction can be carried out in the absence of a solvent or in the presence of
an inert solvent. Examples of suitable inert solvents include any of the solvents
previously identified herein. In certain embodiments, the foregoing Michael addition
reaction is conducted such that the equivalent ratio of the ethylenically unsaturated
groups to the amine groups is at least 1:1, in some cases, at least 1.05:1.

[0037] In certain embodiments, the Michael addition reaction product of the
reaction between an aminofunctional silane and a compound comprising one site of

ethylenic unsaturation identified above is present in the coating compositions of the
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present invention, the previously described M chael
addition reaction product is, incertain enbodi nents,
w@owBoseel with a M chael addition reaction proRCEUSNT/078863
reactants conprising, or, in sone cases, consisting
essentially of: (a) a conmpound conprising one site of
et hyl eni ¢ unsaturation, and (b) an am nofuncti onal
silane. [0033] In certain enbodi nents, the conpound
conprising one site of ethylenic unsaturation
PIOtRPF in¥@IOR LY 3ReANPPLACITYID AR ég pererat b iveight, sush agwatpploedercent by
S0P L LI B Y LR ROl TR THBGANCRE, e
Methhslla(digbhijeactioplpatdact atiepkqonen htacendnamnanofunctional silane and

A AT e —
glis Oﬁ?iltl]lg b(;r(r;]mgi;)%laoTtw: pﬁe:‘iiﬁt gllvg;/mi:og %/d ar( ameduln) g)cfut lehaitle ,plercent by
P b AT DGR BT N AR s o B A ST

{omgtokiyiacr yl at e, and 3, 3, 5-trimet hyl cycl ohexyl

h)yacryl ate. [0034 previoysly indicated, i
O Lo SRR R B e e RSP Siza e
PoseRNink @ion LREpre ABROUME{Shed 0ABRE] &IdNDnROLLIS Hredi(s) is
et hyl eni.¢c unsaturation jdentified above is reacted
FantAnedVikya GoBgRRG Gograising ffngHenal gigppsgpicsive with the secondary

AInBOSbRAL ih OR&br okl FNBSprEAbud NS et RAsIRic] Al bd fearidh
of the am nofunctional silanes previously identified

PefEiin A D dspriaciged Puihascetrilisdimba g, syeh PRelioppleasae

in@M@& tb:hpaﬁle n(!)tilfrﬂi{eﬁ t® riso@ﬁn%z!] %ﬁoﬁ&?ﬁiﬂ%ﬁ{yﬂenﬁﬁﬁ? urkatufhted
pol yam ne, is added to the reactant m'xture for the

groviesg & Atam ekwdimendhdsuch e somperdiiviylecind franyarabiepoxifip a
GRS ST TP ASHAPSh AN 8ol APl
03%¥one cdsesqd wormpltet ey “fol weoofe anfprspo by eprixmecsin having at
129994 1 hR,G8A gb@s%@}’l%gfe&%!t%’ce}tﬁﬁ eMhSRAsks %%dép%g’”
reaction Involving a conpound conprising ofie site of
afuiwpleanweighungeges frami 100 ta 4000 éndediomedids i e pplyypdxidengichhgs

G Ll PR SPREE AL B2 b

fielandyi l@Nfof atunipde, QRPHali€ Aliowtlic, aforhdie, @lsenegclaf They may
sol ven [

SRl s s S s S . IR UBLR T R OUE HHPIBY He
pololent s BurRMIOSsYs dfPeREDIxiREiRKE EFbxy kihei@btadied by
reegcgglgialqggithglbh;d?iﬁ, sfuglg Ssge%iicrl]ligoré\flly%lpiIiev!/ithaadgoil)t/pihgrﬁ]ol in the presence of
an alkali. Suitable polyphenols include, for example, resorcinol, catechol, hydroquinone,
bis(4-hydroxyphenyl)-2,2-propane (Bisphenol A), bis(4-hydroxyphenyl)-1,1-isobutane,
bis(4-hydroxyphenyl)-1,1-ethane, bis(2-hydroxyphenyl)-methane, 4,4-
dihydroxybenzophenone, and 1,5-dihydroxynaphthalene. In some cases, the diglycidyl
ether of Bisphenol A is especially suitable.
[0041] Other suitable polyepoxides include polyglycidyl ethers of polyhydric
alcohols and/or polyhydric silicones. Suitable polyhydric alcohols include, without
limitation, ethylene glycol, propylene glycol, butylene glycol, 1,6-hexylene glycol,
neopentyl glycol, diethylene glycol, glycerol, trimethylol propane, and pentaerythritol.
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reaction is conducted such that the equivalent ratio
of the ethylenically unsaturated groups to the am ne
wQ@e@ep3s7es at | east 1:1, in some cases, at | eaBCT/US2007/078863

1.05:1. [0037] In certain enbodinents, the M chae
addition reaction product of the reaction between an
am nofunctional silane and a conpound conpri si ng one
site of ethylenic unsaturation identified above is

resent in the coating conpositions of thepresent

epepsndymaynalsprisudervesk fram pelsmaide prdy@ds Aechipy pakpighylene

%g ) as up to 25 percent by weight, based on the total

I ght of the conposition. In certain enbodi nents, the
W0éHael adidamplonofrasiee siighlepobdpeddes fincitdle prlyalytidplresters of
@ﬁ \ﬁfn?)g?/l%nacgfr?e Q‘gtlis? g&%ﬁ;&fﬁﬁ%}mﬁ% %%?nl}&n%t ‘%?Cg@ggﬁ glﬂgrohydrm or
arshdret efaxe dlaadmamltln s, eptphstemr afomaih @olgcmboxtygc acid, such as

0si t.i of i nvent i

SROPR3L 675 BtenfoBySTar bt W EbnRl  FPalEhi"
giearb@tylic bold vﬂemgdirt acidy a@alicomeid, Reralyolir@hthate ghd, h@iah&cﬂlephthalic
conposi tion. 38] . revi ously indi cated,

0G0 R bhdnibriag Bt P R arids setiaL kb 36 carvon
hiome ubln@mcmmldqfom@lu@bmﬁs@@m bads, Mdhh@@irb@@fﬂ ieth@Bed
reaction product(s) is conbi ned with a co

RIS adieRtc PSR Ahay Rl s 4155l i formaior AP e polvelcidy!

SREONTRINadbkyIRScis.esent in one or both of the
ﬁmeV|ousl¥)descr|bed M chael addition reaction

dHuct s. Palyengxides geriveg pioacthaeregidgior plggeledipjcpilegnspiyrated

Elt&?cl?crcrom %ﬁjtfcharé M&%&lt%@korg&@lﬂm?e é(ﬁ&lllé%?ﬂ oBHbns @nerﬂi’ésent
[1Tmted to | socyanat es, epoxies, and ethglenlca

vewion: Abese Pelyengpisles qrp neenherglis andrive @bwingd By erayédation of
ﬁ&g&&%&lds Qi elof &l tk{i )(;f?@ {’1‘ éﬁﬁe}{ﬁﬁ&g&cﬂ Geid! %1%9&8%0 und

ing two or nore y unsat'ur at groups,
opnepereytttar @ prihertigafid. S00G8]ycpsxidedu livkrtid epoxy heytlarathers

IRR£¥%R&§NQS 1§&£rﬁ to an epoxy resin having at | east
W T, 2 epoxi de groups per nolecule. In certain

Boadi nen (Bhertsmabkagmiwp@qdnsvmﬂlﬂhtepw Ig)hd)laaf aasnge sTHes©resins
100, t 0 based

0 f th
42 ophed BAR4aBRER aP e Rt JEBREER g ForFge and
mxmh@c oﬁglaslyhzaﬁce@e@dslls UNS@tical ataaghle i@ fhd: remnoﬂo@mdlﬁdn bf
| al | onatl C,
9@9&%N@Bafhﬁvﬂﬁﬂymg%ﬁ¥%‘ﬁm§ﬂﬁ@f|tuents such as,
foons]ex anp'Saltaﬂl@]b(Q%Bﬁdem%rlﬁ)@l&de e@bgumcu@apbrginbp@ysﬂoxanes,

groups. [0040] Sujtable classes of oxi d
PG Pl roiPB A5 CE DkP 5 SRy e Bt A L 3. line 46 0

&ni d1ahohy tid dited E(Hrﬁbn SSwIRPH 6 LAY ded herbintt réerence.
Folzphenol int resence of

The coating composulons of the present invention may contain one
polyepoxide or a mixture of two or more polyepoxides.
[0047] As indicated, in certain embodiments, the compound comprising
functional groups reactive with secondary amines of the Michael addition reaction
product(s) comprises a compound having two or more ethylenically unsaturated groups.

Suitable materials include the polyethylenically unsaturated monomers, such as the di-

and higher acrylates described earlier.
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an al kali. Suitable polyphenols include, for exanple,

resorcinol, catechol, hydroqui none,
whe@ga3d1gdr oxyphenyl ) - 2, 2- propane ( Bi sphenol APCT/US2007/078863

bi s(4- hydr oxyphenyl)-1,1-isobut ane,

bi s(4- hydroxyphenyl)- 1, 1-ethane,

bi s(2- hydr oxyphenyl ) - net hane, 4, 4-

di hydr oxybenzophenone, and 1, 5-di hydroxynapht hal ene.

In sone cases, the diglycidyl ether of Bisphenol Ais
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phick hl;eduutablﬂaﬂocm@on gheipresend deventignt molytle polpirethaneawrylates,
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exyl ene *gPyco eo
giryleo fyncgonat emziic pdlymemtfhy'{vd] bepalpplpalaed batwse skilled in the art,

ent aeryt hri The
glrcg ﬁﬁ%o ersrr%algl 8 pﬁegﬁreg ?r m enl%l éle m31¥, rg,rpo(légﬁzft(g‘rnpeo‘i"ygql ggJIyether
pOOAL ]poﬁhaaqﬁé@s;aonolsohdwﬁtc pz)uyousa b)ﬂdeeppmldy epidx bgesctinciliude
ol esters of carbo .acids. These
g L S R B S TR T AR O
paRINQIch appeﬁyaefmtrﬁml aal tﬂméthmalm oqimpah@tphqughe glly@cmaetnuc
pol ycarboxylic acid, such as succinic_acid, adip

SBylene shycsf Gandeaisidy Acdps dpnetionaf epmnendsy @n ko fe otained by

@alﬁegt@@m@aé@aewﬂhwé@@mldl est&6 bfimdupyn@yiiCachei d,
R@t alic acid, tetrahydrophthalic acid,

i%ihydr o phEdHEIN anbedingentsa thedTrereny i YenEOmR et ompPRsk i zed

%?ﬁ&QOﬁa@ﬁoﬁ Aehqse %Hts@doﬂélaﬁlg aﬁﬁl@ygf REMEHaBQAdition
atoms (D ner ACId and pol yneric pol ycarboxylic acids

Eation psodgelfh exapprisees wirpmetpnaloroiesian acrylate-sheh asdhas pich is
E &Flau% 1931@801%%-&}{?&9 nﬁeﬁtﬂftrid%fmé tﬁ@a@i these

ol yg yC|dy esters of polycarboxylic aci [ 0043]
F@S%epOX|dbstmmgvedmﬁnmmsOMheBp@mtma@nmnnmwCamMnone

rr?lofoug+ ﬁa%'fd&twﬁ WP ﬁltoHar %?gllc%h Y Gl Gof Sl Qud re%ff]%% or

e coating conp Sitions o
mpﬁsmnmommwhmmmgmwocfhemeapﬂhyemgmndmsmaﬂgnnmnphenol|c

t ai f. I :
BN 7 or Th AR abg RS ThaPuRinal gy iy SicRaf ddifon
ﬁ@(ttd)n prddiaby ecompongen mﬁttm @),mpoﬁncpmhmeﬁlg Curd @ brthl gISup'sh

epoxi des i ncl ude th cyclic ethers
R BT ey S Rnds e SRR el Mg e

ahpoeinex hplﬁﬁouh@@haﬂﬁatewmamu@bﬁ@acmes bifdEps ihkRESBonent 1 to
resins are obtained bé reacting an epi hal ochydrin with
¢

R B O cEPHEA ] GITSPEN BT 0 10 b B AYAECAFRG0.0 (0 1.1, and, in yet

other cases 1:1. Indeed, the present inventors have surprisingly discovered that in certain
embodiments of the present invention wherein the aforementioned molar ratio is within
such a range, the coating compositions are resistant to cracking after exposure to various
environmental conditions, such as those described in the Examples, when applied so as
to result in a dry film thickness of up to 20 mils, such as 1 to 20 mils. As used herein,
the term “resistant to cracking” means that the completely cured coating exhibits no
cracks visible to the naked eye at any distance.

[0052] In certain embodiments, the coating compositions of the present invention
also comprise a polysiloxane. Suitable polysiloxanes include those of the formula:

13



nmonohydri c or pol yhydric phenols. A typical exanple is

the reaction product of epichlorohydrin with a
wW@b@aose7tor mal dehyde condensate. [0045] Suit abP@I/US2007/078863

pol yepoxi des al so i ncl ude epoxy-functiona

or ganopol ysi | oxanes, such as the resins described in

United States Patent No. 6,344,520 at col. 3, |line 46

to col. 6, line 41, the cited portion of which being

i ncorporated herein by reference. [0046] The coating

conposi ki ong of the present invention may contain one

pol yeppxi de |or a m xture of two or nore pol yepoxi des.

[ 802 PTAs—iomdi®at ed, in certain enbodi nents, the

compound..conprising functional groups reactive with

secondary arrnes, wﬁmmhemmﬂéhawﬂqmdmmﬂy&ﬂal@ﬁhhmamgmmp

roduct havi
eQ(HFPﬂsmﬁl égg im%nE)H calsa%ie%n g ol F%(éh it Qf?ld%rrtlcaloor drﬂgerenlt are
$efteled decht 1h@3p51(£deytﬂ?)t fiyih etid gadp gonipisiag Hydbed, fAylane s

SR i helGradt S et RE AR B2 SOFRlsRathe in pemgegof
ﬁ@‘fmowmg?gréfﬁil B S ngrrﬁyl es of such
ﬁﬁ énerlza

onmer s SUHICRPI%IExangs inglyfle bpigire padcsassarifelipitedartpose

hRAVRNM hQBeuldr Rk e Rin Ak YmeI00 2N 80RGhY hREIRSxy dRlcMEah&hg from
acrylates pol yet her acryl ates, polyacryl ates derived

}¢ 600l yepoxi des, and acrylate functional acrylic
pﬁk yners. E§§m¥‘feé J)f sgﬁa@@ﬂflﬁs?lb%nggm%dé tﬁgtsﬁ'e s&iinlied td Ithe

e art, such ol |goners can be prepare from

vy piect Shlamed- Tpestiged] golyploixgres keewipiol tyesk skillprbinyleq dye rSuitable
QQ& Oﬂaﬁctloﬂﬁlp%g}gq(%qh&m?ch%l ¥l fe noffibded ©: Bel ?h ﬁ?]d BE§037

epoxi de resin reacting all or portions o
ﬁyldﬂ)mworgmeu&hem‘wé@@myd ¥ edip drom Whackze bificore; ard Rhodorsil

r
ﬁgn g@lﬁé ?c?qrsclll 48?’7?8 @?E(Y(f 1‘lr m %la gglgﬂnees and S&l/}47 from
@hymﬂmmmand &mh&keﬂeu@ﬁymammmp@y@bxmgedmmﬂmmytatemjummd

5080 o FOFRSIDERD, S7E: B RarGal oS dE Moty soge v
Cﬂfﬁtdg)smﬂ 340, ©C263 dnd ]DQ%QHSl silicog¢ tesinNarMOD- 6088 tiferafediate
G kogroord s B0 R AR condary. ar nes of

mlosS]M chagh caddi dnhtdinic@AC thi PrevVuOIg UedcliBdd FORNEAHE & pResent
tetrafunctlonal pol yester acrylate, such as that which
ndhG GRS Cauopijions oy |t1}ed%?séntf”f‘%@hﬁnta6 REOUR} P4 P LG fpercent by

heidReRNRs EN0BA6Rrcchi @ISR ghl MsQIRAlhd B taf RERASitheQdpBition.
}:nhC%I‘tar.)IL %rsneb(r)]cthmlerrl]t\s/ etlrllf} érgaogtliy de%c?r?bteg Ip(r)]lygl?o?(ane is present in the coating
compositions of the present invention in an amount of at least 5 percent by weight, such
as at least 10 percent by weight, based on the total weight of the composition.

[0056] The coating compositions of the present invention may also include a cure
promoting catalyst, such as a base catalyst. Suitable base catalysts include
triphenylphosphine, ethyltriphenyl phosphonium iodide, tetrabutyl phosphonium iodide
and tertiary amines, such as benzyldimethylamine, dimethylaminocyclohexane,

triethylamine, and the like, N-methylimidazole, and tetrabutyl ammonium hydroxide.
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conmpound having two or nore ethylenically unsaturated
groups or a mxture of two or nore conpounds havi ng

W@ M98/08672Dr e et hyl eni cal |y unsaturated groups. PO0SH)P7/078863
In certain enbodi nents of the present invention, the
M chael addition reaction product(s) (conponent 1) and
t he conpound conpri sing functi onal groups reactive
with the secondary am nes of conponent 1 (conponent 2)
are present in the conposition in anmounts such that
Phen pest atuch eatalystofre.rip aartainanbpdangass. pigscabipdrawintolf d to 1

e 1.3, in

L0l SPGLEN B RUB\ QuSQIRRUEL 2 fy ke ., )
i088@ed, t Hilecqmtaels@mttodmm@nth@ peﬁltinavemwrtpm gfi thgpngsent invention
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i shnhe t e LARARpbl SE s TEBRIOHS sid SRkl aricioy
dhbmr&xarmﬂmns aden ﬂamal IAES(ﬂng?o@coﬂtﬁaﬁt@r ﬁ eﬁxﬂnte olf n)v(ﬁordﬁ()fe

fil thick mils
ot B in W R e By Bk s R Bk, o

fobsg] t he gra@pRicelobnGUAREcGRaidniYd@X RhdDIifS siéh Bk ssed in
visible to the naked eye at any distance., [0052] In

(e PRI OSBRI ORI ™ HeDry Sl N BB BRSO, o

wél%es@tecmw&atcbﬁﬁos@d&@ A%i@&aﬁ1&ﬁld¥$bﬂ evs: ?I@ a flnely
Sui t abl e pol ysil oxanes include those of the tornul a

mﬁ@%ﬁqild@&tvﬁermat iissinf kel el urdsr de conflifqns ff gs5e A

HIQHR GOPPE SN n%ﬂgé(dlc ALaABY hodi &R Sr ndR2@dtheBRd.
whi ch may be I denti Cal or dlfferent are sel ect ed each

Cﬁlﬁéﬁpé e ingorpergiesl intie thg p@acmlgs:b)n?ﬁeu% p ANy ewch as an
I I e
Tk IR, ot BPCEOhRL WIS SR O SR P bAZ
B059]r om 40Bample D@r@@@ anW@Oﬁ@l}l@IS@Dmamit@np olcldi | ok amest
il
08 e B R AR NEIARRAR, st b Bkt b RBREN S
ape éhlies); bemzomtieotone amgdlemgattﬁ)namtal@ompleSO%mc[le@SIiB], isoindoline

i tabl e oxanes inclu ut _are
OB BB P P rec R et Sl Byt
mﬂimtﬁgd @m&lﬁQﬁmdﬁfeOMaﬂﬂﬁoﬁdj @ﬁtﬁra@i{mﬂlidﬁﬂ ﬂleﬁfaﬁthﬁ)narﬁyranthrone,
i tabl e al kox -funftlonal .I xanes |nc bqt
A R A A L Bt GO
$RfdN RE (“TIHHBE&d SYt@bdn c@mdes&rﬁ&ﬂblidmﬁu \Mﬁk@g thereof. The

Silicone; and Rhodorsi |l
terms "pigment" and "colored flller can be used interchangeably.

[00060] Example dyes include, but are not limited to, those that are solvent and/or
aqueous based such as phthalo green or blue, iron oxide, bismuth vanadate,
anthraquinone, perylene, aluminum and quinacridone.

[0061] Example tints include, but are not limited to, pigments dispersed in water-
based or water miscible carriers such as AQUA-CHEM 896 commercially available from
Degussa, Inc., CHARISMA COLORANTS and MAXITONER INDUSTRIAL
COLORANTS commercially available from Accurate Dispersions division of Eastman

Chemical, Inc.
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Resin 10369 A, Rhodorsil 48Vv750, 48Vv3500 from Rhodi a

Silicones; and SFI 147 from General El ectrics.
w@isakd7el si | anol - f uncti onal pol ysil oxanes i ncPCES2001078863

are not limted to, Silres SY 300, Silres SY 440,

Silres MK and REN 168 from Wacker Silicone, Dow

Com ng's DC-840, DC233 and DC-431 HS silicone resins

and DC-Z-6018 i nternedi ate and Rhodia Silicones'

Rhodorsi|l Resin 6407 and 6482 X. [0055] In certain

B86Udi ments noted @bgireeii eolgtapt webe it he it p dispesign encjuging,
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B o NIRRT S HEoRE 48P RF Prdhs sy el

peapydidh net BNJS@H@ﬂESnsa%ﬂTEﬁchdﬂeﬁlmaﬂﬁﬁﬁﬁ%h ehe )fﬁﬂﬁl dissolution). In
triethylamne, and the l|ike, N net %>|n1dazo e, and

Preera BHIFWIZQ&WPIE}WW%}%P@@“W% Wit cagfjps a dispersion of

fahabysd §an%5§tlclésrbaﬁ Sk Liadan ARTRQdFED faS‘dlsBé'rﬁéﬁlS‘lt reélﬁ] cled
amount of 0.1 to 1 percent by MEIght, based on the

RagpprtiGles” qﬁ?rsaf a eneine@hig e whigh 5 dispericd (iggay [ canpposite
Gfhd h[&le@’“m{jd Hﬁ)ﬁtses nén'agarﬁaéﬁﬁd“agre&%{} gtoh ‘a{é}?ﬁ{}oa}tg‘l}e.
SO (0] nt. se

present invention a onprise a c
Emnmlmdlsueh%ous of restheohiod amoparttelaﬁ@dan@th@ hertreekoe thdvatre

r or . [ 1V
PRI R ARS8ty R A GPARALN Do en, Yy
249200 LbS)&lr(bwhsgoﬂahAppi;pamﬁ Nalwla 82,06 Tiiled ate 2452053 sl é fndted

SRG PEESroaPiiBR S R S o MR SRS o P SRt
masrpheted sedini by réfoeneoat i ng conp03|t|ons of the present
088" ana e HEE b RGBT Bl FS KA B Coaint

Edneposiiibys @nigl [@Esehd ifte@bon MclubepiRh¥ntCahddsr MRPLi @k tHaep®duce
Associ ation (DCVA), as well as special effect

QOS5 GLE FRPRANCA cHBfiytughps Wﬁwq%m%réescqﬂa? necjadligihgen. 5

ﬁﬂo@@oyesgén\éé dRdres@héd pww%mlgﬁaéhot&eﬂsﬂﬁﬁy URrBroBtbmism,
bl e under the conditions of use
goniochromism and/or color-change. Additional special effect compositions can provide

other perceptible properties, such as opacity or texture. In certain embodiments, special
effect compositions can produce a color shift, such that the color of the coating changes
when the coating is viewed at different angles. Example color effect compositions are
identified in United States Patent No. 6,894,086, which is incorporated herein by
reference. Additional color effect compositions can include transparent coated mica
and/or synthetic mica, coated silica, coated alumina, a transparent liquid crystal pigment,
a liquid crystal coating, and/or any composition wherein interference results from a
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col orant can be organic or inorganic and can be
aggl onerated or non-aggl onerated. Col orants can be

WO pspoenat ed i nto the coatings by use of a grPeiUs2007/078863
vehicle, such as an acrylic grind vehicle, the use of
which will be famliar to one skilled in the art.
[ 0059] Exanpl e pignents and/ or pignent conpositions
include, but are not limted to, carbazole dioxazine
crude pignent, azo, nonoazo, disazo, naphthol AS, salt
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e e R
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s ¢ IEPQH??FI?%O‘PI%?E@/OF PROLGRSI Y5 FOMBPSAI HiGEAN FGURFN {2y Stplg Of

RiOBMish @b SREhARMIor Br MEESHRARGH rédim ¥V @Ertdth SGbRIiGents, the
carriers such as AQUA- CHEM 896 connerC|aIIy avai | abl e

PrORENOBHE 3RO PhAfeSeNSIEIARINGIORLCIERANTIS I AN MRXI-ToNEfstate
éﬁ%gﬁla%lﬂo%m SGRMTRINGHRY- 'clYan@é’ &nl a%ptj:a? wﬁtﬁfﬁrﬁnlhseconds

Accurate Dispersions division of Eastrman Chem cal,
forsevrd @8 2Ytesasuch@s Emaldooeonds ReOsedonda itxamale rhetophromre

guf?l/d;nlgﬁéto?enﬁ{ﬁ@ceoﬁu@ogﬂoﬁs%é1‘@ r{ﬁ]lgtoclprgﬁl l imted to, a

nanopartic ersi on partIC |sper5|ons can
[086%lude olecarimmrtedinaptsl e Qh@p@nse@b qeampopaet dnclfce

Dt EhRAMiE c G Rion & Al%ra%l{g ape%r\}q[h nﬁf%r Bt'lé‘:} [grt(?ﬁfﬁl/%%url% to, such

eS|re§¥V|S| e co or. andror opaC|ty and
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such a or dyes havin rt i cl.e size

PG BB Dl e el et Sihhaglon may

mh@neBQxﬁﬁmcNﬂﬁ@Qﬁﬂbb@@E@eﬁﬁﬂmbedﬁﬁﬁdumﬁﬂxhxmﬁnhhlng
Cc.Oor Jinorganic pignents wth

R T

Bt £pdlananad/or fd1emékiApR smpaRn iR dedirdanacsitl itain

meki ng themare identified in United States Patent No.

FnlRENENOOTBe PrigeRIAYSEOR. RAYS: AR SRSREPRPH Oppe coating.

Example photosensitive compositions and/or photochromic compositions and methods
for making them are identified in United States Published Patent Application No. 2006-
0014099 A1, which is incorporated herein by reference.

[0066] In general, the colorant can be present in the coating composition in any
amount sufficient to impart the desired visual and/or color effect. The colorant may
comprise from 1 to 65 weight percent of the present compositions, such as from 3 to 40
weight percent or 5 to 35 weight percent, with weight percent based on the total weight

of the compositions.
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reference. Nanoparticle dispersions can al so be
produced by crystallization, precipitation, gas phase
waeodensat i on, and chemical attrition (i.e., pRCT/IUS1007/078863
di ssolution). In order to mnimze re-aggl onerati on of
nanoparticles within the coating, a dispersion of
resi n-coat ed nanoparticles can be used. As used
herein, a "dispersion of resin-coated nanoparticl es”
refers to a continuous phase in which is dispersed
W06 eet  Theaproiar cempasitonpelrthe pregest inyension gywprdesieedgbe
ol . ti . =
B R O L R AN Loy
katerivolafgirdcarbonsm kiahiges theame andexyilehe nanidfnuiggirds thegmift ed

es Pa ' i.on Licati -
ORI T SialtBBSlR ngR o B b E3Bo AR g flosen
BO¢i8R akGubdtantielly Gemer, 2dsonR@OR:s, canghledly fredofSnat@sent, such as
Pat ent ljcation Serial No. 11/337 filed .
SEER BB S3haThart iy UG bt S Pureally R by
ereblirReite the[cOAM3 |compadifing of he pireadnt @fvb@tin aeodipasitiallp NGO %
that may be used in the coating conpositions of the
?ﬁ“@%ent i nvention include pignments and/ or conpositions

[0069] pr odug er@ientHod NG, AP REAMABERp&IToRS bsths pekenBmvention
refl ectance, pearlescence, netallic sheen

YR oGR8 EYdERC; InfsPRp Fass SpRRlete B¢ RPIBHd pifica. In certain
ARSI kel Bhdng.colnP64iiaHS BE @B HERInt ARBARHIEOTLSIRNGLSE, or,
col or-change. Additional special effect conpositions
BAAME £ 89S gemBletsbr g5 a prry Bledengipiire axyalkylerg @fideg dn certain

%ﬁﬁﬁrﬁéﬁts@ 'Ehetcg;ﬁilf_ércgmpl)sri‘ti&ﬁ bF @P{h Bre@ém %ﬁ?ﬁﬁtaﬁ su%ﬁ%ﬁiaﬂ free, or,
effect conpositions can produce a color shift, suc

msame cifes, completebf [reeknd ag ehyepgalbimpayergledie, ichancaid whigh
' ' . different angles. Exanple col or effect
fclz%r\r%ﬂoyg]\f{\@s?%l%glogre identified in United States Patent
067016, 894 Tbeegatinp cahpdsgionnechppegned véngioaican tpyutilized as one
ren . I tiqnal 0 ff. 0Siti C
PR o AR GO el RER ROTPERLL AP efflke,
cogirses ®nlpooay 1 desatibadl dhbundndahe secéndaasipamgnises dogyppaknt 2

A RSO o 4550 B2 E S B 1u

peablseiidswebed Rddixvediahdl ehenbha@dialivdai e Addedeo eedeepicahgeand
not because of the refractive index differenti al .
Bt GERPr S uHieRE PATRAE RS HERBY i B CLgCpH gt gjnear the time of
1L064] I n certain enbodi nents, a photosensitive

osition and/ or photochrom c caonposition, which

coO
WAV si bl yn ety anbodincas) o the grespntdiysady s§<h 2 His pggviously

AREoell ic@H pack AL &ﬁ%osi@@lﬂ R atte88cdibrishe EORAtdhAg addition
conpositions of the present invention. . .
reaction product(s), component 1, also includes a moisture scavenger. Suitable moisture

scavenging ingredients include calcium compounds, such as CaSO4-Y2H,0, metal
alkoxides, such as tetraisopropyltitanate, tetra n butyl titanate-silanes, QP-53 14,
vinylsilane (A171), and organic alkoxy compounds, such as triethyl orthoformate,
trimethyl orthoformate, tetramethyl orthosilicate, and methylorthoformate.

[0072] In certain embodiments, the moisture scavenger is present in the package
comprising the mixture of Michael addition reaction products in an amount of up to 10
percent by weight, such as 0.25 to 9.75 percent by weight, or, in some cases 5 percent by
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Phot ochrom ¢ and/ or photosensitive conpositions can be
activated by exposure to radiation of a specified
wosiaiTgt h. Wien t he conposition becones exci PEHUS100B078863
nol ecul ar structure is changed and the altered
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SR pidhRihning Skl SR L s e Tt perttieo
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hdagb Vi Sensrehdivhalghiing!

[0075] The coating compositions of the present invention are suitable for
application to any of a variety of substrates, including human and/or animal substrates,
such as keratin, fur, skin, teeth, nails, and the like, as well as plants, trees, seeds,
agricultural lands, such as grazing lands, crop lands and the like; turf-covered land areas,
e.g., lawns, golf courses, athletic fields, etc., and other land areas, such as forests and the
like.

[0076] Suitable substrates include cellulosic-containing materials, including

paper, paperboard, cardboard, plywood and pressed fiber boards, hardwood, softwood,
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ket one, hydrocarbons, such as toluene and xyl ene, and

m xtures thereof. [0068] In certain enbodi nents,
Whmowewai721 t he coating conpositions of the preskE/US2007/078863

invention are substantially free, or, in sonme cases,

conpletely free of any solvent, such as an organic

sol vent or an aqueous solvent, i.e., water. Stated

differently, in certain enbodinents, the coating

conposi tions of the present invention are

woessteara!i Rertiojebrad. duiheridverienfedoaa]d hoarde anrd fiteppoard. Such
SIRAL HBEB@ ma&@&g&&%f\p d%ﬁ??ifghé R, n‘PaRolet REn&Yafs SRy,

I nventi o are substanti a SOone cases,
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I'nvention are’su ant1 a ree; in so
piwnplhoedoeippmfes eempbsi@n omwcyll fdtees-ane ﬂwrmqﬂ&dc pulymleltsyzhﬁrvmod
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CBh S e P IR LR S PRl o

ﬁ?wHtantk@khyﬂéﬁ@@uw@m%umﬁsmgnmz®m&esnmﬂmMmHai®hM dheae, or
t en urat ed acj

S Raapens olstatIRE e Tsa st o CeisutiargRited win

S/ hie@SiRfcolnPeurdk esehhc MIWQOﬁdlﬁtﬂngiélébtﬂ@galuimied zed,
as one package COﬁ&é?ltlonS or as two
d Agely

bfyst eplyere ADREA gel andisies 1%<th giag alloy),

sppronaesihmd %Mlb@ﬁﬁet@@[oéﬂﬁmﬂﬂﬂl 4119, §ﬁ1@féﬁﬁlmﬁ@fﬁ Iélloys such as
ri ses conponent 2 descri bed above, t he

Gﬁggéﬁlaﬁ%d’iw Vb xalwaing@diaedydes! @&Pa}l'ilfélﬁlum 94105{ HléWeé é‘é%i

RS L:aVd 0% ud&S KidePahs RAN LUK ES cé}&‘ ijolféh kek o'i@ﬁ}%f' R Seel
can be added to either package as desired or

nbseesdisied alftve) e dpribkeayddabis eingirigh PyireR phesphidsgeshtneganic

%ﬁgﬁ%aﬁ GRE S&l ?letf{)] ﬂf th! EI%CGSL gptﬁ(l:%regé’ht &%EI& AN Su%h weldable

e inents o e prese i nvent such as the

pragug ougloyitidesae {livdoset wo fpraskagle, [Wowp SsisiPorent Nere4, 157,924

Qn%cé‘rk 188%% 806.8fdlr§lller21%tete{11§ M) '1%8 ﬁ } trgﬁec{ &/Rﬁt {)oe@(ample, a
produ 8 f 180 i ncl Haes a hoi’stur e

sthame rsgecrted B@mtl&akgr@pimnmtmlgaf 8 o’ted plgisplaptd sodptied) aarkyseous

GG SO DSy Y B R A B Tk,
DudryAnophdspliai@-ssiutiam asd C(Qﬂnﬁﬁloﬂ.ﬁthel‘ébﬂ’] YABb/ sahigbld Ml
SPEBr g o S LAY IRSr ORBEDr mat o, ¢ et r amot hy!

@ovsiosi | i crb@pleadThui@ihyli@kit Bs@LtBPdr€ glass, porcelain and ceramics.
[0079] Examples of suitable polymeric substrates are polystyrene, polyamides,
polyesters, polyethylene, polypropylene, melamine resins, polyacrylates,
polyacrylonitrile, polyurethanes, polycarbonates, polyvinyl chloride, polyvinyl alcohols,
polyvinyl acetates, polyvinylpyrrolidones and corresponding copolymers and block
copolymers, biodegradable polymers and natural polymers - such as gelatin.

[0080] Examples of suitable textile substrates are fibers, yarns, threads, knits,
wovens, nonwovens and garments composed of polyester, modified polyester, polyester
blend fabrics, nylon, cotton, cotton blend fabrics, jute, flax, hemp and ramie, viscose,

wool, silk, polyamide, polyamide blend fabrics, polyacrylonitrile, triacetate, acetate,
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[0072] In certain enbodi nents, the noisture scavenger
is present in the package conprising the m xture of
work@Rasd72addi tion reaction products in an anmouPCT/U5200p078863
to 10 percent by weight, such as 0.25 to 9.75 percent
by wei ght, or, in sone cases 5 percent byweight, based
on the total weight of the conbination of M chae
addition reaction products. [0073] |ndeed, the present
i nventors have surprisingly discovered that the
Prrdathonete. notypsopyenatrolyaing] dveride. pokrgier misrolhgiseng glass fiber
gpavenger to the Mchael addition reaction product(s)
prevents the Mchael addition reaction product(s) from
BO§Hi f i cadxbyplenelrsaddilngather substiotys preyeraw athes (ﬁ@ nafega from
.S @ [
G55, sbicf S PACREM T MBS E By BB RE v rom
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PR E M PRLRLEL Rl AR 201 BR Ol PRy e
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B e hagr Sl er gt BB a e far apg fispny
tanddayematiunl 2066 Jhani-cRasetagshd). Nf ASEE, %H@aﬁléﬁfrﬂakﬂ aRSbde-
D1545-89. In certain enbodi nents, the fore 0
BﬁﬁogFF?@H@n%W§@I@ﬁﬂ”éﬁﬁb@Wé%mggﬁﬁgﬁ&@P@QHHPFYEﬁpby“*mr
A6 A0 B. o PAEHE tve Qlabl EAGY AR R t@rﬁﬁﬂy dg8hi0Gig. (Bonflum, zirconyl
conmpound conpr|3|n%gone site of ethylenic
b ERn oAt JSAERAUEBICPRCIEHIH G DHBPIAEHEICLS PIOAKEC syntans,
ﬁ&%@tllalh@ r(@(g\b%fyme}snﬁ (Bétﬁﬁa@ﬂ/‘hc LAy %&Eb&ﬁldé S rﬁ'élﬁﬁme
ditected to g) coat’i ng conpositions, wherein
@mqmgdmmn@@my@@we% ﬁpﬂﬁ@@éeﬁﬁmsan ungel | ed, secondary
Bk IeCONt F B, oMALACLon B &GRS HeRRe REAMS AL,
reactants conprising, or, In sone cases, consisting
pdgmerid Widdyrsdiiled (Va)l llamqub)oum@ biagldprs lﬁﬁedwgltlnrmr end/dragas,

Ql{gl?oréf)]& I:bﬁh t? ed%lﬁlnpslg)s(ﬁﬁé %tslu%)&l' he?en th% l?e)rm Boam substrate”

amn |ona ane; ure scavenger
anghs @l pWawﬂeonm@nman&mnmdprusmxmauaqmpoﬂhﬁmmGMWbrdmmgcdl
unctj on rou reacti

ADC R e RS Aeh Yol Pkt BRERIP AR e e Era

pluratity (ﬂalﬁkrca{rﬁ(‘le@mﬂﬁfalrrﬁjes aAsMaltaadin, atderii Gfose@adt foan”

rod ct of reactants canprjsing, .or, in sonme es,
PGS (18 JoRmE SRS 4 37T O P BRSPS Peing
ﬁjbara@éstlﬁaclwe lykRytan E@nunl&ﬂyruétaatcmmld@faﬁmé blyathylchloride
am nof uncti onal sil ane. LﬁO?S The coating

gmydehiregiae Srmspolyrenydsne foamsepalyediylese dShans;, wnghprolyofesinic

foams. Example polyolefinic foams include polypropylene foams, polyethylene foams
and/or ethylene vinyl acetate (EVA) foam. EVA foam can include flat sheets or slabs or
molded EVA forms, such as shoe midsoles. Different types of EVA foam can have
different types of surface porosity. Molded EVA can comprise a dense surface or “skin”,
whereas flat sheets or slabs can exhibit a porous surface.

[0083] The coating compositions of the present invention can be applied to such
substrates by any of a variety of methods including spraying, brushing, dipping, and roll
coating, among other methods. In certain embodiments, however, the coating
compositions of the present invention are applied by spraying and, accordingly, such
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application to any of a variety of substrates,

i ncl udi ng human and/ or ani mal substrates, such as
wheeansar21 fur, skin, teeth, nails, and the | i KRCT/HS2007/078863

well as plants, trees, seeds, agricultural |ands, such

as grazing lands, crop |ands and the like;

turf-covered | and areas, e.g., lawns, golf courses,

athletic fields, etc., and other |and areas, such as

forests and the like. [0076] Suitable substrates
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griglence ARG IURAChise ARl Fatﬁxz%lestl@ £patingapryPaNEoAs ofsthepesent

A0haSh 88 arp Ll 190 tdhnfetdie S laQMd v fre€ QPREE fred BAPESIHUHD 30
and al | oys thereof, al'um num alloys, zinc-alum num

RIUEy sin SQIBHCaRe 1@&% or AL \IietgoteeT, diky) wilheawtipyegtp ggre in air at
1%(&81111 &threé‘k& W(!anﬂlétﬁg cﬁ%@&?aﬁ Is% QAP F‘E}%?F’f e, 12
al so t eel C rolle

used. trate u as co
@nwabQémoany of the steel substrates l'i sted above)

g)ﬁgtl)s]ed W tArl aq“ﬁsw?tl %}%V?Ous%a{)&icartédc Hle%r sét{t(?rpvent 0 1F als? girrected

phi de-ric otg 1°80 'S U
twsmetlmls tf(b"re:ogmrgcafsslssmafe Hhesepneelscelsl tompwse ntA) @nmbﬁuxg hhe contents

coat |t| a cIo ed
S e L Bk R Pei RS s3G5 bliprts B @ an
14ng]:3ﬁ1 %6nda@0:hrﬁiméﬁbﬂtﬁdm§ tMhadl deilll(ﬁﬂeéidmbh phldectwheactants
gretreated W t ng H ﬂ%gr on sel ected. from
WPGHsUY ‘868@? §tSF?1§°‘E§fS“3 Fistma b é)ﬁﬁ‘t%l”‘% PR ingdpore
AN 8RS SOLHYIEAD ulitkAioR] Mg (i@tanla@RSIfurlEndBkiQIAR; dnll (B 20T
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@P@Wﬁ@ﬁﬂo@t( tg% PAGPROPRCkagE ORBISH A SePRtad comprisiie
A SnaBtb iR L VBY R thi GecotRSY £Ah8Sof MCMP8e1 BdiME reaction

gr?)ldgct (%?Spp%lnllg t g cgrlgll?l;a(?tﬁ)fn to at least a portion of the substrate; (C) allowing
the combination to coalesce form a substantially continuous film; and (D) allowing the
combination to completely cure within 24 hours in the presence of air having a relative
humidity of 10 to 100 percent and a temperature -10 to 120°C. In certain embodiments
of such methods, the first package also comprises a Michael addition reaction product of

reactants comprising, or, in some cases, consisting essentially of: (i) a compound

comprising one site of ethylenic unsaturation, and (ii) an aminofunctional silane.
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[0078] Exanples of suitable silicatic substrates are
gl ass, porcelain and ceram cs. [0079] Exanpl es of
w@iosakd7e1 pol yneri c substrates are pol ystyrenePCT/US2007/078863

pol yam des, pol yesters, polyethylene, polypropyl ene,
mel am ne resins, polyacrylates, polyacrylonitrile,

pol yur et hanes, pol ycarbonates, polyvinyl chloride,

pol yvi nyl al cohol s, pol yvinyl acetates,
olﬁvinylgyrrolldones and correspondlng copol yners and
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ARGl r 2 RS Al RONEFRA P ARSER IR SR Nezrcor
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EXAMPLE 2

[0090] A Michael addition product was prepared as follows from the ingredients
listed in Table 2.
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coat
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I ng conpositions of

i n thickness.

t he present invention can be
ﬁE&ﬁﬂﬁzéhbd of tinme to provide

properties which allow for

[0085] The
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us tPafty By Waright ao

éha%lc L aUUUl OU LILL IIUL cS, I'TT  SU
%r | ess. Thereafter, they Wi |

e LdAdsST 10
continue to

| n ai ry- zﬁi‘unopropyltrimethoxysilane1

64.2%

Charge 2

Ethyl acrylate

35.8%

"'Silquest A1110 available from GE Silicones.

e,
n
k

Charge #1 was added to an appropriate sized, 4-necked flask equipped

with a motor driven stainless steel stir blade, water-cooled condenser, and a heating

mantle with a thermometer connected through a temperature feedback control device.

The contents were stirred under a nitrogen blanket. Charge #2 was added at an

appropriate rate to keep the temperature <60°C. Upon completion of Charge #2, the
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| ow tenperatures so that a conpletely cured coating is
formed in from for exanple, 12 hours to 24 hours.

WO 0®8036725 a result, as previously indicated, P¢EUS2007/078863
present invention is also directed to nmethods for
coating a substrate. These nethods conprise: (A
conbi ning the contents of a first package and a second
package, wherein (1) the first package conprises: (a)
an ungel | ed, secondary am ne-containing, M chae
radion|apperasere thap Fet pr @G tThe feaptemoraaield at smpeiagirggnil ge,
nga Qaﬁ@n&‘é 3b&e ’acrgﬁﬂ—:sdoﬁﬁlh 'Bgncﬁ@a?setﬁhfoﬂét}a}/ed%g f[R ((I%ﬂ—%k G ~1621cm’ b

oun nore than one site e l'enic
mﬂé&ﬁ@ﬂ&(m@hsmaﬁﬂ7Qﬂmpmamnﬁnwnofunctlonal silane, and
(b) a noisture scavenger, and (2) the second package
conprises a conpound conprising functional groups
reactive with the second@&ﬂNﬁﬂﬂh@s of the M chae

B o TERRAEDPASHRL iy SHBLIE PRt gt o

EQmpads| 20anid 13gv ds Ipe:paeds fa)aibwmfromoha:mgde&isme lifted 1 Rable 4.

substantially continuous %i and (D) allow ng the
conbi Mthin 24 hours in the
presence of air gﬁﬁ%ﬂ“ﬁ;relatlve huni difeys BY Weieht o

100 per centvi@pgdl aadi®MBsREUL6r 10 To [200Cos5lgg, cert g

enbodinents of such nmethods, the first package al sao
conprises a M dYaislureggaengesn reacti on produéﬁ%of
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speci fication, are by weight unless otherw se
i ndi cated. EXAMPLE 1 [O hael addition product
was prepared as foIIom5%££i¥ﬁiﬁi§ingredients listed in
[Dadle 1. TARkHifler&it kaaed weN plefiradvpy trablify £ MaMa&iaddition
Si | i cones. E0089] Charge # 1 was added to an

BpcH Y Papwle]. Jeig 2 contpipenaad miriag o eyl lpp g ipgredienss as shown

ﬁp@@k5ﬂﬁm&aﬁm§&@b@k@§§&steel stir bl ade, water-cooled
condenser, and a heating

=]

TABLE S
Ingredient Sample 5B Sample 5C Sample 5D
Product of Example 1 100 parts 100 parts 100 parts
Triethyl orthoformate? 5 parts 0 0
Trimethyl orthoformate” 0 5 parts 0
Tetramethyl orthosilicate’ 0 0 5 parts

* Triethyl orthoformate, trimethyl orthoformate and tetramethyl orthosilicate are
available from Sigma Aldrich Company.

EXAMPLE 6
[0097] Coating compositions were prepared by combining the ingredients listed

in Table 6 in a suitable container equipped with a paddle blade mixer.
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mantle with a thernoneter connected through a

tenperature feedback control device. The contents were
waeisoad2under a nitrogen bl anket. Charge #2 wWeSI/HS208T078863
at an appropriate rate to keep the tenperature <60C
Upon conpl etion of Charge #2, the reaction tenperature
was set to 600C. The reaction was held at tenperature
until the disappearance of the acryl ate doubl e bond
was denonstrated by IR (peak at -1621cm 1) and/or NWR
(peaks at ~ 5.7-6.4 ppn) AABLYS s, EXAMPLE 2 [0090] A
M chael addition produttEselefibgar Bxhmpe 66| || ovisarfiple At
Piedudt nfFedipdnt s |isted|in Taple 2. TABLXBg2 Sillquestsg
Plotihc@obladnipddb? e from GE Siljgones. [0091] Charge # 1
wasinepdedutmetroxysppe’opf i at e-si zed, 4-necked f|l aski.7g
Efthepped W th a notor {rivesy stailnl essegteel [stireg
pBade; water-cool ed copdengag, and a heati ng [mantd g
gmg@@quﬁeYnoneter conpect Thraugh aed enperjatur g,

SSEARAR KT EORLTBe f?&%{t}% idhg, CONtent's were stiTred
nmotrr{nﬁ)&&ﬂl éfro LQE #2 was added at an
[dﬁﬁﬁw te to eep the tenperature <60C. Upon

set t fgrgcglgjg _?Jhe&{e%%m%%r(:l&l&gwﬁlﬁa%& Jﬂro(?ﬁ]\&;a%@%ﬁ?c%ﬁ'&e was

reaction tenperature
until the di sappearance ryl ate doubl e bond
was denonstrated by IR %ﬁé&ﬁ§g2216210n11) and/ or NWVR
Kﬂﬂ@&]ks at The 60a't’1-n§ célrnmnjonamﬁﬂmpke 6 \EéfAW.teEl Gt QdORYledsteel
ae addi |l ows fr
e S S B PR B 26 i kel ettt Awea

@l stadn@uadea kindizhecohdiaons@er S hdueso aeshic t@fﬁ@@ﬂay @hﬁfe@ﬂlpﬁtely
i ate sized, ecked f

S ed to an ropri
S5 phEarEh e BGr b o b arimered SGr Bl yfffued n
Mb‘kd? : Twwaaﬁl{oreg Q@fe&ﬂerﬁ%&%lﬁf@f sigint cﬁcﬂﬁgﬂt REQIOBO bt €orth in
a thernoneter connected t roug a te erature

T%’é%ﬂ)a]élkTaEE’r?t’ s itergeNcerackipie Teqsht %‘ﬁtt tgerﬁéVra%—:n% fragkingpol the
HRMEK the sith16 agaRe BIndRke100KhAkSRuE s YRSvAHARR tRhaRN eye.

The term “Moderate Cracking” means that there was some cracking of the film on the

sample, but there were other areas of the film on the substrate in which the film was
continuous. The term “Severe Cracking” means that there was no section on the panel

where cracking did not exist and in some locations the film had lifted off or delaminated.

TABLE 7

Example 6D Example 6 Example 6FF
Tack free time’ 15 min 15 min 15 min
Initial Gardner-Holdt A D A
viscosity
Gardner-Holdt Viscosity A D gelled
after 24 hrs
Crack resistance (500 hrs No cracking No cracking No cracking —
salt fog) (ASTM B117) panel has yellowed

' Tack free time was determined by dropping a cotton ball on the panel from a height of
~2 ft. The time noted is the time that was needed for no cotton to stick on the panel and
the cotton ball to freely fall off the panel.
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appropriate rate to keep the tenperature <60C. Upon
conpl etion of Charge #2, thereaction tenperature was

W@ 2080780 OC . The reaction was held at tenpePEr/USM07/078863
until the ddiissaappppeeaarraannccee ooff tthhee
aaecrryyl | aattee ddoouubbl | ee bboonndd wwaass
(denonstrated b y IR (peak at -1621cm 1) and/or NWR
(peaks at ~ 5.7-6.4 ppn) anal ysis. EXAMPLE 4 [0094] A

m xture of a noisture scavenger with the M chael

addi ti on products of Exﬁiﬁﬂﬁ’_%nd 3 was prepared as
diovs fromidng JhfgheellogRt Sal hibsch Aol @ o tre idBEs

E?@?(}095] OII(\}£l SP adrgﬁjtolﬁ%trtr 5 %%E “suc Omthﬁcl)se

eskinilbkld 8i n Exanpl es 2 and 3 above may b e mixed

Wi th a rrol sture scavengerTAéﬂﬁlg as

t ri ethytorthofor ||ct odibnit Y P1 cal rattort

used|i s 95% addi t1on product to 5% noi § enger
by wehgit1 Materials are mxed at <4pC and the fing

SOl u |nn i s—st nrnrl ||nrlnr a nlfrnnnn all anket EXAMPLE

5 [0P96] TWr%%‘n%ﬁrPl?yétPgﬁfhoééﬁﬁlﬁ'Fees ver e| prepdPdd b vy
char gtRgg@ M chael addition product of Exanple I, Tfto
acorarner and mxrnnrnthefnlln\/\n nrnnredrentqa

s shpwn in Tabf-eesnghielaliacad®t ent cond| ti on<t0.0fABLE 5
Tr | e HSY]&]\}]&FAPHTO%RIQ %‘bfe fr(}rﬁ Gﬁ%{lﬁ]cx)lne ort n JT ormate dnU

tetramet orthosilicate are available from Si gma

@'g 01 h C@ﬁ@%m#i w%%fé?}g;& E) a% a[pgg gzlite 92{% 4% lgegq}ag?éqgup%&%

re prepare fedi ent
Walnh enoforidniven &samleabteel <TI0 hlaae mearereqmlecpqamdemelt nden Irradm@ e

RSB eRT Shde RS et RS Ly B R T e
Flw(oo@mnts Jveld doiiteyt lnhden a Divtoger Blhket. 4C1Mbger#2x\yafs L dddi 20 mal
S|I|cone co II avai | from Wacker Silicgnes.
ERHITPLE 13 (UBSB FHENCOUEIN L orpBSP by BHE" B Clsitiipr B
tﬁﬁé’t%n@&ﬁﬁeﬂut@ Ma® st @ 6b°CotThe ebasi @Bl as held at temperature until the
disappearance of the acrylate double bond was demonstrated by IR (peak at ~1621cm™)

and/or NMR (peaks at ~ 5.7-6.4 ppm) analysis.

EXAMPLE 9
[00101] Three different samples were prepared by charging a Michael addition
product of Example 8, into a container and mixing in the following ingredients as shown

in Table 9 under ambient conditions.

TABLE 9
Ingredient Sample 10B Sample 10C Sample 10D
Product of Example 8 100 parts 100 parts 100 parts
Triethyl orthoformate” 5 parts 0 0
Trimethyl orthoformate® 0 5 parts 0
Tetramethyl orthosilicate” 0 0 5 parts

Triethyl orthoformate, trimethyl orthoformate and tetramethyl orthosilicate are
available from Sigma Aldrich Company.
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and al um num panels at a filmthickness of 2-5 mls.
The coated substrates were allowed to stand under
waedsesizcondi tions for 24 hours, at which ti neCT/H83007/078863
were conpletely cured. The sanples were then exposed
to the environnmental conditions illustrated in Table
5. The sanples were then observed for signs of
cracking. Results are set forth in Table 7. In Table
7, the term"No Cracking” neans that there was no
cracking of the film onEXAMBBEdDe and the filmwas
éb@i’(%’]f}om 'A”M‘Péﬁ%el%ﬁdl g{pé{&@ oMt 'ﬂwﬁm 16583~ dB€,ng
erm " Moder at e Crac In nmeans t ere S sone
dP'aokExanmé O vhe rﬁcmltmedrﬁonmengatmmwbma thh Bubblpdplee
[ trat

1PN BRRY P hochidinde i AP S ZRE I Fls WDkl
dfeat wiehler @ rovastempeseied andri201F dnd eespBnat Stwfﬁ@tlﬂndiable KDng
did not exist and in sone |locations the film had

lifted off or delamnateolr 7Tackfreetirre vvas
det er m ned h‘l r*lrr\nr\: II hﬁl I (Sam T T I \JIII
o HSATTS of Tk oCoNtal CRTHESIH cfftglg‘? &g eV f@é‘?
needed forno cotton tp stickl t he nanel—aﬂ

cob¥gRIuhl | to freely fall of P*ilhe pandl . EXAVPEE 8
[009Rjg A M[chaelpaddit{on prodyct was prepar edgas
follows fromthe ingrefdients listed in|Table 8. TABLE
8 Si 1%est Al Il @Q-avail able from GE Silijcones. B6&0100]
Char #ITwas gpdedtpanm apRrgpriate sized, g ecked
flask equi pped with a pnotor driven staiinl ess steel
stir blade, water-cool ed condenser, and a heating
mantle with a thermnetﬁgmg‘iied t hrough a
tenperature feedback co fce. The contents were
0103 ed untetingroniposio@gsivdx pipetd byvarbgengihe Wit daadaied
te rate to kee erature <60C.
ﬂ@ﬁf‘lc@ﬁg ‘Pfa CB‘Fta’éﬁraet‘]@’é’p%g‘,’VﬂE ﬁBaqueég%)qedﬂX‘f Tenper at ur e

was set to 600C. The reactARrE yvas held at tenperature

until the di sappearance of the acrvlate ouble hond

WggcdigasmpnEtridfed by VR ([pdaklHt | 76218 1) EaddFof KvR1H
(Qﬁﬁlﬂ{@ at 15"gr§ns7- 6.4 _ppm| analysis. EXAMPLE 9_ -
10C (0.037 eq)

Product of -- 15 grams 15 grams 15 grams 15 grams 15 grams
Example 8 (0.037eq) | (0.037eq | (0.037eq) | (0.037eq) | (0.037eq)
Eponex 8 grams 8 grams -- -- 5 grams 12 grams
1510° (0.037eq) | (0.037eq) (0.023 eq) | (0.055¢eq)
CN 2262° -- -- 8 grams --

BYK 333 | 0.01 grams | 0.01 grams | 0.01 grams | 0.01 grams | 0.01 grams | 0.01 grams
DBDTL® | 0.01 grams | 0.01 grams | 0.01 grams | 0.01 grams | 0.01 grams | 0.01 grams

° Epoxy resin commercially available from Hexion.

4 Tetrafunctional polyester acrylate resin commercially available from Sartomer.

5 Polyether modified polydimethylsiloxane surface additive commercially available from

Byk-Chemie.

® Dibutyltin Dilaurate.

EXAMPLE 12
[00104] The coating compositions of Example 11 were coated onto Bonderite
1000 CRS and chrome treated aluminum panels at film thicknesses of 1, 6 and 14 mils.

The coated substrates were allowed to stand under ambient conditions for 24 hours, at
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[00101] Three different sanples were prepared by

charging a M chael

shown in Table 9 under anbhi ent conditions.
ort hof or mat e,

Tri et hyl
t et ranet hyl

Al drich Conpany. EXAMPLE 10 [00102] A M chael
product of Exanp

addi tion product of Exanple 8,
w@2esms@ener and mxing in the follow ng i ngr eBCEOSN0HB78863

tri

met hyl

ort hof ormat e and

TABLE

into

9

orthosilicate are available from Si gma

| e

8, and

Sanmp

| es

n Bll

"C' and

addi

n Dll

tion
of

whightime iy wesrecammgtely cwdd f Bhe ealrg e i thendxpessd i xﬂrwa
@ﬁoﬁﬂaﬁh%mﬂf@&s\a{k ﬁfﬁgt?dtefdym Tebings, *rfilaI &g@gaf

ASTM D1545-89. The sanp

es were ana

s QRRAR sl

after 6 wee

ﬁd for

aignsrof orerkiegrpesattuare safietthlir 0B Fle dAd I 'Babld 125 tharterms'@to Cracking”
Inggnts tEha.'t P‘Ae;r a\pals%o Jcpatcki-llig@f‘tﬁe éﬂgy JuK n%lgﬁkj—s :L.Il& &1% lﬁ?rﬁ]wag:?é’d% ng

conpositions were préepare
mmgnlamhss emtseﬂvbca‘;wem tliemaﬁ'@ikdye THe term aMsdﬁrata tilrzekmg’hmaans elrat

vﬁap ggrﬁ%rt %ﬁ (ﬁ?/lq lgl m a%? gan‘;nﬂrl Xﬁl{‘lﬁ%e—:rré\gvr%:r% 03{ er a eas X the film

Eﬁeﬁhe afihgtrat irowiakh e lfijie stae commnydsatiae te@si“feveani@ekingl thyans

vajl able fr

P
B! ‘b?fF Nt Ry PSHPbYLRE PEIsHFATE

om Sar

oner

v d@ilch ald griddronvmlenfchesn e.

EXAVMPLE 12 [00104] The c¢
11 were coated onto Bond

oatin

AR 1

D butyltin Dl aurate.

S T @Ot i g ocations

conposi tions of Exanple
00 CRS and chrone

TTeareq al U mum Aanel 318t FL e (NGKNES SESEOM IR, | Bbx. 111
angdi s THohS.| The cdat e SUDSIALES Yaee al el P No
shandamnder |anRiant GRREbt|i @AKikIr CRAKROUF SackizWhl Chacking
ti mpiihey waere conpl etely [cured. |The sanp| esapweie|t hen
exposed to various [envirorjmental |conditiohs afs
| Pbbi@iey 23@d || NNbablle N The \gpanpl e§eyWer € WiRiBrate | Moderate
ohsgt UA@TM or $dc@ing |Qfackin@gqkirR@ing Reswlckig ar 8a&als af PLiabking at
in Pabie In Table 12, [the term "No %:racdqnagzi TEGRR 14
t hat there @as no dracki ng of the filmon| thgisanpl emils
amaly sl kad m wagp 100%No No Severe No No
hours (SAE cracking | cracking | cracking | Cracking cracking cracking
12020)
GM — APG test No No No Severe Severe Moderate
(20 cycles) cracking | cracking | cracking | Cracking Cracking | cracking at
6 and 14
mils
Cycle B (20 No No No Severe Not tested | Not tested
cycles) cracking | cracking | cracking | Cracking
Heat aging — 300 No No No Severe Not tested | Not tested
hours at 200°F cracking | cracking | cracking | Cracking
Initial Adhesion 5B 5B 3B B 4B 4B
(ASTM D3359)’

7 5B represents 100% adhesion with no tape pick off; 1B represents almost no adhesion
with >90% tape pick off.

[00105]

made to the embodiments described above without departing from the broad inventive

It will be appreciated by those skilled in the art that changes could be

concept thereof, It is understood, therefore, that this invention is not limited to the
particular embodiments disclosed, but it is intended to cover modifications which are

within the spirit and scope of the invention, as defined by the appended claims.
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conti nuous as observed with the naked eye. The term

"Moderate Cracki ng” neans that there was sone cracking
w@Rooslss72i | m on t he sanpl e, but there were ot hECT/HR®AT078863

of the filmon the substrate in which the filmwas

conti nuous. The term "Severe Cracking” neans that

there was no section on the panel where cracking did

not exist and in sonme locations the filmhad lifted

off or delam nated. TABLE 12 5B represents 100%

BdHesABh with no tape pick off; IB represents al nost

no adhesi on with >90%t ape pICk off. [00105] It wll

be appreciated by those skilled in the art that

thangevcemparatyes, madeire ourtlie cathy dimpition desprisitged

abov 1.t d tLV

concaprit s Rkl b ECHdRe iR RNt on produc

dthestanmwentprieing:i S not I|n1ted to t he partlcular

enbodlnent di scl osed

modi i cat i ORSWRPEH CQPIQHS“I% Pﬁ“ Y tﬁ?{leongﬁ%t? Pgeﬂgﬁe e %néﬁ%raé%?n

t he iandention, as defined by the appended cl ai ns. \E

CLAI M 1.]§ |OMIt? era i n8|sture curabl e coating
conpositié 0 SMRTIcHgRal e ARd ungel | ed, secondary

am nQQP@ﬁr@poﬂh@@)mﬂHsﬁl@&@ﬂctlaﬂdﬂ toufdire A @6 blit@ MhdNe@shdSly affines
reactants conpri si ng a corrpound conpri sing nore

@HHHM%W@ﬂ§p@€O%FHQFW§W§WWGWﬂﬂgﬁturatlon and (b) an

an nof uncticeppletedy) hdifsoa@dliepedice@ oM 0GR s r&i st to
functi onal groups reactive wth the secon am nes

erckingevhgnappliad sg g iorro in adetfilrhiskegyetup tw%é palsn g
conpl etely cured coating deposited fromthe

conposition is resistant to cracki ng when applied so

as t oT heegaiting compesitgmyof iclaimnl t Wharkin eempanenty pl)taad 24) app present

fthel 91%\? %ga gi@?%htthé% BheFhoiGl @i ine %@g@ﬁaﬁ{ mines. (0 the

conpon are present Int osition
functamalgrows sepchive Wit the hesondsiraemingt is .76 13he secondary
amnes to the functional groups reactive with the
secondary amnes is 0.7 to 1.3. 3. The coating
&onpdKietcbaimgebmpbsiiion oI clawh ér ehareit e aannafadfotined] sitemall

I | an .
g’omp%sgs a compound having the formula:

NHzR'—-—SIi-(OR“')3._ ’
. R”p :

wherein R’ is an alkylene group having from 2 to 10 carbon atoms, R"" is an alkyl, aryl,
alkoxy, or aryloxy group having from 1 to 8 carbon atoms, R""" is an alkyl group having

from 1 to 8 carbon atoms, and p has a value of from 0 to 2.

4. The coating composition of claim 3, wherein R” is an alkylene group having from

2 to 5 carbon atoms and p is 0.

5. The coating composition of claim 3, wherein the aminofunctional silane
comprises y-aminopropyltrimethoxysilane.
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conprises a conpound having the formula: NH2R -
Si-(OR"'")3-p R" wherein R is an al kyl ene group havi ng
W0 e@aid7ep 10 carbon atonms, R' is an al kyl, arpCT/US2007/078863
al koxy, or aryloxy group having from1l to 8 carbon
atonms, R" is an alkyl group having from1 to 8 carbon
atons, and p has a value of fromO to 2. 4. The
coating conposition of claim3, wherein R is an
al kyl ene group having from2 to 5 carbon atons and p
is 0. 5. The coating conposition of claim3, wherein
B.h e ?‘me%BﬁtH{% nsdf oy 10\91'{@&11 1chae1 addition reaction
g- am nopr op ox silahe. 6. The coating
m@@p@§ﬂbﬁmﬁibmlmhamﬁs&&Mwh@ﬂeﬁﬁeph%pﬂ&%ma%l addi tion
reaction product is forned fromreactants
substantially free of a polyamne. 7. The coating
tonp dﬁietcbamlg@bmpbsa’tﬁim of clawh érehareit e Niicbdvh eddi@mohdidcition

]%r8§%ott sotHen;grog 811 r{aacgeinltts cog%jlgtlon(g;e%:stegt?%%/ nQE %agpotggar%?cll @ éising
nofeahdnhan sionef edhiyledicafnsatulayide and (by as ahinb fint @imal siatk. ( b)

an am nofunctional silane. 8. The coating conposition
of claim1, wherein conponent (1) is present in the

g0 npOﬂietcbamglcamaasuaﬁmratau@ﬁ wEkrif cSBpdRhqeNts phRyenved @ht
and conponent (2) present in the conp03|t|on in an

HIRATOB N a8 atntﬁ’uQ%Ofég r‘% %Q]Perwt %W@Elt‘t ang) GaEpPnsHf (fhig present in
et ahpyvRicd it alPimduREoCOIRE PeickRiby wRighl, Hasc@@alihd\Btal weight of
conposition of claim1, wherein the conmpound
BB APPPYINE- f unctional groups reactive with the
secondary amines in the Mchael addition reaction
roduct is selected froma pol yepoxi de, a conpound
avi ngetopringreomppseticat i ylagn il cwlpdrein mgmwatde:@m@n@u@s
ctfbnl? 9&&% ?eatcpxeer \€ (ﬁ{ the }&ondali])earﬁ?f&t 1'11% ¥ ﬁh&lfl&{]re?cftlon
alm erein the conpound conpri sing functiona
gpéltqgss seleeted from amotmpttﬁn@ 8 ecropriad Yaamg me9r inrpre ¢tkylenically
It product conprises a
3&;?@%%£%%%S({%%n¥%et%%g i ng conposition of claim10,
wherein the pol yepoxide is saturated 12. The coating
g(g oxy :clﬂgtﬁlg%t)m%(l)smon ojf claim evltll%rfr:]m he CORlpOlYH%%%éleIdlSelné s an
functional groups reactive with the secondary amines in the Michael addition reaction

product comprises a polyepoxide.
11. The coating composition of claim 10, wherein the polyepoxide is saturated.

12. The coating composition of claim 11, wherein the polyepoxide is an epoxy ether

obtained by reacting an epihalohydrin with a polyphenol.

13. The coating composition of claim 1, wherein the composition is substantially free
of solvent.
14. The coating composition of claim 1, further comprising a polysiloxane.
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obt ai ned by reacting an epi hal ohydrin with a
pol yphenol . 13. The coating conposition of claim1,
WwWoL@BMe3G12t he conposition is substantially freeP@F/US2007/078863
solvent. 14. The coating conposition of claiml,
further conprising a polysiloxane.15. A substrate at
| east partially coated with a coating deposited from
the coating conmposition of claiml1. 16. A nethod for
depositing a coating on a substrate conprising: (a).
Heposh puhsigate Aideasbpariialy coalapuh eicomningfdepdsigdiram gigtcoating
! Liidn BRLLhon of the substrate; (b) allow ng the
coati ng conposition to coalesce to forma
substantially continuous film and (c) exposing the
il m [ L0g. a.r ti el .10 to 100
I Coh el AR L1 b SR gfiand 3,
conpds) depositigahpedasinggompokitionnt claigel dredat lsmcopaaoyof the
Sa}lgitn%é_cont ai ning, Mchael addition reaction product of
Fea&t%nt s conprising: (a) a conpound conprising nore
t han (endlosiiigahe toagihHydapisition as@iales@ttb Guim aasabst{rdhllan
am.nofu??t‘i onal silane; and (2) a npisture scavenger
PREREHE T A anpunt sufficient to produce a
CONMPQs) dxipSdindVAY FiRE tPaiVhas GRS byt @f huldisre 0td 80D forcht £ a
42 daé/s at 1200F when neasured in accordance with ASTM
mpaugol -1@to 1R0et hod for coating a substrate
conprising: (1) conbining the contents of a first
ackage and a second package, wherein (A) the first
g7ack EOIBRMAPIONSRBPIIYRY an ungel | ed, secondary
am ne(lFﬁmléblwdﬂ&coMaﬁh%ﬁhe-&q@iﬁihgrl\/ﬁrcﬁa%i? Edd%[bnﬁéé&wl%ro@&ct
reactants conprising:” (1) a conpound conprising nore
elyagslapisecogiprigingf et hyl eni ¢

(a) a compound comprising more than one site of ethylenic unsaturation,
and
(b) an aminofunctional silane; and
(2) a moisture scavenger present in an amount sufficient to produce a
composition having a viscosity of no more than D after 42 days at 120°IF when measured

in accordance with ASTM D1545-89.

18. A method for coating a substrate comprising:
(1) combining the contents of a first package and a second package, wherein
(A) the first package comprises:
(a) an ungelled, secondary amine-containing, Michael addition
reaction product of reactants comprising:
(i) a compound comprising more than one site of ethylenic
unsaturation, and
(i1) an aminofunctional silane; and
(b) a moisture scavenger,
(B) the second package comprises a compound comprising functional
groups reactive with the secondary amines of the Michael addition reaction product, and

32



unsaturation, and (ii) an am nofunctional silane; and
(b) a npoisture scavenger, (B) the second package
w@owpdEes a conpound conprising functional greCRES2007/078863

reactive with the secondary anines of the M chae

addi tion reaction product, and(C) the contents of the

first package and the second package are conbi ned such

that nolar ratio of the secondary am nes in the

M chael addition reaction product to the functional

groups r eéct thg eonggntsolithpeligenapkaga pyd Gaperend pagkaggeare combined

£u%ﬁ Hlat bR Paﬁggf ﬁh@%%c%ﬂda{rfr\‘ argrnZs 1thhe1M e(l %ﬁdla&glle%tﬂl)g gl’d?lﬁct to
nbination to at [ east” a portion o t he substrat

@Bfuratwr@\l/\gmgpsuh@u&@wbh fetscondaryg apowrb estberesdtifipeambanation is

§9ﬁ§1§nt|ally continuous film and (4) allow ng the

conbi'nation to conpletely cure within 24 hours in the

pr esgAr@pbiingahe cérahvinnign & attéd:aatta poetlchwfltlmh dupstefe; 10 to

100 p ate eratu

et hod) SPversPie SubSIRE el st BT cork Bt

imd spraying. 20 A IOM/tenperature noi st ure curable

e corGovaTs bk BMRARR A ik Ak EBH B eres

O DHa0ing @frelb@RULBMI S FQURS 1B fogtent(2A) adernGRFRAYBE-10 to 120°C.
conprising nore than one site of ethylenic
unsaturation, and (b) an am nofunctional silane; and

(2) armonmeund cRANDS i viieRGn fll 06hbiaNRIN 195@41@@1&; gaglidgve
with the secondary am nes of the M chael addition

reacti on product, wherein conponents (1) and (2) are

ﬂfeS%@hnéQn&@%mﬁpﬁﬁﬂﬁh&hﬁ@méax@HQHﬁﬁémﬁMﬁQo&
nol ar rati o of the secondary am hes t he functlona

gr ougd$) sneeellagdesogprdaryt mnes@ewmaz WMighdehedlition reaction product

ing conposition conprising: (1) an
uﬁg%”ﬁ£é”ﬁ?§%g idary ami ne-contai ning, Mchael addition

reacti on pa)@d:{gmpound comprising more than one site of ethylenic unsaturation,
and
(b) an aminofunctional silane; and
(2) a compound comprising functional groups reactive with the secondary amines
of the Michael addition reaction product,
wherein components (1) and (2) are present in the composition in amounts such
that the molar ratio of the secondary amines to the functional groups reactive with the

secondary amines is 0.7 to 1.3.

21. A coating composition comprising:
(1) an ungelled, secondary amine-containing, Michael addition reaction product
of reactants comprising:
(a) a compound comprising more than one site of ethylenic unsaturation,
and
(b) an aminofunctional silane;
(2) a Michael addition reaction product of reactants comprising:
(a) a compound comprising one site of ethylenic unsaturation, and
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of reactants conprising: (a) a compound conpri sing

nore than one site of ethylenic unsaturation, and (b)
w@pooasqtef uncti onal silane; (2) a M chael addi®¢DOS2007/078863

reacti on product of reactants conprising: (a) a

conmpound conprising one site of ethylenic

unsaturation, and(b) an am nofunctional silane; and

(3) a compound conprising functional groups reactive

with the secondary am nes of conponent (1) and/or (2).

22. The céRtanpgindesoenal pime:gindc| ai m 21, wherein

conp .. . . .

compaa 1Bt cli@hel e B Br P ESEE i M Iy amines

ofhrenpenmhtdaryd/enflhes to the functional groups reactive

with the secondary amnes is 0.7 to 1.3. 23. The

coating conposition of claim21, wherein the

201 nofhervottingrampedificnd chonpi i veesciacagmpound) Ay amd(3) he

el e SRk op SR S Bty A sfhasppenyipes
@nhadukiytl onalagryidps raki@dyith e sabydaexymigeOsp.7havidng from 1
to 8 carbon atons, R " is an al kyl group having from1
to 8 carbon atons, and p has a value of fromO to 2.
2%, The coQalgicoGipeRimasiclai® N1 0fhetdiRindadiBhotiagsel slake i s
an al kyl ene group. having from2 to 5 carbon atons and
proprgisey a eompotibhayingthelgtadanosi ti on of clai m 22,
wherei n the am nofunctional silane conprises

g- am nopropyl tri met i | ane. .26, The coating
conposition of clai ﬁﬂgﬁ V\ﬁ’gré@ t)-ﬁeP M chael addition
reacti on product of corrponént (1) is formed from

reactants substantially free’of a pol yam ne. 27. The
coating conposition of claim2l, wherein the M chael

RAGER IR0 AreAglldne Rrdih ®aWAE e 26ONDeABHE athh), R Sistah Qlkyl, aryl,
product of reactants consisting essentially of: (a) a.
dbppotiidy eongPrshaviperie | {hasrpictant B ofs @Bty giepie having

HOS At R 3hiON atoA8 dinkl B)haﬁzpvalue of from O to 2.

24, The coating composition of claim 23, wherein R’ is an alkylene group having

from 2 to 5 carbon atoms and p is 0.

25. The coating composition of claim 22, wherein the aminofunctional silane

comprises y-aminopropyltrimethoxysilane.

26. The coating composition of claim 21, wherein the Michael addition reaction

product of component (1) is formed from reactants substantially free of a polyamine.

27. The coating composition of claim 21, wherein the Michael addition reaction
product of component (1) is the product of reactants consisting essentially of: (a) a
compound comprising more than one site of ethylenic unsaturation, and (b) an

aminofunctional silane.
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am nof unctional silane.28. The coating conposition of
claim 21, wherein the conpound conprising nore than
wWo@r®sssd7e1 of et hyl eni c unsaturati on conpri ses PCT/US2007/078863
1, 6- hexanedi ol diacrylate and the conpound conpri si ng
one site of ethylenic unsaturation conprises ethyl
acrylate. 29. The coating conposition of claim 21,
wherei n conponent (1) is present in the conposition in
an anount of 30 to 80 percent by weight, conponent (2)
& prisenstinggompesi@ur elaim 2brvhicreinhe gampeind pmpisingomeg
. ' . . s Dk ' he
A R S S i
pagwdndepnirsing onabitewd iegiytenigfunsdgacmmoowiisdsehyl 80ylahe
coating conposition of claim21, wherein the conpound
conprising functional groups reactive with the
2% c orildmrepatangicomgpoditivnt dielaivh € hadieraul corbponent Blde picemt in the

roduct is select fr a epoxi de, a ound .
R i GMcatd Sans Sk B SREH . &P B TR e in e
ampsitibix iranentoner &ab to Aperddnebcwaibhinghdaomposdint (30 ks poésent in

| ai m 30, wherein the c ound .conpri sing functi ona
G SUBROYiionds M, anghnt o Y e PEREH X ERPHEY opang il Weizht of
ik chagdsitedi tion reaction product conprises a
pol yepoxi de. 32. The coating conposition of claim 31,
wherei n the pol yepoxide is saturated. 33. The coating
SO NP OetcbRThgRbmpbidR 03 LlaiMh € v@ieReih (e C&ﬁh%% Q¥PsingS an
epoxy ether obtained by reacting an epl,alohgdtln W th
Bingiingheis reacye withide sesapdanyainanigdhe Mishad pdditieq fepcpipn
ﬁl%ﬁﬁclﬂ &lseeQBPrbm! a%_l}%p&%e),/ 2 b&&ﬁ%ﬂ@ havimy Wbl fR&hfGhically
conposi tion of clai'm 34, wherein the polysiloxane is
wisauppeedfagpupsd i aRiikiare thefeplendent |y sel ected fromthe
group conprising alkyl and aryl radicals, R2 and RO
whi ch nmay be identical or different, aresel ected each
3 hdepBrdesntirgyrompesitidnhg clpmo G, vdengn ibs icogpdund cogpiising
%ln l&}/olnafijgup‘% rré/alc i rea\?iltlgﬁl Eecqu I arﬁ%lesei%ttﬁedMTc’c%aetl Q?cﬁti&pr%action
ol ecul ar melgEY or the po Siloxane 1s in € range
pbddat oompk30s 4 polidpoid®. 36. A substrate at | east
partially coated with a coating deposited fromthe
coating conposition of claim?21. 37. A nethod for
82 poSIHeicb@ing compbditigh d@rRladn S UbSickad the POPPdxEdengsaturated.

33. The coating composition of claim 31, wherein the polyepoxide is an epoxy ether

obtained by reacting an epihalohydrin with a polyphenol.

34. The coating composition of claim 21, further comprising a polysiloxane.
35. The coating composition of claim 34, wherein the polysiloxane is of the formula
Rl

RZ—O0—-8i—O0 R?

OR’®
n , wherein each R' is independently selected from the group

comprising alkyl and aryl radicals, R” and R’ which may be identical or different, are
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(a) depositing the coating conposition of claim2 1
onto at |least a portion of the substrate; (b) allow ng
W@ b@soddaei ng conposition to coal esce to form aPCT/US2007/078863

substantially continuous film and (c) exposing the
filmto air having a relative humdity of 10 to 100
percent and a tenperature of -10 to 1200C. 38. A

nmet hod for coating a substrate conprising: (1)

conmbi ning the contents of a first package and a second
piecled gach ipgeperdently isym tihpegroypr comppisiok hybogennglkylgad aryl a)
AiHOGEL L8 1e TR AR o\ AR S LRI LGN e ranec of
addition reaction product o eact ant’s conpri si ng: fﬁs
fowdipouttD®onpri sing nore than one site of ethylenic
unsaturation, and (ii) an am nofunctional silane; and
(b) a Mchael addition reaction product of reactants
sonprA sumgate @i Pasapatatiyeoadd eghprbsinggepniedicdre thefcoating
etﬁyl.nic yns ]pration, and (ii) an am nofunctiona
Grpegnigon BEGMale scavenger, (B) the second package
conprises a conpound conprising functional groups

actjve with the secondary ami nes present in the
#17 st BISIH G- depopiing Ay nenEC B S PRRENBR { or ed i n
step (ldep6dili (B¢ cd28aS tondpddRibh bPAaiaf 2 1t dheo SULSTL Rir€on dfIe

al | owi ng the conbination to coalesce forma
hpESnt i al |y continuous film and(4) allow ng the

combi BadiioMind Be CRRRY BBl MitOHEEcoMebdd B fetth NAbEsdatly t he
presence of air having a relative humdity of 10 to
Qo E&Rtandnd a tenperature of -10 to 1200C. 39. The

I’bTEt hO(Q) &ﬁooﬁlllg'aﬂhgh% to mﬁf.gr:l rElQ&ve%ﬁHéli fl 180 ﬁ(ﬁ) &P&:hﬂ( %1)@ a

y spraying.” 40. A coating conposition conprising:
@ﬁmaﬁg@iwé%?KS6@%hdary am ne- cont ai ni ng, M chael
addi tion reaction product
38. A method for coating a substrate comprising:
(1) combining the contents of a first package and a second package, wherein
(A) the first package comprises:
(a) an ungelled, secondary amine-containing, Michael addition
reaction product of reactants comprising:
(i) a compound comprising more than one site of ethylenic
unsaturation, and
(i1) an aminofunctional silane; and
(b) a Michael addition reaction product of reactants comprising:
(i) a compound comprising one site of ethylenic
unsaturation, and
(i1) an aminofunctional silane; moisture scavenger,
(B) the second package comprises a compound comprising functional
groups reactive with the secondary amines present in the first package;
(2) applying the combination formed in step (1) onto at least a portion of the
substrate;
(3) allowing the combination to coalesce form a substantially continuous film; and
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of reactants conprising: (a) a compound conpri sing

nore than one site of ethylenic unsaturation, and (b)
w@pooasqtef uncti onal silane; (2) a M chael addi®¢DOS2007/078863

reacti on product of reactants conprising: (a) a

conmpound conprising one site of ethylenic

unsaturation, and (b) an am nofunctional silane; (3) a

noi sture scavenger; and (4) a conmpound conprising

functional groups reactive with the secondary am nes

of tH& Mopeecthe eefelingtion (@ @a@tl@t@im Cpﬂe odihet 24 hgwesrip the presence

GO S !anelﬁtﬁUe%m‘fcﬁgtdfﬁ@ e \?\(i?leéepﬁure of -1 10 120°C.

conposi tion 1s resi stant t applie
as to result in a dry f|In1th|ckness of up to 20 n1|s.

39. The method of claim 38, wherein the combination is applied by spraying.

40. A coating composition comprising:
(1) an ungelled, secondary amine-containing, Michael addition reaction product
of reactants comprising:
(a) a compound comprising more than one site of ethylenic unsaturation,
and
(b) an aminofunctional silane;
(2) a Michael addition reaction product of reactants comprising:
(a) a compound comprising one site of ethylenic unsaturation, and
(b) an aminofunctional silane;
(3) a moisture scavenger; and
(4) a compound comprising functional groups reactive with the secondary amines
of the Michael addition reaction product, wherein
a completely cured coating deposited from the composition is resistant to

cracking when applied so as to result in a dry film thickness of up to 20 mils.
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