ONE COMPONENT POLYSI LOXANE COATI NG COVPCSI TI ONS AND RELATED COATED
SUBSTRATES CROSS- REFERENCE TO RELATED APPLI CATI ONS [0001] This
appl i cat iwo 20e/@omont i nuation-in-part of United States Pardarstoidppiovcati on
Serial No. 12/211,276, filed Septenber 16, 2008, and which clainms the
benefit of United States Provisional Patent Application Serial No.

60/ 972,835, filed Se@tenber 17, 2007, each whi ch bej nﬂ orated herein

i ncor
by r ef er ence. ONE! NER W@QX‘PN@OQ% OMEANon rel ates
to, anong other thi ngs ANRREAFTERLGOABRD: FRAJES noisture curabl e,
storage stabl e pol ysil oxane coating conpositions, and rel ated coated
substrat es. BACKGERASSIREERBEN CE|T PEDVAPPBLXCGAFIOdS i ngs are a cl ass

of coatin at offer unique features includin aod Meat herability;
Obr aor on FONEE G o6 TR PP idiiEn i Bt R g R & B Capbi 11ty
to achi evaphpvitalsatihl o .ongaNi 27/6CARE &Rbtem¥el) 6, 2808, ARVIHIGNOBMahe heal th,

and saf etg respirat org sensi ti zati on advantages. Typically, polysiloxane
coat i ngs aenefippbVntediStates Hrwivions Gatent Applatating SerfHiNe. i68/9738ge] fjleecause it
is difficydlt to f te.one- ponent. pol ysi |l oxane.coatings which cure
qui ki y wheheaBhsh S ST b SRR A e s AT SRR Vet Fetain good
flexibility and still have good package stability. One-conponent coatings
are popular in the marketplace and offer certain benefits over

t wo- conponent systens, sucKHIELD ORMFHEBINMVENIION ency, waste reduction,
reduction_ | i)ai nt related mxing errors, and Itﬁbor,savi ngs. O those

one- conpo pol ysil PoREAE ABENHARYECIHFHC: YBORLPPEHOINES SHELOMPRAM) have

sl ower dry,f jees Ad, heRfurd E'@rgblg?s?blragpgtgblgi{)}%ysf?éyla'&Xoatﬂ%%hl ¥Eiki¥nd, MPacti ng
speed and efficiency as well as coating properties. [00 4]A§) aresult, it
woul d be dabictadyl evatal spbgivdtele one- conponent pol ysi | oxane coati ng
conpositions that retain the traditional one-conponent benefits described
above and quickly cure at anbient conditions; provide capability to achieve

| ow VOC; provide good fl @(Aﬁaig k)OMW ISPV £rfbRY good storage
stability. Moreover, it T -lEe—t-u—m-cm-de such one- conmponent
coating cpgedsiti onpolykiddxadé Eodtdgh Siteandlass @f y&dtingwtHagoffeMique features

2012/ 100140PCT/ U82012},021994 [ 0005] The, present invention has_been devel oped
in view offclyding gnodgriathsrabdiwmrssiarerRENENTSENTesitraoe] arafigler t ai n
respects, . id y - @r@g@ | ow t enper at ur e,
noi st ure E%E%ﬁl?ée%agﬁlrl géé%s]%l% 8&518at ??18 gggi?rﬁ%{s}tl%{nlc n cd%g(?i sing: (a) an

al koxy aneharonsienahdiealtiunat isaogl regiitatargResit{zajiomadpantages. Typiguilysi ng an

al koxysi | ane E ermnal, unit and a urethane |i nka%e; (5@ an am no sil ane
present i RO OABLFRAIBES ePOYded AWdworgoamporey ey dent: blisweltt#tY based on the

total wei ghty,Qfit ishBFRAIRE fdrhiuie oﬁéj%orﬁﬁbrfém %@yﬁioﬁﬁ’&%o;ati dyhi€h cfre
trifunctional oxysilane. [0007] These and other Il becone nore

respects w
appar ent fuickhytwenfeabdseditmgmbizsthurpiditgrand REPAFdtED, RBESCRINEDOAN [ 0008] For
pur poses of . follow ng detailed description, it is tao be understood that
Phe’ mventPohitiug iy SR 257 Bkl HERRl Fo DumacehSinitadir PR 8e quences.
except Whey e iapikRSIatdariRefer bb@dn bendiieo @@ M6 2bdpo Mt SRY&EHs, s&dthgr than in
any operating exanpl es, or where otherw se indicated, all nunbers

expr essi nfmefsayingsiefivigicacy. quratetiedyasionoedugipnad paint klateceaiiying erers, and

spec T i cahon. and Sl Re 3re b Qpbe i AdetRL a0l A% belndaadidled fp al!

i nst ances aby the S erm A about * " REEEr g ARGy, UnTess’ i mdi cated t o the
contrary, niahg hine@swEalry Piadfed ARl 856 thagdeiebldldxibitiie néQlkivemiimgagfigci fi cati on
and attached clains are approximations that may vary dependi ng upon the
desi red ppRspapd edicieacpas vl af ARAYINBPIOASEISSr esent i nvention. At the very

| east, a“fbd&ﬁ as an tL&pk v%]oQﬂd Fé’hésir%ﬁ% t@ﬁf@)lvﬁcfé%fe%rﬂ‘%fonélne doctrine of
equi val ents to the scope of the clainms, each nunerical "paraneter should at
| east be paolysilaxaadcaating icgtbogifionsithatiratairethe ahditie pdromedompgndt ibetits di gi t s
and by appl vi. rdi nary rounding techni ques. [0009] Not wi.f hst andi ng t hat
the numer ﬁ%saflﬂﬁgdaﬁv@é@ aa%aulﬁléaa?ﬁﬁﬁt%ra@éﬁmfgtl?r&.[’ PIRVIdG &SP 18 AOHEVOf t he

i nvent i onjRYF §ORP REONATESJOMibiliye wRHE Bk &hinga 48 Stoe e kifieh). i n the
specific exanples are teported as precisely as possible. Any nuneri cal

val ue, hoMoreyver.iinweuldheldgsicbiy @i prgvide suchiome eomppeemecggwaronippsitiesul t i ng
fromthe a{t ndar d va%riat'ion found in their respective testing neasurenents.
[0010] Al s 83T 1€ TEHYR 4O B&HB&T st ood that any nunerical range recited herein
is intended to include all sub-ranges subsumed therein. For exanple, a
range of "1 to 10" is intended to include all sub-ranges between (and
including) the recited m ninumvalue of 1 and the recited nmaxi num val ue of
10, that is, having a mininmum val ue equal to or greater than 1 and a

maxi mrum val ue of equal to or |less than 10.




WO 2012/ 100140PCT/ US2012/ 021994 [0011]In this application, the use of the
singul ar includes the plural and plural enconpasses singular, unless

speci fi cavDypopy@bad ot herwi se. In addition, in this applPCtaSz@n/02t9%€ use of
"or" means "and/or" unless specifically stated otherw se, even though

"and/ or" nay be explicitly used in certain instances. [0012] As previously
nentioned taln iﬂ%odinents of present invention are directed to

one-corrpo 1 ow '+ dhpBreags irentign é’«t&hﬂsnéﬁ\ff&?ﬂe@ IR §iet MgE BpRPE i ons. As
used herein, the term " oQerMRARRIEBIF THIE INVENTGO® refers to coating
conposi tions provided |n—TheB@%anof—a—srngfe—tonpvnent system wherein al
of the cop006Y corrptm&mtam I&E}&ctsotﬂ&ipﬂﬁﬂnﬁﬂderﬁioﬁrreldtehmaoﬁd oghporeant ai ner. As

used hereln the term™ Iom1ten€erature noi sture curable" and |like terns
refers tolWbEMPREREENHBSIUS sHablenserags Heble GPHEZAIBIROSEPR SAMPHSIAL d@bst r at e,
are Capabhﬁal‘RBx@%ﬂi/&Véﬂ'aﬂolcﬂdh@udn'al GiR&mR" &) ?;%@rn?é} c%Fh’@h?lﬂ afialkox}d1fnd! T
having a relati've hum di of 10 to 100 su 25 to 80 percent,
and a tenpematalinet amdahethaangekag’e ecl@namnrmﬂﬁ;e meeht masinsin@n80fY).0i n sonme
cases 10 to 60 th ases, 15 to.40C. As used herein, the
Corm st ol bl Genbpescciil oighe PR Mokl el bbb REmESHBRE O Bhs that do
not gel Ohm{R!dIEHbY anBW) J @ithiRlioAAFRflahé qui d and at viscosities suitable
for application of the coating conpositions over a |long period of tinme, for
exanpl e, {QH07hH perlEhﬂ@mnd@ﬂ@rﬁﬁaﬁiiWﬂeexpsrIﬁ@n@hsmemﬂhnbﬂemt condi ti ons.
[ 0013] As Hﬁﬁdlger§kﬂ tthe term"cure” and like terns refers to a coating
wher ei n any 3?3%5? ?ﬂe&conponents of the conposition are at |east
partially crossli nked | N CHEMAILEDIDESORYBFIONEe crosslink density of the
crosslinkabl e conponents, i~ €., the degree of crosslinking, ranges from 5%
to 100% HWHR] as 35%1t1a11r86% obthe fblﬂpveiogﬂe@éls@é%cgm@md@ﬁ%mf conpl et e
crossllnkln $ Fﬁ‘ ed j.n the art wl qgi % t at tge Bresence and
degree of "¢ 6%8? iR} g imengion ) TEha&> s §FH°H§<a N VWa“%é%SBB &Perm ned by a
variety ofe mieﬁdé@obsmqﬁmr@@p@ys@ 6cifie Redht eahtrdrie MtRkovaR ks itsan(iPMTA)
using a Polyner Laboratories MK Il DMIA anal yzer conducted under nitrogen.
[ 0014] As @Y Ppesipting eﬁemabp;@w@mathbwlﬁmmé@a@%s I mgmbays exessing, farthe degr ee
of cure c f a coating to
Goubl e r up e e s gt S bt B St LT AR B BRGp  Ter be
w th no dandgeoddad eengcmadifiod in ilhﬁls@he@tlg/rthd&igﬂheeb@ft”ClAbeordinglyt his test,
the index finger holding a double thickness of cheesec]oth saturated mnth

met hyl et Hglpssweélsﬁedr%thﬁépatr%w the anmgried] pagagetass st feith gh %Emoavd%g The rub

i s nmade ond. As
used hor oy TRARSS o BIRREiT e oo BhiBafbn QR Sk dBperPBle GREOT, |
means t hathetdesirgo@bprges © teadisteainy the plddnt mvenﬂomeActme&r}zIé@st gwlubl e rubs
of nmethyl ethyl ketone acc dln to t re ocedur wi t h no damage
2o the oatiign ot Foohe) AL Tsduatspah he e deagangrsie testhant t o
enCO”paSSﬂkagﬁﬁﬁﬁchﬁﬂ&eh&ﬁb%@%ﬁﬁ%hﬁ&ﬂ&htkhﬂ%&%&h&ﬁw@ﬂihlﬁ%ﬁﬂﬁo|ynEr5 and
copol ymers. [0016] As previously mentioned, in certain eﬁ%odlnents t he
coati ng cowpbsi Qflr@}m“tedfmglﬂif@apt digighand bwflﬁlvﬂylogorfmmn)’ ramdmg ta¢1kl¢9(1528 and/ or

si l anol -f onal one. t he t f.uncti ona
1 coner HRG1 PTe RelwbRPEpuRdnIREhIRbERE enedriarigitn MR et f ona
groups, - 8le@rbadzopsSekhb@ivehfion 48 @pp@kiatiink,i tBOAGMer@dal vhlukeset BrtBinr ef ers to
pol ysi | oxane polymers, which are based on a structure conprising alternate
silicon af¢ sBssjfepxampiasare seposdas Rrscisely as pepsibleoAay namericaiviligane” ar e
used inte 7 r functi onal
ai 11 cone Bonary oafinycEibin (ARl RO p ST RS0, EOR b G

, mherelnvﬁanhna&nmgnnmﬁengmdenékyum@hﬁai@ﬁnéﬁ9n1the group consisting of a

hydr oxy grouB an al kyl _group_ havi ng g to six carbon atons, and an aryl
group havl®d Lp to 8- Kaherys baPBﬁlFéStO% that sy RungricabisapgEssied heeinds t ed” f r om
the group; dﬁé}{&%&%& 1n@ﬂ1d9fau% BYAHLIG bsudBd ekt 6&&9m§ﬁvh@%}$‘é%ﬁ?té' x carbon
at ons, an aryl group RaV|§g up to six car on at erein at |east
one of Rll&’hrsl iR2ndegl te echoiead sibahngelsdttwidee (mmlrnpdudmig):dlﬁpcqusds a silanol

group. In certain e nt s and R2 ¢ S. havi | ess than
o D b VAIGE S P h Fesitd SRa Ay G L0 Ak ey e PORTE” g  ven
by the volahé kiuaY (Pbr drbRedh&PNahd 2RRkAFuRNAREGE elal t6r BYARRH YSi S I N
certain enbodi ments, "n" is selected so that the foregoing

si l anol -functi onal S|Iicone has a wei gt average nol ecul ar weight in the
range of from 200 to 300, 000. [0018]In certain enbodi nents, the

silanol -functional silicone conprises phenyl groups, nethyl groups, and
conbi nati ons thereof. In other enbodinents, the ratio of phenyl groups to
met hyl groups present in the S|Ianol functlonal 5|I|cone ranges fron11 1 to

N Y L o o o o




silicone may be present in the coating conpositions of the present
invention in an anount ranging from20 to 65 percent by weight, such as
from 30 two@01pworent by wei ght, or in sone cases, 50 t@®@CFASpEROIWS by
wei ght, with the wei ght percents being based on the total weight of the
coating conposition. In other enbodinments, the previously descri bed

si | anol - f onal Ilcon is present_in the coa conpo itiqgns. of the
present ﬁﬂﬁﬁ |7on i In s agRbemonofheare P’%‘é‘%t“n%“l&érr@ W%ﬁ&ﬂdpwth as at

| east 5 p@r‘i&)%ﬂ)tassl&’ si‘ﬁghlgptunle% sﬂeelfﬁgﬁstﬁéa%ﬁler@fsel ﬁ?‘%dlt%(gl Refmgent by weight,
based on the total weight he composi tion. In addition, in sone of these
enbodi nenara)hcah@ plneemecmﬁ‘s‘blg’/’ ml@:me Fargléal” sinleansylecifignlty statedlothsiwiseanveni s

present i «CO tL 0 ons, of the. resent invention in an anount
of no nor E e&%gﬁqué]&%u§WUnC§ﬁ@ﬂ 58 nore than 25 percent by
wei ght, 0[001&] SOMe A’3$eSioRBNMErt® kAR td PcanéntOYf theipeitnt based on the
total weight of the conposition. [0023] As previously nentioned, in certain
enmbodi nentr@/entﬂmwear@ éawt%wc@wwmnomemtdowemmataﬁem&tmiewvéa’@tq eatispnpri se an
al koxy- f“”&% Osiﬁt SItAlslu%Qcpﬁer Smds&dh AGES, é)ohgtﬁ” L8] e f%hi%?f‘éf fst‘c{zc“ onal
silicone" Fers to silicon conpri sing only al koxy

functi Onabo@i’ngupﬁ]pomﬁﬂqs prbeided th the f@yn e dmglalckybo@n®atemi, vderéln ll gr oup.
WO 2012/ 100140PCT/ US2012/ 021994 [0024]In certain enbodi nents, the

al koxy- f uREtP GARIMETOMAOBRRS BtsiRopIbawes a3 d stapsbitrics b Ep FedaiReleAbYsethe gener al
formula: whepeim t@ﬁrﬁhl]o geﬂaﬁq@%&gﬁ&tmﬁ@* SIAE LR Re 0Ll

consi sting o al gro aving up to six carbon atons, an aryl group
havi ng upcdmpmtxons&]nabpﬁollatvmgmpphmhoamo aIskMyqtegamwpphﬂwahwmgo:usé X carbon
atonms; each. R4 is in ndently selected fromthe of an
al kyl gr oulpthﬁarﬁswgfe@g E@leélf ke ?B%Ha&%ﬁgelaww %139 B(?dt%ﬁf?‘?i‘g up to
Si x car bog,RtRM78.to KO pERELRLLY @féﬁ@)@fa@ﬁ@h%the%g%ﬂﬁ Rﬁltocpﬂfp@ &€h 9¢ 9¥ps havi ng
| ess than six carbon atoms to facilitate rapid hydrol ysis, which reaction
i s driven8®¥, ithsmotaaed 10 t03606€ andhan abtchai caaaﬁali)@ Zlsi)r"Gdtfr\cstusgt harbig,
hydrolysig. .In rtar nts "n" s ected so that the

o Koy £ ullEePaharoaft MaBRoSHLERD o rolr s PEneSh B dirb Bt gt et ¢ ne
range of &f @it @athél @RRin I5dHedadBatl+iBY 8O suitablR fS0&pliEARA] IR certain
enbodi nents, the al koxy-functional silicone is nethoxy- functional. In

ot her enbé‘éﬁtlrliiéﬁ?@lpotlﬁ@ma?‘t@bﬂWffgtﬂ%lpﬁ@ﬁamesfolfﬁ&@ﬁl@ehfﬁéa@el‘n‘?s‘i ploRgrecont ent  of
20 wei ght melght percent or |ess, wherein

wei ght pepgg @%nggégh &Qto(hﬂ melght of the al koxy- functi onal

si | i cone. [(0ABR6] I n e@h@m1Mﬂhnﬂmeeﬁhscuﬁﬁenamkexynﬁmﬂﬁﬁnom&bmﬁg!|cone

conprises phenyl groups, nethyl groups and conbi nations thereof. In stil

ot her emb¥@FisEhany crotslinkablg %Pr%tronﬁﬁfémtr egpatpﬁéltl%ar?e%t#wtmrw}ys ranges from
0.5:1 to Liolink0921] RhEaxatodnal Al cr%Féh'nEQl@ i?t V&T'tﬁ‘é’c EGinRitid abl e for use
in the present invention are commerci al l'y aval abl I nclude, but are
not | i m t edmpaenfsot.e.cthanipgree ofrerbhﬁmymgumgctscﬁtmh 54 tor Iﬂﬁ)ﬁesuch aciddtang

DC- 3074 a DC- 3037, al ai |l abl e from Dow, Cor ni and CE SR
P01 G- S50 S e, S BT 1P S FE o PR Ebres
located i Gzll'ﬁgﬁde@ﬂand\*ﬂhﬁﬂhg%ﬂaseﬂc@%%@]dég}e&6f &@kﬂnﬁ[ﬁ%oﬂé BB LRssihkconbi nati on of
di fferent al koxy-functional silicones may be used in the coating
conp05|t|dﬂeﬂmﬁmmﬁedp&@@endbUﬁW@Wtbﬁﬁ*ﬂ#@ﬁBQ?&ha@éymamnn@ﬁbmdcﬁents t he
previ ousl cri functional . silicane in the

Poat | ng. cOsEBRErRSS BMERLISHEERASRRLL Shark SRET MR EREA SR st ng' from s
to 25 peregifucty unBdditrogeiCh as from5 to 15 percent by weight, or, in
sone cases, 8 to 12 percent by weight, with the weight percents belng based

on the tof14lei ght Aéf*"’lﬂﬁéﬁoé’@alppl‘r?glat?érbﬁdh@&el stsﬁledrumtlwﬁbrheet%mqtent s, the

revi ousl e oatin
Compost 11 S CBf by REehs SRy bt ROREn el R B ok B B0 o nf
by wei ght megtyt bthgbkeédnd. eBthidlier pier meiter by dywhlghibs with iondsioige tedses, at

| east 20 percent by wei ght, based on. the total] weight of the composition.
In additi 6PRtNEN §(SFFé‘teétd%Iﬁ%§EC‘€Fr’oBchhSetﬁ%tsthetHI‘tjé’erP’é% klding adloublei ped

al koxy-fu [ of the
present i %%Hr?tg %k?)énf c?l%ésgﬂgglerrsghﬁa@& ?\;}tﬁ theth ekmgggg%ﬁsggﬁﬁggﬁﬁfh%gﬁ %ht such
as no nor éetdoatingGirface.cEhdt rubyis vaidg vith rmderarte senwire asesite ofd daobé tubhan 30
percent by weight, based on the total weight of the conposition. [0030]As
will be appreciated by those skilled imMthe art, weight average nol ecul ar
wei ght of any one or nore conponents present in the coating conpositions of
the present invention, including the silanol-functional silicones and

al koxyfunctional silicones, may inpact the volatile organic content (VOO
of the coatlng conposrtlon Typlcally, conponents havrng a hrgh merght

o o o g, o "



[0033] I n certain enbodi nents, a blend of silanol-functional silicones and
al koxy-functional silicones at different weight average nol ecul ar wei ghts
may be uswoO 20re/tohtocoat i ng conpositions of the present PATAISRI10/0219p0034] As
previously indicated, the coating conpositions of the present invention
conprise a flexibilizer. As used herein, the term"flexibilizer" and |ike
terns refers to a conponent in the coati conposj tions of the present

i nvent i onp?rrfa?or}%p%klﬁég herein. e s pateg (Bt agogtng lisng,ma%lﬁ@@t t8ed T om t he
coati ng CEERRSHhh tﬁ@féovﬂiﬁgl% R\isBinDS 10001 SXRMAR 200N&5 RASRYs 6F REgst ! on,

i nproved i npact resistance, and/or inproved crack resistance to’the
coating. FDOBEtone desomlinggpitkd fogegolregt prodasiufd, esihbio danegs tofhetcheting: esent

i nvention ide flexibjlity to the . coating wthout harm ng.the coating's
appear anclVIa}y ¢ i S UGBl G T PORIRG BERATLLY CneemPa B ™oRS Tt woul d
have beenay peivatedithiatingitiebn bbawidsdporshies WRikshosahidren the coating

| eading to poor chemi cal resistance, slow dry tines, and poor

weat her abl0416),, al t Aspetyiausly npRtEaTedris caidainembpilistentso thsecopdhd by t hi s.

| ndeed, in . al odi e flexibilizer . i nvention
have beencgﬁﬁ%ﬁﬁkgOﬁg%ﬁgg%spﬁﬁmg%%f?F%%§%gﬁ?%é§¥%?ﬁ%ﬁ%@ﬁ%ﬁ%ﬁégg%lone ot her
property, silibedeU A Ngedhyretd, e, tehrar g nassfunchi@idl siikoed 208 1i&e &@ms refers

weat herabi lity, and storage stability. [0036]1n certain enbodi nents, the
f1exi bili #eyilighneseqippiiving ﬁ@neb%lﬂl?t#@laiéﬁ?ﬁﬁ%i'@i%s%ﬂsqdﬂ@r‘?}}’é@%?ﬁrmi nvention
COMPY | SeS Gl RO LAP M PIARY Bt pIDsiRkafPEyERCkARSre MRcsRY herein, the
term"reaction product™ refers t conpound Tor nme romthe conbination
and r eact stourturtt @ospreing xit@ndte sdfcohwnd oxygrnnemse akd awetl herelim “eifibere”wor ds, two
or nore reactants pay be conbjned together and after such conbi nation
permtted®® $@§@F F%”gﬁﬂﬂﬁgf Rt h each other, such as by chenica
reaction, rgoa7provi dg &rfa8RGhbUIMPAOAHE LildnBRFundBYn L Silids/RdcAgprief h €xi bi I i zer
in the coating conpositions of the present invention. In certain

enbodi nentenpand|representndebydhe géreraliornarlanor e react ants conbined to form a
flexibilizer has reactive groups reactive with the reactive groups of

anot her of the twozpr re reactants. [0037]In certain enbodi nents, the
flexibilizers of {the present invention conprise a polynmer conprising an

al koxysi | ane~t-er-rrsiat-cupts; that is, the polyner chain is capped with an

al koxysil ane to Qrbvide a termnal unit. The particular polyneric conpound
w Il depend on t@g&reac_ants used to formthe flexibilizers. [0038]In
certain enbodinents, the flexibilizer, in addition to the reactants, nay
further conprise a catalyst, .swhsheiasadnRoisgadepnedeatly sddeged &bysthe i ncl udi ng
any of those orgaqone%allhc catal ysts dﬁscri ed beIgML I n cerLain

enbodi menEPUPFREF R IVIRRY S0 UnaE &Y R OPRERYIR P SR PSR R M eact ant s t o
provi de aaf@atiryPfroRp BEMAEE up AYix ShibbARldnEARTOR IRlehehly lldséd My be
used dependi ng on the reactants present in the flexibilizer. Any suitable
anmount of fr@ngtgﬁ@maaonwmga&f@fgyﬁfog%yalbaékﬂgéwmlwmm@ sthearb@n t ype and
anount of ctants. pr I: : L hili zer . certain e di nent s,

t he cat al fl/trg&% i ggi’%lpaErrlealsr rﬁ%ﬁ] fé%lngg %Q?Ot %J( ?éhgllblé{ro élghvh%gmvéiléga%{t (?hevm th the wei ght
percents b&d RgisbakewddgicH thet the tahpowidghinpdiked heilahblgbbp.| inze@ftainl N ot her
enbodi nents, no catalyst is present in the flexibjlizer. [0039]1n addition,
ot her i ngF@BPEREasyReing RacqmipsiserinyPt Raving less then sixeEbopfateths © i nventi on may
i ncl ude : I o : Ik ripcar bon

Fosi n mod F s ARSI BRlch TLERDR i BRI otk & B P er

pi gment wetdlogmprodgenif she Hyldoalysis din evteln emgbodlddernts,ves js seluctedtsoolpe she def oaner s
and the like. A conbjpation of. any of the ingredients may.also be present.
The 1 ngr elilcinitis gl el TRAR iR e GEHERSE ARGGRES MEEDb IR Lo thei i
ordi nary pibpessom HB40B0b0,0oert ai n enbodi ments, the flexibilizer may be
prepared by conbining the reactants, along with any of the other

af or ement [&H&h i ngr bu¢estainserpddiperss.cthe yilanghéinstiphad tlicare ¢dneprésesrbi nation to
an el evated t erat ur for ex | e.from 40C t.o, 70 for a riod of tine
26 or ovi cenerst EREPE i i sudine AR TRl R e ha Qe o fuBihiRe o ey
be prepar ediokyf paklyd Wrdips i ed9IBionps pferk & BOLild-féndidhaladiche ti Me at
anbient conditions to Provide a reaction product. In still other

enbodi mentagesiredrl:t el pdadn ypk ghejreanbodpgnie dhe siljsolciynefianat sibepneay be

subj ected to both el evated tenperatures for a period of tine and ambi ent
conditions for a period of time to provtde a reaction product.
Tenperature(s) and tinme(s) may vary depending on the reactants present in
the flexibilizer. [0041]In certain enbodinents, the flexibilizer is present
in the coating conposition of the present invention in an anmount ranging
fromO.5 to 30 percent by weight, such as 3 to 25 percent by weight, or, in

_____ ~—~ . ~ - . N 1




refers to a conpound containing a silicon atomin the backbone. [0044]1n
certain enbodi nents, the epoxy-functional silane conprises

gl yci doxywoapiytonidal koxy sil ane. [0045] Epoxy-functi onal PETitsp@g/oatw€h are
suitable for use in the flexibilizers of the present invention are
commercially available and include, but are not limted to,

gl yci doxypropyl trial koxy silanes, .inc]uding Z-6040, c rcially available
from Dow EYPHIY ,chpiﬁaylta_%% 3%@%8@1905%9@ %?&83%2 ihi rsg%ﬁja heri nel udi ng
A-187, Cogﬁﬁé(ﬁhﬁhis{R?é’(ﬁh}l}@QE 8 @&Mg%ip RRF aAhEARSrodUnd eaBRRDU Y -

Connecticut. [0046] As previously ‘mentioned, in certain enbodi nents, the
epoxy- fuhpdrogemal silane nmay be conbined with an anine-functional resin to

provi de a tion pr ct that may be used a.flexibilizer in the

Coat i ng cBHERE ¢ 7ondt it e otoait iyt i B APl fiFonedfS e

enbodi mentsntedtb® 6ardigie petteht ra8R! sucBak B We@sht peRehtibrlig, fueB¥k Diwdigrrs of the
present invention is selected from pol yam nes, aliphatic am ne adducts,

pol yam doberceidor lasy.cvhwagin preaght pegantie basgd@npld ipsativeeght oftsatlendd- est er

am nes, pgl ropyl enedi am nes, aromatic am nes, and conbi nati ons

t her eof . ﬁﬂ%ﬁé%@ﬁ%@é%?e am ne-functional resins for use in the present

i nventi on[0029] i ncl uggaliftfstiynaArsileses wheh atasutaBleIffiase iIDthe@aedhnat i ons
thereof. Suitable primary am nes are commercially avail able and incl ude

t hose avallvaBiien ¢ sampsHY ey dpdaRedinchigebut @Fenqs dinisdtto fanexamfsani ne,
such as, : I b an TR | Hehi e D400 to
e fam ne o EDBO0 T K, P G S, R D S e Be unier

t he produ840.name Ancani ne, including Ancam ne 2457 and XTJ-590 from

Hunt sman jcal, and asparti ¢ ester ami.nes such _as those comrercially
availableﬁmﬁ Bayer" &3 .mﬁﬂﬂgmﬁ@ﬁé“ﬁFgéﬁﬁpnﬁgﬁgﬂfﬁgﬁgﬁﬁﬁﬁ?mﬁﬁ@Phding
Desmophen ik 20y 1eRAUPRNEE Dirk42hpoddn POSIDBR N chRZE. 11 cer tain

enbodi ments, conbi'nations of primary and secondary am nes nay be used.

[ 0049] I n B¥22hi n enbodirmbnersbodaments, thépreaiviusky-desgreid salolfewitiondonpri ses a
secondaryj?nine the sec nd&gy %nine naﬁ.be aﬂ%uctedtmﬁth.the

epoxy- f undFERANSPT BIFEET IThIE EPYYIETOSRB Y AR At U° PERERECHPRA Bt oduct

resul ti ngahb@mnrhilige GOMINBII5PRrcettBy Weight) shditasfRIMB0%o 80 pBlceawye that is
di functional in primary am ne %as a diketimne), and that is also

f unct i onaMeizdl cagn ¢pme ¢aves, RBXY 3P Perisent bpoyeightawgh dhe weirht Reserviseinson may
Create a 7} r" o . i.Sl i . Lhg two

car bon 11 hagen BRCUTR AR Pl TR iR, B LR BB 0o

St ruct ur epreafodisigldescribed lsiigle 1-duidtibhal stdavhen preseka@ahexdfindicogpbiigsaf r om t hat
includes a_trial koxyfunctionality extendi ng therefro e.qi, froma silicon
at om Suchf theprgsentiBysptiep iy aMa o at leah d disEgentnveight. pagh a,ah lgsrted 120
degrees a j: £11.0 y i i I rties of
i g1 ancry D TR sBhR Tl IR Pl By W YR BB certai
enbodi mnenwsight bethegompadigmt. matddvioaf intseeeey thepe embodieneptsethe pustigustiescr i bed
epoxy-fungtiapal .silape to the primary and/or secondary.am ne of the

ot ne- t ungoronal sihasf b Sfedsit Brese ¥ e LoSTE GyTHIGHE O I sone cases,
1:1 by wepgldnt if\QAR IrCaRd Rk Bf RITRREE (FRABE pelcBR vyl Wikt Lickek nBr esent in
the coating conpositions of the present invention conprises an ungelled,
secondar ymand then 2o peeenti ygyeiphtc hnisl soagdiasasompm eecthpo A0 persenidty vofight. conpound
conprising ngre ﬁh@P one}%hﬁglof ethylenic unsaturation and an am no

si lane. [OYSSPIANG N ik GiTERPE °¥he flexibilizers present in the
coating CRORABI ti onds@levidiBlPmeseied,) iR\eniih @mboeidntss eheadatifige! | ed,
secondary am ne-contai ning, Mchael addition reaction product of reactants
conpri si NECTAPRSHIRRG @h dhedupssnt Biveryionsoaprisaan aexsiunstignal stlisgnenfe

unsat ur at | 9N, b« €. ol i.cal sat t c : ch as a
pol y(neth %’? rhfkealt ’eﬂ.le %gﬁug%g%ﬂﬁlgﬁﬁgﬁtshéoﬁ gr%d‘ﬂ{l%g%sa%%ﬁ%& g'lcolﬁgs i nt ended
t o i ncl udeoaptidingreilhatidoxl aliresioasidragrsy!GR esherdis Rusied bl et eikgl giohp of er m
"secondary am ne-containing" refers to conpounds conprising a secondary
am ne, whPERYY &°¥Pf uncti onal group wherein two organi ¢ substituents are
bound to a nitrogen together with one hydrogen. As used herein, the term
"ungel l ed" refers to resins that are substantially free of crosslinking and
have an intrinsic viscosity when dissolved in a suitable solvent, as
determ ned, for exanple, in accordance with ASTM D1795 or ASTM D4243. The
intrinsic viscosity of the resin is anindication of its nolecular weight.
A gelled resin, on the other hand, since it is of essentially infinitely
hi gh ol ecul ar 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

N T g, o o,



unsaturated nononers, the flexibilizers of the present invention may
conprise the M chael addition reaction product of reactants conprising a
pol yet hylwoi2oe/109140nsat ur at ed ol i gonmer. As will be appr @Craisea2/oetve4t erm
"oligonmer” and "polymer"” are frequently used interchangeably. Although the
term"oligomer” is generally used to describe a relatively short pol yner,

t he ternlﬂﬁé ﬁo genﬁ{ally accepted defi |t|§Jr res ect to the nunber of
repeat i ngl¥8fbner fegtaingm CHertag Alkory I@PB‘F siljcq ?j%%rEIPrFSBF Ag conpounds
conprising nore than one site of ethylenrc unsat ratron he terns
"oligonmer"” and "polymer" are nmeant to be interc anﬁeable. [ 0055] Exanpl es of
some specific polyethylenically unsaturated olidomgrs suifable for use in
the present invention include, for exanplg,_u S, pol yest er
acryl ates and m xtures thereof, particularty th se#;hat afle tree of

hydroxyl functional groups. Specific exanples of|f sych matérials include
uret hane acryl ates, such as those sold by Cytec |SurBace Specialties Inc.
under t hecphpslindirefasmedilate gneddGomnda:Ebecryl 264 and pofyester

acryl ates, such as Ebecryl 80 available fromUCB Chem cals. WO

2012/ 1001 %bEEh twshdks 2y pdewodeqtbossicrgritare thegpup Fensitisg aéatalkpediom Unit ed
States Pa I } | ] { phs [ 0018]
t hr ough [B%Q%i@EBL%Q?%%?@%E&Rb?9a#;%ﬁug@awﬁgggr%%%g%%gnﬁgpgln %?reference
[ 0057] Corhlkbey ponp hatingny tekixichdoafaaimyrendh RN dndepemieuilgscleaspfrbsi ng nor e
than one site of ethylenic unsaturation may al so be suitable. |In certain
enbodi ment'§, 2rewRCRSIPRLIAtACBIprEr et iter & torrancashien Apme apd 3| eni ¢

unsat ur at td |, i

compr i sos T BTRERERR b Ope'fboh ity ' BB sflockberfl BAR R RS, ¢
conpound( gjoupe hgving lengtham s dai'tam apores ®i thalitike mpidyﬂyelmlysm wﬂad:hjread:tucon
identified above nmm e CO I.ne n amno silan o.provide a reaction
product t KT8 Yﬁ@yﬂgggﬂﬁ QRF$E¥$%FPf odut g lﬁﬁpﬁ%h$ﬁgﬁpﬁﬁr@8np03|tlons
of the presghdimeANenti9BeleAsd U@k MELRLR f&ﬂ@bhﬁ&ﬂkmﬁ@hﬂ9§WE@H€ refers to
a conpound havi ng a mol ecul ar structure ¥hat i ncludes an am ne group and a
sili con abmmge[00Eo}lhnweight iaithe wnpodi fremt40 te he,080kisndsid faew 340itd i zed in t he
erxibiIiaﬁéé of the present i nvention conprises a compound having the
formul a: -Si - (OR"")3_p 1 R'Pwherein R is an al kylene group

havi ng frpp28)to 10nferhaermbsliBents the ﬁlkafay aldeyibngs0Pne RMd@hyty-group, an
al koxy group or an aryl oxy group, eacﬁhgroup having from 1l to 8 carbon

atons, R funciongh Bl @er epakadimeniti theyalke ctipnag sdigp opsatBeBoxand p has a
val ue of i vention, R
e’ of IR0 Sl SN SR bl P om
whi ch the“kﬁﬂmpmﬁﬁﬁ1ﬁameddnﬂﬁﬁvel@d@hﬁofﬁ@aﬂbxyéwmiwﬁﬁnﬁuﬁﬂbodlnEntS best

for obtaining dust free films_ in 10 m nutes or |ess and conpletely. cured
films witH®&Ob4 houtsothgfaehodiments.dh plspperactiorl sivspas eamepristt BYBhdi ti ons
descri bed i [ ] h are

sui tabl e ?ﬁﬁ@%égﬁPﬁ4$ﬁggf exil ﬂ*@%gégﬂng? gf%ggggﬂrﬁyﬁgﬁﬁérﬁﬁh§nclude
anlnoethyhﬁmuﬁph&%&gnh@ne)nyﬂndgmmpopm§ﬁr&®hhbky81ldne

y- am nopr t hyl di et ho er . y, dreth S|Iane

- am noor BT Phenyt igrHoRYiarns e RS Tao g B et ko) S SR

6- a”‘n0bUhﬂkﬁﬁ&ﬁ&@Q&Mﬁkhﬁﬂ%un@ﬂdﬁ@hﬂ@Hkhﬁke&ﬁ¥&@%ﬁqﬂﬁ%M$bH%P%mnﬁmgb'natlons
of any of the aforenentionéd conpounds nay al so be suitable. In certain

enmbodi rrentrsrthomhéumonglﬁﬂmmes, caenipting BE - éDMaeamD@ﬁﬂé'bwommmbxysu | ane.
0061] I i
brodutt 1 SaPETEIRE (R phGE e ThE e RS 58 SoReblE: atur e or

at a sli gb.wdlmblelfmwk&ﬁmecs@tsqw@tedflﬁmdemamrc@ugaup to 100C. The reaction
of an am ne grou with an ethyl enically unsaturated group which occurs in

the flexi H02Bker of In ¢firgin epplasiments, ascasbingiionest diffentiadkoxg-Tanglionpkel

o hael addi
ddi 10N (RAGL: Oy 185,84 [ ERYLL 1S MRSSDRY & fle KB GRLMM chael addi ti on

ﬁ?

Get 'S Treant toore Such reaction. Such
products pE29pbe nnrhnh@amnaﬂmthQMEthép&hmumbammgﬂeammmxydhmhmhd

cont ent - contarnrng products. It should be recognized that slowy adding the
am nosi | apidcens P %Bﬁ%%&ﬁathe&%mgsqowowgs %ﬁ%ﬁ PEtentdRYeatigh sdthy| eni ¢

unsat ur at groups to
i no 51 1 A N ERHAS bR (e ey Rl PR b o e B et
sufficiently low, a gelled product can e the result. It is sonetines
better, therefore, to add the unsaturated material to a reaction vessel
already cont ai ning an am nosilane to obtain an ungell ed reaction product.
The reaction can be carried out in the absence of a solvent or in the
presence of an |nert solvent Exanples of surtable |nert solvents are

o, . .



the present invention conprises a polymer conprising an al koxysi |l ane
termnal unit and a urethane |inkage, such as is the case wth pol yners
conpri si yoaorg@metdoon product of reactants conprising aPaydrsesglo2fognct i onal
resin and an isocyanatefunctional silane. WD 2012/100140PCT/U82012/021994
[0065] As used herein, the term "hydroxyl-functional resins" refers to
reS|ns conprising h drox | functional OH. As used heéeln, the term

gr ou
"i socyanalEflh i Brame Spearfeto hefearat by vsig Ly 5SS PRGRIS SEY&nat e
funct | onabaah RS tordVe Mk of BRESLSHY dARlcRiBKAPLES: BhbHERKhe funct i onal
resins may be selected fromacrylic resins, polyurethane resins, polyester
resins, apkydmswskﬂsmep@Hy@yﬁ@mxme@mdgmnphembkmtnmb@pmsmgphamQMUQn$|Iane

resins, pol ycaprol act one resins S ne re onbi pat.i ons
her cof . PhYS RPN AR Rara SRRk e S BRR BT e By Sud e By be” used
as the hydgs 9asﬁékntfuynﬁélg1qnaﬂ infs6fk RaRR0atildIE! 2FSorcd@by Wedd | Bised Hi0gR deri ved
fromlinseed oil, soy bean oil, tall oil, castor oil or tung oil, anong
others. | g@@qulght@é thezqompesiioni Ferddition, fresdmeiofohgieemhedimentalthe esi n

conpri ses | ye i r
poIyesterp%%§% %ﬁ%&§Eh9§§bFﬁ%ﬁggégéfﬁ' ungpﬁﬁ%g %mﬂ?g&n@é gggﬂéﬁﬁre
commer ci abf ghe pyakhtabentioh o arexaspit®f nb hivre Bayso p@ﬂﬂ’eﬁt byméght fstiéh 4sr ade nane
Desnophen, |nclud|n8 Desnmophen 651A, Desnophen 670A, Desnophen 800,
Desnophenn@ m9ee than 40 peskaidheveighip or {ncﬁ@ef@]qaﬁ%tlmoreetrb%éﬁ) REISER! DYt he

hydr oxyl I i ic resin conprising hydroxyl
groups atSggﬁgéﬁggigﬁﬁggﬂiqﬁ%?%égk Sﬁgmﬂ%u¥%able hydr oxyl - f uncti onal
acrylic re030F are Arsmmromagpﬂeylaadaxylthdweskﬂ]fed lin eheantpveight nemdsASF under t he

pr oduct na J ncr ncl udi n oncr 948; from Bayer Cbr under the
product n é@éﬁ%ariyn%eﬁ g&i}ﬂﬁ‘ rasegpin tE%%‘PﬁS‘Bﬁ«SH 988°Sand

Des ”Dphenotéthé%geseﬁ’trlﬁlvécn'h@m ﬁﬁhmné‘ tﬁ&aﬁ&nbpﬁhé@dﬂw sitdhed ARk 069] I n still

ot her enbodi nents, the hydroxyl -functional resin conprises a polysil oxane
resin conﬁmcgpmv@ Sihydmetsxylhy gnmﬁpﬁlea»tqleadme@amo cantgof Qéﬁ)ﬂib@cfeth@c@amgbone As
used hereln ) refens ta a %ﬂ risi %:z ane
backbone. “&lP¢ gﬂ) SW %y‘foni’R?HS‘i‘ P BRGNS B %}g‘ﬁv?léﬁ%aaﬁs S TR R |

Uni ted St adsg® ifadagihg c oﬁm&&l}a%@,a Hi@hed OGS, whdré cdehpoRERYBAViSDA urm 12
line 64, the contents o? are |ncorporated herein by reference.

[ 0070] ThelOIWWﬂgJ@S/FVeF%ﬁ@dﬂ@lé‘WéM weishipyeiethaichilhtn 996tiescoranesieons 4aviBg pr epar ed

b t l. th
anhydr i de R F ot f il F EBE A B SO o W AR e BB Pt
favor onl yormpssitic@Bof tierpredent eemihyrday bkevaatred blyleBo byl otyporkeni’@ifi onal

groups, and avoid further esterification fromoccurring. [0071] Nonlimting
exanpl es BHYE VB VaRET olgakr weighitie thesetina comppHEPtSOf Abhpiarante, met hyl
hexahydr o d ti c anhydri de,
succinic gﬁ%ﬂ%&%g%ﬁ%Qﬁﬂ%k %yl Eﬁ%ﬁd%@cmﬁ%%ﬁ%@ ggﬁggﬁggg&%%hydrlde and
substltut&ﬁaawkéawhgdnﬁydm“wﬂgnsmahgaamhmubnykgﬁﬂ@orhbmkahhydﬁmﬂg and

m xt ures f t he for 0|n% H£0072 The hal f - estehmﬁrou cont ai ni ng
reaction B?B A FHE@“% SHIEd 1 Bidef QrRIRYFe PRUIEEIMRPHOD YR oepoxi de to
forma pol §*&Qx@m§;contalnlng at | east one secondary hydroxyl group.
[0073] Nonl i m ting exanpl es of suitable nonoepoxides are phenyl glycidyl

et her, n- HME&] gl ycAdyhe gkiHed in the egytoudd xecpghyite, astelght avqrsgvpmobylhlalgl yci dyl

th tate, .f bl e f Shel |
Chom car SEEn i Sp Sb BT ottt s R B i P s R PO orner
enbodi rrenti@posttétﬁfrbmdh@&dtmg UBmbbafidds dfekd preSciRives@sn. @ pol yet her resin

conpr|5|n? édroxyl groups attached to a pol yether backbone. Suitable
hydr oxyl - {00821 i onal Ipesripet ¢rabodimenthsthe pidanebfrpstienad siligoagsairesghl ia the or

exanpl e, 1150, and
uﬁng t he pr%g %gﬁ@?ﬁ@hﬁ@?s&&qgﬁﬁ% Hgﬂﬁéﬁ%eg%mﬁggﬁbﬁg%pgogegg%phen 1915
and Desnophk&iht 55@0m[2@0'051)@@8m 060, wdiils i0bthenymbédiimbets athesémsint | oned

hydr oxyl -functional resins may al so be used.in the flexibilizers of the
present i AASHERAIlCPRRyPEFSARE lﬁﬁ]éfi/?%di%g FomBatigheidhe prrseirntioRmddi ment s,

t he fl exi i i silane as a reactant
E@Jgragx%ﬁg@?{%d[g? glzoéféﬁldr%g’lﬁ NRESHT MREHI 76,

with the resin



[ 0077] Sui t abl e exanpl es of isocyanate-functional silanes are commercially
avai |l abl e and include, for exanple, isocyanatoal kyl oxysil anes such as, for
exanpl e, weaoametdopr opyl tri et hoxysi | anes, under the pr@dudaiS2emam0e1994 Li nk
from Monentive Performance Materials including A-Link 25 and A-Link 35;
others are available from Shin-Etsu including, for exanple, under the

product n BE- 9007 007 cert odi ne i nati ons of

i socyanat [%83hct on Ceg{arra%iﬂ Nifyeh ale}gfécﬁo Fingleh P%ﬂ%aﬁﬁﬁ%ﬁ% s, the

i socyanat anf)k'y”?dﬂc%ﬁ’dl sfcbAd\eit AFRE SRS 1@ayé@g&maﬁaﬁﬁpng{strﬁaﬁéﬁyoxysI | ane.
[0079] I n certain enbodi nents, the eqU|vaIent ratio of the isocyanate of the

|socyanateﬁﬁunduumnangswﬂmmmgmmgOfﬁelhymnbmy@ﬁmm.the hydroxyl functi onal

resin ran romO0.5:1 to 1.5:1 b ight, in sanme c S mO0.8:1 to
15501 by HERhe O AR Sshigiieagle U Pl oBep SRR EGHE pissel

i socyanat g migt doRse aifleqNBliARY AR@sddEiRGE IR hWidrh “fleRBdiledr sxylikeof t he

hydr oxyl -functional resin such that there are no free isocyanate groups
present i ferhecteiséxpigpmperant i thegodting compesitienpeldhereresent inveatabilnat i on of
any of th i Z: i ional resin
and an isk Cé/ljgﬁéésttgé x1% lﬁ%gf %Q&t%g dgffosu%@%ton{]t%g%oa}/n% rPotshll(‘gHg%\ét i ng

conposi ti pmlcnﬁg,tf&ee;qaﬁ@&emtcretarswceﬂbngumonjzmmewmipect rbﬂst@ﬁfet aidrorenbodi nent s,
a flexibilizer prepared by reacting a hydroxyl-functional acrylic resin and
an isocyaﬁﬁ@r@Y¢<Eﬁé‘flmﬁlé1an§fi fodhecemiiehe combined with a flexibilizer

pr epar ed actin

i socyanat -Pgﬁctlongfémﬂﬁgﬁggyﬁigﬁgﬁ%gg?%%b&g%nggég?f%ﬁguo p?ﬂgmpresent
inventionﬂcﬁbﬂmyummﬂbonagnmﬂmuahﬂnﬂhgﬁwcnm@gﬁpﬂg&mdna{Gﬂﬁﬁmbm certain
enbodi nent s flexibjlizer aof the prese entlo onﬁrlses a reaction

pr oduct owe%hﬁa§9¢%é@95 %P@aHﬁS“ﬁW3 ﬁ@“@ﬂi%ﬂ@ ef%ﬁ@ KAh3tsPER ng exanpl es
of SU'tabh@x@ﬂhEﬁ%@ﬁMﬁ&ﬁ&%&hé&ﬁkﬂgﬁmﬁ RO FbbLcHRAiN SASYARAL &Sw dBiCh as

al i phatic diisocyanates, for exanple, f 4-tetranet hyl ene diisocyanate and
1, 6- hexantay,|aad @odi wsaihe,rablatse alth(yxghdjbd mptmmsciomwlt wl@oto)ba ﬂpaumtby f or

exanpl e, .4-cycl ohex d||s at hor o dIISO ,...and

o aey v it TR B RRARERS s S BPe 2 By R BEN ARl

4, 4" - di phegetl sho®h h@ﬁﬁpl@kf&: SRey@nah & fldistiBhanyheoge Gthbﬁﬁ&)éé‘ﬂ@ﬁtlﬁolucﬁﬂg
tol yl ene diisocyanate. These and other suitable pol yi socyanates are

descri beddiytimprhardesarhemigalucgstamg: waathaggbility, 9aé stppage stadilépl urm 5, 1ine 26
to colunn ine 2 0 i nations of an
of the afB n£nt|on§ha%%' &R%%%éﬁg ggéﬁ%ﬁbﬁ%e%&%ﬁm?ﬂl R F%e erxibiIizerg
of the pr e@ﬁmslmmeﬂﬁthmesehﬂm@a{ttoamd@n@mbmh reacia, profect potwo soay@nat e
conprises an aliphatic dijsocyanate, such asl, 6- hexanethylene di i socyanat e.

[ 0083] Sui f%qaatSeﬁénaﬁ%%erém heitsins gedesionEdust eefesniver @miouyd fraerabl e and

i ncl ude, d r Bayer
Cor por at | B i LB B o B B RS 1 B > B0,
and I\l3400woﬁtu tvedablemogecrbmantpimay be combinyd nakter andaftr andhadsingifiatom Bayer

Cor por ati on, Iudln |so hor one di i anate, sol d under the product nane
¢ RO &

Desnodur Hi‘f%“e @dééﬂt W%‘Hé’flﬁh e hreleh Py dierirl ' eTHgitPent s, a

pol yi SOCY? RRLR a%)(cti?)% ;ﬁ@&ﬂ%’t ﬂﬁ@m‘é&%@u?&l A ﬂ&%lh@é?f}‘n iR L@y de the reaction
product that may be used as a flexibilizer in the coating conpositions of
the pr esemmpcmtmwéme Bedentinventami dp ceiitdimpmbodimesatshatdeasti encel thetvabove and

i ncl ude, but are anm noet hyl trietho il ane,

y- e nopr by R Ealfiiesulhhiti Grm'aHedRiBRE RS raThERaP By & MR

y- ami nopr epytial srwhsh stanemysof @eewo yamoroRa@mtk. phenyl di et hoxysi | ane,

y-am nopropyl trimet hoxysil ane, 6- am nobutyltriethoxysilane,

6- anlnobuﬂﬁé@lhyld|81%%%WB@ﬁ@ﬁhmﬁ@ﬁdhéﬂﬁﬁbéﬂh@Kéﬂﬁﬂﬁﬁﬁ@b@W@mkﬁbthoxy5|Iane

and combl BG5S, LGH AL SIRSELTEN o AR Bl comr i ses

connerC|abhynaMﬁppabWEhumdmbxyﬁbn@kqﬂumﬂel&ﬁﬁmﬁﬂhqmeshepmmmhhﬂing A-Link 15
avai |l abl e fron1anent|ve Performance Materials. [0086]1ln certain

enbodi menPlY™PHE ceip s Wik dopard on B reacEAntS e 4l tB? flexBilgeisyi socyanat e
to the a f the ﬂﬂﬁ% ight, in
sone casgg rgn11 Oh?&¥%ﬂ%gl éﬂagﬁgﬂE%Bﬁhg'%hé¥&%ﬁ%m§P%g%?§Hg

i socyanat magffurttiee cpmbyisesocatalnstt sachray atnergaaameuaﬂlcwatalhyst,hmladmglany)bf t he am no
silane such that there are no free isocyanate groups present in the
flexibilizer. [0087]1n certain enbodi ts, the polyisocyanate nmay be
reacted with a glycidyl alcohol followed by reaction with an am nosilane to
provide a flexibilizer useful in the coating conpositions of the present
invention. In certain enbodi nents, reaction with the glycidyl al cohol may
|ncrease the organlc chaln | ength of the erX|b|I|zer As used herein, the

Y v o e I



depending on the desired chain length of the flexibilizer. In certain
enbodi nents, the glycidyl alcohol is present in the flexibilizer in anounts
rangi ng fworn/100146 percent by wei ght, wherein wei ght p@ctamsone2t9a6ed on
the total weight of the flexibilizer. [0089]1In certain enbodi nents, a

conbi nati on of any of the aforenmentioned flexibilizers described above may
be used in the coating conpositions of the present invention. 090] I'n

addi tion 9t ﬂ@amwﬁﬂlaé:ﬁg%ya&%ﬁqrﬁ)@a%e@%omé:ﬁftglp W@QW%H&@%Q tions
of the pr ﬁﬁ?@?o&&_\é%ﬂe@&iﬁ'b’%ﬂvé‘eﬁ%@é fe%@taﬁ‘tsQ%td%me%g%ﬁﬁtio%%rﬁ&fcﬁdAflﬁOm am nes,
am nosi | anes, ketim nes, aldimnes, and conpinations thereof. In certain
enbodi nenswtable arpanopeadllingatelystposy bd wned depending @r ths egactantseescnomn,the he
curing agent. bhehaves as am ne-functional. condensatjon tal yst and

cat al oo TEHRIERT 750y SR BEPFHRT AP R E e SRR TRt bF ek et ne

previ ousl yn @RsGpd ARGLSdUNABPenctahtd Pedsb@NAkheSldxiGiRNE. deertdie previ ously

descri bed al koxy-functional silicone. In certain enbodi nents, the

al koxy- f upebpdRghtssiheicaighst Kasesantrieama (. Alrddrpiecnih i wsighsi with et he presence
of anbi en 1. di . [ | ] ridqng. t use in the
present i %V\?g#ﬂ) %Iﬁ&l}{snlé%lg‘%ggs]aei%ﬁté@é?wg%%?la%qﬁ?Rﬁgh,e ﬂa%%%%%? i in (gt%grne adduct s,

pol yam doafibsdimenytd eahlyfihapiesenaii megleaidizel yanm nes, cycl oal i phatic ami ne
adducts, and aronmatic am nes Suitabl e pol yam nes include_those described in

U.S. Pat eHI03Rb. 3, sbBadddmon, giliee meredisntesepd ihtaspningethe it xbylizestoftbisce. | n
certain e I : 1N i | i l,nes,
cycloalipﬁggﬁ% glgifﬁggg“?@%b gﬁ%ﬁ%Bg§§%?%§§§k§§§¥g§ﬁ§$ e%%ﬁ ary am nes
such as t hesemadifietsaiidevarioiotypex afigaldétjves saah 24 WV RrabdizetsspigfneM | ent own, Pa. ,

under the product n Ancam ne, includjng Ancami.ne 2457: from Huntsman of
Houst on, Tng.n,g a&ﬁﬁéﬁ%@%ﬁ&ﬁﬂ@t”ﬂ&ﬁ@%ﬁ*ﬁ%@@ﬁ %P%firf'ﬁ%we&%?' és such as
those avapdabihstidd FMnkler R MR BredRARMA scpﬁ@ﬁ%%nt.n@ﬂ@méﬁédfi(?ﬁr(‘spﬁlaif Bel udi ng

Jeffam ne D400 to Jeffam ne 000. [0092] Suitabl e am nosil ane curing agents
for use i nsadhe theoadridimgryconguows adcorisngoto théiroisse perppsevent i on i ncl ude

conpounds ing th eneral. formula;, .Y-Si-(OX wherein n.is 2 or 3;
cach x| STAHLOS o ARG o B Qe ac Rl Ay B pre T e RyRg 1 G oup.
an al koxy gek¥Act&tQUng aith hyfdkoNal deveyhkiyheddh@ePien@FHrEMAY Mn@oNt ai ni ng
| ess than six carbon atons; and Y is H HNR)c, wherein "c" is an integer
havi ng a §8liessingfthef qagphination te an gleyated sammrytyreafagiekynpleiftomant06rigani ¢ radi cal
i ndependengd el . gro C Istin r , an al kyl
group, a Z§§¥E%VH%%#agﬁgh%?b%%%g%%%gggﬁﬁgﬁog%%Up,&%% £§%%%?%%ﬁ@§| group
wher ei n Rfleabilizar yaywbé prepared ol alowirlgehe tembibiddn twaseefor alpsriad ef fitie bher
described in United States Patent Application Publication No. 2006/ 0058451
Al at [003PPiepocqndions (o preaidgiaredrtion Prodist din shHiothr SBIPRGMHED AIBIES ed

h.er ern byreragﬂcaﬁ{sea%%ml{if?&g %lle%b'nti tfon ﬁb}e%ﬂ%o '[)Qt(flle"llicl@ttedbm are not
limted to, am noethylam nopropyltriethoxysilane,

n- phenyl atmpeprtapy Fdrrai peeib i oX yisielaad@mbient conditions for a period of time to

trimethoxysilyl propyl di et hyl enetriam ne, = . .

3 (3 am BT FOPORTH] nLTHRSEYLT(dgd time(s) may vary depending on the
am noet hy|api.pRpeEL iRMRNNd Libilip&t hoxysi | ane, 2-am noet hyl- 3-

am nopropyl triethoxysilane, tris-2-ethyl hexoxysil ane,

nami nohex{04i nopr opytarrimenbubpsits.ahe flexibilizer is present in the coating

trisam nopropyl.tri t hoxyet hoxysil ane, yam nopr | t.rd hoxysj | ane,
y- am nopr SEYPTHE OBy BRI Sy i Hom By e R Ly T Rees
N-bet a- ( ameRBEsHM ds YR NEREDNP WY WeidiBldroM ks @Bs, 5 to 15 percent by

N bet a- (am noet hyl ) -y-am nopropyl tri et hoxysi | ane, and '

N- bet a- ( ameciebethil the yweaght rﬁ@rﬁﬁl@p%@g g sedi amethe: ekl svdighiieof teowang n certain
enbodi ment s (gmgo nbi nati on of am no silanes, including any of those
previ ously 'R Icated, may be used in the coating conpositions of the
present i [00d2}ion. Imcedtaieemierdinentarhé Sexibheelpicsens il thaeosgpri ses a

yam nopropyl tri al koxysil ane. [0095] The nanufacturers and product nanmes of
some ani ns@np%%saééweﬁeﬁt RN NECOBII IS A AT BIPIPARAt GHRY CRBY- exanl e,
26020,  Z6Q1Ltionth 5 8f0nd ARdmXtOARR:SRN WALt ur ed by Dow Corni ng; Sil quest
A1100, A1101, Al1102, A1108, A1110, A1120, Al1126, A1130, A1387, Y9632,
A1637, A-2120 and A2639, and Coat CSi| 2810 manufactured by Gg; ED117
manuf act ured by Wacker; Dynasylan AMO, _ AMEO- P, AMEO T, DAMO, TRI AMO, 1122,
1126, 1146, 1189, 1204, 1411 and 1505, %4l| manufactured by Degussa; and
KBE- 602, KBE-603 and KBE-903 manufactured by Shin-Etsu. In certain

enbodi ments, the am nosilanes may conprise difunctional silanes including
am noet hyl am nopr opyl tri nmet hoxysi | ane, am nopropyl tri methoxysil ane, and

am nopropyl tri et hoxysilane. In other enbodi nents, the am nosil anes include
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conpositions of the present invention, i.e., a silanol-functional silicone;
an al koxyfunctional silicone; a flexibilizer conprising a reaction product

of two orwgupr/meset ants; and a curing agent sel ected f PORUSBR012621994

am nosi | anes, ketim nes, aldimnes, and conbi nations thereof, such as those
descri bed above, provide a one-conponent |ow tenperature, noisture curable

coating c ition havi ood storage stability, ygt once coating is
appl i ed t IA3E st r 46 esed Mscteg EiHg EPPR i I‘Peétsﬂ%ﬁa/ TeiPrves ,sﬂa%d
appearance, and other good propertiesgincluding weatherability, chem cal
resistance, and flexibility (i.e., elprgation, inpact resistance, crack
resi st anceompitising epdifliectioatl grosisl bAs heddnigbréiy, the pamt ‘isdadesir t heory,
the inventaors believe the conbination of conponents nmaintain equilibrium
whi | e st ofd@sitha gompeingi seataining apilicon afept indhg PaskboRtet upon appli cati on,
cure quic en e Lent 1.di : .

[ 0100] Mor é%érb cerpggﬁég%%gblneh@gtgggghgu%ﬁﬂ%g%}%ﬁgggsg'H%ﬁe pr esent

i nvent i onglyoidpkymepylirjallanxyaifhmo si | ane, such as those described earlier,

ii) an am al cohol, and (iii)..a trifunctian xysi |l ane, wherein the
ém; hoor | ML or ooBrbnsRinsfionahbishes bt .aéﬁis"cl@%leefgégﬁeﬁaﬁ‘elﬂ%mgﬁé% by
wei ght,  syeihe 35esPntddvdfioR o &%ﬁrtﬁtgr@fgll YviBib@Ynd ife1fde, bRt He BoPBh &N, DY

wei ght, or, in sone cases, O. 0 0.8 percent by wei ght based on the tota
wei ght of giyhiospappylyiatlomysdindsomcludimgf 26040, icommeesciglly pyailgblndiom di scover ed

t hat one-¢co nent coatin sition f the.present i.nvenfJon conprising
such a colBraLTal: i RoMe DPReT dterycutawrt SUB By BRE T oi ng an

al koxysi | anameRidTlynahilaté troaNOSESpecRitBNRC], DakBee, @sthealikaxy and/ or

silanol -functional silicone exhibited good cure response (low dry tines)

whil e prollMphg a céarrevicushameniipded.dggedsin cabodimenise thegporyy. [ 0101] Ani no
al cohol s i t.abl e far I . 1 ng.co L f resent
nventi ont SRS Bl PP RLFREkh QB0 K05y § prhlFe £

di met hyl preapadiopradudiehat thayeiehistdad aflotibitizacin theetdayihg thinpsatihandliam ne,

met hyl propyl net hangl am ne, net hyl et hyl et hanol am ne, nonoi sopr opyl am ne,
met hyl di ePREHBIRNHRY tri et hanol ani ne, di et hanol ami ne and et hanol ami ne
[0102] I n ine i . [ C i1 1.0 t: resent
inventionﬁggﬁfconprlsgﬁ?%ﬂ% %“%@ﬁﬁggg%h?@%ﬁ?%agﬁ?%ﬁﬁﬂggf%gﬁﬁ%§5 wei ght,
such as 1flexibBizpsrod et prbsentmiveitionaniselected fromglolyamring, peplaeintimine wei ght

am no al cohpol, based. on the total. weight of the coating conposition. In
cer tai n oRBE TSI ORE RS Ghlocl Bkt e FABL B SF noai cohol
in the coghime, ?f&p‘yl&ﬂédi%iﬂe@,%r%@t&eﬂhinleﬁ%ﬁ@%bﬁﬂinﬁﬁorﬁ%&%ﬁ than 1:1,
in sonme cases it 1s'1esS than 1:1, such as no nore than 0.75:1 or no nore
t han 0. 5: [0048D103] Thiritabhcamimedhnaiopsi tesing orawe inatht erefsont ingatipmntalye pr esent
invention.ipclude t hose haviQ%>the formul a §R2.1 3 -Si-¥932]1 OR2

[ 0104] whe"StU5e RITALY ARMEHFFOMZEX AMIng}. Of i %F‘i%?ﬂsRé?rS%fp ARG PRIEBY 5

i ndependeninknés are @nkiéreiaBy YlailaBlechnaXethdey/thosed viapavia ko FHu@kman

hydr oxyal koxyal kyl group. Specific exanples of such conpounds, which are
sui t abl e £hemiggbundsr theeprpduss ape Jef{panng.ouch asn&rggamplst hyl t ri met hoxysi | ane,
met hyl tri ' - yhtr et i | - -
nethyltrig@@g%%%@%ﬁ%%g?%ﬁ%%h%FP@ggthéé@%ﬂgﬁ%?bé?ﬁé?PFﬁ%%¥Pbgvg?lgne, and
et hyl tri etdeonysi haies igodadeandyel dvailgild oudes itheagrodudt @166 JAnsam@et ai n

enbodi ments, the coating4conpositions of the present invention com conprise

f
in the raigldipe Apgmine 14370204 XEHadhfromHyptsman Charpicpl ard asppdicesiser cent by

wei ght amaﬂﬂﬁwé‘%&&%'thos‘é%oﬁm&“r‘éi&l‘?;ﬂ&va*?l}éblferffd;n&'Bﬁ&ér@ﬁ .19?8¥§@hk%£@ducpas‘9d on the

total weight of the coating conposition. In certaih enbodinents, the weight

rati o of R&ne Deemaplienomicludimg DexntophéuNEL 1 220aDeomydichaNté 1420,tahé coat i ng

conpositiqns of t resent invention is from1:5 to.5;1, in some cases it
o From 105mptsh i 85EF ek ehisdia it AOMEHGR SPTIRY gPbut ousy
descri bed&GQRRRPERiRes hdyeeaRdd.i Ng conposi tions of the present invention may
conprise any of a variety of additional optional conponents. As the
conmponent 0049k opt i bnedrtain ¢rebafioents, where ghetaamine-éumsodnateetis comprgseg 0at i ng
conpositions of the esent invention are suhstantially free,. or., in sone
casbe: conppafiy pRmEIREng e Ay Hsoliited Ah iR hen £ TS
stat ed thgilanad. ¢@adrtdQeaBIRBShis] BB ré&ictibhproduasedlting Wemithio BomBination
"substantially free" of a particular material, it nmeans that the material
bei ng di scussed is present in the conpdSition, if at all, as an incidental
inpurity. In other words, the material does not affect the properties of

t he conposition. Mreover, when it is stated that a coating conposition of
the present invention is "conpletely free" of a particular material it
means that the material being discussed is not present in the conposition

NA N1 1 . N Y g, o " Y "



are each independently selected froman al kyl group, an aryl group, and an
al koxy group, each group having up to el even carbon atons, and where R7 and
R8 are eawb 20rdwpendent |y sel ected fromthe same groupsPa3/us3012/0219R6, or
from groups consisting of inorganic atons, such as hal ogens, sulfur or
oxygen. Exanple catalysts include organotin materials such as dibutyl tin

dilaurate, dibutyl tin diacetate, diputyltin diacetyldiacetonate, and

or ganot i t&%gl?ee%‘.ﬂ\{ff @I@S]fﬁrﬁwcﬁ%gp&}s ‘gﬁ‘&g PTPEY R Y8f's i ncl ude | ead
octoate, hRAEMARYIRAINAR Sfso RinedHaN & 4 AlfnedRdSMR. ¢ot BRIG1e RhRMUL h
neodecanoat e, bisnuth napthenate, bisnuth versalate, manganese

napt henat edipeinataoreniiy oreaterrd ivganpelgmenetropriseng & eandidl nitnogereatphdweingnat e, zi nc
acet yl acet onat .i.n _neodecanoat e,. stannous.2-ef hyl hexanoate, |ithium
neodecano b S e s ATE e G a T Bab A A S SR NEUEE, 21 ne
octoate, Qe ilk€ iRk Y (RECEADG Bakabk RkteAGAL YARERS A Midk trchiRbal t octoate,
zirconi um acetyl acetonate, zirconium octoate, zirconiumversalate, alunm num

acet yl acetrgtegrxafungaprality exterding therefiomy 8. e @rsiliconetamat SUChoEHY | ner curi ¢
pr opi onat r [ n e C es of

Dt han; g vEFERES AR REU R R e 1 T2 R il PR 2 .
Commrer ci ahtor, xhdinag pedvidathalcysibmed pedpattidsvf hixd funmAahlitgrantd el ude Cocur e,
Cotin, and Co_scat catalysts, (Caschem Inc.); N ax catalysts (Union

Car bi de) ; VIseRsit¥ads welt 31 981 ¥Okabbot t Laboratori es); Dabco catal ysts (Air

5 o ST S e R SR )

Cur ene cap=ivipsitly desaribed spoxybBwmeliapirgittne Co the; prBodrabn&00secabddry stsne( Buck man

Laboratories, Inc.); tic Part 14 Pal yTec vel.opnment Corp.): Metasol
catal yst SO BaRgON b O B heSdom Bt 6 & B 98t B CeRarial 1 Car of 1 na
Corp.); ng)@@ighg catal ysts (Conap, Inc.); Cata-check catalysts (Ferro

K

Corp.); catal ysts (Kenrich Petrochemcals, Inc.); Bi CAT catal ysts
( Shepher d[@@3dhi cal TocertainmenbahmentzRhe ABxibibzer PRPBEiCthE abatggs ( Texaco

Chem cal Co.):.Thor .535 catal ysts (Thor. Chem cal,s, Inc.): Toyocat catalysts
(Toson LSO ogdichrrap e Gr R BERGuT e Nt PR A ¢ he

af or ement t@gdingMictakbida®nusedtioh pro@kO8t 4 Forinaiconpribiaginteetian t he

catal yst is present in the coathrll]g conposition in an anount of up to 10

per cent bgnéiegHiethydendhursstugaten ang ag agepesdlate.by wei ght, or, in sone cases,
0.08 to 2 ent b i . I . i ased on the
total wei b%ﬁgf theYnc%%{agﬂ%m%%&ﬁ%ggﬂg’p ﬁ%ﬁ%@g&%@ﬁ’ﬁ f%g‘gt{l? tfi?eﬁ&{)bgﬁgr enbodi nent s,
t he coat i sgmpesigesiof tlengeeht hkentphesapiist oy endedlled, seacendatibahianti al |y free,
or, in some cases, conpletely free, of such a catalyst. [0110]In certain
enbodi menf@tapig, Michae ditinrgsagtiongredust o 1sactaRts SERPriTing & ROMBY onpri se a

noi sture ] . €, nl i |y reducing
The pr esecatiaRE ol Phal O B ARSG e ul Al HATRE 50 ph L AOLRIR Y T he
coat i ng composattd oompderde sehos spolydmeth)acsylnet Abased beleinSthiettedmh e noi st ur e

scavengi ng, i ngredi ent.s. i ncl yde. t hos uch as calciumc ounds, .such as
Cas0a 1/ JuesBTGRLEL nnctieinad e NE o i St SRS, Shiblibyl 11 t anat e,
tetra n by, ¥Hett€1'ﬁ@“s%é&id'a%ﬂ@min@?:bﬁt%ﬂrﬂn%”"rbﬁﬂ ®l doapBud¥lcbhprisiath or gani c

al koxy compounds, such as triethylorthoformate, nethylorthoformate,

di met hoxy prcopdary amingOwagchas 3 o0 REErUSPEha L D2 +9I i dubftityerie ateai n

enbodi nents, the noisture scavenger, i.s present in the . coatin osition
of ‘the. pr EU ORISR OB o A e Bl R P MR Sl 2o
0.25 to Sroferk GhtesPE Hige Ate suBstantially SRR f ¢ asEisnkiadaridhaze Welighhsiper cent, with

t he wei ght percents being based on the total weight of the coating

conposi t i BHCOsBY vdshtdietved ima gtitable sohisat iapragtegningd doc®@ipify it onposi ti ons of
t he prese i I ) t antd-all e DS conpletely
roe. of  MrshEEbHEASOR BHER NS AT Ane fiiph 8 RS S s e
usef ul i nisfaprindiogidnhef isaadlecudaroeiplas iA peiled redin,tdni the btheehdndosintencisude wat er,
solvents, plastjcizers, extenders, fillers, hydrocarbaon resin nodifiers,
and vari ofSess§pRdy dafindighy high swlecylas weighinwilk by pp JUFBSIC ¥iseRREN(IOUet t i ng
agents, f ehi L1 VeS: i : the |ike.
[9113] The " Eaud TRa Y s DA, LG (I ATE RS iy PEREATRIS (RRRT Con

i nvention can be, for exanple, froma reaction between ingredients,

at nospheric humdity, and water present in one or nore of the ingredients.
Water may be added during the formati odlof the conposition to accelerate
cure depending on the particular cure conditions, e.g., such as the use of
the conposition in arid environnments where cure takes place at anbi ent
tenperature conditions. [0114]In certain enbodi ments, the coating
conpositions of the present invention conprise a sufficient anmount of water
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in the paint industry and/or listed in the Dry Col or Manufacturers

Associ ation (DCVA), as well as special effect conpositions. A colorant nmay
i ncl ude, woroexanabe, a finely divided solid powder tha®PCrasemaokiyyd e but
wet t abl e under the conditions of use. A colorant can be organic or

i norgani ¢ and can be aggl onerated or non-aggl onerated. Col orants can be

i ncorporated jnto,the coating conpositians by use of a grind vehicle, such
as an ac_r9liols%}1 en de s @IY%QC%PHB%_@ t&ﬂ?t%?‘é%léhtlai"er_ﬂ%e ?‘g!‘?FP]ia’éWe _tpne
skilled i pvithersafetermidfdd b X uTRletid GFBRLS LAPH).T 104 IRNE 0 @PHRPSI ti ons
include, but ‘are not linited to, carbazol e di oxazine crude pignent, azo,
monoazo, H0S3ko, naphtdiain AghHodments.ttheeoripakdspmpiieimgimird axal oneite
condensat i nmetal compl ex, isoindolipone, isoindoljne and pol clic

ot hal ooy BHREERS drstdAP fambSEs PRl eSS Feled TP Bls  of e,

t hi oi ndi g@i- aadhiyhadAtrPaRs., sbmé@hm,of_@ﬂﬁmépmgétﬁi/@hia@lay fihauamnedr one,
pyrant hrone, anthant hrone, di oxazine, triarylcarboni um qui nophthal one

pi gment s, MONRBEE A5y dineyiigsy pychlas 1itebexan qrelgte) 1.4thutanediom di oxi de,

car bon bl ' r r o' " ! ored filler™
can be usgl‘élériy%p%rec a%\néeggiﬁog Hsf%%%] gﬂ%ﬁ?‘{egg‘f}’e@ lgi%gtﬁ%dtg,ﬁg lﬁ}d&gér e not
limted tglycdblnhiseyhteatriprsgylael ggsl daod/ae, rgpanusihas didcsias @$ pht hal o
green or blue, iron oxide, bisnuth vanadate, anthraqui none, perylene,

drQ b anad
al umi num Awanegie e thaeriate. polyshytaedinbl diagryhaies tgtivethyléae ehigpl are not | nit ed
to, pigne | sed t ol s LRELDOL: iers such as
AQUA- mEMa@Seéﬁdggﬁnf%’r 533‘19&&%&3{’%@%?@#%&"@2‘?&2@%@’%@9 RI SMA COLORANTS
and MAXI TOoNERré VDS TRy oAl dBCyCRANDS etloderer gy @il Hiacewae,| aabloe bisphemoAécur at e
Di spersi Oﬁ%ﬁ%ﬁ%@i on of fast man Chem %a{ﬁ Inc. WO
2012/ 1001 08361510672 18%4 SYD 1S SRS HRIAPYISIVACTY e col orant can be in
the form gim&ndofREFak AimbMed YAt Gent B BRI hdidh{@dx GriacRIM@NGHALT | Cl e
di spersion. Nanoparticle dispérsions can include one or nore highly
di sper sedtrmagtbplalpropine tasshexyanne ybuted tesraacyladesa suchpapeite¢rgthrtdlat  pr oduce a

desired visible color and/l.or .opacity and/or .visual effect.. Nanoparticle

i sper si TRt aflal s R AR Dl Gy s hflo Gy U RS

particl e g difeherk@sifoliARRoMkRP0R3 pentei@YIate. SUCh as | ess than 70 nanoneters,
or less than 30 nanoneters. Nanoparticles can beg(?roduced by mlling stock

or gani ¢ of005A&br gani & HldgfipsHoriR 1ieh ofrtheaforgmensioned palyethyleaicpdy ti cl e si ze of
| th ) LI | i.Cl. I i . t hods f
o5 Uk TS AR SRBA AR es ocs

i S i ncor pMieliaetladitici radajonrpebéuce nEeacthitd 28eisinpapbiyetsleadicafigr si ons can

al so be produced bi{ crystallization, precipitation, gas phase condensation,
and chem Bajatugied pliggner jAswill bepppregiates Edpim i ¢igomer nangk pekye” ieni ni ze
re-aggl o j 4 el e i 1hi " WeloP i i.an of
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resin- C0aHé‘s‘ériBﬁQ%ﬁ?bhﬁds%n@?ﬁin@%&‘r@@l;?anfd?l_% sBKE &ylehR MndiBratidghd fied in
United States Patent Application Publication 2005}/0287348 A, filed June
24, 2004, teauns, oligommer's vwhiplolympgs| arcanéanh tNee, ingd¢8geab&7 fil ed June 24, 2003,

and Unite tes Pat ent | i cation Publi.cation 2006/ 0251896 Al, filed
Tanuary 200855060 WREReL BRI ok Ele R e R AR RO e Bl

[ 0124] Exapita8leSeGictih tef presdnt aRenasi htipas, fhhalantpiy, ueghiteedrlited, he
conpositions of the present invention include pignents and/or conpositions

t hat pr odbelEeseiacaratppingd Appeas tetesl.arartecelalythese thy arefrpeef hydeexyl

pearl esce . I.C p £ tochrom sm
phot osens ﬁﬁ‘?&?@@‘#ﬁ’%r ﬁg%h%? o%as ?&g&gﬁp@iﬁ?@?ﬁﬁg r%fl éaltﬁ&)/ %Eﬁlg]g%%%rﬂg%g’n ge.

Addi t i onakuchipscha@ab sefifbgdl yteoSpare Specisitieamcpumder de @biheat npae CEpicrl e
properties, such as qpacity or texture. In certain _enbodi ments, speci al

ef fect conpbdid Fbrseyl 24 apd Balyeserncednist: sueh 4 Ebesrd §0aMa{ableBoRd{©R of the
coati ng chgpgrsiswhen the coating is viewed at different angles. Exanple
col or effect conpositions are identified in United States Patent No.

6, 894, 086, incorporated herein by reference. Additional color effect
conpositions can include transparent coated m ca and/or synthetic mca,
coated silica, coated alunmina, a transparent liquid crystal pignent, a
liquid crystal coating, and/or any conposition wherein interference
results froma refractive index differential within the material and not
because of the refractive index differential between the surface of the
material and the air. [0125]1n general, the colorant can be present in any
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WO 2012/ 100140PCT/ US2012/ 021994 [0130] The coating conpositions of the
present invention are suitable for application to any of a variety of
substrat e 20r¢toodong hurman and/ or ani mal substrates, sRCH/US0RM2EPS N, fur
skin, teeth, nails, and the like, as well as plants, trees, seeds,
agricultural lands, such as grazing |ands, crop |lands and the |ike;

SRR L il B T T G S B R U

substr at epybRaligeR C@(deV(b(P/%B% QA MR YOG BirbAeSr00b MC tHédoR@nRager ,
paperboardu ca#dbogrd pl ywood and%%aésged ?lbeﬁ]éb[oarg]C hgrd&ood,

sof t wood, “mﬂmdﬂweneewnnghhﬂmomebdaﬁnwechlpboard oriented strand board, and
fi ber boar ch mater be de entirely of wood, such. as plne oak
mapl e, E%’g?iﬁ @PF&P“‘& A 1Y 0 K Py MBI A QBP O U G s ey,

mat eri al smthﬁﬂaﬁém&eomgdem@umtmmﬂﬁtmwam b& s@ndlhan ceriigri al , such as a
resinous material, i.e., wood/resin conposites, such as phenolic

conposi t egmb@@m@ats» the sompoRsked Mrisinesmansdharheneriip (oA stiylenisolnsairaionand wood
conposi tes. r ti ng.

[0132] Sui PISEITS iy e R ol GEE Bhoserl of ity SmBras L Endfibing, to, foils,
sheet s, odia¢é®ikei eces constructed of cold rolled steel, stainless steel and

steel surface-treated with any of zinc netal, zinc conpounds and zinc

al 1 oys (i HOP8Hi ng ePedravdush Wﬁlﬁﬁtfédh% £RBPOUIKGY CAMPRSIAZ §20TY HRNABE st eel |
GALVANNEA sium and
2 Toys. tneaarityloBfinSlERior B Aialtbl S be Eo Bk ORI SBARE A

GAL VAL UVEfo jabuide nueacpbapediust thel manbe eded s a dilex dlilizey ugpldah dde csjaeag S ubst rates

may al so be used. Steel subsirates (such ,as cold rol].ed. st. or. any of the
St ael aubCOPBRGTS oL T rEia, ) b Bt e RE T dRER GImPHERE] Sy i o

phosphi detd 4 &Hn;%ﬁé%h%n%%%él@&ﬂzﬁr%ruéﬂu?@thﬁﬁh&lﬁﬁéseanfaﬁtﬁmé'%?odprhnﬁ he process of
the present invention wel dabl e coating conpositions are disclosed in,
for exanphkidicontem. Pat. Nos. 4, 157,924 and 4, 186,036. Cold rolled steel is
al so suit when ret eat d or _exa 4. sol uti.on sel ect.ed from
the group™c gﬁgistin éf%ﬁﬁés %QW£“§@$ ‘F%%engH%QEQBﬁg ?éﬁutlon
cont ai ni ngaeqtredeﬁtamer%ﬂ c@ﬁfpﬁ@esld doBnundl ¥BviiR HR forrdMaor ganophosphat e

sol ution, an organophosphonate sol ution, and conbi nations thereof. Al so,
sui tabl e qmﬂaiLts|qu$¢5ates i ncl ude S|Iver gold, and alloys thereof. In
certain enbodi memts, the metallic substrate may be bl asted, for exanple,
w th sand and/orrnetal shot to provide a profile to the substrate. WO
2012/ 100140PCT/ US2012/ 0219%herein B3 @ atigylass godupshaivingdiemgitpil@ gaiben
substrate gl I e 3 S ) abl e
cemantltlég)tl?g{S R g?@a Qﬁghﬁﬁ %SQH?&%U d%gggjiqggud%éggnlte%'r§]§§% anpl es

of suit ablgﬁ)upmhylﬁg fioln $ b8 Cidbe atoafseR Y6 Mﬁﬁlkykg”t@up Roliyaffogielsto ol yest ers,
pol yet hyl ene, pol ypropyl ene, nel am ne resins, polyacrylates,

pol yacr y| 6¥De1 ftogls, wpyttﬁrsawétﬁé@f frgze Oye &r %eﬁattaé%emb@tlwntﬁﬂf therireentie,
| | |
Bor s paniT e R I e o P e & ane

natural pof yhiehshe muﬂhoaﬂlag@ﬂmomred[@,hﬁai Exarsptnesnﬂmbdsmnntabdm fdsrext | |l e

substrates, are fibers arns, threads nwWovens

o rent s BBAE R BITLE: o A oF kst b raneeh el SBECEr B g

fabrics, Héfﬁr@%nd@%&%\v t&l@ﬁefré%ﬂrebhl%%ﬁl& ahifel BaditibH Goscrlib @ oarte M and ram e,
vi scose, wool, silk, polyam de, polyam de blend fabrics, polyacrylonitrile,

triacetat H}O6Qbet at eSpcpmﬂwwmmefamlmshlymsofplytlem@ supahlg/ﬁurnw: irctheor i de,

pol yest er rofi SS. flb anpl es of suitable
Feat hor stIEsPP st MkaTEral iR din g Aok b R REREEE. goat or cow
and box- | @@Iﬂ%@fogfy[tﬁ@ﬁh@ﬁirsfﬂaﬁﬁ YCMhop r§§f«1ﬁ@tﬂy¢(ﬁéﬂﬂ@kys€l@nfg 4-velours from sheep,
goat or calf and hunting |eather), it velours (e.g. fromcow or calf
skin), buéml@mppa’iﬂﬂh}ﬁ@m?mx}’%@ﬁ%é’raﬁﬂmpltonﬁlph@n}’é@eﬁh@&’%lﬂn%Wr ns and furs (e.g.
fur-beari een tanned by any
convent|o%&F%ﬁgﬁﬁﬁhg%%QSk%gPlﬁﬁmégﬁﬁﬁgﬁp J@ e a%le m neral, synthetic or
conbi ned haimedty{ehydietok gdiRné. a0oedinazio iCeiyly otf&mrve@ir,en@humteﬂl um tanned or
sem -chrone tanned). |If desired, the | eather may al so be re-tanned; for
re-tanning there may be used any tanni ng agent conventionally enployed for
re-tanning, e g mneral, vegetable or synthetic tanning agents, e.g.,
chromium zirconyl or aluniniumderivatlPves, quebracho, chestnut or ninpsa
extracts, aromatic syntans, polyurethanes, (co) polyners of (nmeth)acrylic
aci d conmpounds or nel am ne, dicyanodi anm de and/ or urea/fornal dehyde resins.
[ 0138] Exanpl es of suitable conpressible substrates include foam substrates,
pol ymeric bladders filled with [iquid, polyneric bladders filled with air



considered as limting the invention to their details. Al parts and
percentages in the exanples, as well as throughout the specification, are
by wei ghtwontbegwoabherw se i ndi cat ed. EXAMPLES Test Met RO@AIS2¢1002B3p4,ot
Life: sanples are stored at anbient conditions for a specified period of
time. Viscosity is neasured using a Ford Cup #4 at a tenperature of 20C to

25C. Both the Ford Cu nd t S |l e.are at the aforenentioned tenperature
range dur FHGPYUREs Myl Soﬁ@fﬁﬁ%nﬁg&“ﬂ%%@% %Itg‘%a%ﬁo@ﬂ%‘ﬁﬁ%}m&ﬁ% ied in
two (2) fyhlanGRairspantdkdisaigased scuffed bare steel substrate. Film

t hi ckness of the applied Coating ranges from40 to 80 mcrons, preferably

50 to 70 H0édbns. Dhycariameembslimentorttie dngallediMinhass addition reaptper at ure of 20C
to 25C and at a rel ahi ve. hum ?i tﬁ'\ o{l over 50% accor di n%gt o ASTM D1640.
[0145] BK PFAMPHYS 49T Hsd By SEPRig Plengiedhe Fraftapiséth foons CRPSIaWE 0L 24 om Gar dco

(conf or ms slight KSTVaRBIOhperd®sd, ftbxampR lip ensoocEenpeiaicts®or AP4mie 25C;
Rel ative Humdity: 50% The coating is spread onto a glass slide at a wet

fil m thi cRieepsvidsanagihylendiratht wisgtuped goep oech qeyrstip the Hexitbzes 9f 8ds t hr ough a
dle whi . ‘ . . s El i bi |1 Cion:
e e "R AT b TS s L LU0 ™ o ary

filmthickaess thefterh® Mah88) addioansactiph f@iuadliy nlenttto reter 1ithé pguctThe
coatings were permtted to dry approximately four (4) weeks at amnbi ent
a

condi t i on8f UFBRPFEIcHCDr suCpredbeieeanrly mprehsat i light ytablsdban Heately to testi ng.
Coni cal C : LO 0 ] 3 anpl es
accor di ngl\g/gét} gf}ﬁg%fg&qﬁ%g&gg%nggé?ﬁlgz\eﬁg?gctogﬁ%gd 51‘2?1?{’3’?{) Et{ahéﬁ%ﬁhtéhe sanpl es
accor di ngammobiCHA td dehrongaiund@udmptising moPe thaande ASTM dDI&AC uiQhdFd@Ghem cal
Resi st ance: the hesﬁjji ids were %)%Iied as a spot qirec[g[:lg opto the dry
coating fqulwst’é‘t_ CPESESdVETRECCHE YA STREPS KR ARRATHRRE - £ 15&6@‘? oxi mat el y
one (1) nRBtJRr Rt tedeh@BhiMiliurdisaQpt QFfiVERy R aWRReFRbHNAIRA LM th the
test liquid and placed on the surface of the ‘coating filmin the sane spot

as the |i tgirdsuliadt isnpmetamkybetfppl therdforg tPedd thedinsdtunatesl ipataaldo aver t he
saturated_pad to prevent evaporation.of.the test liquid.,Test |iquids with
Fast ovapBranoibiesRR R PLCRgagm PR itie o8t whMasteaddilono 'm nut os 1o
ensure t hgrogaat ime rédckioh WasbEeRtitoRUS khe HXERSMH atsolveeorti®tie gré@héed. Af ter
approximately one (1) hour, the test chemcals were renoved with a danp

cl ot h. Thef ¥biaeitnglvent Mxaaplosios setable inpd selyerts argdolenanbetil ¢4y, and after a

24 hour T EaNLNRST ke, WPA0KRL IR0IARBEILNERIPLOZRES | Q348] Rat  ngs for

Chem cal ResI’stanc very sl swel i ng of
area i n ddesgableabntxeteavidntbet @atiudtédiini tdy absBndedeff maiktuee evielalcongoltdd area in
direct contact with test liquid); 7 (swelling of conplete area under dish);
6 (swelli ﬁ’@o‘éﬁf&fﬁql%t}nﬁ‘do a¥o1 P@&’aﬁtﬁéé}deé‘i’f’é?ﬁyf;ls @d(l&%%l Selaiogwel | ng of the

covered ajggapnd Pi §f bd@iPdmb €ahe Ml 1@% i PleYcnSis Bbddled
Pr epar ati (r)n o? Fl ex%ﬁ?ﬁéerr&: %ZS’] F? eX|C a| F?ﬁzaér S (eéiarrrlpﬁes (% tehr ough 6)
wer e pr epsuchdhatshaequivederne oatporfehd sthyledicalipumhtiratde gtaups edthe aniliebl e 1. TABLE
1 Descristion.1 % 345

groups is at least 1:1, in some cases, at least 1.05:1.

[0063] Further details are described in United States Patent Application

Publication No. 2008/0075870 at paragraphs [0022] through [0024] and paragraphs

[0026] through [0027], the contents of which are incorporated herein by reference.

[0064] In certain embodiments, the flexibilizer of the coating compositions of

the present invention comprises a polymer comprising an alkoxysilane terminal unit

and a urethane linkage, such as is the case with polymers comprising a reaction

product of reactants comprising a hydroxyl-functional resin and an isocyanate-

functional silane.
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[0065] As used herein, the term “hydroxyl-functional resins” refers to resins
comprising hydroxyl functional groups, -OH. As used herein, the term “isocyanate-
functional silane” refers to silanes comprising isocyanate functional groups, -N=C=0.
[0066] Suitable examples of hydroxyl-functional resins may be selected from
acrylic resins, polyurethane resins, polyester resins, alkyd resins, polyether resins,
phenolic resins, phenolic silane resins, polycaprolactone resins, polysiloxane resins,
and combinations thereof. In other embodiments, suitable drying oil fatty acids may
be used as the hydroxyl-functional resin and include, for example, those derived from
linseed oil, soy bean oil, tall oil, castor oil or tung oil, among others.

[0067] In certain embodiments, the hydroxyl-functional resin comprises a
polyester resin comprising hydroxyl groups attached to a polyester backbone.
Suitable hydroxyl-functional polyester resins are commercially available, for
example, from Bayer Corp. under the trade name Desmophen, including Desmophen
651A, Desmophen 670A, Desmophen 800, Desmophen 1100, and Desmophen 670.
[0068] In other embodiments, the hydroxyl-functional resin comprises an
acrylic resin comprising hydroxyl groups attached to an acrylic backbone. Suitable
hydroxyl-functional acrylic resins are commercially available, for example, from
BASF under the product name Joncryl, including Joncryl 948; from Bayer Corp.
under the product name Desmophen, including Desmophen A160, Desmophen A760,
and Desmophen A 450; and from Rohm & Haas including UCD-191HS.

[0069] In still other embodiments, the hydroxyl-functional resin comprises a
polysiloxane resin comprising hydroxyl groups attached to a polysiloxane backbone.
As used herein, “polysiloxane” refers to a polymer comprising a siloxane backbone.
Suitable hydroxyl-functional polysiloxanes are described in United States Patent No.
6,987,144, column 3, line 20 through column 12, line 64, the contents of which are
incorporated herein by reference.

[0070] The hydroxyl functional group-containing polysiloxane can be
prepared by reacting a polysiloxane containing hydroxyl functional groups with an
anhydride to form the half-ester acid group under reaction conditions that favor only
the reaction of the anhydride and the hydroxyl functional groups, and avoid further
esterification from occurring.

[0071] Nonlimiting examples of suitable anhydrides include
hexahydrophthalic anhydride, methyl hexahydrophthalic anhydride, phthalic
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anhydride, trimellitic anhydride, succinic anhydride, chlorendic anhydride, alkenyl
succinic anhydride, and substituted alkenyl anhydrides such as octenyl succinic
anhydride, and mixtures of any of the foregoing.

[0072] The half-ester group-containing reaction product thus prepared can be
further reacted with a monoepoxide to form a polysiloxane containing at least one
secondary hydroxyl group.

[0073] Nonlimiting examples of suitable monoepoxides are phenyl glycidyl
ether, n-butyl glycidyl ether, cresyl glycidyl ether, isopropyl glycidyl ether, glycidyl
versatate, for example, CARDURA E available from Shell Chemical Co., and
mixtures of any of the foregoing.

[0074] In other embodiments, the hydroxyl-functional resin comprises a
polyether resin comprising hydroxyl groups attached to a polyether backbone.
Suitable hydroxyl-functional polyether resins are commercially available, for
example, from Bayer under the product name Arcol, including Arcol 1150, and under
the product name Desmophen, including Desmophen 1920, Desmophen 1915 and
Desmophen 550.

[0075] Combinations of any of the aforementioned hydroxyl-functional resins
may also be used in the flexibilizers of the present invention.

[0076] As previously mentioned, in certain embodiments, the flexibilizer
comprises an isocyanate-functional silane as a reactant with the hydroxyl-functional
resin.

[0077] Suitable examples of isocyanate-functional silanes are commercially
available and include, for example, isocyanatoalkyloxysilanes such as, for example,
isocyanatopropyltriethoxysilanes, under the product name A-Link from Momentive
Performance Materials including A-Link 25 and A-Link 35; others are available from
Shin-Etsu including, for example, under the product name KBE-9007.

[0078] In certain embodiments, combinations of isocyanate-functional silanes
may be used. In certain embodiments, the isocyanate-functional silane comprises a y-
isocyanatopropyltriethyoxysilane.

[0079] In certain embodiments, the equivalent ratio of the isocyanate of the
isocyanate-functional silane to the hydroxyl of the hydroxyl-functional resin ranges
from 0.5:1 to 1.5:1 by weight, in some cases from 0.8:1 to 1.2:1 by weight. In other

embodiments, the isocyanate of the isocyanate-functional silane may be reacted with
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the hydroxyl of the hydroxyl-functional resin such that there are no free isocyanate
groups present in the flexibilizer.

[0080] In other embodiments, a combination of any of the flexibilizers
prepared by reacting a hydroxyl-functional resin and an isocyanate-functional silane
may also be used in the coating compositions of the present invention. For example,
in certain embodiments, a flexibilizer prepared by reacting a hydroxyl-functional
acrylic resin and an isocyanate-functional silane may be combined with a flexibilizer
prepared by reacting a hydroxyl-functional polyester and an isocyanate-functional
silane in the coating compositions of the present invention. Other combinations are
also contemplated.

[0081] In certain embodiments, the flexibilizer of the present invention
comprises a reaction product of a polyisocyanate and an aminosilane.

[0082] Nonlimiting examples of suitable polyisocyanates include aliphatic
polyisocyanates, such as aliphatic diisocyanates, for example, 1,4-tetramethylene
diisocyanate and 1,6-hexamethylene diisocyanate; cycloaliphatic polyisocyanates, for
example, 1,4-cyclohexyl diisocyanate, isophorone diisocyanate, and a,a-xylylene
diisocyanate; and aromatic polyisocyanates, for example, 4,4’-diphenyl-methane
diisocyanate, 1,3-phenylene diisocyanate, and tolylene diisocyanate. These and other
suitable polyisocyanates are described in more detail in U.S. Patent No. 4,046,729, at
column 5, line 26 to column 6, line 28, incorporated herein by reference.
Combinations of any of the aforementioned polyisocyanates may also be used in the
flexibilizers of the present invention. In certain embodiments, the polyisocyanate
comprises an aliphatic diisocyanate, such asl,6-hexamethylene diisocyanate.

[0083] Suitable examples of polyisocyanates are commercially available and
include, for example, aliphatic diisocyanates available under from Bayer Corporation
under the product name Desmodur, including N3200, N3300, N3390, and N3400.
Suitable cycloaliphatic isocyanates are available from Bayer Corporation, including
isophorone diisocyanate, sold under the product name Desmodur 4470.

[0084] As previously mentioned, in certain embodiments, a polyisocyanate
may be combined with an aminosilane to provide the reaction product that may be
used as a flexibilizer in the coating compositions of the present invention. Suitable
aminosilanes have been described above and include, but are not limited to, for

example, aminoethyltriethoxysilane, y-aminopropyltriethoxysilane, y-
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aminopropylmethyldiethoxysilane, y-aminopropylethyldiethoxysilane, y-
aminopropylphenyldiethoxysilane, y-aminopropyltrimethoxysilane, o-
aminobutyltriethoxysilane, 6-aminobutylethyldiethoxysilane, and
aminoethylaminopropyltrimethoxysilane, and combinations thereof. In other
embodiments, the aminosilane comprises a y-aminopropyltrimethoxysilane.
[0085] Suitable aminosilanes are commercially available under the product
name Silquest, including A-Link 15 available from Momentive Performance
Materials.
[0086] In certain embodiments, the equivalent ratio of the isocyanate of the
polyisocyanate to the amine of the aminosilane ranges from 0.8:1 to 1.2:1 by weight,
in some cases from 1.0:1 to 1.1:1 by weight. In other embodiments, the isocyanate of
the polyisocyanate may be reacted with the amine of the aminosilane such that there
are no free isocyanate groups present in the flexibilizer.
[0087] In certain embodiments, the polyisocyanate may be reacted with a
glycidyl alcohol followed by reaction with an aminosilane to provide a flexibilizer
useful in the coating compositions of the present invention. In certain embodiments,
reaction with the glycidyl alcohol may increase the organic chain length of the
flexibilizer. As used herein, the term "glycidyl alcohol" refers to a material having
0
both hydroxyl-functionality, -OH, and epoxy functionality, —A .
[0088] The amount of glycidyl alcohol present in the flexibilizer may vary
depending on the desired chain length of the flexibilizer. In certain embodiments, the
glycidyl alcohol is present in the flexibilizer in amounts ranging from 1 to 5 percent
by weight, wherein weight percent is based on the total weight of the flexibilizer.
[0089] In certain embodiments, a combination of any of the aforementioned
flexibilizers described above may be used in the coating compositions of the present
invention.
[0090] In addition to the previously described components, the coating
compositions of the present invention also comprise a curing agent selected from
amines, aminosilanes, ketimines, aldimines, and combinations thereof. In certain
embodiments of the coating compositions of the present invention, the curing agent
behaves as an amine-functional condensation catalyst and catalyzes the silanol
crosslinking reaction which occurs between the previously described silanol-
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A yci doxypropyl trimet hoxysil ane commercially avail able from Dow Corning. 2
Asparti c weter2/am ne commerci al ly avail abl e from BayePCCarsparaziovon. 3

7- ammopr opyl tri met hoxysi l ane commercially available from CGE Silicones. 4
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polyamines include those described in U.S. Patent No. 3,668,183, which is

incorporated herein by reference. In certain embodiments, the amine curing agents

include primary amines, cycloaliphatic diamines, isophorone diamines, and other

secondary amines such as those available , for example, from Air Products of

Allentown, Pa., under the product name Ancamine, including Ancamine 2457; from

Huntsman of Houston, Tex., under the product name XTJ-590; and primary amines

such as those available from Huntsman under the product name Jeffamine including

Jeffamine D400 to Jeffamine D2000.

[0092] Suitable aminosilane curing agents for use in the coating compositions

of the present invention include compounds having the general formula:

Y—=S—(0=X)s , wherein n is 2 or 3; each X 1s independently selected from an

alkyl group, a hydroxyalkyl group, an alkoxyalkyl group, and a hydroxyalkoxyalkyl
group, each group containing less than six carbon atoms; and Y is H(HNR),, wherein
"c" is an integer having a value of from 1 to 6; and each R is a difunctional organic
radical independently selected from the group consisting of an aryl group, an alkyl
group, a dialkylaryl group, an alkoxyalkyl group, and a cycloalkyl group, wherein R
can vary within each Y molecule. Such materials are further described in United
States Patent Application Publication No. 2006/0058451 A1 at [0052] to [0054], the
cited portion of which being incorporated herein by reference.

[0093] Suitable aminosilanes include, but are not limited to,
aminoethylaminopropyltriethoxysilane, n-phenylaminopropyltrimethoxysilane,
trimethoxysilylpropyldiethylenetriamine, 3-(3-aminophenoxy)propyltrimethoxysilane,
aminoethylaminomethylphenyltrimethoxysilane, 2-aminoethyl-3-
aminopropyltriethoxysilane, tris-2-ethylhexoxysilane, n-
aminohexylaminopropyltrimethoxysilane, trisaminopropyltrismethoxyethoxysilane, y-

aminopropyltrimethoxysilane, y-aminopropyltriethoxysilane, y-
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NH 1220 under agitation. The reactants were permtted to react for

approxi mately one (1) hour at a tenperature of approxi mately 55C foll owed
by approxvoeteywosioxt een (16) hours at a tenperature of papprsexizioeted y 20C
to 25C to provide a flexibilizer. [0151]1n Exanple 2, Silquest A-1110 was
conbined with 1, 6-hexanedi ol diacrylate under agitation. The reactants were
permtted to react at t er.at ur e of proxi mately 60C for a period of
time unti FWW@TQHYQBE’@F’&&@Y%}%“?H@%@F(;3 Oé’ﬁﬂ’ggl’)'l e bond was denonstr at ed
by I R ( pealfimbropykBigiitonty dlan@ndeta MY deBBAS adtnopréhylnietix phe anal ysi s.
[0152] I n Exarr%lrogy& Sil gzesatn A Link 15 was a?ﬁléllednotp(r) Igegrmdﬁfd@ll\B%OO sl oW y
under agi ted Neretatranineadey])-a-aminewgeymeshedgesthdhtysilaneact i on was exot hermi c.
The conbi i,on was_ allowed to.cool to roomtenperature over .a period of
2ppr oxi nel BT F our - BSTHOLT RO BBl OB G G S BeeSHGRE G Y ¢ i on.
[0153] I n Bxrawaw Sredioudl Glicatdd thaghd used MUBS EodfimkicBipdSitivey & thOpRkded under
agitation and permtted to react for approximately one (1) hour at an

appr oxi matieeniggip dngther embpdH®ats, s @minTelgdk e@MEriEs afd xyl ene wer e conbi ned
to forma i . : sol ution was added to the Arcol 1150/ Sil quest
A- Li nk 25@%@.“&3@?%%89%%@?6n, the m xture was permtted to react for

appr oxi mafg9g] one ( The houifadduranagppodudtmames by ahinoslaabs Sl if\f t er
cooling, the mneral spirits were added under agitation. [0154]In Exanple
5, DesmopHEPrases0NyRY 08 IAIde orGXaRPIS; KaYrs 0@l L.ik0 199, KX &labt ed f or
appr oxi ma ( ; : e r X} el C A
pre-sol ut %I%hﬁ{%l?[ﬂ%gg%(%{m%%ﬁgﬁg&; Iggnl&eﬁ\?/g’sgpl)?éelp’ggggg %E?Sf (%lggl ution was
added undard 12@iAldRboA] 1RyAIGS7 Y6331 Al 637 Axas2(pard2G30daidCo=aSil f or

ol o Rl madRerhicl o it A SRR b SRt o 5y GYBMDY n Exanmpl
6. Par ai oixdrb-rl Sfeas. AN R Wb S aumst 1A Litgl BBaand 1ot ed f or

approxi mately si'xty (60) mnutes at a tenperature of approximately 120F.
Aft er cooll$lfg allmrautegtuesedkbuPdgwsarmat ikBHE-002.eBE-6Ad ded K803 agi t at i on.
Preparatign of Coat.i . osi tions: 156] Cgating c ositions.(Exanpl es
6 ¢ hr oughiaa oGP IR duickRE bR e R R R et 1 n
Table 2. @uamaioail siendsXadidifg ﬁnﬁhﬁmla@n@@pﬂ@@kﬁﬂq@tﬁowsﬂwt the use of any
Flexibilizer. In Conparative Exanple 6 and Exanples 7 through 8, conponent
F was pr epaiegrapyltesiesiony vignaand aanmo e vEtoaysing 401 othilen conponent's F,
G and H . - b ded r. i tatjo i " ! gent

51 end. | ConpoiDeris e AR Sdn A Abl bl BerRla Y Rt BT
fol  oned th paddlict hanesoAl Tloeandl 2Xi20i | | zer (e.g., Exanple 2 or 3), then
addition of the Curi ngt; Agent Blend, all under agitation. It would be
recogni zet?030] one sRPTAbAGKS EMipEROTAiningsusehul B g SoRINGREWAFIEONSOT equi r ed,
a suitabl : i .am i : i Lizar. be added
at their 218 r%%?ﬁgg’%ﬁ%ggﬂﬁ%@. ﬂﬂ?%&@%lﬁﬁl %?gllrc}g%&lg?%g%&n%%ﬁ%rﬁqs %ngﬁé H were
pr e- bl endketonmdean dAdghtyde.irespetiovey, and declideal ike@iminegandgBaltinBhendith asn a

separate container,. c opent s wer e bl ended together, followed by
2 £ on G105 RECRPUL T Bir Moo GO0 B e a8 R G KEHaen Pitg Agent

Bl end, al {ncHd ko2 Al 4Bl for dx8ABR] FrBnEXR PR RickAindSOMP PRRAESHdnaNB7H wer e

pre-bl ended under agitation to provide the "Curing Agent Blend". In a

separ at e cbmetiyhsnbutyd datooa atininalof drethyBenegniamibe ke fivetBaysy ef heverkysen,

pre- bl end solution.of c onen ' . E repar.ed under agitation
Pra ot o Coriebei S B BT S s i A S b PR RO rhan, ¢ he
Fl exi bi | | zephdrénddiambiedalderoth Asamavenka dederiiid hioweet naheadei-23PRSA t he

Curing Agent Blend, all under agitation. TABLE 2 Conmsonent Descristion 6 7
8 and KBE-9103 (ketiminopropyltriethoxysilanes) from Shine-Etsu. In other

embodiments, suitable aldimines may include a dialdimine of isophorone diamine,
one that is available, for example, from Huls of Germany under the product name
A139.

[0097] As will be appreciated, the type of curing agent(s) selected for

inclusion in the coating compositions of the present invention will often depend on
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the particular type of application and type of other ingredients being used. As will
also be appreciated, the coating compositions of the present invention can be formed
using a combination of more than one type of curing agent. For example, and without
limitation, a primary and/or secondary amine can be used in conjunction with an
aminosilane. Additionally, polyether amino-functional amines can be used to
flexibilize the curative package and/or also reduce the raw material cost of the
curative materials. Secondary amines can be used to adduct epoxy functionality and
to form a highly reactive polymer, e.g., a star polymer.

[0098] In certain embodiments, the curing agent is present in the coating
composition in an amount ranging from 1 to 30 percent by weight, such as 2 to 25
percent by weight, or, in some cases, 5 to 18 percent by weight, with the weight
percents being based on the total weight of the coating composition. It should be
understood that one or more of the above-described curing agents can be used
depending on the particular desired method for making the composition, and the
desired properties for the resulting cured film coating.

[0099] It is surprising that the combination of components in the coating
compositions of the present invention, i.e., a silanol-functional silicone; an alkoxy-
functional silicone; a flexibilizer comprising a reaction product of two or more
reactants; and a curing agent selected from amines, aminosilanes, ketimines,
aldimines, and combinations thereof, such as those described above, provide a one-
component low temperature, moisture curable coating composition having good
storage stability, yet once a coating is applied to a substrate, the coating film has fast
dry times, good appearance, and other good properties, including weatherability,
chemical resistance, and flexibility (i.e., elongation, impact resistance, crack
resistance, etc.). While not wishing to be bound by a particular theory, the inventors
believe the combination of components maintain equilibrium while stored in a
container prior to application, yet upon application, cure quickly when exposed to
ambient humidity and temperature.

[0100] Moreover, certain embodiments of the compositions of the present
invention comprise (i) an aminosilane, such as those described earlier, (ii) an amino
alcohol, and (iii) a trifunctional oxysilane, wherein the aminosilane is present in an
amount of 0.01 to less than 1 percent by weight, such as 0.01 to 0.9 percent by weight,
0.01 to 0.8 percent by weight, or, in some cases, 0.4 to 0.8 percent by weight based on
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the total weight of the coating composition. In fact, it was surprisingly discovered
that one-component coating compositions of the present invention comprising such a
combination with the previously described polymer comprising an alkoxysilane
terminal unit and a urethane linkage and alkoxy and/or silanol-functional silicone
exhibited good cure response (low dry times) while providing a coating that has
reduced (or no) yellowing.

[0101] Amino alcohols suitable for use in the coating compositions of the
present invention include, without limitation, dimethylethanolamine,
dimethylpropanolamine, dimethylbutanolamine, methylethylmethanolamine,
methylpropylmethanol amine, methylethylethanolamine, monoisopropylamine,
methyldiethanolamine, triethanolamine, diethanolamine and ethanolamine.

[0102] In certain embodiments, the coating compositions of the present
invention com comprise in the range of from 0.1 to 4 percent by weight, such as 1 to 3
percent by weight amino alcohol, or 2 percent by weight amino alcohol, based on the
total weight of the coating composition. In certain embodiments, the weight ratio of
the aminosilane to amino alcohol in the coating compositions of the present invention
is no more than 1:1, in some cases it is less than 1:1, such as no more than 0.75:1 or
no more than 0.5:1.

[0103] Trifunctional oxysilanes suitable for use in the present invention

include those having the formula

o
R1—|Si— OR,»

OR,
[0104] wherein R, is an alkyl, aryl, or cycloalkyl group an each R; is

independently an alkyl, aryl, hydroxyalkyl, alkoxyalkyl, or a hydroxyalkoxyalkyl
group. Specific examples of such compounds, which are suitable for use in the
present invention, include methyltrimethoxysilane, methyltriethoxysilane,
methyltrimethoxyethoxysilane, methyltripropoxysilane, methyltributoxysilane,
ethyltrimethoxysilane, and ethyltriethoxysilane, and octyltriethoxysilane.

[0105] In certain embodiments, the coating compositions of the present
invention com comprise in the range of from 0.1 to 4 percent by weight, such as 1 to 3
percent by weight amino alcohol, or 2 percent by trifunctional oxysilane, based on the

total weight of the coating composition. In certain embodiments, the weight ratio of
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the aminosilane to trifunctional oxysilane in the coating compositions of the present
invention is from 1:5 to 5:1, in some cases it is from 1:2 to 2:1, such as 1:1.

[0106] In addition to the previously described components, the coating
compositions of the present invention may comprise any of a variety of additional
optional components. As the components are optional, therefore, in certain
embodiments, the coating compositions of the present invention are substantially free,
or, in some cases, completely free, of such an ingredient. As used herein, when it is
stated that a coating composition of the present invention is “substantially free” of a
particular material, it means that the material being discussed is present in the
composition, if at all, as an incidental impurity. In other words, the material does not
affect the properties of the composition. Moreover, when it is stated that a coating
composition of the present invention is “‘completely free” of a particular material it
means that the material being discussed is not present in the composition at all.

[0107] In certain embodiments, the coating compositions of the present
invention comprise a catalyst, such as an organometallic catalyst. Suitable
organometallic catalysts can be useful for the purpose of accelerating the curing rate
of the composition into a protective film coating over a broad temperature range. In
certain applications calling for ambient temperature cure of the composition, the
organometallic catalyst may also be useful for providing accelerated cure rates at such

ambient temperature cure conditions. Suitable catalysts include tin catalysts

Rs
|

R¢—Sn—R7

Rg
where Rs and Rq

comprising a compound having the general formula:
are each independently selected from an alkyl group, an aryl group, and an alkoxy
group, each group having up to eleven carbon atoms, and where R; and Rg are each
independently selected from the same groups as Rs and Re, or from groups consisting
of inorganic atoms, such as halogens, sulfur or oxygen. Example catalysts include
organotin materials such as dibutyl tin dilaurate, dibutyl tin diacetate, dibutyltin
diacetyldiacetonate, and organotitanates.

[0108] Other useful organometallic catalysts include lead octoate, lead

neodecanoate, bismuth nitrate, bismuth octoate, bismuth neodecanoate, bismuth

napthenate, bismuth versalate, manganese napthenate/pentanedione, manganese
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octoate, vanadium acetylacetonate, zinc acetylacetonate, tin neodecanoate, stannous
2-ethyl hexanoate, lithium neodecanoate, stannic chloride, stannous octoate, zinc
napthenate, zinc octoate, ferric acetylacetonate, zinc acetylacetonate, cobalt octoate,
zirconium acetylacetonate, zirconium octoate, zirconium versalate, aluminum
acetylacetonate, mercuric acetate, phenylmercuric acetate, phenylmercuric propionate,
organopolymercury compounds, and crown ether complexes of Lanthanide metals.
Many of these catalysts are commercially available. Commercial mixtures of
catalysts useful in the invention include Cocure, Cotin, and Coscat catalysts,
(Caschem, Inc.); Niax catalysts (Union Carbide); Polycat catalysts (Abbott
Laboratories); Dabco catalysts (Air Products and Chemicals Inc.); Thancat catalysts
(Texaco Chemical Co.); Stanclere TL (AKZO Chemicals Inc.); K-Kat Catalysts (King
Industries), Curene catalysts (Anderson Development Co.); Bulab 600 catalysts
(Buckman Laboratories, Inc.); Optic Part 14x (PolyTech Development Corp.);
Metasol catalysts (Calgon Corporation); CC-1 and CC-3 catalysts (Cardinal Carolina
Corp.); Conacure catalysts (Conap, Inc.); Cata-check catalysts (Ferro Corp.); KR
catalysts (Kenrich Petrochemicals, Inc.); BICAT catalysts (Shepherd Chemical Co.);
Texacat, ZR, ZF, DD, DMDEE catalysts (Texaco Chemical Co.); Thor 535 catalysts
(Thor Chemicals, Inc.); Toyocat catalysts (Tosoh USA, Inc.). Combinations of
catalysts, including any of the aforementioned, may also be useful.

[0109] In certain embodiments, the catalyst is present in the coating
composition in an amount of up to 10 percent by weight, such as 0.02 to 5 percent by
weight, or, in some cases, 0.08 to 2 percent by weight, with the weight percents being
based on the total weight of the coating composition. By contrast, in other
embodiments, the coating compositions of the present invention are substantially free,
or, in some cases, completely free, of such a catalyst.

[0110] In certain embodiments, the coating compositions of the present
invention comprise a moisture scavenger for the purpose of, for example,
intentionally reducing the presence of excess water during, for example, stages of
forming the coating composition where excess water is not desired. Suitable moisture
scavenging ingredients include those such as calcium compounds, such as CaSOy-
15H,0, and calcium-metal alkoxides, such as tetraisopropyltitanate, tetra n butyl
titanate-silane, QP-5314, vinylsilane (A171), and organic alkoxy compounds, such as

triethylorthoformate, methylorthoformate, dimethoxypropane.
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substantially free, or, in some cases, completely free, of such a moisture scavenger.

[0112] In addition, other ingredients useful in forming the coating

compositions of this invention include water, solvents, plasticizers, extenders, fillers,

hydrocarbon resin modifiers, and various types of additives such as UV stabilizers,

pigment wetting agents, flow and leveling additives, thixatropes, defoamers and the

like.

[0113] The sources of water in the coating compositions of the present

invention can be, for example, from a reaction between ingredients, atmospheric

humidity, and water present in one or more of the ingredients. Water may be added

during the formation of the composition to accelerate cure depending on the particular

cure conditions, e.g., such as the use of the composition in arid environments where

cure takes place at ambient temperature conditions.

[0114] In certain embodiments, the coating compositions of the present

invention comprise a sufficient amount of water to facilitate unblocking of any curing

agent present in the form of a ketimine or aldimine for subsequent cross linking,

and/or to hydrolyze any alkoxy functionality in any alkoxy-functional silicone, silane

ingredient, and/or curing agent provided in the form of an aminosilane.

[0115] Organic solvents can be added if desired. Suitable solvents include,

for example, esters, ethers, alcohols, ketones, glycols and the like. In certain

embodiments, the coating compositions of the present invention comprise up to 60

percent by weight organic solvent, based on the total weight of the coating

composition.

[0116] In certain embodiments, the coating compositions of the present

invention comprise an organic solvent but comprise little or no ketones. In certain

embodiments, the coating compositions of the present invention comprise no more

than 2 percent by weight, such as no more than 1 percent by weight, ketone, such

weight percents being based on the total composition weight.
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Pot Life (Ford #4 - seconds) 20 (at 16 h) 18 (at 24 h) 16 (at 5 days) 21
(at 16 h) 19 (at 24 h) 21 (at 5 days) 23 (at 20 h) 21 (at 27h) 20 (at 6
days) Marwial20yirag (m nutes) 36 (dust free) 85 (tack fPEEUSIB2/0£1904 nt
free) 37 (dust free) 90 (tack free) 184 (print free) 26 (dust free) 63
(tack free) 91 (print free) BK Dry Recorder (m nutes) 30 (dust free) 61

(tack fr ef3117] In certain embodiments, the coating compositions of the present
invention comprise a colorant. As used herein, the term “colorant” means any
substance that imparts color and/or other opacity and/or other visual effect to the
composition. The colorant can be added to the coating in any suitable form, such as
discrete particles, dispersions, solutions and/or flakes. A single colorant or a mixture
of two or more colorants can be used in the coating compositions of the present
invention.

[0118] Example colorants include pigments, dyes and tints, such as those used
in the paint industry and/or listed in the Dry Color Manufacturers Association
(DCMA), as well as special effect compositions. A colorant may include, for
example, a finely divided solid powder that is insoluble but wettable under the
conditions of use. A colorant can be organic or inorganic and can be agglomerated or
non-agglomerated. Colorants can be incorporated into the coating compositions by
use of a grind vehicle, such as an acrylic grind vehicle, the use of which will be
familiar to one skilled in the art.

[0119] Example pigments and/or pigment compositions include, but are not
limited to, carbazole dioxazine crude pigment, azo, monoazo, disazo, naphthol AS,
salt type (lakes), benzimidazolone, condensation, metal complex, isoindolinone,
isoindoline and polycyclic phthalocyanine, quinacridone, perylene, perinone,
diketopyrrolo pyrrole, thioindigo, anthraquinone, indanthrone, anthrapyrimidine,
flavanthrone, pyranthrone, anthanthrone, dioxazine, triarylcarbonium, quinophthalone
pigments, diketo pyrrolo pyrrole red (“DPPBO red”), titanium dioxide, carbon black
and mixtures thereof. The terms "pigment” and "colored filler" can be used
interchangeably.

[0120] 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.

[0121] 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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76 (print free) 216 (hard dry) 22 (dust free) 32 (tack free) 89 (print

free) 137 (hard dry) 12 (dust free) 22 (tack free) 52 (print free) 76 (hard
dry) Mandwel20Berdi4fcrack | ength in inches) (ASTM D522) BCT/U32@2028%4 Rever se
| npact (Joul es) (ASTM D2794) 0O Joules 2 Joules % Elongation (ASTM D522) 5
14 11 Chem cal Resi stance: (ASTM 1308) 50% Sodi um Hydr oxi de 10 (no
etch) [0122] As noted above, the colorant can be in the form of a dispersion
including, but not limited to, a nanoparticle dispersion. Nanoparticle dispersions can
include one or more highly dispersed nanoparticle colorants and/or colorant particles
that produce a desired visible color and/or opacity and/or visual effect. Nanoparticle
dispersions can include colorants such as pigments or dyes having a particle size of
less than 150 nanometers, such as less than 70 nanometers, or less than 30
nanometers. Nanoparticles can be produced by milling stock organic or inorganic
pigments with grinding media having a particle size of less than 0.5 millimeters.
Example nanoparticle dispersions and methods for making them are identified in
United States Patent No. 6,875,800 B2, which is incorporated herein by reference.
[0123] Nanoparticle dispersions can also be produced by crystallization,
precipitation, gas phase condensation, and chemical attrition (i.e., partial dissolution).
In order to minimize re-agglomeration of nanoparticles within the coating, a
dispersion of resin-coated nanoparticles can be used. As used herein, a “dispersion of
resin-coated nanoparticles” refers to a continuous phase in which is dispersed discreet
“composite microparticles” that comprise a nanoparticle and a resin coating on the
nanoparticle. Example dispersions of resin-coated nanoparticles and methods for
making them are identified in United States Patent Application Publication
2005/0287348 Al, filed June 24, 2004, U.S. Provisional Application No. 60/482,167
filed June 24, 2003, and United States Patent Application Publication 2006/0251896
Al, filed January 20, 2006, which is also incorporated herein by reference.

[0124] Example special effect compositions that may be used in the
compositions of the present invention include pigments and/or compositions that
produce one or more appearance effects such as reflectance, pearlescence, metallic
sheen, phosphorescence, fluorescence, photochromism, photosensitivity,
thermochromism, 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, 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
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wherein interference results from a refractive index differential within the material
and not because of the refractive index differential between the surface of the material
and the air.

[0125] In general, the colorant can be present in any amount sufficient to
impart the desired visual and/or color effect. The colorant may comprise from, for
example, 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.

[0126] In certain embodiments, the compositions of the present invention
comprise a finely divided particulate filler. Examples of fillers providing high heat
resistance are barytes (barium sulfate), mica, micaceous iron oxide, aluminum flake,
glass flake, stainless steel flake, and the like. Certain embodiments of the coating
compositions of the present invention include up to 10 percent by weight filler based
on the total weight of the composition.

[0127] In certain embodiments, when the one component coating composition
is exposed to water, any curing agent provided in the form of a ketimine or aldimine
is unblocked to expose amine functionality. The alkoxy-functional and/or silanol-
functional silicone, any silane, and any curing agent in the form of an aminosilane
comprising alkoxy groups undergoes hydrolysis in the presence of water, and
polycondensation with themselves and with one another.

[0128] The combined ingredients used for forming the coating compositions
of this invention are often provided in a moisture proof container to control or prevent
unwanted evaporation and/or hydrolysis and condensation of the constituent chemical
ingredients, thus increasing the shelf life of the mixture. Sealed metal cans are
suitable.

[0129] In certain embodiments, the present invention is directed to a substrate
at least partially coated with a coating deposited from any of the foregoing coating
compositions. In certain embodiments, the coating compositions of the present
invention may be applied directly to at least a portion of the substrate. In other
embodiments, the coating compositions may be applied to any coating layer and/or
treatment which was previously applied to at least a portion of the substrate.
Compositions of this invention can be applied to a desired substrate surface to protect

it from weathering, impact, and exposure to corrosion and/or chemicals.
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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.

[0131] Suitable substrates include cellulosic-containing materials, including

paper, paperboard, cardboard, plywood and pressed fiber boards, hardwood,

softwood, wood veneer, particleboard, chipboard, oriented strand board, and

fiberboard. Such materials may be made entirely of wood, such as pine, oak, maple,

mahogany, cherry, and the like. In some cases, however, the materials may comprise

wood in combination with another material, such as a resinous material, i.e.,

wood/resin composites, such as phenolic composites, composites of wood fibers and

thermoplastic polymers, and wood composites reinforced with cement, fibers, or

plastic cladding.

[0132] Suitable metallic substrates include, but are not limited to, foils, sheets,

or workpieces constructed of cold rolled steel, stainless steel and steel surface-treated

with any of zinc metal, zinc compounds and zinc alloys (including electrogalvanized

steel, hot-dipped galvanized steel, GALVANNEAL steel, and steel plated with zinc

alloy), copper, magnesium, and alloys thereof, aluminum alloys, zinc-aluminum

alloys such as GALFAN, GALVALUME, aluminum plated steel and aluminum alloy

plated steel substrates may also be used. Steel substrates (such as cold rolled steel or

any of the steel substrates listed above) coated with a weldable, zinc-rich or iron

phosphide-rich organic coating are also suitable for use in the process of the present

invention. Such weldable coating compositions are disclosed in, for example, U.S.

Pat. Nos. 4,157,924 and 4,186,036. Cold rolled steel is also suitable when pretreated

with, for example, a solution selected from the group consisting of a metal phosphate

solution, an aqueous solution containing at least one Group IIIB or IVB metal, an

organophosphate solution, an organophosphonate solution, and combinations thereof.

Also, suitable metallic substrates include silver, gold, and alloys thereof. In certain

embodiments, the metallic substrate may be blasted, for example, with sand and/or

metal shot to provide a profile to the substrate.
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16 (at 5 days) 45 (at 24 h) 28 (at 5 days) 39 (at 20 h) 46 (at 5 days)
Manual Drying (mnutes) 36 (dust free) 85 (tack free) 182 (print free) 30
(dust frewp260/10080k free) 70 (print free) 28 (dust fre@CTAS2q12021994 r ee)
106 (print free) BK Dry Recorder (mnutes) 30 (dust free) 61 (tack free) 76
(print free) 216 (hard dry) 17 (dust free) 34 (tack free) 73 (print free)
206 (hard 16 ( ust fre 24 (t.ack free rint free 43 (hard dry)
Mandr el gﬁ&gicrack F@H@lﬁﬁof%m@h]@ﬁ&%m%sw g%tysgre é’rféoécq%%@ (Joul es)
(ASTM D522)rafdickoul es 2 Joul es 12 Joul es % El ongati on

[0134] Examples of suitable cementitious materials are cement, aggregate, and
granite.
[0135] 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.
[0136] 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, polycarbonate, polypropylene, polyvinyl chloride, polyester microfibers and
glass fiber fabric.

[0137] Examples of suitable leather substrates are grain leather (e.g. nappa
from sheep, goat or cow and box-leather from calf or cow), suede leather (e.g. velours
from sheep, goat or calf and hunting leather), split velours (e.g. from cow or calf
skin), buckskin and nubuk leather; further also woolen skins and furs (e.g. fur-bearing
suede leather). The leather may have been tanned by any conventional tanning
method, in particular vegetable, mineral, synthetic or combined tanned (e.g. chrome
tanned, zirconyl tanned, aluminium tanned or semi-chrome tanned). If desired, the
leather may also be re-tanned; for re-tanning there may be used any tanning agent
conventionally employed for re-tanning, e.g. mineral, vegetable or synthetic tanning
agents, e.g., chromium, zirconyl or aluminium derivatives, quebracho, chestnut or
mimosa extracts, aromatic syntans, polyurethanes, (co) polymers of (meth)acrylic acid
compounds or melamine, dicyanodiamide and/or urea/formaldehyde resins.

[0138] Examples of suitable compressible substrates include foam substrates,
polymeric bladders filled with liquid, polymeric bladders filled with air and/or gas,
and/or polymeric bladders filled with plasma. As used herein the term "foam
substrate" means a polymeric or natural material that comprises a open cell foam
and/or closed cell foam. As used herein, the term "open cell foam" means that the

foam comprises a plurality of interconnected air chambers. As used herein, the term
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5 14 >26 [0161] Exanple 11 was prepared according to the ingredients set
forth in Table 6. TABLE 6 Descristion Exam1l le 11 Dow Cor ni ng 409HS
105. 4 DowQ@anre/10¢148074 120. 0 Ti oxi de TR931 228. 0 Dow CoraTrAp2020184L 4.1
Dow Corni ng Z-63413 16.4 KBM 4034 29.6 Tinuvin 2925 15.2 Tego Foanmex N6 4.0

"closed cell foam" means that the foam comprises a series of discrete closed pores.
Example foam substrates include polystyrene foams, polymethacrylimide foams,
polyvinylchloride foams, polyurethane foams, polypropylene foams, polyethylene
foams, and polyolefinic 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.

[0139] Compositions of this invention are useful, for example, as a clearcoat,
a basecoat, and/or a topcoat disposed either directly onto the substrate surface itself or
disposed onto a prior or other underlying coating(s) and/or treatment(s), e.g., an
inorganic or organic primer and/or basecoat material, disposed on the substrate
surface to achieve a desired purpose.

[0140] Compositions of this invention can be applied to a substrate to be
treated by conventional coating techniques such as, for example, dip coating, direct
roll coating, reverse roll coating, curtain coating, spray coating, brush coating, and
combinations thereof, among other methods. After application of the coating
composition to the substrate, the composition is allowed to coalesce to form a
substantially continuous film on the substrate. Typically, the film thicknesses will be
0.01 to 20 mils (about 0.25 to 508 microns), such as 0.01 to 5 mils (about 0.25 to 127
microns), or, in some cases 0.1 to 3 mils (2.54 to 76.2 microns) in thickness. If
necessary, multiple layers can be applied to the substrate to be protected.

[0141] Although the coating compositions of the present invention are curable
at low temperatures, such as at ambient temperatures, the coating compositions may
also be cured over a broad range of temperature conditions, €.g., under conditions of
elevated temperatures such as when the applied composition is subjected to a bake
condition that can and will vary depending on the temperature of the surrounding
environment, for example, temperatures that can vary from 5°C to 60°C.

[0142] [lustrating the invention are the following examples that are not to be
considered as limiting the invention to their details. All parts and percentages in the
examples, as well as throughout the specification, are by weight unless otherwise

indicated.
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MPA- 2000X7 5.8 Met hyl n-Anyl Ketone8 31.2 KBM 9039 19.3 Exanple 6 200.0

Ti t ani um di oxi de pignent comrercially available from Huntsman 2

D net hyl awoebteonysid|l ane conmerci al |y avai |l abl e from DowPCoUusRe1g/021994

Cctyltriethoxysilane comrercially avail able from Dow Corni ng. 4 Adhesi on

pronoter commercially available from Shin-Etsu. 5 H ndered am ne |ight

stabilizer commercially avail abl e 0 | Sa Geigy. 6 Defoaner comrercially

avai l able from Tego. 7 Anti-settl 'ré%ﬂgé'iﬁ(b—comerci ally available from

Monsant o. Teq!MetHod9d: Am nosi | ane conmercial ly avail abl e from Shin-Etsu.

[0162] Al Il Tof the Tngredients were added under high speed agitation using a

cowl es bl HHd3] Af t er PBiaifipy [samples msﬁtqrﬁépmmldsenticpnmnqsm aypemixd ed to

sandbl asted.s I els.(2.0 ml rof iIlmthic of

2ppr ox! nebeig o ity P8Ry BePmeEigeaf i tapdalit

nmeasur ed usp3vg. AtMiHIGAQ Cuband eRl saﬁ@[kdd’r@lat tﬁhh(aﬂﬁé‘ihéﬁfbné@ﬁémpé@a@ﬂes were

cured for 3 days at 72F/50% relative humdity followed by el even (11) days

cure at aﬁ@géﬁtlfﬂég)ﬂ@ltWons Test Data is reflected in Table 7. TABLE 7

Test Bxamap 11 yBRlalh ol SRR LERSHBRE o GPRA BBl 900
degreased scuffed bare steel substrate. Film thickness of the applied coating ranges

from 40 to 80 microns, preferably 50 to 70 microns. Dry time was recorded in
minutes at a temperature of 20°C to 25°C and at a relative humidity of over 50%
according to ASTM D1640.

[0145] BK Drying Time Recorder: this instrument is available from Gardco

(conforms to ASTM 5895). Testing conditions: Temperature: 20°C to 25°C; Relative
Humidity: 50%. The coating is spread onto a glass slide at a wet film thickness of
approximately 200 microns. Dry time is measured through a needle which provides

time in minutes.

[0146] Flexibility/Elongation: samples were applied to 0.6 mm steel substrate
(degreased/scuffed) at a dry film thickness of 40 to 80 microns, preferably 50 to 70
microns. The coatings were permitted to dry approximately four (4) weeks at ambient
conditions (Temperature, 20°C-25°C; Relative Humidity >50%) prior to testing.

Conical Mandrel Bend and Elongation (%) were both tested on the samples according

to ASTM D522. Reverse Impact Resistance was tested on the samples according to
NCAA Technical Bulletin 4.2.6 and ASTM D2794.
[0147] Chemical Resistance: the test liquids were applied as a spot directly

onto the dry coating film to be tested. The coating films were cured for
approximately one (1) month prior to testing. A cotton wool pad was saturated with
the test liquid and placed on the surface of the coating film in the same spot as the
liquid was initially applied. A Petri dish was placed over the saturated pad to prevent
evaporation of the test liquid. Test liquids with fast evaporation rates were reapplied
to the cotton pad every 20 minutes to ensure the coating film was continuously
exposed to the test liquid. After approximately one (1) hour, the test chemicals were
removed with a damp cloth. The coating film was visually inspected both

immediately and after a 24 hour recovery period.
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Manual Drying (hours) (ASTM D1640) Dry Through 4.5-5.0 hours % El ongati on
10.8 *Brookfield viscosity was neasured using a Brookfield Mdel LVT

I nst rumerwowntdioandnunber 3 spindle at 60 rpm [ 0163] Exampiras202/021994
denonstrate inproved flexibility, for exanple, inproved el ongation and
mandrel bend properties, of a coati ng filmwhile maintaining good dry

times, go em cal, resistanpce, ood st e stahili

one- conpoEpg'ﬁg conpoSEHiESHO %@Q&#ﬁ’—% fgﬁ’ﬁff go?ﬁ)%gqcﬁ ér(‘é‘e%sfgl%ut a

f1 exi bi | i zp&ninEypRRh G5dildfoddiet Mﬁ@&hgaﬂsm GeBRIP ORIl OB R iR iR EPar ed
using the ingredients listed in Table e ingredients of Part B were

m xed unt contagt |W1t$1rtmtbgflmiﬁe7 (SM@llmngftcprmle(bff areanndekdlshheé (sivglling ao@rrpom tions
were eval ua ted fl ol qur .accor, 0 AST D- 1544 ﬁaft 2 weeks
nt Ta0F - Dioes §5 GReF BFhe SIRRER SSRIBN BupS AR b Wl Be it e “Sor ay
appl i ed tgregﬁr@qbd)lﬂﬁk%&gmedpanel S (20 ml profile) at a dry film
thickness of approximately 3.0 mls (approximately 76.2 mcrons). Dry times
wer e measured using ASTM D1640 (72F/ 50% relative humdity, 5 mls wet
film. Results are al so set {, %ﬁ%{ﬂble 8 Ingredient 12A 12B
12C 12D 12E Part B Dow CorniT 5 127.5 127.5 127.5 Dow

Cor ni ng 3{M49] 148. 2Flexibilizers (Examples 1 through 6) were prepared using the

components and amounts identified in Table 1.
TABLE 1

Description 1 2 3 4 5 6
Dow Corning Z-6040" 5138 | | | | o
Desmophen NH 1220° 48.62 | - | | o o
Silquest A-1110° | - 60.0 | - | m | o

1,6-hexanediol diacrylate |  ------ 40.0 | - | e | e | e
Desmodur N3400° | - | 36.65 | e | e | -
Silquest A-Link 15° | = - | - 4351 | e | e | s
Dowanol PM® | | e 1984 | oo | e | e
Arcol 1150" | o | e | e 64.03 | om | e
Desmophen A450° | - | ceem | m | s 85.72 | -
Paraloid AU-191X° | = | o | em | e [ e 81.92
Silquest A-Link 250 | —ee—- | —eem | e 30.09 11.85 | -
Silquest A-Link 35" | —e- | o | e | e | s 15.84
Tegokat 716 | o | o | el 0.06 002 | -
Xylene | | e e 0.52 0.21 2.15
Mineral Spirits | ---——- | —meem | e 5.30 220 | -
Aromatic 100 | cee- | e | e | e | e 0.21
Totals 100 100 100 100 100 100

" Glycidoxypropyltrimethoxysilane commercially available from Dow Corning.

* Aspartic ester diamine commercially available from Bayer Corporation.
? y-aminopropyltrimethoxysilane commercially available from GE Silicones.

* Hexamethylene diisocyanate commercially available from Bayer Corp.
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148.2 148.2 148.2 148.2 Vinyltrinmethoxysilane 44.6 44.6 44.6 44.6 44.6 Dow
Corning Z-61943 5.7 5.7 5.7 5.7 5.7 OFS-63414 22 22 22 22 22 Tinuvin 2925
30.1 30. weQs/mo4e 30. 1 PCT/US2012/021994

> N-ethyl-3-trimethoxysilyl-2-methylpropanamine commercially available from Momentive
Performance Materials.

¢ Propylene glycol methyl ether commercially available from The Dow Chemical Company.
7 Polyether polyol commercially available from Bayer.

$ Acrylic polyol commercially available from Bayer.

? Acrylic Polyol available from Rohm & Haas.

19 y-isocyanatopropyltriethoxysilane commercially available from OSi Specialties.

! y-isocyanatopropyltriethoxysilane commercially available from OSi Specialties.

12 Catalyst commercially available from TIB Chemicals.

[0150] In Example 1, Dow Corning Z-6040 was combined with Desmophen
NH 1220 under agitation. The reactants were permitted to react for approximately
one (1) hour at a temperature of approximately 55°C followed by approximately
sixteen (16) hours at a temperature of approximately 20°C to 25°C to provide a
flexibilizer.

[0151] In Example 2, Silquest A-1110 was combined with 1,6-hexanediol
diacrylate under agitation. The reactants were permitted to react at a temperature of
approximately 60°C for a period of time until the disappearance of the acrylate double
bond was demonstrated by IR (peak at ~ 1621 cm™) and/or NMR (peaks at ~ 5.7-6.4
ppm) analysis.

[0152] In Example 3, Silquest A-Link 15 was added to Desmodur N3400
slowly under agitation and under a nitrogen sparge. The reaction was exothermic.
The combination was allowed to cool to room temperature over a period of
approximately four (4) hours. Dowanol PM was then added under agitation.

[0153] In Example 4, Arcol 1150 and Silquest A-Link 25 were combined
under agitation and permitted to react for approximately one (1) hour at an
approximate temperature of 55°C. Next, Tegokat 716 and xylene were combined to
form a solution, and the solution was added to the Arcol 1150/Silquest A-Link 25
combination. Again, the mixture was permitted to react for approximately one (1)
hour at an approximate temperature of 55°C. After cooling, the mineral spirits were
added under agitation.

[0154] In Example 5, Desmophen A450 was combined with Silquest A-Link
25 and reacted for approximately one (1) hour at a temperature of approximately
55°C. A pre-solution of Tegokat 716 and xylene was prepared, and the solution was

added under agitation. Again, the mixture was permitted to react for approximately
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Xylene 25.2 25.2 25.2 25.2 25.2 KBE-9036 16 KBM 9037 16  A-16378
16 A-26399
WO 2012/100140 PCT/US2012/021994

one (1) hour at an approximate temperature of 55°C. After cooling, the mineral spirits
were added under agitation.

[0155] In Example 6, Paraloid AU-191X was combined with Silquest A-Link
25 and reacted for approximately sixty (60) minutes at a temperature of approximately

120°F. After cooling, the xylene and Aromatic 100 were added under agitation.

Preparation of Coating Compositions:

[0156] Coating compositions (Examples 6 through 10) were prepared using
the components and amounts identified in Table 2. Comparative Example 6 shows a
composition without the use of any Flexibilizer. In Comparative Example 6 and
Examples 7 through 8, component F was prepared by combining Neostann U-
220/Metatin 740, then components F, G, and H were pre-blended under agitation to
provide the “Curing Agent Blend”. Components A and B were blended together in a
separate container followed by addition of the Flexibilizer (e.g., Example 2 or 3), then
addition of the Curing Agent Blend, all under agitation. It would be recognized by
one skilled in the art that if outdoor exposure is required, a suitable UV absorber and
hindered amine light stabilizer should be added at their appropriate amounts.

[0157] In Example 9, components G and H were pre-blended under agitation
to provide the “Curing Agent Blend”. In a separate container, components A and B
were blended together, followed by addition of the Flexibilizer (e.g., Example 3) and
then the Curing Agent Blend, all under agitation.

[0158] In Example 10, components G and H were pre-blended under agitation
to provide the “Curing Agent Blend”. In a separate container, components Al and B
were blended together. A pre-blended solution of components C, D, and E was
prepared under agitation and this solution was added to the blend of components Al
and B. Then, the Flexibilizer (e.g., Example 4/5) was added followed by addition of
the Curing Agent Blend, all under agitation.
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WO 2012/100140 PCT/US2012/021994
TABLE 2
Component | Description 6 7 8 9 10

A Dow Corning 805" 57.14 | 50.74 | 51.17 | 56.40 | ------

Al Dow Corning 409" | --=-—- | —oooo= [ oo | oo 5.95

B Dow Corning 3074 28.57 | 25.37 | 25.58 | 21.38 15.14

C Dowanol PM* | | [ [ e 2.83

D Dow Corning Z-6018> | ----—- | —----= [ —ooooo | - 0.94

E DBTDL® [ |- 0.64 |- 1.65
Examplel | ----—- 11.21 | === | =em | -
Example2 | - | - 16.21 | - | -=-—--
Example3 | —---= | mmeem | 2o 9.14 | --—--
Example4 | - | e | e | e 37.74
Example5 | —=-= | mmeem | e | e 20.57

F Neostann U-220H"/ | 0.98 [0.87 |044 |- |-
Metatin 740°

G Silquest A-1110° 4.00 |3.55 |1.79 3.90 4.55

H Dow Corning Z-6011"° [ 9.31 [8.26 |4.17 9.19 10.63
Total 100 | 100 | 100 100 100

' Silanol-functional silicone resin commercially available from Dow Corning.

* Silanol-functional silicone resin commercially available from Dow Corning.

? Alkoxy-functional silicone resin commercially available from Dow Corning.

* Propylene glycol methyl ether commercially available from The Dow Chemical Company.

> Propylphenylsilanediol commercially available from Dow Corning.

¢ Dibutyltindilaurate.

7 Dibutyltindilaurate catalyst commercially available from Nitto Kasei Co., Ltd.

¥ Dibutyltinketonate catalyst commercially available from Acima.

? y-aminopropyltrimethoxysilane commercially available from Momentive Performance Materials.

' Aminopropyltriethoxysilane commercially available from Dow Corning.

[0159] Results of Comparative Example 6 and Examples 7 through 8 are set
forth in Table 3.

36



Et hyl am noet hanol Met hyl t ri met hoxysi | ane - - Part A Si | ane
Functional Urethanel 4 261 261 261 261 261 RESULTS Gardner Col our 4 16
WO 2012/100140 PCT/US2012/021994
TABLE 3
Test Comparative Example 7 Example 8
Example 6
Pot Life (Ford #4 - seconds) 20 (at 16 h) 21 (at 16 h) 23 (at 20 h)
18 (at 24 h) 19 (at 24 h) 21 (at 27h)
16 (at 5 days) | 21 (at 5 days) 20 (at 6 days)

Manual Drying (minutes)

36 (dust free)
85 (tack free)

37 (dust free)
90 (tack free)

26 (dust free)
63 (tack free)

76 (print free)

89 (print free)

182 (print 184 (print free) | 91 (print free)

free)
BK Dry Recorder 30 (dust free) | 22 (dust free) 12 (dust free)
(minutes) 61 (tack free) | 32 (tack free) 22 (tack free)

52 (print free)

(ASTM D522)

216 (hard 137 (hard dry) 76 (hard dry)
dry)

Mandrel Bend (crack length in 3.7 0.8 1.25
inches)
(ASTM D522)
Reverse Impact (Joules) 0 Joules 2Joules | ---meeee-
(ASTM D2794)
% Elongation 5 14 11

Chemical Resistance:
(ASTM 1308)

50% Sodium Hydroxide

10 (no etch)

10 (no etch)

10 (no etch)

50% concentrated Ammonium

Hydroxide

10 (no etch)

10 (no etch)

10 (no etch)

50% concentrated Sulfuric Acid

10 (no etch)

10 (no etch)

10 (no etch)

80% Phosphoric Acid

10 (no etch)

10 (no etch)

10 (no etch)

50% Glacial Acetic Acid 10 (no etch) 9 (10) 10 (no etch)
Acetone 9* (10) 0 10 (no etch)
Ethanol (95%) 9 (10) 10 (no etch) 10 (no etch)
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14 11 11 Dry Time (hours) 16+ 4 4 7 12 WD 2012/ 100140PCT/ US2012/ 021994
Table 8 Ingredient 12F 12G 12H 121 12J 12K Part B Dow Corni ng 409HS1 127.5
127.5 12'W0 202710814027. 5 127.5 PCT/US2012/021994

150+ Methyl Ethyl Ketone
(double rubs with cloth)

No effect

No effect

* - very slight swelling of the area under the dish.

Numbers in parenthesis () indicates 24 hour recovery rating if different from initial rating.

[0160] Results of Comparative Example 6 and Example 9 through 10 are set
forth in Table 5.
TABLE 5
Test Comparative Example 9 Example 10
Example 6
Pot Life (Ford #4 - 18 (at 24 h) 45 (at 24 h) 39 (at 20 h)
seconds) 16 (at 5 days) 28 (at 5 days) 46 (at 5 days)
Manual Drying 36 (dust free) 30 (dust free) 28 (dust free)
(minutes) 85 (tack free) 50 (tack free) 59 (tack free)
182 (print free) 70 (print free) 106 (print free)
BK Dry Recorder 30 (dust free) 17 (dust free) 16 (dust free)
(minutes) 61 (tack free) 34 (tack free) 24 (tack free)

76 (print free)
216 (hard dry)

73 (print free)
206 (hard dry)

31 (print free)
43 (hard dry)

Mandrel Bend (crack 3.7 0.7 0
length in inches)

Reverse Impact (Joules) 0 Joules 2 Joules 12 Joules
(ASTM D522)

% Elongation 5 14 >26

[0161]

Table 6.
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Dow Corning 30742 148.2 148.2 148.2 148.2 148.2 148.2 Vinyltrimet hoxysil ane
44.6 44.6 44.6 44.6 44.6 44.6 Dow Corning Z-61943 5.7 5.7 5.7 5.7 5.7 5.7

XI AVETER(WY 20RB0088414 22 22 22 22 22 22 PCT/US2012/021994
TABLE 6

Description Example 11
Dow Corning 409HS 105.4
Dow Corning 3074 120.0
Tioxide TR93' 228.0
Dow Corning Z-6194° 4.1
Dow Corning Z-6341° 16.4
KBM-403" 29.6
Tinuvin 292° 15.2
Tego Foamex N° 4.0
MPA-2000X’ 5.8
Methyl n-Amyl Ketone® 31.2
KBM-903’ 19.3
Example 6 200.0

" Titanium dioxide pigment commercially available from Huntsman.

* Dimethyldimethoxysilane commercially available from Dow Corning.

? Octyltriethoxysilane commercially available from Dow Corning.

* Adhesion promoter commercially available from Shin-Etsu.

> Hindered amine light stabilizer commercially available from Ciba Geigy.
¢ Defoamer commercially available from Tego.

7 Anti-settling agent commercially available from Monsanto.

¥ Solvent

? Aminosilane commercially available from Shin-Etsu.

[0162] All of the ingredients were added under high speed agitation using a
cowles blade. After Example 11 was prepared, it was spray applied to sandblasted
steel panels (2.0 mil profile) at a dry film thickness of approximately 3.0 mils
(approximately 76.2 microns). Dry times were measured using ASTM D1640.
Conical mandrel elongation test panels were cured for 3 days at 72°F/50% relative
humidity followed by eleven (11) days cure at ambient conditions. Test Data is

reflected in Table 7.
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Tinuvin 2925 30.1 30.1 30.1 30.1 30.1 30.1 Xylene 25.2 25.2 25.2 25.2 25.2
25. 2 KBE-9036 KBM 9037

WO 2012/100140 PCT/US2012/021994
TABLE 7

Test Example 11
Pot Life (Brookfield Viscosity™ - 900 (initial)
centipoise) 1200 (at 69 days)
Manual Drying (hours) Dry Through 4.5-5.0 hours
(ASTM D1640)
% Elongation 10.8

*Brookfield viscosity was measured using a Brookfield Model LVT instrument with a number 3

spindle at 60 rpm.

[0163] Examples 7-11 demonstrate improved flexibility, for example,

improved elongation and mandrel bend properties, of a coating film while maintaining
good dry times, good chemical resistance, and good storage stability in a one-
component composition compared with similar compositions without a flexibilizer.

Examples 12A-12K

[0164] Coating compositions were prepared using the ingredients listed in

Table 8. The ingredients of Part B were mixed until uniform before the addition of
Part A. The liquid compositions were evaluated for Gardner colour according to
ASTM D-1544 (after 2 weeks at 140°F — lower value represents less yellow). The
compositions were spray applied to sandblasted steel panels (2.0 mil profile) at a dry
film thickness of approximately 3.0 mils (approximately 76.2 microns). Dry times
were measured using ASTM D1640 (72°F/50% relative humidity, 5 mils wet film).

Results are also set forth in Table 8.

Table 8
Ingredient 12A 12B 12C 12D 12E
Part B
Dow Corning 409HS' | 127.5 127.5 127.5 127.5 127.5
Dow Corning 3074 148.2 148.2 148.2 148.2 148.2
Vinyltrimethoxysilane | 44.6 44.6 44.6 44.6 44.6
Dow Corning Z-6194° | 5.7 5.7 5.7 5.7 5.7
OFS-6341" 22 22 22 22 22
Tinuvin 292° 30.1 30.1 30.1 30.1 30.1
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Silquest(r) A-16378
Silquest(r) A-112011 -- 16
WO 2012/100140

Silquest(r) A-26399 Silquest(r) A-11701 16
4

PCT/US2012/021994

Xylene

25.2

25.2

25.2

KBE-903°

16

KBM-903’

A-1637°

A-2639°

A-1170"°

A-11201

A-1130"

A-link 257

Ethylaminoethanol

Methyltrimethoxysilane

Part A

Silane Functional

Urethane*

261

261

261

261

261

RESULTS

Gardner Colour

16

14

11

11

Dry Time (hours)

16+

12
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Silquest(r) A-113012 -- 16 Silquest(r) A-link 2513 -- 16
Et hyl am noet hanol 16 16 Methyltri net hoxysil ane -- 16 16
WO 2012/100140 PCT/US2012/021994
Table 8
Ingredient 12F 12G 12H 121 12]) 12K
Part B
Dow Corning 409HS" 127.5 127.5 127.5 127.5 127.5 127.5
Dow Corning 3074° 148.2 148.2 148.2 148.2 148.2 148.2
Vinyltrimethoxysilane | 44.6 44.6 44.6 44.6 44.6 44.6
Dow Corning Z-6194° | 5.7 5.7 5.7 5.7 5.7 5.7
XIAMETER® OFS- 22 22 22 22 22 22
6341*
Tinuvin 292° 30.1 30.1 30.1 30.1 30.1 30.1
Xylene 25.2 25.2 25.2 25.2 25.2 25.2
KBE-903° - - - - - -
KBM-903’ - - - - - -
Silquest® A-1637° - - - - - -
Silquest® A-2639° - - - - - -
Silquest® A-1170" 16 - - - - -
Silquest® A-1120" - 16 - - - 4
Silquest® A-1130" - - 16 - - -
Silquest® A-link 25" | -- -- -- 16 -- --
Ethylaminoethanol -- -- -- -- 16 16
Methyltrimethoxysilane | -- -- -- -- 16 16
Part A
Silane Functional 261 261 261 261 261 261
Urethane'*
RESULTS
Gardner Colour 15 9 15 12 4 5
Dry Time (hours) 5.5 4 4 8 6 4

! Silanol-functional silicone resin commercially available from Dow Corning.

* Alkoxy-functional silicone resin commercially available from Dow Corning.

* Dimethyldimethoxysilane commercially available from Dow Corning.

* Octyltrioethoxysilane commercially available from Dow Corning.

° Hindered amine light stabilizer commercially available from Ciba Geigy.

% Aminopropyltriethoxysilane commercially available from Shin-Etsu.

7 Aminopropyltrimethoxysilane commercially available from Shin-Etsu.
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Part A Silane Functional Urethanel4 261 261 261 261 261 261 RESULTS Gardner
Colour 15 9 15 12 4 5 Dry Tine (hours) 5.5 4 4 8 6 4 1 Silanol-functional
si |l i cone we=bre/wonmer ci al | y avail abl e from Dow Cor ni ng. PETAISR@zp2f99hct i onal
silicone resin comercially available from Dow Corning. 3

Di net hyl di met hoxysi | ane commercially avail able from Dow Corning. 4

Cctyl tyioet hoxysil ane commercial l.y avaj | abhl e from Dow Corning. 5 Hi ndered
ani ne Iﬁ\ﬁlﬂ‘t‘m%’&‘gﬁfr’ln? F‘ysé%‘?ﬁﬁ?meéﬂl%{k‘/ =\ Lﬁegrgfnel\d?mgmvej ba Geigy.

? Aminoneohxylmethyldimethoxysilane commercially available from Momentive

' Bis-trimethoxysilylpropylamine commercially available from Momentive.

""" Aminoneohexylmethyldimethoxysilane commercially available from Momentive.

'2 Aminoethylaminoethylaminopropyltrimethoxysilane commercially available from Momentive

13 y-isocyanatopropyltriethoxysilane commercially available from Momentive.

' Reaction product of Silquest A-Link 25 (y-isocyanatopropyltriethoxysilane commercially available
from Momentive) and Paraloid AU-191X (acrylic polyol commercially available from Rohm & Haas)

in an approximately 1:1 ratio of isocyanate groups to hydroxyl groups.

[0165] It will be appreciated by those skilled in the art that changes could be made to
the embodiments described above without departing from the broad inventive concept thereof.
Whereas particular embodiments of this invention have been described above for purposes of
illustration, it will be evident to those skilled in the art that numerous variations of the details
of the present invention may be made without departing from the invention as defined in the

appended claims.
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6 Am nopropyltriethoxysilane commercially available from Shin-Etsu. 7

Am nopropyl tri net hoxysi |l ane comercially available from Shin-Etsu. 8

Am noneotwol2orwetshoxysi | ane commerci al |y avai l abl e fr omCiIsee2ioe®99

Am noneohxyl met hyl di met hoxysi | ane conmercially avail able from Monentive 10
Bi s-trinmet hoxysilyl propyl am ne commercially available from Monentive. 11
Aninonﬁgggﬁ #gﬁ?ﬂﬁiﬁi t hoxysi | ane commercially avail able from Mnentive.
12 Am § i 3§aninopropyltrinethoxysilane comercially avail abl e
from Monentive 13 7-isocyanatopropyltriethoxysilane conmercially avail abl e

from Monentive. 14 Reaction product of Silquest A-Link 25

( Thi sotyanatamespopiponérdtchatngsionzmesitioo wnmpusiagl y avail abl e from Monenti ve)
and Par al oi 9 AU- @S%lx é@crwfi < &olq\(ol c?mm(ci ally available from Rohm &
Haas) in an'@APABRRHAREPY iipngH-uRetional silitelSey anat e groups to hydr oxyl
groups. [ 01@HhlgolyhdricoRPridPphaalidkedlay tdrios® ubihhd &dreihnk Mhakafet that
changes coul d be made to the enbodi ments descri bed above w thout departing
from t he brtsa@nparostlanedressatBpn ankang of 0.0Welesadap 4 percent kir weighlb #8¥98nt s of
this i t n >k bed above for purposes of illustration, it
wi || b@%itgtgg‘fvgg}éﬁfﬁgg80@%?%%116&3 in the art that nunerous variations of the
details of tdhenpnesemdohbhdadti on may be nmade w t hout departing fromthe
invention as defined in the appended clainms. WO

2012/ 1001408CHAITPOHMDOXGYANGAHAT 1S CLAIMED |'S: 1. A one-conponent coating
conposition conprising: (a) an al koxy and/or silanol -functi onal
silicone; (b) a polyner conprising an al koxysilane termnal unit and a

ur et hae | i hkagmting composi(ia) ofriaiani ,monprismgenpilesgnnd arilamldmmtionhalof 0. 01
to | ess_ .than %]pe(cent by wei ght, based on the total weight of the
conpostiifYl; Wherein: 4y an am noal cohol ; and (e) a trifunctional
oxysi | ane. 2. ThesiaAst fuleicaMAsd dol @hpPiesd &ioknd $PFRIhRUMY (Rg@ekgxy and a
sil anol -functional silicone, wherein: (1) the silandl-functional

si | i cofeemobwpri ses a conpound represented by the general fornmula:

wher ei n: (a) each R1 is independently selected fromthe group

consi sting of a hydroxy groug,zan a kyl group having up to six carbon
atoms, and an aryl group haviing up o six carbon atons; (b) each R2
i s independently sel ectre—firamithe-group consi sting of a hydrogen, an al kyl
group having up to six carbon btons and an aryl group having up to six
carbon atons, wherein at |east®one pf Rl and R2 is selected such that the

conpound conprises a silanol group; ‘and '
, wherein:

(a) each R; is independently selected from the group consisting of a hydroxy
group, an alkyl group having up to six carbon atoms, and an aryl group having up to
six carbon atoms;

(b) each R, is independently selected from the group consisting of a hydrogen,
an alkyl group having up to six carbon atoms, and an aryl group having up to six
carbon atoms, wherein at least one of R; and R; is selected such that the compound
comprises a silanol group; and

(c) nis selected so that the silanol-functional silicone has a weight average

molecular weight in the range of from 200 to 300,000; and
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(c) nis selected so that the silanol-functional silicone has a weight
average nol ecul ar weight in the range of from 200 to 300,000; and WD

2012/ 100I™ORCI/ 106012/ 021994 (2) the al koxy-funct ipeRalS2&12/02 900 e
conprises a conpound represented by the general formula: RS R4 - 01 R3,
wher ei n: (a) each R3 is independently selected fromthe group

consi st ng rou avi n up.to six carbon ato n ar group
havi ng up t él?exa %‘H %Qf@ﬁélnc%ﬂ?d: AHTSE KD KR 6@?5%“%61%‘? Sef&%%ut si X
car boniREQNs; (b) each R4 is independently selected fromthe group
consi sting of an al kyl group having up to six carbon atons and an aryl
group having up to six carbon atons; apd (c) nis selected so that

t he al koxy-functional siliconge has a i ght average nol ecul ar weight in the

range of from 400 to 10, 000. 3| The cpating conmposition of Caim 2,
wherein the silanol-fuhcti© Si+H-do ¢Qnpri ses phenyl groups, nethyl
groups, and conbi nations thefeofl. 4. [he coating conposition of claim3,
wherein the ratio of phenyl ¢rogps to t hyl groups present in the
silanol -functional silicone ngés fr 1:1 to 1.3:1. 5. The coating

conposition of Claim2, wherein: r(a) t Weergin) anol - f uncti onal silicone
i t th t t b
i Dresent 1 ¢ b SR8t G ERIRARhY kAo ATBURLpRhodubl FOpRRGEST! DY

conposi ti Ongllolilp anviagopng siefcabdntacond) aperye gfﬁupbiﬁvmglughb six carbon atdmy, ahde
pol ymer conprising an al koxysilane term nal unit and a urethane linkage is
present in @Ih@lke@é_gl‘OHBh@Yj%Bgltq ARONIE i CAFPOR MUY of 0.5 to 30 percent by

weight; and - AIRE R 1§ Q0BLte@ 1t (E aldubldRGLi R Y3 | ane are

bot h present e coating onpos?tlon In an a to 5 percent by
wei ght, whegm®iup hivieg wpitg ki cpdioo @itings zmdezmbmﬁ@ﬂomhatvh@ wptoadix ewbghatonk; t he
coati ng con'g%#si tion. WD 2012/ 100140PCT/ US2012/ 021994 6. The coati ng
conposi tion Claim 1, wherein the polyner conprising an al koxysil ane

termnal unit ang)a iyi@RaNG thhnk@dRoSRMRICHSL sAichRAkds! aoxﬂelgﬁ%%?e of
reactants conprising a hydroxyl functional resin and an isocyana

functi onal sWlegnler weighhm the sangag@f GonpE¥) toilOW08f cl ai m 6, wherein the
hydr oxyl functional resin conprises acrylic resin, a polyester resin,
and/ or a polyether resin. 8. The coating conposition of Claim1l, wherein the

\%{T nos3| aneTROBRHinS icHBpBsiGONPOCRA Y; Wherefr ) Jildmdyhin@tibRe sOROLS @dmﬁﬁiﬁeﬂw a:
erein:
phenyl groups, methyl groups, and combinations thereof.

4. The coating composition of claim 3, wherein the ratio of phenyl groups to methyl

groups present in the silanol-functional silicone ranges from 1:1 to 1.3:1.

5. The coating composition of Claim 2, wherein:

(a) the silanol-functional silicone is present in the coating composition in an amount of
1 to 30 percent by weight;

(b) the alkoxy-functional silicone is present in the coating composition in an amount of
10 to 50 percent by weight;

(c) the polymer comprising an alkoxysilane terminal unit and a urethane linkage is
present in the coating composition in an amount of 0.5 to 30 percent by weight; and

(d) the aminoalcohol and the trifunctional oxysilane are both present in the coating
composition in an amount of 1 to 5 percent by weight,

wherein the weight percents are based on the total weight of the coating composition.
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(a) each X is independently selected froman al kyl group, a hydroxyal kyl
group, an al koxyal kyl group and a hydroxyal koxyal kyl group, each group
cont ai ni yoOl2epg1003an si x car bon at ons, and PCH)USY1262190HNR) C,
wher ei n: (i) cis an integer of from1l to 6; and

(it) Ris a difunctional organic radical independently selected fromthe

group consisting of an aryl up, .an_ al ky roup, a di al kyl | group, an
al koxyg'l kyl E?B‘?ﬁ%‘?gﬁﬂ@p%l@%g%@a%ll’8P%r651,t|h%1381y EF%YHP?%%XQ/%%XW%E‘W n each
Y ol egihGial Snil 1 £0RHaNO FRERLSHA Aeadlodigidduct WhRhALAs bhGpMEhGRt rati o
of am nosilane to am noal cohol in the coating conposition is no nobre than
1: 1. 1bydroeyldeationgl reonpod an isoayanhtedlizitiongl sikher ei n t he wei ght rati o of

am no silane to am noal cohol in the coating conposition is no nore than
0.5:1. 11.The conposition of Claim1, further conprising an organonetallic

catal ygt. 1Zhd. &tﬁati‘ﬁg ABRPbIiliONo0dlaitd i vihekein it RyiRsxy¢ AL S REkiRcoMpiSIer €
scavenger. 13. A substrate at |east partially coated wth a coating
deposi 8&Hliq Feskn & Relyewert iesin, andfayadiolyesher 6¢sitc] ai m 1.

8. The coating composition of Claim 1, wherein the aminosilane comprising a compound

) Y—Si—(0—X), )
having the general formula: , wherein:

(a) each X is independently selected from an alkyl group, a hydroxyalkyl
group, an alkoxyalkyl group and a hydroxyalkoxyalkyl group, each group containing less than

six carbon atoms, and
(b) Y is H(HNR),, wherein:
(i) c is an integer of from 1 to 6; and

(i1) R is a difunctional organic radical independently selected from the
group consisting of an aryl group, an alkyl group, a dialkylaryl group, an alkoxyalkyl group,

and a cycloalkyl group, and where R can vary within each Y molecule.

9. The coating composition of claim 1, wherein the weight ratio of aminosilane to

aminoalcohol in the coating composition is no more than 1:1.

10.  The coating composition of claim 8, wherein the weight ratio of aminosilane to

aminoalcohol in the coating composition is no more than 0.5:1.
11. The composition of Claim 1, further comprising an organometallic catalyst.
12. The composition of Claim 1, further comprising a moisture scavenger.

13. A substrate at least partially coated with a coating deposited from the coating

composition of Claim 1.
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The composition of Claim 1, wherein the trifunctional oxysilane comprises a
compound represented by the general formula:

rln.- ;
R, ‘lws OR;

OR- .

, whereln

R, is an alkyl, an aryl, or a cycloalkyl group, and
R, is independently selected from an alkyl, an aryl, a hydroxyalkyl, an alkoxyalkyl,
or an hydroxyalkoxyalkyl group.
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