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COPPER PROCESSI NG USI NG AN OZONE- SOLVENT SOLUTI ON 1
CROSS- REFERENCE TO RELATED APPLI CATI ONS Thi s pat ent
wapbkioswpi on clains priority fromthe foll ow nBCTBS2005/032755

provi sional patent applications: 1) US Provisional

Pat ent Application (60/607,865) filed 9/7/2004,

"Met hod and Apparatus for Treating a Substrate with an

Oz one FARLEURIBAG MIODIFIE DRI X RNICE€ONRQSITIONS

Inventor: D.G Boyers 2) US Provisional Patent
FIELDAOP ¢ RNGBONG09, 200) fil ed 9/9/2004, "Method and

Apparatus for Treating a Substrate with an

Qzone-Buk ve’ﬁtltl%teiﬁt‘i:sdﬁ siloxgmgpesin pprapediensgised for forming

cnesil 5P i o S FEYB5 B0 RO Sl bty
modifiéP Bidéakhe Soﬂipbslffdireqiebfmgy&oﬁuﬂﬁbd ad prowidetacesierated rates of reaction
Ozone- Sol vent Sol ution - 3 per Processin

LI P
and curgnsn e droadficmpeishye Fanes) ineladime sphisy Fepasus Af desired, to
' % gl?&“ﬁ film
mlnnn%gm’éer 13 % aﬁ@/ 8% @1% gg tﬁeeﬁ%&?m%%@@lrcéﬁ@% ct?fﬁegg r.;]l de dtediive
coat1n@@ﬂheut3hé1/cembfﬁe;kihﬂityln - Copper Processing |V';
Inventors: D.G Boyers and Serdar Aksu, 5) US
Provi si onal Patent Application (60/709,209) filed
BACKHRS(RAVOr THEINENNdNPpar atus for Treating a
ubstrate with an Ozone Sol vent Sol uti on- Copper )
Pr oces§hengse\of siloxanenesins ask, desirgbyasinsaddijwdn fermaing protective

coarinfgols MR G PEE MR RDIRLG s e AEEEDERPE S Blan S
1ng1ed-|_éh§%t% NDsi B xed ki lsSnidhwinlto @Bn&bﬁ&@r@ﬁﬂrﬂ&rﬁf f&xhbihtyonﬂpact and

Inventors: D. G Boyers and J.T. Crener, %
weathemppsust@mel to the1gpulpiag oved B RatnG e oasﬁa?fa?wnl @ polysiloxane

resin f 5D G TG 0B R oo Al FERDTe PRRYRY o PRkl Ristance,
flexibiliby, L3@odBresidednao, Chndﬁ:deaﬂmmiﬁ]éﬂyUe tHearesiHigag epaxyaresin-based film
Gas- Sol vent Solution", Inventor: D.G Boyers; 9) US
CoatJlll&ppl i cation 10/ 425, 692 " Met hod and Apparatus for
Tr eat | Eeedhd et @koéhg MERYithS® balleir€din material,
T%@a@“@ﬁ&iaﬁ& eoyerg : and aCl%plleApplll cati or€
e.g., aﬂ@f)@&&,eéhﬁSby Atetdiddr basd cApbapéhmeroiysrs ofrtbesilaxgneresie and an

aminop {oillowegbgeo%@v%tggr}eef t O| V@W t S ol gﬁ&wﬁﬁmeg'ﬁluimg
hydrolg‘é"l‘é BRk edctibh 8F ShninkRiish ep'b\k?n%m%&ioﬁtrﬁe‘chh@lsﬂiﬁb badthat is initiated
pparatus, and treatnent conpositions for treati ng
by thermesenéeadt mpishiraponsisied 18 Blewsereneo ot A Bpine\Bdglriven To completion
articul.a at -
by. GV%’8F5F18§|0$ ﬁfcpﬁdél ftop}l% {1&?%1‘110#1951%% s%?d'tfg)%n t\)glﬁﬂé SichBown epoxy

polysilBxhié b@tﬁg%@ﬁi@oﬁ&oﬁ{l&e weéfar mﬁonmng Ipeotbetbiel croahmgsrpro‘fldmg a
i ntegrate

circuits and other _el ectron g]g%/[l ceds
degreepfeopting herdapssclieiBilitn Ampadi gespancss W JP% coRtbSion and
chemlgaﬁ%eé‘llge c%tf) %ﬁﬂmﬁ&ﬁc% % idsGke! &cﬁlcsgtm%‘%ggérﬁ@?&cﬂg ot d8R%op only

am nants, from e material s,
after th@muagegoﬂmqawcmmghmng ok lchmsg gmeh Ths nbexy@r}sowﬂe coatmgs having

phot o- r esi st re5|% rip g% &thevvet
recuchientile 781G QK VQLor P et 1‘8&1%%@1 Ofef BHEED,
necessgl%'?ezl' tﬁg%%e?&alk@¥${?e oRRuBr TRIBF tllns 11@% Bf AU Agh 8NsiRN c8&ings.

treatment can for one or nore
A disadvantage, however, with using such lower molecular weight resins is

that the desired above-noted coating properties can only be acquired by increasing the cross-

link density of these resms Wthh takes longer and requ1res a confespondmg longer drymg or

curing time and/or increased energy input (for example relatmg to external heatlng equlpment
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pur poses i ncluding cleaning, material renoval,
formation of protective filmor protective |ayer or
wEe@besspve barrier |layer on nmetals such as coppPEUSEN032755
al um num oxidation of a material for the formation of
an oxide layer or oxide filmon a material such a
silicon, renoval of an organic material such as
that magetuse &Sin&jrof/emhe&ptﬂ tirne)t wisamscospaiedste CPEOLE ¢aspasitions prepared

oo g, 85y 28 S4B Sk R RS 8 o
in the c%gt?xg}hav-ﬁike o FdRedd L eCHTIRBilged for removal of thin

organi c contam nati on to pronmote film
adhes iloan exarpple kdewuspoxwpolymgazﬁnmgoaé@g|cp@1@pp1§ﬁg, the cross-link

s A AT S A S ML or
namelyEB? Bl d@ﬁ&é&@t@@%@ il dainB Gigrdtéand eéachah of afideSkith

ef nat’i onal disclose a nethod of treatin
epoxy sivs tWhilethese ingeadiessorie ksewy énproyiiedireisci v Copfige having

demre%cgzlegg?saz FIIIL$ Flg%lmVI gsc{fylgﬁ e rmfél%@aﬁgeﬂéﬁ%ﬁu@dg@@Ccrequlrements

the dry%gthrﬁé fdrGaEh esatin@tmayabe ErsOBE] 53 ¥rtaif hipplsmatipnetallieg for
406, 551Bl ) None of these patents disclose a nethod
CIUICkefl@fW rﬁ@ucﬁﬁ dsyips8mes] vent sol ution for corrosion free

treat Iri? it tht%fe %@%eﬁ}ng{oﬂ?ﬁw dilRgar dogiRRons be formulated that

const their preferred chemstry

are capableTeréhding iasiedeerd lcnqmgcﬂaxdpbm hivdoengsinpgft relistance,
formation of sol uble anmo

weathegqblity) and gepagon 629 §4BPE? Aﬁﬁlgf B TR 48 By o8B hapyht of

knownaeg[}?g ?UWS&@)&B@ Q@ﬁtﬁig’@dﬁ%siﬂohb VAARNE thedadie tiAE pidvidisg such
e’in copper renoval in chem cal nechanica

prOPemeﬁ wslmmmgred:rﬁcegelmylug 0t oere Gme/fdegver @ bmadutﬁpﬁﬁa%?)f?élge that can

er met r
oS by ST RO Pt g e
curing .%tnbieﬁt 8 Ripdratine Shodified il ed@e @ompblitowzafibil Ml\tdmabn psovide a

mar ket ed f or fhotor esi st renoval from substr.at es. fo& 1
furthersasivhnlogrioicavoiding femeed to negxissm! |he%tt%$%ﬂ°efrﬁ%v%%e tis also

desuec? %g? Eﬁ&?&é%ﬁ&%%f%%%oﬂy gg'elﬁ\éégl{hgﬁ% ?oﬂgﬂ%%t?@ kdBrovide such

desired bﬁ&hl@@l&ind nigzhhgdalgfrofeaties \myhla medwedh érysng asheure Hings Using
corrosiogn fre

fo e tre semi t
readil s PSSR A yGOHE BE R fof fRSCr Batis Ty ugipe e tidhniques
or equ g? Syitable for use with copper. None of these

ref erences address the chall enge of nmaking an

ozone-wat er based treatnent sol ution capabl e of

form i passi vation | ayer on treated
SU}ﬂ%gﬁgéB%§§ﬂg@gggﬁkgﬁﬁ%orrosion free treatnent of
el ect r pa euARY hfoRdfiedlsilBx#ne(@dhipRsitions 6Dy iabentiontgenerally
Benztriazol and other Organic Corrosion |nhjbitors:
comprﬁee(h)mstaummﬂﬂ;nqls@mmah piliconsyintegppdintee ¢4} Fdrashone amine
cantr e c_devi
reactispicgisel BHEHTEDE ThE e BRI raSthdehe. nciopal ingredionts,

acrylaflfRc@naBaEQS Erta2al nliBiids théi@mﬁ@ra,n dBoAy-fisnatiohaldngredient, (4)
conpat i bl e 'and has not been useful. for F ﬁentuyg
a curingageat sebestedofpmrthe groyp GRBSIHHIEH AU AP etimines,

ocesse el e [ .
i85 SR L RS ARIGEPARY, PRI SE o o
curin @&@i@@%ﬂ&xafn@ Com@bsitishOsr thizrihvention snckurtewsilanes, olgenemetallic

wever, to our know edge one has denonstrated a
catalygtg;q@dmnfsb BigufesEs, @H?ﬁ@é@é@f’&%’ 388t ment of substrates

-for--el ectroniec-devi-ce- manuf acturi ng- appli-cati-ons-using -
ozone-wat er based chem stries fornul ated for high

phot oresi st renoval rates and | ow copper corrosion
rates. 2 OBJECTS OF THE INVENTION 2.1 Primary Qbjects
of the Invention provide m mml copper corrosion -

st abl e adherent protective passivating filmfornmation
on
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copper and no copper corrosion (copper etch rate < 10
A7m n) provide for a protective |ayer on a copper

W@ 006a889f or protection of that copper surfacePdT/U82005/032755
damage or corrosion caused by exposure to other
liquid, gas, or plasma environnments provide high
phot oresi st renoval rates, high organic residue
r enov alherabbes-idehiifiéd Mgteelidnd aroxbutbiriedrand atasted thifgim a fully

material treatnent r or _hi ter'a cle
cured oG BOVeTRRRGRE e Sarelioy PORBIHIEPBreg! g e In the
event tﬁc/l’[ %{gele&é@é&hﬁjﬁ r&idfils fﬂg?&h&ﬁ eMsideyoat @htePin&RiHal Roredient, the

Oow cost em ca use environmental |y benign
resultntg‘lﬁa.ﬂly cadss-linksd clmhrﬂuuatlestruhtam wilk gompréss apteaniEgl 9poyy pelygijoxane.

i the g PR o B RS i 0Fb T R0 Pl s,
the resﬁl%(%%@l@d%gs ExENRLARCal MRkdeMENEA TORING sédm S3f(late dpoSlD
ES IN WHI CH. ozone is first ss | ' vedi nVvat er
polysilaxahet hen t he ozone-water solution is applied to a
bst th
SUDS r’gtbep"fq gsr?qeélﬁgl brt%% §846Ljshleﬁgl Z% S10Gat Gfh RE b&ﬁbfn@d to

belng ne-wat er sol ution

providé fasheddigtimabifled shexdne cam@bsladnst @emf&mbﬁfdmbtemqnewde a
(gas is introduced directly into rocegs .ch nber
desirechivdlyweatask prafeativa fler coatagivEHIz 24 C%C‘Hﬁ AF G51e A

compare%i?r}) gg\% 10%51 Qf) Ll'lcggné Qoﬁpéslf@?cﬁ @p@mﬁ@@lﬁn ?as@-@ﬁrlh@modlﬁed

uce nea trate sur ace and ot’her
siloxar@ @il tiHhna bétlmpk/exe@mtaket ibvastaps bf the eclatbyady acoglesatpd rate of

i ntroduced dlrectl | o t he cess chanber and
reaction, TBHARRC EWEIA SEAPLAIin oSt P ORI Eratie B P SURRG e o tht
of the ﬁérf‘vegﬁ@{ gﬂoé}psﬂﬁxmlﬁfsﬁldng ré{ﬁﬂgronfr@a[dﬁbﬁ ®efveen the amine and
e

ne gas processes) T
epoxy ingPedibENT Aa3tONBng MOJUIRE: sﬂosarmgqoemmaft@ns of thispinwentiopgirovide

such r&ﬁ%ﬁe@ glérle%g rd%bﬁgf‘ ]Zl&lgg %Z ?1?)1& cortrHor s?r%’sq{cﬁ ﬁe%feélﬁﬂgﬁ&lé@és
flexibifity, BHIdRESS) dnpdee MEsitdn¥e M&@l&i@oll’i@d Ucblﬁ)s(itﬁsalglrtfneﬁuﬁl resistance.
TECHNI CAL BACKGROUND 2. 3.1 HYDROXYL RADI CAL SCAVENGERS

TO STABI LI ZE DI SSCLVED OZONE CONCENTRATI ON Hydr oxyl

DETA s R AR N AR "G S0l ved osone

concenfFsatcueng mthfMI silbkare doarpobivivhs hbimrgenedies are formed by

T, A e oo et one RO Bh B
with; @28@ PQ&% %ﬂan%m‘@‘dd%{ﬁ&@ OSRAAE g r&ﬁéht@élleaea BOHPGe A

n current "processes and current waf er process
consistingaf mmﬂ(bacs’(ataalflmomrmahngl erients, wlctyéajbéum@pn@ls}égfeﬂle@@p@tfg
processjn n a sal.ts creas

mixtugeq éh%@%fb(‘ﬁ.awpw nAl dRgrglipRt 8?3 A GERE & e‘ﬁ‘ n?ﬁgnal
organ&ﬁ@taﬁf&%@arlys% UL 8@ ogﬁ'&ha'l Beents; @iﬂl@f%rana\fmdlﬂhigeageﬁts

corrosi ve attack. reover, use of ammoni a salts coul d

decr ea¥esttduging tnzoiolificdt yloaanwog@msv@@s 6% Bieiny pntias 88 g provided

Ozone

e S S G R SRR TRt

separa?@bditainBrs 38 QRUSNTRheH drdivBixed Rckekiivr prioe@cdpiptivationyibrin certain
pronote ozone dGCOﬂEOSItIOﬂ

embodiments can be provided in the form of a single component in a single container. A

feature of these compositions is that, because of the particular selection of chemical

ingredients and/or the relative amounts of such ingredients used, they operate when combined

to provide a protective film coating having desired mechanical and chemical properties that

" are the same as or that exceed conventional époxy-polysiloxané coatings while doing so-
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2.4 Ozone Ceneration: Ozone generators of the type
used for formng very high concentrati on ozone gas
wo y@ho3lshy use a feed gas conprising oxygen mn REHUSZ0D$032755

nitrogen. First generation ozone generators such as

the MKS Astex AX 8100 or MKS Astex AX8200 require 0.2

to 0.5 percent nitrogen by volune. Second generation
within @g&a@y %ﬂgéchmll‘rfg drycprectithe yveredmpa@rme OpeuIBIE tepperatures.

I'trogen by vo ener at or Qper at
Examply emzqo%rm@gs ol it sOSyBeRomPRaton TS Ben o pppulated t
Be ch¥eRingsisi dﬁ%n‘tﬁemedfm erature

provid EP&E Fﬂl@&%hﬁg‘tfcgrg@ng gas dissol ved i np
environn@ng|i. ef omthoun ﬂterneed fuicaterndl ﬁlﬁﬁltélgaquéPeét tacks copper.

One of, the several el epents. of . hat
t r eat A E‘Prﬁinr 21?'? eI @ﬂdﬁe? flg%rrﬁe&fﬁ%feﬁ 90n@ig faacg ' Y
s110xan9 %§9§1t181% PRs&EY adofting td thisdAvéntidatiadudoppitmxané sgralient that
exclude nitric acid fromthe ozone-wat er, ? utio

is combzih¢dwith oithes r@aslngr@duqmsese}@éqd. fremthg grongﬂﬁ Y ?ﬁ;?ﬁrg’]]ﬂ% polyester,

d t.h
polyettgEBr aESy SPen he THATALTe Sk SFMEHat hepudsRitor e
1nterpeﬁ&Ya%n@@@}m&met\P@ﬂ{f(mmg\MqunepQm@:bfampa(?trrﬁmtm@,

en + 10% CQ2 by, vol u ener at |
ﬂembﬂgternw@tgmmblhéza [FOFIEpen P@HPI}B%‘B sﬁléta’%fet FAY P@f"é@?v"% Plbvided
erd B @2iDB8oRPEIch rties are
by s e Sl e e Pl e SRR R
the restlIHES WERHi @\ HolceaefGogredinte, th ré¢latpreedraounssiofdhd srsents and/or

of the i nvention rove nuf act uri ng
theHmﬁWﬂHﬂF@¥@b§ﬁé€@c%?”%??ﬁ%ﬁ?m@ﬁonﬁgﬁﬁqP§&¥%ﬁls provi ded.
The nmethod is useful for treating substrates conprised
at least in part of copper, a copper-containing
Siliconedhermediateor a coppercontai ning alloy. The nethod
i nvol ves  treat ubs useful
ozone. atveesbRaag RTE AL EFo BhRAaR sicons inermedints
siliconk @htBReNiAtBOP I RIde CoiR ateSiot dillited th.ayleram oe yplysidekapephpeaing the
or coppercontaining alloy surfaces. In one enbodi nent
followitgeformblaod of manufacture may further include the step
of form ng an ozone-sol vent based treatnent
conposi tion. In one enbodim&at the step of forming the
ozone- based treatnent conppsition may further include
the step of forming the ozpnle-soljvent based treat nent
conposition at a relatively |ow flirst tenperature
where the solubility 8 &zphe—dds%in the solvent is
relatively high. In anothef ﬁnbo i ment the nmethod of
manuf acture may further ing¢glude reactlng t he
ozone-sol vent - based treatnlp% osition with surface
of the substrate at a tenperdtureshigher than the
tenperature at which the ozone-sol vent-based sol ution
was initially forned. In another enbodinent t he net hod

of manufacture. may, further incl t LN
BRRGE CEE T D R
alkoxf‘ gx%[&ﬁg hadt E g lu%f kO IR SixQaHIR-RREE AEAdheR 1§Eéllécted) frposthe igorp

ate. I n another enbodi nent th
consisting o€ hydxiogem andalbpland i yltarenpsibavingarda spy ‘Faé}i’ont HOPEi Hds

he wafer or r id
o R B0l UL L SRR e o
hydroWais & tﬁ@élﬁ%&ﬁﬁ{drﬁgdmt@ Whithwedceibn @y diswdnstyrtae eolaﬁ\h‘s@f the

escribed is an ozone-based treatnent, co 05|t|§%% b
alcoholsmalog rrbduatef Hsdiydfolysisn R ernd RrestoHat having gigaer o pis "carbon

atomg%gﬁci} o&%iq%{lr\f/tﬁg P&@&oﬁlsissoolf 1?3155}10(91% iheARLdiNe %iu@@d ﬁile rélﬁﬁively low

aroun a-base or sal
cont ai ni ng any species such as NH3 or NH4+ that
formare added to adjust the pH and correspondi ng Eh

(the oxidation-reduction pot erti al) to a predeterm ned
val ue.
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The method may further include the step of renoving
the passivating |ayer wherein imedi ately before a
wG@aivsespsent process step the passivation | ayerP@BUS2005/032755
renoved fromthe exposed copper or copper-containing
all oy surfaces with a passivation | ayer renoval
chem stry. Al so described are nethods of formng the
volatilfty eat4snilcoboResdd. | 101, deéiréd)thd’e’Sﬁ' rbeb;eléc‘adeo I‘nim:t Iriecks]i comel

ositions for renoval of th assi t|n
mtennvant) edig¥e anByREERelecalae walghbindBe 1868 tgo %@ fo gbgut
t
10,000, 3fd %*?ﬁ@f&grlﬂﬁgtﬂee‘}%‘%%ffﬁenﬁ?bt 2 ??‘22? ment
c 0 npostterfamdrm;cohe 1rapmie|dwdiesb;tclsm alkpxytewsiong polysiloxanes, such

s e PG SRSEE EERATS COMRTSLLIR BB B gt -

3037 i W@Bnﬁﬂgﬂé% KRl 9f‘ smrss@%nam DeOfibh WEBRIr $6eddh Adrian,
partial immersion of the wafer or substrate in the

Mich. tRrefetned rsthcommm@medmtﬁs also in¢ladesitrodl-frmationdl polysBexanehsuch as,

wunof BORRELA AR ke, 20 6 004 PR S bR

CRL-36 i EholTRAWAbRine YonpaBisibhab Bthiyriffention camptibein the range of
enbodi nent the treatnment conposition nay be_ used in a

from appyicufol mgcm Ry ivgighi (Phov) FHCOR intermediatcs aad prefrably in the
t f
range GBSty Bl DE 08 W3 8o RURELEALE A

particuérly pt@y&k@ldfastldmrmg@ﬁd&bjgecbsﬁm&dmmml)dsﬁmm crfethﬂs AvEntion comprlses
conposition may be used in a circul ating con rat
in the FARERAT BRI 3ROV 1R1R FoR Bt gk Rttt fgleRa
f 4
silcor e g P g R e R 20004 o
nanufacture may be used for form ng a passivating
l.a er on exposed copper or copper-containing alloy
Applications include any point in the
manuf antH 1eBgbcPIPHBE SSarenyalieht, khitdbde $B@EsncIude o3k Beting the
exposed copper surfaces ffom corrosi on such as that
generaMiorohilaray ari se during the queuing time in which a
waf er awaits the next process step. In another
embodi ment, the method of| Bgnuflact ure may al so be used
for rennving phot oresi st lof other organic materials
while formng a paSS|w@t| on exposed copper or
copper - cont ai ni ng allof sjuy facgs. "I n anot her
enbodi nent the net hod of nnnuf cture may al so be used
for precisely renoving a hi®n [“ayer (less than 10 nm
thi ck) of copper from an exposed copper or
copper-containing alloy surface In one preferred

whereEHfQ @@, BRAR ;{ fie ikpoRilegas stiasted &odi ths @roupctonsising of hydrogen and
ui t abl e-sol vent such as water, with o

alkyl, ayli e oy Lerdk oy, atloXpaB bl KON AMY A ebhydsorlgyalky!
t t

oo T PSP O S BB ot

conmshﬁg of hndrogel aﬁd zﬂhylpmd aryltgpoups élaamglupdaslxmﬂm‘n dtdres. In an

exmé% SRR T 4 e of i B BOPBGE sy PBB ORI dpfealymerizaton,

a" d'1§ b }‘aﬂg@to? e 1 @6 9GRS & BRRGh 238l g MRHORICuR He®IhR & the range

em cal s such as” hydroxyl “radi cal scavengers are
ofﬁmaﬂﬁbﬁedO@o a substrate I n anot her enbodi nent, ozone

O ST RS B RS PR SR Lo

Silane

19

)fast-crﬁ Aot ot sf16tHne QB RPBsifaSs dfthishvepdbs Sfdr Skangilé Wheted O

e-process- chanber “and the- sol vent (mater S one ---
cmnpmddﬁmmgaymSBMVEHMMﬁaﬁUIdWh@nu%ﬁenﬂ@apax@ubﬁha$HWG@@%ﬁﬁK>
radi cal scavengers are applied to a substrate in vapor
form Also described are nmethods of integration of the
process into the manufacturiy sequence for forning a
copper interconnect on a wafer or substrate. Also
descrlbed are nethods of |ntegrat|on of t he process

. N s Y Y
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cl eaning tools. Also described are exenplary appar at us
and systens for use in manufacturing a circuit or
W0 niceosBanect on a substrate. The invention alBOI/US2005/032755
i ncl udes interconnects and circuits made by the
I nventive processes. \ 4 BRI EF DESCRI PTI ON CF THE
DRAW NGS 4.1 E-pH Di agram Drawi ngs The inventors'
assist ireasnpaaebltategathe sptyg titatchcotatet dnd/ atiaagl aessilidvawmntemediate and

. shown (Figs, la,.lb, lc, 2a, 2b,.3a, 3 4a,.  4b, Ba,
wnmogﬁ?ﬂ%&éﬁﬁ%&fsem%e LSRRG &SGR £ aﬁk%%?@%w bsr&lenyl/me’fhyl
methoMLsBBn 38 23RThHM, 6F ex88Ipld PHADEH (MineQndEr thB@roduct name

neasured data shows the oOxidation reduction poteéenti al

QP8-330rPThisi silane esqpefstred beeusmit & mongrderayanl sebeny danctionality to
. HE) as..a.function of pH for ozone-gas dissolved in
aSSISt\SVéS‘he%O.m Hgﬂ%?g]toﬁ‘ is for treatnent conpositions with a
car bon %ﬁ—o@ﬂiﬂ% efodheBfahe: dagrditRed of thieineb@iBnShay comprise up
titrated to the specified pHwth TMAH and wth
to aboyf §@ pergent by weishicphwbrsilees, Peierpblygn Hie RReprBBomebggt 0.5 to 5
. Fi < The ' m : .
pbwt, Bt i ot cigh e Kb BRIcRT A b B G et L st curing
modifiad-sid v osRi op o tigiginehtiort ainaprisds fsthk vatbeadioat about 0.85 to
concentration (CuT) of 10-2 mM at T=25C, the E-pH
2 pbwlisidgfieam pr evi ousl y publ i shed by Pourbaix is shown in
dotted line for conparison. W can see that the region
for stable Cu203 formation is |larger than previously

Aming ReelitbeddgiegicRouAbaidacetai-Genctiobaldngrefient The E- pH

di agrang. cal cul ated by the iLnventqrs, show.ng the

or edori Rt tespir & Heagiing Racesf iigelishi i teerSrionate
functibMl Eiﬁ%rgdﬁéﬁt@ | Aeeked DBRSSE, (ROREE Midetdacomtel B dtio inkPed@eri™s

Fig. Tb is calculated at T=43C, Fig Ic is cal cul ated )
understpod BQneqiTrgh isnssituted sndapresubliintediasatoaediete Cundipoalsagredients.

Suitab%% a@%%aqﬁgﬁ% ?gg?qadgrg%m\ﬂf.{qtg Y@slsﬁe%lgtga %%ﬁth% g%_Lllp including
acetodzalatdifuatBehdd Wiltidies, iaoyeidetits figlativhd) @ligb@ el edtsrcaart functional
phases for the Cu- H2O 16nM CO2 system wi th total
polymyrs; 8a yagtuesspeeofconcent rati on (CuT) of 10-2 mM Fig.
2a is T=d430 Ik [+S
R B b A
chemichleformulant ors showi ng t he predom nant phases for the

Cu- H2O 10mM H3PO4, sys i al di ssol ved copper

concentration ( 8}&127[%{#8%\2@%213#@. 3 ais calculated
el o b e RGOy b e Fle gt
urethdnapolsinearsiat dijuentse os amehyErory-tinglgermheplyriey that is capablalpf being

.The. E- pH.di | at ed ,by the inventqrs. show n
fonctiphigizgy BB PERGRdiot SPOERE. T Rt S LSRR et Ror can he
hydrog¥$bi€dinWelataki®draborfhiime! 1568 QBN Eabb®AtohdsUT)

y ro%f 10-2 r?i\?l alFi g. 04a 1i E_l(gcggﬁg)ul a?iegg(pat T=43C;, Fi Xb IS

cal cul dhedcetpacssts-fynrriendl ingsedientss Heafel mHeuming fest-cumes

. : syste kL . - Fagr
modighd BRI ARG Nhs S} bk e ARERGTREL G S “fdcetoncetat
reactibiisaitcl Guicio ianghé Bseel o€ demintiagtpgiasasiondn cofeentional epoxy-

Cu- H20O 10mM CH3COOH systemwi th total di ssal ved copper
polysigeraae FRsimequapPs{ieF) thefeby dacplitating gepired gedustion im-dayyiesad cure

. =43C:. Fi Q.. i ) t. 53 | . . 4.
ime 2RSS Ty EnF  BRsro
applicationd sugh bhthope edierd thanbatghaubeisatt dv subjeetedito HAtAGrgMimpact,

H3PO4 systemw th total djssolved copper concentration
weatheyg9yogPn. 5 cherhigal ¢ susahodly GhEbfiag Berted. T=43C, Fi g

- - - —-6b-is cal-culated at--53C:--(-The -i nvent or s- have -shown

t hat Cu- H2O 5mvt CH3COOH 5mM H3PO4 system has virtual |y
the sane E-pH di agram
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4.2 Apparatus Drawi ngs The various features of the

present invention and sone exanple preferred
wepdvemssent s f or nmet hods and apparatus may be PEL/US2005/032755

understood by referring to the follow ng discussion

and the acconpanyi ng draw ngs shown in Figure 7a, 7b,

8a, and 8b shown in this application in which |ike

r ef er ef@ebiuutetoat&ateefiactidnal dildeatseind wbigomeisrinelhde tris
seve

ures. This_invention includin ut. n
acctonp BTG IO NB oPREEaL PR d@&ﬁ?}%‘ief]y‘i%ﬁ‘gbﬁ’?fa‘ﬂ%é BERL or
t
popa ST G0y B FOTETE ty y fto
diluenbhapis aasllydeajlsmmlagptﬂagedoé g, trenﬂﬁsfm‘ﬁ@@u?lﬂﬂt fedlifsy HHBhAcg pacetate

rBa K} s ok o e R A R o R ot hod

Ozone- Prd ¥RYE aoftbiddt A8 TundtidHAN@bSei30me S ctaiebt4le-futional
i ncorporated herein by reference. This invention

diluenisreet detiined forrhe saroe rdason petgd lepve; while deing seat a reduced viscosity

when GRRTL I ERAE0Lr TrAAE B by 4 QTR T pRfertrcctoncetate-
functibriz® ailien bnd 6RERSé s eiSaceacalard VP nagtabie doresiangla fiyom

of the configurations shown I n a of t bove Iliéﬁﬁ
King Ipdussries efgfermed Comechpevingdesthy i u%‘dﬂ X Psbias At lex XM-
7301. and i ncorporated herein by reference. Any of the

treatment conpositions of this invention may be used

with aSynﬂﬂea&wbwnmﬁuﬂﬁnmanml@wgamanushdﬁﬂxh¢bawnganamyhc

i nventi on. 7b, . 8a

polyesieinbo T e ObHOBIETE FAgTEAD SRS nde RS b o B Biss g fonal

! FRRAAMPRSEOMAIEAQG KR bS ESglahd und
amyh@?&gﬁﬁﬁggghg%ﬂﬁgggyfggﬁaﬂﬁ |]n? chem cal s such ;? e

the praduatname SeBR®suen ds BHIORGR0 p& framdeuestin Byes, efifeanada under
e eGSR S S KR SBERES AR R oo ey ot

havin i MENE o ht BAS Bﬁ@fé&ﬁ@he@%@l Tu'h&‘ﬂfﬁhépﬂaduct name
URFACE TREATMENT Sl TI ONS- OVERVI EW Eé g,é) enti V_f
GPAcoylomg-, ﬁé’c@ylﬁéée@%ﬂ@dtiﬁr@n@%é%é%rGPc%ﬁ{Y 13 &defiqryl 706; and

from ILI ﬁi g.l? L] 3%2 a[lgﬁc?urﬁfe?h{%%bd‘tﬁt RaRsiaat Ltk dsaVE@rR441XD.

oresi st organi ¢ residue
The ué@@ﬂh&@doac&dﬁe&mdﬂ@mm&fmeﬁ are dmiree fir thvhsanee wasonatatéd algve.
damagi ng_netal filns con{@l ni n

Suitablp agtoRsaater npbRAS PRIBIFS IO HERAS PP R e Bl gplygpiggpolymers

such J%ythés% %ﬁllﬁ)tlé s é}(ah{ ?@tfﬂf'@ GusRinUs o9 Nuidet e f18dh@ nbMBIGEster,
does contai n a hydroxyl radi cal scavenger

for exﬁmpl@(ﬁhmtbn &t i on of the dissolved ozone concentration

in sol does not cont aj ecies . which r
i saol VeatBient Sesgfroratisdo i iU b s GREh atbt any
hydroQ?FRﬁ{Pt‘?éﬂa'i b@l@meg Q%%t APhcrGBe) 2)@1}@5’[%10 ) @edtRe) kgt asd e like, that can
ack copper or alum num ‘does not contain stron?
be comamiotl éntb g aegenetite-filricting aeline vats EBBere apfsefable for use in
|I| and i.nterfere w p t .
R
functibRAIGhetBAE oyt RasEhdAthbROthar fickas nethahe divds mmetmhamols that
nati ve copper oxides does not contain species that
are bagideditckaagtoapetals- t he passivating film does contain a pH
adj ust nent d buf he ftdtionalit
of the At‘}aeg Or?'get?te glﬁ&%dl}%}}&tl%aﬁ&& vfall d%gg%%Pg%r({ra fo o
can bé QfedtilRirb@hsm@ides Whefe ﬁd@MSV@@tmz[}gbef ietymiyednri desired. The degree of

rovi di ng i nproved pH contr ol rqved, procg
acetogqe%q: qucglonggﬂ 0@1 bg}vg@,n 1g\pg%tégxsb nﬁ'@dwtlal &oss 111%( density and pot
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does not contain netal hydroxi de bases for pH
adj ustnents, which are not acceptable in standard
W@ Rloboa9based sem conductor processing 5. 1. 1 BORUBNSEM2755
Copper Passivation Chem stry: The inventors have shown
that CO2 gas dissolved in water wwth a suitable base
added for pH control can formthe basis for copper
life of (BRI VRS GloxaiedtngiositiohoTheteforer theiuse dbuligoeners may also be

manuf acturjn is rea ava
desisedga P GUR AT BROPEIING o8 PSR LT BFH%WV VVS?TB?“' je
a_car bahat g8 gt ﬁﬁc%ﬁpgalgﬁepéa&w&@aaﬁ @arémnczmhere

passivation chemstry nm ntain a suitable base such
reduced ¥ OVisHhdt @rcosedh andjot Wherpithe degrepoahemigetupelipnalifyie. the final
The chem str

TP RO -
functloﬁmsﬁlgféﬁﬁeﬁlt %@n@n%ﬁle%laﬁié{e@izé&j ba6la pedralshaditbynt the C=CN

Ix in 1973. Using the nost recent thernod namfc
group. ddmag tctdmuq:lnwmaoq:tgter@n@tmn@bpdvmr & fopmimg £gPRABItipps of this

1nven‘upg ﬁﬁ% g%qe[rj ?% g)fngilc 88?61 d)f ﬁaal’fl %ﬁgct&ﬁlgﬁfy dﬁ ﬂ?ecﬁr(a'l ﬁﬁn which enamine

functlo‘ﬁ@hﬁftﬂhﬁia%ﬁénbﬁcdl ﬁ\b@ﬁie@ l"y%ll(ﬁ\‘&ﬁ@ df! Itmﬁlnh &vhSﬂD %xpdsé‘da’si whh eiolet
solid phase's that cotild"fd rrftOri exposed copper
(UV)IS@Ilaﬁ@lfces in the pH range of approximately 6 to 8.5 are

bel i ev ce}tgmbaggh@geﬁag %g%%%yem%%f At deMRIBR(dhhlent

and copper sesquil oxi de based coEper
welghtﬂ@s sl vadtbaatatdr&micd didl @slynkhearte mdtcmpagneefnnctmah Qll@mfms or

dlluenqs(@,r%gatem!@ﬁ\}igalég{rs% ]%oplg‘@é)&l?tr}%éste tﬁ%]gt({)‘g gé&hseees%gt of( dnashine formation.
A blen?%tfﬁﬁtah&bac’ce%atﬂéﬁnfch% ofigh@miet AlesteRmcionibaitionallitymer can be

fmation of passivating filmwth Cu203 was
used irt thesediorenstanoes ohehious a dasivddevplsfratinel pamage fyugiqnakipy as well

rk. Wil rmation or, t n h
as to a\églﬁv%%tcg 1@3&6%1?.6@?30 acrsl?a?lgel Vgch% ? ggés‘?tg éagsuleﬂ)é%ﬁ link
densﬂ% asgidatddBedRURAL froperaes, Wil sttippevidsgaqtnprivdeé didng time.

el 1eved to be nore protective. Triplex paSSI vatJ@}g ¢
Alternbtayaly.aisslisshssad beleporraayiecspnaigriighiaehi tUnensee: o

|.eve d
acetoaﬁ%{cg‘gbi@g%t OI?SP n§§eé1?eglt gigcg %crifa%&@@%&bﬁ%?&&%gga%lsgcbhi 1%33 to
controVIRNcSER] fiak o df esmlive tbrimativat er t he di ssol ved CO2

]E: 822? Pi;;gxgéx%g gggéclil}a{egépg gg gl})(lélt 6150 p'lbﬂvz %%rg aéé}:égc%ﬁalées fishctional
1ngredt1&$let‘ &@m{%& afitlhi egfd/ér'b% Jﬁ@ér? fand %@raﬁﬂf hhige &aLaIBf frbiyabout 5 to

Wwater as on of CCO2 'partial pressure
30 pbwf) idased an ﬁormﬁaeuccmmgpmchﬁed gildxane e@np@lt@m@if this ieyedon based

of valu resent.ed iin the T
on thedal prig phide GATPRYiheA Uy DY fs%gfugias? N mdllied siloxane

comp&glt?(ﬁf)(l)fvtﬁg FRREEA thRPHSR iR Ak fhad oﬂ@&ﬁQaﬁmtﬂllot%q)bmtaeétoacetate—
erature 1 ncreases the dissol ved concentration.

functﬂmdibln@r&dlelﬁol ubility of carbon dioxide (C02) gas in

water gs a funcgtion qf RAL
wat er rﬁbﬁé@}lﬁeﬁﬁ?&ﬁﬁ“h %?f’eé@ &f‘%ﬁlﬁgdl r%ﬂ'[or@ Wis
1nvent‘f&[‘@e§1rﬁer Bith@Mudig &b é{@tbdcetatbofuhcﬁ@{aﬂ irtgee?dmm Cban be formed using an
[Troles/liter. CO2 MM44 grans/nole 5, 1.

aceto%a@@dﬁmp@@d inpmedienian pédition émrswylatﬁ@ecti%\?ﬁwe@ﬂée%ﬂém be
h h h
romne 1A g BE SRR RSB RE Py hoBle o

mgredlaﬁ dep&idend &1 thR paARRERK epdasd aplicatiorcivenfired fijm toating properties
el ectroni c device manufacturing. An alternative

thatal@@mr@d ry may enploy a salt of phosphoric acid as

-sour-ce of phosphate-ions:- The H3PO4-based approach -i-s - -
a preferred approach since this chemstry is readily
avai l abl e in the sem conductor fab. The passivation
chem stry mayadditionally contain CO2 ad"a Suitable
base such as TMAH for settind;the pH to a

predet erm ned val ue. The chem stry forns a protective

| ayer on exposed copper surfaces In the enbodlnent

NN ' I I 1
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and copper sesqui oxide. In enbodi nents whi ch enpl oy
much nmore H3PO4 than CO2 (10 MM L H3PO4 and 0.5 mM L
w@eRs/081891 exanpl e), the stable solid phases theeT/US200%032755
form on exposed copper surfaces are believed to be
tenorite, copper (lI1) phosphate and copper
sesqui oxi de. I n enbodi nents which enpl oy nuch | ess
AmineH3EH vé e dBER - ((rHaeMhinctiRDingadiest MM L CO2, for

exanpl g)., the stable solid phases that could form on.
expos eﬁ)lt@orﬁa@fst QA BecyengEdial ducard o %ﬂéﬁﬂaﬁﬂ%ﬁtwnﬁl
ingred{éﬁ{ 3R Eeri30d GRR RE in%?e?ﬁ’éﬂt QX HeunseMith bh&ditiBh fRb: AHIRE of the
erforite, nalachite and copper (Il) phosphate |ayers
acetoacatmefundteahl mgrdents dismsedrabosd tocfoantfagicuring modified siloxane

passi vati.ng | ayer for W th copper sesquioxide.is .. ...
compebions pET BB rAs TPOLEEIS i SR o5 N g0 ingfedient i
understasth hash it Sbsfiupid i ashaBstireed bbs1dté-figictibhdlBngredients.
show ng the stability regions of different copper

Suitabpeecylets-funetianabingBRnthinskde twspesleqied Spwdhe grpup including
chem stri ee t Q.. |a-+.6Db), P
serylafrii o) S Bl bl Sl b PR ongL poymers, and

mixtwehe¥r&Iry. First, the concentration of H3PO4 in

solution is not da&gndent,upon the solubility of a gas
in sol Stitable asylate-fupetionak mgsrdietpinghde tise dpiging the general
. ation is nore readily naintai ned. Second,
dwnn%ﬁ%%&“ﬂ%s a pKa of a about 7.3 and thereby provides
good buffering uBOCOGHCHI,Rapout pKa+l ~8.3. This
passivation chem stry may also be used.with al um num
where SgngRitposesecty r%rﬁﬁ%%grﬁﬁm@?‘eﬁ%wﬂb|P8§/Y€PI_§¥3<B$,HYCE L, and
: S y A capbl A6€ei
ulethalﬁé ﬁglé/ﬁ}eﬁo(l)ﬂ (H%L%H@’e & A@{Il_lg(%@fbx?f‘fuﬁ&ﬁﬁﬁ?ﬁo@ﬁlﬁ b b 2 ing

eved or “an al um nuim phosphate. This
functi elvdined with [AICGCHCHY, dese 4 gwodedoum d 4o df, 440 whate Bad can he

scavenger speci es and enhanced. etch rat for o iC
g gerars <SS ERB PR IE P S Aol AER

rates fog 0508 fRReRbAL aldredsnt iSuskfuldn G sBas@th modified

Copper Passivation Chenmistry: The inventors have shown

siloxanheampesétions of ¢his iverfiaamapussi theredathiaspesd of the apge/acpdate

.basi, s for_a.co Sj.yatj ' - . than th
e G S o GECPRER FERPIPLBRGRIGR SEIod & e tan t
speed 6NENR 23kihy/epERYy @ag@iod)in dosaintiond] epeet-palysitixdnasesiotongmsitions,
f acetate jions. The agetic¢ acuf based approach is

0 , .
thereby faqi iating agiepieed redncdion e AYdRg §24 Qe BHi |y avail able in

t he seqj . . j il '
10 2SRRIt b BT S oo
triacryﬂms,atripmﬂylm ﬁl'f/mll-ﬂriﬁ@ylaﬁe tltﬁromltﬂe@lpc:ebl deacgylate,

redet erm ned..val ue.. The em st or.Ims r.Qt ect i .
exclofegii g B S B Gphernetp draeias, RO e BrBuar R IR, i
trimetlél‘%lﬁ&%&iﬁ@&ﬁ%&yl@@ ﬁecﬁ)%ﬁ‘fy!lglyélﬁ '_p?o;fé&érfafe dhcrafaed, attRxglated

the Stable sol'id phases that coll d form on
trimetkalpopene trppdnte suethanescralate Bigomsyaaopaxyinsed gijesryk telacrylate,

and..c r sesqui oxi de. In _enbodi nents whi ch enpl oy
and aljghatic ?Fgﬁ%g“%@%ajtpé’%ieﬁ%a%&te(%om\‘?f'l_ CH3COOH and 0. 5
MM L CoRe 1188 ofactleimctidnal SligdiMeds sl dithephvage désietdok the same

onexposed copper’ surfaces are 'el eved' ito be tenorjite
reasoramied alppier whils doingsp @ba radpceditieensie mhsn wampared i paylate-

N R

trimetBA o ¥ e dris@PIRRS avallit g rese a1 § dlyi Copmis dfExen, Pa., under product
tenorite, malachite and Cu2C3. Wil e formation, of
name Pheigpier 40Q¢idnesmpaiylalycel pwexxla@afha%ﬂéie@wﬂ%%&@? examls by
- N ,_.Ko os I, g~ > S T .I. .a . G o - . - o .
Comni S i H B Bt RS A ey B o Rttt ropane
protective. The inventors constructed the E-pH
diagrans for the first tinme showng the stability
regi ons of different copper ébecies for the CH3COOH
based copper passivation chem stries (See the Fig.
| a-6b). This chem stry al so provides a good source of

o o S - o o o - N .
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5.1.4 Weak Carboxylic Acid Based Copper Passivation
Chem stry: O her weak carboxylic acids such as
w0 20060818t hanoi c) aci d, propanoi ¢ (propi oni c)PEDUM005/032755
but anoi ¢ (butyric) acid, pentanoic(valeric) acid,
hexanoi c(caproic) acid, heptanoic (enanthic) acid,
actanoi c(caprylic) acid, nonanoic(pel argonic) acid and
triacry RCARNAKIE CRP EXeﬁﬂpl&OdyCCog’ilﬁHiur&Bf pdatt Italn&sl&cﬂanbtoﬂﬂ% and
acids, could al so be used to formthg basi s for
propoxykaest glseqrphiriapiate eyajlablg: for seamplerty Coms padeng H%’ﬁame
try may additionally contain CO2 and/or H3PO4
Photor%%g’f'@gﬁsw tabl e base such as TMAH for setting the pHto
a predafimble awdat\za‘hn@onﬁhmlymme midnde mm@m@ aduglic,

polyeswg\e;?p?g%éﬂg%él nea Vi %121?0@/' Icﬁ_}) rbf% E%?-ilmcglpg% 19 yyrners

i : §faiBRMo} ek BBl CﬁBina(D miguidee the product
includg; IglﬁEhcar g@% ?{éﬁg%fm@ 1OOd—I (acetlﬁce aci d)dS]g Aclcl:or di :pm uc

name Rlotdrher 690[8 Hllmhagc arrghapa 2oyl ¢ @wll@bletqméeli ﬁh@@mdycgne(rg@ghotomer
t her tab sol
6893; %}m%g gl&tgtag?l ab: G under the r!)(gu rﬂglglg tpﬁgﬁgrgér gﬂ]@
urethaﬂ_é"étc?yl'aé ﬁrlaﬁé’olte gL etanplé) Q‘rcﬁﬂS@rt@ﬁeIOdﬂE{toﬂvBaK ueddt feegyrbiwct name
aci ds. The E-pH di agrams cal cul ated here_jndicate t hf‘
CN968;teppsy adriylate ﬁn@msSamuomer Bades gharaguct appe i ¢4 seenavglac
form the basi s [ n
e e o
under ﬂq@ uch fhrhé cmmse&d $roahCagnit emdurltheproducbtaratnetlﬁ),otomer 5432.
PO4) 2 or copper sesqui oxjd t at m ht be % gir rlr)1 ng
The usg,q)f @prgl%@—ﬁtﬁ@log@lrgogg%ers g SIS S?Tso&,qo abgv
for thg, at "1“;31}1)(%1)6%{51' Sl A1 ?Bﬁele stallviadods di ofet
|ncrease t € SO ity of protective copper sol'j d
funcucmaas;e san beusedgn@dcmylstamcy wheeetiedadeds\E@Cangpebsrequized or desired.

Damage Free C eani Surface, Tr
The dggey & HAVBFHEPGIOHRG EYBH BT ETTGLE B Ba Qi sris ST density
and pott Iﬁﬁ—j: ?f R nfRARABidxeRScRhpdsition. IThéRMbteOthe Ak Of @Egﬂjm&iEmay also
ow damage processing of | eadi nq CVD Si COH 1 ow k
1

be desn‘adl ar ¢eatasn sppdicataensiabinig fgj rgfperd(aregs; Lindoeapity impgped pot life.
Aur or a
NIRRT T Al e e

VOC is @1\6?5.1%@150%11 sndIbievBat ek d1ﬁ1nﬁﬁJﬂuﬁcﬁoriaht}om thd ﬁaalgfdai 1S|n9t desired.
to achieve a Cop er .etch rate (copper corr.os 0.1
Unlikepsinganmaspiencsiis SBteH 1%rmmpt§6tt %h%ls‘foé%blﬁ?dcwl b ap afige does

generaﬁﬁ/ %L@{ Bife tB g diRfisn %mte{ﬁ%lé ol Tg%l'hﬁ:t afl ds@ o?%’t@ﬂ&lyﬁte?’ﬁmctmnal

ow exa bel ow, and
ingredeetd dpésenof forn di@ bhamide beéxmmﬂl{a bTeus2 us@uﬁnmcyylat@ffuncuonal

Cof | nbaM VbE xanples 1- 7: No s Rel atln
ingredisat may1t e(qgﬁg%p\éer-p}l ac?t@ﬁ}etqtq Eﬁzﬁ%&curmg is

i h 11+ @fﬂf@ﬂ'lﬁl Rhé
not ne?%%w@ﬂ@&?vc%g fﬁf@ﬁ Qﬁ%lth%{ Gdbshdt &sglagye ] 1Ingh aw E) o éen
exposed whultratviglet (EX) r#&a‘(idz_ixa rdpbl@dS) ( GB+O2+H20+CO2+HNC3

+TMAH pH. 7.8) - hi t .
T e P P SLE0 B B o
1ngrqu§{’f W%eﬁ%ﬂ/o%lﬁn&@ and ﬁé(fera*é@ inEkeravige oBfromOabB)ut 5to

rtial pressure + TMAH
30 pb@8 +£ﬁseﬂ2®f@@2ﬁa$mmngmp®ﬁg¢;ﬂoxagﬁ comgosg@qﬁﬁﬂﬂéls g}ven’gorlbased

on the?ﬁ{pby F@%gé%fac:qg% i3 r ﬁ%@é&gr@%&éﬁ%ﬁl& mod ﬁed siloxane

CompgS)itIOIPij{hthV%n%ﬁiph@éS 1ﬁft1@é5ﬁﬂg£oﬂfrbﬁl%®éttt Tidss lﬂbﬁz& acrylate—
R+H20+CR2+H3PO4  TMAH, pH 7.65) O her Notes

funct10na1 ingredient.

10
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note 1: oxidation reduction potential with respect to
the Ag/ AgC reference el ectrode note 2: oxidation

WO edaosison potential with respect to the standee™us2005/032755
hydr ogen el ectrode 5.3 SURFACE TREATMENT
COVPCOSI Tl ONS- CALCULATED E- pH DI AGRAMS: The i nventors'
nmeasured data is plotted on the diagrans shown in
Fi gs. Hast-@hidgansdified silexana ﬂgtﬁp@sﬁthmﬂl of dhis ésvehtion wiei pa:bpared
CuZ(IB and, ot her solid_phase sur.ed

using o0 FSRGUSIR HE\SRPEECTBRLTB IS BEYEN T AP By ionsl
1ngred1¥%lI h{ﬂu@% §§ th'_l(}?lé{l%glﬂ{)gntp Xfléa‘éﬁ o tlﬁls@ ﬁfg‘i‘&ﬁ’&ltﬁ ﬁ‘ﬂ%)beﬁﬁ idtially

or ozone-gas di ssol ved i n wat er
presen@dtiaa mnhe:roﬁupaatabemtt 4(1:10hwotkmst is ondergiop taacsappioig the fact that

e R AR BTSRRI O B
1ngredx%ﬁf‘1§ %ﬂglé@ttob@ Fﬂo b&h %aﬁgaﬁfyoﬂfﬂgﬁzaldn@ ftPré@iting fhshearihgnmdified

ave used the nost recent thernodynam cal data
siloxarevcainipabitions of ﬁmsemwmtmnatlu the qVﬁnfcthamoa@@blaﬁlqsf oftthe agetepqetate-

. diagra resent
rnc AR B gL e 2000 5 729,88 g amoumt o
these 1ﬁ§?é§@ﬁn)s WillinwRtk@ad @le dromBits Reseand abbse fdraach idividtadly.

by Pourbaix earlier. (See Fig. la) Therefore, the new
E-pH di agrans presented here show the possibility of
2 f L on the copper surface in aqueous

M%%M% stries containing dissolved ozone for
the fi V\Sﬂl 1’6$p1§€t tolhel epoﬂyhﬂmctumﬂl nigoiisenttraiteblEgp@Ry-fusctional
stabl e per i s expect rma tri

ingredsaEcioo il P B Gh P D Uit B E BRI Foms g invertion
includ® AEE sSGtd ﬁ%mQF‘lg %@qnmﬁiﬂ % febihs Sk gl fhigtfiRhal &tiait resins,

as tenorite e and M) 2 and out er nost
epoxy-Qu@®nhlsilanes, hind csrnuahh@wéhemh%tThemPQXY@W@%al ingredient is used

ot 2 el BLE b LSl o U o o s o
increa$ifl borHHGS S PEEnG O rekifigneNand iheenzd c&bumeﬂaﬁées\tedhy:mg VOC.

hi gh positive potentials of the oxygen evol uti gn

regi meSeitable epnxywasiey instudp thase Pa‘flég mere than opg ] ,2-epoxy group per

I
o, FEE GRS R EATAR B, AGRARC IR fllntaty,
Preferéﬁfl? &poix§l aésiusefd ue tpaxny-fuattiomal Agsedddnts dve ltqmehnaﬂ@n than solid,
uti ons devel oped by the inventors 5 the
have ampp&admeﬁwgheéwsl@é%? Ph]goq QABPULE 9@2 &b Eg\ﬁf “c‘:%@éﬁé“
range SPgB{ﬁeab‘aﬁpﬂﬁLm%faia %a(«?? %}a@ﬁl SPSCAbLEEvdR HP dI PR Edes Which can

resence o anmounts of di ssol ved O2
be useidrin ltlteeprés'eaatnvemmnsarb desaibsd lusUkﬂe [Pt Nl 31183 1198 i déagier;, in

o TN i e S

%b% b 1%61 Usbd Barl 4160 @@&ﬁﬁnlsmemjﬂomel
nco %&%%SQW£&?at 425a}§% 5:]£>1 Cin the pHran

units ltw'hmﬂy phe exmwrgmmaﬂewyvezt, edy 8 Sslallmétl%mféh%@ﬁa’ébe tolerated

ressj.on
wﬂho% a}dIVFV i a$§ glt}]’ffi%? r?ﬂeerhs? ((g)?ptgg gifl Qf}ﬁ 85#%9 ?‘e%lgnd of different
mono}nlep{grtpésggglﬂwpé—hééal t) is very close to the sl opes t hat
be expected in the half- ceII el ectr

r eact | Gngalﬂg rspw 1GSing rnc@gjfe;-@]@ Bpgs &8 @@Sp? @eﬁgé’r 5]elalillgg0hydrin

epoxy rg%n d%ﬁ g E:Iga L.ops Slgn dﬂgq;h%%t&rn'éaggg%%@g gefélcf%?e ﬁ'h?ents such as

neopeh@‘l@?&ﬁﬁﬁgl?&d&lféﬂlef aesesiablodiglycidgletherehé potential axis
0 is 1717 nV, which falls in between tgh PL 862
cyclolsqxan@bm@tma@lﬂlgimwﬂﬁ@% n‘?lﬁl%hegolf%FP(@ﬁ/r@ﬁm( 5078 FPUHY
loy -~ -
CoisprFHof bt tibory B, 3FREGo| e thondle s pRRRRO bpalloy
t he predom nant phases for the Cu-H20O 10nM C02 system
with total dissolved copper concent ration (CuT) of
10-2 nM at T=25C; the E-pH di égr am previously
published by Pourbaix is shown in dotted |ine for
conparlson ve can see that the region for stable

P~ NN O
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is larger that previously predicted by Pourbaix. In
reference to Fig. Ib and Fig. Ic we present the E-pH
waele@goassl cal cul ated by the inventors show ng PEEUS2005/032755
predom nant phases for the Cu-H20-5nM CO2 systemwi th
CuT= 10-2 mM Fig Ib is calculated at T=43C, Fig. Ic
is calculated at T=53C;, the inventors have shown that
8250 (dpdRy GUvatRIesim/CHBCOOHObaTR BhaysHALMNY., Prdl8ide RN 1139 from

Cive Ol 5 B e o AR b e
good c{iﬁ%ﬁ@ﬁgﬁlﬁg?éé? §Lﬁ€aﬁfe§{bﬁgﬁoh&ﬁgieg§xy R3ind iR h/yarcfgr’]eﬁ&_eat

agranms cal cul ate the inventors show ng

cyclohéime dirnethanaiand diphpsdsd eftwrs oy dtgepptes BomkrodA -$xpstepriide

~ with QuT= 10-2 v Fj i | t —43C.. Fi
i 5 s B T B O B e T T
bispheltri(g?%—regﬁhl%%lﬂﬁﬁﬁ eBYx PRETY Biotn SRelt OBerpidhll inghrgion, Texas; Santolink

nce. I'n reference’to Fll\gs. 3a and_3b we_ present
LSE-120&ofe Mbnstintigloaatsd tabpuingdickd Mgsst Beodihyeh{yrlohermgidigethanol

., th redom hases for .t - A :
s B SH O RSP s 6 P B ROt
PY 327 fRSmiCINEGLRE o bAMEInT OVt AN et ieory B 30 ivbH3Ri@he-Poulene
system has virtually the sanme E-pH gl girarrs.. IPn da:
locatedt fleuasalds, 1; FApalinuAf3and 648 fvpen Rpisbelilogafrel i Bippacola, Florida;

=Tols L cukal ' r L NOtHeP Suitabl -
and Eifl 205 HEhn PR GHCALRR B 1 TANERLEINGS RO GiHel Suitable non
aromatié EfbxGu4dsin LA RMERFBY.and DER78@I cul ated at T=43C, Fig

4b is cal culated at T=53C, .the .inventors have.shown..
that t hatablg W@’%t@ﬁ‘?]l'?&ylw rFFHchg_\dF @Cécgyxngthg_r glﬁc’uonal
polymgllﬁggl%@gﬂ' 18!3ﬁa5r2%18% aI Caltfﬁ’ndﬁogﬁl- reSifis, ARE ahP epEkyPRu@stRdHal

I agr ated by the inventors show ng_ .
materitlsge. pr eptodidinethSoyaHzse eilfopthe liks. @refamed epowy-EgiaEbactylic resins

. t M T= 10:2.mM , Fi i S. |
eSSl S e M P B2 SR BBl
Setalukiafld GRo@ RfleditighllyE BetWRIxI 58S B0 (E xEteduiliakgt aeight of

cal cul ated by the inventors show ng the predom n
approyimagds SVt anih émNWWSWr@BMW%a&S@%F g#RﬁlXD-

with oYT=l. Q-2 M _Fi y oo
s
compdsitains G tHil ventdi-BRpkfeyat epoxlaanationblslahy rasheis saegvailable, for

di agrans. A sunmmar f sq exaapl e Cﬁgpos tions

exammEq-:ffrl_cltm é)sé 5??@%%% Aok UER5toangets md:‘f@ RrpQuet hame
Silque%%J ATEY! (? %th&-%lggggx&ﬁjlrc&%)gﬁin%tﬁéxy%mf y of exanple

onpositions a e E-pH diagramIr In Table 4
we havansyporprdsiechnt teanspdias e geoxy-functipndl ingredignt 18 6pitain

. Species such Mal achite, Tenorite . n .
St PRy 216 hTRCHOT BT FE-GT ST SOy ik RGP s gpgesin

b QXL lighdtfcas RbAGES SuktibaAlided BBoxy
comp%%ﬁ%%%e%ﬁgé@ﬁgﬁ?%}&gﬁtlgr s.fab te(S 4' . .tﬁe. p speci esp
groupf)anay begleketeaviivetbars othbi formy of epixorfuasticnghparedient.

Cond t PorSErBL el B eOmSBLrt PReS T engyy functional

ingredRE@ i IHo8€ cBARRGAIRI WhtRGmAMtehSensRitidopodppemetwatleBN) is
one unit above the pKa for CO3. This is wthin

a.
desirededrioo ﬂxanmmg,cquxp-;ﬁnmyipﬁ@lraicnéicgg@'nw@efogp@,géglg Vi Fraghion of the
Lthin the edi.ct ed reaqi on,f i ye:fi
oo B AL A B SO g,
concentAadioRR-fifdticaaldlahlOcarelst wsell as drvepogy-fignetionadtisgredient in

pKal for I?iZCOBG 3 at 20 _degree C). H3PO4 %ont ai ni ng. .
circurGeapass calling for.the Formationef apaddugicd deetedishiitifg FEaRlg. fpgertain

oSy PR PR g DBl it

regi on of good pH buffering and wi de process w ndow,
wWithin the predicted region for protective film
formation, and within the red?on for high [ HRPO4- 2]
concentration for good HO



10

15

20

25

30

radi cal scavenging (note: pKa for the dissociation of
H2PO4-1 to HPO4-2 is -7.2 at 20 degrees) CO2
w@ovbasspPng Conpositions : I n conpositions cone@i/n1eg5/032755
Cx2, it is possible to protect copper fromactive
corrosion by formng protective |ayers tenorite [CuQ,
mal achjte [ CuCOB8Cu(OH) 2] and copper sesqui oxide
secondayyzopme a1 b%@id@@i@é &vithsan ¢nwee-fulwiionel sikener It an ewadhple
' : t rel.atively.lower Eh
embogg%?g’ﬁth% g?&%p{egﬁl}lég gﬂé?? th?socogebéﬂ%téorndc ybg Hr\glghee nf%rm of a molecule that
is difedotiohaldd @yimeaayt arate (f0d ditiiDmedfandARALS alse SiHatioNdlFed as a

. requires relatively higher Eh values according to the
mme@p%}qs%g Byl 1P&¥£E‘¥Féeaéiﬁ Tsparp el vaiest GPrsig aeanirgknitrogen atom
havin% MG Sa¥¥ohltinks: rek{eﬁdﬁlgf%h&@fr%qhﬁteea% ﬁc;qﬁile ! a.qé&ﬁgr}iltlé) end structure,

ave a duplex Structur€&;, 1nner copper oxi de Tayer
and irghetlinga érird @ulomi linkage extahdiagilteeeftay eat indudes krddlkogftfynctionality

hi gher Eh val ues wher.e copper sesqui oxide is, possible
exteni‘%‘gft T heSp frBF]eﬂe{t kﬁéoma@wéﬁ%ﬁ@xae@%f 1gradipg isprovided
in thetfoiR bE¥n SpdxyCluHERnal ﬁlﬂiﬁﬁ. Sﬁﬁpﬁéal(yﬂ&lylﬂéltjl% d 184 na?@é}lter (120

m ddl e tenorite or nalachite | er” and out er nos

degreepppend Nitsagehb rhd grovides combpied promeyties ofthighcfuncigonaiitshbut

r, sesqui oxidei lieved.to be re protective
excenf AR, KEPRRSHRE RO ot iR e i BBraG PoeY Sfase oF an epoxy-
functioBhlaediht e. The operation at a pH value of 6.3 to 7.3
can offer good buffering against pH chagges since this

i s no ABARCXaEpIe embpdigant, inBrrenghef fie@ abputclatolitovt of the

e k PIQV ] ont r a .
cron o B SO LR RS 0 BBREF R RERIED (P78 i o
to formpHastriuting hondefiddhelopliee ¢onspus@iont bathi$ iRettuiCeREd a4 thenotal

. .of the hydroxyl radical scayenger HCO3-1 is_10 tines
weight ﬂ@ﬁﬁ&ogﬁpf@f’%’oﬁ\ I@ﬁm%ﬂ}eprefemﬁéawﬁnag giodifiediighigne
comp&IRGEHE thilih Gthti8h HMPFON tﬁeaﬁhgeg‘{)ﬁ £6:2'\4609 ‘%offfjrh}:)e‘tﬂvt epoxy-

gi ven CO2 concentration for st I zation o
functidia segredidntozone concentrati on and a correspondi ng
hi gher rate of renoval of organic materials such as
phot oresi st. Accordingly, a pH of the order of 7.3,
Curin€ dpepf ovi de for | ow copper etch rate (low copper
corrosion) and a high photoresist etch rate (high
resi st Véifh faspechteethe coprg Feant.suBatin dutimgagentsarsefid éut preparing

- ' Jont ai 409 Conposi t i o
st R S R TS R RR P o g from the
group ancluding eméres dmidbsifnky, &dtines ( Adinfihd, ah@migARPh@dof. The
t he opti%¥n1pH val ue for formation of a passivating

curingcggsaiis ry's @5 tt};ev}glrp%sy@f reasting Wg,t@rth%aﬁftqa@ptateoﬁqn@t@ypb1—ngredient
SR TB OB, AR R B DR By
purposti @ifoaningan ehirainSlstrHSiaAcwida @n sy stoasatdtefudctibnaltihgsdieht is used)

o B TeghieT k8, Sreonet v oL sunlaned €5
impacBXSisRtd YlexIUIRS ewEatRéla BiliRY . 8HFBsi DAY Qf‘e%ﬂcﬁ&g%%%ﬁ%i g‘)ﬁe curing

the inventors. “1n conmpositions contai ning
agent pihg teatsrwitxanypdpe)y-dwetti@nalongledient. of CO2 (< I MM L for

exanpl g). eration_at.a.pH.of .7.2 to 8.2 _can_provide .
f or gogéﬁ%ﬁ$?EFFﬁB“3 A°h n%ﬂ%%m%ﬂﬁ Fnﬂéﬁﬁiﬁl ¢ Eggpositions
of thisGAMntiGh indkidk AninbHfId FILPAEBSs, WipH Wan%@ﬁ@&dc%[‘g@]&aﬁicfb ines,

above the pKa of 7.2 ‘insures a higher concentration o
cycloajipbatipadniossend padyansines ead eyejealiphp@y arpirfeaiddactg, and mromatic

. . concentration for stabilizat] 0 e di ved. . .
aminedSHERRORIERbIE] 1§k MpsE EGrbed BLHAT RGlonl Jheh 658082 Ghicn i
incorpmmreiﬁfbyeé@mb@:mf&rddadrﬁinéuﬁﬁﬂng; BRAhOu8S bSfnary amines,

Accordingly, a pH of the order of 7.8 to 8.3 can

provi de for |ow copper etch rate (|l ow copper

corrosion) and a high photorg;ist etch rate (high
__resist strip rate). See Table 5 and the referenced

TE-pHdiagrans. “CH3COOH Cont ai ni ng Conmpositions : In
conmpositions containing CH3COOH (10 nML for exanple),

1T 1N NN A - T Y
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process w ndow. Operation at a pH above the pKa of
4.75 insures a higher concentration of the hydroxyl
w0 awso3zds9scavenger CH3COO- 1 for a gi ven CH3COOQMCT/US2005/032755
concentration for stabilization of the dissolved ozone
concentration and a correspondi ng hi gher rate of
renoval of organic.-materials such as photoresist.
cycloaiﬁpﬁﬂfcfﬂlﬂ@h}es, 1@omidrdifetd(lﬁmmeﬁ aBd atter 8ecdndany amme.SI gheh Emthose
. owcopper e rate ow er cQrros a [
availalgofos pEamile. ‘EeHdiF Bradugtiiog Al Py PP%E n%ﬁ
f under
e e s ey g
the prctdmet naaneg XTd59 (& oeastr&- papathertidanpe); rmdwpplmam pornes grch as those

avaﬂal&lsg‘ Irr?aglru%];ig%bg Zi}lv AL egl§g%{r{ir?ecgrlldv (r:"nore Xpemfocally,

Jeff: nﬁﬂ@EMO@ olyprop¥Rnedidmind) Ao Jdreaiag DRDo6.or st abl e
e gﬁﬂn}{at |y%n IJ@%e TNAI—?)concentratl on is adjusted to

ac h| ev Sutt¢tée aamgsilanssuseditlfer fopming Fsphetragpadifigd siloxane
r oxi.mat el 13007V . egf to SHE) ,

comp S 5k P ket it okt PariTg el RRREE | ' o

mllinol es/l iter, and a dissol ved copper concentration

of 1.0 E-2 mlllrml es/llter the pH range for stable

Cu208 formation is fromad bH fﬁ")@pproxi mately 6.0 to a

pH of approximately 8.5. Wth a potential of

approxi mately 13000V to 1000 nV (with respect to SHE),
wheredy i H&ﬁﬂ Recin@theco' et énimm aﬂté gen obfromplptod icaett Kli:ya dﬁunctional

o e g2 Bl SRk, Conber POUSILY Bkt

Ahbfd PotarpRR %ﬂﬁm&m @ao@echfé &Each X
alko‘{}gﬂ of apa)gg%llﬁg{dg% )?isrgl%a See Tabl e {‘S, and t °

can berthé eaRAOL dlei‘ﬁFIfﬂ aidagylimited toalkyl, hmkmlb}’ls @ﬂifwaya}ksdfand he

hydloyé%ﬁlf%yﬁ 1ngm na %ﬂﬁe LI ﬁ %\9}&?—61 %)g% siti ocg

H3PO4, P?él&ré@@hbnosﬂeﬁh@s 1rﬂdﬁﬁe Hrﬁa%n@nﬂmfd%bb am{n@&h}’mo
CH3COOH, and TMAH),

(CB, CH3COOH,
ammoptm»yl mza@lows@f@@cmphmmmoamymth@m@w tlplsz@homéyipropyl
ls thyl
T
phenyl mrﬁ&hmﬂ' bilaie) 2ahinotestiyl 3tdﬂﬁnbﬁ8@ﬁl &n;dz &h@l@@ﬁﬂk}mﬂam lmer
carboxylic acid concentration c

range
aminog Y B eoR B DG P B DY TiSBthoR GUHS S,

1
gamn B R L oI AR,
am1no}prcqumwlhy1§1r1manlm>¢ymlmnﬁebe®i-(aﬁﬁnwih)’zlﬁ}@amgiat di ssol ved

. ozon centrati so. as ta intain
amincp YRGS AP P et B S Pa Ry lane, and
-betme%fﬁg@tﬁ l%%ﬁ{:ﬁ@%lﬂoﬁiﬁag ABRdIh ML dXRSilael Ng poi Nt in
he regi on Tor Copper Sesquioxide (Cu2C3) formation on
t he r elléearnufacpherdiand praduciSwencRailsems agepstlpges useful in the

el SR S Y ETE cLIAP R R Dov

Cornif#2SBquisPAS 60, e 101 | A fopr mat 0®nA 1 fil] Al\l\@@ Ad1e1tzerm1nmjA1387
rom(tlhe i ntersection of the experi men

Y963és$1965|7b é«hfélclocamﬂpaéwe@d&@at@ﬁﬂl%&l‘@ ma@ﬂfaé%%bsdﬁgs il kld
i BSL M Bl 2O Ryuaslectato T, pavio, Triavo,

1122,qm9§,e1r146,onsmmn;rrnpyaidawﬁran i hnufgerocbd byl Magfiuber; |ang KBE 602,
ood HO r adi cal scaven?bdr species formation for hi

KBE-pas st KBE 03 semiiasiires ot Surarie. (e ereoamassmneadts $igwetional

“S'ﬂaﬁeg PElcn ek %tﬁyl@ﬁ%&pﬁ J&#gtg‘?élgﬁdﬁ Eeg Bﬂn‘é ltflﬁi'éthoxysﬂane -

U203 protec rve termn rom
intersection of the experinentally established ORP- pH
regression line for ozone dissolved in water wwth E-pH
di agram for sel ected Cu- 2O dfditive systens; opti mal
operating pH chosen for maxi mum overpotential, good pH
buffering, good HO radi cal scavenger species
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high resist etch rate, and | ow copper etch
rat e. FAST- CURI NG MODI FI ED SI LOXANE COWPOSI TI ONS FI ELD
WOR00MESPINVENTI ON This invention relates to siPORES®05/032755
resin conpositions used for form ng chem cal,
corrosion and weat her resistant protective coatings
and, nore particularly, to a nodified sil oxane
and anﬁﬁﬁ@@@ltﬂe@fmxwmeaIlﬂamlchmrﬂmﬁrameld tmigosiatied are GE’s A1110 and
accelerated rates of reaction and cure over a broad
A1120t enperat ure range, including anbient tenperature if
desi regy; an% 1'&115%320% a&)&iﬁuﬁés[ﬁg DY 25mBRE BRY. cﬁ%@xﬁ@dﬂed
fron1app Icatton to obtain eS|red protective f
siloxarea@bipogitiohs bbthis inkentlonssclode thbesxotsained Hy ‘IIBA@K@QM@“- @mine

THE | NVENTI ON Th se of si]oxa S Si I
with eifheg pkeimaior 7D ldeRY4S F‘??P?Félvﬁiryo?‘écgﬂci}’g 93%?{1%%5 P %5‘%““5
such aé(glgg@dés@rlﬁé@lnq} K. phian(0€s.132643, BBP IHr6RErk@ REtimiRE include those

tion of a siloxane ingredient, e.g., a siloxane
avallatrle,sfonexmlk,rfum AinPrdnets ibdsrdheprogeetinags 2467 (dlmethyhsobutyl

flexibil act .and. weat her
ceone o6 bt PR PO PR b g
produd? 3h#3 150884 ﬁhfrﬁﬁiy'ﬁsd)&tﬁ%@in@ egtifidorasophpeons dia&ﬁllna) t zmd from
provide i nproved properties of inpact resistance,
Asahi Dbak@ wider ﬂ}e prodiat oeinehEHedA Sk arfe and BRE-WEB: her abi ity

to the resi i 1ud

et 5 P D ERA SR BB B
dialdintnkbf @oBRGENE ERintinerehethipis avalaple. farexempley foesHnls of fdermany

an acid or base catal yzed hydrolysis of the sil oxane
mﬁwrﬂ@éﬂwhﬁﬁémﬁﬁﬁdﬁ9n05|Iane fol | oned by condensation of

the r e‘fﬂ% {;JgQ &f Bl Qéeengfhayﬁ%el%%a?@f&m&ﬂgﬂ&swﬂfnfgl M§dified

and reac epoxy. This reaction
siloxameedmapustions dnsalrtvbainon wﬂl @Wn@DE dlemarﬁlwrﬁy@%@ﬁ’ﬂp@hwlon and

type ofPGLERS GO o TP 1o b ApOvat ot AR B o e

compditdnB 9 SR ¥mi e fbﬁﬁ‘&i Ihﬁﬁg a Wﬁlbmaﬁ(bm@f B@Whan one type of
epoxypol ysi | oxane coating conpositions are useful in
curingfagent. ripr pranplet & plem@uaand?@sse@fr@@mﬁm@e s bgpesd ipconjunction
. coatln har
it o B BRat RIS 55 B A DAL B0 et

flexibiliPe Bt ctRERE] pAcRibe b BRb ecdust cie leozahatagalpmmrthe egative
occur or develop only after the pass

materiglsr tSeeendary aimifengabbe vieditn @dciqcaémm@gﬁ@éﬂah‘tyoaﬂﬂ (g forgpa highly
reactn%e@%&}gl? %ﬁéh{' Gaf eﬁ%gﬁﬁpas fl‘(géeh SN aﬂi&t&%ﬁﬂér can formed by

regul atory requirenments,
adducfie€ & s&dohdtrg thniihe witheanahok p vikame wo bie e pday- fonetiopted rqsgm ns

he f | f
oneveATMPHRIELTRGSSLR FHERE oL e irofEr g OTES: ns
compésﬁll(;rﬁ%tf 46 ﬁi\%ﬁﬁ%\{ E&aﬁ@%ﬁ@y RAtewits aakbdetaRy, apSThd, @8d epdky

be acquire y Increasing the cross I'i nk density
functlofﬁalitjfl e:sﬁ)rnndENrEt];chnesc Mmideesnd ketieineanedrte geAct withgpoXy-

corr nd|n er dr |ng or curing tinme and/or
funCthli‘?érs g}g@\}wg for exanple relating to

ext er nﬁetlﬁﬁﬁ'és' 1] B RIENdeRa tfoRymbe fdsieculrig migaliadesiloxane
the cure tinme) when conpared to coating conposition

compgritiarc dhis ynvestion whiey Hds desired é@redmwvgmﬁteﬂélsqqsgs and/or improve

Fur t hy d
e o ek I JFRLRA S ST P APUEIL PR
aldimin® t8 ThBeREPbELif RAWDT ﬁpﬂ’kﬂucd)ﬁb\yﬁaﬂeﬁxlaraﬁtsc oat i ng

conposi tion, the cross-link density of the combined
in g r edilean sxampla@ﬁ&odw%ynﬁhﬁeraﬂ%%ﬁ from aﬁ%’t“h]o@& 0639“ of the

Wéurmgs"i‘g 8g§H§ eﬁ%rragﬁl en né pggé !%Ehg%& am ne WI t @%gifgfh%ﬁ— -

resin. Wile these ingredients are known to provide a
protective coating having desired chem cal and
nmechani cal properties, whileldlso meeting reduced VOC
requirenents,
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the drying time for such coating may be unsuited for

certain applications calling for quickened or reduced
waleopsrodspi mes. It is, therefore, desired that podU$10e8032755

si | oxane conpositions be formul ated that are capable

of providing a degree of coating flexibility,

har dness, inpact resistance, weatherablity, and

curing SRR sPBxAtoel}RRIGAS of BF iBVanva bakalor the tdtel weaipht afShe
or better than that of known epoxy-pol ysil oxane, .

) ! e .
compositian.i Agaciimabsly prefsmesd fogticneng modiisdsalpgane; BRSO af Hys
ventioy 60, BE QREE I | Ly f%wﬁﬂ hodnt B id ifRrstood
mventigy gorg %sfegzngﬂreogﬁggée%(;ehf%? {;Jlrﬁgut?g(r% e tﬁat négagn [ ncllude 19100
that on8BPheFd oft tBepBsaLdyseribdd spindegente dan be ufed dapdratiregon e

. provide reduced curing tine and cur,i at anbi ent
panrticufas ApredetBod fanalsieE s cPBIRSHEo R SR 15 URE Prpeties for the
i ' i ffouRCYRRAEREE Y agd¥ohsdl Beinkeithin the
lﬁmﬂnﬁgégaigﬂﬂggﬁgéfg@%gvgﬁ%%tﬁ%@ devi ces f%ﬁ %nging. FF is
above-tdestifietbsinged t hat nodified sil oxane conpositions of
this invention be fornmulated to provide such desired
chem cal and mechani cal properties within reduced

(ngamghﬁgmg(gﬁgygure times using readily available materia
W thout the need for special processing using .
exot i cWithahspiequieshoergenemegalincatabsismitaplopregppmetallic catalysts

I | ON _Fast -.curin difi L) e Lt d: ;
e w7 O Rl s S ey SRS o
protec@Ve §in 86}IngfovBEd bRAdkerBpdratamnangst larcerdinate apiflRptians calling for
_least one am ne reactive ingredient s lect?d fr n1th%ﬂf
ambienfriomperatine P& oA greofomRostionciBe QIENPIREH ik yst 1s also uselul tor
. Enaredi ent | ik ' ' io@)Buitable
povi S S S50 o RS BRI e eohao At
catalytéinchude Widse hacipe e seleed fedchula om t he group consi sting
of am nes, am nosil anes, ketim nes, aldimnes and
m xtures thereof, and (5) Water. O her ingredients
useful in formng fastcuring nodified sil oxane
conposi tions of this inkentShonR,ncl ude sil anes,
organonetal lic catalysts, splvents, pignents, fillers
and nodi fyi ng agents. The alggve-identified ingredients
are conbined and reacted to forma fully cured
protective filmconprising a fully cross-Iinked
pol ysi | oxane chem cal structure. ]n th Event t hat t he
whereds| and Radrapacheelegted oy thergP ey sIStpg ofalkyl, aryl, and alkoXy groups
._acetoacetatea-f ' (.Y edi i
naving G [ AERESEF G SR8 wHEAPREAIER are Ah (AL EAN o same
groupSAFR] ARl RYOX Fropoihy Srdup@nsistingof inergawieratonnhsitchtah dalogens,

sel ected am ne reactive ingredient is a . .
sulphuger prugas. xR OEALY R §ic pganopn ey fYchgs Ay} tin
i OfiButlyl f ' LS W Srofdd GeMmnh¢iAlidBatalyst is dibutyl
dﬂmﬂ%%?@ﬁg%gaégg§§£%£F§%#?§Xane. Tgé abnggidentified Y
tin dilamgteedi ents are specially selected and are conbined to

provide fast-cyrin nodifieg sj | n QPRROSI L | .
speci f I8 FYAR ?ﬁﬁ%ﬁ@gﬁnﬁﬁ? ?begéaé%@ég?ﬁgané%ﬁﬁéﬁdhc
catalygt“ Bgf! @f&éﬁ9%i’ﬁ% hhddBARR bRt \0L02o!s phwieiugeditocford fast-curing
fyln% tirme en conpared to conventional epox
modifidd siherme conmpsiions ofithis iBperdionibaatd gn the detal weightef the
mpdi fied sil oxane co sitions_of.thisg. i ' : :
compaaiht A et A R TPERAY FoLr Y e wa e Rt e pPlibA s
inventiSRESh el &t RS JUT ok it BABND 25itekvttonganadmetadlic catalyst.
lnvenrleactil\sjgseingredient, when conpared to that of the
conventi onal epoxy sil oxane conpositions relying on
~-reacti-on--between- t he-am-ne-and epoxy -i-ngredi ents.
Fast-curing nodified siloxane conpositions of this
i nvention provide such reduced cure and drying tines
W t hout conprom sing such desired properties as
flexibility, hardness, inpactléresistance,
weat herability, corrosion and chem cal resistance.
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DETAI LED DESCRI PTI ON OF THE | NVENTI ON Fast - curi ng
nodi fi ed sil oxane conpositions of this invention are
w0 oooa®slishy conbi ning in the presence of water:PCUYSHENSG/032755
al koxy or silanol-functional silicone internediate
with; (2) an optional silane; (3) an am ne reactive
i ngredi ent selected fromthe group consisting of
Other Bped¢dianet at e- f uncti onal ingredients,

acryl ate-functional ingredients, and m xtures.thereof;

(4) aﬁ\@&&% SYAYRRETD Falt s Wgﬁ dorfasmt f?‘_st(%ﬁrmg ‘%%Cﬁﬁﬁcgsﬁomé
compd?% b of {6 indhtRRbPMR pufiEa e MRdmiohAlly fahéhy Sie proddice of

optional pignents, fillers and nodifying agents.

excessRaattr, turexagplep diriigdagss|of faming tefasioutipg snoglifigchiloxane
compesiiSSCHTbREREs Syet B By havar e hg Plgpapmmegt vvantd
hydrol$6i8 oP iR\ 18R He irflerttdi=3€ RIS fila@e 6O tHealuriap agdh @if pagi@ded in the form

conbi ned and m xed together.prlor to appllcatlog# %r
of an anpineslape) pricsrie serhingiedieatsbeing pwesaddadnipurgrnds BerwoYt

. si.ngle co ' ' ' ;

controflg B9 e ST R b boflp T AP ERBISTRY proful BRI RiPlse, e
while §@lpe6edicors oafthe kgl wadhcrengrsaeliféifi. s and/ or the rel ative

amounts of such ingredients used, th oper at e when .
Conbi noeaHlE PGSR ePRBR ST S ISR RO
compc?:%t;ﬁ hiedcagsham aﬂ@lﬁgﬂé[ﬂl&@i alR5:Q08 it 8trdib¥rofyiBtanate, tetra

same as or that exce conventional .
n butyb fitytepdilayiss, QPafi 4c atylsiigse (vl 7119, ahdiangansoalkoky pompounds like

ity S o BB L S R o R .
prefer{ga%éiisﬁ% fh{ EANLInE RIRPS istthioM§] @fhofdnatd dViitle,dor atenple, from
ornmul ated to provide a cured filmw thin such a

Bayermadertbe prhdyctrgmeraddifive @Fne i n an anbi ent tenperature

enviropnent, i.e, i-t ho -

neat | n dovieplSenpt gt ke S RaClEIH R, BIrELRRE b g e range
of froSbbiit @PIRMD pewt, of e rheistubeschagiget i besisedxaftem fast-curing

_conposi tions prepared accordi ng to this invention, h ¢

modifjedcsilguanesominoakanot i BHen. {haPreferrediBPreH tthihe range o
from &5 I?(f b pb&tbfink iﬁgtle%%%ngal EntrRdisEd BAG:H A8 18 RUR weight of the

I'hC uglng acrylic, polyeSter, polyether, urethane,
comp&iitosy resins, and m xtures thereof to provide a

copol yper _or an jnterpenetrating polyner..network.(LP
havi ng.Irh?cBirlql(al tﬁrt %g}otlﬁ%@.ss?vepg{ﬁae 'lel.i. feg{e Clés’e%lh 114 %orr'}%ng fast-
curin% hEdiRE ki1 dvane WeALBSH SR dfi thik inFeRfibR HlchledRderC Bef@8 Iplasticizers,

esi stance that are not otherw se provided by sil oxane
extendees ifillecsomd el dripigrserss, drydrocagod aesin inodifiern apdivewpus types of

..detai] W, .such properties are the r .
adiify ik 5 BV RS ARG ot oh &eSen Bow ARl st by
thixatRpet, MfdaRdrL4id8RE Sike.and/ or the manner in which the
sél ected ingredients are conbi ned together. Siljcone
| nt er mdVateitie apimpontass pregredien) af e RrEReEk{nvERtION and should be
i.l anol -functd enal, si kil cone |nt ' . ’
preseip AR gg b LI RaG o FLloFR8 Pu Eh ELEERL AR, Mane gnd any
curin% SxenBin tBX 18So O Aihysiiane e nealyhsse igeredients dbd subsaygent
ormul a: where each Rl is selected fromthe gr oup.
condeegivns tiddgiaplly.ibe RieaersR\PT §rabis OPaIFEs 49 Ryblocly fy curipe peent
l.kax p i 0 i . 1
L
subseqiit e@edlisdng alithythe acedoaaette-funotigpgl had/omagrylptet onstional

e B S S 0 PR e

rapi d hydr-ol-ysis of -the-silicone-internediate, - whi ch
reaction is driven by the volatility of the al coho
anal og product of the hydrolysis. RlL and R groups
havi ng greater than six carbgg atons tend to.inpair
the hydrolysis of the silico i nternedi ate due to the
relatively lowolatility of each alcohol analog. It is
desired that "n" be selected so that the silicone
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10, 000, and nore preferably in the range of from 800
to 2,500. Preferred silicone internedi ates include
wa@bkdoengspunct i onal pol ysil oxanes, such as PCT/US2005/032755
met hoxy-functional polysiloxanes and include, but are
not limted to: DC- 3074 and DC- 3037 from Dow Cor ni ng;
CE SR191, SY-550, and SY-231 from Wacker located in
Adr i arBed¥igithe Riaefien sRitle ablinceadivierihgediedi @thes iaklsoorm of an
i ncl ude silanol -functional polysiloxanes, such as ut,, .
acetoagegate{iinatioayl 1ngredivpil "ainhA gugn g Bl?ef%@%z‘%e“@@%’%%r’ this
water (%J%Fatgs't%?c%gse' fﬂ}tﬁéfmkcﬂgﬁf of fi@$HiceHE i@ ni¥amid, ti’Osilane, and any
I'T'oxane conpositions”of this invention conprise in
curing hpentimtigefont of poamatvsilincsas wel@s pperaiento Unblowki agiytcuring agent

..(pbwt) silicone.internedi ate,.,and preferab in_th
provids g 7ot R L0080 ThRC O bECEI O EIREPiogfoyps
autocaga?ﬁt&h%ffe%{ idhe fdgﬁﬁﬁeﬁ bt i@ FastAuBas biddul el ilsxpieefopiigesttion, which

ast-curing nodified sil oxane conposition of this
aids inidnivéng the meastioptd ewapletion e tedvrsd agfount ohiimBout 10 to

25 pb silicone internediate, . A ' : . .
25 POV SLLL GNP o SEBELALS AR b s
humidFRtdA@XVatéiedenPMedneor htvta e theDagrd@iédls sudi dsathe pigment or additive
' Ingredient” Wth r%ﬁgept to the silane ingredient,
ingredisalst Abjhier siay dnaddeddiriiadhe Fmetingof fig cCORPOFERR yficcelerate cure
.or mul . and i Hion in arid
depend Bt BH R PR Rt o o e sion n
enviro%ﬂngt{ﬂs ,W}&:fi bl;,re W{{é‘s phkk iyﬂkarrlllahmgx%pgmmd: c;(qud,i’uonsi ol
yaroxyal Kyl,, al Koxya an dr ox axyal | .
gr oup S%@S@ﬁpl&pg]m 1 1536 Sfla%eg}e)goggp nscl%{gt:t}bs, n emﬂlom%yecompnse a
sufﬁci@ltgarﬁcﬁ?% ?Jf %ﬁ?ﬂ) f1E@iML DEOIBEIQHP of ARBRInlg NG e préedi MARA form of
and al kyl and aryl groups having gp to six carbon
a ketimine ws aldiminerfoestdrpiuenterrbesdinkeng, andor todastrolyrreanytalkerey

.groups jnclude oxy caenstituents f.or. po ri j . .
i 5075 SOSHESE B S50R! WAER105 B L G0H g
form déf\(é)ig BHRoAMRhE CRESH IWR (s sblirck NRateani@eedihg b® Optiralmt amnount is

The silane ingredient is an optional ingredient .
undesirdtde simeg exnssuweldr ¢an qagsaihendesised eegreef gERly fiepolycondensation

si | oxane conposi tj %S j
vtor LR HARRE G Bg R Bob e AP g e s
of the figglly-chretifilm wapaei ty, the silane acts as toassist in
conpat abl i zi ng the epoxy,. acefoacetate and/or. .
acryl abEgani¢ $9 %%anrhee’“}dﬁég ifé{eélr @ B HGAPRiration and

applic%t?% &ahe “&P%tgtricosér%%cﬁg%@%ﬁio?% {iRtoVe MBH dnd levRling and

erred silane p /et hyl™ met hoxy-sil ane 't hat
appeatadc@wabh #iel empositionxsagylied by bowshDoleGor siandard atendafidess spray

duct 8- 53 . Thi il ' f d
MR AT RN O e ——
glycoltg Igtfx@ﬁ% 18le, WirifneQ H@hic@fol%ﬁf iiRul FEARkmEs thiurdginiddifled

oxane conpositions of this invention may conprise
siloxang compaditerts of hip érveation ngludeingbitarqbiwatgnes picmethoxypropanol. Up

referably i.n the range of.from about .
to abof &5 GbGhonae® sob ! Gargmecsr B TESipuds foffied RBne
cmnp&ﬁ&hk%ﬂhﬁ&hﬁmﬁﬁ&ﬂ?rr?d fast-curing nodified siloxane
conposition of this invention conprises in the ran

: e .
of froRigthous asl/@sfiliess mapbamised NFAENINE Rsieuriag aradiiied siloxane

I n di ent. - Acet t - i i i . .
oo I 5, ST SR ek AR B 1
color ?fégrﬁ{e@l@soﬁﬁi@h efayngdlh@nadanivagdiedidencarbAsblase darghlaily zinchoeide,

m "acet oacet ate-functional ingredient” is 1
naturalaué suttbais 106 YeHarw, bisrrn anddlack igerberidery toluidine and benzidine

acetoac -functiona
t hose selected fromthe group including

18

ients i ude

sello QTR iR ATk ORC EARLALICORAALLAGRAL! ABhEnts including
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acet oacet ate-functional diluents,
acet oacet ate-functional oligoners,
wa@e®bozuset at e- f uncti onal pol ymers, and m xt ur eBCT/US2005/032755
t hereof. Suitable acetoacetate-functional ingredients
i ncl ude those having the general chem cal formula
R2o[ OCOCH2COCH2] aR2i where R20 can be selected from
groundtaR@ cBysPAlliné Eitita)Bafigmanliile] magmsiupesilieate, qidiymisiiate, ek,
~urethane polynmers or diluents, or an . -
micaceRyHFeN PXiNgnet G 19BRiFnERC PRYHCT; %1“6%%% prd glanyiay gilicate,
' i ith [ OCOCH2COCH2], where "a" can be
gypsur%’&cg)%%é&{%hf%e,eﬁ%%d where R2 1 can he hydrogen or can be
a car biie-annimiof piggent thapishaed togfoup thecmmsitiod is apdsgsfood to
atons. The acetoacetat e-functional ingredient i
vary, dgregrdine @rhﬁlﬁd\aﬁiwgmfca@ww?? ARPLFAYY 128G o& Pacin avhen a clear
compogiﬁgﬁ ‘?sgéiésir?@.s Tesitl, SadtRMBRYS 00ifRAGANSMetddpDRiIEems Off this
the am ne/acetoacetate reaction is nmuch quicker than
inventibheas peduleafp thrboaridvepogyents baserl 6n thetosd medght o His
epoxypol ysi | oxane resin conpositions, thereby
comPOP’gleH itating a desired reduction in drying and cure
time. Whes®US HkSRdithatomipbiiflofeitbBIifivedtion exhibit résisvmce to

i.e., a fast-cure coating, is desired in appli i on
high tesnpshatarss.thirady iredas nasécudaa preana BE flef @nibs us j%ﬁ%@% of

to_hand] i i : [ ' :
B
oxide, aRkghigaselaees bt idlkepnaihleds steet take,zamd tiod ligonBy 8 propek selection of
tris acetoacetgbated,trirre,th | ol propane (TMP). . b
the bingransefilberc B 1SEbIS ORI BET TS BLLPHYRPT %@GS&%‘H@%O& Gjean be
achievbBETdesirH ?&s?—tc‘aﬁﬁ?%ﬁ?‘&%il@ﬁ&ﬁ%ﬁﬁosiﬁbﬁ@Qf thisNR@ntioflcan include
any hygllr oXy-functtonal diluent that is easily
up to dboansRpleti Gltetbabat @rthe ¢otgl weighteafshe campastiiaq t h

tertiary butyl acetoacetate (TBAA) wi.t.h el in. ' f -
Lor i arBHERBIO R LR OE GO Bba i ByeiibbiRsb ontain
rheoloBR8l RbdAER! BBEEEIRES, dniRcnt BftaLs, Blik GRIPRE Sgembdl pigment wetting

cetoacetate-functional diluents are desired for the ..
agentssbitenineas and apheitic atstonders.dntisetlng asgnisglinents, Y ¥dighé gtabilizers,
air rel%? 5%}'1%%%%}2@?1?1%1%%? ([}i‘ yﬁr%?eg%gtf?sg-%ﬁfiﬁé RiolHelsii8RHe composition
of thisARedPide eh Al ®itkivprakbelitl 10ebivt amdh mbdifiersemdiagents.i s
acetoacetyl ated TMP avail able, for ex &pl e, fr.om Ki na .+
| ndust FResusng madiadellosaetOnRAFLONH a@ © PRES R G YTLon tan be

nane_ K- Fl " stk iners. Generall
suppliff Py B GpSHaR offud ofdial Sitonl Ethojshhb bRSK Sontainers. Generally
Speakigg’ %gf yAT® o]I;D a ﬁ]?dtpad%age or mhp@teh‘ecanfioclud?:ethh l&ﬂistomh lémrwﬂlate,
ackbone. Preferred acetpacetate-functio acy C ..
any opfomghaIRse, AU LIES B eATR Tl Dernt B bR E oier fictional
i 0 «fb A€ inaiEe Brtakidy agent. If
mgred@é@ha@&;p%& gl Sgg%%gg)‘z?(a%gé O% P%%B%Jerti n Bros., of Bas
desire@atha dicondiaterhiediapr eatetpresseinCiheserdiotiaef sArgand sgmugd
acet oacetate-functional acrylic polynmer having an
PaCka%fEfui val ent wei ght of '600); and from Guertin Bros.,
under (REANPINEEN MaMRo a?rﬁ%gﬂénxs & hckageP ARy o0imbEded, in the
GPAcryl 550, "GPAcryl 597, GPAcryl 613, GPAcryl 766, .
preserma®f fraten Aypileingoertperyidedin thedprree alrriinyag ef aldpine is

duct A h .- .
B DT AT P, TR toe o o

curingSABRt 1rORS GRnlOf Athraiaeyiine SuinbaAbing alkoxy groups undergoes hydrolysis in
acet oacet ate-functional polynmers include "

d .
the preseacpebwatar, and pabipesrasatins Jiss thepsplyes ard with gpganpther.

those-avai | abl-e;- for- exanple, - from Guertin Bros.,
under the product name GPEster, for exanple GPEster
766. In addition to those acetoacetate-functiona
pol yners descri bed above, an%



10

15

20

25

30

hydr oxyl - functi onal polymer, be it an acrylic,

pol yester, urethane, alkyd and the |ike, that can be
weemweestserd i nt o an acet oacet at e-functi onal pol REEUS2A0%/682755

TBBA are acceptable for use in formng fast-curing

nodi fi ed sil oxane conpositions of this invention.

Exanpl e acet oacetat ef unctional urethane polyners

i ncl udg, Heesent fat eyl casddnsaidmareduti cudes dminefinarenality
triols that are bonded to acet oacetate

it, as “@a@s 68 raerineians, sampddyrt yEhdhe aCé’foaceta%ﬁlﬁtjmﬁblﬂafedwm
t
ol S A B Ao BB BECR B GRaion
producﬁ agheRs @ﬁm&:ﬁmﬁm&nm ;- ds UWHﬂt ascanalfretayirmwsllham cam adduct with the
npact aon both th ross nk.densi t
epoxy-SERIPTE Beredisgt bt PBel % NG L OApBS CEy B nEional ingredin
or the Hé%a%tg{eefu {:‘p@nall‘ &ﬁexﬁlah%f@d'r?la@ﬁln@h&&l BeyrétBsdtigduddd amine
I'n applicat ns calling for reduced cross-1link
funcucdﬁhgn, thesoingredierdy eah guisiuct wﬁtle onepgnother.

acet oﬁéﬁggé f Y n%FJ%;fr) nal&]Ef,p YoEL C a ongf’%greidﬂant and/or acrylate-

circu

ﬁmctiflﬁg{ngfed{\é}ﬁ r Shdi Qi cHPnaRe éﬁox@%ﬁ&tﬂﬁaf imgﬁHdﬁdimalhdtaMy afinosilane

inal filmis not of concern. Generall¥ t he
or anyrageEse- cmammycqmécw@ﬁﬁn piedueirap dakgridace before, after, or during
aceto at e t|o diate alk
e
hydro§y Siéips. Us h%e&@&dﬁh&huﬁﬁﬁit@&@@hﬁhldﬂﬁgl mabtlmethkqaldhgmlbrough the

i'n form ng conpositions of thlSln on can
hydrolasm iagth ppb'g@mdeggat@@aﬂ%%@l FRREEH @ﬁérl%f I:llﬁo%ﬁrfé‘ ef“l%ﬁ‘g‘la{e Aiffoxy and
hydroga%ls S ?%Fboﬁng 1r{grl'1{9 ‘t:l#e' cﬁ@?e{m%ér&s@m{e%%gﬁﬁoﬁt sifdhbr¥ and

en exposed to ultra
propeiie®bethe &&Mtlﬂ@mrad fibm codtimgc eystusidh heyepl, edeinp fierophbnleed” is

1n’cenclgélJ %(21[6 eerlélg glé{g;oggt desqll Bﬁtéﬂee)tb gayﬁ% aghgerllst wif asggﬁasi;n
extencﬁﬁ?f)?lﬁ%%ﬁﬁ@d batedd ?&?ﬁlepéﬂa%rmr s or diluents are

'y bal anced Tof the purpose of controlling the
ext ent Tofth@cpa;mntrthatftbq: etririgcgentAs pravidedgn thgform of aketimine or

aldumglgg g%grg%%{ogls f]at'lf::}] (?cg i ic (Ig'l %%ensgrggﬁgbﬂée %rénng-reactlt\/ﬁ éngredlent

includeb bt HOBSRBGES Ailneti Gl h@f@il@lt}jﬁlsﬂ’lé echsatiiae amadd amdafcetoacetate
enam ne functionalit as wel|l as_to. achieve the

eatiompine YoIBRL e o caiedate BhPCk e i kntigalpg pt gidimine
curlngp?,%B I}JF%Ijﬂ for® ﬁlixér a&%& %%&%é Iteﬁctaﬁp dl"}gﬁ %t%%&?zg\%@ Qﬁglﬂ; :'éggrates to
drive theFeactibh théfebylc\zﬁﬂrﬂoutlﬂgtodhs dmsﬂdd beleawnie ofithe composition inherent

acryl ate-functional ingredient, or a combination of
in the gpdbesREetase Bl At Monal i ngr edi ent and

acryl arSﬁ%g{?LfHé: FdaRiaH bét{irgénetﬂb ShRfine HRANHAhSRoRBtakSRhctidhal

cont r ol e deS|red mol e rati o of enam ne fornmation.
ingredientand/ex argdceylethioditicent mgwsilano iscfbgsent thaw thap of the fanyipgéepoxy

oo SRcEL e Ut 2B el ) 808P e e
when%&%?%retrl é(t) xﬁgnﬁgﬂﬁl epby- H@l?ﬁlotxﬁné rit‘lq)jés&ﬁinsCurl ng

oxane c nposi tions of IS invention based
on thelben akamplegmbodhnmeasmme@ relagive hampshiytaf @pprgxinyately 70

referred fast-curi nodi fi 4 f
perceRtand Ao B ER BRACBRT FRRRCp g2, el B iR PO afs 8l
combhf%d 2pJ el d@Qteﬁ&afﬂﬁ{ edneferoahdDinads litigaesingmites, Aglesired tack free

di scussed below, the fast-curing nodified siloxane

film oanrmpm@don@s dittle ¢5 K minwieast angi desirenBrinbiFpRellny &Ry fopmed inas

“11tt1e s AFS( oacs! af:lgis gﬁllgag% {ﬁlg %ﬂic’ula&%ﬁnﬁ% t1frf3§ @S?rq:omposmons of

|on I ngr edi

addition to an acryl ate- functlonal |ngred|ent or can
be fornmed using an acrylate-functional ingredient in
pl ace of the acetoacetate-fuf®tional ingredient
dependi ng on the particul ar end use application and
final f|In1coat|ng propertles t hat are deS|red An1ne

~—~ 4 " - o, — 4 = -
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Wth respect to ami ne reactive ingredient, it can be
an acrylate-functional ingredient, it is understood
w0 bab/0s189s | ngredi ent can be used in addition POI/U820051032755

pl ace of the acetoacetate-functional ingredients
di scussed above to formfast-curing nodified sil oxane
conpositions of this invention. As used herein, the

this inV&ich cae hyd atlevdrydebéringd o hetasts efiidgrédientndiesssh,abelatounts of
mean both substituted and non-suybsti

ut ed .
the inggedigntatieeds the CEreiEIPETaHYE eBd bﬂ@l&dﬂ@&r@g@% and the desired final
- ional ingredients include those sel ected

pmper?:é{bér%}t%gu%&rjgﬁ%' i ncluding acrylate-functional diluents,

acryl alesnfywasd, tlesakbwdhd Gorerepresentraydigitifedn netuctorawhen

pol ymers, and mi xtures .thereof..Suitable .
compag GIgPETGRRLS Kale GORERSAPBRILINCE B EPVRGRY IR Y
compJﬁgtﬁ)ng,ecH&ra% ke ERtbyide ik efrec Al HAEBeHCHADIY 8 tak ¥R film in

2 can be selected fromthe group including acrylic, .

about pdV/¥eatrgrand pairipg fiee filman dbant 8t Haheutso (Thewediiced cure time realized

di l uents,. .or. any.hydroxy-fupncti gnal_.nol [
by oS S5 R Rt B PSRN B A S e s
to complete BRNadkeoffdotithda bartiQlar adiriBethereby reanidpehd Yidredgekeeping
or can be a carbon-contai ning group having up to about
the sulgstiater @ of sarvies. The acryl ate-functional ingredient is
useful .in for.n f - [ b £ j .
e oL TR I OB Eak e g AR 69 Sl heaREe slowne
compdERaRd 00this heemion et aesfyablyeprowded incnmoishirk pravdicostsiner to

fast as that of the am ne/acetqQacetate reactian, |
controd pf Plevejifiuar@ptet ﬁaﬁpqrﬁf@%@éza?ﬂgr YRS 3 10 %fb%ﬁg}t} o the
consti{u%ﬁl%ﬂeﬁ‘{i'cdl ﬂlsg‘fé’d}ﬁrﬁg,ttgﬁéq' lcreﬁﬁﬁ%< WicRALIY $ird OXRB k83, NSealed metal
conp , t y |

osition ere acl ating a desired reduction
cans atdsudtaleng and cure tine. Suitable acryl ate-functional

di l uents and .ol i goner.s include trinethyl ol propa
triacr pg}&og’sm{)?q (gtrt Wp&%ﬁpﬁ%w ?Eﬁrflgglléﬁglegfe% B rate surface to
protecg itﬁfd?xﬁ’We@ﬂﬁ@riﬂéﬁﬁ%l&c@ﬁrﬁ?&%ﬁr@ to EtEdseadnaedhe®idad ndlustrative of

lacrylate, hexanediol diacrylate, pentaerythritol .
substrtiies thahcanbearenteddising easnpapitising obfuniaventiaicingiugde arood, plastic,
eopent vl glycal propoxyl [ | ad. ,&?y
u”mrqﬁﬂﬁg?ﬂéﬁgg%ﬁﬁh ]nggrf a %g‘ﬁﬁe Oghgnggﬁy a%gahﬁﬂanﬂmeﬁﬂ
as a tdp) doB@iEdispdre@ ekt dieety ghtpars Wbstrite sarfydesitse]f canitbposed onto a
~oali ]ghat ic tetrafunctional polyester acrylate oli ggﬂer ced
prior orrpghejgwderlying F9atigecBuAB HRBEAIC O IGRRE PEIEH AT ddiTROsed on
B : e on noted above, while
the Suﬁ%?aﬁégségacggo ga&lﬁ%‘%u%c%egﬂ% glgl@gf% ty when conpared to
acr yl aCefipositionnaf thixinyergios caiPbe hpplieddo a surface to be treated by

acryl ate-functipnal di) uen nd ol i ncl . g
comvep e e o B RO B i n
films g%%«gﬂ%%bﬁ‘t ol to?])ﬂ) lqﬂicrcrréeters R EEdont QEbSHmBARRpHE absra 2

neopent yl gl ycol propoxylate di acryl ate

millinsstak irathicknedsorf Bocassal s nmitiglodasiess eandrerapplieditrcthe gadacs to be
Phot orer 4126 and, 4127: et hoxyl at edl r.j net

proteqibt AP ER YA B BT e g Da U el e prefped ar

film ﬂlt%ﬁ%égv‘ b Ane7 Pheive 24 kiGomefes Rovidexy dadird dbiceaf plotection

riacrylate available, for exanple, by Cognis under
to thepmdetligng sifrse Phot oner 4094. Sui t abl e

acryl ate-function ol ymers_ incl '

eyl | Eestsyrperuftic RRIQUIRL Gyun BRHHRE o USROG R
formUPREKRONEvidPHIRS ®sired agelerhtad eryingnaid cpatimps bysrerisoad range of

i ncl ude: aliphatic urethane trlacrélate avai |l abl e, for

tempesatargrioaditionsm Gogiies confidens:of eleyrisd (RRpaaivEe PiehesRlen the
. 6008 - al-i phati-¢c uret: -acrylat- ' e o ong
s e RO MRS 365 S AP Attt o
di acryl ate avail abl e under the product nane Phot oner
6210; .
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functlemiﬁyryﬂmne&m ovriglux §

uret hane acryl ate avail able, for exanple, from
Sartoner of Exton Pa., under the product nane CN968,;
wepwxp3mer yl ate from Sartomer under the producPCHEI®05/032755

CN104; epoxy novol ac acrylate from Sartoner under the

product name CNl 12; and pol yester acrylate from

Sartoner under the product name CN292 and from Cogni s _
such ashvaed t}fefa@p]@eb’cbcﬁbmqioshmi’(ﬁs Ritgécereto teB@atufd eondsidorsfthat can and will

acryl ate-functi onal %ﬁl yner s gre desired for % g sane o s
vary densadiog oRGRe ETRSEIWE O ea%mg% 1Be LRREQIERAN (C- g FRALRRD By Lrom
tOSOD@lgomsr, e.g., having nono, or tri functionality,

cgh be used in circunstances mhere reduced VOC may be

requi riegdt-ourigembdifidd siftrand egmpesiténs of the invention will be better

acryl at e-funct,i can have an i act on both the
undersfogeiy ot edinBace p Aol ere PosRie SR PRE o1 °F he

nodi fi ed sil oxane conposition. Therefore, the use of

ol i gonmers may also be deS|red in_certain aopllcatlons
ExmmdaNbth f orFast : Y fBfspiQKaBe LOFNOSNIOE

life te fu tm n I

T AR SR P 20 VIR

modlﬁ@ﬂ' gﬂ&fan%@ﬁl@oilﬁ@n Wﬁ@ﬁie@@reﬁ laBé‘drdﬁh@ad) tHeyfollﬂwiﬂgqarbcasal A first step
I mis not desired. Unlike using

nvolvat@s doweatignef pnetlissant pipsidugicd ﬁ%ateft&!% that hreprorghisidgs
o DR PR b spiblpiayd matutian

medluﬂplﬁ Yot Hywmtblmnglthe ﬁ@@bwm@ngredmm‘s approXioratela .34 grams (g)
nam ne or enan ne

cylenend O e g T halanr P Lo Oresd Sminqgilans (13000 056e

acetoa@&%%ﬁ&ﬁcﬁltaﬁoﬁ iRDALx nar Rl QM o WhresRetdtcl RBE®@STal acrylic
ing i s not hecessary and/or when a coating that

polymeln@etam TH2SKKAY), wed L &k ngom—fmameonal penylib sesietgstd we 8%
S560)¢ h%s% q\{}@tt%pglt L\f%uv]}}ft 18 gaaith %tcwa peflo%i ﬁg apﬂrom%tags amﬁloﬁrs at

room R&p¥tAL@: functional ingredient (oligomer, diluent
and/or polyner), and preferably in the range of fr?
about Butiog §0s periad of tgn@éé@jam@wfmﬂoma%w-cggm #ginosilane
t 1]
o SRS RSB gy i st paspd
ingredidn® bed hed tﬁ@é}im@lﬂmdﬂ@nﬁb@l i Itleajerﬁijfdumtﬁ)nahngmdldnt tnfogh an

this invention conprises in % f fr anborﬁffTh
enamipg, v legsigesing ppfea et gRERICS AR LY fﬁ[:y QAP the
silane qﬁﬁi bidi& o%ﬂﬁﬂel 1ﬁgl%ﬁ?en%g¥gﬂg§% Ed %;&&tlﬁ%‘e Slt(blssi llhﬁé/g,%@ {hRRpefak to form

pared usi ng one
anena&hﬂﬁé/ep@qtﬂlo&arﬁammb'riahal i ngredi ent and/or the

acrylate-fuynctjonal in i ent
el Bt i Sy RS P peE g R L g s
[ onannaetheky sdvpheolabndg TAD, white
approgg&‘ﬂel&@ 67§%F§¥¥J%§er s gg%()?@gEgccou@r}t f ory ?hg f a?t t %at
pigmentiend 2. t6gevdtiing invdisntirsing edditiyesh suripse densipnpnedifiets; andhlaght
other, and that the am ne reactive ingredient is
Stablhﬁﬁ"aerstood to be a mandatory ingredient for preparing
f ast - cythk REmpBE{ziRtmsdinaxaaeit GaRasE toabimedtvithiths following
invention. In the event that a conbination of the
ingrecherss tracnplete st enraporientpiadire i ; sanproximately 12g alkOXY-
at e- f nct i.ona di
functi Gl o0t N HEEI A (PP ot & T esR He Ao FTRLARE: (K-Flex
XM7RHUNY scefabssRifaaotrRipalryldd pagebr (Sethlw T2 XXSO) 26.27g epoxy-
Epoxy-FunctlonaI Ingredient Wth respect taq
TSN ancb0,PpeBrBng s gispeming aigves.
- -ingr-edi ents--useful -in form-ng fast-curing nodified :
si | oxane conpositions of this invention include those
sel ected fromthe group including epoxy resins,
epoxy-functional acrylic resins, epoxy-functional
sil anes, and conbi nations théfeof. The
epoxy-functional ingredient is used in form ng
fast cure nDdlfled S|onane conp03|t|ons of thls

e - o Y
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Sui t abl e epoxy resins include those having nore than
one 1, 2-epoxy group per nole, and can be saturated or
waoe®answsat ed, aliphatic, cycloaliphatic, or PCT/US2005/032755
het erocyclic. Preferably, epoxy resins useful as
epoxy-functional ingredients are liquid rather than
solid, have an epoxi de equi val ent wei ght of about 100
t 0 abQutecdn@@Bmpainsht PPt PBEhedabimake this particalagfsburing
__from about 100 to 500 and Eave .reaﬁt%ﬁk}. of ab ut..
modified8l0xPRY GRS RS RHPIERFIEARY BURRIEUE R fe I ipE Mdppients;
| t4 N ' iNtal 35tk 8Dudd Bntdlaurate),
epprox e el s (41 s r)
8.6g n-bdtandlhasd pogtdyteneof U.S. Pat. No. 3,183,198 is

i ncorpgrated herein,. r.ef erence. The XY I esi
can algﬁt?aééﬁfﬁué’inﬁ g é/dn%ﬁ)éﬁ%‘? c%?qsgl%agﬁﬁa )é)é n @egsnél%%?ded by
combirgfg% Eug({‘eﬁliﬁﬁg ctHdP WRMBredRAsYOf Thesfit AndgtbhdeomforichBsthereby

tol erated without adversely affecting the | ,
forming esiacedicppopemoidifisdsiloxdns compapitiph.ohiee thissxcaynpaseiqeyis provided,

. different. ner types can a e Sui
e gt S R RTE BB R e U LS e i
coating BRISEHHREOBNE hRtGROKY afdsdstidneindhe socoid esdgoreht tehtts with the
resin wth difunctional epoxide reactive dllueTts such

acetoacetaterdomeiongl igkiedisnisdp dorye priglkex yrapne-fustiorgl agiylic enamine, the
. di alycjdyl et he . ) . - . f
o A ey g g e
alkoxySiDaeyfubh edas epoxs. resifshwmkdl th&Epkox BRinG 8 hclibia ptryltio enamine and
F- epi cl orohydri n epoxy resin); ,and 0 henol . .
koS ECHE AR SUEn Ao I B30 FER R AByapetermediate in
the pre%‘rsgﬁeg%ftnfé&%gﬁ%g th@?%%ﬁ&nétﬁll@%ﬁfa‘l%t Halydrdlysisdand

1139 from G ba Geigy, and [ 32 and
polycobEikafof.r bnthBewatiplniicat readtienseceon ipgwiang SMperdiEp| ay

d cheni cal i St . Sui t abl iC. s
T N e
produéiﬂgfayﬁligcia)’ﬁﬂl?tc%ﬁﬁinﬁéd olE ogendhe golBhikaiaan chenfietlyypacture. Since

epoxi de resin, such as: Epon 1510, Epon_4080E, Hel 0@/ .
the restiBihgaohdmied Ara@urg i§ W@[r@@é@h BRERY BRasHAR ahpydroxyl groups (fesulting

~A-epichlorohydrin Ye: i r Qs ) 8lsilhfe-
fom e G H R LR R AT g pGOR) (b B it
contai%iﬁg f&%lﬁ/@r 'lsilmicgﬂa" ilnE@ﬁll(ej@lllaﬂat iﬁgm)é&?tsaﬂdgiugh ;ﬂffﬁ?ep(/gﬁ';dﬁl gobups anenot
di_net hanol di gl yci dyl et he rom .Paci fic Anchor .
techni¢adlynresent 1 the F@sﬁ%tw’hemg;’a{ structures iL 18,0 boaBdersioqd i thpse skilled

in the %%ﬁé%}%ﬁg%@}?&%g tht[rl]ig %s‘uﬁiﬂé%%ﬂl@cfa'ﬂ StrudNey alggf%ﬂﬁ' ;?ﬁllff 8oss-

ocated i n Louisvil
linked Acoflici epbx B 8araind p6Eiléxanm Rei chol d | ocated in

Pensacol a, Florida; and,ERL4221.fromdni on Carhi
acat cAnE HOmRPHJTNR R FEmPes MRS AREBRs0 cOfponens of
this exaB{H g{@ﬁk:@h&?é’%d 8@&@%@&'&1&@{%@1 @tﬁ%n@d}@hfﬁjzgpéo?&ﬁmately 38

urt abl"e epoxy-functional acrylic resins inc i
percergsitizon yon ®itdleesit solits), and 50 petopniehysyolymg spligs when mixed and

cione TSRS ol AP e SRS P s for
formuBition F i @xéd&ﬂﬂe ardr8¥iaed aothe pabids dt Wincsridatahe acnylésc

resins include those avail able, for example, from Akzo
Nobel Resins under the product nane Setal ux and, nore

Examgg g 1 cal la?é?@ .t#raﬁlﬁucxyhgc?é%qqég?%gdi%ﬁg@ﬂiog%e%. YRR
the prodagt cRapereAChR: PALICA wed ACRERe IDparfsulaofastecuring

above, epoxy-functional si]ane resjns a useful for
modiftedrsiiongneceommesitionayes peeparas &y samipmedhc %Oilokﬁl%& wefedipnts
- epoxy- funct i 1.Stlane; L 104 e ~aVa BiterfiRbiate (DC-
togert G BN ML IE AT PP AR S ABRBORU RO erhliare (DC
Connecti cut under the product nane Silquest A-1 87 (a
gamma- gl yci doxypropyl tri met hgxysil ane). An epoxy resin
can be used as the epoxy-funéfional ingredient in
certain situations where a desired degree of epoxy
reactivity is desired. For exanple, epoxy resins
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conpri sing epoxy-functionalized cycloaliphatic rings
(secondary functionalized epoxy groups) nmay be |ess
w0 e@e3msel t han ot her forms of epoxy-functi onal PCT/US2005/032755
i ngredient. An epoxy-functional acrylic resin can be
used as the epoxy-functional ingredient in those
ci rcunst ances where an interpenetrating pol yner .
3074), 18 QPPN 14) 51 Lidsistueslscalerigee Kainthlyyrthoformate), 2.73g wetting

_epoxy-functional acrylic resi C forman I PN via .
and dispersite; asilithrest and sHpass/enuia {inéﬁﬁmg& Wi %Cﬁtoewf?tﬁ'g’%lgﬂ?l actylic

r QW ' far : it
pom ARG el a0 eL om0 L5
acetoa@x Yurfctionlidhigamer (RERD), Orftg drgarsimatalis tatalysts(ddaitylitimglilaurate),
for the formati on of an adducted ingredient. For
6.23g %‘J’("&Wﬁ?le?mfﬁggéﬁ’ % formul ati ons, where the curing
agent Age navdoﬁﬁgn&ttokl SaftOBMSd @ BACARE Papticalr fst-curing
suchsecondary am ne can be adducted w th an
modifiep sikyxahe nomposiadn gicluaneé appraxiarately 32 aniaaglsar kb ht10)t he
adduct,_.resulting fr his conbi R .
2G0ucty AL LAY B GRPIhRR AR AR RSl fBRoideaty
combifill A8d LARING tebdelrithd Meledicatbitth@first andbe@ond components, thereby

functionalrzed as_a trinmethoxy silane. This in effect .
formingrasacesdicaeposy arodifiesl sjlesine OFHOsitionn §nge Hup porgposition is provided,

._nit.rogen a havi t ' . '
e PR 0 el SR  RlkPgg s g
coatin@NDuting khedé Bareaeidionsithe antinssilaheahe seconé ndinpgnent reacts with the
therefromthat includes tri aikgox%ﬂqgn%riﬁ.nal [ tgy. e, the
acetoagsteterfaneiiprehigesdivn odoyn an fLGRY RN laﬁ?lxﬁﬁ ficipgmine,
aminoglﬁa%)é gﬁ {Héns%E6W@mn%(1ﬁglgﬁgé&@%itgﬁhéﬁé@%&%ﬁctidﬁaf Rgred@mbtcdform an

oxXy-tuncti o I l'ane. Such 'star polymer has a,
alkoxystluggfunationzg epexy feiidOardete elkoxprilboadundtiondgerm)ic capaine and
provi des .conbi ned properti. of .. hi f unct,i ' s
ko BT SBEL i e B AR AL e i
the pr&sefce VT AOIsRRO¥M ik bfABoREtafit GRS ViHgldrelgsk ah@sin. 1 n
an exanpl e enbodinment, in the range of fromabout 1 to
polyc@tepdatibn.ofn thieexapwiss thasnteactort odchyRam et tergprgature.
preferablly in the r e of f.r : {oS
used tg?f rAele an%‘r}gensﬁ ??%:t P]?%pggp‘gl H gﬁg&ﬁ@xé@c@@’ﬁlm I
produbMQsigtd RIS @dsstitiked beryBbhaninb pshdilamnt kberhisakdiructure. Since
wei ght of the conposition. A particul arl %/} %F)eflerred It
the resuténg chertien) SHBelFd 16 graidessin Rart O FRRSEPR 0B Y Xyl graups (resulting
| pventd | 565 with difdRor istila QP aRRdtin fhd H1a36
from %ﬁdeéﬁo@yﬁ%‘gﬁ%@ﬁlmﬁ&g% %ﬁt&% %{fﬂsrti r% g Agent 13\'“ h ?
contaihgp@dior tslicoheimernmiedpiteigeraljenss) altlabigh thuepaxddeagyenpssare not
useful for preparing. fast-curin djfied silo .
technigglpRrSeant h P HHREC IRV EF e ebe_tlwgglgl[ogéﬁg%tt%%ge skilled
in the hFQ Jl?enge[tﬂ}égz e He e AR @R midlstasulet3@Ring a fully cross-
ket1m nes, aldimnes, and mxtures thereof. The curlng
linkedegeylic éppxysaaminerpolsdopanepose of reacting with the

acet oacet at e-functi onal ingredj.ent and/ or. .

acryl atAeEeF‘BE% PF ot 'lﬁ‘%?‘rggﬂ%ﬁﬁmh]ﬁ&ﬁe %:I{(g%]ioﬁgtslegﬁtl%r% and use of
chemighl iﬁ?&df«%ﬁ% thRH-& h@MtAly Thesmparebl® i esBaiavk @¢avtiog raes that are

ena

ne structure (when an acetoacetate-functiqnal _
differémidroetpenandtkerude di examplpembadimentthe selegse ¢hegncal ingredients

si.| oxane osition that contr] : : i [ ed
cn bl RO TRORU o} BB AR BB RS 6 s v
discoViB&d {hef dRiukt bY ingfed dneShavin gdtdh phspe el of iswingiatibitiey aidier
__curing agent also reacts wth any e _oxy-fun_cfil onaj[. havi
differenigeastivamates Bulesiagyl for Hiei verosa 9 PLAVIgIBE arcyyed i coating having a
ring rodi fi ed si-loxane -conposi tions -of -this ---— - -

‘ lowaf aSt‘_ful S
PHGERt #OR° i ncl ude ami nes and pol yani nes, aliphatic

am ne adducts, polyam doam nes, cycl oaliphatic am nes
and pol yam nes, and cycl oaliphatic am ne adducts, and
aromati c anines. Suitable polfam nes include those
described in U S. Patent No. 3,668,183, which is
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I ncorporated herein by reference. Preferred am ne

curing agents include prinmary am nes, cycl oaliphatic
wa@le@aiosussl | sophorone di am nes, and ot her secoPUHD$2005/032755

am nes such as those avail able, for exanple, fromAir

Products of Allentown, Pa., under the product nane

Ancam ne and, nore specifically, Ancam ne 2457; from

Hunt s fmrﬂh@fpamu&fr eRanlpléatde invodpatibleehpmidiiigratdengs used to

XTJ-590 (a reactjive polyether dia and rlnar
producgi desisedslopnelass effrss @%éb%aqegﬁp%taﬁergﬁwﬁﬂ%{ &SP DRIREY ¢ e

(rcrBAHIED SRR LA M IS FORR 100 Y e

acetoamﬁeﬁuncﬁunaladakﬁmapnlymsn disples arstsf ofl redasionfvoithniha gmlne curing
fast-curing dlf ed sil pxane ositio f

agent thaia S15S3 HOAPHER AR PRSSE- wmaf%ﬁ?@mg@ﬁl@r TPishsjibfadng e

Chemléﬂ 1nco£en?> ‘??111%/ WepsSitfelent faEMIR) raRBOf YHREE Bvo MgrddSer@dloperate to

from1l to 6, each Ris a difunctiona
prov1de rag;araddilnmhatlag havide péomrdngney 0§ sloefa:xnethe follpwing magpgups the

I sting .of ary
Smfac%ﬂﬂ&‘e )?BTtB’%I R §WepaWOC%n§B/etlgﬁ & E\X/Ller 5 c%uﬁ‘ﬂbgoﬁﬂﬁd quring
acetoa@é&t@/ aiADeB6tibEeaubatiie Xl a0 shrenkt dﬁ)lﬁl&ﬁgetbdfr (ﬁbj thé eméne as the
and is limted to al kyl, hydroxyal kyl, al koxyal q
underlpingrsostged ik ol ankyed gr safps! s ﬁ{o&huﬁ(;srﬁgwpgg ng Wéﬁlt%@( ng
effect g}aglscvi{lglgn %:roans tlcrggc%ﬁqg %%cg o@ eg ﬁ]ﬁ' %1@{%2%1&/ + R Hid6s fildbr

microWwfihigk haXigsiatiaele, suthpbenydsa Bffaﬂpna;pbd hadr bymhb lvelgtsiel chniee and
trimet hoxysilyl propyl dlethy

use of o BB OIS MBI IR HBREp: SPI TEactghipes o8- bY
using & %rﬁ)\(ﬁhreacs? a@&og@&mf | R 1n%1reﬂféﬁf AN rPlhleafBetichaPificitient.

an1nopropy tris et hyl hexoxysi | ane,
nam noﬁhe(ﬁrmlatmnmrqmyéd toyr ¢qmd11hmgylg¢ figshand second components of

this e)@rglﬂgiegm : E%%%ép"hd Sﬂ%}pﬂox gfie yh%yg/f’ tiunned) had approximately 30

percer&{TiBn ASH LR LQRY ledsr‘tah@ EY%bﬂc@ﬁ\thy volume solids when mixed and
gamaam nopr opynet hyl di met hoxysi | ane,

thinneN-reargpliatinon d)evp@mys ofadning i prigipgssand hemine) sistinge for the
formugt‘xgn o?tl&s? g;(a?r?p ¢ are I}ro%%% t%mte{%%%ra? By &l o@tﬂ@&éﬂﬂl@sﬂe

N- bet a- (am noet hyl ) - gamma- am nopr opynet hyl di net hoxysi |

ane. The nmanuf acturers_and pr.od sorre.
ExamplgiNm Si | ane §asi{aQIAGrHIG ROXY MA@ h Qde:

26020,

Soroi ni %fl'?o]n&%c?%enp% %gdusé%@&él%\}(@aﬁyf)ﬁﬁwgﬁﬂs@magw

modifAHkii0xaml coﬂrﬂ.ﬁsltléh vda%@,rep@ked]ﬁ()conﬁiﬂﬁz the{@ﬁl@jzvmgﬁmggﬂlwnts

approggiza%eé%p’?%gg 'f/_l\f"ia 1§&gLﬂ?]éca<y ﬁgi‘igﬁgﬁgﬁgﬁ %@8%’074) g
s11ane%§}ﬁiﬁﬁ¥g (-ar HER nEBll ANy IbkRéforhaRrS, 3 gléltékﬁng &ﬂ(ﬁéﬁspersmg

manuf act ured by Degussa;
additiKBEaiDRrfakBEen6i08 mmrﬂﬁﬁBB%emmataffumt@@abgpryhc polymer (Croda

CSA5§,2] gﬁggsagﬁtg?c ﬂg-]f\g%glong? 1gomer &?EP]S‘{ 91& gatn 81%9&'1110 catalyst

(d1butgf‘iuﬁ‘8§£ﬂé{tkfr hi hopr opyl trirnet hoxysi | ahe,
m nbpropyl tri met hoxysi | aneand

am nopriogegbnd canpencpbpt Bark'B'Resed ite tiake this présday @gt-curlng

o ARG i e SR M
approﬁﬁgdtély 81 oSdpoRyectioanaRhé teaiS(AAR7), 6l 1y Seﬁ(sﬂﬁhlty ﬁmmne curlng agent

| ude those obtai ned by the reaction of an af/\rrh
(Allcam1n¢1 Z@SDh&Rg amieasilaee @k113A) and ERgddkoxysRig gfigoney ng

A 1ntembe CFU&Z%%»O%%}E%H%%I %&qlgsqhgﬂllgéggé)gg%i&ggﬂerﬂaeg?gﬁfeeddat room

ketim nes include those available, for exanple, from
Air Products under the product nane 2457

(di met hyl i sobutyl . ketone kéPi mi ne of

di et hyl enetriam ne); from Bayer of Leverkusen, Germany
under t he product name L82965 (d| rret hyI | sobutyl ket one

o o
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Asahi Denka under the product names EH 235-RS-A and
KBE- 9103 (keti m nopropyltriethoxysilanes) from
wehione3Bdsu. A preferred al di mine includes a dpel/tibrvn5ie32755
of isophorone diam ne one that is available for
exanpl e, fromHuls of Gernany under the product name
Al 39. The type of curing agent that is selected to
tempefa@tirﬁlfdilgaﬁpﬁﬁilmﬁﬂel’y Tphowas fdrited pwipbexaddoaingake E]D(mysﬁlnétlonal
iis invention will depend on, the ggrtlcula

hi s
silane S DALY &ﬁth&hﬂswﬁéarbs@m&%wmgﬁ@f r’-\élﬁ?@lﬁer?a“é);ﬁneta fggming
the abb‘@eegotecll: Qb ﬁ&i?ﬁg} ﬁ"«h uflzfﬁ(gth%ﬁi ihd ghd AEb:Ly ﬁﬁct%ﬂaﬁﬁane
nmposi tio i s invention can Be formed using a
' c 0 nbl n#&hé fast-ofringomedified nilowee cypposifior of thirexagyit is pFevided by

comt SR P e RSB AR R ey

formi SENRS R Q}r%dﬁﬁ@ﬁéﬂo%ﬁl% copdIRFONC WhB€hi¥ %%pbﬂ‘uon is provided,
exi bilize the curative package and/or al so reduce

the 1ngrh@enfawrmd®1rth@nelmmﬂergﬁ curdy eea@mr&ttp Vermhadesifed|pgotective film
ndary am nes e used
coatings FAPiE ke Py o0 PEARE TR 1O afF Piths fopetgnal str

polym®r Qf the s&@nd cdmpBidnt f@ict W&hdhé@deﬁ%@da@ﬁﬁﬁﬁmnﬁhﬁxgﬁdd&ﬂhts (Croda
ynmer can formed by adducti nﬁ a secondary am ne

CSASRR b BEy D8 i EheerehcomtpoBgithio Daihice FoARPRT S aherimctonal acrylic

I f -
i 855 PR B pB5Lo LTLEP bEAEL 0e tkory
functl&ﬁﬂ alizend Mmeyrmedact untetdo lacedlgsic emthp(dyccmdemaabn ;reaa‘ndns 1n the

epoxy functiognality to f ur es

presengg i Fonearerfed dha emmameatalip Pﬁtagfﬁb iiw EXFBRE B8 Hg ocour
f structures. Ketimnes or aldimnes are

at am1519nt t%fnﬂ%rhf’?% orm ng fast-curing nodified siloxane

c o npos iAtt ittensongfletidn of thmemqtlons whamllytcujes metsciielilyis
procul G PETSES e 50 R BT B R il . Since
the reﬁbﬁ@x’ig SHeaehl Wirh&tur ik @dviddden PartdlydedBtios of Bydrogyleasepsi@sulting

ife and/or to reduce raw material costs. In an

from Qp@é&td@l groumtiegiPpRRNE) Wikh 1ilseok grates evstmesihemdtin the Hlager

conapple o108 QAT A LIS R o

techniaBIgy {31 iegecht $i thexesitimparienstal ls'@mﬁumf it ihiosbei um‘(zlelrstdodrth:ha]scmd skilled
on t

e total weight of th osi tion. rticu
in the grtapey icgnatiysly-relsr totherpth li‘ge ew%m@ur@&%% et %ﬂy&i/oss'
in the range of from about 5
hnkedt&lriléd %\é)\/\?tehﬁﬂm%g) Sielﬁ)t%a%e i s understood that one or
nor e ofThe fienaiaion- pielmcd bsedomblmmgjha@eirhtasd mnd gomperknts of

i cRERSEEMR P U T VER SR SO P AL s
and 2 Sﬁ‘%&%d&p? e Rch VUC’%%M)HHM&:W I‘hS é/h ﬁTE@‘f@ﬁmﬁzﬁQiﬂHadOf

agent used bei ng wi
approzaimmldyﬁa qmtqeﬁfl salﬂcqr)a(ngéotak]eglars@hét)amda Y meagealt P tvolpmersolids

when grsg Ti’lo Ly 5010 ! gﬁf%g)l%ts @5?%6%%%:%%§% ’tmféuhéragés% weath?rablhty,

flexibiliy ! {BfactBesiShideAndnGei@l fdsistai@e farttRe ﬂfrmhhﬁxon of this example are
conp05|t| on into a grotectlve filmcoating over a

provideddadhe tehise patheeed pahgexampleger t ai n use applicati ons
calling for anbient tenperature cure of the
conposition, the organonetallic catalyst is also

ExamyRafisll4 for %ﬁ@%&rﬁﬁ@Eh@fﬁM@dlﬂkd&lof(ateel(éorabossmmh
anbi ent tenperature cure conditions. Suitab

cat al y<t Bt pempenent aioBat Y hig to meky gﬁ%P@]“W@F fasterring
modlﬁe%}sﬂ'oxg’}e Sitldn s 31 %ﬁx@d ﬁ}{ 9@ nﬁ%l tﬁ? Ecﬁﬂ)vxflﬁ MekdiBents;

oup Cconsi st ng o oXy oups

26
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having up to el even carbon atons, and where R7 and R8
are each selected fromthe sane groups as R5 and Re,
wW@eooho0asvt he group consi sting of inorganic at oPGT/BEs2ON5/032755
as hal ogens, sul phur or oxygen. Exanple catalysts
i ncl ude organotin materials such as dibutyl tin
di laurate, dibutyl tin diacetate, organotitanates. A
approxgﬁ@tEl@'rZ?e@g Dipansnaket-fimctiodadkijisbne mtatmbodiate (H(E—ﬁ 074), 1g silane

QPSSP lamemerregueRRNLr Ty erea g ey Seftife BrEikpiing
addltlv%:? Gnll ?\gﬁg?cqunsﬁ&f)ﬁbalgﬁ#g 19, 6% 2cdiBace i inctibal ld&%r@ictpglymer

curin | oxane conpositions of
(CrodatGiEBAiS 8ijbh8g mt(hmstatd: -fonctidral plogather(BEFRY, afd kgherganometallic

articularly preferred fast-curing
catalysﬁgcgg t glﬁ‘%?(tﬁﬂe composition of this invention
conpri £88cdnfl cbﬁ%oﬁ@iﬁ @€ paft "Br asadabatdkeQhid attivulir 3Wcuring

organonetal lic Catalyst. O her Ingredients Mbisture
modified ankmage lcempemtumewaslel@pmed fozzs ﬂmmbaeng e dpleyving dngredignts;

oo SRS RRERR AL P i T 8oy s oo g

(Ancarﬁﬁfé%%ﬂ’\’albgramlﬁd%ﬂa@( Ize) ad@) 6g rsglcshagmamﬂlateo(magﬂ) The
he fast-curing nodified siloxane conpositi {1 Iv 24
ingr edlentses ¢higgecend |cgmn@tiené| BTG %Hredﬁﬁ QO SEeETtpre I %Hﬁ%la‘tate Y
revent,

nowrs (B MFRAGE SIS Richl AR RALLEPRE) pih the

secondéf}%(rhﬁﬁd:uhﬁg hent {Ancansihe 3415@[713 go $ornzng}hembove-noied siae polymer
i ngredi ents being exposed to noisture and, thereby

havingchsik peing a4 allexydepriosa @’polycondensatlon that occurs
before Qleasp&ﬁﬂ%‘:&mchﬁe@ WloxaRt BomMp6sitiéh 6F this¥kam@ld i8@rovided by
produc I's on the shelf to increase shelf life.

combifSinigtand nexingitegaiine tlsa:lalgmdganfhﬁgof the fiesd ppth sesong epmpenafip ghereby

such as.cal ci um unds S
formirg ALY TR SRR SO RBT CHiSF Gt R P s provided
the 1n%r§(§151§)s BrRkded th&ﬂehﬁﬂﬂ"e@i?%dr@f@smor@% 5&114&1 dwsm&;;t lpsdtbethe film

, and organi ¢ al koxy conmpounds |ik
coating.r Detihg st heteaeantioas thegakiposdians b’i&blr%%ﬁ%d the star polymer reacts
the first
it ) R DR ROR o B TSSO e i
compdnehlohrbaide fﬂiﬁfaﬂ{dmmemakfandtﬁinhlencrﬂm enexam| Bhe dlkaypsilane-

functus;% grg]yu 2 gwf@g ;t%g g 3 tyfng? e ded I l%e}\égmncﬁ% siiidone intermediate

o Rt
organdrﬁétb}lmwatdhg;t rrhdlhfS| exdmpld, theateeacorposicwi ab agbisnt tamperature.
i nventi on. refe red enbod
f Fom 048 tispomiian bR aeAoes o Bl ek A e s

produé’egﬂgat H‘%ﬁ@ﬂlll@l%f&ﬁﬁﬂﬂ(@& abryne bﬁ&iﬁln@fpoh@ﬁommﬁahichbmuchme Since

to’the noisturé scavenger ot her i ngr edi ents
the resusitiig¢heinricd] strnétnig it astvidad ingarkhyi reqcsian of hydeake groups (resulting

f th
o SRR B S UYL AR 5L 4948l s o

contalﬁir%rﬂ?t QfctsilRYAE pEahRaRtd Betddiding afth@lgh thaasbxider grouss are not
es of additives such as UV stabilizers,

techmwiy pn@gemgemegesumng,@hgmcql éty@qtmiegu A9 e; LglggrstoogEﬂat those skilled

e SRR B A Bt S ar ot o

hnka§£&Wﬁdkﬂa§yQﬁ@ﬁﬁ@@oh@ﬂaﬂnﬁnbunt sufficient to hydrolyze

he” silicone internmediate, the, sil n? and_ any gurlng £
agent |T|hetfﬁ1em¥1%ﬂ% wepaed AnFembinigbe Trg apd serong faggonents o

‘this e>faﬁtg;§1%? en """"" é%lﬂ ¢ %‘%h&?&%@é Lootﬁe fARERIdt A8 BF E¥amples T~

er operates t | ock any curing
agent present |n the formof a ketim ne and/or
aldimne, i.e., to expose the27am' ne functionality for
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subsequent cross linking with the
acet oacet ate-functi onal and/or acryl ate-functiona
WO p@s@slisent vi a nucl eophillic attack and/ or f oPCT/US2005/032755
reaction with the epoxy functional ingredient.Because
the reaction of the am ne reactive ingredient (when in
the form of an acetoacetate-functional ingredient)
and 2; WhédifitE, Banihgg Ve of aspexiataedy 184 géndhatfernmatgon haci s
wat er operates_to cause furt

‘ her hyd sis of the :

approxXgNRtElyc1iePareRid sibsen é?tnetP’fatl.FF‘éHsW%éﬁ)e anfidﬂjé \Igafﬁsf“tgmoﬂ‘&ne solids
i s i halBsd lretBSti ibilit

when i3ERepd il fORPIAD ATRIAS! (0% A8 O LefBton, fexibility.
and dr§ times 6dr the Rehiuldtioa of thiabxtimmplaere prhvided suthh tapdesent gheeend of the

wat er pronotes an autocatalytic effect in the
example§r pmt i on of the fast-curing nodified sil oxane

conmposition, which aids in driving the reaction to

conpletion in a reduced amount of time. The sources of
ExamphaNer 5 can biast-Com Actyéia dipoxy: ecbbiloxage 64 b

" . = o ~;- " ‘-.‘. AP t. 3 &g
of "t neAithheadtanet of gef"3s SHECRURIAR by fysPlutthE ©
modiﬁE(}'.j‘ Qi{l&@.hg RbSipodabevadBiphed dgdethbiing tig fohewingringtdients;
(0]

he conposition to accelerate cure de endiq&gg thg

approxpaatelyc2d- 2 TOrel Soadilicpanintermediate QR04Y { Bl 8-5314), 1
.the conpositi ' ' Ny i I J r

s o2 ERIREG ] BT Y QOB MORS By Bk

surfacédREbibh @t Biire)F0TE g acdtpastatd-amstiofial tabiysic ipolyeretr (OB Awey 613), 14

conprise a sufficient anpunt of water..to facilitat
g epoxyriB D P IR AR ATAREEIHOBLEHCP R iR RE-3074)
a ketigi [ N B8 Ake 615Gt dul 2 FhRGuri
and/orgkggﬁglf%#%?ghgﬁﬁéglEo%3§?%ﬁgtfzn§ﬁ?t; In theurlng
modifisd lsileame comtpesitieniwat erepsieddryecoimigriag itenfollowhg ingnefisgts:

agen rovided in th rm,of _an an nosi e : .
sopronggnhaserpporiedatt (8] ZodkwihadRaR iR A 3 iy amine
(JeffartHTRYNLUOD ParkdNO8 Bt daBbinStaBid atal ot CEiBEtyIEL Eiln@ate).cause an

undesired degree of E%drplytlc pol ycondensati on_ before

use of ThiEastompessinodisnd cHexeicAgppEion pf &s exgawplcigprovided by

.operate to reduce the .
combifgfn g ecfen i OBl & Ba 008 L0t R compugpes thereby
formir0Hesbrilic pymestitial simany eompditichatOmre thisdomposition is provided,

~application with electrostatic spray equhaﬁth or to],:_1
the mgrn%ﬁ@t\? erevided il wisrsngrardcuYdarianR & ditis Arpgctive Him
coating,o E%l?i%gtthé%g chi BRRIohE the¥niRb B les (01116%nd 91 2B ARGRE rimary
i rand airless spray equi pnent. anpl e solvents
amineU$e&Tanhing Or-400)irsadp withdbeadetecette- Bwtdoms)] ingrévient to form an

al cohaql s, ﬁﬁton?s, %%.cols and t.he.like. Preferrgpcean

alkoxysilgegrfunckiona) @rtylig safmines gid 1By HY TP SEPREAPIRHE POt
hd_haR:iS MPOR Al R Silfle-fih tfonaNUeYItd @Rmine,
Mkoxﬂﬁ@*%gggﬁﬁﬁgséﬁgfﬁﬁgyIenéﬁ(gﬁd néthoxyé%o%ﬁﬂbl. Egnio
alkox yiland-fitfstiphaitepoxyyeesing abalivexy-funstionsd silisene ingermggigie undergo

ast-gurin dified sil oxapne conposidtions of t.hi :
hycrolsi et PO S PGS AP - R BF ety BaEe g 1y Sreanometalic
catalybOMHING ek AfpleClbdNBadtRdl il abhhbXanenpermesi tion of
this 1 nvention. Suitable pignents may be sel ected_from

or gani Atdmicampleigemoicthessirerctiong mafinadlyviredpraisgtiys By e
tipanium dioxide,..carbon..bl ack, | ohZd ' :
produpg PATE BRIDSTREHERED Aol cparing RBHaGR e ghAL dlotRe. Since
the reéull@fk Shendies sttublutt @ipheidtidinpaniydiengiopelf hettoxyl groups (resulting
pht hal ocyani ne bl ue and green, and carbazol e v|g¢et
from eneeidexarevieiting ppepiemreth silingheieypt eisttneaidornsiipdng sikage-
————— Sil-i-cay -bariu ul fat.e. . RGeS S I G AL Sy a6 1 ;
contaippe §fcg MMicoHEh b Rlde pRARGEL AThLH B8}l ire o

carbonate, zinc powder, alum num and al um num
silicate, gypsum feldspar and the |ike. The anmount of
pignent that is used to f or m28he conmposition is
understood to vary, depending on the particul ar
conposition application, and can be zero when a cl ear

o " o r .
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i nvention can include up to about 50 pbw pignents
based on the total weight of the conposition. Wen it
w0 200d@3i8ped t hat conpositions of this inventi oPCEKRI0DF/032755

resi stance to high tenperatures, a finely divided

particul ate pignment or filler can be used. Exanpl es of

fillers providing high heat resistance are barytes )
technic%lF? Eidssﬁtlsim Itlfe&}eia)ltgngrﬂmnipat} stactecs,) & i:s tc;ﬁlae indedﬂood@ﬂham’thﬂmﬁkﬂled
) ake, gl ass e, stainless ste e, .and t
i the art Ry SRR (B AMOCTILR SIS TR s § il cross-
. = i j stant to tenperatures around
linked g%g%tc %ﬁ@b%a%%%d\;g I.O&I%?é'desi red, fast-curing nodified

si | oxdfte formpleton prepared by chindining tetfirstand sacindompeneys of

. to about, 10 pbwt . filler based on t t i ght
i el oA R B SRS B T o P oo Pl 1
and 2; %ﬁ@@ﬁé&ltﬁ, ﬁlalviﬁé atHE of BYRBkin#el Y0 afls Thisfotailation had

r

eol ogi'cal nodifiers, plasticlzers, anti foamoigen%g_,
approxithittelyt 43opsireend gidises on tgimesin skds prdy8hpeieent byiofyms FRlids when
.__.and _as tic.extenders, .anid | therabilit
mixed G0 (ERETO R FRRET PR B0 AFhE A 1BRRELS veaterbliy
flexibifllys REpRL Aistinds andcRigitaregsdatasbr terforngulatiati 6f teid example are
_siloxane conposition of this invention may conprise up
providedingthe tablescrt phrmndsafdhe ssEmiisser s and agent s.
Fast-curing nodified siloxane conmpositions of the
present invention can be supplied as a two-conponent
Exampé Nows- pac Kpge-Caiys Aemlic Epory dMadiedBidafane Giompiosidion .
General ly speaking, Part . "A" or, a first Kk or .
conpo nEXE SEHAP AT g?f@éaﬂ{yt srala; tojthal o6 Expmg E%gﬁgt%ée RgRRon that
a silanf KgPQ—gghw&aﬁkﬁ us@f it RepeftRAGRiREBnilye fits®Bahponent or Part
I'ngredi ent and/or acrylate-functional Tngredient; and
"A" usPditd mhBe this partiseleofidt-paiiganedified sibmgon epmpewin ey Rigeared by

.the curing.agent...1f desired .t i |4:60 ; :
combipE i EUPRE BT FERSRE il & (R 10 Botsalkpoy fugetiond
silicorfelihtméMste %Eméiz,alcéﬁﬂgﬁﬁue Soaneiget (tyiethwtethofdrenatelB g wetting

conponents or packages are conbined in the presence 1of

and diswersng addiipvesurichgirfege FSion BQAIBRs; 19 2 assloperinfdrnaiona
ketimn I hIg ' d t '

polymg§ PO SRS Ul b ool AR Bl oBHBPORID) AR Le.

organdiélal@io ¥alyst (bwgkii dilaursttle form of an ani nosi | ane

g?gg re Lzéggqnm&n%g%%%&q@t g}rsr ﬁ)g]afl egﬁ?s{,@/atsrﬁcsulérr}agtﬂz%rin g
mo dif%:g lesggﬂné %%ng)%giti% ths %ﬁa?cﬂq;%b-[ﬁng hige RXbRMg hbRbichke

condensati on pro t includes anmine functionality
approxitnateds 5 vWeleporg-fianyiohalsdamamesio <Al e 0. lgancandlgucamipe cwing agent

th tate-functional i di.ent N
PR St R T
intern%?ﬁfaﬁé;@)fé-@@m)t. heheRRbM#ERARSA 8RS ERBn@ EQEPGient Relekdie®d at room

acrylic

uncti‘onality it, as well as any free i
tempesatimedsi dpgpmeximetaty 24 daers fo the puipese etiecthe §Rary-functional

sane s394 D5 R RBP it B Ayt a2, friv
the abB8¢&h0RE &tad bSyhiéR GhiAB abth ahgihe dh@aikoan fiinotionality.
acrylate-functional 1ngredient includes akr? ne

funct i GhalfastpuriegimsdifiedsilegmerompesiHon @b et exgrmle ipgovided by
como 5 AR S BB 1t g ppond sompons, ey
forrniﬁéﬁﬁ/h@?ﬁ‘é syl aedifiell sigeade eatpositivl. cDndeethiseempokition is provided,

epoxy-tfunctional .ingredient, and any. am g]gs.i Idane

the ingieghentsiprevideshtharain Hadssen Gure MeASHAnT RURTD AGRRIEY Raict adim

cdatih%%%%%n%ﬁfi@gé%ﬁrealfégaiaﬁts Phe Qﬂﬁlbglﬂmlg)(‘qli 21 0§%h8 s@R Polymer reacts with ~

["'yCorrdensati on o he am nosi | ane and/or silicone
i ntermedi ate al koxy or hydroxy groups. It is theorized
that substantial cross |linking reactions take place
t hrough the hydrol ysis and pagycondensation of such
am nosi | ane and/ or silicone internmedi ate al koxy and
hydr oxy groups, thereby contributing to the overal
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properties of the resulting cured filmcoating. As
used herein, the term"cross-linked" is intended to
WO 2doe031801 br anchi ng bonds forned between pol yneeT/TR051632755

as well as chain extending bonds forned between
pol ymer chains. To the extent that the curing agent is
provided inthe formof a ketimne or aldimne, these

the acol@R6thiconachdl hgiataita(Crode CAGS2 hed BERDY) it timtﬁfsm})mponent to
am ne-reactive ingredi ent i nclu

PdeuCQ@étaB@é(éf%ﬁné fflgm@pamy 19 GRGRERS- dﬁw) Ak ersimesiimetionhagyli
enamlr?emtl'%estﬁ'?)g u X h%fk%xz %ﬁr‘fe‘tllgﬁél PR RSl RE uhildbo | S

er u ing of the ketimne or
hydrolyélsianﬁ prﬂymﬁmmﬂag equctionssiefte presance of moisturg ead tecaganametallic
ction. This autocatalytic effec gtes to drive
catalyg, hg‘ » thesg F%?O@O%FH G oA {[6619 ulé?ec r eased

cure ratfe ‘%Bm&ﬁh@mﬁmé tdaBtorsNA ﬁﬁﬁ[}t—cmr@d pRRective film is
am ne/ acet oacet ate reaction. S| nce the reaction

produdedthaeien atthBy erdssinketiaarific ensatpmplysiloxang chemieg] gructure. Since

i ent.and/or .the a | at
e e DR GS AEAB 2 PG RER Y B L HAEAL Db OR1E R couting
from e?@ﬂﬁ@ $+dupQy SPeninls) Sithrvendligedupdiesistiny oafosmga iirf theailbhey
aster drying and cure tinme when _ conpared
contaigiog wed(or 8 g¢negpme@@‘qeyggqe@1ﬁaﬁqeal@gﬁgle)g}etqpeﬁgle 8FPPPg 4re not
et RTRL EnERORE 5 AR ol S L0 N AT Yyl sl
in the a4p pla§ilteBiagl ¥y 256 toothe eesthimgtchemiahpomant ss beigg a fully cross-

conbi ned, a desired dust free filmcan be forned in as
linked|ackylic €Pax%Y enaming PeYsioxagesi red tack free film can be

for medy b@f&ﬁuiébﬁoh fre rp%?ed]%%l éBn‘fBiﬁl%? thefidt AndQebhiEeorRpddehts of

free filmcan i‘'n as tle as 45 mnutes. It
this mampumtogethaanedmeaﬂﬁ@C whes q@amareslup alre foumplagons phelgxamples 1

1 ons,, S inve n ¢
and 2GRS TSy Oy RePBON PGl Sire TReaupuiaci
approﬂﬁﬁ% §3 BErcb&iliddar(efl kR alesib S6lds) e 70 l}feﬁ:ehﬁ‘bji)&dﬁlahmrsehds
and humdity conditions, and the desired final

when prixgdewndithisned farlapplieation. Pransities of drng ime, harfpese weatherability,
ﬂex1b§i§hblgg%<%l1?sg c%parnﬁséggﬁuc?l %E]?ﬁhéé fod 'ﬂ]ie foﬁﬁﬁﬁhbﬁ’ Bf th%%mple are

nvent I Ona

substa@BAROMHk shi@B 8s tieit grovideiddx Yheprablys it thcx amrbof:lhmem&nphes;ﬁs Example 3.
that are known to provide a dust free filmin about 1
hour, a tack free filmin about 1-1/2 hours, and a

Example 'l\ﬂ)t 7iree E‘.éétfﬁl B A%%H{e Edoky MORHESSi1d8e KMﬂioﬁur e
rme Teal i rtions o I's 1nvention
oper at &mlike tlﬁrmeﬁmusad:ﬁaynpleﬂmmalatihes wsinginne of mpferpsetoacetate-
necessary t conpl task of coat.in Ay cu
Functigy et N OBYPTs DO e o ik on Bel g itkBhal
mgrecﬁéﬂ?skf Qrﬁ:ﬁt SEPa €L uskho ﬁféﬂ@t}ﬂﬁﬁaﬁlaﬂﬁﬁﬁb@mrﬁlg modified
used ?or ng fast-curing nodified siloxane

siloxane nqunpommnwasnprepaneé by wombiriemthefellpviag pgipdigntsy apprerdpately

so8e s kLS PR SO PRyl SN oLgse RUBAERY ot
RE- 6@%%8%%)' 90 ofilidone d@ﬂi&ﬁiek [RERt 030N EIgU g alollanghiee ETAS), 1250),
thus increasing the shelf life of the m xture. Seale

1.95¢g IPeiteHiarjc il ether fSllJ‘i’etnébl(éICO@Q]m?é%B)t # §Espabyanpide ghixatrope (%1spaﬂon

600), ggg (r)ﬁ{]doglﬁi.rﬁs?lgéf &% 1;(9 (g‘rrnﬁl\}\lgg}d%i rf? ﬁ]ﬂﬁélteﬁ %frﬁne léght stabilizer

(SandB¥RODSEE 189. 4800 FRih @pdha61®hE6E ng&Irylaﬂel-ﬂunsttdmt olwgmmefr

substrates that can be treat Ed usi ng CO%OSI ti OI‘IS11 1
(PhoteerstQ0akdriei Slow/iseelingeaddive, Byikadplcand e ereanemetallic catalyst

‘ ‘(Metag?reli"eﬁ&%tlﬁ b aﬁ%%tylﬁl?ﬂaé@%t? ITlfésé fe@l?éﬁ?s WERARREH Lh@Nhiform:-

rnveéntion -are use as a op coat i ng di sposed
either directly onto the substrate surface itself or
di sposed onto a prior or other underlying coating
e.g., an inorganic or organie’prinmer material,
di sposed on
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the substrate surface to achieve a desired purpose.

Conpositions of this invention can be applied to a
wG@baswIt o be treated by conventional techni gReBrUS200$032755

as spraying or brushing or the like, and are usually

applied in filnms of fromabout 50 to 250 m croneters

or in sone enbodi nents up to about 1.2 mllineters in

t hi cknes&ond tompeess ar Part MBI tisedite nlaky ¢his paiculbefast-curing

LI T E A
aminos@laﬁé g %M 1f5 0&9 éﬁﬁd&ﬁ)ﬁﬁ SlicoRb Htbrndcidt® (EQ‘P%S3@)25

sired degree of protection to
t h e u ﬁﬁerfhgudugng mcfdaﬁeei siloasne eumposiionodithis egarspledxpiegided by

combif R RE et B mb R R Py PR SR B B perey
formmg\’ﬂé lacB/1E B3k AOUEOEi14:QP 86@psiork 0DM thBSmMDsion is
er “‘conditions of elevated tenperature such as when

provided éhenimgtedentsqupidsd themin jusderap paeteastions 1 fogre desired protective

film CO&E“%@H“P% glegi,ﬁat an%' 5 n%lst & q% nsﬁl%ééj@?]bl%ggfé g‘ﬂs YIFSWER the
acrylatg%foﬁﬁll{hgreﬁiéﬁﬂ(FHoﬁd’iﬁertéiﬂ)QB) @ahe arnd c&mbd)neﬂaquproduce an

epending on the tenperature of the surrou%#egg
alkoxysitanierfonetiamel qasylgte, oligemere gl WHh jhergroNy sesitpt yan alkoxysilane-
curin | 0 ilane-
R s e e
functidnBBefoxlylresth, p@dithd alkbxafiinegomt mimbmfsmtdfmadqateeurmm g01hydroly51s

Fast-Cure Acrylic Epoxy l\/bdlf ed. Silox {tll !
o PRSP 2akpienoe! RS 81 keGP gl dhalyst
In this %Qgﬁl{sféu{hgge a&tonS %Eét{}git Qi‘ﬁgieﬁl‘[ ﬁ%ﬁlp%f&l'tlﬁéane conposi ti on
épare according to the follow ng process.
first Attp compbitivesftitee factens @ﬁndiy-aurgﬁ@rqte@wlfﬂm igf

uct ed teria en usful
produci R DY FIg WK TAFG aBh ot oo b (i Since the
resul‘uhé1 gL ANtSetuldR pp@AR&L inattZdyngadiidiof Iﬁlydﬁ)xﬁlbgrﬁﬁﬁs @ysultmg from
nbining the foll ow ng ingredients; appr.aoxi rrate

epoque @dumnmpe(ng)g)wﬂeﬁ@nohgrgg]@s KDL D &prmeg 117@133 s apgﬁgntammg

and/orggs Sgrit?rgx}eéhaft el%fglhng? 3 t}nﬁ%ﬁ tg@%%}% %rog soér@ glot techmcszaélly

presen@ﬁﬁﬂh@ @@oﬁl’[ﬂige:llémlmil ki@ialireait isytoite qndérjmied t]ﬁe@dtc&b lskﬂlEQ @rpthe art
XX50), and epoxy functional acryli
may a(@apBTalTegE 03 TSSO FUB RS & Y i Tpg-linked
a period of approximately 24 hours at

acrylal%a% k%gﬁlggeli%){agée During this period of tine, the

am no Thisghitzak férynuddtidohie aduighrlos]d angs- linkgr @giyéate epoxy

reacts with i%?th he aceto clgtat functlonaélt Rco&tm
polysilpxang erabing it g Aiepthe T‘?S’ |a’€\ FOTER TR a%lﬁe epoxy &

forme{i HRGH R Rhhhidioh walg ?ﬁfé@lWreEﬂﬁ 6hioQBRb1ARAY R6k] Phiel§ and had a dry

rrman enam ne, e rel easi ng wat er t hat oper at es
film ﬂmqfeymuppmmhel}aé knbsy Thaey fibnhed ayingiialiiess of BAAEO0 degrees,

s R A LS 28R B0 R e, e
showedi o4 ARG cEBE lﬁiﬁ&in% o riétiHg 43R5 200Chdre ASAME BaY Hdsaltrfogteﬂposure

m xture of the follow ng 1ngredients; approximtely
5.67g epoxy resin (Epon-4080E), 0.44 g nethoxy

Exam; 87 '~ Fast-Cure Ac Vi'h ? ﬁﬁdgp&aﬁe&

and | i ghis eib@ble‘ ﬂoﬁﬁﬁl&tloﬂ' il&uﬁﬁﬁlﬂlatthzhlo[f Elxlangplemj finuthatit d prepared

tint base are conbined with the follo ng, | nor %dl ents
using a@a@@lam -Bmetionpd ingrediente ghfEsh epMPHIEIPaY V\ﬁ’ A(k sed to make this

" particABPEREC IR %Xdlﬁgg s 508 Y5 ARGt D Rks prepared by combiningthe

31
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silicone internediate (DC3074), 1.1 5g
acet oacetate-functional oligoner (K-Flex XMr301), 7g
wa@e®bozuset at e- f uncti onal acrylic pol yner (SetaP@RUFD0OR032755
XX50), 26.27g epoxyfunctional acrylic resin (Setal ux
8503 SS60), and 0.25g wetting and di spersing
addi tives. A second conponent or Part "B" used to nake
followinBiSgrod@ehts C dp@bxingsdly a8 MO BHBS alkdxyeﬁlrmhamﬁé silicone

e S 0 BTG SR, ]
(BYK @80391621 %@?Aggc{n (g A5 éé‘kgﬂ 969!Pbteftﬁélry Blkt léihéras,'éI@hﬁQArcosolv

ene. -curing

PTB), #6g Ipf)lyednée 1hmaanpe (ﬂblspalk)rt 6(19.) ofg himdsreémwﬂ leght§tablhzer
(T1an}r{]§‘$,/2éS§eg&8§1d gbtaﬁgnen Hg gagﬁl g&%gﬁg%eg%@ntﬂﬂf 4¢ epoxy resin

ponéxfh%ﬁg?n sﬁgfa@ilywe BhcAbhA Ionlgo@@peﬂlom@arfmem) $ig ﬁ?éazﬂevehng
conpoSiti Once this conposition ISTEI‘OVIded

additive BVEI3 &y mdoi%gwngahe@n@thlémeawlm{bl@ﬂw pEotig ey )- oTr]%eSFo

forma desng?"‘_g1 ggectlve filmcoating. During these
ingredigfiisvere JUEY Wi nosil ane in the second conmponent

r eact sp Weddndtdampaseitoaaiiabe uﬁemt@tmmahlsupagroawm éast-suting
form an al koxysi | ane- functl onal _acryli mnam ne ﬂgz 8.4
modlﬁamm@ne apEpPPstio was BB b3 PBIREHES PEAdPLE Al ¥ g

o ]o X ?%I onal ingredient to form an
amino{apE{4- Ol dhe- f uncti onal epoxy resin, and the

al koxyBld Reecringahodified sikeaye cmnpom’mmd thiscxample is prov1ded by
combinb Ry RGP Ty PEISOHR To bf B b 85t bbb, terey
formlt%ra‘flsﬁ%gte% oﬂpfn%tl el sﬁ%ﬂe@%n@%ﬁiﬁ@ﬁ mefnaé {H1§cdiﬂ1§(ﬁiti(ﬁqt1s

SIS an pol ycondensation. In this exanple
prov1dted1],&he ingeatiento povoted dherain mdbng@rwret @ﬁﬁe}nétt% fosm gdespipg protective

tion of these reactions.
film c?ﬂtlggeg}qrg}g these rﬂl{ege%et@&a eoarlﬁlgv?ﬂane gf 1g6|0¥?)yrlé£1cq9bo’ch with the
acr ylaferﬁ§§t1dﬂa[‘ kRt BGI (PhdtoRBRM TS 1rpﬂ’1b)iﬁ it coxpogert he p‘rddabe an
structure. 'Since the resulting chem cal %truct {( ﬁ
alkoxypiland-fhadtipmel parytic sspim. aaé wr@ﬁh@ﬁpqﬁycﬁe@gw (ﬁf“(?d‘p%i oxysilane-
functlérrai gﬁclg% Ir%%gu;[il aﬁc%g élﬂﬁe c;ﬁ*?)nﬁl' gylﬁﬂ%ﬂh nﬂkoﬁ’ysflﬁe functional

eX|s I'ng of forme

epoxy$bdiRNHe Mty ungicatéibitorsi ihiecnetate nhdenge tiyditodysis and
i ngredi ents, although the poxi de s are

polycandenseiien RFapliprdht DeRench ot TRRTIEI ) i asAtsapetaltic catalyst. Tn
this eﬂ?r{plf?ittllrgsg%rea{c{lohss?éc’ar g’cearﬁﬂlgxﬁrt&h Qdrkdrat those skilled

ternatively refer to the resulting
chemi calt tist mmqﬂemcm afshéreireaptians, ul finally ey nrpteedve film is

produacr NN eﬁﬁ y enai}rgkﬁg ?rp( %’ pclelg%% oa(%ﬁe Tlgegrgcﬁnﬁﬁgt oen ;gr’%{lce the
resultl%g Sh%ﬁza & it 1€ i HO¢1dB& in PAtbRrMENo0b! [BlRs:0% igoipe igsulting from

ned), had approxi mately 38 percent
epoxidd gnoup) nng @pemmg)awuh eidanol gesiups syistinger fggn%mé@e, ﬁllw-contaln1ng

and/orqltgfggtlﬁtggngﬁatarugx,grﬁge?tﬁ,n% oH%hgl ggglg% %f Lﬁg Ble ‘&f{‘ttécﬂﬁxcaﬂy

presert8s HR{@8A8nd Sentibd shatiny, atib @boiindehitSodethainthbe silked in the art
provided in the tables at the end of the e%ﬂigl es. d
may afixanfively Nefer @ thasesulivgshpwiopl sieicayeRy bpapfpliycross-linke

i | oxane 03| tion A first conponent or Part
acryl%gﬂ)xty&)o}]ﬁg ™t s particular fast-curing nodifi ed

si | oxangiceamanir foffuMasn Q;reelpgh-dbdﬂﬂ)yrdsm-mm awgyleteepolysiloxane
fol |l ow n% I ngredi ents taogether; rOXI el. %{%‘% g thi
coatitTpj vgizh e} emgzv%atmqs&tyhmn@étqoeﬁapné? %rt?ﬁe e ?frf}f?l rom this

o RO By P SHATFR B po s e of

addltlves and surface tension nodifiers, 5.71 g

acet oacet at e-functi onal acr yI i c pol yner (ACR441XD( Q),

31. 6g epoxy-functional acryli 3¢ resin (ACR531XD), 1.5¢g

acet oacetate functional oligonmer (BEPD), O0.5g

or ganorret al I | c cat al yst (d| butyl ti n d| I aur at e) 6. 23¢9

. ~ NN
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and theaillk - frgctinnshailiconssintermedigionmd eregyeFaly s

nodi fi ed sil oxane conposition included approximtely
5.6g amnosilane (A1l O. The fast-curing nodified
W@ Rdoemausel conposition of this exanple is provipedukaeos/032755
conmbi ning and m xi ng toget her the ingredients of the
first and second conponents, thereby form ng an
acrylic epoxy nodified sil oxane conposition. Once this
approx@@ERDS6 tiilsn The dpy fim Hedlan iditalighgs efBént 60 pegeisdadloss retention

t herei n under reactions to forma desire
of $1 peTombERTO Wikm AR HSlerind Mot DrUSE tra S wio g oxcellent
corros{oﬂ%e SILRRSVHARE eliBed3&f %ﬁgt@ﬁgg 6PARBAE Bfter B0 houM ASTM B-117
acetoacetate-functional ingredients to forman
salt foakkmsysi. | ane- functi onal acrylic enam ne, the
am nosilane in the second conponent reacts with the
epoxy-functional ingredient to forman

Examitk K@XYsi | anpad st Aendic R WsdSéd Silaasetdignposition
al'koxysi | ane-functional acrylic enam ne and

al koxyAifiraresninonent asPart "¢ aisgd foampke ﬂleﬁala%mwl%rrfa%tw@rmg

functional . sH

o SRStk B hENEh APy LORPRTRLR0N| Mok Wregons
appro:Mindtdly 97.94y TiG,, a8 dgpiloxgdunaivhal diliconelintetthédate )(E@m 0§’ 4) 1g

these reactions occur at anbjent tenperature. . f
silane (QRI31 Ho g BToistHESEA YeagRt (aFBYlogheforapte) 3801‘%‘&!“% and Gispersing
addltnp ogn%lcﬁtuk‘f\ég %hglghl RESY %?%a&%ﬁ)ﬁ'c&gteafuﬁ%édél acrylic polymer (Croda

ed acr |c enam he pol ysil oxane chem ca

CSA5 Sl)r Gﬁtgwbetoa&tateémtdmenaleﬂlgbmenQSEIHE)n16glacslﬂatuéun@tlenals)hgomer

Protdrad00s. me 4 Earropieie o 'aﬁmsﬁ%#mé%éﬁew%ﬁ w th

si | anoly QEOUPSHENdnehi PR "H'QlsB® ¢ mAkd s particular fast-curing
sil anecontai ning and/or silicone internedi ate

modifiedgilesinertospositioh duprieparhé be gombining)the lf@léowmé ipggedients;

t.echni cal | sent i.n.the re I .
appro*glfq,aﬁ}( 5%@ e\épgy ? QPBH% gllﬁl}]edrgFlél Alg‘d}% <§: Eei Osggclngﬁryl qmlge curing
agent (@néaﬁﬁn@ﬂéﬁayfh@éet1ﬁgﬂédiehtéﬁh yhik edoehd bOmph@enlt esutitiedgt room

chem cal structure as being a fuIIy crosslinked
tempemimylfptamqm@ma@m% hewp dot/Be pespaReOf sdugting ihg cpexit ﬁ%ngtlonal

i
L
1heabbﬁ&ﬁﬂ@d%k@b@WﬁnﬂMQanhaﬂlﬂmmean@&&bxwﬁnmﬂbmﬁnyhApm@xemﬁdy

different from one another Xa
8.2¢ apiposilane i b Op alf@f@f g@p‘%?ﬂai @gﬂlr%lél?qrﬁlgglage (l%] 5074) is
then aa&‘eecf &qg&%%ﬁmﬁﬁga%u%&hctw&g&%&m and the
uncti o Ingredient.” It has been discovered
t h at t Mbe dast-cofing mydiftidetipsarsaempgsision lof grippemple & pypvided by

cog SR 18 i R B R B s oty

formu‘fé’éﬁ L Q9L @ﬁdx@’%@dlh&\lvs@&&h@ Borpositi&rs SOhdE thi¥ dmposition is provided,
articul ar” exanpl e, the inconpatible chen ca

the 1ngmrgleat$| reovisedithetkin bngrrgelcere r@acae@s foefarm @vdegmsis@fo@méf'cfﬂm

COE‘““@A@QH &ps%;ci%a c et q?lé ftlgeg ot fng silane ?ﬁﬁ % L )Qagg (rgyﬁy mer reacts with

the acéﬁ%&é@atlo%ﬁhgteﬁlehm@@ﬁ 08468240t BERD) amhﬁlle acrylate-
acrylic i spl ays a rate of reactlon mntq
f\mctlamlr@élgomﬁr ogg@w%@ﬁhm the fifsh eBPORILEP PIREHCEH & ]FF@‘ySﬂane'

X uncti onal r [ e _
fonctif Rl SERA Sar g alh S Dhetal PRy A osypitone
functibAd] @S enb@s®, hikoxysilghediretibsal apel@t ehgmnpmesmdhe atar polymer

cur ed f|In1coat|ng havi ng_a | ow degree of, %?fﬂé in.th

ycrogdensatlon

--—-cured; two--conrpeti-ng- reacti-ons are occurri-ng. The -
rapid curing acetoacetate/ am ne reaction causes the
filmto shrink or pull together on the surface as the
underlying surface is still uncured or soft. This
produces a wrinkling or nircéﬁwinkling effect that is
vi si bl e under a m croscope and provi des the basis for
a |OMIg|OSS f|In1or n1crOWW|nkIe Alternatlvely, such

S Y Y e

o o g, e
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using a m xture of acetoacetate-functional ingredient
and acryl ate-functional ingredient. The fornulation
w@e@passol by conmbining the first and second coP@EDORVDT032755

of this exanple together had a VOC of approximtely

386 g/1 (thinned), had approxi mtely 30 percent

silicon (on total resin solids), and 52 percent by
reactiod©1rlie pﬁé@;bﬂl&soﬂ/ﬂ‘ﬂ@ﬁltum' agdhaogahdmenba dilysaphl thisakaomple, these

Properties of drying tinme, hardness and chem cal
reactiopggF@H gharab Fé?te%’éf Wenul ati on of this exanple are

pr 0V| d e - 8RHRFilm is

i€ R SRR R R BTG B P |

produch lha\xmgea fabyrpossdinked aﬁcrjﬁhcrenannmmdh% any Ch@arltial spucture. Since

e this rtlclar St-cur
the resupg B Eh MBI FOROlSt b shPotreEyr SRRy fiflps Gesulting
from eﬁ@hﬁ@‘éﬁdﬁ% h{g%ﬁ%ﬁingy Weth sﬁﬁ{lﬂ QXdupBeRisiing ér BAGed ifChe silane-
oxy-functional silicone internediate
contalmﬁ)gaﬁcﬂymsumm@,e mtelrlan@aKe@Qe@slltﬁ) althoyglhHiespaxice LIPS gEfenot
techméfgl&i H%tsgr% n It %gefsg gém{ eﬁ%%%;%&r%gmﬁg ge glh&él}%roﬁa B8t those skilled
in the &% ﬁ{ag%"}t@hﬁheelfylié\i‘éf toomakesaling|chemfpal stroeture @5 beﬁag a fully cross-
, 12.9g acetoacetate-functional oligoner

11n1<ed(a35ﬂ19)epom@mngm©pglafﬁlmﬂel lic catalyst (dibutyl tin

di l aurate f

et THE R ORG ATORTh ofy off chponn
this ex@ﬁﬂsw@géﬂhemha@a&emceﬂar(e@ V\thﬁn comiphreidng thel’ferrﬁmllatl@w ofdixamples 1

d 4
and 2,67¢ %ﬁée?t@eé.sqﬁ PRl e Bt Stk RO sl gatigtance
and ch(eﬁ{: oxy al?c% %g)ngﬁl%b?ego a BegkhapR N3l | Lditi iy Sthé gesulting

unct| on I cone 1 nternediate (DC- 30 4) The
chemitaigtrectusntrevided ithihs fmeﬂmulred'dnpf@n@nd frgy e spmppatiomef this

roonte r _appgoxi mat 24 h r
eSO TR LTSt B ERESHRTTS BB oA etk s cramote
compc(sﬁkor@@ro%ﬁé 5}‘ ﬁﬁné@ﬁl‘?%ﬂ@l‘:é’coﬁfé’tdﬂ@ﬁmﬁbﬁkﬂ iagedient, i.e., not 1nclud1ng
(Ancam ne 24 ? form ng the above-noted star
am1xtprrl qﬁmpwh@ﬂtatn@néé@lﬁ adqriimetionsd Igreis8isf uncti onal i ty.
The fast-curing nodified sil oxane conposition of this
exanpl e is provided by conbining and m xi ng toget her
ExampleeNd.ngr edi eastsCat Adﬂﬁufwfeﬂianalﬁﬁboxehfﬁnhiﬁeﬂﬁnﬂmwamﬂs_mpgm

thereby formng an acrylic, ep f.i ed .sil oxa
conpos#t ﬂ@hcor@&r@nﬁ o Rarty o%plbsa?attg B{ZFEF this, ?)‘(‘}ﬂﬂléﬂé‘s{]ﬂgmg
e@iBgtst O
o ARSI i e
approXiiagely e&@ﬁgdh@z,tmel g&r]kmsﬁuhanmla( gilicareOnteamediate (DC-3074), 1g

ne-functi onal star o e se
slane (DR SRS e A DR B R R PR G el amer
(BYK((@OZ, éﬁe%sﬁ gn@@%@ﬁlg a@eﬁt"{BYfI{ '168) 0. QF‘ﬂ%@ﬁingt dhd wetting
uce an al koxyS| | ane-functi onal acrylic enam ne.
agent mﬂ*e’Kal 480§ himderefl aming bgialstabdrzyvr (En@m APAk | 18 pecteacgiate-

functlgpﬁlglge{émeg{lo Y‘%}Eﬁ(&e&% b yf el t'ggcne?%ltne? ha'v %C I cqu ulnvsala tnt weight of

920), 1£28¢ hoRFomaAtié BoxIese 'OE}@)rDiOSKDEI P&t/ﬁfgfhnafqdnﬁlmt weight of
organonetal |l ic ‘catalyst. In this_exanp

approxigzaitly @ﬁé) dd g acctaacetaibimational ﬁg@}lg@g}Y@erAﬁPAﬁgﬁ 613 having an

of t hese tions, a finally-cured
eqmv%?%?‘@ afpp{%np%te]a'r% iced having a fully
cross- |A gdesd aempbicnt 6npart 118 pedyts inlal alrie pattieniac ﬁdst—curlng
structure. Since the resulting chem}@ijy structurg
modifrdosiiogane ¢ampnsttiondy pfe@a@tiubdﬁozﬂbmy%ﬁ Hoymgpare fents;

oL P PELAAE R 1) 3B kel v g

si |l anecont ai ning and/or silicone internediate

i ngredi ents, although the epoxide groups are not
technically present in the ré§u|ting chem ca
structure, it is to be understood that those skilled
|n the art may aIternatlver refer to the resultlng
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acrylic epoxy enam ne pol ysil oxane. The fornmul ation
prepared by conbining the first and second conponents
w@booslss9exanpl e toget her had a reduced VOC WhREIT/US2005/032755

conpared to the formnul ati ons of Exanples 1 and 2;

specifically, having a VOC of approximately 176 g/1.

This fornul ation had approximately 53 percent silicon
agent ((AQlBarhﬁfeéMSVﬁ STess ddrélfignts anlissécqelr c&ﬁi}tonbiyt arektimmed at room

solids when m xed and thinned for ication

tempenat@@@rtapg@xgﬁatg}yﬂwtﬁ o therptpRre 4 g 5pg é]?ea%ﬁqutfi}nctlonal
silane {;631%@'8‘7# \tN¥th t QSﬁdaqf %ﬁe%ﬁﬁgﬁg%e Qﬂﬁgﬂrﬁfﬁk 2&??)‘ é‘ga F6&ning

orrru |on 0 S eX are FOVI
the abdd&&ldtﬁbdtﬁ&})@jlmtﬂ‘ﬁmvﬂrgdb(ﬂh atolve mdaanhlmxe@un@oalﬁbﬂye Apprommately

3.7 A rIE @opOnia Atdes oot combingdan pASRRRLARTARAL | Hhe fast-
curmg RESdid &hi k. @é&mﬁéﬁtﬁ&goﬂmgbkbrﬁ‘gle% provake b@cvmﬁbsmhg and mixing

was prepared by conbining the Tollow ng ingredients;
togethapthe mgiretherss yf B2 firggndis@pnd tempandss yharehic g an acrylic

et S50 B RS S 05 0T 8 bR Tyt e

1ngredl’t%stﬂr8ﬁd@d‘ﬂle9é1§ ReA&hH BuR@eictibhe®, fornd d%snréda@etebﬁnsﬁhn coating.
difiers, 12.6g acetoacetate-functiona

Dur 1ng)the§m@ne (@GS, ?Sﬂa![lq (BHl 18 éﬁ%ﬁ@é@%@@&% degcsdih the

acetoat:%hau% 3"ch’[10§1 rgh{agéljr 1&%21{ g@ggﬁoﬁgﬁ%gﬁgﬁ?%g@% grrl

alkoxysﬁ?nd-lﬁ@du@rﬁd OEdieank h:hSmﬁﬁr tTihe l&ll@b{(}jfilgmb—fumnqélongl uroiiafi¢ ethmine,
t

the tof pp BRI BSOS B R LB gAdet 0 hyclhysis and

polyco“arr[a.gﬁ(s\étlg111I neLtionah tﬁé %1%5‘&105 &8 hﬁmﬁﬁ‘% afd }he KPafRsandacytalyst. In

m ne curing agent (Ancam ne 57), 10Og am nosil ane
this ex(aﬁdplelﬂﬁb)se reantofgoesint atgontgent mreptmtdraat e ( DC- 3074). The

ingredients in this cond onen
room t r‘:é’f‘mlglqﬂoqisgﬁﬁ rr%a)??ﬂ&t’pél S?agﬁ' HoG rpr&‘re&r\%?%l% 18
produ&élrl%Qﬁx% aoﬁlllz@?déﬁllhﬂt% h&91 € RRMANE eRdihing @)@lysﬁb}ka&i&&hélﬁkjah
(Al 87) with the secondary am ne curing

structt(rAn Sinoe the 12480hg chengical SHHERTHE Provddehin réactsﬂna}f hydroxyl
aroun Rt B s A R bR TR g o

the sﬂﬁf&a&ﬁhﬁnin apaRY sileendintamrtiate 1ﬁgredredtsn”althtghtﬂnrgqiobmie groups
the i n&l ients of the first and second. co
i

are not tesheip3iLyf presAnh & Bi§ reiing @e%g%wg it &gto e| g)od that those
skilled RO gﬁ%&lte%‘ﬁ%alggéf%ﬁ GRSt Rt hkmidH S @6d as bBRg a fully
i ént's provi

| ngre erein undérgo cure reactions to
Cross- Ilﬂllﬁeml a:trﬂﬁﬁjremdnqaemj}@cehammefpoﬂmlomet ng. During these

t th A .1 dth t
ol y rréffag et BT eREbE R AR Fet cOBonents of
this eia‘ﬁ%{) @ﬁa?m(a@sqgﬁ %ﬁ%e%@ ﬁeﬁgfg@) while bRfridihg 8 teduced VOC

nt to ce an al koxysi | ane-functi onal
when acmpdmed tetha rfonmsllafi'cbm od|Bxoraplsisi1amd 2. ard propaitica ef Jiying time,

d th f
hardngqr; ? Y%%ﬁgabﬂ?ye ﬁ%{hﬂgtye Edfél}eglgtaﬂéed 5 dla hseﬁléga% r%ns%r{cg Qgﬂlparable to

ﬂmiopg%ﬁﬁﬂqupgatlon reactions in the presence of nnlsture
e organonetal lic catalyst. In this exa

t hese FesteniingmastiBed s1mamrmqs1tt0@ﬁrpé fhes HW@HU% W@lﬁeprepared by

comblﬁl}xgtp aéngu‘%gngo ‘ﬁfogt %B &\gg ﬁ%,fg Qr?]c oh&ﬁ% %c%fleﬁ&ﬁ &the above-identified

examplE 9§ milhtiieed TRE EMﬂnbﬁle@ RaRIuRE R @hq&seﬁamgﬂme/as ﬂxemapplhed by
structure. Since the resulting chem cal structure
conveptiondl @ppthaﬁop mefchqyl/toraé};é]mcbwbgqratﬁ ﬁﬂﬁfﬁﬁ?fp p&?vd&%% protectlve film

i coa‘un%i tﬁ%ﬁ%rfll JE&Q ;Ekn v pREQUD 5T i ggesQiPc?r[g QpoMtiols were applied

oups PSY “forie
silanecontaining and/or silicone interned ate
i ngredi ents, although the epoxide groups are not
technically present in the rééulting chem ca
structure, it is to be understood that those skilled
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in the art may alternatively refer to the resulting

chem cal

WwWa@englssIepoxy enani ne pol ysil oxane.
prepared by conbining the first and second conponents
of this exanple together had a reduced VOC when
corrpared to the formul ati ons of Exanpl es and 2;

by spr
VP is fornulatlon had

unders old tﬂeﬁ ﬂm &l

roperties o OS

structure as being a fully crosslinked

The f or nuUPEE/UHIV05/032755

r oxi mat ely 54

a ercent .sili
temper@bme mdamonrsé@pmoemtdggg Dbrrnd7/p I??é‘?e&éFFﬁ tﬁ’fﬁ’\‘fﬂi I to be
%ﬂo@fhoﬁ? Bf in§Aihv&fion can be useful for

(alf?elagsrl] ggé col or

retent

I on,

fl exi bi

At laywodtiaH istigstiate\Wdefaoé asppedalloaie ky curd 4t ghbient

ility,

prov1dﬁi§d3rdtreyt1‘tel ﬂillﬁSccfanhg:t mafvalnetyloeﬁthffmemfsubmaﬁsemh}@ﬁ eggleplastic,

provi

wood Eagihpfie B S URRS OGRS

at. the end of. t he

sex3Ne; OmEgSHon

S. 1ngen%on arc

espec1a§ g’ RER Q&a{gﬁ@%%? bd inQRe ﬁlrﬁitﬁr%tlndiﬁgf? e ebvidingR@blectiv film coatings

his particular fa

curing nodified

on“mﬁmimmhﬂﬂﬁ@mnp03|tlon was prepared by combining the

or%4gﬁ%})%ea— 'ac%“rdﬂlg &

ane

fol | ow [
gosi FY\AEE%%‘I
Examlffl@:)f3 A Ifore a

r|ethylort

et oacet at

compOfﬁloas %6&%}3 %

p

Elsm%

it e S8

of or mate)
thmknasddxf appresimatels SouRicEaectets ie MYPOﬁ%FIthB’?@

nal

on-

2.6 ¢

X1 mat §s|1
%69‘2}’
%plgsdﬁﬁin%tplﬁﬁl S&ay&REeEquipment as a top coat having a

%lsper3|n
§wﬁ§$npe

e f@ﬁ%{% thGt ‘Qg; %ﬂgﬁguglﬁéﬁeﬁ lwiflBprimer

wetting

and

coatin@ch@¥stmi i atrh@lvek 2sdviallgisle éronﬂAﬁ’rel’md]nm:r&at(dﬁ@ 1307 4f Pasadena,
used to nake this

second conponent or

Califopd#-t i cul ar fast-curing nodified siloxane conposition

part "B"

was prepared by conmbining the follow ng ingredients;

approxi mately

Dryin@mimeBataane (Al 120),
D-400) _and 1 g.

sheso-amhisch

di | aur

m Xxi'ng”t oget her

anonet al | j.

Lrupge g
were tgﬁéﬁ’f&'dﬂuﬁg tife anﬁ'c%mtep)ﬁ

4.5 ¢ prirmry am ne (Jeffam' ne

tﬁfﬁg&a X conﬁpoég

RARb €nd G yRipauhéleta bahv@@mam Epky-
e ing redl ents of the first and

3.5 g am nosilane (A 110),

2.

2 g

Iof El(g}nples 1to5

polymhne(awrbstrmmm)eﬂm (PSKe?()é)Waﬂ@ﬂmﬁﬁgl /éﬁlebf@r@ﬂﬁf%at@&é&l?c ) as

i ed

ne composi tion.

Once this conposition

0
preser}tes(ﬁb‘?l%vndiatleﬁe i ngredi ents provided therein undergo

cure reactions to forma desired protective film

coatin During these cure reactions the am nosil anes

Table (NN 1 XeprappaativeAdyingntiisie primary amine (Jef fani ne
T EgnasiS) gt T theEa g [ TRSAMPIE] Example | Example

Drymigrfb'f“éc (}qu f”&rm an FAPP §€>ﬁ&gh§ﬂ% JnCtiIn acrylilc P
(mimREHM NPoly@fidxaRact Wi tth the epoxy resBn to préduce arb

al koxysil ane-functional epoxy—resin—TFhe
Dust]%tﬁkoxy dbl ane-functiondl acrylPc enam |1|é 7 11

tkoxysiEane=functiomat —epoxy gesi n, [ gyd 12 14

Tack Lxeg oy blfﬂancti onal sil|Pcone it ér nmedi at'e undef go
Print F¢dr ollpsss and pol ycomdensat i dd reactBons in| the 45

presence of noistureland thelorganonetalte—catalyst:

In this exanple,
t enper at ur e.

t hese reactions occur at anbi ent
At the conpletion of these reactions,
finally-cured protective filmis produced havi ng

a

a

ful |y rsagssthdtdtkesinales flying dapioviledon Qablle@kadefast—curing

chem cal structure.

at leaarS%ﬁJ%ce 1{ éd?lge

ano

Si nce the
modifigd ayl@mmeecqn@pq@rtWﬁ abthis mveatiqn

go

or med

ul tin

C[Wlﬁ?@gc

I n

gas gHstgrgeﬁ‘gxﬁlg )’W}es that are
Qﬂée%%ﬁieg@eng QRerfth BB fpg fHaf8) the known

roups exi st'i

epox;spélgsimm abiy itandy feaedvrymmgssmﬁscthmsm attlastr&@pat:@lt and in some

i-ngredi ents,-

structure, it

inthe art may alternatively refer to the resulting

chem cal

structure as being
acrylic epoxy enam ne pol ysil oxane.

a6ful ly crosslinked
The formul ation

B L

is to be understood that those skilled

prepared by conblnlng the flrst and second conponent s

.
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and 2;

speci ficall

Y,

g/1. This fornulati on had approxi mately 43 percent

WG R00s08890N t ot al

resin solids,

having a VOC of approxi mately 120

and 83 per cent P@EUS2005/032755

vol unme solids when m xed and thinned for application.

Properties of drying tinme, hardness,
i npact

flexi

the tables at the en

of
than thahek the&p@waspwlaolﬁsg%n%% ingrs
P GediDnIeOs

e exception that a si

compo\%%ftoas tSﬁ

bility,

t he exa

ESdsidersdifhdRncd Bvdrtah
h | oP8- 53

ane (

resi stance and chem ca

weat herability,

resi st ance
free driig tie tharanihtdedso RS péretit] sndxasopleansirecep O3 pertent quacker to dry

| .. Ex | No.
Tt U PR BRYided by the
v&fioEXappke 3

14) was not

polysilosett doating soppespiarres prowiding ggnifiicanginganudachyringand commercial

advanifgy €&,

fuﬂher%f.ogé}gf%.%

0 tr %thylor

VES,

B 1 eout T SHmECEDAGUM Puf

silicone
| g noi sture scavenger
3g wetting and di spersing

and surface tension nodifiers, 13g

%Elttein%g&sqg wait before

_ _ _ _ Wds prepare
R BefotdBeihi@blao¥ Meb bRah@s. ent s; approxi matel y
i @2, 15.4g al koxy-functi onal
i nternedi ate (DC-3074),
t hof ormat e) ,

acet oatrd -gplieaEistenahg adifiddailprinenm@inpotitiodawere also tested

CSA582)

12.

acet oacet at e-functj onal

for hardperdysing NevarGhasrepsnng camneeeddiadhg Yatngsap
polysifég(érge“{%ﬁigg Sg‘ﬁf’.&gﬁ@g fbsgg%@ 0eab R

st-curing

ol i

ed s

i | oxane

presenCEdSw tin Dabled®. pr epar ed by conbining the fol |l owi ng

i ngredi ents;
silane resin (A 87),

approxi mately 5.4g epoxy-functiona
6. 1g secondary ani ne curing

g% fr:r?e;l}rvep‘ii?]nal epoxy-
5@?%?&@5 IS RELHS®] Inc.) as

no

ent c{cézyé?éﬁv@%w%i‘é@ard&s@g am nosi l ane (Al 110), and
Tdﬂe%@Zq al koxy-functional siljcone internediat
Sward DC- 30dgwn Epexy-ndriedingples | Enamiples | Exaorple coFpomplet | Example
were |stirred at rgom tenperature far, approx tely 2
Hard‘?ﬁéﬁlrssg‘o&"‘l?ﬁ%“"purpo]se of a@ducti ng |the e E
(swin poxy-functional silane resin (Al 87) with the
econdary am ne curing agept (Ancam ne 2457), e.g.,
countf)or ming t he above-|lnoted star pol ymgr havi ng| bot h amijne
artd—atkaxy—functiong-ity—fThg fast= 1Ty gfied 1o
0 to 3 dys, 20 né%ﬁ%%%itiéﬁ of th g§exanple%{s provi ded by
conbijrbng and ni Xi|ngcieages haterdabmgi | rigerestiignt meodasinpe increasing
first| and second conponents, therehy farm ng »
acrylli c epoxy nodilftréd sil pix cowﬁ@gﬁtion ﬁgﬂ%e t hitd
OnpPaSition s pravided; t rmgredignts pr pyg ded P
3t°7?ﬁ% eﬁﬁlaﬁﬁ%%ﬁ% cur%ﬁreactio%s to fé$ﬂ1a des?red
prot @abizge fil m coahtmasindiri ng t hesiacreasieg [ Bmodabiops increasing
the am hosilane (Al 110) and star poléger ragg; mﬁth3o
the gcet oacet at e- f{U30i onal ingrediéﬂ (Cro A582°
nd—BERD] L n-1 e fiifst compgpent (g 4 odUCEe| gQ 30
7t°1glkox??f#gﬁéﬁ#%ncti%ﬁal acrg i c enamne. The . '
days al koxXysid7ane- f unctliinobsiagiyl i ¢ engninoeasitgeirsteasing | increasing
pol ymer, and the al kaxy-functional |silicone
i nterjmedi at e underd@ drolysis andtﬁépyconjgh§£tiort°38
14 pllsSaC ] PrE m{e?siﬁé‘e pregence ohgmoi sturg) and theg 38
orgarjonmetal I'ic”catjal yst. In this exanple, these
days react|itorsg occur at| anbi ent | iremgEsingt unetcashng | Ingreasing
conplieti on of thesge reactions,.a fijnalldy-cured
protegctive filmis producedt%%%ing Jofﬁlly fo'54

CTross-tinked acrylric enam ne pol ySil oxane chem ca

struc

ture.

Since the resulting chem ca

structure is

provi deg illnstpded frivy thebatihesa doth tgddedkipl TapteoNps2, fast-curing

—- - (resul ting-fro

modifigd %lﬁéﬁnw@{p@fa?

i ngredients,

OHlreeingn D, LA APERL AT iy e

si |l anecont ai ning and/or silicone internediate

al t hough the epagxi de groups are not

technically present in the régulting chem ca

struc

ture, it

inthe art may alternatively refer to the resulting

is to be understood that those skill ed
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acrylic epoxy enam ne pol ysil oxane. The fornmul ation
prepared by conbining the first and second conponents
w@booslss9exanpl e toget her had a reduced VOC WhREIT/US2005/032755

conpared to the formnul ati ons of Exanples 1 and 2;
specifically, having a VOC of approximately 176 g/ 1.

This fornul ati on had approximately 53 percent silicon

hardneé@{mda@ﬁraﬂ ak gdiidl walnesksyithianhke 07 pdny pafod)pywdlaases0 percent,
ds when m xed and thlnqﬁg for ap

|
and in perap Estanges B atdeast HYPHLTRE W arcaﬁlé’é%edp Y aﬁ’éﬁ’&dﬁnPWPOXy—
polysil{al&%t Bigk! f(f())ycon:xﬂmﬂﬁé laff?tagg ﬁﬁﬁlﬁe@r‘(ﬁle‘éﬂﬁ*gﬂ 68dr da§uF iAREEOS the

f he ation o I's exanpl e are substantially
knowntdpexyr@rrbjsﬂsxanh &exopptoer thedoimmlatienstaffizempit Nohd asd@ that

demongrigh 8 LS NEk V& SREnRPEaEe o B i fwn epory-

pohgﬂbgﬁw§reV|0US exanpl e fornul ati ons using one or nore
acet dacetatefunctional ingredient, this exanple
f or mmul Bbis bardnessgess gafael@m@gstrﬁge%the St Yhah fast-poneg megified siloxane
compotsﬁlggs Bgﬁ)ﬁ WFAIQ{JIIF@&? grg%?@r@l?ynsg Oir?hf al {hai ’%{cegﬁsegontvgntm?epoxy-
polysﬂ%ﬁ%‘lﬁinﬁpd%mdﬁﬁsanﬂr(@@%ﬁ@ﬂg oYi tl@@ﬁil’uﬁmlﬁgfoﬁ’ﬂﬁalahohj lowieadater stage
redients; approxinmately 398g Ti O, 398g
hardnea$ kip-coumerablmis thagiof F@lé)‘f?@thlﬁ%lépﬁ?@b‘P‘altYéﬂ(P@?e sappositigps. The

fact th g@%la%gﬁ%%%@g%%géﬁlfgﬁe%g %é Ergﬁlfo@&ﬁ %arl stg% lﬁraﬂe%’@eﬁl be an

importintfegtul® éffotrmalatiomsdfithis eﬂhlmtlols niakmgtthémresm[ﬂlky VFB'IYBgmted for

4.5g polyam. de thixatr arlo 0 5. 5¢g
proteciyfieRAtiag apRiGREONS elings 55‘%‘!}% f‘z"élr E’Wf)’ﬁgszg 5. 5¢
hi ndered am ne |ight stabilizer (Sanduvor 3056),
135. 49 epoxy resin (Epon 1510), 1659
Weatharing | at e-f uncti onal ol i gonmer (Photoner 4006) 1llg

flowl elln BYI
or gano ? el P ggj?%%}g{lé mgglf:geglf?llg}falf/ Oﬁlt]f&% of Example Nos. 3
and 4 HERUlN {50l %Qb@attlﬁ‘)flnggQEﬁE-B) AAd eenpAtLS td\@feaofﬁle(ﬁdnal epoxy-
until uniform A second conponent or Part "B
polysilvetee edmgospian hyempasiring glose ayarigremediof tigns- éﬂ %1%(%&1@55 rating (60
degr eeFég?s? R% b I_J[(g TO(?'?OS% afﬁreﬁgg E)? grﬁgly (2 {;ﬂof@g/%l&gﬂﬁ g:%@ggtlgﬁm%ple
Nos. 3ankoppyrotiticeet glmaiah&s tHae WBB: quiteasimitali tattleat (0D€Ele-02)53ﬁ)t10nal epoxy-
The fast-curing nodifie oxane (o 05|t|o &Fﬁhls
polys%wamw@nmsﬂmrbmgdéfarw %bt fFORY cRHeR eR?WgP‘i’ &%
comp sEt nﬁer@é‘nt UPfis fdh{asiflu%@esstﬁ@ %gﬂﬁpfé@@aﬁrﬁ{g%odlﬁed
There orn1 an acryl ate epoxy nodified sil oxane
sﬂoxaﬁ@dsmﬁpcmmm ofﬂns envehiion oo opobild ohvrov@umwmthmmg chheacteristics

i ngr edi i ded t.herein un cure reactio
that arp G PARIED B OO GBLTAL PO OSHITAGS COBPS g e ALl A0
il Ei AN ridiRe BB P5ES AREd bhbvel 02) reacts bot h
provi ﬁl E@'acryﬁgte ?unctlonal i ngredi ent (Phot omer
4006) in the first conponent to produce an
. al koxysi | ane-functional acrylate oligomer, and with
Ekzﬂﬁ@g epoxy resin to form an al koxysi | anefuncti onal

epoxy g8 kilapdlial @btkdns nciRed dsbhodahpadtionk af Bxample Nos. 3
ol i goner, the al koxysilanefunctional epoxy resin, and

and 4 pieee as«mvdffmmf&w@hm (cenicplopadrelplenston By @eaﬁamggﬁrcent
elongag%gé EOI%P%%F(P E%U?écoxpe% Qlﬁaate g% g&ggﬁéﬁﬁ? c6rﬂ a t a The

compds'ihdﬂ%'o? B4aipR Mos. Bhage pre@@el aniireorguss rﬂing&l‘rbﬂefsbl bf 8J (Example

enperature. At the conpletion of these reactio
No. 3)r oh G xample Ned 4 hasoroameradd o3 [fon the conatiena) RN H@Y%&loxaﬂe

- | i. g -
come Q3 TSP 230) SUSENEYL o o) yailspepesgitony 1) o

provided in part by reaction of hydroxyl groups
(resulting from epoxide groug ring opening) wth
silanol groups existing or f Pned in the

sil ane-contai ning and/or silicone internediate
|ngred|ents although the epOX|de groups are not

M e
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may alternatively refer to the resulting chem ca
structure as being a fully cross-1linked acryl ate epoxy
w@eiogesisoxane. This particular fornmul ati on i s BCT/US2005/032755

hi gh-buil d cross-1inked acryl ate epoxy pol ysil oxane

coating with excellent weatherability and corrosion

resistance. A coating forned fromthis formulati on was
reverss’vl;&@,!s bﬁgred‘d'ef ekl 18) gtitistrsiap did m&ﬂe‘dzdajrepﬂrtlpﬁmfedlgtiamd aidd

il mthickness of. approxi

el y
flexibifiy mpwéad an cvmpwapnsgrfd@é Hb‘ifn‘a 6a@é81}15é@§65 tg &Fﬁﬁ’&t fast-
curing o d SQH)X tftﬁﬁtof il ﬁlR/erth)nVﬁg K§pa@évof%rov1dmg improved
accel er ate vveat erl ng exposure, and showed
flexibiityi dheracerisficdwheat emnpagecbto wus@ntwgalaﬁnom’-mb@dom [cgmpositions

ASTM B- I fo No. 8 F Cu
while g8 PSR EDERENB Y SR A LMo e on This

exanple formulation is simlar to that of Exanple 8,
inthat it is prepared using an acrylate-functiona
Impaci Repisaticent . A first conponent or Part "A" used to make

this tlc t-curin

conmpos q%hmﬂg§d$aiﬁgpg%nb§ﬂ%§%1%%?%6:bhﬁ%ﬁ@ﬁSOfExmnphT«m 3
and 4 WEGr8Qi t8fitS foraRPherbsTBhRe) by AfdgsukingZhe ﬁ% gating in Joules in a direct

al koxy-functional silicone internediate SY-23@$ ng%ﬁ
and rexqrpg @mcaﬁn) fer%@maa%d PEhm@V%ﬁufngg ERMYPOlEsiboyang ¢quysiion.
The co%%g)%l g}%ts of Exany g%g‘l}j?s %%ﬂ? 4 (gdu% 4 2Rit& g\?wf%@né %fbgles) that was

r SO vent cosol v PTB
167 péc&lg gﬁ@{ey and deevidndexmiss oytieg (Duhqs}aﬂ)la‘owaﬁ 0% perer® greater (Example

i ndered_am ne |ight stabil.iz Ti nuvi n.29 %% g g i
No. 3)Hh%@ﬁ1é%f tg?rp%vqlpap&l eg?@bpqlp/%&x é%%qmwét}oréé 8 dire pass rating
@ ouleégtﬁat @??ércfe‘ﬁ? %ﬁa&?@ﬁ’@@i‘ev@@é hss rafad(J oule7) that was 117 percent

ctio ol I gomer hot oner 412 Hag
greatef {E)wfripdaa/Nbl ﬁ)gham thiat pi/dhe @Mn@@q@l epg)mdp@\gsﬂoxane composition. This

data il Lﬁ%la th%trfgs%t al; n{j)%ftﬂei%c gél'%l I%Sﬁloglg Z} this 1|ﬂ€<§rﬁlon are

capabf%%?%ﬁdﬁhg KpRAel 1m§act WSBthric® wiek ofnbin®d p@bcbmeuhaml epoxy—
ast-curing nodified siloxane conp03|t|on was_ prepare

pOWSlh)fanmmnmSﬁgOrpevhlhf@@SCg}PfaWﬁhftgft paigpiigantdy rusHs 6% W‘a?rfg’ted
(Z-6020). The fast-curing nodified sil oxane
conposition of this exanple is provided by conbining
and m xi ng together the ingredients of the first and
second conponents, thereby form ng an acryl ate epoxy
ChemjgghResigencgi | oxane conposition. Once this conposition
IS pr O\fhg ﬁ]gllﬂe% fa g&u?ﬁi; S EHR Gk dhsIstidhs @P%EQExamples
cure reac orn1 desired protective fi
were testad 'fdﬂg:herﬁwal registdnes éncbhy]ethyﬂaﬁtneeMEKt tesistintn o |cg1p11@ared to
Z-6020) cts bot ﬁgth the acr

ctl .
that o g caepHPT PROKERED Ry SO RHIoR TP AR HRBRYe soprpositons
dlspla%écpﬂ Hﬁﬁb%f@o‘ﬁ@ﬁ%ﬁbi %?@atérliﬂzﬁi 200) Fhat ety tHeGathe b that afthe

e epoxy resin'to forman al koxysi| anefunctional
conveapmay ep@gi-polySiteant k@nly@m@n dn ffagtosomsrefl theexample compositions

e T T 08 FRTE, Al PR s o

(e.g., Ynesy 8F &e%@ﬂv@ﬁioﬁ@l%’iﬂﬁﬂ%@l}ﬁsﬂ(ﬁkdh@ @6iniposition. nAb&tﬂdmgly, this data
presence of noisture and the organonetalllg cataly

illustries thei factahatrfpitecuring @scéhﬁ@a%hoxwogawwoaﬁ 0 lélﬁ?ntlon are
erature. . At t a
capab#ei r?vd@&rae%eg&e r]E‘ech it ereg s&ﬂcé){ha{ ﬁ ggﬁ%ge:ﬁoggﬁ é)f
convehHbhal eﬁ(ﬁﬁﬁpolb/m%@ﬁe a@rhyd)ﬂﬁ(ﬁls mﬂhbe&uléoqxranﬂlr[g’thﬂsxgaiﬁcantly reduced
structure. Since the resulting chem cal structure is

above,

mﬂerwﬁbvmﬁééb¢Y¢ part by reaction of hydroxyl groups

(resul ting from epoxide greup ri-ng opening) w-th-
silanol groups existing or fornmed in the

si |l ane-contai ning and/or silicone internediate

i ngredi ents, although the epoxi de groups are not
technically present in the régulting chem ca
structure, it is to be understood that those skilled
in the art
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may alternatively refer to the resulting chem ca
structure as being a fully cross-1linked acryl ate epoxy
w@eiogesisoxane. This particular fornmul ati on i s BCT/US2005/032755
hi gh-build cross-1inked acryl ate pol ysil oxane coati ng
wi th excellent weatherability and corrosion
resistance. A coating fornmed fromthis formulati on was
appl i ‘%Qcc@tcﬁﬁ%&' ykontansaotbkeairkg médatd fituxehs cahpositiahs of
a dry filmthickness ofapproximately 6 mils. The dr
this 1nran1nm mhatethesr enabicthe gboresnqied Feugiionsan gug Hoees Withayt %%%lﬁcmg
such a§fef e Bufies SRl 28 b BLIAD MERIS, ST Ay, it sistance
and ché@{dabekisancesf tht dmaky \f@rhtedﬁ“ﬂmmoaﬂmgtwheméomparsdl (224 ¢crmgemirona1
rusting after 2000 hours ASTFEBFé 17 salt o%% ..
siloxanadgs GPEINZSOARISEIONS. ¢, FRAXY- ORI PO RIgRPSILIONS.
Modi f i 8Ny inQéntion have
part A e R HER IR Bl (oo R OO nf
been desgibéd e;aths:rohmderablechtqnbmth referenes tpreeriaineueibyred vansitionmthereot,

IRTNLIETIN T e .
not be (ited 9 e préfefed 'vhﬁﬁ'?on(s%&'r%&ﬁémlﬂ g noisture

scavenger (trlethylorthofornate) 3g wetting and
di spersing additives, and surface tension nodifiers,
6. 59 acet oacet at e- f unct i onal acrylic polynmer (Croda
CSA582), 6.5g acetoacetate-functional oligoner (BEPD),
13g acryl ate-functional oligoner (Photoner 4006), and
I g organonetal lic catalyst (dibutyl tin dilaurate). A
second conmponent or Part "B" used to make this
particul ar fast-curing nodified siloxane conposition
I's prepared by combining the follow ng ingredients;
approxi mately 5.4g epoxy-functional silane resin (Al
87), and 6. 1g secondary anine curing agent (Ancam ne
2457). These ingredients in this second conponent are
stirred at roomtenperature for approxi mately 24 hours
for the purpose of adducting the epoxy-functiona
silane resin (Al 87) with the secondary ani ne curing
agent (Ancam ne 2457), e.g., form ng the above-noted
star polynmer having both am ne and al koxy
functionality. Approximately 8.2g am nosilane (All O,
and 6. 2g al koxy-functional silicone internediate
(DC-3074) is then added to these conbi ned and adduct ed
i ngredients. The fast-curing nodified siloxane
conposition of this exanple is provided by conbining
and m xi ng together the ingredients of the first and
second components, thereby form ng an acrylic epoxy
nodi fied sil oxane conposition. Once this conposition
is provided, the ingredients provided therein undergo
cure reactions to forma desired protective film
coating. During these cure reactions the am nosil ane
(Al 110) and star polynmer reacts with the
acet oacetate-functional ingredients (Croda CSA582 and
BEPD) and the acryl atefunctional oligoner (Photoner
4006) in the first conponent to produce an
al koxysi | anefunctional acrylic enam ne and an
al koxysi | ane-functional acrylic resin. The
al koxysi | anef uncti onal acrylic enam ne,
al koxysi | ane-functional acrylate oligoner resin, the
star polyner, and the al koxy-functional silicone
i ntermedi at e undergo hydrol ysis and

~-pol ycondensati onr-eacti ons-i n-the presence--of-noi sture
and the organonetallic catalyst. In this exanple,
these reactions occur at anbient tenperature. At the
conpl etion of these reactions, a finally-cured
protective filmis produced Having a fully
cross-1linked acrylic enam ne polysil oxane chem ca
structure Slnce t he resultlng chentcal structure S

L B 1 o o, Ty - '
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from epoxi de group ring opening) with silanol groups
existing or fornmed in the silanecontaining and/ or
w@Rdosomsel i nt er medi ate i ngredi ents, although tPEI/US2005/032755

epoxi de groups are not technically present in the

resulting chemcal structure, it is to be understood

that those skilled in the art may alternatively refer
What s @1dipedriesul ting chem cal structure as being a fully

crosslinked acrylic epoxy.enanm ne pol ysil oxane. The

formul ati on prepared by conbining the first and second

conpongent s ﬁ?ﬁﬂh GRd: VOC

when cgnparg'a%ghﬁﬁg or mu &1%§%§%s olﬂéigﬁﬁﬁg%%' gnd 2,

and prapakoieor elﬂarﬂﬂ-fmuglonalrsﬂ;lcoha miclemhate

weat her b|||t flexihi ?SIS Lance and

o caitotsk i imine Eoacth ke TRRR bR FouT BRI F Dsting of

aceto a@ctat@%h&io‘i’iﬁlaﬂngﬁédleﬁlﬁe 61§ i -Filndflo g1 @MEr6dibnts, tdhd(iﬁlbtﬁﬁes thereof;
provided in t finall y-cure filmformed fromthe

conposmtﬂmmydinQﬂumﬂlngvéMﬂﬂ@n exanpl e had a | ower

gi gﬂgfgolfggfgga?g?p{‘?eg, g cgffr l I ; cgr?@stfnlg;%rt{%ﬁﬁﬁfe% ﬁﬁfn%gﬂanes

keumlﬁ@s‘é‘tam%ﬁie@hﬁd fietds eaboft ragaedl ent i.e., not
including a m xture of acet oacetate and
acryl awetef.uncti onal ingredients. Exanple No. 10
Fast-Cure Acrylic Urethane Epoxy Mdified Sil oxane
Conposition A first conponent or Part "A" used to make
this parti cThacohpsditi@uss regitedbidicldimd Sirthexemmeprising a silane.
conposition is prepared by conbining the foll ow ng
i ngredients; approxinmately 25.95g Ti 2, 21. Ig
al koxy3f unctfgg @@]J)npéél’el(')ﬁ:%cﬂtélf BlEL ehetheRondsHshg arl 9
S|Iane (QP8- noi st ure scavenger
organgrhetaiichegtatyst.nof ormat €), 0. 4g silicone defoamer (BYK
080), 0.06g dispersing and wetting agent (BYK 108),
0.4g dispersing and wetting agent (BYK 163), 1.5¢
hi nder gd anmrpg chhmpdditiet abletiteein cfakinMiwheredOBy silddethas the
acet oacet at efuncti onal urethane pol ynmer (urethane diol
generddetmodeet yl t ed havi ng an equi val ent wei ght of 920),
14. 78g nonaromati c epoxy si n 5( Epon 4080E havi ng an
equi val ent wei ght of apprioxiTmatlely 224), H g
acet oacet ate-functional acfylic polyner (GPAcryl 613
havi ng an equi val ent wWj;ghb? dP—aldpr oxi mately 920). A
second component or Part 'B" usled to nake this
particul ar fast-curing nodRf;i ed sil oxane conposition
is prepared by conbining the fdflomﬁng i ngredi ents;
approxi mately 2.5g epoxy-functional silane resin

here s on B e S R SRS o e RS ARSARen and
alkyl, %%Wt hiﬂoaﬁ%gl DRy BIYR 3/3 w@xiﬂkylaﬂ%@sumhﬁdl Myc%xmyd@alkﬂ

e purpose o ng the epoxy-functi onal
groups comtaiaingag to sixar8i) atains handrehese Ronid aelpctadifion hareiyp

cons G ARSEMRE P B BT 15, AP 8 s

the rah g G @RAlth Y. Approximtely 3.7g an1n05|lane (Al 110)
I'S added to these conbi ned and adducted ingredients

The fastcurlng nodi fi ed sil oxane conp03|t|on of this

exanpl " e dl Ik)g\élo%‘%g%lg $n %é) e t@d 1285 W ngt Q&ﬁﬁyﬁﬁﬁizing

the in irs secong con

compbsﬁﬁé&ﬂﬂmfe@ bilab@ucking a8 rayldudt off tﬁé bamnbineg sitynenaetiidacetdte-functional
i | oxane conposjtion. Once this conposition is

mgrecbpmwmw fup¢iwnahigetdicahead GHEYE AZALt her ei n under go

cure reactions t-o -form-a-desired protective-film-——--—- -« o

coating. During these cure reactions, the am nosil ane
(Al 110) and the star polyner react mﬁth t he

acet oacet ate-functional urethane ingredient in the
first conponent to produce aftlal koxysi | ane-f uncti ona
ur et hane enam ne. The al koxysi |l ane-functi onal urethane
enanine, the star polyner and t he al koxy-functiona

-
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pol ycondensation reactions in the presence of noisture
and the organonetallic catalyst. In this exanple,
W@ bws@31senct i ons occur at anbi ent tenperat ur e. PEL/USI965/032755
conpl etion of these reactions, a finally-cured
protective filmis produced having a fully
cross-linked acrylic urethane enam ne pol ysil oxane
chem aal stThHebupesitich as eecitbe it @sint 1 iwhgraih & adledxy- or silanol-
_structure is provided in p H% by reaction of hydroxyl
functiogploilgone ARgNedide has 9 FeeHeR) Ené?oup ri ng openi ng)
Wi th silanol groups existLﬁg or fornmed in the
si l ane-cont ai ni ng and/ or gifi cone internediate
i ngredi ents, although the eﬁoxid groups are not
technically present in thg rnesult{ing chem ca
structure, it is to undeg.st that those skilled
in the art nmay alterﬁgrﬂge%%"ng B to the resulting
chem cal structure as beingla fully cross-1inked
acrylic urethane epoxy engm'ne polysil oxane. The
formul ati on prepared by cgnpining the first and second
components of this exanpl & tbget lver makes use of
urethane to flexiblize while providing a reduced VOC
when conpared to the fornul ati ons of Exanples 1 and 2,
I QRE I i xy group and alkyl, aryl, and
where S 1 SRBIMEE ot (10 Bty iSFng ORGP RREDXY proup and oo o
alkoxyclrenpsdaivinrgasgi totahnatesic carbenr atoins, eashtRhds sed¢ctedcanmy] the BrpUD
. 3. Fast-curin i fjed, siloxane conposition f ' :
consising GHDICGRERANE oL 85! BB AR NG Tt cHen A s Bhe wherein
1 is RARLNR thhiBe LitBord ibfefhedihte4RARP ol eVdrsed @bleea@ahwelght ivethe range
above-identified exanple formul ati ons. The conbi ned
of fromrakouird@0ftorbwrd A.08Ranpl e was t hen applied by
conventional application nethod to a desired substrate
surface to provide a protective filmcoating thereon.
Speci f7cal | Yhe Eetnpdsimpisescifedtio cljmtihehareialthé igine reactive
) conposi tions were applLedba_sgégy technique.to.a f 1
ingredigobiten asatoaeqtate Sunshippaldpershignirpansihe grsal dreprical fopoula
anbi ent tenperatyr erediid proxi mately 25DC and
70 percent relatgg) ﬁun1a¥?§?§b$?ﬁis to be under st ood
where Rhgis seRsteddtoni thg growti ¢anstting bbaapkc, polwssist, pobisthesfand urethane

this invention ca e useful for.providi protecti .
polymp i GHERPSAR BV PRY Sigy ope i idPaiRL it TSt FApEls of being
mnctiﬁﬁgg?@§litﬂgb@lOC}@CWHﬁ; whBRdaaixdrdhe th i1beandRalsdre RYf isiglected

nmodi f1 ed siloxane conpositions of this invention are
from ths peapabhsisting df hydmgadnfl sarbosecontrinipg gfawph pEjRg up to about 6

i ndustry for providing protective filmcoatings on
carbor,BMSn substrates. The fast-curing nodified siloxane

conpositions, prepared according to Exanples 1 to 5,

were applied using plural conponent equi prent as a to
coat h8vi ngThe @mpw%aWC@n&anﬁak whereghe amine reactive
. m croneters T I ot
ingred R LA FlRed sl B Tt 8 Se T BORE CUONB cBnsiping of
acetoabBStePfuaviieHas iudnte attshostatdfimcponaieligmoat) avgtoacetate-functional
consi sting of Amerlock 2 avail able from Ameron
polymeys; apheqmbinationsiikercofof pasadena, California. Drying
Time Data The so-applied fast-curing nodified siloxane
conpositions of Exanples 1 to 5 were tested for drying
time apd cofhacedpositithes weiyédin daimed whergincthe westodcgingd-

SR B P TR e ERH B B

ﬂ}méﬁ. As illustrated fromthe drying data
- ?%i@%ﬁ%bﬁge, In Tabl e No. 1, fast-curing nodified sil oxane

conpositions of this invention displayed: (a) dust
free drying tinmes that are

42
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at |least 80 percent, and in sone instances 93 percent
qui cker to dry than that of the known
wepwxp3sol ysi | oxane; (b) tack free drying ti meBCT/081005/032755

are at |east 80 percent, and in sone instances 92

percent quicker to dry than that of the known

epoxy- pol ysil oxane; and (c) printfree drying tines

that ar®@ at Theashposfidnessaetited ifokihrg wiereiniths tampesiti@s
) percent quicker to dry than that of the kno
includesysdregrsigicrgneioaal mEredisnt puch §0mlr&ﬁyvs$§31“§?%%a°t to form a
fully CPJSQ-YESQ@ e%?fmh@ golggimﬁé bir@re Qhiitdt1E Sorl IMERE a0 REBVeAilm

consi der abl e ‘advance over conventiona
coatingpoxypol ysi | oxane coating conpositions, providing

signi ficant manufacturing and conmerci al advant ages,

e.g., by reducing the anount of tine that a treated

substr gt e NgRAShPoRd asRedifidan kitither w6188 ingfd@nts react at

before being placed into operation. Hardness Data The
ambiestdempplaived td fsto-the fillyeromsdikied gnarningpahisilexins 651N s

were al so tested for hardness (using Sward hardness)

and conpared to the hardness of a conventiona

epoxype} ysi TaX aiRpERadn A30te€ieilia i ditnonwhESX-thO Bmine reactive
avai l abl e from Aneron International Inc.) as,prﬁsen ed

ingredizal tvan asrsiatstanelpnabingredisngs hayingthe gepsrplahamicpb Ed
Hardness As il lustrn he hardness data
provi ded in Tablgagyj%§ﬁ¢gdig%uring nodi fi ed sil oxane
where %Bfmid:iddrfﬁorﬁ féhet g'tbﬁlz tonssnng gﬁ adtyliql m)j{ﬁ;ﬂteﬁ(m)yeithqn,r awladethane
earl y- st agehar dness (neasured as .initial. hardness .
polyrrwsmrirﬁilltllﬁ%tsqu&ns%é&?%‘%ﬁ%@aﬁvl&@e‘i thagis c %B“e?%m%
i | . @t is| e W88 selected from
fonet o T O Y e BE S poT e NG sl
the grdup) comsisting abhyglrdgine and¢aabye-hantainingsgrovpsdwyimgdipapabput 6 carbon
day 14) to that of the known epoxy-pol ysil oxane
atoms¢ except for the fornul ati ons of Exanple Nos. 1 and 2
that denonstrated | ater stage hardnesses that were
somewhat | ower than that of the known , i ,
epoxypdBysi [Thg apmpositivn & feaitefhiasdaimek whergirgthe amine reactive
. denonstrate he.fact f - ' i f :
ingredf TG St AP G ol Sk Ol e B Coting of acrylate
functiShadgudias, dRpsae fhiadtiogxlatigdmets) avghité-Gnational polymers, and
epoxypol ysi | oxane conpositions, and (depending on the
combipatiensdhet&et f or nul ati on) have a | ater stage hardness
that is conparable to that of conventiona
epoxy- pol ysi | oxane conpositions. The fact that
conposilti on§hetompbstiomaertitahinddsionkt wherein thp raykte-functional

early stage_hardness can be an.inportant feature of
polyMEg A EIEFER SOBT E RFQP RUSRERGR HRRRINGOP RUF BUSEDeL ppg urethane
polym | suited for protective coating applications

calling for such early stage hardness. Wathering The

so-applied fast-curing nodified siloxane conpositions

of Exanpl e s. 3 and 4 wer |so .tesfed for .

weat herPng (GOVEBPORHE ?:?)Wlﬁg?cg]&l c?%m} ewg%rﬁ{/net}%? R
ingre RARX YRG! FHHR % TSy SOFPBSId! AFy18Y¥ pIBRHKdNBGtrattaRSsultylse for

a period of time.” Using a gloss rating (60 degree
forming apmteativedilmeoadae.f or a period of fromO to 10 weeks,

the conpositions of Exanple Nos. 3 and 4 produced

gl oss values that were quite simlar to that of the

conventigonalTheRexypsitiys hd R¥ASEInCAMAOSS tvhemin the gombined

varying fromthe conventi onal epoxy-polgsiloxane

ingredieip RELt 4t Gimbignt WapArAUL tedete the Tulith crosgrainked aqryiatenplysdloxane
 siructtfde fact that fast-curing nodified siloxane - ---—- - oo

conmpositions of this invention are capabl e of
provi di ng weat hering characteristics that are
conparabl e to that of conventional epoxy-polysil oxane
conpositions while also provi*tding the significantly
reduced cure rates noted above. Flexibility
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The so-applied fast-curing nodified sil oxane
conpositions of Exanple Nos. 3 and 4 were al so tested
wao evosfobxsgi bi lity (conical mandrel el ongation bRCT/US2005/032755

nmeasuri ng percent el ongation) and conpared to the

conventi onal epoxy-pol ysil oxane conposition. The

conpositions of Exanple Nos. 3 and 4 produced a direct

pass rat.i ngThd euthgssitionf asGdcifddiarhiia INohersin, thédpoxy-functional
) (Exampl e No. 4) as conpared tq 3J for the cgnventigna
ingredigpbigselsstog dTany e fEo Wb RIS ST RS Bg epQaLunefppal I@jéﬁ’?ﬁfs Poxy-
ﬁnmﬁ&u@ﬁﬁ&ﬂﬁﬁd a direct pass of greater than 10J and

areverse pass of greater than 18J, illustrating the

i mproved properties of elasticity and flexibility

provid by, _conpositions of. this, invention. This dat .

i |1 ust fgt esTg% ggm%‘lsﬂtl%?tre?%@t PEIAR G q.n% 8?%%“%
ingred %P Adletdif? BchQhch Bnfhel rBY@RE iR edie s 128 RAM @ e rate of reaction with

providing inproved flexibility characteristics when
the cunngpganéd t o conventi onal epoxy- pol ysi |l oxane

conpositions while also providing the significantly

reduced cure rates noted above. |npact Resistance The

so-apphoed Tastompsditich M@t dER cdimoXeuigprisimpasadetoanstate-

of Exanple Nos. 3 and 4 were also tested for inpact
functionsd ingrediert apdyn gewyirie-fingtiond 1pergdicplat i ng in Joul es in

a direct and reverse direction) and conpared to the

conventi onal epoxy-pol ysil oxane conposition. The

conpospbi onThetompesindeadNesiteBinartanl porophisieglinghe range tof from

pass rating (Joules) that was 167 percent. greater, and..
about § ip 8) PeEEISsYeight ?f)ﬁbe el%ﬁy'ég)sglﬁﬁ%lt wngkglicpue dniggmediate, 5 to
30 pefdk i@ TRE EmMR-reative idRediBAL 1 &f 56 PGceRBY AL he
epoxy- pofFysi | oxane conposition, and a direct pass
epoxyrfamttianal guddéa, anddt toiflspet @t pie msight ofjthe steing agent Rased on the
reverse pass rating (Joules) that was 117 percent
total vygighi; Fh¥%§gmﬁﬂgnmb. 4) than that of the conventiona
epoxy- pol ysi | oxane conposition. This data illustrates
the fact that fast-curing nodified siloxane L .
conposi2li onghefcomppgtipmeereeitethinglame hpaies coypprising ingredients

vi ding i nproved ima i teq..
st B U SR AT RS R IR SeqRar ey
plastiflp&Y, dhitifghnt Agensd, @iikdticpadbdents; edttaptheenis eantiat it ingreeed, light

_above. Chem cal Resistance The so-ap Iie%ﬁfa t-curing

stabiligexgi 41 edease pestih d1periRS Rids-Gie Cembtlﬁg%s @ﬁ% es were

tested for chem cal resistance (nethylethyl ket one- MEK
resistance) and conpared to that of the conventiona
epoxy- pal ysiA Gxsaoeimpanpdisiet isdoxanEaompositioh eoapasing:e

conposi tions di spl ayed a.number of. doubl.e rubs
(gr eat ép aﬁﬁ’éﬁ' n{!hgxpcwi?ﬁﬁ%neslg%émgéxa}eh at of the
conventg Rﬂﬁﬁl on€ %ﬁﬁl?{é RALYR ihreant &OSHRRSHbhARe glofip kagdisting of

some of the exanple conpositions displayed greater
acetoddetate-A0Rticioal hgredicts, aarylatecivnstiongl ngeed{eatsy and Buxtyeey dhereof;
that was | ess thﬁn hat ée.g. 3 nonths) of the
conventSRIXY-EPS 913%61?%;5 xR composi ti on.
Accor digNGhig abBitSedaed fidn thetdradeeonsRend afdminkgtaminosilanes,
fast-curing nodified siloxane conpositions of this
ketimineg ealdinuinessand mixpaps bewsbLpr ovi di ng a degree of
chem cal resistgﬁ e % agtkgdconparable to that of
conventdPSHE B} @-%O?ysrloxane conposi tions while
al so pryuéding the significantly reduced cure rates
not ed above. Accordingly, a_key feature of fast-curing,
modi f i edhesein ywaneombimptien of e alloryipncional siligong fnteunediate, the
ot tealt s il (R Gle Rl Y o Bl PR B B B aent, and
properties as weatherability, hardness, flexibility,
i npact resistance and chem cal resistance of the
finally formed filmcoating ifen conpared to
conventional siloxane resin coating conpositions,
e.g., epoxy-polysiloxane coating conpositions.
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Al t hough fast-curing nodified sil oxane conpositions of
this invention have been described w th considerable
waledoaiosiswi t h reference to certain preferred vaPCHUSINS032755
t hereof, other variations are possible. Therefore, the
spirit and scope of the appended cl ai ns should not be
limted to the preferred variations descri bed
water, @Y @nfbiM¥ibigiedicdotsriead@dn iige prdsenbe bBiht veganbmgtathioiatalpd at
. Sil oxane con&gosi tion conprisi ng: .an al kox¥- or, R :
ambicry; tPaRerRtIGisciorB MLk prasedinked prlsriinzangstictyp syitapls fog furming a
] [ I i ngredi ent selected fromthe group
pmtecﬁgénfsiﬁ%ﬁ?%ggb 1gdacet oacet ate-functional ingredients,
acr y| atvhertimnehdrothe hmimgreediveringred@ntis mhetetpastatdrémstipnal
n xy-functional ingredient; a.curing. .
ingred et Becl FioBiEHE I BUE Gt STSHh s DY Cray pegysiloxane, and when
the a I%Q&;J&H diek€ils 'amaeﬁ%te%rﬂﬂﬁ%ﬂqﬁ%@ménmﬁgmnﬁaross-_ﬁnked
thereof; and water. 2.” The conposition as recited in
polysibkahastiucfure {seeraccdatermiosysigxanesi | ane. 3. The
conposition as recited in claim1 further conprising
an organonetallic catalyst. 4. The conposition as
recitegsin gl@iBudindhedEfied §ikand tangoshasm progargebet@hbining in
formul a where R16, 7 and R18 are independently
the presehe@cafewhtén: om t he group consisting of hydrogen and

al kyl, aryl., cycl,oal . -
nycl oxgarkor A RUSR ARy et e it
gr oups a At @icBiattgfudptid] siggediattbon at ons, and where R

9 is selected fromthe group consisting of hydrogen

and al RyEpPasyduasianabgiietadity up to si x carbon

at ors, ; Roent Seld r feohdi@MeldfnAnesd amid¥Rilanes,

con‘pos??ﬁ%ﬁg é\%ent geé%@%%ﬁﬁrﬁltgl?gﬁ)#?é:oi ﬁcl lﬁgdi ng lalle o
ketim@esipddimiids zhd grirtongsabéreoHn f or med by adducti ng an

anmount of the conbined sjl ane,,. acet,oacet at e-f unct.i onal

i ngr ed PERTEIN WRRESPIARIDS %’éligrqdheﬁ‘gse Cesptoa %%te%g?(ftﬁ)élaﬁ
ingred%lﬁ Ahd the epoxy-functional ingredient react with tlm@uriﬂ_@ @%]ent and the alkoxy- or

conposition as recited in claim1 wherein the al koxy-

silanobfurstibeal ollicone inteymetliags 1ol foun e fuky ewas araiewdiveddmepying a fully
eneral fornul a, where eac i.s. selected fromthe
CrOSS*gPJEﬁE{FI Sy ]g%iystji]ﬁxg?e &f?@ lﬁ%/ic#r%%}?egr oup and al kyl, aryl,

and al koxy groups having up to about six carbon atons,
each R is selected fromthe group .consjsting of ..
hydr ogéf. andhalcRipposifien ay spciteg %m%ﬁ%%i?lwl%ﬁl&an
. ancart%ﬁlréc%{a? , and wherein "n" is selected so that the
OrgandiFatong i it'er medi at e have an aver age nol ecul ar wei ght
in the range of from about 400 to about 10,000. 7. The

conposition _as recited in clajm1 wherein the am.ne

react i vé i ndhegreRpsijien é%reﬁ%‘i B’aft]{%‘fr’alf‘gwkﬂﬁg’tt%ﬁ%eftoacetate'

ihRg el hDehderufEitafnordiedHt 6kt Jh BRY during agent at
ﬁlnc)ub%ﬂ%[l%tm%%ﬁz@ er eaRZn Is selected from tghg
ambiegt apecatmsits pravideothe ddty ¢toss-ligaidyeasmine, popysilpsarteethemagad

uret hane pol yners and diluents, and any
Structjigdr oxy- f uncti onal ol i goner or pol yner capabl e of

bei ng functionalized with [ OCOCH2COCH2], where "a" is

froml to 10, and where R2 1 is selected fromthe

group @6nsi Sthiergmpbsitignpetpeiicd irdaigs? boheistnihaiaasipgpetate-
ﬁmcti%xrlﬁulggsrecrl]i%}l/tl 1 the getn%ra %ﬁgr}licgl formula

Ry[OCOCH,;COCH,].Rz1

where Ry is selected from the group consisting of acrylic, polyester, polyether, and urethane

" polymers and diluents, and any hydroxy-functional oligomer or polymer capable of being
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carbon atons. 8. The conposition as recited in claiml
wherein the am ne reactive ingredient is an
wa@e®bozuset at e- f uncti onal ingredi ent sel ected fPONUS1NES/032755

group consisting of acetoacetate-functional diluents,

acet oacet ate-functi onal oligoners,

acet oacet ate-functi onal polyners, and conbi nati ons
functié@z60Hith JOCOEILAOPRS], WheR "asisfeshtiad 10Nard whére R, is selected

wherei n the acetoacetatefunctional polyners_ are
from the peonpeanisting afivy dipesurnd sagiostGoRtpiHAE FEqupF having up to about 6

| yester, polyether, and urethane pol yners. 10. The

Carborg%r(%lg'si tion as recited in claim8 wherein the

conposition includes an acetoacet ate-functi onal

i ngredient and the conbined ingredients re.ac]t;1 to form

a ful | ¥7cr od8¢ FORREHIFNIFEREd B A Toxuhraedthe, agetpagetate-

. o . | . . :
Functi G e o B L S i B R ettt utlonal diuens,
acetoacaigteefiihetivgl okgurterstacetvbietate-fummipoaalgtolymers candaombitegions

fully cross-1linked enam ne pol ysil oxane structure. 12.
thereo¥ne conposition as recited in claiml wherein the

am ne reactive ingredient is an acryl ate-functional

i ngredi ents having the general chem cal fornula

R22[ OCZBHCHIbResmpbtien Fxecites] inelam 2awhereim the acetgasgigte-

functi%l?agl?)hgrt ierr]%%r%;ﬁ@?trgg lgl':%)%i ’%% l%{ﬁ%llfﬁ cgo?lrsigﬁggo é% %ctr?l%, ‘po%gter, polyether,
and uileM@AhO¥YlyhieRct i onal pol ymer that is capable of being

functionalized with [ OCOCHCH], where "b" is from1l to
10, and where R23 is selected fromthe group

consi sthng g QXS@Q%&& a%%git&fﬁlk%@ﬂfn‘{%\%%r@i.nqge e oHeEtate-

havi ng”up t o abou carbon atons. e conposition
functiesal peBineeds amaceylid polimed) eané whetdhetherhamicab sicidtwe comprises a
ingredient is an acrylate-functional ingredient
fully geisditled aFvEmePRe’ JrRBURS BUNSIEEMPg of
acryl atefunctional diluents, acrylate-functional
ol i goners, acrylate-functional polyners, and )
conbi nd0i onghe kempodition 4s reThed ineiansi wherelsthe epoxyelymctional

: i.n claim wherein the acryl ate-functj.onal I [
ingredify S IEEEOP LB OH SR DUFECRarSY TG e RepeiH Fepory-
functib@1vestE., pol yether, and urethane polyners. 15. The
conposition as recited in claim 13 wherein the
conbi ned ingredients react to forma fully
cross- Linke | at. .l 0 it :
for fo |l:’lr1n ng q:%\l g%%i’g%ﬁ? Y gé %?#‘l“r'ﬁﬂélgcg%ni%g M}%J.éﬁ]?ﬁé ‘dhﬁﬁé’éé‘ent s an
aminosDamdsividgahe gendrgldbirgdai n cl ai m 15 wherein the
conbi ned ingredients react at anbient tenperature to
formthe fully cross-linked acryl ate pol ysil oxane
structure . - - - . -y _-qgr_- ; . .17. The
conposition as recited i nSZcI a(iOr_n igs{/\/ner ein the
where€Y axM¢HINRYS dndnelieré hefriedn aneger of Selnettoeq) ehelokhis hdifgndigpal

oo SR AT A RELUTRES, AP o, iy,

alkox{reﬁ bt %ﬂi ¢ l&tlll% R dheAH0 MetSR Ren LYY WithiR @adlERGhAI¥&ile, each X can
ngr edi ent s erei n each such am ne reactive

be thei sagreent idéfiidreitasndhis dinfifegrte ntkyl,dtydrayatkeh elonpalipt 4ndt he
hydrog%ﬂcg)%faﬁgl? Ego'ups containing less than about six carbon atoms.

32.  The composition as recited in claim 31 wherein the curing agent

~ further includes a secondary amine.
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19. The conposition as recited in claim1 conprising
an acet oacet at efunctional ingredient and an
wa@eowglaset f uncti onal ingredient. 20. The conpoRCT/USNOHE32755
recited in claim1 conprising in the range of from
about 5 to 50 percent by weight of the al koxy- or
silanol -functional silicone internediate, 5 to 30
percent by weight of the ami ne reactive ingredient,
1to 50 percent by wei ght of the epoxy-functional
i ngr edﬁg t, Tbmoxmp@%ﬁ%asdé‘f@dfl claym\ g8 iyFthergomgising a silane.
curing agent based on the total weight of the
conposition. 2 1. The conposition as recited in claim
1 furtber cOhprompogtiomgrrediedinslanl Bovkaeihraorndvat of each of
group cqnsi.sting of ments, filler ol vents,..
the acflpaisiasg Bt omY o EiEis e B i s Ton A b edipahepd the
curingl dpe%AL & bﬁleé Ifor pY¥eE {0 J&)ﬂqtﬁ%f&)‘iﬁmﬂ@ﬂk'r&ﬁﬁﬁﬁﬂgﬁggredlents to
@bnts |ght abIPIZGTS air rel ease agents,
form ahi SRS apYXH |sdexana rilht eotstto pernpasaldizeties weotfaining ingaedients.
fast-curing nodified sil oxane conposition conprising:
an al koxy- or silanol-functional silicone
i nt er medli at §he 3bmbOAGIN R CiB 1ﬁ%12ﬁ§1883tWﬁﬁeinngbﬁ@bﬁﬂﬁnahon of
sel ected fromthe group consisting of
the acatoeqe@é@étr@tlenalunglﬁgléma‘wﬂh Higrasgiogmess of the alkoxy- or silanol-
ate-f ynctiona r
ronctGA ¥BHSE PHASENERE o SEPEhE M CergR R humt bt B LB 88 haduc
having 8detsdcedtef fuaetidratitydis Gotnedowhersin thg adducamanasyith the curing agent
am nosi | anes, keti m nes, a] di m nes and m xtures
to formplg By cress- W@éﬁWﬁIPPW@ FEpng ChHepica it er ;
wher ei n upon conbi nati on of the al koxy- functi ona
silicone internedi ate, the at | east one ani ne reactive
i ngr edBént , Thheompositied amcetitenhﬁiiqlfgmeﬁ whérein thhecectQﬁC'ﬁﬁl@

.ag ndwat er,.the ined in
functi gl deie BORS ¢ b OB AP C aHanySpnienghinp ihEfnediat
to formSMRALAL Wafink AcbiBhdBidAe fitctiyndtity Sohdréi R RBIg)EEhtaY 30 bined
structure surtable for formng a protective film
with thoegaxyefinctivhalingrasiont ihinmtanepari-aidancagduety gnd wherein the adducts
r edi ent acet oa t C [
and g e dichh i FUBRE Pk R sl S dRlled cnamine
polysiéh@nd Bigeniohlktiubaxane, and V\,hen the am ne reactive
ingredient is an acrylate-functional ingredient, the
fully cross-1inked polysiloxane structure is an
acryl ate pohys 'cl){?liﬁéﬂﬁon 4Srec df%‘cttl 3 Re@RhE 'a@é%oacetate-
si | oxane conpositron prepare |n|ng In
functiphal $ggredientfandapexy-fiactiahdd cmxgtedlent 1 Hmpoﬂedf\mﬂnn a(ﬁnalcontalner
silicone internmedi at‘f with an acet oaﬂ(;: ﬁp ﬁgct tonta fth
and the,fyFiBgPeHt is GipPspd X ihin m iaePBh EPNIIAGT R Shereinylhy cquients of the
first aﬁ&' Eéc'agd PR heREwE E&ﬁglnfeﬁ %Qefﬂ%?tcgfo%ﬁh@Qdiﬁlb(%‘itﬁdﬁgarﬂfundergo cure
am nosi | anes, keti'm nes, aldimnes and
react1ms>¢b lfomstltetfeﬂg ofcss-\lmmc’eemmup@pplymlcmam ehemipd structure.
i ngredients, the acetoacetate-functional ingredient
and the epoxy-functional ingredient react with the
curi ng 3ggentThanrdnipB§itish kOrekite®in GhihPSPhnfhenedm@tisthg a
silicone intermediate to forma fully cured protectlve
compamblmﬂgaamqg)uad fiythieyfirstrapsitpiner theé i forapd e cppbipgng psikgre with an

amount o%magh of t Eerélc'l %gcre%te-ﬁmctional ingredient, the epoxy-functional ingredient, and

the curing agent.

47



10

15

20

25

30

24. The conposition as recited in claim23 further
conprising an organonetallic catalyst. 25. The
W@ wpo3ishi on as recited in claimz24 wherein thBCT/US2005/032755
acet oacet at efuncti onal ingredient and the
epoxy-functional ingredient react with the curing
agent at anbient tenperature to provide the fully
cr 0ss-1g nkethEsampaaidodsyeditediaoRit 26 Rosptishigtuwotaeteacetate-
26. The conposition as recited in claim23 wherein the
functicebingeasiianis, ene Af WhishanclpdgradAcBRAIC N98EEThe gener al
chem cal fornmula R20[ OCOCH2COCH2] aR2 1 where R2 is
selected fromthe group consisting of acrylic,
pol yesa@r, Phd yehpesitioreasdecitedtihalaem 28] wireeis tamalkoxy- or silanol-
di l uents, and any hydroxy-functi | oli r _or .
functqgl HHepnecBADF A SRR ATE] PEE LA epoy-functional
ingred&eml gﬁ%@%& ‘hﬂ?mﬁﬁﬁ céhtaihsr, SRR Lutifs 4&bnt alsyMied Rithid a
IS sel'ecte romthe group consisting of hydrogen,
secondacuhtaiaghamt whertehi the ngntgnts v thetfavt ang sapondeoatsmars &e combined

carbon atong. 27. .The. conposition as recited.in aim
togethgeioy g e 1ol ok BEar i ool SR bEale &

sel ected fromthe group consisting of

acet oacetate-functional diluents, . )

acet oa¢kt at €h¢ gorpdHiie agﬂepi@qﬁdﬁp&lm 39 wherein the epoxy-functional
i acet oacetate-functj.g I ' ' .
ingredfipE PG Torih bR OB PR EL S o F of TSR A5 funciiona
ingredVéiey, B itBRNAE B RAGRIALEE pralutpgal fultp kydpsotactéve film having a

sel ected fromthe group consisting of acrylic,
low degstsefstugliace plobyet her, and uret hane pol yners. 29. The

conposition as recited in claim28 wherein the

acet oacet atefunctional polyner is an acrylic polynmner,

and whepei nThheonpesitiomhs stitetinaamainwhérsims farst gnpynt of the

cross-linked, acryl.ic epox ani ne l.ysi | oxane. 3Q,
ko oS ei el e RSt e APPSR e, and
organ &GRS Micl ARGk ANBbpdsB@ e@ie  irst SoriShEC hdihelcpbk §-figncgbaalp

consi sting of epoxy-functional polyners and . .
ingrediqoxyimgeemnand asdcondpmoudiof thithakewmes silenadiungdional silicone

, recited.in claim23 wherein.the curing: i
intern AR G B hRU PG e GEBRAT P e Clgrbs By frtand
second c¥&ersYré SohibiddiRtogtidr ¥hekE thefullyrass-linked gaamiit polysiloxane
from1lto 6, each Ris a difunctional organic radical
chemicalddpewaent | y sel ected fromthe group consisting of
aryl, al kyl, dialkylaryl, alkoxyal kyl, and cycl oal kyl
radi cal s, where R can vary within each Y nol ecul e,
each X4gan Metchepssinen as reditéd 2rdaim 2howmprsing m the dange of from
al kyl , hydroxyal kyl , —al koxyal kyl an . . . .
sbout iy 6iopEeRUR) WG ObEBae Vot SR el glisghespistpediate S o
i ) | od a hdr8eht by weight of
30 e e e e S e
the epprRy-dottaioyialdniredicds and Hao 80 pprsit hyoweight ofgbé cedng agent based on
claim 23 further conprising a silane. 34. The
the togah siseedit of the cQEPOEtPPed i n cl ai m 33 wherein an anount
of each of the acetoacetate-functional ingredient, the
silane, the epoxy-functional ingredient, and the i
cur i ng 4dgentThesoowobitivads tastied heelaipr 2 furthst eeiRpILFAg ingkedients
select\émd %rrc])n{ t g g;oeurlroaéorﬁlsggné gplgiggllegtg,t f?llérg, solvents, rtheological modifiers,

plasticizers, antifoam agents, thixotropic agents, wetting agents, antisettling agents, light

stabilizers, air release agents, dispensing aids, and combinations thereof.

48



10

15

20

25

30

form an enam ne epoxy siloxane that acts to
conpatablize the remaining ingredients. 35. The
W@ 09p03isPi on as recited in claim33 wherei n upP@I/US2005/032755

conbi nati on of the acetoacetate-functional ingredient
with the one or nore of the al koxy- or
silanol functional silicone internediate, the sil ane,
and t hg. epoxyadtwnghg andlfiddnioraiesrimpaaitioaguepatedizyéangbining in
acetoacetate functionality is formed, wherein the

the preseps@Of Wedict s with the curing agent to formthe fully
cross-J i QR e ¥sdil ; 14¢ad: ik uct ur e.
36. ThE{eﬂ Jcﬁéﬁr% gl?t |lon?£l§glrné§%1tsg§%?§lr&&§i@m 23 wherein the
acet oaaredcaylefedfinatti@mbingradiggngdi ent is conbined with the

al koxy- or si| anol -functi oga%&si licone internediate to
form 24t S ArrhigeRdistbatt at e functionality,

wher ei Dty £4hi RleRYERIm Hige %r@ﬁ? co@stMigtdl ahdies, aminosilanes,
epoxy-tunctional ingredient to forman epoxy-sil ane
ketiminetg aldimings dndvnéxteies thereofadduct s and t he remai ni ng
ingredients are conbi.ned t.o f 1 £ Ukl ;
cr oss-Wﬁ?ﬂ?@deé)ﬁ émB%%ﬁ?sl Pgr %(da%ﬁ{es’ {(?I%ea rcngga S ng%ld%{%r.edlem
and the époxyPRmEHEHRAP figkd Béht @act GithtiedlourhgtdgehttoZ8rmb duldy curedie
acet oacet at ef uncti onal ingredient and epoxy-:functi onal
proteciivgyfibe having arfallyropplvkedact Ants palwﬂ%%ne&gﬁ%‘éﬁaﬁ%ﬁwﬁﬁd
the curing agent is disposed within a second
container, and wherein the contents of the first and
second4g.ont Theesmpaedigorcanbiiteeldn tebagmt4defurther foprpmistrigen
conposi tion and undergo cure reactions to formthe
Ofganqm¢tﬁl§'1°€ﬁ@§§1~l i nked enam ne pol ysil oxane chem cal
structure. 38. The conposition as recited in claim 37
further conprising a conpatiblizing conpound in the = |
first é¢mntailhecomhatitipsasecitadntpaimcttbivheraig the a¢ryktfefunctional

, Wi t h anmount, of. each of. t he acet.oacet - '
neredl o B g I ek e PR U LRt ek
tempeFifire A8 fREEME 3y crbBeliflRnmResylite ?Bl}&ﬂpimlch_aﬂidahst_ﬁicalrm
23 conprising two acetoacetat efunctional ingredients,
one of which includes an acrylic polynmer. 40. The
conposi,tion-as recit.ed | 1. aj 4 Wen £i0it 18 adb k@XHmctional
or sil g%’ol fu gtCPlglﬁg%lﬁglll %slnrceglrklegd ]lmn e?nrredl g%%{n a@}Jy netona
ingredi&ift haageteheral tRaticdAdatmulagr edi ent, and
epoxy-functional _ingredient %rie di sposed within a
first container, Rarl®GfeHE My § agent is disposed
| t B D8 stin@ ™ EShdlydshe, tR&H Srefane
whereﬁ%zé 1‘Jf ‘%}%E[ éi:l?]%ﬂg}éigﬁ gﬁg ghﬁstﬁsalln%e rs w@?e’e[%: o¥r‘g.i n e%ﬂ%?% get her
polyniegs drdrdituehis, dnd dny Ioklosy-funeticed! poisimienthapisioppitileo RBbring
.chemcal str r 4 1. The conpgsitio recit .0
functigniie S9IRG o HCPHe i) RURGE TanaP: figh it it bidetd from
the grBﬁf"&;ﬂsgﬁn AF BydrD8ln, lafid BArbb L Ethink obipetiaviig @ ddbut 6 carbon
the acetoacetate-functional ingredients, the
atomsdi fference in reaction rates producing a fully cured
protective filmhaving a | ow degree of surface gl oss.
42. The conposition as recited in claim23 wherein a
first agountriRfcohip@si@ibk axpecited insdlhianed wheiedt thenedylate-functional

silicone internedi ate, acetoacetate-functi o}gﬁal
ingrediengrisstilented framdhe etpancaptising of asatlaparctiogal filgpts caprylate-

within a fi i L hnchLang!
runctifg e B, SEFRERGERY poRlrel L BRI BTEBPE e

al koxy- or silanol-functional silicone internediate is
di sposed within a second container, and wherein the
contents of the first and second containers are

conmbi ned together to formthe fully cross-Iinked -
enam ne pol ysil oxane chem cal structure. 43. The
conposition as recited in claim23 conprising in the
range of from 49
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about 5 to 50 percent by weight of the al koxy- or
silanol -functional silicone internediate, 5 to 30
w@eeesitsoby wei ght of the acetoacet at e-functi oPel/US2005/032755
ingredient, 1 to 50 percent by weight of the
epoxy-functional ingredient, and 1 to 30 percent by
wei ght of the curing agent based on the total weight
of the;gonNpPURE EdiBpbsitith. as ToEtedAARRSM4OOIhesin igcadr@dtel fanctional
claim 23 further conprising ingredients sel ect eg froc{n
polymetsergysebensctBeimithe SiegP 6PN ESEH BaTylic) pelygsicr, RAJyBFH: nd urethane
ol rnr]!r%eol ogical nodifiers, plasticizers, antifoam agents,
potymy i xotropic agents, wetting agents, antisettling
agents, light stabilizers, air rel ease agents,
di spensi ng ajds, and.conbinati.ons.thereof.45. A
f ast - cothi ng TRHEPPPYIAG 35d5frd 186 s‘]i%t‘iogﬁ’r‘ﬁ}n@dﬁrﬂéedraﬂ%e of from
h B i f - i termediate, 5 to
oS358 BR8P TREUES: o AP TRk tpo fmedia,
30 pereatt ply ataglituod thed amghteifngetadiakbimgredaant clptoxs- feneent bpmgight of the

ingredi ent; and a ri agent sel ect fromthe, grag
cpoxy SRR Mgtsgierh a0 SIAeREG! haReien Rats o Ak et B2l Ba e
total witight BF RS oRbstliont Ur es thereof; wherein upon combining
the ingredients, the acrylate-functional ingredient

and the epoxy-functional ingredient react with the
curing.agent., tao form . r o iv ' . .
e noS2O e SRR e ROl Y nredins
select&RoGRE glup Uehdistihg APignidigs, CORRYSolvems rasologicaltmatlifiers,
_claim45 further conprising an organonetal | iﬁ, .
plasticzers oyt foamyagentsn BiXOPIIEENENWEEINE dgFRie AnHFFIEINg agFnE light
heT6l SsidenGad | i d the
s R85 BASE AT bR EinEl, ensloppsbiapleart,
agent at anbient tenperature to formthe fully

cross-|inke crylate i.l oxane chem.cal structure,. . .

75 Theb Compubetsiame bR ats il aRh SuP T GEPrsRib L B SpRbining in
the pré&ehdd Stwatbynctional ingredi ent has the general

chem cal fornmula R22[ OCCOCHCHIbR23 where R22 is

sel ect edakkosm arrsdagyl dupctivoakiiBeansgnigtmediaty] Wih

pol yest er ol yet her.. uret hape polyners and dil uents,

and an§™ ﬁ%&%ﬁ{?%rﬁws‘{l?l@ig}gf%@?%er that is capabl e of

bei ng Bﬂg@ﬁyia@@ﬂlﬂcﬁ@gb}mgrmiémm, where "b" is from

1 to 10, and where R2 is _selected fromthe group

consi sanﬁgowﬁmymr@@m,redaw; @@fbon- cont ai ni ng groups

havi ng : , inel YR REP AliidsA

ne 't oor LRiE aBER WiectoERLRMe Bl Sondiing SrRRAR ABNckbes,
ketiminBgragilirgimds ané nsietesttreedf om t he group consi sting of

acryl ate-fuynctional djluents, acj(rﬁ/l at ef un

. ti | .
ol | gonssTeinEpg) eqrRhipipgdhs gty Wgﬁoag‘ﬁ@g%ﬁﬁwnﬂ_
ingre&éﬁ?ﬂ&?ﬁgﬂeﬁﬁcﬁ&ﬁf ?}%ﬁed@lt, aﬁﬁ%& W%Bétﬁ{ﬁap%g At RAci With the

#
ereln e acry ate-functl.ona p yners are
curingseeatireltht mtkoxyher sjlanelgfunatimsiabsilicgpedhteamedibtiedg form fully cured

o 553 AT S BB TRV

polysﬁckaﬂ@. of fromabout 5 to 50 percent by weight of the
al koxy- or silanol-functional silicone internediate, 5
to 30 percent by weight of the acryl ate-functional
i ngredi_ent, to 50 .percent. by. wei.gh f..the s
epoxy-f gn ct i’%'ﬁ zﬂ)mipﬂfjﬁ% PEITE l,tecg]ﬁ%ﬁall%og%%r%‘g? TR A
organ¥Bk@iic @talyfe curing agent based on the
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total weight of the conposition. 52. The conposition

as recited in claim45 further conprising ingredients
w@edoeosmsdl f rom t he group consi sting of pi gnent BCT/US2005/032755

fillers, solvents, rheol ogical nodifiers,

pl astici zers, antifoam agents, thixotropic agents,

wetting agents, antisettling agents, |ight

st abi | 63er s Thaicompesitas es @gied &, clainspewbére the destoawathte-

i nat.i ons t ereof .. 53. A fast cu
functi§hi| G3etT e‘&toﬁ‘ﬁéf ﬁlaﬁtwi H&re{aﬂﬂy@l@& Fﬁwggpﬁﬂfef}%mgredwm
react @ftFﬁﬁe' tcil?m%f WRE B amBAéht Qérﬁ}?éﬁ(mré)t% 8trh AR hefie bir@dtdde comprising
icone in er nmedi at e; h an acet oacet at e-functi onal
a fullyi ngsseldmlmdtenammea]mﬂyﬂﬂax@wf unctional ingredient; an
epoxy-functional ingredient; and a curing agent
sel ected fromthe group consisting of am nes,
am nosiskaneshekBiphiines as @bﬂédnnr&anawcdmmmgeﬁl the range of from
t hereof; wherein upon conbining the ingredients, the
about §de 50 perceat ey aight olohe plkonyr @dilapel-functional silicone intermediate, 5 to
30 bR St 1Sk PO RS ERc el Ol grcien and gt
functla@aﬁ iigradignt, heo 80 lpepcynt b3rwéaiphtasfahe épungt-ﬂuﬁftainalsingtadmme, and 1 to
internediate to formfully ur ed p?ﬁ)tectlvg
30 petegni ygvel sehefine syring 3eeat bise eemﬁtp Mgkt p ihreyomposmon
cross-1linked enani ne pol ysil oxane. 54. The conposition
as recited in claim53 further conprising an .
or ganof&t al ITihe coatpabitien abfecitdhm Cdainpﬁﬁkﬁmmnccaspmseng tngeedients

clai m 54 wherejn the acetoacet at ef unc

selectph GPEB ROy LS HUREER b Bferr Agp P ehpCIOBisal PR fers
plasti@RAX Yintithiet heaRd, HiREE QA Sothts, GRGIngMgkhts! aﬁfﬁs&ﬂ[ﬂg"@ents light

agend at anbt ent tenpérature to formt he chemi cal
stabiligensyait talease egpnts, slispgnsing aitls,\and combinatinkediewnini ne

pol ysi | oxane. 56. The conposition as recited in claim

54 conprising in the range of fromabout 5 to 50

percentsgby Viie@ampetitibhes AlckteX i clgitn 53 vhaein the acétoaredte-

silicone internediate, 5 to 30 percent by wei ght of
functippal ingeicpidipsdbegwgd chypicrliQERI8nal i ngredi ent and

acryl atefunction i o 50 percent by

wei ght of the epgiiyfq‘t%?lgtﬁl (gggﬁqln%lr edient, and 1 to 30
whergey, desdledyd fvemght gohip tchesigting dfgtca@lemolpmdpqimethd:‘reand urethane

polyme® s FshS, L HCBAOT QR HUA SRS a5 PR e Cbeing

f Singt {sebrRfl 19110 Where R lected
motlﬁﬁélﬁgggg thsmg?lgcw he fg’ﬁ%cal r?odl fiers, tere Ry is selecte

from @bmupmomnssng ahbydrogam alg:bwlsqn-waaomcgw@sa@@mggl,p to about 6
ti ng agents, antisettling agents, |ight
Carbo’%?té’ﬁrﬂl zers, air release agents, dispensing aids, and
conbi nations thereof. 58. The conposition as recited
in claim53 wherein the acetoacet at ef uncti onal .
i ngredis@nt Héhs compogidine parectpdin daim $Hpheicin the acrylate-functional

(I%HZC(I)II-IZ eR20is selected fromthe
mgrecgzrbq&]ﬁ SsTE 5 léengflalifglr‘,ﬂ)l/ I'c, polyester, polyether, and
uret hane pol yrrera{ﬁ\g@t:(d(:HQJe{]g}?is.z,3 and any
droxy-functional oligoner or_ polyner capabl e of

where] pAgselenied fromdhe s@@p\ﬁapwst[n&s@smw;/estwléeth@‘» ugeghane
polymerso 5P1d1d1hf%n’gso ??cﬁ%g'olﬂagéﬁrr B%c&oﬂa? 1& B?bemg

roup consi's ogen, Car%on co al ni
functlﬁzﬂii[aa WiMiOQOQPIdH), aherst"bbis from 1 to 10, and where Ry3 is selected from
the group consisting of hydrogen, and carbon-containing groups having up to about 6 carbon

atoms.
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carbon atons. 59. The conposition as recited in claim

53 wherein the acrylate-functional ingredient has the
w@ewenalsochem cal fornmul a R22[ OCCOCHCHIbR23 whePET/BRR05/632755

selected fromthe group consisting of acrylic,

pol yester, polyether, urethane polyners and diluents,

and any hydroxy-functional polyner that is capable of

bei ng 60unct Thoadrhaesition dshrefi@AGEIGHL, 53whimrein'the adesoaketate-

.1 to 10, and ere R23. is.se|lected fromthe . gro
functighgh QeBtis 08 AT IR RIAL SR B e ) Bapdhe group
consispAY bP chyﬁté-ﬁm@tl? i dfu&d, RER1AL- 2R i8Ral oliBEmeRTRASIatd-Rihctional

as recited in claimb53 wherein the
polymacetmboehbingiansdhdrerfal i ngredi ent and the

acryl ate-functional ingredient are each selected from

the group consisting of acrylate-functional diluents,

acryl age- f ungt toRpbsitbi SOMEItSH indedidl 68t Whdreifahé adtdbdacetate-
pol ymers, and conbi nations thereof. 6 1. The

functiomahpgsedipwiring sha aseyletsdunetianahingresiienineanenrise glymers selected from
acet gacet at ef unct i ' '
the g G PRRARE bR e G 2P Rl BEDEHE Mg Mitnddtholmens,
sel ected fromthe group consisting of acrylic,
pol yester, polyether, and urethane polyners, 62. A )
met hod6&f  nékmagod of makipecy 1§-crqSﬁﬂwﬁe%ﬂ&Fhfﬁeé&pafswysﬂoxane
i . conprising the steps of: conbining: an
Cmnp@§$%§§§%%§%§iIanol-functional silicone internediate;
wi t h apombinie:r eactive i ngredient selected fromthe

group consi sti acet gacet at e- funct.i onal i ngr.edi ent s,
acryl at e- f uﬁﬁﬁﬁ%ﬁ&l 0f; Sﬁ@?@ﬁ@?ﬂ@{a{]ﬂhﬁor}ﬁlﬂ?ﬁﬂng at?h@?&’of ;
and an epox¥n b deBARk ih%&gﬂi%ﬂ! RMctedoien Sy grﬁﬂ%b&%isting
conbi ned ingredients in the presence of water by,

addi ngatdoadetain-fuactenal ingredjents, aseilatetlvertionalingisdicgisoaisl
consi st i.ntql ofham(';(t{ges am nosi | anes, ketim nes,

al di i RESTUEHARHEY P8s t hereof : wherein during the

curing Step,anteF@qaﬂheﬁm{aeﬂfgtrédAani ngidedi ent and the
epoxyfunctional ingredient each react with the cur

in
agent , campg thesombired dngredignis ipi niesneealcvEenpy ﬁdCi%f% them:
am ne reactiVve . [ i it Lde

the ful 1y o seinfPETE ARkl BOELHE R EREHL RINLS

63. Thamikdsiiattsalsetingiaed, atilimimes laad mitArds dndrbe
conpri sing .usi ng an organonetal lic catal yst durin he
step ofVhetrip Agringthe cyy FFSPH&%EI a%%nerréé‘?“tVSdngrﬁngP‘aﬁ“ﬁwt%%epoxy"

functibhif riﬁér@di%ﬁ@ea@h' FdaBOwith BR diRinggbihieshOME sAfcoAdTRIt@Mediate reacts
tenpe 5. T hod d 62

ature.65. The nethod as recited in claim _
with théeméierresditre amgredicntaaationerodugt tdprewide dnfotly seessdimked modified
ac?to cetate-functional ingredient and the resulting
CPOXYRAYEFEane is cross-1inked nodified epoxy enami ne
pol ysi | oxane. 66. The nethod as recited in claim62
wherein the am ne reactive ingredient conprises an
acryl atod- f udeineaiadd asgeisad ién?%allalr@ furiherr eoiprisinggising an

organﬁ%lf;‘géﬁql %ajﬂsz _diursmga ’chct:ers(’?esfas’dfl clu?llr(xgd modified epoxy acrylate

64.  The method as recited in claim 62 wherein the curing step is carried

out at ambient temperature.
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67. The nethod as recited in claim®62 conprising in
the range of fromabout 5 to 50 percent by wei ght of
wWo b@oaBisoxy- or silanol -functional silicone  PCT/US2005/032755
internediate, 5 to 30 percent by weight of the am ne
reactive ingredient, 1to 50 percent by weight of the
epoxy-functional ingredient, and 1to 30 percent by
wei ght 6hf t Tk sethodgs agtetl ibelaian 62 whehen thetabinewsiagiive
) of the conposition, . . . . . .
ingredient comprises an acetoacetate-functional ingredient and the resulting polysiloxane is

cross-linked modified epoxy enamine polysiloxane.

66.  The method as recited in claim 62 wherein the amine reactive
ingredient comprises an acrylate-functional ingredient and the resulting polysiloxane is a

cross-linked modified epoxy acrylate polysiloxane.

67.  The method as recited in claim 62 comprising in the range of from
about 5 to 50 percent by weight of the alkoxy- or silanol-functional silicone intermediate, 5 to
30 percent by weight of the amine reactive ingredient, 1 to 50 percent by weight of the
epoxy-functional ingredient, and 1 to 30 percent by weight of the curing agent based on the

total weight of the composition.
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