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The present invention relates to an addition-crosslinkable epo
functi onal organopol ysil oxane pol ynmer useable to nmake a coating conposition
havi ng hi gh weather and chem cal resistance, and nore particularly, to a

weat her and chemi cal ABB[FI@NICR%'SL'['NKQ\(BIEI@%FOK? PONRTI&NKL an

addi ti on- cr osghREvOP PRI pa PN POSF
BACKGROUND ART 10 Protecti v%%é%%g?%ﬁggw In gjﬁ'Lst ri aftaegiw pngn[tO\

manuf acturing facilities, oil-drilling pl atforms and above water nmarine

applications face exposure to corrQsi I violet (U V.) |ight
envi ronnments. These environnents ﬁgﬁﬁg%ﬂéﬁ'gﬁ] to these coatings which
may require frequent repainting of the underlying substrate. These

protective coatings typ| cally include a crosslinkabl.e resin system 15

whi ch acts as a bi nder, 8¢ HAfg8h&RVeERiion, r§laigs dPo%’ququR?%@roéﬂ%@?le FROE W

addi tives andﬁl‘ﬂ@t‘idrﬁ[‘@rlzaﬁblﬂfﬁ"l%ane-ﬁﬁf‘yn%(ﬁ§e°a|bIerIB%?il@ 28R SHBOGHAS KRR | Y
conpri ses one resin, but ‘nmay also conprise two or nore resi e resins
whi ch have be@ﬁhtw@th@| and gbesuictloresisiapse anpmocaprvisslagly e thaswdatber e:pcbxy
resins (aro Al r ahl ne

silicone al E;a/{ e&‘ﬁ%}g%ﬁéé@g%geﬁ% %(I &éﬂxﬁb&%@@pﬂé}n u‘maaladQlolp’%oéﬁt%l iaeb 298" on
aromat i ¢ epoxfuncesiaherganopolgslcxenephlamee resul ts when resi stance to

chem cal and corrosive environnents are necessary. However these coatings
often fail when exposed to UV, light, such as that found in sunlight) and
tend to chal k when used as a t opcBAICKGROWND ARTappl i cations. Coati ngs
based 25 on aliphatic epoxy resin react rel atively slowy, but are somewhat
| ess susceptible to aems.om- ~e~, ~e~, ~.,.~. a~."0. ~ i~~t~tm~ i n~u~~vn 3
0 MAY 20@2 Coatings baseﬂamww@ahﬁ@egséaav& Qﬁ@ﬂnh‘ﬁ@&n%@xﬂl then@RRbiGAt | on
requires corrosion resistance and weat her resistance wth an anbi ent cure
response. Howeagities t ¢ikdellingt patfenms and abgvh waigs maging @ppkications fice gapesyre he
possibility SO e EYARARER RN ey
are general | 3{ hél‘gér |}n vol a%}?figfgg({] rllflggpconponengse?%enw&%gaﬁ (r)]gésrpbased
on silicone a¢a|uy¢jbarhawethtseenatueedvtﬁcmma)pmquuatfneqmt repgumting nfytha nndertyiient

cure schedul e [ i@ rOV|de
good U. V. i gﬁaog?aetgi %ﬁ%%g% % &1 ﬁact{éﬁ?ttfpc%nl?gpﬁggie? }Osglﬁ&g@e%@(? St
siliconesit awhimhusefasl a bmdehlaglmrtimeper at, urcarossemkmgaalgem) ﬂ}bjwadémves mnd he
presence 10 of water. and h g | i cone-al k D I br eak ,down
o Tte star R g CUERE s dLe cramhe <R S YRSl KPRPRH Protsiih fib o

oxi di ze and f@amawatcmpeistlbhe op eloréedsins. Chiad teBi@s wWhacehve ibesn typmnsa used
pol yesters are used for baking enanels in which hig

erat ure and

weat her resi sto&n#ess saﬂplll‘ﬁ%)tfct“énf‘fe Ratdvep EPRYY AFRS gﬁarﬁf"é i g ﬁ%“c)
reversibl e reagideRdarion §1hr|abl%0'i)8ry’§héf%ﬂ§s Whicehe I ARYHst Surethahdle afner gRcbmn 15
of polyester and silicone polyners. Recently) coatings forned of
i nt er per®® r at PAlIGESRISor ks (I PN) contai ni ng pol ysi |l oxanes have been used.
These pol ysil oxanes utilize the al koxy functionality on the silicone to
crosslink, and often require a noisture curing 20 mechani smand a high
ener gy pre-hydrol ysis s€eptingfhmases momwitncie@nzsy mynsaprgudc @creptadlearashigh
degree of al kg fun I si l.anes I nts,
which. after BUFT ARl O shbe i forD T PR RS S b RALs SRRer

these coatings often fail when exposed to U.V. light, such as that found in sunlight,

and tend to chalk when used as a topcoat on exterior applications. Coatings based

25 on aliphatic epoxy resin react relatively slowly, but are somewhat less susceptible to
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damage from U.V. light then their aromatic counterparts.




al cohol as a byproduct. In addition, these coatings will tend to winkle if
a good cure is not achieved throughout the film due to a continuation of
the cure after 25 exposed to noisture and heat (sunlight). The bybl MAVEN02
are normal |y nmet hanol, however in sone cases butanol or propanol can be
present. It would be desirable to provide a coating conposition which is
resistant to corrosion and exhibits U V. light and heat resistance as

well. It would al so be s'.r ble to _pro atin tion.whi ch can
be used in | ow VOC 30 f ﬁiij?%t %“ﬁas Ot Hesb@aVFo‘% Lg‘fcgd"r%&‘ g 2BBISAR s
which are con&qdeee@brmrbm&mradwsnca%am@ desis@ideSwich bin WRBIG: Berefre§fones.
desirable to ﬁr ovide a coatin 0 MAY 2002 conposition which the

ci ossl i nl ci ngTAEEKENTREIF matgsia ?%T%ﬁelcpys%‘i‘ffe%léﬁbq o8¢ ¢usdethopossiiléy wifimiRute
renders no oraheNRE obYreR! ul I

silicone r§poI yarlrer S. §~B§C£%%¥§ﬁr${a%s¥@ INl;jllo%%\\?lgILI%ll‘!@;’@]c glIjl%l g%ﬂ%‘aﬂ? h‘%'%rlggﬁ?&i?ﬁe

i nventi o per®@ipis companerpdX P sinct i onal or ganopol ysi | oxane pol yner, and a
nmet hod of maki ng the sanme. The present invention also pertains to an

epoxy-functional organopol ysil oxane coating conposition conprising the
epoxy-functional organo@ohysds tasad@npilicomeralkyaischade rméﬂnmdecbfornajpihagldrhe

sane. 10 The e funct onal opol ysi.| oxane polyner is pr rably a
mldly crossl T‘ﬁ% ﬁ"ge?fbw 'IeBhE"trFég%ﬁ% %rﬂérf&i%l‘%elrgﬁ BnESEREFh ﬁtﬂ’ BRI ns
repeating unijig &‘J"}bt@)bxc@ oaew @«Ctl t fds RNt SndithdeS c&@d{hmeztv@al Ionoul @¢:

EQROR~SI O~ (M uni ts) R~S D units) EaRbR~-Si O o’éT units) z SI04°(Q

units) 2 \Aheré’FhS‘ECP%e &ﬁlsemiﬁouﬁtahlt@ﬁafrm@m regiskapes- odaWBYH, gwbapresence

contai nifg on g . t
Girect |y bonac R RELOE, SHOTE s CBbIEE, iR P A 3o I o

i ndependent | ycemmnents. hQdeothay pasurs dgtaliodaliil-cantinue spexiiéat addt form water-
het eroatom i &hulﬂg pa’yﬂjréps.sé(o\nu%§ ba@:ﬁ n@%coh& B%lglgs(?erg Qe used for baking enamels

in which high temperature and weather resistance is important, however they also
contain the same reversible reaction as silicone-alkyds, which results in the formation

15 of polyester and silicone polymers.

Recently, coatings formed of interpenetrating networks (IPN)
containing polysiloxanes have been used. These polysiloxanes utilize the alkoxy
functionality on the silicone to crosslink, and often require a moisture curing

20 mechanism and a high energy pre-hydrolysis step. These compositions may also
require a high degree of alkoxy functionality on the silanes and polysiloxane
components, which, after curing, will have a high VOC due to the evolution of
alcohol as a byproduct. In addition, these coatings will tend to wrinkle if a good
cure is not achieved throughout the film, due to a continuation of the cure after

25 exposed to moisture and heat (sunlight). The byproducts are normally methanol,

however in some cases butanol or propanol can be present.

It would be desirable to provide a coating composition which is
resistant to corrosion and exhibits U.V. light and heat resistance as well. It would
also be desirable to provide a coating composition which can be used in low VOC

30 formulations and can be formulated using solvents which are considered non-

hazardous air pollutants. It would be further desirable to provide a coating
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ooolririr -6, -s-, -NH,-GO. -OCGCO~-0SSO0OC0OCOQCOIL 1L 011 11l
1M -oc P o, -0S5S0~-NHGC.~-,\HC O and, - N\H G N:I il
Oais an integer of 0) 1, or 2, preferably 0 or |: 5 b is an integed0JMAYGH02
1, 2 or 3, preferably O, 1, or 2; c is an integer of 0) 1, 2 or 3,
preferably 0, 1, or 2; and in Munits, atb+c=3, in D units atb+c=2, in T
units, at+b+c=l, 10 with the proviso that the nol ecul e, on average, contain
at | east tm‘:‘ﬁ“%%%hwh@ th@rpésllﬁk@gérﬂeébwsraﬂﬁ RO anrasditeiaieadon. gnd

hydr ocar bon p r I evien nore
preferably ag@% }fﬁﬂg @og tg&gfgipo%@ﬁ %?m q%l%%gf @g‘%q é?f@?cggm%pyl

| O~ (O%I-O%Ctihﬁﬁﬁrézﬁtlyﬁhﬁ ) Preferably) the R and RZ are individually C." a
al kyl, C-zO aryl, C . g 15 alkylaryl, C _,$ arylalkyl, CS_"Z cycl oal kyl,
C~_"~ al kenyl, glycol, epoxy (provi ded that -4 30 I\/AY 2002 the oxygen
atomis not bonded directly t xy. C __~, unsaturated
hydr ocar bons such as vinyl) a F@?ﬁbﬁm$ M§3§g}g\gnyl and termnal C~., ~
al kenyl . al kynyl, vinyl ether, and allyl ether groups. Mirre preferably, R~
and R - _are |ndependently met hyI ethyl) vinyl. 5 allyl, nmethoxy, ethoxy,
and pherdyl groups. If Fh Bni PIESate H’r"é%ﬁt‘ RER@ Dl &Q Ul 40 nEPOELHERAPN3E f or m
si | sesqui si | e |o S i ng
composi T on Cur AT aaR P DI, DIRRER b BRIC ok Wb S TR BrERa
group of theinvestion tadsqorpariaies atoc gat |epgx3wﬁirxctioh$l wegdnopplyaiidxd@ cheaunngal
resistant. ol ysi | oxane eties in the resin render the cured oat i ng
resi st ant to%ﬁ&m‘( %(tm%fﬁsdnggféﬁ ep‘ﬁ‘és‘%’r‘“ l PER &Bﬁﬁé ? ﬁ?f}lyl;pﬁ 12R7ENTI ON
The coating meumds:lftntatkﬁhgoﬂqetshmepresent i nvention conprises a binder and a
har dener. The coating conposition may al so conprise flow additives, a 15
crosslinking reaction catalyst to increase the rate of reaction, pignment to
i mpart jgol or to the coghd ragoxysmrtchagala&%@t@mﬁ%mﬁepmmetI@rp%efe%l?werS

and inerts, and other commobnly used coatin onposi tion i ngredients,
Preferably, TPH@Y%%LSI‘W&%@H&)@W‘SW@&PEPP é%‘loéb%tesﬁ’oartd(f%m regeatig ght
per cent bi ndgiits viddeleareaBlected ft@h ahe wBisghdvigd the Ferme@ad;i ng conposition. Mre

E,RIRLSIO, (M units)

~

E_RIRSiO

N}

(D units)

[N

E,RyRZSiOy (T units)
2

Si0, (Q units)
2

wherein E is an epoxy-functional C, ;; hydrocarbon group containing one or
more t)xygen atoms, provided that no oxygen atom is directly bonded

15 to a Si- atom; and



20 preferably, the coating conposition conprises about 25 to about 50
wei ght percent binder, based on the total weight of the coating QMAYZUUZ
conposition. The binder preferably conprises at |east about 80 weig
percent solids, based on the weight of the binder, and nore preferably, at
| east about 90 wei ght percent solids. -5 3 0 MAY 2002 The bi nder
preferably conprises a mldly crosslinlced, addition crosslinkable
epoxy-functional oreanopol ysjl resi e nt aj ti its
whi ch are sel ected fromRt h%ﬁunﬁg??hlég?dﬁgd%fev Eofcorfﬁ? %@%ﬁ@sﬁ’@%’wf
units) EQRbR~SI O (D unima}pdraddokiith SitSterdatorninksyz GioMp sd® dsnbtisnor2invkelr ei n
E is an epoxy-functional C, ,a hydrocarbon group containing one or 5 nore
oxygen atons, provided that “no oxygen atomis directly bonded to a Si-
atom and R and R2 are independently a C, _zo~ hydrocarbon, optionally
interspersed with a heteroatorn |inking group such as, but not limted to,
|1

ooolri1ri1r -0, -$) -NH,-G¢O0,--0CG0O, -O0OSO, OOCOCOOII 11
M1 -0 P o ,-05-0~-NH+GC ~- N G O and, - \H G NH; |
| O10 ais an integer of 0) 1, or 2) preferably O or I; -6 3 0 MAY 2D02
bis an integer of 0) 1. "? or 3, preferably 0, 1. or ?; ¢ is an integer of
0O, 1. 2 or 3, preferably 0, 1. or 2; and in Munits, atb+c=3. in D units,
atb+c=~, 5 in T units, atb+c=1, ﬁ |CI) ﬁ

— 00—, —S$—, —Nj—,—C—0—. —0—C— 00— —O0—S—0—

i i i i i

—o——P—o——-o—lsl—-o—— — NH— C— »— NH— C— O— and, — NH— C— NH
0

a is an integer of 0, 1, or 2, preferably O or 1;
5 b is an integer of 0, 1, 2 or 3, preferably O, 1, or 2;
c is an integer of 0, 1, 2 or 3, preferably O, 1, or 2; and
in M units, a+b+c=3,
in D units, a+b+c=2,
in T units, a+b+c=1,

10 with the proviso that the molecule, on average, contain at least two E components.

E is preferably an epoxy-functional C, 5 hydrocarbon group, more
preferably a C, ,, hydrocarbon group, and even more preferably a C, ; hydrocarbon

group. E is most preferably glycidoxypropyl

/O

™~
(CHZ"—C HCHZOCHz(:HgCHz—)

Preferably, the R' and R? are individually C,.; alkyl, C¢y aryl, Cy g
15 alkylaryl, C, ; arylalkyl, Cs., cycloalkyl, C, ; alkenyl, glycol, epoxy (provided that
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with the proviso that the nol ecule, on average, contain at |east two E
conmponents. E is preferably an epoxy-functional C, "5 hydrocarbon group,
nore preferably a C3_", hydrocarbon group, and even nore preferabl%ﬂaMwﬂﬂ?
hydr ocarbon group. E is preferably glycidoxypropyl /O~
(CHI - CHCH~OCH~CH~CH, -) 10 Preferably, the R and R2 are individually C _,8
al kyl, C6_zO aryl, C,_"8 alkylaryl, C, _"g arylalkyl, CS_,Z cycloalkyl,
CZ_" g al kenyl thegixygen atogp@xt beidedidded:ld bad Stdtempxg gealkekpnti s ugiuheded
directly to a_Sj-aton)) C _, 8 al koxy, C~_ZO unsaturated hydrocarbons such
as vinyl, allly ,f%arfgﬁ%wh ap gwnloqdb/iymroawl-tlé@mmylenitemmakgmwa,lkmvkynyl ,
vinyl ether, & |1y r..ar = e preferably, R and R - are
i ndependent |y Eg‘i"ﬂw , yé?ﬁ??.,angiaﬁfyf?thg{ ?gldz\'{?;net hoxy, ethoxy) and phenyl
groups. If T units are present, the nolecule nay contain or form
| sl Lvsi . Tt
ot ganopol ysi | oxancs. may MEHEF ALt AT, Lo PARETGHEY TBHAY 26T otige!. such
as trial kyl sihiyl, ndtrixyy bbbk anadydhengli @blpd. al koxysilyl, al kyl di at koxysi |yl ,
di al kylvinylsilyl, and the |ike. The epoxy-functional organopol ysil oxane
resin preferably conprises |ess than about 15 nole percent Q units, between
ercent M uni ts. and s {hon amog Pg ity e SRE B Sl b
s, and . 10 _7_ _ nol e percen
units. based ®ifsesdiasiiosangs, andrpelysibfesqripxanes fromhdedpuits- f unct i onal
or ganopol ysi | oxane resin. Mire preferably, the epoxy-funcnonal
or ~anopol ysi | oxane resin conprises | ess than about LO nole percent Qunits,
bet ween about 45 and abd@ut c8ftimgadoenpoeitivarcures througls thd @ssslinkimg oibioaigépaky nol e
percent Munits, and le t han bout 15 nol.e percent uni.ts ased on
Phe total nunbBEPERNfoF s B9 A BPEAR 1R oF IR SaRoBuFD Jb HsadiE S6ei
Most pr efer abépemitileesipany - Thengdly Sitlan® b@tiep @l yeirksx aeRier €igd Cure® BPAtinges
about 70 nole percent T u?i%s rﬁg%)@ about 30 nole percent D units, based on
the total nunfSPEsE ) ¥slight 4 boxy-functional organopol ysil oxane resi n.
10 Preferably, the epoxy-functional organopol ysil oxane resin has an al koxy
content of |ess than about 20 weight percent, based on the weight of the
epoxy-functi onal orQMNQQFOQQ%SCWHN%HT&EMWDWI t han about
18 wei ght percent, and nost preferably at, or |ess than, about 15 wei ght
percent. The epoxy-func&ilhonal or ganopol y;)ié{m?xane resin is preferably a
liquid 15 having a nol edbk apatingi qpmpositioa e Beent dnvgbtion cENPOLS artonder
preferably ab T a 0 gﬁg- S ref e about . Lhe
vi scosity of ?‘#}eaetbag%n%f uggﬂ[.&iI 8%%8%0‘%09 ob‘!ﬁ?‘ yénla oafg%)né&? es{?enﬁﬁg %Ardgtg‘gersa-bgl y
bet ween Ebout ci28dinkihgdittiopsataiyshiotihereassshe mtedEreaatbn; aipgeenbed ingpart color
or ganopol ysi | SR HadFang i e M MRoruetiths SRE 3R 88 ¢ han
about 25, 000, commenpnatecaiing doagmsitivaringdedistits20, 000) and nost preferably
| ess than about 15,000. Wen the epoxy-functional organopol ysil oxane resin
is asolid, the resin is dissolved in a suitable solvent, such as xyl ene,
tol uene, and other suit ppdferaBlyOMRe Edating composition comprises about 10 to about 90

weight percent binder, based on the total weight of the coating composition. More

20 preferably, the coating composition comprises about 25 to about 50 weight percent

binder, based on the total weight of the coating composition.

The binder preferably comprises at least about 80 weight percent
solids, based on the weight of the binder, and more preferably, at least about 90

weight percent solids.



ket one and ester solvent for making appropriate coating conpositions. 25
Wi | e the epoxy-functional organopol ysil oxane resin nust have at | e?ﬁtMAWﬁﬂZ
epoxy groups per nol ecule, preferably the epoxy-functional

or ganopol ysi | oxane resin has three or four epoxy groups per nolecule. Mre
preferably, the epoxy equival ent wei ght of the epoxy-functional

or ganopol ysi | oxane _g_The ~binddvhprefavatryr esnprises d mitdhe oresstiaked, addititn-
150-1000 with tgﬁgprzefserred {ange bei ng about (200-600. The epoxy-functional
or ganopol ysiqf8% 3DEs| Fp B - melipRals @rEanappdrit osanrayeshe MeyeRsBAR@INSHY t he

f la: O R . R~ . N | - R-SI-085- Si-R CH CH I R ~
ror 2 O SR it bre seleotea B fid s Sl Rehe P, St ()

i nterspersed with oxygen (provided that the oxygen is not bonded to the Si-
group) and arylene groups; Ry can be independently chosen fromone of the
fol l owi ng groups: alkyl, aryl) &ife§aSOgl ycdf ynial koxy (C,-Cg), and epoxy
(provided that the oxygen is not bonded to the Si group); with n being
greater than or equal to 1. 10 The epoxy-functional organopol ysil oxane
resin of the present invention nay be prepared by any known nethod and is
preferably prepared by reacting.an_gpoxy functional silane (i.e., a silane
having mninmally at | east one e%&@csggbup @e‘t‘“"ﬁ)ol ecule) with a silicone

pol ymer. Suitable silicone polyners intlude MD, T, & Qunits as are known
15 in the art and preferably have a nol ecul ar weight (MN from about 300 to
about 15,000, nore preferably from about 1000 and 2500, and nost preferably
from about 1000 to about 2000. Prghkesably f)ﬁﬁwiéj | i cone has an al koxy

equi val ent wei ght of about 150 t°about 800, nore preferably about 200 to
about 600. -9 3 0 MAY 2002 Suitable epoxy functional silanes are
represented by the formula: R R-Si-R R

Si0, (Q units)
2

wherein E is an epoxy-functional C, ; hydrocarbon group containing one or
5 more oxygen atoms, provided that no oxygen atom is directly bonded

to a Si- atom; and

R' and R? are independently a C,,, hydrocarbon, optionally

interspersed with a heteroatom linking group such as, but not limited

to,
i 1 i

— O0—, — $—, —NH—,—C—0—, — 0—C—0— ) — O0—S—0—"

i I i ] i

l
——O—P—O—,—O—ISI—O——v—NH—C—— »— NH— C— O— and, — NH— C—NH;

O

10 a is an integer of 0, 1, or 2, preferably O or 1;

-6-



wherein RS are one of, or a conbination of, the follow ng groups al kyl
(C,_"=)) aryl (C6.9), vinyl, glycol, alkoxy (C,_ =), and an epoxy 30 MAY200?
functional C,, g hydrocarbon group of the formula R6 - E wherein E
conprises an epoxy group and 5 R6 conprises a C "8 hydrocarbon group) with
the proviso that at |east one RS conprises R6 - E . It should be noted that
the R6 hydrocarbon group may optionally be interspersed with at | east one
het er oat om | i nki ng gr oup is@anntgger Y lndton I.mreteertdn0. 100t 2:5-) and - NH)
provi ded that no heteroat; | i pki rOYp, i i o.the, E 10 group.
R6 preferably conpri sesea{pai&%ﬁ%r@)éaf%&ﬁ r%%ﬁoﬁggdih%[ts? %)Araef erably a
Cs_6 hydrocarbon group. iPMeheitahl-4h+863< E is gl ycidoxy propyl , 0~

(CHI - CHCH, OCH~CH, CH~-) . .Pbeferabl%/, tkle) silane has a nol ecul ar wei ght from
about 100 to about 15 739D YWFe HFRF&Fabl y about 150 to about 500, and nost
preferably about 180 tojglpaiHis320-pFheSilane preferably has an epoxy
functionality of fromabout 1 to about 10, nore preferably 1 to about 5,
and nost pr ef #HEENS PEDGIE: that thymolequienpa ARIagH CANREXE! 16asHEYP Eri@mRopess. from
about 1 to about 10, nore preferably 1 to about 5, and nost preferably
about 3. 20 The types of silanes used wll determne the final application.
Preferably, the silane iEsisgprpfegibjyiad@pypy-ngtisndlgha s hudiogarboh-grauml kosey

groups. A -10 2 ferr i j

T oloi doxypr BissE P RS roy SR aRoR . Aat B8 kdes peferpblya Crargiropen
silane is y-gbsoupdoXypprefachblyightdidokyptdpahe (bl acker GF-82). The use of
y-gl yci doxypropyltriethoxysilane will incorporate covalently bonded epoxy

functionality w thout having a hydrolyzable Si-OC bond. The addition of
silanes or 5 polysiloxanes that contain alkyl, aryl, or glycol substituents
wi |l increase the conpatibilityand high tenperature resistance of the

pol ymer. The silicone pol )&%h—aﬁbiqwéﬁe&bggﬂmm)onal silane reaction is a
condensation reaction and takes place in water as is known in the art.

Pr ef erab)lr{{, a sufficient amount of water is provided to result in the
epoxy-fuHttional 10 or g&XmfpubisitheoRaned Reaiedngiziduaby & sl kdx frs.odiyle fb. 0f

I h b i f

| 255w an aboui RS Gy RRYER.) RGRCR! ] SRRBNY LSS, Y Aholcs

percent. Wil thetdxggén ader ismay bemuled disetiyl @0a fratoant Cof; atkoay efox wnsammtddonal
lysil i he. hi f L nel C i i

educerche 15ntforabEs sp ar RS, Sop S aeatob i SRS R Cue FERYF 1 °

pol ysi | oxane algghyl, ivinybeedendndi atlyt behebirudips. i n an anount of about 5 to
about 75 wei ght percent of the total weight of the binder. Mre preferably
about 10 to about 25 wei ght percent, and nost

15 More preferably, R' and R? are independently methyl, ethyl, vinyl,

allyl, methoxy, ethoxy, and phenyl groups.

If T units are present, the molecule may contain or form

silsesquisiloxanes, and polysilsesquioxanes from the T units.

The organopolysiloxanes may be terminated with conventional end
20 groups, such as trialkylsilyl, dialkylsilanolyl, dialkylalkoxysilyl, alkyldialkoxysilyI,
dialkylvinylsilyl, and the like.

The epoxy-functional organopolysiloxane resin preferably comprises
less than about 15 mole percent Q units, between about 30 and about 100 mole

percent T units, less than about 40 mole percent M units, and less than about 40

7-



preferably about 15 wei ght percent. Preferably, the acrylic resinis
present in the binder in an anmount of about 25 to about 95 wei ght %@3@?@8
of the total weight of the 20 binder, nore preferably about 75 to 1
wei ght percent, and nost preferably about 85 wei ght percent. The acrylic
resin may include) but is not limted to) those resins produced from one or
more nononers such as nethyl nethacrylate, ethyl nethacrylate, propyl

met hacryl at e, MA@ Patopnt Rettiac bydedtan thandiahabubegd ofreokacfythaepox2BirSticmal

terial : el bl ends. A ti |
I G ENE T R TR AT TR T
preferably supgdin esmprisepedsh etas ad6@ IBmOieREIHED units ObedMbait ARt P5 2B absur

bei ng m xed wi hh t he epoxy, functional siloxane resin. The acrylic resin my
cure through GRAPAlesreangi ey loys hanpbaeht Bolg gercenpMerpiiaAng lggscthanot

have any §uncthgnajs gllrofé“ Scd D %g?.s'as!eél BKItRY toral RurHbdddE I%QQF of e Qé‘éxdﬁner

conponent is preferably present 1 n the coating conposition of the present

i nvention in dwnciieoaintorgdnopblysiloxane oreatmout Most weiefgrablyerbenepodyaadtionl t he
total weight j ition, I fer he_ har dene
conmponent is %&%atsngﬁ?&?ﬁ&{aﬁg rgsggt% ?%8”5605 bc?gl{? t7|80rﬁ51§fpe{(fa1&2’|[)g}léé’gsn?n |’n£?8HE ?%n 5
in an anount ofolalperten8Dtumigbbiked bh wheitgiat npraberesft mnolea of dho Bpdtyefinotiédal

wei ght of the coatin .?ongositi on. Preferred hardeners include, but are not
linmted to, ar?rgadWBc’lg?‘ YaBohBihat i on of the following: acids, for exanple,
phosphoric acid; am nes such as aliphatic am nes; aliphatic am ne adducts;
pol yam doam nes; cycloaliphatic am nes 10 and cycl oal i phati c am ne adducts;
aronmati cl@nines; al kyl JdneigsEdin ths eROXyLHBELORAL OFEaREPPYYEIlANAAR JGEA; hasaami ch
bases; ketirniai&x) SRLohBETQXhadhOMR2PlvelgRAPEREnSRAXN R (& WISt the

pol ymers; mercapto- and phospho-contai ni ng conpounds. A preferred hardener
conponent congpPRefingtiondl (argancpaliisilaxange resine moreyprefarably kesvithen abertatii ve

hydr ogens, whi_ch IH§¥ i o], wn-p i tw 1.00si | ane
15 having the “geg%e afé%ﬁfj?a#gﬁéé& %Pe%?raﬁ%%b ér mﬁ%%#hgnﬁiutm%H a%%a%g wher e
"a" is equal to one) each R is a difunctional organic radical

i ndependently sel ected f4om the.group ,consisting of aryl. alkyl oo

di al kyl aryl) al koxyal kylfhee?ﬁax%'y c@gﬁ%ﬁrga}rggpfggﬁ%%angﬁ%s\fr\}\bseprrg%bl%gr%lq\nféqy
w thin eagh 2Bav¥ingoal meletlar waght of vt OO tebomas®00r nobiré pesfenably sbiodt 7350
limted to al kyl) hydraoxal kyi, al ko | kyl an drgxyal koxyal kyl gr oups
contai ning | eé% "’%)H%gé@éula“ irﬂoséaﬁrﬁé#%éx 6‘LPEL.“ g&(ﬁ"eé@? Yi’B‘Eﬂﬂtyd?é%’Fo gut
1.2, and pref glimbbtalale@iHopOlydildxate ¥a|nS8 peeferhbigBefieearabait@aD-1, & dpe wakput
0.5, and preferably about 0.4 noles of ami nosilane per equival ent of epoxy
rnay be presefite Masypiatertsd Jangs beingnbd@8Rt20.098 opsef erred ami nosi | anes

i nclude, but are not limted to: am noethyl am nopropyltriethoxysil ane,

N- phenyl am nopropyl tri met hoxysi |l ane, trinethoxysilyl propyl diethylene
trianine, 3-(3-am nopheddxy) prlessy| praferred hosmbadimgae) the  epoxy-functional

ami noet hyj am BP%B&'[@J@&%& CLJied DQXNA Shd BR€a o1& BIAOSLBM] 581ess than about

am nopropyltri's et hy exoxy]si I'ane)

N- ami nohexy| a@iSii9)r owyé preferatilidosy stiadnabeut3.00d and inofpriefeogrp fask than about

trisfmethoxy] I%tdb%XyW%L:rll ﬁxneee'poi)ll-%unctional organopolysiloxane resin is a solid, the resin is
dissolved in a suitable solvent, such as xylene, toluene, and other suitable aromatic,

ketone and ester solvent for making appropriate coating compositions.

25 While the epoxy-functional organopolysiloxane resin must have at
least two epoxy groups per molecule, preferably the epoxy-functional
organopolysiloxane resin has three or four epoxy groups per molecule. More

preferably, the epoxy equivalent weight of the epoxy-functional organopolysiloxane



3 0 MAY 200Z O her preferred am nosilanes are difunctional silanes that

i ncl ude am nopropyl tri net hoxysil ane and am nopropyltriethoxysil ane. ,ﬁ

di functional aminosilane is desired because it has been found that StthMAY 2002
conbi nati on of an am nosilane having a reactivity of two, i.e., having only
two am ne hydrogens) 5 reacts with the non-aromatic epoxy, also having a
reactivity of two, to forma linear epoxy polyner that displays inproved
weat her abi | i t yesiiSlsch tipy @hgs begboai STe 00N 12 e HRSE Had BeP beIE @Bout 200-600,
epoxy- pol ysi | oxane conpositions that) when applied as a subStrate coating,
exhi bit superior weatherability in terns of both color and gl oss retention.

Speci fic exanples of 10 ef ] 1L NGS| i cK I ,
ADDI D 901 ) Dow 6020, o FERE ﬂ@ﬂbﬁl%@@?w ﬂf}}fgg‘? r%ﬁ 2?1@%))??%%39
A1387, and Y9&BZNJ0 maydreaapeestdied butle imulae crosslinking reaction, a
catal yst may be used. If a catalyst is used) preferably it is present in
the coating conposition in an anmount of up to about 5 wei ght percent, based
on the weight of the coating 15 conpo ition, S&Jitabl e catal ysts are

hydrochloric acidO(HO), sulfurRc ac d{4( H~ and pot asgi um hydr oxi de

(KOH) . Exanpl es~4f Btgﬁ_gr sui f3abl ﬁ catlallyst sli hcl gge co uﬁﬁ cont aj hi ng
alum num zi nc,cﬁhng Sse, }{rcoli—uﬁ t%’[—é. ifum cobalt)'fro ?{ZI ead SAd tin.
Sui tabl e catal ysts may al so incl gtle of génot j nrtat al ysts. 20 Di butyltin
dilaurate, dibutyltin diacetate, orgahotitatrtates) sodi um acetate) and

am nes, such as aliphatic secondary or tertiary polyam nes including

propyl am ne, ethyl am noethanol, triethanolamne, triethylamne, and
met hyl di et hanol am ne which may be used al one or in conbination. The coating

conpositign al s@ i nclude flow, itiyes anpl 25 of suit bleaflow
adar 1 vess | nertat R ges Ethqsed B Rk 15 G FOBBRMD Ry Rerdd MifP der 1 ¢
fl ow addi ti vesgprohided kimwtirdky gi:NBSlO?blende&Sﬁm Si-ghmp)mamerwg&sepﬁ; R"az}) he g
coating conposition in nount_ o ess about 8 wei ght percent, base
on the total i‘B&?PeB?e’t%&ec =y if%“@ﬁﬁﬁgsé‘FﬁgHQW%r%mﬂP%f%Pélbl Py ls vyl

addi tives ar e gpjc8saMtoxyCltg),cRaths 5Ra&d thaOhe bRy 2eh id ABUBYnded b 8RSt han
about 5 wei ghtg%er centx',yr(arljd@2 13 b3}‘£‘J)’0€p(-{‘l\/10\Y 2002 rmsty%érﬁef erably about 3l

wei ght per cen€roupaswish grbainggregies thapedrgguald® k-he coating conposition. A
preferred coating conposition may conprise up to about 50 percent by weight
fine particle size pignment and/or aggregate, based on the total weight of 5
t he coatlthg conposi ti on.Thesiepgxyyfungtienal t peganegolysloxers meyinwef gthe fpiresent

particle size.pj n r i i jtion
Phat st oo vibeaEr "t Besdeet 6RAE oDahRLERY ofifds BEARASE, BrebOTHL. °F
pref erred coat¢asgng empmsdytfuncriomalysilanerfire. sesibppe havingratisinall? @t jpestoea teplyy

wei ght fine particl e H§i ze l%g‘grtﬁgat e and/ ﬁ/r €:pi gnent. The pignent and/or
aggregat e ingrgé‘ﬂ‘lpe?ﬁ S ?}g% ] leﬁOB?RP éntrhe conposition are sel ected
froma fine particle size material, preferably having at | east 90 wei ght

percent greater than 325 pesh g S. sieve sjze. i I i gnents may be
sel ected from organic a%&“f‘thlﬁrs I6Qne PRlymgFS Hicg‘\‘?ﬁiasrs\?ﬁggl@ol'?ﬂ&}s ?%Eﬁeulﬂéwn
titani umsli oxiiglene £2aR@Pretbask) hdvarP Rlofekiar Z¥eight QMW from about 300 to about

15,000, more preferably from about 1000 and 2500, and most preferably from about

1000 to about 2000. Preferably the silicone has an alkoxy equivalent weight of about
150 to about 800, more preferably about 200 to about 600.



natural and synthetic red, yellow, brown and bl ack iron oxides, toluidine
and 15 benzi di ne yell ow, phthal ocyani ne bl ue and green, and car bazoiiMA
violet) and extender pignments including ground and crystalline silitq, Y 2007
barium sul fate, nmagnesiumsilicate) calciumsilicate, mca) m caceous iron
oxi de) cal ci um carbonate, zinc powder, alum num and alum numsilicate,
gypsum feldspar and the |ike. The amount of pignent that is used to form
the composition is undebwtabteceposy fangtionalepianet arg represdne=d2 partbimulhar
conposition application, and can be zero when a clear conposition is
desired. The pignent and/or aggregate ingredient is typically added to the
bi nder, and nore preferably the epoxy-fupetional organopol ysil oxane resin
portion of the binder, and is dispersed |'th a Comes mxer to at least 3
Hegman fineness of 25 grind, or alteatiyelp’is ball nmlled or sand nilled
to the same fineness of grind. Selectioniof a fine particle size pignment or
aggregate and dispersion or mlling to aBout 3 Hegman grind allows for the
atom zation of mxed resin and cure conponents with conventional spray

equi pnment) and provi des mopt h, uniform surface appearance after
application. -14 3 0 \Kﬁﬁg% A Y all AR 5’§1i°[6}i &'ﬁ OliWing groyps alicy

i nvention ar éCggheail |(LsL0wisyloudicot] alkosit(C (.haknd haYeRh RACESHAYC, ,
applied) if q‘[e¥ i re&@dlmthou t he addi ti 3_:{] of a %Ql vent. However, organic
sol vents rmy BEUARAST §18uP H%Pha Qrmyig Rz & (VBTG SHTBPTISAAN GPOXY g19up and

el ectrossat i RsEumayri®dui mgﬁhy&bcmoh NR6GY.E whth O¥e ??Qvik@}(ﬁiﬂ f9eaftdom RS
appearance when applied by brush, roller, or standard air and airless spray
equi pment . EXEmMPrEeyRsobvents useful for this purpose include esters,

et hers, al cohols, ketones, glycols and the like. If desired) up to about 50
percent by weight of solvent can be present in the coating composition,
based on the total wei gihshofldbhaotdathange RShydsicaiton. grove fray aiptipnlly be t he
range of fro 1.0 i ihc_solvent is
used to conf g}rlt?hpsﬁg;sgeé\%ghn%é%sgﬁﬁ%gg%f%ﬁ%%gw ?’ﬁ%‘l&épgg/uecﬁln%t ﬁlré[grgogtlgﬁ?e of "t he
vol ati | e or gafi,cSeomdodit, eriddddorhat nd hetesmaaim higking rgposg isi adienf totthe E'

present ,jnvention y sQ,cont ai.n _other . Theol ogi cal nodi.fiers

b1 ot t cier o Erafi FoprREBAT EohFHiTe h ot eGPl Pt A G Bt s sl o)
bi t um nous angl asmdbedattbon gosugnders, antisettling agents, 15 diluents, W

| ight stabilizers, air release agents and di spersing aids. The coating
conpositions of the present invention are supplied as a two-package system
in noisture proof cont ap@&rrgblyme-}ga@@g@id@QﬁFajﬁys t he bi nder) any pignent
and/ or aggregate ingredient) additives and solvent if desired. The second
package contai ns the hardener and any optional catalysts or accelerating 20
agents. The coating conposition can be applied by conventional application
t echni ques, such as by brush, 4oll or spray. The conpositions are intended
to be used as protective coatings for steel al vani zi ng, al um num
concrete and ot her substraﬁ@gzmcﬂpﬁzﬂqlﬁiqlﬁi&iﬁﬁ es in the range of from
25 mcroneters to about two

Preferably, the silane has a molecular weight from about 100 to about

15 750, more preferably about 150 to about 500, and most preferably about 180 to
about 350. The silane preferably has an epoxy functionality of from about 1 to about

10, more preferably 1 to about 5, and most preferably about 1. The silane has an

alkoxy functionality of from about 1 to about 10, more preferably 1 to about 5, and

most preferably about 3.

20 The types of silanes used will determine the final application.

Preferably, the silane is a y-glycidoxypropylsilane having C,-18 alkoxy groups. A

-10-



25 mllinmeters. The coating conpositions of the present invention can be
applied and fully cure at ambient tenperature conditions in the rang WMZWZ
fromabout -6 C. to 50 C. At tenperatures below -18 C., cure is severely
retarded. However, -15 3 0 MAY 2D02 conpositions of the present invention
may be applied under bake or cure tenperatures up to 150 C. to 200 C. The
epoxy-functional organopol ysil oxane resin of the present invention cures to

forma U V. |ipgbferretieaila@nds Corglpsdenypresil@ingdthogediengqO8y. 2 879ss! M ng)
at roomterrperaﬁ)lgﬁm%,l t hrough the epoxy groups through the foll ow n

addition reacthf Yolhesifage iy GHICld-PX}‘PINQYI(fIqu)‘OWNW (Repcker @20y -TheuseH Rs
Wiere Ra conprgfsesiydy oi@?%ﬂ*l‘ﬁ %ﬂ%n@pﬁ%‘ly lE Sla@nabvAEd ”%Bﬂéié’os' hS%@ne

resin and H-Nu represent avi ng hydr ogen dt ons,
consi st of onéumtloaahwmtm hmvmg)fa hvtimlylableo%@@ bopdri be acimtlpmbf/aulnrri@am ne,

Cuch s b aokeRBBRE ot b dliy! "Bl B B ERRHERS oo "kfeuns 186
OSi A1120, C)SlcomphmBiDLtyﬁﬁlh@h&&ﬁped&@@&snﬁnﬂewdmpmymgﬁ oups of reacted

epoxy on the siloxane polynmer, mercapto, and phospho contai ni ng conpounds.
15 The reaction of the nucleophile with the epoxy conmponent will forma

coval ent bond. This COV&Tﬁ@ElllE&&db&?m‘é&|athl€H1Edeequ&T1dr{al @hénetf&@cnﬁ&a?stave
groups have been depl eted or the nolecul ar weight of the go yner

increased to #Opdensation rertiemand takss RECE ghiyaier Abb KROWITH) e @iy, |Ptféertahky
bi nder t0 the Lqgfddith AA0utt b Pak® POIIRE' R EKACTHIANE, AT AReridifl {1 NG

agents, surface no I'ers and ot her onponents nay be suspe
in solutil@n ororgamoepowsglokademreﬂn eeing e dkowstomeitnd leschas abqutalihmlgm no

by- product s) Sy &[n?srggre ra{%rablgie% 't:ﬁ)ar %@u% L&@glgh%pgrcg{ﬁ‘s atef g’loglﬂireferably at

pol ysi | oxane o

or ganopol ysi | mrdes thasahsbmemdmﬂghttp&ecemesul ting coating resistant to U V.

| ight and heat. The al kyl and aryl substituents of the organopol ysil oxane
resin provides for good conpatibility of the resin with organic systens as

wel | as increased water while?hdBiatler @3y sb@peiss 1000 percattof Nig: UXPORhéticial
cures through the crosslinking of the epoxy (F:’jrouglgl in the resin. Having

general |l y des&rgmoiyﬁflgxqrﬁ\fwm g bindef lHFf’cf?fé ly dReludes asdicntgs oA rB‘é“‘i?tfP%u ned
by referggce tiCR5t St e 591@&' fp&féemsmh@@dwlfﬁﬁu@hﬁ ;i?)'l)%\’lbﬁ’é?{é rB8A & pref i

purposes of illustration only and are not i ntended limting unless
ot herwi se 10 4n§1pfebﬁnfi¢re@ anganeQiinp P& DAL ArFp12BOW LS \helgbtrnﬁmwalf phHhetotal weight

Met hyl phenyl di jrej, B st 18 1988botld 29" PTE: e *AHE dndh t
| 67. 43 gramns oqfetp eny trlpn'@ﬁg)geyfgﬁqf) ne %1 6? gr anms b
preferably about 15 weight percent. Preferably, the acryllc resin is present in the
binder in an amount of about 25 to about 95 weight percent of the total weight of the
20 binder, more preferably about 75 to about 90 weight percent, and most preferably

about 85 weight percent.

The acrylic resin may include, but is not limited to, those resins
produced from one or more monomers such as methyl methacrylate, ethyl
methacrylate, propyl methacrylate, isobutyl methacrylate, and n-butyl methacrylate.

25 Such materials can be used separately or as polymer blends. A particularly preferred
acrylic resin is B44 from Rohm and Haas. The acrylic resin is preferably supplied
in pellets and is dissolved into solution prior to being mixed with the epoxy-
functional siloxane resin. The acrylic resin may cure through chain entanglement or

coalescence, as it preferably does not have any functional groups for cross- linking.

-11-



15 di net hyl di met hoxysi |l ane, and 24.88 grans of de-ionized water in a three
necked round bottom fl ask and m xed until honpbgeneous. 1.37 gram; o&@ﬁg %
solution of KOH is added to the mxture. The mixture is heated to B

held until 79.22 grans (101a m) of alcohol is collected. 186.53 grans of
y-gl yci doxypropyl tri et hoxysilane and 17.13 grans 20 of de-ionized water are
bl ended into the above reaction product and m xed until honbgeneous. The

resulting mixture is heallksd HaodeBOC cntbonefd ux egteftndbly Er@se‘tﬁ gfaﬁés c(c&ﬂn%
m) of alcohol are coII &ged. The, fi nal Product is avyellowliquid with a
vi scosity, whiCHPCSABRIORE REESERY NV if‘sarﬂgﬁl?fg"faabﬂ%olé?la@%[ %? NEOFHL er

with a spindl gekcefr,afased & Bt Nt t 02 11 %
by wei ght aft ?re 25[rggct?‘gﬁ{@&oggglhgﬁg?tegfdﬁﬁgg e Orﬁ%os&%ﬁlp:@b# %Qgrmké the

content of thdaféesiencompamrngis Q@sexn in W@p@gyomgsmam ehtheygricsnt lﬂ‘@nabtwt

O oo 2 ARE A o USP Ty LA SRS TR o ™

resi dual al koxxpagngo@mapositien.al koxy content of the resin is about 13 "~~~ .
The 5 epoxy equival ent weight is about 490. Exanple resin formulation 3
Same as exanple 2 with the addition of . 7.02 grans of de-ionized water

during the last step colp@edred Rirtieders @hditde, 1k 849 nof lialieahol an}_hﬁlead)ﬂ(ﬁ)xy

content of the resin is about 8 % . The epoxy equival ent weig i s about
480. 10 Exanpl@mivrationifthe flloaingracidsTHY LamPism Phrsphosigacky amlszt?mchs 0

grams of the Sdllghmﬁnﬂﬁk yﬂgfhaﬁ({:{grmrﬁxﬁ'aﬁé@ %&?irﬂldfoﬁ’&mélsaé}’c%l?hﬁé 5'111%? 0

grams of white |grrent In a stainless steel” contail ner
grindinglfo a a‘ﬂdg)mkoabphwﬂamme 1aedugqtarmomﬂn¢\nmsmkxyl(ama@ﬁ(e‘fxtk@tl lﬁ@s@r@es

Cor por ati on) t €, kPn one
is cured by m%aér%\ivgg%gg)geg ﬁam&} g%sﬁgeq{gﬁnmﬁ%gsgi eﬁﬁ&’;f@(éf&b{bgktﬁb% eél é@okﬁ?

(bl acker Sili ocmmls)xﬁ‘m pmiyatrsxm)erca‘bltm mﬂqxhespﬂmmumtaanmgnompowpbl i &preferred! d
roll ed steel q‘ﬁﬁlsw fllmthlcknesof

0 5 s, ARG, ompaRettice e A intPud il ke AR R R e i
drying for 24 deéiuve aydaﬁe@sanmblempaiel sngstiratedubiadliyost ia: paﬁmh ag agniaogilage
coati ng f rmulation 1 exce th t the exanple resin formulation 1 is

repl aced i t h TeXHgIhe gF%?? il ation 2, and the amount of ADDID 900 is
decreased to 19.09 grans. -18 Y—Si—(0—X)3

where Y is H(HNR’)a, and where "a" is equal to one, each R’ is a difunctional
organic radical independently selected from the group consisting of aryl, alkyl,
dialkylaryl, alkoxyalkyl, and cycloalkyl radicals, and where R’ can vary within each
20 Y molecule. Each X can be the same or different, and is limited to alkyl,
hydroxalkyl, alkoxyalky! and hydroxyalkoxyalky! groups containing less than about
six carbon atoms. At least about 0.5 to about 1.2, and preferably about 0.7
equivalents of amine or about 0.05 to about 0.5, and preferably about 0.4 moles of

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

25 Preferred aminosilanes include, but are not limited to:
aminoethylaminopropyltriethoxysilane, N-phenylaminopropyltrimethoxysilane,
trimethoxysilylpropy! diethylene triamine, 3-(3-aminophenoxy)propyl trimethoxy
silane, aminoethylaminomethylphenyltrimethoxy silane, 2-aminoethyl-3-
aminopropyltris [2 ethyl hexoxy]silane, N-aminohexylaminopropyltrimethoxysilane

30 and tris[aminopropy!] tris{methoxy] ethoxy silane.

-12-



3 0 MAY 200Z The above fornul ations are applied to cold rolled steel panels
us~nQ a wire wound rod to a dry filmthickness of 1.1-?2.5 nils. The

physi cal testtna and QUV resistance are neasured after air dryi rfgﬂmnﬂﬂzl
hours. Exanple coating formulation 3 5 145.0 granms of the silicone pol yner
fromexanple resin fornulation 3 is blended wth 145.0 grans of white

pi gnment (Dupont R960) in a stainless steel container and grinding to a
Hegman of > 7. 1.16 gran®thef pADBIrEd beOnddblaackere @iflinctionslssi@meponhat inolei s
bl ended with the m poxy functional silicone is cyred.by.m xing
23°56 grams of RO SR rTaReTRES oo Aript e B b P Aty 16 hntufal
Cor por ati ons) .amiihesinBOVie dedirbdlREARBSI 28 BRRAl forddt BaC eted chRIbiRER §€hn
panels using a wire vvound rod to a dry filmthickness of 1.1-2.5 mls. The

physi cal test i3nas nQD@""r“és% 52a8HYEY AF éWReASur BYIng Paly WY 2@MRE Rydpeens4
h h i
ours. 15sThe rgéé?i% ¢ 5t eg{nﬁgf:%gﬁg gis'aﬁhat«%%%%@ 8% 89, Y foqh‘xad“ghéca¥' ng

t he anount of |1 ght E was neasure

accordi ng to ABOKY DOWB&T that dippéaysiifprovgdtweatiegabdlityof col or change of the
filmafter exposure to ultraviolet light for 872 hours. The gl oss retention
was neasured according to ASTMD 4587 by conparing the anount of |ight

reflected off the film afdcarprefspes bimied@nd amindstlanss preduckiegbty-bpolysioi@nbour s
to the anmount of reflected of f %(I or to Estptgsure to ultraviol et

light. The resct?FrtP@Sg‘Pni hEhat.e theRq 2Pl Atp e SURSIEAR  cQatingp oihibih supsrior

bel ow: -19 %&t%%xﬂgﬂ% kahk & f IouPhYRir Gald ¢1884t Fdiéhtdh. EBgeMi€ 8xamples of
Test E~canpl e | Exanpl e 3E

npl e 3d oss 60 de ree ear ance 8595I OPenC|I
T L T ool R oA R0 AL S S oo S koo
Delta E G oss gfdanbsqm(ﬁ@ B89A8%20, 108 RA%36, 6sPRYBE7 %n%%jzm Th' ckness

(mls) :1.482.
To increase the rate of the crosslinking reaction, a catalyst may be
used. If a catalyst is used, preferably it is present in the coating composition in an
amount of up to about 5 weight percent, based on the weight of the coating

15 composition.

Suitable catalysts are hydrochloric acid, (HCI), sulfuric acid (H,SO,)
and potassium hydroxide (KOH). Examples of other suitable catalysts include
compounds containing aluminum, zinc, manganese, zirconium, titanium, cobalt,
iron, lead and tin. Suitable catalysts may also include organotin catalysts.

20 Dibutyltin dilaurate, dibutyltin diacetate, organotitanates, sodium acetate, and
amines, such as aliphatic secondary or tertiary polyamines including propylamire,
ethylaminoethanol, triethanolamine, triethylamine, and methyldiethanolamine which

may be used alone or in combination.

The coating composition may also include flow additives. Examples

25 of suitable flow additives include, but are not limited to, silicone, polyester and
acrylic flow additives. [f flow additives are present, they may be present in the
coating composition in an amount of less than about 8 weight percent, based on the

total weight of the coating composition. More preferably, flow additives are present

in the coating composition in an amount of less than about 5 weight percent, and

13-



According to ASTM D 523-89 Z According to ASTM D 3363-74 According to
ASTM D 4752-87 4 According to ASTM D 4587 5 Measured via an El ekt r ol PMAS 2067
The coating conpositions of the present invention will preferably have a
gl oss, when neasured in accordance with ASTM D 523-89, of at |east about
85, nore preferably at |east about 90, even nore preferably at |east about
95, and nost prefereg.bl about 100. Moreover, the coating conpositions of
the present i MEhPIORABINTUL o WeIgRLRFGEHabased Qi Potah edre £F)thousenting
nmeasured in ageppdanes W th ASTM D 3363-74, of at |east about 6B) nore
preferably at |east about B, and even nore preferably at |east about HB,
and nost preferably at |east about F. Furthernore, the coating conpositions

of the present invention, w/| refera ve lta. E, when sured in
accordance with ASTM D &grff%rr decsoggli%%ﬁ%ﬁﬁgﬁoﬁ?%@mgﬁp &0 gpoé*fngﬁé’ﬁfﬁ?“i ess
than about 2. tB?/ vaarf]iglhtnfﬁx&t paitiel_éaﬁzamigméx&mldfdﬁa@g%ﬂg@uﬁ) lbiseﬁ.onAhéfbt?lt\b@igﬁD@“ ng
conposi tipns of the present, invention wi refera ay gl oss .
retention’ wh&if ?Pé‘&gg FBEI‘pPH“%'CgIPSH’&rﬁFE:atG\E rlhﬁg A&W%“hé@ﬁ‘ggf ﬁ%ﬁ PREEiSs Sizghout
85 %) nore prgﬁér@éérﬁgh%o%taé%%g§& iRRRUen OO B rod@rth fRaposRIcRl @EER Yo dschgast

about 95% -2 ) M Conpar ati ve Exanpl es nmpar ati ve Exanpl e
Coat i ng For nulf@f jagplicationet Hy¢nsndingl an ndehakyisklearmnd use.an posfured epatims. 13

Gans, is ble b 4 - t L il in.. .
otaini ess st oo TEoMib riesonp@E R AimBRRIAD el R BRI, AR pdtnle sioe
hydrophi | i ¢ f agerdgste|drcdon pgoiear. HE pi20ientadd/0R@ggregans infredicnrs osdfdiein
(Mles 303T) axe..a dto the mxtu e mxture.i,s then grqund to 7.0
tognan. 100 73 BRTRSoRegsi et e e S B e a? ol B i Rt
227. 37 grans ahvipbanydakr 90t izbxyattmnpeeandhif829 ngsAnkS ofieM (£4.325 and t he

10 resulting mxture is mxed until honbgeneous. 2.0 grans of a silicone
additive (ADDID | 70) and 27.00 granms of tetrabutyltitanate (TYZOR

TBT-Dupont) are then ad@a@tablzf%rﬁmymamewlea&hcffbm%_rg&law drdnbgagR! &b1so! | ed
steel panels using a wire wound raod to a dry filmthickness of 1.1-2.5

mls. The phy®I&Bant ¥iicnigeyaingluds tispm doriieararaon BlapbdampRiaciaraing osie.
drying for 24 ,80ufSandCoymMA&RL Fae FeX8WP! trowRaiddNglatRIiFBH 8%ided GRiidine and
Met hyl phenyl di met hoxysilane, 1 n an amount of 81.10 grans, is blended with

227.51 ghtans bengitianyeliow mithadsoysning e andgreza. 78! gprbazglegfiolet, and extender
di met hyl di met Raxyhd APRAINE Rodidnd!cFrtal R licL B it \GlFaBNla e fich UNEAL,

honogeneous.
calcium silicate, mica, micaceous iron oxide, calcium carbonate, zinc powder,

aluminum and aluminum silicate, gypsum, feldspar and the like. The amount of
pigment that is used to form the composition is understood to vary, depending on the
20 particular composition application, and can be zero when a clear composition is

desired.

The pigment and/or aggregate ingredient is typically added to the
binder, and more preferably the epoxy-functional organopolysiloxane resin portion
of the binder, and is dispersed with a Cowles mixer to at least 3 Hegman fineness of

25 grind, or alternatively is ball milled or sand milled to the same fineness of grind.
Selection of a fine particle size pigment or aggregate and dispersion or milling to
about 3 Hegman grind allows for the atomization of mixed resin and cure
components with conventional spray equipment, and provides a smooth, uniform

surface appearance after application.

-14-



20 2.0 granms of hydrophilic funed silica (Wacker HDK N20) and 120 grans of
iron oxide (Mles 303T) are added to the m xture. The m xture is tQ%nM .
ground to > 7.0 Hegman. 78.62 granms of nethyl phenyl di met hoxysi | ane?iVs Nh@q:{
bl ended wi th 220.65 granms of phenyltrinethoxysilane) 33.45 grans of

di et hyl di net hoxysi |l ane 2~ and 108.9 granms of M CA 32S. -21 3 0 MAY 2002
The resulting mxture is_then m xed until honbgeneous. ~.0 Grans of a
silicone additive (ADDI D NEARGRUBHEPDIOSHNGDhIOPTeERN iaisatgn aiet Sansraly(lP¥zoR
TBT- Dupont ) aggold abi ki | 0, I 'l ed
steel panels ug? r;ggegs%@&f ?%at&ﬁlﬁ/n%lﬂﬁb\é?pfﬁf A;B'Héllr@(tf/ ?irzﬁeﬁetcﬁﬁghﬂr?gg[sﬁeo?&%% @05
mls. The phys8isoiient.eddweveandrg@uv sobsnstmay be iadderemsimprdvehitoarization atrdyi ng

for 24 hours. rati.ye Exanple coating fornulation 342.90 grans of a
5096 90l Ut § on BPBLOR UL HER TSRS SPEL-SoRIPAER: Pb U IrBRaKe i e ieatng
hydrophi |3 c f dppdraicki whed bipphikenyHBKish2@dllaN dorl 2@n@drandir 1AdOAiriek®peayi de
(Mles 303T) in a stainless steel container and m xed unti| honobgeneous.
The i xture i §AYIRERNGr BXGTAPIAY solyewss ysgiwhrfor R, RYPETcamAs sl eHerss Afkers0%
sol ution of agfyhiis KRHRD dJabve uf i Beidht h
108.9 grans of "M CA 325, & lgg?lg‘ga?fe@jtfﬁg ?nﬁt?%t t’ﬁlg&f iﬂbﬁﬂggbﬁ&g@?}lﬁ%l}@ﬁ
honogeneous. 2f eplygenigan bé pres¢rit o ke caeldng ¢anepqSADD, based on7y tatal weight of deted
with the result] i bej . xe r it I ) e
above formnul aH’%ﬁ% éagr °§|{o‘§1“r egg o clgl ﬁl E@I ﬁagge g?gﬂé’?’{ %@Iléﬁagd;g&?% b-r'(g
wound rot0to avedghy dfitherotdancksodesit i uskd o Zobfornl ®. goVhmnpnyd iregllatiest thay and
for, 24. hours. 20 The results

QUV resi stance are asuredf Eftelr .air dr. inr%
of the testin§°BiEIHPHFaL TV el&éﬂ%lc’éga compaind eMisHEWh in Table 2 bel ow
-22 3 0 MAY 2D02
The coating compositions of the present invention may also contain
other rheological modifiers, plasticizers, antifoam agents, thixotropic agents,
pigment wetting agents, bituminous and asphaltic extenders, antisettling agents,

15 diluents, UV light stabilizers, air release agents and dispersing aids.

The coating compositions of the present invention are supplied as a
two-package system in moisture proof containers. One package contains the binder,
any pigment and/or aggregate ingredient, additives and solvent if desired. The
second package contains the hardener and any optional catalysts or accelerating

20 agents.

The coating composition can be applied by conventional application
techniques, such as by brush, roll or spray. The compositions are intended to be
used as protective coatings for steel, galvanizing, aluminum, concrete and other
substrates at dry film thicknesses in the range of from 25 micrometers to about two

25 millimeters.
The coating compositions of the present invention can be applied and

fully cure at ambient temperature conditions in the range of from about -6° C. t0 50°

C. At temperatures below -18° C., cure is severely retarded. However,

-15-



Tabl e 2: Physical testing of Conparative Exanples 5 10 Test Exanple C

| Exanpl e C3Exanpl e C3d oss 60" (Appear ance)4| 233Penci | 30 MAY 2007
Har dness=: >2H>?H>2HCheni cal Resi stance' : | PA201617MEK774QUV B-872 hour sa:
Delta E G oss retention (60 degree) | .5 75% very lowinitial gloss .4 67%
3.0 56%i |l mThickness (mls)': (Il ~ Accor ding to ASTM D523-89 Z Accor di ng

to ASTM D3363-74 ' According to ASTM D4752-87 15 According to ASTM D4587 5

Measured via aompbeikibho dthyi lorddbid enveritionli ment Se applibe dneensdkenohamge been
illustrated and described, it is not intended that these enbodi nent s

il lustrate andERRARFFUR[q KT Bo9si’Cfotins of the invention. Rather,
the words used in the specification are words of description rather than
limtation, and it is understood that various changes may be made w t hout
departing fromthe spi riThearaqtossc—cﬁpEtioﬁalt Ioeﬂzinnp@lmiimne @3in & CheVipresehs ~S
~~, AaN~E~ ~S: . nctl 0 ano i.] ox n which

cont ai ns repeé In mloﬂn Utrgsy\ﬁ'n Sﬂnaﬁgﬁgeﬂ&f? g Eﬁ 'ﬁ‘\sfﬁéoﬁﬁﬁtregaﬁ%\/%ﬁm@hgy
fornul ae: 5 EQRbRasSIxﬁkmgJ\Atum)maémlié?&h&&hﬂughmwmd@)gﬁ@%btﬂm@h@e followihg s)

4 n
Si04 (Qunits) addition reaction:

/O\

2 R—CH—CH": + HgNu

(II)

OH OH
R®*—CH—CH,— Nu—CH,—CH—R®

Where R® comprises the residue of the epoxy-functional
organopolysiloxane resin and H,Nu represents a nucleophile having 2 hydrogen
atoms, and can consist of one or a combination of the following: amine,

10 polyamidoamine, polyamide, alkylamine with at least two reactive hydrogens,
aminosilane such as Wacker ADDID 900, ADDID 901, Dow Z-6020, OSi A1100,
OSi A1110, OSi A1120, OSi A 1130, OSi A1387, Y9632, and hydroxy! groups of
reacted epoxy on the siloxane polymer, mercapto, and phospho containing

compounds.

15 The reaction of the nucleophile with the epoxy component will form
a covalent bond. This covalent bonding will continue until all the reactive groups
have been depleted or the molecular weight of the polymer has increased to a point
at which it is no longer mobile. This will be the binder to the coating, and within
this pigments, extenders, inerts, wetting agents, surface modifiers and other

20 components may be suspended either in solution or in a dry film. Since the

crosslinking occurs by addition, no by-products, such as alcohol, are formed.

-16-



3 wherein E is an epoxy-functional C,_,$ hydrocarbon group containing one
or 4 nore oxygen atons, provided that no oxygen atomis directly bgﬁdﬁﬂﬁ
toa Si- atom and 6 R and RZ are independently a C~ zo hydrocarb 2002
optionally 7 interspersed with a heteroatom |inking group such as, but not
limted 8 to, oo oli 1111 -- &, -S, - NH~-C O, -0C O ~-
O-S—0,00000II~I|IIIII-O-P—O -0 SO0 ~- N G ~
- NH G O and, - N4 CThawplysijoxangmogeties. sndoinngevtienlarstha$iiOhbengts; iof the, 1
or 2, prefera i bl

o 2l BT anmf %@Sgl&sﬁ?x% ésnﬂ%ehﬁ‘etr?g%rregulfugv cgfaug%?ésis‘?‘antr%gf@ra} rﬁ¥ﬁ
units, a+b+c =heas. The leyrhland;ar)afbbﬂm;enm oﬁ nhe'BrganopsLysﬂadﬂﬂe resih providgseion t he
Munits are pre in %@{ %han abouc}1 nol ercentI t he Dvglts are
present in | es’s ﬁ&H‘PQB Y QOUFBFER SenEptnc tsWé %Fsel‘fﬁ'i 8% INGFraseRvalge and
contains at | est rebi@anée. CORPEAGNE §om§d§¢hdﬂﬂﬁ?@' tArduBR RSt ihking b BRadpoxy
organopol ysil oxane resin is prepared by reacting a silicone resin w t h" a

si | ane havi ng EPUPSEiAJhe §$él.epoxy group per nol ecul e; the silane is
represented by the formula: R R- Si- R R when ein RS are one of, or a
conbi nation of, the follow ng groups alkyl (C1 _, z), aryl (C6_9), vinyl,
glycol, alkoxy (C~ _ ~ Iiav,inasﬂleaadlyab@cdbeﬂmlrrietiri\@nmn @ further-urgetsiadding grtoon
group of the farnul. i

Qompri ses o ¢ & OBy ererehiEte ol OB oRERp A0 VAR dhe B QU e

| east one het guopdsesnof iilhkstragonyoalypand :ireproesauanded & h@ﬂxrmdmg&u&!r&ts bhetwhige E~
group, vm h the gyiso that at |least Olle RS conprises R6-E~. 2. The resin
of clai m M§P8$ﬁ ¥he hydrocarbon group of E conprises a C3_iz hydrocarbon
group. 3. The resin of claicn 1 wherein the epoxy-functional

or ganopol ysi | oxane resin has an al koxy content of |ess than about 20 wei ght
percent, based on the weight of the epcﬁ%ﬂm

Example resin formulation 1

Methylphenyldimethoxysilane, in an amount of 60.90 grams, is

blended with 167.43 grams of phenyltrimethoxysilane, 21.67 grams of

15 dimethyldimethoxysilane, and 24.88 grams of de-ionized water in a three necked
round bottom flask and mixed until homogeneous. 1.37 grams of a 19% solution of

KOH is added to the mixture. The mixture is heated to 80°C and held until 79.22

grams (101.5 ml) of alcohol is collected.

186.53 grams of y-glycidoxypropyltriethoxysilane and 17.13 grams

20 of de-ionized water are blended into the above reaction product and mixed until
homogeneous. The resulting mixture is heated to 80°C and refluxed until 70.19

grams (90.75 ml) of alcohol are collected. The final product is a yellow liquid with

a viscosity, which is approximately 18,590 cps using a brookfield viscometer with

a spindle #6 at 20 rpm. The solids content of the solution is 93.11% by weight after

25 reaction of the residual alkoxy groups. The alkoxy content of the resin is about

13%. The epoxy equivalent weight is about 492.
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functi onal organopol ysil oxane resin. -25 3 0 MAY 2D~z 4. The resin of
claim1 wherein the epoxy-functional organopol ysil oxane resin has @hﬁﬂﬁﬁy
equi val ent weight in the range of about 1S0-1000. 5. The resin of cla
wherei n the epoxy-functional organopol ysil oxane resin has an epoxy

equi val ent weight in the range of about 200-600. 6. The resin of claiml
wherei n the epoxy-functional organopol ysil oxane resin has a viscosity in
the range of dbxunpl2@@sindobdiftion 2 7. The resin of claim2 wherein the Eis
gl yci doxypropyl /0~ (CHZ- CHCH20CH~CH, CH,-) 8. The resin of claim®6 wherein
the epoxy-functional organopolysiloxane resin conprises T units and the T
units include structures aang gcl gl ;ﬁlé pm the group consisting of

si | sequi oxane and ponS| sesqul oxdne structures. 9. The resin of claim1l
wherein the resin has a nol ecul ar wei ght between about 750 and 25, 000. 10.

The resin of claim1l wh 0 r QU rises a
C3_tz hydrocarbon group%gipc’[%cﬂlgr B% %O(E@F%gﬁﬂe% vxsﬁ;T (Leolynwc[ng a&?éﬁ&“ﬂ%s a
mol ecul ar wei giftthé residal aioge gafupah otk allaﬁytdmnainouf théa8sin 12abolin@ 3 7eSiThe of
claim1l erein the si|lane has, an epoxy-functionality in the range of
about 1 td abdlPXy@Equivalgnt ngggt Kppo *13. The resin of claim1Z wherein
the silane has an al koxy functionality in the range of about 1 to about 10.

14. The resin of claim10 wherein R6-E is glycidoxypropyl
Example resin formulation 3

Same as example 2 with the addition of 7.02 grams of de-ionized
water during the last step collected after reflux 19.84g of alcohol.  The alkoxy

content of the resin is about 8%. The epoxy equivalent weight is about 480.
10 Example coating formulation 1

The coating is made by mixing 145.0 grams of the silicone polymer
from example resin formulation 2 with 145.0 grams of white pigment (Dupont R960)
in a stainless steel container and grinding to a Hegman of >7. 1.16 grams of
ADDID® 160 (Wacker Silicones Corporation) is blended into the mixture. The

15 epoxy functional silicone is cured by mixing 23.56 grams of the aminosilane
hardener ADDID® 900 (Wacker Silicones Corporation).

The above formulation is applied to cold rolled steel panels with a
wire wound rod to a dry film thickness of 1.1-2.5 mils. The physical testing and
QUYV resistance is measured after air drying for 24 hours.
20 Example coating formulation 2:
Same as example coating formulation 1 except that the example resin

formulation 1 is replaced with example resin formulation 2, and the amount of

ADDID® 900 is decreased to 19.09 grams.

-18-



/O~ (CHl - CHCH~OCCH, CH, CH, -). 15. The resin of claim1 wherein the silane a
ygl yci doxypropyl sil ane having C, -, $ al koxygroups. 16. The resin of g ﬁAYrﬂ]ﬂ]Z
wherein the silicone has a nol ecular weight in the range of about i§>

about 15000. 17. An epoxy-functional organopol ysil oxane coating corrp03| t| on
conprising: a hardener; and an epoxy-functional organopolysiloxane resin
whi ch cont ai ns repeatin units }M’]ICh are sele d fromthe un havi ng
the form-:|ae: EaRbR~Si he(al\t?f)u?\ e %@%ﬁres?@‘egﬁoﬁﬂﬁt le(%a ar@isds”éal'
units) Si04 (@wiré Wolnd 2dd to BdE WHY ROERs VBRI €15 milsS B SBRMt fefigd hanal
C, ., e hydrocarbon group contai ni ng one or nore ox g@n atons, provided that
no oxygen at oW Y¥ resistands are mepasisdd nienaisidrying 6o 2 % R~ and R are

i ndependently a C,.~o0 hydrocarbon, optionally interspersed with a

het eroat om | i nki ng group such as) but not limted to, OO OII II Il -O.
-S) -NH. - C Gxample Codding foOnHRAEM D O OO I I I 11 Il - O P- O ~ O
S O ~-NH G - N+ G O and, - \H G NH; I I Oais an integer of

0, 1, or 2) preferably O or 1; b is an integer of 0, 1, 2 or 3, preferably

0, 1, or 2, c is an integsro gl'fanﬁ,oflhe §11<Wne$»olﬁﬁcﬂ‘ffﬁc5rﬁlékym9],e résin@srmdiladdid 1N
Munlts atb+¢=3) in D units, a+b+c=2) in uni |ntheM

wher
units are pr es}e‘ﬁtblqnﬁeqi &4l }c"hsa‘h geasLRf Wb‘t%lg@eﬂb@‘éﬁﬂm%( %R0 B %Fﬁ"”c esa,s@el
present in |eggyhhap afi‘cp Hﬁdlﬂg t@gll—?egf?fﬁrn(iﬁnﬁ7 angs Yoty SEDDID®I 130 drdlket he

nol ecul e, on average, nt alns at least two
Silicones Corporauon) is blended with the mixture. The epoxy functional silicone
is cured by mixing 23.56 grams of the aminosilane hardener ADDID® 900 (Wacker

10 Silicones Corporations).

The above formulations are applied to cold rolled steel panels using
a wire wound rod to a dry film thickness of 1.1-2.5 mils. The physical testing and

QUYV resistance are measured after air drying for 24 hours.

15 The gloss was measured according to ASTM D 523-89 by quantifying
the amount of light reflected off the film. The Delta E was measured according to
ASTM D 4587 by quantifying the level of color change of the film after exposure
to ultraviolet light for 872 hours. The gloss retention was measured according to
ASTMD 4587 by comparing the amount of light reflected off the film after exposure
20 to ultraviolet light for 872 hours to the amount of light reflected off prior to exposure

to ultraviolet light.

The results of the testing of Examples 1 - 3 are shown in Table 1

below:
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E conponents. | g, The coating conposition of claim17 wherein the hardener
is an am ne hardener. -28 -6 Zs ~ 923 sasodwda s~ auo ~seal a3 X
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QUV B-872 hours™:
Delta E
Gloss retention (60 degree)

14
93%

1.3

90%

95%

(2]
[25)

1.48 2.12

Film Thickness (mils)*:

' According to ASTM D 523-89

? According to ASTM D 3363-74

? According to ASTM D 4752-87

* According to ASTM D 4587

5 Measured via an Elektro Physik

The coating compositions of the present invention will preferably have

a gloss, when measured in accordance with ASTM D 523-89, of at least about 85,
more preferably at least about 90, even more preferably at least about 95, and most
preferably about 100. Moreover, the coating compositions of the present invention
will preferably have a pencil hardness, when measured in accordance with ASTM
D 3363-74, of at least about 6B, more preferably at least about B, and even more

preferably at least about HB, and most preferably at least about F.

Furthermore, the coating compositions of the present invention will

preferably have a Delta E, when measured in accordance with ASTM D 4587, less

10 than about 3.0, more preferably less than about 2.0, and most preferably less than
about 1.5. Also, the coating compositions of the present invention will preferably
have a gloss retention, when measured in accordance with ASTM D 4587, of at least
about 85%, more preferably at least about 90%, and most preferably at least about

95%.



25. The coating conposition of claim24 wherein R)~'" is alycidoxypropyl

/ 0~ (CHI - CHCH, OCH, CH, CH~-) 26. The coating conposition of clain1l73ﬂuMAWsz
conprising a flow additive. 27. An epoxy-functional organopol ysil oxane
coating conposition, the coating conposition conprising a hardener and an
epoxy-functional organopol ysil oxane resin, prepared by reacting an

epoxy-functional silane with a silicone resin, the epoxy-functional silane
and the silicone resin being provi%p—?—rm&émﬂ!@ anounts so that the
epoxy-functional organopol ysil oxane coating conposition is sufficiently
flexible to adhere to a netal panel wi thout cracking off the panel after
under goi ng QU¥RNsIAT atie Exagxde fgatiog dodimwptian GSTM D 4587. 2$. The
epoxy-functional organopol ysil oxane coating conmposition of claim27 wherein
t he coating conposition has a gloss retention of at |east about 85 %after
under goi ng QW B-872 howlethgiphemgdiaecaxgsitge! tn ARTAhOUASE710293 gFh@is. is

epoxy-functional .organopolysil oxane coating, conposition of claim 28 wherein

the coating 05%15‘85# g’ll%‘ 455%"&54 Qr}ePhEngf“mg‘Q%x)fSHé?‘F Uk a PALUSSS SigslieoMaeTf { er

under goi n§ QUYnBnBiked Rakl hb@sbéieBuaCc oy Skditk b0 MYATOHHAIG Fhhed 3Mica (MBacker

epoxy-functi ogﬁ%or ang‘gﬁ)l%a/m Toxane coafin ,I}R;o}(résom tion of claim29 wherein
[

t he epoxy-fun )@ S TS0 friE0 Iy Qxirdea I T aresededhio) the mikare: oF bl ae:

-30 3 A MAY_Z002. E s 16> ! ' EoReR~Si O~ (D units) E oReR-Si O
(T units) SIO- (Qunits 8 ueretl&n EO'H%rﬁ%poxy-functi onal Cl1_, 8 hydrocarbon

group contai ning one or nore oxygen atom provided that no oxygen atomis

directly bonded to a Si-at and -R Rl,are.independently. a . C, .z

hydr ocar bon, optionally 1|D%t72r %@Psoggle\}m%{]ﬁhegy a‘g g[rh8§§561%1n? ilsnﬁgfﬂéleélfi%b“@hch

as, but not | 227VB3@derams o ghefyldimedhokysilan©and -108:9) granihbf, MICE- 33 and theO- C

o ~ - Ol S OOIOOOO~J | ] (Iil Iih)ll - O P- O > O S—.P ~ - N+

D NH GO afepIiiE miKRE isygyxed yatiy igmogedgous n L gramg of 2 filigor adslitive

preferably O @ADDIDb! 703 a@d27.00 @ghs Siftel@dbulyltidnae (BY 20 TBTaDLyord) ard thedy 2;
added.

- ~

The above formulation is applied to cold rolled steel panels using a
wire wound rod to a dry film thickness of 1.1-2.5 mils. The physical testing and

15 QUY resistance is measured after air drying for 24 hours.
Comparative Example coating formulation C2

Methylphenyldimethoxysilane, in an amount of 81.10 grams, is
blended with 227.51 grams of phenyltrimethoxysilane, and 34.28 grams of
dimethyldimethoxysilane in a stainless steel container and mixed until homogeneous.

20 2.0 grams of hydrophilic fumed silica (Wacker HDK N20) and 120 grams of iron
oxide (Miles 303T) are added to the mixture. The mixture is then ground to >7.0

Hegman.

78.62 grams of methylphenyldimethoxysilane is then blended with
220.65 grams of phenyltrimethoxysilane, 33.45 grams of dimethyldimethoxysilane
25 and 108.9 grams of MICA 325.



cis an integer of 0, 1, 2 or 3, preferably 0) 1, or 2; and in Munits,
a+b+c=3, in D units, atb+c=2, -31 3 0 MAY 2002 in T units, a+b$BqMAYZUUZ
wherein the Munits are present in |ess than about 40 nole percent; the D
units are present in |less than about 40 nole percent: and with the proviso
that the rnolecule, on average, contains at |east two E conmponents. 31. The
epoxy-functional organopol ysil oxane coating conposition of claim 30 wherein
the silane is represent edhebigstitiag fmixme & the miked uBilihonRgendus~' Mbhegrahn RS

(Cooy iyl y OG Ry AR AR0D (RRobIETo) 3 4 P OF b iieriee (2ol
hydr ocar bon ngcBIpobémf)uera‘mreﬁuuéaedRG . E wherein E conpri ses ah_époxy

group and R6 conprises a C e hydrocarbon group optionally interspersed
with at | east one heteroatomlinking group) with the proviso that at |east

one RS conprises R6 - EThe sb3%e fi lation i lied t 1d rolled .
A A A2, JOS?.ASy. A T, A& RO ALY, A A S Rs® ABPAT. RoSARES. A ARRYPAREE S iReAk, Ast
A [. AHL. 2, S. Adreasgundarodaipla Agy Al tai@negesf £. 17215 @Md. The physical testing and

mheA . . : Na

cel ca) ca] o) Ceuy carear S MaRtal AR FRLEAN BCH GRLST CRoCT ol ey Ca cal ca
ca] ca] ca] ca] ca] ca] caV] ca] caV] ca] caV] ca] caV] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca

't K*\R 1141y " . .
]' OCA)?/ SRR vpke‘d[(\'f]%aar]aggf Exompls coanneformaiant S ca) ca] cal] caj ca] ca] ca ca] ca]
ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca! " [ #_#####- SASASSSSI WK
& (K((NF)"*.*; ‘ _ _
S T S ioni d_z) ca) PSR AP 8f & 3G pelayienpEagels Rhomped Haay B4 cal o
a] ca] ca] ca] capeaticalsaahebamsaglicmhagl f‘&ﬁx]e&@ﬂli@@kw"acker-HEKQ@?@];{%&@Z@%@&@S?’?’MA
5G556Y6Q777777778+9} xsnid Z caéca ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] caJca] ca] ca
] ca] ca] c&f ca] 4] Ean c%ﬂi%a(}%llﬂsc PEh) da) eafteiaiesh) gl ceqrEainato 200 mixedp uptik <=
=-=k>>>77?/ : . .
BBRCC/ D( EEEFNnF} xg%?%eflzlf'cg]hgﬂléa ecé tggﬁl gé Ugg]tgaﬁ Zé’] Iélg rg?ﬂ'ca] ca)] ca]calca]calc
a] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca! nFGGGHH! | J%JsJKf KLLLMSGNON

SN\ NNN6 OOPTPPz QQaRqRSS A c - ca
] ca] ca] ca] ca] ca] ca?ca] Ic\gio?z}](bc% g%]%g]gfeggﬁ?a%] ?A@a{@a%@?%%mﬂzm
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a] ca] ca] ca] calca] cal calcal.ca] c al cal ca] cal.c alc |~ d&f 6
f{fg]g, g!g%\%/hhhﬁlﬁ R %ﬁ#ﬁﬁ%ﬁ%@@hﬁ}"@%ﬁ% C}zcglggaé‘}sc(%scféa#l g!’i’?@éﬁvgg§§a ca] ca]
caLca] cal sa] cayoplg eleqadduad oritic alec edsaning ahixalre einy adkahfarajcaddidbns! YUssss
ttbtttt; )
uuuu’ Wwwax z x XMW ykyy>z\ zz@ {{| } xsni d_Z] c]] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca
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" 7bQE)1JW mhcnY] c] ca] ca] ca] 't 29ye Sqranlauons @53 aenlied e spidarlss SEFLRAREL & a] ca
] ca] ca] ca] ca] qa) gaksRhG2bs @ £ahC it #licBled6K] 1.5 mils. The physical testing and
"+@X nyxsnid Z c&] cal ca] ca] ca] ca] ca] ca] ca] ca] ca] ca}]ca] ca] ca] ca] ca] ca] ca] ca]
ca] ca] ca] ca] caigjfé |resiptondecart ardasaied afleapic Arunddog ZAheF Xni d_Z] ] ca] ca] ca] cal ¢
a] ca] ca] ca] caV] ca] caV] ca] caV] ca] caV] ca] ca] ca] caU] ca] ca] ca] ca] ca] ca] ca] ca] ca
cajc”a)jcalc”a
! | A}DSI h% (ZG/]Ub:{ 8S- | E} xsnitheZidstitapt diec whind ohCoajpedtiva] Eximpidscal ca]Chpex] ca]
caj] ca] ca] ca] calcalca % g al cal ca] ca]cal calca]ca]cal Ef|M T_it~FY}xrnmhc”Yni
d Z]]]ca]ca]c ] ] caV] ca] caV] ca] caV] ca] caV] ca] ca] ca] ca]ca] ca]c
A
a] ca] ca] ca] cal] ca] ca] ca] ca] ca] ca
\/\}2\ &Lt . LJYJ .| L2J]o} x]sni 1:1_2} 11 } ca} ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca]
ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca! 3=}S.
J37{H~ytoj e [V]ca]ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] caV]ca]caV]ca] caV]ca] caV
] ca]l ca] ca] ca] ca]ca] ca]ca]ca] ca] ca]ca]ca]cal\/ @37{H-ytoje [V]ca]ca]ca]ca]ca
] ca] ca] ca] ca] ca] ca] ca] caV] ca] caV] ca] caV] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca
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1096& () -s9109%& ()- mLO%B5& () - 4#\ a?! & 109658& () -

1096& () - SH109B& () - & 10968 ()-! &' 109658 ()-y109%& ()-\< 7uVv7&, 109%& ()-
S109%6& ()- , &M0%& ()- 10B@® 10B® 30 MAY 2002
10@@! S 4$10U%B@B&' () - 02" 109B& () -7U; 0}~?2uVv7S, 109%& () -

10968 ()-! &#10965& ()-z 109%& ()-! 109%5& ()-z -109& ()-O0WF aBuV7 +-
1096& ()-)- 109%& ()-!&# 0955& y# _

109%6&' ()-z! @09%%& () - &10 @le(’) &GW?&@%%@OWQ“H%%@%@&' ()-& 4
10968 () -2@0%& ()-& 109%%& ()-&F."109%%& ()-bC 10% & ()-z

10% & () - (mL0% 405105 00 (- ThoL o0 )
s$°10% & () - 109 | Se#10% / & ()]- ! #EOUIeENI& ()~ Vixample C2 | Example C3
10% & ()-}rg\=![ o T - — 107, 10W & ()- 5108 & () &l 2 |

TSI T09& ()- 107 107] 5
10% /& ()-1( 1 tﬁé%*&“?féppwit“é*?q\ﬂ 11 9409 ()- 9% 'Powe ()-2!| %8S 10% & ()-z

109 () - 2109% (Deekcg 27eE) -+ al) =035} 10% () -v! 10y Z10@,0) -y
zm%]ﬁé-f)-y (Drefca1QUfet) - " al\ =9\ O-y' 10% ()-yz1d%.0) -y

5 Chemical Resistance’:
IPA 20 16 17
MEK 7 7 4
QUV B-872 hours*":
Delta E 1.5 4 3.0
10 Gloss retention (60 degree) 75% 67% 56%

very low initial gloss

Film Thickness (mils)®: 1 1 1

! According to ASTM D523-89

% According to ASTM D3363-74

3 According to ASTM D4752-87
15 * According to ASTM D4587

S Measured via an Elektro Physik

While embodiments of the invention have been illustrated and

described, it is not intended that these embodiments illustrate and describe all

20 possible forms of the invention. Rather, the words used in the specification are
words of description rather than limitation, and it is understood that various changes

may be made without departing from the spirit and scope of the invention.
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L 9409 ()- )! L 940% ()- 2t ~?4= 10; 109 ()-!LY7"109% ()-!1

10%c& ()- @, 109& ()-+S10%& ()-9' "10% ()-KgH= 10y10%& ()-9g10%&' ()-!J
9$10%8S& ()-!S ' 10%ve& ()-F& mlo%& ()- 10 10}[<H= 10@&-

109& ()-!9, ##109%& ()-g!f 109%& () - F 100 ()-!9#10%& ()-!9#10%& () -3 & MAY 2002

11 z[ <1= 10; ().~ &5f 109& (

109& ()-!*- #‘Jl‘@ﬂ/ 1;5& é) "109& ()-!1IIQI

"/ N 381098 () - fl\/[LO%&'() 10%&'() SS 109& ()-, 109& ()-"'fl10%& ()- 10
10/ " 1" " [ #_#n##} [ <N/ 3S+ 100& () -y! S+ 109%& () -y

10%& () - FYd0%& ()-!Y- #100/&' (Mre }Qﬁ(ﬁct(&m%%#n&:b%&ﬂ%ﬁé&{ﬁe% 3 10 10
10: 109& () -, 8109 ()- { , 0940%

, 09%4.09XX&' ( )wliibh p&%ﬁ%‘tq&a(lhg 44ﬁs°~$h$$$$e]§édi&f£_ﬁ fBorhQRke W0i%, Baihg &he formulae:
210% & ()-10%&' ()-10% & ()-10%& ()-L' ml0% & ()- JO& & (K(}[<QF;3

E,RIRISIO) (M units)

-

E,RIR2SiO (D units)

2
2

E,R)R2S5i05 (T units)

Si0y (Q units)

-

wherein E is an epoxy-functional C, 3 hydrocarbon group containing one or
more oxygen atoms, provided that no oxygen atom is directly bonded
to a Si- atom; and
R' and R? are independently a C,, hydrocarbon, optionally

interspersed with a heteroatom linking group such as, but not limited

® 3 O W W

1o,



S*S10% & ()-!"L% 10% " & ()-!!19#10% " & ()-Y!'s 10%& ()-- & -

1096 & ()-T109% & ()-K((%W F)' *+*,*-* *}ASH=3 10" 10" 10" @ 30 MAY 200
109 & ()-19S51096" & ()- &S210% & ()-1& #10% " & ()-& f 1096 & ()-.*;

**4+ m , }A?SHE3 L@ 10%&' () -LY@ 10%&' ()-!x "109KX& ()-! "10%8S& ()-9g
109& ()-L' mLO%& ()- ,,-1--..dBSH=3 ! O#109%& ()-L9: 109 ()- 9@ 10%& ()- L&
109& ()- #109& ()-9109%& ()-..t//0CllaBSH=3 L@"109%& ()-L/ 109%& () -

T i

&0‘(’/«)&' I(Z3 Lié()/;{&'(§)b|-133h3ﬁ(3§e&‘3344)zl§92)693 prafefally 0.1, b9210%<<& ()-!Pss10%
"()-16ss109%&' ()-!a;
$s10% " & () - L10%& if po dntegss 96 06 bidh 003 @gluakly 0) Lords ande () - o#

109 () - zL! #10%&' 0 109 () -Y6Q/7777777~_@ 10%4&' () -
103 () 7L 410 G 0% (3 =S,
in D units, at+b+c = 2,

in T units, atb+c =1,

wherein the M units are present in less than about 40 mole percent;

the D units are present in less than about 40 mole percent;

the molecule, on average, contains at least two E components; and
wherein the epoxy-functional organopolysiloxane resin is prepared by reacting a silicone
resin with a silane having at least one epoxy group per molecule;

the silane is represented by the formula:

wherein R’ are one of, or a combination of, the following groups alkyl (C.;2),
aryl (Cs-9), vinyl, glycol, alkoxy (C,.i2), and an epoxy functional C;.;g hydrocarbon group of
the formula R®-E! where E! comprises an epoxy group and R® comprises a C,.;g hydrocarbon
group optionally interspersed with at least one heteroatom linking group, if present, is not

adjacent to the E' group, with the proviso that at least one R’ comprises RS-E'.

2. The resin of claim 1 wherein the hydrocarbon group of E comprises a Cs.j2
hydrocarbon group.
3. The resin of claim 1 wherein the epoxy-functional organopolysiloxane resin

has an alkoxy content of less than about 20 weight percent, based on the weight of the epoxy-

functional organopolysiloxane resin.
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10; 109%& ()- " y/109%& ()-!L*#109%& ()-777788+9>9}"?~ @ 10%4& ()- "10%& () -
7"10%H& () - YF10%& ()- !'(FF -10%t(t& ()-ZFF -10%& ()-2Z>99*::::p;
HO9~_@, -#10%H& () -!& , 10%& ()- @ 10%4& () - ]3—10 AY 2007
LA#10%HE () - z! L#10044Hg! ()-zf10%4&' () - p;j <<<==== =dYNC! 10H 10H 10 y
10%4& () -f8- 10%& ()-36"10%& ()- 3s10%H& () -/ @10%4& () -3
=-=k>>>?7aBYNC! "9, 109%&' ()-! & 10%& ()-z 10%& ()-1 "10%& () -
109& () -' SO (The r@diFEAMRE NS the PO -functional or anopolysnloxane resin
1008 () - s#10%& () -1 SEL0%E () - S100& () L Por0og () -s# (%J
BBRCC/ Has Ba 2y 'eqﬂ#il@&&V(:lglletdee(ofaB(@tSBO%Q‘OO) -1 #10%&' ()- $@
109 ()-9 #, 109%& ()-( EEEEEEFnFGOCl!IsF - 10%& ()- @ 1098 ()-&f 109%& () -
&Z10%&' ()- 10 10 10s5 10%&' ()-GGGHHI 1}7?bCl's 109%&' ()-zsL

109& () -! &#30%& % ) o QR A 5 Y RO G
109& ()-ys $%10%&|(1")) _Srlesg & &%}H?)@l\gf;{@efn the%p_ox}(h(&t{&lalz!)tkéﬂ@ﬁdﬁ'ﬁl&xan@geﬁ
| 109& l(a)sah#bb@%&eqylvylbhtmht\mhmm\ﬂé@bdm 200-6D0y ;
109& ()-!F7"10%& ()-210%& ()- 1"10%& ()-f, 10%& ()- ON\ NNN6OOPaBVK@
109K ()-!1"10%&K ()-T @109 ()-, 109K ()-&z109%& () - %lO%& () -
PTPPZ@RQR%AOVK@léQe@n (Of-i4@hn 1 wherem the epoxy-functional or anop siloxane resin

109%& ()-&9z10%& ()-!-#10%~& () - £ 3/ y&f 109& S%T TTTUaBVK@ @#
109%&' (l)asm@@fm'%t) the-rangoef a(bpus200i®®4@£)(l ¢pss) #10%&' ()- Is"
109& () - TUWWWWWBH@ ! " #109%&' ()-Z 9- 109%& ()-zL' ml0%& ()- 10 10 10f;
109%&' ()-3 109%&' ()-WBYYZnZZh[} " "<b@'! "10%& ()-9 10%& () -
10%&' () - f 109&' () The #DVEL Elhind 2 witéddifi@ie(B iglycidoxypropy!

O~
(CH;—CHCH,0CH,CH,CH;—).

8. The resin of claim 6 wherein the epoxy-functional organopolysiloxane resin
comprises T units and the T units include structures selected from the group consisting of

silsequioxane and polysilsesquioxane structures.

9. The resin of claim 1 wherein the resin has a molecular weight between about
750 and 25,000.

10.  Theresin of claim 1 wherein the hydrocarbon group of the RS comprises a Cj.q
hydrocarbon group.
11. The resin of claim 1 wherein the silane has a molecular weight in the range of

about 100 to about 750.

12. The resin of claim 11 wherein the silane has an epoxy-functionality in the

range of about 1 to about 10.
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h[[X\\\\]dBb@! ! Ls--#109%& () - +S109%& ()- 9( 109%& () - 9L' #109%& () - 99%-

109& ()-29" 109& ()-]11~~__ uj_@!' 1109 ()- 10 10 10s;

109% () - L610%& ()-93@ 10%& ()-!Ls--#10%& ()-_\__ Q “adEj _@'9 10%&} § May 112
"109& ()- 9y 10%& ()- 9 10%& ()-9S-

109& () - TLOY%& () - a@~bbcccCd}A?j _@! 9" 109%& () - 9! TIO%& ()-L"109%& ()-!L" 109%&
()-91 109& ()-!LY#109%& ()-zCddd&f6f{fgaBj @' L@10%& ()- 3@L0%& ()- 90109%& () -
19°* 109 ()-9 ' 10%& ()-9L$10%: ()-gggggg, gg¥%hyh_@!"10%& ()-! @

109%z& ()-L3T 10%& ()-y&@10%& ()- 10 10 10, ;

109%&' () -yhhhhhij}[9_@ & #10%bé& ()-! #10%]& ()-f:10%& ()-@ f: 10%{& ()- @
153 10% HzZH& () - @1B0% &T9 <psm 1 df| ¢l nk2 @@zeiovde, ilne Mee e a{Roxy10z 10z

10z; 1 10% &.() - @ #1092 & ()-Y ! ! @#10%iu& £)-Y

JmDNnNno6o Ng?la_@g%g%g }95&69@- 29 P%ﬁi@%zz&' ()-10%& ()-S"10%& ()-!S"10%
& ()-oYpugrUsssszX9. @10z, ; 10% & ()-!!3#109%&' ()-s-

10%& ()-! *"10%z& ()-f!#10%f& ()-!#10%b& ()-ssssttbtttmV 10%& ()-s
10%& ()-& f10vm&lf) - hherssingei(cfaig 1pveraiy RS e eidoxypropgy 10zt t ;

uuuu' wdBmN 10% s - 10%z& ()-10%& ()-s10%& ()-sL

10% & ()-&f 10%& ()-s10%& () -' www@xzxxxaBmN 10993S10% &' () -

010% &' ()--210%& () - I/ﬁ%%@'-l ARV & () - &#10% & () - x. yW[y\y] y*ykyybC
10% 109%&' ()-' f Y10%& (( -Hzloz z@ﬁ%ﬂl%ﬁﬁé%)%no%&' ()-5 10%& ()-

15. The resin of claim 1  wherein the silane a y-
glycidoxypropylsilane having C,-; alkoxygroups.

16. The resin of claim 1 wherein the silicone has a molecular

weight in the range of about 300 to about 15000.

17. An epoxy-functional organopolysiloxane coating composition
comprising:’
a hardener; and

an epoxy-functional organopolysiloxane resin which contains repeating

units which are selected from the units, having the formulae:

E,RLRESIO, (M units)

2

E,RLR2SiO (D units)

(1)

E,RiR}SiO; (T units)

“

1w}

Si0, (Q units)

5
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y>z\zz@ {{dEbC 10% 910%&' ()-L- 10%& ()-9@ 10%&' ()-y "10%& ()-L 10%& ()-9@@
109&' ()-{||}~~~"?bC 10L  *GLO%&' ()-!L9" #109%& ()-zL" 10%& () -

C1M109& ()-L109%& () -!L- 109& ()-f~+QbC 1010%& ()- & Z10%& ()-3 16 01MAYT0N
109&' ()-L/109%& ()- - @O0%& ()-Qvakuv' FbC

10t 10%& () - #3X1t 10%g& () -t 10%& ()-t10%& () -t 10%g& () - eFbC

10t 10%9& () -t 10%& () -#3Xt 10%g& ()-t10%g& ()-t 10%& ()-j P6C

t 109%9& ()-t10%g& ()-t10%g& ()-t10%g& ()- #3Xt 109%9&' ()-t10%g& ()- <6C

t #3Xt 109g& (he1ovgs ()Eusl@n/ggpxy)hmuo@&ql)rmmmm gm@&oogamxmmm& o) - #3X
t 10%9&' t 10%g&' t 109 9 9 9
L1098 () 110%€ ()t 10008 (LeL109E (o0 1o ORI A0N0E (b AR ASiA) 1 10%
?2CD\ af i J+Ct 10%& () - thmgg,()mtn;oa%g& () #3Xt 10%g& () -t 10%g& ()-t109%g& ()-fk

| tbA+Ct 10%g L 1098& () - 10988
10%#& () -t 10%&' () - #3Xtaooagx& ® - arz| [md.e@pqdayl 1Y096&140) hydrocanma: (ptioshkly

:1%?/5&'( % ) - S %?/i‘&( % ) - ‘ﬁé@gf%ﬁi%‘;& 3 ﬁé@g‘g’g‘@é“g Qr&d&%@%ilb%m%bﬁ“mlo

93 10%%& ()- !'| "10984&, ( 108& ()- 9IMO0Y%%& ()- 10%%& ()-

"1 10%%& ()-3D&l [: NA41O (@Oo/cso/cs& () &O/d.OO/GO/G& ()- L"GLOY%s%& ()- 9
10%%& ()-f LI#10% % & ()- 9Y 10%%& ()-z&nck|[: NA410 3@0%%& () -
9s0s10%%& ()- 9. 10%%& ()- & -#10%%& ()- 9+1Q%%&' () 9L*
109%6%8& ()- !"/pvU4 y109B$&L ()- OYBSE&Y ()-ZlOsg/oles‘Voles‘Vos

10% 9% & ()- 860109%6%& ) - 954Q%964& ¢ )~o0P—. |41+ @mcégm%&;&&'_d_o__

| S#109$& () - LI 109&$&& () - "10%& ()- F f10%&R$&& ()- Lf@

109%&$&&" ()-"+[:vUd "', 109%RP&&L ()- ~ $9109&RP&EL ()- ""109R$&& ()- " L!
109%8$&&' () - 09 109%R$&L ()pg L&LIOYR$&EE (- @K ~_" m okdM o)
W1099$9& ()H10&$&10&$&108$& @ 109R$&E' (I) - s,/ LOYRIRE () - s-#L109RS&&KNI() -
‘s*10%&$&@“(§’—n?1—-bu4‘<8 %('IOCO 9& T NHE— Ex1098$9%i () C-8 AxTOTB$ & fhi=— C—NH ;
SY1099%$9& () - ~1099%$9& () L10909%9&' ()-_?bU4 8 Lx1099%$9& ()-8

Lx1099%$9& ()-8

a is an integer of 0, 1, or 2, preferably O or 1;

b is an integer of 0, 1, 2 or 3, preferably 0, 1, or 2;

c is an integer of O, 1, 2 or 3, preferably 0, 1, or 2; and
in M units, a+b+c=3,

in D units, a+b+c=2,

in T units, a+b+c=1,

wherein the M units are present in less than about 40 mole percent;
the D units are present in less than about 40 mole percent; and
with the proviso that the molecule, on average, contains at least two

E components.

18.  The coating composition of claim 17 wherein the hardener is

an amine hardener.
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Lx1099$9& ()-8 Lx1099$9& ()-8 Lx10909$9& () - #32v! "#$% , | L, 48 Lx1099$9& ()-8
Lx1090$9& () -#32v8 Lx1090$9& ()-8 Lx109@$9& ()-8 Lx1090$9& ()-8 30 MAY 208
Lx1090$9& ()-,/2379; 2,48 Lx1098 Lx1090$9& ()-8 Lx1090$9& ()-8

Lx1099$9& () - 0#32v8 Lx1099$9& ()-8 Lx1090$9& ()-; =>PXtu_C, 48 Lx109%8

Lx1090$9& ()-8 Lx1090$9% () -BrelovhQROEAS s ik dfklﬁﬁﬂme{rkm#taewdrocarbon
Lx1099$9& ()-uz~cC, 48 X109 Lx10%0%$9& ()-8 Lx1099$9& ()-8 Lx10%9$9& ()-8
group of E comprises a C,, hydrocarbon group.

20.  The coating composition of claim 17 wherein the epoxy-
functional organopolysiloxane resin has an alkoxy content of less than about 20
weight percent, based on the weight of the epoxy-functional organopolysiloxane

resin.

21.  The coating composition of claim 17 wherein the epoxy-
functional organopolysiloxane has an epbxy equivalent weight in the range of about
- 200-600.

22 The coating composition of claim 17 further comprising an

acrylic resin.

23. The coating composition of claim 17 wherein the epoxy-
functional organopolysiloxane resin is prepared by reacting a silicone resin with a

silane having at least one epoxy group per molecule.

24.  The coating composition of claim 23 wherein the silane is

represented by the formula:

wherein R¥are one of, or a combination of, the following groups alkyl
(C.12), aryl (Cgo), vinyl, glycol, alkoxy (C,,;), and an epoxy functional C, ;
hydrocarbon group of the formula R - E' wherein E' comprises an epoxy group and
RS comprises a C,. ;3 hydrocarbon group optionally interspersed with at least one

heteroatom linking group, with the proviso that at least one R’ comprises R - E'.
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Lx109@$9& ()-="A| [:-410~#1 "; 10%#& ()- ' 10%#& ()-y " %t10%#& ()- °$
10%#8& ()- " S10%#& ()- Ls910%#& ()-9bA410~#1 ° ° 109& ()- " @ 10%& ()-
N@ 109%& ()- 'S 1098@2%) - Therl@ujHE (OmpabRichlOF #¢IZin : 244 Mherdin’ R*FNK () - g
\+ 10% & () - -#100/9/ ()-f ° -#10%&' ()-f SL109B%&' ()-

MLOYB&: () - 2GAPYPEOPYESZ 1004 #48& () - 10% 10940% *: 1099& () - ! SOMPA0% " i
& ()-3 sOnbA0%& ()-3 sOmpA0% & ()-38:|[:aT310 ° ° 31004348 ()- °,
109%4%$4& ()- ° | 109%44& () - oI 1094%4& ()-' ° 110%"4& ()-' ° 110%

R T LT (s L oo ol S DB Ol
L1471 109%4$48 () - @3110%@4&'() Y11 109%4$48 () - @L$10%4$48& () -
' $1094$4& ()-2 " 9A0%$A& () - (MRSTUbvU410  FI 10%1Sng: () -

s’ OY1096BN& () - 104$4104$4104$4 °,: 10%4$4& ()- " S7 10%4$4& ()-

' @LS10%$4& () - ={ 8] [ : 961410The coatiog/msmpdsitjon of @Y comprishRmBog’ () -

109615’ () 1 100BNE () - 10%1Bm& ()- 8S-||[:vUA10 ° s MLOY%BE () -

S o] 10‘V6r$rr&'a€%mwe“ 10%Bme ()- ! $10%Bg ()- ! 10%1BE () -

“310%mun& ()-SE]|[:vU410 5109 Bn& ()- - , F4' | 10%18n& () -

"1 109%Bme: ()- f/ 1 10%8n& ()- ., 10%Bn& ()- *M 10%$ms’ ()-3MU410 CF

f10% & ()-@ M0% 27.  An‘epoxy-functional organopolysiloxane coating composition,
the coating composition comprising a hardener and an epoxy-functional
organopolysiloxane resin prepared by reacting an epoxy-functional silane with a
silicone resin, the epoxy-functional silane and the silicone resin being provided in
effective amounts so that the epoxy-functional organopolysiloxane coating
composition is sufficiently flexible to adhere to a metal panel without cracking off
the panel after undergoing QUVB-872 hour testing according to ASTM D 4587.

28.  The epoxy-functional organopolysiloxane coating composition
of claim 27 wherein the coating composition has a gloss retention of at least about
85 % after undergoing QUV B-872 hour-testing according to ASTM D 4587.

29.  The epoxy-functional organopolysiloxane coating composition
of claim 28 wherein the coating composition has a Delta E of less than at least about
3.0 after undergoing QUV B-872 hour testing according to ASTM D 4587.

30. The epoxy-functional organopolysiloxane coating composition

of claim 29 wherein the epoxy-functional resin contains repeating units of having the

formulae:

-30-



$&()- "z 10%$ & ()- "&LZ10% $ & () - 10nBnlonSnlonsm " Y;
1090Bme ()-tT| ZOvU410 " 9S' 10% $ & ()-3!S' 109KK& ()-3 " & 10%$ & ()-
"10%$ & ()- © 10%$ & ()-  10%$ & ()-Ti~| obu410 "ml0%<$&'() (103 6 M 2887

10$ ° ;10%$ & ()-° ki'109& ()-° " 9-510%$ & ()- "1 (10% $
& ()-FY|[:bU410 ° “f:110%& ()-S f:110% 5& ()-S ° 109%&$& () -
L y109x$& () - ‘le%&'() 9+g 10%$& () -.uw2{ Z9bU410 "'10%<$&'()-g

1"10% & ()-g 1"10% & () - g'f&‘V@O)?/%% ()-(W@VQP%X$] & ()-

f&UA0% ! . & ()-2\&4t|[:bU410 Oﬁ 1100x$& ()- . 100$& ()-z
CU10%" & ()-2 - 109K$& () - (910%<$&'() StvU410 109R & ()- "yz 109R & ()-
C109R & ()-10x$10x$10x$ | 9: 109x$& () -  6109$& ()-'.KJ|[:vl4a10 °

CUFI0UR & () 109R & ()-f° " glOWR & ()- & 100R & ()- f1098& ()-3
C109R & ()-3JY .| [1vUAL0 SHR; AGIROY () (D unkis)10MR & () -0+ 10R & ()-

(7]

E,RIR2SiO; (T units)

Si0, (Q units)

El
wherein E is an epoxy-functional C,_;, hydrocarbon group containing one or
more oxygen atom, provided that no oxygen atom is directly bonded

to a Si- atom; and
R' and R’ are independently a C,,, hydrocarbon, optionally

interspersed with a heteroatom linking group such as, but not limited

to,
0 o o
Il I Il
—0—, —§—, —NH—,—(—0—, — 0—C—O0—+ — 0—S§—O0—"
0 0 o o 0
Il I H ] H
—-o——P—o—,——o—ﬁ——o——~ — NH— C— +— NH— C— O— and, — NH— C— NH ;
)

a is an integer of 0, 1, or 2, preferably O or 1;

b is an integer of 0, 1, 2 or 3, preferably O, 1, or 2;

c is an integer of O, 1, 2 or 3, preferably O, 1, or 2; and
in M units, a+b+c=3,

in D units, a+b+c=2,
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wherein R’ are one of, or a combination of, the following groups alkyl
(C.i2), aryl (Cqg), vinyl, glycol, alkoxy (C,.;), and an epoxy functional C
hydrocarbon group of the formula R® - E! wherein E' comprises an epoxy group and
R® comprises a C,.; hydrocarbon group optionally interspersed with at least one

heteroatom linking group, with the proviso that at least one R’ comprises R® - E'.



