METHODS FOR REDUCI NG THE TI ME TO PRODUCE A MAR AND/ OR
SCRATCH RESI STANT COATI NG ON A SUBSTRATE
WOROS86REFERENCE TO RELATED APPLI CATI ONS [ 0001PCTBH06/046366
application clains the benefit of United States
Provi sional Patent Application Serial No. 60/748, 866,
filed Decenber 9, 2005, which is incorporated by
reference herein inits entirety. FIELD OF THE
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Nufrer ous proposal s have been nmade for accel erating the
drying and curing processes for such coatings. Many of
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the appearance of the product, but also protect the product from defects, such as those
resulting from corrosion, chipping, ultraviolet light, acid rain and other environmental
conditions. One challenge that faces many manufacturers of these products is to identify
ways to reduce the time required to deposit a protective coating system.

[0004] Many coatings are dried and cured using a thermal bake process, wherein
the coated product is passed through an oven set at an elevated temperature. Numerous
proposals have been made for accelerating the drying and curing processes for such
coatings. Many of these proposals, however, involve rapid, high temperature drying
techniques that can be undesirable because these techniques can result in coating defects,
such as pops, bubbles or blisters. Moreover, certain materials, such as thermoplastic

polyolefin (“TPO”) based products, are sensitive to temperature such that high



such as pops, bubbles or blisters. Mreover, certain
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DETAILED DESCRIPTION OF THE INVENTION
[0010] For purposes of the following detailed description, it is to be understood

that the invention may assume various alternative variations and step sequences, except
where expressly specified to the contrary. Moreover, other than in any operating
examples, or where otherwise indicated, all numbers expressing, for example, quantities
of ingredients used in the specification and claims are to be understood as being

modified in all instances by the term “about”. Accordingly, unless indicated to the
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of ingredients used in the specification and cl ai ns
are to be understood as being nodified in al
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forth in the follow ng specification and attached
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indicated, in certain embodiments, the present invention is directed to
methods for reducing the time required to produce a mar and/or scratch resistant coating

on a substrate. As will be appreciated by those skilled in the art, the terms “mar” and
“scratch” refer to physical deformations resulting from mechanical or chemical abrasion.
"Mar resistance” is a measure of a material's ability to resist appearance degradation
caused by small scale mechanical stress. "Scratch resistance” is the ability of a material

to resist more severe damage that can lead to more visible, deeper or wider trenches.
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"scratch" refer to physical deformations resulting
from nechani cal or chem cal abrasion. "Mr resistance”

WO g000emsasure of a material's ability to resi SPCT/US2006/046366
appear ance degradation caused by snmall scale
mechani cal stress. "Scratch resistance” is the ability
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than what is reherred to in_the art as mar, and the
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polyurethane, and thermoplastic polyurethane, among others.

[0015] As indicated, certain methods of the present invention comprise applying
a coating composition to the substrate. In certain embodiments, the coating composition
is in liquid form, i.e,, it is a water-borne or solvent-borne system. Organic solvents that

may be used in such coating compositions include, for example, alcohols, ketones,
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TPO, acrylonitrile butadi ene styrene ("ABS"),
pol ycar bonate, thernoplastic el astoner, pol yurethane,
w@pa7obmseopl asti ¢ pol yur et hane, anong ot her s. PED038)6/046366
As indicated, certain nethods of the present invention
conprise applying a coating conposition to the
substrate. In certain enbodi nents, the coating
conposition is inliquid form i.e., it is a
wat er - borne or sol vent-borne system Organic sol vents
that may be used in_such coating conpositions include,
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patenF greolapg &, line 6 to line 62. Combinations of curing agents can be used.

[0018] In certain embodiments, the film-forming resin is present in the coating
compositions in an amount greater than about 20 weight percent, such as greater than
about 40 weight percent, and less than 90 weight percent, with weight percent being
based on the total solid weight of the composition. For example, the weight percent of

resin can be between 20 and 80 weight percent. When a curing agent is used, it is



herein. Suitable curing agents include, but are not
limted to, those described in the '491 patent at
w@odoans7s83 line 6 to |ine 62. Conbi nati ons of BCF/USIP06/046366

agents can be used. [0018] In certain enbodi nents, the
filmformng resin is present in the coating
conpositions in an anount greater than about 20 wei ght
percent, such as greater than about 40 wei ght percent,
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dispersed in the filmformng resin. The particles
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Particle be det erm ned

such 0ol P aPhirhBE Rl R 0% Nk Mol PR ERRlR Wheii e aterge particl
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engty 0Le73 goyte measyg the size of | des it asswR? the,gartitle hawa

spherital§lapu R 1088 "p@%iele " HefRrdB\Be smallest sphere that will completely
enclose the particle. In cases where the average particle size is smaller than 1 micron,
the average particle size can be determined by visually examining an electron
micrograph of a transmission electron microscopy ("TEM") image, measuring the
diameter of the particles in the image, and calculating the average particle size based on
the magnification of the TEM image. One of ordinary skill in the art will understand

how to prepare such a TEM image and a description of a snitable method is disclosed in



l ength of 633 nmto neasure the size of the particles
and assunes the particle has a spherical shape, i.e.,
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also sk @ghrdom Bo noswE fiphemogdndsgl. | In adphien] thelpapidléd ndsave an
. h as_c talline materials,.solid beads, .
imterri e Bl R dfRuS R P S0 S eeination, suph as a
hoIlowlareh'tarlvﬁgl pm?g ar lidl \am_yrsh I¢ whil Be alfnp@eiaedd tﬂlﬁt fok Ea&aihs ,

.elongated or .fiprous). e parti s can also have a
applic RS peflictt AR R bY Biook SiitAbl (ion Giers.ohAttipigshape may be
irrelepait] héWeserCRR ottty epiicatidhe ! NatillYeldpptdeiRed 1t cofibinations of

ous or vaoid free, or any _conbination, such

. hol | ow, p; 3 L AR
particles having 5 % MQIPhelpgies an Beusest togiys theisrirad charagjgristics to
the fikfl dRRAhLCI ated that for certain applications, one

3;ﬂ)’article shape may be nore suitable than others. _
(00235, 1 i | As 3iH B8 2ppipolsEed, mistuassafitwornswasre particdes hwing different

hotfe®d 4i88kSoan vl ik i AL it IBidAALd
avera%??part_ [ (:l | es aﬁaviln gdrg?llt&% g? g%ﬁ%?%ﬁgfﬂgglﬁgegl %%%géim the
presepiginyeriton iegmperithe destiedmaerastiesandochatagtariséics tothe compositions.
N | i m .xt ures of
For e RbIe)Hance0d pheSysdhntord FARLAS Bt (AR Rl
resistgnpetand| raicsopagisclesthabaeipagoubohatuddblefonirpeating scratch

. Ltions.in accordance with the present invention
resmt%gdgipc%%z}l)ﬁ(:%frhéneéiési red properties and characteristics
[0024§0 t he Tonpoticks casbe famet)anp heyteridnasézadlfiparidlghesc and

t.hat .are particularly suitable for {nparting mar

nonpql Herie i or it Pl B BRI S e @ RefipolyrReri R maatpels,
compssitd mbteeialspand fipaitdsRd agg batH ot Dl e a o ich materials,

hi conbi Qelpdl fél_(e3024 The particles can _be forped from
whicharespitaple fuised i Proit [iephen- @ dergrifesh fobpited States Patent
No. 61610/ et €oTBOENnEL S0 ¢4 J6TRINEB 121 el BBHIVIRIf which being
. or gani.c na%erl l's,
incorporated herein by reference.
[0025] In certain embodiments, the particles are chemically modified to have a
surface tension lower than that of the film-forming resin as cured without the particles.
Examples of such particles, which are suitable for use in the present invention, are
described in United States Patent No. 6,790,904 at col. 3, line 43 to col. 8, line 61, the

cited portion of which being incorporated herein by reference.



conposite materials, and m xtures of any of the
foregoi ng. Exanples of such materials, which are
waeiovabises f or use in the present invention, arBCT/US2006/046366

described in United States Patent No. 6,610,777 at

col. 30, line 28 to col. 36, line 31, the cited

portion of which being incorporated herein by

reference. [0025] In certain enbodi nents, the

particles are chemcally nodified to have a surface

ensi o ower, than that of the filmform ng resin as

100261 ' 0t uF %%B%}Tm{eﬁérepﬂf’fq"é [Lthe ceptipg PergPRitieR ithan amount

sufficpait td oice WhhGhndl® sétdtdhakbiStahPEodti@, vbnt WEePIhe SR RNt of
cnms@ﬂéent'on ar.e ?escrlbed in United States Patent No.

B8 0§ grpsalinkable compquieRts in ghy eprapgesitiqn is|ingfigient ofsoduce a
mar a6lfo? 9ciAMH de@iRtaRf cdMfingh Iﬁ’@éﬁaﬁn e HEQURRERL Ge Bgrrtf%leﬁ aYpresent in

reference. [ 0026] The particles are present
the caagagicAgIPOsTHIBIN BN @mMouRt mRssriern O fo 20.@ meight ppreedusech as

from 6. O'TEEB 187048kt ﬁ&f&ft Clt {nes%?r?e%: ‘?%é% ;ﬁlclﬁk We?g{\gx ngercer%nwﬂx

extent of crosslinkihg o onent s
weiglhtipsrasohisdsised on total soﬂvsluﬁehgm ozfnhe tmtprgcmimqmsﬁldmar

nd/ or e |stant
002730 o ORHE B i 801 Al e B, swsasionty
thixotcopip agéntsmtn-mgag"em,t orgamg icogp1f-&ras fibvd Eoriteol Bs, Gnti-

r 0.01 to 10 i ght
oxiaalfS, O BT S er b R R iy opyhsional Brfe puvnmrie
mclucildra]lehehmtemgbbmﬁem cmmt&e irfgrélﬁérgg %H’tcygit&bﬁ& pf&lemdatwgltg h%)%pﬁiy
e Cpa C 1.on | Oha I ngredi ents
weight bage %"h'fegptagg‘r%f\%ﬁtgfreﬁfna%’g’idé1 zers, surfactants,

[0028] hi X0t i €oat@gRLAmPpoSIfibh THRES kPRl AABRHS sutRtrdRThGny of a variety
| vents, flow contrqllers, anti_ oxidants, UV |ight

oS
°fwa¥%sg?%@ia§f194ﬁc?“§h RPRPSIHARS FaNRSAPPHAT bRy ﬁ&PVfFﬂrﬁlOflh]éneﬂlod
such & truffMg MEphing! Hgﬁdzohtnn% be1 e0AmRS b&ﬁ%ﬂoﬁ&%ﬂ el%ctrostatlc

ingredients are typically present a ep
sprayifg: ghtayyastadquns arm@%fcﬂfsan wetlg Ipr@fally slinntlstdme%for liquid

coatlr{ggqglg]rangéeoe‘f\%‘éﬂ 09 faﬁﬁ e ts{l&{]a§9§v\)3§n 6§p de’odmll(s) (grh Pout 1.5

Substrat®e 1 n any a vari exanp
mils. such conp05|t|ons can be applled by any conventlonw

hod dj t |
[00293"Et 0 ﬁyégg\f’/‘o@lﬁﬁ %’%a ng C rla?rp met ogts g? Wb C;gr%?eﬁ %Hf&{ltcl)on
compﬁm pa}rtiaklg hmsqhndsngc&wssinfkabtafdoﬁrpousﬁtd in Thepdomapdsitiont | Admised
o B R R S R S

meand that thel @osdliaR24 ¢ c&&pﬁﬁ@ﬂs ﬁnLtﬁé Yoinpesi6iah ath refGed &hdh that a
t hodf of  t hgpg ent on conprise partjall

y
paxtially SESF RS P AEPB IS 1S TEHHBORENELS P Aertially crokslinked
coatin@drpfess fol @atingsSinuskidh some, but not all, of the crosslinkable components in

the composition have been crosslinked. In certain embodiments of the present invention

Y

the crosslinkable components in the partially crosslinked coating have been crosslinked
in an amount to provide a coating with a crosslink density that ranges from 25 to 75
percent, such as 50 to 75 percent, of the maximum crosslink density achieved by the
coating (i.e., 100% x crosslink density after partial crosslinking step / maximum
crosslink density). One skilled in the art will understand that the presence and degree of

crosslinking, i.e., crosslink density, can be determined by a variety of methods, such as
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herein, the term"partially crosslinking crosslinkable

conponents in the conposition" neans that the
wee@3mbisakabl e conmponents in the conposition aPE&I/US2006/046366

reacted such that a partially crosslinked coating is

formed. As used herein, the term"partially

crosslinked coating" refers to coatings in which sone,

but not all, of the crosslinkable conmponents in the

conposition have been crosslinked. In certain

embodinent s of the present. invention, the
dyna O RE e s OV AN S A uEIeas M R0
DM TROaddl{r k3 @uddeEinddr d5sd dek thid MeiddaIvRtindAhe f@%é H8nsition
a coating with a crosslink density that ranges from 25

tempg@tu.yg apg p{p@mnk densHy 8§ §§g filgs P@ CORTHNRE 19F pobfmqrh.e These physical
propé}iﬂé‘ée@%&é@ Sdtd il a%ﬁit&d/ tcﬁﬁlg'sﬁ'\ﬂaggg)yf fhl %r&sgf}ﬂké’agnetwork.

.e., 100% x crossl density after partia
[003Q)r oss| | Inkgeniginsermpodiments, therpastial Ssesshinkigris r¢opmplished by

| b 1. W : he, bresence ..
oxpody ol LHRpdiottd b IONEL LA b aiments,
the coainglronypwisition maylc@ypase/athieahyllpéumblehoamositioah such as those

. d ¢ _nechani cal.therpal anal ysis (DMIA) using a ...
using ORI TR AR SR B PRI s R p L SRR 2K,
in whilt thegering Tpemst iskeptadpatetectom nesreabitvaafimsfoid] @aGig doplaining

te ture,and crosslink depsity of free fil f
oy G AT Lo R s OR ey D 8 derind, Wi aireiobgudt &
comp@sﬂtiadls [Biﬁffri l&iste?lé& byebcpwg% t}iél dolfigpositiontb Lé'lnﬁfagacd tEllﬁtEeratures of

crossiiry oe I cefrain e odl ments,
ff°m’t‘ﬁ‘ée’ﬁ’d??’faf£°c %&Q%Pgﬁ(%& tglzéegc]%mtfl_é%aerss}w%n%@nhg
deperideat GSGH hBFySOSMRBEirteRsdd) Pt ABRPRY WAt ep ABfic substrates,

bake. |In such enbodi nments, the coating conposition may
such g, P 8 substiatfesurtace jerpparareindbapangetald $0°B tr 2O HE (82°C to

129°¢ RYAHYsBY an i socyanate curing agent that is often
prepared as _a two-package system ("2K"), in which the

[0031dyr i ng Agdnskicated, lie pertain peatlkads of theprekent ieeantionean
“abbreWaRdd’ . a0l VINRI. ke cur.abl g. at

str AL PO S8 22100 PALTR o R e o
encorppans disatineSthe soatkt enbstass enechvieytiex peginggirtfineed radiation, or a

- it I .ed, t f f
combfIRATALLHE A2 fdalE it SORSBLEAE RS o haksrseps thac
the dyell tiavei (li.y.l, dhegpin, dﬁlmt tlnqo«mtdd?lbstme is)éxb;mb@td ﬂéﬂatétﬁth%dlperature

For e,. W certai ast]c substrates, su as .
for cuee) R Ehs o G Bl BBkt bt PGt il possinkea
coatirid3 ORHedd) adabfristiiPGst ety 8CheipSeseht iaRemtsRdis thAG3Adr A9/or

indi.cated, .in certai n, nethods of the present. . .
scratqlyFGaiFERG 2115 48 b PEUEEL U oRY faprisierpsslinkekpontigs that s

produ¢se dsinglafiaBbrevited SlcfhalliiRE WRlerdid iR dwall RBRNE af Rast 25% less
enconpass heating of the coated substrate b

or, in GG &EtGSoff Iﬁ%ép%fgl,e's&i o iy EPtheadpessi gricass r75§€> less than the time
required to produce a fully crosslinked film. As used herein, the term “fully crosslinked

coating” refers to coatings that have been crosslinked in an amount to provide a coating
with a crosslink density that is more than 75 percent, such as at least 90 percent, of the

maximum crosslink density achieved by the coating (i.e., 100% x crosslink density after
partial crosslinking step / maximum crosslink density). It is believed that such dramatic

reduction in cycle time can significantly reduce manufacturing costs.

-9-



conbi nation thereof. As used herein, the term
"abbreviated thermal bake" neans that the dwell tine

w@ raog/o¢75ehe tine that the coated substrate i s BXPUSHA6/046366
to el evated tenperature for curing) is sufficient to
forma partially crosslinked coating, but not a fully
crosslinked coating. Indeed, a surprising discovery of
the present invention is that a nmar and/or scratch
resi stant coating can be produced with only a

arti al cl,osslinked oatln that is produced using
100333 L5 AY pil B8 SRR BakioSAKE in fHeget s el Beersquired
to pr&tucla adelly 2% 1R&8 Rhting Ik &éf:@ﬁd&ﬁ §§m séuerél%%’fabég %ukﬁ 3S the
in yet other cases, | east | ess

EeFrPér‘?*E‘ij’msF‘éas W&“;ﬁso’m}cfémathmlmpss ofithe swnlw@mafmg nvmpssmon
For eH&%Qleh 85 RbdextbH6r ﬁlﬁét‘f@ alftylln'oﬁv% gﬁ'?ssé)ﬁéﬁ‘x%iuﬁg ggbﬁ]%r dwell time at
refers to coatings t have been crosslin
a lowgppirsttemperpiuss (Ge:» aoé?éamwgemttahuhsuat@smfaqekemmamMg of at

r uch as
least Egﬁeﬁ? , @}gft SP %1 e rrgg(’" %ﬁﬁ%cgoresgfé% %‘é‘%sﬁ} cer?aé‘lﬁl ‘é\ggmts of
the preyentdwenting, }(dwwer, the @%t)al crass]sﬂumlmnsmp}is}aa‘dn@r heating the

con bl £ A e SRl B )L EE e i o

than 1 hmimakbs it sorge cages leogﬁbxfel than6 nyinfites|uneh BRD Y6 8GhinbieBI Thus, as

3 As wi.ll be apprecjated by .those skil]ed
provifiRly fidichlod ot Wizt e T IR RhI e BSOS By uGEctng e Yeguired
to pramms alnhdilead/of eatatdhgrekiStafl PRI Hn ADRIreR\ah Bk significantly

riables, such as the cure tenperature used as wel |
wet filmthickness of the appl i ed coating

[0033]0 NPOSi fni RRainhbSYATRIC theGR&HSEs 524hE b&&@nﬂb@é{ticﬁl compnse
ive parts often require a |onger dwell at
anowéng @\ﬁéPaw EORRIFHIOR tQReSt careg As ysgd hsrein. e tﬁgmaipoat cure”

means lﬂlba‘i*tl‘i@ér@ss?ﬁkilﬁ@ %oﬁ%ﬂ@ﬁt@ﬁryﬁfé déBRg%Elt on%o tlﬁgﬁogﬁ%gr)g after

to produce a fully crosslinke n cer
complsiippdiftpnpartiak crosrdinginsten untﬂ\aefmﬂlwmsshnhﬂlmarmg lmeachleved

td I hed b t
LT K —
entai]atallbwm thi 804ed éﬂﬁiﬁ)até wrrestaat aobéert bandifiOngn ASILSS] herdin, the

t t h
term AR 00" Rl Sl ST G o SRR Rt o5 g

amblentllmhh@dtu&f (itehe&8pne FofE (d0tensPOy). the time required

[003 0 progﬁce a. waq) 1d/ or @ératch resi stant coating on a
ubst r al LR B2 '@ﬁPﬁ FOPYNE erraResiior drygabed gpove

compCJBd&sI aclhareait@diniReition, Whechie b ©fthd BgsBaRSRMart of a multi-

nt| on ?eA‘gg)rl se all ow ng. t he coatl ng COI’TpOSItI on to
°°mP88%'I CRUPASIIAL IR FYHEMSGAPHIRS ¢ BigHeniwkhaseenas compasigon and

a cledrbailt cbPosition ]%)plfé}ﬂ&b«le? aCRARQAPARHISn btk HEs&BHP ORithdLN
S

continue crossljnking after conpletion of the parti al
embogdpperts. iPrier FRy2RRISAIOM Pf thegopiing gomaperition dtsstibedbakdvsga i s

basec8&to@MRAMition is applied that comprises a film-forming resin and, often, one or

reducg

more pigments to act as the colorant.

[0035] Particularly useful resin systems for the basecoat composition are acrylic
polymers, polyesters, including alkyds, and polyurethanes. The resinous binders for the
basecoat can be organic solvent-based materials such as those described in U.S. Patent

No. 4,220,679, note column 2 line 24 continuing through column 4, line 40, which is
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In certain enbodi nents, the step of allow ng the
coating conposition to post cure nerely entails
wW@bkdooms73ge t he coated substrate to rest at ambiBCIL/US2006/046366
conditions. As used herein, the term "amnbi ent
conditions" refers to anbient pressure (i.e.,
at nospheric pressure) and anbient tenperature (i.e
68 to 79F (20 to 260C)). [0034] In certain
enbodi nment s, the coati ng conposition described above
. conprj.ses. arcoat conp03| ion, which is plied to
meorppra %4;%%?19“3% N6&r 15159 V&afﬁﬁf?ﬁeécfﬁ%%mmewg sugh as those
descrisdal ihNY SSP kRIS ONN03,60507.8. Ph@AERLES 122896944 U.S. Patent No.
gsition and a clearcoat conposition a plied over

5,07 1a?6$ eneqrrarafrdrheren byrefarendsd sart bansed as thebider in the basecoat
el ments, prior to application of the coating
conposi tion described above, a basecoat conposition is
[003eppl i edThhh@secmmpnwe&t@nfqahmﬁwmplgglmwsmoanahts Suitable

a5y o B RLTRRL ey i SPGB o

coateﬂas@@o aesvcmmsmtakm mgmemts; u}lle |basmby¢mnms1tpmls3c&ﬁ teiitdin non-

ooz
metalJ 3ot 1B K BBy ol RS conlBs beDifiee Bgemic
pigmamnts snélahstianinim aﬁ»xtdmo&en d@m chechiinh dtide, lé%@tdhf&nﬁi@ and

4,22 _6 not e .col u 24 contln thro h
carbog ks 44 PR el i oty o B 0r e BT HER A INC and
phﬂuﬂ@ﬁahﬁmqgeaﬂjso wat er - based coating conpositions such
Ooyﬁs thosgmdes rlbe% in US.  Patent No. 4,403,003, U S.

[ at ent fogredipnts in dhq Pasecons cepposiion mqlide these which are

well knd\e® Ilﬂth’é%hﬁff foehdhfin®Yurf&ieo8RRES, s&&ﬁasbﬁlrﬂéﬁgtsaﬁomntrol
bi nder in the basecoat conposition. [O

agents B SEP TS P IPSnatgassdia agonts PW’M@ %févents catalysts, and
other%%lst%% §ux1§h’1hésakﬁfan§’ﬁé 1|* ﬂh@seox'ng Qfssan Mgg a@llog.{n glygn

| ake, Copper or bronz ake an neta
descnheelan RSsPatent Nore 4:9@0.567191. ¢.40B 908,347 762 mg;@dwm which are

mcorg&gmﬁrré 8PS 1ERR @t ai n nonnetal lic color pignents

nventionally used in surface coatings including
[0038]nor ganihe pasgoen tcempushoascztn bampplieddo thei sixbstmté cm any
ad chronateg(gnd car
,f

conv%fﬂoqngl coali,] g%cga lque sBc?lb as, riugh g, $prayin pPing o @/mg, but they
are mokt Wrm;mnd Ibg spiayinga rthepisub by esehnigued ﬁﬂhquﬁ;ﬁﬁ&i]for air
sros i 0L B9 Rk S G PTG SRS SBI5p i memmoc
canbémsmmlatlng surface coatings, such as surfactants,

|OMICO tr.ol ents ropi c agents, fillers
oo3s) 7} gauTiRg ABREtian orﬁ%ﬁqﬁlﬁec%tos@wabﬁ@w ae By iginess of

the basaboat formed on the substrate often ranges from 0.1 to 5 mils (2.54 to about 127

micrometers), or 0.1 to 2 mils (about 2.54 to about 50.8 micrometers).

[0040] After forming a film of the basecoat on the substrate, the basecoat can be
cured or alternately given a drying step in which solvent is driven out of the basecoat
film by heating or an air drying period before application of the clear coat. Suitable -
drying conditions will depend on the particular basecoat composition, and on the ambient
humidity if the composition is water-borne, but often, a drying time of from 1 to 15

minutes at a temperature of 75° to 200°F (21° to 93°C) will be adequate.
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ot her customary auxiliaries. Exanples of these
materi als and suitable amobunts are described in U S.
w@aioens7shbs. 4, 220, 679, 4,403, 003, 4, 147, 769 apdI/US2006/046366

5,071,904, which are incorporated herein by reference.

[ 0038] The basecoat conpositions can be applied to the
substrate by any conventional coating technique such

as brushing, spraying, dipping or flow ng, but they

are nost often applied by spraying. The usual spray

echni ques d equi t for air spraying, airless
l°°4lipr ay ahiF SOOE PRIERERY the bRreARAE CAMEPBR ofen gspraly ranges
from 88!t® B NetzHTPLRRAS of 20 td S0 Wagsh: defR3R] Duri ng

application of the basectoat to the substrate, the film
100420 i cknesengtempive sabedunentonlierdhe hasereatds penliedi(and cured, if
desiréd) ARIHAO RS Srs'ITRBaPt aflb 2Fhis |
. mf)cr onet er 2) ,S or 8. 10})tcggt§%m I_E%Fg%%(ﬁ?véi?%ﬁg%gtz% 'oé?u 518
generglly gefpared tonast afalgar-qnoglaa]” applieationo fivir sgample;, bne of mpielayers

of a cBARGRBALI t?zﬁlsfa AenSURSLLALE %]%%%Sc?%g alfég@a%ﬁ(?ogg axgc? ?r?éj&elgore

or alternately glven a dr olvent I's
layersjef] a/tsanspatenb éoating donpesitian dfithertypy desaftiedgadier applidd thereon.
j I e lication of the, clear coat.

AN RGO BB RGPyl S o bR e

basecpairasianiihermbdisedoptoat, G asic tor amre andsmieritive arndsi Hplied

thereoh\}éw dity if the conposition is water-borne, but often,
a drying tine of from1l to 15 mnutes at a tenperature

[0043pf 75 ths 2080F, ¢e2thin mefid@s ofitd prsentdeanabe chApAdd: (dHhe
1 sol igstcontent of the base coating ﬁ{mposi,ti on often
PPIYHE AR PO ROTPORIIOM 194 SUBSiEretaFYy HY) Jpabing seqond sgating

compbitibh) oved FMéaspepefidh oftROAZE cobMicrhdRIthAL Whrein the second
enbodi nent, after the basecoat js applied (and cured,

coatirjes COTRRISHIRT) COMRTISEF b iHEmy iRfaime T5fing p gHic qatlrBarnst plnralidy of
particBRBidReAVE thd Mtn-RARARL Msin, (B SarlisiPEdeh Y 6&%&&&%6
to as_a_"clear-on-clear" applicati'on. For gexganp e, one
compgpenipinethp sgeand copting ednpesitienmal thenadd pewing thoatcondroating
compB§tieR R h&H cAEE T HEMBASAS 8P IheFseRP ﬁw@ﬁti%rbgtvlréae\ﬁes{e%s (ZI;) and
a transparent coating conposition of the t'ype
(d), antbaféer sterd(ddethe senond spitingicarhpesitton isAiresennint the &y ofamar

and/oPécrE@%;‘?eJi%Xrﬁrc%a&’ ga transparent coating can be applied
over the basecoat®™as an internedi ate topcoat, and one

[0044dr nor eAd stembbbe amredatad ifrogs treppldgeihd dstdpi@t, thd S04l
vy & 2o A B 05 b AR
substrates|didtasapartiallpesatedvithpdoating prodire@ B aGRgho® Bf the present
invention.

[0045] In addition, as should also be appreciated from the foregoing description,
the present invention is also directed to articles of manufacture having a surface at least
partially coated with a mar and/or scratch resistant coating that is a partially crosslinked
film. In certain embodiments, the article of manufacture comprises an automotive part or
component, such as an exterior automotive part or component, such as a bumper, fascia,
mirror housing, door handle, fender flare, cladding, spoiler, gas cap cover, and the like.

[0046} Tlustrating the invention are the following examples that are not to be

considered as limiting the invention to their details. All parts and percentages in the
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conposi tion over

coati ng conposi

weowpoeises on conprises a filmformng resin, _
and a plurality of particles dispersed in

cat al yst,

at
tion,

the filmformng resin,

crossli nkabl e conponents in the second coati ng .
and then (d) allow ng the second coati ng

composi tion,
conposition to

post cure.

| east a portion of the first
wherein the second coati ng
aPCTIU82006/046366

(c) partially crosslinking

In the nethods of the

present _inventiqn, hetween steps (c) and (d and
exameS s Wb Ty Se Ve ber ATk BHySL B Clesnomervise
indicqté€sent in-the formof a mar and/or scratch resi stant

coating. [0044] As should be appreciated fromthe

f oregoi ng descr

i ption,

Exanpleqct ed to substrates,
such as TPO substrat es,

[0047 Coating,

ifnventi on.

&?8%%5% I'n a%

EXAMPLES:

t

i nvention i

s al so

i ncl udi ng plastic substrates,

at

iRiRh Ol

1 on,

| east partially coated with

ts bl B illbing together the

fOlIO\&ngrlegﬂeéteets linclganamltm10ﬁlan elgtmndgr dEwhrchpthc)oappeah e

PR r\nL

oyt Al o~

ra)

Pt Edients Vot

Byl TR S bl

O leCl >
913.6

J
“Sampl
ac ¢ 15?6

 Sampla Gl
i

n-buty’ptdpidhaft™

or atc

T
—+ K
—-Coa L)

Y

ACCtOng [dil y—LIUb

TR

H = H
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T Thgexa

Dibuty¥ainl diRérateNr OUgHOUut gbRe SpecitLcatiopn, are by !
The fAlRWEESWRIRGENERE weRAIERIE the JbSNVRixERe E%%Qa%t@ly p
applichtidil &fake ddatisa:f or m ng conpositi on was prepared
n-butylipxdpitgrateoget hej thes 2V apsorhspr aval abl gsprom
DESMOOURIN-8300°2 Alt ot 38.60f P25 pats o] DowaRol rB7.5

‘UVa%?eggywa@meOngd;y@@hmwet hyl ether, availabl e Trom Dow
A tot:
slowly

of pyyayol GG g@g' oty lea-sr ralohl Fearer cacrmaecowas added
t ture t Ch 1

25 SNOWIBR ORAMhenifbre B m%é ? 33@?'4 @m&ﬁxmﬁﬁ e Q‘E o addition -

funnel ahA V@¥umaisallatiGbBrafas. VRN éﬁﬂﬁ}e &mw’a theﬂ;ﬁes ks, reduced to

about 6¢ lod OQyrptia e effeqidistilésatvérdk ap eddBionalQ442pags oslaowamIePM@ ashdied slowly to

the reac%a) nb ggx m :? é §rf %ftu? c‘%w§th e@d ba test ﬁlé eac about 30%
e L™

added tp haehtents o5 OOE;ctot dver apyueeSibyr eeribdy A thre of aea(tt@ bamolfe&dudxe

remov vacuum distillation. Finally, 343 parts of methyl amy] ketone were added to the reactor contents over
about 2’1 5 minute period and 343 parts of distillate were subsequently removed from the reaction mixture by vacuum
distillation. The final reaction mixture was allowed to cool slightly, and then poured into a suitable container. The
final product was a slightly hazy solution that was found 1o have a measured solids of 58% and to have a Gardner-Holt
viscosity of <A.

® Acrylic polyol: 34.8% hydroxy ethyl methacrylate / 23.4% 2-ethylhexyl methacrylate / 20.8% 2-ethylhexyl acrylate /
20% styrene / 1% methacrylic acid - - 60% solids in n-butyl acetate and methyl ether propylene glycol acetate with a
Mw around 6700.

% Polyester polyol: 23% 1,6 hexane diol / 18.6% trimethylol propane / 8.3% trimethyl pentane diol / 18.5% adipic acid
/31.8% 4-methyl hexahydrophthahc anhydride - - 80% solids in n-butyl acetate with an Mw around 5000.

® Hindered amine light stabilizer available from Ciba Additives.

® Dispersion of R812 fumed silica (available from Degussa) in an acrylic polyol (40% hydroxy propyl acrylate / 20%
styrene / 19% n-butyl acrylate / 18.5% n-butyl methacrylate / 2% acrylic acid / 0.5% methylmethacrylate with a Mw
around 7000); with the dispersion containing 7.7% silica, 33.5% acryiic polyol, 58.8% solvent.

7 Flow additive available from BYK-Chemie.

% Flow additive available from BYK-Chemie.

® Polyisocyanate available from Baycr.
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about 60 to 100 nmmHg to effect distillation, while an
addi tional 1442 parts of DOMNCL PMr) was added
WG @mMy75sed the reaction mxture. A total of 21PRI/psaone&046366
of distillate was renoved, bringing the contents of
the reactor to about 30% solids. 4.9 parts of
pol y(butyl acrylate) were then added to the reaction
m xture. 395 parts of the tetraol -functional siloxane
(as described in patent US6387519) were m xed with 296

arts n- pr al cohol _and this m xture was then
10048} 1o g t%afm& ngyﬁf aemmpireiaiy ayailablo v ergempgpeniurgthane
cleardQU(TRERDOV, avAilhBledtorR PrabRdhsti6Y mast s of sol vent
were then rem)ved by vacuum di sti I'Tation. Finall y, 343

[004%art s ovamlery pnd SpmpleE svese sira applérsdonto Sehuelr 448310
(thenﬁ@ﬂtaﬁm ﬁol M@ﬁn&@&éﬁs ug&éﬂé’ﬂlé‘ ?f?)ﬁl eRlbA%P Plg’o"?}ﬁ‘hg&‘é"e adry

distilTate sequent |y rem)ve
film ﬂll,féi@@ﬁSdWWm Lbdofy7 mabu iIﬂnﬁ dlesrqolatedtplmues 'Ehteatfanmnd:nt

tempérﬁﬁl% E’oqr\()rpg %sebé’fglse éo%vgcouon e IZF?QI ?or the time

oure 0 a sul e cont ai ner .
specified du’Eablwas Aaﬁeﬂ qog»hngyo hmny tesiep emdtineen tﬁehﬂéamaas werntbrddved

asur ed sol i ds .of 80/ and to
fom 08 e R Pl i8p-0R% P et Prroactyin (soss rggpiton
temphydﬁ@)@ldetbgsllm%haqr yTled @slt2Br AiR- -(8dnky Hbﬁyadd post-cured (7

N TSR W AT S A

meastredWnythe fiee fiing uei ATEADInEhERE nﬁaepz@mwm Q@J[ens%% f}lm

acet ate th a around 6700. 4 Pol yester polyol
m°delw’éh ﬁ‘é?ﬁ‘g@“ﬂqecﬂ I8 #Fﬂ?r"é’tcﬁyﬂf éﬁzpfeé‘ﬂ%ﬁ@“!e ‘B’C?’/Gf -50to
150°C/ 4 s by3  PivinB Cardli @implle i8e 504 4. fhi@inGhickRess: 8%

4- met hyI hexahydr opht hal i ¢ anhydride - - 80%soiids in
[005G]_ ¢ yi Addigpnz MBB“&Q@%@F@%ET@@U@ c@nperdalheayailable
rom SOCTBILLR, 1540 AL A uld SRR

film thickness Hf G htosh4apily| Adepalopohg (hboaadhhsadn @xgmptedwhels to sit at
- 9 t | ate /., 18, 59

s SR Gl 0 SRS BB R H A8 5
comnmclhuy aedikedhde :&bm BPG Inthuméd;vlm:r Grmﬂsaimﬂ))waswpfdy dpiptied onto

e SRS 9N A 205, B R AT Gt i

allowmé&habesﬁceatea thei\s/taslxﬂ iat mbleﬂtvcainldﬁhine forf © mifkKs, Saaip 1@8 A-E

e, avail a ro 0
were pr59 HhRGARR T p aaP e LY Ryt LML Sl T )
mils. CAfar aﬂh’b&tm% Eiéla%@?ata&A phﬂez&dg%xtf fof m%ﬁﬁﬁlﬂeﬁ dﬂ&hﬁi&ﬁﬁte{nperature
e an a e E were spray a i ed
the P?ﬂfrf ‘2’%!}"&@?‘? %&@1 PR AEFhisHP ng%-iq E 019 BiietEh) The test pancls
were ﬂieﬁ%u’sﬁect@d\t@kﬂﬁbéﬁstﬁﬁ&&fb@i@d@'ﬂe?érﬁféﬂ%‘aﬂf@r t[‘i’xe %ﬁ%ﬂ"r@s’{ﬁa@ce
filmthi ckness between 1.5 to 1.7 mls.
rosulf e

¥R iBd aBiosdu@d Zat at anbi ent terrperature for 10
m nutes before baking inpgopvection oven set at

ZB00F Tor[the U Mgiaiesgelieed 11 1aot et paldcelc Feapaiat ™
t @ _room t enper at (gage ddyhebdkb)ear coatjs wer e (7REAV@E bake)
Coating | Initial | Mar Gloss | Tg | Crosslink | Initial | Mar Gloss Tg | Crosslink
Bake 20° Retention | (°C) | Density 20° Retention { (°C) | Density
Gloss Gloss
SarXplc 10°/250°F | 87 82 35 0.66 87 70 64 2.29
Sample | 40°/250°F 88 23 63 239 88 23 72 2.07
E

-14 -




fromthe TPO pl agues as continuous free-filns for
nmeasurenent of Tg (glass transition tenperature) and

wee@3®bisak density. The results for initial

( SEOEUSYG/046366

and post-cured (7 days) free filnms are shown in Table
1. Tg and crosslink density (103 noles / cc) were
nmeasured on the free filnms using a TA I nstrunents
2980 DMITA in tensile filmnode with an anplitude

nmodel

of 20 m crons,

frequency of
-50 to 1500C, a rate of 3C/ m nute,
15x6. 5rmxf |l m t hi cknes

| Hz,

tenperature cycl e of

and sanpl e size of

[0050]  Additionally, MPP4100D

i@i@g@

(athC| faYal nr - ohpter 6o _a_br_l_pj r om PPG

| ndust a?édes r* el Sl " Hbp! e} %‘°§eqd’é‘PaIM&0 L3 Day

pl agyes to achli eve a dry n1th ckness of ﬁh: o p. Z?bgz

mls.] After al|l ow ng the adheS|on pronot ed pane s [ ORetention
Samplefs dt arves ent] con@st 1 ohsof/eso°k0] Mgt €S, a g2 70
SampieB- donpdeent Isol Memwt boy ne’ /ab@Ek| bassycoat| conmerci fl T yé1
Sample §i 1|ab| Borer oy PP¥rdendustlPi/@80°F| nc. §8TKPY855536 was 22
SamplpPay apireed lont et he NPPARORD Coat¥d panel s27 o 26

achi eve_a dry filmthickness of 0.9 to 1.1 nils. After

0054 | owi nfp THRE baris Shatedicpankyasl G minyte bake RS0 Sample A of

the pFRBSH ihV@dn S edcdlicAHhRS resRARE %§t}i°imtla§18)’§f
applied onto the basecoated panels to achieve a

curing; demenFtiaing sxcadlenty mer reszst@cﬁumlgalquven theduigbvit was tibtenear to

bem%:

heRy pad fsqnﬂiﬁﬁgh gﬁ

enperature

nel s

$yitfe Folanki U

wer e

aked I'n C

Sl "73%%1 post-

onvec

an@&su?eqpén%]ﬁnnally vs.

post-gNigRge: By cczsmonoaﬁm M mwss bakeras 2568F, tha nelnmemaﬁy

S descrlbed
reshstance even

ava11£‘th@

ear

PPN Raf Ry

r
t

Weotb g

drd 8418y

ance resu

thoughgit M@g ngariyn f11Ly. cuTabhsalnﬂT(atﬂddD)chﬁﬂ@'ﬂh]d dmss]i&k:ldenén;y not e

~meas¥.v.ﬂe%en?§ lnﬁl

resen in

Vgo t cur

m nut e bake at 250F, Sanple A of
#8%excel | ent mar resistance

[005230t h i nlrt Tatilé 9, motd ot veith fhedhyrt paisé SUT0 MiKutes at 250°F, Sémple

A(c

niti

mar r&@\slﬁp%

post -

btoR T

a

cur ed

bl Higpeb

excel |.ent

31%‘% PRragles

and dﬂr&d 7 @ay gdstlayirinBe Shgipdne (@(Blﬂﬁﬁlllﬂ
ost-cure agl ng.

AYOrse He, Samdc AotAned
Sampld mcﬁntﬁnﬂ@gjn§ paficids GAR oY a¥y B hdsMohdiBbraBworse i

resi stan

sealvt

ce even

P

itially,

ance_in
ﬁ‘ﬁfs ggoq:maé aesgﬁance both 1n1t1ally

ri€18S ivuyY nfRASWsHMRE b8 od

conparison, after a

ActfREABINg both Byrsic]es gne catalyst.

t hough it

was near

ﬁntlal and

POS“F‘HW W a?%‘ﬂa% tharbethtSeenme A Wéi Sl?gnldn . cFamepleilh kcontalnlng

catal

[0053})

I'n Tab

nﬁh%ﬁpﬁﬁﬁ§%?ﬁgﬁﬁgﬁg¥gh§%
Comﬂﬁf%t?e%mmle A50F, Sanpl e

R el RRFho R RS

Psthce

It will be readily appreciated by those skilled in the art that modifications

may be made to the invention without departing from the concepts disclosed in the

foregoing description. Such modifications are to be considered as included within the

following claims unless the claims, by their language, expressly state otherwise.

Accordingly, the particu}ar embodiments described in detail herein are illustrative only

and are not limiting to the scope of the invention which is to be given the full breadth of

the appended claims and any and all equivalents thereof.
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A (containing both inorganic particles and catal yst)
has good nmar resistance both initially and after 7 day
w@omr/0615e3 ng. Sanple B (containing particles, BPCE/USH06/046366
catal yst) has good mar resistance, but slightly worse
than Sanple A containing both particles and catal yst.
Sanple C (containing no particles and no catal yst) has
consi derably worse initial and post-cured nar
resi stance than both Sanple A and Sanple B. Sanple D
contai ni ng catal yst, but no particles) has
WE(éIr‘g ficantly worse initial and post-cured mar
resi stance conpared to Sanple A [0053] It will be
readi |y appreci ated by those skilled in the art that
nodi f i cAtmeihed feryredecipg the tirge regaited ye pradyae winedrurd/or scratch
. ! f.r, : s disclosed in the foregoing
resmt%???%f% iggr?.sqg%}%: 9%@?@%@ tions are to be considered
as i ncl (adepplyingd ¢pating chboiplositiongo theadubrsirate) thes t he

cl ai ns, LI age ressly state .otherw se...

Accor di %’2 ?{’9& ﬁ?}k & r%sg?ﬁigxgglcg?s%féﬁlﬁ%zﬁ ?rc}éﬂ?%neagssl@r BEGTPRSIHION,
and tigat ai | herein are illustrative only and are not

limti n% tﬁ thetﬁcoget.of the invention which is to be

gi ven t & 2HQVINEPE SORHNE FORRRS IR PRSHC W Pai s and any

anchetkin, Bepicenkbrps to)dnarenfan¥Ene dbiMc)la mir BR/BPSErhRR

.tretducting.the ti me re Qﬁired to produce a mar and/or

resistant Coppe JSRIPRL AR R UPOsHR®on a substrate compri si ng:
(a) applying a coating conposition to the substrate,
then (b artially crosslinking crosslinkable )
C&Tponeﬁgrqewoglﬂéc cladipl liqf?}ﬁ,tg%\ﬂ{i’SFhf@r?o{TWSQ$ a plastg

substfaf® coating conposition to post cure, wherein, between
steps (b) and (c), and after step (c), a mar and/or
scratch resistant coating is present on the substrate.

2.3, The ’f‘ﬁéHl@glogfofféhﬁinrﬁ,%hemﬁrtﬁ%ﬂa%rﬁgs@g?%%g@gﬁ)ﬁg S m

conprises a plastic substrate.
thermpplagtie pelyele pl astic substrate conprises :
t hernopl astic polyolefn. 4. The nethod of claim1,
wherein the coating conposition conprises a
fi4.m f oFind mgthodsifwlaim i wierdaitisd ysiting @nthpasifilodrcahipiiges a

ﬁlm—l%ﬁm?r?gr }els,&l, g %uxdel C%Pa?}r'sﬁ,e :gncf 4 pltulga it{r Iolf gfal%fz{gs régsp ersed in the film-

forming resin. :

5. The method of claim 4, wherein the film-forming resin comprises (i) a

reactive functional group containing polymer, and (ii) a curing agent having functional

groups reactive with the reactive functional groups of the polymer.
6. The method of claim 5, wherein the reactive functional group containing

polymer comprises a hydroxyl-containing acrylic copolymer and/or a hydroxyl-

containing polyester polymer.
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resin. 5. The nethod of claim4, wherein the

filmformng resin conprises (i) a reactive functiona
w@e@apersent ai ni ng pol ynmer, and (ii) a curing aPEnUsS2006/046366

havi ng functional groups reactive with the reactive

functional groups of the polyner. 6. The nethod of

claimb5, wherein the reactive functional group

cont ai ni ng pol ymer conprises a hydroxyl -contai ni ng

acrylic copolyner and/ or a "hydr oxyl cont ai ni ng

pQj yest er yner,. 7.. The method of claim4 wherein the
particl tke Eleéhqdo‘i‘ﬁf%%}mf‘f Jrhsreindhe apdicles|age farmed feopn materials

selecﬂé& O Db Bymidisk ARNESHPW IR ,haﬁgaamhﬁteﬁ%tsef,&%m and
ol ymeric and nonpol yneric organic mat er | al

nonp@maglqrgmﬂﬁpatmlg cogipogiternrtenials, oha migture azerqafe
met hod of claim4, wherein the particles are
chemcally nodified to have a surface tension | ower
t fan t hike ofethddeoffdlaim 4, cwhﬂreig th@pamicm awclmdnimkll)hmmﬂiﬁed to

have ngrf&,%r ttehgitnﬁ S(owg dth%x.b ﬂ'x&p‘é% q’%lgf o) ﬁrtlggnrefssin aV\s'.h CEIE}?JAOUH Ot the

Icles are no
Paﬂuhawlng the structure: F- L Z wherein Fis a noiety
conprising a functional group; Zis a noiety that
decreases the surface tension of the particle to which

| t9 i s aTh@nieﬂthd mlm 8, Switergih GhkPpiritidles lateWad dified W aftachment
ofac hmelh %?a|n14 wherein the particles are
Bnggﬂ FHOE & g conposition in an anount

sufficient to produce apnyr—gnd/ or scratch resistant
coating, when the conpositionis in the formof a
partiarwyawhDEédank@ﬂycmmpHMQgaﬂﬁnmihﬂugﬁﬁbpﬂi@ﬁnﬁhﬂbﬁmn

e particles are sent e atin
decre}&:s tﬁ@S{r?aé:ﬁ tgrhm%rg g t‘il pﬁ.x[%c}ea J" ﬁﬁﬁﬂ,l& rﬁt@q@ g&f ges a g?oup that
hnksE@ngt percent, based on the total solid weight of the

coating conposition. 12. The nethod of claim 6,
wherein the step of partially crosslinking

crioss! i TiedlethodWTRMMAM, SvHereih e SLAPRS hid RBsenf in the coating
acconpl i shed by exposi ng the coating conposition to an

°°mP8i}BP%\‘FF 2R BROURESYHF b Produse apRar #HiY piowraieh esisiant ¢oating,
whenWheE8thPodifin APRIMEY Frhfsk 4 iR} cR4HRAR0Ring.

11. The method of claim 10, wherein the particles are present in the coating
composition in an amount ranging from 0.01 to 20 weight percent, based on the total

solid weight of the coating composition.

12, The method of claim 6, wherein the step of partially crosslinking
crosslinkable components in the composition is accomplished by exposing the coating

composition to an abbreviated thermal bake.

13. The method of claim 12, wherein the abbreviated thermal bake has a
dwell time at least 25% less than the dwell time required to produce a fully crosslinked

coating.
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dwel | tinme at |east 25% | ess than the dwell tine

required to produce a fully crosslinked coating. 14.
wab@7metskod of claim 13, wherein the abbrevi at BGI/US2006/046366

t hermal bake conprises heating the coated substrate to

a substrate surface tenperature of at |east 180 F for

no nore than 10 m nutes. 15. The nethod of claim 14,

wherei n the abbreviated thernmal bake conprises heating

the coated substrate to a substrate surface

f Ieas 00F for 6 m nutes
et Hisemsthod of %ﬁ@ £ ﬂmb%g%latesfth%fmaéwffgcompnses
heatutghﬁe €Oatel REbELITP €5 h bhirateGuPRSE tebdicRatG RPN dt 383t 180°F for no
all owi ng the coated substrate to rest at anbient

more Gmippies. 17 A substrate at |east partially coated
With a coating produced by the nethod of claim1l. 18.

. A nethod for reducing the time required to produce a
e - andllen methagh efielains] 4 wedierein dhe abhhgedated therbsd balteecomprises

heatiGORBh ol dunlitthe AR LG AR Athk BIROSIA IO I REr 2 10 6

substrate, I'n coatin osItion co
nﬂnm&ﬁln}forn1ng resin, a cure catalyst, and a plurality
of particles dispersed in the filmformng resin, then
(b) partially crosslinking crosslinkable conponents in
t Heé. c orfﬂmshk'tlﬂml, ofaital i h@vhe(réi)l tind d;tqw'gﬂ @lld\hﬂlgﬁﬂabd)di?lg
Qn to post cu et ween steps
comp§ETBRES bbbyt o GRPH e Al i Bl Sl RAGRE oSt blent

conditiead.st ant coating i s present on the substrate. 19. An
article of manufacture having a surface at | east
partially coated with a nmar and/or scratch resistant

caat i ngA tshibstrdté atlep@ pattallyoste@ St AkeMirfsl frifiuced by the

method of claim 1.

18. . A method for reducing the time required to produce a mar and/or scratch
resistant coating on a substrate comprising:

(a) applying a coating composition to the substrate, wherein the coating
composition comprises a film-forming resin, a cure catalyst, and a plurality of particles
dispersed in the film-forming resin, then

(b) partially crosslinking crosslinkable components in the composition,
and then

(c) allowing the coating composition to post cure,

wherein, between steps (b) and (c), and after step (c), a mar and/or scratch

resistant coating is present on the substrate.

19. An article of manufacture having a surface at least partially coated with a

mar and/or scratch resistant coating that is a partially crosslinked film.

-18 -



