METHODS FOR REDUCI NG THE TI ME TO PRODUCE A MAR AND/ OR
SCRATCH RESI STANT COATI NG ON A SUBSTRATE
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wel | as through normal use. As used herein, the term
“mar and/or scratch resistant coating" refers to a
coating that retains at |east 30 percent of its
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hi gher wei ght percents of solvent can be present in
wat er - based conpositions and those that conprise

wat er / cosol vent m xtures. [0016] In certain
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cry:ttﬁ)lhnﬁ‘pa\tftrlaﬂsh eolitElséaie dnjaorabeads, bebolmdsp}ieﬂiqamefel wBkd,es can
conpositjions. . For exanpl e, I zed rtlcles

par&lfhla% tha? are platy.j cuicaaragicalar @%ﬂl@ eﬁ%}gaie 5 IPFCH@) ¢ particles can
alscrﬁaﬂe%tfam&n QPQOﬁHn%BH%érgﬁélﬁg%tﬁ%dﬁfoﬁ iRy tai‘tfb‘l’és%h}ﬁave an

suitable for 1npartin r at reS|stanc can
inteciatisimadre th@G2 hq:lldih,@mﬂqroflosisfrm or bey fambipatidng &mh as a

rials_select ed ric_and.

ol g MR 5150110 S T B PGS DR Serant
appUE&AHs CorlPfagtid1a bisape n%%%bk%uﬁﬁil@fhaﬁ'oﬂaer@%ﬁﬁl&%hﬁ;ﬁ&nay be

of anx of the foregoing., Exanples of such materials,

v

irrelgiveiath heweves.for athleganmmaw |1hthh1@e gppeasésted thateambipsiions of
parg?rlg%}garevﬁgé@?&: In:t] Ee{mg@{ tl(ggq #aﬂtbgglsg(f{o(;%L%‘Q'l’ékﬂ[ealgeﬁigi’hg{azzglsucs to

the G@al @atfingnbodi nents, the particles are chen1ca||y
nmodi fied to have a surface tengl on | ower n .t hat géﬁI‘ferent

(0023l i | np Bithba goPresipied gaidyree aT B Wdﬂ?retmét esritav e
avelﬁ{g%ﬁ%hﬁﬁe A eSH6 b RAL tr%)&h‘féﬁ untW&ébn?}{o‘%lt%ﬂb teRcBrdafée WHE the

e present invent are bed 1n United
pre&mmmﬂm mtnplm th&(és88d pperies @od chBactéristies #Bthe gomppsitions.

8, line OO 6] The tlc resent. |n the
Forcféampﬂeg n Shoet e Bt S ARG B B
resﬁfaﬁgé‘&?d 1%1&@15&1’@&@! Bht &€ b&&&ﬁlaﬂ?%ﬁﬁ&ﬁ@for@ﬁ?iﬂtlﬁg scraieBn

when the ext'ent of crosslinking of crosslinkable

resismpoermhescambinéte conposi t i on is insufficient to
duce mar ..and/ or craft cl
OBAPES 3RS R AR SRR e
norgfé%éiﬂ: in6QARRShAtk@4ls, |p&lﬁﬂerﬂ:rm1tlmonp@1@ﬁieﬁg ofganiv rﬁat@ﬂialts,o
0.0 wei ght percent, such as fromO0.01 to éo
corpeasiie materils, and migwEes o4 gay of tedaregeing. FayRles Bﬁe%gﬁ?atenals
Wh\'\?er%smb%héor Bs.eer 191(?1% ﬂe§ent %Fﬁigg% é&gs@tllbeﬁClh i thiMRISeiEs Patent
i e et I

e coat’l ng Opt i onal
Noil @,gﬂ@dﬂ’emtcs)lsm;hna% td m“l B dinp Bé, pI asticizers,

f act ant t hi : 1 t . t
0B an; ¢ SoSsARAPBMOR, WEATRIF arecheafa B BT R Rave o
sur!F%e lt‘%] n 19@%10&9.@ Kivat @Fglesﬂlﬁfo%m%q@élh hy 8ifre€ MHHOHE the Baﬂtlcles

i ncluded In tthe conposition. These
Examglee di archspaaroéest ywhichaird suifpblesfonusedn thepregens oeptjon, are

described in United States Patent No. 6,790,904 at col. 3, line 43 to col. §, line 61.



wei ght based on the total weight of resin solids.
[ 0028] The coating conposition can be applied to the
substrate in any of a variety of ways. For exanpl e,
such conpositions can be applied by any conventiona
met hod such as brushing, dipping, flow coating, rol
coating, conventional and electrostatic spraying.
[003p) ay t eThapatieks arcproRat inahé edhting@EGmpdsiiog & dryamburtRufficient
thickness for liquid coatings can range between

1o RGNS aprsandiorsaratghd g8 coavne. Giyn wgmweﬁteaé?f@g#%inking of
crorgnslil%lsﬁ?g §§TH81:1§1‘[S %%gzéqtﬁﬁwsltﬁﬁqg SnsZﬁ'rcgerﬁ ) Pro@ﬁc@?ﬁl‘df arkl/or

As previously indicated, _
scratell tasismntresdiogs loterdie cpmbedients, thegnatticdes are preperit sethe coating

artially crosslinking cr i bl e conponents in.th
corBp PLAaIORE! TOEHE THEY R, B0 S FAPERERL P 4 Trom .01 to
10 g%%%%b&ﬁgﬁtp&, o hed LRKADl0] 16 8 PQRRMefoeh!) whidfe weight percent is

mposition" nmeans that the crosslinkable conponents
basied ot hetacsoid owdightor thr epatingeomaposstiarh that a partially

sslinked cqating is faqr . e - e]
o0B8 5t SRR R Pek b PR ARL R
thi£Aadpid&fentsN a b 8RingQiFents itkaio tosalentspflowventrollers, anti-
crossl i nkabl e conponents in  the conpqsition have been

oxigpssVV Hiebbiabsorpeseandaimilaraddifrice Aonyeafionsh &1 fiedtighty be
. inven Q& Cr 0
incl MR i boms ol R3¢ LApARRLAES RRTAARAN relel A1 19 40% by
weldht Bilsed UG tota) varightiofleesin sodigls.i ng wi th a crosslink

density that ranges from25 o 75 _per.cen uch as .50 .
(08175 perldeispa s cormmsmHER AT SHRELTs M BRHER § D of 3 varety
of %'ggé. eﬁcﬁ%x?%ﬁgfeh ?uch%ﬁ%p'oﬁ‘iﬁoﬁé e be 2pPRSA Ky &hpSsHiveRtonal method such

sity a r partial crosslinking step / maxi mum .
as bruskiagkj dikpidenBow phatin@nelstdatingdonventioaaland elgefrpstatic spraying.

under,stand that the pre ce d 4 f o .
Sy ded|miqiies A mpst é)_%’en @Feéiz S )fphci?ﬁg,ef%@???c’q&g%nfoglelqmd coatings can

raf3tRfeAet B SriRI(2 St Yin@EbdR DD ), sudh s BetweBn Gybreadi Imils
mechani cal thermal anal ysis E&MTA) using a TA
(12.7end alpmw{76.2DNA). 2ogoput bmaila R Y #89- conduct ed under

iLrogen., This ho ): NS bdtigpn
ol orat sl 804, R iRAldaE of IR SR eseh RS LA
cofPabé PYEalDy cioednkitescrosklisisadlgbumspanahts ipthementposisionf Ag used

cured material are related t Fiﬁqjj structure aof the ition”
hemiiody e caaeliieres i oRetinkaerempeatis et
mf%aﬁg BRI RbssGRIGDH LM dints $n AHeCBMPbifiBE drd¥¥act@k ARAIRG a
e coating conposition to an abbrevi ated thernal i
pahaklg crossliskedhoettypidifoemdds , As used hevsin, itrgtenn fipatiply engsslinked

co%’gggpéééosﬁgwa%}ésﬂg ; é#%lﬂngelj @ﬁf ll}oﬁ aﬁ gg@ﬁ% ic:;{o%ég[}ﬂtla‘gl@ %Prtngﬁnents in

thPESRRREbASvE bEWPBAHREE BYRHEM dmbdiimérts whihe Prdsknet invention,
curing agent is kept separate fromthe reactive

thé cnosslingalale cgmpapentontthe parkiglly propsimked coating aye pegy; cgosslinked
._m ni mal el eyated .t ! ot . O oS URd 25 to 75
nag ﬁB’é)gP{ %d’ﬁ%‘”ﬁ% a 8?%“@?%21{3 ?éﬁ%ﬁl ydégil 05 ?tn g %%e °
peFRRERQEER A0 07 selepoeat, o tieanmeamaiticrossliak 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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from for exanple, 180F to 450F (82C to 232C) with
tenperature primarily dependent upon the type of
substrate used. For exanple, with certain plastic
substrates, such as TPO a substrate surface
tenperature in the range of 180F to 265F (82C to
129C) is often used. [00311 As indicated, in certain
nmet hods of the present invention, an "abbreviated"
thermal bake is used. As used herein, the term
"thermal bake" is neant to _enconpass heating of the

traminmeshguicsl thamgl analysls SoMTeN wig e Tdynsirpmenis BYLA 2980

Dﬁﬂﬂ'ﬁaﬁha@ﬁer wndactecmmaf mabgdD Thivah@Rdd defsmises the 12456 trinsition
. neans, that _.the

he bb r bake".
Bty el st Sty o5 ¥ts Ritns O Rne o Poly sty e Rpysical
pmpanpxm"@obutﬁd mdtavﬂh&dehmdpemasmmre bHithe etisslivdied hgwork.

gidﬁfq' ci entngcgniu?cr bl g(agé pedeid mﬁainkwlgggacgsﬂbmga by

not a coatin

SHPOPRE mewgatmgsc@mmmto apjabbrgyiated ﬁhennﬂ\k@hrt i Irsushseratiodiments,

the BBAtInRREAMBbsitiEHa) SdingrRs b ek, Rl \@nfRBitiBE, such as those

roduced wth only a r |aII crosslinked coating
F fing an isocyppate eHring aa%n‘ﬁ‘g“ ‘a?r?ﬂﬁ’b PRYFA PR HRAC ”ES%?%E( ZK"),

iheliieh the ctirenglypeht is kepreepamteafroﬂa etextachivé/filneSenal gionp tontaining

BAVReE e oifote Btk il Brnonlei e SESTERLCS

terhpogitionpissifemhastenpd bwmsmgl mompmmn tOtelﬁeaneé temperatures of
1rbml Fo¥ elednis l180aE 45698k Mko ﬂ@*@fw‘aﬂ{t&nﬁaa&&erﬁﬁnmt

Eave been cyrosslipked in an anount to provid
PEPIGREUPAR; the YRS of HoEat Yot R ef‘?“?‘ﬁ»a‘l”ﬂ? ger%ﬂ&asﬂﬁ ghbstyaes,
REhQse ano & subtrate stack Gafperaile MARE RNEe oOFI0EIND 265TX(3 10

sity achieved by the coating (i.e., 100%
f’;ﬁ%}%i rhlléﬂl?g%en& ty after partial crosslinking step /

R um crésisilicakd. de pgtainmethods of Shepa¢sertiveentibmans uch
dﬁb@?@idté& tﬁe?.gymak% vl %cds@d ﬁerfma He nﬁ'"aﬁhfmgw"iymm to

t
et R EAF U1 (53 SRR Y FRRvEiSniEttng REeEsgiation, or a
t:mnﬁnitﬁﬂgherr?cf Als Qs ks, ?:aeﬁmi dgl}ﬁreﬁfafﬁ&hérﬂiéﬂﬁbtks’oﬁédn@ ¢hat
S naen a varl a es SucC a ur
1 A S e 0B e B ot s eet o Dot i R el pecpipture
dpehiing) icodifidieny tecfonp apattialiy crosdhiokedscoati, but ooafidly crosslinked
saqtﬁél ﬂfgeéq, ?%}ﬁm@;a@m ?ﬂ%%"rés%thf&éﬁﬁoﬁ 8@ b and/or

[ on ovver cure te rature (e.
Q@atzlsr%smt ogting cap bg prrgupedvatheply g patial esrsa@l@ﬂeo%mgﬂtat is

bﬁbﬂtﬁéedllgﬁig ah 8@5;%\)1“5&3%”%9% Yae v?lei'éi]ll Ing d%n $inlel i Ktt%bst 25% less
coa | . n certaln e odi nents of I en .

%ﬁ“% ii‘éé‘e%"% fefeeT Y ES %ﬁ"*f&ﬁ?%&it f°ﬁ§i7§%' Jpgs than the time
aﬁqomcctﬂmpsdrdade biullyesadsslitgred Am. Aoeted Hersinh Sertermefolly @osslinked

?%ﬁ% + AkSs fa%&ﬁ%@ agagmrb@énuarsssﬁ&ceaﬂn Lrﬁgﬁaun% ﬁ,ﬁfm&ﬁéﬂoanng

O nNore I N SOoNe
ith & cepsplink density that dhmers thent7§ Psrcmltnsncbgs atwa§90 pescent, of the

B{aﬁﬁ‘dﬁ?&b%hhﬁ tdérﬁﬁ} &a?:hev\e? St chbating| I(r% 10098t BreskiRl ddrbiy after
sen | nventi on e | uce
Rortip Grosslitkine ee, S eroatlink d%rgmah 1&*5@&%@?3 ﬂtaéﬂt?aﬂms@“c

sadgetiohiin eyrld me can significantly reduce manufacturing costs.
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reduced. [0033] In certain enbodi nents, the nethods of
the present invention conprise allow ng the coating
conposition to post cure. As used herein, the term
"post cure" neans that the crosslinkabl e conponents
in the conposition continue crosslinking after
conpletion of the partial crosslinking step until a

[oofm] | y cr Asshllfbléaﬂplﬁ‘aaﬁteﬂﬂg/ th&seakiliedVe the ard, theCdid|Blife required
di ments, the step. of allow ng the coatin

to r&eﬁb&&sﬂ ity ﬁrqsalrﬂ@étw%tu%s Repeadgnt upan sevesal apridhies guetnas the
curk %Oﬁeﬁ tﬁ}ébl.%%a a%ﬁfefl%s LRee iihﬂn% 185;@559&(%9 ?}Iﬂgieﬁfpggtz?geéﬁgn ogition.

use ereln, I ent con

Foxaemamttt, cozrted; BXIBBOI(plaﬁl.C autinmisetparts Oftﬂ[ egsine e Joraweddwell time at
nbient te eraiure

68 20 260)) .
a lcmesguﬁe tERP mra - e%‘éaapﬁfa%attéj Steaé ﬁﬁlrﬁf%%é%ﬂﬂ%%ﬁum ot

leaHASOFH E@dc?;kig‘f)?odu%é’ AR P &S sHinkbEadaEiAat I&é@?ﬁﬁ?érhb&ﬁments of
which Is applied to the substrate as part of a mul

the @mspmtnemntmonlmmwee thopariiakeressiinking cornepinglishgddy heatmg the

R FTRRE S 5P SRRk 2o BeF) RRTEH oo mor

thah a9 egifafes, ih @oﬂhB @8Rs nb m&l tHERH Binuls] Sich e 2 a@ plmiaades.0TMhus, as
of the coatin conposition described above, a

prepigyslydadioas neytidigingg @ﬁbpﬁi efithe paeseRiGRYFIIgBsthg time required

I
o ROBLOLI PRSIl e Q18 RplI 2 Ry
redoési. n systerrs for t he basecoat conp03|t| on are acrylic
pol yners poI yest erif@gl ncl udi

[0038] yur et FarrsEin qRBOGEERtsShe Myt E tfecﬂr esp%mvg&ymmpnse
alldéﬁ% ?lfeb(gfaﬂﬁ% 'c&m%@éaﬂ nﬂb§§&§e 13 %Eé(ﬁle‘f’eﬁ UsB tedth “poosRire”’

0,679, note colum 2
mehngtbathe crml;lumabhg;onmpn@ghnﬁhb mnpmsltum eratinge crasslpking after

0 bas h .
corigefivs B PATG SO RO 5! Do MRSk fpieved
In NetairflertBddiRéRsaihd stép Bf affak® gtthé\&)atlﬁg Qdrhp&éidorc @pdateure merely

used as the binder In the asecoat conposition.

enthidO@BIVima therasd sabstebniogsitat embicahcandiitons nAsiugerbharein, the
as. C I or ant Sw I
enf P e koS opafbiebep ookl Hiayo
amblat ehpittare (Bestttas 7OMe(2etal6d®).pi gment s the
basecoat CO“EOSItlonS can contaln non- netaIIJc col or

[0#hent s v embedmeRisudE GO SRR KIOR J534riRGd above
co Fﬁée‘ég Al APESAR CfthI‘p LGN Spitaio ?1‘?6 dubbedik Wibart of a multi-

I ron ox ¢hrom um oxi de, | ead chromate,
cor@pshenc amrbpcmtblcaatkng sgzsténmcgmnsmgm ]glgmwnwd:basﬂwassonmﬁltlon and

o GAEIR! CipSSH AR DS 0PI BERRIEE. B
emBOFRRS hABr foNGhHERIh AR At cAifosition descnbed above, a
basecoat composition is applied that comprises a film-forming resin and, often, one or
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 bindets 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. Also, water-

210 -



wel | known in the art of fornulating surface coatings,
such as surfactants, flow control agents, thixotropic
agents, fillers, anti-gassing agents, organic
co-sol vents, catalysts, and other custonmary
auxiliaries. Exanples of these materials and suitable
anounts are described in U S. Patent Nos. 4,220,679,
baséd 403irQQ3mphsilidds iR8 a8 fithsd dEsCib&DHh U @3Rht Nbet,403,003, U.S.
basecoat conpositions can be applied to the substrate
Patpy Nnyh. | el b ab aleuaNa. i) 1 SoHsei e Uiticis tabinder m the
bas@Eo%?gblﬁ?osiﬁ&{.ay! ng, dipping or flowi ng, but they are
nost often applied by spraying. The usual spray
[00B6Fhni quEhe Bivdcequbmpesitiol can @intain pignEpisg, coliralte sSuitable

Ry o el el T e Sy LT e Tl S
co%k&atﬂ e@f&}p@fhetrﬂaglggzﬁﬁﬁéﬁ% i BR& At BsHhpAttRns thiecdrthiitmon-

ness of the coat fornmed on the substrate ]
meoilli eeplompigesnts convedtionally Wedin girfage Gdatings sdugting pprganic

.M, or 0.1.t0.2 nils, (about..2.54 to a .
plg%@ﬁﬁ“dlﬁ BianpG: moﬁﬁlealr?l? P’thg’fcif m@a@é@%é a%ocn (?ﬂjete’ and
carBUPBlb R Bid driRidpisafeABisuEiRls, B® exambR pthaletyminetlat ynd

given a drying step in which solvent Is driven out of
phthhlecimgecgsgen. fil m by heating or an air drying period
ore applicat.ion t: St WhZh
0Bhat t1 orihih Ry 8 e Roal Alpas b AILE o are
well QB aSI it itterart eNdnanlatihe safdek eoitings) suicking yurfactantse flow control
conposition is water-borne, but often, .a dr 1i glg ti{r? sts. and
agestis, flpigpirapie agemds, fiMlerh, Pt 83108 AZENST BT B0V FEStE Y5

ott?eQPEs St QxR L dmf6s SeiGeidahRAeriald dnd Y4Bl ahftfints are
SO |t§s content of the base coat i ng corr7p03|t| on often
degeibed i UyS. ParegeNos.f4; 200,679, #405,003ved, bt 769and Si71.%4- 20

to 50 weigh ercent. 042] 1.n an..akle '
10&3&bodi ne ,etbﬁgff‘@?t ‘1093’0%@88% an bs %’pgﬁépfol ég@%l%sxrgtecbm%pg ,
coﬁ\]‘/erlltigﬁ | b&6He teBRifuddiuRh hayRiBingf spedyedd, dipppmpat Sowiag, ine they

appl i ed over the basecoat. This is generally referred .
ard moste feen'appleart byospreyingr Thepsvial sty Galnimss apd SAPPEENGQE alr

or. nore | ayers_ of convent | ] t ;
soip R e rErar e i SEY S G chid ASRRNR auEATlc e Thods
caftbk iggaspar ent coating conposition of the type

escribed earlier applied thereon. Alterpatively,.one

[08¥91nor e | RiyriresanplicaiqnrofAiplaserrat kuhe SiRytaten E"Sefﬁgétb’rcgﬂass of

thcgl:;)/a?s%%(%ag %?&aeﬁ%%%‘é s%bﬁﬁ'at%%ﬁegﬁ*ﬁfggg ALl ®1 kPP ARYR. 53R abRg 127

ransparent coatings ['1ed thereover. [0043]
uoAs 0RO ras Qlrhils @ebitel. 5 wetboods0.9fimflhe present invention

conprise: (a). applying first coatjng,co L1
(ORST0 s+ 1 2 85° HBREEIEREPS Pibort SR pEORPHAE bsdbod: San be
cu?%%efﬂa?{l:% gl\({%ﬁ adryiha%h pRwRhisoRRenok driken butfoftthe basecoat
coating conposition, wherein the second coatin )
filoobpbsiting on ac eirpiryisg perod bafonctapphsatign of hertleag cegly Suitable

drgi%tg‘Sclzlo}ﬁitti’ons‘:Jl \Q'ﬂl 3ep%|ml“f LA ltlllet yargéular 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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particles dispersed in the filmformng resin, (c)
partially crosslinking crosslinkable conponents in
the second coating conposition, and then (d) allow ng
the second coating conposition to post cure. In the
nmet hods of the present invention, between steps (c)
and (d), and after step (d), the second coating

[00dPNPOSi t TRE sélfisRbERENGT the biReohdidRdipaitivaloftedpdh&bly ranges
scratch resistant coatin [0044] As shoul d be

fropiplsy te 0y @ ahtnesiant. l9g 2 %?g%wem@t BYISeHi ption, the

g
OoBESEn 1 Y SOARS et FEEUEL AR iy et
desatd), eastiplp axaryergadﬂ cYeat eicests vari be @pch@abmgh@bmw@md Th;s 1&

met hod_of the present inyentjon. n addition,
gengeallyHgiargdp ape b@ee-j{m@eaﬂa@aahq@ﬁ% wee'%p kg P gr more layers of

a cOIRRAGHIRA waﬂsparénka @oaﬁrc%% saapmféu%%f als bhs%céit%ad dht 8FEREE layers of
to articles of manufacture havi ng a surface at | east

a trpaaphical tyatingabegrositivh ofthedypeadvd¢redserizr eppliedshereomt

coa that is artiall ssllnked In
AERRELY. it e B e drane bR Soutob it feiapp e o Yer the baseooat
as ﬁﬁﬂ%n%@ﬁte&ﬁp@ﬂ QB bhY Br PR tr&sparefgeategappEed thetvan
exterior autonotive part or conponent, such as a

[Oﬁéahper Pasorsult, certain srethngs of fig Prersat MaHwREOTPESRdR)
flare, ¢l
o5 BRSO TR ng Q04 cpuine

corﬁﬁkﬁitl(ﬁf @veﬂ @t leh alp@rtic@ostthel Grse doeaﬁlglcbm'pbi;itign,t\hmrem the second
i nvention to their det ails. Al parts and perc ﬁ.}%elltyof

cogtingcRBPostion gympises 2, filpsfopming resing HFHE GHALYEL fR

AL S5 T 8 g o

corhpdrranfson nhm@conﬂmmmg icompositop e &Ieaddbgllcm'lng ﬁg? second coating

th th edi t it
col SSSH s B R P PG AL B o e
(Y undPdTR) 8ieB (MR RedndARhE cdinp it is prexbiay lﬂi@ﬁm’lmfa&nar
19.6 19.6 1976 19.6 n-butyl propionate 7.2 7.2 7.2

amﬂonn%@@n@mﬁngxmngo 0 20.0 20.0 Tinuvin 328 3.0 3.0
[“‘%éj}e 68. ésfhé‘ifj'gﬁ 8{6%8%% ﬁeﬁgfégg%“g’%%?%@ifag&f %Tr%sem
invEAtiéh is also directed to substrates, mcluding plastic substrates, such as TPO
substrates, at least partially coated with a coating produced by a method of 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 and gas cap cover.

[0046] Tllustrating 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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Tinuvin F33 1.1 1.1 1.1 1.1 Silica dis rsion 22.1
22.1 22.1 22.1 BYK 306 0.14 0.14 0.14 0.14 BYK 310
0.28 0.28 0.28 0.28 Dibutyl tin dilaurate 0.08 --
0.08 The followi ng two ingredients were added to t he
above m xture immedi ately prior to application of the
coatin : n-butyl propionate 15.2 15.2 15.2 . 15.2
DESMODUR N-3300 38.6 38.6 37.5 37.5 'UV absorber
avai l able from G ba Additives. 2 Atotal of 225 parts

of Dowanol Pro ycol th et her,
XFRPIeS 3F el P%)Nﬁ? PE%!?' %sn:)arwa%w {féb'ﬂﬂesé PEGIse
indiedied. enperature to 1482 parts of a 20% sol uti on of
colloidal silica in thl e from Ni ssan
Chem cal as SNOWMEX O r= xture was heated to
Exsmyileila suitable reactor equi pped with tenperature

probe, addition funnel and vacuumdistillation
8P47Ar at us A aheas Allmfarming eqmposition M9 grepared by maxing tegefherdhe,

followiR %%éﬁé uldRSagdi@edIG er&}b &0 mMHg to
nfjn Eu{ ch |nQJ aétﬁ ﬁ%et&d wcrl;lgﬁn)ﬁyta?gd’) narts._of
N : Ao s A nSampleD
%‘% - b o ' 196
7..2.UL 'l_l_ﬁ zJI U: Jl | 1 -ZCll C be) 7.2

A&IBH&“‘-‘U T TITgT 1Ty t"r‘@_@,un errrgoyl e TEsg T 0T t U aggout™
Thian 21 105, 4. 9 pansgol pol yERUT yI {acr glgat €) Wer£g
Sihalispadad (0 (he rea6ii oh mogdire. [ 395 parts] of the
Aedlz@Polybinct | onall  isleoxahe (&86desdri bl i n jpat g6l

| RoseeaPoOnel vere i xed.6uth 298Lar 14 of W6 propyl 116
WHLIZP and thislm xidire bas tiHen added-Mto the 1.1
§' mon\f fJnL H-eac r oV ox 2 J'\nf | L rl :2 'IJ

Aah_ali‘- B \;M\JD ] t:- QW A § LY U fu I'ﬁril - LI :\
Yih 108_Ul7‘Cl'UUTIl7 TIUi H v gl o'_u‘r ﬁdlzg CLI . \%I 3,.2 : IICILI I %‘Izgvc
) mg‘%ﬁ%&msrﬂ | aUTERE Ty nar Ty oAy par LSOl Ill:lolwl
FHEYA110 WS inpleHient S WEE BidbPio tHIBbIVE TG irkiCiZedl prioPac !
piddiiondof i chatigtt € period and 343 parts of distillate |,
miaitd pexesdeuent | V reseved| froms.2 he reactidn np xt use by

DWQ?—?DD”I I e Lom8.6The Fi né&ﬁrea ti oB7.m xtIure_Més
g 6: waﬂvl?ﬁ/ggw lle)(e ’jyj y] etEcr QEIr ﬁogn l'.'JmU Eho :cal ) was added
iRy

e 12 b anso % edl wile Svaifdbl Shemical
4 § p@t 'l'hem'xlt"h aits h‘WEFB Wuwdu"@b@f smcq:?’%%w fre’dft:r g@ﬁ'ﬁﬁﬂ";
Ir:n m@&%‘ﬁwﬁﬁh partyéf %ﬂl(ﬁﬂ)"ﬁw&sﬁeﬂ slowly to
I?{a thrl rﬂIx tﬂﬂ Of 2 d‘b')élﬁd &?% yem@kdyngingic oares g t;tr@:to{_ ;3 about ::D%
Ko ng es%s aﬂh& gzc o le:fﬁ%%) m? i m netional
aadel M aioﬁe: of t %DS(tvM'Elﬁmel uur|:%cnﬂ SEy tqu£ pﬁedf lvent we:guggp ; then
vaqupin W'Hs%"%]fmny ? cﬁgfo no“ xmf‘gg [gover

a ural muteﬁ:&qﬁf weresu seque Y vacunm
Mﬁ‘w llo Q" UE‘Cdl ftsble@dntainer. The

%g wasg 8pug hagy sﬁ@wghpewae]fo@p 'to pavqagneg%dtsﬂpmsthzm have a Gardner-Holt
i 34 8?% ﬁ%:& Lt%eﬂydylap £33 t&'@E‘ ﬁhyﬁuxgll mct{aacr}ﬁe I@(/g'}@péﬂ'plh&y! acrylate /

EEI ene | ReAinaed % )bd.f hnktiGyt eEbix! y:vﬁh'ehed&col- acetate with a
a%zaﬁ P'§3»J mgmeul s gagg@ao?mﬁéw%u 3 ound, Ad é@& Oupic cid
ned silica (avail
s ‘“@E%maimzs it
mrdyboax \em heai IKigETE Y% Aiticd, 904 e dkol, REY yobvert. €
gmﬁ“ 2in %2@'7%::{ h2‘;/0 I?A(/:vryl | c aC| d/ 0.5%
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around 7000); with the dispersion containing 7.7%
silica, 33.5%acrylic polyol, 58.8%solvent. Flow
addi tive avail able from BYK-Chem e. Flow additive
avai | abl e from BYK-Cheni e. 9Pol yi socyanate avail abl e
from Baycr. -13 [0048] Sanple E was a comercially
avai | abl e two-conponent urethane clearcoat (TKU2000,

[oog¥fai | abl e nemPRG dd&‘x@ﬁ&%faﬁl?%vaildb‘l‘e dwo-ERRRenSaslage A
and Sanple E were sgr ay a P ied onto Sequel 1440 TPO
cleaf¢due ( FOPROGY, iagaipbiley 'P@fﬂ%f ndugjeednghvail abl e from

(0057 waen 0P 44 S e R S E e bl B SUELRERTT RO
(theBinBAlSRAs Ao IBfiROpIRSIes Slailalle fiohi Enttomehpdsian)oachiove 4 Gry
m nutes before baking in_a convection ove s&t.al
InpBORNESHEEYent b (@ h TSRS BAPTH IS Hka bheCIgarcogpeplaques
coolj. : . o] @ar :
s SERMYEE ANRL S TBTALS Brol Wil B s gionann st
250P P12 ITEASoHthernie spécifigl gl s ] t Afinséaoliog te mepeiemngrasyre, the
L e o
med<dPdrfent of Tg (%ﬁgs trérs Rl tbfcrf@RSiahY cfobfidhikndensisy./ Tieciesults for
were neasured on the free filns using a TA

initiad §¢amendary) sndipaieicud €D dmpar Aree filing Agsi shawpith Frksde 15 ¢
an, anpli.tu of . 2 f t ure
crogysh ottt 6f PoIddst Vo pLESHETSY o sciim GIRALEA
InsfhAenQimdBXSoFMKIT A M fchiiRkilasmodd @b Gh agpditudemd 20 1,
MPP4100D (adhesi on pronoter coppercial l il atbl € d sample
frequenny PPEIEfeupeiatuse cyqlgel POIRL U S 3y atﬁﬁ% P%‘P‘é ey apmp
. 14 ue - Leve a dry filmthickness of 0.2
S12§ 8?85_)%_%9%3@%%{%?&““ 10.2 gm). After allowing.
[00s0e adhesidanional @VPR4I (Bn@kbesian momotear carsicsgielly available
conditions for 10 m nutes,..a two-cC :
froorXiGrRdHife, Bra BRSS GBSO RAV S AT LB P asfige Ay
i QARG PAUS 014 il (I 0610 abbTINEBRED) A aligwiag the adhesion
applie 100D

onto the MPP D coated panels to achieve a
proigted phmals tohitci ambeend torglitons dor 1 (imprutes, p Hpo-goNBoRgRh ¢

27.9 gm,. After allow ng. t.he basec iSc Q. Si t

solspruhie BiRck cuio R SREPERTY Sy fciah Ebe fanalies if il
| | 8 Hestito thel MEPHBEEE cite@panalsad schieve a dry film

(R P e kess of 1.5 - 2.0 m ERE TN
thiblene8s gf§.9 to Afltrails €121 bimi abgut W) mdaAdEEELIV 9 Spgrate

sit far 10 m nutes.. i tAr @, wihe apsh&l onto
paygls & ﬂbﬁ@&’qlﬂ’qgogﬁﬂ%tésc@?gr@ gétg%f seﬁ %t&2§o“lé _r( 1%??:) p or
thd BasEi MMl BSanelENG atlaste a dgrdhsthivknessiofié s <16 malst(881t-050.8 pm).

mar resistance testing as de crbbed teartli L. . t-érgrﬁ DBlire. the
Afiesillowiratbe clestropied prgels OF AU PUBYES LA 25P ’
panels were baked in a convection oven set at 250°F (121°C) for 10 minutes. The test
panels were then subjected to mar resistance testing as described earlier. The mar

resistance results are shown in Tables 1 and 2.
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-14 Table 1 Initial Properties Post-Cure Properti
(Sane da as bake) (7 da s after bake) Coati ng I ni ?isal
Mar A oss Tg Crosslink Initial Mar A oss Tg Crosslink
Bake 200 Retention (C) Density 20 Retention (C)
Density d oss doss Sanple 10'/250F 87 82 35 0.66 87
70 64 2.29 A (10'/121C) Sanple 40'/250F 88 23 63 2.39
88 23 72 2.07 E (40'/121@ypigabl e 2 Inorganic Catal yst

Coati g Bake T U1 ahighibkdpbals Mar 13] Day  RastiCuelPempert
d 0ss d oss Post - Qiale ddged @Rd)i on Ml G oss(ﬂafsefttrib@lw;s

Sanpl €oafng’ €9 INES | Mlr Glos2b Oy 3 Tr8&ink P Initdd | MeP&IGssSartsl ¢ Crosslink
B Yes mdeaie 10%20°/ | 3&0Rt@7] 76) 61Denfity0") / 201 C Re®pfipp| le("E | Density
Norje None 1('Glgss250F 88 56 22 10' / 1p1doss Sanpl e D Nond

Samyles 107250°T2508786 278226 | (0'|/ 10%C) |[ 6051] I Tapi®d 1, 22°

Mot e(lﬁ’l‘iﬁi"Cﬂaftpr anl y_a 10 m-nute pbake st 2501216

CEES9) o 2.07

SanglapHEAVGS [t B8 Ar esEnt | ient | s 5, 3
S [s) I
B odi €°44EL) ot h Fﬂ* aH-—ant a%ﬁj?cuhﬁ’ gﬁisl ent v
post-curing; denonstratin | ent mar resistance
t

I
|
initially, even though | o

-+

=y t noan e b,_\: P N
cur ed a§n‘?f$§g§cét bt hE°EE BHE | cr élmf' i nik | t?déglﬁrt ;,UIPgtDcﬁe
meas ur|entit ilnitially|vs. post{cure agi .
conparji son, af y P gl NOReteddon | Mar Gloss
i

[
con Fer a 40 mnute bake at 250F (121C),| Retention

SHhecomrergiatty aygr Tabi g o%o@ € E Bad sjgnid2zicantly 70
Vi rse i ni tiral gnd post-c¢uynedarvay | resistance even
SdPEEOh T eES Neartghe T UM T Yo' c2508d [as Bhdi cat ed73by the 61

Tg and crosslink densityloaagdyenents injtially vs

SAPRIC CUrena@i ng.  None 10’/ 250°F 88 56 22
(10°/121°C)
Sample D None Yes 10"/ 250°F 86 27 26

(10°/121°C)

[0051] In Table 1, note that after only a 10 minute bake at 250°F (121°C),
Sample A of the present invention has excellent mar resistance both initially and after 7
day post-curing; demonstrating excellent mar resistance initially, even though it was not
near to being fully cured as indicated by the Tg and crosslink density measurements
initially vs. post-cure aging. By comparison, after a 40 minute bake at 250°F (121°C),
the commercially available Sample E had significantly worse initial and post-cured mar
resistance even though it was nearly fully cured as indicated by the Tg and crosslink
density measurements initially vs. post-cure aging.

[0052] Tn Table 2, note that with the short bake of 10 minutes at 250°F (121°C),
Sample A (containing both inorganic particles and catalyst) has good mar resistance both
initially and after 7 day post curing. Sample B (containing particles, but no catalyst) has
good mar resistance, but slightly worse than Sample A containing both particles and
catalyst. Sample C (containing no particles and no catalyst) has considerably worse
initial and post-cured mar resistance than both Sample A and Sample B. Sample D
(containing catalyst, but no particles) has significantly worse initial and post-cured mar

resistance compared to Sample A.
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[0052] In Table 2, note that with the short bake of 10

m nutes at 250F (121 C), Sanple A (containing both

inorganic particles and catal yst) has good mar

resistance both initially and after 7 day post

curing. Sanple B (containing particles, but no

catal yst) has good mar resistance, but slightly worse
wHdeRmsanpl e A containing both particles and catalyst.

Sanple C (containing no particles and no catal yst) has

consi derably worse initial and post-cured mar

resj stange PAfRh@otcratch

(cont ai njl‘ingét%?:&[]foP%({'}I é%%é ﬁ%ﬁrgt[h?ﬁegﬁ(g%ogﬁgesa
resiSla@idatia@bh b ysubmirasecaniprtsir): and post - cured mar

resi stance conpared to Sa -15. B A

net hod @& ap@a@g,a@a@%cqqqﬁg ioé]mpé'ﬁlr{goa%é éf%aﬁ Ackes,
thel‘?nd/ or scratch resistant coating on a substrate

conprising: (a) applying a coating conposition

conpri si (g partipllyrcatsslinking cnosslinkatie sompensags ipple composition,

artially crosslinking crosslinkable conponents in the
andg@%osi tion, and then (c) allow ng the coating

conposi t [§RNbRIRARE c&aﬂi&lg,compeslaom to fuest veen st eps ( b)
and (c), and after stepg mar ag%ﬂor SCr /
r esivbERNL, betmenm@pﬁ §)pnd @n%ndo‘%ftqr REP St d TR AEC Oﬁscraftﬁlé

t hod of .cla the substrate conprises a
res‘g&'ﬁ%f?aémgé%ﬁ rnét%telﬂx%qb%e met hod of claim2, wherein
t he pl astl C substrate conpri ses thernoplastic

pol yol ef i 4. The_ net hod of  cl.ai wher el .
coati ng Jbﬁrﬁ@éﬁiqq Q}fﬁ’l%’é}nlpl”‘f@éeén the n}”f]l'i:ﬂt? %q;%rﬁ%s%ggz}stﬁ? a
re catalyst, and a plurality of particles dispersed
suli:sﬁra he film formng resin. 5. The nethod of claim4,
wherein the filmformng resin conprises (i) a

react ive funct ro cont i )
Gl i ng e T et B Bl bR HAON PR il
finctional groups of the polymer. 6. The
thgrg%ﬁ éél\g@ellm 5, wherein the reactive functional

group Contalnlng polyner conprises a
Egghgig: 'ﬁ? %hﬁ)(ﬁ)ﬁc&gﬁ) r&ﬁ’%ﬂé %’ ge&ﬁ{)%tiéh COmprises a
film-forming resin, a cure catalyst, and a piurahty of partlcles dispersed in the film-

forming resin.

5. The method of claim 4, wherein the film-forming resin comprises (1) a
reactive functional group containing polymer, and (i1) 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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-16 7. The nmethod of claim4, wherein the particles
are fornmed fromnmaterials selected from pol yneric and
nonpol yneric inorganic materials, polyneric and

nonpol yneric organic materials, conposite materials,

or a mxture thereof. 8. The nethod of claim4,
wherein the particles are chemcally nodified to have
a surface tension |ower than that of the filmfunning
resin as cured without the particles. 9. The nethod

of cla|n18 wherein the particles are nodified by
at t achment Weta%‘bﬁfbwﬁd‘”havmﬁhe PHcley #g farmed frof materials

WK el &pﬁpbﬁnﬁnm@ﬁqnps@ﬁsﬁﬁt ﬁ.ﬁf@m& thatéitald, pagdne@i ﬁ*dp hZ
nol et at creases t rface. lon_ of the

b AR ol pterifie LGRS prtTeAleL o R e o

that I|inks F and Z. 10. The nethod of cl ai m 4,

wheregn t hﬁad@ﬁ%b&&%ﬁrﬁwﬂ% alrﬁcl&ﬂﬁe g%% modified to

conposition 1 n an anmount I'clent To

h¥rg Ao face tapsion owst Ganthat of the ﬁlﬁgfommém #ccured without the
patiplesi tion is in the formof a partially crosslinked
coating. 11. The nmethod of claim 10, wherein the
particles are present in the coating conposition in

an an®unt ’ﬂzmgéthgd 6f cdaim@@, Ghertin t(ROpardclghre podified by attachment

BAS EfinRin Eﬁwﬁgﬁéf S@ki d weight of the coating

conmpositio met hod of claim6, wherein the
step of partially crosslﬁhkLﬁgZ crossl i nkabl e

conmponents_j n 1 tion. CCO

exposi ng the™ ?:%&?’ls %g{g& ocomcpsnsfnlg nﬂz}?gl g%%"o“&g %’P%ﬁtythat
terarases thyactace e@sion héthmetrhdd tepfvhich aumtnazl,ledvxmlexsm grong that
ghbyeviaag ed thermal bake has a dwell tinme at | east

25% 1l ess than the dwell tinme required to produce a
fully crosslinked ‘coating. -17 14. The net hod of

C| ai md.3, Thahethed &flﬂhlﬂblb’ﬁvﬂbfbﬁtt&dp&ﬁlﬁém pl’@éﬁﬁf?m the coatmg
nEr%ses heatlﬂgg% d su str%}e to ﬁ.su bstrat
§?}P B RADEPRY 5%%3 100 Favh e FS‘F‘“W&“““E’

mibeme the leannpd@tion ia it ths forﬁﬁ:f a"p'he:ametdoexlimloéd htingn 14,

wherei n the abbreviated thernal bake conprises

heatlng the coated substrate to a substrate surface
t

t enpetlat urErconethed phelaim 19gwkereip the)particigs age presegt in the coating
Goripdsitfon 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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16. The nmethod of claim1l, wherein the step of
allowing the coating conposition to post cure
conprises allowi ng the coated substrate to rest at
anbient conditions. 17. A substrate at |east
partially coated with a coating produced by the

met hod of claiml1. 18. A nethod for reducing the tine

requisr ed ThHe rRéREUEECIANES, vakedif theSbbadvidled ﬂl@ﬁhéitbalaé comprises
coating on a substrate conprising a) ap

hegtgig tha godehpdsiraiedn asebsthie Wil ﬁeatp(eratwm of éiy lﬁasg H80°F (82°C)
forcrpo% an’lf?ﬁrﬁﬂﬁﬁtgé on conprises a filmformng resin, a

cure ca and a plurality of particles dlspersed
in the flln}fornlng resin, then (b) partially

e HRNCREE SO AT a—

he&t 8cbded sﬁlﬁ%r@l%% aGHbLrat QEHEL BmpRRkYE R aSkeR 8()4313) (82°C)

c), and ter step (c), a mar and/or scratch
fbnksuénmmnemoatlng IS present on the substrate. 19. An

article of manufacture having a surface at | east
partially coated with a mar and/or scratch resistant

coatjighg thatmétBo@oPakin & wier6inQbsstemkLalldwihgthe cb8ting
composition to post cure comprises allowing the coated substrate to rest at ambient

conditions.

17. A substrate at least partially coated with a coating produced by the

method of claim 1.

18. A method for reducing the time required to produce a mar and/or scraich
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 -



