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[ 0001] The present invention relates to nultil ayer
coating systenms. BACKGROUND | NFORVATI ON [ 0002] There
are many industries and applications for which

mul tilayer coatings are desired. "Col or-pl us-clear”
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and distinctness of image, due.in large part to the
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e
glossatriddjstirainesssifigage rdu intlarge Ramtagne cleargaat. {APEF n

appliasi Hatge &V iterat Sbbeflies i BeutizBY Ry ol ikt
sybteen. f Forséxamople] o ofdtie batsrusadrialal multilayer eoating|sygiem may be

mgg%%lﬁg,l c()]r\I prgsidz%%ﬂlamgzwe%ility than another of the coats. Itis

desirable in all of these applications to have good adhesion between the various

layers.

SUMMARY OF THE INVENTION
[0003] The present invention is directed to a multilayer coating system
comprising:

(A)  a first thermally curable coating comprising a resin to which is attached
one or more thermally curable groups and one or more radiation curable groups; and

(B) a second radiation curable coating comprising a radiation curable resin,
wherein the weight percent of radiation curable groups in the first coating is below
that which is needed to render the first coating radiation curable.



[0004] The present invention is directed to a

mul tilayer coating system conprising: A) a first
thernal 'y curable coating conprising a filmfornng
resin to which is attached one or nore thermally
curabl e groups and one or nore radiation curable
groups, and B) a second ra%tationDurable:coating
conprising a radiatian cufable resin. The weight
percent of radiation curable groups in the first
coating is below that which is needed to render the

first coating radlatlon curabl e. 000
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and/br bf‘bups that can be cured or crosslinked at ambient or elevated temperatures
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and not by actinic radiation. Examples of polymers having thermally curable groups
include hydroxyl or carboxylic acid-containing acrylic copolymers, hydroxyl or
carboxylic acid-containing polyester polymers, isocyanate or hydroxyl-containing
polyurethane polymers, and amine or isocyanate containing polyureas. These
polymers are further described in U.S. Patent No. 5,939,491 . column 7, line 7 to
column 8, line 2; this patent, as well as the patents referenced therein, are
incorporated by reference herein. Curing agents for these resins are also described



colum 8, line 2; this patent, as well as the patents
referenced therein, are incorporated by reference
herein. Curing agents for these resins are al so
described in the '491 patent at columm 6, lines 6 to
62. Conbinations of curing agents can be used.
Particularly suitable is 93[esin conprising isocyanate
groups and a curing agent conprising hydroxy groups,
or vice versa. [0007] In certain nonlimting
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contain radiation curable group(s). As used herein, the term radlatlon curable
group(s)" refers to functional group(s) that can react, such as via an addition
reaction, upon exposure to actinic radiation, such as UV radiation or electron beam
radiation. Examples of such groups include but ars not limited to acrylates,
methacrylates, vinyl ethers, ethylenically unsaturated resins, maleic unsaturated
polyesters, fumarates, thiols, alkenes, epoxies, and the like. "(Meth)acrylate" and
like terms are used herein to refer to both acrylate and methacrylate. "Modified" and
like terms refer to the covalent bonding of the radiation curablex group(s) to the resin.

Thus, the radiation curable groups are physically attached to the resin, in contrast to



met hacryl ates, vinyl ethers, ethylenically unsaturated
resins, rnaleic unsaturated polyesters, funmarates,
thiols, alkenes, epoxies, and the I|ike.

"(Meth)acrylate” and Ilike terns are used herein to
refer to both acrylate and nethacrylate. "Mdified"
and like terns refer to the coval ent bondi ng of the

radi ati on curable group(s) .t4a the resin. Thus, the
radi ati on curabl e groups are physically attached to
the resin, in contrast to -4- being nerely m xed wth
them This physical attachnent is believed to
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cobfvgy ddl kire€ thedipdt @oatituis onlyfthdriily bligbleC aalE NBthe first coating
was exposed to actinic radiation, it would not cure; "cure" as used in reference to a
coating refers to a reaction between the components such that they resist melting
upen heating. Thus, the reaction between radiation curable group(s) in the first
coating that might occur in isolated spots upon exposure to actinic radiation would
not be sufficient to impart melt resistance to the coating upon heating. Rather, the
first film-forming resin cures by crosslinking of the thermally curable group(s).
[0011] The first film-forming resins comprising cne or more thermally curable
group(é) and one or more radiation curable group(s) can be prepared by reacting a

first material and a second material. The first material may contain at least cne



was exposed to actinic radiation, it would not cure;
"cure" as used in reference to a coating refers to a
reacti on between the conponents such that they resist
melting upon heating. Thus, the reaction between
radi ati on curable group(s) in the first coating that
m ght occur in isolated spots upon exposure to actinic
radiation would not be sufficient to inpart nelt
resi stance to the coating upon heating. Rather, the
first filmformng resin cures by crosslinking of the
. .thermally curable group(s). 011] The first
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active ey, ligRsstabitzdty, BRXYae! MPREE 2lditRel kRwAtb shevetskilled in
the art, which are used fo achieve specific end use performance properties.
Additional resinous materials may also be present such as crosslinkers and film-
forming resins different from the film-forming resinss described above. Solvents and
diluents may also be used. The film-forming resin{s) generally comprises 5 to 95
weight percent, such as 25 to 60 weight percent of the first coating. Curing agent(s),
if used, typically comprise 5 to 95 weight percent, such as 25 to 75 weight percent of
the first coating. Other ingredients in the first coating, if used, are typically present in
an amount of up to 50 weight percent of the first coating. All of these weight
percents are solid weight percentages of the total solid weight of the coating.



hydr oxyacryl ates. [0013] The first coating, in
addition to the one or nore filmformng resins

descri bed above, can further conprise pignments,
fillers, rheology nodifiers, surface active agents,
light stabilizers, catalysts, and other additives
known to those skllled in_the art, which are used to
achi eve specific end use ﬁ%rfornance properties.

Addi tional resinous materials nmay al so be present such
as crosslinkers and film formng resins different
fromthe filmform ng resins described above. Solvents
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thermally curable group(s) and radiation curable group(s) in a weight percent below
that which is needed to render the coating radiation curable. The coating is
formulated and mixed by means known to those skilled in the art, and can be applied
to the substrate through any manner known Iin the art, such as spray coating, roll
coating, brushing, dipping, casting/spin coating, electrostatic coating, fiow coating
and the like. Following application of the first coat, the substrate is subjected fo a
thermal cure. Thermal cure can occur at ambient or elevated temperatures.
Thermal cure is affected so as to react the majority of the thermalily curable group(s)
with the curing agent(s). While the majority'of the thermally curable groups will



wei ght percent, such as 20 to 3 weight percent, with
wei ght percent expressed here in terns of the total
wei ght of the second coating. [0016] The present
invention is further directed to a nethod for
preparing a nultilayer coating system as descri bed
above. The coatings descriped herein, as well as

ot her coatings known in the art, can be applied to at
| east a portion of the substrate and can be applied
to the substrate directly or over at |east a portion
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[0018} her mWhilaftecting sutatthe sadiation curghle sesig of ther setioadi on
coahné{%??g@g&grg'rt acﬁnt@?ﬁélb%gto\h@a %b cgpgétieataﬁ a(chl)'é ebe
group(shin thedhistdzoatmg tmgaactwats add vond lied adiadion cueemle gacmp(s) in the

sezcon@l I;;Sgﬂ#’qﬁ gf?lPegFé)% awlgl% ﬁﬁﬁ?‘ﬁaﬁﬁ’e |rsrt1 %batrir% :lancf ggct:c'mogc‘:oatmg is
believed to result from this cross-curing of the radiation curable group(s) in each of
the layers. The physical attachment of the radiation curable group(s) to the first film-
forming resin in the first coating is also believed to aid in intercoat adhesion; the
cross-cured radiation group(s) are physically attached to the cured first coating, and
therefore are believed to be more durable than if, for example, the radiation curable
group(s) were simply mixed with a thermally curabl e resin.

[0019] It will be appreciated that in certain nonlimiting embodiments of the
present invention, the radiation cure can be affected first and the thermal cure
affected second, rather than the thermal cure and then radiation cure as described
above.



coating, electrostatic coating, flow coating and the |

i ke. Follow ng application of the second coating, the
substrate is subjected to actinic radiation at an

irradi ance (peak intensity) and a dose (energy

density) sufficient to effect cure of the radiation
curable resin. This wll éyplcally be a dose of 100

to 2000 millijoules/cn2 at”an irradiance of 100 to

1200 mlliwatts/cnR2. One skilled in the art can
determine the appropriate dose, irradiance, actinic
radi ati on source and the like to effect cure d endj H%nt

[0020}, { hdn oparamkadigentefdhe inyestrpethafirst eRptag figs pig
and tH §&% QH gr?’# R I@;htl% BRIMGRbR} %p?d*ﬁé\’ﬂb& "F?fé'ﬂ?sthoabhg can be

secon € exposure to actinic radi ation
deposmﬂlandloy@ectan@ etmond@patlmg;ﬁe@srsm and @wcﬁgﬁ@ 0 $he §pcone

coatlnfg' 63%&&8’%?&“8? B;% rdd Bltbﬁ'g%llg%ijed fi’rs Y the two

oup( s e secon oat
Iayersmﬁrnelm cured ebmetﬂnentlymrfseqeenttaﬂat Wity eﬁhelr @ﬁmwd@i@nlfﬁ@wed

bel d h
oy g B 57V ] SV LTS B PRS0,
unpigentdoar e\@htllghtlmpigtnevfted h igtably pigneented!tarix simgiaotenis yefer
o vighrgiCo R 6y ol BrRefcS e s BRSSP AR can
contag RS s i s il o prserog. st
u irs
relatively SRk EPGS UG o RPREY dn the P o' Lo SERSTER o lighfly

pigmeriéd ééétﬁ’l@s CiedhbBtion b@:laaresaoam{gﬂ rmdm«d Bexdspositédfist and
rmal |y curable resin. &e appr.eci at ed

t he
the th?ﬁﬁ@"Y aNratlp daer ﬁwﬁgurﬁﬁilﬁv%cwﬂ% m@ﬂfe%s qsifgd thereon in a
"wet d?f \ﬁél@ %gﬁlidb‘(i%ﬂt R, mbhé‘yerré‘gblﬂﬁ' %n% &ured %oh@uﬁéﬁt@cdred

her mal “cure fected second, rather
sequ etrmaliry whik eithesr thelactinic sadiation iwmweshblathe@matmr@ Qfyice versa. It

will béjgé GrebiRRsd bfﬁ%‘é? skaléa uHP@%Qﬂ thldt iORe r89Ragh EﬁFEué’E déti?.ﬁ

|on coa contai'ns pi gment
deposatedd"mst emmthgghm snust ghtrlaysmlt@rbthredgr@thmm(@ﬂmﬂabdg to allow

curo e g Bl BRBSe of RO AP GHE R bt
and cOrﬁtheﬂ@eﬁathbmrdbbdsydredll haveathe ntajortsg of theptermal grpups

red fjirst and the two |ayers can be cured
react%ﬂwcqﬁrt.agh? 90% uentially Wth either actinic

[0021] 2di atTHmuRIdyenedatintysyshen BRIthe present -menaon ens be apblied
toa vgﬁgtly%f gtljgsotratt)ees gr?c? Elsgcli 1?1 e]: Sénet'g;?tcl% acpo ?E:Stlotns such as golf ball
coatings, automotive or other plastic parts with pigmented thermally cured basecoat
and radiation curable clearcoat, consumer electronics with pigmented thermally
cured basecoat and radiation curable topcoat and the like.
[0022] As used herein, unless otherwise expressly specified, all numbers sudh
as those expressing values, ranges, amounts or percentages may be read as if
prefaced by the word “about”, even if the term does not expressly appear. Any
numerical range recited herein is intended to inciude all sub-ranges subsumed
therein. Plural encompasses singular and vice versa. Also, as used herein, the term
“polymer” is meant to refer to prepolymers, oligomers and both homopolymers and

copolymers; the prefix “poly” refers to two or more.



loozﬁer sa. The follgwing gxamplgis-anedp

unpi gnented or even lightly pignmented. "Lightly

pi gnented" and simlar terns refer to pignented
systens in which actinic radiation can stil

penetrate; such systenms can contain, for exanple,
pigments that are relatively light in color or that
contain relatively small cgncentrations of pignent.
In the case of unpigmented lightly pignmented
coatings, the radiation curable coating |ayer could be
deposited first and the thermally curable |ayer
havi ng radi ati on curable noieties deposited thereon in
a "wet on wet" application. The two |ayers could then
be cured concurrently oexapgquantially with either the

ctinic radjation fol|owed Béafherrral cure or vice
dag te HysEatedhe invgntion.tans

shouﬂrﬂot%%nbfméchﬁs figtl gﬂmnGﬁﬁtﬂm if 5?9 i's

deposited first, eno nmust ransmtted
t hrough the second coat i ng to allow- cure of the
underlying | ayer. Regar%lxg lé)ﬁ t he order of

appl i cation of the coat d cure, the thermally
curabl e Iayer vv| Qléarikogpcdaip PobjobPiatikage t he t her mal
groupsSs -

wltllamg I ng system of the pr XFERAYNG? can

Dusoth&yl&ptdneed to a variety ofj substrates 1@a@giysed Tn a

applecati-enrs—such—as—golf tings,
Methy; B’H%'('i“?\;%"%rpot her plastic parts wth%ﬁéﬁgnt ed

Opticsllbeighehky cur ed basecoat nd radiation gg7abl e
| nted
Ce"”'f’ﬁee?%g?tle)p”tyéﬁtfeed basecoat 3nd radi ati on I@t?laébl e

Must inbpmelbto dissbiveife CABRat thilisaldt b‘é$orlé?o%ﬁtlﬁlﬁlﬁ§' n, unfess

aruwi-se expresslyv snecifie
" pH spe d-—all nunbers QHPh as

'HNUYm% expreSS|ng val ues, ‘rgnges, annunt59@§7

Must
HRB

PR welNfolidlverhie TINUNANI 30§ at this BEIRY HERETE continify. WoT O

nif the termdoes not _expressly appear

Ql¥fleri cal range recitdd herein is2P3@€Aded to

TERATRMANEI®@PT Sub-Tanges subgumed therer ggghpurat

ses singular and. vilce versa. Al so, as used

TOTALerein, the term "pol ynmer'{ is nmeant t3@528B%r to

pr.epol ynmers, ol i1 goners and potiT honopot ymer s —armd

TRC- E@H@H)é{ﬁefr&n wiiR Fﬂ'feﬁﬂéﬁ'n ?Qlo\‘ Q-@@ffr%F’r?N??-'lr{eV&e%cJQ ore.

[|0023] | owm ng ‘exanpl es are

* CAB; 5%? @%392& fram E%%t'i"ﬁ’f‘ @h%cﬁ' nvention, and
® Benzotriazole UV absorber from Ciba Additives.

* Polyester-urethane polyol available from PPG Industries, Inc.
® Polyether polyol available from DuPont.




shoul d not be construed as Iimting the invention in
any way. Exanple 1 C ear Topcoat: Polyol Package
COVPONENT QUANTI TY/ POUNDS Dii sobutyl ketone 154.611
Met hyl isobutyl ketone 254.116 Optical brightener’
1.674 Cellul ose acetate butyrate2 10.087 Mist m X
well to dissolve the CAB at this point before
continuing. TINUVIN 328 91867 Mist nmix well to

di ssolve the TINUVIN 328 at this point before
continuing. HRB 4856 Pol yol 292.470 TERATHANE 1000
30.610 TOTAL 752.935 RC-B Thi opene, from Wjin Fine
Chemicals or QOB from @!362 Chenmicals. 2 CAB

pol y0|C@MBUNﬁN'E from PPG I ndustrl @JANmHY/PeQJNm her

nol vol

Diisobyiyhjelae at Hi gh Sol i ds: Pol{vol package ONENT

Methyhbléﬁ\khi kélor®UNDS — D1 sobutyli ket one 14622!439@/&91: hyI

isobutyl ketone 224.99 Qptlical -brightener 1.
OpticatRnightense acetate butyrate|10.87 Mist rﬁ&owell to

CelluidleeBlaEbli)@dAB at thi s poi Nt before cfg@gs nui ng.

Must mix well to dissolve the CAB at this point before continuing.

TINUVIN 328 10.08

Must mix well to dissolve the TINUVIN 328 at this point before continuing.

HRB 4856 Polyol 315.12

TERATHANE 1000 32.98

Methy! isobutyl ketone 17.32

TOTAL , 759.30
Example 3

[0024] All parts are by weight unless otherwise specified:

System [:

PRIMER: ;I: ?0 parts BZ-303-23 Waterborne Polyurethane

ear®

1.5 parts Aziridine Crosslinker”

CLEAR TOPCOAT: 100 parts Polyol Package from Example 1
32.9 parts DESMODUR N 3390°
Mix well and spray immediately

8 WPUB0499, version 000 available from PPG Industries, Inc.
7 X100 Aziridine crosslinker available from NeoResins.
® Polyisocyanate crosslinker available from Bayer Corporation.




TINUVIN 328 10.09 Mist mx well to dissolve the
TINUVIN 328 at this point before continuing. HRB 4856
Pol yol 315.12 TERATHANE 1000 32.98 Methyl isobutyl
ketone 17.32 TOTAL 759. 30 Exanple 3 [0024] Al parts
are by weight unless otherw se specified: Systeml:
PRI MER. 100 parts BZ-303-23 WAt erborne Pol yuret hane
Clear6 1.5 parts Aziridimb! € osslinker7 CLEAR
TOPCOAT: 100 parts Pol yol Package from Exanple 1 32.9
parts DESMODUR N 33908 M x well and spray i medi ately
6 WPU60499, version 000 avail able from PPG I ndustri es,
Systemrdt. 7 CX1 00 Aziridine crosslinker available from

MNeoResins—8—Potytsocyanat ( 1'_ f’&l- > -aht f ]

PRIM ayer Corporation. -11- éegf:é#??s R :Ye?%ﬂgp@%"s?&ha”e
BZ- 303- 23 Wat er bone Pol y €t hane Clear 1.5 parts
Aziridine Crosslinker q AT L

CLEAipiollfyiiEsEo%yi: anate 9 Mx we y i K8 Y l%/xagmple 2

Adduct of 2016 parts DESWBDumer@tﬂyiﬂQwanatpﬁrts

Hydr oxyet hyl acryl ate; s )Mbglweﬁ\lgl@! g@;u Yrﬁhé&i%tﬁfi ght =
192—thinned—to66%soHas—+h ' ] :

® Adduct of 2016 parts DESMODUR N 3300 and 106.1 parts Hydroxyethylacrylate; solid
NCO equivalent weight = 192 ; thinned to 60% solids in methyl isabutyl ketone.

[0025] The pigmented primers could be spray applied to polyurethane covered
substrates or other suitable substrates in a manner allowing for a consistency of
between 0.3 and 0.7 mils uniformiy on the surface of the substrate. The primesrs
could be flash dried for 10 to 20 minutes at 70 to 75°F and then baked.for 30 minutes
at 120°F. The two component clearcoats could be mixed thoroughly and then each
spray applied to the primed substrates in a similar manner as for the primer within 30
minutes of mixing the two components of the clearcoat. The clearcoats can be
applied to a film thickness of 0.15 to 0.45 mils. The primed and clearcoated
substrates could then be flashed for 10 to 20 minutes at 70 to 75°F and baked for 16
hours at 110°F. A UV curable coating can then be applied to the substrates.

Suitable UV coatings include, for example, R1162Z74 UV coating, commercially
available from PPG Industries, Inc. The UV coating can be applied using standard
means, so as to form a coating having a dry film thickness 15 to 20 microns. The
coating can be cured as appropriate, such as by exposure to 850 mJ/em? using 80
W/ecm medium pressure mercury UV curing lamps (part no. 25-20008-E), available
from Western Quartz Products, Inc. if the substrates are subjected to adhesion
tests, the adhesion betwee n the UV coating and system |l would be expected to be
greater than that of the adhesion between the UV coating and system |.



[0025] The pignented prinmers could be spray applied to
pol yur et hane covered substrates or other suitable
substrates in a manner allow ng for a consistency of
between 0.3 and 0.7 mls uniformy on the surface of
the substrate. The priners could be flash dried for
10 to 20 mnutes at 70 to 7oF and then baked for 30
rmnutes at 120F. The twd | 6nponent cl earcoats coul d
be m xed thoroughly and then each spray applied to
the primed substrates in a simlar manner as for the

ﬁrlmsr wthin 30 mnutes of mxing the two conponents
[0026); | hWhpEBsRARIcUER emMbogiPeRfgtol ﬂ@éﬂ“@@tlo%{a%‘ﬁ bgenglescribed

aboveg fdé ?JFHBS%E gﬁf e s@rfatlgn %?\Aﬁlﬂ:@tﬁ?]ﬁ? e o St%oes%lliérd' iF ?neaé}fjt at

coat e Su strat es cou | ) ashe
numereusp@rigiians ektheg deiails of themresenttiavention mayllse Mmaade without

cepaor RN B AT RpBRERFBgRREL 0,12, 1

R1162Z74 UV coating, comercially available from PPG
I ndustries, Inc. The WV coating can be applied using
standard neans, so as to forma coating having a dry
filmthickness 15 to 20 mcrons. The coating can be
cured as appropriate, such as by exposure to 850

mJ/ cn2 using 80 Wcm nedi um pressure nercury W
curing lanps (part no. 25-20008-E), available from
Western Quartz Products, Inc. If the substrates are
subj ected to adhesion tests, the adhesi on between the
WV coating and system |l would be expected to be
greater than that of the adhesi on between the W

coating and system|. -12- [0026] Wereas particul ar
enbodi nents of this invention have been descri bed
above for purposes of illustration, it will be evident

to those skilled in the art that nunerous variations
of the details of the present invention nmay be nade

wi thout departing fromthe invention as defined in
the appended clains. -13- CLAIMS 1. A nultilayer
coating systemconprising: (A a first, thermally
cured coating, said first coating being produced from
afirst filmformng resin having one or nore
thermal |y curabl e groups and one or nore



radi ati on curable groups; and (B) a second, radiation
cured coating conprising a radiation cured resin;
wherein at | east sone radiation curable groups in the
first coating are bonded to at |[|east sonme of the
radi ation cured resin of the second coating and the
wei ght percent of radiation Rurabl e group(s) in the
first coating is below that which is needed to render
the first coating radiati ogLausbl e. 2. The nultil ayer
coating systemof claim1, wherein the thermally
curabl e group(s) conprise hydroxy group(s). 3. The

1 MAlrhulilayercoa iy éywarﬁ}téhﬁmmﬁ cl aim1, wherein the

or oup frsf efmafy e agtne. 888 reiroayad i predugpetfrom o frst

finh eoraiing Fdin md|h§t¢r£b’10ﬁlnio’ib|tﬁet@iaugrlﬁﬁébl@fgro@ﬂbeaﬁdt lche or more
oth conprise

cO .tin t he secqnd coating or
rﬁdl'f'ﬂ'PH)c @%ﬁgpgpsg,ag p(s). 5. The nultilayer coating
syst g Qfsédogdﬂrid:aﬁﬂﬁﬁb@tgﬂ I:ci?mbi Ecrhprivtef iangadlétiton cured resin;
an econ coatl n ment e or
wRedTT Bl Blst e iriaton arasechurs I Benire, G ore poblied to at
Ie@fst sdnze of the radigtiod duré® rdshesf thé teeédrfdsd_(lgaﬂﬁ@bhdl ﬂtlelmiglﬁtf‘pbrcent of
on C n rrs | er
21BN PR oBpGn B e b oSGl ofiovy, by Wikt 1 Séfied fo render

tr@fﬂrgtaﬁaﬁutg ediatiobicasdbe. group(s) in the first coating is
seven or less, with weight percent based on the total

solid weight of the first filmformng resin. 8. The
2NTMhé lnhtﬂmeyermtm@gygyst éitligim a| aihereln thvé eednallyt bgrable group(s)

first coatin rt her conprises a second filmformng
COraRTSE MGFRY @?H’Fﬁ ne or nore thermally curable

group(s) that are the sanme or different than the

tggé nﬁnat.lll il ypcruc{?% llﬁ rou%fs%@lg{HE:h fl r%&_lt Ilw ctérlagli%ngroup(S)

cémpiidecissdyanitegyrodgsyral |y curabl e group(s) conpri se
hydroxy group(s). 10. The nultilayer coating system of
claim8, wherein the thermally curabl e group(s)

4cvwmmnayeﬁ @Gat&’(gaéﬁtegﬁ @ﬂb(aih) 1, WhereTmﬂtelTnaldtaltlbﬂ)cefable group(s) of

tr@Ja gmogtt tste §53c<ch coatmg or t\)M}ﬁ rcgmgnéeh Fmetﬁ)acry ate group(s)

5. The multilayer coating system of claim 1, wherein the first coating is pigmented and

the second coating is not pigmented or is lightly pigmented.

6. The multilayer coating system of ¢laim 1, wherein neither the first coating nor the

second coating comprise pigment.

7. The multilayer coating system of claim 1, wherein the weight percent of radiation
curable group(s) in the first coating is seven or less, with weight percent based on the
total solid weight of the first film-forming resin.

8. The multilayer coating system of claim 1, wherein the first coating further comprises
a second film-forming resin comprising one or more thermally curable group(s) that are
the same or different than the thermally curable group(s} on the first film-forming resin.



the first coating or the second coating or both

conprise (neth)acrylate group(s). 12. The nultil ayer
coating systemof claim8, wherein the first coating

is pigmented and the second coating is not pignmented

or lightly pignented. 13. The nultilayer coating

systemof claim@8, wherein nefther the first coating

nor the second coating conprise pignment. 14. The
9nifhe irhalilayercamdting Gysteat efrciaim @, aiherdin thd eicimall Berable group(s)
Cé?‘g rraII cur abl e group(s) and the radiation curable

'[ﬁ)e(@j %P PHP(S)ne conponent, and the first coating

further conpri ses a second conponent conprising one

urin en for he I cura
18 Eu% 'ﬁayfé "%‘Iﬁ& 'I‘l"aI;P c%aI’I’e*IerI '“5‘5‘%# Y8I"§P|ﬂ group(s)
cdmlpnmlso@lanatefg?otﬁp (st coating is pigmented and the
second coating is not pignented or is lightly
pi gmented. 16. The multilayer coating systemof claim
114Thal\hrﬂltils'yer n@éttnb@ysﬁehﬁoff ¢laifi 8,0018dréinghe) edidtiod curdte® grbup(s) of

t 17..Th I t
R P I T
at Ieast one lsocyanate havi ng one or nor e
17 e AR el e TRt vy e cleoRlna §idingnted and
thef secbad nmaitu,ngmgmqmgmeﬂited bhighiglpigmeritedibl e group(s)
and the radiation curable group(s) are in one

conmponent, and the first coating further conprises a

18.eThun chuttitayeo neatingcsystent st bigino B whereiro neithen thenfirsageating nor the
curabl e group(s). -15- 19. The

h L1y
%\“[ﬂ"fjltqogwc%n’gﬁeﬁég@?@ tem of claim 18, wherein the

first coating is pignented and the second coating is

d I d.. 20. Th
1 od PERE Gagling, Syt il o iR 8 the bRy fueblregrounts
ahdh éhef radﬂtlon Q:at‘abkg groap(s) zee irs e bemporant, rmIdeaﬁIrst&matmg further
oA yarane FrpOtshepy g e o8 ol S aben B e ormaiy
curableyrodi(e). havi ng one or nore ethylenically
unsaturated noieties and one or nore isocyanate

gr oups.
15. The multilayer coating system of claim 14, wherein the first coating is pigmented

and the second coating is not pigmented or is lightly pigmented.

16. The multilayer coating system of claim 14, wherein neither the first coating nor the
second coating comprise pigment.

17. The multilayer coating system of claim 8, wherein the first coating comprises at
least one isocyanate having one or more ethylenically unsaturated moieties and one or
more isocyanate groups.

18. The multilayer coating system of claim 1, wherein the thermally curable group(s)
and the radiation curable group(s) are in one component, and the first coating further
comprises a second component comprising one or more curing agents for the thermally
curable group(s).



22. A nethod for preparing a nultilayer coating system
conprising applying to a substrate: (A a first,
thermally curable coating conprising a resin to which
is attached one or nore thermally curabl e groups and
one or nore radiation curable groups; and (B) a
second, radiation curable coRi ng conprising a

radi ati on curable resin; wherein the weight percent

1g)fTr{ea.dumtayenccleamgtﬁgette@r nguaéﬁ»a 1anhér@mt {h@fﬂfﬁﬂ dadéuﬁ%l L@bigﬁnented
1 n ow a | O rendaer e
ar{cﬁg %Vs?ﬂﬂ?ﬁ%fsé‘oéé?m%%e‘r%{df‘ é{ghtb’rP'ng%Rtﬁ‘Erl e; wherein

either the coating of step A or the coatlng of step B
ap edf byt en, the coatin
20, JHR B biEerioatig, sylemia it 5 WBR oI Nes e 1ol ratidg nor the
seRbnd 8odtinglomprise pgmt.ed, and curing the nmultil ayer
coating system such that at |east some radiation

curable groups in the first coating are bonded to at
21. Chret m&ﬁﬂl@eﬂﬁ:oéth@ £ tof @i u'r eﬂnerr@.al tAe Girstt dbiting €6MPFses at

aln he, net hod of c relntheflrs
'e%\%pﬂ”ieé 3’9%‘? §'”98PP;?’EEH’%& ﬁy %@Ewrﬁte&tm@ﬁ &t and one or
mbReisGanae JrotRl -

22. A method for preparing a multilayer coating system comprising applying to a
substrate:

(A) a first, thermally curable coating comprising a resin to which is attached one
or more thermally curable groups and one or more radiation curable groups; and

(B) a second, radiation curable coating comprising a radiation curable resin;
wherein the weight percent of radiation curable group(s) in the thermally curable
coating is below that which is needed to render the thermally curable coating radiation
curable;
wherein either the coating of step A or the coating of step B is applied first, but when
the coating of step B is applied first, the coating of step A is not pigmented or is lightly
pigmented; and
curing the multilayer coating system, such that at least some radiation curable groups
in the first coating are bonded to at least some of the radiation cured resin of the
second coating.

23. The method of claim 22, wherein the first applied layer is fully cured before
application of the second layer.



