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gloss and distinctness of image, due in large part to the clearcoat. In other
applications, coatings having different properties may be utilized in a multicoat
system. For example, one of the coats used in a multilayer coating system may be
more durable, or provide better weatherability 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)  afirst thermally curable coating comprising a resin to which is attached
one or more thermally curable groups and one or more radiation curable groups; ard

(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.



(B) a second radiation curable coating conprising a
radi ati on curable resin, wherein the weight percent of
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[0006] The thermally curable group(s) and the radiation curable group(s) are
on the same film-forming resin, sometimes referred to herein as the "first film-forming
resin". Any film-forming resin having one or more thermally curable functional
groups can be used according to the present invention, provided such resin either
has or can be modified to have a radiation curable group or g roups attached thereto.
As used herein, the term "thermally curable" and variants thereof refer to coatings
and/or groups that can be cured or crosslinked at ambient or elevated temperatures
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



groups can be used according to the present invention,
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thereto. As used herein, the term"thernmally curable"
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different, two or more curing agents may be used. There is no limit to the number of
- curing agents used according to the present invention. Similarly, there is no limit to
the number of film-forming resins used according to the present invention; use of one
or two film-forming resins reflects just certain nonlimiting embodiments.
[0008] As noted above, the first film-forming resin contains or is "modified” to
contain radiation curable group(s). As used herein, the term "radiation 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 are 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 curable group(s) to the resin.

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



resins can be the sane or different. An appropriate
curing agent or agents can be selected by one skilled
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group(s) on the filmformng resin(s). If there are

two filmformng resins-&d the thermally curable
group(s) on each of the filmformng resins are the

same, one curing agent nay be sufficient, but if the
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[0013] The first coating, in addition to the ornie or more film-forming resins
described above, can further comprise pigments, fillers, rheology modifiers, surface
active agents, light stabilizers, catalysts, and other- additives known to those skilled in
the art, which are used to 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 resins 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 coati ng, 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.



material. One nonlimting enbodi nment includes the
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[0016] The present invention is further directed to a method for preparing a
multilayer coating system as described above. The coatings described herein, as
well as other coatings known in the art, can be applied to at least a portion of the
substrate, and can be applied to the substrate directly or over at least a portion of a
preexisting coating layer. Certain embodiments generally comprise applying a first
coating to a substrate. The first coating, as described above, comprises both
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 in the art, such as spray coating, roll
coating, brushing, dipping, casting/spin coating, electrostatic coating, flow coating
and the like. Following application of the first coat, the substrate is subjected to a
thermal cure. Thermal cure can occur at ambient or elevated temperatures.
Thermal cure is affected so as to react the majority of the thermally curable group(s)

with the curing agent(s). While the majority of the thermally curable groups will



di luents may al so be used. The filmformng resin(s)
generally conprises 5 to 95 wei ght percent, such as 25
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[0018] While affecting cure of the radiation curable resin of the second
coating; the exposure to actinic radiation will also cause the radiation curable
group(s) in the first coating to react with and bond to radiation curable group(s) in the
second coating. Intercoat adhesion between the first coating and second coating 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

p resent 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.
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cure of the underlying layer. Regardless of the order of application of the coatings
and cure, the thermally curable layer will have the majority of the thermal groups
reacted’in certain embodiments.
[0021] The multilayer coating system of the present invention can be applied
to a variety of substrates and used in a variety of applications such as golf ball
coatings, automotive or other plastic parts with pigmented thermally cured basecoat
and radiation curable clearcoat, consumer electronics with pigmented thermaily
cured basecoat and radiation curable topcoat and the like.
[0022] As used herein, unless otherwise expressly specified, all numbers suc‘h
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 include 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.



a radiation curable resin is applied to the substrate
so as to be at least partially in contact with the
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above, and can al so be applied using spray coating,
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TOTAL ' 752.935

' RC-B Thiopene, from Wujin Fine Chemicals or Q-OB from NY Fine Chemicals.
2 CAB 551.0.2 PM3024 from Eastman Chemical.

% Benzotriazole UV absorber from Ciba Additives.

4 Polyester-urethane polyol available from PPG Industries, Inc.

® Polyether polyol available from DuPont.
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Example 3

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

System I:

PRIMER: 100 parts BZ-303-23 Waterborne Polyurethane

Clear®
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 CX100 Aziridine crosslinker available from NeoResins.

® Polyisocyanate crosslinker available from Bayer Corporation.




to a variety of substrates and used in a variety of
applications such as golf ball coatings, autonotive or
wo@rtwen4plrasti c parts with pignented thermally PCr/E82005/037583

basecoat and radi ati on curabl e cl earcoat, consuner

el ectronics with pignentgdq thermally cured basecoat

and radi ation curable topcoat and the |ike. [0022] As

used herein, unless otherw se expressly specified, al

nunbers such as those expressing val ues, ranges,

anounts o r percentages nmay be read as if prefaced by
System lli he word "about”, even if the term does not expressly

PRIMER. @Ppear-— Ay numer i cat T gt ASa7t 't-gsgv\%té»bbf»néﬁwnﬂsmane

to include all sub-ranggéa]subsune retn. Plural
enconpasses singular and vice versa. Also, as used

E?LELP\’{Q&P; L mgofigl YRE pa ABiilhe CRolBheLr L0

CLEAR T@ngﬁﬁ/ners; the prefix %Pﬁé Pabval Backsate fiorg Exapiple 2

9 - EXAMPLES [0023] Thesd.plpap¢irnadifed@plyiesoypdriate.’
intended to illustrate the invention, and shoul d not
be construed as 1initill¥ixWwell aad spraydmmedigialy way

. Exanple 1 C ear Topcoat: Polvol Package 1 RC-B )
Adduct offB Gprants, DESMG MR M 3806 and 86 arts HydrayenYleeptatens olid
NCO equivzilens weighii=dQRs thipneshie 694 solidsinpraghyd Asqbuiyhketase-nan
Chem cal. 3 Benzotriazole UV absorber from C ba
[0025] AddThepégmenrterdpyiestrsrcoulcebampeayeppligd toveolyalsitearie eovered

su bstrateggggh{]e%s%tfég)l?es g}ghgﬁgtggéﬁ OaI Pﬁ%%ﬂ%? a 8\%%%' fof'4 a&:iolnasllbslteenéyr 3"
between 0.3 and 0.7 mils uniformly on the surface of the substrate. AThe primers
could be flash dried for 10 to 20 minutes at 70 to 75°F and then bakedyfor 30 minutes
at 120°F. The two compon ent 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/cm? using 80
W/cm 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 between the UV qoating and system Il would be expected to be

greater than that of the adhesion between the UV coating and system .




Cl ear Topcoat at Hi gh Solids: Polvol Package Exanple 3
[0024] Al parts are by weight unless otherw se
w@p@eioiilesl: System |: 6 WPU60499, version 000 PORUBZ0/E37583
fromPPG I ndustries, Inc. 7 CX100 Aziridine
crosslinker avail abl e fr.om NeoResins. 8 Pol yi socyanate
crosslinker avail able from Bayer Corporation.- 11 -
System11l: 9 Adduct of 2016 parts DESMODUR N 3300 and
106.1 parts Hydroxyet hyl acryl ate; solid NCO equi val ent

wei ght = nned ta 60% sol.i.ds met h obut yI .
100261 o, HeerepBaRaition Sanniess o e FyeBtfh aoe LEPRyeSerived
above fogRRpb gsbp.u AtdHHoRl NINE peUBAESt t8URSSS Skifsd M IR ef that
sul e su strates in a manner allowing for a
numerous aaBaMlmo:M}'cé dbtaileed th® pBesand inventionirsay hefroadeywithout
. the rface.of the substrate. The iers could be
departing 3B MENt T 23GIeTNGE 40 01 ARPESISH NS0 750F and
then baked for 30 minutes at 12Q0F. The two conpoenent
cl earcoats could be m xed thoroughly and then each
spray applied to the prinmed substrates in a simlar
manner as for the primer within 30 m nutes of m xing
the two conponents of the clearcoat. The clearcoats
can be applied to a filmthickness o f 0.15 to 0.45
mls. The prinmed and cl earcoated substrates could then
be flashed for 10 to 20 m nutes at 70 to 750F and
baked for 16 hours at 11Q0F. A UV curabl e coating can
then be applied to the substrates. Suitable U/
coatings include, for exanple, R 1162Z74 WV coati ng,
commercially available fromPPG Industries, Inc. The
UV coating can be applied using standard




means, so as to forma coating having a dry film
thi ckness 15 to 20 m crons. The coating can be cured
w@sg00appriepri at e, such as by exposure to 850 mJPCTHUR2005/037583

using 80 Wcm nedi um pressure nmercury UV curing | anps
(part no. 25-20008-E), awalable from Wstern Quartz
Products, Inc. If the substrates are subjected to

adhesi on tests, the adhesi on between the UV coati ng

and system Il would be expected to be greater than

of the adheS| on getvveen the UV coating and system
THEREFQRE&WHAﬂ—d@Z@} Whebd®s particul ar embodinents of this

i nventi on have been descri bed above for purposes of
illustration, it will be evident to those skilled in
1. the /alhﬁultlla@rternoa‘emgasystemd:canpfnsiagof the detai I S of t he

de w thout de art

Phe Plvent fievh. eTany sotetla conthg SRmRASIRg cLrE ik f&fming
resin to wﬁ@%%%&nb%r%&'d\ﬁ@rkgﬂy duradldytd Lipanan SR2bF Rbre

tem conpri sing: rirst, thermally curable
radiation cmaaableggrouppralsd ng a f| rst filmformng resin to which

ore &) o8 SeRBfid otadilion S E taating “c{o%bwgisg{gfélgédiﬁﬂgn
curable r&fisend, radiation curable coating conpri si ng a

radi ati on curable resin; wherein the vve|% percent of
whlemrath@wedghtmr@e@rqfup@a}ton gUtHe growd( datth%rfftscoatmg is

below tha? |8$eg#|}gctp reﬁagreﬁ%efﬂsf ﬁaﬁﬁgﬁ%ﬁléﬁl}% Elfatfiecoating

er coating syst em of
d ai m 1 wherein the therrml 'y curabl e group(s)

conpri se hydroxy group(s). The multil ayer goati
2. oua L Bhe SrUIEARR oSt Bvabi SHIATRh aRe e Hdtmall

curable group(s) comprise hydroxy group(s).

3. The multilayer coating system of Claim 1, wherein the thermally

curable group(s) comprise isocyanate group(s).

4. The multilayer coating system of Claim 1, wherein the radiation curable

group(s) comprise (meth)acrylate 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 Claim 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.



curabl e group(s) conprise isocyanate group(s). 4. The
mul tilayer coating systemof Caim1, wherein the

w0 a@eatileh curabl e group(s) conprise (neth)acrpCEHUS2005/037583
group(s). 5. The multilayer coating systemof Caimal,
wherein the first coatinggqi,s pigmented and the second
coating is not pignented or is lightly pignented. 6.
The nmultilayer coating systemof Claim1l, wherein
neither the first coating nor the second coating

o B TS B AR, BB 00
further col?rggrgsk%!s\?\? t%%eb'ﬁ& ﬁLm-'fé‘rrﬁihg ﬁééi@%n‘f ASINdne of AYSE tﬁé%mally

wel ght percent based on the total soli
curable graib) theft arb¢hé sase dridiffierfent thary the dhermallydcuradle gioeip(s) on

. multil ayer coating systemof Claim1, wherein the
the f'rStf'Fr’;’JTf%'tm'é‘Sd'??Wb further conprises a second filmformng

resin conprising one or nore thermally .curable
group(s) that are the sanme or different than the
9. t herlirel nyltdayertdoatigg syples) obelaim &, iwhsrein the: thermially
resin, 9. The nultilayer, coating system of C aim 8,
curable gfoHn(s) AOMPLISE AR Uﬂfébl e group(s) conprise
hydroxy group(s). 10. The nultilayer coating system of
Claim8, wherein the thermally curable group(s

10¢c onpgihies@iltiaysraatiegsysigne of Claimm &M@afﬁmthe(aty)@rmally
! . o e
curable ofYsf SoMFEETgevelialt Solm@hr iy acryiat e aroup(s). 12.

The multilayer coating systemof Caim8, wherein the
first coating is pignented th ting. i
11h0t qugwém!@%eroqoq%ggﬁygﬁm@?&?@im?ﬁ,s Ce()rgfjnt & radigtion curable

group(s) comprise (meth)acrylate group(s).

12.  The multilayer coating system of Claim 8, wherein the first coating is
pigmented and the second coating is not pigmented or is lightly pigmented.

13.  The multilayer coating system of Claim 8, wherein neither the first

coating nor the second coating comprise pigment.

14.  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).

15.  The multilayer coating system of Claim 8, 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).



13. The multilayer coating systemof C aima8, wherein
neither the first coating nor the second coating
W@ vp/Hiae3 pi gnent. 14. The nultilayer coating BYBFUSIM®37583

Claim1, wherein the thermally curable group(s) and

the radiation curable grpgp(s) are in one conponent,

and the first coating further conprises a second
conponent conprising one or nore curing agents for the
thermally curable group(s). 15. The multilayer coating

t f Claim8, wherein the th 11y | | o
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for the thermally curable group(s).- 1 5 - 16. The
mul til ayer, coating system of aim14, wherei.n the ..
17( | r SeBMLIRETICONNG FUSHEER o fdeihe 4 MB'”c%%{heﬁg}’? first
: L OB &8kt éoﬁne,i-égw kymehgrented. 17.. The. .. -
coating n%ﬁelo%; ayer coatﬁ)‘lrgng S sl,t e'Fr)nl%ap G aim14, wherein neither
the first coating nor the second coating conprise
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pigmented &R theC&3ddndidcdatingaé nbt Fﬁ@ﬂbﬁ@bcﬁbr isslightggigmented.

pi gnented. 19. The nultilayer coating systemof Caim
15, wherein neither the first coating nor the second

coatd,n ris ' 3 [ : j
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coating ndf theeaséormNeoatiRCodmplise payinegt.one or nore
et hyl enically unsaturated noieties and one or nore

i socyanate groups. 2 1. The nultilayer coating system

20" S AuilayBiRiRg S)Stelrn S CERAL, Wherein the first coating
comprises at least one isocyanate having one or more ethylenically unsaturated

moieties and one or more isocyanate grou ps.

21.  The multilayer coating systerm 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.

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

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

(B) aradiation curable coating comprising a radiation curable resin;

wheréin 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;



conprises at | east one isocyanate having one or nore
ethyl enically unsaturated noieties and one or nore
WO sweyamnas e groups. 22. A nethod for prepari ngP@r/us2005/037583
mul til ayer coating system conprising applying to a
substrate: (A) a thermallygcurable 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 radiation curable coati ng conpri si ng
a radiati on curapl e erei i er.c
wigreegiier tan Comin & S AhpLste spating Gt ARSI fist, but
[ I fy
when the el P B 2 My e 295@%*%5%@ gReeRghented or
is lightly pigevesited.ei t her the coating of step A or the coating of
step Bis applied first, but when the coating of step
Bis applied first, the coating of step Ais not
230' INEHY @tHYd &F dléW?Q¥whb9éTﬁ "th@‘i’lrst?é’pphérb %y@t@ﬂ_‘i"@tured

Caim22, wherein the tirst applied l'ayer is ful
before applicatiomef theesegspind daperon of the second | ayer.



