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BRIEF DESCRIPTION OF THE INVENTION

An improved balance of abrasion resistance, solvent resistance, weatherability, and
formability is provided by a sheet, comprising: a first layer comprising a
polycarbonate resin; and a second layer disposed on a surface of the first layer, the
second layer comprising a cured product obtained on curing a curable composition
comprising an aminoplast resin, a polyol compound, and a UV-absorbing amount of a

triazine compound.

Other embodiments, including a method of producing the sheet, and an article derived

from the sheet, are described in detail below.
DETAILED DESCRIPTION OF THE INVENTION

The present inventors have conducted extensive research into improving the
properties of polycarbonate sheet with protective coatings. It is known that a key

factor in determining the weathering lifetime of a coating is the stability of the
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coating adhesion.

Thus, one embodiment is a sheet, comprising: a first layer comprising a
polycarbonate resin; and a second layer disposed on a surface of the first layer, the
second layer comprising a cured product obtained on curing a curable composition
comprising an aminoplast resin, a polyol compound, and a UV-absorbing amount of a

triazine compound.

The sheet comprises a first layer comprising a polycarbonate resin. Suitable
polycarbonates may be prepared by reacting a dihydric phenol with a carbonate
precursor, such as phosgene, a haloformate, or a carbonate ester. Generally, such-

carbonate polymers comprise recurring structural units of the formula
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phenols suitable for use in the preparation of polycarbonate resins are described, for

example, in U.S. Patent Nos. 2,999,835 to Goldberg, 3,334,154 to Kim, and 4,131,575

to Adelmann et al.

The polycarbonate resins can be manufactured by known processes, such as, for
example and as mentioned above, by reacting a dihydric phenol with a carbonate
precursor, such as phosgene, a haloformate, or a carbonate ester, in accordance with
methods set forth in the above-cited literature and in U.S. Patent No. 4,123,436 to
Holub et al., or by transesterification processes such as are disclosed in U.S. Patent

No. 3,153,008 to Fox, as well as other processes known to those skilled in the art.
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wherein R*-R¢ are each independently hydrogen, C;-C;, hydrocarbyl, or halogen; and’
R°-R' are each independently hydrogen, C;-Ci, hydrocarbyl. As used herein, the term
“hydrocarbyl”, whether used by itself, or as a prefix, suffix, or fragment of another

term, refers to a residue that contains only carbon and hydrogen. The residue may be
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wherein R%RY are as defined above. These isophorone bisphenol based resins,
including polycarbonate copolymers made containing non-alkyl cyclohexane
bisphenols and blends of alkyl cyclohexyl bisphenol containing polycarbonates with
non-alkyl cyclohexyl bisphenol polycarbonates, are supplied by Bayer Co. under the
APEC trade name and described, for example, in U.S. Patent No. 5,034,458 to Serini

et al.

The first layer may be substantially transparent, translucent, or opaque. In one

embodiment, the first layer comprises at least about 80 weight percent polycarbonate,
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may be up to about 20 millimeters, more specifically up to about 13 millimeters.

The sheet comprises a second layer disposed on a surface of the first layer. The
second layer comprises a cured product obtained on curing a curable composition
comprising an aminoplast resin, a polyol compound, and a UV-absorbing amount of a

triazine compound.

The aminoplast resin is the reaction product of an amine and an aldehyde, optionally
in combination with an alcohol. Suitable amines used to prepare the aminoplast resin
include, for example, urea, melamine, triazines, diazines, triazoles, guanidines,
guanamines, and the like, as well as alkyl- and aryl-substituted derivatives of the
foregoing amines. Suitable aldehydes used to form the aminoplast resin include, for
example, formaldehyde, acetaldehyde, crotonaldehyde, acrolein, benzaldehyde,

furfural, and the like. The aminoplasts contain methylol or similar alkylol groups,
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wherein each occurrence of R' is independently hydrogen, a methylene bridge to
another melamine nucleus, or CH,OR?, wherein R? is hydrogen or C;-Cy alkyl. In
particular, R? may be methyl. In one embodiment, at least 4, at least 5, or all 6 R!

groups may be methoxymethyl.

Suitable aminoplast resins include the urea-formaldehyde resins available from Cytec
as CYMEL® U-60, U-64, U-65, and U-382, and the melamine-formaldehyde resins
available from Cytec as CYMEL® 300, 301, 303, 322, 350, and 3717.

The coating composition may comprise curable solids and volatile solvents. Thus, the
composition may comprise about 20 to about 80 weight percent of the aminoplast
resin, based on the total weight of the curable solids. Within this range, the

aminoplast resin amount may specifically at least about 30 weight percent, more
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H’éﬁ 0 wei ght percent, nore specifically at,|east

out” 20 wei ght percent. Also within this range, the
cur abl € solids anount may specifically up to about 80
wheteghtRpéy cr€z hpirecasipéaicf | apdiiohgllyupubstitetbd uwitisoone or more

hg@rogpomsp erSculta{)le polyol compounds include dihydric phenols, such as, for
example, resorcinol, 2,2’-methylenediphenol, 2,4’-methylenediphenol, 4,4’-
methylenediphenol, 4,4 -isopropylidenediphenol, 4,4’-dihydroxydiphenylsulfone, and
the like; dihydric aliphatic alcohols such as, for example, ethylene glycol, diethylene
glycol, triethylene glycol, tetraethylene glycol, propylene glycol, 1,3-propanediol, 1,4-
butanediol, 1,5-penatnediol, 1,2,3-propanetriaol, pentaerythritol, sorbitol, and the like;
alkyd resins, such as hydroxy-functional epoxy resins; soluble cellulose derivatives;
vinyl polymers with free hydroxyl groups such as homopolymers and copolymers of
vinyl alcohol, and partial hydrolysates of homopolymers and copolymers of vinyl
acetate; oligomeric aliphatic polyester diols; oligomeric aliphatic polycarbonate diols;
oligomeric aliphatic polyestercarbonate diols; oligomeric aliphatic polyurethane diols;
and the like; and mixtures of the foregoing polyol compounds. In one embodiment,
the polyol compound may contain carboxyl or amino groups in addition to the

hydroxy groups.



hi addition to the am noplast resin, the curable
conposition used to formthe second , |ayer conprises

wa 2pwlopeies conpound. The pol yol conmpound is an BCGAIS2M®S/022949
conpound containing at |east two hydroxy groups. In
one enbodi nent, the polyol conpound may have the
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partial hydrol ysates.of . pal rs and copol yners of
alparnrs i ik il 3 PEBRITG TAPRBRAC T OM P b FPOTIgaci, and
i B0 E LGl BRI Bl ¥9RURABAERNCAC] S cyBlohSQRBdiL&boxylic

al 1 phati c pol yestercarbonate diols; oligoneric
asityidpidey itetrghytisaphttahianentyidotle,; 1adhoyddtexpddicarbonylic acid, 1,4-

SRR B 1 R 65 BBt nBCRBHRE sk Bt acie

iSOphtRAl O 8ci g terephthblc add dndaRe tike; tthe nily Ak @X}ergb©O URStablR for use
one enbodi nent, the polyol conpound conprises an
apthiegbinbaticcdials iaphhesechaysig e sEicteeol . The ol i goneric
al i phatic polyester diol may be the reaction product

_ i agkd and a diol, wherein the diacid conprises
I@é(¢gggt 0% by nunber aliphatic diacids in

wherein n is 4 to about 12, and C;-C¢ hydrocarbyl-substituted derivatives thereof.
Specific aliphatic diols include, for example, 1,6-hexanediol, 3-methyl-1,5-
pentanediol, 2,2 ,4-trimethyl-1,5-pentanediol, and the like. Suitable for use as the
remaining diol are, for example, short chain aliphatic diols such as 1,3-butanediol,
1,3-propylene glycol, 2,2-diethyl-1,3-propanediol, ethylene glycol, neopentyl glycol,
and the like; cycloaliphatic diols such as 4,4’-methylenebis(cyclohexanol), 4,4’-
isopropylidenebis(cyclohexanol), cyclohexanedimethanols, and the like; aromatic
diols such as phenylenedipropanols, and the like; and mixtures thereof. In one
embodiment, the oligomeric aliphatic polyester diol is a reaction product of an
aliphatic diacid in which the two acid groups are separated by at least four,
intervening carbon atoms, and an aliphatic diols in which the two hydroxyl groups are
separate by at least four intervening carbon atoms. The oligomeric aliphatic polyester
diol may also be synthesized by the reaction of an aliphatic lactone, such as

caprolactone, with an aliphatic diol. In one embodiment, the oligomeric aliphatic
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which the two acid groups are separated by at | east

two, preferably at |east four, intervening carbon
watawwo4@mnd t he di ol conprises at | east 50% byPaumsenns/022949

aliphatic diols in which the two hydroxyl groups are

separated by at | east two, preferably at |east four,
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prepanreg the eligerneric palyesiar digle ingluderthesgknewadn ¢he art for preparation

itraconic ' andg.t. i ke Gl i hhat | |.aCl
o RSP By SO RS MR e
C(?-fﬂtglyﬁfdllge?qvaﬂ&blé Séh;y Cfbﬂg léhztxf]pllej OBSM@BHEN® S1015-120 from Bayer
, 3-cycl ohexanedi car boxyl i cid, 1, 4- »
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1l ShEPBhBadikfehacitd: pBRM1 tddgndouke: ¢ 98k XhT SxohfReit e Bliphatic
Suitable for use as the aliphatic diols are those
pigsarbapatendiob t AnctligomeHOa{igkiticrpaly¢aniivantsi diohisjasreaction product
bout . 12, ~and - C hydrocar byl - substj.tuted derivat.iyves '
of et & aEPrd @Sary BHATR SHRE PHE pilfie ot e «
cABGER ?rqc&ns@r.h%ﬁf(ﬁdih@| syn@reBi tdTypollcabboraan tdaneibed! above, the
2,2,4-trimethyl -1, 5-pentanedi ol, and the |iKke.
cashonatth PecoEer By arcledfe PhesgaRhi hdalifermale,.eor foparbonate ester.

, I oLt ' ' ' i S . . .
STAR L A0 E SR R Bl e W Plpqric aphaic
pdly&tardigiariadinelembetihydrende gligankric addpentpplycadbyoat diol has a
d the |iKke, [ [ '
gher aYGARG M S (L B ARaof o0 ARG 8 bk 4,000 AMU. Within
tH1§'91‘i’ig9,ptliE IR BRI S GYEH 19Q§3)§ﬁé&ﬁiic)all?1_be at least about 400 AMU, more
cycl ohexanedi net hanol s, and the l'ike, aromatic diols
sipiftealip apleestydbont 80@ AddEnohlso witlintthis tangee thamglecular weight
m@yxstpgcriﬁgalltyh‘gé %Sft'o albrg)up ?,%OO AMU, more specifically up to about 2,500
AMU. Suitable techniques for preparing the oligomeric polycarbonate diols include

those known in the art for preparation of polycarbonates, generally.

In one embodiment, the polyol compound comprises an oligomeric aliphatic
polyestercarbonate diol. Such compounds are essentially hybrids of the oligomeric
aliphatic polyester diols and oligomeric aliphatic polycarbonate diols described above,
in that they contain two terminal hydroxy groups and internal carbonate linkages and
ester linkages. In one embodiment, the oligomeric aliphatic polyestercarbonate diol
has a number average molecular weight of at least about 200 AMU. The oligomeric
aliphatic polyestercarbonate diols may be prepared from a diol, a diacid, and a.
carbonate precursor, using techniques known in the art for the preparation of

polyestercarbonates.  Suitable oligomeric aliphatic polyestercarbonate diols are
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enbodi nent, the oligonmeric aliphatic polyester diol is

a reaction product of an aliphatic diacid in which the
wOemeao# s gr oups are separated by at | east fouPCT/US2005/022949

i nterveni ng carbon atons, and an aliphatic diols in

whi ch the two hydroxyl groups are separate by at |east
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I olls™i ncl'ude 't hose known in t t for preparation
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S101 and T
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f&ﬁn’ﬂ{téﬁgﬁngrba%dng AFRIst R%si ﬂl@altebﬂu@ﬂ YE ar fedsyatdl 8dmpound
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1s§|f;}léaglu s S%rpﬁpsaéuje J%ﬁznla B ay F(%lgte{wod L??éferaﬁgfgat oidt ri?ﬁln %t%rvenmg

As 0 esi' s ona
celBsg htdded aAd Pvie,2 tdﬁﬁocﬁhaabor&tﬁteblﬁrdi@ls ragdesttied atedvedeSuitable
Eﬂ?s gene, a haloformate, or a carbonate ester.
afig JiiencypRAte copRoudE mexheve hesHEEE descr i bed above

for the ollgonerlc al i phatic polyester diol. In one
(g t. the ?i aliphatic pol ycar bonat e

[i ol ﬁ'_s an ave age mol ecul ar wei ght of about

200 AMJ to about 4,000 AMU. Wthin this range, the
wittetie B d (weﬂ:lg hilkyiee. sPee bfiganatiy alighatit pobastthateodivl may be
400 AM,
prepared accordlng to procedures known in the art for preparing polyurethanes
Suitable oligomeric aliphatic polyurethane diols are commercially available as, for

example, K-FLEX® UD-320 from King Industries.

In one embodiment, the polyol compound comprises any of the diol compounds
described above in combination with a triol compound. Suitable triol compound
include, for example, the trifunctional, oligomeric polycaprolactones available as
Tone 301, Tone 305 and Tone 310 from Dow, and the aliphatic polyester triol
available as DESMOPHEN® F2037-420 from Bayer. The weight ratio of the diol
compound to the triol compound may be about 1:99 to about 99:1, specifically about

50:50 to about 98:2, more specifically about 80:20 to about 97:3.

The curable composition may comprise about 20 to about 80 weight percent of the
polyol compound, based on the total weight of the curable solids. Within this range,
11



specifically at | east about 800 AMJ. Also within this

range, the nol ecul ar wei ght may specifically be up to
wahost00876800 AMJ, nore specifically up to abouPCRUS2D5/022949

AMU. Suitabl e techniques for preparing the oligoneric

pol ycar bonate diols include those known in the art for
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aleduit ghidbite apmitypésitser car bonat e di ol s may be prepared
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trivESvOPRERIR] map baye the sivdasger . | n one enbodi nent, the

pol yol conpound conprises an oligoneric . aliphatic

pol yur gt hane diol. The oligoneric aliphatic

pol yur @t hane diol may have the structure O Ol HO R4-

O -C NHR 6- NHC -OR4- OH wherein R4 is the

i a digl conprising at |east 50% by number

groups are

wherein each occurrence of Ar is independently phenyl or substituted phenyl; wherein
the substituents on the phenyl group may be hydroxy, amino, C;-C;, hydrocarbyl, C;-
Cio hydrocarbyloxy, or C;-Cp» hydrocarbylamino; and R’ is hydrogen, C;-Cis
hydrocarbyl wherein the hydrocarbyl group may contain nitrogen or oxygen

heteroatoms, or

OH
#———CH,—~CH—CH,~O—R8

wherein R® is hydrogen or C;-Cj¢ hydrocarbyl wherein the hydrocarbyl group may-
contain nitrogen or oxygen heteroatoms. Such compounds have reactive hydroxy
groups that can react with the aminoplast resin. Suitable triazine compounds further

include the unanchored stabilizers described in U.S. Patent No. 5,621,052 to Szita et
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i ntervening carbon atons; and p is 2 to about 20.

Suitabl e diols are described above. Suitable aliphatic
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er cent n one enbodl e conposi t,jion,
wngmugeéfk@ﬁ@ S I eI Srithch s Eemalps aemany Mdeted ine light
stabilizers can be found in Plastics Additives Handbook, 5th Edition, H. Zweifel, ed.,

Hanser Publishers (2001) pp. 123-136. Hindered amine light stabilizers may include a
2,2,6,6-tetraalkylpiperidine moiety having the structure -

wherein each occurrence of R’ is independently C;-Cs alkyl; R! is hydrogen or
methyl; and each occurrence of R is hydrogen, C;-Cs alkyl, or C;-Cs alkoxy. Many
specific examples of hindered amine light stabilizers may be found in U.S. Patent No.

5,714,530 to Waterman et al. In one embodiment, the conjugate acid of the hindered
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1In®
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ura
Cs-Cyg aromatic compounds, or the like, and mixtures thereof. Particularly suitable

compounds include, for example, C;-C;3 alkanols, and C3-C;3 alkoxyalkanols. For
example, the solvent may comprise methanol, ethanol, n-propanol, n-butanol, 1-
methoxy-2-propanol, 1-butoxy-2-propanol, or the like, or mixtures thereof. In one
embodiment, the solvent comprises 1-methoxy-2-propanol, 1-butoxy-2-propanol, or a

mixture thereof.

The curable composition may, optionally, further comprise a curing catalyst. Suitable
curing catalysts include, alkyl acid phosphates, such as monomethyl acid phosphate,
monoethyl acid phosphate, monopropyl acid phosphate and monobutyl acid
phosphate, as well as the corresponding dialkyl compounds, such as dibutyl acid
phosphate. A mixture of mono- and dialkyl acid phosphates is often utilized. In
addition to the alkyl acid phosphates, examples of other acid catalysts which can be
used include phosphoric acid, maleic acid and anhydride, fumaric acid, chloromaleic
acid and anhydride, alkyl acid phthalates such as methyl, ethyl, propyl and butyl acid'
phthalates, monoalkyl succinates and maleates such as methyl, ethyl, propyl and butyl
succinates and maleates and others having sufficient solubility to permit them to be

dissolved in the coating composition at the desired proportion. Catalysts which have
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percent. Also within this range, the triazine conmpound

anount may specifically be up to about 5 wei ght

vB&! fell to fp%r 5REG Y df@bleYard! Qoﬁlﬁmﬁﬁ@ Wt a¥Bl OMifonic acids and

i
percent. cur abl’e conpositioh may, optionally,
dénivatives tooap’ ircbiding)i fod exeulpkenipa@eliengivifoatcabeillj nethylsulfonic

Hi.nder.ed am.pe Light. stabjlizers e 5- or )
gnanEens P epoglndist: Sl migti kel s et prsst e curing
il fa8Y baseSid Atlb@cuasth®Bu®l &b 1aB5utoN wRidH ErcehtdBased on

of “the Ting nitrogen. The nitrogen can have as its

theriptati weight of thgenrable qopthosidien. at om al kyl group, al koxy

group, or the like. Exanples of many hindered am ne :

. 1 . f ou . i dditi
e Bl qch oSy R Lo Ll LA ERO B, furhe
cHluptises hevatalys? Gibjlizen. Skiidblk3éutalyst nekhilecbramoheiel tegidry amines
st.abilizers nmay include a 2,2,6,6-tetraal kyl pi peridine
hagng he HAGUEY the structure wherein each occurrence of

RO is independently Cl1-C6 al kyl; R10 is hydrogen or
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Ii$ RRGitoh CR) e REMPbndn@AShentibAdd aBoWd? thei ahible edoaidkition may,
nore specifically at o
optionally, further comprise an additive selected from flow control agents, surfactants,

viscosity modifiers, antifoaming agents, and the like, and mixtures thereof.

In one embodiment, the second layer has a thickness of about 1 to about 50
micrometers after curing. Within this range, the second layer thickness may
specifically be at least 2 micrometers, more specifically at least 5 micrometers. Also
within this range, the second layer thickness may specifically be up to about 40

micrometers, more specifically up to about 25 micrometers.

The second layer is disposed on a surface of the first layer. In one embodiment, the.
second layer is disposed on at least 95%, more specifically at least 98%, still more
specifically at least 99%, of the surface of the first layer. In one embodiment, a
second layer is disposed on each of two surfaces of the first layer. In another

embodiment, the second layer is disposed on one surface of the first layer. In this
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| east about 0.04 weight percent. Also within this
range, the hindered amne light stabilizer anount may
weoepewiohswal |y be up to about 0.5 wei ght percenPCTS2@®5/022949
specifically up to about 0.3 weight percent. The
curabl e conposition may, optionally, further conprise
eRbS@MERN thd Qe of eSRrstRr ot i cdritft SHEARE %econd layer may be
conponerits and coating the conposition. Suitab
irs odntamitvaith arsithetdayer de-gexearapliéog 1ajerlithe camta@hmﬂs ,the other layer
C3-Cl 2 t ones -Cl2 ester C4-Cl ethers, C3-C12
bglflﬁ ?Wegl%ﬂgﬂ gﬁngg’, %3(1311-116%015 OﬁﬁFg‘B‘&n at ed hydrocar bons,
C2- G 2 carboxylic acids, C6-Cl aromatic conpounds, ‘or
OinB €enhidd@merand avkhdet) r@mﬁﬂ@ﬁfgeoﬁ ﬁraarayexccdlﬂpﬂlyn@ di poagbonate
compounds i ncl ude, for exanp 3 al kanol s, and
sy Grd apaeany dnven ditpesedrop ae%@aﬂ%m ef ﬂtehﬁrSé &FBrihe pggond layer

. I

b R e R

n1xtures thereof In one enbodi ment, the sol vent
mnﬂpnmmdbnﬂddﬁ%ﬂ@myng-propanol, I-butoxy-2-propano|
or a mxture thereof. The curable conposition nay,
opt.i onal. | further co i se.a curln tal yst. .
a8k L ooResBORRL Frufofiet BehfiCegliarbonate diol, an
oﬁﬁ‘&ﬁéﬁtﬁhﬁﬁhatlégﬁd‘l?;@&rmm&m@é w1, agidligohRsiphaipBatic polyurethane
nmonoet hyl ~ aci osphat e nnnopropyl aci d phosphat e
dﬁhd“ﬁ@ﬁéﬂwﬁﬂkﬂ%%}%Kbhosphate as well as the
correspondi ng di al kyl conmpounds, such as dibutyl acid

r
|?‘L\gs p{@%lﬁ% aﬁgﬂ%ﬁ%ntﬁﬁgﬁfl zegounla g%g?ftlél(églr’}uct o the al kyl
aci d phosphates, exanples of other acid catal ysts

whi ch?'can be used include phosphoric acid, naleic acid
and aphydride, fumaric acid, chloromaleic acid and
hyd#kd@

ew

Aand biit yl

, aldggyl acid phthal ates such as nethyl,
and butyl acid phthal ates, nonoal kyl
mal eat es such as nethyl, ethyl, propyl

OR’

wherein each occurrence of Ar is independently phenyl or substituted phenyl; wherein
the substituents on the phenyl grdup may be hydroxy, amino, C;-C; hydrocarbyl, C;-
Ci2 hydrocarbyloxy, or hydrocarbylamino; and R is hydrogen, C;-C;¢ hydrocarbyl

wherein the hydrocarbyl group may contain nitrogen or oxygen heteroatoms, or
OH
*——CH,~CH—CH,~0—R?

wherein R® is hydrogen or C;-Cj¢ hydrocarbyl wherein the hydrocarbyl group may

contain nitrogen or oxygen heteroatoms.

Another embodiment is a sheet, comprising: a first layer comprising a polycarbonate

resin and having a thickness of about 0.1 to about 20 millimeters; and a second layer
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succi nates and nal eates and ot hers having sufficient

solubility to permit themto be dissolved in the
woaeisiongrésonposi tion at the desired proporti onPCT/US2005/022949

Cat al ysts whi ch havebeen found to be particularly

sui tabl e are conpounds ‘such as the sul fonic acids and
dﬁﬁééeﬂ%‘ Vﬁﬁ‘fa%é] &f ﬁl@fﬁr!sﬂﬁiléildth@ Qec rﬁ‘arlayeel( 8FPhLE a thickness of about 2

p-t ol uenesulfonic acid fonic acrd, sulfamc
teaghout 4O anitloenctark and a:rmiprtmng u pmsd tplmtuebcbbtalmde pn pugsgntyrable

the curin cata St .ma sed.in f about
oo bir nas Bl e Se R AR

wei ght of the curabl e conposition. Wen the cur abI e
alSRA0%d b 60 peed BelamB@-oahaliMside rédin,may,

optional ly, further conprise a catalyst stabil i zer.
Suitabl e catalyst stabilizers inplude tertiary am nes

abpaay i4Qgtor aheut 6P el ergerd o an WHepmpic palyrstet digl, an oligomeric
pbIRUEBEIRCELL i lip N HEI9ERE Bibondt oS, B RUP R
enbodi ment, t'he sum of carbon atons 10 in the three R
algud Ostoiabowtifowtight pesceab ofip-talO¢nesulf@nis pad, dnidcal | y about

5 to about 8" A representative tertiary anine IS

tr| I i t abl a st stabilizer ur.t her

i Puict SPuns et e ST el SR Rrihe Rophdi Sd b fdmmpound
hmgq&ls@a@m such as 2- met hyl am noet hanol, and the .

like. Mxtures of the foregoing -catalyst stablllzers
may be enployed, hi addition to the conponents

nment i oned above] the curabl e conposition may,

optional ly, fm conprise an additive selected from
fl ow control Nge , suHfactants, viscosity nodifiers,
ant i f oam ng ent , and the like, and m xtures

t her eof . IA 11 A the second | ayer has a

t hi ckness “of about 1 o about 50 microneters after

curing. Wthin this t he second | ayer thickness
may OR’

wherein each occurrence of Ar is independently phenyl or substituted phenyl; wherein
the substituents on the phenyl group may be hydroxy, amino, C;-C;, hydrocarbyl, C;-
Ci2 hydrocarbyloxy, C;-Cj2 hydrocarbylamino; and R’ is‘ hydrogen, C;-Cis
hydrocarbyl wherein the hydrocarbyl group may contain nitrogen or oxygen

heteroatoms, or
OH
#——CH,—CH—CH,—-0—R8

wherein R® is hydrogen or C;-Cj¢ hydrocarbyl wherein the hydrocarbyl group may

contain nitrogen or oxygen heteroatoms.

In one embodiment, the curable composition further comprises a solvent comprising

1-methoxy-2-propanol, 1-butoxy-2-propanol, or a mixture thereof. In one
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specifically be at |least 2 mcroneters, nore

specifically at least 5 mcroneters. Also within this
woamgdo4tehe second | ayer thickness may speci fi eariug26/022949

up to about 40 microneters, nore specifically up to

about 25 mcroneters. The second | ayer is di sposed on

eﬁb§&ih{e%9 %hé)émtaﬂl% cbirfpssml)@m{her k&ngﬂ&s%‘e@m OB abdub @ weight
second layer di sposed on at |east 95% nore

pstperdlﬁla&)aﬂldeyedaﬁtmmeaght sabdbizest i || nore specifically at
| east 99% of the surface of the first |ayer. In one

THEREL I R RRGRRM ke b9 HAARNRE RELERED QL WPpaiyol

surtaces O ayer.”I'n"an

céipownic ahel thaxiee dospdusdoast aan aenalu bérﬁp@neshfs t MEhe curable
first layer. In thlsenbodlneni t he surface of the

C@mp%%lt%y@ary hetarphied dithe thirsl tayer Heing e mepay shely as, for

?§$§§fﬁﬁ?ﬁgﬁ%% t%ctﬁaﬁ%h the 6t er&F§§%f%%€§%3h§§%#é§ The
cmblcecrwatimg is pmﬁraiﬂyioumd l»y hedtecukinge. Foorexampleodi meptbei leated
a sheet ri sin irst |aye npr |
ey et B B A st P Obfhe pa A gy be
aéééH ft:f‘ecpffmt @)@arﬁf)lé Sty lhgytﬁ{g* ‘[ot Mot qg@r%g Ab%ﬁ?ﬁsmc for about 15
conprising a cured product” obtained on curing

nnmutasbtoeab:mtrp dmutd din aengibogimentatheedusing mtﬁnjbanattmal ey peabout
resin, an oligomeric aliphatic polyester dial

1305 %@W@?ﬁ fo rﬁﬂ‘ﬂ‘i@mitqh@l%P Gistrtem gt Elecﬁréq layegn I@Wé gmBpdlignent,
|
thgel 0 phﬁ%1s%u@s‘?%lr}fﬁﬁg%ﬁ%%éﬁ%?g&%f’greg}rlggunm ef?l k&ﬁﬁg{s rg?chean g

I'C polyur reo
a UV-absorbi ng anount of a triazine conpound havi ng
Omnbeenstodioentrie avdnelthed of qmoducmg:al rShw’(l,CGDm;ﬁrlSA[g [ soatlng a curable

ndependent | ted hen
QAR e p S BT, PoREaDERG 1shefte FEBAEY e cHHBE epposition
cGipAes aglmﬂapm Qés@&aa"lgaa_l/ ol (Qilrrpogﬂ@ dﬂncar@vadﬂaaﬂbﬁi@/m&fm ofa
hydr ocar byl am no; hydr ogen, Cl1-C16

triagihecompeynd;eing cating thﬁ@ura}»lﬁ Wwonge furp aeiptestine kayver.
ni trogen or oxygen heteroatons, or

One embodiment is an article formed from a coated polycarbonate sheet having any of
the second layer compositions described above. Suitable techniques for forming
articles include, for example, drape-forming, thermoforming, vacuum forming,
pressure forming, compression molding, cold curving, hot line bending, lamination,
in-mold decoration, printing, and the like, and combinations thereof. Articles that
may be formed from the sheet include, for example, motorcycle windshields, goggles,

and helmet visors.

Those skilled in the art will also appreciate that common curing and surface
modification processes include, for example,‘ heat-setting, texturing, embossing,
corona treatment, flame treatment, plasma treatment and vacuum deposition may
further be applied to the above articles to alter surface appearances and impart

additional functionalities to the articles.

The invention is further illustrated by the following non-limiting examples.
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OH* CH2-CHCH 2- OR8 wherein Ris hydrogen or G-C 6

hydr ocar byl wherein the hydrocarbyl group nmay contain
waiotemg€rs or oxygen het eroat ons. Anot her enbodPOEMIS2(08/022949

a sheet, conprising: a first layer conprising a

polycarbonate resin and having a thickness of about

%_A Egk;gyjt 20 mllineters; and a second

ayer |sposed on a surface of the first | ayer, the

second | ayer having a thickness of about 2 to about 40

Critinghiene aicand Severplr qusabig ceatingreothpositidue diffshingim é types of

ur t b d
ofIStL Pty A% B BB e ofRE Coafifip 307 Bt SO pELe
369 Wﬁé)&hietmﬁfyﬁx%ﬂiyhﬁahﬂiﬂeﬂe-ob@ﬁﬂw| dabide CyRs),N. 0.8H0Wkam  p-
40 to about 60 wei ght percent of an 0|IaOHETI

topesngadfonic #fid|6-1Ga 1gnethenePEonsapl €&l Aaruox-gipropgpol, 0.59
SRR ARFAOE 0B SR HSBETNR § by 085 T® 30, nd 036
ghad Stblubhéﬂbb’bmb? aﬁlscé,lVgabdoﬂgef Wabdiuﬁrefﬁrelprt@s)enala_o 6% Based on
CBOOHES haier B olecagRnta ar sere] HounDFsSuebhBRiEP Ls

2931 fn hifpHaB6 gﬁm&g@m&%m%%wi a@aﬁla‘élébﬁEint Eafeai), %@sx%«bpmma

wherein the bstituents on e
Sh‘\}hﬁr 830/ (anaatiphatjc mblye@tez divy @wmaaoﬁpm E}nyer)ca K-FLEX® UD-320

byl Cl2 b 7 i |
R AR e KGRlr wrS RO PR R DAl Gk were
séléc%lp o an}a@ Uegen o BIXYERRNGRS eFvaRINTSEoMA! Cytec),

OH CH2-CH-CH 2- O R8
TINUVIN® 384 (a benzotriazole available from Ciba Specialty Chemicals),

TINUVIN® 400 (a triazine available from Ciba Specialty Chemicals), and 2,6-

dihydroijenzophenone (DHBP). Some sainples additionally contained the hindered
amine light stabilizer TINUVIN® 152, available from Ciba Specialty Chemicals.

Volatility and Migration of UV Absorbers. Samples were flow coated onto 2 inch by
6 inch (5.08 centimeter by 15.24 centimeter) unstabilized polycarbonate film with a
thickness of 10 mils (250 microns). Coated layers were allowed to drain for
approximately 30 minutes then placed in a 125°C forced air oven for five minutes to
fully dry the film. Initial absorbance (at the Ayax of the UV absorber) was taken on a
Unicam UV-3 spectrophotometer at a place where it was approximately 1.5-2.0
absorbance units, and the spot was marked. The samples were then cured for 75
minutes at 125°C and the absorbance was remeasured. The coating was then etched
off with concentrated sulfuric acid, and the absorbance was measured a third time.
These measurements enabled calculation of the amount of UV absorber that
volatilized, that migrated into the polycarbonate, and (by difference) the amount that

remained in the coating.

Photostability measurements. Small portions (about 1 centimeter x 2 centimeters) of

the above films were mounted on steel frames to make arrays. Absorbance readings
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wherein R8 is hydrogen or C -Ci 6 hydrocarbyl wherein

t he hydrocarbyl group may contain nitrogen or oxygen
woeb@roatdons. | n one enbodi ment, the curable PCT/US2005/022949

conposition further conprises a solvent conprising

1- met hoxy- 2- propanol | - but oxy- 2- propanol, or a

watedttdifed ﬁ&‘hee%h fil 2P5LL B H AT Eﬁd 34§‘1@an%ﬁfeﬁel?§ ﬁsm% an uncoated

conmposi tion further comprises a .01 to abou
polgcagbinapefitent thef reserhngederasd Ehe apprbpxgat@ absaabirice zfelr gach UV

h Af d by bl h
ettt e T e 0T RS B el KBTS it ppere was
efRBRedAd kﬂ@g@dlea/fom@p%maﬁiete@p(mﬂ?qaﬁ)smeé@mee@w394:6 fanometers.

conposi tion may be applied to the first |ayer using

Theshape ircthnsats @é R \agbsorbsr phetndagradationl gxpreysedsas abgprbgnce units
% Q)Bbﬁ}%qu thib'@gmnfl oW coating, casting, and the
P k e cura

"e Coating is preferably cured by heat
curing. For exanple, it may be heated conventionally,
Thy safipleanady rags aklbo:sad ini e QAdase Cig0di0akéram, arer Wdather-ometer

like. Cu cconpl i shed, for exanple, by
a‘F?@H’c“P%E? 416?0315%%1% %‘G{a‘?%lsabout 150C for about 15
m nutes to about 4 hours. In one enbodi nent, the

ifAdidndg O eSTRRERYMER B 4B@nRbout 130C or less to reduce
or elimnate distortion of the first layer. In one

enbodi ment, the solvent is substantially evaporated
hé@ﬂﬁﬂedth@ﬂé&hlng tenperature is reached. One
enbodi nent is a nethod of producing a sheet,

QQQFl b Qg: coating a curable conposition on a face of
d% po y@ar bonat e sheet, wherein the curable conposition

conprises an an1nop|ast resin, a polyol conpound, and
darkldpragb $6mbinnigs sweklyt of a triazi ne conpound; and
curing the curable conposition to forma protective

l.l}g[égr._& enbodi ment is an article formed froma
1EYEPEY- gycarbonate sheet having any of the second
| ayer conpositions described above. Suitable

blage piietuesedor formng articles include, for exanple,
dr ape-form ng, thernoform ng, vacuum form ng,

dry bulb: 35°C

rel. humid.: 30%
inner filter: CIRA
outer filter: Soda lime.

Results, presented in Table 1, show that the triazine UV absorber TINUVIN® 400
was retained well during cure and had a generally low loss rate in coatings made with
all three diols. The benzotriazole TINUVIN® 384 was retained less well during cure
and had a much high loss rate. The benzophenone DHBP was retained well during
cure, but was lost quickly during weathering while the benzophenone CYASORB®
531 was not retained well during cure and was lost very rapidly during weathering.

The hindered amine light stabilizer had little effect on the UV absorber losses.
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pressure form ng, conpression nolding, cold curving,
hot |ine bending, |am nation, in-nold decoration,
wonrbewstoosgs and the |i ke, and conbi nati ons t her 20T/US2005/022949
Articles that may be forned fromthe sheet include,
for exanple, notorcycle w ndshields, goggles, and
Thsgkget visors. Those skilled in the art will also
appreci ate that conmon curing and surface nodification
processes include for exanple heat-setting,
Exextdioli ng, - embossi HYA cor orfdALSealrentU VAl ann loss rate
reat nent, plasma treatnent and vacyum deposition may
Purther be applied to the above artit¥es to al 481000 k7
surface appearances and inpart additional
functionalities to the articles. pb&curevention is
further illustrated by the followng non-limting
Asmorhsat iVl b hgBer fYons dif1&%9ng in the PYpes of
pol yab1 conpound and UV absorber were prepared
containing 5.3 grans CYMEL(r) 303

hexanmet hox t el am pe; tained from Cyte 0. 15
2 A b n o o Meaang o g1 &' B8 Ot €Gbs

1- mexshoxy- 2- propanol, 6.16 g. |-butoxy-2-propanol,
0.59 gram net hanol, 0.75 gram 1-butanol, 0.59 ¢

2- | 0 EFKA| 0. 56 id '
3 vagggglpﬁ’éep %?hg%ngﬂggéaoe@&v\agn%er ef o?e( Sfe@@%%'t 22

5% lza9ed on coating solids. The pol yol conpound was
sel ected from DESMOPHEN(r) VP LS 2391 (an aliphatic

pol carb erdi ai | abl eofr om Bayer),
4%8?@?%%%&26?) %Ilbé% Eﬂlﬁ{ﬁ an ali phg%i c pol yest e(r)'oéli ol

avail2bl e from Bayer), and K-FLEX(r) UD 320 (an

al i phati c pol yurethane di ol avail able fromBayer). The

uv S } m CYASORB(r) UV- (a
Sben?g%ﬁé o%e 2@2&2@@%@23”&; ec)él,é\ TI NUVI N(r)5'§%4 (a

benZi@Pri azol e available from G ba Specialty !

Chem cal s),

6 K-Flex UD-320 . Tinuvin 400 98 0.06

7 K-Flex UD-320 Tinuvin 400 0.06 99 0.06

8 K-Flex UD-320 Tinuvin 400 0.06 100 0.06

mean loss rate - 0.05

9" Desmophen VP LS Tinuvin 384 78 T o022

2391

10 Desmophen VP LS Tinuvin 384 0.06 81 0.19
2391

11 Desmophen  S1015- Tinuvin 384 75 0.25
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TINUVIN(r) 400 (a triazine available from C ba

Specialty Chem cal s), and 2,6- di hydroxybenzophenone
wODRbiBRP476S0me sanpl es additional |y contai ned t RET/US2005/022949

hi ndered am ne light stabilizer TINUVIN(r) 152,

avai l able from C ba Specialty Chemcals. Volatility

and {dpgrati on of UV Absorbers. Sanples were flow

coated onto 2 inch by 6 inch (5.08 centineter by 15.24

it BB ol ot e e
placed in a 125C forced air oven for five mnutes to
14" ciselbehng51Ber e b Ekcen on 4°Uni cam . 901
2BS?§§?ﬁg?éfgeiég-gfoaagggfgaﬁggrﬁn:Es&ﬁznd t he spot

S rked. T Dl es r hen,gured for 75,njnutes
1%? f@%&p i tﬁgniﬁﬁﬁPﬁgﬁgg g%i reggasured. Theog%ating

was 12hen etched off with concentrated sul furic acid,
and the absorbance was neasured a third tinme. These
asurenent s I | ag4 on t he anount uw
'lggszj?l%sgl?%ehat g%?éﬁ%‘@ég& (?ﬁéat mggr ated into ?%Z
pol yiedr bonate, and (by difference) the anount that
remai ned in the coating. Photostability neasurenents.
1?”ahkgﬁQﬁhi (abpiilid 388Nt i Met egx 2 centinepgrs) of
he above filns were nmounted on steel frames to make
arrays. Absorbance readi ngswere obtai ned from each
17 | K&tex3%5320328, Bimavin gl BAS5 nafbnet ers usi n§léan
uncoat ed pol ycarbonate filmin the reference beam The
appropri ate absorbance for gaghodYat@bsorber (sggoTabl e
1) was plotted as | og(10A -1) vs. exposure. The
exposure was expressed as kil ojoul es/ (neter
2-nanoneter) (kJ/nm2nm neasured at 340 nanoneters. The
slope is the rate of UV absorber phot odegradati on

N

2391

19  Desmophen VP LS DHBP 99 0.57
2391

20 Desmophen  S1015- DHBP 100 0.43
120

21  Desmophen S1015- DHBP 98 0.39
120

22 Desmophen S1015-DHBP  0.06 98 0.30
120

23 K-Flex UD-320 DHBP 99 0.42

24 K-Flex UD-320 DHBP 99 0.40
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The sanpl e array was exposed in an Atlas G 4000 xenon
arc Weat her-oneter according to the foll ow ng
woaonwiswhs: irradi ance: 0.75 Watts/ neter 2 @ B@D/USR005/022949
light period: 100% On dark/dry: N A dark/spray: 30
m nutes weekly light/spray: N A black panel: 55 0C dry
obul bg R 0S3p@!l . hppigp. © 30§pé nnerggfilter: Cl RAgauter
filter: Soda |line. Results, presented in Table 1, show
that the triazine UV absorber TINUVIN(r) 400 was— —
retained wel | during cure afeRHaY "scgenerally PdW I oss
rate in coatings made with all three diols. The
benzotriazole TINWIN(r) 384 was retained | ess well
during cure and had a nmuch high |oss rate. The

--ben enone - - \Was- {-et ai ned- wekl--duri-ng- cure,--but----
2 s%&%gpgﬁﬁiéﬁﬁsﬁﬁgwpﬂﬁ athering’while the 071
benzxzohenone CYASORB(r) 53 .1 was not retained well
during cure and was |ost very rapidly during

athering. I phder mne |ight stabil,izer had
2){Niett %m@$%305ﬂgnﬁéﬁgwﬂ%%§gsorber %gsses.Table ingx.
di ol239VA HALS % UVA in loss rate No. coating A/ 1000 kJ
.

28 Desmophen VP LS Cyasorb 531 0.06 47 0.70
2391

29 Desmophen VP LS Cyasorb 531 0.06 33 0.68
2391 '

30 Desmophen  S1015- Cyasorb 531 43 0.61
120

31 Desmophen  S1015- Cyasorb 531 0.06 40 0.72
120

32 Desmophen  S1015- Cyasorb 531 0.06 40 0.82
120

33 K-Flex UD-320 Cyasorb 531 73 0.68

34 K-FlexUD-320 = Cyasorb 531 0.06 70 0.67

35 K-Flex UD-320 Cyasorb 531 0.06 68 0.86

mean loss rate 0.75
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post cure 1 Desnophen VP LS Tinuvin 400 100 0.06 2391

2 Desmophen ,VP LS Tinuvin 400 0.06 98 0.05 2391 3
woeswmpden VP LS Ti nuvin 400 0.06 98 0. 04 2391PdT/US2005/022949

Desnophen S1015- Tinuvin 400 99 0.04 120 5 Desnpphen

S1015- Tinuvin 400 0.06 99 0.06 120 K-Flex UD 320 .
EXMDMPLES@@Qn§§7O 06 K-Flex UD-320 Tinuvin 400 0.06 99

06 K-Flex UD 320 Tinuvin 400 0.06 100 0.06 nean | oss

rate 0. 05 Desnophen VP LS Tinuvin 384 78 0.22 2391 10

Emnbp%ﬁfnmvrah_slwwfmwdotomn@iu 0ply1B2A3BINUVIN® 400 by

Wg%lflm r&tl%% Psg}o%gg }I N UV%Q g%fnbfge? 38 Zﬂgmpfgeggm 'cpnlgie ﬁxample 28,
containing 5% CYASORB® 531, were flow coated onto 4 inch by 12 inch by 1/8 inch
(10.16 cm by 30.48 by 0.3175 cm) polycarbonate panels, air dried for 30 minutes, and
baked for 60 minutes at 130°C in a forced air oven. Samples from 3” below the flow
line of the panel (the flow line is the vertical position at which the coating is applied)
were subjected to xenon arc weathering in an Atlas Ci35a xenon arc weatherometer

under the conditions shown below:
irradiance: 0.77 Watts/meter” @ 340 nanometers
light period: 160 minutes
dark/dry: 5 minutes

dark/spray: 15 minutes
light/spray: N/A

black panel: 70 °C

dry bulb: 45 °C

relative humidity: 50%

inner filter: Type S borosilicate
outer filter: Type S borosilicate

After an exposure of 6950 kJ/m*nm measured at 340 nm, the Example 36 sample
with triazine UV absorber had a change in Yellowness Index (ASTM D1925) of -0.14
while the Example 28 sample, made with the benzophenone UV absorber, had a

change in Yellowness Index of +8.3 and suffered delamination.
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Desnophen S1015- Ti nuvi n384 78 0.19 120 Desnophen

S1015- Tinuvin 384 0.06 82 0.19 120 Desnophen S1015-
woi2me0#76384 0. 06 78 0.17 120 K-Fl ex UD- 320 Ti RAYiUS288422949

89 0.17 , . K-FlexUD 320 Tinuvin 384 0.06 86 0.17 nean

| oss rate 0.19 Desnophen VP LS DHBP 98 0.51 2391

TERSTRRBRI YR sks %Rw%%e@ab’ﬁ?tg%%% &%ﬁﬁ%@&ﬁﬁin 48 triazine UV
DHBP 100 0. 43 120 Desnophen S1015- DHBP 98 0. 39 120

abesaspdven w0 PresemHBhalf txsloading oBaberropkerone A \Upbp .
DHBP 99 0. 42 K-Fl exUD- 320 DHBP 99 0. 40K- Fl exUD- 320

ERBRpPEL698 0. 43 mean loss rate ' 0.45

Examples 38-42 were made by flow coating 4.5 millimeter thick flat polycarbonate
panels with the coating compositions shown in Table 2, below, letting the coated
panels air dry for 20 minutes, and curing them for 60 minutes at 130°C. The samples
varied primarily in the type and amount of polyol compound, the amount of p-
toluenesulfonic acid, the amount of triethylamine, the solvent composition, and the
“amounts of triazine and hindered amine light stabilizers. Most raw materials were the
same as those used in Examples 1-35. Tone 210 is an aliphatic oligomeric diol

supplied by Dow. PTSA is p-toluenesulfonic acid. All amounts are expressed in parts

by weight.
Table 2

Ex.38 [Ex.39 [Ex.40 [Ex. 41 Ex. 42
Cymel 303 32.90 3290 [32.90 32.90 32.80
Desmophen VP LS 2391 3290 [32.90 [32.90 32.90 0.00
Tone 210 0.00 0.00 0.00 0.00 24.00

PTSA (20% soln in methoxypropanol) 8.88 8.88 2.22 2.22 2.49

Triethylamine 0.00 0.95 0.00 0.24 0.00
1-Methoxy-2-propanol 37.01 37.01 37.01 37.01 90.00
1-Butoxy-2-propanol 37.01 [37.01 37.01 37.01 0.00
n-Butanol t 4.48 4.48 4.48 4.48 0.00
Methanol 3.52 3.52 3.52 3.52 0.00
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Desnmophen VP LS Cyasorb 531 37 0.71 2391 Desnophen VP

LS Cyasorb 531 42 " 1.00 2391 Desnophen VP LS Cyasorb
w6206 08547 0.70 2391 Desnophen VP LS Cyasor br&EBUS2008622949
33 0.68 2391 Desnobphen S1015- Cyasorb 531 43 0.61 120
Desnmophen S101 5- Cyasorb 531 0.06 40 0.72 120
Fl phen Sl 015- Cyasorbjp531l 0.[96740 0y 82 12Cb57FI eX|n.29
UD- 320 Cyasorb 531 73 0.68 K-Fl exUD- 320 Cyasor/b 531

0.06 70 0.67 K-Flex UD-3 Cyasorb 531 10.06 68 Q.86
Tireevin 4@ss rate 0. 75EXAMPLES436 ahd437 Ekdhpl e R74r om [2.82
Tabl e 1 was reforrml ated 10 contg@in onIy 2. 2%

TER%GH)B? ;%6 *LEJ;a;});I geégllgn9]@;;;;alpé DUIQ:E%t ai r(? E%CS% 0.30
2

CYASORB(r) 531, were flow|coated onto 4 inch by

rnch by 1/8 |nch (10.16 cm by 30.48 by 0.3175 crr)
pol ycar bonat e panels, air dried for 30 m nutes, and

All panels were subjected to the Taber abrasion test (ASTM D1044 at 100 cycles, 500
gram load, CS10F Wheels). Haze was measured according to ASTM D1003 prior to
the test and after the test. The test was done on 3 panels and the average haze increase
is reported in the Table 3. The results show that all samples meet the initial abrasion

resistance requirements of ANSI/SAE 726.1-1996 Item 4 for safety glazing materials.

Table 3

Ex.38 [Ex.39 [Ex.40 [Ex.41 [Ex.42

Delta Haze [%] 5.8 4.2 5.5 3.3 9.1

For the formability test, all panels were pre-heated in an oven at 160°C and molded
over a 4 inch diameter mandrel. Samples 38, 39, 40 and 41 showed no cracking

whereas sample 42 showed two small edge cracks after molding.
EXAMPLES 43-45

Examples 43-45 were prepared by flow coating 5 millimeter thick by 600 millimeter
wide by 2000 millimeter high flat polycarbonate panels with the coating compositions
shown in Table 4, below, letting the coated panels air dry for 20 min and curing them
for 60 min at 130°C. CYMEL® 301 is hexamethoxymethylmelamine, a product of
Cytec.
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baked for 60 mnutes at 1300C in a forced air oven.

Sanples from 3"
wohaw/dosmee is the verti

cal

bel ow the flow |ine of the panel

(the

position at whi ch t RET/US2005/022949

coating is applied) were subjected to xenon arc
weat hering in an Atlas C 35a xenon arc weat her onet er

g@tt

gr the conditions shown bel ow
s/meter2 @340 nanoneters |ight period: 160

i rradi ance:

0.77

m nutes dark/dry: 5 minutes dark/spray: 15 m nutes
l'ight/spray: N A bl ackEpatsel :[Ex/@40CEX 5 bul b: 45 0OC
relative humdity: 50%inner filter Type |S
horact | At wtor fillt Ay - na < rr\oili
F-eate—outer—HH —h H-cate Afteér
CxmebiPosur e of 6950 kJ(/L)'pQ nm(ﬁg%sur 3§t 340 nm the
Exanpl e 36 sanple with triazine UV absorber had a
RRNg& 1 N Yellomesslpgjggf(( 13 DIy of] -0.14 while
e Exanpl e 28 sanple,] made wth thg benzophenone W
absorber, had a change in Yellowness |ndex of +8.3 and
DesthbgheadS-tiél Sadthat i on.|TR0s extdpl e §8dds sjuperi or
weat herabi ity of the |coating conta ni ng tlhe triazine
UV —whet Stt a—h the | oadi ng of
Dz?srﬁgﬁl}e %F&%WN absdi et %?A 9%08 2 Exanpl es
38-42 were made by flgw coatijng 4.5 mllinmeter thick
Pk At (209 v Gadthandtcpapaliess W thst he oot | ng
conpositions shown in|Table 2, below, I|ett|ing the
coated
Triethylamine 0.00 0.25 0.00
Tinuvin 400 0.87 0.87 0.00
Tinuvin 123 0.08 0.08 0.00
Efka 30 0.13 0.13 0.18
DHBP 0.00 0.00 1.35
1,2-butanediol 0.00 0.00 8.68
1-Methoxy-2-propanol 45.79  [45.67 |47.74
1-Butoxy-2-propanol 16.88 16.84 18.02
n-Butanol 2.05 2.04 0.00
Methanol 1.62 1.61 0.00

All panels were subjected to the Taber abrasion test (ASTM D1044 at 100 cycles, 500
5. In Table 5,

“Delta Haze Top” refers to measurements on samples approximately 2-12 centimeters

gram load, CS10F wheels). Haze increase is reported in the Table
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panels air dry for 20 mnutes, and curing themfor 60
m nutes at 1300C. The sanples varied primarily in the
woypws/asmds amount of pol yol conpound, the anmounPCofUS2005/022949
pt ol uenesul fonic acid, the anount of triethylam ne,
the sol vent conposition, and the amounts of triazine
baBE ﬂﬂbr{ﬂﬁﬁ @i‘iilea% eDél'tegﬁtazes%Rb}n‘”zi%fe?s tdvﬁﬁﬁs&é}%nts on samples
materials were t e sane as those used I n Exanples
afpr@Emataiy 8- 121@&niimeters atiovplilae bettaph iofj thesshieet. dite! results show that

ljed b ... PTSA . - | f
o BRI tard (B il it B duE iR o8 andsisn z261-
1 PR REH AVBF Saf&yi Bl Lhloafatb@ali.he Taber abrasion test (ASTM

D1044 at 100 cycles, 500 gram | oad, CSI OF wheels).
Haze was . neasured accord| ng.to ASTM D 003 prior to

Fonmeabilehy twas mepagyred by hpaiingddt sheqtp,el Qoégtlhmat@mdtyﬁé)odﬁﬂlsmeters in
SI?ﬁQS@ &@gﬁ' gi h@j Vagg g&ﬁg@ggﬁ éf\}v %gﬁ. ngc} Fﬁ o"f%?’%ﬁﬁhét%} and 150

miilhieneterirbdia| Evah tleesdlightestesackimnoeithe eqaimgamasrttosmdéred a failure. In
|/ SAE 726. 1-1996 Item 4 for safet | azi
ﬁA@ISeﬁm the percenippe OF siheets Hat pysse éhﬁEmefY”Eblq@ tesh%lméﬁfte‘kz The
ré?@lltst %o‘ﬁlaﬁﬁlt ﬁ:?%lm 1e8 44 AAd A4%had- ﬁpgmér forhatillg \R@l‘lé@ﬁiﬂtéﬁﬂlg or
all panels were pre-heated in an ovén at 16
mprdvmglabedloo\remstanw domphredivetteExamptadfr el . Sanpl es 38,
39, 40 and 4 1 showed no cracking whereas sanple 42 .
Tslgo d two smal | edge cracks after nolding. EXAMPLES
5 Exanpl es 43-45 were prepared by flow coating 5
mllinmeter thick by 600 mllineter wide by 2000
mllinmeter high flatgpakBycaxbanat gxpeelils with the
coating conpositions shown|in Table 4, helow, letting

 the coated panels aiir dry for 20-mn and curing them
Delta Haze Top [%] 8.9 6 9.6

Delta Haze Bottom [%] 7.8 4.8 8.3

Formability @ 100 mm [%] |75 58 0

Formability @ 150 mm [%] {100 100 75

EXAMPLES 46-54

Coating solutions with the formulations shown in Table 6 were prepared (all amounts
are expressed in parts by weight). Tone 301, Tone 305 and Tone 310 are trifunctional,
oligomeric polycaprolactones obtained from Dow. DESMOPHEN® F2037-420 is an
aliphatic polyester triol from Bayer. Polycarbonate sheet was coated by dipping it in
the coating solution, letting it air dry for 20 minutes at room temperature, and curing it
at 130°C for 60 minutes.
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for 60 mn at 1300C. CYMEL(r) 301 is

hexanet hoxynet hyl nrel am ne, a product of Cytec.Table 4
waélbospasess were subjected to the Taber abrasi BATHSS105/022949

(ASTM D1044 at 100 cycles, 500 gram | oad, CSIOF

wheel s). Haze increase is reported in the Table 5. In
Tagklee 5 "Delta Haze Top" refers to measurenents on
sarrpl es approximately 2-12 centinetersbel ow the fl ow
line, and "Delta Haze Bottomi refers to neasurenents
Cmmm@amples a@@n®xEmmIeEy4& EQ4$eEH6mEE85$ EdeeExhb Ex. 54

t he inijd.al as r£sjest e ui n Of
T Ef'{% W b7 257
materials. Formability was neasured by heatlng 12
Degmerties, VEOBS mi | | i neters by 300 nmillinmeters in size, in
280 oven at 1606 andgonoiogongigtdoemaneer 2in@ndeedos of.801001.80

nillineter and 150 mllimeter radii. Even the
D% B §%mﬁrack|ng of the coating was consi dered a
?3‘ it e Tabl e 5, the percentage of sheets that

4¥assed t he f GRrabE 40 t y0-80est0.90s refort 280 THE r eQ t s0.00

- show that Exanples 43 and 44 had superior formability
THRIzbE Mai nt a.60 NGo.@r 43 OVA.0WY aREAST OOL I eSHSt aNGE  0.00
conpared wi th Exanple 45. Table 5 EXAMPLES 46-54

Coafj ng solu ons th rmu |o sh Tab
T%neaégre pr epa(i aw unté&ar e(l)@(pr sedgw 9?(% bﬁo
wei ght). Tone 301 , Tone 305 and Tone 310 are ‘
Torei3tQnct i onal-Q0 ol 9-Gonet90c pP&Idycaptbl aePbnedObbt &Phed3.90
from Dow. DESMOPHEN(r) F2037-420 is an aliphatic
9l yester tyiol from Bayer. Polycarbonate sheet was
pping it in the coating solution, lettin
toﬁ‘ie“eélﬁgmﬂr)?mf]or 20 nminutes at roomtenperature, and °
icymopagpl i t at4.330CHFor BB mi hift es4Fabl €35 438 438 438

Efka 30 0.11 0.11 0.11 0.11 0.11 0.11 0.11 0.11 0.11
Tinuvin 400 1.37 1.37 1.37 1.37 1.37 1.37 1.37 1.37 1.37

Tinuvin 152 0.15 015 015 0.15 015 015 015 015 0.15
1-methoxy-2-propanol29.00  29.00 29.00 29.00 29.00 29.00 29.00 29.00 29.00
1-butoxy-2-propanol 29.00 29.00 29.00 29.00 29.00 29.00 29.00 29.00 29.00

1-butanol 6.45 645 645 6.45 6.45 6.45 6.45 6.45 6.45

Chemical resistance of the coated sheets was analyzed by application of an acetone
drenched cloth and visual analysis after removal of the cloth. The analysis was done
after 2, 3, 4, and 5 min application respectively. The results are reported as “P” when

no visual change of the coating was observed, “JS” when the coating was just starting

29



Conponent Ex. 46 Ex. 47 Ex. 48 Ex. 49 Ex. 50 Ex. 51

Ex. 52 Ex. 53 Ex. 54 Cynel 303 25.78 25.78 25.78 25.78
wQa3006802%578 25. 78 25.78 25.78 Desnophen VP LSP2BA$2005/022949

25.70 19.30 19.30 19.30 19.30 21.80 21.80 21.80 21.80

Desnmophen F2037- 420 0.00 6.40 0.00 0.00 0.00 3.90
tcOw%le A8 @ hehQRE c%&g%&%b%&@l;ﬁdaﬁ@ag@d o0& r&QﬂtQ a&oshown

90 0.00 0.00 Tone 30570.00 0.00°0.00 6.40 0.00

uﬂTﬂﬂG@.go 0. 00 Tone 310 0.00 0.00 0.00 0.00 6.40 0.00

0.00 0.00 3.90 20% ptol uenesul fonic acid in2-propano
TAM%? 4.38 4.38 4.38 4.38 4.38 4.38 4.38 4.38 Efka30

: 0.11 0.11 0.11 0.11 0.11 0.11 0.11 0.11
Tinuvin400 1.37 1.37 1.37 1.37 1.37 1.37 1.37 1.37
Aletéd?d Tinuvin |52 0.15 0.15 0.15 0.15 0.15 0.15 0.15

Hu¥o 2580 5800 o700 28, 001" butory- 25 oparal =

29 00 29 00 29.00 29.00.29.00.29.00 29 .00 2900 29 00
2pithyut arfol 6. 85 6.45 6.45 6.48 6. 45 6. 45P6. 4576. 45 B. 45
Chem cal resistance of the coated sheets was anal yzed
3lyn apple cati en of pan acet oneprdrenghed cboth a@nd visual
anal ysis aftér renoval of the cloth. The anal ysis was
done affer 2, 3, 4, and,5 mp appljcatign p p
respectlvely The resul?s are reported as "P" when no
vi sual change of the coating was observed, "JS' when
Swire coaBing Ras j Ust sthrtindto wh nkl ePand "JE" whin
the coating was obviously danmaged. The results are
shown ‘

4

From these examples it is clear that addition of trifunctional oligomers increases the

chemical resistance of the coating towards acetone compared with Example 46.

While the invention has been described with reference to a preferred embodiment, it
will be understood by those skilled in the art that various changes may be made and
equivalents may be substituted for elements thereof without departing from the scope
of the invention. In addition, many modifications may be made to adapt a particular
situation or material to the teachings of the invention without departing from the
essential scope thereof. Therefore, it is intended that the invention not be limited to
the particular embodiment disclosed as the best mode contemplated for carrying out
this invention, but that the invention will include all embodiments falling within the

scope of the appended claims.

All cited patents, patent applications, and other references are incorporated herein by

reference in their entirety.

The use of the terms "a" and "an" and "the" and similar referents in the context of

describing the invention (especially in the context of the following claims) are to be

30



in Table 7. Table 7 Acetone resistance Ex. 46 Ex. 47
Ex. 48 Ex. 49 Ex. 50 Ex. 5 1 Ex. 52 Ex. 53 Ex. 54 2
woioweRoP6P® PP PP PP 3 mnPPPPPP P P PPATNSZN03/822949
PPPPPPPP5MNJSPPPJISFPJSJS Fromthese
exanples it is clear that addition of trifunctional
cBhtARARS Sovdd VoRAHRS HdMBir@hE 'ﬂlé:ﬁllurzﬂ el%il@sts Qﬂf&wi%@ ihMeated herein
coating towards acetone conpared with Exanple 46.
onierdy comdradiptasiiny eomtdxas been described with reference
to a preferred enbodinment, it will be understood by
those skilled in the art that various changes may be
made and equi val ents may be substituted for el enent's
thereof w thout departing fromthe scope of the
invention. In addition, many nodifications may be nmade
to adapt a particular situation or nmaterial to the
teachi ngs of the invention w thout departing fromthe
essential scope thereof. Therefore, it is intended .
that the invention not be |limted to the particul ar
enbodi nent di scl osed as the best node contenpl ated for
carrying out this invention, but that the invention
Wi ll include all enbodinents falling within the scope
of the appended clains. Al cited patents, patent
applications, and other references are incorporated
herein by reference in their entirety. The use of the
terns "a" and "an" and "the" and simlar referents in -
t he context of
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describing the invention (especially in the context of
the following clains) are to beconstrued to cover both
woOherstiosgsl ar and the plural, unless otherw sePCT/US2005/022949
i ndi cated herein or clearly contradicted by
context.CLAIMS: 1. A sheet, conprising: a first |ayer
CTanmpIS:si ng a pol ycarbonate resin; and a second | ayer
di sposed on a surface of the first |layer, the second
| ayer conprising a cured product obtained on curing a
Leur ab BedlopsBis8%n conprising an aminopl ast resin, 11
a pol yol conpound, and a UV-absorbi ng anount of a
It AAJP € : e f claim1l, wherein
aiﬁtﬁ% SPg%aé Eonga? Ol?]éag})%ﬁhg%%gr?lf érécg repeating units
having the structure 3. The sheet of claim1, wherein
aseronflilayer dispgead drua staceodithe ffise dayar,tthe sevopd dayter comprising a
resin .sel ect.ed, from pol tylene.terepht hal ate),
o7 RABRTIHES &f AR Cmpt e R s ot s
pol y(styrene-co-acrylonitrile), and rubber-containing
al apAOblasndsihj ers. 4. The sheet of claim 1, wherein the
first |ayer Ks substantially free of colorant. 5. The
sheet of claim.1, wherein the first layer conprises a
aE%b%%%%meéifmﬁe sheet of claim1, wherein the first
| ayer has a thickness of about 0.05 to about 25
aﬂN-hlbéiSP&iﬁ% gméunt U8 tSA8KS c@hp&in@i M 1, wherein the
am nopl ast resin is a nel am neformal dehyde resin
havi ng the structure wherein each occurrence of RL is
2j ndependeest Iof digitr bgeiherein the polyeateoratd tigin temprises repeating

units having the structure

& I
“—r0 T O—C—1=*
B CH; .
3. The sheet of claim 1, wherein the first layer further comprises a thermoplastic

resin selected from poly(butylene terephthalate), poly(ethylene terephthalate),

aliphatic polyesters, poly(styrene-co-acrylonitrile), and rubber-containing impact

modifiers.
4. The sheet of claim 1, wherein the first layer is substantially free of colorant.
5. The sheet of claim 1, wherein the first layer comprises a colorant.

6. The sheet of claim 1, wherein the first layer has a thickness of about 0.05 to-

about 25 millimeters.
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anot her nel am ne nucl eus, or CH2OR2, wherein R2 is

hydrogen or Cl1-Cl2 al kyl. 8. The sheet of claiml1,
wohers@osres he curabl e conposition conprises aboBCTA2B2006/022949

about 80 wei ght percent of the am noplast resin, based

on the total weight of curable solids. 9. The sheet of

7¢l ai mpd, sl’f@%?r@f' 1 4ie IP%Mﬁjel QH@%QOQI § FedMMREL melamine-

aver age nol ecul ar wei ght greater 200 atom c mass unit
femdldebyge tesimshasingdhé gforvbrec al i phati c pol yester diol,

an oligoneric aliphatic polycarbonate diol, an

ol iggneric aliphati¢ polyestercarbonate diol, an

ol i goneric aIiphatRc pol yur et hane diol, or a mxture

t herjeof. 10. The sheet of claim 1, wherein the polyol

co und c risesNa diol and a triol. 11. The sheet
ein curabl e conposition conprises
to abdut 80 of the pol yol , based on the total

wei ght cura | e solids. 12. The sheet of claiml1,

wher ei nN tazi ne conmpound has the structurewherein
each occurr nce of Ar is independently phenyl or
substi tut ed] phenyl ; wherein the substituents on the
phenyl grouwp. may be hydroxy, amno, C-GC 2
hydrocaghyl, “Sk1 C12 hydrocarbyl oxy, or C -Cl2

hydr ocarbyl am no; and R7 is hydrogen, G -G 6

hydr ocar byl wherein the hydrocarbyl group nay contain
wheteirogesh occunepge f IRt isr indlepmeme enthyr hyﬂﬂogencrdgrrﬁtﬂytaﬂe %ridge to

R8, wherein R is hydr r dr ocar

T HEHE RS S8 BP0 Ry r BUFEiey SIMIGE: o CI-Giseidr
oxygen het eroat ons.

8. . The sheet of claim 1, wherein the curable composition comprises about 20 to

about 80 weight percent of the aminoplast resin, based on the total Weight of curable

solids.

0. The sheet of claim 1, wherein the polyol compound has a number average
molecular weight greater 200 atomic mass units and comprises an oligomeric aliphatic
polyester diol, an oligomeric aliphatic polycarbonate diol, an oligomeric aliphatic
polyestercarbonate diol, an oligomeric aliphatic polyurethane diol, or a mixture

thereof.

10.  The sheet of claim 1, wherein the polyol compound comprises a diol and a

triol.

11.  The sheet of claim 1, wherein the curable composition comprises about 20 to

about 80 of the polyol, based on the total weight of curable solids.

12.  The sheet of claim 1, wherein the triazine compound has the structure
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13. The sheet of claim1l, wherein the curable
conposition conprises about 0.1 to about 10 of the
wori@noaes based on the total weight of curabl eCswiSeas/ 022949

14. The sheet of claim1, wherein the curable
conposition further conprises a hindered am ne |ight
stabi ki zer. 15. The sheet of claim1, wherein the
curable conposition further conprises a solvent
sel frOWlC] C] 2 al cohols, C3-Cl2 ketones, C3-Cl2
estiers, T4~ ethers, C3-C 2 al koxy al kanols, G -C2
g%dg%e at_ed ~drocarbons C -Cl12 carboxylic aC|ds,

- CI8 ar Ow® conpounds, and m xtures thereof.. 16.
The sheet
1- met hoxy-

ai m 15, wherein the solvent conprises
gpanol, |-butoxy-2-propanol, or a
mi xture thereof. 17. The sheet of claim 1, wherein the
curabl e conposition further conprises a curing
whatesrl yxh welreatce df fAlrmsnndbpepﬂemm 1d1ep§ahsrﬂuh$teteted phehiywherein

OIS OF S B P aD MW G bl s GhCe Ptrocatbyl, Ci-
@ﬁlwafazaﬂb«fdo%y e icde, hyﬁ%d@xﬂbypasahﬁo PRLD akat@S};/ydrogen C1-Cis

nonoal kyl “suéti nates, nonoal kyl naleates, al
hzdrb@axhylc vdrads , ther wdrsvgarbyimgmowuru@ contefmmiitrogen dr oxygen
ha d xt ures ther eof. 18. The sheet of claim17,
erel"™y the curabl e conposition further conprises a

catal yst stabilizer. 19. The sheet of claim 18, ‘

wher ei n ®he catal yst stabilizer conprises a catalyst
stabiliigélselected fromtriethylam ne, pyridine,

w2- I I t hanol ,sand m xtures thereof. 20. The
shggéﬁgﬁ I 5?ﬁ? 8 e|n t he curabl e conposition

further conprises an additive selected fromfl ow
wherth ®F i309MioEen B¥ fdlét@gé}i%f‘t)cal\bl}rﬁ Gty tﬁmﬂycfrb&rrw group may

antifoam ng agents, m xt ures thereof
contain nitrogen or oxygen heteroatoms.

13.  The sheet of claim 1, wherein the curable composition comprises about 0.1 to

about 10 of the triazine, based on the total weight of curable solids.

14.  The sheet of claim 1, wherein the curable composition further comprises a

hindered amine light stabilizer.

15.  The sheet of claim 1, wherein the curable composition further comprises a
solvent selected from C;-C;, alcohols, C;3-C;o ketones, C3-Cyy esters, C4-Ci, ethers,
C3-Cy, alkoxy alkanols, C;-Cj; halogenated hydrocarbons, C,-Ci, carboxylic acids,

C¢-Cyg aromatic compounds, and mixtures thereof..

16.  The sheet of claim 15, wherein the solvent comprises 1-methoxy-2-propanol,

I-butoxy-2-propanol, or a mixture thereof.

17.  The sheet of claim 1, wherein the curable composition further comprises a

curing catalyst selected from alkyl acid phosphates, dialkyl acid phosphates,
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21. The sheet of claim1l, wherein the second | ayer has

a thickness of about 1 to about 50 mcroneters. 22. A
wehewtop4wenpri sing: a first |ayer conprising arPCT/US2005/022949

pol ycar bonate resin; and a second | ayer disposed on a

surface of the first layer, the second | ayer

p}{é)gglg{lj Shag, oMl SRidPrAAuEt ajﬁﬁ/ﬁﬁh@ eﬁllrrpd?l cCAHid NBhi o(rjpah ic a01d

e“cohposi tion conprising a mel am ne-for
c}ﬂ@smleuarmnhydrgienmﬂk}d aa:lld phétalatesp ahgreatlet sdcmihatesan monoalkyl

ol i goneric hat i car banat e .di ol
m%eptﬁﬁgxf];yé gg(t'lé é’l (5}1%a<afi% |su1faarﬂlc(ﬂc dg Blﬁfg es thereof
al i phatic poI yur et hane d| ol, or a mxture thereof, and

18 UVTRb siieP b D ¢l aafoun twikeid kd b@ghe Q:oﬁ%@l%ﬁ CFuMiRH ddehprises a
the structurewherein each occurrence of is

citalyié pehdigat. | y phenyl or substituted phenyl : wherein
the substituents on the phenyl group nay be hydroxy,

g gﬁ% g} Py 098 Q%Ere ﬁly &]cglﬁggg%}ﬁ%rbéé%gs grcaﬁlyst

ocarby am no; rogen,
sthbdﬂi@csarebt)eﬂ firdie rtﬁethyltaﬁmdw pgiﬂdma,r byﬂet}gﬂmmomyncﬂpmt(hinmwres
nitrogen or oxygen heteroatons, or wherein R8 is
thexe@f-ogen or Cl1-C16 hydrocarbyl wherein the hydrocar byl
" group may contain nitrogen or oxygen heteroatons. 23.

20 SNERL shdePBPClafhg: wl"ferélh rifd cﬁr@bﬂ%rco‘f'fm{tioﬁ' figthé comprlses an .
pol ycarbonate resin and having a thickness of abou

addlitivet selbwdt fRan nilbii noen‘eels agamid, susfectentd, | gessity modlﬁers
osed ur.f ce e first layer, the second '
ar}q ﬁ?mﬁﬁg‘?fﬁﬁ 358 @"ﬁ ¢ about 2 to about 40
m croneters and conpri SI ng a cured product obtained
21.  The sheet of claim 1, wherein the second layer has a thickness of about 1 to

about 50 micrometers.
22. A sheet, comprising:
a first layer comprising a polycarbonate resin; and

a second layer disposed on a surface of the first layer, the second layer comprising a

cured product obtained on curing a curable composition comprising
a melamine-formaldehyde resin,

an oligomeric aliphatic polyester diol, an oligomeric aliphatic polycarbonate diol, an
oligomeric aliphatic polyestercarbonate diol, an oligomeric aliphatic polyurethane

diol, or a mixture thereof, and

a UV-absorbing amount of a triazine compound having the structure
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on curing a curable conposition conprising, based on

the total weight of the curable solids, about 40 to
wahaosto0885Wwei ght percent nel am ne- f or mal dehydePCERISEN05/022949

about 40 to about 60 wei ght percent of an oligoneric

pol yester diol, an oligoneric polycarbonate diol, an

ol i gogeri c pol yestercarbonate diol, or a mxture

thereof, about 0.1 to about 5 wei ght percent of

p-t }Fsulfonic acid, andabout 0.1 to about 5 weight

perjcent jof a -absorbi ng anount of a triazine

ggﬁ%;u d _havilgg the structure wherein each occurrence

Al NTS ||o sfdent |y phenyl or substituted phenyl;
wherei n thg $tiruents on the phenyl group may be

hydr oxy, a e hydr ocar byl , Cl- C12

hydr ocar byl oxy, oG -ad 2 hydr ocar byl am no; and R7 is
hydrogen, C -C 16 hydrocarbyl wherein the hydrocar byl
wiewitpeavhyccwrdnge of Ar iy independentlyptgeyl dretibstivatied phenylrwherein

mherel R8.i s hydrog 6

R UPORAFTSy P e BN FEHED g DGy SRBnC Gy BSRpariv. Cr-
cg)sth&eﬂu%ﬁlrbsﬁox?xweel {ny@ﬁfc%hnﬁﬂa ihe rhasthylrogeh2iCRLCy6
‘ , "wherein the curabl e 'conpoSition further conpri ses
hwdrgcﬂrbﬂnwh@mprthgu hydrecarbylh gxgup2 Wayo septein  nitrogen or oxygen
ht]f %n 2 propanol, or a mxture thereof. 25. The

TR °tl ai m 23, wherein the curabl e composi tion
further conprises about 0.01 to about 1 weight percent

of a hinpgred am ne |ight stabilizer. 26. A nethod of
produciig a sheet, conprising: coating a curable

co iti.Qn aceggof a pol ycarbonate sheet,
K %e @ﬁFagle R

wherein R® is hydrogen or C;-Cis hydrocarbyl wherein the hydrocarbyl group may

contain nitrogen or oxygen heteroatoms.
23. A sheet, comprising:

a first layer comprising a polycarbonate resin and having a thickness of about 0.1 to

about 20 millimeters; and

a second layer disposed on a surface of the first layer, the second layer having a
thickness of about 2 to about 40 micrometers and comprising a cured product obtained
on curing a curable composition comprising, based on the total weight of the curable

solids,
about 40 to about 60 weight percent melamine-formaldehyde resin,

about 40 to about 60 weight percent of an oligomeric polyester diol, an oligomeric

polycarbonate diol, an oligomeric polyestercarbonate diol, or a mixture thereof,

about 0.1 to about 5 weight percent of p-toluenesulfonic acid, and
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conposition conprises an am nopl ast resin, a polyol
conpound, anda UV-absorbi ng anobunt of a triazine
woanpouemds and curing the curabl e conposition POTMUS2IvS/@22949
protective layer. 27. The method of claim26, wherein
said coating conprises flow coating. 28. The nethod of

abéiRioN %Gabowbsaweifgﬂt pakéeht %@@UVL%MBIH% a3R8nd R #iaghe Bémpound
29. An article forned fromthe sheet of claim1. 30.

hayiag dhesterctrof cl ai m 29, wherein fornming the article
conprises drape-formng, thernoformng, vacuum

form pg, pressure form ng, conpression nolding, cold

curvimg, hot line bending, |am nation, in-nold

deco ion, printing, or a conbination thereof. 31. An
art}}clel‘forrré?ﬂ*fromthe sheet of claim22. 32. An
aﬂ\cle/ ormgd fromthe sheet of claim23.

Ar N
OR’

wherein each occurrence of Ar is independently phenyl or substituted phenyl; wherein
the substituents on the phenyl group may be hydroxy, amino, C;-C;, hydrocarbyl, C;-
Ci12 hydrocarbyloxy, or C;-Cj; hydrocarbylamino; and R7 is hydrogen, Ci-Cis’
hydrocarbyl wherein the hydrocarbyl group may contain nitrogen or oxygen

heteroatoms, or
OH
*——CH,—CH—CH,—0—R8

wherein R® is hydrogen or C;-C;¢ hydrocarbyl wherein the hydrocarbyl group may

contain nitrogen or oxygen heteroatoms.

24.  The sheet of claim 23, wherein the curable composition further comprises a

solvent comprising 1-methoxy-2-propanol, 1-butoxy-2-propanol, or a mixture thereof.

25.  The sheet of claim 23, wherein the curable composition further comprises

about 0.01 to about 1 weight percent of a hindered amine light stabilizer.
26. A method of producing a sheet, comprising:

coating a curable composition on a face of a polycarbonate sheet, wherein the curable

composition comprises
an aminoplast resin,
a polyol compound, and
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a UV-absorbing amount of a triazine compound; and

curing the curable composition to form a protective layer.

27.  The method of claim 26, wherein said coating comprises flow coating'.
28.  The method of claim 26, wherein said coating comprises dip coating.
29.  An article formed from the sheet of claim 1.

30.  The article of claim 29, wherein forming the article comprises drape-forming,
“thermoforming, vacuum forming, pressure forming, compression molding, cold
curving, hot line bending, lamination, in-mold decoration, printing, or a combination

thereof.
31.  An article formed from the sheet of claim 22.

32. | An article formed from the sheet of claim 23.
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