CQOATI NG COMPCSI TI ONS EXHI Bl TI NG CORROSI ON RESI STANCE
PROPERTI ES AND METHODS OF CO L CQOATI NG FI ELD OF THE
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coating conpositions exhibiting corrosion resistance
properties and nmethods for coil coating a netal strip.
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that includes a material, such as an acid, such as phosphoric acid, which enhances the

adhesion of the primer layer to the substrate.

[0004] Historically, corrosion resistant “primer” coatings have utilized chromium
compounds and/or other heavy metals, such as lead, to achieve a desired level of
corrosion resistance and adhesion to subsequently applied coatings. The use of
chromium and/or other heavy metals, however, results in the production of waste streams

that pose environmental concerns and disposal issues.

[0005] More recently, efforts have been made to reduce or eliminate the use of
chromium and/or other heavy metals. As a result, coating compositions have been

developed that contain other materials added to inhibit corrosion. These materials have



chrom um and/ or other heavy netals. As a result,
coati ng conpositions have been devel oped that contain
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mat eri al s havei ncl uded, for exanple, zinc phosphate,
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[0009] In other respects, the present invention is directed to methods for coil
coating a metal strip. These methods comprise: (a) roll coating on the strip a primer
composition comprising (1) a non-chrome corrosion resisting filler; and (2) a radiation
curable film-forming binder comprising an unsaturated monomer comprising a nitrogen-
containing cyclic structure and one ethylenically unsaturated double bond; (b) curing the
primer composition by exposing the composition to actinic radiation to form a primer

coating that exhibits favorable corrosion resistance properties; and (c) depositing a

topcoat composition over at least a portion of the primer coating.
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cyclic structure and one ethylenically unsaturated
doubl e bond; (b) curing the prinmer conposition by
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of 1 and the recited maximum value of 10, that is, having a minimum value equal to or
greater than 1 and a maximum value of equal to or less than 10.

[0014] As previously indicated, certain embodiments of the present invention are
directed to coating compositions that comprise a film-forming binder. As used herein,
the term "film-forming binder" refers to binders that can form a self-supporting
continuous film on at least a horizontal surface of a substrate upon removal of any

diluents or carriers present in the composition or upon curing at ambient or elevated

temperature. As used herein, the term “binder” refers to a continuous material in which



[0014] As previously indicated, certain enbodi nents of
the present invention are directed to coating
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used herein, the term"filmformng binder" refers to
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acrylate groups, maleimides, fumarates, and vinyl ethers. Suitable vinyl groups include
those having unsaturated ester groups and vinyl ether groups.

[0017] In certain embodiments, the radiation-curable film-forming binder present
in the compositions of the present invention comprises a soft type urethane
(meth)acrylate polymer. As used herein, the term “(meth)acrylate” is meant to
encompass acrylates and methacrylates. As used herein, the term “urethane
(meth)acrylate polymer” refers to a polymer that has (meth)acrylate functionality and

that contains a urethane linkage. As will be appreciated, such a polymer can be prepared,
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groups and conbi nati ons of the foregoing. In certain
enbodi nents, the radiation curable groups are curable
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i nclude, for exanple, acrylate groups, naleinides,
fumarates, and vinyl ethers. Suitable vinyl groups
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comprising a nitrogen- contalmng cyclic structure and one ethylenically unsaturated

double bond, examples of which include n-vinylpyrrolidone, which has the chemical
structure set forth in United States Patent No. 5,166,186 at col. 3, lines 43-49, the cited
portion of which being incorporated herein by reference, and (meth)acryloyl morpholine,
which has the chemical structure set forth in United States Patent No. 4,886,840 at col. 2,
lines 25-30, the cited portion of which being incorporated herein by reference, as well as
mixtures thereof. In certain embodiments, the (meth)acryloyl morpholine comprises

acryloyl morpholine (“ACMO”).



percent by weight, with the weight percents being

based on the total weight of the conposition. The
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the conpositions of the present invention can range

bet ween any conbi nation of the recited val ues
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I nvent1 on conprises a nonof unct i onal

(meth)acrylate, isohexyl (meth)acrylate, n-heptyl (meth)acrylate, iso-heptyl
(meth)acrylate, octyl (meth)acrylate, iso-octyl (meth)acrylate, 2-ethylhexyl
(meth)acrylate, nonyl (meth)acrylate, iso-nonyl (meth)acrylate, decyl (meth)acrylate, iso-
decyl (meth)acrylate, undecyl (meth)acrylate, iso-undecyl (meth)acrylate, dodecyl
(meth)acrylate, iso-dodecyl (meth)acrylate, tridecyl (meth)acrylate, iso-tridecyl
(meth)acrylate, tetradecyl (meth)acrylate, iso-tetradecyl (meth)acrylate, and mixtures

thereof.
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@gﬁﬁe nt b%f?] é@%a boMrﬁfJ?l gl‘ﬂﬁ If&'ﬁhn%ﬁﬁ&ﬁ‘? Ii]st p?eslgﬁtl 1H he coating

sed on ot a melg he conposi tion.
@Emnoautlnnmﬁbmre@mt1syent1hlemrmmm0f1mmamItialn 30 welght percent such

% %ttg bé‘ Sl }/I%Ihfe‘ [Sce?ceqp GP rrr?gorr% e(g r%OOtg l9¥ Wlon t Serpen? %%{ﬂtwelghn

coati osr’ t| ons o res nvénti on
pmceatrmnmg baséd afnothermtae wielpghnofAbe q:mnm@cmnp@yltmm @llmt amacdt film-

an
B R e e et M oottt Ylon ik et Pt ¢
mnmmlbh bbihe réEh&l el tclefve bh e paived famst | onal
h) acr | at e r an%13 {1
T f & e O T sBeite ey BR soaisitioms oG, prgsent invenion
&ﬁ‘ﬁp&@@ B n@Yhr6@BBoRR1dn @8kidihg tiller. rSagitl€fbon/@irsi®Scorrosion
i nclusive of the recited values. [0025] In certain

B THekt iacludey Butaggino {imyfd E%P%P@SE% Flﬁ?& as zinc
m%bﬁdt@, Dnc Metdbbfite, barium metaborate monohydrate, calcium ion-

exchanged silica, colloidal silica, synthetic amorphous silica, and molybdates, such as
calcium molybdate, zinc molybdate, barium molybdate, strontium molybdate, and
mixtures thereof. Suitable calcium ion-exchanged silica is commercially available from
W. R. Grace & Co. as SHIELDEX® AC3 and/or SHIELDEX® (C303. Suitable
amorphous silica is available from W. R. Grace & Co. under the tradename SYLOID®.
Suitable zinc phosphate is commercially available from Heubach as HEUCOPHOS ZP-
10.



present invention can further conprise

mul ti-functional (neth)aerylate nononers and/or
wWEoioger3] such as di-functional, tri-functi onedT/USDT/@r9879

and/ or higher functional (nmeth)acrylates. [0026] In

certain enbodi ments, the filmformng binder is

present in the coating conpositions of the present

invention in an anmount greater than 30 wei ght percent,

such as 40 to 90 wei ght percent, or, in sone cases, 50

108280 wei dieeripayanehodimapistah tlwmr@hmt 1@‘@@%@%@1@@ réfigb he

[

R O D O SR Oy Wi

bihderpr dis eprting newpasitons elthe pasrgeinberttine gmfr(amp 05 t0 0.5:1, such as

ggg(?{) %ﬁv‘ai}ﬁ \gglgltlt[}gtborz@:]%flff I?O%Cc\é]?(%ngl %)I‘Ilé)%h g%% Syll?ﬁ @ﬁer%{'}tﬁe orgamc
ﬁhqurmglgdmnbnmi thé @mgosifiotshe tt@rm@emlnvmu@nctammange bogpreesany

on-chr corrosion resis r. Suitable
RSRPREOTE sEREL RIS el RE B PPt idienor e, but
Eill)%ﬂnot I |Imd:red1 etnﬂqodmhemfs b ospirattenpsitohs aiSchpII&EEnt invention
hos t abgr.at e, .bari um net abora
e B g Dl e Sy o B g ot Ao s metal

5>¢141es0@ch SsyzﬂﬁrhﬁlhinQalaﬁﬁfaP hatisors, ks, amagmmdmmﬁﬁ,,smcon
such as cal ci.um nol ybdat e, zinc ol yhdate, barium

wHich Higpum angiop ﬁ‘f‘ioﬁ}wl% daica; ta]ﬁnliﬁo}‘r’i‘ tayr edits Ry
1§Hhthﬁ>m1§mﬁ@|b6htﬂmel mecmﬂlg@%o\ﬁdelr | fedtitd; DaBRNARFE kadkal HMlicon
avai |l able from W Grace & as SHELDEX(r) AC3
Elifle PombeEd e nitcBlgadolapity: Apliaw brttopp alass: dminug | s
%%)Jl&bb@rufn{ Qﬁﬂaw céﬂlteC%a%qﬁn ‘g‘ulﬁ% c&i&%fsuffﬂ@ cElEﬁglesnl%

. Suitabl e zinc phosphate is comerci al
mﬁ%&smamt@laﬁeﬁ owhibderyatctulizds: mmmrr@@bmpolwte[rcﬁm%}md gramid
f&itain enbodi ments of the present invention, the
wei ght ratio of the foregoing non-chronme corrosion
[0830]st i ng I pdriagrenthwdinivatsy thd iceetting nowpesitivine ar ishiystahtaliyi fngg

1o HldS%Ple loPhed 'EE%@B%&&&&%HB@?@ f%l?mﬁ’lf rﬁa‘t‘e Bresec%ﬁtam less

I hvention i’s suc
Mad Bhobit 2 Whghum@ht ofrchtdnnumfcontblmmgmma{tﬁhtisdn@rwdas:ﬁrﬁm) less
es i.St

t.h anic filmformng,Dbi | N

bRE-Euhdfa bbb dErogh 8EahE pins BB SRl
beighercearty, i onht tatd, an clﬁf)mtdﬂeccnmmhgdlawahlu eBxamples of
i.ncl usive of the val ues. 0029g1111
SRBPHREEnS REbasiTRe SopPBer dHeTm ERE hr B i
hrhye@iidel Giohrdhe@ sCeHE Senatlshidn @Blonfate] bR diShioMaRs
cal ci um_car bonat e; nmagnesi um car bonate; netal
potassium dichromate, and calcium chromate. In another embodiment, the present
compositions contain no zeolite.
[0031] In certain embodiments, the coating compositions of the present invention
are embodied as a liquid coating composition that is substantially solvent-free and water-
free, i.e., substantially 100% solids coatings. As used herein, the term “substantially
100% solids" means that the composition contains substantially no volatile organic
solvent (“VOC”), and has essentially zero emissions of VOC, and contains substantially
no water. In certain embodiments, the substantially 100% solids coatings of the present

invention comprise less than 5 percent VOC and water by weight of the coating

composition, in some cases less than 2 percent by weight of the coating composition, in
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oxi des, such as alum num (al um na), antinony, iron,

magnesi um nol ybdenum silicon (silica), titanium
WwW@e@H041921 r coni um oxi des; mca; talc; kaolin; BCEHYS2007/079879

celite; asbestos; nontnorillomte; bentonite;

graphite; pum ce powder; perlite; barite; quartz sand,

silicon carbide; boron fibers; boron nitride;

dol om te; holl ow ball oons; glass; al um num hydroxi de;

barium sul fate; calcite; calciumsulfate; cal cium

¥y lothiex easesglgbscthamd Bireane b weighioi! desioptmgtdonmagitien, and, in yet
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chr ont ai ni.n aI S.
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i@ R ditobQ¥dndRd sl M £118€ btek] YW RHHE Dl vaaliZ6MEedTRingong
salts such as ammoni um di chromat e, sodi um di chr omat e,

PBErs)s SEHAUA: ARFRRE A10Y S inCcalIRn WAl AYSotieRl £0a19d Wil iRy

A0RARLNEIRY, antl ARNPKES flRfed GRAPOSI ti ons contain no
zeolite. 00311 In certain enbodi nents, the coati ng

W8Aosi ti dis msal eubsurgse BEBPHCORFESINIPOHUA O BipEass anvaation
ﬁa#r bOMpfle £ @Mt et SOTROBhLT RMndahRAl viledh Sesliank hal Aoy been

SO vent free and waterfree, 1.e., substantially 100%
EeAgdgh oY aHgRLUMeSCORIeR tipfss Bich 25, fgTexaraplen conventional

ITUOHRIALhAT, hoby PO AL AR, RIS Bhec il SATRAR] Sl
¢ongoidh, thfaprdnﬂatgate@wmposamdny of e pree¢rit s nofy BE@CUL edge
d n
SICABRAARTS: AHARL RN G L ARNBE G ekl B8 E e
EODM]pr es eiefdrasghtinonpioaponbe doe$ss1t1¢rmf e m&ﬂementen\{@(;
r ht of ati ositio
B e R St w8 P, By BT nE A S BRERE Bl o O Suner
eoahdédg nﬁﬂdifp (Q}bhtfdnﬁﬁl%tal b]ﬁaﬁﬁﬁg @bhﬁlﬁre@ aﬁd?lﬁate]hzﬂ§ﬁlaj? htagnﬁloyed
rcent of  the coatin an
DS Bitsa Y o Blhuggror e g SRR AR e dapd T gt

60at tht GreCRPRSdillyodvaiddbld Isdoh ab P32 1dafer@8B tadtiercially
enbodi nents, the coating nposi tions of the present

Maehit [rom Henkele ilf%%ﬁpé‘ﬂa“% Ofré‘tcg ICleé%ss‘tl?Bé'?eefOB?W‘?fjeﬁﬂ or
HO&ldbMgy £ @ARPFALI ons. As used herein, the term

[0035] The metal surface may then be rinsed with, for example, water and dried.
Then, in certain embodiments, the metal surface may be brought into contact with a
metal substrate pretreatment composition, such as a phosphate and/or titanium based
pretreatment, among others, before contact with a coating composition of the present
invention.

[0036] Certain embodiments of the present invention, particularly the metal
substrate primer compositions, are directed to coating compositions comprising an

adhesion promoting component. As used herein, the term “adhesion promoting
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“primer coating conposition” refers to coating

conpositions from whi ch an undercoati ng nay be
WaQle@oo#et onto a substrate in order to preparBCT/k82007/079879

surface for application of a protective or decorative

coating system Metal substrates that may be coated

Wi th such conpositions include, for exanple,

substrates conprising steel (including

el ectrogal vani zed steel, cold rolled steel, hot-dipped

SFARPARILZ EBEers togay ma&fmﬁbatd% mekudyd in e aenpasHioniowwnhangerihe

coated with a

%%h%%a %fr%lﬁ(lh%b%tlﬁ%w %‘1%13 %alnsﬁl%n&%} ated steel. [0033]
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G2t R o RO ER G RRRARE PPl ofilh B oSy
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#is o %%err‘iﬁn‘“seén‘}o ‘é%etnégoo &F??Fntd%V&P o SR8 eS8 st
prombotise SIMpoa&R cohPi34] rBefad. eAa@pd Hérdig, de PihMate acid” is
coati ng conposition of the present inventiaon, the
PEAs [0 GRBPESH PIgaRin AKOTd BB ?Fé‘iﬁ thyt peeingheded jag & pparaey

ESPYEnt BF B8R SEmpdlitldns oOthe PleRAN inf¥dtioRAEBIRsBb LY acids that may
Convent i onal lIjeanl ng procedures and materials may be

niped pelgrm ?ﬁ%@%@%ﬁ%@@@é@ﬂﬂ the gemperétions & caleinpl e,

FhbSiBeneS ARG 8k kRidee w?thﬁftﬁlﬂ,e{o%tlngséb?ltboéiﬁoﬁs%% drb\ahy
are conmercial ly avail able, such as Parco-C eaner 338,

Byenten é sglertpd Somi thnpk asid;, gk P éh lobpsphqieacity ph@sebﬂrpwcwlf
a&&rhcf%l' &QBﬁlcsar ga%%f?%%({l]\%l tilé}m r%%/ Qe BELEE %ﬁga@%d@}ivaﬁves
e

water finse e nmetal surface may 't
mi-mdecktan, tmides.gind/exantel @mplmeeef saffdacadsi ed. Then, in

@ﬁ?%&l n erﬁ? eq%a eﬁﬁb‘%dlntletﬁ?s {Egtf (grﬁ‘ rr?sg ea?a%ncb{c?d‘lgllﬁcth as

cont ac a netaf
eompodiltiieq mnnmu C{lanrass a—:re p}hmsph m)m \andndsqﬂaltts dranicoswhials ech be

r et I at ne bef or n
St T Mo TR Bl A Boor SRl o fih A i Bae,
&&hﬂér&bmtaﬁﬂi‘i’ﬁﬁ dhden hﬁxeﬂftarfnhﬁ cpiitgia g boihrhyeidlyizafle and condensed
su strate ri mer . co os i tions,

arti uI ar

Pl ipgpattet DR Preg BOBE e 1B oSO g Bi
extract from naturally occurring plants and trees, and are normally referred to as
vegetable tannins. Suitable vegetable tannins include the crude, ordinary or hot-water-
soluble condensed vegetable tannins, such as Quebracho, mimosa, mangrove, spruce,
hemlock, gabien, wattles, catechu, uranday, tea, larch, myrobalan, chestnut wood, divi-
divi, valonia, summac, chinchona, oak, etc. These vegetable tannins are not pure
chemical compounds with known structures, but rather contain numerous components
including phenolic moieties such as catechol, pyrogallol, etc., condensed into a
complicated polymeric structure.
[0040] In certain embodiments, the free acid comprises a phosphoric acid, such
as a 100 percent orthophosphoric acid, superphosphoric acid or the aqueous solutions

thereof, such as a 70 to 90 percent phosphoric acid solution.
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adhesi on pronoting conponent. As used herein, the term
"adhesi on pronoti ngconponent” refers to any materi al

W@ b@v/0#971 ncl uded in the conposition to enhanceCT/b82007/079879
adhesi on of the coating conposition to a netal
substrate. [0037] In certain enbodi nents, the adhesion
pronoting conponent is itself a radiation curable
conmpound, as is the case with (nmeth)acryl ates that

contain acid groups, such as the nodified phosphoric
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i€

calsiem PRpreapnARdtineBy maicrls dpscrited in Unifid e QOS5

gloxi ot 5 yeg sdwehef 6530002 m xture thereof. Suitable
deri'vatives include est ers, ani des, and/or netal

W84 exes Ibferaiimbedinggats, hoadipion pragsing Femponent comprises a

PR Sxy B, 5 @G FayC QNP SBS rAli A HERICofdfb B more
SucC as tannl C acl d I.e., tannin. Tanni ns are

eORY-Aenctional peieriola enchens 9 It Bhoarh@rusreeaigingigi rediertadn Nya-
fz}ﬁl?ﬁ% %Ang;ﬁes%% 0 dh 2G40 \Még ge s%[l Gtk (fﬂg gﬁ,ﬁn‘r éshl?tﬁm% tion,
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No. oM 4780 maddly2, boc L wicnly 4 pinardt theanel garéesyt vandh taing
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nor mal H{ r ef err ﬁId

PegRYASH PRSP el ude the crude, ordinary or
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oak, etc. These ve%et abl e tannins are not pure

Pasehpide () iysilh elsDGFQPPRIEIN st ruct ures, but rat her
©084121 N NYTBLRAHSenRIIRRARNNS coating compositions of the present invention

may also comprise additional optional ingredients, such as those ingredients well known
in the art of formulating surface coatings. Such optional ingredients may comprise, for
example, surface active agents, flow control agents, thixotropic agents, anti-gassing
agents, antioxidants, light stabilizers, UV absorbers and other customary auxiliaries.

Any such additives known in the art can be used, absent compatibility problems.

[0045] In certain embodiments, particularly when the coating compositions of the
present invention are to be cured by UV radiation, such compositions also comprise a

photoinitiator. As will be appreciated by those skilled in the art, a photoinitiator absorbs
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i ncl udi ng phenolic noieties such as catechol,
pyrogallol, etc., condensed into a conplicated
WEiogerrt structure. [0040] In certain enbodi PERUS2007/079879

the free acid conprises a phosphoric acid, such as a
100 percent orthophosphoric acid, superphosphoric acid
or the aqueous solutions thereof, such as a 70 to 90
per cent phosphoric acid solution.[0041] In addition to
or in lieu of such free acids, other suitable adhesion
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lﬁwxhﬁbd)le aretiraduiphe sphphaguinoel, ladgond, keéto@xanph end mixaces
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&{°¢i um phosphat e, magnesi um phosphate, cobal t

podsiphat e SpadifEndnli@ingQsapias 6f; phdiotGtiABN GANMEEbe used certain
phosphat e, 2|nccaIC|un1Eﬂ$s phate, including the

FrRPQHMEntEo dassoptingeepringsi st%glesar%fnétén\pgpwcl%benzﬂ
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enbodlnents hesi on promotin
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epoxy-functlonal materials and one or nore

pires e e 1& ohhydronyng ety b Hpheny Iprogsnt I-orct |-Redrexvsigiplegyl
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ent 1 nve are di'sclose
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B RRN e Oy BEUERL BERLARIAH R bl BEFRSE
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trimethylpentylphosphine oxide, and bls(2 6-dichlorobenzoyl)-2,4

trimethylpentylphosphine oxide, and mixtures thereof.

[0047] In certain embodiments, the coating compositions of the present invention
comprise 0.01 up to 15 percent by weight of photoinitiator or, in some embodiments,
0.01 up to 10 percent by weight, or, in yet other embodiments, 0.01 up to 5 percent by
weight of photoinitiator based on the total weight of the coating composition. The
amount of photoinitiator present in the coating compositions can range between any
combination of these values inclusive of the recited values.

[0048] In certain embodiments, the compositions of the present invention

comprise a colorant. As used herein, the term “colorant” means any substance that
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[0044] In certain enbodi nents, the coating

conpositions of the present invention may al so
w@opswe7 addi ti onal optional ingredients, sucPCEHES2007/079879

those ingredients well known in the art of formulating

surface coatings. Such optional ingredients may

conprise, for exanple, surface active agents, flow

control agents, thixotropic agents, anti-gassing

agents, antioxidants, ht stabilizers, UV absorbers
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,ntla,,or " from Spectra G oup Ltd.

Sy it e ROk Flhel R oh TRt

[I)Oﬁy]d r oxy (Eyﬁﬂnplh eyl 1ncﬂhk&my1lt aleatod Hﬁuted to, those that are solvent and/or

-iso rc)lyl th Eone m noal kyl phen e.g.,
:g]_us%lﬁ pec éuch asp alo greén orb ue, iron oOxi e 1smut Vanadate

ﬁitquﬂlydna NefQere; z(lémﬁiﬁﬁlpiﬁ@ |qh1ﬂ@¢ﬂ'di@ﬁky| ) -1 - but anone,
%@t ESF b%:?iglgg]g )élflgﬁlz‘ll]%e %6@5}% lhlglt%g(tpdggments dispersed in water-

Baséd S-WdubrBEdvbk Qﬁﬂ@l@)ﬁlﬁdﬂﬂ R %Q}TYA-@W RO EorPiEigil E’Jaﬁable from
2,4,6-tri rreth | benzo henyl hi ne oxi
i B 6 GUNL VA O DROADIS RSB NRRE N U SABIAL
éOﬁOﬂWﬁM&ﬁWd\gﬂmyﬁl RRESRR ']ﬁfpef&?ﬂng Bivision of Eastman
Chemical, Inc.
[0053] As noted above, the colorant can be in the form of a dispersion including,
but not limited to, a nanoparticle dispersion. Nanoparticle dispersions can include one or
more highly dispersed nanoparticle colorants and/or colorant particles that produce a
desired visible color and/or opacity and/or visual effect. Nanoparticle dispersions can

include colorants such as pigments or dyes having a particle size of less than 150 nm,
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bi sacyl phosphi ne oxi des, e.g.,
bi s(2, 6- dlnethyoxybenzoyl) 2, 4 4-
wao eooaes19y1 epent yl phosphi ne oxi de, PCT/US2007/079879

bi s(2, 6-di met hyl benzoyl ) -2, 4, 4-
tri met hyl pentyl phosphi ne oxi de, bis
(2,4,6-trinethyl benzoyl)-2, 4, 4-
tri met hyl pent yl phosphi ne oxi de, and
bi s(2, 6-di chl orobenzoyl)-2, 4, 4-
fuch malewhm?&ryﬁ ok dnspthia 0 i denoparittlesicsn by educhdpywlling
S B I TR CA IR B o L MG AR haricle ssf e
than 9.5 npar Exmiplbyanppirgtie digperphistaoil micthiods tor nking ithensaere

t e
1%1@;?8%{1 ﬁp SZ n%tg%‘% 8%75 9(8)011821 Rx%rl&t 10 ngg%er Ceg%ltglteb I%Irefelreﬁce
Nﬁnophmtbldmpws@hmankaas e)el pmdud:ddé)ythtsallhmmmg btecmftattolnegas phase
coatin toinitiato
SRR FRRE o bl B oot o SRS T BBt
afpjonedtivn Raharopardéled Wilsie theabuar, an@pﬂﬁbwaheﬁnb&am

recite al ues. [ I n, cemta n.enb

EORBBEHES GRLC Biedt Fe UREABHT o TIOBAY PO ERp i Segamicles™
ROrofanionti AGu stk AEVHEEIs disiskﬂserdemga}eemb@pasﬁtte micFBpRScles”
any substance thatinparts col or and/ or other opacity

BACHoBIPriat hetopaicla ndkt eeR coqliae PR deaspRsEictd divampice

GiPeiGRtor E‘e@ﬁh &Qte@ﬂﬁ%ga&@leg R RQRSds @& rhdkirNNer$ Weti@Rtifled in
form such di screte particles ers

B S ARG O BT o8 S BT 1eding 24, 2004,

i< PHRidAb Aqﬂcﬁfonw 8049, ANLEmanY, %oy sgd U'nﬁecf $i€es
coati ngs of resent I nvention. 0049]’ Exa

anpl e
%¢%Mﬂh@tlpm§¢ﬂﬁﬂ opl IghEieg, filed lguagy d0.420A0.svhigh g Rlsas
%$8§%b#§ﬁgwg> thepai nt industry and/or listed in the
or

facturers Association (DCVA), as well as
@Qé‘ﬂl al eﬁc@mple@mmd)sﬁﬁw onspositionothairramtbervagd inmied aodwositions
I I
Iéfﬁfsl% ?I)é%ﬁﬂ) 1n$e t1%n 1 PU%B?SI %{Sﬁt g. ?iC%Mg%%QQWﬁJt g%obl?&e An% or ROI‘G
mplearamteffecan sdoh ame@amnce Qreailgsoimga miecaliindheon phdzsghorescence

e e A S e

&t&dﬁd—cﬁlh@e sudahloaa spdtiad effadt b@n@fsitmds SR Ipr@lid, ot @emqelb&f
E e famliar to one P illed % the a

{’rﬁbf‘é%ﬁs Bk %Pl%?c‘&’ YrieHts: Sharayipitigaempo @ﬁ?foﬁ%eflﬁloeﬁ@“

tdnedosiéiens dab prolu€ N@lorlshifil, §uRH (Habthe Calob&ZB €vatthOXRALARGvhen

crude, pignent, azo, nonoazo, disazo, naphthol AS, salt

g 5@%@ 3%%\76(1 A difiErent apess| SRamPle sloreteak GoBOsitins are

A e@%n UlSS PhBAMNJ. BRDE03d, SRLAMAkdIMR BNy RRkMEY CAliditional
pht hal ocyani ne, qui nacri done, peryl ene,” peri none,

%ﬂlw@ff@ﬁtfpm@p%tlw £fipinglude transparent coated mica and/or synthetlc mica,

coated silica, coated alumina, a transparent liquid crystal pigment, a liquid crystal
coating, and/or any composition wherein interference results from a refractive index
differential within the material and not because of the refractive index differential
between the surface of the material and the air.

[0055] In general, the colorant can be present in any amount sufficient to impart
the desired visual and/or color effect. The colorant may comprise from 1 to 65 weight

percent of the present compositions, such as from 3 to 40 weight percent or 5 to 35
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t hi oi ndi go, ant hraqui none, i ndanthrone,
ant hrapyri m di ne, flavanthrone, pyranthrone,

W@niobasmonT one, di oxazine, triaryl carboni um PCT/US2007/079879
qui nopht hal one pignents, diketo pyrrolo pyrrole red
("DPPBO red"), titaniumdioxide, carbon black and
m xtures thereof. The terns "pignent" and "col ored
filler" can be used interchangeably. [0051] Exanple
dyes include, but are not limted to, those that are
weikhiastceninwith weihlraseest braekben be kol a@labt dlathocopnesitioryof the

Y& inb&RBn 0Xi de,  bi smut h vanadate, anthraqui none,
yfene al um num and qui nacri done. [0052] Exanple
[0i05|‘i]s i nclThdepatipgrorapaitivos of therpregdt ingention gareletgepared by any

N e
Dagussas canrbe n)ix<dHARIE SvAeEOIpCRAMIE taﬂasl CMfSNV&'l@]\iE&udmg inline

N ST Al i all i | f ) .
AP bR R GRUTE PGttt Rhert ke Bporce. s
ctamed c[u(f)%ﬁ]exo@&mmfaekuﬁbmﬂﬁuoﬁ herdo It(ﬁpsramnt ctea]ﬁagbeo uha cdsdmag

di but
IR s PR el BiHS et Rp i, 8 eyt & BsreRiugf the

inBEAdudiEcoffiBuddls dMtHetmiRtughdctording PE s ekl eh@dinpabt intborated
col orants and/ qor col orant %artlcles t hat produce a
yagpicl Allcsiagrdy ¢t Bxtynal §¢ “’dﬁ%ﬂﬂntcﬁn Snereepredseggralely and

ﬁf{egwlthtmnﬁ)d}éﬁﬁsltlgjeﬁtsdl spersions can include colorants
such as pignments or dyes having a particle size of

10887 { han [ s@tagygnahpdimests, the §Qating spMpeitipns ofghe presegt npepion
A0 sﬂﬁblem%ﬁdnq;y%ll Q@arﬂlngﬁl :pﬁlgtqp&)ﬁd;og)t}ﬁ erlallah@rg é&p&)létmg

organic or inorganic pignents wth grin
e frgn & shegy efinedtad tat jsdn gfe fprasel & 49Hn I C%tamﬁmbﬁﬂmwpmethe

e B e oy
[0958Incor pdn at@ticdagngdperasipn reefrall ba @ImreCNaﬁr@dxyahQSie ckifled in the
gjt %lpeerhgt%l %ﬁ 8%3%93 tﬁ}'o%glhg) 801%03919 Cl?n% a{PX O['J?] eX §(tla§ ed tg%I g@icatlon

preci pi ase condensa chem

atdtqurmg pmpe(rtleseof thqaa)amnga thadl arsgmlplﬂyecb ﬂ)ne spend mayl drerdfore vary
rati on of an Wi t hi

B b el B BITRY Bt el IRt sy, Bt speea

Barnby W00, sudsasuged 15[Eﬂ6tcn],20aor febrfs P@ tosi00m/aiin.

{?ﬁg@g- Fgaﬁg 8%%1?15? Qa]fr tél Cl}lfglglan g}eag g{: 2 1%(1 gloaﬁlg éﬁln?: manner for

SHagipRDBY $irlies ﬂow&@tlng ONPIlérSDatehgh @?@w bpplik&ioanethaiques,
resin coating on the nanoparticle. nple dis erS|ons

e aling 2p Qf’ B UAHMOpAIV T egeaes s ds ﬁq@f’f%ﬂ%ﬂelnd]lse
L peBARh Btep AL dofhg Hay be conducted using two or more rolls. To be

particularly suitable for roll coating application, it is desirable that the coating

compositions of the present invention have a high shear (ICI) viscosity at 50°C of no
more than 550 cps, in some cases, no more than 500 cps. For purposes of the present
invention, ICI viscosity is measured according to Standard Test Method for High-Shear
Viscosity Using and Cone/Plate Viscometer (ASTM Test Method D 4287-00).

[0060] In roller coating, the rotating pickup roll dips into a reservoir of the
coating of the invention and so picks up the coating to be applied. This coating is

transferred by the pickup roll, directly or via at least one transfer roll, to the rotating
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United States Patent Application Publication

2005- 0287348 A, filed June 24, 2004, U.S. Provisiona
wo\ppebiogri on No. 60/482,167 filed June 24, 200BCT/HR2H07/079879

United States Patent Application Serial No.

11/ 337,062, filed January 20, 2006, which is also

i ncorporated herein by reference. [0054] Exanple

speci al effect conpositions that may be used in the

conposi tions of the present invention include pignents

apditasion ggdhdaemithis kger i thgeesting s tgpdersid qpgr e coil by means of

SRRE {oﬁﬁlco? c@Jnfte‘?&h%ué&éﬁE‘on?a%t {rﬁfslfe?ck D8iveREAE LERGEBE Bre

netall1 ¢ sheen orescence, uor es ence
ph@nmcthW@Qnmp®hbmoﬁemguigmwtymlmhﬁﬁnbvhﬁﬁﬂn@ﬂbmngrdbﬂed

Et&%g o&Lﬁﬂhgﬁg@%r col or-change. Additional special

conposi| ns can provide other perceptible
[ﬂﬂ@ﬂer t i edn radlactvaasg, quxenptyerai ispaedxdfithepickup rall and application

B8 Bl BT TR s RO Rlao S TRORB S Fioten

e atperipheed apege svhihenfroma 1¢ aal2is F%goflt]Se avileped, aid the pickup roll

S AR RRa S ETPLGE3L S LR

0061} por ati@ekbrRer @hbddyentsethe CeNme coﬁﬁ&ittdn@ﬂf&he Beb@ion are
ef fect conpositions can include transparent coated

PR SRS WY Mrerurad CopingAaviag a Ly 1181 (ickapss grgapighan 2.2 wm,

flcH A Rdm 430 17 ARSRALRIRLadel HUnG 611 fhain PLBBRL frof 5 t0 9.5
liquid crystal coatin and/ or any conposition wherein

FiNt @Y iBrodisE easpe SGME&oPNEn a refractive i ndex
fobier ent irhl ilchih R, TBL &bl BNCL AR cABEAUPSirPlne

e refractive index differential between thé surface
gfatiphmaigrisle vith whighdhg ¢patingsof tfe@pwalion e gegtienatgl, exeens where
50 8 POyl BARRTY o B BB, £ il
b@h@uamtmhavh@mnpnwged§n©nmm.$®h@Bﬂmmpghnnpswbennwu%1n

h
R i e e
mgda«:bﬂs,rantlhahbd)d: alleetmﬂe;gjsttloofcoattlhg composi ti ons of t he
toi t 0056 Th ti
BB ot ot SRS . Rahei S par e BTy -2l FEan o
b@mﬂmnqheasmm@huﬂnm@nhb@spnﬂage@ﬁgeﬁdmnenmahEhaw@bﬁ@me

. oati n CO onents can e mxX usl ng, for
A R A S NG R ST

Aitss@l B follol@dpplidalisn arlitoufii©sf (A fitsBeoabh@inhlridll XetBe
anong ot hers. \Were appropriate, it is carried out

GRAPE %f)&? %?%Wn{fhe eapgdiged 1%%%“51“? S8R Andgs ghep prqyided on one
S ERUEAdes SHFBOSH AN &S Q@ﬁlhﬁln a second, third, etc. coil coating line.

[0065] Following the production of the coated coils, they can be wound up and
then processed further at another place; alternatively, they can be processed further as
they come directly from the coil coating operation. For instance, they may be laminated
with plastics or provided with removable protective films. After cutting into
appropriately sized parts, they may be shaped. Examples of suitable shaping methods
include pressing and deep drawing.

[0066] It was surprisingly discovered that, in accordance with the present

invention, a substantially solvent-free coating composition could be produced having an

- 16 -



of the invention which is curable with actinic
radi ation. In the course of preparation, the
WO poW#dtal constituents of the m xture accor dP@EUS07/079879
the invention can be incorporated separately.
Alternatively, the mxture of the invention can be
prepared separately and m xed with the other
constituents. [0057] In certain enbodi nents, the
coating conpositions of the present invention are
Kilivisapiig (daseribgd goydien) poX) 6! po morecthait 330 ps. vhichngpaticularly
{

ﬁﬁt’glél{: %g?&l?é&uﬁ?%{? Eét]i%g l?yﬁﬁﬁlhtaﬁl?‘%rdrlngg?@gtarg%@?ff tﬁ(gi)ltrf]ﬁnachrome
cwrosign resestho illergmths radidtionretable fﬂméemng)bmtlfh@t a: bivé¢lf no

I
ng%%ha%oda$!l ﬁgyt%ﬁté?vg{le Iurcﬁ) g]gglg)tw lgﬁ rﬁlommélgg éle Bgatﬁg
d:qus)eltlsks dfltlafcbresanttlheenamt cantshB eﬂBblafavolrablle Cpam&&esistance

coatin e .at s e
dhET oSk 455 R Beod Do B BBREMNE I IE A bl
aﬂaweﬂphmyednmmhensﬁaeﬁnmmyntherefore vary very wi del y
@ one coat i $rocess t o anot I n
T e P8 T e R e 008 ety g te: Rt s
thdastRmbhQof cdRodiéh pr&nti®f orf & ﬁ%ﬂéﬂbitﬁteﬂqﬂ@lzﬁ% Menest HELEHRId in
The coatin the invention nmay be applied in any

6@“5%%]&7%%9%%?“ Top)- &xdigre, thggea rsa'gﬁrﬁf@ is SR WAt ]ﬁ‘t}jfe to

Spofahé Bire GRAT {ubSratX THeNBSR dARRh @S hakedtif6 BB fber
roller coatlng can be partlcular%% advant ageous and i s
P

Vhee an gusowssel prlywds camsarruslygnisle@ pnte thestiiraien The chagpber is

H0Rtkkdd a(@%n@ﬁn&&ﬂﬁéﬂ&t&%d THS Rtk uQfe {10l %serdQJ) [h% salErQJra
be particularly suitable for roll coatin [1cation,

prvirpemers Soragbpeliqdmeriod plelieo aedhrig 2800 of %QOQ heursf Afte
%gﬁcﬁg ?he' JNER LRt Q?s\églggvéa'f% PR chahfbpand e SGRRIL e At

no more th Cps, I N sone cases, No nore
tdranioB@BNg e sciiter (ouogos ssnafurediey ‘sraigemeepi mwtaeitis defined as

ccor di

DLl RER I o Rog TN R AERLAND kR b RPAAN B iRAcrs
Wihst 0 me&ttz&ed @A&BHMoﬁesg cdvigtobiadnsf We@ﬂ)mve[nﬂﬁlﬁﬂ’]xhllbn

r coatin t he rot t|n rol |
el sfr N Pl Pt RS Dok St SRR b B Byane
wiptat dm?stfmgmdg@s t ﬁteﬂ&u@iﬂﬁ{el (mdludfﬁg ihst- dlp[&tdl gaahiged steel), coated
transferre rect or.via at
VB BRSSO airkd Bt s B iRl hont b S 1B ater
fe@thdg.in EFcOrMahddi veitd ASTMIB 1IN0 kdr,250 Rure @24 daN@pia§ environment.
transferred onto the coil by neans of codirectional or

(O968; er di TBRSEFPBHAR GortaR e bk pwing Cxgisn ahichiapvever, are

£d1€ 6O@MLi0&e@hs fiflieing MEeRch@h BREIRR RY MOssAiHepfisd Y
into a gap or nip between two rolls, this beln%
mdrcaied.@d parts and percentages in the following examples as well as throughout the

specification, are by weight.

EXAMPLES
[0069] Coating compositions were prepared using the components and weights
(in grams) shown in Table 1. Coatings were prepared by adding components 1 to 9 to a

suitable vessel under agitation with a cowles blade for approximately 30 minutes to
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T Commercially available from Sartomer, Cytec, or BASF.

> Commercially available from Sartomer.
? Commercially available from Rahn.
* Commercially available from ADD APT Chemicals.
> Commercially available from Grace.
6 Commercially available from Heubach.
! Commercially available from Lanxess.

s Commercially available from Degussa.

i Commercially available from Huntsman.
%Commercially available from Ciba.

' Commercially available from Cognis.
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[0066] It was surprisingly discovered that, in

accordance with the present invention, a substantially
wa00esm7f ree coating conposition could be proRCYEs2007/079879

having anl Cl viscosity (described earlier) at 500C of

no nore than 550 cps, which is particularly suitable

for roll coating application, by maintaining the

wei ght ratio of the non-chrone corrosion resisting

filler to the radiation-curable filmform ng binder at
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invention is no nore than 2 mllineters after testing

tape i PPEHEd O\WIDE fo 18TIPNE @Pstef_eid §8HND50 hours in a salt
@?5ﬁ¥ h S n]\cll Oerfsni%grte e iluaggcf I]OI‘ ace e.:rll?ltg ch%gecigg %releyg\réglg ::S_]C %e creep.
Ez&e bﬁnm@eﬁzedneamréd mcbndrng i hSTNhDénlt $70Tht outtedgd values were

etails. therwi se indicated, all parts and
SRR 1 R O M TSt i B i rawd rgPG beeS
inhnaugRoUhe tdi®e SREE VAl G atdrORpordkis by aWeigd b the maximum creep

(from scribe to creep) on the vertical and horizontal scribes in millimeters. Results are

illustrated in Table 2, with lower value indicated better corrosion resistance results.
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EXAMPLES [ 0069] Coati ng conpositions were prepared
usi ng the conponents and weights (in grans) shown in
waabme41277 Coat i ngs were prepared by addi ng conporEs1087/479879

to 9 to a suitable vessel under agitation with a

cow es bl ade for approximately 30 m nutes toachieve a

5 Hegman. Next, conponents 10 to 12 were added while
under agitation and left to mx for 10 m nutes. After

m xi ng the coating was readé for application. TABLE 1
Conmrer ci al | y avai |l abl e fr oner, QIt ec, or BASF.

2 d 2
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"t:"
TN
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]:ED

uuuuu o rmh. 00
"Commercial |y avallab I I ComTerC|aIIy

l&\%‘ih abl e lfyvigmccydy éppr%%te@ub@@%eékléleqbrnébeamh@blﬁodlﬁcatlons

&Qggé)ﬂna&é'l@ IRAMRATHS b ARGt Hébaﬁﬁ@'f%nith%&&e&? Bist168a QY BE
al i ne cl eaned HDG steel using a wire wound drawdown

fpaagoingHesceipngib siuch medifigeiioas aish beepnaidergd py osludash veithyn the

R D e R

datopdinglydbe mwkmhﬁdlmwxs derdritic@8a damtic hazeiovg i(lmas'm@dv

VAL AT e B S AL BRANBTO LY 8 68K o
fthe ameﬁﬂ%@ dlaiohsi sid angshd whequapidnisaberesfer the prinmer with

a wre wound drawdown bar at approximately 0.75 mls
(19 mm dry filmthickness and cured in a gas fired
oven for 30 seconds at 4500F peak netal tenperature.
Salt Spray Results [0071] Salt spray panels were
prepared by cutting a panel to approximtely 4

(/Ut
:3

q
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inches wide and 5 inches long. The left and right
edges were cut down with a netal shear. The face of
w0 b@psel s were scribed in the mddle with a REr/UBAT079879

and horizontal scribe approximately 1.5 inches |ong

and separated by approximately 0.5 inches. This is

achieved wth a tungsten tip tool and extends down

just through the organic coating. [0072] Salt spray

resi stance was tested as described in ASTM B117.

Paifel-AlMver e renoved fromsalt spray testing after 250

hours. Imedi ately after salt spray the panels were

washed with warm water, scribes and cut edges were

§cr apdoating horapastiodepmppanall a to renove salt buil d-up

and t r [; Which panels were

t ape Qﬁnép?(ﬁl éﬁ&i‘é’\%%T %eg%é\,gﬁ ﬁﬂ@;re?%ove bl i stered

coat i(hpa raﬁiﬁﬂﬂlﬁ@urﬂﬂmﬁlnsfomrr% bixndat ccammxdmg an ufismogated monomer
Face

LS R R R A S B R

&umkﬂﬁ@&\mahmes were reported as an average of the

m cr.eep on the. left a t.cut edges in
T GBS Bor e st Bl AR e o Cemor fed as

an aveé agen@onipgdeiioRKisTAMRICeaC {ika@ts 8r0BE of b MbRERN
on the vertical and horizontal scribes in mllineters.
Ft&8dare illustrated in Table 2, with |ower val ue
i ndi At eshiRetdngiosicion [sQﬁ{a%‘Ib SPPIRLRR G CodiRS Wat SxnIABLER ofable
[0074] It wll be readily appreciated by those skilled
FORropigB resistanteOPSYERti f i cati ons may be made to the
i nvention without departing fromthe concepts
di sclosed in the foregoing description. Such
%dl le@a’WtM§0@P@SI‘iQ§1 B elagp hsvighseia theareight s4todé ) v (hinthe
g% h R0 G B apRbRse | he claime, by thel r
expressly state otherw se. Accordlngly, t he
partlcular enbodi nents described in detail herein are
[1Tu d no,
te t Ho 2Rt sl A en B borb B ffd A1 G B
bihder dppgendedprobsad svbt tapedirethanedmdthactylaepolymatent s
t hereof . WE CLAIM 1. A coating conposition conprising:
(a) a non-chrone corrosion resisting filler; and (b) a
#.adi artieenaungrcampesitidnl dncfah 6] Wigerdih n@enbicgEuidtsinag an
nsat ur at ed nononer cqQ ng a n tro en-contai ni n
R bt B TRra G e SOy S Bar 7 TG 3t Qe est 10
pactal By WeIEL, baBE@HEIhS total weight of the composition.

5. The coating composition of claim 1, wherein the unsaturated monomer
comprising a nitrogen-containing cyclic structure and one ethylenically unsaturated

double bond comprises (meth)acryloyl morpholine.

6. The coating composition of claim 1, wherein the unsaturated monomer
comprising a nitrogen-containing cyclic structure and one ethylenically unsaturated
double bond is present in the coating compositions of the present invention in an amount

of at least 1 percent by weight, based on the total weight of the composition.
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the coating conposition is substantially solvent free,
the coating conposition has a high shear ICl viscosity
w@e00300@70f no nore than 550 cps, and the coatPEyUS2007/079879

conposition is capable of producing a coating that

exhi bits favorable corrosion resistance properties. 2.
The coating conposition of claim1, wherein the wei ght
ratio of (a) to (b) in the coating conposition is no
nore than 0.5:1. 3. The coating conposition of claim
1., whkegpaingigempegdion df glaim b r wlirein the| nopchyopicrsgrrpiiproeepisting
i D priOPRE LA G%h BrAfska Livpe ur et hane (meth)acrylate
polymer. 4. The coating conposition of claim 3,
wherein the soft-type urethane (neth)acryl ate pol yner

S pr ] s [ 0 ons;: mu
e RN G U L
aveddhbdiorpfromhiéngoomposdnt c@mpristig ahdiattmatuiabyy cooppwsl t i on
of claim1, wherein the unsaturated nonomer conprising
a nitrogen-containing cyclic structure and one
et hyl & niechbdbyraa sEéase @iredlydoatd @it e nchti@g dgrosiseiSirom the

net h) acryl .oyl rpholine. 6. The coating conposition
%F“Eg 9Wﬂ6§90&ﬁ%$§' "t he unsaturated nononer conpri sing
a nitrogen-containing cyclic structure and one
et hyl eni cal |l y unsat urated doubl e bond is present in
the c%lﬁtrﬁler‘ii:] SEQ?%%@? tlrighd vdreraihige B}%?é Sptatn {pdhthedpmy of 2
&m amount of at least 1 percent by weight, based on
the total weight of the conposition.7. The coating
conposition of claim1, wherein the non-chrone
PprrQ@h%ﬁmﬁ%&k%ﬁb&ﬂmghhk%ﬁs&@%@&,ﬁﬁﬁ;ca|C'Um_

I on- exchanged silica. 8. The coating conposition of
cl ai rfprollghatingion therriroRRINTGOROPHERY NPHSIBLNPr i ses an

adhesi on ppyanpbi 06N esiS heSig a radiation
curabl e cg&pound. 3& % netaFQSu strate at |east
parti al | y (Qcatddion quirbde [dualoimigg dmdesiongdsifig amutshigrated

i MOs] L of [ M. L e N k .
G852 EPERRE} il-ay opRlutetbns et B Bppepicaty
umatuiveedfdonbie bbnda coil . 11. A nethod for coil coating a
et al (b)sct:urriln th%opgi.%elr %(I)nqlg’dsition by exposing the composition to actinic
radiation to form a primer coating that exhibits favorable corrosion resistance properties;

and

(c) depositing a topcoat composition over at least a portion of the primer coating.

12. The method of claim 11, wherein the weight ratio of (1) to (2) in the coating

composition is no more than 0.5:1.

13. The method of claim 11, wherein the primer composition is substantially solvent
free.
14. The method of claim 11, wherein the primer composition has a high shear ICI

viscosity at 50°C of no more than 550 cps.
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(a) roll coating on the strip a prinmer conposition
conprising: (1) a non-chrone corrosion resisting
wo poobes97and (2) a radiation curable fil mfornPEryUS2007/079879
bi nder conprising an unsaturated nononer conprising a
nitrogen-containing cyclic structure and one
et hyl eni cal |l y unsat urated double bond; (b) curing the
prinmer conposition by exposing the conposition to
actinic radiation to forma priner coating that
Exhi bihegnatbpded glsine 1Eorherpsn ba radeatios ewrkle lippdpraring kigder
| ki on over at | east
R T S ST e
claim1l, wherein the weight ratio of (1) to (2) in
e t C Hti I SN ' 1..13.  The
HEE hoR o AR ERET ! LT O Bl ed B sodtonshicn [
sitrtbgihamhiaalingcyslid stenturd andene dfiylefdibalyrmat dnardted flowdlabamd
11, wherein the pri . conmposition has a high shear
TIPS egll)%c)rlﬁ%h%g%ﬁ%?' no more than 550 cps.15. The
met hod of claim 11, wherein the radiation curable
j I mformn i nder fuyrther conprises a soft .type
b ot Hititam il R ) atht<deig AT ChroR Softs RutiadBGper
Edn@iriReslchicivd ®heixbhanp&l silesat ur at ed nononmer conprising a
ni trogen-containing cyclic structure and one
et hyl eni cal |y unsaturated doubl e bond conpri ses
(gret M apty bQYdoalk@bpRR! théikod Jk Claint€. mMet hod of claim 11,
wherein the non-chrome corrosion resisting filler
conprises cal ciumion-exchanged silica. 18. A netal
coil coated by the nmethod of claim 11.
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