CQOATI NG COMPQCSI TI ONS EXHI Bl TI NG CORROSI ON RESI STANCE PROPERTI ES AND METHODS
OF COL COATING FIELD OF THE I NVENTION [0001] The present invention is
directed to coating conmpositions exhibiting corrosion resistance properties
and nethods for coil coating a netal strip. BACKGROUND OF THE | NVENTI ON

[ 0002] Coatings are often applied by roller application using contrarotating
rolls to netal coils (strips or |Iong sheets), such as gal vani zed st eel
coils or alum numcoils. Since the processing of the nmetal does not take

place until al¢@ATING CERPOIITIGNSERHIBITING € NSNS RBdT Qe extrenel y

good mechani cal i nt e@pROPERBUHARD NMEENJNY OCokPebadIte Is are often used
in the architectural sector for producing cerftng and watl el enments, doors,

pi pe insulations, roller shutters or w ndow profiles, building sidewall
panel s and roofing panels, irpki$ %ﬁﬁifﬁi EV%E g6nf or produci ng paneling for
caravans or_truck bodies, and i n the_nhou . ctor for producing profile
el ements f dPORHshi ng Thewssarbisvendios ndispied &) copirsorassitionsbxligignat or s, and
[anges, - AMRReoQLNRKisl:h & opd RAQH 1BLBRI: EARBRined mBlIR( " Coating | ayer is

applied to a coil to protect a netal substrate trom corrosion. The priner

| ayer is often applied directly to a bare or pretreated netallic substrate.
In sone cases, particular (ﬂaﬁﬁﬁtF CﬁwfﬁEﬁN' XﬁﬁO. to be applied over a
bare netallic substrate, ?%é_pTTﬂE#ﬂiHYET“TS“§§%UST?§d froma conposition
that incl udé@2d mat eCoaings seeliemappiind biciotler spplitetias uphpsphaviadngwilld, whi ch
enhances t hesi of the primer layer to e_substrate .

[ 0004] Hi st 2??%%11 ?@SQQ%‘P‘? RS Ss“tdéﬁ%/gmw}zﬁé? el e ﬁfﬁg‘@%‘é‘“lﬁti li zed
chr om um c dlipeuhdsoanshpof tht heral deavy tetpidcs unsiuthr BS cdaeagls apSlicAcht eve a
desired | evel .of corrosion resistance and adhesion to supsequently applied
coat i ngs. 'Fﬁ%unl%génu(%{haé’ﬁ?étf:ﬁ“ﬁ &R f%?h%?%gwteﬁﬂta‘(v?mﬁrﬁ g?xéb,lﬁﬁo%@%‘il, results
in the produdtirenfiof uwast @e sicheRtBaltsbad: (pOSedemeiceoingent vl aanagy,ns and

di sposal issues.. LOO%ﬁﬁNbre recently, e for;a have been nmade to reduce or
el i minate tRESUNB® BFY AR SOl BHET O OrdEY PREL U HE PR Mdewdl panslaan ¢ |

coati ng conpawigpiaadas, ihaeecherRe@a el @@@ﬁintg@ﬁelﬁ?ﬂﬁ@hﬁvﬁts Berudralogfes,al s added
to inhibit cqorrosion. These materjals have included, for exanple, zinc

phosphat e, &f ShiHROSHRAY seCtos {@TofaFpE Bl clehenitiar wpsiRgmIc)BERt e parti cl es,
anong ot hergshwafReS ey cAdRid defifors, GA@LNBAS ah it ot @e@sSenti al Iy sol vent-free
are often desired because solvents, particularly organic solvents, can be
costly, hazesodpus, antmeVdabRneingl! doatiid ki@ ndippiied e Bl @5RPEs: Of
significant amounts of organic solvents nmay be particularly undesirable for
heal t h and RFWRASPENRISHTON CHEIEBNdbe gues fygs S1ohan aRRbind dirsstingt Ehareer or gani ¢

sol vent s CaRetrth®d nReidebidad. aRtorRdehs&OpididlarResias Be bhﬁaqa)f& LUgRLs are
typically evaporated fromthe coating before curing i S conplete.
applied over a bare metallic substrate, the primer layer is deposited from a composition

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



[0007] 1t would be desirable to provide coating conpositions that are
substantially free of chrom um and/ or other heavy netals, and substantially
free of organic solvents, wherein the conpositions can exhibit favorable
corrosion resistance properties. In addition, it would be desirable to
provi de such coating conpositions that are suitable for application by rol
coating in a coil coating application in which the resulting coating nust
be flexible. SUMVARY OF THE | NVENTION [0008]In certain respects, the
present i NyRNMd®Tod aftblesheghdhaGORbl RYsHRAEDASE hbBB8atd RAL cLQiRr i se: (a) a
non-chrome corrosion resistin iller; and (b) a radiation curable
fiIn}forniﬁ@b@ﬁﬁﬁéﬁﬁé@ﬁﬁﬁﬁ§gﬁ%eﬁn unsat urat ed monomer conprising a

ni trogen-containing cyclic structure and one ethyl enically unsaturated

doubl e bond0¢hese ™ dafiiHgn.conpEs et Bressatieily ipbenies 4 PiEstrvdnt free,
have a hi gheshgabkh, ﬁéh&%%l&toy%aa& 606t @ La e BRE nhRAABLuHAR Cps, and are

capabl e of ppodUC|nﬂya coatin hat exhibits favorabl e corrosion resistance
proper ti es enyigoospehy siierdly.eBisauesgncerch slspiieans AOTHY s asie SPYeHf rected to
met hods f Orma%%'el ARk G R siicAror Bdalth Bad hHESEndTRE RAHs COPRIES@ac (@) rol |
coating on the gtrlp a primer conposition conprising (1) a non-chrone
corrosi on rcegkigtwatey of pighmie solzgnts qar plse be waifigicnbandcgstbbesase Iiess or mi ng bi nder
conpri si ng LSl hg: LidQ9605e@Nt ai ning cyclic
structure &ﬁ@ﬂ%ﬂﬁgéﬁkgﬁgﬁFﬁgﬁ'9%%H§§?§%é§%d g%ﬁg?éibong? %b) curing the
primer co Htion by [ 95} 1,00 aghl Bk adiation to form
a prinmer g@@?ﬁ%g thgg“ééﬁ&%f?gﬁ%gﬁgpgﬁﬁe copgog%(ﬁ resi stance properties;
and (c) depostaniinly feetdpboatiue ongogither bervywetalnand adstentallpbee dlon of t he
primer coat] A - NG . | NVENTI ON
001] For - B SSBLet PR B G ot T e oer (BT OROTT et o o

under st ood ptdpatties.hin addiientit enuliby degshlet wvavidoirsh abatiog patnpossiovathitat i ons and
step sequences,. .except .where expressl i fi -he. ¢ y. Moreover,
ot her thanaﬁﬁmgﬂge%ﬁgmgF?%ﬁl fgﬁﬁE%??x%fgﬁﬁgé%ﬁ%¥%e?%f§grﬁﬁg{@%ted, al
nunber s expeseBsiRgstink orusexafglitde. quantities of ingredients used in the
specification and clains are to be understood as being nodified in al

i nstances by the term "about”. Accordingly, unless indicated to the
contrary, the numerical par s ' )¢ foll owi ng specification
and attached clains are app et tons—that—may—vary dependi ng upon the
desired propws]i es thh deaainhéspene thehyesehienenesentirecandantooing At the very

| east, and not as aggptte t_%o limt the agplhg%&ioplgj tgﬁkdoctrine of
equi val ent $OPEOYHES &abramgfse; {ha RynsiHERme COROROR (M IS A1 hHiAR er shoul d at

| east be comfitdonedrabRr fllingdim@f binder cotptigng of utsenerddatdormngnedmpeRing adi gi t S
and by applying ordinary roundi ng techniqgues. [0012] Notw t andi ng t hat

t he numer i CHOSFHAYEALLEGY ﬂ’a?rsérﬁg'l*%tagggléetetﬂi%ﬁﬁ““fagg Pﬂsaf'%%teci)‘\#m%ggﬁ’?ﬂ‘gpe of the
invention amesefdRtgXdoiplobifss, ard HBstAtNEY beladnt Had, et Slaph SR ITT viscdshe
specific exag&les are reported as preciﬁglé?aslgossible. ny numerica

val ue, howee? C qiaRaEs ey Sedemsatdrc@Ptly A REPIUSING afod e Sesul ti ng

from the stiapgandeot@kioatdsntOpdgedids t heir respective testing neasurenents.
[0013] Al so, it should be understood that any nunerical range recited herein

i s int ended?QW1i ncl ubreetbarirespatss. therpjesenidusativnd dirrdrdieauctiogr fekeihpl e, a
range of "1.bholOnethiSudd) U BREEHhOs BRLHAE (Ahdll &Hbnd dEESPRpWRRP (and
including) the recited mninmumvalue of 1 and the recited maxi mum val ue of
10, that | sompasiioconmwsing flir neatchomnepeapPsipnressting idierand (hamadiatod a

maxi mum Valc‘dgxbféffﬂ:%%ﬁ%‘in QirQLr doGPisithP 30 udQeur Q0L ARer Qélﬁﬂ/ﬁsﬂ‘lésal Nwbdagl cat ed,
certain enbodi nents o he present Tnvention are directed to coating
conposi t i onsntzinaty ayolpytiusereaniidnerethplenically ussaverated dpeblebend; (e pwing the he term
"filmformn [ Y.refer ' [.S t : - orting
cont 1 nuous T SRFGp By & ol QoG bLRI HAE i, B8 b pRUREDC
renoval of camyngdhitgenbsgs arvoeble comrstonpeagset propertihe aodmp depiositiogia or upon
curing at %nbie or .e As used herein, the term

| ) .
Cb nag T AR opRhsifior 9 SCLPRRSHAN B e pfifetBethd
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particulate material, such as the non-chrome corrosion resisting filler
(which is described below) is dispersed. [0015]1In certain enbodi nents, the
filmformng binder is radiation curable, i.e., it is curable upon exposure
to actinic radiation. "Actinic radiation" is light wth wavel engths of

el ectromagnetic radi ation ranging fromgamma rays to the ultraviolet ("UV")
| i ght range, through the visible |light range, and into the infrared range.
Actinic radiation which can be used to cure certain coating conpositions of
t he presenfodioyent i orhegeaefidhiaititgs awadetangt ksaef cratactbsanmgnet i c

radi ati on ranging from 100 to 2,000 nanoneters (nnm), such as from 180 to
1,000 rim or, in sonme cases, from200 to 500 nm Exanples of suitable

oL, RS BRSSO A SRR )

l/rr\.:ul _y T .AII'JJ, =) T \WA'AY IJI UAoTTAA AT Lo LAY} urTTroavT

em tting dijgdas. Pref@pugdsddlof tavbiodvahg ddight dewtipidnny id @mpandrstodaedi um
pressure nercury vaPor | anps havin? out put s ra&gin& from200 to 600 watts
per inch (SRS IDERIRLPRSASIURC VEIRET HETREYS HERBYE 4R &P SyE1TCof*Che | anp
tube. For eXRraMdxBresdy Shebiried Qe Bdnulall Mork®ler, bitleMneh intan}OPYus@l 1 ds

(descri bed bel ow coating conposition_according to the present invention
can be cur éBEHeoaywhee shemyiwdpdisged sl QumBRkPIEENS I At BUPSAeRPE8ure to
actinic radp ﬁ%&éﬁ%m@%s&ﬁ%%&@e&iﬁ@aﬂoh b8 @kinR afeAb Se Qfdedoddas BARY feet per
mnute (6 to 300 meters per mnute) under two to four medium pressure

mer cury vapodifiesiipell pktapsep 5% thedera “2po0 ™t dccrobelyiunjesy ipdicead fgeke squar e
centimet er SOfS thh B bR SeGHEABH Snd'RABAXPOSUr € tO
actinic raé?@%%%ﬁhlncf%%gl%%%%%%n Eﬁﬁﬁth ?adiaﬁ%%%?curablenfuncfﬁonal
groups, suchimsampgEbrimatien tpt owpyaryidepinddizngon/ihn fesigd orgpertiesforpgl et her
groups, ep . qr. . Lm g r .cambj nati ons of
t he forego?ﬁéygﬂﬁyggﬁ¥%§ﬁﬁgﬁ%g§}H%ﬁ#£§ﬂ¥E%ggggﬁg%géﬁggﬁP@g?gggg%tps are

cur abl e upeppleeposefites datrinetof agiivdletts wah saeread trrvdhivarca¢nomimedesl f or

exanpl e, acrylate._qr | ei.m - vinyl ethers. Suitable
vi nyl grou %%Tﬁérﬁggﬁﬁﬁ%?g é@?%%ggﬁgg%ﬁgg@%%§%§¥gﬂgapgﬂéﬁngﬁ%%vinyI et her
groups. [ 0Qigifsland beagpdyine exdbedi nvemtise tettrerueadi ati on-curable fil mform ng

bi nder pre in the composi.tions, of the present.invention.c ri ses a
Soft type filhane. (RECH ATy EPE S pibelEthilRE o Rl S OB,

" (et h) acr yhelireid icspdEaid intantien apaesinadnyd, ait@smarich] natdactrfyliaingse As used
herein, the term "urethane th)acryl ate |lyner" refers.to a polynmer that
nas. (et hy SEFSAGTRmPhAE ST e P AR ArhehSEL R i i age, Ac
wi || be appiieeindl ethtaifisiCital dp@yBREss@an rddelifg fpmiedsandb@rvagiapbend by
reacting a . polyisocyanate, a polyol, and an (meth)acrylate having hydroxy
gr oups, sudﬁgﬁ r?@&%QEE?F%Eng e&ﬁ??ed States Patent No. 6,899, 927 at col.
4, lines 41p@349, thaie]it abuliehindbrsebd Whi 4k nbekng! ngofpRddacash Rer ei n by
reference. [0018] As used herein, the term"soft type urethane .,

(et h) acr yligerled sy privfe ali gbgpages subsumpdReine For etdiife 2 (4088 A dcPyPat e

pol ymer t ha{ inkehdtd¥® in@aetal Qb PSS SEwah (BdRdiydRhe) Ateditd QhiMinRACYARAL €
having rel atively few functional groups per nolecule, often two functional
groups per %dlagd theaecipd mapimpg sdesof 10hBatdy havipg p BUGPEihERe cdrBihacryl at e
pol yner '5;gkﬁ&%MBQRhBQ%%xﬁthQﬁhéGf&ﬁ%hbéﬁﬁﬁQﬂﬁiﬂﬁany|ate pol ynmer in

whi ch, for "'exanple, (neth)acrylate groups are present at each term nal end
of the uretlf@dé pol yAeprevicrsly gificaiedsesstangybrdizepis|of hsmrese invepdtnese| ar

wei ght of 3 : f = Safdrot .acryl ate
pol ymer" igmggg%gﬁ%gﬁ ,ﬁ“%ﬁﬁggﬁ%gﬁggeg“%%fgﬁﬁxﬁﬁég%?%%S?§3§&§%9%§|_ 4, line
50 to col . ths tefmhp@lngforp@bdider relersttabmdenyistitardptns a sethsupporting t ype ur et hane
(et ) acr vl gh & R0l ¥TPEy biSeRl ERG DDt lutE FA34305CRIPARIA ARG PT L e
present invention in an anbunt Of at | east percent by weight, such as at
| east 20 petiloents olopmises grbdent inithdednipesivies ghipop enrtrerat smbiening cleastedd on t he
total veight, ol the COTROSEULIN: ol <GEALALRCHROdEIRNLS 1 LG 2 Qhit PO

ur et hane ( Hﬁacrylate pé?ynbr S presen% ih the coatlng compositions of
the present invention in an anount of no nore than 50 percent by weight,
such as no nore than 40 percent by weight, with the weight percents being
based on the total weight of the conposition. The anmount of soft type

uret hane (nmeth)acrylate polynmer in the conpositions of the present

i nvention can range between any conbi nation of the recited val ues inclusive
of the recited values. [0020] As previously indicated, the radiation-curable
filmformng binder present in the coating conpositions of the present

i nvention conprise an unsaturated nononer conprising a nitrogen-containing
cyclic structure and one ethylenically unsaturated doubl e bond, exanples of
whi ch i nclude n-vinyl pyrrolidone, which has the chem cal structure set




containing cyclic structure and one ethylenically unsaturated doubl e bond
is present in the coating conpositions of the present invention in an
anount of at |least 1 percent by weight, such as at |east 5 percent by

wei ght, with the wei ght percents being based on the total weight of the
conposition. In certain enbodi nents, the unsaturated nononmer conprising a
ni trogen-containing cyclic structure and one ethylenically unsaturated
doubl e bond is present in the coating conpositions of the present invention
i n an anouptrtiofilaromanmiag stdha t1Zhopeheertcobysiveiegbing fdlactwhis indesoilied t han 15
percent by kaﬁht"mLtQ t he wei ght percents being based on the total weight
of the compBoSiYicHPTHe anount of the unsaturated monomer conprising a

ni t r ogen- coEu1dl ni Ng kyeltdis cSbsdimbnts, eheafiich-foneing bingtantadaliby curstigati vy, at ed
doubl e bond .in the conpositions, of the present invent. can range between
any conbi ndiif BHFBF “PHGPERIG Sd-UAT KBRteh AT B OR Ha TPROT e val ues,

[0022] I n cefdvaieRyRdIRmicn®nidetid Aiat@tiaadih©ftod ghdhh @ayk kd e bmfationg bi nder
present in the coating conpositions of the present invention conprises a

monof unct i $r&Y (1Bt H)SetjIgh SenbridirtEh e oind JBP JirerTare 1R dFfnCr om t he

previ ously fAesthiied WRsahinal &b BRAGITRAHEOMRIPLSHAE od tRipkd:ad &6t ai ni ng
cyclic structure and one ethylenically unsaturated double bond. As used

herein, theerarihi Frdrvtenstsios AlarrigpHicaetioareramsitmet OBAd WP pol ymer "
encompasses, H&H&é@fﬁn)aﬂ{éh thamg@ toclomvm IoRGn Qe da6RL RdA0Y LAd08 ng. oup.

[ 0023] Exanpl es of nonofunct onal (et )acrylate nononers that are suitable
for use |nEﬁh@pbﬁe%%%#mﬁnm@WPRbW¥ﬁﬁémﬁﬁéwﬂﬁéU@@%@W%£%P“%@W¥F%Ewend

nmet hacryl i yl at e,

o opyl  {megPoraus of SHEe SR 1R, (A TIoK] st o ) BRI BB Sl

i sobutyl ( mantlm)nadroyldesatPeetern:@rLtlﬁrmqletblghwlm(ﬁrrmlmlm%nma@enl PFRSEYE ey

th late hexyl
ot ey B SR i TRBLASE Ao o DR (P MRS LBk S0l
(et h) acr ylcamtanetere acrosityd lel@glﬂebh)letanwl talbee ,FoRexanipd, héxayérofngriet ﬂa)@cozveyl at e,

:1 g (I’)léle C)(/ |mat 1,?' ﬁcgf)c[il 1@6% ?hés 8re Cedlbglgené{]%ﬁl %é Xt!)rﬁ]él%mog ggc%l‘dué%égtﬂh«% l?rgse}{ at e,

(et h) acr y haxteeumdmﬂe:e yhred mmtg)lats thitlatss, to |a$zmkdr¢d elralytlup()mretgo)tae twalcame
tridecyl Gry at e, tridec [ Iat dec

(et ) acr yrapoty st B8 RSB puler TP B, b v fRE MR st

[0024] I n cefiihae)ueishod (oes ﬁ],ediuhﬁprﬂﬂaﬁi@ ey vecpnalam(am dxpagire/dtane tano noner

and/ or poly esent in the coa ositions of the present
i nvention |ﬁ8éﬁuéﬁﬁ ﬁPaﬁﬂuﬁ?Cﬁﬁﬁ?ﬁrT%bggﬁ@8 by weight, such as at |east

20 percent [byrenei ght Mawkith didderc\weiaghtuppesgenis wheiingrddasiedieuds he t ot al
wei ght of the conposition, ertain enbodi nents, the no functi onal
(et h) acr yIARESTERaEre GRS YirPnf TP Se S PR RHC LR ng

conmposi t i ongcl@ing ﬂﬁyl@i‘&ﬁ)@ Nfinyll @th@ﬁérblﬁ{ﬁ ¢pfdx A Broapi tialeirtitle Q@uﬁd} fiendritan 70
percent by wei ght, such as no nore than 60 percent by wei % _g?mnth t he

wei ght per CEPHPS 2BbFORPIIFESBTOIShe foFrgoSt H}C%ﬁnéﬁtbf’%‘fﬂeﬁ‘ﬁe‘h% fyrefle The
amount of th&ARRQLEMRGHLR Boskr®S MhAG 6 BUIRHDAA IR indINeé, 96 ROMYREr in the
conmposi tions of t he present ‘i nvention can range between any co i nation of
the recit edciiteaoupsnpriganides. Sraes. prebyipd gthomt G84ablg Gomrquss sshdai n

embodi ment %hos%*ﬂ@wﬁ%@ds%&a@é@i&ééf%h £834dyPanGARPs! tions of the present
invention can further conprise nulti-functional (neth)acrylate nononers
and/ or pol VR, suchﬂ&gmdﬁﬂbgﬁeﬁnﬁnh¢Hﬁwﬁpﬂﬁwﬁ@@ﬁbﬁémmﬂm$@$%iaﬁmm@r hi gher
functional i BRIINBGENRLET hAORGNCRGE Tk QDR Y ERRkEm L he 11 m form ng
bi nder is present & coa ting conpositrons o e present invention in
an anount gnedﬂexﬂﬂhaﬁWBQIwbwgh@hg@mdéﬁﬁmn§ﬁwﬁﬁﬁgyhgiu%mQQEMElght percent,
or, in sone e[ L£an t 1.9 cent bei ng based
on the toté?gﬁﬁﬁgﬁ?ég?éfﬁe 5%% gﬂéﬁﬁdﬁﬁggé ?%%(H%ﬁg aﬁ%@%@gof filmformng
bi nder i.n Khe&ﬁmmﬁmspbbmmﬁﬁeknmheppWamethmm@nﬂhhaUMGammn@ng&ybmimeen any
conbi nation, of the recited. val ue [0027] I n
cortaln entBaeRRADs: LSRRG BIER IS RB o O R RS SR SR e on
conprise a non-chrome corrosion resisting filler. Suitable non-chrone
corrosion resisting fillers include, bt  are not linited to, zinc
phosphat e, such as zinc orthophosphate, zi nc netaborate, barium netaborate
nonohydr ate, cal ciumion-exchanged silica, colloidal silica, synthetic

anor phous silica, and nol ybdates, such as cal ci um nol ybdate, zinc

nol ybdat e, bari um nol ybdate, strontium nol ybdate, and m xtures thereof
Sui t abl e cal ciumion-exchanged silica is comrercially available fromW R
Grace & Co. as SH ELDEX(r) AC3 and/or SHI ELDEX(r) C303. Suitable anorphous
silicais available fromW R Gace & Co. under the tradenane SYLO D(r).



al so conprise additional fillers, such as cal cium carbonate; magnesium
carbonate; netal oxides, such as alum num (al um na), antinony, iron,
magnesi um nol ybdenum silicon (silica), titanium and/or zirconium oxides;
mca; talc; kaolin; clay; celite; asbestos; nontrnorillomte; bentonite;
graphite; pum ce powder; perlite; barite; quartz sand; silicon carbide;
boron fibers; boron nitride; dolomte; hollow balloons; glass; alum num
hydr oxi de; barium sulfate; calcite; calciumsulfate; calciumsulfite;

cal ci um si ki cahgple, tr@a%ﬁhyypélﬁ@r&wﬁa@mgw?@emnqmlema@g/nat@mvmt hyl ene fi ber;
pol yester fiber; and aramd fiber. [qOO O[I'n certain enbodi nents, the

coati ng cohyBeTt Hows. Bk asiggatcHbd iafnjed paigs BplentiNg. 68864, 4conpl et el y
free of chiQmi AWHGORE Riddi JafiJRRE GhichlbSing incBrporafQieRidby BRnthan about 2

wei ght percent of chromumcontaining materials (expressed as Cr03), |ess
t han about [@185 wei ght uspébereint the fer [pabhty e barcais g Dnee BV EES, or about
0. 00001 wej i : ] i pd.ng material s.
Banpl os. ol teniETGEE sl BB R e b R RO 9 o um
tri oxi de, eblyoivnd agolyiboayshydhides reditivly drvafractsmpl goups obr agectmofi¢um

di chromat e iU ' , t ' ' , cal ci um chronat e.
I n anot her 1‘%(%%% ﬁlérrﬂgﬁ? &q{sﬁ)egp %rgléeg'g%tﬁli%%g%%’ﬁ%@@&%ﬁé%ﬁo zeolite.

[ 0031] I n céntthajanrytrbpdiment sdiftrhgorpbdatphaty wethpedinethinegylad pdireeninesent

i nvention are. epbodi e S | i quid coating conposition,that. s

subst ant i a"f%ls \9’éarwp?€f’?13%ﬁ§ﬁl§ﬂ\%aﬁr8?gsfafeepé' esept ag_E ?C%sf% érfaé% d%)éflﬂfey 100% sol i ds
coatings. AstisegdolheeeilnsohdeastsesurhapolyateandsiaahdlyculdOeghodfizg®0. means t hat

t he conpositigon contains .substantially nq valatile argani ol vent. ("VOC"),
and has. oS RIPEPTPPESS ‘S Bar Brb s drotpeondis pel e e et PLHER 1y o

water. |In geidsaia@neNBERITENY 81t col. Relisadvsb anlt §dlney. 100% sol i ds coati ngs of

the present jnvention conprise |ess than 5 pert%ent Vg) a?d v&ter by wei ght
of the coalf¥§! conpoWiceiyh empefivgife Qe OULYREENEAReDIEEILLPYYBY fei ght  of
the coati nﬁ}r&mpﬁﬂeﬁ:be@ﬂﬁg cbilposit®hs 6f thepreGas BSentlod $Sad Ahesdnlofpeleggnd by wei ght
of the coating conposition, and, in yet other cases, VCEtC and ter are not
present i nPEKENOFAFG SEOIAISEIeRSt &R Petens Py We{gébyff‘lﬁi? AP B C nent s,

the coating.&aWROS thizPRSicRlor e oRHesent Th oMen ibdai@ucibodi-ggeas net al
substrate prinmer coating conpositions. As used herein, the term "prinmer

coating compaine (Bp2pRiay ROLIBCT OREI RGN ERT98 e GOBIRESF YIS HINIPEH N

under coat i Rg..HBY, Ren 48RRIk 86 mBR! RarpsEMRRhI Bl weibl, REKIA dRodERAALE t he
surface for application of a protective or decorative coati ngl system Met al
subst r at es peisent byeyeighe viddbewciahtneresnie beisshised pe freridali wrighigethet or  exanpl e,
substrat es cgﬁgpﬁﬁ&i NGhe 3EB&: of bt 1B@afl @%&H)%ﬁhtxeal}yﬁ@ﬁﬁﬁ@el , cold rolled
steel, hot-dipped gal vani zed steél, anong others), "al um num al um num

al | oys, zi momapsiting@hihapreagns inventma| cap page BRIWEHRLY coppigatpmghihsussief| oy, and
al um num p'v@lﬁ@finﬁ‘h?x% of hOR3RlaRfet al substrate primer coating
conpositions o t]he present invention nmay be applied to bare netal. By
"bare" is R0 a vi Agpmvivatlemidakted the radmgomotrae Ehn-formatedundsi pigseaty
pretreatment .conposi tions,. su as, | . .G i phati ng
bat hs, hea\}%thr?é:f) al &P %Sslt,ionéto fé{.ﬁeﬂgea?ntt %fﬁg%%&? E@g?eea%%%’%&tgg St {3’12%:5 bei ng
coat ed w t kothasipg i nevwgopaniagneorhositcinnsdane ethglepicgdbamsatinaiednt i on may be

a cut edge of .a, supstrate that. i.s.ofherw.se treated. d over the
rest of it SO P%Cg ?XT%%%%]% g@fcgruéd%&ﬁ&'VF%@%Ilgg%ﬁgglcgggé tﬁ%cé&%g%r%osi tion of
t he presentsiridtv@ntid fonh it e telStads PawhsiNG &t 861186 becot Gatied 484y, the cisdd be

cl eaned to renov rease, .dirt, or other extranequs tter. Conventional

cl eani ng pr%?%’&d’? 5‘%‘“&%’ mﬁé’i"@’r‘ﬂoglt?h}?ﬁ%}n ﬁ%regeﬁ%l}%ﬁg?m%ﬁggré’%ﬁﬁ?lgfpﬂgﬁ ¥ coul d

i ncl ude, f ayhi@X@REheheilchCku@EtuitstOPEh & Walkddritated [2aneNs, 4,886320ascdlipse t hat
are conmer cj al Ii\f_‘éavai | .abl e, sugh as Parco-C eaggr g}ﬁg gomer Ci alk)lg/

avai | abl e flinght et citeq pertign g high A BFoRHalrd SPERHErEeHRg Be™ForT owed
and/ or pr eggdeskdierdorVat &ktafnl AHBANLRAR dhd BetAREF oyBRibipBSIe B ptifeN be rinsed
with, for exanple, water and dried. Then, in certain enbodi nents, the mnetal
surface mayCBEHRGERIRELG nAEMBHt act with a metal substrate pretreatnment
conposition, such as a phosphate and/or titanium based pretreatnent, anong
others, before contact with a coating -Gonmposition of the present invention.
[ 0036] Certai n enbodi nents of the present invention, particularly the netal
substrate prinmer conpositions, are directed to coating conpositions
conprising an adhesi on pronoting conponent. As used herein, the term
"adhesi on pronoting



conponent™ refers to any material that is included in the conposition to
enhance the adhesion of the coating conposition to a netal substrate.
[0037] I n certain enbodi nents, the adhesion pronoting conponent is itself a
radi ati on curabl e conpound, as is the case with (neth)acryl ates that
contain acid groups, such as the nodified phosphoric acid ester
coirunercially available as EbecrylC) 171 from Cytec, and the m xture of
nmet hacryl ated nono- and di - phosphate ester, conmercially avail able as

Pol ysurf HRweiy om ADRcARIn Ehiestieals the[yQB8}tbdmoashaicomeridigi meodcs- of t he

present i nvention, such an adhesi t|n _ onent conprises a free
aci d. As uSOUPIRGE &YHC SFH%“F&P‘E? eﬁﬁ’k‘% unsf‘% Q?F&a%fl&?go%drcﬁg egggl organi c
and/ or |n0&g@6htﬁlg%h@§mﬁ$iﬁbf @k @rosaig iveatbnas aRas@mRL B GeasidifeaRgIy Of t he

conpositions, of the present invention as ([zﬁ)poselﬂ to an%%am ds, t tﬁt may be

used to foMfisat B‘GHWP lepsh 4 DRRR) PP &eisre SERG OB BCEHD BETE 1357 O e cer t ai n
embodi ment gatuonk bEBe 86hshsiuda! Hp&ﬁaﬂﬂﬁeinlﬂbdlm%ﬂ@ BORshNGcAMPOskL | ons of the
present invention is selected fromtannic acid gylllc aci d, phosphoric

aci d, phospBPEIRE RiTagencioRtRieeLI P I, STRENETPE onggthylenicalfg MpFRIRL t her eof, or
a mxture Lhesietdnd ishk &%b n&h A&ty g&dﬁ@%ﬁum@f U Qr&8H8hventi Hh @€ 8modid/ or

nmet al conpl exes of suc aci ds. 39]In certain enbodi nents, the free acid
conpri ses ahnomgerihan Meﬂ?ems‘l)/cﬂf‘ﬁlﬁt& Stl%{fh%ﬁf@ e ghanils gercent BiWEISht Vithni ns ar e
extract ed PORE F L8 SRl ST RSIEG. aBRI o8kt dccor di ng
to their hkqga§ﬁ5%?§§%$%%§%§%s a) (%ydf%? zabl e tannlns fbf condensed
tannins, ad I(nsa)mn&ieﬂ@d)npmmomwn@@maimgﬁgcmmﬂm%h@F‘V—E&M @dzng condensed
tanni ns. - TaR0IcRRaNAlethuatdd dolifle BERAE e MBSEAR0: I Ghldlf ihbARS chal contain
a tannin ex 1 om nat ur a y occurring p "ants an trees, and are

normal |y refnge bedfeeroarazszomgetlabtbfehet e vglueSoilnsi of theergeitedbilies anni ns

Ao ne tORRRaC o stk mfba Aok WL Rl 80l Wb RANASIREBASLAN ©

t anni ns, a, mangrove, spruce, i en,

watt | es, caieehwmngmamg@ymneeﬁmebammhmvmymOMQMQmwsehemwﬁmmumeod di vi di vi,
val oni a, hi nchona,  oak, etc et abl are not pure
chenical c Wﬁg3%9@§%PPanﬁﬁ&ﬁb%Wﬁﬂ%?dygemnﬁeIn&gpﬁggmgﬁﬁ?%Fﬁﬂiunerous
conponentsunnmhmﬂmﬁ@n@h@ﬂﬁh@ﬁmmpaembgﬁmgmmhumﬁqemtﬂnhm&qmmpn@galIoI etc.
condensed i onplicate uct Q040 n.certain

embodi nent &* yfeﬁié:a‘h gy C@Bﬁﬁh’gﬁg{s - %%Hgtﬁ? erd IGUOTIGERTE s a4 100

per cent or (hephesphe hictordd add/ospidanidh esphphdses @eichepy antlipelyagiseous sol uti ons

t hereof, such as a 70 to 90 gercent phosphoric acid solution. [0041]In
addi tion t §OHPI{RE PRedegpacey]uf 8P e acids, other suitabl e adhesion

pronoting gqeurepnent SEﬁn‘i{)l&r(ﬂ&HﬂBﬂﬂﬁ@;ﬁ:hﬂt(ﬁﬁth)z@ﬂﬂlat@[r@ﬁdikﬁ@hﬂﬁphé)Elﬁttaslﬁ Sui t abl e
organophosphat es and or anophosph]{gjlnatlh es include those discl oaed n United
States Pat dpftuskgsthe preacshgeoginclyie thegsters of gorylic pgl pghacrigic apid guch as

5,294, 265 gfedg@merh)actyidie eBF1 fRufQryiatd, prbpyd Em&B)acidnek, Bo 1526 at col. 2,
line 15 to cct)l%@ 3, |r¥ﬁe 8, ?he cited ortilbons of whi.ch ei@’ng i ncor por at ed

herein by K@P@?%W&é@ @e%ﬁgbmtséb%ﬂﬁ@é%‘mﬂﬁ%r‘i’iﬁl?rbi&“@brrponents may al so
be used. S'-dhﬂs@?icﬁde{{@tr@bpagm%H&ﬁ‘fa@i?laté"ﬁl)ﬁ%ﬁ%ﬂ (ﬁl&ﬁ)&l@ﬁ&?&'@h@@xﬂ' nc , phosphat e,

i ron phosphate, rmanganese cal ci'um phosphat e rragneS| um

phosphat e, (webecty I%ho%th@tl éllleth]aﬁlaflaltﬂr srephib@sHE @yt lﬁ‘?:hﬁ’i%ﬂg anese phosphate,
zi nc-cal ci t Subhadrsiadesehiedin United States
Pat ent Nosl{ﬁr118 ggﬂ%%@ggéﬁ%bgis %16&93 %ﬁgcgﬂg 3 rga 004% Ig}ﬁ, certain

embodi ment s{methbﬁer)é@he@nﬁr(npﬁmlatﬁgSchb(ﬁ@ﬁt)aQiﬂﬁﬁﬁr ¢e§@§mathﬁﬁe§¢ma%q zed
epoxy r esi oels ne or nore
epoxy- func'?il ﬁ&ﬁ@mﬂ&%@’rﬁﬁ%lu@@%ﬁfé ongééo}?a%gg% Iﬁ%g%léﬁgtﬁdﬂggg%ﬁﬁg?%yﬁg mat eri al s.
Non- 1 i mi ti Mgedyanpitessofodsud imathiaeryia, sudeayli(whthzacey |gaiiscabiecyf or use in the

present i nven are Uni.t t 59, 549 at
col . 3, Ilﬁgg E$ME6?I%% e(%ﬁﬁﬁﬁwg%r |5%gg$5@L aﬁfééﬁﬁﬁmpﬁggg%%ﬁated by
ref erence hearedfn, as well as United States Patent No. 7,147,897 at col. 2,
line 13 to col. 4, line 5, the cited portion of which being i ncor por at ed

herein by reference. [0043]In certain enbodi nents, the adhesion pronoting
conponent is present in the coating cog$ositions of the present invention
in an anount ranging fromO0.05 to 20 percent by weight, such as 3 to 15
percent by weight, with the percents by wei ght being based on the total
wei ght of the conposition. [0044]In certain enbodi nents, the coating
conpositions of the present invention



may al so conprise additional optional ingredients, such as those
ingredients well known in the art of fornulating surface coatings. Such
optional ingredients nmay conprise, for exanple, 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 conpatibility problens.
[0045] I n certain enbodi nents, particularly when the coating conpositions of
the pres entooizmwent i R c@tagn érﬂad&&l@w eld n’(b)’lo wcn@di atdinncrylataivonensposi ti ons

al so conpri se Fhot0|n|t|ator ag@%eciated gy.those skilled in
the art, a¥ %ﬂ@YHFFPéFﬁP“é%gﬁfﬁﬁmgFgawﬁﬁFﬁﬁ FPEYEREYARS Fr ansforns it

into Chem GRaburR BEL WaseNAekRB 18, haghttdien ok Léﬂﬂl’)[) pati@By wRhat, iditd ators are
classified in two ngjor grou ps based upon_a node of action, either or both

of which nﬁ?%ﬁﬁxﬁ§éﬁbpﬁg ﬁ@d@BHﬁﬁg@kW%ﬂgOBwﬁfﬁﬁmﬁF§§eﬂiu¥%Went|on

Gl eavage- t ypgoRROHQIY hbd BhSiohN G hE@RACRS ABNANL BETor R1Hr NGkl iPhenones,
benzoi n ethers, benzoyl oxines, acyl phosphine oxides and bi sacyl phosphi ne
oxi des andthricgrtineesmphritians Pl thlyesseTa SR HRAMMIE of 1 19 EBRL0i nel ude
benzopheno HANS, wahk hkatuk B
carrphorqwE{%‘rﬁ’aﬂwbgQIIe pgﬁgm%ﬁggg?gaﬁgfgﬂﬁgngﬂﬁrit%&eslthereggtm?%%ﬁG]SpeC|flc
nonl i mi ti ngeiex barpd esthefotghverigit nfﬁlpa‘?lﬁlP%mtOhaThW%éoﬁ}é%@OB‘eW%ﬂ%al

benzi | ber it B R e A R e R e o
acetophenonngebﬁn@@pﬂgmombmamwnﬁﬂuuchwdNdb@ﬂz@gﬁﬁﬂﬁﬁhﬂﬁmwdVﬂu%

oo T N st Tt AT L REAROR0 ARl L DRINAGRLORNEARNE or b LT ONeS:

t he 0" seriesS of Tni rs avail [ abl e ron1 ect oup

2 hydr OXY - PreEtt bk ntich-cpi &k pronypsise mulurfenctmaﬁymcm)am&m oheoydrs pliémy |
2- benzyl- 2-

ket one, 2- |so xant one
dlnethylanpﬂg m(dmhﬁ %ﬁﬁﬁ?ﬁBgH@ﬂiT&wﬁgbu a%%ﬁg%l%%y BRE5hi ne oxi des,
e.g., 2,6- (ﬂbmﬁkﬂ&hbenzoyldlphenyl phosphi ne oxi de,

2,4,6-trine benzoyld| hos oxi de,  Dbis | benzoyl )
pheny phoé@ﬂ% e oxﬂi‘iée""l @“ WF%?Q%QﬁEd@PHW%HQHV]%W%%%Epﬁéaam{@% and

2, 6- di met hQyy mi@ybﬂmpﬁ%§mkph@ﬁnhumal@muﬁEgehmsanyMpﬁﬂgpmmmeunmnmes e.g.,
b|s(2 6- di net xybenzoyl)-2,4,4- trine $ éﬁf hospthe OQ]de
b1 905, 6 di HEhA RSBy Sy gorgin Somt FsErop ) SR T e
(2,4,6-tri m&tcaﬁlbgﬁgz»%hbn Eneé%otérwélgmrasemlaybmgmhp@a&mhrmealmsmef filand

bi s(2, 6- dlchlorobenzoy )-2,4,4- trlneth%Pﬁg Iéjg %ép gﬁ oxi de, and

m xtures t AaPees binden okt popasitions of BeRTS on g Pﬁﬁnéﬁhp05|t|ons of
the present B\l @heGOaRl ivaBeOinBidsivortig: rdéitcRebeNt by wei ght of
photoinitiator or, in some enmbodinents, 0.01 up to 10 percent by weight,

or, in yet [$iZRbr embiFdrPTEResbodmens. i jogting Cﬁé}@&@ﬂ?ﬂsw} dﬁéﬂ”‘éﬁ‘ft igyfention

phOt oi ni ti %Bﬁ[mﬁaa%q - ARt 8 rdo@bResi@idNter OfuitabR neRRkloRE c6REMASI tion. The
amount of photoinitiator present in the coatin conp05|t|ons can range

bet ween anyesistind fiHers inshidefbut pregiet Naiadds, Zigdhogngte. Wb &40 eci t ed val ues.

[ 0048] | 0 by RIROA RO Bora NAGRIRAMoHLONS M alliCcAER AL T Nvent i on
conprise a co used ﬁereln the term "col orant”™ neans any

subst ance tEh@ktangﬂdrﬁpiszﬁi®ll@dﬂlcﬁnllcarﬂﬂ’ﬂfdiptlcbﬁﬂmh0@b%lb% yngmalybiatest veh avi sual

el fect | Lo, WhRAGPROBLAL o Hifbae! BHARmARNROARHG] iy £aa I ng In any
sui tabl e forn1 such as’'di scre articles 3|sper5|ons sol utions and/ or

fl akes. A siirgtes tieodabr amtabbercahmm mwméiaogedtmamcomneem@l&ﬁ oeddisirgan be used

th t t | ud
oi gront 5. -y ke 410 & SEETR e B R0 S REREERE SRBE0C: 7y Anal or

listed in mhﬁqmmysﬁn&mﬂawmmuéﬁomUNeRsGwss&dkaumbnﬁkEﬁmﬁwnw§§1ﬂéD® as
speci al effect caonpositions. A col ant d a finely
di vi ded sol 0B adePPYREAC 1 SOPHEHT EH? ?ﬁdﬁ?@iﬁﬂgé Epﬁgaég%bltlons of

use. A col apant can be organic or |norgan|c and can be aggl onerated or

non- aggl onerat ed. Col orants can be incorporated into the coatings by use of
a grind vehicle, such as an acrylic grind vehicle, the use of which will be
famliar to one skilled in the art. [0050]Exanp|e pi gnents and/ or pi gnent
conpositions include, but are not limt’ed to, carbazole di oxazine crude

pi gnent, azo, nonoazo, disazo, naphthol AS, salt type (I|akes),
benzi m dazol one, condensation, netal conplex, isoindolinone, isoindoline
and pol ycyclic phthal ocyani ne, qui nacri done, perylene, perinone,

di ket opyrrol o pyrrole, thioindigo, anthraquinone, indanthrone,

ant hrapyri m di ne, fl avanthrone, pyranthrone, anthanthrone, dioxazine,
triaryl carboni um qui nopht hal one pignments, diketo pyrrolo pyrrole red
("DPPBO red"), titaniumdioxide, carbon black and m xtures thereof. The



aqueous based such as pthalo green or blue, iron oxide, bisnuth vanadate,
ant hr aqui none, peryl ene, alum num and qui nacri done. [0052] Exanple tints
include but are not limted to, pignments dispersed in water- based or water
m sci ble carriers such as AQUA- CHEM 896 conmercially available from
Degussa, Inc., CHARI SMA COLORANTS and MAXI TONER | NDUSTRI AL COLORANTS
comercially avail able from Accurate D spersions division of Eastnman

Chem cal, Inc. [0053] As noted above, the colorant can be in the formof a
di sper si on[§028] udi ndin chiwtin B@bodiinedtt efdht preseat ingeamopa e \metightdfutt;)pélt@i on.

Nanoparticl e dispersions can .include e o re hi

nanoparti cl %te%(Bpg’PQélr&h’ém%W?FSFm%Belsﬁfl%@%ﬁéor{“? ga}aéago%'ﬁ%hb%Pg%z%le H§ desired

vi si bl e coIbgfdeﬁmdﬁwoa@%aﬁhﬁpys@ﬂwcmthe\{jr@etalmveﬁtfce_di frommjpat)ﬁtlc behds sper si ons
can include col orants such as %&lﬁrrents or dyes. havi icle size of

Cous than. D5godHs cie rroabt e bt PR sroRn ER o sk lly QG T te rdink

Nanoparti cleg§.-6aRnPEind: Ol the 88mpokitnb bf ﬂﬁ@p&idﬁﬂﬂﬁv@ﬁ@ﬁ.ﬂmﬁa@g’e Hetvadeg @y C
pi gnents with grinding nmedia having a particle S|ze of less than 0.5 nm

Exanpl e naﬁ@lﬁhlfnﬁﬁl@lQit*éﬁf%@ﬂé’?’éi?@“&ﬁﬂ"%td?f‘dﬁ@mﬁé’? Yfaki ng them are identified

in US. Paygglg) No. GIH%Zéalﬁ%b%meﬂmltﬁéﬂcdaﬁng RERHRGSRI the Bessait Mnidnef er ence.
Nanoparticle di spersions can al so roduced by crystallization,

preci pi t at iabn cogagsepddisonad GHeerssh ?Sd—‘r*"iﬁl@h%?ﬂ&ﬁ‘é% Bagnes{pm CAPPRE: éTfewé

partial disg eytsh M- alquHmﬂﬁ gﬁ’lﬁmﬁl% R RAIH, Zifon! ﬁaﬁﬁﬂhﬂnﬁﬁﬁﬁdléﬁﬂmoﬁhcon

nanoparti cles W|t In the coati ng, di spersion of resin-coated

nanoparti cl(@coanaen asdor ngmu@@dldlqéméi:% talgy kaqlins play: SPIR 269CSto8si n- coat ed

nanopar ti cl S@er: Peri Ghied: SusttSREL: SBdofi screet
‘conposi telﬁﬁ)né?]é&g% %&L&lt&rﬂéggdh%%ﬁﬁ se a %aﬁ{gpartl cl auand a res(l)n coating

on the nanapeide; bdnen fiErsiootoa m@geilomﬂwmsh@}bwrlﬁg(i’%s{%ﬁﬁ @dumiapBparticl es and

met hods for Kin hem gre. d nt| U t 85.:0at &0l Appl i cation

Publ i cati on" glg)égi © 1548 %F caPCeL 3198&1%2} &%Lgiﬁtlé Br ovii%s%t%nal

Appl i cat i orpolesiuGGit482, ﬂlalibdemhmd:uﬁunﬂaommymﬁﬂberanﬁb’e@ﬁr filed; s8d ateenid Pat ent

Applicati ng Serial No. 11/337,062, filed January 20, 2006, which is also

i ncor por at Pher ei n by reference. [0054] Exanpl e special effect conpositions

that nay bgoexgd in Irhertmﬁrmﬂ»sahtneoﬂssm@«‘:oatih@ccpmwsia‘nms eirmmsmilttﬁﬂiyii‘ml ude

pi gments and/or conpositi ans t.hat .produce o p effects
such as ref¥eCraHEE S CHEYRP 8‘5@&?8@1? 81?'?3?%“? F%masl i Aet othg(?t{et%gge%Sce

f 1 uor escencgan RO DEApRFeRBRt df Dl oBensoitiiving matehhﬂe l(rmprala$ed s €nQs), less

goni ochr om sm and/ o col or-chan Addi ti na.I nposi tions
can provi dedt #HeH %%‘ﬁlftlpﬁ’fcénlp??8]br8}l]fll‘r’é§on %‘ﬁ‘g%n Ee’“%pa |[j°u%§t00§@xture In a

non-1imtinge; bitRRtin seReGh&| n@éﬁr@ﬁhrxpmﬁﬁmgmlﬁaﬁalﬁaﬁnapmmdwﬁe a col or

shift, such t the col or of the lga%g % he, coat | n is
viewed at cﬁW‘?@FB’rﬁon‘é‘H’@;{f%a‘w@%‘ﬁﬁﬁu P‘B a8l RPN EEHT CHEISTS

identified jpRydide,; diBablnk sMR-suéh HWhrtHEum diokomper atiieh diek[reﬂnﬁleby r ef erence.
Addi ti onal ror ef fect conpositions can i ncl ude#wgns%ar ent coated mca
and/ or synthPé%Sﬁlémrﬁl%om%% Apd geleipmchEpmais, Jp aRPHEr § medl, the B r ent | qui d

crystal pi %B?fﬂ}osuléns'doﬁddln%o%b!ﬁtfea' coating, and/or any conposition wherein
interference results froma refractive index differential within the

material an@03bt beciussstaisrenedingeats; BE CPAHBS FHARKRORT Pldheriereal PBEiRBen t he
surface of fhe,ABdi&f 43! hq‘fﬁﬂl%oﬁt}l% RdpositiQP@alit Rivsenengkolvédigres @hOw@BL can be
present in any anount sufficient to inpart the desired visual and/or color
ef fect. Thefr@oll or amhstanrally s rolide cpatgs. 14T wedberpigi Gntermepderptidly t he
present COW thﬂ?smeaiy @8 c&rﬁgcmt% tBnAfls A’M%kt%t{aup% leﬁﬁle%f aﬁwt 0 35
wei ght percent, perc gase on the total wel ggt t he
conposi t i onsledt ¢NOP), esdahms dsypntaity zorn er{ll@ﬂﬁﬁpﬂ'ﬁ@cemqoﬁ@%@hwl@ﬂmns of

t he present_invention can i Lncl udi ng
those descrpEEH i CREEXARD ngsn? er esﬁ%&é’@%@%@?g"i %‘%gé gooahp%slm %Sgnt be ni xed
usi ng, for marmheomﬁ]ﬁserlésedlahérﬁes:,entdﬁf@é(ahd/wmsr by mght@fﬂlgcpmngne di ssol vers,

bead mlls, stirrer m|l ati.c xers opri ate,
it is carri SYMRAEEORT ﬁoné‘?(%als‘EPSIF% rtlhaé‘frE pagfeflﬁnl?ycwelr}glo @egéﬁﬁnﬁ%\gﬁé%}t%?lg{npfevent
damage to the coating of the invention ich is curable wth actinic

radi ation. In the course of preparation; the individual constituents of the
m xture according to the invention can be incorporated separately.
Alternatively, the m xture of the invention can be prepared separately and
m xed with the other constituents. [0057]1n certain enbodi nents, the
coating conpositions of the present invention are suitable for deposition
by roll coating in a nmetal coil coating operation. Coil coating starts from
a sheet of netal that is in the formof a coil. In certain enbodi ments, the
_metal sheets of the coils have a thickness of from200 p.mto 2 nm



art, the nmetal coil passes through a coil coating line at a speed adapted
to the application and curing properties of the coatings that are enpl oyed.
The speed nay therefore vary very widely fromone coating process to
another. In certain enbodinents, the line speed is from10 to 200, such as
12 to 150, 16 to 120, or from 20 to 100 m m n. [0059] The coatings of the

i nvention may be applied in any desired manner; for exanple, by spraying,
fl omcoating or roller coating. O these application techniques, roller
coating caRehfhdd@kidel,qitk afahY pagviany ageousst @nebatisy tdwgjostion an@fit gn used. Each
application step in roller coating may, be conducted,usin% two or nore
rol1's. To BEep&ses CH@dyvasgiinfedof Bresdt ol FoaiRat g ayi@tati on, it is
desi rabl e t[ditﬁstz?t he cating c&esResSkE, i@l dRPoRiQs ONthe pRYENdveRidave a
hi gh shear (1Cl) viscosity at 50C of no nore than 550 cps,. in sone cases,

S,
no nore thar SUDAEgSs TEGE SPHEFPHORERCISPAUNBEOPPRIERE. ?‘ﬁ%ﬂgiﬂﬁlﬁ‘; e gy scosity
i s neasured or di: : : : ihoRd trdih SicRhgar Vi scosity
Usi ng and cﬁ‘rqulflpOg%‘g‘h’gc\??@ﬁhgl?gr%%&%grﬁl%gﬁ thod D 4287-00). [0060]In
rol | er coatinfgcoating napbatiépesitadioplosupsiale igiopksr onrepag hesercdioF of the
coating of I t L CcQoal i.ed. This
coating is a#ﬁgcﬁgﬁlg?%e%g%@tﬂ@%éﬁ%ﬁ%&gﬁéﬁ%ﬁ% %ﬁ%}nr. g‘?ﬁ?g%@ﬁ?@%ﬁa{ Bee:st one
transfer rabhted with simd coopedtitiiong inchypl foceraimple. subktratescpomititd $edt atter rol |,
the coating. is transferred onto,th id J T, i or
count er di rg'é’fﬁlgwgle?%{&o a%"@ 1Z‘fd:s§%eé’ 8ﬁ.r8%dtsée%§{;&?@@$ef}%htv Iggégggtg%’ hlglg t he
i nventi on nwEerd)ealpuinpedaldinineot dilgyd, nino-aBingam aioyrisgebweing emhiawmer ol | s, this
bei ng ref eréﬁed to ﬂé’ét hc?)sle in t?et arl.,as nip feed. [0061]In roller coating,
the peri phét i uiBRLo% 2B APREUB RIPEL ¥S1 | and application roll may vary very
greatly frqoeizie coatha@efyoems pionancitihecomfdseioapp theptsconinroition of t en has
a peripheral speed which is frgm‘llq, to 125% of th. ?Lonial gggtebd and the
pi ckup r ol IMayfecpPlisdso Jars apeialn By abarg s Bgadla; UR A RO 19 6% of t he
coi | speed.ychQRQ62 Ay pRIEANBnCIDONI RS, sHich dshér eoatplagovemposi ti ons of the
invention are applied so as to result iﬁr}lga' CLi[egr coat | ng havi % adry film
t hi ckness dhestiarng bppali: beayy metakiinsgs: §€ HYIGHICR Yo df%‘nﬁt.alﬁu PRSSHEcases from
S5 to 10 pmeoh@d SYMBLEATRS cHARICO P& itndoPhdpredidinvémiontagbe easesge from 6 to
9 pm [0063] The application met hods descri bed a&ove can ‘glﬁ enployed with
t he coati ngfiet Ry st Q“PF‘WFEﬁa‘?%@dg’éﬁ?ﬁt‘?Pg%veb SIRELS TR Pon are
over coat ed,jggxfiept WRRIoR: IpBYndH RiRQ\WELINg CORDOND R IRIPRES iBlengdrgCt r OCOat
materials, for which the customary and known, special application nethods

are used, ghemeuwbsubsiant odscarPtmpbipehe Fngy oFgIPIE S C45 8" 8P ow speed
coi l's or thg. powder.¢loudn fhashetlefiRCRsSdns Mftenaas®s Biy t¥ ghspeed coil s,

and cat hodi c el ectrodeposition coating. [0064]If two or nore coating
material s dffesappleride cenld inlyde fier cxample caad PrigoBpakainr Slanerhs &% carried
out in an 3ppLORL LA SRy GRIBE, bicASs PhBo-MHatd B¥RoAMmefRAE appl i cations
and, where appropriate, curirng stations are interposed in series.

Al t er nat i velvgilatiofrbpWenkelabhd inplicdtion obsngh elgrienymef be fallowqdragd/og oat i ng
material, i, I; of the invention, the coated coil is wound up
agai n and igﬁeﬁ(é&ng%?%\%%tdﬂé%gbn one or both sides with second, third, etc.
coat i ngs i No&3¥econd,Tht hieratisurremay theh be vaged mgth| fonexanpBo®8eFuld digilng t he
production gf the coate 115, t ocessed
further at anotfier apl g%lg?&gliﬂ]t‘%r&hea %leﬁ Yy, ceﬁ%&ﬁ%gﬁ@n%?ggté@g@t urt her as
t hey cone dinétdubytradia @ardaheent odrhpsdiahi sagh apephatpbete.andortithmetdasd, t hey may

be lam nated with plasticg or provi eg Mt h renovabl e.praotective fil nms.
After cutti W@“‘?W%‘Raﬁ?ﬁ%ﬁa’ie’% %%%Ves?f’ & “ﬂ\?%r cgatt Cé)i/npﬂ%tf/é)nbogt%er%%see . Exanpl es
of suitabl einsétaphng net hods include pressing and deep drawi ng. [0066]1t was
surprisingl %Ogélscoverc%gtaiglg%} bdilrnr(l,nt{g1 % E:%?erggnet 'II\}QJAG}IEPOHE Qaerugﬁa%syelﬂé 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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invention, a substantially solvent-free coating conposition could be
produced having an |1Cl viscosity (described earlier) at 50C of no nore
than 550 cps, which is particularly suitable for roll coating application,
by mai ntaining the weight ratio of the non-chrone corrosion resisting
filler to the radiation-curable filmformng binder at a |level of no nore
than 0.5:1 and that, while such a relatively lowratio is enployed, the
coating conpositions of the present invention can still exhibit favorable
COrrosi on kespsicancefepnoper hiesal tHibisemveled id there@npsitino towebehet dre chr onmat e
pretreatment of the nmetal coils.in orde l%g obtai n desirable corrosion

pr ot ect i on 2916687 Cﬂ@@&“ﬂ@?@Wﬁ?t?ﬁ8“¥%F %% rosi on resi stance
propertiestogsgiers tm dehan BRBSUMESIEMe Qe frOQbY Pmevent s arelon a met al
substrate utilizing the test described . in ASTM ?117 QSaIL Spray Test). In
this test, RHHIBSHEEY copBedatsas e cEMifdpeRyach et ran g 2d SHEESt he bare
netal substgat R meNSaiBed prReshosit BEY Ead@omicRiAKeMailBleas BbécRak 1Gh@sher where
an aqueous salt solution is continuously msted onto the substrate. The

chanber i s Grificnengli themiagre of pehaergaed Popgrend duprosPhAffeEsEh SPRICS{AEt rate i s

exposed t 0 {Aepsalp SREAKPRNTYIA AMIERPT (REmRagPeci fied period of time, such
as 250, 500 or 1000 hours. After exposure, the coated substrate is renoved

from the td8@38thanbel wreinevipdaeesdof bp Pest BIPBivnaliehey 1HesYer i be.
Corrosi on i g, NEASWLERRY: coiiirs SER sl GRS oglafinnetteasqt ke total

fed
di st ance tﬁ%gcor205| n has trav§1e§ across the scribe neasured in
m | | i met er sueawernéamyass @eatiethdidn atorgahis agidathiahyye shdesistd sepasatef t he present
invention "exhibi A |.&. L 0S| £ PLORELEAES tHal ans that
the scri be raeiLeh Y SpaRsGof Y IRE kP b PR RRRRITY (B8 thluf?P
substrat e (tensédudifogn hpdlydephediagdk peesint edthe cappositiopoltcedaini t h a coati ng
conposition of .the present .invention.i nor han L L] ers after
testing in e&%@@f%&ﬁ’c@e\?\ﬁ&% Fim%gfﬁ'/ﬁﬂgl\ff&u?oﬁ're g%lg}éﬁgalﬁ)s ] rlllggmgg {feg%tf)r ay
envi r onmentinvenQO68]stlet s iromtamng ahlegdlinvaeit, porphore actdeptfospoows agdexanpl es,
whi ch, however considled as.Lim gl

o,

er, gre not to be c , he. i ' to their
details. UfHESEGHEPHF %%81 %“%Fé%ﬂ"&&}ere 1°" par télreancfg(g'etrsglgar%e%glg&%vgyt he
foll owi ng exani K&ys, asideg lahd/asméthirc@umgleaey oftsheh spieci fi cation, are by weight.
EXAMPLES [ 0069] Coat i conposi tions were prepared using the conponents and
wet ght's (1 06 Ams) R rpanrens. ons PG Ere Srtiaian b Bau ng

conmponent s thirde £id, Qe taBkint ahhensesstlactn demn vagodsgldnorundiubds vehictowihés bl ade
for approximtely 30 m nutes

o1 SPPOX TELeLY 0, MLONLES L2 SEMRYE. . Py LSRR i gy coropents 10
After m Xi NGnidiBeL@Aihd)8nd\@P mi:@a ehnin® Eord@dfing BathihgdrolyZBl dndondeéasg@onent No.
Material Iztgr?nqlrl)s;l. %ann'ms useful in the present invention include those that contain a tannin

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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[0041] In addition to or in lieu of such free acids, other suitable adhesion
promoting components are organophosphates, and organophosphonates. Suitable
organophosphates and organophosphonates include those disclosed in United States
Patent Nos. 6,440,580 at col, 3, line 24 to col. 6, line 22, 5,294,265 at col. 1, line 53 to
col. 2, line 55, and 5,306,526 at col. 2, line 15 to col. 3, line &, the cited portions of
which being incorporated herein by reference. Metal phosphate adhesion promoting
components may also be used. Suitable metal phosphates include, for example, zinc
‘phosphate, iron phosphate, manganese phosphate, calcium phosphate, magnesium
phosphate, cobalt phosphate, zinc-iron phosphaie, zinc-manganese phosphate, zinc-
calcium phosphate, including the materials described in United States Patent Nos.
4,941,930, 5,238,500, and 5,653,790.

[06042] In certain embodiments, the adhesion promoting component comprises a
phosphatized epoxy resin. Such resins may comprise the reaction product of one or more
epoxy-functional materials and one or more phosphorus-containing materials. Non-
limiting examples of such materials, which are suitable for use in the present invention,
are disclosed in United States Patent No. 6,159,549 at col. 3, lines 19 to 62, the cited
portion of which being incorporated by reference herein, as well as United States Patent
No. 7,147,897 at col. 2, line 13 to col, 4, line 5, the cited portion of which being
incorporated herein by reference.

[0043] In certain embodiments, the adhesion promoting component is present in
the coating compositions of the present invention in an amount ranging from 0.05 to 20
percent by weight, such as 3 to 15 percent by weight, with the percents by weight being
based on the total weight of the composition.

[0044] In certain embodiments, the 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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radiation during cure and transforms it into chemical energy available for the
polymerization. Photoinitiators are classified in two major groups based upon a mode of
action, either or both of which may be used in the compositions of the present invention.
Cleavage-type photoinitiators include acetophenones, a-aminoalkylphenones, benzoin
ethers, benzoyl oximes, acylphosphine oxides and bisacylphosphine oxides and mixtures
thereof. Abstraction-type photoinitiators include benzophenone, Michler's ketone,
thioxanthone, anthraquinone, camphorquinone, fluorone, ketocoumarin and mixtures
thereof.

[0046] Specific nonlimiting examples of photoinitiators that may be used certain
embodiments of the coating compositions of the present invention include benzil,
benzoin, benzoin methyl ether, benzoin isobutyl ether benzophenol, acetophenone,
benzophenone, 4,4'-dichlorobenzophenone, 4.4'-bis(N,N'-dimethylamino)benzophenone,
diethoxyacetophenone, fluorones, e.g., the H-Nu series of initiators available from
Spectra Group Ltd., 2-hydroxy-2-methyl-1-phenylpropan-1-one, 1-hydroxycyclohexyl
phenyl ketone, 2-isopropylthixantone, ¢-aminoalkylphenone, e.g., 2-benzyl-2-
dimethylamino-1-(4-morpholinophenyl)- I-butanone, acylphosphine oxides, e.g., 2,6-
dimethylbenzoyldlphenyl phosphine oxide, 2,4,6-trimethylbenzoyldiphenylphosphine
oxide, bis (2,4,6-trimethylbenzoyl) phenyl phosphine oxide, 2,6-dichlorobenzoyl-
diphenylphosphine oxide, and 2,6-dimethoxybenzoyldiphenylphosphine oxide,
bisacylphosphine oxides, e.g., bis(2,6-dimethyoxybenzoyl)-2.4,4-
trimethylepentylphosphine oxide, bis(2,6-dimethylbenzoyl)-2,4,4-
trimethylpentylphosphine oxide, bis (2.4,6-trimethylbenzoyl)-2,4,4-
trimethylpentylphosphine oxide, and bis(2,6-dichlorobenzoyl)-2,4,4-
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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imparts color and/or other opacity and/or other visual effect to the composition. The
colorant can be added to the coating in any suitable form, such as discrete particles,
dispersions, solutions and/or flakes. A single colorant or a mixture of two or more
colorants can be used in the coatings of the present invention.

[0049] Example colorants include pigments, dyes and tints, such as those used in
the paint industry and/or listed in the Dry Color Manufacturers Association (PCMA), as
well as special effect compositions. A colorant may include, for example, a finely
divided solid powder that is insoluble but weitable under the conditions of use, A
colorant can be organic or inorganic and can be agglomerated or non-agglomerated.
Colorants can be incorporated into the coatings by use of a grind vehicle, such as an
acrylic grind vehicle, the use of which will be familiar to one skilled in the art.

10050] Example pigments and/or pigment compositions include, but are not
limited to, carbazole dioxazine crude pigment, azo, monoazo, disazo, naphthol AS, salt
type (lakes), benzimidazolone, condensation, metal complex, isoindolinone, isoindoline
and polycyclic phthalocyanine, quinacridone, perylene, perinone, diketopyrrolo pyrrole,
thioindigo, anthraquinone, indanthrone, anthrapyrimidine, flavanthrone, pyranthrone,
anthanthrone, dioxazine, triarylcarbonium, quinophthalone pigments, diketo pyrrolo
pyrrole red (“DPPBO red”), titanium dioxide, carbon black and mixtures thereof. The
texms "pigment" and "colored filler" can be used interchangeably.

[0051] Example dyes include, but are not limited to, those that are solvent and/or
aqueous based such as pthalo green or blue, iron oxide, bismuth vanadate,
anthraquinone, perylene, aluminum and quinacridone.

[0052] Exampte tints include, but are not limited to, pigments dispersed in water-
based or water miscible carriers such as AQUA-CHEM 896 commercially available from
Degussa, Inc., CHARISMA COLORANTS and MAXITONER INDUSTRIAL
COLORANTS commercially available from Accurate Dispersions division 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 pignients or dyes having a particle size of less than 150 nm,
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such as less than 70 nm, or less than 30 nm. Nanoparticles can be produced by milling
stock organic or inorganic pigments with grinding media having a particle size of less
than 0.5 mm. Example nanoparticle dispersions and methods for making them are
identified in 1J.S. Patent No. 6,875,800 B2, which is incorporated herein by reference.
Nanoparticle dispersions can also be produced by crystallization, precipitation, gas phase
condensation, and chemical attrition (i.e., partial dissolution). In order to minimize re-
agglomeration of nanoparticles within the coating, a dispersion of resin-coated
nanoparticles can be used. As used herein, a “dispersion of resin-coated napoparticles™
refers to a continuous phase in which is dispersed discreet “composite microparticles”
that éomprise a nanoparticle and a resin coating on the nanoparticle. Example
dispersions of resin-coated nanoparticles and methods for making them are identified in
United States Patent Application Publication 2005-0287348 Al, filed June 24, 2004,
U.S. Provisional Application No. 60/482,167 filed June 24, 2003, and United States
Patent Application Serial No, 11/337,062, filed January 20, 2006, which is also
incorporated herein by reference.

[0054] Example special effect compositions that may be used in the compositions
of the present invention include pigments and/or compositions that produce one or more
appearance effects such as reflectance, pearlescence, metallic sheen, phosphorescence,
fluorescence, photochromism, photosensitivity, thermochromism, goniochromism and/or
color-change. Additional special effect compositions can provide other perceptible
properties, such as opacity or texture. In a non-limiting embodiment, special effect
compositions can produce a color shift, such that the color of the coating changes when
the coating is viewed at different angles. Example color effect compositions are
identified in U.S. Patent No. 6,894,086, incorporated herein by reference. Additional
color effect compositions can include transparent coated mica and/or synthetic 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 (o 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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weight percent, with weight percent based on the total weight of the compositions of the
present invention.

[0056] The coating compositions of the present invention can be prepared by any
suitable technique, including those described in the Examples herein. The coating
components can be mixed using, for example, stirred tanks, dissolvers, including inline
dissolvers, bead mills, stirrer mills, static mixers, among others. Where appropriate, it is
carried out with exclusion of actinic radiation in order to prevent damage to the coating
of the invention which is curable with actinic radiation. In the course of preparation, the
individual constituents of the mixture according to the invention can be incorporated
separately. Alternatively, the mixture of the invention can be prepared separately and
mixed with the other constituents.

[0057] In certain embodiments, the coating compositions of the present invention
are suitable for deposition by roll coating in a metal coil coating operation. Coil coating
starts from a sheet of metal that is in the form of a coil. In certain embodiments, the
metal sheets of the coils have a thickness of from 200pm to 2 mun.

[0058] In a coil coating operation, as will be appreciated by those skilled in the
art, the metal coil passes through a coil coating line at a speed adapted to the application
and curing properties of the coatings that are employed. The speed may therefore vary
very widely from one coating process to another. In certain embodiments, the line speed
is from 10 to 200, such as 12 to 150, 16 to 120, or from 20 to 100 m/min.

[0059] The coatings of the invention may be applied in any desired manner; for
example, by spraying, flowcoating or roller coating. Of these application techniques,
roller coating can be particularly advantageous and is therefore often used. Each
application step in roller coating may 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 sonie 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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application roll. From this latter roll, the coating is transferred onto the coil by means of
codirectional or counterdirectional contact iransfer. Alternatively, the coating of the
invention may be pumped directly into a gap or nip between two rolls, this being referred
to by those in the art as nip feed.

[0061] In roller coating, the peripheral speeds of the pickup roll and application
roll may vary very greatly from one coating process to another. The application roll often
has a peripheral speed which is from 110 to 125% of the coil speed, and the pickup roll
often has a peripheral speed which is from 20 to 40% of the coil speed.

[0062] In certain embodiments, the coating compositions of the invention are
applied so as to result in a cured coating having a dry film thickness greater than 2.2 pm,
such as from 4 to 12 wm, in some cases from 5 to 10 um, in some cases from 5 to 9.5
um, and, in other cases, from 6 to 9 um.

10063] The application methods described above can be employed with the
coating materials with which the coatings of the invention are overcoated, except where
they are powder coating materials or electrocoat materials, for which the customary and
known, special application methods are used, such as electrostatic powder spraying in
the case of low-speed coils or the powder cloud chamber process in the case of high-
speed coils, and cathodic electrodeposition coating.

[0064] If two or more coating materials are applied during the coil coating
operation, this is carried out in an appropriately configured line, in which two or more
applications and, where appropriate, curing stations are interposed in series.
Alternatively, following application and curing of the first coating material, i.e., the
coating of the invention, the coated coil is wound up again and is then provided on one
or both sides with second, third, etc. coatings in 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.

1H00066] It was surprisingly discovered that, in accordance with the present

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

-16 -



0.45 0.6 0.45 0.45 [IC Viscosity at 50C (centipoise) 680 500 750 520 500
Commercially available from Sartoner, Cytec, or BASF. 2 Commercially

avail able from Sartonmer. 3 Comercially available fromRahn. 4 Commercially
avai l abl e from ADD APT Chem cals. 5 Commercially available from G ace.

ICI viscosity (described earlier) at 50°C of no more than 550 cps, which is particularly
suitable for roll coating application, by maintaining the weight ratio of the non-chrome
corrosion resisting filler to the radiation-curable film-forming binder at a level of no
more than 0.5:1 and that, while such a relatively low ratio is employed, the coating
compositions of the present invention can still exhibit favorable corrosion resistance
properties. Moreover, there is no need for chromate pretreatment of the metal coils in
order to obtain desirable corrosion protection.

[0067] As used herein, the term “corrosion resistance properties” refers to the
measurement of corrosion prevention on a metal substrate utilizing the test described in
ASTM B117 (Salt Spray Test). In this test, the coated substrate is scribed with a knife to
expose the bare metal substrate. The scribed substrate is placed into a test chamber
where an aqueous salt solution is continuously misted onto the substrate. The chamber is
maintained at a constant temperature. The coated substrate is exposed to the salt spray
environment for a specified pexiod of time, such as 250, 500 or 1000 hours. After
exposure, the coated substrate is removed from the test chamber and evaluated for
corrosion along the scribe. Corrosion is measured by “scribe creep”, which is defined as
the total distance the corrosion has traveled across the scribe measured in millimeters.
When it is stated that the coating compositions of the present invention “exhibit
favorable corrosion resistance properties” it means that the scribe creep exhibited by the
metal substrate, such as a steel substrate (including hot-dipped galvanized steel), coated
with a coating composition of the present invention is no more than 2 millimeters after
testing in accordance with ASTM B117 for 250 hours in a salt spray environment.
[0008] Mlustrating the invention are the following examples, which, however, are
not to be considered as limiting the invention to their details. Unless otherwise
indicated, all 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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6 Commercially avail able from Heubach. 7 Commercially available from
Lanxess. 8 Commercially avail able from Degussa. 9 Comercially avail abl e
from Huntsman. 1Commercially available from G ba. 11 Comrercially avail able
from Cognis. Test Substrate Preparation [0070] The conpositions in Table 1
were applied over al kaline cleaned HDG steel using a wire wound drawdown
bar. The conpositions were applied at approximately 0.2 mls (5.08 um dry
filmthickness and cured with a Fusion 600 watt/in H |lanp. The energy and
intensity adtiputa WHsg263 NéitcmwihpbhMAsaiido 12 8EmAl ey hiNMAn{dragisdsivoedndM t h an
BIT W Po ck) ubse ue y oi | topcoat rastar TM HP 7000
connerC|a¥ﬁ§L§V5 i@b énPF ﬁ1&é§”?ﬁﬂ%§l P@gﬁ‘ﬁﬁ§&§é§¥a@H“69§¥ the priner
with a wire wound drawdown bar at approximately 0.75 mls (19 unm) dry film
t hi ckness and cured in a gas fired gven for 30 seconds at 450F peak netal
tenperature. Salt Spray Results [Oéiiﬁéélt spray panels were prepared by
cutting a pagghodeq[approxi matelry 4 The | eft
and right «@gég)mere cut Meelwi t h gﬁﬁg %E%%ﬁ@gﬁﬂﬂg% E¥ ge 6%9?%% panel s
were scribed—Tnr thgm %"P’ES(mdgbb rtTcal—and jhor LL_nt at—sgct | be

approxi mtely 1.5 i ”Ct‘&n& onﬁﬁp%&lc Fled,dy @a

4 y9g4 5|i nches.
This is achieved w n ? ﬁ tool| and exteﬁhs Wn |j GSt through the
1 ht 1 Ny [ ]:ﬁ'gh elrﬂ%cg' ate eSlIl + actlad d I
organi ¢ coatng—G8+2] &%ﬂ‘% st-stapee—was—tested-as-deseribed in
ASTM B117. | Panél s viere, ron' |t spr testirng after 250|hours.
| medi ately after saIFmgﬂﬁ”vmpﬁﬁ?pa éﬁ) wer aﬁa ﬁé d i 2A*war rbdat er

scri bes and_cut eddes iwEpad agylae) M-th alweoden spatlula tg renoye salt
bui | d-up and tBen dried WIGHO3 tome . After whichSRarlel &9 wer .3 aped wit h
Scotch 610|tapd to |remBusShif i¥her ed céatlng47[007@pPane¢% werde7 eval uat ed
for face blistering,—cut—edge—ereepi—apd-scri-pe—creepg—Face .isterin was
measured agcording |to E@?&?%ﬁigy87 1@ﬁ9cutzﬁhg Xa yed?werle ~ﬁép0rtedgas an
aver age of t he gmaxi|mMun.GERERs RL1dhe T ght and rijghgocut g¢gds 1n
mllinmeters.. The sdribe creep values werel reported _as an average|of the
maxi mum cr eep GfronﬂﬁwﬁmbéJPBJWﬂéEp gg the %ertiggl angl; hqrigontal scribes
in millimeters. Regultslmnexid) ustrated in Tablle 2. with | dwer” val ue

i ndi cated bett&r carrcpkan Blasisst anceoresul g, | TABLE 20.1 0.1

9 Tioxide R-HD?’ 6.2 6.9 6.2 6.9 6.9
10 Darocure 1173 2.1 2.4 2.1 2.4 2.4
11 Irgacure 819" 0.5 0.6 0.5 0.6 0.6
12 Benzophenone'’ 22 2.5 2.2 2.5 2.5
Pigment/Binder 0.6 0.45 0.6 0.45 0.45

ICI Viscosity at 50°C

e 680 500 750 520 500
(centipoise)

I Commercially available from Sartomer, Cytec, or BASFE.

% Commercially available from Sartomer.

* Commercially available from Rahn.

* Commercially available from ADD APT Chemicals.

> Commercially available from Grace.

6 Commercially available from Heubach.
Commermally available from Lanxess.
Commeraa}ly available from Degussa.
C0111111erc1a11y available from Huntsman.

Commercially available from Ciba.

H Commercially available from Cognis.
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HD C3. Steel Substrate Exanple 1 Exanple 7 Exanple 3 Exanple 4 Exanple 5
Face Blistering None None None None

Test Substrate Preparation

[0070} The compositions in Table 1 were applied over alkaline cleaned HDG
steel using a wire wound drawdown bar. The compositions were applied at
approximately 0.2 mils (5.08 um) dry film thickness and cured with a Fusion 600 watt/in
H lamp. The energy and intensity output was 263 m¥/cm2 UVA and 1281mW/cm?2
UUVA (measured with an EIT UV Power Puck). Subsequently, a coil topcoat (Durastar™
HP 7000 commercially available from PPG Industries) was applied over the primer with
a wire wound drawdown bar at approximately 0.75 mils (19 pm) dry film thickness and

cured in a gas fired oven for 30 seconds at 450°F peak metal temperature.

Salt Spray Results
[0071] Salt spray panels were prepared by cutting a panel to approximately 4
inches wide and 3 inches long. The left and right edges were cut down with a metal
shear. The face of the panels were scribed in the middle with a vertical and horizontal
scribe approximately 1.5 inches long and separated by approximately 0.5 inches. This is

achieved with a tungsten tip tool and extends down just through the organic coating.

{0072] Salt spray resistance was tested as described in ASTM B117. Panels were
removed from salt spray testing after 250 hours. Immediately after salt spray the panels
were washed with warm water, scribes and cut edges were scraped with a wooden
spatula to remove salt build-up and then dried with a towel. After which panels were

taped with Scotch 610 tape to remove blistered coating.

{00731 Panels were evaluated for face blistering, cut edge creep, and scribe creep.
Face blistering was measured according to ASTM [D714-87. The cut edge values were
reported as an average of the maxinum creep on the left and right cut edges in
millimeters, The scribe creep values were reported as an average of 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,

-19 -



None Cut Edge 5.5 3.5 6.0 5.0 4 Scribe 5.0 5.0 0.5 1.75 0.0 [0074]It will
be readily appreciated by those skilled in the art that nodifications nmay
be made to the invention without departing fromthe concepts disclosed in
t he foregoing description. Such nodifications are to be considered as
included within the followi ng clainms unless the clains, by their |anguage,
expressly state otherw se. Accordingly, the particular enbodi nents
described in detail herein are illustrative only and are not limting to
t he scope of the invention which is TtABIE2gi ven the full breadth of the

appended cl ai ps—and _any_—andall eqguyivalepnts _thereof WE CLAI M
HDG Steel Example | Example | Example | Example | Example
Substrate 1 2 3 4 5
Face Blistering None None None None None
Cut Edge 5.5 3.5 6.0 5.0 4
Scribe 5.0 5.0 0.5 1.75 0.0

[0074]

may be made to the invention without departing from the concepts disclosed in the

It will be readily appreciated by those skilled in the art that modifications

foregoing description. Such modifications are to be considered as included within the
following claims unless the claims, by their language, expressly state otherwise.
Accordingly, the particular embodiments described in detail herein are iHlustrative only
and are not limiting to the scope of the invention which is to be given the full breadth of

the appended claims and any and all equivalents thereof.
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| . A coating conmposition conprising: (4)a non-chronme corrosion resisting
filler; and (b)a radiation curable filmform ng binder conprising an

unsat urat ed nononer conprising a nitrogen-containing cyclic structure and
one ethyl enically unsaturated doubl e bond present in an anount of at | east
1 percent by weight and no nore than 15 percent by weight, based on the
total weight of the conposition, wherein i) the coating conposition
conprises less than 5 percent volatile organic solvent and water by wei ght
of the coating %o&fgqqﬁli,ti on, ii) the coating conposition has a high shear 10
vi scosity at 56 of no nore than 550 cps, and iii) a scribe creep exhibited
by a netal substratsgonatafbodtibdcotpRsigoat i ng conposition is no nore than 2
mllimeters after testing in accordance with ASTM B117 for 250 hours in a
salt spray environmg@nt amdeshrameveinglion wadingfilef; agdd) to (b) in the coating
conposition is no nore than 0.5:1. 2. The coating conposition of claim]l1,
wherei n the radiat i(®n curdidior cfrgtileflmdprrinegingersemprising pr fetvretethpr i ses a
urethane (nmeth)acryl at enfeh¥MWhprisirg a i@ mQBhthiRGe SRRt MR ofd Cl ai m 2,
wherein the urethane (net h)_acryf i

ate pol r |s present in the coating
conpositions in an aerLﬁqiy’BB‘FalkYt‘m?a&’é?ééfi dT%’%@P‘L@?FFmW“\R@P%?E,m%%%d on the
total weight of the congpeasitbyetight4nd nbhsorethat iSpegeaobasght, basad @actgor di ng to

any one of the precedi qglafdze?éhﬁ?f’the%&{y&itﬂan Eeinsaturated nononer conprising
a nitrogen-containing cyclic structure and-one ethyl enically unsaturated

doubl e bond conprises (et hyaeyathOobhpBRIoR B A 1esBhan Bierc6R I _COMPOS ti on
according to any one of the preceding clai HY;;Y _gvﬂeéel n the non-chrone
corrosion resisting filler PSP EY 2L AV g O ReNANGEY R Pa. 6. The
coating composi tion accgr di g el g Ak, OGn Bl ol SRLAEPHLOG Gl RhERy Wher el n
t he coating conposition’conpri Se® Anradhesi on pronot 1 ng cgrrponent
conprising a radiation curabtweoretupdidrds. a®W. A netal substrate at | east
partially coated with a_coating deposited fromthe coati conposition
according to any one ofli} he?§fi %%mpﬁ@‘**meg?we%?&w&%ffg‘%*s‘ strate of
claim?7, wherein the netal sdabgfdompsitios ising mbleehah @millioftera afdiektingth A net hod
for coil coating a netal strj | Sd f. I ating on the
strip the coating conpositi %Aﬁ&g%gg?{Iﬁ%ﬂt@_g‘igﬁﬁ%ﬁg@ug@ %%gisﬁgfl to 6. 10. A
metal coil coated by the nettyisenmsht wheap freight ratio of (a) to (b) in the coating

composition is no more than 0.5:1.

2. The coating composition of claim 1, wherein the radiation curabie film-forming

binder further comprises a urethane {meth)acrylate polymer.

3. The coating composition of claim 2, wherein the urethane {meth)acrylate polymer
is present in the coating compositions in an amount of at least 10 percent by

weight, based on the total weight of the composition.

4, The coating composition according to any one of the preceding claims, wherein
the unsaturated monomer comprising a nitrogen-containing cyclic structure and

one ethylenically unsaturated double bond comprises (meth)acryloy! morpholine.

5. The coating composition according to any one of the preceding claims, wherein

the non-chreme corrosion resisting filler comprises calcium 1on-exchanged silica.
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10.

The coating composition according to any one of the preceding claims, wherein
the coating composition comprises an adhesion promoting component comprising

a radiation curable compound.

A metal substrate at least partially coated with a coating deposited from the

coating composition according to any one of the preceding claims.

The metal substrate of claim 7, wherein the metal substrate is in the form of a

coil.

A method for coil coating 2 metal strip comprising the step of roll coating on the

strip the coating composition according to any one of claims i to 6.

A metal coil coated by the method of claim 9.
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