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occur durkﬁE the plating  process, wherein hydrogen is
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such as fasteners, for example, nuts, bolts, and the like. Electroplating galvanization, on
the other hand, while often enabling improved film thickness control over hot dip
galvanizing, can be an expensive process due, for example, for the need to prevent
“hydrogen embrittlement.” This phenomena is known to occur during the plating
process, wherein hydrogen is absorbed into the coated metal article and entrapped.
Subsequently, the hydrogen can cause failure. As a result, additional, costly process

steps are often employed to minimize or prevent hydrogen embrittlement.
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that rely on the use of commercial zinc flakes.
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and may be the same or different.



WD 2007/ 130838 PCT/ US2007/ 067474 [0012] In still
ot her respects, the present invention is directed to

WQR00cABG88%H priner conpositions conprising: (aCRUSIOT7/067474

particles which are present in an anount of at | east

70 percent by weight, based on the total weight of

the conposition; and (b) a binder fornmed froma

titanate. [0013] In yet other respects, the present

invention is directed to netal articles at |east

a1l al | y legit @uer\mibsmta themrftspnté@m@@reiﬁtdirmﬁp@giméich primer

| t

R SRR B N b Bl e b G B R fO L B 70

paest bawpightt bayed OIotlhe td'u:d veight of the I:plmqsmen and dlp)i artgnder formed
icles of the present invention are resistant

%{)}%%2%%#8& on after 500 hours of exposure, when the

0013l co rrtbm pe dtiar gespectsnhe hiesdan 8sentowh i dieected ilanmetal aticles at

P87 D5 S0 PERBRL] S SO T SeREHTRS  inc

ﬁc&smﬁﬁdrsoating garﬂr(e)sﬁrmec'trnd@niuea Rodtiag depostddadiet 0 l¢xetagdortion
Fllclesatleast tlall ? ted with a

(b i S BHp BB Ot JLre e g PESTTE ig:erq Hyisgnt t

&rikioh &y 50D hbue bf &@adurd) Fihe A tdchl)comBingl aﬁiﬂlﬁﬁﬁ@ﬁ&lsi 6dhe

coati ng deposited over at l|least a portion of _th

ZpgrEch Pré‘ﬂerﬁfl?l el pedeppiiied Gppding iSrPOt“nge thepdpd fE‘%ﬁﬁ%fg fed
ficYorsi,| m t hi ckness of the zinc- rich primer and the

el ectrodep03|ted coating is no nore than 1.5 mls
88411 i cAoAyr rashgets ibrapraseAt inyratign {sjdieeied riaetpl @gicdas ghleast
ﬁﬂtlﬁgrc'b%él Qflh @frﬁu@tﬁ cé{%&nﬁﬁ% lete %&Rfﬁ% l&')ﬁpru{u%) %aﬁ]a Z-H&eﬂch
pres Invention is dlrecte provid
premericogimg; alde®) ant wmé@nﬂre@eatalgsiamsa@boweh 'dtleastsa portlon of
{hgﬁné—trf’aﬂhn Qr &)9{1 %Qﬂéma[% ?Eal g(%?blh]&lu({ ﬁﬂﬁ th%i&gs%l&“ ﬁxe zinc-
the net depositing a zinc-ri
pehi premer eodithic ﬁ@CﬁDMEPOSaZﬁd te@ssg isaopone thom 1 5fmilst(A% 1 microns) and
\gHerelg?l%ee’ a&%{\@es a?e re31tsta1?t t(% IC(SI os{()ln%lﬁelp ngunrs 0 )EpI()QL% IZISnC
[ﬂali]l cl es The g&eﬁmt mvanttolnes mnmedm metdmdsl fnr @nvidimg uetal afticles
t |east 50 cent by wei ght, base n the total
Glercoiints PP D altS b o R olnirar chBp fahe
fneood aorhITrtsaigaQae dep@ritng bhn?h@lﬁ blﬁlﬁéi&i@@&ﬂgtdvﬁgataea@@qidrtﬂg] of
ver at | east ortjon of the zinc-ric
6 ayrfasey, RS @Fﬁﬁfﬁ’éhﬂ”ﬂfnﬁ’f CORBMDYS H&WSW‘W Pﬁ?@?ﬁ%ﬂ?ﬁess

&mprRBgZ (i Nend padilt1de id¥eit iihd corh{%%uﬂneﬁ ik 2AeROst dt @dst 50
coating i1s no nore than 1.5 m 38.1 mcrons).

POEREDY Wrigkiebassd op the &q5d creght piyhe b%@@éﬁlpn i 490 & Ryper formed

Hoh @it dTBf @bcudubpLiliad £8oadhg ol@@SkasPapbiidh blihe zinc-rich
coated with a porous coating conprising non-spheri cal

PREDQIIcopEngt Wegraig the tapabeaniined ey Hisy dickpess pf b ecdighprimgieand

fhe %E%dep&%&‘&)aﬂngg{s &B0L e QR %%’iﬂsQ@s { GRdsngy than
that of the netal substrate.

[0016] In certain respects, the present 1nvent10n is directed to metal substrates at
least partially coated with a porous coating comprising non-spherical metal particles,
wherein the metal particles comprise a metal having a greater ionization tendency than

that of the metal substrate.
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(approximately 1000x magnification), respectively, of the coated substrate prepared in

Example 16; and
[0022] Figs. 3a and 3b are cross-sectional and surface SEM images
(approximately 1000x magnification), respectively, of the coated substrate prepared in

Example 17.
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though “and/or” may be exphc1t1y used in certain instances.

[0027] Certain embodiments of the present invention are directed to coating
compositions that comprise metal particles. The metal particles incorporated into the
coating compositions of the present invention are selected to have a greater ionization

tendency than that of the metal substrate to which the composition is to be applied.
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in the coating composition.
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inorganic copolymer” refers to a copolymer with inorganic repeating units and organic

repeating units. For purposes of the present invention, the term “organic repeating units”

is meant to include repeating units based on carbon and/or silicon (even though silicon is
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considered an organic material), while the term
WO evongmss ¢ repeating units" is nmeant to referP@DUS2007/067474

repeating units based on an el ement or elenents other

than carbon or silicon. [0035] In certain
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enbodi nents of the present invention, the filmformng
whrevdesosss forned fromthe reaction of a titane@EUS2007/067474

and/or a partial hydrolysate thereof, such as any of
the titanates and/or chelated titanates previously
descri bed, and a pol yfunctional polyner conprising
functional groups reactive with al koxy groups of the
titanate and/or a partial hydrolysate thereof. As
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[0040] In certain embodiments of the present invention, the polyol is formed
from reactants comprising (i) a polyol, such as a diol (a material having two hydroxyl

groups per molecule), comprising an aromatic group and (ii) an alkylene oxide. In these
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groups per nol ecule), conprising an aromatic group and
(ii) an alkylene oxide. In these 10 WD 2007/ 130838
WSRO 7/ 067474 enbodi nents, the aromati c BCDUR2007/067474
cont ai ni ng polyol, such as a diol, may include one or
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‘ n ‘ N wherein P is the residue of a polyfunctional
polymer, such as a polyol, such as a polyol formed from the reaction of a polyol
comprising an aromatic group and an alkylene oxide; and each n is an integer have a
value of 1 or more, such as 1 to 10, or, in some cases, n is 1, and each n may be the same
or different. As will be appreciated, to obtain a structure as previously described wherein

n is greater than 1, water may be added to the titanate to form a partial hydrolysate. This

can be accomplished prior to addition of a polyfunctional polymer, with the
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or different. As will be appreciated, to obtain a
structure as previously described wherein n is
w@e@atiz83gt han 1, water may be added to the titBCHUS200T067474
forma partial hydrolysate. This can be acconplished
prior to addition of a polyfunctional polynmer, wth
the 11 WO 2007/ 130838 PCT/ US2007/ 067474
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the pres¢mvnyertiogeginpegd a diluent so that the composition will have a desired
viscosity for application by conventional coating techniques. Suitable diluents include,
but are not limited to, alcohols, such as those having up to about 8 carbon atoms, such as
ethanol and isopropanol and alkyl ethers of glycols, such as 1-methoxy-2-propanol, and

monoalkyl ethers of ethylene glycol, diethylene glycol and propylene glycol; ketones,
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viscosity for application by conventional coating
techni ques. Suitable diluents include, but are not

wo pevrnad3g o, al cohols, such as those havi ng upP€DUSIBOU067474
8 carbon atoms, such as ethanol and isopropanol and
al kyl ethers of glycols, such as 1-nethoxy-2-propanol,
and nonoal kyl ethers of ethylene glycol, diethylene
gl ycol and propyl ene glycol; ketones, 12 WO
2007/ 130838 PCT/ US2007/ 067474 such as met hyl et hyl
R@h eﬁ@ethmleettw ketprep bigthyl isptad fetoahend; isapbprone igeters @ad ethers,
G b LDy DDA R R B DMy BRE R such
bmmr@nt@luen@ lanexpdeneanrdl auwhzeweolvam@mﬂ@dmtvmbfremlpewi@um such

B S5, 5o O LI AL RS A o

wﬂbumt dapbndind aretht methiol] lof’ variyg, depentt ngn@meithide metahpaticles

f . t th LI
g) Cl))ubcf ﬁ{?‘&? g‘\pgiﬂ}e doresg?]cgeo{f ﬂét%&?lolg%rﬁ 1gnt% Fuecg g?fh(gﬁe gr{tlongcJ bee?ow.
j00g6ledi entls adlitgdn tashetihgsdemeddseritee dbde| twcoatih Odipositions

@letlon to the |nﬁred|%pts descri bed. above, th

d 8% PISY L IBNGEISP {2y fentaigs fof gramp & SHPIYAR ST % “’E‘%&?
G00tB3Hi0 agdnOa sﬁé@@ﬁ@i’érﬁageﬁk &ﬁlﬁﬂﬁd@gﬁésdo@ﬁﬂa@ent anélﬁ(ﬂlﬁi(@iﬁﬂ ;
a thIXOtrO ic a nsiLon agent

TS SOpH B GG et BRRG L oLt IR T4 30 o COL. 4, lines
@@%rdut%@ rtibn mﬁlﬁgbeﬁtﬁh&ﬁpcﬁﬁk@ RdreiN®y réterefté: Qﬁﬂer%btlonal

ine 30 to col. 4, lines 64, the cited
@éﬁemlé Hclyfle gendeTshor Ak HPp oxidescud frep @hasphiges, flow control
£g%f1§ rf%pgﬁmpg tﬁ%ﬁ f&ﬁltaldgﬁ‘ﬁie resm%t ﬁ{dyo‘? ldéhy'dﬁ%hg ggents such as silica,
extenders, for exanple,” iron oxides and I1fo
bmggph$ﬁ9®lﬂﬂmémﬂv@n@Wol agents, for exanple

for Sins, ts,
A F R e s DSt S
{@Mﬁl}lom rudesstcaibnn blablo diagmstusn 81b¢altfe(ltalcpl fgmlezntcsmrhy Iipeprtain
frbrngb rﬁlgrgengsmlt S Cf)!lllngtcggln‘?s?t? 11)9 OP&]‘IE 8f¢'eszent 1nv§n COC%raIPS% ncl?ucf% aP OI‘%%HIC
@gﬁ@ﬁlﬁﬁﬂh§ﬁx&hﬁm@ea&bn@n@ﬁmmaﬁkmbﬂﬁsmeﬁoﬂhHmQMQsenmmhd
i nventijon al so include an or%anl pi gnent , such as,

OraZ8 RSP Elakesbpn, oleas 4 Bdegsatgn. eyl complex,
{sSmdaRbAL) MoinabiRht A8 bolyé\Blic aRc gAY qlluﬁei%@la@ne perylene,

ben2|n1dazolone di -azo condensation, netal conpl ex,
P%P?Fd dikeioprEclo pwlﬁd@mnﬁ@y anglugIoNs dydanihgone,

Mnﬁ@%@ rﬂaQ@nthtGhH B%ﬁt‘hﬁﬂ@ S HARENINE, Q@@xamﬁ@ i PR Sbonium,
dlke rrol o pyrrol th|0|nd|g , ant hr aqui none,
ﬂlh@iﬂmhthﬁ Wd)lgmfm‘ﬁ AY ‘ﬁ%ﬂ/%ﬁ Hixgirgseheredfay ant hr one,
nt hro
ﬁﬂ 0 n : u'ir}g @%ﬁfsﬁf?)ﬁ%t ﬁh? ge'npf?wentwn are substantlallly free

riaryl car I N0 pignents, as
asinEoNE gases compleehf free[ Gfdztsw mbﬁelscsmaln pndraonpddéadi dug

I%Eull 0GR éﬁrﬁﬁ{mén@s %ﬁ‘,ﬁé &F& ﬁ#lﬁv&:%H&?%@%rlﬁ&éd 9 “%ﬁrﬁ&e fi3e

sSonme cases, ree heav such
a&umhummgsmnmsleadmmhsuamthﬂ@uMbmndemidumm@uhmmumgnts
o% the present invention are directed to "chrone-free"
substancés.
[0049] One advantage of certain embodiments of the coating compositions of the
present invention is that, unlike many prior art zinc rich primer compositions, they may

be embodied as a single component, i.e., one-package, coating composition. As a result,
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coating conpositions, i.e., conpositions that do not
i ncl ude chrone-contai ning substances. [0049] One
wa@ewansmge of certain enbodi ments of the coatiPQI/US2007/067474
conpositions of the present invention is that, unlike
many prior art zinc rich prinmer conpositions, they may
be enbodi ed as a single conponent, i.e., one-package,
coating conposition. As a result, 13 WO 2007/130838
PCT/ US2007/ 067474 the coating conpositions of certain
Gabodinmepmposgions plecepipia sexbpdimgyie nt the fresem inyentewasin he easily
ﬁg@{ggﬁﬁs&ﬁﬂ gqmﬁ&g transported. [0050] The coati ng
ositions of the present invention nmay be applied
HESQ subﬁmﬂa@mnbymam¥umms@ﬂh@mﬁ@mymmﬁnmypm&@b%mhﬁﬂoa
S n dip
Qtrate %5 %?g)f g%élgecgﬂ 3t tP’é gafl%iscah{m% té!r)cps dsu(:h ap%n%tq% 919
fml::]udmg dip drais pnmmpnpmrpd@eddres (aBcralijiping, ajeymﬁkﬂe slsm in order to
mat er.i al trif r.ce curta
e R WA R e
Pragdd orApiayiak tdcihiquaspy be coated with the coating
05|t|ons of .the present . invention, such as, for
0 PRI AR By ORGP B AE S R L tgppresent
mlvaﬁﬂbh Gich A for TR AERS hah QWM Riuctd cBlhi®loBplasica. Tn
metal article and, as aresult, the coatjn

BBt RO eTa s atticle ip p gl érﬁ*s%apﬁéﬁﬁgesuléﬁ%q §8HNg 0 a

Ok iSRS, ii8se toRinRBts@appliffioQ methlsOFsuaRNudh & Hnc or

substrate, e.g., a steel substrate. As used herein, i

HOCONEHIHRE HOHES Qifs R slelsubstpaps disgspdphesein hrsiern angubstrate’

é?&&tocﬁrsugétﬁ% (ﬁ*l in@ér 2195 alﬂ)y”@ttaarheél%ﬁ&h At &)%{ed Q\Q@tzﬁ{% or zinc

zinc or zinc alloy, as as a substrate

tlbm i wiillrrg aziptrate gORANEE FEC AR mtee‘mmaultc wrgture, [ Rkopjisgethe iron
f Il oy or

e Qs Pt PR B SRIE B oY o1

E652di nentiscertaecowtiaeng the olegl bticlodo boetaed wiihtaroating

go%r%)ﬂ%gn of: t@%r%isr& {nggné%% 1st allq ‘esrrBﬁ?% gn:%sl l?S\éC? He‘irrfn%| thé ?err% “small

patrieandnt teoin¢lngd (@destérieys, f,uah henes, dolts smhwsmmﬂ,utaﬂs Chps and

olts screws, pins, nails and . bu S [
et SR P B B bRy nEbP a0 4 [ PR eyfisuln
asndin(en)bobiatediwathe smilnparCie b Fateneatbe disdem isautdih@ive ad/br
ggrt i S @»fastener to be used in an autonotive and/ or
PBLFLERIAPYl i cation. [0053] In certain enbodinents,

0S¥ net alin s dndo@Bn@NRIch SR tad sMﬂ’r:ﬁeéﬂ@ﬁ@ﬁﬁ@zﬂbar@ﬁncoated

untreated surface. In other cases, however, the

IREEHe Wit dIn Oheh&set hewren fesaing cpmpesiions Al e gresent

AP0 dretaPpRedTBh %{etaﬁ’ b\h}%@tit@ﬁﬁt fRAre 19 Ded doaREYsubE& N ith a
coated, such as with a chromate or phosphate

gremste af phosphate metEgment Agseme cares, desbsiatcanaygdy ppwreated to
ﬁ)a[v@,t ﬂ')leé!aﬁlglet, %h iron phosphate coating in an amount from 50 to 100 mg/ft2 ora

zinc phosphate coating in an amount from 200 to 2,000 mg/ftz.

[0054] The coating compositions of the present invention may be deposited onto
the substrate at any desired film thickness. In many cases, however, relatively thin films,
i.e., dry film thickness of no more than 0.5 mils (12.7 microns), in some cases no more

than 0.2 mils (5.1 microns), are desirable. For purposes of the present invention, the dry
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have, for exanple, an iron phosphate coating in an
anount from50 to 100 ng/ft2 or a zinc phosphate
w@oavisig3s n an anount from 200 to 2,000 ny/ft2PCT/085847/067474

The coating conpositions of the present invention may

be deposited onto the substrate at any desired film

t hi ckness. In nmany cases, however, relatively thin

films, i.e., dry filmthickness of no nore than 0.5
mls (12.7 mcrons), in some cases no nore than 0.2

fn) @:ucgcseszi ofd eqabngsyr, cogibinatiensplcapings istobe pergyessley e eddiie

BT Ol BRTATE) PPt el R A P R pos
hipkhésmattin maotﬁfaflamad by gshérdnsgigmigets msmg ]lcnln@ea:d)ptﬂpnadla @rabd dyr-the

- I NG STM B244 ,
%?%&%%Iﬁ%% BJl\g%g&éo\t hi cknes)smliflepg rmglrjf :é?ﬁeg gy
P0SHer | ndt carmninshodinsinrgtht heatap poapositdhe ofthopesdnoinvention

the .—mat the coated s bstrate

We Mady g F ind ‘{%B%Sdteﬁﬁ‘rﬁugh APREE A %S BYOSB%%%JT?‘MH%UH& SYeRas @
ghesendoatimy enhpriing mhSphaidal radd pdeprs. i@k beﬁn slupﬂfm@ly
nmanner SO a roduce a us coat i ng, as a
FRGRGE BR BB PR Pt depgted e T ol Sy, Siter «
P k@l 8Sstrad oNasietRARA nfekH] @lﬁusﬁata ks VescHb&ICAMRE, ek iﬂﬂ&fr of the
when such a porous coating is deposited onto a neta

COHRR 04EBEre i3 HBHOHON b APRIHSPAINE SIS £y Ay decgpdposited Conting,

B REdRad 8oWES BlanBHEI §@b@ve AShiARCEIRRMN & lstin&! propdd€es
ability of the coati ng to adhere to a subsequenl%

p PPt deginessly sfected W, Bomp cupe ey gdepbshe iagrayeht ﬁnr?@ﬂam
b AGRGH!, BRAIRE] AW tﬂegaofUué H&Ia'ng & d éﬁb&éﬁﬁérﬁlg%?pwa'cbﬁm‘gfi@
corrosi on resistance properties are not rimentally
effrest ¢elsughdn cilent Swirdic cergbing niveli ceisraraitcymbesite npriog éd.
Jeastgﬁrtg @61190310%"@1%9 t&%ﬁtﬁ CCBII?lgnCI% gls é)lFM%fl 1% Qﬁer%@() Rl of
coating to a subsequent y app coating Is npr oved
txpoguehr, arsoexteares 7@(hiaturs dfexpesil ¢ mgenethericags, rﬂ}ﬁ)@ﬂ bours of
C ng s stant to corrosi on when
SRTRRE o fesE Rk acRIREI ot 01 0Tt ot *Rob hour s
[9056]ex pos uvsais@t herdim tisoen Gases céhgh atiers toof coatmgxhatrlms a
r, i.n r .cases,..1000 hours .of expasur e
Shsonbisl SR GhaS RRTRIme BaPeler (oo ReSARE ARl & o
aagmﬂamﬁ%ammmﬁ@&nﬁ@aﬁu@gﬂmtehgm&dbOaah@@ﬂ&mmgthaunaaa
di sconti nuous surface that "Yg'ﬁe to an t her

EOti ARG U SHOSE LN BUBKDASIGHINEY Bt Buspbsatad  abplicd

€Rahd BGnOINPRS dt ueagt,paftﬁny pér2trdBBbicath (BY&dierfol SurPok Olise
coat | ng. I n ot her WOr S %ﬁ,{,ﬁor ous coati ng cont ai ns

PRAPHWAY S Ss U eoriainesmrbodigneats avillpsiated i dxanples hosgipl sty

dyR AreGNTROShtd PBwing a%Eanlnﬁ@%iecQ@f{ fol R JraphR &SRS A AL By
eneath the exterior surface of the porous coating.

1490% aregrifipationheldi wesstsection §f the poepy el n t he Exanpl es

R5AI N SYGRs bRALINBVSAh& sMéhSd RrSusWBgh o th £ ¥E RdPbe a
scanni ng el ectron m crograph (approxi mat Cel y

process comprising: (a) preparing a composition comprising: (i) generally spherical
metal particles, (ii) a film-forming binder; and (iii) a solvent; and (b) converting at least
some, preferably substantially all, of the generally spherical particles to non-spherical
metal particles in the presence of the binder and the diluent. As used herein, the term

“substantially all” means that the amount of generally spherical particles remaining in
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1000x magni fication) of a cross-section of the porous

coating. [00571 It has been discovered that such a
w@eroassdat i ng can be nmade be a process conpPCHUSYIT/067474

(a) preparing a conposition conprising: (i) generally
spherical netal particles, (ii) a filmformng

bi nder; and (iii) a solvent; and (b) converting at

| east sone, preferably substantially all, of the

eneral ly spherical particles to non-spherical netal
gﬂap@mmswnuaﬁelt thecqnversiag gtep Bfnot Wéflcmrm dequgh frodetriyaentally affect

erm "substantially al

%%gns agéggﬁg%%wguﬁﬁJﬁ?E%ﬁ@%ally spherical particles
H0858i ni ng Asrsdbhewin, zhmmmsgh@@w NIBROB7 feBGT diphrticlds ghat
grgg?t %Inéé‘ﬁ Yy S@n%ﬁfgk %gﬁlggﬁ?\lle%en% ?tl th gl‘ tﬂ%{(hng, in some cases
qhe asﬁgacumt[mm 20k highﬁ r\%lﬂwlut gy Hﬁmn«bbﬁ anmhéqrﬁgt is pA@58] thAighe

sed ﬁl term ' npon-s heri cal al‘tlﬁ e ".r?fetrf,
?r8c‘i§$a? %Préi‘? Wé{‘%“ 1086‘%“ ot "GeBr Aty O spdr X:%P?‘?“‘ia. asa
pdreyleshavien-aphefic aetal paticles lgli‘VH@taairanétb aNasPBe ratiol asd¥iR:s, such
ses the aspect.ratio 2 ei ng
Srmsle b b erafed & GuPregid EE RO DS Boeas
@scritR@ hBledS BA nd 10448 Main B RS WlpbSus Ebahﬁ@czﬁﬂ@éﬁﬁr & s0¢h i@fthe
ener al | spherlcal metal particles tg non-spherica

lesp SORYEIels ahis¢lsA @Pl%f‘r%ffﬁ tag {ixapppless | eapveptignabanciipke is

$ded Q8¢h SUGH: 8 %ﬁﬁztavﬁ\@a%[b {118 ECIORPRSEA da0 e AncABROPhtiSHs Qfbnt
a substrate at the rel atively thins film described

themgalyes sp agto forpa MFFROTEUTAALDITAKNE & condingeisaid rdaiyelymgrooth
&@&idr %FQCE efRpsSifelo {h@ rélgt?\lelyl-:&ﬁ%ﬁh Gt laI%Q rdé’]%ﬁﬁ@dl SrexHibBited
I's al so apparent in the Exarnples, if conventional zinc
by skl pirgcleysed, such as Zinc 8 paste available from

Fﬁgﬂst An?ﬁ h&grdangehﬁ{rhzth@ re(uo@slf)e d&@lﬁﬁed%&&%ss% ltl%ﬂ) esent

lves so as to a non-porous coating havin
moerttion rotesipasidor @lngtrising [(y g@rmlb/hpheemlemtai rpaJSIQIBf» diks blnder

a?n%r(mg R d11u?]n% bs pt?fao re% &ﬁ:“ !éegt::%ll Vel par u m s su'?:"f 3 Bgr@!?oasitg)% Ty pect
angositdan ofthepiekent hﬁerpme‘demuhd:cyhed@m ovhielpérdthp lgene_eﬂls spiferical

t he present i.nventi aco osition co ing (i)
LTS Coprti e (Fyiaf « SRARE Rl OO FRIRY Bhfafdrine
and] sgubi;tta)e @ vﬂhdh&ﬁ@&orﬂl@sﬂﬂbﬁ pas eé appliad,@e pte&lionsly descrlbedf the
odl nent s SucC a CoO, 05|t|on|s | oNn O
SRS abUERE » PP el sl HBeatit sambier S Rer b 4 Shge
GRINE bkl HRIRAYdakaheredTBinal (bRAFAly fGh@SnA %ﬂpmeﬁﬁavﬂlgﬁﬁ@bnm

havi ng a greater ionization tendency an that of the
SRS reactibs VA £ KOO RIS Oh ﬂieﬁléane@rﬁﬁ%@{ th stipldhyglgplysate thereof,

@sﬁﬂ«l:\}lﬁgly RSrPb&Vih@UR | udR 86fipReHonel i @rorPbNB iluents previously
onpri sés a hybrid organic-inorgani c copol yner formed

ﬁﬁ@ﬁﬁd(a) a titanate and/or a partial hydrol ysate
;0986 180f . 3RBe{dPro@sROLY Y PP RREnOR! H TR sBE&X']ﬂ&erabl

ncti onal groups reactive wth al koxy groups of the
substantedle ab.rd tergendrellypwherical phydesairy savertadie nepfpherical metal

particles in the presence of the binder and the diluent. Any suitable technique may be
used to accomplish the conversion, however, in some embodiments, a milling process,
such as is described in the Examples, is used. In certain embodiments, this milling is

carried out in a media mill using balls (constructed of, for example, zirconium ceramic)
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as previously described, and the diluent conprises one
or nore of the diluents previously described. [0060]
WO poovhaisas processes of the present invention, BCT/USHET/067474
sonme, preferably substantially all, of the generally
spherical particles are converted to non-spherica
nmetal particles in the presence of the binder and the
di luent. Any suitable technique may be wused to
acconpl i sh the conversion, however, in sone
elrtbo W HemilEmetgrsii liapagr. pingerws sases, g uesdiagnilling phecsesrin péigrh
P Irrfiﬁ?s 1@8’&&19}1&%5111& aH 88 Gun bP6H Sb% 8% %Pfhg 'nHﬁ"EHEt Lhi s
mlling 1s carried out in a nmeda mi ball's
(@onstsugst elh sofne ciises, aelmltqmiélingzprocwmm mﬁm@ehfamnmosilien WO

&m)QﬁQq7Isﬂﬁé?@eﬁ%n&%%%ﬂﬁ%%é(rn.gtgfﬁa@t%cles 0ce éole% f}o?n 330 t%JS% of the mill’s

midrial Rgupe dossd Covlinhinak be pevided Lo m&nﬂamadtedlalmemberblafd i8

anmu of f 50 .t o .60% of rnal..
SR tesiher [T ARt SRl Honi ftulihg i iyt Flilioe
uponwWhd ©@pe :tﬂalenze @ﬁﬁﬂiShsIetl o0t of @0 MMt sSlong 2t es game ralceyain
spheri cal parti ¢l es |es f on150 fo 75W of
‘f Rodignts, §le ni11 t“érpﬁ%FSS\}%?%@e‘ieg @Efe CoOFPHg ety %e
ppoMh ARG HRwABW R G Mt kBEPaMA wiie Rk Ak Yefrdtdl fréh @ previous
media mll of |ess than 140F, such as bel ow 110F.

Meentatlgmeted vari es depending  upon the type and size

ooty | | usedmbrdavalh &NhiiRRYESn BREMeR AR S pRAUS the fbBgoing
certain enbodinments, the mlling process is

prorest thas gheapifimedrasemsrar bapradpsiel inita saibstangishersoainise of

Hsand %Y\%V&ﬁwilél%lbréﬁﬁglsum%llg?hef’\f‘a&% acc-l@lsa Rk stearic acid and
generated froma previous acceptable nateri [ 0061]

Apistabidr ltagibadiayelgwitheibeingBoundédn agy é}@@vethétdhwrmnce of such
b ROG&Lcad 8etfi€1§nt[11§r %ﬁa‘&{ g ab1ﬁ{y e uﬁl g&g&tmgﬂ(? acfﬂe{e tb ng
e canduc

process can ted e su
mbmqhetﬂey applbslenamgef Ag @msselntlm omain dmh@dlrmm the pwcﬂsesazf the

d
%re&é} ll’lV?l’l 1-0%1 ¥% [;):rllsg cbnveﬂ %gner gﬁerlc I ag%?eg 1nt8

mhel(in’aymettah]aﬁndldfsen nmesmmaalcnfosesme*;br 1Ii SabklcmthSmpRre absence
%@trl llﬁ affectl} b of the res Mtliﬁ
daf't'i Sp{ Zdfisydanda ysarf %PCaﬁSB’I g g gs.
ASoracaft@absin, sinbll pietdsd nluﬁmm@dﬂoneatmﬁ)x afn@hgarcoteasasn of
é%e resent invention conprise converting generally
Het'tcal netal particles into non- spherical netal

P61 Cl es Ih Berfalieensisasicant iuﬁl)ltheﬁb&aﬁﬁ%ﬁ d@positbdloeP ABleast a
cases, conplete absence of mnera

spirits, a |lon
E‘H’%\‘Pfh‘)ff%ft pryvigeshadesgife copdingt Bupariculisig ceftén ‘Eﬂﬂ&dtm%%ﬁ of the

ﬁresefn{ HOURBA B ERbyitabIF R inP 'c@rﬁg&lt% IN%HAIQH QYdrQt least a
nd/ or any ot her conventi onal icant. [0062] In

m@ra@fﬁhfemw@%@ﬂsgﬂbed Kortine by ep aleFglepasitgs pesEsed over
%6$]ea3t Any suitable electrodeposition process and electrodepositable coating

composition may be used in accordance with the present invention. As will be
appreciated by those skilled in the art, in the process of applying an electrodepositable
coating composition, an aqueous dispersion of the composition is placed in contact with
an electrically conductive anode and cathode. Upon passage of an electric current

between the anode and cathode, an adherent film of the electrodepositable composition
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portion of the previously described coating. In

particular, in certain enbodi nents of the present
WO pwensises, an el ectrodepositabl e coati ng conpPST/USIINT/067474

is deposited over at least a portion of the

previ ously described coating by an el ectrodeposition
process. [0063] Any suitable el ectrodeposition process
and el ectrodepositable coating conposition nay be

used in accordance with the present invention. As wll

¢rwosigpp p edhis@nedlylspntiyousemanier ¢redie pybstriie seaying ag ¢ithehige anode
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@esRonent NMLIGk i FEEKaRPIR bF ﬁﬁo@@el@&fo@ébdéuiﬂlé &Bufiy M ng
organi c conmponent or a cationic filmformng organic

%@ﬁ?@lﬁ@pﬁ: inclpdp thesercamprisighoHiepiadt wategigpersible electrodepositable
&li&he find ?cfi’l%ig LB e Gads P8 i QIR Lk O R fop ﬁs% ift I%lmomc

active hydrogen group-containing-ionic resin and
degtiodgpositien coatay cerypdsiingns 1o hage- sghlb@l@%d ﬁ@h@tyuhv emwcvrhalmng

b GnASEdPasINALRAER SRl P adBUG, fr Bt ol BBhyins facy acia

I'mting exanp ani oni ¢ eposi t
cs@atwnﬂlgt dl@ohqwbq 4cidoorsinhyirides daed t@asmlompnpducs ohglagpm acid ester,
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are $urther emttch@itlepcﬁlml wie sumabdmare) thecat leadt @mtmld;dmncrsluzted on

coatin s iti are base-sol ubi car box C
G870 D SRR OT  R6 o PEfan S h i Gy PRed
@ﬁ@ﬂ@ﬁ&a@ﬂa@wﬁuﬁmxméomadm%mmgmnyhmﬁﬁmﬁenmﬁﬁﬁmﬂngeﬁam&wr
aciq est e lg a di.carboxyli.c a0|@:€r anh dri de; .and
Pl BTG e G oo P RpEys 46 b B BPpt ek, )%
VRS enalie ek ﬁﬁdll@deEmﬁﬁ\I{Wﬂlrdnﬂﬁe A0chyadpesiad et arfdARt anionic
unsaturated nodify % materials which are further

1

¢lectrodenpsipgbiayesip F%H’OS isn soMBriset Bpted eateis of pEesEPuy RoAxY. These

&ﬁ‘ﬁﬂo‘sﬁbﬁs\’ar@ SULHRIE 8ail NGB8V BESn Q0. BYAD 8% Y 2 @bK Y| line
esters of unsaturated carboxylic acids, unsaturated

t iy bR line 1dcthe cisgdpogiton] ob adc m@gmq@moraé@rﬁﬁr%bﬁc@fqrgme-
0066 t ur at ARAPEB i m%@ﬁt {1 %Hel'b% r¥me§ R sh_@s@aln%ally free of

el ectrodepositable anionic resin conprises an
gpksydlﬂagmrnldpls a tntrinstyi vidcesityi when disgolved in a suitable solvent. The

intrinsic viscosity of a polymer is an indication of its molecular weight. A gelled
polymer, since it is of essentially infinitely high molecular weight, will have an intrinsic

viscosity too high to measure.
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vehi cl e containing an al kyd resin and an

am ne- al dehyde resin. Yet another anionic
webk®@ctsaeposi t abl e resin conposition conpri SeBCHUSKI®A7/067474

esters of a resinous polyol. These conpositions are

described in detail in United States Patent No.

3,749,657 at col. 9, line 1 to col. 10, line 13, the

cited portion of mhich bei ng incorporated herein by

reference. [0066] By "ungelled" is neant that the
[996TIner | D wighyuugty pladatigni¢ pelsmers aradmnews lapchidnrhy vaesdn faes

@"3 e'npﬁl(léﬂ'&%h So M)!n% Qsotile Eéﬁg%ﬁ Qredlv&@eq ld}é?gsﬂbfé q.eS Leihe}pﬁ;kal & be

'Vent trin viscosity yrner ‘i s an
mﬁdmb@ﬂubnwmédthmm®ﬁ@@uwmmmmémgh@wrAﬂgmﬁwedmup@bymmm1n
j Lo ia .
@A@ﬁ%ﬁ@t 1S\AA!tI}Sélp%hrérF\}:§ §§1{‘ﬁ§1%13{ thc Punc%nlag ) S&ttg *]qu@ ahpo‘é{ﬁ% o
chaegsu I0gten liBe Mﬁoﬁt@@éﬁirﬂﬂ@ﬁ:&ﬁtaﬁ@'ﬁétﬂﬁ&@ﬂkﬁéﬁﬁ@m [0067] A

T R T S A S A S e A

afnealmﬂ\@te@lhs dugprnahdrl eylfoniunesalt gaclppioddinig B&ns and quaternary
soI |I|zeg d|s ersed, or enulsified i

n ter. The

YR ErES T 8“‘?61&%{6?1%3 AEFUHIE thase desgrbrddn Upjjed States

Pz&enth@ BB anEDNEBI NS reGrtlcti @Y. COth NG thtN S8 kAU BSu -0
npart a positive charge. Oten, the cationic resin

GO BBITEIA HEUHE 1Y G RHTGA GSSP P UGEIE resins. or

Nafpld MHotd Agt a%@ﬂﬁécﬁ%o@tea&mgtaawrgan&%mmﬁder&ﬁi DRk
onlum sal t group- cont al ni ng resins such as ter nary

aping s andeseied &Hw&ﬂc%ﬁ@sdgaﬁﬂnhﬁosf 8RS 6HAP TG40 anth ar y

@b@ﬁmomlmuﬁ%lé ad iR sﬁl@gltoﬁb RbfiSnin %ésﬂﬁ,suwﬁs Gxamm! e,
t'hose described in United”States Patent

Dby e PRCEIND g8 Al 9igeporiisperhriryary or se)zqméarygmutea Bl as
0SS i ;ﬁgrﬁ{éHSta‘E&%?eh{‘N&g 35665585 31008 %W 8 1Y %E@{I{har y

anmoni um sal t  group-contai ni hg resi’ns, exanpl e
3.0658% hat are forned fromreacting an organic

epoxi tertia m s descr i be
I S QM i S R A S S e S
dre 0, id OdmbiAdt®n vathi at‘tﬂdjliked ﬂD@aﬂme aeingapént. The isocyanate can be
ont ai ni su t ol.ubilized
RERRERT B EL O BRI AN AP of arl it nen
sespndighyoced adSeiedvidShe tekia HeckBess kuchasd isidasddbed @dnited
gtatg g} é ggf' 3, 663,389; 3,984,299; 3,947,338 and
2G5 7418 6 81n certain enbodinents, the
@ovole- deseyiid) esk-SohjonéHt OHRp& AP Rhd UcREibe@ §i Diited BiLesUBRM!
in conbination with a blocied I socyanate curing agent.

Fheh 1 4600 arhPE-QaNo e/ 07490 1690 by wegk ébthe siiogiE gy b%'aldiehthe
ok ahinetr&cBn RAIERK, rd\Ris cah 8%be2Retc@lrofh e dnkOLYAREE Ens

can® be partially bl'ocked and reacted with the resin

sk RHbAE, desqibpd BsUnited Geates HatsadNos 3.0p%. 8 @ornd G938 d87. Also,
Ea@it)ﬁi@ 1i%:sMg 'wh:i?bhgcﬁge’ \;%a’c')’éansesteriﬁcation, such as described in European

Application No. 12463, can be used. Further, cationic compositions prepared from
Mannich bases, such as described in United States Patent No. 4,134,932, can be used.
Also useful are positively charged resins that contain primary and/or secondary amine
groups, such as is described in United States Patent Nos. 3,663,389; 3,947,339; and
4,115,900.
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[0070] Al so, one-conponent conpositions as described

in United States Patent No. 4,134,866 and DE- OS No.
WQ@2000/713088%6 can be used as the cationic resin. BeFUS®7/067474

the epoxy-am ne reaction products, resins can also be

selected fromcationic acrylic resins such as those

described in United States Patent Nos. 3,455,806 and

3,928,157. Also, cationic resins which cure via

transesterification, such as described in European

IR8P1i cat i dmcawein cshog@nentsathe Betionisadsin Fuweshinin theat i oni ¢

LEDLRSE,
RO A B R LR B0 oF L PRy B A s o
Bewugkigercetl woh theefaght aﬁeelmngl bagldyongplal geghtoégiens
tain primary and/ or secondary am ne groups,

éo%ﬁglgﬁ]l s described in United States Patent Nos.
®0BH3, 389;AsProdotsBIxcuaad tho@&ﬁBd@@ﬁtabE@oMﬁg compositions

ng?/ 130%3 tCT/ U82t007/ 0674f fI[t 071] In certai ¢ which
EREB AR HERECER AP PG THHL CYPRIEE AL %gﬁ‘é whie
ﬁineﬁﬁsrfonielp@ea igtcaip$ @hich atelré@ue@wmo e tab e hyﬂrogémgtﬁlh[ﬁ; obthel
to. 60.\/\/8"_‘%? perceg such aa % Zg ercent., .
WA h PlgAtoBlY R B4l ysedas f‘H |ag i iphgnionic
SbctiodeposiEMIPREIifd @DipokiBOhk2dre SSmMERIG Ui MbIE ifSELSHEEan
t he el ectrodepositabl e coatipg conpositions which are

Lxaoerid o updes Gy teademprkiCXMERET 8! i59p Mpnsanie hlgmiedd or prgler
e GHidngk RESIMEND? Cl cefRANEADAEMEMA Ghd LRAbPIAE QRS a %@Ht &h
are reactive with the active hydrogen gr oups of 't
H@ipeinreeaivpctionyithdhy ectiaphyibpacasontpagiengionigeiceodgpesitable
1%@15%9arﬁ§1§1@s 1ap: ncr‘%frorﬁg 184§ Bérg’enft w@@hto Qich as 20 to 40 percent by

el ectrodep ositabl e coat i ng Jositions, are

W@lﬁh‘feba?ﬁ(épll the gpaliveadbl ef the tﬁmn sitg 81e ele@:sradﬁaﬂﬁﬂ@blo@oaung
e )Ugmg{;e trademark CYMEL(r) and from Monsanto

NeEM ca under the trademark RESIMENE(r). In
We73lai n elﬂb@dtbdrmgamq p@lhieocaznmm;akfas“tenwwd ayguidigeazents $or
83&10{110 e%gtrod% ons:ﬁgl%]lg ggaélpg Com%og et1o¥6S dar% be%ulzyylgo&gg or partially
bintiendt s deﬂngem;g)of/er cﬁpeaﬁt exaﬁﬁplqzsencdawt ardsryatwan@ hliphasaich

to 40 t
g GBSV BEN il b e d B et bbbl e« +
gigatyafge (MOMPOSH b mtoh[oﬁg diXdocRBInae eI oihglading mixtures thereof,

ocyanates are o us as n ents for
gﬁ{‘%/ndfﬁ“% X‘éslo&‘?f‘?%o‘%tﬁ%%?ﬂfﬁﬂeé‘ng g%i‘laf“ﬁéj‘y{? ﬁ‘g‘&fQ ¥¥hHs and
ByclhRx §1kheihyinddd, @ckiest yakiatd dobhableydiisy@fde thix @es of

descri bed above. Specific exanples include aromatic
ylg}eﬂﬁﬁf‘aﬂ i4'Cd11sB@4a9qt§ Wf‘é@yleqeﬂe ygbqrwbsocyanate as well as

Fﬁgﬁér Q8lyisBhiAahASs, BRh¥k BREN FNRLE Sind S¥EInAS repolymers with polyols
g enylnethane 4,4' - diisocyanate or
uc

\Y/D)
ag glopemd goiCpb%@yomath@OWW aqdw&lrﬁlmlw%p;@{y@kégch as
ﬁo}%aﬁl%ﬁactone diols and triols (NCO/OH equivalent ratio greater than 1). The

polyisocyanate curing agents are often utilized in conjunction with the cationic resin in
amounts ranging from 1 to 65 percent by weight, such as 5 to 45 percent by weight,
based on the weight of the total resin solids in the coating composition.

[0074] The electrodepositable coating compositions utilized in the present

invention are typically in the form of an aqueous dispersion. The term “dispersion”
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p- phenyl ene diisocyanate, tetranethyl ene and
hexanet hyl ene dii socyanat es,
walc@yaebwsbexyl net hane- 4, 4' -di i socyanate, i SophoPCIES2007/067474

di i socyanate, m xtures of

phenyl met hane-4, 4' - di i socyanat e and pol ynet hyl ene

pol yphenyl i socyanate, as well as higher

pol yi socyanates, such as triisocyanates, and

i socyanate prepolyners with polyols such as neopentyl

glysola tWﬂd)hﬁ&eitwe&Chwrm Brelyasne onerAdvd eHn@sIsysien frewhich the

ol

%%Mé&iﬁi@ ha@@%%dftﬁg&géfggﬁrg@@gﬁﬂt&h%s%% ThQleSinous

%@@mﬂah@t&a agerpganuradentesol dese thah tl emicnghj suttradess than 0.5
netio esin in anounts
l%g%mlg g T mwiésfdtleggth%ﬁpégml&gél wei ght, such as 5 to
mmije r c enfln bytaimsingiotljmenbathe domanttdtien weihg ndsinofis pHaee in the

SR Disablsu T apet B8 2Rl B Bp BF Bk Hpy heghfbasca

omtht (eal peheot the hqueamntdigarsiine Wt)episa@l do)]hpbﬁtldiﬂ's erdia ke fofm
aqueous dispersion. The term"dis on' 20 WO
Soe gt b9y s PR o 80 B s pe
WeighseRad bingeight! ARG A46QAL dRper@P@UE resi nous systemin
which the resin is in the dispersed phase and the

097er i s itmaddiione bR PAYTGBLRCHRESRY CoMAINALOplEsiRg solyRRs e
g%?ﬁ%@lﬂhééld%@@lv@lﬁs BVRUAHRIEAFEoNG laR oRbIZ &sefs, diRESaddN@nds.
m cron, such as less than 0.5 mcrons, or, in sone
Fhesaroun| elxoaleteany selvw HiRBy: reenproty7 Bovedn (¥l angi2g percent, such
Sedh Ic%nt & %@J&ltJn%t'anﬁelgﬁt of th% a &%h@%cﬁuﬁh ase
in the ueous nediumis at |east 1 percent
87 ght | mg@sntzomeomnpeﬁcédﬁsw@fy VeRGuy _Iatldltltﬁas%lah aspn
LR chal, %Let E‘I‘its 81f ca{a:l}%tsacgﬁlggfﬁé AL SRS PRrsioN 8 gfséﬁl%nt
corrp05|t|on e form o resin concentrates,
tdmeppsitibh exay hav‘fethacmsmtwnsloypai@mpomng pigmefits A0r ¢x@mPR, iron
d‘ﬁcge%gsﬁltsong%m V\%B%]gttg] a?bo%%q &g nCOV\FClugl’t hta&umt cp gmé‘eq H‘ﬁc %§r1um
mﬂ)ﬁateaasnweal asaealoepiginags swhwe nddmivigeflaw, cﬁ(hmluesed mgronnum
I ven 3}? ncl ude hydrocarbons, al cohols, esters,
% apan Ketones. The anount of coal escing sol vent,
[0078Iny, | Thepiraieal do)dtebﬁdﬂd\ﬁfﬁﬁs&rsﬂﬂ:l 1§ﬁsﬂ1aﬂ)5e)@ﬁd’s§éﬁll’hts a pigﬁ&:lﬁt

as 05 t b based on tof al .
et gy e ﬁaﬁvoélme}its P GO E bR o resin

ANd s dshaliBsitHiethe rah@ae bPOI62 RAd] .t ThBSher 88 ved Snentioned above are
surfactants, wetting (gents or catalysts can_ be

‘Pf#‘éll ip e dlisPprsiondn %nl%l& O8N Lo TRecgt Giagteht Raserpesveige!

8 sBIRdsQh (eREmp@MMANt | onal type conprising pignents,
for exanpl e, iron oxides, strontiumchromate, car bon

W02k, coan caigi emborimgnis il nssceridnventons thepsdacirpggpositable
&dali BQ@O@M RFiofR! dep(%ﬁe&&lt@ [he@h&%t@tsé aSHGEuBSh Q?e‘ﬂamvéll?]thm

yel ['ow, fCadm um red, chromum vyellow and the |1k
film, i.e., a dry film thickness of no more than 0.5 mils (12.7 microns), in some cases no

more than 0.2 mils (5.1 microns). Such compositions may be applied to the metal
substrate using any suitable apparatus, such as, for example, one of the methods and/or

apparatus described in one or more of United States Published Patent Application Nos.
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[0078] The pignent content of the dispersionis

usual Iy expressed as a pignent- to-resin ratio. In
w@eoorases3enbodi mrents, when pignent is enpl oyedPCT/0i82007/067474

pigment-to-resin ratio is usually within the range of

0.02 to 1:1. The other additives nmentioned above are

often in the dispersion in anpunts of 0.01 to 3

percent by wei ght based on weight of resin solids in

t he conposition. £00794 In certain enbodi nents of the

H06A0RT7 SLAVEHWOPON; 2 7B 1:e080/DP498e bk i2DMPE 15 Bl il

SRBRPS141]M i s deposited onto the substrate so as to

result 1n arelatively thin film i.e., a dry film

[088@k nes s lidfas heenrsorpeisinplxnlisQo & ravi thay it(id PosFiblyi te pdsde, métal

yale) r 0. 1l s (5. 1.Cl s
BB SRR i EmbORR: Sptodla BabmeebuSRE T rner
pshargoaimg asd(it)ablekcappaositdisqatisg déposised ovarat &xstrqplogion of the

ane .of the met hods. and/or.. .a r at described.in one
BPC g B cOREedel s R R A BatoBAP SIEIcRdpiSiiee
Popertid] eV whioh vl diz 08 38y RETMHUSRA0LEY D6 d4d4 As used herein, the term
2006/ 0032751A1; 20 6/0032748&%; ZQ£P/OO49062A1;
20%67 SRS QOB S B EBBICAITIM A5 P Chas
£2RJ0sisUh. PAL 8ded Bbinding e@MmeerRerddapdsitbd cdafingasRisab @ cbing
produce netal articles coated with a nulti-conponent
LHRHEE i YA P ORGP h §rop an aguequp eletiqdrposighlere
ERRokitBn ARHudell hdreRANWARLEE LsTsAARINRR 88 ing QRtde PR rBther
over at least a portion of the zinc-rich prinmer
CWHDG, (S MEMI EPCOBIASSSRHIAEPT Wiaske Bl [ceing dxrpgels biregihyyto the other
RS AR AL S PLORERY S BB el
mearypningzogingriyehsqpaiaee thed waratiges. rlafetain embeglimens ofrie
j L fr - e G it

SR A R, B S IR TR B S
leett e psrtivo ohthe gt -irigly privkep vsth the dyterggniggncoating layers being present.

trode i fion.pro Sa..from.an eQus. . . ..
086 7 ccc e bRk et B e BHER Bon s o
mbtal stidesedt ddsttpaaialla ceoal witdga mslti-cheposdnt edn@sie Coating
anot her coatin Lt 1s neannigpco asg sgﬁgaruosd ed
TSR & AT TTHYPTUCHS B Yt HET TP B0 Cot g deposite
6Rahi 18g1 a pértibn Hh¢ Aiheriviepimg coMdis] Whertiayier stiddeisgistant to

resent, as || as situatio e an__jintervening .
go&é’ﬁlioﬂ g”hF‘éSPét:Q& Hegssrdineg v éﬁ%ﬂggé%ffeﬁ 5@9 hqugs Erposify- in
emkRadiddantis700hot 8f exPoREE Y, 1h PUSHHel es, AW YO houkhe
el ectrodeposited coating i s deposited directly over at

paste. 3heb Heitoal ombined di fHaL thickpesprf thefinc-if i pripgy and the

LIBRYRRI AL & @RS NG phiRYRTSs BRINHi RS BVome chLOBHi1 (054
certain enbodi ments, therefore, the present invention

micrefist erdessd A8 gsedristed). wAaeR itéy eycdihal aaasiclgaricrigrnyfo
ERALDBH WhlebnaniTild dor GBI AReRic1c JIRAS ifh&h E QB Rghponent
conprising: (a) a zinc-rich primer coating; and (b) an
gjngqpshtqy@g@mha&s ad r@ggtivﬁ@al@@ph@hqke@ eye after exposure in accordance

with ASTM B117 for a specified period of time, wherein the article is placed in a
chamber kept at constant temperature where it is exposed to a fine spray (fog) of a 5
percent salt solution, rinsed with water and dried. Furthermore, when it is stated in this

application that an article is resistant to corrosion “after 500 hours of exposure” it is
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over at least a portion of the zinc-rich priner

coating, wherein the article is resistant to
w@orr3i8es1 when tested in accordance with ASTME@&I/1$2007/067474

after 500 hours of exposure, in sonme cases after 700

hours of exposure, or, in yet other cases, after 1000

hours of exposure, when the total conbined dry film

t hi ckness of the zinc-rich prinmer and the

el ectrodeposited coating is 1.5 mls or less (38.1

it Brasthe aftiglegpipsisigpige sonosiin| whep 50 gestedi @ 56n hyurpexarids s,
@éll y?ﬁgclg%ﬁétﬁlt tm%s'loh v&),hén st t@gtgdjaﬂeli] %Eel@é?%dq{u'iﬂb%} & Hotrs

resistant to corrosion” 1t neans that the portion of
gihgerghan Yl0dogoatueldasw tekectel @umbértal hewsrpawesnt S00ohhe¥) toers.

j 5, I . Vi Si e. nak fter

EROLLTRNR D80 B Bbont U o Bk s ROSER, BBl
KbecT(F0 ledrspé ex@durot ot ‘jafrer, 1000 &owrs of dxpesuartit is heantshat the

|.aced i.n a  chanber kept at. co ant t ature
RHEFE i o GBS aTE et ZIRL G o g BTt ey o
pell eefiticlsakdists kaiddroBion Whes @teted dTtena t@ectantntber &dhours
Furt her , When it is stated in this application
FHYE tg?'fl%ﬁﬂo&‘isé’r il(%dorhé)g’fsst ant to corrosion "after 500
[0082]s Of @XROSMG BéenifburdShad uchGhidRREmPSREEBmposite coatings
PCT/ US2007/ 067474 neant that the article is resistant
tdherede F%?giogﬁr A né%a_l pabstraies- fashesion fﬂdlﬁf@sﬁﬁéltelpyesﬁ%t
WobdiioASs Aehdufdd@Sink @%1rSdsRith ddBeSE LQSIHORINISR: § Aulieshed
after a sel ected nunber of hours reater than 500

Hiar somyg\geinlly avaylablel feen Bapl NuFpperdfo. Hagh ¢ cpredwsirratoi

%ﬂecﬂ@@& (Q@}b‘a 9n le),Linléﬁﬂ% Site th\é’ﬁl)%eél &J_t hﬁo %%l%gatin liylafsslnto

application that ‘an article is resistant to cofrrdsion
thg pybsiratz0Oodimg rdhasion exipensuied usipg Nichibae F- 28008 (Fronpellset
b th . e resi
AR Fuphls LPuRRTI BB LR TSR
motal sibgreal tif 3t last 80e fin scas: casetsi Wesr masi itlantoating adheres to

[ r,0sj.on n.so tested after a sel ected nunber of
%gﬁ?bssaatg?fet%?e?te?ﬁﬁan 700 hours or 1000 hours. [0082] It

[0683Jal so Beerillbouapedihat, teuwohedutitles daoted éntein may also

conposi.te coatings  adhere ta eac ther, and to netal
GOBBEF -Gt O Pen P B PRt GOV s PR e i or he
mONiesvinipdent tSMPBAS tiabflgsiBevighsB dek@ibsdasueh t@dbamigOmay be
est, erein, Uusi nt? a glulti-bl ade ?utt% .
%@8 Yy ORoaY At dherty s RopuRionglly Esgdip aptopgtive OEM
tddgpokitions, B8k EEheSUE iH @hfobiGonsSHbiDRI cbinEE akedfiecBiFal
angl e), making sure the blades cut through all coating
047 BESs CIpGifos0atiN s POVt CPAINGS, CEihstatings AlhisEgspireicgatings
@ﬂ@éﬂfoﬁg $12h REmPIsaidhd8Pickihc LaPEIn{-fRMmgRidsSsiRh as, P8) -
0

ur purposes of the present invention, a coatlng IS
e cd e apptariglsdggpmibedintnigd Stagas Fptest i 0948 830 ptfcol g, line 15

18385, BR% et (6P EShict A ek Sed Rireih BE rGQBhdeNGuch
R P et e e e reth PR B R e
wialihg Grenpepiipescingt edipplidteusgane doraenticohlewaideeg echinkyed and
aﬁ[zﬁ{gQO%MOI%ltﬁaQ will be easily determinable by those skilled in the art.

[0084] The present invention is also directed to methods for providing metal

articles that comprise a surface that is resistant to corrosion when tested in accordance

with ASTM B117 after 500 hours of exposure. These methods comprise: (a) depositing
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i nclude a decorative and/or protective topcoating

applied over the zinc-rich primer or the
wOoriori13@ssrponent conposite coatings previ ousl yPCT/US2007/067474

descri bed. Such topcoatings may be deposited from any

conposition of the type conventionally used in

autonoti ve OEM conpositions, autonotive refinish

conmpositions, industrial coatings, architectural

coatings, electrocoatings, powder coatings, coi

coacTidyerimenvdaigraosipi dasioqeriongs theapptdecabironshe Bctich

@‘i&gﬁ‘%gh&ﬂggyéep%%&hcﬁ%:n{ ¥ z1hﬂ ﬁ&}ﬁ&{ﬁﬁrlcgﬁgésg%dgﬂcéra%ggﬁéﬂﬁ mon-

{phitiadzist a&r‘e@eﬂawmm Ni. co@p@si@rg8@n amoerw lof atdeast 3@kt by
o i 1 e of whi '

MRl e Lo e R Syt GLPEMARED: & B LTI i

mmmmnandﬂﬂn&dnnymnﬁh@pmbMHgcumumgmanMxﬂnmuéﬂmumwakhpnnwr

ng tec e d tilizi. i tions . that
G0l SR L aRB e B rom it DeR T sttt fhd dhe
él&@&dﬂapoﬂftml q@mﬁgamgo hokeaRin ]lom mils (3. 1|sm1cﬁbrrs)ect ed to
ods or r 1 Al net a artic es that conmp |se
Bbfione | MseRhY et PRt i ant RuiroBaheFSs
RACERI0H AR dintdk bl coATIM aRiclek At @ﬁ&@ﬁm&@kd&&@ FwithQf multi-
exposure. These nethods conprise: (a) .depositing 23 WO

AT L R A A BrifEk¢oaling: dgg (b) an

80D st oaidle dedtba BvaP @l 14PN p&liod BEhS UhE-REE primer coating,
wherein the zinc-rich primer coating is deposited

VhaspinaheAprbeambined sy st thtcéiﬁ?fé sf hp gcEishprimes aig:the i )
Qchﬂrod%lgf?é'd' c%@tllngzl!; RE mBaY thénci §ﬁ1119 (ﬁ&slelmcrérﬁ) Jlﬁeche articles are
conmposition I n-an anmount 'east 50 percent by
weustgmto coraesesn vaien ttqs@dtumcaprdmegmh fb?TM ihd 1¢ alitgy 399 howrmof
g& dii1) a binder formed froma titanate; and (D)
ectrodep05|t|ng a coating over at |east a portion of
WMhmcmwmmwmmmme@mmwmmmmmmmmmme
&%”J%?rﬁg gs lgrPme kherr}é\;egl S1 li& k n zrocg%aﬂts hglli)lauttlscanlrdré) rcelﬁf;%:w%ithg
erahples 38 whlln chr@rghgmt tlﬁe(ls@scs]wa/é@n salmln;l weightsolekeothgrpae ent
fromthe foregoing description, the present invention
dicdfdo directed to netal articles at |east partially
coated with a nulti- conpRABRIMLESNPOSite coating
conprising: (a) a zinc-rich i rer coating; and (b) an
el ectrodeposited coatlnggéaggéifgd over at |east a
&Prtlon of the zinc-rich primer coating wherein the

B3I contibArsa 2@pg 3 fiophda L R¥E LRt fhep pider] wih

%ﬂa{f&{ ovapdls trrﬁ@ute gérﬁ)@tlﬁte daRas i i rAdboREn NSk HAOREE an
an 1.5 mls 1 mcrons) and the articles are

peplatien l@lme # @@é@%é.déﬁﬂ%ﬁ tc_rhp taé%f%nvws avrogenigpd eAEN
ﬁgﬁMS ﬁle]té-lﬁ qu.ttll% a’égﬁsela%ﬂﬁﬁd&ﬁlau&f(&@%é@ Aﬂe@@@@ﬂams of

Iustratlng he invention are the follow ng exanples
@lhtétateaW@ reigpvedoChyage twupsddded dije sesullipgrinaierigl wag@mber in color

&BK%%E%QHb%Qtﬁﬁﬁh&nﬂﬁh%k!S- Al'l parts and percentages
In
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exanpl es, as well as throughout the specification, are

by wei ght unl ess otherwi se indicated. EXAMPLES
waEx@npbws3sl [ 0087] Charge 2 and 3 from Tabl e 1 R&EF/ES2007/067474

prem xed together then added with agitation over a 5

m nute period into Charge 1 in a round bottom fl ask

fitted with an agitation blade, a condenser, a

distillate trap, and continuous nitrogen feed. After

30 mnutes the tenperature was rai sed until

distillation occurred. AfTABLB4 grans of distillate

was re”“"@tﬁrgeq"_'f %te{kiay\ulb added: Ti"'Ahﬁ)ﬁHtj(Elaﬂg)

mat er i al —was>anbe ] \;[UIB ana—was @;txw apre
Lar o o) A ZQR@ NP3 nang T/ |2~ N7 NEAE7

. v U OO0 T \VAW | \O |

F

room

t enper at g+e ;‘L
TABLE 1 |[Charge
ril 0O

t

VEt | YOUA gH-ars) r(r
TnBT 200 2 Dbi oni YR WP EBBY 1 " 3" vndtPr vy “ogp d .(6) 4
Sol vent [Bl end 24 §QW@B§W?§1 al cohol | “23% t ol uene| 24%
M BK 24% SOLVESSO( réw‘ib@@yl B0l put anol Tetra- n-|put yl
titanatel commercialdd @&t able fromE I|. duPont| de
Nerours jand Co. |2 H’%MREnol A-ethyl ene oxide djo
comercifal |y avail abl%eSPFERPEASHO0" 3 Comerci al |y
avai | ablle_from Fxxole aiwtinell s Arerica. FExanple 12
l ‘Dosatbudhlditepateicommendiatyveilablajscm Biledvdent dgiNdmaGtseang € 04
abBid-phendl AefthyBirgrogalegliol gerninerehidagpelablo fiom haf.ge 3 was
t Genmanttdy availdele Tragi xaon GhemiThle Amiexicur e was heated to
120F and held for 15 minutes. Charge 2 was added
slowy under agitation uqiihlweil I ncor porated and
free of lunps. The renmai Charge 5 was added and

moﬁd for Charge 1 from Table 2 was blended with Charge 4 and half of Charge 5

until homogeneous. Charge 3 was then added under agitation. The mixture was heated
to 120°F and held for 15 minutes. Charge 2 was added slowly under agitation until well

incorporated and free of lumps. The remainder of Charge 5 was added and mixed for

one hour.
TABLE 2
Charge # | Material Amount (grams)
1 Binder of Example 1 75.77
2 Zinc Dust SF7* 204.75
3 M-P-A" 4020 X° 3.50
4 Ethyl Cellulose N-200° 272
5 Solvent Blend 77.00
24% benzyl alcohol
23% toluene
24% MIBK
24% SOLVESSO® 100
5% n-butanol

* Zinc powder having an average particle size of 2.5 to 4.5 microns, commercially
available from U.S. Zinc.

> Rheology additive commercially available from Elementis Specialties, Inc.

6 Commercially available from Hercules Co.
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one hour. TABLE 2 Charge # Material Amount (grams) 1

Bi nder of Exanple 1 75.77 2 Zinc Dust SF7 204.75 3
wWORMIA308381020 X 3.50 4 Ethyl Cellul ose N-2006 PCTRS2087/067474

Sol vent Blend 77.00 24% benzyl al cohol 23%t ol uene

24% M BK 24% SOLVESSQ(r) 100 5% n-butanol 4 Zinc

powder having an average particle size of 2.5 to 4.5

m crons, conmmercially available fromU S. Zinc. 5

Rheol ogy additive comrercially avail able from

El ementis Specialties, |dixample¥omercially avail able

0T o P iRadfoupRintE S GhANAR il ZaRg R R
Wﬁlllchld @?@r g;gttfmoa :qmtﬂttlhfaemtlyon M/:aicormlgﬂ ds@/l@nd@lrbya@& mﬁtﬂr@ n
A S R S PP S B PR ATS,

c@emzbde dnctmdlrgel mﬁe@mpmaljz d1sslwmdg @hﬂgu 3 Wcam thefChdded @nder

was .Cco etel

R B e Seofi e R P TR E T mbr RS B8R 1

kdsiboty lﬂ;ﬁeﬂﬁgnm@slnuﬁhar @eorﬂomas andfiebad [sth@wW The witerder
ation u corporated and free of | unps.
afgé’r?a‘f’?f(fgi%eéaé‘\ée %frfg’éo@ 5 added and mi xed for one

hour. TABLE 3 Charge # Matrgpipls Anount (grans) 1

Tyzor(r) TOT 7 57.00 2 MACOL(r) 98B 3.00 3 MP-A *

4020 X|Zhadrge # | Material Amount (grams)
1 Tyzor® TOT’ 57.00
2 MACOL® 98B 3.00
3 M-P-A" 4020 X 2.37
4 Zinc Dust SF7 179.6
5 Ethyl Cellulose N-200 2.43
6 Solvent Blend 84.00

24% benzyl alcohol
23% toluene

249% MIBK

24% SOLVESSO® 100
5% n-butanol

! Tetra-2-ethylhexyl titanate commercially available from E.I. duPont de Nemours and
Co.

Example 4
[0090] Charge 1 from Table 4 was blended with Charge 2 and the mixture

blended under agitation until the reaction was complete as evidenced by the mixture
becoming clear. Charge 3 was added and stirred for 15 minutes. Charge 4 and then
Charge 5 were added slowly under agitation until well incorporated and free of lumps.

Charge 6 was then added and mixed for one hour.
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4 Zinc Dust SF7 179.6 5 Ethyl Cellulose N-200 2.43 6

Sol vent Bl end 84.00 24% benzyl al cohol 23%tol uene
WQAMTNBIBBS 24% SOLVESSO(r) 100 5% n- but anol PCT/US2007/067474

Tetra-2-ethyl hexyl titanate comrercially avail abl e

fromE.l. duPont de Nenoburs and Co. Exanple 4 [0090]

Charge 1 from Table 4 was bl ended with Charge 2 and

the m xture blended under agitation until the

reacti on was conplete as evidenced by the m xture

beconi ng clear. Charge 3 WABLEdded and stirred for 15

m nut e’Ch‘ D'(?#g"l\/fﬁteﬁd“' Lnleln —Chargeano '(graﬂll fed—show y
imps. enarge 4 aae T i e or one|
hour . Lé v 2007 ATBESBT) Uso0007 457
Charge H N r BI 4\10:21 ranrg) &gé\l
2 MACOLfr) 98B 41 Zi
SF7 170360 #Ebl&f\@\‘%nsﬁ%i;nl 50 LHOh 6 Sol vent
Blend 86.00 249 benBjandal cohol 2B349GI uene 24% M BK

24% SOLVESSQ(r) 130 bawlfldshelanol | 8 Rheol ogi cal

addi tive conmmer ci&% lugpaii | abl e ff om BYK- Cheni e.
24% MIBK

24% SOLVESSO® 100
5% n-butanol

® Rheological additive commercially available from BYK-Chemie.

? Zinc/tin alloy flake paste commercially available from Eckhart-Werke.

Comparative Example C1
[0091] Charge 1 from Table 5 was blended with Charge 2 and the mixture

blended under agitation until the reaction was complete as evidenced by the mixture
becoming clear. Charge 5 and half of Charge 6 were added and blended until
homogeneous and Charge 5 was completely dissolved. Charge 3 was then added under
agitation. The mixture was heated to 120°FF and held for 15 minutes. Charge 4 was
added slowly under agitation until well incorporated and free of lumps. The remainder

of Charge 5 was added and mixed for one hour.

TABLE 5
Charge # | Material Amount (grams)
1 Tyzor® TOT 62.2
2 MACOL® 98B 3.27
3 M-P-A" 4020 X 2.00
4 STAPA® 4 ZnAl1 7" 146.70
5 Ethyl Cellulose N-200 2.00
6 Solvent Blend 69.00
24% benzyl alcohol
23% toluene
249% MIBK
24% SOLVESSO® 100
5% n-butanol

1% Zinc/Aluminum alloy flake paste commercially available from Eckhart-Werke.
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9 Zinc/tin alloy flake paste commercially avail abl e
from Eckhart-Werke. Conparative Exanple Cl1 [0091]
w@bargsosis f rom Tabl e 5 was bl ended wi th Char gePCI/aszh07/067474
the m xture blended under agitation until the
reacti on was conpl ete as evidenced by the m xture
becom ng clear. Charge 5 and half of Charge 6 were
added and bl ended until honbgeneous and Charge 5 was
conpl etely di ssolved. Charge 3 was then added under
agitation. The mi xture Eaamplesfdd to 120F and held for
il nute i on
%ﬁtl| mel?nEn r%%%g%e gﬁﬁgﬁ%ggﬁgf?%%QMEﬂﬁ@ﬁﬁ&h%ﬂﬁ
hybmidizaidarof tifhaChzatggielsss dagonadded Famdmmpl@di thouglohke the

Gl 1Y ppe b el ik G T o Ry Eopple o

é@i&n@@l By SSSTAPAOMogehedimAdddutd Bor Oxantpldsthijrfouglel 1, uheasig tures

d 69.0 24% Db | hol .
DB AdH 5 0 30 0 e DR YRCR o500 Gog n6iF Freacion
timb U AR@ke thAd £ roeth Amperatu®) al | oy fl ake paste

commercially available fr hart-Werke. 27 WD
2007/ 130838 PCT/ US2007/0 Exanpl es 5-11 [0092] In
Exappl es 5-11 ofs Tgbl @ 6, the ¢ffect|ofoorganie 11

nodi fi cati on |aeram$y bgrue) Z agrivad | Ofranis) § agnatse | Nates)i algams)
Te/Qientoit r atied0.OFQr _exanpl es 5 through-11| the 1143
FefR® BT werle bl endé80by dehanildal | stitringOdt P5C
MALDL®PHE reacti-on (was caondlet ¢ ad evildenced3-by -
Eﬁ%@ﬁ““ﬁ@hngeneous produdt. For exanples 7|through Pt
vt ur worolturhid and aelaudulat firct and
Eg;%elngPear af t %r ap%g 'Eﬁ%elyi% e hdd of Ractidf
M Sty pofyutanate commer(naﬁy avallal %‘I‘t(')hllH:EI HulBb&tde Nemours and Co.

Polytetramethylene ether glycol, commercially available from INVISTA.

Application and Testing
[0093] The compositions of Examples 2, 3, 4, and C1 were applied to clean, sand

blasted bolts by a dip spin method in a basket with a radius of 4 cm at a speed of 350 rpm
for 15 seconds. The bolts were then baked at 200°C for 20 minutes. In addition, the
compositions were applied to clean cold rolled steel panels by drawdown bar method,
and baked at 200°C for 20 minutes. The resulting film thickness was approximately 8
microns. Subsequently, the coated bolts were topcoated by electrodeposition with
Powercron 6100XP (black cationic Bisphenol A epoxy based electrocoat commercially
available from PPG Industries, Inc.) for a total primer plus topcoat film thickness of
approximately 16 microns, as measured using in accordance with ASTM B244 using a
FISHERSCOPE® MMS thicknessmeter, as described above. Similarly, each primer
coated steel panel was topcoated with electrocoat over half of its surface area. The
electrocoat was cured by baking at 180°C for 30 minutes.

[0094] The bolts were mounted on plastic panels and placed in a salt spray

cabinet compliant with ASTM B117 standard. They were tested in sets of ten bolts for
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TABLE 6 Exanple 5 6 7 8 9 10 11 (grans) (grans)
(grans) (granms) (grams) (grans) (grams) TYZOR(r) TOT
wagod/130838 - - - 11.43 TYZOR(r) BTP - 10.0 12.BCWBSB07/067474
11.7 10.0 - MACOL(r) 98B - - 0.4 1.0 1.5 3.0 -
TERATHANE(r) 0.4 100012 Sol vent Blend of 1.0 1.0 2.0
2.0 2.0 3.0 1.0 Exanple 1 -TT n--butyl polytitanate
commercially available fromE.|. DuPont de Nenours and
Co. 12 Pol ytetranethyl ene ether glycol, comrercially
%Wb exaalle Fheawint NAadma was dgfplefl @ath'r: onmper! reys piagposure
|
1r9 2&% ato g%}ﬁrag@t;ﬂg QIE b‘ié §asr§1{r(]:8§f( St 1 égsg ﬁon%}?ré{ﬁgn &;'D of the
@plbnltmttftecsdt in a basket with a radius of 4 cm at a

RIS O IRBeiBTesdyR bt BoRGE WSROk HENE B8R accn

warmpmd én riserwelyes applas pdmérgpled eemrrocmated topebdted tst fee bteel

I%élnﬁ,,d éddr avvdovvn bar method, and baked at 200C for
AUTBE aPPKa resulting filmthickness was

OR6IoXi matlak proBucthrvitdxamples StHicetue MekyapplitEodgcan cold

bol t s re. topcoat ed el ectrodepositio '
i s BTGRP OB RS b OB EB ek 20CE 20
Ramed. ﬁiee@@[ta@@at fiIROMIBRAGE b yppramamla@ ll £mfdre ARGesulting

| ndustri es, pf) for a total rimer plus topcoat film
fﬂl‘?’l‘sd’i@ﬁ%g‘?luéfed far Hl”d?‘ie&%tﬁ’ g !Syali’ﬁspﬁ‘it’@i“dﬁ'émb%él Sﬁ‘éﬁ@iﬁ‘gé&bbmg

With B¥adelnd SEREARABCH AWM sbilt 2ASTMBLIANISIA offilm cracking when
FI SHERSCOPE( 1) t hi cknessneter, as descri bed above.

@iammeérblyﬁca@&tglﬁlﬁﬁtmﬁ%lcr%@a@ 6N} 1 800p arseniligasion.
fogofoat ed MJIQ af ECHREPRInQVELgRal f of its surface

area. The l'ectrocoat was cured by baking at 180C for
30 minutes. [ 0094] The bol'ABLEgr e nounted on plastic
par nd pldcju_,’e&)‘l mgs satt t spray cabi IBL conpt dl7|l
L1l I'\DIIVI L 7 L | 11T e I.Ub UU III DUL I
#&H@%ﬁﬂ% ool B S i aBR e dggow 0674781
each exan‘pl e. The point of failure fined Wflﬁré(
nunbe Rours—of —expesure—required—to—gene M“e@' ¢laudy
N 3é1 a earmaﬁ%%tc%f annyir%BaSP’ust sﬁf%tt@a%' more tH&n
q\ﬁtcf fhn ten holts lin the set.
‘Acetone "100 rubs had rubbed off rubbed off 5 rubs through
soaked rag rub no effect easily easily to metal
500x (SEM) no cracks, powdery, no powdery, no | mud cracks with
cracking continuous continuous film continuous large gaps and
appearance film film flaking
500X
Crosshatch no loss (100% complete loss | complete loss | no loss (100%
Adhesion adhesion) adhesion)
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[ 0095] Adhesion testing was done by crosshatch as

descri bed above. Crosshatch was tested on priner only
W@s00raBbds3eas primer plus el ectrocoated topcoat PCT/UR®07/067474
flat steel panels described above. [0096] The
products of exanples 5 through 11 were applied to
flat, clean cold rolled steel panels by conventi onal
drawdown net hod t hen baked at 200C for 20 m nutes.
The resulting dry filmthickness was approximately 4-5
mi cbgnwle The resd ting| fil s were eval b@ated flor filllm
Aggga%ncéy VS U biSPe ‘érﬁ’obﬂkbféﬁ'ﬂ' M looR T TRLCT Ofooth, dul

dfetone soa g, Vi 'sug

assessmant of tﬂ% é/ tent of fi I m crack|

Cr\r\nnu art rnn

n
all II u Uy JoArrtil IIU I_ 1T IVI Ul UDL;U'JC

Eﬁ i Clcatl an. f@‘ﬁb?] Resmﬁ Yar e [set" 6
7~—-and \B Exanp! 67 -AppearanceSnopoth
T PSR, TGHE pop oS B P I ribdhig o ot has
_{f/?érr{}br‘l oudy | ThY L1l no &Heckt ch hervelfsesy vary "84 §Ct
S9QY(SENDr at ¢h A8BFONe 101955rCEP(9§1nﬁad UBHBUSE £ |gppdilar to
6REKIBS r ubs  hFYUFHOUSs 0pk EEFYMAREOY uh noclefkiRet easi | y8
aRRsRIapce o netlass crEbmg | SEM oK C KRATOpEABRr |, Nno
poRdery, no |midh repraekis| wi t kvs &r acki ng ®eWYi nuqus
conti nuous 1fi | gfsort i nuous | ar ge gapentanels, Bppear ance
filmfilm fl akiking (V600X Crosshat ch ritrkinggs 9100%
Compliagthe | 0$s cwrpiset e| Inodessi0os|s np 169%00%d hewi loss (100%
adheginon) adhes(loefy 29 WEIh2E0W/ 130838lhesion) adhesion)
PCT/ US2007/ (6 7x4Rdsiotixanpl e 8 9 10 |11 Appear ange
snoot h, smooth, clear snmooth, clear snooth, dull
slightly cloudy Thunbnail sy Difficult no scratch
di fficult M

g vvhen

CEAA
=) )

at 500X
in TaCBfﬁ@grt

—f——

b}
job}

Example 2 3 4 Cl
Salt Spray 500 500 700 50
(Hours)

Crosshatch Adhesion no loss no loss no loss complete
Primer only loss
Crosshatch Adhesion no loss no loss no loss complete
Primer plus Electrocoat loss

Examples 12-14
[0098] In Examples 12-14 of Table 9, the effect of modification or hybridization

of titanate materials with a silicon-based polymer is demonstrated. For examples 13 and
14, the mixtures required approximately 8 hours to react and become clear. All were

fluid at room temperature.

TABLE 9
Example 12 (grams) | 13 (grams) 14 (grams)
TYZOR® TOT 10.0 10.0 10.0
Dow Corning® 840 Resin"’ - 1.0 -
SILIKOFTAL® HTT" - - 0.6
Solvent Blend of Example 1 1.0 1.0 1.0

" Silanol functional silicone resin available from Dow Corning.
M Polyester silicone resin available from Degussa.
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we@bdoaas08se ef f ect

Scratch Acetone soaked 100 rubs has 100 rubs has no

100 rubs has no 100 rubs has rag rub no effect effect
500x (SEM nore | ess cracki PQr/uv®ny067474
little very simlar to cracking continuous, very

narrow cracking, 8 appearance |ess cracking gaps, nho
flaki ng narrow gaps, 500X with narrower (vs 8) nostly
gaps, no continuous, no flaking (vs 7) flaking (vs 9)

Crosshatch no |l oss no | oss (100% no | oss (100% no | oss
009U  AdHEs preduqty 0B adkke ] Broughdhasicamplicddh élal, ekayn cold

A N e N L e

hesion no 10ss no | 0ss
mbm@scﬁmb%ﬂtmg dpy filethi dsndsy whpgprox@ngsls Hat miergid hBwirovwlting

I
E\?ﬂe CV? r%((?) %Voa g(zrsfq%( Lt%%ﬁ?tg Q/?sn‘@ sEthlngtgl%ﬁﬁnaﬂégfgtch né rubbing
12k ddlacefond adzlked A g, and eisefilfasetsnaht ofablk &xitenadbf lim @acking when
b L f t t i al ith. .
4Pl Byl pPE GaRBHa | ot midp Pespgmy Rowis e
@0 cbrthid Tatlb @0.m xt ures required approxi mately 8 hours
re fluid at room

to react and becone cl ear
tenperature. TABLE 9 Exa (granms) 13 (grans) 14

(drams) ExalpZOR(r) [TOT 36.0 10.0 1010 Dow Comi ng(r)

840\ Jpeghite- 1.0 - mrb\lvﬁ%dgﬁl—( r bléﬁ'l' kmbdth- [~ Blelr, smooth

Sal vent B! en_dl _of E_xarigg{,vger} . 1.0 13 Sil anol _

f UNRLEBRE sEdikd come (z@r?'eﬁ‘syaVC' ! a@ﬂffr‘cdltr oM DOW &Bf I3} 9
Acetone soaked rag through in 30 100 rubs 100 rubs
rub rubs no effect no effect
500x (SEM) cracking severe mud less mud more continuous,
appearance cracking, large cracking and less cracking
500X gaps and some small gaps versus 13

flaking versus 12
Crosshatch Adhesion no loss (100% | noloss (100% no loss (100%
adhesion) adhesion) adhesion)
Examples 15-17
[00100] Examples 15 and 17 were prepared from the ingredients set forth in Table
11.
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14 Pol yester silicone resin avail able from Degussa. 30

WD 2007/ 130838 PCT/ US2007/ 067474
w@booenznsps es 12 through 14 were applied to fl apCT/UF®aN067474
panel s by conventi ona
met hod then baked at 200C for 20 m nutes.
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Table 11
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”‘%

Mat eri al
TOT 2916 4

Exarn
Ano\

pl e Exa
nt (grans

17 Charge #

94 s) 1 Tyzor(r

i YE%“%Q@

5% n-butanol
15 Zinc flake paste in mineral spirits available from Eckart-America.

83

[00101]

from Table 11 was blended with Charge 2 and the mixture blended under agitation until

Example 15 was prepared in a manner similar to Example 3. Charge 1

the reaction was complete as evidenced by the mixture becoming clear. Charge 6a and
half of charge 6 were added and blended until homogeneous and Charge 6a was
completely dissolved. Charge 3 was then added under agitation. The mixture was then
heated to 120°F and held for 15 minutes. Charge 4 was added slowly under agitation
until well incorporated and free of lumps. The remainder of Charge 6 was added and
mixed for one hour.

[00102]

from Table 11 was blended with Charge 2 and the mixture blended under agitation until

Example 17 was prepared in a manner similar to Example C1. Charge 1

the reaction was complete as evidenced by the mixture becoming clear. Charge 3 was
then added under agitation followed by Charges 6, then 5, then 7, then 8. Agitation was
continued for 30 minutes.

[00103]

prepared in Example 15 in a media mill (Chicago Boiler L-3-J) which was charged with

Example 16 was prepared by processing 1700 grams of the composition

2400 grams of 1.7-2.4 millimeter ceramic zirconium media. This was milled at 90°F at
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2 MACOL(r) 98B 154 23 3 BYK-410 48 6 4 Zinc Dust SF7

9187 -- 5 Zinc 815 -- 1241 6a Ethyl Cellul ose N 200
wa2e7430838 Benzyl Al cohol -- 55 8 n-Butanol --PAWOSBO7/67474

Sol vent Blend 1184 36 24% benzyl al cohol 23%t ol uene

24% M BK 24% SOLVESSQ(r) 100 5% n-butanol 15 Zinc

flake paste in mneral spirits available from

Eckart-America. [00101] Exanple 15 was prepared in a

manner simlar to Exanple 3. Charge 1 from Table 11

%ﬁ)@ rpndergbige Wpurk Theamajeriap tuapedl fravea dark gty eolor ety silvery

efndﬁgﬂa{gg[flé R)Emyt[btn'olf nor- E\@eﬁ&ﬁ“z‘ﬁlb 85} Was conplete as

eV| dence m xture becom n ear Charge 6a and
hal f of charge 6 were added and bI ended unti |

honogeneous ang (Hgg{.gea S yas 88&4 Eélgsl YS'ﬁ ssol ved.

Charge 3 was t : e mxture

[ﬂﬁ];O‘t] hen The ad)rﬂpbstt'n»né.df(IE%aa]ptés h&! i, froirl 7Meererapplit@®. flat, clean,

d under a A

o per st B SRy SR RS en St PPyt

l@kadl g@Oﬁ s 26 ddedesarie rayuiag dlfnyﬂmthekl’ﬁ:@fiJWas dp@&iﬂ]ﬂtely 6-8
17 vva a_ nmanner ar

T St B Pare g B s 0 T PO G

%bder&rbﬁxm(mw &tibhie B@@ﬁeﬂ@nﬁe@o@waﬁmdm&om |Cbmm1éﬂ‘ﬁlly
reacti on was conpl ete as evi denced the m xtur

paEdahls ﬁ@m(ﬂPé}aIpdus@}eéfIQ% ageqfgiag top th%ﬁlalgggélgeq}ﬁggpt1ons for a total
%ﬂhér%tldsQBbct)ch H1AWEEkRYs Ehppi8enally 1 NeNmRrodsN@Mchsurtd@n

Agitation was continued for 30 mnutes. [00103]
Eeaidpnce Wik el hrép ariega BPHYROCETS MM/ birkagsaneichps

|
RIS LR PP AL e

daqEcept anay balfl of itspsupface ax¢4. IThﬁekétwoceetrwcereﬂ b dalingieh 180°C
edh Aigais was milled at 90F at 32

[00105] The resulting panels were placed in a salt spray cabinet compliant with
ASTM B117 standard. Adhesion testing was done by crosshatch as described above.
Crosshatch was tested on primer only as well as primer plus electrocoat. Results are set
forth in Table 12.

[00106] The SEM images of Figs 1 to 3 show that the milling process used in
Example 16 produced non-spherical particles with significantly different shape from the
commercially available flakes of Example 17. It is also clear that the coating produced
from the composition of Example 16 had a more porous surface than the coating

produced from the composition of Example 17.

Table 12
Example 15 16 17
Salt Spray (hours) 500 1000 336
Red rust spots | Nored rust | Severe blisters
No blisters No blisters 800
Red rust spots
Crosshatch Adhesion no loss no loss complete loss
Primer only
Crosshatch Adhesion no loss no loss complete loss
Primer plus Electrocoat
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WO 2007/ 130838 PCT/ US2007/ 067474 2400 rpmfor three
hours. The material turned froma dark gray color to a
WO 200y/131888/ery col or, indicating the fornmati onP@F/US2007/067474
non- spherical zinc particles. Application and Testing
of Exanples 15-17 [00104] The conpositions of Exanples

15, 16, and 17 were applied to flat, clean,
zi nc- phosphated cold roll ed steel panels by
conventional drawdown nethod and then baked at 200C
for 20 mnutes. The resulting dry filmthickness was
BOWAxi matlieviyl bg-agpreerited byidhoseSiiiled dudip it yhat ¢haagesgauld de
%@&et%‘?hevﬂbs%g%ﬁ% c%gecpybo% %ﬁg&g qg(ﬁ?tﬁigtffo%pth\é’lbiﬁ inventive
ower cron cati1oni c Bisphe A epoxy ase
eine@nt thecoét It lsomdﬂetloedl ghergforeathati thia Iyl ventfangsmdRfi@ited to the
9 U z}rrél oc’hments d1sc Gl dlt r}% 1n9en£16|:1de to rggvnelflf 3 }flltl:gl & which are
Tructions fror tot W plus coa?l¥ I'm
Whhm kinespiitafid apps othmtvﬁiuysn ]a5d&finemb§z nmperalsd teasur ed
in accordance wth ASTM B244 using a Fl SHERSCOPE(r)
MVS t hi cknessneter, as described above. Simlarly,
each prinmer coated steel panel was topcoated with
el ectrocoat over half of its surface area. The
el ectrocoat was cured by baking at 180C for 30
m nutes. [00105] The resulting panels were placed in a
salt spray cabinet conpliant wwith ASTM B 117
standard. Adhesion testing was done by crosshatch as
descri bed above. Crosshatch was tested on priner only
as well as priner plus electrocoat. Results are set
forth in Table 12. [00106] The SEMinages of Figs 1 to
3 show that the mlling process used in Exanple 16
produced non-spherical particles with significantly
different shape fromthe commercially avail able
flakes of Exanple 17. It is also clear that the
coating produced fromthe conposition of Exanple 16
had a nore porous surface than the coating produced
fromthe conposition of Exanple 17. Table 12 Exanple
15 16 17 Salt Spray (hours) 500 1000 336 Red rust
spots No red rust Severe blisters No blisters No
blisters 800 Red rust spots Crosshatch Adhesion no
| oss no |l oss conplete loss Priner only
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Crosshat ch Adhesion no | oss no | oss conplete | oss
Primer plus Electrocoat 33 WO 2007/ 130838

weROUSBO7/ 067474 [00107] It will be appreci B EUSIH97/067474
those skilled in the art that changes could be nmade to
t he enbodi nents descri bed above w thout departing from
the broad inventive concept thereof. It is
understood, therefore, that this invention is not
limted to the particular enbodi nents disclosed, but
WME ClsAIMit ended to cover nodifications which are
wWthin the spirit and scope of the invention, as
defined by the appended cl ainms. 34 WO 2007/ 130838
PCT/ USERGT A06IF 47K ast pELdlyAlomed WithA mut-abmpertenicdogpasite
&%ﬁ%%c r&h%lly coated with a multi-conponent
COo site oating conprising: (a) a zinc-rich priner
coat i(am ziandcH foymarogingcindodeposi t ed coati ng deposited

over at |least a rtion of the zinc-rich ri o
coat i B FEpaeRRA s dPetp MU EE G ErorR T30 dur e
pimharcoaiy, hours of exposure when the total conbined
dry filmthickness of the zinc-rich_priner and the

el ect YSGEPBSIAHELE 1 B5SMRgG PLosions iy ?@ figery o gxposyre whgp the
@bl t&h®n@f dr¢ Fifth Midkneddde (R zZthelrt@ pahREardd (BHelpdiodBosited
coating is _deposited froma conposition conprising
%Pﬂﬁgﬁgﬁh@ﬂﬁménghe article of claim2, wherein the
zinc powder is present in an anount of at |east 25
gercent by mei?ht, based on the total weight of the

i nc ‘Perriedq dslaim 1, whereig the Zncerif prighes coating isgdeapsdies pme
&hﬂ&ﬁﬁmggxa&hﬁ%%hﬁqgghgg is deposited froma

conposition comprising zinc/tin alloy particles. 5.
The article of claim1, wherein the zinc-rich priner

oati [ I te . . 1t 0 [ Si
7 nae b RICTRATY 2ot LRI incIRRRERL bty SO Ficas
Byphrainysaveghtt besedaf the Brtal Rreezhaot the biec pdrtidesai m 5,

wherei n the binder conprises a hybrid

organi c-inorganic copolyner forned from (1) a

4. t arfteartihddéfataim 1pahdreialthdwiehradhysaiee codu@p ésafeposdnad from a

composition comprising zinc/tin alloy particles.

5. The article of claim 1, wherein the zinc-rich primer coating is deposited from a
composition comprising a binder formed from titanate and/or a partial hydrolysate

thereof.

6. The article of claim 5, wherein the binder comprises a hybrid organic-inorganic
copolymer formed from:

(1) a titanate and/or a partial hydrolysate thereof; and

(2) a polyfunctional polymer having functional groups reactive with alkoxy

groups of the titanate and/or the partial hydrolysate thereof.
7. The article of claim 6, wherein the polyfunctional polymer comprises a polyol.
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(2) a polyfunctional polyner having functional groups
reactive with al koxy groups of the titanate and/or
wo b@7p30888 al hydrol ysate thereof. 7. The arti cPE&r/v82007/067474
claim6, wherein the pol yfunctional polyner conprises
a polyol. 35 WO 2007/130838 PCT/ US2007/ 067474 8. The
article of claim6, wherein the pol yfunctional polyner
is an acrylic polyner, a polyester polyner, a
pol yur et hane pol ynmer, a pol yether polyner, a
silicon-based polynmer, or mxture thereof. 9. The
rti
?eacffahﬁtagttccl:%l)faclla%l% K\‘%}%gu%é;;o‘ahﬁncﬂ%aﬂ glr)‘rl'ghér i5Qh g&th ]S&ﬂher
apdpwmterr polgm@u P palmulre(hanf) pdyme Kydlestleer pselyher, amlcoﬂh@ed
| wherein the titanate conprises a
@%g#&~&ag¥n%%%%¥bé 11. The article of claim5, wherein
the bi nder is present |n the conp05|t|on in an anount

th
Tei ot By Phort® sl PP BT ey S pangpipe
@f)olyd)labﬂpﬁslng/\hﬁa[‘r&hﬂldgﬁ@lpafnﬂI(ﬁ:)| R aﬂl@leﬁe srmEtl part. 13.
The article of claiml, wherein the total conbined dry
filmthickness of the zinc- rich primer and the

al. ectTHRAQRASH RN GORhdrBid thetitdnabd donPkisds@Shelatkd titahne.
article of claim1l1, wherein the el ectrodeposited

coating is deposited directly over at |east a portion

of  t Nehezikdie §ticEimBY WAGEn (bindtRR pREsbhiGh Be@bmpdsdioNid an
wherein the article is resistant to corrosion after

pOEt ohbierld psrcerbbyyeighs barrdpnitretotabyaighicd splidsdrthgr v
Edohg0kikibh ckness of the zinc-rich prinmer and the

el ectrodeposited coating is 1.5 mils or less. 16. A
chrome-free coating conposition conprising: (a) netal

.rt !'ﬁte%?t'lclea&%laglg)l @hérlﬁlnrﬁef a%(ffe 19 sMaP &, conmpr ising a

ybrid organi c-inofgani ¢ copoly rmed from (i) a
titanate and/or a partial hydrolysate thereof, and 36

Yp ?Hl %‘[ c(i)e (;‘?fsclal?lgli/ Uf?ezr %zﬁe t%tf1 ombléedid??r fl‘lm thickness of the zinc-
unc I omal gr oups

pol y onal aving Tunc

rida@otmor@andvihe Ieleaﬂrcbdapgsltgat omMpsg mfl hiher lesst anat e and/ or the
partial hydrol ysate thereof. 17. The conposition of
claim 16, wherein the conposition conprises zinc
poWd€erhe article of claim 1, wherein the electrodeposited coating is deposited directly

over at least a portion of the zinc-rich primer.

15. The article of claim 1, wherein the article is resistant to corrosion after 1000
hours of exposure when the total combined dry film thickness of the zinc-rich primer and

the electrodeposited coating is 1.5 mils or less.

16. A chrome-free coating composition comprising:

(a) metal particles; and

(b) a film-forming binder comprising a hybrid organic-inorganic copolymer
formed from:

(1) a titanate and/or a partial hydrolysate thereof, and
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18. The conposition of claim 16, wherein the zinc
powder is present in the conposition in an anount of
wW@eooza3s88 50 percent by wei ght, based on the tPCHIUS2007/067474
wei ght of the conposition. 19. The conposition of
claim 16, wherein the polyfunctional polyner is a
polyol. 20. A coating conposition conprising: (a)
netal particles; and (b) a filmform ng binder
conprising a structure represented by the general OO
O Ti O P- O(iiapolyfunctioml golymeriaving fangtional ghapeicactivejvgth
I and each n

5112&3[ ﬁggéthog g{ftélgfu g%t,le ﬁf?&/&f tH@ﬁMéﬁgﬁ?hrfBg%tX %ﬁe{gf and may be
t he sanme or dlfferent 21. A netal substrate at | east

rei ed o ] Si
i er fssp Rt bt 1 R e SR Rb OB S A p B
conprise a nmetal having a greater |onization t endency

an that of .the ngetal str The substrate of
bt ol Fominitedor R 1 SR B Ping PR SR EE S
gaidosiGibe &, an adlount sTumepa 0 pat@s by ieizae, dhsddrbm thniahll v@eyght of

articles, or a mxture thereof. 23. The substrate of
@Fé@ﬁ?ﬁﬁ“mmhereln the netal particles conprise zinc
particles. 24. The substrate of claim 21, mherein t he
Egrous coating further conprises a binder.

07/ g 8BgowEr AshEn #9.oeray the @Blyf“}“ﬁ%or@hlk%lfffl%rtl%a pelyol.
clai m 24, wherein the binder conprises a hybrid
organi c- inorganic copolyner. 26. The substrate of
& ai M oBmtingREPRASHION KRMAYHHHS d or gani c- i nor gani c
copol ¥Rkl i dRrfd froma titanate and/or a partia
hydrol ysate thereof. 27. The substrate of claim 26,
wher ebha filnefaiping bindgy ¢pamirsingaoraeiwe cereespeibd ethe jggneral
formed fromthe reaction of a titanate and/or a
partial h ol ysat e thegre and a polyfunctiona
pol yner conprisiing fun¢tional groups reactive wth
al koxy—g 55— Of— Ph®+—Tit e and/or parti al
hydr ol ysat/ e\t herjeof . |28 The substrate of claim 27,
wherein t e‘pol functi?nal pol ynmer conprises a
formula: n ' wherein P is the residue of a

polyfunctional polymer, and each n is an integer having a value of 1 or more and may be

the same or different.
21. A metal substrate at least partially coated with a porous coating comprising non-
spherical metal particles, wherein the metal particles comprise a metal having a greater

ionization tendency than that of the metal substrate.

22. The substrate of claim 21, wherein the metal particles comprise zinc particles,

aluminum particles, zinc-aluminum alloy particles, or a mixture thereof.

23. The substrate of claim 22, wherein the metal particles comprise zinc particles.

24, The substrate of claim 21, wherein the porous coating further comprises a binder.
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pol yol. 29. The substrate of claim28, wherein the

polyol is fornmed fromreactants conprising: (a) a
w@eioyabossonpri sing an aromati c group; and ( b)PEIUS2007/067474

al kyl ene oxide. 30. The substrate of claim 21, wherein

t he porous coating is chrone-free. 31. The substrate

of claim2l, wherein the substrate is a small part.

32. The substrate of claim2l, wherein the porous

coating has a thickness of no nore than 0.5 mls. 33.

The substrate of claim?21, further conprising a

ati | - I - 1] -
BEr ouR HaRAR o Pl BB wBBi e IRsT bed s
Bdrgafiheomiladrr at e of clai m 33, wherein the coating
deposited over at least a portion of the porous
coating is an el ectrodeposited coating. 35. The
FubstTrtsebsohteal alaim 331 whatear e hytgidagganiti@oigsnic espodtngemis

r osi on af t 500 f exppsure, when the

boGp&PhuBRrad b Yo SRRABELEERET he por ous

coating and the electrodeposited coating is no nore

dCoaticat e sbabin o iR P& PGSR CpRBE A TR

fantd ﬁvd)rﬁﬂlefr@émbﬂl sf mana&@andpﬁ @@alﬁllaﬂg/dﬁ)lﬁs@mﬁ&édﬂaﬁ)dla
rising general |y spherical netal partic

‘?lir’rf;)m‘éloB’f‘er&é’Fner epPrSHs f)mcéloﬂﬁl ISERVAT Feagtiyg “(“%‘)an@é}ﬁ %)P?ﬁ Hghe
@lndi€@RTor OB Blardi@cgen&sral |y spherical netal

particles to non- spherical particles in the presence

of the binder and the diluent. 37. The nethod of claim
36, “ﬁ% Gﬁﬂn&ﬁ@eﬁ9@2¢R&kﬂﬁl&QBR,ﬁﬁ&ﬁmﬁ‘ dﬁﬂgcoéﬁnméh
metal substrate at Ieast partially coate
pal¥ali - conponent conposite coating conprising: (a) a
porous coating conprising nmetal particles, wherein the
netal particles conprise a nmetal having a greater

?oni ZEkisorsubernd elamy 28, vdmreirhée pafoltihprmmed Gibm sedogttsat e;

gorr]rgprising:
(a) a polyol comprising an aromatic group; and

(b) an alkylene oxide.

30. The substrate of claim 21, wherein the porous coating is chrome-free.

31. The substrate of claim 21, wherein the substrate is a small part.

32. The substrate of claim 21, wherein the porous coating has a thickness of no more
than 0.5 mils.

33. The substrate of claim 21, further comprising a coating deposited over at least a

portion of the porous coating.

38



(b) a second coating deposited over at |east a portion
of the porous coating, wherein the substrate is

WO e®735@eg to corrosion after 500 hours of expPGUDE£2007/067474
when the total conbined dry filmthickness of the
porous coating and the second coating is no nore than
1.5 mls. 39

34. The substrate of claim 33, wherein the coating deposited over at least a portion of

the porous coating is an electrodeposited coating.

35. The substrate of claim 34, wherein substrate is resistant to corrosion after 500
hours of exposure, when the total combined dry film thickness of the porous coating and

the electrodeposited coating is no more than 1.5 mils (38.1 microns).

36. A method for making a coating composition comprising non-spherical metal
particles comprising:
(a) preparing a composition comprising:
(i) generally spherical metal particles,
(ii) a binder; and
(iii) a diluent; and
(b) converting at least some of the generally spherical metal particles to non-

spherical particles in the presence of the binder and the diluent.

37. The method of claim 36, wherein the converting comprises milling.

38. A metal substrate at least partially coated with a multi-component composite
coating comprising:

(a) a porous coating comprising metal particles, wherein the metal particles
comprise a metal having a greater ionization tendency than that of the metal substrate;
and

(b) a second coating deposited over at least a portion of the porous coating,

wherein the substrate is resistant to corrosion after 500 hours of exposure, when
the total combined dry film thickness of the porous coating and the second coating is no

more than 1.5 mils.
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