REPLENI SHI NG COVPOSI TI ONS AND METHODS OF REPLENI SHI NG PRETREATMENT
COVPOSI TI ONS FI ELD OF THE | NVENTI ON [ 0001] The present invention relates to
repl eni smwogotiaap®si ti ons and met hods of repl eni shing pPernSat®at429

conposi tions. BACKGROUND | NFORMATI ON [0002] The use of protective coatings
on netal surfaces for inproved corrosion re5|stan and aln adhesi on

char acter; JHBSERISRYG ToSUEOs NS AN, MiE RS DR Rl SpdRes ona
techni ques invol ve pretr ERETREAIMENSGOMBOBETIINS phosphate pretreat ment

coating conpositions and chrome-containing rinses for pronoting corrosion
resi stance. The use of suchéﬁggigaﬁéiggﬂgiggg@a&pnate-containing

conposi tions, however, give ' al and health concerns. As
a result, @m prat e- e re%a{i/u%nﬁ&%%@m b RASRNELE SRR, a@TRARI Ons
have been vel oped. S ch conpositions are generally based on chem cal

m xt ur es bh&plenishiag peetwaymene acrhpasitidnst he substrate surface and bind to it
to a formprotective layer. [0003]During a typical pretreatnent process, as
a pretreatnent conposition is contacted with a substrate, certain

i ngredients, such as netal gix@iesRAUNIS IREGRVEREIEGt conposition, bind to
the substrate's surface tO_#%TﬁTﬁ_bTﬁféﬁf__é_Tﬁ_éT, as aresult the

concent r af0ooa] of thote uwensfiprotdetve arposdst banniay hefadésmifod Shecbvddri ng t he

process. Accordingly, it would be desirable to provide a nmethod of
repl eni shFIEOOTFSfstange ABA t PaE nIsBesen SHAAFIEFsties ris pradnkaver it dhgoastali on

which rep de at nent
Compos 1 BEhE ARy LR NGRS 7 BEE T EEh R, el LR SR

present i pN@phat®Npietrestinie@tt@dtih® @rﬂmiﬁ@ds Ofndr @Rlofid-SMtdifing ARSI @at ment
conposi tion conprising adding a rﬁgmenlsher conposition to the pretreatnent
conp05|t|@Wﬂﬂmm@réﬂwxmﬁer¢%%Wéﬁls éﬁhﬁésﬂﬁhoﬂﬂébh%¢l%ﬂ&?r @@Pﬁﬁﬁdlssolved
conpl ex net fluoride. .ion wherein.the. [11TA

et Bl - ar BB o R Sl G b o by bR SR bR Rand (b) a

CO”ponent ASQITBIES M@ nRfk-P&d SRl/orfprds ted@fee PreticaiRANSS It)d%itlo% Qb tekh A
metal s, G oup | VA netal s, Goup |1 VB netals, or conbinations thereof.
developed. Such compos1t10ns are generally based on chemical mixtures that in some

way react with the substrate surface and bind to it to a form protective layer.

[0003] During a typical pretreatment process, as a pretreatment composition is
contacted with a substrate, certain ingredients, such as metal ions in the pretreatment
composition, bind to the substrate’s surface to form a protective layer; as a result the
concentration of those ions in the composition may be diminished during the process.
Accordingly, it would be desirable to provide a method of replenishing a pretreatment
composition with a replenisher composition which replenishes desired ingredients, such

as metal, to the pretreatment composition.

SUMMARY OF THE INVENTION

[0004] In certain respects, the present invention is directed to a method of
replenishing a pretreatment composition comprising adding a replenisher composition
to the pretreatment composition, wherein the replenisher composition comprises: (a) a
dissolved complex metal fluoride ion wherein the metal ion comprises a Group IIIA
metal, Group IVA metal, Group IVB metal, or combinations thereof; and (b) a
component comprising an oxide, hydroxide, or carbonate of Group IIIA metals, Group

IVA metals, Group IVB metals, or combinations thereof.



WO 2011/ 044099PCT/ US2010/ 051429 [0005] I n other respects, the present
invention is directed to a nethod of replenishing a pretreatnent

conposi t iwo 200mmani9si ng: addi ng a repl eni sher conposi ti oRCTAISRE1®/051429
pretreatment conposition, wherein the replenisher conposition conprises:
(a) a conpgnent conprising H2Ti F6, H2Zr F6, H2Hf F6, H2Si F6, H2GeF6, H2SnF6,
or conbi %‘!05]15 t heFeOfher dRepeets) the PEIPENBNENOB S rdiISrisg Bna dRsthed of

hydr oxi de . &ar ho ' I s L GORAL UM ' | um nuwm. - silicon,
gor rmani um PR FAEACHEh ExBlnd Sk iIh cBFRRk: Ao  RelHnd BR8] For
pur poses @af thehpeetfcaakthawicogpdsition, lvatrae ster ieplkehidiier compbsitibio cdr@privasteash ood t hat
the invention nmay assune various alternative variations and step sequences,
except whepBpept exospyisiige Hoflifed HlrFqe Heldfftsr dypiFavbHdeter , Hotker ofhan in
any oper at.| npl .0 r i i ndi.cat ed L1 .0 [.S

expr essi n%%lﬂgﬂgﬁ%gl)% atr}rlgﬁseg,f’ érhdgrq?)l t%1 i g(gsrgﬁén\g:nt?\g? }élgﬁ%alﬁng sa%ug é@ei Illl y{ljlﬁgﬁe’ or

speci f i catirbonad Gf citanilk, adir@ohiOmb eafineer 5hﬁ@1ﬂ1r@;3sm@inﬂ%eﬁﬁﬁiﬁﬁﬂ1§(ﬂm! Rral |

i nstances by the term "about". Accordingly, unless indicated to the

cont r ary, cemeingfipns thegedf. par aneters set forth in the foll owi ng specification
and attached clains are approximations that may vary dependi ng upon the
desired properties to be obtained by the present invention. At the very

| east, and not as an attenpt R AN DERERAPPION At i on of the doctrine of
equi valents to the scope of the clainms, each nunerical paraneter should at

| east be H¥@61rued For |pugbasesnfoft lee rfaldeing ofletaidgolo desdipsipgniitf iicant bei gi t s
and by applyin rdi nary. roundi ng techni ques. [0007] Notw thstandi ng that
the numer Pediiotped gt " ink S Bl oSSR THE U EHAHE B OL s TSRl ¢ he

i nvent i on Qfen@R PR RldrO BpredsiEspRLiRES t& Ble AalH§S WiBleol@r bihel PhahNg
specific exanples are reported ds precisely as possible. Any nunerical

val ue, howeyvepcraiimhexamplesy arowhat nghaeiseaindiceted onl nnmbers saxpidsying.edul t i ng
fromthe standard variatiqon found in t.he'hr respecti ve testing neasurenents.

[ 0008] Al s B¥aMRIC SHRfHESH &F (R edisttd dtied Hatthampe P capd ?]éjﬁ‘&eglieefﬂ &d herein
is intend i : - [1fd t in : , a
range of ﬁfi’de:r%oéi%ﬁé flj{%?% 1?11'%) glr%ggi %@Bgﬁ%ﬁgg%ﬁ%ugﬁu&ﬁ%ﬁ %l{lgg’g%mé(sgnd
i ncl udi ng)ndidaeedr ecithe dcomimryyutite valmkaricalf phraamedert het r foctht &d thmxowingal ue of
10, that is, having a m ninmum val ue equal to or greater than 1 and a

maxi mum v &egEicaonedattackedglaims ake apREgRimetions W3t sy Matdepo YRR RIS 0/ 051429

desired properties to be obtained by the present invention. At the very least, and not
as an attempt to limit the application of the doctrine of equivalents to the scope of the
claims, each numerical parameter should at least be construed in light of the number of
reported significant digits and by applying ordinary rounding techniques.

[0007] Notwithstanding that the numerical ranges and parameters setting forth
the broad scope of the invention are approximations, the numerical values set forth in
the specific examples are reported as precisely as possible. Any numerical value,
however, inherently contains certain errors necessarily resulting from the standard
variation found in their respective testing measurements.

[0008] Also, it should be understood that any numerical range recited herein is
intended to include all sub-ranges subsumed therein. For example, a range of "1 to 10"
is intended to include all sub-ranges between (and including) the recited minimum
value of 1 and the recited maximum value of 10, that is, having a minimum value equal

to or greater than 1 and a maximum value of equal to or less than 10.



[0009] I n this application, the use of the singular includes the plural and
pl ural enconpasses singular, unless specifically stated otherwise. In

addi ti on,wpreoti4g09appl i cati on, the use of "or" neans "amdrars20100583%
specifically stated otherw se, even though "and/or" may be explicitly used
in certaip instances. [001 )] Unl ess ot herwi se indicated, as used herein,
"subst ant [Qﬂopi freetn s %?‘H%é?ﬂl ﬁledﬁﬁﬁgélieﬁ”%ﬂﬁl"l{ wdes dae Rlu@'fﬂ%cf falper cent,

such as < c r t t r 5 ht

er cent o PGS BT SBlcsd anfeifiafy AL, oBE Vﬁ%@eﬁﬁ%@ S e o
sol vent, hpplication, eheCuse. <)f hat ettaon "dndéort ahlaks mcghﬁﬂycn‘tatédnet}emjsasevhnon
[0011]Un|ess ot herwi se indicated, as used herein, "conpletely free" neans
that a coti9ysh{Indfrrgsey ﬁ@ﬁ@éﬁbﬁ#ﬁ%él%ﬂ@&ﬂﬂﬁ@%ﬁér material (e.g., organic

sol vent, Eddlbﬁh et %nles otf%g\gl%ez caEtee a$§ AW er@qo ﬁér%fno nsu%?tqgtlé@%?eg V‘@anght

percent o mat eri a préV|ous nent

enbodi menttat @topPesifsee@iristd @ Ridighl pafcend lslﬁcﬁhc‘ds&d) 8 Gvellt bodent@lr < 0.5
repl eni shing pretreatment conpositions conprising adding a repl eni sher
conposi t i B191ghb percpitelr &4k O meighb ppissitt ¢91on.0.005 weiaht h@ﬁ@ﬂtn of g particafagn

compost {1 BRAHT Rg -t MESRF o Pl Py S skl SEARY b hBBH WERE L e

repl eni shegmpsyRasi tion does not have t he sane fornulatlon as the
pretreatnent conposition although certain conponent s of the fornulation may
be the sal¥llFor exhlmiﬂseothnh‘ivise inditdted, hes weepl lemdis haromplatplp sfirdel’ oneaand t he
pretreat nent 05|t| both c e the.sane material for conponents
(o) and (R ¢ Gompont Soey eSadr BRLCTH THEH oF Eqateanic Byeahfics
respectiveky.,) Pﬂ%xkeﬂk%ehﬁbﬁﬁoﬁgﬁﬁﬁ§k§0%&q%Mb&Q%&(ggﬂa{méﬁﬁmCO”ponent (b)
whi ch the pretreatnent conposition | acks y way of illustration, both the

repl eni shfl012bnposi Ais @mmuim inentjmed, reesthmemibodongnos of tho prevayt ioampivh se
H2Zr F6 as co onents respectively. The repl eni sher conposition

further c egled te éﬁf re@‘frlshm.P&q{reegﬂe%éow%wslfma%% addippdnat e.
The pretrgafiRaL, € 9&5&& Rﬁacﬁg@ et M;%&Lu%% C%@D&s%a%yelﬁrgﬁ@ ttg{]nét s

zi rconi um basi c ca nate sin 0es no rise a nater
|dent|calﬁ@phﬂﬁhxk@nﬁh@tmﬁ?rabnpmnemmn@buaﬁdmihﬁa@ﬁﬁhanm&h&mnqmmpOBition
[ 0013] Mor eover, the present invention is not directed to sinply adding nore

pretreat néww&@m@rqaf%wt tPEOE S Bt GeE@ IO RIS, tbmm@l?n@mﬁﬁol'r@@§lﬂpﬁe
pretreat ”@@és a)(ﬁ;.fﬂa% tre! Qe ﬂoﬂnﬁg]%%f ast t%e ?&{e%{}h cs&soﬁéélbam{%n%ﬂ%émﬂlt s
0 adding a

directed replenis I on Nt conposition

wher ei n t Bemp&@eh8NLS ligy f@ﬁﬁmﬁ)ht ey H@aﬁleasa(ﬁhef f &Toerﬁxaifn@l’eUW}ﬁlbl bsthfthem t hat
of the pretreatnent conposition. As stated above, in certain enbodi nents,
t he pret r Eplamsher ameskion absh theeyetratigen sAPYALHEN BRY Rothreempaise Hesampat h.

material for components (a) and (i) (component (i) is described in greater detail
below), respectively, the replenisher composition further comprises component (b)
which the pretreatment composition lacks. By way of illustration, both the replenisher
composition and the pretreatment composition may comprise H,ZrFs as components
(a) and (i), respectively. The replenisher composition further comprises component
(b), which can be zirconium basic carbonate. The pretreatment composition, however,
would be completely free of zirconium basic carbonate since it does not comprise a
material that is identical (same) to that of component (b) of the replenisher
composition.

[0013] Moreover, the present invention is not directed to simply adding more
pretreatment composition to a pretreatment bath, which comprises the pretreatment

composition, in order to replenish the bath. Rather, it is directed to adding a



[0014] I n certain enbodi nents, the replenisher conposition of certain

nmet hods of the present invention conprises: (a) a dissolved conpl ex netal
fluori de worrowngs®@dn the metal ion conprises a G oup || PATESR@E0/05GeoUp | VA
metal, Goup |IVB netal, or conbinations thereof; and (b) a conponent
conprisin n. oxi de, hydroxide, or carbonate of. Goup |IlA G.oup |VA

G oup | VB%J%P&&F%%E COMPEYHYT Nt o RS HCAEIEE COMRIGHBT THACTEY 4iC irswgmglwa met al s
referred 0] ey tS, | i i dagroup of
the CAS. PorTBar Mg O AR o Al B S e N AT

Hawl ey' s Gardenised, Ghecaraal ebibotin@nas ythe 1ktred{t2B0(7 compOQii®) Asayrdet honed, in
certain enbodi nents, the replenisher conposition conprises (a) a dissolved
conpl ex nEYEPOTENL RN G FEUEHMEMRAILI n the metal ion conprises a Group I11A
nmnetal, G VA, IV . i i r . al can
be provi dggﬁftL i onieg:lpgfv%gtraﬁl]1 énmﬁoséélﬁ&g%g[h%ge%é@%%ﬂ%& I ss?fct) \ﬁ/é)gglgrﬁaugﬁ%é%ﬁéous
conposi ti enthatprésentipPéndiphicain®rifds; (a3 di3blved bemprL el 7Rdriby ichhaseeiski | | ed
in the art. The netal may be provided by the addition of specific conpounds
of the nethsl®etakigasorprisdset Oraypl llg) etadi @ouady Asartas Grphe IMBrmetal. @ of t he
di ssol ved, gompl ex, MELALL Lipride Lon.d2,canaBle,of yoomueriind. Lo a metal

oxi de upon app?lcatlon ‘07 a r(re>tal SR a8 P e 61t & “eModi ents, the
metal i oncgbordi@of @ou@iIBIRQI086h POAPGRYp & BAetalsUS ddighihRIdnE HERIOE S S
silicon, germanium tin, boron, alumnum gallium indium thallium
titani um [M1Stoni umlheahetalingnsoand ondsilpakefenied tohdeeaf ard 00dse] Asmemtnt | oned,

a source of fluoride ion is.also ipclu in. co en a). . to i ntain
o ubi |1 ¢ JreBReq b S S eaRd Brion of Gie GRS Aetie R Tas b ol perEckict as an
aci d or aghAvd, | teerddepRal ih- HRKl 8PEnIRIP| @RniNR DHGonbNt 1Bfhepi@bn! | m t ed
to, ammoni um fluoride, anmonium bifluoride, hydrofluoric acid, and the

like. In ¢90Fai n enbodi nents, the dissolved conplex netal fluoride ion is
provi ded salt .of the netal, In these enbodjnents, the

fluoride acid or.
conpl ex fﬁf?&%] de ioﬁ\spmswoalsi BofFrtain rapbedimeats,dhe replenishes GOMPOSion | yor i de

to the repleniSber QBRSH Lofflex Sild ABbAIENANHeRS, [{RGhdSGon Bllhpea N0t

limted to, [uorosilicic aci uor ozi rconi ¢ aci uorotitani c acid,
ammoni um &ncupal kA netaipGadupfIVUgIGrosp [VBahes, off ¢antvimzions dreadods The metal

fluorotitanates, zirconiumfluoride, sodium fluoride, sodium bif]luoride,
pot assi unf¥ Rfoproyided guienis dpiimhigh Girbegasilyitsolvad in 3P EPaPOpitied t ai n

e oo BRSO S0 SAAPLE R kgl L 0L oL GATREDSRL o) o (1

H2SnF6, omagaelprodidedbs thhedditdn of LA mMmIthdoBethe mb@lsl e@hesi bbier

composit] (s)or}u‘t?lg af:ig(s:) arrlrc? tsz?l‘?s(.jSTl?J mteg? ion of the dissolved complex metal fluoride ion is
capable of converting to a metal oxide upon application to a metal substrate. In certain
embodiments, the metal ion of the (a) dissolved complex metal fluoride ion comprises
silicon, germanium, tin, boron, aluminum, gallium, indium, thallium, titanium,
zirconium, hafnium, or combinations thereof.
[0017] As mentioned, a source of fluoride ion is also included in component (a)
to maintain solubility of the metal ions in solution. The fluoride may be added as an
acid or as a fluoride salt. Suitable examples include, but are not limited to, ammonium
fluoride, ammonium bifluoride, hydrofluoric acid, and the like. In certain
embodiments, the dissolved complex metal fluoride ion is provided as a fluoride acid or
salt of the metal. In these embodiments, the complex fluoride ion provides both a

metal as well as a source of fluoride to the replenisher composition. Suitable examples

include, but are not limited to, fluorosilicic acid, fluorozirconic acid, fluorotitanic acid,



present invention conprises a conponent (b) conprising an oxide, hydroxide,
carbonate of Goup IllA netals, Goup IVA netals, Goup IVB netals, or
conbi nat iwo0tias@ef . Salts of such conpounds nmay al so IpeTOse@o/0Si429 | ar to
above, the nmetals of Goups IIlA [IVA and IVB are selected fromthe CAS

Periodic Table of the Elenents. Suitable exanples of Goup Il1]A .Goup |VA
G oup | VBARELES ?ﬂ&%@metﬁﬂﬁu%%ﬂ S, [IHoROFIELP RSS! Oﬂ?ﬁ“ﬁ%ﬂﬁ’s é’é?qfil%

i ndium t u I [ m

naf i am e e e B B S O Ponent
(b) conpr bskghetliké.ani um zirconium hafnium alum num silicon, germani um
tin, or conbinations thereof. In other enbodi nents, conponent (b) of the

repI eni shé018bnposi 1 &ﬁrt%@nﬁﬁb%@elﬁﬁ’r dhsnidisre s icemplex bprEd dluosigiPAum

hyd d 0020
certan n oSRBASEn{ S or B LR CRORe R o BRI PRI G5 BB bnent. (a)

of the replsif, &Qe}ngQﬁgﬁsé bl embigatpne si@dofl N t he repl eni sher conposition in

an anount ranging from 10 to 92 percent by weight nmetal ions based on the

wei ght of [@MPhI net &b inemtméﬂ élmmi@nﬁhgr (campasidor (9f ’tljlf: mh@oiﬂ%mfethﬁsher

conposi tion. t he d| sol ved .co oxE%Et al oride ion
t

conponent P{d nto%‘w‘flﬂémr SB@Bﬂ?eéh%eré%‘??ﬁSE (P3P N ?Xé I eni sher

conposi ti pitbbiht@NofaRYES MENGhedIsf FGmMupOIVA Rider ceslp dyBvahaht, et al
ions, such as from®65 to 90 percent by wei ght net al |ons based on the

wei ght of cempbinhtianstthdredfonialisfof saepereprundf ajy atsd Hebysedf Sirhidarrte pbeyd, sher

conpositign 0211l n ¢ enb nts ce i ght of
the’ et al EgRR P! atisbibn: 4V (afant ab) clesddtoas tis &R PE0rded b5 e et al
ions of copPPRERhts( bBuitdtke ekdiRfleebPedbipnia, @%HPQWtGﬁo% VB RE&]ENt i N
the repl eni sher conposition in an amobunt ranging from8 to 90 percent by
wei ght netnaludeortsit basedoodinited Wi @hmnmimt (gtamumremdium,oﬂmﬂmi:n celliponent s (a)
and (b) of the repl.enisher . conposi.tion. E still ofher i ment.s,
conponent E{BMUE phks &7 | HARHE (FiPBRMs hB N Bp YL tﬂi“‘odﬂﬁe SRR
ranging feopbdifheh. 9 nRENGGNbE éaﬁlaaeﬁk&%zea&l isek PmiRASAdo A0t Renie], ght of
total nmetal ions of conponents ( and f the replenisher conposition
[0022] | n elantimin ﬂwondgmhmm, tthne or ephbivasiber thewwfodn totlen emitydinmgitd, onal |y,

further conprise & a dissolved netal _.ion conprising a Goup |IB netal,
G oup JI BC%P%ent )oRfpthe/ TPReRighes IcOMBPRtpn vpmprl%ﬁét%qcomlz@n?%n?aa%or@@n es

net al , f @l's of Goup IB,
G oup | I B, ﬁ@m‘n{lﬂ)&ﬂ ?ﬂﬁe @‘%&% H@ln”ﬂj (gehto anl atgﬁ?ltﬁgé are selected from
the CAS Pgy020fli c Tabl eeafint aabcEiuaaiﬁ@,t $he [dBOAXd rosRlekamdtabthodideeivhs, the

di ssol ved netal ion éc) conpri ses nmanganese, cerium cobalt, copper, zinc,
iron, or é‘éfﬁl?ﬁfl@at {20198 therigpleisher iamppsiGol stiresenointie tsploishel C@H&D@ﬁm@@

utili7ed as G oup
JIB netal, i uq\/%?né%{r%e%g'ﬁ 1@ pd%%?' B%e%gglﬁhlgﬁ%foogb%ant ngtlllll gl‘l es
metal . Subt ﬁ)@él&n&&lﬁ&%ﬂiﬁ)rﬂp@ﬁéﬁm €1) dadY(bsethd @dpldnightit @hpditioheMh @ufer
phosphate, ferrous nitrate, ferrous sulfate, copper nitrate, copper

sul fat e, @mb%me@th,l ohd dbssolyeibp@mpi@ﬂ freetalt dluoriderdomi anepoaentz i(#c of Uhe at e,

zi nc chl or| n certai n enbodi nents,

component ety né’ SRESHoRTb Bt Tk R LR sbRRoda atah RN ETERE Mot o

of 1:10 tﬁoﬂQS(ﬂ-tobe(‘ﬁﬁQcé}ﬁ h@e%ﬁ'rﬁé’tﬁl iBhs, ts0éRhs MBMAS5 1T é?éen@@ ts (a)
and (b) to the weight of fotal metal ions of component (c). In other
ermbodi mentsfal ¢owgesehen (i) weighpptsdalt metal @nsvel ghmperentso(apind (1B efothe: 1, such
as from1: 41t0h based on the weight of total netal ions of conponents
(a) and (BP'DE ?fhf@f%é}s‘g‘ﬂtl of total metal ions of component (c).

[0021] In certain embodiments, at least 8 percent by weight of the metal ions

of components (a) and (b) together are provided by the metal ions of component (b).
In other embodiments, component (b) is present in the replenisher composition in an
amount ranging from 8 to 90 percent by weight metal ions based on the weight of total

metal ions of components (a) and (b) of the replenisher composition. In still other



[0025] I n certain enbodi nents, the repleni sher conposition of the nethods of
the present invention is provided as an aqueous sol ution and/or di spersion.
I n these wotzodivoawoyws, the repl eni sher conposition furthecTasepoiosez wat er

Water nay be used to dilute the replenisher conposition used in the nethods

of the pres nventi on appropriate anpynt of water may be present in
the repl eﬁling e‘&%ﬂb%’%?%@%%d ,BFf‘é?r‘ﬁdét I ESRRSSDF T BOTERTE MR, AN BROWHE ot her

i ngr edi en[‘aal m%Qﬂ%@]lm&‘ 3B ef%femtlgﬁng S ﬁ@ﬂaﬁf&‘ﬁg &%HBQ%%;& bvﬁfghﬂ@fyto&‘?n%ﬁdluswd to

any desir l'ue. I'n certain |nents e pH o repl eni she
conp05|t|mmsﬂﬁynb@nﬂdmmslaﬂmbyomﬁequgmmaaxamnmmbnof t he di ssol ved conpl ex
metal fluoride ion present in the composition. In other enbodi ments, the pH

of the reHdi sher EbagEr embadimeyts éhea RPIRaISBEr GRMPRFItoNoMAY xefttonally. any aci d
or base aﬁlr{hg @ﬁ&gﬁ&% a difboR Bl bkl 18‘5“28@18%9 X GliotuPeIBFMe %Cﬁ%&gyﬁé" eni sher

IS maintaine Re TRl uston o asl ng wat er

sol ubl e anp@tadrGreap anllgi infRer Gidapevilbsesl, [aHathnids Senek emhydeaxbidgionsodi um
car bonat e, pota55|un1hydrOX|de anmoni um hydr oxi de, anmoni a, and/ or am nes

such as ttheéétOﬁylsamﬁlﬁeto Whthetmsmls afiGreup 8. Gerrn HBt Copep V- &oPUP[ 0027] I n
certain es;l?ﬁ nnEL %hamde erle Agrslélecpt 881 g E‘ ?lperlo(a 'fa?b‘lee) gﬁhg Efé:men]t( the

present i I'on 1S prepare |n|ng C et conponent (b),

and wat er [¢o23f or m apf ld’eittampre@mcaﬂﬁbmsTh&lel @%&dw%&apfloﬁ he)f bémpriges ebl end
may be agltated under mld agitation once the ingredients are conbined with

one anot herngavese cennfrn c;mbplor@mperé egincj isompoe sembinateanypomestt Watpr- awidblwat er nmay
be conbinﬁg to for n r ebl end. Q&F'n redi ents of thgisec

prebl end PS5 I%f‘é 8?‘23 Hg%el% Rid PUG P JACEHCRS FHEPTWE 248 Bare
conbi ned Wetd @Rs g:ﬂ@t htal, ('Br f VIS rRIEPGEAY TRY hAsn e opddgthahRet he
second prebl end. ce the first and second preblends are conbi ned, they nmay

be agi t at 8eriasndenl. nlithbiegédnagduods mEhlde,rleplae@nshmmt@bwpdi@musmhomtebe

prepared at anbient condlt such. as approxijmtely 70F to 80F (21 to
26C), or gefroﬁléﬁﬁ&‘rt%t B es @hfgﬁhf?@ebé}t% éHBPeérsuE‘T‘BtF PG IRAES- SHRACENt

condi ti ongp3Ue SRS nitfa‘i’énzﬁi%%ﬂé‘tk TR ELNoRRE 2h schttMard, 10a ik 1RQC) . [ 0028] As

menti oned, the nmethods of the present invéention are directed toward adding
a repIenlENEA]conpohltmmnn&mﬂﬁdpmﬁﬁgemhmmnﬂnthmopnﬁmnnm,@B]ﬂﬁbmﬁhfreln
the term"pretreatnment conmposition” refers to a conpposition that upon

cont act WFRPSILINE rvagight ratioyeh 1G4 h0:4 hasedimaring seight af @éalglef%éor@&éstrate
f
surtace a?(gmp(%rﬁqt% @93 1%)0[0 t{?é Ve hPBPEQ%%é/@ ltoﬁé'SF c?rhgogéﬁd ¢c'>1 G bR N

enbodi nmen nmen osition o the present

i nventi onembdsmmbﬁtesmﬁft@ema@d i pl)esealt di ssadigedageepll gxton®ll akudhl dsdrarde i on
wherein the metal ion conprises a Goup IIlA netal, Goup IVA netal, Goup
| VB net al 4Gootip basedhen he tyﬁlgbbﬁﬁrqﬁ%ltm@ﬁlsmh@f €9MPOTen3@) The (i s ved

conpl ex ng e%lht I)% {801 m%?al M o@ cgm&gneﬁlp&:) pretreat ment

[0025] In certain embodiments, the replenisher composition of the methods of
the present invention is provided as an aqueous solution and/or dispersion. In these
embodiments, the replenisher composition further comprises water. Water may be
used to dilute the replenisher composition used in the methods of the present invention.
Any appropriate amount of water may be present in the replenisher composition to
provide the desired concentration of other ingredients.

[0026] The pH of the replenisher composition may be adjusted to any desired
value. In certain embodiments, the pH of the replenisher composition may be adjusted
by varying the amount of the dissolved complex metal fluoride ion present in the
composition. In other embodiments, the pH of the replenisher composition may be

adjusted using, for example, any acid or base as is necessary. In certain embodiments,



conposition may be any of those descri bed above related to the dissol ved
conplex netal fluoride ion (a) of the repl enisher conposition. In certain
enbodi mrerwe,20tig4@vssol ved conpl ex nmetal fluoride ion (iPCTafS2010851429
pretreatnment conmposition is different fromthe dissolved conpl ex netal

fluoride ion (a f ot repl eni sher conposition. In other epbodi nents, the
di ssol ved! h@oﬁ% %ef &ﬁe{ea enﬁh%ow.la@nfaaw (f:hTou(sh thadndysien QhanRatc Ma Eﬁ’ﬁlﬁ sition
is the sa i fi) r

repl eni shgi‘rélugglr%pgjgtleglsgﬁl% %%é&fmé eg)e%léﬁglfszdleen%%gl 'rsr%%t ésogocﬁgﬁl (? ion of the
di ssol vedsatiupl exboretal pcfthssmlm d@draxudeofarmrh@nmnehycbaxldenhmﬁmmapsalntl/lo@n

conpr|ses tltan|un1 Z|rc0n|un1 hafnlun1 SI|ICOn gernan|un1 t|n or
conbi nat i aMgets pshestriethylarise methylsthybaminemr sompratiefnsdheiF9led conmpl ex net al

rorre. HB2EE FormERy it bR L EHEREp ST, b RRARRTRE 257
[0032] | nt}fée[ﬁféﬁdnﬂn%b@ﬁi oeprepared e d&nﬂﬁﬁlhg/edm@fmt QaK) l&Bl'l'nanean yey, iade ion (i)

i's present in the pretreatnent COHpOSItIOﬂ In an anount to prOVIde a
concent r atvatsh toffom afirsteorpend. " bae tergsientsypf thedist) preblend map pmagittad i ons

(nmeasured as. el | et al suc from $0. P0m,t 0,200 m aJ i ons,
such as froc?f’:lrlr‘?)]gd‘ﬂ3 Ea%on tﬂé m rec? I]I(P%ls P%n%or?n dhg'rﬁlr D rESt }{r%gntﬁg(%’rrpom tion.
[0033] I n g&hpatient @iyt @ﬂ%@mlpbﬁ@lt@é)%ﬁﬁti&m&y SOdREthdi t0 HorfY secdpd i onal |y,
further conprise (ii) a dissolved netal ion conprising a Goup IB netal,

G oup JI Bpreblead., T mpedwntsoﬁ@t: a¢con®pmbf1ﬁndlmay heetgathted vaderaild agitaSen| es

nmetal, or co |nat| ns there dISSO| tal ion,(i,i) of the

et bar nBie B anETERsare re it haye BRotRS TR i ebbimdatnie’ Bove
rel ated tQddchgo the%%%ﬂc?ﬁreﬁi%ﬁ@' OhéE"th(a%st%BdtsE&nH%Pétﬂéﬂﬁ Ql%rco%m@smtewn I'n
certain enbodi ments, the dissolved nmetal ion (ii) of the pretreatnent

conposi ti onyibs agltzftédaumtﬁr nfildoygitatien. dllesweblesidharebaiposinen oy befprapheed at
repl eni sher_  conpos ot her enmbodi t sol ve tal ion (ii)
of "the. pr SPER: RaRGEBBER  RorPES PRI alfe Fale (S S8t vEIChabaieti on (o)
of the repliaRRS gﬁgﬁﬁtg%\k/%d/or[ gﬁtﬂ aﬁ&esé}ﬁiﬁerﬁ”&ﬂ%ﬁﬁms%ch'a% 48

pretreat rrent conposi rises the dissolved metal 1on of conponent
(i), thenmpirhenmey é@ﬁFstbdﬂO%Fo(riﬁoeﬁOi(b)n will conprise the dissolved netal
ion of co nent (c). Alternativel i n. sone enbodi nents, if the
pretreat 8E orpos e insitiRsss th?d‘fleﬁ fj the Prepent dpveaipn, g dirgstad 1qvemd of

Che. i saol Vet karifr ?h%ﬂ8%@‘94“%”0%%6?‘%?@%?58%@?? A R e % e

di ssol vedtdmt retreaimériti Jongfositioa” pefetsr @at reRiposidoP alkt tipon @Rt ivaesa
manganese, cerium cobalt, copper, zinc, or conbinations ther eof Sui t abl e
conpounds ShsERGdEEacts ytithzngd chemicpibhaliestithe substite wiischprskhindi e it OdPFBUS

nitrate, %ﬁhﬁ&#ﬁe%ﬁJEate copper nitrate, copper sulfate, copper chloride,
copper su nc nitrate, zinc sulfate, zinc chloride, zinc

sul f amat e[0020yl the i k&tain WabE@kthQAAHINECIAMSAAUMIIBR D[RO BRIHIAs cert ai n
enbodi nents, the dissolved nmetal ion (ii) is present in the pretreatnent

conposi t i @f]thp rprfesﬁntaﬁmmﬁpn p@mpmw |V@éeramd<§ﬁ @ehﬁS@Je(t:ﬁl wrnpifsx metﬂlrﬂgorpcimptlo 100
ppm net al hons

d h 60
PErEl 1 ond PR B AL PR seRertSChupon (b et SHib AP QM ShofPrvs O ©0 pem

metal, Group VB metal or combinations thereof.

[0030] The dissolved complex metal fluoride ion (i) of the pretreatment
composition may be any of those described above related to the dissolved complex
metal fluoride ion (a) of the replenisher composition. In certain embodiments, the
dissolved complex metal fluoride ion (i) of the pretreatment composition is different
from the dissolved complex metal fluoride ion (a) of the replenisher composition. In

other embodiments, the dissolved complex metal fluoride ion (i) of the pretreatment



[ 0037] As nentioned, the pretreatnment conposition also conprises water.
Water may be present in the pretreatnent conposition at any appropriate
anount t owprouiderdvhe desired concentration of other i ngcediSermss14pH038]1n
certain enbodi nents, the pretreatnment conposition conprises materials which

are present to. adjust pH |In certain enbodinents, the pH of the
pr et r eat mENTPXEHRI0 S theo iRy dae rditsaived ramplex H}etaéﬁwr@g iPp g ®fstheg 6. 0.

The pH of rép'fb%isﬂ&eéorngﬁtsﬁ%ﬂt conposition described here relates to the pH of
t he conposition prior to contacting the pretreatnment conposition with a

substrat e[0031] ng t hén peredin embodinintd) deaasal ibheofprht dissdlial porapleeatemdnt
conposition may be adjusted using, for exanple, any acid or base as is
necessar yflugrifecieptodithe BieEHiINeRH EIMPRIHIONEPIHITISEH Htapiugt (&P HEBmt haBi¥Pbsi ti on

i S maintaj. t i nel usi asi tari oy i r
sol ubl e a%\‘gfogll’ %&ggﬂﬁ% rs1t %1ér§1= %Pgﬁgﬁgg%%, ?ﬁseﬁ%ﬁaaghsgéé}aﬁ{ m%%})ggié%?ﬁ\gﬁlgodi um
car bonat edisptassimplexhyetaDiidiRle iGBDdbnponBitd ) ofitiepre@eat@Bhtecondddition am nes
such as triethylam ne, nethylethyl amne, or nbi nati ons thereof [0039] The

| I yl a co 1S 1
pr et r eat meeMPIEsHPoSifs.i b haylBiftsi Bndli. yl266he &lAnkst pregomkinasionathsredfncl udi ng

but not | jmm.Led to noni oni ¢ sur.factants ter dispersibl e.organi.c
ool vents. [QaeES o0 PRLER EuBalibRRE e R dPLE bR Heti 8l RATHGs
[ 0040] Sui priéR iMAhE pre@icaiARins cOhBoMicAM & 8AbYRNLSpratide h@intedAMUAtS are
described in U S. Patent Application Pub. No. 2009/ 0032144A1, paragraph

[ 0039], t fremcil® egprpoipritepebenilignino?Pbpamenictakiaisnnippsyred @s etareentdln ot her
enbodi nents, .the pretreatnent osition is substantiglly fr or, in sone
cases. cofbiodt aiy % fioa g PERyo ol Bemane ety nikd 5 rgEhl D e oS

[ 0041] Sui bRkl &k &SR QusriRdREsSmp&ttide! | as their weight percents, which

may be used in connection with the pretreatnent conposition disclosed
herei n ar 00038%cri beth cartdih SnbdREments, thp pirétcateon cPoiposifion nAP0PtDA3IR144A1,

par g anh [ 9006] RLOU RE30LSph (90381, Ahe cLLEd ROILLOTREL R

0 COTRESEER AP  CRRL pEISA L GP s Ui
thereof. The dissolved metal ion (ii) of the pretreatment composition, if used, may be
any of those described above related to the dissolved metal ion (c) of the replenisher
composition. In certain embodiments, the dissolved metal ion (ii) of the pretreatment
composition is different from the dissolved metal ion (c¢) of the replenisher
composition. In other embodiments, the dissolved metal ion (ii) of the pretreatment
composition is the same as the dissolved metal ion (c) of the replenisher composition.
[0034] In some embodiments, if the pretreatment composition comprises the
dissolved metal ion of component (ii), then the replenisher composition will comprise
the dissolved metal ion of component (c). Alternatively, in some embodiments, if the
pretreatment composition does not comprise the dissolved metal ion of component (ii),
then the replenisher composition may or may not comprise the dissolved metal ion of
component (c).
[0035] In certain embodiments, the dissolved metal ion (ii) of the pretreatment
composition comprises manganese, cerium, cobalt, copper, zinc, or combinations
thereof. Suitable compounds include, but are not limited to, ferrous phosphate, ferrous
nitrate, ferrous sulfate, copper nitrate, copper sulfate, copper chloride, copper

sulfamate, zinc nitrate, zinc sulfate, zinc chloride, zinc sulfamate, and the like.



2009/ 0032144A1, paragraph [0042], the cited portion being incorporated
herein by reference. In other enbodinents, the pretreatnent conposition is
subst ant ivDI2911f4e®90r, in some cases, conpletely free ofPCamp2010/05=29

[0043] I n certain enbodi nents, the pretreatnent conposition also conprises a
reaction accelerator, such as nitrite igons, nitrate ions, nitro-group

cont ai ni ng’ﬂg"éhpoundéq CER SRPPaRIcAE: hf Aigtdved Bp@l IghatiB 1F ARSI PFt e | ons,
hypo Sul T blgeh @i -ARPOMAHCR an' Al kd blovi@F cofidchlrhorPi floPPpifiePOUNdS,
bromate ions, perchlorate ions, chlorate ions, chlorite ions as well as
ascor bi ¢ ach gpmanétal ©nacinehsutedrdsadléntendad imktaliveduohiac fided ¢) ppuwctoi 661 ppraci d and
salts thereof, Specific exanples of such materials, as well as their
amount s i Metahiong iiethe PratrpaHRCE 6AHBRAIMGTon, are described in U.S. Patent

ool oot gyt Mo ZHGALACETAEAA o 05 RLLORH L s, Pt

[0041], tMeut&i @dbo@rdsens thebRgrchitat ponpdeebrar flymppyopiRfecithg tol n ot her
enbodi nents, the pretreatnent conposition is substantially free or, in sone
cases, cohnfsividedhs dgsired cericentratimcatiosher akgeediettat or . [ 0044] I n certain

St abl e MRS} = O B RhE EuROTREE, 8 aB PRl OB RRER R O
Appl i cati giatdPdR- wiNeh a20QRBRA3RLAANE . PAr &dfapPBmb&fithhts, tHACHM RAAT @k ed

herein by reference. In certain enbodi nents, however, the pretreatment
conposi t i pretiestmenbserapasitainl pngas, fram 2¢bive’.8.asel as dompl.ettel6y). f Tlaepldfof

phosphate _ion. As used herein, th erm "subst ant  al free". when. used in
et o ence e FATIBL gRERoTopHBRR B7 Hrn oy RE PHd Fe SR o0aRbai 11 on,
means that, pRASARB! e ipPfrdafindt %%%{ﬂbsili@n LW £omnasgiect duho! the MR | ess
than 10 ppm As uSed herein, the term"conpletely free®™, when used with

r ef er enceptogedsheltelydt ntehe gpietphosphabmpootien maghnsdjttied using fer exaepteo
phosphate ions. in the composition at all. 045] I n certain enbodi ments, the
pr et r eat m¥ht 3¢ Rp BTSN b T Flyb%cgr,nel?t]rﬂr e ok %ﬁ@%?fﬁt’@&%@ét ely
free of ¢ e and l; te zi o] te.
[0046] I n g%@?%?tﬁme%bo i}inrtr%ﬁ%rs/)(hor?g %Fﬂén Or?let}ftibﬁlg gao%) a?ﬁgﬁéﬁé’eﬁﬁdﬁ@eﬁg&gn, t he

r epl eni shesluldenpdei waodr digessitde tades, tuok aprsedinmalydestides copiosi tarbonast, an
anount sufficient to maintain the netal ions fromthe dissolved conplex
metal f 1 uBPRHM oRydrp¥idet amagitanbydieXidh MR 23 dImapHiess s¥dd 28s

el ement al B4 rﬂjngfmétﬂgﬁetwliatrﬁjﬂé or C9R6 %Jrﬁttﬁé%gof‘)f the netal ions fromthe
di ssol ved co ex nmeta uoride 1on ]?I prior to the pretreatnment process.
I n ot her pYOBOHI MeNt The ph@reatidng RbHIPOSiticIO MR SIptiodllyl Sontddtl @thel andtdieals,
pretreatnment conposition at an anpunt sufficient to maintain the netal ions
from the drchdarRviad noddvied tegtomioniq sifactats, oyt Jispersitle esgrEnsdleanion

rangi ng fr. 10 ppm.to_25 m netal .ions.. such as from 150 ppmto 200 ppm
metal T onSoo R REVRYE PRI R S CORAGEIT SRR t nose skilled In the art

woul d recpmaore, thguMneemiératdispérsple BRiaAlc isOREntt MniheheR efbe@t NEot
conposition may be nonitored through the use of any suitable anal yti cal

met hods, desstibeil ingUfSor Peteaimppplicatipn PubreNpi 200940038d44A batasegranit K0080kvet hods,
atom ¢ abal%rcg‘}eidopnortsl(g)negéilrlg ?n%gpl}/o’ratgg %er)éﬁnr 8‘9’ rgfézrlégée?sfnegt%gr Qr%‘tt)ohcf)lr%fszﬁts, the
pretreatment composition is substantially free or, in some cases, completely free of any
water dispersible organic solvents.
[0041] Suitable resinous binders, as well as their weight percents, which may
be used in connection with the pretreatment composition disclosed herein are described
in U.S. Patent Application Pub. No. 2009/0032144A1, paragraph [0036] through
paragraph [0038], the cited portion being incorporated herein by reference.
[0042] Suitable fillers that may be used in connection with the pretreatment

composition disclosed herein are described in U.S. Patent Application Pub. No.



[0047] 1 n certain enbodi nents, the repl enisher conposition, including any of
t hose conpositions set forth above, is added to the pretreatnent
conposi t iwo 20r/em9anount sufficient to maintain the pH @CTtuseopnetseeat nent
conposition at a pH of 6.0 or below, such as at a pH of 5.5 or bel ow, such
as at a pHof 5.0 ow. In still other enbodinents, the replenisher

or bel
conposi t i 6M0YO3Rdddy1t brragipph )2 ndepiedportien peiag incofpfEried d6FRIEYti on at
a level o r 0 . Q.. such.as fr 4 28, . 48] | in
erbod mentLBR o T sBnepRHfneR Bt Sobfetad B R AR ber
conposi t i gnsoRYcakts, astaigetelydrdens apy Glidreat ment conposi tion under agitation.
I n other enbodi nents, the replenisher conposition nay be added to the
pr et r eat "3t onposin ¢Q§tﬁﬁv¢m§&mel§gi thepragigatnesin ewposijoradsa eampsest t he
material s. The replenjsher conposition may. be added ;o the pretr.eatnent
conposi t i BRWHEAFTHE Y et PRt Hell EorBBy i %41“&%’ i85 PR EHR R AL ur e,
such as apphpeudndBt 8ldtofAimine &@fate( Tbrdulak6iohs, asiinelidnsashypbratticd h6ns,
pretreatnment conposition is at tenperatures slightly bel ow and/or slightly
above anbpenkideerper @tuims, strehacad jrofi gpmpsands] eronfateoionamerdira@tiehsy 50F t o

140F (10 tg 60C). [Q049] As woul d be recogni.zed in the art, rameters of a
or et r sat nRPT ol NI h RN E hanaseOnEert s, etk Qb GugLe

descri bed,aB0MRcinftB¥id §nd Hs 1REREr dYpddigt LARpRIEIT ek MRRLiaRM Q¢ /38 as
including for exanple pH and concentration o? reaction products. As used

her ei n, t Heirt @moutitseacttho npiptredoments "compbeitisn,t ares alesdylbed aind/LOB. i Rusait ubl e
subst ances that, are fornme ur | osition of etreat nent conposition
onto a su%@?gﬁpénaﬁﬂlfmﬁ' 9&V9¢£gﬁgg§dﬁe8mﬁgaP%é%BEQtP thrent>- dgsi ti on
to control RPLBNRE ©5604/0 1887 it ot 4R (D6P1GRioRBE baraSRBR G4 1) e and
does not ﬁREﬁ%@g the'rﬁgr'et@eédt %gn!t}Jéj i%r%%bor[prgj}]on % Eei)grﬁgs@r?i?(be. I]’?@eany of
t hese par aiel posiohalbkinglihsirgeraaid Berdiashy ederendtc e roalidrcsmbcaligents, t the

ef fectiveness of depositing a netal caonpound onto a substrate can_be

i mpact ed. PEFEASEAhHPEPOSIHA I ubTantidly Fee of et REKt CeBoEPElebh AR 9! decr ease
over time . too acidic) which can inpact the effectiveness of
depositinggggﬁngggﬁ%%ﬁnd onto the substrate. [0050] Simlarly, an

i ncreased[goaagent r atd eatah efdadihiedns, Heopidat&nRhes&ApositibnAalfy esmhpadesent

conposition can also interfere with proper formation of the pretreatnent
coat i ng oRkesPhats bRt r Juiabihineateriadande hgirt anQwby assr dgseribadern, UiShdiateiit ng

corrosion,resistance. \For kN Sone cas s a nmetal .conpound is
depos: t ed BRTGTG" i NoacaF BT Auad  ARTErReRAE el B BRI R he
met al compgBsteCaniPReAN® BnbSAfkAk tholvcOR e pRiBlmRAITROHREsiAnE ik el eased
into the pretreatnment conposition as free fluoride, and if left unchecked,

wi |l i ncr esstantidliyhor imemereasess edmplstady fice Of pleasphatedm. dos usedfergntibei sol at ed

fluoride %ons,t | onger . conpl exe nd .associ at ed

hat .are.nq e [,or chem ca
wl th o el SRR RER MRS IR FORTerERE o HREERnok L BRI BORES T ¢ he
bath. As ygedafiRheldmposit®nameddsufid #espHatf Bh % freschhf tROBRhAREiANRYAL Of
free fluoride and fluoride that is conplexed and/or chem cally associ at ed
with a netmbuntdessahaly Bt pppdriegeed hanip, thegerm fdonpldtelg fiehi, othensiserbwithr ee
fluoride. will be reciated by.those skilled in the art, any .suitable
et hod 1 oFETeTEber B, ABICPHES CNTORANS i grcish hat SBETe Flioh Bl Ritte ftdr
fluoride mRYoBPOLEEHat AiNCl Uding for exanple, ion selective electrode
analysis (I SE) 'using a calibrated neter capable of such neasurenents, such
as an Acc[0eds] XR15 metataimietibodimetrsi die prenpitueniSosepddition 1 substhctelly
Conbi nation el ectrode (avail able from Fi sher Scientific%. kOOSl]In certain
embodi menPs,in SHBEE FiCE: DIMPEIHY dise oA chiomast and/cheyy gieta @hePhitiesyshds r eat ment
conpositigﬂchgggﬁ%efron110 to 200 ppm In other enbodinents, the initial
concentration o ree fluoride of the pretreatnent conposition ranges from
20 to 150[qud6] [ O05H] kartdiechibboineni3os 1enmsthods pHileopickal ligventiey, the added
to the pretreatnent conposition in addition to the replenisher conposition
t 0 achi evEPENgbe] ce@Pptiionay added 4p|the JHEEMNDLE| FRRPHIARDAT WO KHBWN | n t he
art may b o nel udi f or .ex I n idor b S IS5 .necessary.
Sui tapl e SUfIGEM PR 8 D aSHBnt: BEIRS SufiiouRd AR &
aci d. Sui hahl eonwehestichowidle 28ngpar (Makeed diss pRERhAI End@sest tRCiiuse, but
are not limted to, sodium hydroxi de, sodi um carbonate,

-10 -



pot assi um hydr oxi de, ammoni um hydr oxi de, anmmoni a, and/or am nes such as
triethylam ne, nethylethyl am ne, or conbinations thereof. In certain
enbodi mrerwe,20a/qakb9gont rol | er may be added to the pretre®CRarsR01008@0%I t i On
during the pretreatnent process to adjust the pH of the pretreatnent

conposition to a el ow, suc S r bel ow, such as
a pH of 5Colcsrtrrﬁendwﬁfr rrle@% H)élﬁl% b dsh Vgg C?fﬁﬁl%ﬂleé%%f’% 9 o0 (Ref%e added

to adj ust of | 4. 8.
10053] 1 m Serafioreaplnl B i S SrBolielts e Hplafer A8 Pon
may mai nt addedttbethp freafeatrimt poaipo dedm@NLN amopmssﬁﬁmtttdﬂemaahmnrtboluemg and/ or
elimnating the anount of pH controller that is added during the

pret r eat misHe fﬁﬁb@és‘%SSO]IVﬁd eemPlﬁr mesyarideipngd aé&dioererﬁraarm r%mgefmre ni sher
conpositi sul t. t le requency
during thg@rgk%t{rée%t %&%@% S&I‘Pngs ﬂ?Jr;}g,Cl(y@oﬂ’d)SJ'Jtl| 0%003 clg}rlr Int(Iﬁ?er to

t he pretl’pﬁhﬁ@ﬂﬂienﬁ&fﬂﬁ@ﬁ)lsihbﬁn 0&€ Uh8sea skitis® ein  hamheyr vﬁtfuldM&EB@ngéQnmal’ ed to
met hods ot her than the present invention. In other enbodiments, addition of
the repl epoRsRRFationd GRAtaliions ip hapreyeatment qoe‘sr@élrloaﬁw@@ negitaredrihiowahr ol | er
that is added .t h re on. dur i et r eat ment
process clinar & obb Sy AL HBThERghe AOTR AR RS Eidriley MeRLEREPIED! i ng
to met hodsolefifefrict hathddie mocios&pu@lhespew@segpy,l BVE Nk QN - flub B8tk N
certain enbodi ments, the |evel of reaction product may be control |l ed

t hr ough amethedsf | ow net hod, as woul d be recognr zed by those skill ed in the

t to,th dd f h th
ambodi mon @47k F eact] Bt GabRemERay URgsP EREG s RaaBa BobheE drect cat mont
CO'TPOSi ti gsé Ro ?Qélttlorgnset Qortt}tﬂ‘ﬁb(‘}\%l?llse@dlcﬁe'a% t%@@&?éatﬂl&ﬂ cofipoliti6sl ihghei n, a

"reaction product scavenger" refers to a material that, when added to a
pretreat rrembumicmﬁf@mnt tcomaidtam thg pthef the eta’ceatnrmntomp@mtemsa,t aqdhpf @Res with

reaction pr.oduct for ree flyoride, n the et r eat nent
Compos: 11 BHOW: Sheharidtd FERG LagEoron: stodnct & pEF By D1s CEBtpaSi BIIGHET Any

sui tabl e Eﬁ@&dﬂn@ﬁ'tsprtfﬂéjlf leSHY s&%H”E”Ld’deﬁ”RW}nduﬂaﬁlhﬁleaﬁ)H HRympe used.
Sui tabl e reaction product scavengers I nclude, but are not mted to, those
descri bedpremrebnfSnt EahpnitioApphiloat ofdirorPdif) toNol, sBEDY BABZIAGALS. par agr aphs

[ 0032] throu%h [ 0034], incorporated herein by reference. [[0055]In certain

embodi menf®348} he adHt £51gHn &rnbpﬁlelepeprfemesrﬁew%%aﬁ Pledit iRXFnHRiS e i n

| over congent fgt, %gqu%u& aghy Ak Rb é?ﬁ%sth u ttn}fé%t PSR AR rpfocess
thereby re uci ng an |mnat|n earrou a reaction pro uct
scavenger agitwgion| SIna@iﬁadeﬂlbocarnBrﬂtetﬁlea’eﬂem'sheE cmmpssltwm Mayuted Bdiletie the

pretreatnment process. In sone enbodinents, it is believed that because the
concent r aPTeHIRAEFICNF GABRISHIPNIY e pStatien feipayedady agitptaan plithemategalst iTha of t he

repl eni sh 0 t l.ev f. slud i t he

pretreatne Eﬁrﬁﬁggbgéébggmregﬁ%‘§ %o?otoIt E?ﬁ?@é%gtg?ﬁﬁgghﬁg‘ﬂehﬂﬁgentors

do not w §fétﬂe@tnﬁﬁt bempekitiyh Byt @ﬂﬁéﬂtqeﬂnpératuheoguyh ab QB pflkirmatelgr10aF o

enbodi ments, addition of the replenisher conposition results in addition of

a reacti oROP Gduet 26 Eavasnyelt aatvhan IﬂtﬁsBl’éFre#tH@qU@?mesdmﬂl ipgt tmeprteltes eat nent

process. 12 add n rea [ ct scavenger to

pretreat n%]r@hX D985 d/%r 81(%}8@%@ O 1%% e'ﬁﬁ lere srucl% ! e’é"‘c?PP&ar "t o

net hods omﬁg5mhﬂﬁﬂy5@@¢33hqu@0q560h9 present invention. In other

enbodi ment's, addition of the replenisher conposition results in a |esser

amount of [M40kact | oAs pwouldcbe geengnirgérint that art,s padaers of tah@repreetmerat ment

conposition during &W retreatpent proces ared e anount of a
ong Qi

reaction PYBREUGH CPﬂ%ﬁltrFtéonaddetBetﬁﬁ Shgecl eﬁjela Ofs BPhEF t han

the net hogdyn@brelin@uRhESERL JrilV@RthiRN.- rcﬂéé@s57ldcﬂ1d‘&%r ti} ne%@@' pBNLad the
present invention is directed toward a met hod of “repl eni shi a

pr et r eat memicentoatpasof ranticopprdusisng As(used etdohumgtha treepl"mrcednerprcoblrrposi tion
to the pretreatne osjtio erein ther r conposit

e
consi sts eéeéﬁe.sa[ﬁtbir gid/orainsefuble suBitcEs dBidie rwe?ﬁlrrlwa??%oq aﬁamre. n
the netal f'e% tﬁ%ﬁpré %09 Qlf'ftB I Isﬁbéﬁ%&@'andaﬁ%‘ﬂp I!ﬂ%lg?t Qddedqcpuﬂﬂel VB
netal, or PConbi nat i ons t her eo a conponent conprising an oxid
hydr oxi deprearato@nb arvaipesioibn Gtooutpntlrb]l AathGpatymekdrdy, ifchaling Ith8 raﬁémhhﬁ or
conbi nati ons thereof; and c) a dissolved netal ion conprising a Goup |IB
nmetal, Goup JIB nmetal, Goup VIIB netal, Goup VIII netal, Lanthanide
Series netal, or conbinations thereof, and wherein the pretreatnent
conposition conprises: (i) a dissolve 1r_netal ion conprising a Goup IB
nmetal, Goup JIB netal, Goup VIIB netal, Goup VIII netal, Lanthanide
Series netal, or combinations thereof; (ii) a dissolved conplex netal
fl uorrde |on wherer n the rretal atom corrprrses a Group IIIA rretal Group IVA

. ~ . . - " .




[0058] I n certain enbodi nents, the present invention is directed toward a
nmet hod of replenishing a pretreatnent conposition conprising: (I) adding a
repl eni shwo 20o0me®Pti on to the pretreatment conpositi onPCRUS2@005t42e
repl eni sher conposition consists essentially of: a) a dissolved conpl ex
metal fluoride ion wherein the netal ion conprises a Go L1l A netal,
Group | VACHBRQtiongapd; dops/aothiatlafle they PreteRsmARit TBhO PR Pédy‘? sushaigy 14
conmponent LSJ j i A, Goup
VA G oul VB gy AR I G U g PheGRBONRRe e HHERehLL

pr et r eat nehtlepaitipg i héetahcanpquntd DBss a (suhsti@atedeahsid vedcteet dor iegamgeongei Si ng a
Goup IBnetal, Goup JIB netal, Goup VIIB netal, Goup VIII netal,

Lant hani dBHS¥rthe grefisptatent spmpRsHAnARY BFrscash oVEiime Mg Mracgle: toaagidi) | )

Comosi 11 S Ob 8 el e FEHARRFIEE TRk AT oBBENR! TR ERYae: oy v cct e

to a repl poseher coBpiBEl] ONiREAPId Sindeitrdtidh of réic$idalpredhceopmbedx et al
fluoride ion wherein the nmetal ion conprises a Goup IIlA nmetal, Goup IVA
metal , G BigHerUBNhEQIEPOSitin ¢apralioratel fergswittharaper foraadon of) the peasrpsbArIht
conprisin n oxi.de, hydroxide r carbonate of Goup.llLlA Goup |VA
Group 1veoiPar ey HRHR e, Sy RERCRT PG drartdt isidhe SofRebn” b,

wei ght of rdsRtante. MEoRlexh@pl, @f sGTRORENESa (dtalddtinddhd RE @ssdited BntNe
repl eni sher conposition are provided by conponent (b). Conponents (a) and

(b) may bsubshgtesf surfaes eflupside | ionedssabloted. with 0BO matalceomippiund eshducomnt s, t he

R R e R N A T
netal , Lapi hadindsridenh@st BRUAkhecREd, GRMDhABLsE AMeh ! 6 usedRred, S$ek ved
metal ion (c) may be any of those nentioned above. [0061]In certain

enbodi nmentlsgridefiergieret toeatotrtert fhongdesions ghatr ersl eni bhee bympleeed epleni sher
conposition according to the nethods of th resent invention be
aop 1 ed t Syl wib e MEal Band ar ey e B Put BERGROREBTTA t he
present i puanhiRO bhitC! NdGsdRSEnt Kdtal fﬂ'ilgri@é”t RRrysethe i@ gaGHeloy of

autonotive bodies, autonotive parts, and other articles, such as small

nmet al par frse flumddeudidnfindrasttbatas somplered amiddrschetnadatly pssecinedsyitlpa nefalnai | s,
clips, buttons nd the |ike._ Specific exanples of suitaple netal

subst r at e¥n %é%%%@,msm 108y e rfltoride hichds P%{Tf?%fflﬂmﬁa IAédV‘Jg peappreqigiedy of | ed
steel, stegl 1 kn : I j : , such
as el ect rggé {/ég%}(glg%\%ﬁ%e . %g{ryn tglg]!f)lf)enéé tga vﬁ)g%géél stgeg{e, gdélg%\}%lﬁlhglg ed

st eel , andestfelidplaat edtaM fldoride naayabé aped, Ansladingl foreRumiplal licay sslecaiveim num
pl ated steel and alum num all oy plated steel substrates may be used. O her

sui t abl e AEFIgde F3lysis fEYRRI wingrt FUlEAtebPISEH caprblaelghel inpapurggeie) yuchs
N f i . t ed
R e T SR T R e R e SV

erw se over erest of its
surface. dbarsat(@baikablbstonaFghdrdyidagfic)yn the form of, for exanple, a sheet of

nmetal or a fabricated part. [0062] The substrate nay first be cleaned to
remove gr H¥Sd] di rt In egrtagn prapodiments, the initial concentration of free fluoride of the
pretreatment composition ranges from 10 to 200 ppm. In other embodiments, the
initial concentration of free fluoride of the pretreatment composition ranges from 20 to
150 ppm.
[0052] In certain embodiments, a pH controller may be added to the
pretreatment composition in addition to the replenisher composition to achieve a
desired pH. Any suitable pH controller commonly known in the art may be used,
including for example, any acid or base as is necessary. Suitable acids include, but are

not limited to, sulfuric acid and nitric acid. Suitable water soluble and/or water

dispersible bases include, but are not limited to, sodium hydroxide, sodium carbonate,
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extraneous matter. This is often done by enploying mld or strong al kaline
cl eaners, such as are commercially available and conventionally used in
nmet al pr ewoeatwmEmiopr ocesses. Exanpl es of al kal i ne cl eameraissuioatabe f or
use in the present invention include CHEMKLEEN 163, CHEMKLEEN 177, and

CHEMKLEEN 490NK each of which_ are cognﬁg0|all y.avai] abl e fron1PPG

| ndust r | eBOWRIYD  BYFEPRIET.e AMIAILR e¥SFRHAE- BMPEREY A0S 8 dd By a
water rin ] r GRIARSLt i on
replenlshgﬁﬁg%%%ggﬁﬁghﬁgm? né?ﬁggg o?Qﬁﬁ%ﬁggggeE% ?%%gﬁﬁﬁgn na§ E

br ought IpHmeﬁﬁﬂaﬁﬁmy%ébd&h@o&hb$hﬂﬁ%&mﬁwcﬁ@yo@ﬁmk@@%@the@hﬂnmﬂaﬁu such as

di ppi ng or imrersion, sprayin intermttent spraying, dipping followed by
sprayi ng, P%Oﬁﬁ%fy‘ion@iﬂf%lﬂlleoﬁﬂd‘)f 36 ArEFRAHEENt oGPPG 1o PI3IE Y AE PRYW: | n
certain e | t t n onLhe neta
substrateg?gqht ?fSB% gégé&ggﬁgﬁﬁﬁlgron1EB&bQ'JﬁgﬁgfgﬁB%&ﬁégﬁbﬂé

contact t pH&on&onﬁrtrﬁay Her saided € sdesiigtspH o f level dfiffumh 89, to SUG huc&ﬁasaﬁ)rﬁeconds
to 2 minutes. [0064]1n certain enbodi nents, the applied netal ion of the
pret r eat méfttodeat i ng conp05|t|on general | y ranges fron11 to 1000 nilligrans

per Squan@d“sfg er ( nﬂ{ din e gnetn%‘s t}le aﬁgglorq'gofn&le re gnlts}Pe;%fc%rﬁ%%f%%lgIl t he

pretreat oating can vary, i S9geReral en havi ng
a thi cknegfyofahess thhaH lofMner pradlegiment Nt iti6AS@sreby regudifi®ind/ok0 500
nanoneters, and, in yet other cases, it is 10 to 300 nanoneters.

[ 0065] Fol blumnntglgcfdimamunwftpﬂ phletrqilﬁethawt addad duyanaithe prctraatieed phyesat e may
be rinsed w th. water dr,i 6 n certain.enbodinment after the
substrat el %er@mfa%%délae%’taﬁdﬁﬂa f%ﬂ?& F@ﬁ?lﬁr"%eﬁt“ R R R Wﬁ@lﬂoﬂa Ybeen

repl eni shgd @601 NG, EQet ReqUFRE NG Ohe HRErRIRSE @Eodeﬁhvef'lﬁdt Q) adbitiohs then
contacted with a coating conposition conprising a filmformng resin. Any
suitabl e Dé@hﬁlquNﬂhyubdwm&euannwcbnnmmmHmhaxsubstbamenumbh?@mnmﬁa coating

pr ayi ng. SHAPETIS i REToh it Bh BhOBEH b P ENIhehi: SHeA IR eBpr | ses an
el ect r ocogidifish f BR re ﬁg&rr&oﬁ{éa)oghsﬁ%m@mp§'1&§ai SnGRRReS JEH Bt Silefeposi t ed
onto the netal substrate by el ectrodepo sition 0067] As ed herein, the
term "fil thaf as naddgd resithe’ prefeatmsent occongisit®nt ﬂnafmgcahe f})ﬁﬂtmaanesmlprosupport i ng

continuous filmon at |east a horizontal surfac substrat e upon
renoval of°mEPAFeY{q therAeouws of 3t eprqliep thahis adge 5%006%6%???1@#88% ipon

curing at 4aabhEentngls & (Y 8is 1iature Conventional filmformng resins
t hat may Ee ugggtPnc J ﬁ&:g}wut §n1tat|on those typically used in
autonntingEENlcoathﬂgnemﬂ@ﬁ&kmmansJhﬁh&dﬁﬁhﬂ%ﬁon@ﬁﬂh@hnﬁpa@b@@nﬂbd

conposi tions, industrial coating conpositions, architectural coating

conposi t | drsughcan Pverfavi metheniowPriddissiecagiizeddhodiose skillgsht fg art, in
conposi ti W fieio A TR 3&5&?5& ‘of the replenisher composition. In other embodiments, a

reaction product scavenger may be added to the pretreatment composition in addition

to the replenisher composition. As used herein, a "reaction product scavenger” refers
to a material that, when added to a pretreatment composition during the pretreatment
process, complexes with reaction products, for example free fluoride, present in the
pretreatment composition, to remove the reaction products from the composition.
Any suitable reaction product scavenger commonly known in the art may be used.
Suitable reaction product scavengers include, but are not limited to, those described in
U.S. Patent Application Pub. No. 2009/0032144A1, paragraphs [0032] through
[0034], incorporated herein by reference.

[0055] In certain embodiments, the addition of the replenisher composition

may result in lower concentrations of reaction products during the pretreatment
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[0068] I n certain enbodi nents, the coating conposition conprises a
thernosetting filmformng resin. As used herein, the term"thernosetting"
refers tovoesime4adbat "set" irreversibly upon curing or PCTamsgétooRi4gy,
wherein the polymer chains of the polyneric conponents are joined together
d with a cross-1inking

by coval ent bonds. This prope usuall associ at
reaction BIFOCF%%eq%?Pp!og?dPF]Sﬁ e%f/ért. 182 o o9 HEIL d, '9a6HORPIRNCE, by
heat or radigldePph t{;%a&gtooar I%{reaﬁle sﬁﬁﬁ%ﬁ@%ﬁw%&% ﬁﬁé’mi&? okl ried out

under ambi ent ‘condi ti ons. te cure osslin ernosetting resin
wi |l not Il’elsbmﬂpﬂﬂbddinﬁelﬁp,p[tl fsabetlmnecbfthéaebetcaasedthes comsntirativine of neobrents. I n
ot her enbodi nents, the coating conposition conprises a thernoplastic

film for nPYRYUFteds fpWessas i Esaulb Of @dition 196 theoraplontsher ¢rspRosKionc therlgyedof t o

resi s Nk SOTRERSEARGINTRFHE RORRABANLS HRBL.AL Ralols LSRR Goval ont
iy Ghioh Ay ARl il

bonds and ergo-| pon heat1 ng are soluble in

sol vents. a]&l%@ﬁlbf&mﬁd’rﬁ\ﬁis@u&lbywﬁﬁhnb Ibefbeﬁhd EMyspabt&m[aam:onsay be contacted
with a coating conposition conprising a flln}forn;@g resin by an
el ectr ocoHlQ5ﬁ st eplinerstad) embgediaprist adddpadithabipée @zmom@)qsgloaépwétst ed onto

the ot al oUngtbAL e Y (ELRSL" PASRD° Wulher S SRR hERHAGIORARE (00 ©

coati ng COI’TpOSI I ons I nc ose | Catl on

Pub. No. ZRABAGRARHIALs. PRRAJKARAAILERY] atremiégh% 1BAEATEAREheEP A8 2he t he
cited portion of which being incorporated herein by reference.

[0070] I I | p@@neattmengcqrmeosntmeqwur@n legser mumé:)er of Hogs, wgnemdrﬁb ewthadaothere not to
be consid ed as ?ﬁr; t he ipventl on heir s and

|
por cont agieni e rphe ot VERNGT 1 cUE oSt S aglicpp R 8 "5

by wei ght ég(@n‘?sﬁ& &;Aﬂforsmoﬁ@egum N AR O ammt%la%%ﬂa%%&aa LR O %1429
EXAVPLES anple 1 [0071] A repl eni sher conposition was prepared as

fol |l ows. iFeddedvibutht poftregtodnt obmpbmtlom@rre@|tbmpstlpatemehpronccssmhmpm@pIten| sher
w. Each of the

ggmg gﬁ![ ;bgge a}?éougl)ﬁ Bfglggaé:%}o%;prqcﬁ];b?ﬁ%ggn%glgf_ t 3 adde& accor ing to methods other
than the methods of the present invention.
[0057] In certain embodiments, the present invention is directed toward a
method of replenishing a pretreatment composition comprising: (I) adding a
replenisher composition to the pretreatment composition, wherein the replenisher
composition consists essentially of: a) a dissolved complex metal fluoride ion wherein
the metal ion comprises a Group IIIA metal, Group IVA metal, Group IVB metal, or
combinations thereof; b) a component comprising an oxide, hydroxide, or carbonate of
Group HIA, Group IVA, Group IVB metals, or combinations thereof; and c) a
dissolved metal ion comprising a Group IB metal, Group IIB metal, Group VIIB
metal, Group VIII metal, Lanthanide Series metal, or combinations thereof, and
wherein the pretreatment composition comprises: (i) a dissolved metal ion comprising
a Group IB metal, Group IIB metal, Group VIIB metal, Group VIII metal, Lanthanide
Series metal, or combinations thereof; (ii) a dissolved complex metal fluoride ion
wherein the metal atom comprises a Group IIIA metal, Group IVA metal, Group IVB
metal, Group VB metal, or combinations thereof; and water; and (II) agitating the
blend of replenisher composition and pretreatment composition.
[0058] In certain embodiments, the present invention is directed toward a

method of replenishing a pretreatment composition comprising: (I) adding a
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Hexaf | uorozirconic acid, 45% (avail able from Honeywell) 5.6%

basi ¢ carbonate (available from Blue Line Corporation) 1.3% Copper
sol uti on,wo%1oappPer (avail abl e from Shepherd Cheni cal ) PCTA%@ei061322 ed

wat er

bal ance [0072]

replenisher composition to the pretreatment composition, wherein the replenisher
composition consists essentially of: a) a dissolved complex metal fluoride ion wherein
the metal ion comprises a Group IIIA metal, Group IVA metal, Group IVB metal, or
combinations thereof; and b) a component comprising an oxide, hydroxide, or
carbonate of Group IIIA, Group IVA, Group IVB metals, or combinations thereof;
and wherein the pretreatment composition comprises: (i) a dissolved metal ion
comprising a Group IB metal, Group IIB metal, Group VIIB metal, Group VIII metal,
Lanthanide Series metal, or combinations thereof; and water; and (II) agitating the
blend of replenisher composition and pretreatment composition.

[0059] Other embodiments of the present invention are directed to a
replenisher composition comprising: (a) a dissolved complex metal fluoride ion
wherein the metal ion comprises a Group IIIA metal, Group IVA metal, Group IVB
metal, or combinations thereof; and (b) a component comprising an oxide, hydroxide,
or carbonate of Group IITA, Group IVA, Group IVB metals, or combinations thereof,
wherein at least 8§ percent by weight of total metal ions of components (a) and (b)
present in the replenisher composition are provided by component (b). Components
(a) and (b) may be any of those mentioned above.

[0060] In certain embodiments, the replenisher composition further comprises:
(c) a dissolved metal ion comprising a Group IB metal, Group IIB metal, Group VIIB
metal, Group VIII metal, Lanthanide Series metal, or combinations thereof. The
dissolved metal ion (c) may be any of those mentioned above.

[0061] In certain embodiments, the pretreatment composition replenished by
the replenisher composition according to the methods of the present invention may be
applied to a metal substrate. Suitable metal substrates for use in the present invention
include those that are often used in the assembly of automotive bodies, automotive
parts, and other articles, such as small metal parts, including fasteners, i.e., nuts, bolts,
screws, pins, nails, clips, buttons, and the like. Specific examples of suitable metal
substrates include, but are not limited to, cold rolled steel, hot rolled steel, steel coated
with zinc metal, zinc compounds, or zinc alloys, such as electrogalvanized steel, hot-
dipped galvanized steel, galvannealed steel, and steel plated with zinc alloy. Also,
aluminum alloys, aluminum plated steel and aluminum alloy plated steel substrates may

be used. Other suitable non-ferrous metals include copper and magnesium, as well as
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The follow ng materials were used: CHEMFIL BUFFER, al kaline buffer solution
comercially avail able from PPG I ndustries, Inc. CHEMKLEEN 166HP, al kal i ne

cl eani ng woaduau4@omrer ci al |y avai |l abl e from PPG | ndust PCgdaiS20100514CHEVKLEEN
171A, al kaline cl eani ng product connercially avai |l abl e fron1PPG Industries,

I nc. CND ROL #4, commercially ava| able from PPG I n I es, Inc.
Z| RCOBOND? f § EnMaifsRlsc oMpsFiehl thy oAl pubsiTater MRMbPRGEY o &s, Inc.

[0073] A meexa?tI% h& WL HINRLERERE ﬂ?ﬂ% (%?5%&'& d}’%@ﬁg%rr&?%ﬁgsﬁiﬂcﬁgﬁe% Arams per

liter uorozirconic acid granms per liter o a copper
nitrat e S edhytrate mdyderia et foat iof fo28%aapip arshdey ofmegiht) a fabhieate@pat.nder of the
bath was dei gni zed water. The pH of the bath was adjusted to approxi mately
4.5 with O0RFE L BUE]:ERubstrate may first be cleaned to remove grease, dirt, or other
extraneous matter. This is often done by employing mild or strong alkaline cleaners,
such as are commercially available and conventionally used in metal pretreatment
processes. Examples of alkaline cleaners suitable for use in the present invention
include CHEMKLEEN 163, CHEMKLEEN 177, and CHEMKLEEN 490MX, each of
which are commercially available from PPG Industries, Inc. Such cleaners are often
followed and/or preceded by a water rinse.
[0063] In certain embodiments, the pretreatment composition replenished
according to the methods of the present invention may be brought into contact with the
substrate by any of known techniques, such as dipping or immersion, spraying,
intermittent spraying, dipping followed by spraying, spraying followed by dipping,
brushing, or roll-coating. In certain embodiments, the pretreatment composition when
applied to the metal substrate is at a temperature ranging from 50 to 150°F (10 to
65°C). The contact time is often from 10 seconds to five minutes, such as 30 seconds
to 2 minutes.
[0064] In certain embodiments, the applied metal ion of the pretreatment
coating composition generally ranges from 1 to 1000 milligrams per square meter
(mg/m’), such as 10 to 400 mg/m’. The thickness of the pretreatment coating can
vary, but it is generally very thin, often having a thickness of less than 1 micrometer, in
some cases it is from 1 to 500 nanometers, and, in yet other cases, it is 10 to 300
nanometers.
[0065] Following contact with the pretreatment solution, the substrate may be
rinsed with water and dried.
[0066] In certain embodiments, after the substrate is contacted with the
pretreatment composition which has been replenished according to the methods of the
present invention, it is then contacted with a coating composition comprising a film-
forming resin. Any suitable technique may be used to contact the substrate with such a
coating composition, including, for example, brushing, dipping, flow coating, spraying

and the like. In certain embodiments, such contacting comprises an electrocoating step
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[0074] Two 3.7 liter aliquots of the above pretreatnment bath were tested as
follows, one with ZIRCOBOND R1L and the other with the replenisher

conposi t iwo 20f1/04E9anpl e 1. To test each of the repl eni skerTalS2@ansi4g9 wer e
pretreated in 3.7 liters of the pretreatnent bath previously described to
deplete it, and then each bath was adjusted using the appropriate

repl eni sh¥ ?repbmslee?ﬁ% SPRPEII CPERRIENOR FEPPREH QNP Rt A UPHTRS Plle wer e
measur ed Ljp.eaghoa . The level of zirconiumwas neasured by x-rite

f1 uor escence. The tl?(:;’lrlhti al zirconium|evel of the bath to be replenished
with ZI RCOBORP R1 was w\ep hexeinraliceteym 1'8ifm ppmifgreastirefiras ssomemdtaan met al ) .
The initial zirconiuml|evel of the bath to be replenished wth the

repl eni shEHMcdEPHYRPREHZFONERYRHS| M otk leay iy bstizentad sy facg Pf sptbptidasur ed as
| t al 1) . 7 initial f i . th
bemorea ] Bpkaal ST INELY hthr Ryl BP SRS usE P R RLLS

neasur ed B I on sel ectrve e € ed

Accunet Xkhbien®bietlevitddteaipefdtiren Canphtithabahefdrhaw feki® thad enagaiebiseat i on

el ectrode (nodel # 960900) (available fromFisher Scientific) using the

f ol | owi ngingbidpodvithpe  hettaionyadosn| typirdlye disedi ing aptogwtive eOEM i erasing on
standar ds . xed it Naaobutiber Whioh wers orepsredias f ol ity (50)
mllilitef$ B 0% t 'S80 Um Errat e “BUl'fer “SHUMGH wiS"added 10 2ach two
(2) m i kohedsitiaRPlagch@betdAd dasa(n? c3aPobBibhs, a0l LoRB3 BBMpoditidiRY iade
standard. To neasure free fluoride, a neat sanple to be analyzed (i.e.,

Wi t hout bedrbepaye geatingddendosidons, emeamothbersker, and the Accunet XR15 neter

b d i t he. | e. h di tapili7ed, .th |
s T ecor MR Thi s U5 (SRR S TR GTBEE" by M WEHE S EAD20 o o SHHIE &1t he
concent 1 abjec o O okl A9 THEAIkeh 46 86n! MO G haL NS was

approximately 21 to 22 ppm [0077] Panel s were prepare or processing
t hr ough t hesinb gl S sea’Sirfeskistlysupohhmripg e kb svimkmgciveemmdhé polytwochai ofi nut es

by spray plication in a 2% v/yv. sol ution of E 6HP with 0.2%
CHEMKLEEN' 7&%@&8@3@1&%&8|ngas§rt%gemeﬁ§3é(oc0%§fm%§i ng"iP SFOREHYY Bxi mat el y
ten (10) ﬁﬁﬁﬁgQ§sobﬂ&ﬁ Wik Qi g&d; \Ag%actﬂ‘oﬁgdg;ﬂé\jﬁgorg oAb rARRRGEAR LRy ten

(10) second spray wth deioni zed ter. | oup of twenty (20) 4 x 6"

panel s weingdupydo d@ss@chptehbphgit eraadiatiat. hCutifipeoseabedinkinp redctipendbs magnsi st ed
of : one (1) panel of alumnum (6111 T43); one (1) panel of cold rolled
steel; twe® CIYCHOUt Hndssambiat gardigns Pres cuiethel srosdinkeds jadheraipsetiing

o LT ekl IR A PP SAR SLIE RHAS r

agi t at i onemblekinentshehe coating composition comprises a thermoplastic film-forming resin.
As used herein, the term "thermoplastic" refers to resins that comprise polymeric
components that are not joined by covalent bonds and thereby can undergo liquid flow
upon heating and are soluble in solvents.
[0069] As previously mentioned, the substrate may be contacted with a coating
composition comprising a film-forming resin by an electrocoating step wherein an
electrodepositable coating is deposited onto the metal substrate by electrodeposition.
Suitable electrodepositable coating compositions include those described in U.S.
Patent Application Pub. No. 2009/0032144A1, paragraph [0051] through paragraph
[0082], the cited portion of which being incorporated herein by reference.
[0070] [llustrating the invention are the following examples that are not to be
considered as limiting the invention to their details. All parts and percentages in the
examples, as well as throughout the specification, are by weight unless otherwise

indicated.
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panels were rinsed with an approximtely 10 - 15 second spray with

dei oni zed water, and dried with a warmair blowoff. [0079] After processing
t he firstworoupm4ef9920 panel s through the bath, each of wrhe/Use@avoearNent

bat hs was measured for zirconiumlevel, pH, and fluoride |level using the
met hods descri bed above. [0080] Bas on ese neasurenents, Zl RCOBOND R1
and the repl eni sher conposition of%%ﬁ 1 was added to each respective
bath to adjust the zirconiumlevel bath back to the starting val ue.
Adj ustnents to bring the pH withi n‘Et%%%liriglnge of 4.4 - 4.8 and free fluoride
| evel wit 00711 he r anagephishé¢rommmfbsitdnppm pepered| Sofolfade, The @myunadifust ment
was necessary. The pH was adjusted (if necessary) by addi ng CHEMFI L BUFFER
to each ofachipd thppingredieptsueseniinrtheeepitaisherdjogyosigiop o Eﬁ@@%@ﬁdﬁ flegfgd addi ng
Z| RCOBOND: t f bat h depl etion and
repl eni shlrlrlecﬁweg%%@gs EglglggfP]ﬁg)gm%ﬁ%%%%\%\ggprg%%??%%Jv-eggﬁlt'n 20 panel groupings
until a total of 300 panels had been treated in each bath. The anpbunts of
ZI RCOBOND R1 and repl eni sher composition of Exanple 1, CHEMFIL BUFFER, and
ZI RCOBOND CONTROL #4 added to each JABLEd bat hs were recorded. Any sl udge

that forned in thgbaths wasatlso cottected at Fneasured—The resutts) are
shown in Table 2 Rel o&exﬁ%[ﬂoﬁﬁﬁonlﬁgﬂﬂ’eﬁ%.ﬁa&a %’E 8% ti on Bat h sGhgni cal
Usage (grams) Sl udge 201€ywe :
Zirconium basic carbonate (available from Blue Line
Corporation) 1.3%
Copper nitrate solution, 18% copper (available from
Shepherd Chemical) 1.8%
Deionized water
balance

[0072] The following materials were used:

- CHEMFIL BUFFER, alkaline buffer solution commercially available
from PPG Industries, Inc.

- CHEMKLEEN 166HP, alkaline cleaning product commercially
available from PPG Industries, Inc.

- CHEMKLEEN 171A, alkaline cleaning product commercially available
from PPG Industries, Inc.

- ZIRCOBOND CONTROL #4, commercially available from PPG
Industries, Inc.

- ZIRCOBOND RI1, replenisher commercially available from PPG

Industries, Inc.

[0073] A fresh zirconium pretreatment bath was prepared using 0.88 grams per
liter of hexafluorozirconic acid (45%) and 1.08 grams per liter of a copper nitrate
solution (concentration 2% copper by weight). The remainder of the bath was
deionized water. The pH of the bath was adjusted to approximately 4.5 with
CHEMFIL BUFFER.

[0074] Two 3.7 liter aliquots of the above pretreatment bath were tested as
follows, one with ZIRCOBOND R1 and the other with the replenisher composition of
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generated (grans) Replenisher Chenfil Buffer Zircobond Control #4
ZIRCOBOND R1 54.3 g 7.4 g 8.7 g 1.6 g Exanple 1
WO 2011/044099 PCT/US2010/051429

Example 1. To test each of the replenishers, panels were pretreated in 3.7 liters of the
pretreatment bath previously described to deplete it, and then each bath was adjusted
using the appropriate replenisher.

[0075] The initial levels of zirconium and free fluoride were measured in each
bath. The level of zirconium was measured by x-rite fluorescence. The initial
zirconium level of the bath to be replenished with ZIRCOBOND R1 was
approximately 187 ppm (measured as elemental metal). The initial zirconium level of
the bath to be replenished with the replenisher composition of Example 1 was
approximately 183 ppm (measured as elemental metal).

[0076] The initial free fluoride of each of the baths was measured by ion
selective electrode (ISE) analysis using a calibrated Accumet XR15 meter with an
Orion Ionplus Sure-Flow Fluoride Combination electrode (model # 960900) (available
from Fisher Scientific) using the following method. The meter was calibrated using
fluoride calibration standards mixed with a buffer which were prepared as follows: fifty
(50) milliliters of 10% trisodium citrate buffer solution was added to each two (2)
milliliter sample of 100 mg/L, 300 mg/L and 1,000 mg/L fluoride standard. To
measure free fluoride, a neat sample to be analyzed (i.e., without buffer) was added to
a clean beaker, and the Accumet XR15 meter probe was placed into the sample. Once
the reading stabilized, the value was recorded. This value was divided by twenty-six
(26) to arrive at the concentration of free fluoride. The initial free fluoride of the baths
was approximately 21 to 22 ppm.

[0077] Panels were prepared for processing through the baths as follows. The
panels were cleaned for two (2) minutes by spray application in a 2% v/v solution of
CHEMKLEEN 166HP with 0.2% CHEMKLEEN 171A added. The panels were
rinsed by immersing for approximately ten (10) seconds into deionized water, followed
by an approximately ten (10) second spray with deionized water.

[0078] A group of twenty (20) 4 x 6” panels were processed through each
bath, the selection of panels consisted of: one (1) panel of aluminum (6111 T43); one
(1) panel of cold rolled steel; two (2) hot dipped galvanized steel panels; and sixteen
(16) electrogalvanized steel panels. The panels were immersed into the pretreatment

bath for two (2) minutes at approximately 80°F (28°C), with mild agitation. Next, the
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48.99 3.4g 3.1 g 0.9 g [0082] Whereas particul ar enbodi nents of this

I nventi on have been descri bed above for purposes of illustration, it wll
be evi derwotoittdzeme skilled in the art that nunerous vaPCattisens/06f429 he
details of the present invention nmay be nade vvithout departi ng fromthe

I nvention as_ defned i e ap ended cl ai 1. A net hod of
repl eni shPHy! SaW?fFéFHS%‘QWFfB t?lf/olﬁ gi%ﬁ?qogsi ﬁ@ray With deiopRdrity

repl eni shefy §QIRERH L LA LE bﬁcﬂ? off etreat ment conposition, wherein the

repl eni sher conposition conprises: (a) a dissol ved conpl ex net al
fluoride [@T9her ei Aftehprdredsalg thetfire erpug 6€30 parfaisothpoughlthe hﬁhad:a,ch@foup | VA
metal, Group |IVB netal, or conbinations thereof: and a conponent
conpri si nficaietEsataent baihreas measuredipbaEtosiver leaeloah pid ﬂuw&ealpgel ugipgup | VA

netals, GaUR.thdB JB&LAkg updle. COMbI nations thereof.

[0080] Based on these measurements, ZIRCOBOND R1 and the replenisher
composition of Example 1 was added to each respective bath to adjust the zirconium
level of the bath back to the starting value. Adjustments to bring the pH within the
range of 4.4 - 4.8 and free fluoride level within the range of from 40-70 ppm were also
made, if any adjustment was necessary. The pH was adjusted (if necessary) by adding
CHEMEFIL BUFFER to each of the baths. Free fluoride was adjusted (if necessary) by
adding ZIRCOBOND CONTROL #4 to each of the baths.

[0081] The bath depletion and replenishment process described above was
continued in 20 panel groupings until a total of 300 panels had been treated in each
bath. The amounts of ZIRCOBOND R1 and replenisher composition of Example 1,
CHEMFIL BUFFER, and ZIRCOBOND CONTROL #4 added to each of the baths
were recorded. Any sludge that formed in the baths was also collected and measured.

The results are shown in Table 2 below:

TABLE 2
Replenisher Bath Chemical Usage (grams) Sludge
Composition Replenisher | Chemfil Buffer | Zircobond Control #4 | generated
{(grams)
ZIRCOBOND R1 54.3g 74¢g 87¢ 16¢g
Example 1 489¢g 34¢g 3.1¢g 09g
[0082] Whereas particular embodiments of this invention have been described

above for purposes of illustration, it will be evident to those skilled in the art that
numerous variations of the details of the present invention may be made without

departing from the invention as defined in the appended claims.
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2. The nmethod of Caim1, wherein the replenisher conposition further
conprises (c) a dissolved netal ion conprising a Goup TB netal, Goup JIB
netal , GwopoM/iBretal, Goup VIII netal, Lanthani de Seciras20metsi429 or
conbi nations thereof. 3. The nmethod of Claim1, wherein at |east 8 percent

by wei ghtX\(?f ofal nmetal ions of conponents (a) and (b) present in the
repl eni sh Eé‘iﬂ%ﬁ@iti on are provided by conponent (b). 4. The nethod of

Claim1l1l, wherein co J r.epl i YDOSI 1 i conpri ses
FOTi F6. | HpZr B H2H@gg{ﬁ%%f%%68&@%@;&%%@?8@8@3@%?# e her eof
5. The et hod ohddihg@h maplenisweleé&h;lsbsitm toRh@pre@tatGRAPENEFYsit{on) WheRBI ths €S

titanium zirconium hafnium alumnum silicon, germanium tin, or
conbi nat i swéenishereptposioTisempsdiod of C ai m 1, wherein conmponent (b)

conprises zirconiu asj.c_carbonat e l,um num hydroxide, tin oxide, silicon
v oxi de, “or conbi e GieR Eher Bk e Buhe bR SR eekief 051420
7. The method eémfdil MGEoupiBAGhdtal BRowH BER ke, ORIuBIIVIBORe@f, cgonponent (c)
conpri ses nmanganese, cerium cobalt, copper, zinc, or conbinations thereof.
combinations thereof; and
(b) a component comprising an oxide, hydroxide, carbonate of

Group IITA metals, Group IVA metals, Group IVB metals, or

combinations thereof.

2. The method of Claim 1, wherein the replenisher composition further
comprises (c) a dissolved metal ion comprising a Group IB metal, Group IIB metal,
Group VIIB metal, Group VIII metal, Lanthanide Series metal, or combinations

thereof.

3. The method of Claim 1, wherein at least 8 percent by weight of total
metal ions of components (a) and (b) present in the replenisher composition are

provided by component (b).

4. The method of Claim 1, wherein component (a) of the replenisher
composition comprises H,TiFs, H,ZrFs, H,HfFs, H,SiFs, H,GeFs, H,SnFs, or

combinations thereof.

5. The method of Claim 1, wherein the metal of component (b) comprises
titanium, zirconium, hafnium, aluminum, silicon, germanium, tin, or combinations

thereof.
6. The method of Claim 1, wherein component (b) comprises zirconium

basic carbonate, aluminum hydroxide, tin oxide, silicon hydroxide, or combinations

thereof.

_21 -



8. The method of Claim 1, wherein conponent (a) is present in the
repl eni sher conposition in an anmount ranging from 10 to 92 percent by

wei ght nmeweal20ilgagodbased on wei ght of total metal ions ofCrarspaw®ntss (a) and
(b) of the replenisher conposition. 9. The nethod of Caim 3, wherein

conponent (b) Ls present .in th repl eni sher conposition in _an anount
raﬁ. ng fr(()m) 8 top9%ﬁ‘b€}e&@ﬁ1’[° t@ }f‘-)gw erﬁl@ﬁé? 186'@ ﬂloarpf\faem@ﬂ{wn&f t ot al
metal iong.qf, A Eu%eéac)e ARdedh), & EP%mEe&Jc%B{biﬁ%nsCt‘B@R%?' t' on.

d o m 2. Wwh oneé he

10. The netho erern co IS present In
repl eni sher conp05|t|on at a weight ratio of 1 10 to 10:1 based on wei ght

of total netal _ions_ of conponents (hé and (b) to meME@t of total netal ions
of conponent (8). The method picClap nlogwhirein) egmponeniyhdr i Preseané Prider eat nent

conposi ti [

i uor de | SKe: hfsion i on Bk AGk slorf 1358 Ak 7 RERly TRl L 1 va
met al , G @uP bhddd oretvaight & @t NdtalrtBisad s, cdhﬁpo@l@ﬂi‘tbl(m)adﬂdmb‘ﬁ of there@énishet2. The
met hod of CGaiml, wherein the pretreatnent conposition conprises:

(1) a dlsg@ﬁvéﬁﬁébnplex metal fluoride ion wherein the netal ion conprises
a Goup IIITAnetal, Goup IVA netal, Goup IVB netal, Goup VB netal, or
conbi nati ons thereof (i1) a dissolved netal ion conprising a Goup

TB metal, G oup. JI BTREtrabtho¥IUPlaMh | B WRérah, cdapsntViD)l ispileddnd ihame hani de
Series netal or conbi nati ons thereof and water. WO

2011/ 0440 SPROBhSSIOUDSOBD4R RN 100THE rangitzobionrs & 49 mercent iheveighh meked

di ssol ved. conpl ex netal, f r|d |on of t etr nt osition is
Che” oame RS PRl EE Rhgf 5 A% &4 o fonp S 4B S GEH PR eRERER) ent Sher
conposi t i ghmpdskiokhe met hod of Cla|n111 wherein the repl eni sher conposition
i s added

10. The method of Claim 2, wherein component (c) is present in the
replenisher composition at a weight ratio of 1:10 to 10:1 based on weight of total

metal ions of components (a) and (b) to weight of total metal ions of component (c).

11. The method of Claim 1, wherein the pretreatment composition
comprises:

water and (1) a dissolved complex metal fluoride ion wherein the metal
ion comprises a Group IITA metal, Group IVA metal, Group IVB metal, Group

VB metal, or combinations thereof.

12. The method of Claim 1, wherein the pretreatment composition
comprises:
(1) a dissolved complex metal fluoride ion wherein the metal ion

comprises a Group IIIA metal, Group IVA metal, Group IVB metal, Group VB
metal, or combinations thereof;

(it) a dissolved metal ion comprising a Group IB metal, Group IIB
metal, Group VIIB metal, Group VIII metal, Lanthanide Series metal, or

combinations thereof; and water.
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at an ampunt sufficient to maintain a concentration of nmetal ions fromthe
di ssol ved conplex netal fluoride ion (i) of the pretreatnent conposition
from 10 pyo2oo/@8®9ppm netal ions. 15. The nmet hod of C aiPerTAB20mbersed n t he
di ssolved netal ion (ii) of the pretreatnment conposition is the sanme as the

di ssol ved netal _ion_(c) of the replenisher conposition. 16.The nethod of
Claim 11, wheréfn tﬁée msthad qr} aigh | b e e 469 %w?veéﬁﬁmsxri%ﬁ%ﬂw%n de ion
(i) of the. pr t i C i i i i j haf ni um
Si 11 Con, | SBr WRR! (e el fBP g AR B IRE bRES b he I e LRt Bl & e m
12, wher eflooridecion (b kheadplerisiadr compogition. of the pretreatnent conposition
conpri ses nmanganese, cerium cobalt, copper, zinc, or conbinations thereof.
18. A net hod of replenishing a pretreatnment conposition conprising: adding a

o o sher Cofe SheRui PSP S RTRAR o RS B, o

H2Zr F6, HatHhFemotdd Siufiienti2é&eftntaiiZSedrzentedtiod asthrhéral io@h $robh teadifsolvadd
(b) a conponent conprising an oxi de, hydroxide, or carbonate of titanium
zi r coni unfompleningsgl thiogds memil of Mecrtregmentaeanpirgsitionrfromn rl Ockaith 209 ons
t her eof . éﬁbThg nethod of Claim 18, wherein the repl enisher conposition

1 metal 101s . . g .
further c rises: (c) a dissolved netal ion conprising nmanganese, cerium
cobalt, copper, zinc, or conbinations thereof.

15. The method of Claim 12, wherein the dissolved metal ion (ii) of the
pretreatment composition is the same as the dissolved metal ion (c) of the replenisher

composition.

16. The method of Claim 11, wherein the metal ion of the dissolved
complex metal fluoride ion (i) of the pretreatment composition comprises titanium,

zirconium, hafnium, silicon, germanium, tin, or combinations thereof.

17. The method of Claim 12, wherein the dissolved metal ion (ii) of the
pretreatment composition comprises manganese, cerium, cobalt, copper, zinc, or

combinations thereof.

18. A method of replenishing a pretreatment composition comprising:
adding a replenisher composition to the pretreatment composition, wherein the
replenisher composition comprises:

(a) a component comprising H,TiFs, H,ZrFs, H,HfF,

H,SiFs, H.GeFs, H,SnFg, or combinations thereof; and

(b) a component comprising an oxide, hydroxide, or
carbonate of titanium, zirconium, hafnium, aluminum, silicon,

germanium, tin, or combinations thereof.

19. The method of Claim 18, wherein the replenisher composition
further comprises: (c) a dissolved metal ion comprising manganese, cerium,

cobalt, copper, zinc, or combinations thereof.
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WD 2011/ 044099PCT/ US2010/ 051429 20. The nmethod of O aim 18, wherein
the pretreatnment conposition conprises: (1l)a dissolved conplex netal
fluoride worrowge@dn the metal ion conprises a G oup || PATESR@E0/05GeoUp | VA
netal, Goup |IVB netal G oup VB netal, or conbinations thereof; and water.
21. The met hod _of C rei.n the pretre ment conp05|t|on conpri ses:
(i) a di ssol veag ﬁ‘gP‘él Of}s(ﬁ &g |"(‘Sli‘Fr%ﬂe i ArGRMERE AOMPONtiEBNpr i ses
a Goup I} ]qﬁgal C}oup | VA netal, Goup IVB netal, Goup VB netal, or
conblnatlons t her eof ; (ii) a dissolved netal ion conprising a C?oup
TB metal, G ouf)JlBa rmtsalVﬁd@mmeNIMeBalnﬂmaidﬁ ﬁnowhefdinl themeieall ,ioh.ant hani de

Series metal, or conbinations thereof; and water
comprises a Group IIIA metal, Group IVA metal, Group IVB metal,

Group VB metal, or combinations thereof; and water.

21. The method of Claim 19, wherein the pretreatment composition
comprises:
(1) a dissolved complex metal fluoride ion wherein the metal ion

comprises a Group IIIA metal, Group IVA metal, Group IVB metal, Group VB
metal, or combinations thereof;

(it) a dissolved metal ion comprising a Group IB metal, Group IIB
metal, Group VIIB metal, Group VIII metal, Lanthanide Series metal, or

combinations thereof; and water.
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