PROCESS FOR PREPARI NG AND TREATI NG A SUBSTRATE FI ELD OF | NVENTI ON

[ 0001] The present invention pertains to preparing and treating a substrate,
such as awoegnesiesm substrat e. BACKGROUND OF THE | NVENTPORNUSQ@Q2319Bgnesi um
is anetal with many comercial uses. Nhgnesruntcan be cast by sand, die,
per manent nol d jgio NUIMer ous
shapes; and ro A pIRALL tal . Most end
uses of magnesi umrequire some degree of protectlon agalnst corrosion and,
in end uses which require paint, paint adhesion. Accordingly, a coating

whi ch i nproves the corrosion EIE&&ﬁQﬂ&MH!@@Nﬂ]&Eﬂnt adhesi on of magnesiumis
often applied to the netal prior to the final paint or other decorative
finish be[00@1appl i edhe PusbniCimaehtivGSpatans ©f plep@thgt ondsrepingt 4 aabsiand, s. Pri or
to the deposition of a pretreatnent, however, it is inportant to

suf fici entlch RaeRmEsibhguBRgResi um surface. Qtherw se, the poorly prepared
areas will becone sources for poor paint adhesion, and |ikely, corrosion.
In many instances, it has been determ ned that poor paint adhesion can be
attributed to a poorly pr epar ed specrnen and not to the performance of the
pretreatnment itself. [0Q03 e preparation nethods
and preparation baths : =2 agnesium In their
article, nesi um Fi ni shi ng: Chenlcal Treatnent and Coating Practices”
Reese W [\W)Ehy and MpgResuIE isi mefad withgpanyse mpereiafasesr Magapawunical dpr ocesses
of magnesi um mechani cal cleaning, solvent cleaning, alkaline cleaning, and
aci d pi cktasndy sdid, sligrpermarens tafd sintl hpaiecisibie sevepmpteho dethods;, derudsédhtsi ngly or
in conbination. This article lists a variety of acid pickles used in scale

removal ofuhbeusegipes amd sed agevroast) stakretthat, dheris eletat edogica&l i ng
agent depends on the manner in mhlch magnesiumis formed. Only chromc

acid is | h§ets‘%ﬁ 1Hhﬁlég 9% gfi%teét%”%aﬁist | 8, ifRAq an
acetic nitrate c |nat| |sc osed as usef on w ought rfagnesiumto
renove mll srsts chl sruntoxrde and its

of
hydr at es, “?esﬁ”clt“:h vt %8%“@6%% r‘?tlor%t%ﬁcoraﬂ%}y ool Ba e BB Ued o | y
Iubrlcant MI| scale is picked up by the rolled artlcles of magnesi um
during WoFKFINPLFAISESFRaRd Padt é@%@@r@&%@@éw@ by ofthpahried p ks Metrl t he
rolled articles. [0004]United States Patent No. 6,126,997 discloses a
met hod f oprier watherfgnainpgine or wthedidsceragyd figish heingt ttmlizd.ngguqbdqoebt@gs @eetic
acid. SUVMARY OF THE | NVENTI ON [ 0005]In certain aspects, the present
i nvent i onrdfakrat ®sast @etdeqpmenes Priboto (he elppoditieh ahal ptateatnieng weusttriat e, for
exanpl e, magnesium substrate. This process conprises: (a) applying a

cl eani ng dHtan®No CRMRdrRly n rephrel 8RSHhaQRGIUA JaThG. a@itHerivdseatihd §RSHy @
portion of the substrate; "(b) performng a first rinsing step to at |east a

portion Opreégr%dsa §Rx;1ﬂtogcqq%@ %tl?ges\%tt g otrrb%m(f lagﬁégiorﬁg and rt%élgo&)r s%oat &R (a);

(c) applyin m cal eaner co sition onto a po e substrate

rinsed with the first rinsing ste perform second

[ et ng. sapY et e Do g e fnaf e g)éﬁ@ﬁ?éﬁé@ﬂ&ﬂ@&ﬁé&ﬂ&?tﬁ ' Re

chem cal cl eaner conposition of step (c); and (e) depositing a pretreatnent
coating cBAYBSPIEPHRA sReCENGH, and Ao AhdupstorgancsfoTthrepislip me Rl eBubj ected to
step (d). In certain enbodiments, this process further conprises (f)

per f or m nf{0831 hird Ehﬂsmngmsn@pussn&mepg@mmﬁanpuiMkbmn@pmmmeﬁsmbwmsate with
the pretreatnment coating conposition of step (e); and (g) depositing a

pr ot ecti vehahaiavd Pe® TRQASiot di&ih BRtRsiufe HUDSiTRiiGe StMhgrbiath FRihigp ().

WO 2011/ 130058PCT/ US2011/ 031204 [0006] I n ot her aspects, the present

i nventi 0nCh@ﬁ&*a?Tréa@m@ntpinﬁcééﬁln%qfra&{cgparﬂe@& W%ﬁfr@@ah&‘garﬂess}!bﬁﬁﬂ@t e, for

exanpl e, nmagnesi um substrate IS process conprises: (a) perfornlng a
first ri ”ﬁ' nl% I’ouP energltclea%‘fiﬂnSt r% s(s)fgsto nrlla %fesﬁlme mselcj:BSt & qc‘lae’a 1(n ?éatyl ng a
cl eani ng satut %ﬁ Fesst an or ganr ¢ aC| AMFedst s portion
of the substrate rinse mrth t he f|rst r|ns|ng s c) performng a
second ri AEMHBE-sAlEY mpdﬁi nge 384 agid pigklingn s ik s%et th&t et Beedsin step
(b); and (d) depositing a pretreatnment coating conposition onto at |east a
portion ofan beeussdsiglnpeiy ¢anebaatignt K hihartiskeclishda vimesy 9§ agid epckies) used n
certain enbodi nents, this process further conprises: (e) performng a third
rinsing stref,zcate(rembvdtleﬁshe mapastunosurtifce! drel satbsthnathe seletthd pleklipg eganeat ment
coating conposition; and (f) depositing a protective coating conposition
onto the substrate rinsed with the third rinsing step (e). [0007]In stil
other aspects, the present invention.relates to a process for preparing and
treating a substrate, for exanple, a nagnesium substrate. This process
conprises: (a) applying a chenical cleaner conposition onto at |east a
portlon of the substrate (b) performng a first rrnsrng step to at Ieast a

Y .
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application, the use of "or" means "and/or" unless specifically stated

ot herwi se, even though "and/or" may be explicitly used in certain

i nst anceswoO[20013)0FBe terns "activation”, "activating" amrdT/tSarifl@asEo04
preparation” are used interchangeably and refer to a process of creating a

substrate surface that reacts in a nmpre kinetical |y, favoraple way to
SubsequentoAnTE e TRt ASHECR PERat BT DEbbroR It Rty
"treatnment” refer to any step in the process that alters the original
subst r at ea Qugklmeeagent farpHbiams gifr Bagnshivpe sindt an acetia Autrya | sembigiiesiion.
[0014] The term "magnesi um al | oy" refers to any conmmercially avail able

nmet al | i ¢ distloyedcxnisafuhiongviovagitesagnesiam @ kinghe mil sodlentMidowplarcedsiste any
other element in the netallic alloy. [0015] The term "anbi ent tenperature"
means treahisRybf sRkhésian®xRehaligthydtatéD FitlyedTPRE@MipResilAMRAThRI her m
"dwel | time" neans the anmount of time the substrate contacts the rinse
wat er and hut hon. [ OOk e-EﬁMg tJ I p er al
processesé%%?ﬁ%fg%g§$%a§g%%h#€@g?iﬁgﬁgkég}? ce g#bgﬂggﬁéﬁgﬁfgkggg%Enhancing
corrosion resistaQFe andﬁgr pahnt adhesiqg o%»the$substra efsurfqﬁe. In
sone non- MPATTTHY “UHBR Y HERE 19 ARBEA NS SrAIE C Hirpty Ll AgHEdulh '6F
magnesi um al | oys. Magnesi um al | oys for which the process of the present

i nvent i on'H8¢ BBl tabl e i ncl ude AZ91D and AMBOB. Magnesi um al | oy sheet,
casting, or extrusion can be treated by the process or processes of the

i nvent i on[008¢her nebaited dtaesmBright Aol GyL26sA9%7t dilstleses or nethwalt foerireabipg t he

i nvention include steel and al um num al |l oys. Even though substrates
conpri si nghagheasan dichastinpetbglusiliaingd/hgtdroxet adetiahtidys may be suitable for
treatment by the processes of the invention, the invention will be
described with reference to a magnesi um substrate. WO

2011/ 130058PCT/ US2011/ 031204 [0018] I n an enbodi nent of the present

i nvention, a process for Btﬁﬂﬁﬂiﬂﬁ(ﬁf’ <éfﬁ§ﬁﬁ@Tﬁﬂ@ surface of a substrate,

for exanpl e, magnesium substrate TTcrudes actrvatrng and cl eaning the

surface prlar,to depositing a pretreatnent.and.subsequent to further

cor rosi onlUM! ect i o FFBRIEREE PebaITEn IR TRAGpei £i ORSH- 1 m ti ng
exanple, this process includes a first step of activating and cl eaning the
surface bpregxpes pih tredEngd GHBsE RGNy rempe: énagsedumabsteaipe Tatsurrecese di c
solution. The acid-activated surface is then rinsed wwth a first rinsing

st ep conpcompmgsata) bpaginga dednérg salutsinngpngwisutg arsasf one erganiplaeid oidty or tap
water, to stop the activation step and to renove the activating chem cals.

The ri nsegas p@€in bbtheREBstRXN OHE Peitf@niind b Fhistalklgl 8 ©Qk WakoNpdifioh emove
smut fornmed during the activation and cleaning step. The al kaline treated

substrate f i - i : badi , .Sgybstrate
B R R e G L O L i
conprising water and.a second rinsj olution conprisi.ng water, for

exanpl o, CEVG AR BPiath 5 VTS B RN FRe SRR HE® pliShber
solution. The activated, cleaned and desnutted magnesium substrate surface
is then ppeP (Batl@HPHAIIBE 3recohiREng SEadei N debaRosien ohtheesuypstrafe

non- chr om um based conposition, e.g. a zirconi umbased conposition, and a
chrom um blageed wihtbnihe athemmesdtolsmer sempesigen of stepefantd ng) depassyigon

resi stance and pai nt adhesion. The substrate that has been pretreated with
t he pr et r petrewinienc c@iting gospPagosn bhtomnt st hportivh S et dubstrae ghbjecwdtth a third
rinsing step which may conprise at least two rinsing solutions wherein a

first ringepad)sahdtinn emBOPicHRS tMASBEess Burther €bipri®s (HFRrVAMRL . B 2
second rinsing solution conprises pure water, i.e. either deionized water

or rever Sﬁn@ﬁg‘%%ép.s ("R §Last 'a_nP&lﬁgﬁroft @ﬁs&ﬁﬂ hiEy A RRS! ét?&ltlﬁ%ntt &E‘atin%
pretreat men oat’l ng conposition on e substrate surface, to renove the
un-reacted pretreatnment salts fromthe surface, and to rempve any, residue
of the cﬁ%fﬁP%Sétﬂoél iers\’ %W?e(g@&?ﬁoéﬁglgﬂ RBEECHYe £oRtDe SPBWANLON PRI PP ha| st ep
of this process includes painting the nmagnesi um substrate. [0019] A specific
r epr esent sttisBatesnbiested fr geetfi-ng process for preparing and treating a
substrate according to a first enbodi nent of the present invention is as
follows: Process A- (a) Activation and cleaning - the magnesi um substrate
is contacted with an acidic solution, for exanple, citric acid. (b) Water
rinse. (c) Desnutting and cl eaning - the magnesi um substrate i s contacted
with an al kaline solution. (d) Two water rinses. (e) Pretreatnment - the
activated and desnutted magnesi um substrate is contacted with a

non- chroni um based, e.g. zirconium of chrom um based chenical treatnent
solution. (f) Two water rinses; one including a pure water rinse. (Q)
Protecting. [0020] Anot her enbodi nent of process A may be as follows: (a)

N 1 I A I I 1 o o, T .




(b) Rinsing - The substrate is rinsed wwth a first rinsing step conprising
at least a water rinsing solution. (c) Desnutting and cleaning - A chem cal
cl eaner cwoposi/t3d@a is applied to the substrate. (d) RPOTIUSQOH/0TT204
substrate is rinsed with a second rinsing step conprising at |east two

wat er rinsj solutjo (e) Pretreatin etreatment coatin

conposi t i E‘hﬁgk depoirt? & *bgﬁ%‘iﬁs’ ﬂi’teep@fﬂi'i%tn?vﬁtltéon ‘p(eﬁa)tesFQPﬁétrﬂ“gess foﬁﬁ’éep& B&trate is
rinsed with a third rinsing step conprising at |east two water rinsing

sol ut i onsathepding asubsiraie, for S5AMRjesHRLRGSHIM W Rics Shinarosessaoepaiseecond
rinsing solution conprises pure water. (g) Protecting - Depositing a

pr ot ect i vén)pegbrmigg adirptosinging step saietleast a portion of the substense; &) applying a

el ectrodeposition coating (electrocoat), onto the substrate. [0021]In the

above stepgadfiad sbhutiod Pon{@kingt Relesal At bRSicandd GOMMRASIst iopstisRYfC@at act , be
applied or deposited onto the substrate surface by any known coating

techni que dtﬂ&h(ié%n@@d zwﬁg-]rtﬂé/ ﬁrs@“rﬂqsiﬂ %‘) erfdr g?/?%c'oﬁ&’r &h s{eg I

coati ng. 0022 Step of proces cIud s appl'ying a sol ution
conprisin | east a ni ubst ra ctivate
Che magned G AP oy el RS B8N s 2t onﬁép@i i %@P?Vﬁ%&@%@ﬁ%@ﬁ
substrate is, fornmed whereby oxides and netal ippurities are ellntnated from

the surfafMtiBe ORPOSIBE IR &t lepd &P PSR SPP%ttatq AgsEnBbllitheptcend  he

cl eaning solution is an aqueous solution of an organic acid. Specific
exanpl es vhsisgiserbl(e. orlgaedraimeimbodimaituddis pracesy durther danmirises] t @) citric
acid, acetic acid, lactic acid, maleic acid, malic acid, oxalic acid,
succi ni ¢ pefd@dmisehachiel amistlg §tap ttar atcleast @, patich gifuthensubs@ste dwitenthag nMany
others. In sone non-limting enbodi ments, the cleaning solution is an

aqueous  splubh@RnPEoaRing icbmb6siBé; hnd £)pd tdidchiGe 86diHnRARRMsiABL | vati ng
sol ution ?5 soIdnuﬁaergthebt?adengrﬁﬂcxﬁﬁﬁséfcﬁ gyePPG Fndﬁ?t?ies I nc.
WO 2011/1 ai n enbodi nents of process A,
t he cIean?%gﬁﬁfgﬁ%#%§9$%£p§&gaﬁ &99%§Lb€8&sé@hducted at anbi ent

tenperatu sta er ei nabove, "anbient te ture” neans that the
tront nont GTET i onalh el iR CHER athe BRI GREENGE drEes 1 S BEcsrbhdi mont s,
the tenperature of the cleaning solution may be between 60F (15.5C) and
100F ( 37. Bepasyepndagedsiag fewhstyal fopaxangmyle. angagpsiuppsubymyte. Jdis pracess her
enbodi nents, the tenperature may be between 75F (23.9C) and 85F (29.4C). In
SOne enbodcbmmiﬂes:, (a) hpplpidgaf chiehecat Ickanémmpnypeisitiph @ntarayledse alpettiveest Be 5 and
4.0, such as between 1.0 and 3.0. In other enbodi nents, the pH of the

cl eani ng  sstrhieOb) B fdthike b Waeh ridsibg AR B & lehﬁoa?‘ﬂabftfan@ﬂ trei qubeiredi nent s,
the total acidity of the cleaning solution of step (a) may often be in the

range of i 0, i.dit s and 25
poi nt s. l%@gr%%g@%%@@?lﬁegﬁf gl él@%“é%r '? gt ggglgéc):? ?ts%bo(%) @J%@f lgﬁlﬁij?ﬁaﬁgﬂg%ti on of
step (a) ef.ined as the
Vo ume | o] forPdrecit L freard B A p DI u R YR AT e

sol ution needed to.reach the phenol phthalein (titrating |nd|cator) end

poi nt in S4PsHRiEgUBESted: for $teR |(§)n <d>raf:rétmaeg di 17O TIABE gl falseve? measur e
of concentration and can be related to the activity level of the acid in

t he procegertisolofitticgubstfa@aBjcrias toestapd e htand ) degoping apigtrsatofent ¢ratiog eani ng
solution of step (a) of process A often nay vary dependi ng on the dwell
tinme, whichmpssitidreootiidastod poitioa dfiiee shisaniengbipoledttb arepodd).s e perten
contacts the substrate. [0026]1In certain enbodi nents, the cleaning solution

of step (ahb&dinRHACAISpERYuRRIRINERises §YhbASHARS o tﬁh*dl fachantesp t@rz@
i ncor porated on occasion to affect better mettlng and rinsing of the

subst r at eleQﬁH‘g %%II}Io%%ﬁ@?ut%ﬁg{eoﬁlbﬁkﬁaggghgb@y eﬁa‘&' % I?mﬂtﬂén% Sro%%‘h{vémt ant

may be suita thi's purpose may be
used in the cleaning.solution IS sol.d under the trademark
Triton DFSAB8yOBR Eﬁ%ﬂ?@éﬁ %%ﬁ%ﬁﬁ ﬁ”%ﬁ%& ‘ated herein above, the

cl eaning solution of step (a) conprises at Ieast an organic acid for
activating and cleaning the surface of the substrate by renoving organic
and/or inorganic inmpurities. During step (a), snut is often forned on the
magnesi um al | oy surface. The snut fornmed on the surfaces of the substrate
of ten contai ns oxi des, hydroxi des and/ or oxy-hydroxi des, and inorganic
inmpurities. Renoval of these oxides, hydroxides and inpurities is affected
by step (c) which conprises applying a chem cal cl eaner conposition to the
substrate surface, nore about which i,s di scussed herein bel ow. [0028] The
above steps (b), (d) and (f) involve rinsing the substrate. In certain
enbodi ments, step (b) conprises performng a first rinsing step to a
portlon of the substrate In certain non- Ilnttlng enbodlnents this step

o T . a o, o, o



rinsing step to a portion of the substrate. In certain non-limting

enbodi nents, this step (d) conprises rinsing the substrate at |east tw ce
wi th two wonsinmigoessl uti ons, both rinsing solutions conpPCTIUSG0MAsEN4
[0030] I n certain enbodi nents, step (f) conprises performng a third rinsing
step to a portion o t s el t al Imting enbodi nents,
this step (f) conprises- et ' 2 M ce with two
rinsing solutions, one rinsing solution conprising water, for example, city
or tap wat®08] and t Fer drumeases | isiheg folkuying i detaidesimsiescsiptignp it ds viat &8, for
exanpl e, deionized water or reverse osnobsis water. [0031]In certain

enbodi mentisderstbad thatsheigneatiot imay efsusteepsiqub)alte(mhjivandrigfignscondpstepe wat er .
This water may be obtained from conventional city water sources. In certain

enbodi menteueides, dxepRaninieeredsly fRciREes tHBbnhanat Mardivenbthee tRANAL ur e.
Anbi ent tenperature shall nean treatnent solutions operated at room

tenperatu varl t . bet ween
60 F (15. éﬁycf b Jadd og’f)&%ﬁ%%?o.rs ,ré ?%ﬁ%%qf%%c%g?’zéllf?c belh Rkt ’gfzg’.rzq. In
sone cases, this tenperature may range between.75 F (23.9.C) an 5 F (29.4
o1 Gosar iy el S Bb el ' RE TRt RSt tioh e R RS R of
steps (b), (d) and &%% often has a maxi num hardness _of 150 ppm as. di ssol ved
magnesi untageasteed @b beingomedified ipelk Hisinessobyithe FI®, “abRBt waerordghee may

of ten have a maxi mum conductivity of 450 m crosienens. In certain

enbodi mentslesst indicpigrddo vkt eentgoyirtbe nofnetibad paiangdtery ssofouthi iortheffolktvapg (f) may
have a maxi num conductivity of 200 m crosienens. In certain enbodi nents,

t he pure waiilcadonae® avichbdelaimnatengppsetinthiion wht shepatf Jepenyingfupen have a
maxi mum conductivity of 50 m crosienens. In certain enbodi nents, the pure

wat er soufHzedcREPplopESicNtdBe Bbthinky bZQh’é pRSent IhMeieS Ak eRNVdPleadd, fadii )
dei oni zed water sources and/or fresh (or virgin) reverse osihbsis water

sources. [ 0033]a2hBPel bt Ye MpRES ol &ttﬁé) HZB’&%@{?E ?c@ﬁ’slsaifuégi?sgtgf‘tgg Q(t%?e (si)?lep (b).

cl eaner conposition onto a portion e su

This step_(c) cleans the substrate to t extent that cqntamnation is
decreasedﬂ%néagmhfm? HERY dx¥?8?9iﬁ5“@ﬁﬁgi?ﬁﬁb?CPH“E@ t'5i Y S 08 nent s,

t he chem cal cleaner composition of step (c) conprises an aqueous sol ution.
I n cert ai AudhgyodireRaited signHcaphdigiteand &y aphang erstipios rqqnémgdﬁgﬂsm%&( c)
conprises a highly al kaline solution, a neutral solution, a solvent-based
sol uti on, [088] a sol Wenwitlerandsigahat the\@RSdd 1806 SRICTIriis204s1eBB12Z0h [ 0034] I n
certain enbodi nents, the chem cal cleaner conposition of step (c) conprises

hydr oxi dege Hibdd &obesT theahkMfioh Qfe afPrdiGARABSBS theSHuiidkiRalenitues 88PHoetk in
phosphat es, phosphonates, aliphatic and aromatic solvents, glycol ethers,

organi ¢ syf.f aCl.l i , AL Xt 1eoUi tabl e
oxapl o5 o T o ey e o Sxs kel ol s e, A
sui tabl e ﬁOdiUﬂ]?%drO i de pased pe-snuttin%;a ent ﬁpld under thedtradenark
CORROSCL ( P§™8562 1M B\ " BpE T RTG ST s PRI RSE B e SHTHRE LHOoM K Seadasd
effective for this purpgse of step . (c). A suitable al kaline degreaser sold
under t heV%fﬂ%@éﬁﬁ?@slnéﬁ@WEﬁEﬂﬁﬁeSWw%, G LLITE(r), AND ULTRAX(r)
by PPG I ndustries nay be used as a chem cal cleaner conposition in step
(c). [003H1030] t abl eltestwnisl be wnflersidodcthpiegny momgtealsidgaineaiefli kieseie ior sodi um
netasilicate. Suitable exanples of carbonates include sodi um carbonate or
sodi um seamgrideand dmvhide. alSuittabye @bsaumddthecdin.glFoc exahms, d ranlgeld€ “$adi um

gl uconate. Suitable exanples of sinple phosphates include trisodium

phosphat ej@nds diveadidm PReRRY AR suSvadedd! R t9&APARS iRludiPhRX rRftegphat es
i ncl ude sodiumtripol yphosphate and tetrapotassi um pyrophosphate. Suitable

exanpl es qf. . i pel . i L p i-c. acid.

S tabl o SInRRAERIGREL Phnd BF LARAMALADEHNG SERTREIERAI O REAR, 1
exanpl es of aro ic solvents include.tol uepe and | ene. Suitable exanples
of "ol yeol BRRERET 4,81 ROy | aRGe JRyBrm HERE 6 EYA IR FaF ot Kopy! ne
glycol diethyl ether. Suitable exanples or organic surface active agents

i ncl ude a[Q@lﬁ] aryl I;TUWWI%}O%W@)HS@ﬁ@ﬂléﬁ%é?aﬁﬂl?ﬁiﬂeéﬂ@ Riagandoplyeak

pol ymers, linear alcohols, and al kyl phenol ethoxylates. Suitable exanples
of enul si En@nyabses| Uit lphompsatspeaticalys stafed08Gikrwine.c eht additiemboditiment s, t he
chem cal conposition of step (c) conprises an aqueous solution that is
conducted at a tenperature rangi ng from 130F (54.4C) to 150F (65.5C), such
as 135F (57.2C) to 145F (62.8C), and in sonme enbodinents at 140F (600,

al t hough the tenperature range nmay vary dependi ng on the concentration of

t he aqueous sol ution of the chem cal cl eaner conposition, the pH val ue of
the chem cal cl eaner conposition, and the dwell tine of the chen ca

cl eaner conposition on the substrate. In certain enbodi nents, the pH of the

o " o O . a A o A~ v




WO 2011/ 130058PCT/ US2011/ 031204 [0042] I n sonme enbodi nents, step (e) is
conducted at anbient tenperature. Anbient tenperature shall nean treatnent
sol uti onswoperiat3egsat room t enperature, such as bet weenPEBRISEW2/03CP4 and
110F (43.3C). In sonme enbodi ments, the pH of the pretreatnent coating

conposition of ste e) is .at a pH rangi from.1.5 to 5.Q, such as 2.0 to
3.0, and PRPICEHRM éﬁ%ﬁ%ﬁ’i?ﬁeﬁf sM5E"% aBiif%Bf u‘gg%”’ SPF%&@BAW%&? Ogﬁ{aw‘ﬁ?’eetVF‘éat ment
of step (e), as stated herein above, according to step (f) the portion of

t he subst fwueh syisyec ey beexpliey pagd insexthaanssaiispected to a third rinsing
step. In certain non-limting enbodi nents, this third rising step conprises
rinsing tH012Lbst r allbe &trmb Eagtvation’c Baonvhting wmd disdffae n¢paritioni’ ag weod ut | ons,
a first rinsing solution conprising water and a second rinsing sol ution

conpri si Ngt@ukeadlhnd kdteSQTE pRIFBAD MERE: By o iBstrite StrfidenBatN@Ga&Olidihi on
conprising water may have the sane characteristics as the water for the

rinsing s O S ] géd{lgﬁ' s, the pure water
has a tenglg?éa%lggé&ﬁlg’n%?ﬁébﬁg%ﬁg%ugé%éue(nligl.le;[%%atn 1%{6F %4. 4C). In sone

enbodi nmen fter e f)e. the,substrate is gften dried or _exanpl e, by
o oven allafen’s ShEBv vsb i iiSubahion® i Fy® Y& g RS T he
dried substrate in accordance with step (g). [0044] Step. (g) of the process
for prepatithglteidhe Rsiginahgubstialm srfage 40 JfPE G e EOSRICSHINE g d3Bsi ti ng a
protective coating conposition onto at |east a portion of the substrate
subj ect edadhgsionep (f). In certain non-limting enbodi nents, the protective
coating conposition may include a decorative paint, such as powler paint
and |i qui fDoddi nt, amde iterns Omagadddadi daBRT Sefedd t€ladgt dondagorily edapablat
coating. In sone enbodi nents, step (g) conprises painting the substrate

surface omeptiid a0y Whiathife GRLnSHIG AP W IR &Tnt€ QBInpaRdSty hdPloghepat i Oni C
epoxy el ectrocoat 1s comercially avail ab%e under the trademark

POVERCRON( - PPG I ndustries. In sone enbodinents, the film
t hi cknessglg%eﬁﬁﬁé{t%e?%te%@&(%}féxboati ng conposition on the surface of the

substrate es be en 0,6 mls (151..¢%, and 1.3 mls. (33 . [ 0045] A
Furcher pIUR3ES®: or THE B g olens Soterbis” esph deHEabIn o SRPSH A nvol ves
Process B. This process B has al so been found to be effective in activating
the surf at®@mpfempeRiyst rate, for exanple, a netal substrate, such as

magnesi um and rmagnesi um all oys prior to the pretreatnment step conprising
cont act i nfpleE subsThatemiidivellainzg”rroemis tim dased of Ghngtthosubstrata contacts

chromat e- based sol ution. Process B: (a) Hot water rinse (b) Activation and

cl eani ng thetiiige KRG QGI/BMredRSht @lRions contacted with an acidic sol ution,
for exanple, citric acid. (c) Two water rinses - one hot water rinse and

one pure ygj19] rinsepe ﬁlﬁ)enﬁér?}eﬁﬁéstvm{&f%%fal B%_%eﬁ@st fo}fg)ﬁrn&%rriﬁg%@%feﬁ hed

magnesi um substrate 1 s contacte an chrom hrom umbased

chem cal treatnent lution.. (e) Two water .rinses - one er rinse and one
oure wat et EREGES sppitabt b daptidne FSeer et heR D Sl s e B Fe
as follows: (az Rinsing - The substrate is rinsed with a first rinsing step
conpri si ngFbstrater 84rfacensilhgogs Gen-onidaFRadige st thiatEhstralepfomisey at i ng
and cleaning - A cleaning solution conprising at |east an organic acid is
appl i ed t ;aghgsivwyles tmagnesiuicylloRsnsylagnesiuThellgysbor rvdtieh ithe piogesdivibe h a
second rinsing step conprising at least two rinsing solutions wherein a
first ri pskérg isedntibh anayC berpuitabds itvbidewaZerD aand AMSOBoNMaphdsdinm@llsgl uti on
conprises pure water. (d) Pretreatnent - A pretreatnent coating conposition

i s deposi fiedt, @ALtMet HitexeHbDh lcah Be tbfibd Bl ARl fifcess dNBroetlsd sah€idventidddsed Wi th
a third rinsing step conprising at |east two rinsing solutions wherein a

first ringng n%e?il’f'aﬁcpﬂl @?Qfg&jsssﬁﬁ MRS e &%&?bﬁ%eoiﬂgeﬂtioﬂﬁhélgdesé%ééitah{?.“
conprises pure water. f rotec%lng - positing a protective coating
conposition, .such as ectrodeposition coatin el ect r ocoat onto the
cubatr at SRR RISl By YR Bt St L s RIS Gh/p BEBLs A and
conpri ses @frforning‘a series of rinsing steps éa)“ (c) and (e). In sone
enbodi mentloystiAyy b puifablq fogitregtraqns By (thg Prosayses sbdeanyqntign. the {8y §o8 ol ut i on
conprising hot water. In sone enbodi nents, the second rinsing step (c)
conpr i seswall b¢ dasstibedwith rgfsience ©al magresmm aubbtratet ri nsi ng sol ution
conprising hot water, for exanple city or tap water, and a second rinsing
solution conprising pure water, such as deionized water and reverse 0Snpsi s
water. In some enbodi ments, the third rinsing step (e) conprises at | east
two rinsing solutions, a first rinsing solution conprising water and a
second rinsing solution conprising pure water, such as dei oni zed water and
reverse osnosis water. [0048]1n certain enbodi nents of process B, the
tenperature of the hot water



of steps (a) and (c) may range between 212F (100C) and 180F (82.2C), such
as between 130 F (54.4 C) and 150 F (65.5 C); in sone cases, such as

bet ween 186 2p11(B7T058 C) and 145 F (62.8 C); and in sonme ®asas20114812p4 (60 C) .
In contrast, in certain enbodi nents of process B, the tenperature of the

wat er of (e), i ch / be clean city water, may range between 60 F
(15.5 O thﬁghoo F wjrga'n %fég‘%%ﬁth‘)fége P@S@tG%VfP%@}’ aRigCeH gt P%@ia.“?&)a.ng In sonme
cases, this tenperature may range between 75 F (23.9 C) and 85 F (29.4 Q).

[ 0049] Thetrpignthice sarfagsdof @r swhsfratsarter cop@apl, gnagedps cestrater edies g) of
process B are simlar to those discussed herein above for steps (a) through
(g) of proegeasn@anexrieaphg e suwofaed phier ® depabioug a Pr&G50hent fand tshieseqemocess of
the present invention includes process C. Specific steps of process C

i ncl ude t hefuirtlel Whegon Proweens dordddady Beasituilhi. nth angeditieadhNBniting he
magnesi um substrate is contacted with an al kaline solution, for exanple, an
al’kal i ne asils profddd V&S o hlPSiep ANRAYARSTarld! dfiing e MFLLYBLI on and
cl eaning - the nagnesium substrate is contacted wth an acidic solution

for exanple, citric acid. T ter rinses - one water rinse.and one
pur e wat epdisiseht (aftfestup, Akl To M Reeke e asinar Bl m LERE A e 1<
contacted with non-chrom umor chrom_um  based chem cal treatnment sol ution
(f) Two wattbpted; gfase is B rigaeh vVith 865t RN n¥eh ERTBPIRARE At Jeppis Watef g)
Protecting. [0051] Anot her enbodi ment of process Cis as follows: (a)

De- snut t i ngsingdokkieanfogexamplee lsgpri awathp cvasemde stopnihosictivagon semppdited to t he
substrate. (b) R nsing - The substrate is rinsed with a first rinsing step
conpri si ngenadvel gasictionng ichahioglss oiThie irdRed Qufdiides isnthewadx@bsed {(Ch Wghi vati ng
and cleaning - A cleaning solution conprising at | east an organic acid is
applied toihie SRR BYEmo{dImER BFhAOdurinkNBe authalibAhRd EfadihgSRF. Whih a
second rinsing step conprising at least two rinsing solutions wherein a
first ringj S ' ' - r. ec LNSlng: thon

compr i ses 5o Heitkd SEQMELIREE AT B BaBE T ISR RIABE HE0 < i on
is deposited onto HQF supstrate. (Q% Rinsiagﬂ-.The s?bsttate is rinsed with
a third rFRSITRY St 8IS A ng2sit Mo% 40P MEWPIVHGST Ag eS| RS ¥ SOWHERei n a
first rinsing solution conprises water and a second rinsing solution

conpri sesCpupPEsigtaier ang)a peend Ensipg soluen §emprispe avarofascrppples 68Y i ng
conposition, such as an el ectrodeposition coating (el ectrocoat), onto the
subst r at ewafep0bplwataf foaemove tlecdlsdin€ dbegutnsg weltiiord eTlsmadtivited, dewhed| eani ng
step (a) and includes performng a series of rinsing steps (b), (d) and
(f), an agid vadrhiiedamgoekRankitgtateefurfacd is thepl gefreatd®ith 5pefArdtiendand a
protecting step (g). In sonme enbodi ments, performng the first rinsing step
(b) CO”Prbéa%ﬁ oHdpBsitifg S@!aUdnothr -bééeﬁ%o}’i@%ﬁﬁon,'e’.‘g.%oiﬁ%oﬁifm{?ﬂésg&m S,
performng t & ‘second ri ing step conprises at least two rinsing
solutions; a first rinsi sol utio onpri.sin ter,..for_.exanple city or
Cap vt or o Rer ot igng ' HPpR R b S TRERELO SR Somup S 6 EMRnGper o2

dei oni zed water and reverse osnmpsis water. In sonme. enbodi nents, performng
the thirdSPFIIMEFSistaaee p1d PaBh#tiesies: dihesehyiatg Het PinkseAPrestaird Bitk, a
first rinsing solution conprising water, for exanple, city or tap water,
and a secthedpreirensinagf gwking icompesifpe iis theg rpsed thuoeghly sudha asirdieineng zed

wat er and reverse osnosis water. [0053]In certain enbodi nents of process C,
t he wat er step wdhiichpay b)mpr(sd)at doask tiafo) rinsig odutivne ahewdi & firamthsing ssmrivn

i nstances, clean city water. The tenperature of the water and the pure

wat er of g¢@pSse Water( Bh. @fdod fap WY, hANYeRAlWRRM BB IUtioh Fomprises gpd 100 F
(37.80), sucﬁs'sé:’sgo?aéerg ?21.[52%) agnd 90 F (33. 20) . IR some cag@g, st%?s

tenper at u(nglte?a}{e.r?ﬁlgﬁ #19{‘3051%8 RVJC% g{ &%\%{é_ (Qmoas dwgér,':iél( é]l%'ef' 9 atoﬁ)otgg 411n

certain enbodi rents of process snmutting an eani n

deposition of the pretreatment coating composition on the substrate surface, to remove

the un-reacted pretreatment salts from the surface, and to remove any residue of the



step (a) may conprise a chem cal cleaner conposition conprising an al kaline
degreaser. In certain enbodi nents, the activating and cleaning step (a)
conpri sesw@ 20l1¢ia3ms8g sol ution conprising at |east an or @amius2@aiosii2o4 n
certain non- Iiniting enbodinents the cleaning solution is an aqueous

sol ution of or aci d, eC|f|c exanpl es _of suitabl rgani c acids

i ncl ude, BlEf‘t‘m&?lé ”g?fp 1 hei Yasipug éte@? Of i RIS PLPLESS- aggFifls?aLéﬁeH,oef tg{?tl?r{?“‘a?& d,

mal eic acid, malic acid, oxalic acid, succi ni ¢ aci d, sebacic acid, tartaric
aci d, andingludepnaiatingihe rmagppgumsnbsttters. I n some non-liniting

enbodi nents, the cleaning solution is an aqueous solution of a citric acid.
A suitabl 000Dt ri c adi shebdreadpmstitatatin ofjtheopratddiny pocenl| fdr prapering hed
trademark CORROSOL(r) 32 by PPG Industries, Inc. In certain non-limting
enbodi menti8atirgh® sebs@aty AGofdhdltd QNfirss eMBo@R¢AOUS (IRObiébd@Nn@ntiBA i9hgani c
acid excluding acetic acid. [0055] The paraneters and particulars of steps
(a) througﬂ ?g) of process C are simlar to those disclosed above for steps
(a) throug ) of process A, except as noted above. [0056] The foll owi ng
exanpl es Bre grssented to denonstrate the general principles of the

i nvention: r, the invention should not be considered as limted to
the specific exanpl es presented [t is to be noted that Exanple 1.js WO
2011/ 130058PCT/ Uézbﬁfylw@m rdepndngentihg MPENSHUPrsBREELC 1 comigtrsh with | s
representative of process B; and Exanple 3 is representative of process C
of the present invemmh@dmSENANRUEEEM¥m®61WExampIe 1 - Process A of the
Present | nvention In Exanple 1, several AM6OB magnesi um panel s
were treated in pbepatatime for painting. The several treatnent schenes are
outlined in Table 1. The nagnesiumtest specinens were treated using a dip

appl i cation net hqd) pexRetihFRAY cNﬁﬁmgL thé BleduMRfiBstdi€ R &htREORARNY t O
prior art processes. Experinment No. is a control experinment. Experinment

Nos. 5 and 6 were t i ng to steps (a) through (f) of process A
of the present |nve5§?%hﬂk$%%ﬁggl - Treatment Schenmes Experinment Nos. Step

1 Step 2 Step 3 Ste Ste 5 Step 6 Step 7 Step 8 1 Alkaline degrease City
wat er rinse Phosﬁﬂb&ﬂ@‘ﬂﬁ? d8&dxi di ze

(e) Pretreatment — the activated and desmutted magnesium substrate is
contacted with a non-chromium based, e.g. zirconium or chromium-
based chemical treatment solution.

(f) Two water rinses; one including a pure water rinse.

(g) Protecting.

[0020] Another embodiment of process A may be as follows:

(a) Activating and cleaning — A cleaning solution comprising at
least an organic acid is applied to the substrate, for example,
citric acid.

(b) Rinsing — The substrate is rinsed with a first rinsing step
comprising at least a water rinsing solution.

(c) Desmutting and cleaning — A chemical cleaner composition is

applied to the substrate.



City water rinse Deionized water rinse na na na 2 Al kaline degrease City
wat er rinse Phosphoric Acid Deoxidize City water rinse Chromate treatnent
Cty wat ewvonongso®dei oni zed water rinse na 3 Al kaline degcgaseoiiosizonat er
ri nse Phosphoric

(d) Rinsing — The substrate is rinsed with a second rinsing step
comprising at least two water rinsing solutions.

(e) Pretreating — A pretreatment coating composition is deposited
onto the substrate.

(f) Rinsing — The substrate is rinsed with a third rinsing step
comprising at least two water rinsing solutions wherein a first
rinsing solution comprises water and a second rinsing solution
comprises pure water.

(g) Protecting - Depositing a protective coating composition, such
as an electrodeposition coating (electrocoat), onto the substrate.

[0021] In the above steps (a) through (g), the solutions and compositions may
contact, be applied or deposited onto the substrate surface by any known coating
technique including: spray; dip (immersion); flow coating; and roll coating.

[0022] Step (a) of process A includes applying a cleaning solution comprising
at least an organic acid to the substrate to clean and activate the magnesium alloy
surface. In so doing, an acid-activated magnesium substrate is formed whereby
oxides and metal impurities are eliminated from the surface of the substrate. In
certain non-limiting embodiments, the cleaning solution is an aqueous solution of an
organic acid. Specific examples of suitable organic acids include, but are not limited
to citric acid, acetic acid, lactic acid, maleic acid, malic acid, oxalic acid, succinic acid,
sebacic acid, tartaric acid, and gluconic acid, among many others. In some non-
limiting embodiments, the cleaning solution is an aqueous solution of a citric acid. A
suitable citric acid-based activating solution is sold under the trademark

CORROSOL® 32 by PPG Industries, Inc.



Acid Deoxidize City water rinse Zirconiumtreatnent Gty water rinse

Dei oni zed water rinse na 4 Citric acid Cty water rinse Al kaline de- snut
Cty wat eworongBo@8ty water rinse Deionized water rinsePoa/usacid/ofiznsic acid
City water rinse Al kaline de- snut

[0023] In certain embodiments of process A, the cleaning solution of step (a)
is often conducted at ambient temperature. As stated hereinabove, “ambient
temperature” means that the treatment solutions are conducted at room temperature.
In some embodiments, the temperature of the cleaning solution may be between 60°F
(15.5°C) and 100°F (37.8°C) such as between 70°F (21.1°C) and 90°F (32.2°C). Yet
in other embodiments, the temperature may be between 75°F (23.9°C) and 85°F
(29.4°C). In some embodiments, the pH of the cleaning solution may be between 0.5
and 4.0, such as between 1.0 and 3.0. In other embodiments, the pH of the cleaning
solution may be between 1.5 and 2.0.

[0024] In certain embodiments, the total acidity of the cleaning solution of
step (a) may often be in the range of 10 points and 30 points of total acidity, such as
15 points and 25 points. In some embodiments, the total acidity of the cleaning
solution of step (a) may often be 20 points. Total acid points may be defined as the
volume in milliliters of a standard concentration of sodium hydroxide solution needed
to reach the phenolphthalein (titrating indicator) end point in an acid-base titration.
Total acidity is the quantitative measure of concentration and can be related to the
activity level of the acid in the process solution.

[0025] The temperature and pH ranges of the cleaning solution of step (a) of
process A often may vary depending on the dwell time, which is the amount of time
the cleaning solution of step (a) contacts the substrate.

[0026] In certain embodiments, the cleaning solution of step (a) of process A
may comprise a surfactant. Surfactants are incorporated on occasion to affect better
wetting and rinsing of the substrate being activated and/or cleaned. Any acid

compatible surfactant may be suitable for this purpose. An example of a surfactant



City water rinse City water rinse Chromate treatnent City water rinse

Dei oni zed water rinse 6 Citric acid City water rinse Al kaline de- smut City
wat er rirwe 2Qitnoosat er rinse Zirconiumtreatnent Gty waCeruseémssi2bei oni zed
water rinse *na - means non-applicable [0058] The treatnent type,

correspondi hg conmer Ci roduct s, .and : .
P ghat glay %e used in the gleamng soslutlon of step (a) is sold under the trademark Triton

DF-16 by Dow Chemical Company.

[0027] As stated herein above, the cleaning solution of step (a) comprises at
least an organic acid for activating and cleaning the surface of the substrate by
removing organic and/or inorganic impurities. During step (a), smut is often formed
on the magnesium alloy surface. The smut formed on the surfaces of the substrate
often contains oxides, hydroxides and/or oxy-hydroxides, and inorganic impurities.
Removal of these oxides, hydroxides and impurities is affected by step (c) which
comprises applying a chemical cleaner composition to the substrate surface, more
about which is discussed herein below.

[0028] The above steps (b), (d) and (f) involve rinsing the substrate. In certain
embodiments, step (b) comprises performing a first rinsing step to a portion of the
substrate. In certain non-limiting embodiments, this step (b) comprises rinsing the
substrate at least once with a water rinsing solution. The water rinsing solution of
step (b) is applied to at least a portion of the substrate containing the cleaning solution
of step (a) in order to interrupt and/or lessen activation of the cleaning solution of step
(a) on the substrate, thereby forming an adequately activated magnesium substrate.
[0029] In certain embodiments, step (d) comprises performing a second
rinsing step to a portion of the substrate. In certain non-limiting embodiments, this
step (d) comprises rinsing the substrate at least twice with two rinsing solutions, both
rinsing solutions comprising water.

[0030] In certain embodiments, step (f) comprises performing a third rinsing
step to a portion of the substrate. In certain non-limiting embodiments, this step (f)
comprises rinsing the substrate at least twice with two rinsing solutions, one rinsing

solution comprising water, for example, city or tap water, and the other rinsing

-10-



application paraneters used in Exanple 1 are sunmarized in Table 2.

[ 0O059] Al l test specinens were treated according to the schenes outlined in
Tabl e 1 awio 20tersoesebsequent |y pai nted with POANERCRONO 590TAB4011bi20h i s a
cationi c epoxy el ectrocoat sold by PPG I ndust ries, under the foll ow ng
conditions: (1) bath te erature- 90F g:% %e%) vol tage - 230 volts;
(3) dwel | SHIPHQI COPRrigng FEs Wakiiy f ‘(Mﬁ’xaﬁ&% Qiged. WHIST (RIEYESS AEMYYEF (1900)
peak netal tenperature. The targeted final electrocoated filmthickness was
0.8 - 1.0waiers (20 - 25 lanm). Table 2 - Treatnment Descriptions and
Paranmeters for D p Processing of Magnesium Al |l oys Treat nent PPG Product
Concent r af003i] Tenpetmtartan Pubblinkinme tid kiatingeoDeagn ediseps Cherit] esh (B11L 2

v/ 0% 140F (60C) 60 sec Rinse City water Na 70F (21C) 30 sec Ri nse Deionized
wat er Na ¢é8Hpii21%AteB0 TRR W AHBY AERILE JARITEM dabatibnandity Qatet sdureén% 110F

(430

In certain embodiments, the temperature of the water may be at ambient temperature.
Ambient temperature shall mean treatment solutions operated at room temperature. In
some cases, the temperature of the water may range between 60° F (15.5° C) and 100°
F (37.8°C), such as 70° F (21.1C) and 90° F (32.2°C). In some cases, this
temperature may range between 75° F (23.9° C) and 85° F (29.4° C).

[0032] In certain embodiments, the water of the rinsing solution of steps (b),
(d) and (f) often has a maximum hardness of 150 ppm as dissolved magnesium and
calcium ions. In certain embodiments, the water source may often have a maximum
conductivity of 450 microsiemens. In certain embodiments, the pure water source of
the rinsing solution of step (f) may have a maximum conductivity of 200
microsiemens. In certain embodiments, the pure water source of the rinsing solution
of step (f) may often have a maximum conductivity of 50 microsiemens. In certain
embodiments, the pure water source comprises high purity sources, such as fresh (or
virgin) deionized water sources and/or fresh (or virgin) reverse osmosis water sources.
[0033] Step (c) of process A comprises applying a chemical cleaner
composition onto a portion of the substrate subjected to step (b). This step (c) cleans
the substrate to the extent that contamination is decreased and smut is removed from
the substrate. In certain embodiments, the chemical cleaner composition of step (c)
comprises an aqueous solution. In certain embodiments, the chemical cleaner
composition of step (c) comprises a highly alkaline solution, a neutral solution, a

solvent-based solution, and a solvent emulsion.

-11-



60 sec Zirconiumtreatnment XBond 4000 6.0 v/ 0% 85F (29C) 60 sec Citric Acid
treatnment Corrosol 32 10.0 v/ 0% 70F (21C) 60 sec Al kaline Des nutter
Corrosol 028M/1B08 v/ 0% 140F (60C) 60 sec Aci di c Deoxi #CTAS20X53R2040. 0

v/ 0% 70F (21C) 60 sec [0060]Five (5) test specinens, each having a

di mension_of approximately 4 in x 6 in ((10.2 cmx 15.2 ¢ wer e used per
test vari Hﬁpé? Tr eak%ﬂer%ﬁ%e'ﬁ‘g?w&t%H@cé%ﬂ%al\ﬁgagerpmﬁﬂs%ﬁc@ S(teé)sfczd as
outlined in Table 3. Treated and pai nted speci nens desi gnated for neutral
sal t - spr agompijses | Bydioxidesi sHicatgnd dadongigh.t -ahegoantes ogknpler engr eersplex bed

prior to testing. Two intersecting diagonal scribes were introduced into

t he pai nt psgpbatae nphesphngraten, EHfhatiCearsic aiolniang dobeints, Alydohetleosicdrngsnion of t he
performance test, specinens were renoved fromthe test chanber, rinsed with

city wat egurf4dei fdivid in®, GnRAIfiVR] bed dhspasalha@eprpesuitableebxandiles aghesi on
tested wthin ten (10) mnutes after renoval fromthe test chanber. Paint

| 0ss was Hg&ﬂrgi’ci%é‘ﬁféhd&%is%gglﬁh hgﬁgﬁiﬁé'am%%&iﬁﬁldh;gﬁ%wi stifbeSHMu ¥ 654. The

t ape used s Scotch bran 8981." Paint adhesion | oss was neasured

anr od t By URSCe rieHdE B pnesal S Bpet O B8yt CERR AR 2B TS1 ca i n

Table 3 for the various performance tests. Tahle 3 -Performance Tests Test
Speci fi CaPPQrJnff%sélflesD&thathp%Heqﬁa%eéqu@ne(dzt)) be effective for this purpose of step (c).

A suitable alkaline degreaser sold under the trademarks CHEMKLEEN™,
MAGNUSPRAY®, GILLITE®, AND ULTRAX® by PPG Industries may be used as
a chemical cleaner composition in step (c).

[0035] Suitable examples of silicates include sodium silicate or sodium
metasilicate.  Suitable examples of carbonates include sodium carbonate or sodium
sesquicarbonate. Suitable examples of gluconates include sodium gluconate. Suitable
examples of simple phosphates include trisodium phosphate and disodium phosphate.
Suitable examples of complex phosphates include sodium tripolyphosphate and
tetrapotassium pyrophosphate. Suitable examples of phosphonates include hydroxy-
ethylidene diphosphonic acid. Suitable examples of aliphatic solvents include mineral
spirits. Suitable examples of aromatic solvents include toluene and xylene. Suitable
examples of glycol ethers include ethylene glycol monobutyl ether and propylene
glycol diethyl ether. Suitable examples or organic surface active agents include alkyl
aryl sulfonates, ethylene oxide/propylene oxide block polymers, linear alcohols, and
alkyl phenol ethoxylates. Suitable examples of emulsifiers include phosphate esters.
[0036] In certain embodiments, the chemical composition of step (c)
comprises an aqueous solution that is conducted at a temperature ranging from 130°F

(54.4°C) to 150°F (65.5°C), such as 135°F (57.2°C) to 145°F (62.8°C), and in some

-12-



Neutral Salt Spray ASTM B117 744 hours 3.0 mmor |less Boiling Water Wet
Adhesion (1) 20 mnutes 4B or greater(3) 5% Hot Salt Water Soak Honda 96
hours 3. Owmm2ori/13esss (1) Painted test speci mens were cr@sTAsataio3os i bed
prior to exposure to the boiling water. (2) Paint adhesion |oss al ong

scribe line s det ermpne tape pull test. 3) Panels were rated
accor di ng® O‘ﬁgl?mslﬁéég@% (?@g%i‘?hh?@glb&%ftﬁmﬁgﬁ@ée ’Eaé‘é? 27’tﬂ%itvﬁtrya LU ER i zed in
Tabl e 4. The experinments highlighted in gray passed all performance tests.
These expHieiavpeRnEratpR obsig @ANSANS tSOINESN Og&éﬁée@%%b\ﬁpwf cappesitéatt then st eps  of
process A of the present invention. These experinent Nos. 5 and 6 gave

i dent i cal vgee bbthewmhemichbdtanee sanpssitidotihd eepbydlngme oNds.chbmamntcléarienvol ved a
surface activation treatnment using citric acid for Step 1 and an al kal i ne

de- smut ti Bempdsaiorl & thStsestidte. f1alckANR @nidy dRhdnBe FhedpIE BF ¥ HBmRas&darder eat nent
( Experi ment . 5) or a zirconiumbased treatnent (Experinment No.6). All

other eXPeshRAorNfgeslidhreHAN abehinDl. Y00 @ 1524 LHi 6 LnoDfRmpRte of the

per f or mance 062] Thi's Exanp enonstrates I nprove or mance

(Bxper et Rk W6 2o Fo i o Bistbe B oo e R BheSiCh BERRR 2cia i

Step 1 conpared to a AM6OB, magnesi um al l oy treated by the steps of the
prior art (@ huiidhe raee gf o adte Omepus Phiet 2lkpldnity suchas dipdn 3ol A5 nvol ve

an al kaline degreaser step for Step 1 and a mineral acid deoxidizer for
Step 3. Erpetsiafdree alalinidy,jagdan sont eobodimams20dm/ 2530088 RCH) 8206 pI 1881204
Table 4 - Performance Test Data Experinent Nos. Salt Spray 744 hours Pass
or Fail SalkhHkniSpr &eeHokal&adyt peEihi@rmay be defined as the volume in milliliters of a
standard concentration sulfuric acid or hydrochloric acid titration needed to reach the
phenolphthalein (titrating indicator) end point in an acid-base titration. Free alkalinity
is the quantitative measure of concentration, and can be related to the activity level of
the alkali in the process solution.
[0037] In certain embodiments, the chemical cleaner composition of step (c) is
in an aqueous solution form and may optionally contain one or more surfactants.
Surfactants are often incorporated into aqueous solution in order to affect better
wetting, cleaning and rinsing of the substrate being de-smutted. Any alkaline
compatible surfactant may be suitable in the aqueous solution comprising the
chemical cleaner composition of step (c¢). A wide variety of suitable surfactants are
commercially available. In certain embodiments, the de-smutting baths of step (c)
may optionally contain chelating or sequestering agents. Suitable examples of such
agents include salts of gluconic acid, tartartic acid, citric acid, and certain phosphates
and phosphonates. An addition of sodium gluconate to the de-smutting bath of step

(c) is particularly effective as a sequestering agent. Chelating and sequestering agents

are often incorporated into a de-smutting bath in order to complex certain metal ions.
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Dip 96 hours Pass or Fail Hot Saltwater Test Boiling Water Wet Adhesion
Pass or Fail Boiling Water Test 1 4.8 mmFail 5.0 mm Fail 5B Pass 2 25 mm
Fail 0.0 wo2PHgS005B Pass 3 2.4 mm PCT/US2011/031204

Complexing the metal ions in the de-smutting bath often enables a more effective use
of the de-smutting solution.

[0038] The above steps (a) through (d), in general, effectively remove all
impurities from the surface or surfaces of the substrate and activate the surface or
surfaces of the substrate in preparation for a subsequent treatment of step (e).

[0039] Step (e) of process A comprises depositing a pretreatment coating
composition onto at least a portion of the substrate subjected to step (d). In some
embodiments, this pretreatment coating composition comprises non-chromium based,
chromium based and zinc phosphate based conversion coating compositions. In
certain embodiments, this pretreatment coating composition is an aqueous solution
which improves the paint adhesion and/or corrosion resistance of a metal surface, for
example, magnesium or magnesium alloy substrate.

[0040] In certain non-limiting embodiments, this pretreatment coating
composition of step (e) comprises a zirconium-based agent. In some embodiments,
this zirconium-based agent is an aqueous solution of zirconium ions. The source of
zirconium ions is typically from zirconium carbonate, zirconium nitrate,
hexafluorozirconic acid, and mixtures thereof. Often, this source of zirconium ions is
from hexafluorozirconic acid. A zirconium based pretreatment agent sold under the
trademark XBOND® or ZIRCOBOND® by PPG Industries has been determined to
be effective for step (e).

[0041] In some embodiments, the pretreatment coating composition of step (e)
comprises a chromate-based agent. In some embodiments, the chromate-based agent
is an aqueous solution. A suitable chromate based pretreatment agent sold under the
trademark ZETACHROME™ 400 by PPG Industries has been determined to be

effective for step (e).
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Pass >3.0 mm Fail 5B Pass 4 6.0mm at 504 hrs Fail 25 mm Fail 5B Pass 0.0
mm Pass 0.5 mm Pass 5B Pass 0.0 nun Pass 0.5 mm Pass 5B Pass

[ 0063] Exawpl2e112L30380cess B of the Present Invention PCT/US2011/031204 Exanpl e
2, several AZ91D magnesium panels were treated in preparation for painting.

Tabl o 5. MEhagnos P T EPOS BN KPS & FBEF BTk guapatigre.

appl i cat| grr]nbrirf?r}t hcgr?li)erltal‘ltr)flz Es:ha511 ;ne;rrq €c:rae12:1trrrneerr]11‘é SOSﬁ:JQOerrITSE gpela(tgc? raic rrr(?or;fl temperature,
such as between 55°F (12.8°C) and 110°F (43.3°C). In some embodiments, the pH of
the pretreatment coating composition of step (e) is at a pH ranging from 1.5 to 5.0,
such as 2.0 to 3.0, and in some embodiments at a pH of 2.5.
[0043] After the pretreatment of step (e), as stated herein above, according to
step (f) the portion of the substrate subjected to step (e) is then subjected to a third
rinsing step. In certain non-limiting embodiments, this third rising step comprises
rinsing the substrate at least twice with two different rinsing solutions, a first rinsing
solution comprising water and a second rinsing solution comprising pure water. In
some embodiments, the first rinsing solution comprising water may have the same
characteristics as the water for the rinsing solution of steps (b) and (d). In some
embodiments, the pure water has a temperature ranging between 55°F (12.8°C) and
130°F (54.4°C). In some embodiments, after step (f), the substrate is often dried, for
example, by an oven and then a decorative and protective coating is applied to the
dried substrate in accordance with step (g).
[0044] Step (g) of the process for preparing and treating a substrate of process
A comprises depositing a protective coating composition onto at least a portion of the
substrate subjected to step (f). In certain non-limiting embodiments, the protective
coating composition may include a decorative paint, such as powder paint and liquid
paint, and in some embodiments, an electrodeposited paint coating. In some
embodiments, step (g) comprises painting the substrate surface or surfaces with a

cationic epoxy electrocoat. A suitable cationic epoxy electrocoat is commercially

available under the trademark POWERCRON® 590-534 sold by PPG Industries. In

-15-



Nos. Step 1 Step 2 Step 3 Step 4 Step 5 Step 6 Step 7 1 Al kaline degrease
City water rinse Phosphoric Acid Deoxidize City water rinse Deionized water
ri nse na we 2811A3k@R8i ne degrease City water rinse PCT/US2011/031204

some embodiments, the film thickness of the protective coating composition on the
surface of the substrate ranges between 0.6 mils (15pum) and 1.3 mils (33pum).

[0045] A further process for treating a substrate of the present invention
involves Process B. This process B has also been found to be effective in activating
the surface of a substrate, for example, a metal substrate, such as magnesium and
magnesium alloys prior to the pretreatment step comprising contacting the substrate
with a zirconium-based solution or a chromate-based solution.

Process B:

(a) Hot water rinse

(b) Activation and cleaning - the magnesium substrate is contacted with an
acidic solution, for example, citric acid.

(c) Two water rinses — one hot water rinse and one pure water rinse.

(d) Pretreatment — the activated and de-smutted magnesium substrate is
contacted with a non-chromium or chromium-based chemical
treatment solution.

(e) Two water rinses — one water rinse and one pure water rinse.

(f) Protecting.

[0046] Another embodiment of process B is as follows:
(a) Rinsing — The substrate is rinsed with a first rinsing step
comprising a first rinsing solution comprising hot water.
(b) Activating and cleaning — A cleaning solution comprising at
least an organic acid is applied to the substrate.
(c) Rinsing — The substrate is rinsed with a second rinsing step

comprising at least two rinsing solutions wherein a first
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Phosphoric Acid Deoxidize City water rinse Chromate treatnent Gty water
rinse Deionized water rinse 3 Al kaline degrease City water rinse Phosphoric
Aci d Deoxw0i2aet/@B)es¢ water rinse Zirconiumtreatnment G typyCratSes11o3re€

rinsing solution comprises hot water and a second rinsing
solution comprises pure water.

(d) Pretreatment — A pretreatment coating composition is
deposited onto the substrate.

(e) Rinsing — The substrate is rinsed with a third rinsing step
comprising at least two rinsing solutions wherein a first
rinsing solution comprises water and a second rinsing
solution comprises pure water.

(f) Protecting — Depositing a protective coating composition,
such as electrodeposition coating (electrocoat), onto the
substrate.

[0047] In effect, process B eliminates step (d) of process A and comprises
performing a series of rinsing steps (a), (c¢) and (e). In some embodiments, the first
rinsing step (a) comprises a first rinsing solution comprising hot water. In some
embodiments, the second rinsing step (c) comprises at least two rinsing solutions, a
first rinsing solution comprising hot water, for example city or tap water, and a second
rinsing solution comprising pure water, such as deionized water and reverse osmosis
water. In some embodiments, the third rinsing step (e) comprises at least two rinsing
solutions, a first rinsing solution comprising water and a second rinsing solution
comprising pure water, such as deionized water and reverse osmosis water.

[0048] In certain embodiments of process B, the temperature of the hot water
of steps (a) and (c) may range between 212°F (100°C) and 180°F (82.2°C), such as
between 130° F (54.4° C) and 150° F (65.5° C); in some cases, such as between 135°
F (57.2° C) and 145° F (62.8° C); and in some cases, 140° F (60° C). In contrast, in

certain embodiments of process B, the temperature of the water of step (e), which may
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Dei oni zed water rinse 4 Hot City Water Rinse Citric Acid Hot City Water
Ri nse Dei oni zed water rinse Chromate treatnent City Water Ri nse Deioni zed
water rirnse2611He005€I ty Water Rinse Citric Acid Hot G tyPO&iUSR011/031204

be clean city water, may range between 60° F (15.5° C) and 100° F (37.8°C), such as
70° F (21.1C) and 90° F (32.2°C). In some cases, this temperature may range
between 75° F (23.9° C) and 85° F (29.4° ).
[0049] The parameters and further particulars of steps (a) through (g) of
process B are similar to those discussed herein above for steps (a) through (g) of
process A, except as noted herein above.
[0050] A further process of the present invention includes process C. Specific
steps of process C include the following:
Process C:

(a) De-smutting and cleaning — the magnesium substrate is contacted with

an alkaline solution, for example, an alkaline degreaser.

(b) Water rinse — one water rinse.

(c) Activation and cleaning - the magnesium substrate is contacted with an

acidic solution, for example, citric acid.
(d) Two water rinses — one water rinse and one pure water rinse.
(e) Pretreatment — the activated magnesium substrate is contacted with
non-chromium or chromium- based chemical treatment solution.

(f) Two water rinses — one water rinse and one pure water rinse.

(g) Protecting.
[0051] Another embodiment of process C is as follows:

(a) De-smutting and cleaning — A chemical cleaner composition
is applied to the substrate.
(b) Rinsing — The substrate is rinsed with a first rinsing step

comprising at least one rinsing solution comprising water.
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Ri nse Dei oni zed water rinse . Zirconiumtreatnent City water rinse

Dei oni zed

water rinse Experinment No. 1 is a control. Experinent Nos.

2 and

3 were treated/@eesrdi ng to the processes of the prior &CT/USExp@si2nent Nos.
4 and 5 were treated according to the steps of process B of the present

i nventi on.

and application paranet

Table 6 -

Tr eat ment EESCprtIOﬂS and Paraneters for Dip Processing of

o phr anet € SHGAIS YT ESHEE o 5 SReBN IR FORTT AR o o

Magnesi um Al | oys Tr eat nentle?P® @igadaecidaparmdisd tathesubstetper at ure Dwel | Ti ne
Al kal i ne Degreaser Chenkleen 611L 2 v/ 0% 140F (60C) 60 sec Rinse City water

(d) Rinsing — The substrate is rinsed with a second rinsing step
comprising at least two rinsing solutions wherein a first
rinsing solution comprises water and a second rinsing
solution comprises pure water.

(e) Pretreatment — A pretreatment coating composition is
deposited onto the substrate.

(f) Rinsing — The substrate is rinsed with a third rinsing step
comprising at least two rinsing solutions wherein a first
rinsing solution comprises water and a second rinsing
solution comprises pure water.

(g) Protecting — Depositing a protective coating composition,
such as an electrodeposition coating (electrocoat), onto the
substrate.

[0052] In effect, process C begins with de-smutting and cleaning step (a) and
includes performing a series of rinsing steps (b), (d) and (f), an activating and
cleaning step (c), a pretreatment step (e) and a protecting step (g). In some
embodiments, performing the first rinsing step (b) comprises a rinsing solution
comprising water. In some embodiments, performing the second rinsing step (d)
comprises at least two rinsing solutions; a first rinsing solution comprising water, for
example, city or tap water, and a second rinsing solution comprising pure water, such
as deionized water and reverse osmosis water. In some embodiments, performing the

third rinsing step (f) comprises at least two rinsing solutions, a first rinsing solution

-19-



na 70F (21C) 30 sec Rinse Deionized water na 70F (21C) 30 sec Hot rinse
City water na 140F (60C) 30 sec Chromate treatnent Zetachrone 400 4.4 v/ o%
110F (43Gyoe01188e05&i r coni um treat nent XBond 4000 6.0 v/ eeaABE011A32)4 60 sec
Citric Acid treatnment Corrosol 32 10.0 v/ 0% 70F (21C) 60 sec Acidic

Deoxi di zer DX533 10.0 vf/o% : - .
comprising water, for example, city or tap water, and a second rinsing solution

comprising pure water, such as deionized water and reverse osmosis water.

[0053] In certain embodiments of process C, the water of steps (b), (d) and (f)
may be clean water and in some instances, clean city water. The temperature of the
water and the pure water of steps (b), (d) and (f) may range between 60° F (15.5° C)
and 100° F (37.8°C), such as 70° F (21.1C) and 90° F (32.2°C). In some cases, this
temperature may range between 75° F (23.9° C) and 85° F (29.4° C).

[0054] In certain embodiments of process C, the de-smutting and cleaning
step (a) may comprise a chemical cleaner composition comprising an alkaline
degreaser. In certain embodiments, the activating and cleaning step (a) comprises a
cleaning solution comprising at least an organic acid. In certain non-limiting
embodiments, the cleaning solution is an aqueous solution of an organic acid.
Specific examples of suitable organic acids include, but are not limited to citric acid,
acetic acid, lactic acid, maleic acid, malic acid, oxalic acid, succinic acid, sebacic acid,
tartaric acid, and gluconic acid among many others. In some non-limiting
embodiments, the cleaning solution is an aqueous solution of a citric acid. A suitable
citric acid-based activating solution is sold under the trademark CORROSOL® 32 by
PPG Industries, Inc. In certain non-limiting embodiments, the cleaning solution is an
aqueous solution of an organic acid excluding acetic acid.

[0055] The parameters and particulars of steps (a) through (g) of process C are
similar to those disclosed above for steps (a) through (g) of process A, except as noted
above.

[0056] The following examples are presented to demonstrate the general
principles of the invention. However, the invention should not be considered as

limited to the specific examples presented. It is to be noted that Example 1 is
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[0058]

The

treatment

type,

corresponding commercial products,

application parameters used in Example 1 are summarized in Table 2.

[0059]

and

All test specimens were treated according to the schemes outlined in

Table 1 and then subsequently painted with POWERCRON® 590-534, which is a
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WO 2011/ 130058PCT/ US2011/ 031204 Table 8 - Performance Test Data Experi nent
Nos. Salt Spray 744 hours Pass or Fail Salt- Spray Hot Saltwater Dip 96
hour s PaswoaniiAaddssHot Sal twat er Test Boiling Water Wt PAGIIS2010/03R286S Or
Fail Boiling Water Test 1 4.0 mmFail 6.0 mm Fai l

cationic epoxy electrocoat sold by PPG Industries, under the following conditions:
(1) bath temperature - 90°F (32°C); (2) DC voltage - 230 volts; (3) dwell time - 90

seconds; and (4) paint cure - 20 minutes at 375°F (190°C) peak metal temperature.

The targeted final electrocoated film thickness was 0.8 — 1.0 mils (20 — 25 um).

Table 2 - Treatment Descriptions and Parameters for Dip Processing of

Magnesium Alloys

Treatment PPG Product | Concentration | Temperature | Dwell Time
Alkaline Chemkleen o o
Degreaser 6111 2 v/o% 140°F (60°C) 60 sec
Rinse City water Na 70°F (21°C) 30 sec
Rinse Deionized Na 70°F (21°C) 30 sec

water

Chromate Zetachrome o o
treatment 400 4.4 v/o% 110°F (43°C) 60 sec
Zirconium XBond 4000 6.0 vio% 85°F (29°C) 60 sec
treatment
Citric Acid Corrosol 32 10.0 v/o% 70°F (21°C) 60 sec
treatment
Alkaline Corrosol 52921 10.0 v/o% 140°F (60°C) 60 sec
Desmutter
Acidic DX533 10.0 v/o% 70°F (21°C) 60 sec
Deoxidizer
[0060] Five (5) test specimens, each having a dimension of approximately 4 in

x 6 in (10.2 cm x 15.2 cm) were used per test variable. Treated and painted
specimens were performance tested as outlined in Table 3. Treated and painted
specimens designated for neutral salt-spray, cyclic corrosion, and hot salt-water soak
were pre-scribed prior to testing. Two intersecting diagonal scribes were introduced
into the paint specimen using an E-5, C6 scribing tool. At the conclusion of the
performance test, specimens were removed from the test chamber, rinsed with city
water, dried with a clean white disposable paper towel, and adhesion tested within ten
(10) minutes after removal from the test chamber. Paint loss was determined using a

tape pulled method according to ASTM D1654. The tape used was Scotch brand

number 8981. Paint adhesion loss was measured from the center of the scribe line to
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5B Pass 2 25 mm Fail 5.0 mmFail OB Fail 3 3.2 mmFail 3.0 nmFail 3B Fail
4 4.0 mFail 25 mm Fail 5B Pass 0.0 nmm Pass 1.0 mm Pass 5B Pass
WO 2011/130058 PCT/US2011/031204

the point where paint remained adhered to the surface of the substrate. Passing results
are also listed in Table 3 for the various performance tests.

Table 3 -Performance Tests

Test Specification Test Duration Passing ®
Neutral Salt Spray | ASTM B117 744 hours 3.0 mm or less
Boiling Water Wet . 3)

- 20 minutes 4B or greater
Adhesion Y &
Hot Salt Water

% Salt W Honda 96 hours 3.0mm or less

Soak
(D Painted test specimens were cross-hatch scribed prior to exposure to the boiling
water.
@ Paint adhesion loss along scribe lines as determined by a tape pull test.
@ Panels were rated according to ASTM D3359.

[0061] The performance test data are summarized in Table 4. The

experiments highlighted in gray passed all performance tests. These experiments are
experiment Nos. 5 and 6, which represent the steps of process A of the present
invention. These experiment Nos. 5 and 6 gave identical performance test results.
Both experiment Nos. 5 and 6 involved a surface activation treatment using citric acid
for Step 1 and an alkaline de-smutting step for Step 3, followed by either a chromium-
based treatment (Experiment No. 5) or a zirconium-based treatment (Experiment
No.6). All other experiment Nos. 1 through 4 exhibited a failure in one or more of the
performance tests.

[0062] This Example 1 demonstrates improved performance testing for a
AM60B magnesium alloy treated by the steps of process A (Experiment Nos. 5 and 6),
which process involves the use of citric acid in Step 1 compared to a AM60B
magnesium alloy treated by the steps of the prior art industrial processes (Experiment
Nos. 1, 2, and 3) which involve an alkaline degreaser step for Step 1 and a mineral

acid deoxidizer for Step 3. Experiment No. 4 is a control.
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[ 0068] Exanpl e 3- Process C of the Present Invention |In Exanple 3, several
AM60OB magnesi um panel s were prepared for painting. The several treatnent

schenmes awe0uti3desed i n Tabl e 9. The magnesi umtest spe®CRAISIOMBBE04 r eat ed
using a dip application nmethod. Table 9 - Treatnment Schenes Experi ment Nos.

SteplStepZStepSStepi}r e teIP6 ep.7, 1 Alkaline degrease City
wat er—rinse Phosphoric Acid 1 gerar IDAlY | nse Deionized water
rinse na na 2 i Pass or
Pass.or Hot Saltwater Pa.ss or Boiling Fail
. Salt Spray Fail . Fail Hot Water o
Experiment Dip Boiling
744 hours Salt- Saltwater Wet
Nos. 96 hours . Water
Spray Test Adhesion T
est
1 4.8 mm Fail 5.0 mm Fail 5B Pass
25 mm Fail 0.0 mm Pass 4B Pass
2.4 mm Pass >3.0 mm Fail 5B Pass

[0063] Example 2 — Process B of the Present Invention

In Example 2, several AZ91D magnesium panels were treated in
preparation for painting. The several treatment schemes employed in this experiment
are outlined in Table 5. The magnesium test specimens were pretreated using a dip

application method.

Table 5 - Treatment Schemes

Experiment
pNos Step 1 Step 2 Step 3 Step 4 Step 5 Step 6 Step 7
. Cit Phosphoric Cit Deionized
Alkaline y p_ y
1 water Acid water water na na
degrease . . . .
rinse Deoxidize rinse rinse
. Cit Phosphoric Cit Cit Deionized
Alkaline y p_ y Chromate y
2 water Acid water water water
degrease . - . treatment . .
rinse Deoxidize rinse rinse rinse
. Cit Phosphoric Cit . . Cit Deionized
Alkaline y p_ y Zirconium y
3 water Acid water water water
degrease . . . treatment . .
rinse Deoxidize rinse rinse rinse
Hot Cit . Hot Cit Deionized Cit Deionized
y Citric y Chromate y
4 Water . Water water Water water
. Acid . . treatment . .
Rinse Rinse rinse Rinse rinse
Hot City e Hot City | Deionized | .. . City Deionized
Citric Zirconium
5 Water . Water water water water
. Acid . . treatment . .
Rinse Rinse rinse rinse rinse

Experiment No. 1 is a control. Experiment Nos. 2 and 3 were treated according to the

processes of the prior art. Experiment Nos. 4 and 5 were treated according to the

steps of process B of the present invention.
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Al kal i ne degrease City water rinse Phosphoric Acid Deoxidize Gty water
rinse Chromate treatnment City water rinse Deionized water rinse 3 Alkaline
degr ease WDRY1MEV@B ri nse Phosphoric Acid Deoxidi ze Gt PCRAIS2I11/08128€

[0064] The treatment corresponding commercial products, and

type,
application parameters used for Example 2 are summarized in Table 6.

Table 6 - Treatment Descriptions and Parameters for Dip Processing of

Magnesium Alloys
Treatment PPG Product Concentration Temperature Dwell Time
Alkaline Chemkleen o o
Degreaser 611L, 2 v/o% 140°F (60°C) 60 sec
Rinse City water na 70°F (21°C) 30 sec
Rinse Deionized na 70°F (21°C) 30 sec
water
Hot rinse City water na 140°F (60°C) 30 sec
Chromate Zetachrome o o
treatment 400 4.4 v/o% 110°F (43°C) 60 sec
Zirconium XBond 4000 6.0 vio% 85°F (29°C) 60 sec
treatment
Citric Acid Corrosol 32 10.0 v/o% 70°F (21°C) 60 sec
treatment
Acidic DX533 10.0 vio% 70°F (21°C) 60 sec
Deoxidizer
[0065] All test specimens were treated according to the schemes outlined in

Table 5 and then subsequently painted with POWERCRON® 590-534, which is a
cationic epoxy electrocoat, provided by PPG Industries, under the following
conditions: (1) bath temperature - 90°F (32°C); (2) DC voltage - 230 volts; (3) dwell
time - 90 seconds; and (4) paint cure - 20 minutes at 375°F (190°C) peak metal
temperature. The targeted final electrocoated film thickness was 0.8 — 1.0 mils (20 —
25 um).
[0066] Five (5) test specimens, each having a dimension of approximately 4 in
x 6 in (10.2 cm x 15.2 cm), were used per test variable. Treated and painted
specimens were performance tested as outlined in Table 7. Treated and painted
specimens designated for neutral salt-spray, cyclic corrosion and hot salt-water soak
were pre-scribed prior to testing. Two intersecting diagonal scribes were introduced
At the conclusion of the

into the paint specimen using an E-5, C6 scribing tool.

performance test, the specimens were removed from the test chamber, rinsed with city
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Zirconiumtreatnent City water rinse Deionized water rinse 4 Alkaline
degrease City water rinse Citric Acid Deionized water rinse Chronate

t r eat mrentwQ@izoy/13&i58r Ri nse Dei oni zed water rinse 5 Al kalPCmasdegoease City
wat er

water, dried with a clean white disposable paper towel, and adhesion tested within ten
(10) minutes after removal from the test chamber. Paint loss was determined using a
tape pulled method according to ASTM D1654. The tape used was Scotch brand
number 8981. Paint adhesion loss is measured from the center of the scribe line to the
point where paint remains adhered to the substrate surface. Passing results are also

listed in Table 7 for the various performance tests.

Table 7 - Performance Tests

Test Specification Test Duration Passing ®
Neutral Salt Spray | ASTM B117 744 hours 3.0 mm or less
Boiling Water Wet . 3)

- 20 minutes 4B or greater
Adhesion Y &
5% Hot Salt Water
¢ Honda 120 hours 3.0mm or less

Soak
(D Painted test specimens were cross-hatch scribed prior to exposure to the boiling
water.
@ Paint adhesion loss along scribe lines as determined by a tape pull test.
@ Panels were rated according to ASTM D3359.

[0067] The performance test data are summarized in Table §. Only tests

highlighted in light gray passed all performance tests. Only Experiment No. 5, treated
according to the steps of process B of the present invention, gave a passing result in
all performance tests. Experiment No. 5 involved using a citric acid cleaning and
surface activation step in Step 2, followed by several rinsing steps and a subsequent
zirconium treatment step (Step 5). No other Experiment Nos. 1 through 4 gave
passing results for the performance tests. The effectiveness of the citric acid cleaning
and activation step of Step 2 may be attributed to rinsing the AZ91D magnesium alloy
with hot city water (Steps 1 and 3) having a temperature of 140°F (60°C). Even a
chromate treatment step (Step 5) of Experiment No. 4 was ineffective when using the

hot city water rinsing steps of Steps 1 and 3 having a temperature of 140°F (60°C).
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rinse Citric Acid Deionized water rinse Zirconiumtreatnment City water
rinse Deionized water rinse Experinment No. 1 is a control. Experinent Nos.
2 and 3 weoeotweaised according to the processes of the pCrarS2@nto31204
Experiment Nos. 4 and 5 were treated according to the steps of process C of
the present invention. [0069] The treatnent type, correspondi ng conmerci al

products, and application paraneters used for Exanple 3 are summarized in
Table 10. _Table 10 - Treatl?blg8 T')BQ‘?anH?ﬂQ% stRAPar aneters for Di p
Processing of Magnesi um ALk oyls pi&eat MentoPPG BLadict Briigent rass &n
Tenperatufe Dwel | Timel Afka) i ne fRor eaddiatdepkl AsD 6%5 v/ dAl140F (600)
60 sec Ripse 744 Salt- Dip Saltwater | Wet Boiling
Experiment Nos. hours Spray | 96 hours Test Adhesion ‘%:tsir

1 4.0 mm Fail 6.0 mm Fail 5B Pass

2 25 mm Fail 5.0 mm Fail OB Fail

3 3.2 mm Fail 3.0 mm Fail 3B Fail

4 4.0 mm Fail 25 mm Fail 5B Pass

[0068] Example 3 — Process C of the Present Invention

In Example 3, several AM60B magnesium panels were prepared for
painting. The several treatment schemes are outlined in Table 9. The magnesium test

specimens were treated using a dip application method.

Table 9 - Treatment Schemes

Expg;;nent Step 1 Step 2 Step 3 Step 4 Step 5 Step 6 Step 7
Alkaline City Phosphorlc City Deionized
1 water Acid water water na na
degrease . . . .
rinse Deoxidize rinse rinse
Alkaline City Phosphorlc City Chromate City Deionized
2 water Acid water water water
degrease . - . treatment . .
rinse Deoxidize rinse rinse rinse
Alkaline City Phosphorlc City Zirconium City Deionized
3 water Acid water water water
degrease . . . treatment . .
rinse Deoxidize rinse rinse rinse
Alkaline City N _ Deionized Chromate City Deionized
4 water Citric Acid water Water water
degrease . . treatment . .
rinse rinse Rinse rinse
Alkaline City o . Deionized Zirconium City Deionized
5 water Citric Acid water water water
degrease . . treatment . .
rinse rinse rinse rinse
Experiment No. 1 is a control. Experiment Nos. 2 and 3 were treated according to the
processes of the prior art. Experiment Nos. 4 and 5 were treated according to the
steps of process C of the present invention.
[0069] The treatment type, corresponding commercial products, and

application parameters used for Example 3 are summarized in Table 10.
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Cty water

na 70F (21C) 30 sec Rinse Deionized water
Chromate treatnment Zetachrome 400 4.4 v/ 0% 110F (43C) 60 sec Zirconium

t r eat mrentwgBondi3d@80 6.0 v/ 0% 85F (29C) 60 sec Citric Aecu/usc@Easent

Corr osol

32 10.0 v/ 0% 70F (21C) 60 sec Acidic Deoxidizer
70F (21C) 60 sec

outlined in Table 9 and then subsequent]l
590- 534, whi dibleslOr TreptmenicDessHipfions and

Al

na 70F (21C) 30 sec

DX533 10.0 v/ 0%

test specinens were treated according to the schenes

¥) pai nt ed wi_th_ POANERCRON(r)
a%a%terspﬁoa\ﬂlﬂé’aowsweﬁ ndustri es,

under the follow ng conditions: MagnesimhAdleyer at ure - 90F (320); (2) DC
vol tage { 2BGeatioénts: |(BRG dweduct t | r@)ncelgfat@econdémpamﬂm(em ﬂamltTlumr e - 20
m nut es anlkBEEF ( 190C( hpelkemet all t egg% tur e.. ‘Q? etled f I
. ) 1 B b &

el ect rocpBegehsti | m t hiodkness was ?a S %066 C%S | am) .

Rinse City water 70°F (21°C) 30 sec

Rinse Deionized na 70°F (21°C) 30 sec

water

Chromate Zetachrome o o

treatment 400 4.4 v/o% 110°F (43°C) 60 sec

Zirconium XBond 4000 6.0 vio% 85°F (29°C) 60 sec

treatment

Citric Acid Corrosol 32 10.0 v/o% 70°F (21°C) 60 sec

treatment

Acidic DX533 10.0 v/o% 70°F (21°C) 60 sec

Deoxidizer

All test specimens were treated according to the schemes outlined in Table 9 and then
subsequently painted with POWERCRON® 590-534, which is a cationic epoxy
electrocoat, provided by PPG Industries, under the following conditions: (1) bath
temperature - 90°F (32°C); (2) DC voltage - 230 volts; (3) dwell time - 90 seconds;
and (4) paint cure - 20 minutes at 375°F (190°C) peak metal temperature. The targeted
final electrocoated film thickness was 0.8 — 1.0 mils (20 — 25 um).

[0070] Five (5) test specimens, each having a dimension of approximately 4 in
x 6 in (10.2 cm x 15.2 cm), were used per test variable. Treated and painted
specimens were performance tested as outlined in Table 11. Treated and painted
specimens designated for neutral salt-spray, cyclic corrosion, and hot salt-water soak
were pre-scribed prior to testing. Two intersecting diagonal scribes were introduced
into the paint specimen using an E-5, C6 scribing tool. At the conclusion of the
performance test, specimens were removed from the test chamber, rinsed with city
water, dried with a clean white disposable paper towel, and adhesion tested within ten
(10) minutes after being dried. Paint loss was determined using a tape pulled method
Paint

according to ASTM D1654. The tape used was Scotch brand number §981.
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[ 0070] Fi ve (5) test specinens, each having a dinension of approximtely 4
inx 6in (10.2 cmx 15.2 cm, were used per test variable. Treated and

pai nt ed swochnerssosser e perfornmance tested as outlined i RCTaisk@1D3120dr eat ed
and pai nted speci nens designated for neutral salt-spray, cyclic corrosion,
and hot salt-water soak were pre-scribe rior to testing. Two infersecting
di agonal &¥1B8dOSHER énfiaﬁ‘{r%gr&é‘égwi ST Pgél%p%ﬁf 'Fthé‘ﬁé% it%ppq{ytswﬁ%e 2ANE- 5, Co
scribing tool. At the conclusion of the performance test, speci nens were
renoved f romainhadheeedito ghrasbstrate suiased Rapsine tesells awanbe lisgdiied aplethfoa cl ean
whi te di sposabl e paper towel, and adhesion tested within ten (10) m nutes
af t er bei tig wribedperRaimatce togs. was determ ned using a tape pulled nethod
according to ASTM D1654. The tape used was Scotch brand nunber 8981. Pai nt
adhesion loss is neasured fromthe center of the scribe Iine to the point
where paint renmains adher ed jd 1£- PEISEHAh& Pisfd ace. Passing results are
al so listedT i rformance tests. 1apte Il -

Per f or mance Test Jeftest Spleci Specifi¢ationTest TextDuration PassPassingd) Neltral Sal t
rmiagth s A 5 T RO T Sy M

N 7UTT IO - UTUAN TTUTTY \%h]

less (1) Pgoﬂﬁgﬁd‘uwﬁﬁ%twépeci MENS Were Crlossmiakdah scrm%r@it&ﬁr t o exposure
to the boi IHA4ge i i loss al ong scribe lines]|as

det er m ned | B¥e Hot SgdeWatdr| . (3) Pane r at rding to ASTM
D3359. [007bpdake perfor maunlf_:lg1§ %est data ariefos%ﬁnlrgrsgri ze?qhnﬁlﬁ%gtl)%g 12 Only

tests highlighted i WPhihnghtst greyepassedssaialch pebdprioranegostre 8t e bofixper i ment
Nos. 3, 4 and 5 gavegapassing results in all performance tests. This

experi ment used a t [ adintddean logialeat ik lepeadivigingttyp Gpspwipest) fol | owed by a
deoxi di zi ng step in $P¥b vEredrdgeonlingiody M PAPPd ( Experinent Nos. 1, 2 and 3
of the prior art) or followed by a citric acid step in Step 3 (Experinent
Nos. 4 and 5 of the present invention). Al though passing results were

obt ai ned fM71Exper i fbatpeNormBicatiest afasrensimmarezgteid Babdod di ngnlyotesthe
process of the present invention, Experinent Nos. 4 and 5 (the invention)
usi ng a thidiightedad liphtogas pacdkedail gdricambie ebteartixparisitPNOStE R dnd §ol | owed
by a deoxidizing step using a citric acid (Step 3) produced better results

conmpar ed b eEXRSIMbMRRMIsNG: alB pefiBBhardcs tedifie THES UkdGindn BXBET MRNtioMNe- 3 are
only marginal conpared to those for Experinent S. 4 and 5 processed

accor di ng,  gy; pr Qiefitine r%t)e f (%t%g &E[fé?%&%d il)QYae%&a){Mllzigghsﬁff‘pd% %te%hgwll#%as the

i nvention provi e roces provi-des r a | arger
wi ndow of process raneters t chi ev vality result. Table 12 -
Per 1 of nanELIeRGE KHP R Nhbrt ZRB4 5 of i Bt FUP e PRRSe

step in Step 3 (Experiment Nos. 4 and 5 of the present invention). Although passing

N

results were obtained for Experiment No. 3 which was not treated according to the
process of the present invention, Experiment Nos. 4 and 5 (the invention) using a
traditional process of an alkaline cleaning step (Step 1) followed by a deoxidizing step
using a citric acid (Step 3) produced better results compared to Experiment No. 3.
That is, the results of Experiment No. 3 are only marginal compared to those for
Experiment Nos. 4 and 5 processed according to process C of the present invention.
The data show that the invention provides a more robust process. That is, it provides

for a larger window of process parameters to achieve a quality result.
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Fail Salt- Spray Hot Saltwater Dip 96 hours Pass or Fail Hot Sal twater Test

Boi l ing Water Wet Adhesion Pass or Fail Boiling Water Test 1 4.8 nmm Fail
5.0 nmm Fawb 26B/Basss 2 25 nm Fail 0.0 nm PCT/US2011/031204
Table 12 - Performance Test Data
Salt Pass or Hot Pass or Boiling P;S:i;) r
Spray Fail Saltwater | Fail Hot Water Boilin
Experiment Nos. 744 Salt- Dip Saltwater Wet W g
. ater
hours Spray | 96 hours Test Adhesion Test
1 4.8 mm 5.0 mm Fail 5B Pass

Fail

[0072] Even though embodiments herein have been exemplified using
magnesium or magnesium alloys substrates, it is to be appreciated that other metals
and non-metals may be effectively treated according to the processes of the present
invention.
[0073] Whereas particular embodiments of the invention have been described
herein 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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511 Pass

Pass 4B Pass 2.4 mm Pass Pass 511 Pass 3.0 mm 0.0 mm Pass
0.0 mm
WO 2011/130058 PCT/US2011/031204

WHAT IS CLAIMED IS:

1. A process for preparing and treating a substrate comprising:
(a) applying a cleaning solution comprising at least an organic acid
to at least a portion of the substrate;
(b) performing a first rinsing step to at least a portion of the
substrate cleaned with the cleaning solution of step (a);
(c) applying a chemical cleaner composition onto a portion of the
substrate rinsed with the first rinsing step (b);
(d) performing a second rinsing step to at least a portion of the
substrate cleaned with the chemical cleaner composition of step (c¢); and
(e) depositing a pretreatment coating composition onto at least a
portion of the substrate subjected to step (d).
2. The process of claim 1 further comprising:
(f) performing a third rinsing step to at least a portion of the
substrate with the pretreatment coating composition of step (e); and
(2) depositing a protective coating composition onto the substrate
subjected to step (f).
3. The process of claim 2 wherein the first rinsing step (b) comprises at
least a first rinsing solution comprising water; wherein the second rinsing step (d)
comprises at least a first rinsing solution comprising water and a second rinsing
solution comprising water; and wherein the third rinsing step (f) comprises at least a
first rinsing solution comprising water and a second rinsing solution comprising pure
water.
4. The process of claim 1 wherein step (a) is conducted at a temperature

ranging between 60°F (15.5°C) and 100°F (37.8°C).

-31-
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0.8 mm Pass 0.0 nmm Pass 5B Pass [0072] Even though enbodi nents herein have
been exenplified using magnesi um or magnesi um al |l oys substrates, it is to
be apprecwvated/3h#8 ot her nmetal s and non-netal s may be eCTastinmBizod reat ed
according to the processes of the present invention. [0073]Wereas
particul ar enbodi nents of the inveption.have been described h i n above
for purposes og' il Eg? PLRCFEOL qkil"‘\/\fl"‘ihe{?é“ | deming %ﬁ'ﬂt%’s%f < ﬁsg Stn the
art that nunmerous variations of the details of the present invention may be
made wi t hebtraggpafropn@Ste §if: and whatgéhthe shemisabigpinge gompotitien efppiehded

claims. WD 2011/ 130058PCT/ US2011/ 031204 WHAT IS CLAIMED I S: 1. A process
for prepahasgplmahginge@mdmigd @ Bubstrate conpri sing: (a) applying
a cleaning solution conprising at |east an organic acid to at | east a

portion of thegsubsthat@ocess of claim 1 whbjeiPehd @FgnRg adidf bff e EleBSihpg Step
to at least a portion of the substrate cleaned wth the cleaning solution

of step (gr)l;;ltﬁon of %tg}t) (a) con(ﬁﬁse?@f?llicy %lﬂg’t ﬁcgﬁ?%@dcﬂctiglagﬂ?%{alé\ig as -_h{aiiQ h onto a

portion o e substrate rinsed w irst rinsing step

e e A

(e) depositing a pretreatnent coating conposition onto at | east a portion
of the sub$t§oat e subjected to step (d). 2. The process of claim1 further

conpri si ng: (f) performing a third rinsing step to at |east a
portion of the7subsThatpeoosss of ¢lhien prehgreat the vhewsat clagnes sapwsbitipowtof st ep
(e); and (g) depositing a protective coating conposition onto

t he subst stap €c)suhjpeiséseth dlimlisk efeafing.soBitibhen prubaksisardiig cdlation, 2 seivetitei n t he
first rinsing step (b) conprises at least a first rinsing solution

conpri si ngyBatRhninYREIELA £ d&RLEANLiohicNahRG SheBn (il HRARE] el | east a

first rinsing solution conprising water and a second rinsing solution
conmprising watgr, a‘Tﬂe L&) & Il § A eiﬁ'tﬂéh&%e&thf‘eﬁt ééa)tmg%%ﬂ{ 'o§i‘?1§n at | east
a first rinsing solution conpriSing water and a second ri S|n£ solution
conprisin ure water.. 4.Th rocess of claim1 wherei tep. [

conuct eq Vbt ERparse dPb T aTu HEODeT (R SOR OB AR TR S . 80

WO 2011/ 130058PCT/ US2011/ 031204 5. The process of claim 1l wherein the

cl eani ng SHOIGEICOAPESILIRRSep (a) has a

0. A process for preparing and treating a substrate, comprising:
(a) performing a first rinsing step to at least a portion of the
substrate;
(b) applying a cleaning solution comprising at least an organic acid

to at least a portion of the substrate;
(c) performing a second rinsing step to at least a portion of the
substrate cleaned with the cleaning solution of step (b); and
(d) depositing a pretreatment coating composition onto at least a
portion of the substrate subjected to step (c).
10. The process of claim 9, further comprising:
(e) performing a third rinsing step to at least a portion of the

substrate with the pretreatment coating composition of step (d); and
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pH ranging fromO0.5 to 5.0; and wherein the chem cal cleaner conposition of
step (c) has a pHranging from7.4 to 14.0. 6. The process of claiml

wher ei n twe 20rig@mise aci d of the cl eaning solution of st@pT(UEpo1aosN4 Ses
citric acid, acetic acid, lactic acid, maleic acid, malic acid, oxalic
acid, succinic acid,. sebacic acid, tartaric, acid, %Iuconic aci%, and

m xtures thereof. 7{The PTROSEYE HPrOMCHYCRtiiserRRY RS Q¥R HecPS et Baner
conposition of step (ig% conprises an al kaline cleaning solution, a neutral
cl eani ng sBsagtwightheghishrigweng stepsbeicr(@ani ng sol ution, a sol vent emnul sion

cl eaning solution, and m xtures thereof. 8. The process of claim1
wherei n the prét.r ealheptocesatti akigmchpderdin tie fifst sihepg (ep (Commprsesa

non- chr om um based coati ng conpositions and chronm um based coati ng

conposi ti Afsing YoltiP 06BESsih® hoPiveRANRGeiaNEe 5dcoAd iMGind s&PhS} Eathprises

conpri si ng: (a) performing a first rinsing step to at least a
portion Oh¢ bI\g t@b’pﬁlgirngtsgl'utions wherein a first pﬂlsiﬁg@lﬁﬁ'ﬁgg c@m?fige%rﬂo Qafi@lalg ! on
conprising at least ah organic acid to at ast a portion of the substrate;
(c) performng,a.second rinsing step to at |least .a popti.on of the substrate
ol aned whOF TASTRIER ISP SBIBLPSPT vaidynyTergi e third ihsing sy (6]
depositing a pretreatnent coating conposition onto at |east a portion of
the subst FAPRISHHL deasedWe dInstngpsigtions pphereis fipt d¥sings SAPLAMEYNPHSGS t her
conprising: (e)performng a third rinsing step to at | east a portion of the
subst r at ewajer ind hecqonetrineiag nelntior oampmsgs porepodet i on of step (d); and WO
2011/ 130058PCT/ US2011/ 031204 (f)depositing a protective coating conposition
onto the substiate Thapestevd dihclhine 11 Whetei ithes tengpesiterfe «ffthshepwae) .of

11. The process of claim 10, wherein the first rinsing step (a) conprises a
rinsing sefeUtdsii SRMPhicTi i APhnddE @EmpoMiaredihd Bo: wREOShE FiRgLiRgGnst ep (C)
conprises at least two rinsing solutions wherein a first rinsing solution

i . 3 i i ol i t : d
wnerei n 1t ROTur B RE g AnSFERR ) ARl RIS F P SR 38 RS IToT L 1 ans
S0l ut1 on compr 1 es BF BGGH A S WRIST RS 694 OB PRI Bl Lk aer i n

the tenperature of the hot water of the rinsing solution of step (a) and

t he t enpeframugiticorcid, Heetitorcidvdagic asid, rppdeif jagigy majip afidgoxadic icidp fugstini¢ he
second rinsing step (c) ranges from 130F (54.4C) to 150F (65.5C). 13.
The pr ocessdofebadianaid, Samirar awiid) gidvenioragaininod mditdresthes¢adp (b) is sel ected
fromcitric acid, acetic acid, lactic acid, maleic acid, malic acid, oxalic
aci d, succini c1aci dThe phreisCoradiith 9,takdréini the plin@atn@nti6OMIng dfipdsitiand

m xtures thereof. 14. The process of claim9, wherein the

pr et eat Mt c50ah! dn#EREPAShichfhniBf BAEP oind QTRDbSASH O ChEAHTLHM Dased
coating conpositions and chrom um based coatihg conpositions. 15. A
process fgarls ﬁrﬁﬁaricrg) anig1 tsreati ng a substrate; conprising: (a)
appl yi ng Ehém Cgl “CLPeaner ‘conposition onto at |east a portion of the
substrat e; (b) performng a first rinsing step to at least a
portion of thel3dubstrRPest (DRI R ARd HR¥INEHeTRPEE e GOBRKIIEC onposi ti on of
step (a); (c) applying a cleaning solution conprising at | east
an organi ¢ aci d exclaldi ngrrdyiegiacchamiiqd! eleerer goppesitiomontP af keastsuptioat e
subjected to step (b); WD 2011/130058PCT/ US2011/031204 (d)perform ng a
second ri ofthagulsshiepe;t o at | east a portion of the substrate subjected to
step(c); and (e)depositing a pretreatnent coating conposition onto at |east

a (b) performing a first rinsing step to at least a portion of the
substrate cleaned with the chemical cleaner composition of step (a);

(c) applying a cleaning solution comprising at least an organic acid

excluding acetic acid onto a portion of the substrate subjected to step (b);
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portion of the substrate subjected to step (d). 16. The process of
claim15 wherein the first rinsing step (b) conprises a rinsing solution
conpri si nyowatiersposand wherein the second rinsing step (@CTasaEniosEs4 at

| east two rinsing solutions wherein a first rinsing solution conprises
wat er and a second rjnsing_.sol.ution conpri.ses pure ter. ) #é. The
process of clain115“burtﬂ%ﬁ”PBWbPP§F .IP??%éFPoanﬁ%a%‘%H??ﬁnﬁ# fng step
to at |least a portion of the substrate subjected to step (e); and

(g) deposi tubsiatg spbieetedtq siep(eband ng conposition onto at |east a portion of
the substrate subjected to step (f). 18. The process of claim17
wherein the third rigsi ndestseipg(f pretrenqreins esataig ¢oxgsisitanf omstat Adansang
solution conprising water and a second rinsing solution conprising pure

wat er . ortiod Bf thENAbAFRE adFechid t6ls@pmilS> wherein the organic acid of step
(c) is seFected fromcitric acid, lactic acid, nmaleic acid, malic acid,

oxalic acid, sygeinie il siehan! b5 apbiin IRIA lifuALidy @l aniig, gcid and

m xtures there e process of claim i'n the chem cal

cl eaner canposition of ste a) conprises an al kaline c|]eaning solution, a
et ral CRBSRE soeh Remeiihe bl VNP AR SR RN 200 soMEe Steg b PuReb s o
emul sion; and m xtures thereof. ) 21. The praocess of claim15 wherein
the pret r daleA¥AvodHuinentp luéms odhersip R bt spgpe celtien sprpsess WYAL Mt dni um

based conpositions and chrom um based conpositions.
second rinsing solution comprises pure water.

17. The process of claim 15 further comprising:

(f) performing a third rinsing step to at least a portion of the
substrate subjected to step (e); and

(2) depositing a protective coating composition onto at least a
portion of the substrate subjected to step (f).

18. The process of claim 17 wherein the third rinsing step (f) comprises at
least a first rinsing solution comprising water and a second rinsing solution
comprising pure water.

19. The process of claim 15 wherein the organic acid of step (c) is selected
from citric acid, lactic acid, maleic acid, malic acid, oxalic acid, succinic acid, sebacic
acid, tartaric acid, gluconic acid and mixtures thereof.

20. The process of claim 15 wherein the chemical cleaner composition of
step (a) comprises an alkaline cleaning solution, a neutral cleaning solution, a solvent
cleaning solution; a solvent-based emulsion; and mixtures thereof.

21. The process of claim 15 wherein the pretreatment coating composition
of step (e) comprises non-chromium based compositions and chromium-based

compositions.
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