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CONTINUATION APPLICATION

This Application is a Continuation-In-Part of copending Application Serial No.

NC-96,346, Filed: February 15 | 2005.

BACKGROUND OF THE INVENTION

FIELD OF THE INVENTION

This invention relates to compositions and to a process for using said
compositions for preparing chromium-zirconium coatings on various metal substrates.
The process comprises treating the metal substrates with effective amounts of an acidic
aqueous solution containing at least one trivalent chromium compound, at least one
fluorozirconate, at least one carboxylic compound, and/or at least one polyhydroxy

compound, and optionally effective amounts of fluorometallic compounds including
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specifically, this invention relates to stable acidic
aqueous sol utions and the process for treating various
woredoalossubst rat es i ncl udi ng pre-coated netal SPOFUSENE6S41414

to inmprove the substrates adhesi on bondi ng and

corrosion-resistant properties. The process conprises
compqunds spehyas horeiapates; dluorqtantalates fluprabarates, fnogesikicates,

aqueous sol ution containing effective anmounts of at
divalehezige compounsls csurfaotants, wetting\agentmand/br thrickenersonyburad,

at | east one water soluble fluorozirconate, and at

speciflcalig tthBrifventibe Felaeb tstable atidivaguecusciipivhddnd kb srocess for
pol yhydr oxy conpound. In addition, other conpounds

U'eating][\»%}ioﬁ@ﬁle@i? sisitlatts tiﬁbhlt.ui]ﬁg ﬁ{"ei-&iia‘t‘edsiﬁétﬁf $UMRBalkS IR PrbyHE

fective anounts include at | east one water soluble

substelgpd QURIEL Hob i SRIRBHAG on Y& Do . CAIIIONILS cofhes

I've anoufits o er rs an

.waier soluble surfactants.. This invention conpris a
treating HhemegH SHRTTBSE St He g AGidi PG RT O onGRhiag Sipe e
chem cals and to the processes for depositing coatings
amourgs pf fideast pemvetseselubledrivalgnischpmiimg comppend, ableast one water
metal lic substrates including pre-existing netal
soluble dlabedirsodzdt, mad atleastameoxadenzbbld tarbegiisasitpoond and/or
sol utions can be utilized for coating alum num and

polyhyalroi ¢0iipcini O¥n S&d1MEH,SOthet compbinidbthaia@ieaidded to the acidic
corrosion protection and pai nt adhesion; for sealing

solutiGR A smafl 8 éff&%ifv& AnfolRRhQuid &t 1GRE RS F lQ&lﬁBl%;ﬁdoﬁﬁhetallic

for treatnent o i I I I

titaniumand titanium all oys for

comn BB RESPi  FRATER e SRS e

rotectiqn; for coating steel for enhanced paint
and/org\ﬁq{g%qoi\}pq%ﬁa'}chg\ts.i nhi bition; and for post-treatnent

of phosphate ] . .
This invention comprises a range of aqueous solutions or compositions of

specific chemicals and to the processes for depositing coatings derived from these
chemicals onto a variety of metallic substrates including pre-existing metal coated
substrates. For example, the compositions or solutions can be utilized for coating
aluminum and aluminum alloy conversion coatings to enhance corrosion protection and
paint adhesion; for sealing anodic coatings to enhance its corrosion protection; for
treatment of titanium and titanium alloys for enhanced paint adhesion; for treatment of
magnesium alloys for enhanced paint adhesion and corrosion protection; for coating steel
for enhanced paint adhesion and rust inhibition; and for post-treatment of phosphate
coatings, aluminum, zinc, zinc-nickel, tin-zinc, titanium and cadmium sacrificial coatings
on iron alloys and other metal substrates e.g. steel for enhanced paint adhesion and

corrosion protection.
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coatings, alumnum zinc, zinc-nickel, tin-zinc,
titanium and cadm um sacrificial coatings on iron

w@bdoopsssand ot her netal substrates e.g. steel POF/US2005/041414
enhanced pai nt adhesi on and corrosi on protection. Many
of the current pretreatnent, post-treatnent and seal er
sMiagy obths carrentpisiEentant, pestircatraent gad sealersatutions ere kased on
chem stry. Hexaval ent chromumis highly toxic and a

the uskobhexagaensichogeinm dwenaistresHexavatene clwoiniem inkighletdxicand a

deposit these coatings and the coatings per se are

knowri @X¥¢iogehh @56 febulfRhO Kolafars 388 tdl@epokid WRKE Eoatitics hild the
out st andi ng pai nt adhesi on, good corrosion resistance,

coaﬁné%%le &l foxE@! THEE IFtn@BF soa?iﬂgsé gﬁ’n I&@ev@ﬂ%iellcy o@t@@hhit%% é%!nt

rsion, spray or w pe-on ques. "However,
.envi rgnnent.al | a execytive.orders, and |pcal . .
adhesig gnodieRRNPn restiiieg TN Heqmicht Yoyt san P P appligd by
) driving the mlitary and_the commercial users in )
IMMmErgion, FHAY FrVRLeraBy REATNGYSS. Ii?d‘f"@%’(r the envifonpeptaplaws, executive
hexaval ent chrom um coatings is becom ng nore
orders gagsilasa! wecupatipeal usadety oanl healiih (@BH) egulntions angalsiyimg the
prohibitive with future PEL restrictions inposed by
militartylaad ERAcommnderCBHAserk in sehditt fonalternativeal Mereoeethe asd ofke
sprayi ng chromate sol utions are forbi dden at sone
hexavdla@i dnrdrhiaf mgn%s)is%bbmfgﬁnoktakﬁéﬁwvé LGepdRicts tghih and
than optinmum al ternative solutions. In sunmary,

costs UREXRY BN CE AN Are PRLIRAToHRE i PEUAIRAL KPA and OSHA

out $t I ng, but roma ( e’ cost, .
i RTE L BRI A AP e
i 54 Bt PR S waf BBRa

chromate coatings wthout the environmental and health
summay ghexaralent chromate coatings are technically outstanding, but from a life-cycle

cost, environmental, and OSH perspective, alternatives are highly desirable. Accordingly,
research is underway to develop alternative processes for metal finishing that are

technically equivalent or superior to hexavalent chromate coatings without the

- environmental and health drawbacks.

Many of these alternatives, however, regardless of composition and methods of
application, have a tendency to precipitate solid material from solution especially after
heavy usage. This precipitation can, over time, weaken the effectiveness of the coating
solution as the active compounds precipitate as insoluble solids. Additionally, the solid
precipitations have the potential to clog filters, lines, and pumps for both the immersion

and spray applications. Therefore, better compositions are needed to stabilize the acidic
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Many of these alternatives, however, regardl ess of
conposi tion and nethods of application, have a
WO evdosssy9 t 0 precipitate solid material from seCT/UBIINS/041414
especially after heavy usage. This precipitation can,
over time, weaken the effectiveness of the coating
solutians|for steragegnd processtappkicationphehwill peteiptepiereawith ghe deposition
i nsol uble solids. Additionally, the solid
procesp oe thepsubséquens pdréortanbeofrbt deposited coatiigog fil ters,
i nes, and punps for both the inmrersion and spray
applications. Therefore, better conpositions are
needed to stabilize the acidicsolutions for storage
StndﬁﬂﬁI?Qﬁp? & RRRLGERNLoNs that will not interfere with
UTe deposrtron process or the subsequent performance
of the deposited coating. SUMVARY OF THE | NVENTI ON
This invention relates to conpositions and processes
for preparing corrosionresistant coatings on various
nehigfinvieptian patesiocpmpasitions aed E’i‘)@e@é&f‘% dTPBTIRE COIrosion-
substrates such as phosphate coatings or anodi zed
resistanpbenatingssonirdus austpllic selsstiates andlnding ipec-eaakesk meatad subsirates
an aci di c aqueous sol ution conprising trival ent
such a§ phésphatecbatings @iaaodiged cdatitgy which@oRpriess, tredliflg the substrates
stabilizing conpounds; and optionally one or nore

with ah hEfRICQIEREG s sofutfoRrBagiH g tHVAIEACRGfim Hﬁ&&dﬁﬁgﬁ{cﬁ.; and

di val ent zi nc conpounds. "This invention can

[ M3704 [ ti .
ftuorofticpefef anlt 3ulbIB Y Cork BB BRORRLF Bl ke S Rorralic
corrosion-inhjbjtin rqperties of neta faces .such
compoga, ikttt tpkiner gBi ORles ihe Sprbolubls. i s AEVeRiRH Shn be
... The acidic solutions of this invention alsq conprises
utilized o imprave theadheemef eratings such as Paiaé ta e sreta shfegand to
stabilizing agent or conpound consisting of
improysothy leguiosiony-indubifiog paspestied ob mepal tsurfaees|suth as alumiroy,| steel,
conpounds contai ni ng one or
galvanized surfaces and the like. The acidic solutions of this invention also comprises an

effective amount of at least one water-soluble sfabilizing agent or compound consisting of
polyhydroxy compounds and/or water-soluble carboxylic compounds containing one or
more carboxylic functional groups having the formula R-COO- wherein R is hydrogen or
a lower molecular weight organic radical or functional group. The stabilizers i.e. the
carboxylic compounds can be used in the form of their acids or salts. In some cases the
salts of the carboxylic stabilizers perform better than their acids. For example, formic,
acetic, glycolic, propionic, citric and other short-chain or low molecular weight
carboxylic acids that naturally buffer in the mildly acidic pH range can be utilized as the
acidic solution stabilizers. The advantage of adding the polyhydroxy or carboxylic

stabilizers to the acidic solution is the improved shelf-life and working stability of the



10

15

20

nore carboxylic functional groups having the fornula
R-COO- wherein R is hydrogen or a | ower nol ecul ar
wWowi0gisssey gani ¢ radi cal or functional group. TPET/US2005/041414
stabilizers i.e. the carboxylic conpounds can be used
in the formof their acids or salts. In some cases the
solutiens| The a¢idicheoletignsayith the addisipn jof sher abilizing pgamtehader
than their acids. For exanple, formc, acetic,
substagtialyald precipitatiom after, mare tthanctwanty - fotun eonths of shalfiifoevaluation
| ow nol ecul ar wei ght carboxylic acids that naturally
and witkéu 8hy 88erhdfidn dfdhy a@épdsitedddatinp perferaianbe  Wig'h 120ghow the
as the acidic solution stabilizers. The advantage of
improfpeifriyifi A MTHELH IR SRR 4 b Niionf isEribsl by this
. wor.ki ng st.abi]Jity of.thesol.utions. e.aci.dic
inventi i Pindrisy i SR TNt Ve SRR Sk sompaneds
had substantially nqQ.precipitation after nore than
t Hanthgrefersranabifdt of Bis wnention tppgowdas sable Giidis pucous
W t hout any degradati on of the as-deposited coating
solutigreeompristngivaleng chromign chmpowids, fluprogivennatesy pelyhydioy
of alum num all oys coated with the conposition
compdlads indiedcdrbotyliccompoands fon coatingangalr substratésincluding pre-
conventional coatings wthout the stabilizing
coateCRBROHEND- indproveStht RERBIo M d0rebiofGEsi@inde Prépdra¥ent i on
to provide a stable acidic aqueous sol ution conprising
Uil %‘ly??btr OO P BF iR %9&&%‘;1% ?)rmtih Q@ﬁFl’e RERIAL ous sq %trion

poly oxy~ conpounds a car boxyl'ic conpbun
. coai.d ng.net.al ubst r.at i hcl udi ng. pr.ecoat e .
v B RT3 S5 B SO B 98 hromiu

corrosi on-resi stance properties. It is another object
compeynds, hilworpgiyeonatesand gt \%na@ogfiyflwe%ew&r are@d%%ckoxyhc
sol ution having a pH ranging fromabout 1.0 to 5.5
compauwiddbr teeatingimetsl subbiyatesewith ohwithpuha preresisting soating.
fluorozirconates and at | east one pol yhydroxy conpound
aftdg axfotloeardbgecy bf this invention to provide a process for treating metal

et
-

substrates to provide a coating with an identifiable color, good adhesion and improved
corrosion resistance.

It is a further object of this invention to provide a stable acidic aqueous solution
having a pH ranging from about 1.0 to 5.5 comprising trivalent chromium compounds,
hexafluorozirconates and at least one carboxylic and/or polyhydroxy compound for
treating metal substrates at ambient temperatures or higher wherein said acidic solution
contains substantially no hexavalent chromium.

These and other object of the invention will become apparent by reference to the
detailed description when considered in conjunction with the accompanying FIG's. 1 to 6,

(photos).
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conmpound for treating nmetal substrates with or w thout
a pre-existing coating. It is another object of this

WO pwesssen to provide a process for treati ng nmeCHEHUS2005/041414
substrates to provide a coating with an identifiable

col or ood adhesion and i nproved corrosion
MMMMQt her object of this invention
to provide a stable acidic aqueous sol ution having a
pH ranging fromabout 1.0 to 5.5 conprising trival ent
chrom um conpounds, hexafl uorozirconates and at | east
OFig. Cgrhoeyshows dddoprosionl pehneinance of anphumidufnodlloy
treating netal substrates at anbient tenperatures or
(AA202498Epan Rt tRe SGHvErsiil @afing QbM{ddRoR Aol pdSition (TCP/R-
substiantially no hexaval ent "chrom um These and ot her
ol o] =Toy t g .| . 1 ONd
COO-YerBEingfc 410l By INEHRAL Il bAucBE AR oBRORIE Mot Bboued,
in conjunction wth the acc anyi FIGs. 1.to 6,
(Bt Bptsaons B romon B OBRAF dadn alnini kg o
shows the corrosion performance of an al um num all oy, .
(AA202ARDpeareB vith arpemvepsion copiing derived Jiosma spmyantignagompegition
froma conposition (TCP/RCOO-) as Exanple 4 of this
(TCP) iwithent a (R-COBe dadioxplic sthbilizer. perediottomsofithe paned awasdhot
Fig. 2 (photo) shows the corrosion performance of an
treatedal um num al | oy (AA2024T3) panel with a conversion
coating derived froma conventional conposition (TCP)
Vil "PHof) oo VOO oo BN inic@l b &REmindFalR! t OM

panel was not tre

(AAT7075T6) panel with a conversion coating derived from a composition (TCP/R-
COO-) as Example 4 of this invention. The boitom of the panel was not treated.

Fig. 4 (photo) shows the corrosion performance of an aluminum alloy
(AA7075T6) panel with a conversion coating derived from a conventional composition
(TCP) without a (R-COO-) carboxylic stabilizer . The bottom of the panel was not
treated.

Fig. 5 (photo) shows the corrosion performance of an aluminum alloy panel with a
coating derived from an acidic aqueous solution (pH 3.55) of this invention containing
0.1 mole of glycerol per liter of solution after 25 days in neutral salt fog.

Fig 6 (photo) shows the corrosion performance of an aluminum alloy panel with a
coating derived from an acidic aqueous solution (pH 3.90) of this invention containing
0.1 mole of glycerol per liter of solution after 25 days in a neutral salt fog. The bottom of

panels (Fig. 5 and 6) were not treated.
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Fig. 3 (photo) shows the corrosion performance of an
al um num al | oy (AA7075T6) panel with a conversion
w@eoabiosgfideri ved from a conposition (TCP/ RCOO PCEHES2005/041414
Exanple 4 of this invention. The bottom of the panel
NG 0 reat ed 9. 4. (phot o). shows the corrosion
‘g!ﬂ_’ DESCH RIPTIE) E LHE INVENTION (AA7075T6) pane| wth

a conversion coating derived froma conventi onal
conposition (TCP) without a (R-COO) carboxylic
stabilizer . The bottom of the panel was not treated.
Fi'hys irvefipom reddtes toctable hadicaqnesisenlupiens andvertbe pofcessrof
al umi num al |l oy panel with a coating derived from an
using safd &jueoBsistGiicnsHalingiaQsH ¢afding: $6mh abbutt 10 fo 515y el preferably
containing 0.1 nole of glycerol per liter of solution

from atﬁﬁﬁ’&vj f02483¥3 4 mfﬂﬁgﬁépéﬁ%tzi&%}xm@lﬂo&hgﬂq l%g@tﬂaggﬁe Ve

e corrosion perfor ce of an alum num
with a.coatin AV from. ci.dic.aqueou Qluti.on
convertloh boRfA i ekl Besik s S MEE RIS SR Br E Nyl
.glycerol per liter of solution after 25 days |n
anodizgid ghumipur griphpgphatergoated UPHFALEY o JHREIVE aég?%on bongipg sy the

were not treated. DETAI LED DESCRI PTI ON OF THE | NVENTI ON
corrosiphiresistanespropertieepithe snaty). SHhapphateoptings inglude gay coatings
solutions and to the process of using said aqueous
knowndnlthg aro g lnding, for exaptple, cay plgpsphiadecaatiops, idon(plosplate;,
and preferably fromabout 2.5 to 4.5 or 3.4 to 4.0 for
mangaRésRIPROEPHEAtEs dnd AixEd A biuaiindphosihhRIDataiih T process
conversion coatings on netal substrates 1 ncluding, for

compr%?@ipﬁ%%b%egcgﬁg g@{eggs gcgggsﬁ & B ipErafiresdaASHE B 18 hbdlt 1YPF or

_ trates to I nprove adhesi on
higher %f)gr.] gxi) i§ ag‘(puq ZbBBF which comprises from about 0.01 to 100 grams and

preferably from about 0.01 to 22 or 5.0 t0 7.0 grams per liter of acidic solution of at least
one water soluble trivalent chromium compound e.g. chromium sulfate, about 0.01 to 24
grams and preferably about 1.0 to 12 or 1.0 to 6.0 grams per liter of solution of at least
one fluorozirconate e.g. an alkali metal salt of H,ZrF, and from about 0.001 to 2.0 and
preferably 0.001 to 1.0 or 0.01 to 0.2 moles per liter of the solution of at least one water-
soluble stabilizing agent or compounds selected from the group consisting of carboxylic
compounds, polyhydroxy compounds and mixtures of these stabilizing compounds in any
ratio. If needed, each of the compounds of this invention can be used up to their
solubility limits in the acidic aqueous solutions depending on the metal substrate being
treated.

The metal surfaces treated in accordance with the present invention may be any

metal substrate including, for example, iron, zinc, magnesium, steel surfaces, including
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corrosion-resi stance properties of the netal.

Phosphate coatings include any coatings known in the
wa@eaosiossshudi ng, for exanple, zinc phosphate coRCT/H§HO5/041414

i ron phosphate, nanganese phosphates and m xed

¢al ci um zi nc phosphate coatin The process caonpri ses
galvanizqdrviee luminn e 2ioys Sieseafol Y u?qwély any m @ﬁb@\%ear@@udmg
rangi ng up to about 120F or higher e.g. up to about
metal QOGEEs entainingomproiestive Metalcodsimgtmay, el treated 9ithgheersnpositions
preferably fromabout 0.01 to 22 or 5.0 to 7.0 grans
of the pessentiib@¢ntioh. aci di ¢ sol ution of at |east one water
sol ubl e trival ent chrom um conmpound e.g. chrom um

SAlkAbIRaniAR Al dxRiizing of Hidliag theARsiaPEfsRARIR
1.0to 12 or 1.0 to 6g0 g’?arrsgg%ar ?tla?er Sof %/utlon of

I
Subm%% w&%&%%e%ai SRR 600808 t?cbn%%tﬁ%%ﬁ%?%ﬂg of s
déZTOo 0.01 to 0,2 noles Eltel‘ of. the.
inventigy I3 pRFPCGit Ao rsB e R ts Br b e byaty Vigipypgrsion,
agent or conpounds_sel ected fromthe group consisting
spray @ Wipgrasoirgimigues simidarie she prorsshyisrdofey mettitsaiiarnta iplution
m xtures of these stabilizing conpounds in any ratio.
dwell tilnenmemgbs drone abdut 10 toi6d roommpesu Wiith tifis sdliton, thve hOito#A0 onh.0 to
be used up to their solubility limts in the acidic
10 mirfie!dweB tided yitido Bs opiepandiiing fo?Rolop ehaipicapaifit diihiesion, aand
being treated. The nmetal surfaces treated in

corrosRAGRESAAGE M 1o (R0 RIiAHE Qlvell 'ﬂﬁ’x?en)‘lbﬁg aPPréciableddYor CRAe to

substrate including, for exanple,” iron,” zinc,

the cod ”c?eia%ﬁ'&ihg Bhififaki f&i{ {gmgfcglg?uda{}?cl@gdsﬂ?(%&f’tﬁé‘ b %ug‘ §&iition.

The r B}aUPS el Ba%c 5 I@Qt%'%gtgil&%blgtslu qﬁg{y ygrgn%?ﬂ%%?‘%gﬂ n ntﬁ.l $ybstrate with tap

conpositions of the present invention.
or deionized water.

et

In some processes, depending on the physical characteristics of the metal substrate
e.g. the physical size of the steel or aluminum substrates, the addition of a thickener to the

solution aids in optimum film formation during spray and wipe-on applications by

- slowing down solution evaporation. This mitigates the formation of powdery deposits

that degrade paint adhesion. The addition of thickeners, also aids in proper film
formation during large area applications and mitigates the diluent effect of rinse water
that remains on the substrate during processing from previous steps. This feature of the
process yields films or coatings that have no streaks and are an improvement in coloration
and corrosion protection. Water-soluble thickeners such as the cellulose compounds can
be present in the acidic aqueous solution in amounts ranging from about 0.0 to 20 grams

per liter and preferably 0.5 to 10 grams e.g., about 0.1 to 5.0 grams per liter of the
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After cleaning and deoxidi zing or pickling the netal

substrate e.g. alum num substrate via conventi onal
wore@aassseal or chem cal techniques, the aci di cPEDUSI0DOM1414

of this invention is applied at about roon1tenperature

to the al substrate via i|nmersion, ray or w pe-on

aqUeoYSHOkHR, ehideRsn %slerfharee@gsw&f et syhstrates, an

treatrrents Solution dwell time ranges from about 1.0
effective basmalhamewnt ofiat leastieng vegdrsoluble surfastant Or wetting agent can be

1.0 to 10 mnute dwell tine yields an optinumfilmfor
added cotheraciiiasgeatiorpil anhovatdapmg froan dban Ot @i 20grams and

resistance. The 1.0 to 10 minute dwell tinme yields

preferaWp fO&i @5't€ 10 %i‘e@ﬁs &€hanNyeo 50 shmsGRAlit? Of HRRRMAE Blution.
primarily on the chenmi cal conp03|t|on of the aqueous

I
There é%bﬂé%ﬂa&é}atef m}l‘?‘ﬁs Al WRREATA B, SR 8 hisfore for pyrpose
zed In s rocesses ependi n
of thisgdhuetind dhe Sirratapisendit B e By ﬁrf@r%e SREgE oF apionic,
e.g. the_physical size of the steel or al um num
Ca“°“§&ﬁ@@ﬂ5¥@%mn@ﬁgmﬁﬁd|t|on of a thickener to the
solution aids in optimumfilmformation during spray
ahlee twivatend chrapyitirn dsiaddedgo ithe sohwignray adwatar-saliible ithvalent
evaporation. This mtigates the formati on of powdery

chromfl®p 06mpsurid) @ithateg adimidaer svlid add pseforablylate: ei@tlehl chforifum
thi ckeners, also aids in proper filmformation during

salt. §p@£1%aﬂ’§ %f&ﬁﬂldtﬁgtm@%dﬁ%uéﬂuk IsORkBAs b @iCink&Ridh, the
fect of rinse water that remains on the substrate

chro 'sélgcaﬂf BEAREY P%n\te?ﬂe]'ﬁ Ut p{e%ﬁltn%mﬁ% Je{ﬂér%o u%i%f,] L of

rocess yle

S an.inpro in caol oration, and
Wherele&ﬁ 5‘? B SuPPOHELRIE . Sor BEPEE o apE Pl
t he cel |l ul ose compounds. can
chromium compounds are incorporated in the solution in the form of Cr,(SO,)s,
(NH4)Cr(SOy)2, Cr(NO);-9H,0 or KCr(SOs); and any mixtures of these compounds. A
preferred trivalent chromium salt concentration is within the range of about 5.0 to 7.0
grams per liter of the aqueous solution. It has been found that particularly good results

are obtained from these processes when the trivalent chromium compound is present in

solution in the preferred ranges.

The acidic solutions may contain at least one divalent zinc compound to provide
color and improve corrosion protection of the substrate when compared to other
treatments or compositions that do not contain zinc. The amount of the zinc compounds
can be varied to adjust the color imparted to the coating, from 0.0 to 20 grams to as little
as about 0.001 grams per liter up to 10 grams per liter e.g. 0.5 to 2.0 grams of

Zinc*+cation. The divalent zinc can be supplied by any chemical compound e.g. salt that
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be present in the acidic aqueous solution in amunts
ranging fromabout 0.0 to 20 grans per liter and
woe@bessidy 0.5 to 10 grans e.g., about 0.1 toP&I/0S2005/041414
grans per liter of theaqueous solution. Further,
) dependi n n the ¢haracteristics of the neta
dissolves, s wptgr aithe roquired cepeepiation alg’l+a|°9m£ﬁ8@ﬁt‘”1ﬁ1ftlhspﬂreéast
one wat er-sol uble surfactant or wetting agent can be
compopents i the acidsoltioni Divalerizingreampaungs that aredgenipluble aj the
about 0.0 to 20 grans and preferably from0.5 to 10
requiregrcansentratjonOpriferablp iftlyteafos epample zive aoétatehmna talliride, zinc
solution. There are many water sol uble surfactants
tetrafluoPeb¥iate, zihd oBibdak, Zint hatlubfRilRfaty, einchlfiXdapa $ige ke or any
this invention the surfactants can be selected from
combirat®n WP if AR katiol nﬂle%eaﬁﬂéh't bP Fbtﬁingc thOHetal §ﬁ1§§trgg:s gan be
ani oni ¢ surfacttants. e trivalent chromum s adde
. to the solution as a .er-soluhl e triyval ent chy.om um
carried e b prtpos Speepris TGl s s o iR onr A R poes
as.a trivalent chromumsalt. Specifi Y,
from amgient; p-gt 1Ky ADREL TOOPHICEPSEHIS UB 1 BPRMY f@ﬁé‘g B bighprap to about
i nvention, the chromumsalt can be added conveniently
200°F.t Roomdempératurais preferred, hoavexer, sothabthis eloninaten dhecnagessify for
val ence of the chromumis plus 3. For exanple, sone
heatingpéquireerir &herdoating hiayrbewin diedpyumyofahiemethods ooven fckhe art
in the solution in the formof G2(SO, (NH4)Cr(SO)?2,
includifl (P 2mP1E Qveh d&fthg So¥ckd-aatiyiaBY exposttete snfRf-rddNa®ss, and
conpounds. A preferred trivalent chrom um salt
the lik&oncentration is within the range of about 5.0 to 7.0
granms per liter of the aqueous solution. It has been

f.Qu that particularl 0Q esults are obtained from
e e e G ol BRI Sl o SRS BliBentlgRina
the me{h%d%rf?lgi%g tthe,1 snoll?t?clnlétirll %pqvlic{]mé Q(()elmp lr'e%fogrrli[tigg, &rf})rr‘ ved adhesion

bonding and corrosion-resistant coatings for metal substrates including metal substrates

having pre-existing metal coatings.
EXAMPLE 1

A stable acidic aqueous solution having a pH ranging from about 3.4 to 4.0 for
freating metal substrates to provide a corrosion-resistant and a color recognized coating
thereon comprises, per liter of solution, about 3.0 grams of trivalent chromium sulfate
basic, about 4.0 grams of potassium hexafluorozirconate, about 1.0 gram of zinc sulfate

and about 0.2 mole per liter of solution of an alkali metal salt of formic acid.

10



The acidic solutions nmay contain at | east one dival ent
zi nc conpound to provide col or and inprove corrosion
w@r@begssion of the substrate when conpared to PCTER2005/041414
treatments or conpositions that do not contain zinc.
The anmount of the Zini?éﬁﬁﬁiiﬁgs can be varied to
adj ust the col or inpa e coating, from0.0 to
20 granms to as little as about 0.001 grans per liter
up to 10 grans per liter e.g. 0.5 to 2.0 grans of
Zi nc2+cation. The divalent zinc can be supplied by any
chemblacidioaprons saution oz coatingatesil subntratedo farmatcerrogipn-
the required concentration and is conpatible with the
resistasi{do@finCthefeon ediprises, perditacoftbofutiont about 30 grabsrf trivalent
conpounds that are water soluble at the required

5 chromiudl&efld BsicOa6oR4ed ghamklof pbiasditmehexhMiors2ipdtiaf, add 02 moles

acetate, zinc telluride, zinc tetrafiuoroborate, zinc
. e ' il e, zinc sulfate and

per hte{gﬁggﬁaﬁ@&en %ﬁﬁaﬂgmggﬁgﬁ %égf{i%ﬁh—[ %?&e'of in any ratio. The
treatnent or coating of the nmetal substrates can be
carried out at various tenperatures including
tenperatures of the sqlution which ranges from ambi ent
e.g. from about roon1i@§%¥ﬁ3ﬁbie up to about 120F or
hi gher up to about 2000F. Room tenperature is
preferred, however, in that this elimnates the
necessity for heating equi pnent. The coating may be

10 a stablel aeillibiquisdps sdlutibreforebitatsstée]l Gubstiate tolpeoeide a corrosion-

i ncludi ng, for exanple, oven drying, forced-air

resistaiékg %ﬂldrhgo_ol(ﬁ"i@ébﬁfﬁz%dtc%aﬁﬂgf thérebf doﬂn%gﬁzngh %éli‘ QhitdrIUF sbivii®n, abd6t

owi ng Exanples illustrate t e acidic

3.0 grafy St PAlEnordeRiun bIEAARN bAY ¢ Bl BBeBlut S| 10

fons 1 n providing co I on, 1 nproved
adhesi on bqgndi and corrosi pn-resi.stant .coatipgs for
hexafl{Rpgroogaiso st 40 PP HINGHLERr SUas apdt EaT 00 o per
liter of solution of formic acid.

15

EXAMPLE 4

An improved acidic stabilizer solution was prepared from about 4.0 grams per
liter of potassium hexafluorozirconate, about 3.0 grams per liter of basic chromium (III)
20 sulfate, and about 0.01 mole per liter of potassium formate. After about 30 days, the pH

of the solution was 3.96. After about 12 months, the pH of the solution was 3.92.
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havi ng pre-existing nmetal coatings. EXAMPLE | A stable
aci di ¢ aqueous sol ution having a pH rangi ng from about
wW@20061088549 0 for treating nmetal substrates to pPOWUSEORN041414
corrosion-resi stant and a col or recogni zed coating
t hereon conprises, p i i‘é—g{éfsol ution, about 3.0
grans of trivalent c ate basic, about 4.0
grans of potassi um hexafl uorozirconate, about 1.0 gram
of zinc sulfate and about 0.2 nole per liter of
solution of an alkali netal salt of formc
alsn infssePadidR stebilizabbalution vias prepared dons abattidoh gfams per
coating steel substrate to forma corrosionresistant

liter ofGfdtiskifith hdxarflaefzizeohatd, about 3@ prakrstRF litk of bhdié tiRomium (1II)
about 3.0 grams of trival ent chrom um sul fate basi c,

sulfate2RiPtHooftt 0,13 BerlitePBf A38dyIM hexaf | uor ozi r conat e, and
es per liter ution of an al kali netal
salt of citric acid. EXAMPLE 3 A stable acidic aqueous
solution for coating steel substrate to provide a
corrosi onresi st ant an%migecogni zed coating
t hereon conprising, p f solution, about 3.0
grans of trivalent chrom um sulfate basic, about 4.0
granms of potassi um hexafl uorozirconate, about 2.0
grans of divalent zinc sulfate and about 0.001 nole
p& solluiibe havihg fhuidbonn 0 Ol t6 A O gramapérditerfoXAoRisEium An
i mproved acidic stabilizer solution was prepared from
hexafl@xitcofiate, 6 EboRHEN.01 to 10 grams per liter of basic trivalent chromium

sulfate, from about 0.0 to 10 grams per liter of a water-soluble surfactant, from about 0.0
to 10 grams per liter of methyl cellulose thickener, from about 0.0 to 5.0 grams per liter
of a divalent zinc compound, and from about 0.001 to 0.2 mole per liter of a water-

soluble carboxylic acid salt.

EXAMPLE 6

The solution of Example 5, wherein the potassium hexafluorozirconate is 4.0
grams per liter, the basic chromium sulfate is 3.0 grams per liter, the divalent zinc
compound ranges from 0.05 to 2.0 grams per liter, and the water-soluble carboxylic acid
salt ranges from 0.005 to 0.01 mole per liter and from 0.0 to 10 grams per liter of a water-
soluble surfactant, from 0.0 to 10 grams per liter of a methyl cellulose thickener.

The photos (Fig's 1-4) show the corrosion and pH data of aluminum panels with

and without stabilizers in the comparative solutions. The metal substrates (AA2024T3)
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liter of potassium hexafl uorozirconate, about 3.0

grans per liter of basic chromum (H') sulfate, and
wWab@ansB191l nol e per liter of potassium format BCT/BR10685/041414

about 30 days, the pH of the solution was 3.96. After

vere A5 apBiEt sl AR M s gt
for abai S 0GR O ETPY PO LGRS BSR4 3 oy @Hﬁb‘ﬂ%ﬁ minutes.

liter of basic thom um éHI) sul fate, and about O.

The paslscvese thpi pleged ot AGIPEHAT exeompstt ©2A b6 botipmaof the
having from about 0.01 to 10 granms per liter of

panelspfigadsindf (eA202408),02¢re nohtreaed fordemansvate the pdrfarmané: of the
granms per liter of basic trivalent chromumsulfate,

bare mita® i$onfo fHe chbEvetdiEorRd alunhi@imfansls treated with a
wat er - sol ubl e surfactant, fromabout 0.0 to 10 grans

solutiogfea% %ﬁgﬁ-@%@ fof T4 iiﬁWsnﬁ:cﬁJ | Ml‘:ﬁ? fuﬁsﬂgt‘ég gﬂﬁ%ﬁﬂﬂ%&p Qlined for

grarrs per Iiter

o CERSYB, L% N0 et R PRl o S
WU L RIEN T ——

chromumsulfate is 3.0 ans per liter, the di val ent
then placertbincdHPMUBY] T eupgegrefsaky %ﬁ)g) @mdlezbqﬁogr efthepanels,iRigs 3
and the water-sol ubl e carboxylic acid salt ranges from
and 4 QABR0675D6)0weie nov kreatpé to Hemenstratthé compfiod) of thearegnetabin
per liter of a watersoluble surfactant, from0.0 to 10

compasitéiTfo thethd édrvErsiin-coatddt dhthint@d patleBSteeatdd WitR A@blution as

Example 4 of this invention. The term “salt fog™ is the salt spray corrosion-resistance test
set forth in ASTM-B117-61.

The stabilizing carboxylic compounds include water-soluble acids and/or
carboxylic acid salts, including the water-soluble carboxylic acids and salts such as

adipic, citric, acetic, citraconic, fumaric, glutaric, tartaric acids, ethylenediamine

* tetraacetic acid and the like provided the hydrocarbon chain on the carboxylic group does

not contain a significant number of carbons which decrease the compounds degree of
solubility. Combinations of two or more of the salts and/or acids can be used to obtain a
specific pH. For example, the lower molecular acids and/or salts such as potassium
formate or citrate at concentrations of at least 0.001 to 1.0 mole per liter are good all-
around stabilizers. Particularly good results were obtained from acidic solutions prepared
by adding about 0.01 mole per liter of potassium formate after 4 days of the initial

solution preparation. Good results are obtained if the stabilizing agents are carboxylic
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The photos (Fig's 1-4) show the corrosion and pH data

of al um num panels with and without stabilizers in the
w@opassste ve sol utions. The netal substrates PCT/US2005/041414

(AA2024T3)Were cl eaned for about 15 mnutes in

non-si | | cat l,d al e em str ledi zed
compov gomgirin: BB IVIES craoa Haanbt HishieEts el
treated in TCP for about 5 m nutes. The panels were
compouriqg suglt aceitiic asidaghygob agi, @ﬁ%é“d@aeg yeamic agids, glytaric acid and
bottons of the panels, Fig's 1 and 2 (AA2024T3), were
their saltat treated to dermnstrate the performance of the bare
netal in conparison to the conversion-coated al unm num

Ba®liSon ek @ekbokilic eorfipbuiids anstabilizitgragestsdsnadll butieffective
i nventi on. l\/bt al substrates (AA7075T6) were cl eaned

amount cﬁréam oydro deo x}?’cg.lfn?g c@ﬁ‘Be fbdd dxkAMizBrs th Qﬁé‘iﬁiltd fafiging

about 5 mnutes with

fe b che e f
fom ateo AT 10 FRE AEH ga%@aeﬁgfﬁr‘ﬂ%f PR B i Ml Aot
I
mcludeﬁﬁ%ﬁia“yéﬁaizm%om%mgézs”eé“%&en%ﬁ epifiger . gyeol
denonstrate the corrosion of the bare nmetal in
ethers indngmgiadigriencelysed ethees, e tristhylens- glyenl sthesy. prapylene slycol
panels treated with a solution as Exanple 4 of this

ethers, triprepytlemeglycdh ettees, dicthylbteglyg! ether. t Gthesglytols prchyde some of
corrosi on-resi stance test set forth in ASTMB 117-61.

the low&Pokdcalir Wefdhi %ﬁ@b&%@ydubﬁa@ F@cmo propgiRene glycol,
oxy

wat er - sol ubl'e aci ds and/ or car ic acid salts,

butylenk %@hﬁﬁj I QQISB%W%& TROWHRE-So1GHIE PBIY (oxGalRGleHS %@E(Qsﬁ@é lthe

pIC citric, acetic, citraconic, umari c

pov-c S o B ARl GPLBER M%ﬁa:ga?a«%? i
B SRS e i

solids igfthe coating bath or acid solutions. Other known di- and trihydric aliphatic
alcohols include the water soluble lower alkanols, such as the di- and tri-hydric alkanols
containing up to twelve carbon atoms. This class of di- and trihydric lower alkanols can
include glycols containing up to ten carbon atoms in the alkylene group e.g. trimethylene
glycol, and the polyglycols, such as diethylene glycol, triethylene glycol, tetraethylene
glycol, dipropylene glycol, tripropylene glycol, dibutylene glycol, tributylene glycol, and
other polyalkylene glycols wherein the alkylene radical contains from two to eight carbon
atoms and preferably from two to four carbon atoms. Combinations or mixtures of the

carboxylic and polyhydroxy stabilizing compounds may be used in the acidic solution in

any ratio.
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solubility. Conbinations of two or nore of the salts

and/ or acids can be used to obtain a specific pH For
wex@osss19 t he | ower nol ecul ar aci ds and/ or sal PCT/E82N5/041414

as potassiumfornmate or citrate at concentrations of

i 7&0?153%&31&; o %%}%?%féfg R Rl AT GoRatyds, e aidic
bt
saucous OO T gt o e B g 8 ey e

ys of the initial sqlution preparati Good sults
0.01 to a.z &rasny REIEE ol sofutionaf ébiqaﬁtzqqgéluggﬁm ?larc@mpoun fne ud&ng
car boxyl i cconpounds cont ai ni ng both hydroxy and
compounds isucly 44 kexgfloogotitanats, beptaiporplantalate netrafluogehmsaands
such as citric acid, glycolic acid, lactic acid,
1wxaﬂughgggﬁugaﬁumhdﬁk&gIutaric acid and their salts. In
addition to the carboxylic conpounds as stabili zing

ﬁf%gﬁmé{m' dciditbolRESRUINE iAVIRHEH, KbwRohMeP IR Y

al so can be used as stabilizers in amounts

s UGTEHRE e hubilngy Bifheft SRR Honihe Fhe

about O3p RO ETHRE BECNEF B regqﬂg%ai,@%egﬁ to Pt org Ly Dagans per

) | ycol ethers, e g. Methyl ene ycol ethers, propyl ene
liter. 1&: yedactants aredded foghe ﬁgu@\@gpb'%sn tup1qadg better wetting

di et hyl enegl ycol ether. Oher glycols include sone of
propertiek &y [loweringrtiessatfher tengdy Hierdyrnipauing somplete govesagey pathe
gl ycol, propylene glycol, butylene glycol,
more uﬁiﬁﬁhﬁﬁﬁﬁ @RGhe metd sitserawal The Soifadwnts imolude (aoleﬁai g lveitxer
gl ycol s) e.g. the poly-(oxyethyl ene) or
solubleQ:Bhg)o(Lﬁ& ¥OEARY keRAhE LY onsishAY bfebr-IOARY, afRhRS Bhdéationic
hts ranging up to about 1000 may be errpl oyed to

surfacd?%%{@(}qrﬁe g%gge etk icieh BhRPSSIRbRdutthotatt itBlddhe N Lhe

monocar é)h qrrnll oazo eh %.[kyfsulfate sodium salts (DUPONOL®), ethoxylated or

propoxylated alkylphenol (IGEPAL®), alkylsulfonamides, alkaryl sulfonates,
palmiticalkanol amides (CENTROL®), octylphenyl polyethoxy ethanol (TRITON®),
sorbitan monopalmitate (SPAN®), dodecylphenyl polyethyleneglycol ether
(TERGITROL®), alkyl pyrrolidones, polyalkoxylated fatty acid esters, alkylbenzene
sulfonates and mixtures thereof. Other known water soluble surfactants include, for
example, the nénylphenol ethoxylates, and adducts of ethylene oxide with fatty amines;
see the publication: “Surfactants and Detersive Systems”, published by John Wiley &
Sops in Kirk-Othmer's Encyclopedia of Chemical Technology, 3 Ed.

When large surfaces do not permit immersion or where vertical surfaces are to be

sprayed, thickening agents can be added to retain the aqueous solution on the surface for
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al cohol s include the water soluble |ower alkanols,
such as the di- and tri-hydric al kanols containing up

W 0006/e85ve car bon atons. This class of di- andPCT/US2005/041414
trihydric | ower al kanols can include glycols

T TS ) g B

oo NN OR A g D B Sl e
| Cc
s 5 e B i SRS e e

radi cal contains fromtwo to eight carbon atons and
preferghly Perigd Oyerams ar 1:0do 6§ grams pealiteoof titecwilic Sdutivm aSperific
or m xtures of the carboxylic and pol yhydroxy

exampd¢saifisbing ipreferredrincleders imludethesetulose tdigpdmdsi e,
solution in any ratio.in addition to the pol yhydroxy

hydro:8peopsedlRuyde (6.5 Kilel)] dthiceHaIBREURLRo

i
aqueous sol uti ons may contaln smal’l 68% Z ?gcaave
0.0
hydro %er ;SI t% gl‘?&lo%é 3 tlg’cl)%ého eas§ ‘ [og%tehefqof]} pgl%tvﬁg‘fr Sg]suble
morgaﬁlggﬁ’lﬁkgn% | .nci g 8{)@01&%29@?%?? ? glfcglrﬂs}egtpgi’te, starches, gum arabic,
tetrafl uoroborate, hexafluorosilicate and the. like. In
tragacapth, agar and vagious eprbwaiQNsut i ons of this invention,
known water sol uble surfactants can be added to the

tAfiernrenaringlthe mietahsehsirate sunface o barenattdsvia eogientjofial om
about O to 20 grans per liter and preferably about 5.0

techniques, e splatien can He fpplied SiaGngha@sPnp§ray bi ®ipe-otN@chniques. The
surfactants are added to the aqueous solution to

TCP sqlafionis@e thig inntivtid BE uldPRLVRI @ﬁlgkﬁﬂﬁéd &ﬂ%itng%g to 120°F

surface tension thereby insuring conplete cov

o g T 00k e B g B AR e
corrosion resistance of the coatings. Solution dwell time ranges from about 1 to 60
minutes, and preferably 1.0 to 40 or 1.0 to 10 minutes at about 80°F or higher. After
dwelling, the remaining solution is then thoroughly rinsed from the substrate with tap or
deionized water. No additional chemical manipulations of the deposited films are
necessary for excellent performance. However, an application of a strong oxidizing
solution can yield a film having additional corrosion resistance. The additional corrosion
resistance is presumed to be due to the formation of hexavalent chromium in the film
derived from the trivalent chromium. The agqueous solutions may be sprayed from a spray
tank apparatus designed to replace immersion tanks.

While this invention has been described by a number of specific examples, it is

obvious that there are other variations and modifications which can be made without
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depart

sol ubl e conpound sel ected fromthe group consisting of
non-ionic, anionic, and cationic surfactants. Some of

wo b@eclosgtsier known wat er sol ubl e surfactants i ne¢Tids2005re11414

nonocar boxyl i m doazoline, alkylsulfate sodiumsalts

{2URSMGhd $pinis arfll 2%y hAine qn&yisﬁ 9P pﬁ%@%%ﬁg aﬁ:‘fg}rﬂa ?‘2 g{gol

(I'GEPAL(r)), alkylsulfonamdes, a

i 11 cal kanol ami des (CENTROL(r)), octyl phenyl
appen{ﬁﬂcggéég

oxy ethanol (TRITON(r)), sorbitan nonopalmtate
(SPAN(r)), dodecyl phenyl polyethyl eneglycol ether
(TERG TROL(r)), alkyl pyrrolidones, polyal koxyl ated
fatty acid esters, al kyl benzene sul fonates and
m xtures thereof. O her known water sol uble
surfactants include, for exanple, the nonyl pheno
et hoxyl ates, and adducts of ethylene oxide with fatty
am nes; see the publication: "Surfactants and
Det ersive Systens", published by John Wley & Sops in
Kirk-Q hmer's Encycl opedi a of Chem cal Technol ogy, 3rd
Ed. When | arge surfaces do not permt inmersion or
where vertical surfaces are to be sprayed, thickening
agents can be added to retain the agqueous sol ution on
the surface forsufficient contact tine. The thickeners
enpl oyed are known inorganic and preferably the
organi c water sol uble thickeners added to the
trivalent chrom umsolutions in effective anounts e.g.
at sufficient concentrations ranging fromabout 0 to
20 granms per liter and preferably 0.5 to 10 grans or
1.0 to 5.0 grans per liter of the acidic solution.
Specific exanpl es of sone preferred thickeners include
the cel |l ul ose conmpounds, e.g. hydroxypropyl cellul ose
(e.g. Klucel), ethyl cellul ose, hydroxyethyl
cel l ul ose, hydroxynet hyl cellul ose, or nethyl
cellul ose and m xtures thereof. Qther water soluble
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i norgani c thickeners include colloidal silica, clays
such as bentonite, starches, gum arabic, tragacanth,
W@g@e6/0883 var i ous conbi nations. After prepari nBCT/082005/041414
nmetal substrate surface to be coated via conventiona
t ' t olution can be applied via imrersion,
i techni ques. The TCP solutions of this
i nventi on can be used at el evated tenperatures Langﬁ&g
1. Uprogess foroaging meyH SROTAIES 1 APEVS HRf-CCIFRTIRTOFREHPY
applied via imersion to further inprove the corrosion
adhesioe borsding steengith whéchaoatpirisgstreatisizuthe metad wabstragasith effieptive
fromabout 1 to 60 mnutes, and preferably 1.0 to 40
amour® oflartacidic 4Guébus yblatomhavihg utpIBRAEingfrdm gbeut.1.0\d £6; said
dwel I i ng, the remaining solution is then thoroughly

acidic k%ﬁkgg% sbiLAGh E&ﬁﬁﬁ&lﬁ@}ﬂ{eﬂi&ﬂ@f%@luﬁéﬂ ffim €66 @10.GEEh VB @hms of

Itional chem cal manipul ations of the deposited

at leas} e ,ea i pp |Ea on ¢f a strong gxi izing solution
tl {_%%Wérgfent C §§1§\F.‘rﬁ C ?1.;)8{111(? ;fﬁ;%]l Lz?&ft 0RA tg@g'%%g of aﬁ least one
fluorogigegmbteafiow abeas 046 ED REAtE OLSvAISE: A Fasapafilfomgbout 00

presuned to be due to the formati on of hexaval ent .
to 20 grame of surfactants &rom abaug 80 tod gramaf thickepersainehiiective
chrom um The aqueous solutions may be sprayed from a
amoursPoBat I¢asnnaspbiliang sothpeimdh salected froml the grquprasnsisting of
tanks. While this invention has been described by a
polyhydesiiedonsouslls,Caftioky i esmp&mds iahd intixtubesi aftle polyhydrbey and
are other variations and nodifications which can be
bbbt departing fromthe spirit and scope of the
cmbmﬁﬁgggﬁ@gn as particularly set forth in the appended
clai ms. THE | NVENTI ON CLAI MED 1. Process for coating
nmetal substrates to inprove the corrosion protection

THE

2. a’?’ﬁ‘e process of Claim 1 wherein the metal substrates have a pre-existing metal

coating thereon.

3. The process of Claim 2 wherein the pre-existing metal coated substrate is

" anodized aluminum.

4. The process of Claim 2 wherein the pre-existing metal coated substrate is a
phosphate coating.

5. The process of Claim 1 wherein the metal substrate is an aluminum alloy.
6. The process of Claim 1 wherein the metal substrate is an iron alloy.

18



7.

adhesi on bondi ng strength which conprises treating the
metal substrates with effective anobunts of an acidic

W@owensss1s0l uti on having a pH rangi ng from aboRCT/LUSD0S/041414
5.5; said acidic aqueous sol ution conprising, per
 EieSiroBiss SP CHbin Coun e O ol S caftgpytic
to,24 granms of at |east one fluorozirconate, from

compoypdt 0.0 to 20 grams of dival ent zinc conpounds, from

8.

about 0.0 to 20 granms of surfactants, from about 0.0

to 20 grans of thickeners, and effective anounts of at

| east one stabilizing conpound sel ected fromthe group,
cHirspretdss gf Glaimc] whyrtirothy hydrepyoatdwxylie eeropguuide is citric acid
conpounds and m xtures of the pol yhydroxy and

and thé avdieresluble SHEtess. 2. The process of Claim1l

o.

wherein the nmetal substrates have a pre-existing netal
coating thereon. 3. The process of Caim2 wherein the
pre-existing netal coated substrate is anodi zed

SHLRE of g, PR B S R IE S s gcot

.. cpating. 5. The proce of Caim1l wherein the netal
ac1da:5d3t$\§twagqréo§u§lea§qltg|tlgﬁw um alloy. 6. The process of

10.

Caim1l wherein the netal substrate is an iron

alloy.7. The process of Caim1l wherein the carboxylic
conmpound i s a hydroxy-carboxylic conmpound. 8. The
pTepoeess bf Claiim Whetear thie iy troxyoadbaxylic compownyd isgluconic
conpound is citric acid

acid and the water soluble salts thereof.

11.

The process of Claim 1 wherein the carboxylic compound is formic acid and the

water soluble salts thereof. -

12.

The process of Claim 1 wherein the carboxylic compound is propionic acid and

the water soluble salts thereof.

13.

The process of Claim 1 wherein the acidic aqueous solution contains from about

0.001 to 1.0 mole per liter of formic acid.

14.

The process of Claim 1 wherein the acidic aqueous solution contains from about

0.001 to 2.0 moles per liter of the stabilizing compounds.
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and the water soluble salts thereof. 9. The process of
Claim7 wherein the hydroxy-carboxylic conmpound is

w@bkyecossse9 aci d and the water sol uble salts thePeDiS2008041414
The process of Claim?7 wherein the hydroxy-carboxylic

15 RIS CIAHEPTIReRE ity b Rhundfty Wpcfrcn™! |

carboxylic compound is formc acid and the water
soluble salts thereof. 12. The process of Caiml
wherein the carboxylic_conpound is propionic acid and
16. t lbe process of $ilzipl b4 vderedn thestabilizing sompoindiis 8 cadbgxylic
Claim1 wherein the acidic agueous sol ution contains
compdundrhasingutor® tiilortedfufictibrabtarbmeilicl growr pafmélecule.c aci d.
14. The process of Caim1 wherein the acidic aqueous
sol ution contains fromabout 0.001 to 2.0 nol es per
liter of the stabilizing conpounds.15. The process of
17, ABhifodifiotftk Sbdiclatfctat AbstrhEl RANGATROMRL olrBsibh PFdtéHon and

e process o al m 14 wherei'n the stabi I ng
s TR oo BRSO SRR AR b i
B TR IR RO T

of said metal substrates which conprise an acidic

about 81 do 190 goims ¢faih leasionegriyalent ehaprgivmg compavnd sigm abayt 1 to
5.5 and per liter of said solution fromabout 0.01 to

24 grah@3ofae kst ank fAbrdzémehatenfeorh mbwat! (e®ito 20 gramsuofidivaies ung,
fromabout 0.01 to

compounds, from about 0.0 to 20 grams of surfactants, from about 0.0 to 20 grams of

thickeners, and effective amounts of at least one stabilizing compound selected from the
group consisting of polyhydroxy compounds, carboxylic compounds and mixtures of

polyhydroxy and carboxylic compounds.

18.  The composition of Claim 17 wherein the stabilizing compound is a carboxylic

compound have more than one functional carboxylic group per molecule.

19.  The composition of Claim 17 wherein the carboxylic compound is a hydroxy-

carboxylic acid and the water soluble salts thereof.

20.  The composition of Claim 19 wherein the hydroxy-carboxylic compound is citric

acid and the water soluble salts thereof.
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24 grans of at |east one fluorozirconate, from about
0.0 to 20 grans of divalent zinc conpounds, from about
wO2@6088520 grans of surfactants, from about O0.PCT/OS05/041414
granms of thickeners, and effective anmounts of at [ east
one stabil|jzin ound sel ected fromthe group
2. ddssompogiiogrot g’dwy:h ads) Rv%@ﬁ&aéw&-cwmgpmeound is
compounds and mi xtures of pol yhydroxy and carboxylic
glycolic ecigmnd dise wagr saihblesaltpbsieof.on of O aim 17 wherein the
stabilizing conpound is a carboxylic conpound have
nore than one functional carboxylic group per
nol ecul e. 19. The conposition of Claim17 wherein the

22. qq{e%ﬁiﬂoisﬁloﬁmbiﬁ‘ﬁw Whéreldie gnpmgléﬁ?ﬁdx'yﬁc a6ingoantis lactic

the water soluble salts there The” conposition

. f e hydroxy-carboxylic conpound is
acid angit?ec\bv%{ems& b gﬁ? Hﬁ ?

ric acl wat er soluble salts thereof.2 1.
The conpositlon of Claim19 wherein the
hydr oxy- car boxylic conpound is glycolic acid and the
wat er soluble salts thereof. 22. The conposition of
23.  dihgicompsitioarafiGlaimhk/ wheresxihe carosxie sQmpoidos dermig acid
| actic acid and the water soluble salts thereof. 23.
and theTwater sniplisisaitothersbf.Cl ai m 17 wherein the carboxylic
conpound is formc acid and the water sol uble salts
thereof. 24. The conposition of Claim17 wherein the
car boxylic conpound is propionic acid and the water

O Rt T R

and the water soluble salts thereof.
25.  The composition of Claim 17 wherein the polyhydroxy compound is glycerol and
the carboxylic compound is a lower molecular weight carboxylic acid and the water

soluble salts thereof.

26.  The composition of Claim 17 wherein the stabilizing compound is a mixture of a

lower molecular weight carboxylic acid and a polyhydroxy compound.

27.  The composition of Claim 17 wherein the stabilizing compound is a low

molecular weight polyhydroxy compound.

28.  The composition of Claim 27 wherein the polyhydroxy compound is glycerol.
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the carboxylic conpound is a | ower nol ecul ar wei ght

carboxylic acid and the water soluble salts thereof.
wQ2006/0kss1conposi tion of Claim17 wherein the PCT/US2005/041414

stabilizing conpound is a m xture of a | ower nol ecul ar

| ght car. boxylji.c.aqgid ,and al yhydroxy, co nd. s
29, TRb® Compiiiran thC ity tireem Sy PYpRIR, FILRRE folyBi zine
conmpound is_a | ow nol ecul ar wei ght po| yhydro
salt pressip bl thel acids aqeeUTWIHINS; I AB AMeunLyaRge mABSw; 05 ta 0
pol yhydr oxy conpound is glycerol.29. The conposition
gramsof Cl aim 17 wherein the zinc conpound is a water
soluble zinc salt present in the acidic aqueous
solution in an anmount ranging fromabout 0.5 to 2.0
grans. 30. The conposition of Caim?29 wherein at
| i %ﬁzﬁ WA st @oxybmpblifd is
30. cgﬁ%g%? |éﬁ&%§P® ai2?29 mhe?ggﬁétherﬁgﬁghyg?oxyp
I anpound is a polyal kyl ene glycol. 32. The conposition
gIYCPIBt O ai m 17 wherein the pH ranges from about 2.5 to
4.5, the trivalent chrom um conpound ranges from about
0.01 to 22 grans, the fluorozirconate is
hexaf | uorozirconate ranging from about 0.01 tg 12
31. gfhesomperitiomef Claimi20iwherein hmprivviroxasnyePrqundrs about
0.001 to 1.0 nole per liter. 33. The conposition of
polyal&ylehep2omher ei n the stabilizing compound is a | ower
nol ecul ar wei ght carboxylic acid and the water sol uble
sal ts.

32.  The composition of Claim 17 wherein the pH ranges from about 2.5 to 4.5, the
trivalent chromium compound ranges from about 0.01 to 22 grams, the fluorozirconate is
hexafluorozirconate ranging from about 0.01 to 12 grams, and the stabilizing compounds

range from about 0.001 to 1.0 mole per liter.

33.  The composition of Claim 32 wherein the stabilizing compound is a lower

molecular weight carboxylic acid and the water soluble salts.

34.  The composition of Claim 32 wherein the stabilizing compound is a polyhydroxy

compound.

35.  The composition of Claim 32 wherein the zinc compound ranges from about

0.001 to 10 grams.
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34. The conposition of Caim32 wherein the
stabilizing conpound is a pol yhydroxy conpound. 35.
wab@ecogssposi ti on of C aim 32 wherein the zi nc ponpsunso41414
ranges from about 0.001 to 10 grans. 36. The
nposi tion of aim 32 wherei.n the thickeners.and/ or
3. i commostion o CTailh i Mheiith e drekeher s TS GRERERSnge
The conposition of Caim32 wherein the zinc conpound
from abapt Jr(btoeh@ grams he aqueous sol ution in amounts ranging
fromabout 0.5 to 2.0 grans per liter of solution. 38.
The conposition of Caim1l7 wherein the acetic aqueous
sol ution contains fromabout 0.01 to 12 grans per
37.  |THe®onfosition!of @hin0BE wheteir heein! dontponadixoprastns &l thet ed
fromthe group consisting of fluorotitanates,

aqueouls'sHRBh 3 %ﬁbﬁﬁt@ ?an%ﬂgé‘ﬁ_ﬁﬁ%%ﬁtt ®§ to DloURAMS pbs 1I68E 8%5?%11

m Xt ures ereo he conposition of Caim

wherein the fluoronetallic conmpound is fluoroborate
and the fluorozirconate i s hexafl uorozirconate.

40.
The conposj ti of aim 38 wherein the flyoronetalljc
38, CUoampstonat G {1 Pgiedh Bh dortiartioy sittinmaAns f6m
hexaf | uor ozi r conat e. .
about 0.01 to 12 grams per liter of at least one fluorometallic compound selected from the

group consisting of fluorotitanates, fluorotantalates, fluoroborates, fluorosilicates and

mixtures thereof.

39.  The composition of Claim 38 wherein the fluorometallic compound is

fluoroborate and the fluorozirconate is hexafluorozirconate.

40.  The composition of Claim 38 wherein the fluorometallic compound is

fluorosilicate and the fluorozirconate is hexafluorozirconate.
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