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OF THE | NVENTI ON FI ELD OF THE INVENTION Thi s
invention relates to conpositions and to a process
id conpositions for preparing
gﬂﬂ&ﬂgiﬁﬁ!@é@@&&?ﬁ@conlun1coat|ngs on various netal

substrates. The process conprises treating the netal
substrates wth effective anobunts of an acidic
aqueous solution containing at | east one trival ent

Thinymition desapbrdlicreiatwasonade ynemployes(sirofithe baited Sates
| east one carboxylic conpound, and/or at |east one

Governmpd apldyelay ky maounfactunis] arainged by o farl thy GevEggddny for

anounts of fluoronetallic conpounds i ncluding
governmental purposes without the payment of any royalties thereon or therefor.

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



10

15

20

conmpounds such as fiuorotitanates, fluorotantal ates,
fluoroborates, fluorosilicates, divalent zinc

WO 2086¥9Hds, surfactants, wetting agents and/ dfCT/US2005/041414
thi ckeners. Mre specifically, this invention relates

I idi q [
compoupfly S ol S GBI Rarh PR R0 AR RRS,
. r.e- coat ed et substrates to i nproye.the 5
divalent i §maipQuads, FHEBPBRISE WAIOE deeaiemlpr HIGKSRETs o sMoFeint
__ properties. The process conprises treating the netal

specifically, his investion relates kot sighle acidicagueqssebuions and, thegrocess for

contai ning effective anmounts of at |east one
treating wati@us-methisubstrates incheling pierconied meatalabstrates Wwtindpeaet the

one water soluble fluorozirconate, and at |east one

substrat¥PddbEsioR baiktlify GAd BOPkYibE-rERERO BitpeARE/ The @%dé%/&{)n@ﬁkes
e

conmpound. In addition, other conmpounds that can
: EliC t ol I o ofFant]
teating B0 QptBAes b sudile 20N B0 BIHER, condiing cifqtive
fl onetallic c ound i yalent zinc c unds, an
amounts g AR st FONIR iita! bR Spironal B R Bper
ter, sol uble surfactants. Thjis invention conprises a
soluble Hugrgaireomatgqipchrideass one WgHs seluble ilp soepgynd and/or
specific chemcals and to the processes for o
polyhydriey esimpovagd. doadditipn, gther veripdungmthat sae be Bddgddnithedaidic
onto a variety of netallic substrates including
solutionpivesneal] Wit ieffgctingt ahowmas iredhidewb BastadnesyatEpsohibla fipb®metallic
the conpositions or solutions can be utilized for

compousid Jivaléht 2ine FoftipBuds a8l G dudYs SIORMEF soletle thickeners
coatings to enhance corrosi on protection and pal nt

and/or Wil SSIuBId sul@bascal | ng anodi c coatings to enhance its
corrosion protection; for treatnent of titanium and

itaniumalloys for enhapced paint. adhesi on: .f.or
T B o ool B B i 35 RmBenifis o
... agdhesi on gnd corrosion_protection; for _ coating steel
specific Pg?mgaan%aar@é@ the-prreessemhios deppsaing qogdnes drvsh diogm thesg
. for post-treatnent of phosphate coatings, alum num
chemicalsionto a yariety af mietallic substrates scludingprecanisting roetahaatad
sacrificial coatings on iron alloys and other netal
substratesuBet exangde, ¢hgcompestiofor sohitiang exh bawtilizeddbesoating and
corrosion protection. Many of the current
aluminuwpel bRabirentallop WhvékRatcdRfingsas énbark brdsibh paiddiodlaad
based on the use of hexaval ent chrom um chem stry.

paint adHESHAY R 8ling Ah8HIcWBatiSsd YoPRhahck 9% 'cbrrBBidn Brotection; 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, alwminum, zinc, zinc-nickel, tin-zing, 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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known carcinogen. As a result, the solutions used to
deposit these coatings and the coatings per se are
WO 2006{08851%These films or coatings do, however, YfEUH2005/041414

out standi ng paint 5 adhesion, good corrosion

si stance, |.ow ctr cal i St an nd n be
Ry R RS B sl R R el rafibnd e based on
techni ques, However, the envir rrent aI | aws,
the use fexavalent chroaiu clmpisinc Hexayalen shrogyium 1s highlyt tpxicand a
health (0811) regulations are driving the mlitary
known careinoges. deramsswi.dhe selutions ysed tmdepivsit dhese oatmgannd dw
Mor eover, the use of hexaval ent chrom um coatings is
coatingd e aai aﬁ@tolﬁd. el teesp dilsis e coginge du) Intweves, yidld bhistmding phtht
costs becone prohibitive with future PEL restrictions

adhesioh,'GiRd %er@éioﬁ RRiERRe W G&tiieal H&lﬁﬁfﬂetdnﬁ'&an BE Ay bpplied by

processes |ike spraying chromate solutions are

mefﬁlfﬁ#%%ﬁf?&%ﬁ%ﬁ et o pRATR iy Bl pbiGe
orders, 4oL IAFH DR PSR < Tira 5 REE (PO REs B drbring e

envi ronmental , and_ OSH perspective, alternatives are
military|gnd the coguasteigh peers i seard fopaljernatives o Moreqyer, the use of
underway to devel op alternative processes for netal
hexavalénticheiwing coktingsais dbeteming merelexperpine s regitlationsdighton oxd
to hexaval ent chromate coati ngs wthout the
costs beeshit prohitttivewith fdube REL et @idis Gloposed by the ENANshdaDSHA.
these alternatives, however, regardl ess of

In additiofRe@int ﬁr@&s@é&qu?&qﬁ @Exoﬁﬁfél dohitidalBre iBﬂ)iSdé‘h at some
tendency to precipi tate solid material from solution

fa01hne§§lféet8'(f§ﬁ )ﬁFﬁffBﬁinvéﬁfngg le§s°‘ Eﬁfui'n M 4tR)e s%Idtl%Bs In

over I veness 0

C atl n a ctlve re [
mr&?* B Bhipousy e FineRars a‘F?fmafaﬂiﬁfﬁRﬁ 1z, Bpifrof 4 ffeeyote
preci pi tations _have the potential to clo fllters
cost, eﬂvwn%mdmgw%m Altsrpatiyesaes highly dssigableyr Ageordingly,

applications. Therefore, better conpositions are
researchris sndsgwastosdexslopi alterative petoghses forgoptal figisting ghat are

storage and process applications that will not
technicallpequivalest onistperidrao depasildnt olwoprabcemsings witheut the

subsequent performance of the deposited coating.

" 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



SUMVARY OF THE I NVENTION 5 This disclosure relates to
woShFRRRLbI ons and processes for preparing Corg5)Ofis s
resistant coatings on various netallic substrateées
i ncluding pre-coated netal substrates such as
soiutiorﬁt}glsg'l&%gg afd 'CQ%Sap?Ec ﬂg%@%ﬁ a8t ﬂn&g\%re"\ﬁ'ﬂ?ﬁl _deposition
conprisgs treati ng e substrates with an acidic
agueous sol ution conprising trivagl ent chromumlI|
process B0 Mo HHFEIuPhPRECIGARDY PR ERSi S84 i 1§ 7i ng
conmpounds; and optionally one or nore fluoronetallic
compounds, surfactants, thickeners, and dival ent zinc
compounds.  This disclosure can be utilized to inprove
SUMMARY &th i i ngs such as paint to the neta
- surface and to inprove the corrosion-inhibiting -
5 properties of nmetal surfaces such as alum num steel,

.gal vani zed surfaces and the like. The acidic
f this di.sclosure als ri ses.an 15

| ut | . .
B Bed<PUR T o e B pes e S R TR B B
resistant R s (XA o0t R A SIS I PECTOTR £l s

conpounds cont ai ni ng one :or npre carhoxylig ‘ '
such as phpsphate peatings onprodized Gogtingrewhish somarises aeesing jhe puhsirates
i s hydrogen or a | ower nol ecul ar wei ght organic
with an scidicagiicoms sblution icomptisipg dupalemtobraniat I cdmpoundse. t he
car boxylic conmpounds can be used in the f.ormof their

10 fluoroziREhalss, Bhd §@biliging ddnfROMAE 288 SptibealBdns 8t indrefludrb@etallic
carboxyli.c stabilizers performbetter than their

cids. For.exanple,, fornic, -
compounds, sug‘gctants, thicﬁeneg,p an% dlvaf%nt zine'compounds. This disclosure can be

_uﬁlized to improve the adhesibn of coatings such as paint to he metal surface and to
improve the corrosion-inhibiting properties of metal surfaces such as aluminum, steel,
galvanized surfaces and the like. The acidic solutions of this disclosure also comprises an '

15 effective amount of at least one water-soluble stabumng égent or comﬁoxmd consisting of
polyhydroxy compounds and/or water-soluble qarboxylic compounds containing one or |
more carboxylic functional groups having the formula R-COO- wherein R is hydrogen or
a lower molecular weight ofganic radical or functional group. The stabilizers i.e. the
carboxylic compounds can be used in the fon:ﬁ of their acids or salis. In some cases the

20 salts of ﬁe 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 tﬁe mﬂdly acidic pH range can be utilized as the
acidic solution stabilizers. The advantage of adding the polyhy d‘fow or carboxylic |

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



acetic, glycolic, propionic, citric and other
short-chain or |ow nol ecul ar wei ght carboxylic acids
that naturally buffer in the mldly acidic pH range
can be utilized as the acidic solution stabilizers.
The advant age of adding the polyhydroxy or carboxylic
stabilizers to the aC|d|c .solu é Ihe I mpr.oyed
solutiogh eTHe-dcidie selbdorpith @1 ViR S6BRs Fns.
The acidic solutions mnth the addi tion of the i
' substariiafipnb ipzdoigitatipardfier e Sat sventy el yonis off belipife svalpation
after nore than twenty-four nmonths of shelf-life

and wiﬁ1\'>ﬁil déﬁg BFhdafih VF ieQuldepinted eaktasiagdrformaice! NBig's 1-6 show the

osited coating performance. Fig's 1-6 show the

lmpmvf;gg L FihuBE bF QG oAby Al LIWh fld B DoGfiBh Al by this

OSI Ion d by this dis sure in

dsclosiGy RBTER G EoNEDIRRE e SRt ARk

is provided a process for coating netal substrates to

i nprove the corrosi prote |on and

gty fgﬁgetsppc%}ileﬁls %Wﬂfgg SRUOGEFSIS e Icoreangt P]teta s%rﬁ{gp 10 %Q:lv@ Bhe
corrosmnc‘btjat%hfoﬂtaﬁé aMedibh Bdrlimg birar@thanmentompeifes aﬁatag itt@inoetal substrates

agueous sol ution having a_pH rangin I.o
with effecvesan®unts af eh aridieliereeny SR %tﬂ&taupéﬁf (il%i?ti? t ilgicts %

: | L er,9f f LMk RRP WiutnOdork GookO80 Ooat® gﬁifns af at
Smdachmggm%ﬁg%?P%§gﬁenﬁ @%ronlunt%oﬁpound f rom about «
jeast on®. Bilaltr Aongnansongfouwat fraastbogne. Ot Ito 0240 ga,rr@ o?fa?‘e least one -

from bou to 20 bout 0.0 o 20
st B 3 SRR T Al LBl B o 50
grams otf JupRARO %inb&Jttoa) tBQoghﬁhfﬁsof@lﬁwltehem keed eﬁfestlveaamunts of at least

effecti ve anounts of at |east one .sta
one. slglohoaPTpsal SECEet FPBTENGOT GO UOneT SEhRYy g compounds

carboxylf&@o%ﬁé[ﬁﬁ@ﬁ% nfrR{HRO mgespo ﬁ%b@%ﬁ c&b&oIpauipasmdand

res of the pol yhydroxy and carboxylic conp
- hnesdogad thep escnrowdeﬁ EPRPIHIORT Gy Faee I&ﬁﬂﬁb‘sﬁtfftr%o‘mmpm"e
NG T8 JrQaill TR PBstia RS WGk EQSredan
mecmﬂﬁpgp gcﬁdﬁggggm% hes o% géggﬁ alstren tﬁ ofwslalold%jr :
acidic ac[lie&ﬁlsoﬁuxbsttawag espH\hihgihg ﬁomrplbo%d (hi Sa%lsalj‘ii ecidigagsorg solution

| ut en
o33 80 20 DB DR A TR o 0148 S

chromiuS&bfhp& A Ukdn® Bbout 0. @TTﬂoa?thbﬁmsQJf@ﬂ.leﬁBD oﬂe('ﬂ)mglzmat@ffroat about 0.0
easF one trivalent chrom-umco

lo 20 rprit divalert 2ing pemrouads: Kpm pRoys . 0gne % “?‘H%?fé%rf%%%"ﬁ?\%m about 0.0
a0 bastldné@aBintinZdoRpound selected from
to 20 ’gmn{S%mh?&%%S %d%fnfggig%%?&%%o@t o 20 grans oE?Z Ogﬁrf actants,
the grouﬁ}:f @msasbmguofmo@hmo@o compavsdsof captiardige prRuRguNds papd  mixtures” of
fecti nDunts f at |east one stabilizing
pdﬂwd@éhﬁ@dﬁro e8tied"Fr om t he group consisting of
polyhydroxy conpounds, car boxyl i ¢ conmpounds and
-m xtures of pol yhydroxy and carboxylic conmpounds. It
is therefore an object of this disclosure to provide
" a stabl e acidic aqueous sol ution conprising trival ent
chrom um conpounds, fl uorozirconates, polyhydroxy
conmpounds and/ or carboxylic conpounds for coating
nmetal substrates including pre-coated substrates to
i nprove the adhesi on and corrosion-resistance
properties. It is another object of this
di scl osure to provide a stable acidic aqueous
solution having a pH ranging fromabout 1.0 to 5.5
whi ch conprises trivalent chrom um




conmpounds, fluorozirconates and at | east one :
pol yhydr oxy conpound and/ or carboxylic conmpound for
treating netal substrates with or without a s
pre-existing coating. It is another object of this
di scl osure to provide a process for treating netal
s Ubis thegafes ant @iqst SNHIHESAOSHEA PAGISH Tahlcaridic aBI0YST i abl e
col or, gpod adhesion and i nproved _corr.osion
solutiQnGORPER g, ﬂwvg{épg hyopijp ewpamdgcﬂuwlm%eai@émgmw
to provide a stable acidic aqueous solution having a
compsindpangi orgatbaxyiistisompounds ooc@iing srrig) shbstmates tndludibg pte-
chrom-um conpounds, bexafl uorozirconates and at |east
coatedabaaldd @ yinpfovartté adhepiohyhy dorxsios-ossomntspiopertics,
treating netal substrates at anbient tenperatures or
! RGOS RL I SR ARG Hobr Y LhAa OB salytion

. substan I'y "'no "hexava romum
. ' l.sgl i1l .
navi KA BB 1o B B8 bk I o
compaEmiBRYTA RS 650 2 4 ghe PRBERLR compeSesepd PeRR beiic

THE DRAMVNGS_FES. 1 (phot@) shows the corrosion
compgund (9F Farfing wptahsu S T E @n Wighout ARROSKISETE qoakBag.

with the conversion coati ng derived from a

C QP @ultilet Sect JHERYs BisclBsufd@povids a frsanPlberdifmddi s -
i nvention. The bottom.of the panel was not treated.
substrates to provide a coating with an identifiable color, good adhesion and improved

COITOSiON resistance.

Itisa furI;hef object of this disclosure to provide a stable acidic aqueous solution
having{!a pH rangmg ﬁom ab:aut 1.0t0 5.5 comp:ising trivalent chromium cOmpouiids’,
hexaﬂuoréziﬁ;‘onafes and at least one carboxylic and/or polyhydroxy compound for
treating metal substrates at ambient temperatures or higher mein said acidic solution
contains mbﬁantiaﬂy B0 ﬁexa?alent chromium.

These and other object of the present disclosure will become apparent by reference to the

detailed description when considered in comjunction with the accompanying FIG’s. 1 to 6, {photos).

5a
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Fig. 2 (photo) shows the corrosion performance of an

al um num al | oy (AA2024T3) panel with a conversion
WORHKHBHY deri ved from a conventional conposit PERUSIERPL4L4

Wi t hout a (R—COO) carboxylic stabilizer. The bottom

_ Qt~&reated. 10Fig. 3 (photo) shows

st-rance of an al um num al | oy
(AA7075T6) panel with a conversion coating derived
froma conposition (TCP/RCOO-) as Exanple 4 of this
i nvention. The bottom of the panel was not treated.
Figgl (photpirbows tahenupsidepesformeneant spalyminiamaliopt an
al umi num al | oy (AA7075T6) panel with a conversion
(AA2024 93} pang] deihi the dodversiomcaating eletived rbrcosymasisition(TCP/R -
(TCP) without a (R COO) carboxylic stabilizer. The

C0O0-) z@@;&aﬁiﬁl@ﬁ of ilds RARAlion\aFThé Béttdh @R iR Danel was not ftedtedd
(phot0) shows the corrosion performance of an

EI drc %mcﬁggﬁé SO utqsgnt%r%%m? t #'%ﬁ%n%l?a ti gﬂ
<AA2°2§?%‘>£' SLonyicomerateafind v, %gaéﬁﬁén@"%gim o

hows the corrosion performnce of an um num al | oy
(TCP) “aféﬁgﬁ a (R-0Q-)cashorplic stebilizery Fhebatiom %fgﬁhs ipanel Vs Aet
solution (pH 3.90) of this invention containing 0.1
treated. npl e of glycerol per liter of solution after 25 days
in a neutral salt fog. The bottom of panels (Fig. 5

Rpd @howsshows thd dogbivgh. performance of an aluminum alloy

(AAT075T6) panel with a conversion coating derived from a composition (TCP/R-
COO-) as Example 4 of this invention. The bottom 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-COQ-) carboxylic stabilizer . The bottom of the panel was not
treated.

Fig. 5 (pboto) 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 sait 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 botiom of

panels (Fig. 5 and 6) were not treated.
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DETAI LED DESCRI PTI ON OF THE | NVENTI ON Thi s
invention relates to stable acidic agqueous sol utions

WO 3HE98%512 he process of using said agueous sol BETAIF3005/041414
having a pH ranging fromabout 1.0 to 5 5, and

DETAIRES BHSERIPRON OF B0 iviabridhy 4. 5 of 3. 4 to 4.0 for
S atings such as

conversion coatings on netal substrates including,

for exanple, pre-coated substrates e.g. anodized

al um num or phosphate coated substrates to i nprove

Hus myeston sidenip siahle asidiccaquees sehitioas pad s process of

properties of the netal. Phosphate coatings include
using sasimqueoss salgtiodsiavingiapt hengimg fromaboui h to b &, and prefirably

zi nc phosphate coatings, iron phosphate, 10 nmanganese

from ab@RRQSP1RM.6 or 3MCkoM. X & prépBingRistonmPElasHiah & oaBagds sHgs as

The process conprises using the acidic aqueous

converslﬁﬁ |cH£ﬁI§§§ cﬁim&t@ﬁﬁﬁkﬁﬂ 185 BR-1dRAE) 105X dRy co QHét Sstres e.g.

hi gher . up to about 200 \NhIfCh rlses rom
anodm%%%%ﬁ?@mf% P%rgwéﬂ% %Eﬁe%ﬁgt?%%%r Ritctaghbdph B3fiibg and te

sol yti on of at ter, soluhle trjval ent
comosioR P RIGAEN & (e goeth Seopragsinclde e sowines
to 24 15 grarrB and preferably about 1.0 to 12 or 1.0
known ip gheoubinghuing, fer cxampde, zine phsisphatoeraiingatiroueplasphaie
fluorozirconate e.g. an alkali netal salt of H2ZrF®6,
manganesa phbspiatesiand miged Cdlcinm-2ind phosbhoteafoatingy. YTk Hiddess 0
1.0 or 0.01 to 0.2 noles per liter of the solution of

comprisé usiotht 201 ¥ficoiis SEItbN &t Binpbiahirdd Afgiagpito thout 120°F or
conpounds sel ected fromthe group consisting of

higher o 0 B bdut 200 PRHRA SonRRlHBEBRIRNCRTP RN %ﬁiyﬂ

ures of these stab|I|2|ng conpounds I n
prefembfyailr&g tabé&t o gF g%gz Bxgg q %QFﬁéﬁ.%?R%g p{j %mﬁxfc h]ltfo& otf at least
o B SN A BT SRS, T ot 2

surfaces treated in accordance with the present
grams andpreferatdy ahent lgdtoald onkP4p 64 grams HF’éhﬁeh@F spdutiep offa feast
exanpl e, iron, zinc, magnesium steel surfaces,
one fluoionisbontitn g.£. embikakmetal st H,Zel-andrfrom ebowt] 0.69kto 2.0 and
- thereof. Virtually any netal surface, including netal
preferabBA0.6GicRs1 .0 00 DAI1NO 0F mofrsqice fiter of thesbhition@tat k@st iy waker-
treated with the conpositions of the present

soluble étte{]ﬁélﬁ% 2 ent OF ESfapSinRR e Rted Tooe GRGrng LoikistgRifekdbbRelic

substr at e e.g. alum num
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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5 substrate via conventional nechanical or chem ca
techni ques, the acidic solution of this invention is

WO ZH6(08¥dY at about nom tenperature to the nmet aPCI/US2005/641414
substrate via i mrersion, spray or w pe-on techniques

.sim lagr to.the proce used ,f.or., net al atnent s. .
gatvani G et bty of HRES BertBE Gl pcte! §R ey Pluding
m.nutes. With this solution, .the 1,0 to 30; r 1.0 to,.
metal sUraGes GORIBINING: ProfscHye ekl ¢oating WRY PRiFRe Piithith compesitions
change, paint adhesion, and 10 corrosion resistance.
of the pfRisentlingentivni0 ni nute dwel | tine yiel ds appreciable
col or change to the coating depending primarily on
Alfier cleaniing ahd deoxidiginip] cdpickling ke mgtad sulstratel dit. iahmintiine
remai ni ng unreacted solution is subsequently rinsed
subsiratl;e RARArVRn SR neBhiREddl BF Bhthicht thethiQies Bk ABIIZOS MR T this

n sone processes, depending on the physica

. . I . | .

inventichl 1 ARE c2bbi3pah bABrIRNe L, BURRHECBockle Suyrdeion,
the addj tian of.a.thickener to t sol ution aids,i,n,.

spray or e FiePPRANR GiEAbAS th TLBiaer P Sy e e pashyh Setition

.applications by slow ng_down solution evaporation,

dwell tim;ranggstioyn phat d {tor0f minutesn With Yygaeutiondbe &0ite 40 pad.0 to
degrade pai nt adhesion. The addition of thickeners,

10 mimu¢ dwellituhee yinldp no pptimind filok dorvelorohange; paigt adhegionanda
applications and mitigates the diluent effect of

corrosiohi resistaned. €The2Q0 td 80 niites idwellaiiné Vields wpptccabR dlvricRgnge to
processing from previous steps. This feature of the

the coatRieQfePeading phiflarily diiheQhe R bitEfodifioH of MY Aqidus bo1RAKS.

and are an I nprovenent in coloration and corrosion

The u::ll-llgigé ;% F%}eg&ed m&&&i &%Hpéqglgﬁ%" ﬁh&la% I nﬁ%ﬁ:ﬁ%ﬁﬁ?&ﬂ&t& With,t&p

se conpounds "can resent e ac
. aqueous solution in anounts ranging fromabout 0.0 to

ordmon?%%dwéﬁ% per liter and preferably 0.5 to 10 grans

e.g., about 0.1 tqg 5.0 grams per_liter of the

Ipgoamsuzroesssen: dependingonbe ph rhRragerstics O the metal substrate

characteristics of the netal substrates, an effective
e.g. the plyrsicabsize of thewieel of alumiign substratesy e addigion o b ghickener to the

surfactant or wetting agent can be added to the
solutionaddinopticdun fibn formaiauhirmgspragiand Wipeon applitationdbyt o

20 granms and preferably from0.5 to 10 grans e.g. 0.1

" slowing dewh OheichBvapsthtibd. t Bhis @hitightes B¢l fohhatfdl sfipoWdenleposits

There are many water sol uble surfactants known in the

that d_egit%{ﬁli: %ixﬁ‘%&h&%. R QbR oh Jf"cﬁicﬁéi{g?%%gs%%?%iﬁig%ﬂﬁ‘ﬁﬁﬂt I on

e“surtfactants can be selecte
formaﬁo%tjfﬁ.%jélsgt ligl%? glgéa a%BﬁéAu%% Gad (x:llalhéﬁgsl e B URY & rinse water
that remains on the substrate during processing from previous steps. This feature of the
process yields films or coatings that have nc; streaks and are an improvement in coloration
and corrosion protection. Water-soluble thickeners such as the céllulose compounds can

be present in the acidic agueous 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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The trivalent chromumis added to the solution as a
wat er-sol uble trival ent chrom um conpound, either as
WO Z006{088%31% or solid and preferably as a trival E/T/US2005/041414

chrom um 10 salt. Specifically, in fornulating the
aqueoug i ic AUERE ueBBbdthh 8T aleledishlY Bk BibuatglBitrats, an

. Soluti in it ter sol uble . fqrmwherein the
offectivg Bk sl BRORHCOT ah IR ok Wacrobls Siriqgiant on wsfiing aggpran be
of the preferred chrom um conpounds are incorporated
added t¢ thedeidig splgtipn in amoynis ranging fegm @boytdhd o 20 grams and
(NH4) Cr (SO4) 2, Cr(NO) 3-9H20 or KCr(SO4)2 and any
preferably ftomx 85 tofi ttgrenee.gobd do dds grafusiper piiaf ofithestidic isviationt
chrom um salt concentration is within the range of

There afdRbly Fafér bStubleGuefaatiBis Melownl ihahe pfiot &€ amDIBRAMSe for purpose
solution. It has been found that particularly good

of this i%ﬁéfdo %h@é&ﬁé%%i’s‘; Eh%q)efsrefé'aegqﬁﬁﬁ Y %gﬁﬁ %ﬁn;siéét%g%fhﬁﬁ-ionic,

rival ent chrom um conpound 1s pre ution1n
. .th teferred ranges. The acidic solutions may
cauomccadﬁtag‘?%“é?mfaé’@?s'one di val ent zinc conpound to
rovide 20, col.or and. i prove corrosion protection of
The truyaleat claomivms ag#ﬁﬁﬂaﬂf@&l% e wateselnblectgvalpnt
_conpositions that do not contain zinc. The anmount of
chromiunh sompnend sitherasddiquad opsolidand geferbdypg s trivialest dobmium
inmparted to the coating, fromO0.0 to 20 grans to as
salt. Spetifichily,ds fahnldtin®. 186 dcidicapeqarsolutions ofi this mviftigr, drs
per liter e.g. 0.5 to 2.0 grams of Zinc2+cation. The
chromiv#h ¥att 84 beZad¥ed ¢aiivédfeniylip ke hitiorAinitsGhast slble form
compound e.g. salt tha di ssolves in water at the
. I |
whereinl i lefite GARE SRR pRAS, or SRERPIc, W Y1 ol e

er cgnpogents Int | | Q t zinc
o RH R SR rABL B PR P PP BG63,
RSP b e SR SEBRY BB A

the like or any 5 conbination thereof in any ratio.
preferreq fivalent shramiunbyaliceoacenimption it withinsthg |‘ra1ww§ta¥aute‘isﬂ toah0
be carried out at various tenperatures including
grams peelitee ofithe rrgaeass solwtios o fhas beenfvival thatpgeiculariyrgood results
anbi ent e.g. from about roomtenperature up to about
are obtain2dfro 1titise PRicessps Whed daLitivARFchrBedum componR! i¢peesest in
prefened, however, in that this elimnates the
: Qﬁ%&ﬂe : ating equi pnment. The coating may be
Somtmngiﬁr rigégregy%%ér%g of the nethods known in the art 10
7 4480 GoluliOfs xﬁéf EBtt&in #4485 dHediPslend SAEE&Hnstnd to provide
dryi ng, exposure to infra-red |anps, and the |ike.

cotoe nf iR BH R ARt Uik b b e ©
SN TSR NN T —

coatings for nmetal substrates includi n% net al .
can be varipd o agdjast the color imparted to the coating, from 0.0 to 20 grams 1o 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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15 having pre-existing netal coatings. EXAMPLE 1 A
stabl e aci di ¢ aqueous sol ution having a pH rangi ng

WO 2006/¥838but 3.4 to 4.0 for 20 treating netal PCT/US2005/041414
substrates to provide a corrosion-resistant and a

. - I it

dissotveg fi ¥y u?%%%éﬁf%ﬁ?g@éeaﬂgr ol 3e ok 393@ b LR St
sulfa e hasi t rarrs of t assi um

compongps, 4 the aig sp ﬁa%v Gt Sprep atg watergnlybie at the

and about 0.2 nole per liter of solution of an alkali
required genegntrations pyeferabiyrinclude; fr exaplypeiuc acetate, zine wllride, zinc

aci di ¢ aqueous solution for coating steel substrate
tetrafluotabotate, mir: molybdste prine beiatinarusilaad, zig sulfateaod the like or any

conprises, per liter of solution, about 3.0 grans of

combinatibh ﬂi&@fﬂiﬂ Ao RO THY tfedinhati Or Bodiny ofahRe et shbsiraitf®an be

of potassi um hexafl uorozirconate, and 0.2 noles per

carried Og{c: %\tg\fang% AL Jéﬁr%a%fxcl@d]%@e!ﬁf Jﬁﬁe‘s%f tﬁf?éotlutﬂ:f Whilh tdnges

agueous SO Utl on

or. coating,steel substrate

from a3t €@ Frirn Apaoezouny BPPPelist b Jo BOGYIZB S o Reh@ B abowt

o (LONMPrisin per ljter of solutjon ouI 3.0 grans, of

200°F. Kqqul Saraperatire s BrefFared iOReuet Huthat ﬂ%%lmmateé ﬂ&r%ﬁ?gssgr for
pot assi um hexaf | uorozirconate, about 2.0 grans of

heating egpipaentt Th¢ eoating fay de airdirig bytany cddhe mﬂled@@own ingthe art
of solution of form c acid.

including, for example, oven drying, forced-air drying, exposure to infra-red lamps, and

the like.

The following Examples illustrate the stable acidic solutions of this invention, and
the method of using the solutions in providing color recognition, improved adhesion
bonding and corrosion-resistant coatings for metal substrates including metal substrates

having pre-existing metal coatings.
EXAMPLE 1

A stable acidic aqﬁeous solution having a pH ranging from about 3.4 to 4.0 for
freating meetal substrates to provide a corrosion-resistant and a color récognized coating
thereon comprises, per liter of sofution, about 3.0 grams of trivalent chromium sulfate
basic, about 4.0 grams of potassium bexafluorozirconate, 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



15 EXAMPLE 4 An inproved acidic stabilizer
sol ution was prepared fromabout 4.0 grans per liter
WO gJ06{881853% si um hexaf | uorozi rconate, about 3.0 §EEAS2(981041414
liter of basi.c chrom um MO 20 sul fate, and about 0.01
nol e per liter of pot@assi rmate. After about 30
days, the pH of the ggg%ygg%i%as 3.96. After about 12
nont hs, the pH of the solution was 3.92. EXAMPLE 4A
An i nproved acidic stabilizer solution was prepared
fromabout 4.0 grans per liter of potassiu )
A shable agislie aqueass splation g gpating)stesl sHBstEls to ﬂ@ﬁ gpprosion-
basic chromum (I1l1) 5 sulfate, and about 0.1 nole
resistantpenting thereoofcogipyises, pbx liteafgaluwticn, abew 30 gxamsefitrivglent
fromabout 0.01 to 10 granms per liter of potassium 10
5  chromiufifstafale sz hbonrRd granfsiofpoaisiuin RexaflutzitComgis mad PeX moles
liter of basic trivalent chrom um sul fate, from about
perlitergfg)lﬁﬁ’onl&'ﬁ i Bl kalt 6f ciftfc &idat er - sol ubl e
surfactant, fromabout 0.0 to 10 gramnms per liter of
nmet hyl cel |l ul ose thickener, fromabout 0.0 to 5.0

grans per liter

EXAMPLE 3

10 A stable acidic agueous solution for coating steel substrate to provide a corrosion-
resistant and a color recognized coating thereon comprising, per liter of solution, about
3.0 grams of trivalent chromium sulfate bésic, about 4.0 grams of potassinm
hexafluorozirconate, about 2.0 grams of divalent zinc sulfate and about 0.001 mole 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 (i)
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.

1
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of a divalent zinc conpound, and from about 0.001 to
0.2 nole per liter of a water-soluble carboxylic acid
WO 2006/088389 EXAMPLE 6 The sol ution of Exafl/Esm0s5/641414
wherei n the potassi um hexafl uorozirconate is 4.0
grams per liter, tth um sul fate is 3.0
granms per liter, th i nc 20 conpound ranges
fromO0.05 to 2.0 granms per liter, and the
wat er - sol ubl e carboxylic acid sal t ranges from 0. 005
to 0.01 nole per_liter and fromO0.0 to 10 grans per
An improvrd agidie siebilizer spdwidonsvas prepamd from ahaud 4¢) grgms per
grans per liter of a nethyl cellul ose thickener.
liter of pdiassiyph dierafh{drogtcondtedabmin W0 grams per lilos obbasamchrpidiva (1)
of al um num panels with and wi thout stabilizers in
sulfate, ahagb&gr(ppﬁﬁn%\%@ as Og] giegel, The netal substrates
(AA2024T3) 2006/ 088519PCT/ US2005/ 041414 were
cl eaned for about 15 mnutes in non-silicated mld
al kal i ne chem stry, deoxidized for about 5 m nutes
with ferrous-based c ] nd treated in TCP for
about 5 m nutes. The-%@i&—)g\ére then placed in ASTM
B117 exposure salt fog. The bottons of the panels,
Fig's 1 and 2 (AA2024T3), were not treated to
denonstrate the performance of the 5 bare netal in
Acsohgtoni lswing Gomlaboeidh Qb tes 1 @ grasusepes diteg jof prtagsinpanel s
treated with a solution as Exanple 4 of this
hexafluotozitesiatd) fronabait 00Ubt Ygrass (pAAERY 6ff Gasiveriealehtehromium
for about 15 mnutes in non-silicated mld al kaline

sulfate, ﬁfdﬁf&&cﬁk 0Y0 toCRRrhitl pBETHeP bf A Rkr-sohibld WirRStank, tfom about 0.0
ferrous-based chem stry and treat ed in TCP for about

& NEBmR
o 10y PHSE S ) BB U5 End PG S

ofa dxvaiénpzmc 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)

12
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10 and 4 (AA7075T6), were not treated to denonstrate
the corrosion of the bare netal in conparison to the

WO 26/08%5M er si on- coat ed al um num panel s tr eat eBCTHUEHWOH041414
solution as Exanple 4 of this invention. The term

were cleafidd forfass{fit 1 fos 3R hbn3NiAIGHTA ARARE CHeRiSH-ARBSkidized
test set forth in ASTMB117-61. The stabilizing

oo R SRR BB A 0 AL Sl s s
rhe o i A R SR B, B

lutaric, tartaric acids, ethylenediam ne tetraacetic
panels, Biglsd andd ¢AA2024[08).pyese ngbbreatekioiemanstite dhe persirmange of the
the carboxylic group does not contain a significant
bare meial ihevmpdrisoa tdthe sontérsiondeated abeninhm posisardattd witdor ee
of solubility. Conbinations of two or nore of the

solution 8 Exampid4 of thCindentiol) NMetalStidtrkes QRAROTSTS)3hkre cleaned for
specific pH For exanple, the | ower nolecular acids

about 159HRLs H3HonSsiRARA Afid BAlARS Bﬁ%@%ﬂ*ﬁﬁgﬂiﬁgﬁg %@Ex?s Hinutes

concentrations of at [east

. liter oqQd al, -aroun bili s. Parti.cul arl

with ferggs s ekt SIS RS RSP il fpBAs ere
prepared by addi ng about 0.01 nmole per |liter of _

then placedh inAy TM B Ll sspesurr salt fog. ghgaindhe hatiem ﬂ'ﬁl the pesels, Fig's 3
sol ution preparation. Good results are obtained if

and 4 (AAZOETEDI Wersinotytréajed tasdemenstratetbg gorresion/ef the bare metal in
2006/ 088519PCT/ US2005/ 041414 conpounds cont ai ni ng

comparifuai o thy dieccopvasidnasatedahithinugr panels treatiduslitn g solatien as
exanpl e, conpounds such as citric acid, glycolic

Example;‘f] bflthid ﬁfetbh&o@ Cifd tefth ¥6AN o™ A€ ihe Salt Shraty BbirSside-tedistivde test

eir salts.

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

adipie, 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 concentraﬁons 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

13
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In addition to the carboxylic conmpounds as
stabilizing agents, small but effective 5 anmount of

WO ppP883Ur oxy conmpounds al so can be used as PCT/US2005/041414
stabilizers in anDunts rangi ng from about 0.001 to

compm%ﬁgo%%%a%%ﬁ%@@ﬁ' a8 Tl Srabp i oy ipble

rol .apd the, di hydrjc ether. al.cohols [of0)
sompoungs FgslLes iRt glycﬂosy P 14570 atif. s Boids, %l“fgﬂcy 54 and
Met hyl ene gl ycol ethers, propylene glycol ethers,
their salts.r i pr opyl enegl ycol ethers, di et hyl enegl ycol et her.
O her glycols include sonme of 10 the | ower nol ecul ar
Inveddifivn totp carbdsyliucimpounds hy stebidiziyigyagehts, gmaliniteffective
gl ycol, butylene glycol, cyclohexanol, and the
amount o%bﬁfl?ﬁﬁb)b}bécﬁn s ﬁmsxeh loi S GlabEIAcB irearGountd¥anging
pol y- (oxyet hyl'ene) or pol y-(oxypropyl ene glycols),
from abogg(g,gﬁﬂ 0 Qggahg iy o}ﬂeﬁ 610 m% PP:I 1it8r.U'Ph unds

oyed to0 pronot€e sta ty an

include the. ﬁﬁxy{iﬁh%ﬁlﬁ) f & A 'ngtﬁ%ﬂe‘i’ﬁ"?&‘ﬁd‘?ﬂﬁ%‘ ”g?"ri‘ﬁﬁg‘ﬁa %h :
chers ingybhe AUHGRE & Udfs{hg%gagt- FsNene8ly ool fbies Smmpigon el

up to tmelve carbon atons. This class of di- and
ethers, triproyjeneglycolbwibersa Hietinderegtyenl ¢ther. (benglyedds include some of

containing up to ten carbon atons in the al kyl ene

the lowerghoMpular geight compdiyridssaclyhyethylenagiycodlhpropylepg lycol, s,
such as diethylene glycol, Mthylene glycol,

butylene EBLOHR @fi&lﬁh&%ﬁo ?hﬂ& fle watkRESME OB @kyARYlene g fycols) e.g. the
rlpropy ene glycol, dibutylene glycol, tributylene

roly-ofigle rgz@xgéﬁ@g s@gwx BRGNS
coging R FR AT e g@xaq%‘cﬁgpae o
solids.inﬁ;@:cégéﬂ g?tﬁ st ag: I i 21 n é?qg‘grounds g\){mc? ajlp the

2006/088519PCT/U82005/041414 I n adstlon to
alcohols inigndg ghe water sndybledawenalkangls.isack astbie di-andgridydpe atkagols
t he aci di c aqueous solutions may contain small but
containing fupdo twelve ambontatoms$. Thisrl:3s 6f dio agd trijryelnis lewey. allginOls can.
to 12 granms per liter of solution of at |east one

include glylcuR'comBlisihg uf t6 GiEBsh Aok it ihegigNeROLods e gL timedylene

hexaf | uorotitanate, heptafl uorotantal ate,

glycol, ax{cﬁi]é ?B%}gﬂf Bﬁo&ﬁsh% (ﬁﬁgﬁc So%@ﬁiéﬁﬁé}{@g@&ﬁ tefifethyies

ng the aci ons of this invention,

ol u t
A e e
t 0 to.20 I t f bl
otherpola e glyceja pidisen tnpilcens SAisaL s ot i © #iht carbon
surfactants are added to the agueous solutlon to
atoms angh profergblyzom éwo \‘pr@qurn@rbon 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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10 properties by lowering the surface tension thereby -
i nsuring conplete coverage, and a nore uniformfilm

WO S 1et al substrates. The surfactants i ncPGB&S05/041414
| east one water sol uble conpound selected fromthe

HOSAIROIE R Bk blgﬁﬁd&fx? RAA chi®BkFlic MYiRFANS coMpBubdl tiRNichlic
surfactants. t he better known wat er sol ubl e

agreous aﬁi&(ﬁfs rﬁ& e Sod #%%ﬁs‘,lglgt s @%&{)% Od‘ﬂoxﬁ* %ﬁﬁg &
0.01 to lgg&'&;ﬁ?ssgﬁ g@ #S&E@%ﬂ%f Eig % %%:f} %téﬁ.\gc)o):dpound inchiding

pal m ti cal kanol _am des (CENTRQ(r))

compounse syeh ascheatiuorgtitmater heptallpqrptantalss. et aﬁ}’m@
nonopal mtate (SPAN(r)), dodecyl phenyl

hexafluonpeilicaterapdghebksicol et her (TERG TROL(r)), al kyl
pyrrolidones, polyal koxylated fatty acid esters,

InophrispAriehe raelcﬁméd‘iﬁﬁta:tseﬁ’ B8 dnvenKbnl mmmmenio}um her
known wat er sol uble surfactants include, for 20

smfactan%’ifémﬂeeaid&@ﬁ) e rﬁaﬂmaeﬁ%korﬁhm $oH#RSn aamneciqﬂ@hg fiohn

et hyl ene oxide wth fatty am nes; see

about 0 téé gg g%agﬁé e%éjﬁlterjﬁﬁ rﬁr%ﬁ'@ﬁ)ﬁ)‘ 8%5)?(% ff&?}aﬁxﬁ&? 156 'I?tm;’ O’grams per
iter. Thegipcr R FLSIES Hasur SRR (o PRYEEIDR BPMRer o

vertical surfaces are tqQ be sprayed, thickening
properties y: yveerimngrthp sucfgsgdension therelyrinsusing sqmpliie covirags: and &n
the surface for
more imniform filta on the metal substrates. The surfactants include at least one water

soluble compound selected from the group consisting of non-jonic, anionic, and cationic
surfactanis. Some of the better known water soluble surfactants inciude the
monocarboxyl imidoazoline, alkylsulfate sodium salts (DUPONOL®), ethoxylated or
propoxylated alkylphenol (IGEPAL®), alkylsulfonamides, alkaryl sulfonates,
palmiticalkanol amides (CENTROL®), octylphenyl polyethoxy ethanol (TRITON®),
sorbitan monopalmitate (SPAN®), dodecylpheny! polyethyleneglycol ether
(TERGITROL®), alkyl pyrrolidones, polyalkoxylated fatty acid esters, alkylbenzene
sulfonates and mixtures thereof. Other known water soluble surfactants include, for
example, the neﬁylphé:noi ethoxylates, and adducts of ethylene oxide with faity amines;
see¢ the publication: “Surfactants and Detersive Systems”, published by John Wiley &
Sops in Kirk-Othmer's Encyclopedia of Chemical Techmology, 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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WO 2006/ 088519PCT/ US2005/ 041414 sufficient contact
time. The thickeners enployed are known i norgani c and
WORPfISBHBl y t he organi ¢ water sol ubl e thi cken®C3/Edes@41414
to the trivalent chromum solutions in effective
sufficiemtroontact titneg . Thd thidkehérs ERM0yRAREERASVAL indflEn] AR ﬁ}ef -
fromabout 0 to 20 grans pe)%gliter and prefera yeaafbéythe
organid WattPsol B8 PhiPlentrdhddd i ' ko the :
ganic f ShiPkenbrthdddd o fhoBfi 8t ohih{oiHions i effective

acidi c solution.
amouned). & SN EEDSonT Ciogte framgbom (ot eragsingt hir and

ellul ose, hydraoxyethyl cellulose, hydroxynethyl
preferal . foodEerams ofd: 15§ eroren mediteraf the seidi selutinar Specific

O her water sol uble inorganic thickeners include

examples,pf somenrefortei] shickeriersinckide fhexeellvéost sompeyndst apches,

gum ar abi c, tragacanth, agar and vari ous

hydroxypwopyl celtilosts(e.gl Kan¢et), etybpelhilag, hfdtorRigl cslklstd, at e

surface to be coated via conventional techniques, the

hydroxyidthijliceltulesé) d? enéiRyllckBlo¥d Snd RS WbrociP
Wi p}gj-}on t echni ques. TheOTCP solutions of t I%I‘)\’iratersoluble
inorsanic tHRREARY - qd_tenpetat yre .
e rangi ng ugﬁ:tf%([)ei e%%lﬂ or ‘ﬁ‘?ag E:(iéaS% gﬁ‘ggasu eﬁfogltﬁﬁﬁgcgmgumammc,
timal ly applied,via imersion to further inprove
uagaca[{qﬁreégg:oﬂ%%qxgﬁs%@bﬁagﬁ% of the coatings. Solution
%ﬁg{lfl ti e ranges fromabout 1 to 60 15 mi nutes, and
Fes RIFRAsing the maty] substgge surface do be conted vie sonvensiooal
. 80F or higher. After dwelling, the renaining solution
techniques, thp sefutie canubh pplied vieinmersion, kprag obsipeatietechhiuésa The
or deionized water. No additional chem cal
TCP solntionsyflthits iovesitiof chb cbedepd 81 élechiéd {effipefin@ed RMRHRAIP/to 120°F

for excellent performance. However, an appli catl on of
or highefe $} BPRIEDEGhd PEmADY UbHIRA ia %}ﬂeﬁéign & dﬁﬂzh@? O PO the
addi tional corrosion resistance. The additiona
corrosjoft PEdiRRIce Bf cdafihgd. AHifiid S 20 GhSit 1% 60¢
of ormation g% %g%égaﬁgeﬁtt% c’ﬁ(ri%rgnﬁum |%uéq%eﬁb 0%‘ gﬁrﬁ"&értlo d
. f i yal ept _chronium The ue s0).utions
mimutes, BBl | % A0ior T 8 Toispinmdenan S 3% & aborg e
. 1o replace | rsjon tanks. ) Wiile this )
dwelling, fiermpinig saitgbls tracbeTovehbLgossd fipsbibe substepsewithitep or
. . exanples, it is obvious that there are other
deionized et Novaditinnakslonntivel amarinulasinie o tha defsited films are
wi t hout WO 2006/ 088519PCT/ US2005/ 041414
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 aqueous 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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departing fromthe spirit and scope of the invention
as particularly set forth in the appended cl ai ns.
WO 200#p898191. Process for coating netal substrat eBCT/GS2005/041414

i nprove the corrosion protection and adhesi on bonding

departingtfram diespiviti 2o scoppoi B Invanfioh ke Parkibiaf® *s@clforth in the
substrates with effective anmounts of an” ac

appended@ldfds sol ution having a pH rangi ng fron1about 1.0
to 5.5; said acidic aqueous solution conprising, per
liter of solution, fromabout 0.01 to 100 grans of at
| east one trivalent chrom um conpound, from about
0.01 to 24 grans of at |east one fluorozirconate,
fromabout 0.0 to 20 grans of divalent zinc
conmpounds, fromabout 0.0 to 20 granms of surfactants,
frorn about 0.0 to 20 granms of thickeners, and
ef fective amounts of at |east one stabilizing
conpound sel ected fromthe group consisting of
pol yhydr oxy conpounds, carboxylic conmpounds and
m xtures of the pol yhydroxy and carboxylic conpounds.
2. The process of Caim1l wherein the netal
substrates have a pre- existing netal coating
thereon. 3. The process of Claim2 wherein the
pre-existing netal coated substrate is at |east one
of an anodi zed al um num and a phosphate coating. 4.
The process of Caim1l wherein the netal substrate is
at least one of an alumnumalloy and an iron all oy.
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5. The process of Caim1 wherein the carboxylic
conpound is at | east one of a hydroxy- carboxylic
compound, a formc acid, a propionic acid and the

wat er soluble salts thereof. 6. The process of Caim
5 wherein the hydroxy-carboxylic compound is at | east
one of a citric acid, glycolic acid, gluconic acid
and the water soluble salts thereof. 7. The process

£i¥#§§fi"1l wherei n the acidi ¢ aqueous sol ution
ns fromabout 0.001 to 1.0 nole per liter of
fgrm'c acid. 8. The process of Claim| wherein the
ati di cPRgeEEdercoang mrighsubsitas RImprBRihaseTpsion potection and
2.0 noles per liter of the stabilizing conpounds. 9.
The prathesign bendipgstrengthwtdelesomnprises Geating Hieanety substrates with
conpound is glycerol. 10. The process of Caiml
wher ei effectiee amalpits dzanngidioapeomstsohsion having e piirirging from
conmpound havi ng nore than one functional carboxylic
group gbeut NOkeS.3! eaid acidic aqueous solution comprising, per liter of solution,
from about 0.01 to 100 grams of at least one trivalent chromium compound,
from about 0.01 to 24 grams of at least one fluorozirconate, from about 0.0 to
20 grams of divalent zinc compounds, from about 0.0 to 20 grams of
surfactants, from abotit 0.0 to 20 grams of thickeners, and effective amounts
of at least one stabilizing compound selected from the group consisting of

poiyhydroxy compounds, cérboxylic compounds and mixtures of the

polyhydroxy and carboxylic compounds.

2. The 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 at

least one of an anodized aluminum and a phosphate coating.

4. The process of Claim 1 wherein the metal substrate is at least one of an

aluminum alloy and an iron alloy.
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11. Conpositions for coating netal substrates to

i nprove the corrosion protection and adhesi on bondi ng
strength of said netal substrates which conprise an
aci di c aqueous sol ution having a pH ranging from

about 1.0 to 5.5; said acidic aqueous sol ution
conprising, per liter of said solution, from about

0.01 to 100 grans of at |east one trivalent chrom um
conpound, from about 0.01 to 24 grams of at |east one
$1- uor Gh¢ proorsa o€ Cldimonwhdremth®cgbaxylip gompound ipt least one of a
di val ent zi nc conpounds, from about 0.0 to 20 grans

of suhjdretyartnboxflicocongiwand, DfofmicacitiDa gropromicodeid and the water
t hi ckeners, and effective amounts of at |east one

st abi §draiechleaagresnd sel ected fromthe group

consi sting of polyhydroxy conpounds, carboxylic
conpounds and m xtures of pol yhydroxy and carboxylic
conmpounds. 12. The conposition of Caim1ll wherein

e Teriot e APCRERR Al o A i R o at st

o el g 3, B5TRRSHS el ST Bl

carboxyI| acid, formc acid, propionic acid and the
wat erth€6Plibl e salts thereof. 14. The conposi tion of
‘Claim 13 wherein the hydroxy-carboxylic conmpound is

at least one of a citric acid, a glycolic acid, a"- -
lactic acid and the water sol uble salts thereof. 15.
The cBrmreddss ofClaim ¢ vehameit thepvatieaquebtrsopion lepokaing yrom
compound i.s at | east one of a glycerol and a '

pol yadblsyi 0@ ©l 1yE Alolaydt litdief Eafddoxyd.i ¢ compound is a
| ower nol ecul ar wei ght carboxylic aC|d and the mater
sol ubl e salts thereof .

—

8. The process of Cla.un 1 wherein the acidic aqueous solutlon contains from

about 0.001 to 2.0 moles per liter of the stabilizing compounds.
9. The process of Claim 1 wherein the stabilizing compound is glycerol.

10.  The process of Claim 1 wherein the stabilizing compound is a carboxylic

compound having more than one functional carboxylic group per molecule.

11. Compositions for coating metal substrat&é to improve the corrosion protection '
and adhesion bbnding strength of said metal substrates which comprise an
acidic agueous solution having a pH ranging from about 1.0 to 5.5; said acidic

aqueous solution comprising, per liter of said solution, from about 0.01 to 100
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of a | ower nol ecul ar wei ght carboxylic acid and a

pol yhydroxy conpound. 17. The conposition of Caimll
wherein the stabilizing conpound is at | east one of a
pol yhydr oxy conpound and a | ow nol ecul ar wei ght

pol yhydr oxy conpound. 18. The conposition of Caim1ll
wherein the divalent zinc conmpound is present in the
aqueous solution in anmounts ranging fromabout 0.5 to
2.0 granms per liter of solution. 19. The conposition

of O &ramsiaf ahfeasteang tevaleny Fhromine sompeimdafiontabouts). @ loto 24
4.5, the trivalent chrom um conpound ranges from

about geantsloftableast oge Amerozirbenafd, fromabbutdohmt 20 grams of divalent
hexaf | uorozi rconate rangi ng fromabout 0.01 to 12

gr ans zinardmpbends] fadih lab@itg) LA sOEFREEntE TRy alad.0 to
0.001 to 1.0 nole per liter. 20. The conposition of

C ai Mg Fravheyreiibkdnbl, Siddidciivd AHomABTAURGtiohe SabiBVRl

nol ecul ar wei ght carboxylic acid and the water

sol ubl:@m}?cﬁh% ledbd £OH ng&g% sh'&'g ' ‘

wherein the dfval ent Stlhn C rrpll(i)un _g?’g%%%@&&compom“’
carboxylic compounds and mixtures of polyhydroxy and carboxylic

compounds.

12.  The composition of Claim 11 wherein the stabilizing compound is a
carboxylic compound have more than one functional carboxylic group per

molecule,

13.  The coinposition of Claim 11 wherein the carboxylic compouﬁd is at least one
of a hydroxy- carboxylic acid, formic acid, prdﬁi_onic acid and the water

soluble salts thereof,

14. The compoéition of Claim 13 wherein the hydroxy-carboxylic compound is at

least one of a citric acid, a glycolic acid, a lactic acid and the water soluble

salts thereof.
15.  The composition of Claim 11 wherein the polyhydroxy compound is at least

one of a glycerol and a polyalkylene glycol and the carboxylic compound is a

lower molecular weight carboxylic acid and the water soluble salts thereof.
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fromabout 0.001 to 10 grans. range from about 1.0
to 5.0 granms. 23. The conposition of Caim1ll wherein
t he aci di ¢ aqueous solution contains from about 0.01
to 12 grans per liter of at |east one fluoronetallic
conpound sel ected fromthe group consisting of
fluorotitanates, fluorotantal ates, fluoroborates,
fluorosilicates and m xtures thereof. 24. The
conposition of Claim23 wherein the fluoronetallic
conmpound is at |east one of a fluorosilicate and
fluoroborate and the fluorozirconate is

héxaf Mhe campositionedfaClaim 11 wherein the stabilizing compound is a mixture

of a lower molecular weight carboxylic acid and a polyhydroxy compound.

17.  The composition of Claim 11 wherein the stabilizing compound is at least one
of a polyhydroxy compound and a low molecular weight polyhydroxy

compound.

18.  The composition of Claim 11 wherein the divalent zinc compound is present
in the aqueous solution in amounts ranging from about 0.5 to 2.0 grarus per

liter of solution.

19.  The composition of Claim 11 wherein the pH ranges from about 2.5 to 4.5, the ‘
trivalent chromium compound ranges from about (.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.

20.  The composition of Claim 11 wherein the stabilizing compound is a lower

molecular weight carboxylic acid and the water soluble salts.

21.  The composition of Claim 11 wherein the divalent zinc compound ranges

from about 0.001 to 10 grams.
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22.

23.

24.

The composition of Claim 11 wherein the thickeners and/or the surfactants

rangc from about 1.0 to 5.0 grams.

The composition of Claim 11 wherein the acidic aqueous solution contains
from 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.
The composition of Claim 23 wherein the _ﬂuoromctalli'c compound is at least

one of a fluorosilicate and fluoroborate and the fluorozirconate is

hexafluorozirconate. .
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