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COVPCSI TI ON AND PROCESS FOR PREPARI NG PROTECTI VE
COATI NGS ON METAL SUBSTRATES ORI G N OF | NVENHON The
w0 nwefsssen descri bed herein was nade by enpl oyRP€(/552005/041587
the United States Governnent and may be manuf act ured
and used by or for the Governnment for governnent al
pur poses w thout the paynent of any royalties thereon
or therefor. CONTI NUATI ONAPPLI CATI ON Thi s Application
is a Continuation-In-Part of copending Application

BACKG NG P TP T VAo P E BRERARTNRCEROTET TVE

i nvention relat rocess for
using said conposf¥ﬁ%§gﬁ§br préng§6%§#gajggtlve
coatings on various netal substrates. The process
conprises treating the netal substrates with effective
ORIGENOF INVENTRONCI ¢ aqueous sol ution containing at
~Teast one trrvalrent chrom um conpound, at |east one
fluorozirconate, at |east one carboxylic conpound
and/ or pol yhydroxy conpound, at Ieast one corrosion
i nhibhjtor, and,optionall, effec |ve unt
£1'Uof B iBvERYGILAS Yo o8 e United States
fl uor ot ant al at es, fluoroborates fluor03|llcates
Gayeramentandi may bompaufaetsredandrused by psforyls Gpvemnmganios
and/ or thickeners. Mire specifically, this invention
govelmbesaltpurpdsab ivithawti the payanent ofi any oiyalties tisereondort therefor.
process for treating various

CONTINUATION APPLICATION

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

NC-96,343, Filed: April 21 , 2005.

BACKGROUND OF THE INVENTION

FIELD OF THE INVENTION

This invention relates to compositions and to a process for using said
compositions for preparing protective 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 polyhydroxy compound, at least

one corrosion inhibitor, and optionally effective amounts of fluorometallic compounds
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nmetal substrates including pre-coated netal substrates
such as anodi zed alum numto i nprove the netal

wa st es adhesi on bondi ng and corr osi on- r eSPGT/@EAL005/041587
properties. The process conprises treating the netal

suclaldrafi@fa uorotahiited, AGddbsrard! sii@dted WRAlent zinc

containing effective anbunts of at | east one
er - sQkub ' chr.omum salt, ,at_| eas e, .
comf3hiils SRpifs, MU b SHRTIERES - b BERHOAIRE s
. sal ubl.e golg/te@r gﬁno-car boxyl [ ¢ conpound and/or .
inven§py FSiaies 18 StebIF A dHAIUS A sotutiqns apd dhrragass fordenatipg yarious

anti-pitting or corrosion inhibitor. In addition,
metalsupeatessinedingpre-coated mttal substiatgsrsuole as anodizsd @lureinym to
stability of the acidic solutions in small but
impafvedh¢ inetal anbstrates adhesiomeorsling aplsdorsivnwesistanigsrbpdities. The
hexa or tetra-fluoronetallic conpounds, divalent zinc

procesd ésmprased tRhfiREibe et AMABE IeONitNA sRIblSRIdE hueous solution
t hi ckeners and/or water soluble surfactants. This

cont LEFQRivE AR RST af#éa?trlgﬁ v@tergﬁg@tgﬁ g-l\tﬁagént\f' Efé:%ﬂﬁuﬁrsalt, at least

conposi tions of specific chem ¢ (
one SREIRRBE HRuGRGRy ol A aPENE sl pdly B mons carboncylic

i ncl udi ng pre-existing netal coated substrates., For . .
comé’?%wg@e, Heﬁfélasﬁ!aax F?maﬁgﬂdg r'mi B‘Ialﬁﬁﬁt QR Wafeg soluble anti-pitting or
particul arly useful for coating alum num and al um num
corrgsipp jnhibitor. dn additions costppands bat easche adged toimprhemihe color and
corrosion protection and pai nt adhesion; for sealing
stabilitp of thecoittic sojstions iarshmiidert effectbeianountsihelaté atrieast one water
treatnment of titaniumor titaniumalloys for enhanced

solubhd Hexa a6 kac-Misrofretalli¢ eshporinds, fivAIBR B Al Aol @Ffe cth v amounts
enhanced pai nt adhesi on and corrosion protection; for

of W@ lsbiBlesthkbnd;? an@/emafeﬁgola%@hr@aﬂﬁj on and rust
inhibition; and for post-treatnent o

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 are particularly useful for coating
aluminum and aluminum alloy i.e. aluminum conversion coatings to enhance corrosion
proteétion and paint adhesion; for sealing anodic coatings to enhance corrosion

protection; for treatment of titanium or titanium alloys for enhanced paint adhesion; for

* treatment of magnesium alloys for enhanced paint adhesion and corrosion protection; for

cdating steel for enhanced paint adhesion and rust inhibition; and for post-treatment of

phosphate coatings, zinc, zinc-nickel, tin-zinc, and cadmium sacrificial coatings on iron
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phosphat e coatings, zinc, zinc-nickel, tin-zinc, and
cadm um sacrificial coatings on ironalloys and ot her
woretcalosssabst rat es e. g. steel for enhanced pai NnPCT/US2005/041587
adhesi on and corrosion protection. Many of the current
retreat ment ost-treatnment and seal er solutions are
055% r gl a‘ﬁ&tfaﬁs e Stpal fonenhameeshpaing adhesipr and corrosion
Hexaval ent chromiumis highly toxic and a known
progegtieR-nogen. As a result, the solutions used to deposit
these coatings and the coatings per se are toxic. The
hexMaay efithecturent protréatinent, ﬁbstctfh’atrhﬁﬁ?and Scaldt@0BMDhs are based on
yi el d out standi ng pai nt adhesi on, good corrosion

themgébﬁﬁ@;aeaend QO RIAE ERdrkidtry " ek ARRAE BhrdRfuh 3hifly toxic and a
easi |y appl |ed by i mersion, spray or w pe-on

kndviE QA ¥, tht 05f onalfsg Eé&%sn RN oGS Hha HR

orders, d I oca occup

t th tary .and._t he
contiRt hsrF e FotiS o The ke hler! qhipmitie Bl bf raunEniA doweper, yield

t he use of hexaval ent chrom um coatings is becom ng
outgignding paighadhegionsgqasdpertesionesistprpe: loyw @lﬂ@ne@isps:;stbmd can be

rohibitive with future PEL restrictions inposed by
eastly appiied byrithn@@sion, dpnayaerdivipeon, techmiques.n Homwevers thesnvirkemental
sprayi ng chromate sol utions are forbi dden at sone

lawk peiebitiveasrdels pariddo CXbid cenmiondl dagé e Caridi 2 altts €OSH) teRERations are
than optinmum alternative solutions. In summary,

drivifi¥ SheahBidry GBa ﬁf@é&nﬁ@&‘dl RASets &afcﬁ%f‘él&ﬂdt%es Moreover, the
outstanding, but froma life-cycle cost

AR AR s ASHOEH B0 e
o 45 S DR 505 P LR Tolsell B
Os%ﬁg%gggl%%aéér& nS plyc\)ﬁcésggsultlké Sr]]ﬁay?lrl]gv !:l;rglrr]lg?enstoﬁlltlo?lg grehfg?‘tllctigen at
some facilities due to OSH risk, forcing the use of less than optimum alternative
solutions. In summary, hexavalent chromate coatings are technically outstanding, but
from a life-cycle cost, environmental, and OSH perspective, dte@ﬁves are highly
desirable. Accordingly, research is underway to develop alterﬁative processes for metal

finishing that are technically equivalent or superior to hexavalent chromate coatings

without the environmental and health drawbacks.

Many of these alternatives, 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



Many of these alternatives, regardl ess of conposition

and net hods of application, have a tendency to
w@e@ciogsseat e solid nmaterial from sol uti on espeRCHIUB3005/041587

after heavy usage. This precipitation can, over tine,

ken e effectiveness.of the cqatjn | ution .as .
applERORE, TiRei hinsonian s eotsedal foriss the eitShotutions
Additiopally, the solid precipitations_have the
for sioragH ﬁﬁl‘gpmﬁ%%@%bcartiom that will ngeinterfereiwith thesdapesities process or
the i mrersi on and sprayapplications. Therefore, better
the subsequént iperfermanse o€ dwatepbsitestambting.ze t he aci di ¢
solutions for storage and process applications that
will not interfere with the deposition process or the
subsequent performance of the deposited coating.
5  sSUSHNERYOPFTHERNWVEXENONIN This invention relates to
conpositirons and processes for preparing
corrosionresi stant coatings on various netallic
substrates including pre-coated netal substrates such
hosphat e copatings or anodi zed coatings which )
7 BEnQn ElAieego LATPRSHIGRS B RoFeses{OnPoRABAE SuTaan-
.agueous sol ution conprising trivalent chrom umH
resigtahseatings, onf yagiops metallie, substates including precoatsd mstalgubstrates
inhibitors, e.g. triazoles, and stabilizing conpounds.
suchCpst plwsphate coatings or anslizedf doatingswhish comprisesyeatings the metal
surfactants, thickeners, and dival ent zinc conpounds
10  substeuesbeittasitsddicagtdtisashution cefipribingitivalditichironivei Il &dinpounds,
can be utilized to inprove the adhesion of various

fluofdAMRbnAGA ChbRES o BEPitiRsy IRibHord @ o H—?azﬁl%ﬁ,aind%%ﬁ;&g% &8fpounds.

to prevent pitting and corrosion of the netal ace
Opiil g Bt WS HhroBichli oARbUTRZ R BHAE BRAEARY. dfigvatens
zinc QU B o R BT S A e R0, TR G BPo e Eiligd o

improve the adhesion of various other coatings such as paint to the metal surface and to

-

15 prevent pitting and corrosion of the metal surface such as aluminum, steel, galvanized
surfaces and the like. More specifically, the acidic solutions of this invention also
contains effective amounts of at least one water-soluble, corrdsion-inhibiting or anti-
pitting compound together with stabilizing agents consisting of polyhydroxy compounds
and/or water-soluble carboxylic compounds containing one or more carboxylic functional

20 groups having the general formula R-COO- wherein R is hydrogen or a lower molecular
weight organic radical or functional group. The solution 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, organic acids such as

formic, acetic, glycolic, propionic, citric and other short-chain or low molecular weight
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conpound together with stabilizing agents consisting
of pol yhydroxy conpounds and/ or wat er-sol ubl e

W@ 2006088521 ¢ conmpounds contai ni ng one or nore cRChUKYN0F/G41587
functional groups having the general formula R COO

oS Sl PO 1 A B! S 8 i s

stabil.j.zers_j.e. the carboxylic conpounds can be used.

solutigp $ipfligess The adiantaeeed afding the apbydydexy serasberadisstabilizers
salts of the carboxylic stabilizers performbetter

to the peidia sedutionds thtsimproyedsshalfilife and myaring stabilitisofthe kolations.
formc, acetic, glycolic, propionic, citric and other

The atidictsohitiang with the wdditibe ofihe rstabwlighy scentibad|stbstagially no
that naturally buffer in the mldly acidic pH range

precipitatibieafidrithbre SHarpvenBe fov® idni hishaliiiel Z\%ﬂ%(t)ioﬁlﬁﬁd without any

advant age of addi ng t'he pol yhydroxy or carboxylic
bl _ . ion is the inproved
degrs e P-orﬁﬁéan%ogb@k‘%%ﬂé?%% [ §g'of the solutions. The
aclkdi,c, solutipons with the addition of the abilizin
aggfgt 51 "ﬁ 350‘9!&@%?%??’%3 P Waﬂ?ee%ﬁp% aﬁ‘é‘f‘P’HHJ %lﬁqyeqoa r"lélgl the

. than twenty-fqur nmpnths of shelf-life eval uation and
triazjerqogianing solytionsefihisdpvention ie comparines 4o thedameontirgs without
performance. Fig's 1-6 show the inproved performance
the corrogign-anhibitingriviadalesy coated with the
triazol e-contai ning solutions of this invention in
coltpsithessfioretan dbjert ofithis iwerdtidio® pib¥ilew btableeicidic aqueous
corrosion-inhibiting triazoles. It is therefore an

solutidy ﬁﬁﬁprﬁin% #ivalenP¥IR DG cbMpBhads, AfoRdzRtcHats, fAH)droxy

aqueous sol ution conprising trivalent chrom um

comPAUTRS BPEibody YR foh @M Ay efPe?gi)&? YALE0r58 ?fﬂ'g#ﬁcgrf]fop Loating

car boxyl I C conpournds ana an e Cti1ve anoun

bk phibi ot . ti substrates,ingl udin )

metah BBfieR Inctling PR B iR o Sk afiesion g corrosion-
. corrosionresi.gt ance :

resistance properties of the metal.

It is another 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,
fluorozirconates, anti-pitting compounds and at least one polyhydroxy compound and/or
carboxylic compound for treating metal substrates with or without a pre-existing metal
coating.

It is another object of this invention to provide a process for treating metal
substrates to provide coatings with an identiﬁablg 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 2.5 to 4.5 comprising trivalent chromium compounds,
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properties of the netal. It is another object of this
invention to provide a stable acidic agueous sol ution
whasengssalt pH rangi ng from about 1.0 to 5.5 conpeT/s82095/041587
trivalent chrom um conpounds fl uorozirconates,
nti-pittin co and | east on
hexaflipoaltvopata ool ﬁorsc@o%%mﬂef BoRlitel ety
substtfat es.Wth or_ wthout pre-existing netal
pQynd; fagtregting; metal sybpEate o] a@&lﬁtﬁﬁemmrgmm\ﬁ@dt highen wherein said
provide a process for treating nmetal substrates to
acidigsolutides cerdainsybstaitially awo Hegavalértichtungiumol or, good
adhesi on and i nproved corrosion resistance. It is a

f uThéserandlojtiee objekt 61ths invenBoh Wl beoni Appafit By Sdfeiehé: to the
aci di ¢ aqueous sol ution having a pH rangi ng from about

detaifedddsCrigtich &Hé%dn%id@&dhﬁ'c&%hﬁéﬁoncﬂ{tﬂ B om FIGs. 110 6,
conpounds, hexaf | uorozi rcondtes, corrosion |Rﬁn %
(phoﬁ) at | east one carboxylic or pol yhydroxy conpound
Of treating netal substrates at anbient tenperatures
and hi gher wherein said acidic solutions contain
substantially no hexaval ent chrom um These and ot her
obj ect of the |nvent|on wi |l becone apparent by
K &b HEJRAWINGSA description when consi der ed
in conjunctlon Mﬁth the acconpanying FIGs. 1 to 6,
(phot os). DESCRI PTION OF THE DRAW NGS Fig. 1 (photo)
shows the corrosion performance of the alum num all oy

( 2B (Fhotppshdiws\thé Eorfostsiperforinaicecefthé Mindfih \wHey (Z020T3)
the conposition of Exanple 1 w thout the

panel with a conversion coating derived from the composition of Example 1 without the

CcoIn;

triazole inhibitor.

Fig. 2 (photo) shows the corrosion performance of the aluminum alloy (2024-T3)
panel with a conversion cdating derived from the composition of Example 1 with the
benzotriazole inhibitor.

Fig. 3 (photo) shows the corrosion performance of the aluminum alloy (2024-T3)
panel with a conversion coatiﬁg derived from the compoéitioﬁ of Example 2 without the
triazole inhibitor.

Fig. 4 (photo) shows the corrosion performance of the aluminum alloy (2024-T3)
panel with a conversion coating derived from the composition of Example 2 with the
benzotriazole inhibitor.

Fig. 5 (photo) shows the corrosion performance of the aluminum alloy (2024-T3)
panel with a conversion coating derived from the composition of Example 3 without the

triazole inhibitor.
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triazole inhibitor. Fig. 2 (photo) shows the corrosion
performance of the alum num alloy (2024-T3) panel wth
w@2@ensssesi on coating derived fromthe conposi PCDOSTNG/041587
Exanpl e 1with the benzotriazole inhibitor. Fi g 3
(phot 0) shows the corrosion performance of th
al &g % (rhoie) shpws 2lpeprmsio nnmmfah@dnmtyn @Hoy (2024-T3)
coating derived fromthe conposition of Exanple 2
panehinithoutoating derivedzfibie therborhpdsition 63 Bxandplé plvatiothe Yenxsriazole
the corrosion performance of the al um num all oy
inhikigd?24- T3) panel with a conversion coating derived from
the conposition of Exanple 2 with the benzotriazol e
inhibitor. Fig. 5 (photo) shows the corrosion
performance of the alum numalloy (2024-T3) panel wth
ti =1g t he conposition of
Dﬂ%@%@ﬁs%m@(ﬂﬂgﬂi .%ﬁ@g]hl bitor.Fig 6 (photo)
shows the corrosion performance of the alum num all oy
(2024 T3) panel with a coating derived fromthe
sition of Exanple 3 with the benzotriazol e
%E!ﬁ inyentiopETlards EpstBble GRIdTAqUoT-solhiiansi and do thegrocess of
reI ates to stable acidic aqueous solutions and to the
using saidagseafs sukitiogs Eaiing agHaanging Glow alsyus 1102850 add phéferably
ranging fromabout 1.0 to 5.5, and preferably from

fronpatnit 23.t6 4903 .4 164, @oﬂpﬂeﬁaﬁn@z&&ﬁn&ﬁ-@ﬁﬁiﬁlﬁﬂl coatings e.g. a
zi rconi um chrom um coatl ngs e. g.

conversion coating on metal substrates including, for example, pre-coated substrates such

as anodized aluminum or phosphate coated substrates to improve the adhesion bonding
and corrosion-resistance properties of the metal. Phosphate coatings known in the art
include, for example, coatings of zinc phosphate, iron phosphate, manganese phosphates
and mixed calcium-zinc pﬁosphate coatings. The process comprises using the acidic
aqueous solution at temperatures ranging up to about 120°F or higher e.g. up to about
200°F. The solutions comprise from about 0.01 to 100 grams and preferably from about
0.01 to 22 or 5.0 to 7.0 grams per liter of the 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 the solution of at least one
fluorozirconate e.g. an alkali metal salt of H,ZrFs, an effective amount sufficient to
inhibit corrosion ranging, for example, from about 0.001 to 4.0 grams per liter and
preferably about 0.25 to 2.0 grams or 0.25 to 1.0 gram per liter of é water-soluble
corrosion inhibitor or anti-pitting compound such as benzotriazole, and from about 0.001

to 2.0 grams and preferably from 0.001 to 1.0 or 0.01 to 1.0 mole per liter of the solution
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conversion coating on netal substrates including, for
exanpl e, pre-coated substrates such aass anodi zed
wa@bkeowiogssa1 or phosphat e coated substrates to i npeDUS200be+1587
adhesi on bondi ng and corrosi on-resi stance properties
of the metal . Phosphate coatings known in t ar
of af it e Watgrsolule SRalBe aehsE Sompor st Ramdhe groun
phosphat e, manganese phosphates and m xed cal ci um zi nc
conyisfingpfsaboxyte Fegpoupspqlyydensy commeundeand miviyres péthese
aci di c aqueous solution at tenperatures ranging up to
stabdtzing car@@Dmds in mygiatio. H mpededy each aflibeitordpéurds of Thiginvention
sol utions conprise fromabout 0.01 to 100 grans and

can Bé @bl @loythéik 8pMuBigL im@s fl the Acidic ueﬁ?ﬁsdlﬂiJnSQieﬂérﬂiﬁg on the
a

per liter of the acidic solution o | east one water

met?‘l}:u%'%{:egl?éiﬁ% Wkt gf:il@ {ng{% Scegneued iﬂaa&]pgfr%g%{%tﬁ 'H(l)e - present

about 0. grans and pre y ab

. 1.0 to 12 or 1.0 to 6. 0. ns per |iter.of t.he .
iy iy e B el B R B xaisol 9, 1. qpenesium, stec

| kal i tal, salt OOH ZrFe, an effective_ _anpunt
surtases inclyding Splyapiagd Heel %Z’,IBF‘PB%‘P plupdnyg alleys Anwmstabsurface,
. fromabout 0.001 to 4.0 granms per liter and preferably
including metal 3grfaces zootaiping e protective Sr pre-axigingrmaetabenating may be

of a water-soluble corrosion inhibitor or anti-pitting
treated withuthd cempbsitisndefithe presadhventiand f r om about 0. 001

to 2.0 grans and preferably from0.001 to 1.0 or 0.01

t 0 The@obhtgs 42€ hppliceiftepéleiify sl dddxMiSing ¥k plckiiag iR \Retal
wat er - sol ubl e stabilizing agent or conpound sel écted

subdtfaf 2 & NEuBiRiP sitRBsk Sid Shvehtidral Hﬁé%ﬁ#iﬁ gggﬁé%emechmques.

pol yhydr oxy conpounds and m xtures
i Lizi i ' | f d h of
e AL LA AR B B i S5 B
s S A 3 e a5 g ed o e

treated. The netal surfaces treated in accordance with

metgli{gcaipenis npolution dwell time ranges from about 1.0 to 60 minutes or longer.

With this solution, the 1.0 to 40 or 1.0 to 10 minute dwell time yields an optimum film
for color change, paint adhesion, and corrosion resistance. The 1.0 to 10 minute dwell

time yields appreciable color change to the coating dependmg primarily on the chemical

_composition of the aqueous solution. The remaining solution is subsequently rinsed from

the metal subst;ate with tap or deionized water.

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
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invention may be any netal substrate including, for
exanple, iron, zinc, magnesium steel surfaces

WO p@b08852y gal vani zed steel, al um num and al unP@LIE2005/041587
alloys. Any netal surface, including netal surfaces

contal ning a protective or pre-existin tal caoatin
fornjadioh duting farke req apRlicarions andndieaics be Suenk effept o8 gnge Water
invention. The coatings are applied after cleaning and
that FaB3IRYPY ngsusﬁtrepse ding processingerom pegmieus sians. dhis feature of the
al um num substrate via conventional nechanical or
procebreyitlds filme ohooagings thal heveann sifeaksand dre an impraviement in both
invention is applied at about roomtenperature to the

colorationl and bgbsidh Prote@ionTWhet-86lubleRhidkeris fches #k cellulose
techniques simlar to the process used for other netal

combb&isFan be re%@h%&ﬂ@a&&ﬁ%&ﬁdﬁﬁ?ﬁﬁﬁﬁﬂ%ﬁaﬁb%% %L{%rxgl ﬁ'%lg about

m nutes or Ionger. I's solutlon, e

o 60
I_nut I tine yield n timum

0.0 305 v ik Snd prefual 4 B0 arbrf B el BRG0Py SBieiHlber
.. resjstance. The 1. 0 10 mpute dwell tine. yields
hter&ﬁ‘?ee%qusmlsemlwwr aﬁ%@é@@ THEOT tqhﬁr@ﬂ&ea%%ﬁﬁ’@e metal

primarily on the chem cal conposition of the aqueous
subsiigtast aopflective bpksmalhamgunieif at least ang veattssselihds surfactant or

rinsed fromthe netal substrate with tap or deionized
wettiveg a2gent ¢an beoatded tothe ssilic soletanicdi angpumis thging lisom atadut 0.0 to 20

characteristics of the netal substrate e.g. the
grarid iyl wraferably Grofif 0.5 he 10 efhs @, (B W5 .0UpRafildlpet liteh 05 thetabRlic

addition of a thickener to the solution aids in

solufiBhl THERefald MahP WAk sORbRYUHAS SR BoviH ' the BRoCdtt and therefore
appl i cations by slowi ng down solution evaporation.

for b N A ERelyl el AR a8 e BREIEA Yo AR Rk chfleing of
I i.ds. i fL|pf ti duri I
non iR, PR A0d ZRiFH TrPSEEE Che di | uent effect of rinse

wat er . . ) .
’ﬁ'ne trivalent chromium is added to the solution as a water-soluble trivalent

chromium compound,‘ either as a liquid or solid and preferably as a trivalent chromium
salt. Specifically, in formulating the acidic aqueous solutions of this invention, the
chromium salt can be added conveniently to the solution in its water soluble form
wherein the valence of the chromium is plus 3. For examble, some of the preferred
chromium compounds are incorporated in the solution in the form of Cr(SO,)s,
(NH4)Cr(SO4),, Cr(NO);-9H;0 or KCr(SO,), 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.
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that remains on the substrate during processing from
previ ous steps. This feature of the process yields

wo 2doa®ssse1 coat i ngs t hat have no streaks and ar BCHES2005/041587
i nprovenent in both coloration and corrosion

pr ot ctlo er-sol ubl e. thi ckeners 'such.as the .
cel | el sopffinsdoy Gomtlo oGSt ﬁﬁﬁ?rﬁ&%*foaﬁl@md to provide
aqueous solution in amounts ranging from about 0.0 to
colorqungalsedmpEQVe the gprrasiem protection o yheometal w. &@%}Pﬁ@fﬁd to other
e.g., about 0.1 to 5.0 grans per liter of the aqueous
treatmbnts on compositidrsthatdispen dontginazine. nEhe draownt tof theszine sompounds
the nmetal substrates, an effective but small amount of

candie va€iad tip wmevs@hﬁﬁhmimiﬁ 1@ agfiist fhetcaltr ilpant&l fol the codinig]
can be added to the acidic solution in amounts ranging

ran%ﬁ: 8 BaaP0.8ttoq 00 &i’eﬁn@% %ﬁﬁﬂ@ aSAHbuP 0 %F| : eré’péfrrlﬁf?elfbatg, lg%rams

O-grans e.qg. O grans per

Ol Ut | L ol ant s

per BB 00 B o, 2% ARDEC TP Y Bl B LAEKE Qlnbpicd by any
thi@i i nventjon t e suj.factants can tge sele ted from

chepyy GPBRPURLFE; th@t i3s0 V&5 11 Water at gltt;%lllﬁe cgwntranon and is
ani onic,_ surfactants. The trival ent chromiumis added

compatibleewitlp thetather compenapis én thegridgodution; \Rivalert 2ine eempennds that
conpound, either as a liquid or solid and preferably

are astex sblubleadt dimt reqghiredicancestzations gpaferablydaélige, fonexample, zince
formul ati ng the acidic aqueous solutions of this

acetaf/ efticitélfuridel £in¢ staifiusrotwrdte, s mbEbdstd c£ne henanorsailicite, zinc
to the solution in its water soluble formwherein the

sumsﬁl £1AG8e Rke 5Ny dUnBTh4tBn theRbtid ady s, ﬁmﬁmﬁﬁr&%aung of
of the preferréd chrom um conpounds are 1 ncorporat ed

o B B B

the Solubon w‘iluch ranges from ambient e.g. from about room temperature up to about

120°F or higher up to about 200°F. Room temperature is preferred, however, in that this
eliminates the necessity for heating equipment. The coating may be air dried by any of
the methods known in the art 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 a pre-existing metal coating.
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preferred trivalent chromumsalt concentration is

within the range of about 5.0 to 7.0 granms per liter
wobookblogssagueous sol ution. It has been found thBCT/US2005/041587

particularly good results are obtained fromthese

processes when the trival ent chrom um conpound is

‘present in solution in tEAMPAERLred ranges. The acidic

solutions nay contain at |east one dival ent zinc

conmpound to provide color and al so i nprove the

corrosion protection of the nmetal when conpared to

ot iy oderlitet offdvichifdd WaeR adl 4i0ogams b bo@ssina thegMMictbArconate,
zinc. The ampunt of the zinc conpounds can be varied

3.0 SRrsOfchRnSahi difale Bdsid b 2?%‘89%%1# Setfe{giu?go&c)éart% n@éld 0.25

rmparted to the coating, ran

i 5 B PSR et B o
a3 R oS S Sor0E] 555 2 o e cal

requi red concentration and is conpatible with the

ot her conponents in the acid solution. Divalent zinc
conpounds that are water soluble at the required
concentrations preferablBXAMPURRZ, for exanple, zinc
acetate, zinc telluride, zinc tetrafl uoroborate, zinc
nol ybdat e, zinc hexafluorosilicate, zinc sulfate and
the like or any conbination thereof in any ratio. The

tr ey SRNiteRbf dRHitdWOwREr, LAE 4! sof Pﬁ%%%glﬁzlgﬁﬁihoquimonate,

carried out at various tenperat ures

20 BARRMATA BN SIS R STARL ELBIER RSB SEH €5 rams
v 5. G5 B0t S gl B B st i

ecessjity for heating equipnment. The coating nay be
condifipngy(70-0F) pnthpH seachee3. A8+ hods known in the art

i ncluding, for exanple, oven drying, forced-air

dryi ng,

EXAMPLE 3

To one liter of deionized water, add 4.0 grams of potassium hexafluorozirconate
and 3.0 grams of chromium III sulfate basic. Stir solution until all compounds are
dissolved. Maintain pH between 3.25 and 3.50 for 14 days with dilute sulfuric acid and
dilute potassium hydroxide and then adjust to final pH of 3.90. Add 0.25 grams

benzotriazole.

11
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exposure to infra-red | anps, and the |like. The
follow ng Exanples illustrate the stable acidic

waoboassses of this invention, and the nethod oPCTI®RIVGS/041587

the solutions in providing col or recognition, inproved
adhesi on bondi ng and co -resi stant coatings for
nmet al substrates |ncIudtégiﬂgﬂgﬁlsubstrates havi ng a
pre-existing netal coating. EXAMPLE | To one liter of
dei oni zed water, add 4.0 granms of potassium
hexaf | uorozirconate, 3.0 grans of chromum DI sulfate
ba®reparesoliBiogr a5 Bxatphes?,exceptreplideuthe bemroaizazoleawith 0.50
0.25 granms benzotriazole. Stir solution until al
granfsOTI2OMBRapRbenAintdpbleed. Let stand at anbi ent
condltlons (70-80F) until pH reaches 3.70. EXAMPLE 2
To one liter of deionized water, add 4.0 grans of
pot assi um hexaf |l uorozirconate, 3.0 grans of chrom um
H sulfate basic, 2.3 granms glycerol (0.025nples), and
0.25 grans benzotriazole. Stir solution until al
conpounds are dissolved, Let stand at anbi ent
conditions (70-80F) untﬁﬁa@i@a‘bhes 3.55. EXAWPLE 3
To one liter of deionized water, add 4.0 grans of
pot assi um hexaf | uorozi rconate and 3.0 grans of
chromum DI sulfate basic. Stir solution until al

c o Ppeparecsolution aiiia Exanpit 3,Mxceptadd 029 drahwefd- 3. 25 and
3.50 for 14 days with dilute sulfuric acid and dilute

merdapt@aﬁmﬁﬂa&&swﬁwam@&d theedhzaghawsie. to final pH of
.90. Add 0.25 grams

EXAMPLE 6
Prepare solution as in Example 1, except add 0.25 grams 2-

mercaptobenzimidazole and 0.25 grams 2-mercaptobenzazole in addition to the

benzotriazole.
EXAMPLE 7

The compositions of Examples 1,2 and 3 were used to coat the aluminum alloy

(2024-T3) panels as follows:

The process comprises cleaning 3 inch by 5 inch by 0.030 inch (2024-T3) panels

in Turco 425 at 140°F for 15 minutes. Rinse in warm tap water using cascading double

backflow. Immediately, immerse coupons in Turco Smut Go for 5 minutes. Rinse in

12
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benzotri azol e. EXAMPLE 4 Prepare solution as in Exanple
2, except replace the benzotriazole with 0.50 grans of
wQ2006/08%pt obenzi m dazol e. EXAMPLE 5 Prepare soPOT/USIOHS41587
in Exanpl e 3, except add 0.25 grans of 2-
mer capt obenzi m dazole in addition to the . .
amb%?é‘h%étpﬁraé‘m 1ap Wateusing casopding soable hagiflewy, mmediately, immerse
Exanpl e 1, except add 0.25 granms 2-
the papelsap thsiromnositvas of Exampled 125 agd Arfor five (5) minutes at 70-80°F.
2- mef capt obenzazole in addition to the benzotri azol e.
RinsEXd\bfabien? tehinserataranap iwtatersing fcadosdiig] deablk, backiislv 3FURI finse
used to coat the alum num alloy (2024-T3) panels as

ithfdRidr2el watbe ' '
i e, e EOIPY, 383 L, CORy ey o

. . i War m. r [
testifg 8 i A ioch e B LA T SR RiATGAUN o A ERE 377) epory
._coupons in Turco Snut Go for 5 mnutes. Rinse
PIMChanbi ent tenperature tap water using cascadi ng double
backfl ow. |Imediately, immerse the panels in the
conmposi tions of Exanpl eEXAMPLER 3 for five (5)
m nutes at 70-80F. Rinse in anbient tenperature tap
wat er using cascadi ng doubl e backfl ow. Final rinse
Wi th deionized water. Let the panels air dry and stand

ov dlestipghtls wepatieags mdecoarddy th®process set forth in Example 7 then

placed in neutral salt fog (ASTM B117) at an incline of 6 degrees from vertical. After 3
weeks (21 days) in salt fog, the coating performance is shown in Figures 1-6. Control
coatings were made from the compositions of Examples 1,2 and 3 without the addition of
the triazole pitting inhibitors. It is evidt;nt from comparing Figures 1-6 (photos) that the
addition of the pitting inhibitors resulted in a positive effect on the corrosion resistance of
the coatings made from the different compositions.

The anti-pitting or corrosion inhibitors are water-soluble compounds selected
from the group consisting of triazoles, benzimidazoles, benzaioles, benzoxazoles and

mixtures of these inhibitors in any ratio. The preferred corrosion inhibitors or anti-pitting

compounds include the triazoles containing up to 12 carbon atoms, such as the alkyl and

preferably the aryl triazoles. The aryl triazoles contain from 6-10 carbon atoms,
including compounds such as benzotriazole and tolyltriazole, and the alkyl triazoles
containing up to six carbons such as methyl or ethyl triazole. The triazoles such as
benzotriazole are commercially available under the trade name COBRATEC. The anti-

pitting inhibitors are dissolved in the solutions in an effective amount sufficient to inhibit

13
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testing or subsequent coating wth an organic finish
coating e.g. (ML-PRF-23377) epoxy prinmer. EXAMPLE 8

waewb/ogRel s were cl eaned and coated by the prpPCEES208041587
forth in Exanple 7 then placed in neutral salt fog

STM B117 .an_incline .of .6 degr romvertical.,

corrh ind befdroBly i3 higlls iR g iyt O 004 h 1\ s P fter, and

erformance i s sh in Figures 1-6. Control coatings
mor gregerali 40 AISRFERE DSiiB 3ed ERRBIT STonERBAHSNGS to, 120 gramsaper lter

wi thout the addition of the triazole pitting
Othermisefisl triseeles includs the watartsofubtenbycloomydbenzgridiodg, sech 4s-1/droxy-4-

(photos) that the addition of the pitting inhibitors
alkylteazdtiiezblés) hpdiogs-6tbeneorfakelef hyalotyhs-clbrssizetiazole, hydroxy-6-
. resist_an_ce of the coa_tin_gs nmade fromthe_ dlffer_en_t
carb6RFRANHARNS, h clﬁSxﬁ-Bldlkﬁbéﬁzb Bles R4 fRSIRN 1 nhi bitors

are water-sol uble colrrpounds sel ect edI fromthe gr Ioup
conl Sl o bR oo AL TS Bl S PSR Ehiprs
incly :v:vé% FSH‘]H%{E raeeg'fgﬁeﬁxggr i ﬁﬂéﬂ%ﬁ&gﬁlj&g’gﬂ Eglts? Hc%gg@e water-soluble

containing up to 12 carbon atons, such as the al kyl
carbgrylicacidsandisaljs such ag agipie, citHg.gicetic, citrconicy fumarica g ,
contain from 6-10 carbon atons, including conpounds
tartagio ebidsoristhylenediamiot tetanceticaicid provisied ithe; hydnatattion chhinydn the
triazoles containing up to six carbons such as net hyl
carboxylit diylip dodsae centaihhesifitifiazf inambet 6f\caborRavthch ek the
are commercially avail abl e under the trade nane

com liB&ree bRSo1aBAY| ChmBthatibi & thr i A& of tesalty §al/bPacids

_ he,_ s_oI utions in an effective anount sufficient to
can bcllo CORIET NIRRT, BOECERAT It R RT3 Waor sats

such as potassium formate or citrate can be used at concentrations of at least 0.001 to 2.0

moles or 0.001 to 1.0 mole per liter. These compounds 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 carboxﬂic compounds containing
both hydroxy and carboxylic groups including, for example, compounds such as citric
acid, glycolic acid, lactic acid, gluconic acids, glutaric acid and their salts.

In addition to the carboxylic compounds as stabilizing agents for the solutions,
small but effective amount of polyhydroxy compounds also can be used as stabilizers in
amounts ranging from about 0.001 to 2.0 and preferably from 0.01 to 2.0 moles or 0.01 to
1.0 mole per liter. The compounds include the trihydric compounds e.g. glycerol and the

dihydric ether alcohols e.g. glycol ethers including alkylene glycol ethers, such as

14
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nore preferably in amounts of 0.25 to 2.0 grams or
fromabout 0.25 to 1.0 grans per liter. O her useful

wo epicamssses i ncl ude the water sol uble PCT/US2005/041587
hydroxybenzotriazole such as hydroxy- 4-

iR S 7 S e RSB S, o
oxybenzotrlazole hydr oxy- 5-al kyl benzotri azol es
dicthylgneghEol ather. Other alyésts inckide gowe o hePher Dotaseimnawizht

added to the acidic aqueous sol utions include

compeursls sud asxdthylend glycalnpiiopylenaglyosly biyleme ighycohlcyslohexanol, and
including the water-soluble carboxylic acids and salts

the wateiisohsble golyi (oxydlik§lehs glydsIS) d.£.thé 'ﬂdﬁ(&@bﬁyleﬁé’)@*ﬁ(ﬁy

glutaric, tartarlc aci ds, or ethylenedi am he

(OXngarpé’oxy I}JCGI oup g\g&%g@a&%ﬁﬂ%@g& 2%‘%%. can %dbemay
wh th
ve IR er%mo&%sPﬁﬁf ot B BFS q@%@%ﬁ%ﬁ@%gw
ot K i P Wb Sl
as_pot aSSI umformate or citrate can be used at
loweg gHapplsr sch @a thedi- and trishydricalkols eontaigingwipds twelve cabon
to 1.0 nole per liter. These conpounds are good

atormesl |Thas dlasschfsli-eduidl tribpdric loRar hikanbla chy inghidd ghyesld dontaieing up to
obt ai ned from aci dic solutions prepared by addi ng

ten cattutatémOih e aliyhek drodpé.gOtririethlehié gm:&loaﬁmﬂﬁ p@i}tgwcofs such

days of the initial solutron preparation. Good results

S e T g
ARG ddi%?yco%wgogzﬁ%%@g%%ﬁg@ggﬁ@owga”qﬁxahlene
R AR LS 30 Herb bl hogvo o
fourségrlb%}l |a1%r11€S Combinations or mixtures of the carboxylic and polyhydroxy
stabilizing compounds may be used in the acidic solution in any ratio. In addition to the
polyhydroxy and carboxylic stabilizing compounds, the acidic aquéous solutions may
contain small but effective amounts of from 0.0 to 24 grams é.g. 0.01 to 12 grams per
liter of solution of at least one fluorometallic compound preferably including stabilizing
compounds such as hexafluorotitanate, heptafluorotantalate, tetrafluoroborate and
hexafluorosilicate.

In preparing the acidic solutions of this invention, known water soluble
surfactants can be added to the trivalent chromium solutions in amounts ranging from

about 0 to 20 grams per liter and preferably about 5.0 to 10 grams or 1.0 to 5.0 grams per

liter. The surfactants are added to the aqueous solution to provide better wetting
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smal | but effective anount of pol yhydroxy conpounds
al so can be used as stabilizers in anmounts ranging
wo canosgsout 0. 001 to 2.0 and preferably from OPOLUSIOS/041587
2.0 noles or 0.01 to 1.0 nole per liter. The conpounds
include the trihydric conmpounds e.g. glycerol and the
Propgrtics 51/ ?%W%‘f%'e e shdanegrasien @teregw%%ﬁﬂngﬁﬁw 1¢ fRYeiRgengnd a
al kyl ene glycol ethers, such asMethyl ene glycol ether,
morraifyrmeliin g flaeometal sitstrates.i Phopyfastangs ipclulde et least onewater
di et hyl enegl ycol ether. O her glycols include sone of
solubleeompoand saléaed fram the gtdup consipingefnmtiohicaaniehity ikl éationic
gl ycol, propyl ene glycol, butylene glycol,

surfae ¥ 'BYNSF the BB IR WIRKAEr SPABIE &RV {RINRIKy | ene
gl ycols) e.g. the poly-(oxyethylene) or poly-

oo S RO, DAY it o
o GRFA) il B S

al.iphatic al cohal s include the water sol uble | ower
palmiticalicanok amides KCHNTR(L®), octylphenyl palyathoxy ethaneh 6TRITON®),

containing up to twelve carbon atons. This class of

sorbitan menopalmithied SPAN®)wdodenylphanyl polythyilensglysel ethgrcol s

containing up to ten carbon atons in the al kyl ene

(TERGIIROE®Y, alkylipyrroligbmsscpalyalkatylated thttyhidoesters) alieyibénzene
such as diethylene glycol, Mthylene glycol,

sulfonites ARd MkRAR tHEMEL! Ot RAGAHY WaRe sAlubleSurfabthhtR LRNAL A
gl ycol, dibutylene glycol, tributylene glycol, and

exaniplEhe ﬁ&llagﬁt%égx?éh g&ﬂﬁ)éﬁ%%g,o %&a‘g]{:@siﬁ e[lg/ e lotYdeSREn fatty amines;

radi ca el g arbon ons and
refarably f&o t o, f.our .caf bon at . i nat.i ons.

seo B BieAipt “SPRo ARLBRTHE SER0! hoRitey BPar Rk

st ahi | i zi ng,.conpounds be used in the acidic
Othragys qcbﬁéongi‘%HgEBﬁ‘ﬂC@! lir%?)i”‘ﬁg’@yﬁ ofdt o t he pol yhydr oxy

and_carboxylic stabilizing conpounds, the acidic

aq UV henslaggs srfagessdarpgt permit immersion or where vertical surfaces are to be
sprayed, thickening agents can be added to retain the aqueous solution on the surface for
sufficient contact time. The thickeners employed are known inorganic and preferably the

organic water soluble thickeners added to the trivalent chromium solutions in effective

amounts e.g. at sufficient concentrations ranging from about 0 to 20 grams per liter and

preferably 0.5 to 10 grams or 1.0 to 5.0 grams per liter of the acidic solution. Specific

examples of some preferred thickeners include the cellulose compounds, e.g.
hydroxypropyl cellulose (Klucel), ethyl cellulose, hydroxyethyl cellulose, hydroxymethyl
cellulose, methyl cellulose and mixtures thereof. Other water soluble inorganic
thickeners include colloidal silica, clays such as bentonite, starches, gum arabic,

tragacanth, agar and various combinations.
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contain small but effective anbunts of fromO0.0 to 24
grans e.g. 0.01 to 12 grans per liter of solution of
w@roobessst1 one fl uoronetal lic conpound prefer abP@T/US2005/041587

i ncludi ng stabilizing conmpounds such as

hexaf | uorotitanate, heptafluorotantal ate,

t eﬁ%ﬂ' PIFRABRS theraetahsnbysata sidnedeibeicoated via conyewtfonal ng

the acidic solutions of this invention, known water
techgighiesh khe soluticactaarmesipplied vie imdwedon, sptdyortwipy-ahaedhniques. The

chrom um sol utions in anpbunts ranging fromabout 0 to

TCP2dlgioan®f fis intvehttdn &d be heidas dfvited ReHperatubbsirangiflg up to 120°F
grans or 1.0 to 5.0 grans per liter. e surfactants

o 5 4l 00 GRS, K A AL S5 v e

i n .ng._conpl coverage, and a.nore unifo
corpeifi feSiupE SPGB, Sofiee e hee? SRPLholt (el
. at | east .on er sol ubl e conpound selected fromthe
min e, 558 BERTSREI 1 1040 Ao hOito AP bueh aatout 4413 Rrdighoni Afer
surfactants. Sone of the better known water sol uble
dwellingf theremeiningolutiva is tentherovghly sinped froindthe sabstrate, with tap or
al kyl sul fate sodiumsalts (DUPONOL(r)), ethoxylated or
deiopizeg watelr aNechdditionhbétentital mh48iRAGfi6ns)of the deposited films are
al kyl sul fonam des, al karyl sul fonates, palmtical kanol

irgl €5t efc €41 ) IO
e B, At T4 S K050 4 e

tankdpeGIREERII BakpL Ot aasEhggl, clner (TERG TROL(T)).

al . | f tes.an ixtures, thereof.. Ot her. . .
QAR AR RR BT o R & 4 Pt P s atpples it
the.n | phengl et hoxyl at es, d .adducts of ethylene
obvigys that et are they vaptions and mlodiliratipnt whichicrp e made without
"Qurfactants and Detersive Systenms”, by John WIley et
depagfing framythe gpirit and scope of the invention as particularly set forth in the

appended claims.
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O hmer' s Encycl opedi a of Chem cal Technol ogy, 3rd Ed.
When | arge surfaces do not permt inmmersion or where
WO 00bi088R1 sur f aces are to be sprayed, thickeni PQT/@igBN5/841587
can be added to retain the aqueous solution on the
ace fQ ufficient contact tinme. The thickeners
SRGY af-e<=HawrI nor gani ¢ and preferably the
organi c water soluble thickeners added to the
1. tri Descessifor¢nasini: mratalsubstratesdo imprfviedbe tarcosioropnotestion gnd
at sufficient concentrations ranging fromabout 0 to
adh26iog banding strength of thennetpl whieh abinprifestrdating theghie@bsubstrates with
1.0 to 5.0 grans per liter of the acidic solution.

effeRB08 hinbint§ %R AR &idicdque SRRk B 4 bHI ?&%ﬁfg FolnMHoHAEO to

t he cel |l ul ose conpounds, e.g. hydroxypropyl Tellul ose

- ( Kk 3., | | . hy XV e cel

55y AU aafifi soffion Yo Rind bl MU dHlueE, i 0,01 0 100
t her.epf . O her. ter sol ubl e inorganic,thi ne

el o Alsest PP G AR GPrRR sobaR g, Epmabonk bt ¢ grams of at
st arches, . gum arabi ¢, .tragacanth, agar and vari ous )

least Omp flyarozisFenalg. kg etisedyramennt ohat lﬁe-%@pe @tessplble corrosion
surface to be coated via conventional techniques, the

inhihiton s¢lented framizbe gpyipi cousisting ofitriezales) benzimidazoles, benzazoles and
W pe-on techni ques. The TCP solutions of this

benzox:eolds offoraaibotie). 0 $€ H0@ gradise)f divederit efieioaiponds, Hdng Attt 0.0
up to 1200F or higher e.g. up to 2000F and optimally

to ZO0Rhin€ Of MirfactHE: HRPAbduP 010446 LOYrarh §Bf A¥&ehdlS, AR FRRLAD
resi stance of the coatings. Solution dwell tinme ranges

bR SMb i BoThd s 09 BAR R oy
coriinaty Segiey e ESEREE Fpd Rk L s A AR St Sl
coxp’\?q a glatr ieonal chem cal mani pul ati ons of the deposited

B

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
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.
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necessary for excellent performance. The aqueous

sol utions nmay be sprayed froma spray tank apparatus
wale®c@sssdi t o repl ace i nmersion tanks. Wil e t hPGT/US2005/041587

i nventi on has been described by a nunber of specific

exanples, it is obvious that there are other
6. varTlwtproesss af Claimdl wherzin the snetdlisabstradaistaa ireddlop t hout

departing fromthe spirit and scope of the invention

as particularly set forth in the appended clai ns. THE

I NVENTI ON CLAI MED 1. Process for coating netal

su ' ' t:] :
T s o LR PRk IS PR SRR AR i} ARy Ay satboryiic

ng. 1 J | subst.rates with effective anmounts

cmngkﬁgéa%%pgﬁgmggégg §n%§FE?ﬁ%n havi ng a pH rangi ng from

about 1.0 to 5.5; said acidic aqueous sol ution

conprising, per liter of solution, fromabout 0.01 to

100 grans of at |east one trivalent chrom um conmpound,
8. fr oFhcrecass of Glaimy7 whexpimihs hydrozy-carhexylioaempound is citric acid

fluorozirconate, an effective anmount of at |east one
andvib¢ evatgabhiblesadrtharsofon i nhi bitor selected fromthe

group consisting of triazoles, benzim dazol es,

benzazol es and benzoxazol es, fromabout 0.0 to 100

grans of dival ent zinc conpounds, fromabout 0.0 to 20

9. 9" e Rbes¥bf gg&gi”’y WhefeiPfie 21291‘6 -Q:a&ot)@lig 9(3??5’1% ggglycolic

t hi ckeners, a ffective anbunts of a“sta Izin

. e m. the group consisting of
am(?)%@ﬁ%%&%}%h@?ﬁ%%&éng%mo ar boxyl i ¢ conpounds and

m xtures of pol yhydroxy and carboxylic conmpounds. 2.

The process of Caim1 wherein the netal substrates

have a pre-existing netal
10.  The process of Claim ?wherein the hydroxy-carboxylic compound is gluconic

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 and the inhibitor is benzotriazole.

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 the carboxylic compound and the inhibitor is a triazole.
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coating thereon. 3. The process of Caim2 wherein the

pre-existing netal coated substrate is anodi zed
wa@beowiogssm1 4. The process of Caim 2 wherein tPer/US2005/041587

pre-existing netal coated substrate is a phosphate

coating. 5. The process of Claim1l wherein the netal
14.5y p dhe rosessoff{plamm | wheosin sha asydig aqygpus selytian goppingfirpnyabout

1 wherein the netal substrate is an iron alloy. 7. The
0.08} tx29amales perlitar of thi stabilizingreempoubd and 0028 dord dugramss per liter
a hydroxy-carboxylic conpound and the inhibitor is
of dehazolel | azole. 8. The process of Claim7 wherein the
hydr oxy- car boxylic conmpound is citric acid and the
wat er soluble salts thereof. 9. The process of Claim7
wherei n the hydroxy-carboxylic conpound is glycolic

aci I . t-her .
1507 A2 BrookAEp kit 1 3R e g BiRboully ohitfrol and the
. compound is gluconic¢ acid.and the water soluble salts
wiagR{gngtyprion p atpiTiing of bELo b0l andipherlFn ¢ e
carboxylic conpound is formc acid and the water
soluble salts thereof and the inhibitor is
benzotriazole. 12. The process of Caim1l wherein the
16.car Fbs pracesscafiflainm d4 ivhepmim fliestibilizing dompelrtdhs awatbexylic
sol ubl e salts thereof. 13. The process of Cdaiml

corgigcgﬁ?li Havingemard it o otichab Cdrbbkylit Gomp périifioleélls)

17. Compositions for coating metal substrates to improve the corrosion protection and
adhesjon bonding strength of said metal which comprise an acidic aqueous solution
having a pH ranging from about 1.0 to 5.5 and per liter of said 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, an effective amount of at least one water-soluble corrosion
inhibitor selected from the group consisting of triazoles, benzimidézoles, benzazoles,
benzoxazoles and mixtures of said inhibitors, from about 0.0 to 20 grams of divalent zinc
compounds, from about 0.0 to 20 grams of surfactants, from about 0.0 to 20 grams of
thickeners, and effective amounts of a 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 having more than one functional carboxylic group per molecule.
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0.001 to 1.0 nole per liter of the carboxylic conmpound
and the inhibitor is a triazole.14. The process of
w@k@issss2ivher ei n t he aci di ¢ aqueous sol uti on cPOT/ABIISS/041587
fromabout 0.001 to 2.0 noles per liter of the
stabi | i zi ng, conmpound and 0.025 to 4.0 grans per liter
19. of Eheqompasisiomof Claimg 1 wheeein thercathoxylic comppimdds a hydeoxy-
stabilizing conpound is glycerol and the triazole
carbhoxiylip a¢id and shewatex saluble shltthereof.r i azol e and
tolyltriazole. 16. The process of C aim 14 wherein the
stabilizing conpound is a carboxylic conpound havi ng
nore than one functional carboxylic group per

20. 0! Bt apokition SHTERRA 16 Wiérefi@{hqua}dxg%ﬁ%c?!i% compound is citric

substrates to I nprove the corrosron
aciEARERE W QAT henglh of sald metal which comprise
an aclr di ¢ aqgueous solution having a pH ranging from
about 1.0 to 5.5 and per liter of said solution from
about 0.01 to 100 grans of at |east one trival ent
chrom um conpound, , from about 0.01 to 24 grans of at
21.| eable enmeporsitinnr of G lpiew A9 weheream thethyd tyvaarbanylie tompond is
| east one water-sol uble corrosion inhibitor selected
glydalisracidandghe water solabktsahigthefeofr i azol es,
benzi m dazol es, benzazol es, benzoxazol es and m xtures
of said inhibitors, fromabout 0.0 to 20 grans of
di val ent zinc conpounds, from about 0.0 to 20 grans of

22. surfReiomaiitidd TIRRAP YO %@le{%iﬁ gxgﬁgrldig{xggﬁggyg%ﬂg Efgfﬁﬁ&ﬁ{dsis lactic

and effective anounts of a st oun

aci@é%l@%ﬁ%grrsgﬁ Jg%t?ﬁ%ygofcomi sting of polyhydroxy

car I'C cohpounds and m xtures of
pol yhydroxy and carboxylic conpounds. 18. The
conposition of Claim17 wherein the stabilizing
cor%?und is,a carboxylic . ] ) o
23. e composition of Claim 17 wherein the carboxylic compound is formic acid

and the water soluble salts thereof and the inhibitor is benzotriazole.

24.  The composition of Claim 17 wherein the carboxylic compound is propionic acid

and the water soluble salts thereof.

25.  The composition of Claim 17 wherein the polyhydroxy compound is glycerol, the
carboxylic compound is a lower molecular weight carboxylic acid or a water soluble salt

thereof and the inhibitor is a triazole.

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

lower molecular weight carboxylic acid and a polyhydroxy compound.
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conmpound havi ng nore than one functional carboxylic

group per nol ecule.19. The conposition of Caim17
wob@eesss2t he car boxylic conpound is a hydr oxycpehusyos/at41587

acid and the water soluble salts thereof. 20. The

conposi tion of Caim 19 wherein the hydroxy-carboxylic
27. conlgwrempositioniofi(daiat 1 tiwherein the stebilizing cinpguaddsh lew

thereof. 21. The conposition of Claim19 wherein the
molbgudaroxsightopdiphydroxy comppond dnd sheginkibitot 3 mertaptolshzintidazole.

wat er sol uble salts thereof. 22. The conposition of

Cl aim 19 wherein the hydroxy-carboxylic conmpound is

lactic acid and the water soluble salts thereof. 23.

Th el A o . e c
28. ¢ o e RRAREIo b Claid P Wbt B8Ry G FRlEE sidyoerot and
th f Lng ﬁnd %?eeinhibitor IS benzotriazole. 24. The
eE@ﬁB S O3FZ8ai m 17 wherein the car boxylic
conmpound is propionic acid and the water soluble salts
thereof. 25. The conposition of Caim17 wherein the
pol yhydroxy conpound is glycerol, the carboxylic
29. coridwipogapiosition| of (Baimb] whetein thewinghtompnbd xiy hivatersothble zinc
or a water soluble salt thereof and the inhibitor is a
salt présemdh e¢he @fdic Bheecus Bplatibh iir0in Shotdtahngidy freheibouno5he 2.0
stabilizing conpound is a m xture of a | ower nol ecul ar
grai@hiithe GAHiBRAYIS benAliskof)d _a pol yhydroxy conpound. 27.
The conposition of Caim1l7 wherein the stabilizing
conpound is a | ow nol ecul ar wei ght pol yhydr oxy
conpound and the inhibitor is nmercaptobenzi m dazol e.
28..The conmposi t

30, o R RPERTREB BSTa" | L MR BbdrashAee pelybydfory compound i

glycerol and the inhibitor is a mixture of triazoles.

31.  The composition of Claim 17 wherein the polyhydroxy compound is a

polyalkylene glycol and the inhibitor is benzimidazole.

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, thg fluorozirconate is
hexafluorozirconate ranging from about 1.0 to 12 grams, the stabilizing compounds range
from about 0.001 to 1.0 mole per liter, and the inhibitor is a triazole ranging from about

0.001 to 4.0 grams per liter of solution.
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the inhibitor is benzotriazole. 29. The conposition of
Claim17 wherein the zinc conpound is a water soluble
wQ@20ve/088kt present in the acidic agueous sol ut POTYUBITDOSIM1587
anmount ranging fromabout 0.5 to 2.0 grans and the
inhibitor is benzotriazole. 30. The conposition of
33. Cirae %&FOM% 6f Claith I267kdreinIfe RAbIYANE COpoARITRAH B e S

gl ycerol and the inhibitor is a mxture of triazol es.

s a azol e
molecabr W SEPRRIC ART AP o bl JUTRELST sl iz

I 1A'thi bitor is benzimdazole. 32. The conposition of

tolyltrgd?0i€, 17 wherein the pH ranges from about 2.5 to 4.5,
the trivalent chrom um conmpound ranges from about 0.01
to 22 grans, the fluorozirconate is
hexaf | uorozirconate ranging fromabout 1.0 to 12

34. gThesomppsition abClaimi Igwhereipdbe siabiliaingeompormmd isapolyhydroxy
0.001 to 1.0 nole per liter, and the inhibitor is a

compduridoand| the cameiinginhitwr admuicaptobéhlzatsle4. 0 granms per
l[iter of solution.33. The conposition of C aim 32
wherein the stabilizing conpound is a | ower nol ecul ar
wei ght carboxylic acid or a water soluble salt thereof

35. gpﬂéﬁﬁ%&%@ﬁmﬁ# éle{inci I%Xcir{aihgﬁ«%?igllg ﬁaﬁ@%ﬁnﬁ&%ﬁé@#@ aia‘b&ﬁn

ereln the sta

ol yhydr ox onmpound and .t he corrosi.on inhibitor is
O'OOIE%%%@@Z% g&gqmooxs_m?n%iﬂ{gr FLPEEN of O aim 17
wherein the zinc conpound ranges from about 0.001 to
10 grans and the corrosion inhibitor is a benzazole.

36.  The composition of Claim 17 wherein the thickeners and/or the surfactants range

from about 1.0 to 5.0 grams and the corrosion inhibitor is mercaptobenzoxazole.

37.  The composition of Claim 17 wherein the zinc compound is present in the
aqueous solution in amounts ranging from about 0.5 to 2.0 grams per liter of solution and

the corrosion inhibitor is a mercaptobenzazole.

38.  The composition of Claim 17 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 and the corrosion inhibitor is a mixture of said corrosion inhibitors.
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36. The conposition of Caim1l7 wherein the thickeners
and/ or the surfactants range fromabout 1.0 to 5.0
w@rawmsseo t he corrosion inhibitor is PCT/US2005/041587
mer capt obenzoxazol e. 37. The conposition of Caim17
wherein the zinc conpound is present in the aqueous
39. 5ol The omnositionnftilaim 3% yvhetein therflusbometallicsompornd is
grans per liter of solution and the corrosion
tetrafhivrdhrate, the fmorezircamdite bclexaflobrezir&hateldnd thombilitdriion
of Caim 17 wherein the acidic aqueous sol ution
beng&fihadlels from about 0.01 to 12 grams per liter of at
| east one fluoronetallic conpound selected fromthe
group consisting of fluorotitanates, fluorotantalates,
fl uoroborates, fluorosilicates and m xtures thereof
and-t he corrosi i.nhppitor i m xture, of said,,
40. 80 PSPPSR i 38 Whstzin sherpraflicGonapundisg
erein the fluoronmetalljc conmpound is o
hexgRQra teAF. b, fluprozireonaty js xafuarezirrgnateiagd the inhibitor is
hexaf | uorozirconate and the inhibitor is
tolyfdazade.r i azol e. 40. The comnposition of C aim 38 wherein
the fluoronmetallic conpound is hexafluorosilicate, the
fluorozirconate i s hexafl uorozirconate and the
inhibitor is tolyltriazole.
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