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WO 2006/088521 PCT/US2005/041587 COMPOSITION AND PROCESS
FOR PREPARING PROTECTIVE 5 COATINGS ON METAL

WwSYBSTRATES ORIGIN OF INVENTION 10 The invention glessrigasos sss

herein was made by employee(s) of the United States Government and
may be manufactured and used by or for the Government for
governmental purposes without the payment of any royalties thereon or
therefor. CONTINUATION APPLICATION 15 This Application is a
Continuation-In-Part of copending Application Serial No. NC-96,343,
Filed: APMMPOSDOSNBASTR BROCHD BIFRTRREMRENT IPRO PRCHIBID
OF THE INVENTION This invention relates to compositions and to a
process for using safdCAdmESifiBnHBE HlepE Prodtditive coatings on
various metal substrates. The process comprises treating the metal
substrates with effective amounts of an acidic aqueous 25 solution
cRrRItaEnnp pHgastrapr 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 | WO 2006/088521
PCT/NUB200&it0ek] 88i€ribed herein was made by employee(s) of the United States
Government and may be manufactured and used by or for the Government for

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-96,343, 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 coafings on various metal subsirates. The process
comprises treating the metal subsirates with effective amounts of an acidic aqueous

solution comntaining at least one trivalent chromium compound, at least one

fluorozirconate, at least one carboxylic compound and/or pelyhydroxy compound, at least

one corrosion inhibitor, and optionally effective amounts of fluorometallic compounds
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such as fluorotitanates, fluorotantalates, fluoroborates, fluorosilicates,
divalent zinc compounds, surfactants, wetting agents and/or thickeners.

WM%gﬁyggﬁiﬁcally, this invention relates to stable acidic aq 8?/%&%{%519?%7
an

the process for treating various metal substrates including pre-coated
' aluminum to 5 improve the metal.

b st R A

coRfRARSS camPaes Wealind s melobsubatiales Wil B IBIRAR s

agueous solution contaifiing effective amounts of at least on

invMRisk kbl e teuale &Eﬁagaga%ue%@iuﬁéﬁgaﬁh a{&erzs@égg £HRIRNg various

hexafluorozirconate, at least one water soluble poly or mono-carboxylic

meEQMPRHAR ARCIRARE VSN RMPANIERLdRLRAS ARSWAlSLSRIMEIS

anti-pitting or 10 corrosion inhibitor. In addition, compounds that can be
impaeedionimpl oxbsthacs alli-aiod wiadiiiaad therasisicaniutionsipamall

effective amounts include at least one water soluble hexa or
praeisadingmiseetadlidreptivonued spbituatentviin e salite aridieleeiug sshalonts

of water soluble thickeners and/or water soluble surfactants. This
contripingorifeccinp dsunints af gbledsh queviat: sotitivlsroraborgoeitions ot 15 least

specific chemicals and to the processes for depositing coatings derived
ongriytethedebleheralum aiternalaribipast onetaniersisheta nady seimgngycarboxylic

pre-existing metal coated substrates. For example, the compositions or

COTBRIRSh &Y AT R I RERRCTYIe 838 Aty o3t AR DAt fa I Rip ARt Rl kimg or
i.e. aluminum cqonversion coatings tp enhance corrosion protectjon and
corSEHHAnFANAIBR. 1A ORI AR SEt B ANOSLE RS g golor and
rptection: for treatment of titan or.titanium alloys.for enhanced paint
s e R e B B R Wt

softl ARSI90. ARSI, EORNRGLHE Ohal SRR Ak PAIR' DS Mnounts

and rust inhibition; and for post-tréeatment o
of water soluble thickeners and/or water soluble surfactants.

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
p}:ote:(.:tion and paint adhesion; for sealing anodic coatings to enhance corrosion

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

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

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

phosphate coatings, zinc, zinc-nickel, tin-zine, and cadmium sacrificial coatings on iron
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phosphate coatings, zinc, zinc-nickel, tin-zinc, and cadmium sacrificial
coatings on iron 2 WO 2006/088521. PCT/US2005/041587 alloys and
“%q%ﬁrp&tﬂl substrates e.g. steel for enhanced paint adhesggﬁﬂ%m S/041587
corrosion protection. Many of the current pretreatment, post-treatment
and sealer solutions are based on the use of hexavalent chromium
allepie AR OiPcHBRE sdntatrbRBuRes fougnhansed prigtadhesionend corrosion
carcinogen. As a result, the solutions used to deposit these coatings and
Prﬂﬁ%f”“@é‘atlngs per se are toxic. The hexavalent chromium films or coatings
0 eve |eId outstanding paint adhesion, good corrosion resistance,

Iow %‘W.e & STSALERaRRR R h SosA SRS harss alsiehaions & Rysst on

e tech 8§ Howev r, the enggronm ntal Iaw,s, executive orders,

e R T P RS G e (R R S e i fgic and
k%%%gqmonyhtaz%and t}}e omm %Saluges&e{cs} J% atr&lh for al%mnatlv
the

oreover USGO e>(ava|en romium CO |ngs IS ecoml‘?lga%

cBERENsive A5 regylatians f é&@&&%ﬁ%@% g&’z%}&%y&% Vﬁ'tt},é%u el

PEL restrictions imposed by the EPA an n, Certain

o@§%ﬁﬁ§a§h‘f@a§ﬁéﬂﬁ‘ SRR SPMERNS A8 SOr DICAE RS0 e and can be

facilities due to OSH risk, forcing the use of less than optimum alternative

eabfsgiphiensy t@nﬁwmm@rypm@wﬁnbﬁ RESIARIBCO ARG & ] HE ChMikANental

outstanding, but from a life-cycle cost, environmental, and OSH
laperspeaiiie, aifers)atiddsaledighiyioddsabte, AdddinglySIEseaitiiihs are

underway to develop alternative processes for metal finishing that are
drieoimibe iy isquivaik iteaosuperital tardre kavaderit Chrdmateicentivgseover, the

without the environmental and health drawbacks.
use of hexavalent chromium coatings is becoming more éxpensive as regulations tighten
and costs become prohibitive with future PEL restrictions imposed by the EPA and
OSHA. In addition, certain processes ﬁke spraying chrormate solutions are forbidden at
some facilities due to OSH risic, 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, aliernatives are highly

desirable. Accordingly, research is underway to develop aliernative 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 afier 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
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20 Many of these alternatives, regardless of composition and methods of
wERRUGAken, have a tendency to precipitate solid material frarm,sedgion: 155-
especially after heavy usage. This precipitation can, over time, weaken

hca mffecI%en(%ss gl& coatln solutlon asg% com ounﬂﬁcs fasions
app precipi ate as msb e so ona e so preC|p aaf:o %gvg

ror R B Sot %ﬁ%@%ﬂ%@% %E%b‘%t T T

erefore,
the %ﬁﬁféqﬁgﬁel%&%&ﬂﬁi@fsf@&?ﬂ E@t@?&ﬂ%ﬁ%he acidic solutions for

storage and process applications that wi t interfere with the deposition
process or the subsequent performance of the deposited coating. 5
SUMMARY OF THE INVENTION This disclosure relates to compositions
ST RIOCa S SR INENTiIgheorrosion- resistant coatings on various
metallic substrates including pre-coated metal substrates such as
phosphate coatings or anodized coatings which comprises treating the
metal 10 substrates with an acidic aqueous solution comprising trivalent

chroppiurm dlicampeuRss, FUAIEHEORAIRS PESrEQRIOR PR RIIAGJIRBININES
e.g. tdazoles, and stabilizing compounds. Optionally, one or more
resfftorornsiagiiconormposnusalis fadisrrises hickeheggyracdatiidatetal abstrates
compounds can be added to the acidic solutions. This disclosure can be
suali By BePieLAR RS er AaREeH GRS T8 tth epEDHMEesteR s pulat to
the metal surface and to 15 prevent pitting and corrosion of the metal
substrairsratian 2614 ATHAOHT %%BEOE&WE%&S Svpieechmine Gkeompsrands,

specifically, the acidic solutjons of this invention also tains effective
UGB REASE AP TERSIO0 RS VHIBE: Fé"%c’frm%%r?ﬁ %ﬁ"’é’ 17 compounds.

Optionally, one or more ﬁuorome:taliic compounds, surfactants, thickeners, and divalent
zinc compounds can be added to the acidic solutions. This disclosure can be utifized to
improve the adhesion of various other coatinigs such as paint to the metal surface and to
prevent pitiing and corrosion of the metal surface such as aluminum, stee], galvanized
surfaces and the like. More specifically, the acidic solations of this invention also
contains effective amounts of at least one water-soluble, corrosion-inhibiting or anti-
pitfing compound together with stabilizing agents consisting of polyhydroxy compounds
and/or water-soluble carboxylic compounds containing one or more carboxylic functional
groups baving the general formula R-COO- wherein R is hydrogen or 2 lower molecular
weight organic radical or functional group. The solution stabilizers {.2. 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, glveolic, proplonic, citric and other short-chain or low molecular weight
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pitting compound together with stabilizing agents consisting of

w@?&@r}f@%’fy compounds and/or water-soluble carboxylic compaunes, ;35
containing one or more carboxylic functional 20 groups having the general

formula R-COO- wherein R is hydrogen or a lower molecular weight
carb%'ﬁﬁ?&&%? %F%?ﬁ&%%f ARG PR IEPHZ 638 be Uffired as the

carboxylic compounds can be used in the form,of their agids Qr salts, .In
B e L S A

acids,. For exam organic acid h formic, acetjc, glycolic, .
o B B R L R RBRHS i Sgoms

e SRIHRRAEOTNSUATIOAL Bty DO RS LAl

i
acidic pH range can be utfli e solution

precz%ggwgg Lhed BRRANADIARE0f:BA0ING,REe AAYYHON AL SR AN Cihout any

ilizers to the acidic solution is the improved shelf-life and working

aegiahibly #fibasqlsions: chhemGiditealstians with the addition of the

stabilizing agents had substantially no 5 precipitation after more than

tweRtysfows shentis BhsRekdifecvalizato s anthwiiouhansy deatacatienief

the as-deposited coating performance. Fig's 1-6 show the improved
riapdefonmainbe: ghbanialyminhigiadayicadtechuihrife: titzciareontaifinowithour

solutions of this invention in comparison to the same coatings without the
the corrosipruaibmggriszmedes. 10 It is therefore an object of this disclosure

to provide a stable acidic aqueous solution comprising trivalent chromium

conpieunasiditianatireandtess prlybysoxyhcenpaundsortathoxyios
compounds and an effective amount of an inhibitor for coating metal
sohipR GATESIHRGfHR I shepmidirsmssnaadstdinerprarrentesanpEihomd
corrosjon-
compounds or carboxylic compounds and an effective amount of an inhibitor for coating

metal substrates inciuding pre-coated substrates 1o improve the adhesion and corrosion-

resistance properiies of the metal.

It is another object of this disclosure to provide a stable acidic agueous solution
ha_ving a pH ranging from about 1.0 to 5.5 comprising trivalent chromium compounds,
Diucrozirconaies, anti-pitiing compounds and at least one polvhydroxy compound and/or

carboxylic compound for treating metal substrates with or without a pre-existing metal

coating.

It is another object of this disclosure to provide a process for treating metal
substrates 1o provide coatings with an identifiable color, good adhesion and improved

COITOSION resisiance.,

It is a further object of this disclosure to provide a stabie acidic aqueous solution

having a pH ranging from about 2.5 o 4.5 comprising wrivalent chromium compounds,

th



resistance properties of the metal. 15 It is another object of this disclosure

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

mpound andJor carboxylic.compound for treating metal substrat SWIth

he"& b&ﬁfﬁéh‘f%i}?é :SAEMY I BRP EYaY. 30 RaE a"ﬁStﬁ%ﬁEBB}/i’& 8F pyhydroxy

corghisclos tive toprayidetd prbgesssfor srebiteng tmepalasubstnatdsdioepromiden said
aciGRANER NI AR Penliabie calon aaed adnaaign.and improved corrosion

resistance. It is a further objéct of this disclosure to provide a stable acidic
aquéBEs SBLABKT RRIARPE PHISHGNESHE RSO RBPH AR JRipRERTglC the
dethiiédl@siceipiomivmeaampodinds inSchexatiuorogirohates;cpesasiap FIG’s. | w©
e{thplt rs and at least one carboxylic or polyhydroxy compound for
eatlng metal substrates at ambient temperatures and higher wherein
saidiagidiess olerrshs theistdin absteathtialyass S eleavetent e Hisiupibsrates to

imﬂ?’ﬂ%eﬂfﬁ:n@o@mﬁé@Qjﬁﬁé&f&h%ﬂisﬁlﬂégf&:MBxhﬁﬁgmﬁeﬁE@ﬁE%QYme,tdl which

reference to the deta|I scrip tlon conS|dered JIn cfon%unctdon with
COmPrises treatm% ?ir%t ctw?, {noun S P acidic agueous
e accompanying pho irStaspec tHEré 8

S0 pmmd@d’sag)mcrééerQmaﬁwgm@taltsdlt@strratésitosarﬁpawecmemmgi@htian
cmHHPJ&EQOﬁe@n@eﬁ%@%ig{‘o@ﬂ%&ﬂ%ﬁ%ﬂgm Qf theomelRlWNEh | SOMPESeR alent

treating the metal substrates with effective amounts of an acidic aqueous
chromtum 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, benzimidazoles, benzazoles and benzoxazoles, from about (.0 to
100 grams of divalent zinc compounds, from about 0.0 to 20 grams of surfactants, from
about 6.6 to 20 grams of thickeners, and effective amounts of a stabilizing compound
selected from the group consisting of polyvhydroxy compounds, carboxylic compounds
and mixtures of polyhvdroxy and carboxylic compounds.

In a second aspect, there is provided compositions for coating metal substrates to
improve the corrosion protection and adhesion bonding strerigth of said metal which
comprises 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-solubie corrosion inhibitor selected from the group
consisting of triazoles, benzimidazoles, benzazoles. benzoxazoles and mixtures of said
inhibitors, from about 0.0 to 20 grams of divalent zinc compounds. from about (1.0 to 20
grams of surfactants, from about 0.0 10 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.



solution having a pH ranging from about 1.0 to 5.5; said 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 quor02|rconate an effective amount of at least one water
cted from the group consisting of triazoles,
irariy afttl benzoxazoles, from about 0.0 to 100
grams of dlvalent zinc compounds, from about 0.0 to 20 grams of

Surfﬂgaﬁ‘@h%%‘simlfhg 90%@&95%%8%}'8%?@ﬁé%iﬁﬂ%&ﬁ%‘ffb‘&e(zozz; T3)

amounts of a stabilizing compound " selected from the group conS|st|n]<_1;
PanGH Y GRY COHTOTRTHE SRy OB BOMASS AN Mikieslsf! without the
triapoly i bdy. and carboxylic compounds. In a second aspect, there is

provide ns ati meta I substrat |mprove

Cor o B R e T R S LB g1
pargs Mpihs%ﬁ?‘aﬁ’%i@fb Er ) Lfée%ndn&ﬁrhébmg%@ppﬁa@fg ivigErempibdutitothe
ved@Bia-andingpider of said solution from about 0.01 to 100 grams of at

leaslt: 1 gr‘%gl\’)/f% ?gh%%(s)t Iu{r:?n l%gir%eg%vgmtl%rg%%? (t_#t 0 Oléﬁl&%ﬁ 885?!”(]2908£~T3)

at led$t o ozwcona €, ane e am
panwhtetiselubleccompsionimghibitves sleotde: frompibrtigroopEsemsistihg diout the
tridFiaZole s Renzimidazoles, benzazoles, benzoxazoles and mixtures of said
inhibitors, from about 0.0 to 20 grams of divalent zinc compounds, fr

abolit.0 (8198 giis @Fsﬁwrgét%@eff%maas%af 59 %&W@F&ME’WW -13)
parthickehersoand effe ctoat ambuivis! o oanstabitizimgpeompotiritk salgctedwith the

ber{%mmegl%qgtgg)ngstmg of polyhydroxy compounds, carboxylic
compounds and mixtures ofpolyhydroxy and carboxylic compounds. 6
9%@#;@@;@)@}:07\{5‘ o rwirgsriormance of the aluminum atloy (2024-T3)

panel with a conversion coating derived from the composition of Example 3 without the

triazole inhibitor.

fa
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Fig. | (photo) shows the corrosion performance of the aluminum alloy
(2024-T3) panel with a conversion coating derived from the composition
f le 1 without the triazole inhibitor. Fig. 2 (photo) s E}%
W%ozr%g((zllggﬁzplerformance of the aluminum alloy (2024-T3) pan f},@l}% Bosoesss7
conversion coating derived from the composition of Example | with the
benZigtfidpansiibiterihEicprdéphateifshoanseid torsbsivnupe didrmaaze-68)
the aluminum alloy (2024-T3) panel with a conversion coating derived
pangiofvithreceatimsotitivadol enamslenmosifirue fisamaleolenithitbedremzigriazole
(photo) shows the corrosion performance of the aluminum alloy (2024-T3)
El with a conversion coating derived from the composition of Example
2 with the benzotriazole inhibitor. Fig. 5 (photo) shows the corrosion
performance of the alumlnum aIon (2024 T3) panel with a conversion
xample 3 without the triazole
58 365/041587 Fig 6 (photo) shows
the corrosion performance of the alumlnum alloy (2024-T3) panel with a
coating derived from the composition of Example 3 with the benzotriazole

nhiier; &, DEEE AR S G ETHONOF THEUNVENTION Mo of

invention relates to sta C aqueo s solutions a the process of
using said aqueous solutions having a pH ranging from about 1.0 to 5.5, and preferably

from about 2.5 to 4.5 or 3.4 1o 4.0 for preparing zirconium-chromium coatingse.g. a
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-zine 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,ZsF, an effective amount sufficient to
inthibit 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 fo 1.0 or 0.01 to 1.0 mole per liter of the solution
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using said aqueous solutions having a pH ranging from about 1.0 to 5.5,
and preferably from about 2.5 to 4.5 or 3.4 to 4.0 for preparing
%?(% cI‘hrom|um coatings e.g. a 10 conversion coatlng Eﬂ%&%l’)s/onss*f
strates Including, for example, pre-coated substrates suc
anodlzed aluminum or phosphate coated substrates to improve the
of 2RSSR BEFAMGURIcSESiHaingRewy StAmsbprertiessst frrambi group
Phasphate %Cﬁatlngs known in the art, include, for ex %ﬁ‘é)le coatings of

COmSIE SRR HO R RIS As B0 I R SSampRBas SO fese
h h h
st OB By S rafim ol ) S E5 B e W‘j

b h | ise f
N Hﬁéfﬂ?&%%?%%%ﬁeé%mf@%ran%stﬁ%"'fﬁ%?er%r
melBEAGIC @e?}glk?&%datfﬁé%?%%ﬂﬁk%ﬁ Qb ﬁn‘%&%&@@é&%@

i1
compound e.d. chromium sulfate, about 0.01 to 24 grams and prefera Sgﬁl/

invRREME 1810 b Pkl QB APRAGE "ﬁ&ra&@é%{%ﬂé 3L 1BASLARE steel

20 fluorozirconate e.g. an alkali metal Salt of H2ZrF6, an ‘effectivé amount

swECIgRk e NRIRIE SREOSIQN. JRAAIRG: faH AXamIRIen 4NHY 200K hORlsiRface,
4.0 grams per liter and preferably about 0.25 to 2.0 grams or 0.25to 1.0

inclidieRasil egheeyaittsolibl oraethsion prb hiieh g @i piifige may be
compound such as benzotriazole, and from about 0.001 to 2.0 grams and

trepiesiferad hdommBotifibite . hopetittavetimole per liter of the solution 7
WO 2006/088521 PCT/US2005/041587 of at least one water-soluble
stabilixérrpipestass eephipbaiier skiednsnddeohislipiogor pividingribeahetal
carboxylic compounds, polyhydroxy compounds and mixtures of these
SubsTiR B ARSI S SRR Y7 208 TR eRa) sepbaricafor rhemispbigrkrgtes.

this invention
The acidic solution of this invention is applied at about room temperature to the metal

substrate via immersion, spray or wipe-on techniques similar to the process used for other

metal treatments. Solution 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 Hlm
for color change, paint adhesion, and corrosion resistance. The 1.0 to 10 minute dwell

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

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

the metal subsirate with tap or deionized water.

In some processes, depending on the physical characteristics of the metal subsiraie
¢.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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can be used up to their solubility limits in the acidic aqueous solutions
depending on the 5 metal surface being treated. The metal surfaces

Wtée%%%%gsgiccordance with the present invention may be ariy?yi[)_ﬁg?

% ; : ) X 1)95/041587
substrate including, for example, iron, zinc, magnesium, steel surfaces

including galvanized steel, aluminum and aluminum alloys. An)é metal
foriggtiap duripg fsess gisretaplicaticnssed miignes dpdiuent et6e e g v
metal_coatir%%] may be treated with the compositions of the _Eégsent

that THRRRS P erie EEAE AYS S @R RRE SF087 BREXINTR RS dEBiRide iy of e
pickling the metal substrate e.g. aluminum substrate via conventional
DTS RE A B ARG RERFIEF S TS A AR R SPRET S AR i
cofRRIGA1 aboutraom temperagire (o e, Metal Sunsyate.v e telldlose
spray or wipe-on t%gﬁnlc‘fues sithfiar to the process used for 0 R&F metal

oo R LT L B T o

IS solution, t to 40 or 1. iIme

0.0‘@@@@@%%0@%? % FSOY 61ARg% HAIRL adhesion ane,cor per

resistan minute dwell time yields appreciable color

litesRERRCa U408 GORLNG deRRAEINGepE AR ¥ EhaRSAL sGTHRGsEIRN Of
the aqueous solution. The remaining solution is subsequently rinsed from

suliheatagtal siestiatouwithdapacce onizeshwatel wi:H:sable AIgeasses:
depending on the physical characteristics of the metal substrate e.g. the
wedhysgrhsioa bf thidaieekior adidivincintisu bstratesptheagel bosohbout 0.0 to 20
thickener to the solution aids in optimum film formation during spray and
grawip endrpeebptibhtiGam BySsiohWirgatonees Blutiod .8vaporationiitthiy thitieridis
the formation of powdery deposits that degrade paint adhesion. The
solg&gﬂioﬁl@fqﬁ;@@ﬁyéyaég@c;%q ﬁlﬁf@(ﬁ@@tm@gwn in the prior art and therefore

for purpose of this invention the surfactants can be selected from the group consisting of
non-ionic, cationic and anionic swrfactants.

The trivalent chromium is added to the solution as a water-soluble trivalent
chromium compound,l either as a lguid or solid and preferably as a trivalent chromiuwm
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 examg;le, some of the preferred
chromium compounds are incorporated in the solution in the formm of Cra(S04)s,
{(NHH)Cr(SO4), CriNO)-9H0 or KCr(80,): and any mixtures of these compnunds.. A
preferred trivalent chromium salt concentration is within the range of about 5.0 to 7.0
grams per liter of the aguecus 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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WO 2006/088521 PCT/US2005/041587 formation during large area
applications and mitigates the diluent effect of rinse water that remains on
W%fl%}ﬁy/%?g te during processing from previous steps. This f @Fﬁ%ﬂfoﬂlﬁhm

process ylelds films or coatings that have no streaks and are an

|mprovement in both coloration and corrosion protection. Water-soluble y
thickeHesracsdiersolutArs camy RRsEan S i ﬁ&ﬂ?&sﬂ@@%ﬁwm@g RRPRHAtRBRAEde

agueoqus solution in amounts rangln from about 0,0 to 20 grams er Ilter
colopashates BRFOYS 5 FOrERsIATSREY TR ot 14 S AL OGP A R

mg@%’%%%ic%‘ﬁ%%g%ﬁé@%ﬁ%eﬁﬁ{%%% %%Ef .

facta tti t t th idi lut t
oo PO ST Rhs R R e e
rax%ﬁ%ﬁ'gﬂgﬂg -t tPon- & rﬂ)sa?ﬁ{tl L 68l (%rﬁﬁl g%nht-gp 28 grams
rart

water soluble Surfactants known in the pri d ther ore f

pePHEROSE. @f hisivaation the;surfagantssrnbaralesied {rome IBHHEUR) any

consisting of non-ionic, cationic and anionic surfactants. The trivalent
cheRFeR kiR adtes. Bina-SAulonas:ewiaes el RIf.irimlentchiration and is
chromium compound, either as a liquid or solid and preferably as a
colfipadidnd chtotilthesaimppaeiiicallyhdadl oidating heakeididraoqueautmds that
solutions of this invention, the chromium salt can be added conveniently
ardostiter solutipreintitsegaterdsminbietfetonsphefeeablihmalatien b okéheple, zinc
chromium is plus 3. For example, some of the preferred chromium
acetatnpoon tillardénsrplsierBudre tiecato iKitio mivkthdatermno herafisomglicate, zinc
INH4)Cr(SO4)2 Cr(NO)3-91120 or KCr(SO4)2 and any mixtures of these

s 3Bt et onranycapbiratienths RS EFSortetraBRTS N APHHDE of

the range of about 5.0 to 7.0
the metal Subsirates can be carried owt at various temperatures including temperatures of

the solution which ranges from ambient e.g. from about room temperature up to about
120°F or higher up fo about 200°F. Room temperature is preferred, however, in that this
eliminates the necessity for beating 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 coafings for metal substrates including metal substrates

having a pre-existing metal coating.

]
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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

W MBS BT /US2005/041587 The acidic Solutions mgﬁ%ﬁ?gﬁf}é}{g”
least one divalent zinc compound to provide color and also improve the
corrosion protection of the metd@XkiPtBrhpared to other treatments or
compositions that do not contain zinc. The amount of the zinc compounds
can be varied up to the solubility limits to adjust the color imparted to the
coating, 5 ranging from 0.0 to 100 grams to as little as about 0.001 grams
per ift80H e of Grirnizedavalesy el 4Py olgraesisrAiresileomencan.

divalent zinc can be supplied by aélg chemical compound e.g. salt that

3.0 FELBR REHTIPRIER A Fl stk ConcrmamotsamdeEa o mEtR:dnd 0.25
the other components in the acid splution. Diyalent zing ¢ ounds, that

i R R R G T e

X le,zin te, zing telluride, zinc tetrafluoroborate, zinc

mrﬁgﬁ%? g%%l%}?ﬁﬁ%ggﬁ%%%ﬁs %gfgf:é?ﬁ%’ij?lfate and the like or any
combination thereof in any ratio. The treatment or coating of the metal
substrates can be carried out at various temperatures including
temperatures of the solution whigyg@ges,from ambient e.g. from about
room temperature up to about 120F or higher up to about 200F. Room
temperature is preferred, however, in that this 15 eliminates the necessity
for heating equipment. The coating may be air dried by any of the
methbelsderiarroiivthmasd neltd)add fo0 example poussdningafiweediRitnate,
drying, exposure to infra-red lamps, and the like.

3.0 grams of chromium I sulfate basic, 2.3 grams glycerol (0.025moles), and 0.25 grams

benzotriazole. Stir solution until all compounds are dissoived. Let stand at ambient

conditions (70-80F) until pH reaches 3.55.
EXAMPLE 3

To one liter of deionized water, add 4.0 grams of potassivm hexafluorozirconate
and 3.0 grams of chromium Il sulfaie basic. Stir solution until all compounds are
dissolved. Maintain pH between 3.25 and 3.50 for 14 day.;; with dilute sulfuric acid and
difute potassium hydroxide and then adjust to final pH of 3.90. Add 6.25 grams

benzotriazole.

11



The following Examples illustrate the stable acidic solutions of this
invention, and the method of using the solutions in providing color

M&Eﬁ&%’gﬂi improved adhesion 20 bonding and corrosion-rgéiﬁm&wmﬁm
coatings Tor metal substrates including metal substrates having a )

pre-existing metal coating. 10 WO 2006/088521 PCT/US2005/041587
EXAMPLE 1 To one liter of deib#i28d8kEtér add 4.0 grams of potassium
hexafluorozirconate, 3.0 grams of chromium Il sulfate basic, 0.12 grams
potassium tetrafluoroborate, and 0.25 5 grams benzotriazole. Stir solution
until all compounds are dissolved. Let stan(i at mgient conditions
(70 HGPFE I B3 ESPls £ RARRBICE IR B BRETREP S i
waggfr2 _%geq_ 4.(% rams o&a assium hexafluorozirconate, 3.0 grams of
CRrOMIUN Treanate asIc, Z2:3 grams glycerol (0.025moles), and 0.25
grams benzotriazole. Stir solution until all compounds are dissolved. Let
stand at ambient conditions (70-80F) until pH reaches 3.55. 15
EXAMPLE 3 To one liter of deionized water, add 4.0 grams of potassium
hexafluorozirconate and 3.0 grams of chromium lil sulfate basic. Stir
solution until all compounds arg:%lisepiyed; Maintain pH between 3.25 and
3.50 for 14 days with dilute sulfuric acid and 20 dilute potassium hydroxide
and then adjust to final pH of 3.90. Add 0.25 grams benzotriazole.

Prepare solution as in Example 3, except add 0.25 grams of 2-

10 mercaptobenzimidazole in addition to the benzotriazole.

15

20

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.

EXAMPIE7

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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11 WO 2006/088521 PCT/US2005/041587 EXAMPLE 4 Prepare solution
as in Example 2, except replace the benzotriazole with 0.50 grams of

-mercaptobenzimidazole. 5 E LE 5 Prepare solution as in le 3.
Wé)x%:(}eugg}%%élo.% grams of 2- 10 mercaptobenzimidazole in Eégljt?gﬁg%/%lebm

benzotriazole. EXAMPLE 6 Prepare solution as in Example 1, except add
amip S GrapRERRIET ap aYeigpisbenmidinglioubld troglgranimmediately, immerse
2-metcaptobenzazole in addition to the benzotriazole. EXAMPLE 7 20 '
the pRaclom PSSR HHEGE frampluh @ 3nid Sarde (6 vodmates &l dM#lm
. allgy (2024-T3) panels as follows: The process comprises cleaning 3 inch
Ring % mehief BESeties opyatarysigrascaiing degblobagkAanr Faral gnse
. minutes. Rinse in warm tap water using cascading double backflow.
W R A A G AR S S CESCRNGRS PR A Aclifor
.12 WO 2006/088521 PCT/US2005/041587 ambient t e t
e 8 A CRRE O UbTE BERRHD G EBRA: WG 22577 epony

primer.

EXAMPLE 8

Test panels were cleaned and coated by the process set forth in Exampie 7 then
piaced in neutral salt fog (ASTM B117) at an incline of 6 degrees from vertical. Afier 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, s evidt:»:nt from comparing Fipures 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, benzaéales, 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 alky! 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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the panels in the compositions of Examples 1, 2 and 3 for five (5) minutes

at 70-80F. Rinse in ambient temperature tap water using cascading

double backflow. Final rinse with deionized water. Let the ir dr

WE Usﬁ{gf}r%gaz(}jvernight. Coatings are ready for 5 testing or sut%s%gglufse%t&%%sm

coating with an organic finish coating e.g. (MIL-PRF-23377) epoxy
corpggioRrand DRNRsa ity SR O R EnegiRg e ahedt SRPEdu bl Bpmspr bigsand

set forth in Example 7 then 10 placed in neutral salt fo éASTM B117) at_
Mot i HTAN A BIRE S b %5@&%&@%@@@@3 49y Qreseamsagy Licer.

R N R A DT SR
HCHTHC SRRPENIHEnS G ER R HE' A
o S S R R tare RIS By

cerSIEL NG R AR ESISIARRERLADM8 Soalnas fade rom the

rent compositions. The anti-pitting or corrosion inhibitors are

watersluble sompaindaseiaaiet e SR LAPSIRIng. L drazales.

benzimidazoles, benzazoles, benzoxazoles and mixtures of these
inclafsbiees-taiaBik [aligs dhrdpaleneslicamasiannHbiiarsahe MBiinGble
compounds include the triazoles containing up to 12 carbon atoms, such

carB&¥R: abiyd antl2@prafeeablifhe ciyikiriezale sidhemeyinazRl o eantain
from 6-10 carbon atoms, including compounds such as benzotriazole and
tartrolyltkaisote calnd diralmboph¢riezadesticarithiningday thedixdeachdos ehuth as the
methyl or ethyl triazole. The triazoles such as benzotriazole are
carpowhireguiuthdessiiabteniridar dauifioatd PemieCOBRATEChThdantse the
pitting inhibitors are dissolved in the solutions in an effective amount
comgpeiEdrdagresiabpolubility. Combinations of two or more of the salts and/or acids
can be used fo obtain a specific pH. For example, the lower molecular acids and/or salts
such as potassium formate or citrate can be used at concentrations of at least $.001 10 2.0
moles or 0.001 to 1.0 mole per liter. These compounds are good ali-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 car‘boxﬁic compounds containing

both hydroxy and carboxylic groups including, for example, compounds such as cifric

acid, ghycolic acid, lactic acid, gluconic acids, glutaric acid and their salts,

In addition to the carboxylic compounds as stabilizing agents for the solutions,
smalil but effective amount of polyhydroxy compounds also can be used as stabilizers in
amounts ranging from about §.001 to 2.0 and preferably from 0.01 to 2.0 moles or 0.01 o
1.0 mole per liter. The compounds include the trihydric compounds e.g. glveerol and the

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

14
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13 WO 2006/088521 PCT/US20051041587 corrosion, and preferably in
amounts ranging from about 0.001 to 4.0 grams per liter, and more

W%r%&%g)égzi amounts of 0.25 to 2.0 grams or from about 0.%&%&&%5’/041__’87
grams per liter. Other useful triazoles include the water solublé :

. hydroxybenzotriazole, such as hydroxy-4- alkylbenzotriazoles,
triefiyiRBELE s iber oIy Ehsey wben Sipmarionerlyent iherory-6- 5

. carboxybenzotriazole, hydroxy-5-alkylbenzotriazoles and the like. The
m@@éﬁ‘?ﬁ% EPLEMRx HEED Aipeih e nda sems e dbsdriiermalssulasprigbhs

inc%%egw ter-soluble acids and/or carbgxylic acid salts, including the
compRpPE SYEheS ¢ 8&3&&5%@%6&5@@%@3%&%&6&%@%@&a@,ﬂcis and

it ic, f ' | ic, tartari ids, hyl iaming tet ti
e e T 5 PR TSR A . 522D 1 B ot
. i ignifi f hich d th d
o B S R R R P e
be &ﬁﬁl@ﬁ&'ﬁ?&&?ﬂ%@%&@lﬁ?%ﬁg '&%ér&b?ﬁ%@f@&iﬁis%‘%ﬂ@é’ﬂr@@ l?a%l acid

acids’and/or salts such as potassium formate or citrate can bé& used at

solggaeensations el Abeash QA0uAR AifhMelas Hofk IR 12 ML Bffbie

liter. These compounds are good all-around stabilizers. 15 Particularly

lov@palkiess|isiiese Gbidinad romyasioipsabii eos ReRA R ORI bon
about 0.01 mole per liter of potassium formate after 4 days of the initial

atosslulibis prrepafatioandGdiodiredolirnatkohidined iHdhdsiaibkinemganis up to

are carboxylic compounds containing both hydroxy and carboxylic groups
tenipiopfiagprhsie dematielcorppops Stoketyletkehamil agh/ telipodpitdastinch

acid, gluconic acids, glutaric acid and their salts. 20 In addition to the
as ¢igidsuneliephdsghiticns shasliznradats Rivenb dormwlese glycol,
tripropylene glycol, dibutylene glyeol, tributylene glycol, and other polyalkylene glycols
wherein the alkylene radical contains up fo eight carbon atoms and preferably from two to
four carbon atoms. Combinations or mixtures of the carboxylic and polyhydroxy
stabilizing compounds may be used in the acidic solution in any ratio. In addition to the
polyhydroxy and carbouxylic stabilizing compounds, the acidic aquéous sclutions 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 flucrometallic compound preferably including stabilizing
compounds such as hexafluorstitanate, beptafluorotantalate, 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

e
th



10

15

20

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

fro to 2.0 moles or 0.01 to 1.0 mole per liter. The co S 0415
[f]b , : : /041587
Wég u§39 éPtrlhydrlc compounds e.g. glycerol and the dihydric et er

alcohols e.g. glycol ethers including alkylene glycol ethers, such as 14

proR&Aties o dryEsne tir cias Jousrneshy ineripe Aenygais cotrasge, and a

propylene glycol ether, tripropyleneg\g%col ether, or. diethyleneglycol ether.
morRHEFFR &R Srcibrimeshmbstates ohRs SHGIS NS TrbigR Bt derah o Tater

such as ethylene glycol, propylene glycol, butylene glycol, ¢yclohexanal, .

oLl C O QU PEL AR BN RO R R SRS D S8 - i amionic, and cationic
S O R -
mo e R R R SO RN, R
P R et e can

palRELLR AN GRS REGHINTE UP.4, W {APeRFPRBIAAS, BHRG AleHerEN®),

group e.g. trimethylene glycol, and the polyglycols, such as diethylene

sorSiEhdhisivene gieah@lrastpiantalyselyeinrraviena Dives!,
tripropylene glycol, dibutylene glycol, tributylene glycol, and other

(THRBIARYESS, glitebisrvelidceies [pelediyderietsadinsl acidtainss | pitolbightne

carbon atoms and preferably from two to four carbon atoms.

sulfooatssimadionstoresixerrel 6ittve loarvosydicramitiplslyyicte 1B dtalfzing

compounds may be used in the acidic solution in any ratio. In addition to
examplepSiympeytoBeasieturbdsigic suitidusts coietbplend sxife witifetty amines;

aqueous solutions mai/zm ) ] o
see the publication: “Surfactants and Detersive Systems”, by John Wiley et al. in Kirk-
Othmer's Encyclopedia of Chemical Technology, 3™ Ed.

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

sprayed, thickening agents can be added to retain the agueous 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 ¢ 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

exampies of some preferred thickeners include the cellulose compounds, e.g.
hydroxypropyl cellulose (Kiucel), ethy! cellulose, hydroxyethy! cellulose, hydroxymethyl
cellulose, methyl cellulose and mixtures thereof. Other water soluble inorganic
thickeners include colloidal silica, clays such as bentonite, starches, pum arabic,

tragacanth, agar and various combinations.

16



contain small but effective amounts of from 0.0 to 24 grams e.g. 0.01 to 12
grams per liter of solution .of at least one fluorometallic compound

referably including stabilizing compounds such as hexafl ' x
Wpi?e%{gfﬂﬁ%%%)]tantalate, tetrafluoroborate and 20 hexafluorosi:#gé?ﬁ} %%E 41587

preparing the acidic solutions of this invention, known water soluble
surfafienyrepaning ¢haduisal toblatrarsatdmteciorbenioated oliatimms éntanmmdunts
ranging from about O to 20 grams per liter and preferably about 5.0 to 10

techyrignes.dha solwisncyrdmappbiediver iMsrsinfaspamtonvaredoetttbatiqees. The
aqueous solution to provide better wetting 15 WO 20061088521

TCP eopptyassaishisminyantion sperbe s394 wknagdierpataineesapspinebpiety0°F
insuring complete coverage, and a more uniform film on the metal

or highet eeuP i Franteptmaliy sonlicd yia Brasiitertatinibrs wermsube

selected from the group consisting of non-ionic, anionic, and_cationic

5 corORRRTEHIFARER A5t RIS e RHERM AT i SR ECS (TP 2R ih i e
. th xyl imidoazoli Ikylsulf i )
o SR B B At AL ok S e el SebEeE e
i | itical | id ,
B ORI, R SR A ISR A AR Bt e tap or
REARPRERHAIG (RERNLRD c%%@%B&M%MWQ@%& are

dei :
el(TERGITROL(r)), alkyl pyrrolidones, polyalkoxylated fatty acid esters,
nechiipaaz en@idspionaiasand RIS RS IRl n OIS HNPUR BB a spray

soluble surfactants include, for example, the nonylphenol ethoxylates,
10 ankngmesucteapativiereiaxddminihitaiteamines; see the publication:
"Surfactants and Detersive Systems", by John Wiley et al. in Kirk-
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

departing from the spirit and scope of the invention as particularly set forth in the

appended claims.

15
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Othmer's Encyclopedia of Chemical Technology, 3rd Ed. When large
surfaces do not permit immersion or where vertical surfaces are to be 15
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

CLAMffAcient concentrations ranging from about O to 20 grams per liter and
preferably 0.5 to 10 grams or 1.0 to 5.0 grams per liter of the acidic

1. solutioeSpecific:20sexamplesstbiorive prefer dtkthickener sinisitids tia
cellulose compounds, e.g. hydroxypropyl cellulose (Klucel), ethyl

adhesiRIld S RIS RyEh T EEIIGER "Rt Xy IREtRyI " EBItH0SE, TrGhgyPstrates

witSEhIgse and Eﬂﬁéta‘f%r 58 é?n%fg%% 2Hher ‘é";%%ﬁ%%%!%gé% %%%%é‘?&%!& 1.0
include colloidal sifica, clays stich as bentonite, starches, gunt arabic,

io dragacanthyiadanand variaus combinations. ke WO,2006/0885240.t 0.07 to
PCT/US2005/041587 After preparing the metal substrate surface to be

10Coaied viacenventonabtechtigues; thesplutian foan becappliddowvial grams of
immersion, spray or wipe-on techniques. The TCP solutions of this ,

at [ppreptioneainieUistR] at siEratetFEMpe At S TartiniPlip t6'12erogpsion

__ higher e.g. up to 200F and optimally applied via immersion to further

T e S BB 1887 IR STAHRAD (GO T ge SO BT frees o

e 20088 from ahaut l 1080 Mminwes. apdpreferably 1,040 40:0£.4-0 19,100 ¢

minutes at about 75F or higher. After dwelling, the remaining solution is

to thenpdheroughlysinsed:frorashe substratewith wproandeienizedwatereNo
additional chemical manipulations of the deposited films are
amounts of a stabilizing compound selected from the group consisting of polvhydroxy

oL

compounds, carboxvlic compounds and mixtures of polyhyvdroxy and carboxylic

compounds.

2. The process of Ciaim 1 wherein the metal substrates have a pre-existing melz

coagting thereon.

a3 Pl

3 The process of Claim 2 wherein the pre-existing metal coated substrate = &t

least one of an anodized aluminum and 2 phosphate coating.

4. The process of Claim 1 whersin the melsl substrate is at least one of an

aluminum alloy and an iron alloy.

18



necessary for excellent performance. The aqueous solutions may be
sprayed from a spray 10 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 departing from the spirit and scope of the
invention as particularly set forth in the appended claims. 15 20 17
CLAIMSrRiesessdRire aalingdnetal sasialesdmpmpiovedhieLouesion
protection and adhesion bonding strength of the metal which comprises
hydieatingriteyiitetahntstatdermitiagfez tvepianionsid afcinavidier sqiddus
solution having a pH ranging from about 1.v to 5.5; said acidic aqueous
saltg i8R comprising, per titer 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, an effective amount of at least one water
5. soluble carrasion dphibiiaf:selected from the greup consisting ef:tiazoles,
benzimidazoles, benzazoles and benzoxazoles, from about 0.0 to 1 00
hergramsoidivalent 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

7. Pobydrony. compouns, catbouic sampounds aHd ISR o o cast ane

of a citrin acid, 2 gluconic acid, a glycolic acid and the water soluble salts thersof,

Iag

8. The process of Claim 1 whersin the acidic aqueous solution contains from about

0.001 to 1.0 mole oer fiter of the carboxylic compound and the inhibitor is a triazois.

19



2. The process of Claim 1 wherein the metal substrates have a
pre-existing metal coating thereon. The process of C a.m 2 wherein the
pre-existing meta' coated substrate is at least one of an anodized
aluminum and a phosphate coating. 4. The process of Claim 1 wherein.
he metal substrate is at least one of an aluminum alloy and an iron alloy.
18 5. The process of Claim 1 wherein the carboxylic compound is at least
one of a hydroxy- carboxylic compound, a formic acid, a propionic acid
and the water soluble salts thereof, 6. The process of Claim 1 wherein the
8. watéisolublessorrésion inhibiternis dhenzotriazotes ACTHeprovesssdf@laipput
5 wherein the hydroxy-carboxviic compound is at least one of a citric acid,
0.08 gt éohieid P R SIieaRRP AR e Weter s Sitble Eants the e s PThés
of é)%?é%a?s of Claim | 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. 19 5. The process of Claim 1 wherein the acidic
aqueous solution contains from about 0.001 to 2.0 moles per liter of the
10 stabilizingccempo didand 0826 tadfagiamg Benfitercoba triazalesd O
The process of Claim 1 wherein the stabilizing compound is glycerol and
wathesWAIEr SoItbRE dEHEIoN MIMBIoR i Aanietire Of SenZetiazérsand
tolyltriazole.

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

compound having more than one functional carboxyiic group per molecule.

12. Compaesitions Tor coating metal substrates to improve the corrosion profection
and adhesion bonding sirength of said metal which comprise an acidic agueous solution
having a pH ranging from aboul 1.0 10 5.5 and per liter of said solution from about G.01
to 100 grams of at least one frivalent chromiunt compound, from about .01 to 24 grams
of 2t least one fluorczirconate, an effective amount of at least one waler-solubie
corrosion inhibitor selected from the group consisting of triazelss, benzimidazoles,
henzazoles, benzoxazoles and mixiures of sald inhibliors, from about 0.0 10 20 grams of
divalent zing %mpe&nd& from about 0.0 to 20 grams of surfactants, from about 0.0 to

£

20 grams of thickeners, and effective amounis of & stabilizing compound selected from
the group consisting of polvhydroxy compounds, carboxylic compounds and mixiures of

polvhydroxy and carboxylic compounds.

13 The compoesition of Claim 12 whersain the stabilizing compound g a carboxylic

compound having more than one functional carboxylic grous ner molecul

o



11 . The process of Claim 1 wherein the stabilizing compound is a
carboxylic compound having more than one functional carboxylic group
per molecule. 12. Compositions for coating metal substrates to improve
the corrosion protection and adhesion bonding strenoth of said metal
which comprise an acidic aqueous solution having a pH ranging from
about "It to 5.5 and per liter of said solution from about 0.01 to 100 grams
14, of atleastr-oneitivadentahromivrareempeotmdsiromeabout 00 30,24y -
grams of at least one fluorozirconate. an. effective amount of at least one
caryvetér-solliblel dorrosion nkibiteeieiseted from the group consisting of
triazoles, benzimidazoies, benzazoles. benzoxazoles and mixtures of
said inhibitors, from about 0.0 to 20 prams of divalent zinc compounds,

15. 10 APOULG, 010,79 Braims PlaWactalts, Jar. B0 (o gl glams of

thickeners, and effective amounts of a sta ilizing compound selected from
seidbegroup:eensising.etpolyhydiaxy LOMBAURGS 627 heXdiELOMPOURHS
and mixtures of polyhydroxy and carboxylic compounds. 13. The
solgompositionl abClamatitn ¥wireréin the stabilizing compound is a carboxylic
compound having more than one functional carboxylic group per
rrmolecule 20 14. The composition of Claim 13 wherein the carboxylic
ound is a. drgxyncarl,}oxg/llg gC%qu%d the water solu%lES salls . e of

the ¥ CHETPRRE c%‘ﬁ%fi“b%ﬁ?on oF Eigim' 12 Gherein the Ry droxy-carboxylic
= 7Sampound,is. selected fron-the.group Gopsisting, ofcitric acid, glycolic
acid, lactic aC|d the water soluble salts and combinations thereof 16. The
composition of Claim 12 wherein the carboxylic compound is at least one

of
17. The composition of Claim 12 wherein the polyhydroxy compoound 2 glycerol, the

”§€3

carboxylic compound is & lower molecular weight carboxylic acid or g water soluble salt

thereof and the water-soluble corrosion inhibitor s a triszole.

18 The compasition of Claim 12 wherein the stabilizing compound is & mpdure of 2

lowear molecuia ight carboxylic acid and a polyhydroxy compound.

21



a formic acid, propionic acid and the water soluble salts thereof. 17. The
composition of Claim 12 wherein the polyhydroxy compound is glycerol,
the carboxylic compound is a lower molecular weight carboxylic acid or a
water soluble salt thereof and the watersoluble corrosion inhibitor is a tr
iazole. 18. The composition of Chin 12 wherein the stabilizing compound
is a mixture of a lower molecular weight carboxylic acid and a
polyhydroxy compound. 21 19. The composition of Claim 12 wherein the
sta tilizing compound is a low molecular weight poiyhvdroxy compound

8. andfthe waterssolubfe_torrosiorthibitor iz MelcaptobenzitidazolerR@cular
‘The composition of Claim 12 wherein the polyhydroxy compound is

wEigfEBT ENE tE RS BllibleF cofrasToN Hhibitor 18 at 18&SPoite of a

ben;q}ri&zoleanq a mixture or triazoles. 21, The composition of Claim 12
MerCaDineng i itaZoIe. . . .
wherein. the divaient zinc compound is a water soluble zinc salt present

in the acidic aqueous solution in an amount ranging from about 0.5 to 2.0
grams and the water-soluble corrosion inhibitor is at least one of a
20 benzotriazotesnchahiescaptobenzaz dle. 22/ Theepmpasitiort of Glaim! E2¢
wherein the polyhydroxy compound is a polyalkylene glycol and 'the
thegter-se iR e BROSToR THMIbIte Eis eh2ithitlaz R 28 ITFREonfposiioh of
~ Claim 12 wherein the pH ranges from about 2.5 to 4.5, the trivalent
MaERFSmium compound ranges from about 0.01 to 22 grams, the
fluorozircanate is .exaffuorozirconate ranging from about 1.0' to 12
grams, the stabilizing compounds

By

21. The compaosition of Claim 12 wherein the divalent zinc compound is a water
soiuble zine sall preserd in the acidic agueous solution i an amount ranging from about
0.5 {0 2.0 grams and the water-scluble corrosion inhibiior is at least ane of a

benzotrizzole and 5 mercaniobenzazaole.

22 The composition of Claim 12 wherein the polyhydroxy compound is a
polvalkylens giveol and the water-soluble corrosion inhibitor is banzimidazole.

23, The composition of Claim 12 wherein the pH ranges from about 2.5 to 4.5, the
trivalent chromium compound ranges from about 0.01 {0 22 grams, the fluorozirconate is
hexafiuorozirconate ranging from about 1.0 16 12 grams, the stabilizing compounds
range from about 0.001 1o 1.0 mole per liar, and the inkibitor is 5 tazole ranging from

about 0.001 1o 4.0 grams per liter of solution.



tinge from about 0.001 to 1.0 mole per liter, and the inhibitor a triazole
ranging from about 0.001 to 4.0 grams per liter of Solution. 22 2”. The
composition of Claim 23 wherein the stabilizing compound is a lower
molecular weight carboxylic acid or a water soluble salt thereof and the tr
iazole is tolyltriazole. 25. The composition of Claim 12 wherein the
stabilizing compound is a polyhydroxy compound and the water-soluble
corrosion inhibitor is mercaptobenzazole. 26. The composition of Claim 12
wherein the divalent zinc compound ranges from about 0.001 to 10 grams
24 andthe waterssalubste_corrosion intibitor isarbenzazoles27d Fhelower
composition of Claim 12 wherein the thickeners and/or the surfactants
MO, MRS SBEAIY DF0 B D GHaTHE ARt HRe Tater 8oIGble CoT5SuR
mhfi%gggg IS mecca ptobenzoxazoie. 28. The composition of Claim 12
‘wherein the acidic agueous soluton contains from about 0.0l to 12 grams
per liter of at !east one fluorometailic compound selected from the group
consisting of r uorotitanates, fluorotantalates, fluoroborates, fluorosiiicates
25 and Tmixtnresshercof @ntrthe watersstlubleidbrmasamimhibiter israipixture;
of said corrosion inhibitors. 23 29. The cornpcsitioE- of Cairn 28 wherein
cORS HUd EST Brailie e G btru el a5t ddSb Grids oFcacheleafitisrasificate and a
tee afluorobo ate, the luo_oz conate is eexafiuorozl conate and the
water-soluble corrosion inhibitor is at least one of a tolyltriazoie and a

26, The compoesition of Claim 12 wherein the divalent zinc compound ranges from

about 0.001 to 10 grams and the water-soluble corrosion inhibitor is & banzarole.

27. The composition of Claim 12 wherein the thickeners and/or the surfactants range
from zbowt 1.0 10 5.0 grams and the water-soluble corrosion inhibltor is

marcaptobenzoazole,

28, The composition of Claim 12 whereln the acidic agueous soiution contains from
about 0.01 to 12 grams per liter of 2t lzast one fluorometallic compound seiscted from
the group consisting of fluorctitanates, fluorotantalates, flucroborates, fluorosilicates and
mikiures theraof and the waler-soluble corrosion nhibitor 1s a mixture of said corrosion

inhibitors,



benzotrkazoie. 24

29, The composition of Claim 28 wherein the fluorometallic compound is gt lsast one
of & hexafluorosilicate and = tetrafiuoroborate, the Auorozirconate is hexgfluorozirconaie

and the water-soluble

hanzoiraroia.

corrosion inhibitor is at least one of a tolyvliriazole and =



