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Description

ORIGIN OF INVENTION

[0001] The invention described 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 roy-
alties thereon or therefor.

BACKGROUND OF THE INVENTION

FIELD OF THE Invention

[0002] This invention relates to compositions and to a
process for using said compositions for preparing pro-
tective coatings on various metal substrates. The proc-
ess comprises treating the metal substrates with effective
amounts of an acidic aqueous solution containing at least
one trivalent chromium compound, at least one fluorozir-
conate, at least one carboxylic compound and/or poly-
hydroxy compound, at least one corrosion inhibitor, and
optionally effective amounts of fluorometallic compounds
such as fluorotitanates, fluorotantalates, fluoroborates,
fluorosilicates, divalent zinc compounds, surfactants,
wetting agents and/or thickeners. More specifically, this
invention relates to stable acidic aqueous solutions and
the process for treating various metal substrates includ-
ing pre-coated metal substrates such as anodized alu-
minum to improve the metal substrates adhesion bonding
and corrosion-resistant properties. The process compris-
es treating the metal substrates with a stable acidic aque-
ous solution containing effective amounts of at least one
water-soluble trivalent chromium salt, at least one water
soluble hexafluorozirconate, at least one water soluble
poly or mono-carboxylic compound and/or polyhydroxy
compound, and at least one water soluble anti-pitting or
corrosion inhibitor. In addition, compounds that can be
added to improve the color and stability of the acidic so-
lutions in small but effective amounts include at least one
water soluble hexa or tetra-fluorometallic compounds, di-
valent zinc salts, and effective amounts of water soluble
thickeners and/or water soluble surfactants.

[0003] 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 coat-
ing aluminum and aluminum alloy i.e. aluminum conver-
sion coatings to enhance corrosion protection and paint
adhesion; for sealing anodic coatings to enhance corro-
sion protection; for treatment of titanium or titanium alloys
forenhanced paintadhesion; for treatment of magnesium
alloys for enhanced paint adhesion and corrosion pro-
tection; for coating steel for enhanced paint adhesion and
rust inhibition; and for post-treatment of phosphate coat-
ings, zinc, zinc-nickel, tin-zinc, and cadmium sacrificial
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coatings on iron alloys and other metal substrates e.g.
steel for enhanced paint adhesion and corrosion protec-
tion.

[0004] Many of the current pretreatment, post-treat-
ment and sealer solutions are based on the use of hex-
avalent chromium chemistry. Hexavalent chromium is
highly toxic and a known carcinogen. As a result, the
solutions used to deposit these coatings and the coatings
per se are toxic. The hexavalent chromium films or coat-
ings do, however, yield outstanding paint adhesion, good
corrosion resistance, low electrical resistance and can
be easily applied by immersion, spray or wipe-on tech-
niques. However, the environmental laws, executive or-
ders, and local occupational, safety, and health (OSH)
regulations are driving the military and the commercial
users in search for alternatives. Moreover, the use of
hexavalent chromium coatings is becoming more expen-
sive as regulations tighten and costs become prohibitive
with future PEL restrictions imposed by the EPA and OS-
HA. In addition, certain processes like spraying chromate
solutions are forbidden at some facilities due to OSH risk,
forcing the use of less than optimum alternative solutions.
In summary, hexavalent chromate coatings are techni-
cally outstanding, but from a life-cycle cost, environmen-
tal, and OSH perspective, alternatives are highly desir-
able. Accordingly, research is underway to develop al-
ternative processes for metalfinishing that are technically
equivalent or superior to hexavalent chromate coatings
without the environmental and health drawbacks.
[0005] In WO 03/040431 A2, WO 03/040437 A1 and
US 6 669 764 B1 are disclosed processes for coating
metal substrates to improve corrosion protection and ad-
hesion bonding strength using compositions comprising
water-soluble trivalent chromium salts, alkali metal hex-
afluorozirconat, divalent zinc compounds, surfactants
and thickeners.

[0006] US 2004/054044 A1 describes the use of ben-
zotriazole as a corrosion inhibitor in an aqueous compo-
sition to be coated on metallic surfaces.

[0007] US 4578 122 discloses a composition contain-
ing trivalent chromium for treating metal surfaces to im-
part a chromium passivate film, wherein carboxylic acids
or their salts are used to impart increased clarity and
initial hardness to the gelatinous chromate film deposit-
ed.

[0008] Many of these alternatives, regardless of com-
position 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 ap-
plications. Therefore, better compositions are needed to
stabilize the acidic solutions for storage and process ap-
plications that will not interfere with the deposition proc-
ess or the subsequent performance of the deposited
coating.
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SUMMARY OF THE INVENTION

[0009] This invention relates to compositions as de-
fined in claim 12 and processes for preparing corro-
sion-resistant coatings on various metallic substrates in-
cluding pre-coated metal substrates such as phosphate
coatings or anodized coatings as defined in claim 1. This
invention can be utilized to improve the adhesion of var-
ious other coatings such as paint to the metal surface
and to prevent pitting and corrosion of the metal surface
such as aluminum, steel, galvanized surfaces and the
like. More specifically, the acidic solutions of this inven-
tion also contains effective amounts of atleast one water-
soluble, corrosion-inhibiting or anti-pitting compound to-
gether with stabilizing agents consisting of polyhydroxy
compounds and/or water-soluble carboxylic compounds
containing one or more carboxylic functional groups hav-
ing 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 com-
pounds 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 carboxylic acids that
naturally buffer in the mildly acidic pH range can be uti-
lized as the solution stabilizers. The advantage of adding
the polyhydroxy or carboxylic stabilizers to the acidic so-
lution is the improved shelf-life and working stability of
the solutions. The acidic solutions with the addition of the
stabilizing agents had substantially no precipitation after
more than twenty-four months of shelf-life evaluation and
without any degradation of the as-deposited coating per-
formance.

[0010] Fig’'s 1-6 show the improved performance of an
aluminum alloy coated with the triazole-containing solu-
tions of this invention in comparison to the same coatings
without the corrosion-inhibiting triazoles.

[0011] Itis therefore an object of this invention to pro-
vide a stable acidic aqueous solution comprising trivalent
chromium compounds, fluorozirconates, polyhydroxy
compounds or carboxylic compounds and an effective
amount of an inhibitor for coating metal substrates in-
cluding pre-coated substrates to improve the adhesion
and corrosion-resistance properties of the metal.
[0012] 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 com-
pounds, fluorozirconates, anti-pitting compounds and at
least one polyhydroxy compound and/or carboxylic com-
pound for treating metal substrates with or without a pre-
existing metal coating.

[0013] It is another object of this invention to provide
a process for treating metal substrates to provide coat-
ings with an identifiable color, good adhesion and im-
proved corrosion resistance.

[0014] Itis a further object of this invention to provide
a stable acidic aqueous solution having a pH ranging
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from about 2.5 to 4.5 comprising trivalent chromium com-
pounds, hexafluorozirconates, corrosion inhibitors and
at least one carboxylic or polyhydroxy compound for
treating metal substrates at ambient temperatures and
higher wherein said acidic solutions contain substantially
no hexavalent chromium.

[0015] These and other object of the invention will be-
come apparent by reference to the detailed description
when considered in conjunction with the accompanying
FIG’s. 1 to 6, (photos).

DESCRIPTION OF THE DRAWINGS

[0016]

Fig. 1 (photo) shows the corrosion performance of
the aluminum alloy (2024-T3) panel with a conver-
sion coating derived from the composition of Exam-
ple 1 without the triazole inhibitor.

Fig. 2 (photo) shows the corrosion performance of
the aluminum alloy (2024-T3) panel with a conver-
sion coating derived from the composition of Exam-
ple 1 with the benzotriazole inhibitor.

Fig. 3 (photo) shows the corrosion performance of
the aluminum alloy (2024-T3) panel with a conver-
sion coating derived from the composition of Exam-
ple 2 without the triazole inhibitor.

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

Fig. 5 (photo) shows the corrosion performance of
the aluminum alloy (2024-T3) panel with a conver-
sion coating derived from the composition of Exam-
ple 3 without the triazole inhibitor.

Fig 6 (photo) shows the corrosion performance of
the aluminum alloy (2024-T3) panel with a coating
derived from the composition of Example 3 with the
benzotriazole inhibitor.

DETAILED DESCRIPTION OF THE INVENTION

[0017] This invention relates to stable acidic aqueous
solutions and to the process of using said aqueous so-
lutions 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
zirconium-chromium coatings e.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 phos-
phates and mixed calcium-zinc phosphate coatings. The
process comprises using the acidic aqueous solution at
temperatures ranging up to about48.9°C (120°F) or high-
er e.g. up to about 93.3°C (200°F). The solutions com-
prise from about 0.01 to 100 grams and preferably from
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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,ZrFg, 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 a water-soluble
corrosion inhibitor or anti-pitting compound such as ben-
zotriazole, and from about 0.001 to 2.0 grams and pref-
erably from 0.001 to 1.0 or 0.01 to 1.0 mole per liter of
the solution of atleast one water-soluble stabilizing agent
or compound selected from the group consisting of car-
boxylic compounds, polyhydroxy compounds and mix-
tures of these stabilizing compounds in any ratio. If need-
ed, each of the compounds of this invention can be used
up to their solubility limits in the acidic aqueous solutions
depending on the metal surface being treated. The metal
surfaces treated in accordance with the present invention
may be any metal substrate including, for example, iron,
zinc, magnesium, steel surfaces including galvanized
steel, aluminum and aluminum alloys. Any metal surface,
including metal surfaces containing a protective or pre-
existing metal coating may be treated with the composi-
tions of the present invention.

[0018] The coatings are applied after cleaning and de-
oxidizing or pickling the metal substrate e.g. aluminum
substrate via conventional mechanical or chemical tech-
niques. The acidic solution of this invention is applied at
about room temperature to the metal substrate via im-
mersion, spray or wipe-on techniques similar to the proc-
ess used for other metal treatments. Solution dwell time
ranges from about 1.0 to 60 minutes or longer. With this
solution, the 1.0to 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 depending
primarily on the chemical composition of the aqueous
solution. The remaining solution is subsequently rinsed
from the metal substrate with tap or deionized water.
[0019] 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 pow-
dery deposits that degrade paint adhesion. The addition
of thickeners, also aids in proper film formation during
large area applications and mitigates the diluent effect
of rinse water that remains on the substrate during
processing from previous steps. This feature of the proc-
ess yields films or coatings that have no streaks and are
an improvement in both coloration and corrosion protec-
tion. Water-soluble thickeners such as the cellulose com-
pounds can be present in the acidic aqueous solution in
amounts ranging from about 0.0 to 20 grams per liter and
preferably 0.5 to 10 grams e.g., about 0.1 to 5.0 grams

10

15

20

25

30

35

40

45

50

55

per liter of the aqueous solution. Further, depending on
the characteristics of the metal substrates, an effective
but small amount of at least one water-soluble surfactant
or wetting agent can be added to the acidic solution in
amounts ranging from about 0.0 to 20 grams and pref-
erably from 0.5 to 10 grams e.g. 0.1 to 5.0 grams per liter
of the acidic solution. There are many water soluble sur-
factants known 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 sur-
factants.

[0020] The 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 solu-
tions 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 ex-
ample, some of the preferred chromium compounds are
incorporated in the solution in the form of Cry(SO,)3,
(NH4)Cr(S0O4)5, Cr(NO)3-9H,0 or KCr(SO4), and any
mixtures of these compounds. A preferred trivalent chro-
mium 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.

[0021] The acidic solutions may contain at least one
divalent zinc compound to provide color and also improve
the corrosion protection of the metal when compared 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 colorimparted to the coat-
ing, ranging from 0.0 to 100 grams to as little as about
0.001 grams per liter up to 10 grams per liter e.g. 0.5 to
2.0 grams of Zinc2+cation. The divalent zinc can be sup-
plied by any chemical compound e.g. salt that dissolves
in water at the required concentration and is compatible
with the other components in the acid solution. Divalent
zinc compounds that are water soluble at the required
concentrations preferably include, for example, zinc ac-
etate, zinc telluride, zinc tetrafluoroborate, zinc molyb-
date, zinc hexafluorosilicate, zinc sulfate and the like or
any combination thereof in any ratio. The treatment or
coating of the metal substrates can be carried out at var-
ious temperatures including temperatures of the solution
which ranges from ambient e.g. from about room tem-
perature up to about48.9°C (120°F) or higher up to about
93.3°C (200°F). Room temperature is preferred, howev-
er, in that this eliminates the necessity for heating equip-
ment. 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.

[0022] The following Examples illustrate the stable
acidic solutions of this invention, and the method of using
the solutions in providing color recognition, improved ad-
hesion bonding and corrosion-resistant coatings for met-
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al substrates including metal substrates having a pre-
existing metal coating.

EXAMPLE 1

[0023] To one liter of deionized water, add 4.0 grams
of potassium hexafluorozirconate, 3.0 grams of chromi-
um |l sulfate basic, 0.12 grams potassium tetrafluorob-
orate, and 0.25 grams benzotriazole. Stir solution until
all compounds are dissolved. Let stand at ambient con-
ditions 521-27°C (70-80°F)) until pH reaches 3.70.

EXAMPLE 2

[0024] To one liter of deionized water, add 4.0 grams
of potassium hexafluorozirconate, 3.0 grams of chromi-
um lll sulfate basic, 2.3 grams glycerol (0.025moles), and
0.25 grams benzotriazole. Stir solution until all com-
pounds are dissolved. Let stand at ambient conditions
(21-27°C) (70-80F)) until pH reaches 3.55.

EXAMPLE 3

[0025] To one liter of deionized water, add 4.0 grams
of potassium hexafluorozirconate and 3.0 grams of chro-
mium Il 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 hy-
droxide and then adjust to final pH of 3.90. Add 0.25
grams benzotriazole.

EXAMPLE 4

[0026] Prepare solution as in Example 2, except re-
place the benzotriazole with 0.50 grams of 2-mercapto-
benzimidazole.

EXAMPLE 5

[0027] Prepare solution as in Example 3, except add
0.25 grams of 2-mercaptobenzimidazole in addition to
the benzotriazole.

EXAMPLE 6

[0028] 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

[0029] The compositions of Examples 1,2 and 3 were
used to coat the aluminum alloy (2024-T3) panels as fol-
lows:

[0030] The process comprises cleaning 76 mm by 127
mmby 0.77 mm (3 inch by 5inch by 0.030inch) (2024-T3)
panelsin Turco 425 at60°C (140°F) for 15 minutes. Rinse
in warm tap water using cascading double backflow. Im-
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mediately, immerse coupons in Turco Smut Go for 5 min-
utes. Rinse in ambient temperature tap water using cas-
cading double backflow. Immediately, immerse the pan-
els in the compositions of Examples 1, 2 and 3 for five
(5) minutes at 21-27°C (70-80°F). Rinse in ambient tem-
perature tap water using cascading double backflow. Fi-
nal rinse with deionized water. Let the panels air dry and
stand overnight. Coatings are ready for testing or subse-
quent coating with an organic finish coating e.g. (MIL-
PRF-23377) epoxy primer.

EXAMPLE 8

[0031] Test panels were cleaned and coated by the
process set forth in Example 7 then placed in neutral salt
fog (ASTM B117) at anincline of 6 degrees from vertical.
After 3 weeks (21 days) in salt fog, the coating perform-
ance is shown in Figures 1-6. Control coatings were
made from the compositions of Examples 1,2 and 3 with-
out the addition of the triazole pitting inhibitors. It is evi-
dent from comparing Figures 1-6 (photos) that the addi-
tion of the pitting inhibitors resulted in a positive effect on
the corrosion resistance of the coatings made from the
different compositions.

[0032] The anti-pitting or corrosion inhibitors are wa-
ter-soluble compounds selected from the group consist-
ing of triazoles, benzimidazoles, benzazoles, benzoxa-
zoles 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 benzotri-
azole are commercially available under the trade name
COBRATEC. The anti-pitting inhibitors are dissolved in
the solutions in an effective amount sufficient to inhibit
corrosion, and preferably in amounts ranging from about
0.001 to 4.0 grams per liter, and more preferably in
amounts of 0.25 to 2.0 grams or from about 0.25 to 1.0
grams per liter. Other useful triazoles include the water
soluble hydroxybenzotriazole, such as hydroxy-4-alkyl-
benzotriazoles, hydroxy-6-benzotriazole, hydroxy-5-
chlorobenzotriazole, hydroxy-6-carboxybenzotriazole,
hydroxy-5-alkylbenzotriazoles and the like.

[0033] The stabilizing carboxylic compounds added to
the acidic aqueous solutions include water-soluble acids
and/or carboxylic acid salts, including the water-soluble
carboxylic acids and salts such as adipic, citric, acetic,
citraconic, fumaric, glutaric, tartaric acids, or ethylenedi-
amine tetraacetic acid provided the hydrocarbon chain
on the carboxylic group does not contain a significant
number of carbons which decrease the compounds de-
gree of solubility. Combinations of two or more of the
salts and/or acids can be used to obtain a specific pH.
For example, the lower molecular acids and/or salts such
as potassium formate or citrate can be used at concen-
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trations of atleast 0.001 to 2.0 moles or 0.001 to 1.0 mole
per liter. These compounds are good all-around stabiliz-
ers. Particularly good results were obtained from acidic
solutions prepared by adding about 0.01 mole per liter
of potassium formate after 4 days of the initial solution
preparation. Good results are obtained if the stabilizing
agents are carboxylic compounds containing both hy-
droxy and carboxylic groups including, for example, com-
pounds such as citric acid, glycolic acid, lactic acid, glu-
conic acids, glutaric acid and their salts.

[0034] In addition to the carboxylic compounds as sta-
bilizing 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
perliter. The compounds include the trihydric compounds
e.g. glycerol and the dihydric ether alcohols e.g. glycol
ethers including alkylene glycol ethers, such as triethyl-
ene glycol ether, propylene glycol ether, tripropylenegly-
col ether, or diethyleneglycol ether. Other glycols include
some of the lower molecular weight compounds such as
ethylene glycol, propylene glycol, butylene glycol, cy-
clohexanol, and the water-soluble poly (oxyalkylene gly-
cols) e.g. the poly-(oxyethylene) or poly-(oxypropylene
glycols), having lower molecular weights ranging up to
about 1000 may be employed to promote stability and
dispersibility of solids in the coating bath or acid solutions.
Other known di- and trihydric aliphatic alcohols include
the water soluble lower alkanols, such as the di- and tri-
hydric alkanols containing up to twelve carbon atoms.
This class of di- and trihydric lower alkanols can include
glycols containing up to ten carbon atoms in the alkylene
group e.g. trimethylene glycol, and the polyglycols, such
as diethylene glycol, triethylene glycol, tetraethylene gly-
col, dipropylene glycol, tripropylene glycol, dibutylene
glycol, tributylene glycol, and other polyalkylene glycols
wherein the alkylene radical contains up to eight carbon
atoms and preferably from two to four carbon atoms.
Combinations or mixtures of the carboxylic and polyhy-
droxy stabilizing compounds may be used in the acidic
solution in any ratio. In addition to the polyhydroxy and
carboxylic stabilizing compounds, the acidic aqueous so-
lutions may contain small but effective amounts of from
0.0 to 24 grams e.g. 0.01 to 12 grams per liter of solution
of atleast one fluorometallic compound preferably includ-
ing stabilizing compounds such as hexafluorotitanate,
heptafluorotantalate, tetrafluoroborate and hexafluoro-
silicate.

[0035] In preparing the acidic solutions of this inven-
tion, 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 wet-
ting properties by lowering the surface tension thereby
insuring complete coverage, and a more uniform film on
the metal substrates. The surfactantsinclude at least one
water soluble compound selected from the group con-
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sisting of non-ionic, anionic, and cationic surfactants.
Some of the better known water soluble surfactants in-
clude the monocarboxyl imidoazoline, alkylsulfate sodi-
um salts (DUPONOL®), ethoxylated or propoxylated
alkylphenol (IGEPAL®), alkylsulfonamides, alkaryl sul-
fonates, palmiticalkanol amides (CENTROL®), octylphe-
nyl polyethoxy ethanol (TRITON®), sorbitan monopalmi-
tate (SPAN®); dodecylphenyl polyethyleneglycol ether
(TERGITROL®), alkyl pyrrolidones, polyalkoxylated fatty
acid esters, alkylbenzene sulfonates and mixtures there-
of. Other known water soluble surfactants include, for
example, the nonylphenol ethoxylates, and adducts of
ethylene oxide with fatty amines; see the publication:
"Surfactants and Detersive Systems", by John Wiley et
al. in Kirk-Othmer’s Encyclopedia of Chemical Technol-
ogy, 3" Ed.

[0036] When large surfaces do not permit immersion
or where vertical surfaces are to be sprayed, thickening
agents can be added to retain the aqueous solution on
the surface for sufficient contact time. The thickeners em-
ployed are known inorganic and preferably the organic
water soluble thickeners added to the trivalent chromium
solutions in effective amounts e.g. at sufficient concen-
trations 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 pre-
ferred thickeners include the cellulose compounds, e.g.
hydroxypropyl cellulose (Klucel), ethyl cellulose, hydrox-
yethyl cellulose, hydroxymethyl cellulose, methyl cellu-
lose and mixtures thereof. Other water soluble inorganic
thickeners include colloidal silica, clays such as ben-
tonite, starches, gum arabic, tragacanth, agar and vari-
ous combinations.

[0037] After preparing the metal substrate surface to
be coated via conventional techniques, the solution can
be applied via immersion, spray or wipe-on techniques.
The TCP solutions of this invention can be used at ele-
vated temperatures ranging up to 48.9°C (120°F) or high-
er e.g. up to 93.3°C (200°F) and optimally applied via
immersion to further improve the corrosion resistance of
the coatings. Solution dwell time ranges from about 1 to
60 minutes, and preferably 1.0 to 40 or 1.0 to 10 minutes
at about 23.9°C (75°F) or higher. After dwelling, the re-
maining solution is then thoroughly rinsed from the sub-
strate with tap or deionized water. No additional chemical
manipulations of the deposited films are necessary for
excellent performance. The aqueous solutions may be
sprayed from a spray tank apparatus designed to replace
immersion tanks.

Claims

1. Process for coating metal substrates to improve the
corrosion protection and adhesion bonding strength
of the metal which comprises treating the metal sub-
strates with an acidic aqueous solution having a pH
ranging from 1.0 to 5.5; said acidic aqueous solution
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comprising, per liter of solution, from 0.01 to 100
grams of at least one trivalent chromium compound,
from 0.01 to 24 grams of at least one fluorozirconate,
from 0.0 to 100 grams of divalent zinc compounds,
from 0.0 to 20 grams of surfactants, from 0.0 to 20
grams of thickeners,

characterized in that

said acidic aqueous solution further comprises 0.001
to 4.0 grams per liter of at least one water soluble
corrosion inhibitor selected from the group consist-
ing of triazoles, benzimidazoles, benzazoles and
benzoxazoles, and 0.001 to 2.0 grams per liter of a
stabilizing compound selected from the group con-
sisting of polyhydroxy compounds, carboxylic com-
pounds and mixtures of polyhydroxy and carboxylic
compounds wherein said polyhydroxy compounds
are selected from the group consisting of glycerol,
methylene glycol ether, propylene glycol ether,
tripropylene glycol ether, diethylene glycol ether, gly-
col, propylene glycol, butylene glycol, cyclohexanol,
water-soluble poly(oxyethylene glycols) and poly
(oxypropylene glycols) having molecular weights
ranging up to about 1000, trimethylene glycol, dieth-
ylene glycol, methylene glycol, tetraethylene glycol,
dipropylene glycol, tripropylene glycol, dibutylene
glycol, tributylene glycol, and polyalkylene glycols
wherein the alkylene radical contains up to eight car-
bon atoms, and wherein said carboxylic compounds
are selected fromthe group consisting of formic, ace-
tic, propionic, citric, adipic, citraconic, fumaric, glu-
taric, tartaric, lactic, glycolic, gluconic, and ethylen-
ediamine tetraacetic acids and their salts.

The process of Claim 1 wherein the metal substrates
have a pre-existing metal coating thereon.

The process of Claim 2 wherein the pre-existing met-
al coated substrate is at least one of an anodized
aluminum and a phosphate coating.

The process of Claim 1 wherein the metal substrate
is at least one of an aluminum alloy and an iron alloy.

The process of Claim 1 wherein the carboxylic com-
pound is at least one of a hydroxy-carboxylic com-
pound, a formic acid, a propionic acid and the water
soluble salts thereof.

The process of Claim 1 wherein the water soluble
corrosion inhibitor is benzotriazole.

The process of 5 wherein the hydroxy-carboxylic
compound is at least one of a citric acid, a gluconic
acid, a glycolic acid and the water soluble salts there-
of.

The process of Claim 1 wherein the acidic aqueous
solution contains from 0.001 to 1.0 mole per liter of
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the carboxylic compound and the inhibitor is a tria-
zole.

The process of Claim 1 wherein the acidic aqueous
solution contains from 0.001 to 2.0 moles per liter of
the stabilizing compound and 0.025 to 4.0 grams per
liter of a triazole.

The process of Claim 1 wherein the stabilizing com-
pound is glycerol and the water soluble corrosion
inhibitor is a mixture of benzotriazole and tolyltria-
zole.

The process of Claim 1 wherein the stabilizing com-
pound is a carboxylic compound having more than
one functional carboxylic group per molecule.

Compositions for coating metal substrates to im-
prove the corrosion protection and adhesion bonding
strength of said metal which comprise an acidic
aqueous solution having a pH ranging from 1.0 to
5.5 and per liter of said solution from 0.01 to 100
grams of at least one trivalent chromium compound,
from 0.01 to 24 grams of at least one fluorozirconate,
from 0.0 to 20 grams of divalent zinc compounds,
from 0.0 to 20 grams of surfactants, from 0.0 to 20
grams of thickeners,

characterized in that

said acidic aqueous solution further comprises 0.001
to 4.0 grams per liter of at least one water soluble
corrosion inhibitor selected from the group consist-
ing of triazoles, benzimidazoles, benzazoles and
benzoxazoles and mixtures of said inhibitors, and
0.001 to 2.0 grams per liter of a stabilizing compound
selected from the group consisting of polyhydroxy
compounds, carboxylic compounds and mixtures of
polyhydroxy and carboxylic compounds, wherein
said polyhydroxy compounds are selected from the
group consisting of glycerol, methylene glycol ether,
propylene glycol ether, tripropylene glycol ether, di-
ethylene glycol ether, glycol, propylene glycol, buty-
lene glycol, cyclohexanol, water-soluble poly(ox-
yethylene glycols) and poly(oxypropylene glycols)
having molecular weights ranging up to about 1000,
trimethylene glycol, diethylene glycol, methylene
glycol, tetraethylene glycol, dipropylene glycol,
tripropylene glycol, dibutylene glycol, tributylene gly-
col, and polyalkylene glycols wherein the alkylene
radical contains up to eight carbon atoms, and
wherein said carboxylic compounds are selected
from the group consisting of formic, acetic, propionic,
citric, adipic, citraconic, fumaric, glutaric, tartaric,
lactic, glycolic, gluconic, and ethylenediamine
tetraacetic acids and their salts.

The composition of Claim 12 wherein the stabilizing
compound is a carboxylic compound having more
than one functional carboxylic group per molecule.
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The composition of Claim 13 wherein the carboxylic
compound is a hydroxy-carboxylic acid and the water
soluble salts thereof.

The composition of Claim 14 wherein the hydroxy-
carboxylic compound is selected from the group con-
sisting of citric acid, glycolic acid, lactic acid, the wa-
ter soluble salts thereof and combinations thereof.

The composition of Claim 12 wherein the carboxylic
compound is at least one of a formic acid, propionic
acid and the water soluble salts thereof.

The composition of Claim 12 wherein the polyhy-
droxy compound is glycerol, the carboxylic com-
pound is a lower molecular weight carboxylic acid or
a water soluble salt thereof and the water soluble
corrosion inhibitor is a triazole.

The composition of Claim 12 wherein the stabilizing
compound is a mixture of a lower molecular weight
carboxylic acid and a polyhydroxy compound.

The composition of Claim 12 wherein the stabilizing
compound is a low molecular weight polyhydroxy
compound and the water soluble corrosion inhibitor
is mercaptobenzimidazole.

The composition of Claim 12 wherein the polyhy-
droxy compound is glycerol and the water soluble
corrosion inhibitor is at least one of a benzotriazole
and a mixture of triazoles.

The composition of Claim 12 wherein the divalent
zinc compound is a water soluble zinc salt present
in the acidic aqueous solution in an amount ranging
from 0.5t0 2.0 grams and the water soluble corrosion
inhibitor is at least one of a benzotriazole and a mer-
captobenzazole.

The composition of Claim 12 wherein the polyhy-
droxy compound is a polyalkylene glycol and the wa-
ter soluble corrosion inhibitor is benzimidazole.

The composition of Claim 12 wherein the pH ranges
from 2.5 to 4.5, the trivalent chromium compound
ranges from 0.01 to 22 grams, the fluorozirconate is
hexafluorozirconate ranging from 1.0 to 12 grams,
the stabilizing compounds range from 0.001 to 1.0
mole per liter, and the inhibitor is a triazole ranging
from 0.001 to 4.0 grams per liter of solution.

The composition of Claim 23 wherein the stabilizing
compound is a lower molecular weight carboxylic ac-
id or a water soluble salt thereof and the triazole is
tolyltriazole.

The composition of Claim 12 wherein the stabilizing
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compound is a polyhydroxy compound and the water
soluble corrosion inhibitor is mercaptobenzazole.

The composition of Claim 12 wherein the divalent
zinc compound ranges from 0.001 to 10 grams and
the water soluble corrosion inhibitor is a benzazole.

The composition of Claim 12 wherein the thickeners
and/or the surfactants range from 1.0 to 5.0 grams
and the water soluble corrosion inhibitor is mercap-
tobenzoxazole.

The composition of Claim 12 wherein the acidic
aqueous solution contains from 0.01 to 12 grams per
liter of at least one fluorometallic compound selected
from the group consisting of fluorotitanates, fluoro-
tantalates, fluoroborates, fluorosilicates and mix-
tures thereof and the water soluble corrosion inhib-
itor is a mixture of said inhibitors.

The composition of Claim 28 wherein the fluorome-
talliccompound is at least one of a hexafluorosilicate
and a tetrafluoroborate, the fluorozirconate is hex-
afluorozirconate and the water soluble corrosion in-
hibitor is at least one of a tolyltriazole and a benzo-
triazole.

Patentanspriiche

1.

Verfahren zum Beschichten von Metallsubstraten
zur Verbesserung des Korrosionsschutzes und der
Haftfestigkeit des Metalls, welches ein Behandeln
der Metallsubstrate mit einer sauren wassrigen L6-
sung mit einem pH von 1,0 bis 5,5 umfasst; wobei
die saure wassrige Lésung pro Liter der Lésung von
0,01 bis 100 Gramm von mindestens einer dreiwer-
tigen Chromverbindung, von 0,01 bis 24 Gramm von
mindestens einem Fluorzirconat, von 0,0 bis 100
Gramm an zweiwertigen Zinkverbindungen, von 0,0
bis 20 Gramm an Tensiden, von 0,0 bis 20 Gramm
an Verdickungsmitteln umfasst,

dadurch gekennzeichnet, dass

die saure wassrige Lésung ferner 0,001 bis 4,0
Gramm pro Liter an mindestens einem wasserldsli-
chen Korrosionsinhibitor, der aus der Gruppe aus-
gewahlt ist bestehend aus Triazolen, Benzimidazo-
len, Benzazolen und Benzoxazolen, und 0,001 bis
2,0 Gramm pro Liter einer Stabilisierungsverbin-
dung, die aus der Gruppe ausgewahlt ist bestehend
aus Polyhydroxyverbindungen, Carboxylverbindun-
gen und Mischungen von Polyhydroxy- und Car-
boxylverbindungen, umfasst, wobei die Polyhydro-
xyverbindungen aus der Gruppe ausgewahlt sind
bestehend aus Glycerol, Methylenglycolether, Pro-
pylenglycolether, Tripropylenglycolether, Diethylen-
glycolether, Glycol, Propylenglycol, Butylenglycol,
Cyclohexanol, wasserldslichen Poly(oxyethylengly-
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colen) und Poly(oxypropylenglycolen) mit Moleku-
largewichten von bis zu ungeféhr 1000, Trimethy-
lenglycol, Diethylenglycol, Methylenglycol, Tetrae-
thylenglycol, Dipropylenglycol, Tripropylenglycol,
Dibutylenglycol, Tributylenglycol und Polyalkylen-
glycolen, wobei der Alkylenrest bis zu acht Kohlen-
stoffatome enthalt, und wobei die Carboxylverbin-
dungen aus der Gruppe ausgewahlt sind bestehend
aus Ameisen-, Essig-, Propion-, Zitronen-, Adipin-,
Citracon-, Fumar-, Glutar-, Wein-, Milch-, Glycol-,
Glucon- und Ethylendiamintetraessigsaure und de-
ren Salzen.

Verfahren nach Anspruch 1, wobei die Metallsub-
strate eine bereits darauf vorhandene Metallbe-
schichtung aufweisen.

Verfahren nach Anspruch 2, wobei das Metallsub-
strat mit bereits vorhandener Metallbeschichtung
mindestens eines von einem anodisierten Alumini-
um und einer Phosphatbeschichtung ist.

Verfahren nach Anspruch 1, wobei das Metallsub-
strat mindestens eines von einer Aluminiumlegie-
rung und einer Eisenlegierung ist.

Verfahren nach Anspruch 1, wobei die Carboxylver-
bindung mindestens eine von einer Hydroxycar-
boxylverbindung, einer Ameisenséure, einer Propi-
onsaure und deren wasserldslichen Salzen ist.

Verfahren nach Anspruch 1, wobei der wasserl6sli-
che Korrosionsinhibitor Benzotriazol ist.

Verfahren nach Anspruch 5, wobei die Hydroxycar-
boxylverbindung mindestens eine von einer Zitro-
nensdaure, einer Gluconsaure, einer Glycolséaure und
deren wasserléslichen Salzen ist.

Verfahren nach Anspruch 1, wobei die saure wass-
rige Lé6sung von 0,001 bis 1,0 mol pro Liter der Car-
boxylverbindung enthalt und der Inhibitor ein Triazol
ist.

Verfahren nach Anspruch 1, wobei die saure wass-
rige Losung von 0,001 bis 2,0 mol pro Liter der Sta-
bilisierungsverbindung und 0,025 bis 4,0 Gramm pro
Liter eines Triazols enthalt.

Verfahren nach Anspruch 1, wobei die Stabilisie-
rungsverbindung Glycerolistund der wasserldsliche
Korrosionsinhibitor eine Mischung aus Benzotriazol
und Tolyltriazol ist.

Verfahren nach Anspruch 1, wobei die Stabilisie-
rungsverbindung eine Carboxylverbindung mit mehr
als einer funktionellen Carboxylgruppe pro Molekdil
ist.
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Zusammensetzungen zum Beschichten von Metall-
substraten zur Verbesserung des Korrosionsschut-
zes und der Haftfestigkeit des Metalls, welche eine
saure wassrige Losung mit einem pH von 1,0 bis 5,5
und pro Liter der L6sung von 0,01 bis 100 Gramm
von mindestens einer dreiwertigen Chromverbin-
dung, von 0,01 bis 24 Gramm von mindestens einem
Fluorzirconat, von 0,0 bis 20 Gramm an zweiwerti-
gen Zinkverbindungen, von 0,0 bis 20 Gramm an
Tensiden, von 0,0 bis 20 Gramm an Verdickungs-
mitteln umfassen,

dadurch gekennzeichnet, dass

die saure wassrige Losung ferner 0,001 bis 4,0
Gramm pro Liter an mindestens einem wasserl6sli-
chen Korrosionsinhibitor, der aus der Gruppe aus-
gewahlt ist bestehend aus Triazolen, Benzimidazo-
len, Benzazolen und Benzoxazolen und Mischungen
der Inhibitoren, und 0,001 bis 2,0 Gramm pro Liter
einer Stabilisierungsverbindung, die aus der Gruppe
ausgewahlt ist bestehend aus Polyhydroxyverbin-
dungen, Carboxylverbindungen und Mischungen
von Polyhydroxy- und Carboxylverbindungen, um-
fasst, wobei die Polyhydroxyverbindungen aus der
Gruppe ausgewahlt sind bestehend aus Glycerol,
Methylenglycolether, Propylenglycolether, Tripropy-
lenglycolether, Diethylenglycolether, Glycol, Propy-
lenglycol, Butylenglycol, Cyclohexanol, wasserl6sli-
chen Poly-(oxyethylenglycolen) und Poly(oxypropy-
lenglycolen) mit Molekulargewichten von bis zu un-
gefahr 1000, Trimethylenglycol, Diethylenglycol,
Methylenglycol, Tetraethylenglycol, Dipropylengly-
col, Tripropylenglycol, Dibutylenglycol, Tributylen-
glycol und Polyalkylenglycolen, wobei der Alkylen-
rest bis zu acht Kohlenstoffatome enthéalt, und wobei
die Carboxylverbindungen aus der Gruppe ausge-
wahlt sind bestehend aus Ameisen-, Essig-, Propi-
on-, Zitronen-, Adipin-, Citracon-, Fumar-, Glutar-,
Wein-, Milch-, Glycol-, Glucon- und Ethylendiamin-
tetraessigsaure und deren Salzen.

Zusammensetzung nach Anspruch 12, wobei die
Stabilisierungsverbindung eine Carboxylverbindung
mit mehr als einer funktionellen Carboxylgruppe pro
Molekdil ist.

Zusammensetzung nach Anspruch 13, wobei die
Carboxylverbindung eine Hydroxycarboxylverbin-
dung und die wasserldslichen Salze davon ist.

Zusammensetzung nach Anspruch 14, wobei die
Hydroxycarboxylverbindung aus der Gruppe ausge-
wahlt ist bestehend aus Zitronensaure, Glycolsaure,
Milchsaure, deren wasserloslichen Salzen und de-
ren Kombinationen.

Zusammensetzung nach Anspruch 12, wobei die
Carboxylverbindung mindestens eine von einer
Ameisensaure, Propionsaure und deren wasserlds-
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lichen Salzen ist.

Zusammensetzung nach Anspruch 12, wobei die
Polyhydroxyverbindung Glycerol ist, die Carboxyl-
verbindung eine Carbonsdure mit niedrigem Mole-
kulargewicht oder ein wasserlosliches Salz davon
ist und der wasserldsliche Korrosionsinhibitor ein
Triazol ist.

Zusammensetzung nach Anspruch 12, wobei die
Stabilisierungsverbindung eine Mischung aus einer
Carbonsaure mit niedrigem Molekulargewicht und
einer Polyhydroxyverbindung ist.

Zusammensetzung nach Anspruch 12, wobei die
Stabilisierungsverbindung eine Polyhydroxyverbin-
dung mit niedrigem Molekulargewicht ist und der
wasserldsliche Korrosionsinhibitor Mercaptobenzi-
midazol ist.

Zusammensetzung nach Anspruch 12, wobei die
Polyhydroxyverbindung Glycerol ist und der wasser-
16slich Korrosionsinhibitor mindestens eines von ei-
nem Benzotriazol und einer Mischung aus Triazolen
ist.

Zusammensetzung nach Anspruch 12, wobei die
zweiwertige Zinkverbindung ein wasserldsliches
Zinksalz ist, das in der sauren wassrigen Lésung in
einer Menge von 0,5 bis 2,0 Gramm vorhanden ist,
und der wasserldsliche Korrosionsinhibitor minde-
stens eines von einem Benzotriazol und einem Mer-
captobenzazol ist.

Zusammensetzung nach Anspruch 12, wobei die
Polyhydroxyverbindung ein Polyalkylenglycol ist
und der wasserldsliche Korrosionsinhibitor Benzimi-
dazol ist.

Zusammensetzung nach Anspruch 12, wobeider pH
von 2,5 bis 4,5 reicht, die dreiwertige Chromverbin-
dung von 0,01 bis 22 Gramm reicht, das Fluorzir-
conat Hexafluorzirconat ist, das von 1,0 bis 12
Gramm reicht, die Stabilisierungsverbindungen von
0,001 bis 1,0 mol pro Liter reichen und der Inhibitor
ein Triazol ist, das von 0,001 bis 4,0 Gramm pro Liter
der L8sung reicht.

Zusammensetzung nach Anspruch 23, wobei die
Stabilisierungsverbindung eine Carbonsdure mit
niedrigem Molekulargewicht oder ein wasserl6sli-
ches Salz davon ist und das Triazol Tolyltriazol ist.

Zusammensetzung nach Anspruch 12, wobei die
Stabilisierungsverbindung eine Polyhydroxyverbin-
dung ist und der wasserlésliche Korrosionsinhibitor
Mercaptobenzazol ist.
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Zusammensetzung nach Anspruch 12, wobei die
zweiwertige Zinkverbindung von 0,001 bis 10
Gramm reicht und der wasserl@sliche Korrosionsin-
hibitor ein Benzazol ist.

Zusammensetzung nach Anspruch 12, wobei die
Verdickungsmittel und/oder die Tenside von 1,0 bis
5,0 Gramm reichen und der wasserlosliche Korrosi-
onsinhibitor Mercaptobenzoxazol ist.

Zusammensetzung nach Anspruch 12, wobei die
saure wassrige Losung von 0,01 bis 12 Gramm pro
Liter von mindestens einer Fluormetallverbindung
enthalt, die aus der Gruppe ausgewahlt ist beste-
hend aus Fluortitanaten, Fluortantalaten, Fluorbora-
ten, Fluorsilicaten und deren Mischungen, und der
wasserldsliche Korrosionsinhibitor eine Mischung
aus den Inhibitoren ist.

Zusammensetzung nach Anspruch 28, wobei die
Fluormetallverbindung mindestens eine von einem
Hexafluorsilicat und einem Tetrafluorborat ist, das
Fluorzirconat Hexafluorzirconat ist und der wasser-
I6stiche Korrosionsinhibitor mindestens eines von
einem Tolyltriazol und einem Benzotriazol ist.

Revendications

Procédé de revétement de substrats métalliques
pour améliorer la protection contre la corrosion et la
résistance de liaison par adhérence du métal, qui
comprend le traitement des substrats métalliques
avec une solution aqueuse acide ayant, un pH de
I'ordre de 1,0 a 5,5 ; ladite solution aqueuse acide
comprenant par litre de solution, de 0,01 a 100 gram-
mes d’au moins un composé de chrome trivalent, de
0,01 a 24 grammes d’au moins un fluorozirconate,
de 0,0 a 100 grammes de composés de zinc diva-
lents, de 0,0 a 20 grammes de tensioactifs, de 0,0 a
20 grammes d’épaississants,

caractérisé en ce que

ladite solution acide comprend en outre 0,001 2 4,0
grammes par litre d’au moins un inhibiteur de corro-
sion hydrosoluble choisi dans le groupe comprenant
des triazoles, des benzimidazoles, des benzazoles
et des benzoxazoles, et 0,001 a 2,0 grammes par
litre d’'un composé stabilisant choisi dans le groupe
comprenant des composés polyhydroxy, des com-
posés carboxyliques et des mélanges de composés
polyhydroxy et carboxyliques, lesdits’ composés po-
lyhydroxy étant choisis dans le groupe comprenant
le glycérol, I'éther de méthyléene glycol, I'éther de pro-
pylene glycol, I'éther de tripropyléne glycol, I'éther
de diéthyléne glycol, le glycol, le propylene glycol,
le butyléne glycol, le cyclohexanol, les poly(oxyéthy-
leéne glycols) hydrosolubles et les poly(oxypropylene
glycols) ayant des poids moléculaire allant jusqu’a
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environ 1000, le triméthyléne glycol, le diéthyléne
glycol, le méthylene glycol, le tétraéthylene glycol,
le dipropyléne glycol, le tripropyléne glycol, le dibu-
tylene glycol, le tributyléne glycol et les polyalkyléne
glycols, le radical alkyléne contenant jusqu'a huit
atomes de carbone et lesdits composés carboxyli-
ques étant choisis dans le groupe comprenant les
acides formique, acétique, propionique, citrique, adi-
pique, citraconique, fumarique, glutarique, tartrique,
lactique, glycolique, gluconique et éthyléne diamine
tétra-acétique et leurs sels.

Procédé selon la revendication 1, dans lequel les
substrats métalliques ont un revétement métallique
préexistant sur ceux-ci.

Procédé selon la revendication 2, dans lequel le
substrat revétu de métal préexistant est au moins un
substrat parmi un revétement d’aluminium anodisé
et un revétement de phosphate.

Procédé selon la revendication 1, dans lequel le
substrat métallique est au moins un substrat parmi
un alliage d’aluminium et un alliage de fer.

Procédé selon la revendication 1, dans lequel le
composé carboxylique est au moins un composé
parmi un composé hydroxy-carboxylique, un acide
formique, un acide propionique et les sels hydroso-
lubles de ceux-ci.

Procédé selon la revendication 1, dans lequel I'inhi-
biteur de corrosion hydrosoluble est le benzotriazo-
le.

Procédé selon la revendication 5, dans lequel le
composé hydroxy-carboxylique est au moins un
composé parmi un acide citrique, un acide gluconi-
que, un acide glycolique et les sels hydrosolubles
de ceux-ci.

Procédé selon la revendication 1, dans lequel la so-
lution aqueuse acide contient de 0,001 a 1,0 mole
par litre de composé carboxylique et I'inhibiteur est
un triazole.

Procédé selon la revendication 1, dans lequel la so-
lution aqueuse acide contient de 0,001 a 2,0 moles
par litre de composé stabilisant et 0,025 a 4,0 gram-
mes par litre d’'un triazole.

Procédé selon la revendication 1, dans lequel le
composeé stabilisant est le glycérol et I'inhibiteur de
corrosion hydrosoluble est un mélange de benzo-
triazole et de tolyltriazole.

Procédé selon la revendication 1, dans lequel le
composeé stabilisant est un composé carboxylique

10

15

20

25

30

35

40

45

50

55

1"

12.

13.

14.

15.

20

ayant plus d’un groupe carboxylique fonctionnel par
molécule.

Compositions de revétement de substrats métalli-
ques pour améliorer la protection contre la corrosion
et larésistance de liaison par adhérence dudit métal,
qui comprennent une solution aqueuse acide ayant
un pH de l'ordre de 1,0 a 5,5 et par litre de ladite
solution, de 0,01 a 100 grammes d’au moins un com-
posé de chrome trivalent, de 0,01 a 24 grammes
d’au moins un fluorozirconate, de 0,0 a 20 grammes
de composés de zinc divalents, de 0,0 220 grammes
de tensioactifs, de 0,0 a 20 grammes d’épaissis-
sants,

caractérisées en ce que

ladite solution aqueuse acide comprend en outre de
0,001 a 4,0 grammes par litre d’au moins un inhibi-
teur de corrosion hydrosoluble choisidans le groupe
comprenant des triazoles, des benzimidazoles, des
benzazoles et des benzoxazoles et des mélanges
desdits inhibiteurs, et de 0,001 a 2,0 grammes par
litre d’'un composé stabilisant choisi dans le groupe
comprenant des composés polyhydroxy, des com-
posés carboxyliques et des mélanges de composés
polyhydroxy et carboxyliques, lesdits composés po-
lyhydroxy étant choisis dans le groupe comprenant
le glycérol, I'éther de méthyléene glycol, I'éther de pro-
pylene glycol, I'éther de tripropyléne glycol, I'éther
de diéthyléne glycol, le glycol, le propylene glycol,
le butyléne glycol, le cyclohexanol, les poly(oxyéthy-
Ieéne glycols) hydrosolubles et les poly(oxypropylene
glycols) ayant des poids moléculaire allant jusqu’a
environ 1000, le triméthyléne glycol, le diéthyléne
glycol, le méthylene glycol, le tétraéthylene glycol,
le dipropyléne glycol, le tripropyléne glycol, le dibu-
tylene glycol, le tributyléne glycol et les polyalkyléne
glycols, le radical alkylene contenant jusqu’a huit
atomes de carbone et lesdits composés carboxyli-
ques étant choisis dans le groupe comprenant les
acides formique, acétique, propionique, citrique, adi-
pique, citraconique, fumarique, glutarique, tartrique,
lactique, glycolique, gluconique et éthyléne diamine
tétra-acétique et leurs sels.

Composition selonlarevendication 12, dans laquelle
le composé stabilisant est un composé carboxylique
ayant plus d’un groupe carboxylique fonctionnel par
molécule.

Composition selon larevendication 13, dans laquelle
le composé carboxylique est un acide hydroxy-car-
boxylique et les sels hydrosolubles de celui-ci.

Composition selonlarevendication 14, dans laquelle
le composé hydroxy-carboxylique est choisi dans le
groupe comprenant I'acide citrique, I'acide glycoli-
que, I'acide lactique, les sels hydrosolubles de ceux-
ci et leurs combinaisons.
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Composition selon larevendication 12, dans laquelle
le composé carboxylique est au moins un composé
parmi un acide formique, un acide propionique et les
sels hydrosolubles de ceux-ci.

Composition selonlarevendication 12, dans laquelle
le composé polyhydroxy est le glycérol, le composé
carboxylique est un acide carboxylique de poids mo-
léculaire inférieur ou un sel hydrosoluble de celui-ci
et l'inhibiteur de corrosion hydrosoluble est un tria-
zole.

Composition selon larevendication 12, dans laquelle
le composé stabilisant est un mélange d’un acide
carboxylique a poids moléculaire inférieur et d’'un
composeé polyhydroxy.

Composition selonlarevendication 12, danslaquelle
le composé stabilisant est un composé polyhydroxy
de bas poids moléculaire et I'inhibiteur de corrosion
hydrosoluble est le mercaptobenzimidazole.

Composition selonlarevendication 12, danslaquelle
le composeé polyhydroxy est le glycérol et I'inhibiteur
de corrosion hydrosoluble est au moins un benzo-
triazole et un mélange de triazoles.

Compositionselon larevendication 12, dans laquelle
le composé de zinc divalent est un sel de zinc hy-
drosoluble présent dans la solution aqueuse acide
en une quantité allant de 0,5 a 2,0 grammes et l'in-
hibiteur de corrosion hydrosoluble est au moins un
inhibiteur parmi un benzotriazole et un mercapto-
benzazole.

Composition selonlarevendication 12, dans laquelle
le composé polyhydroxy est un polyalkylene glycol
et I'inhibiteur de corrosion hydrosoluble est le ben-
zimidazole.

Composition selon larevendication 12, danslaquelle
le pHvade2,5a4,5,le composé de chrome trivalent
va de 0,01 a 22 grammes, le fluorozirconate est un
hexafluorozirconate allant de 1,0 a 12 grammes, les
composés stabilisants vont de 0,001 a 1,0 mole par
litre et I'inhibiteur est un triazole allant de 0,001 84,0
grammes par litre de solution.

Composition selonlarevendication 23, dans laquelle
le composé stabilisant est un acide carboxylique de
poids moléculaire inférieur ou un sel hydrosoluble
de celui-ci et le triazole est le tolyltriazole.

Composition selonlarevendication 12, danslaquelle
le composé stabilisant est un composé polyhydroxy
et l'inhibiteur de corrosion hydrosoluble est le mer-
captobenzazole.
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Composition selon larevendication 12, dans laquelle
le composé de zinc divalent va de 0,001 a 10 gram-
mes et I'inhibiteur de corrosion hydrosoluble est un
benzazole.

Composition selon larevendication 12, dans laquelle
les épaississants et/ou les tensioactifs vont de 1,0 a
5,0 grammes et l'inhibiteur de corrosion hydrosolu-
ble est le mercaptobenzazole.

Composition selon larevendication 12, dans laquelle
la solution aqueuse acide contientde 0,01 a 12 gram-
mes par litre d’au moins un composé fluorométalli-
que choisi dans le groupe comprenant les fluorotita-
nates, les fluorotantalates, les fluoroborates, les
fluorosilicates et leurs mélanges et 'inhibiteur de cor-
rosion hydrosoluble est un mélange desdits inhibi-
teurs.

Composition selon larevendication 28, dans laquelle
le composé fluorométallique est au moins un com-
posé parmi un hexafluorosilicate et un tétrafluorobo-
rate, le fluorozirconate est un hexafluorozirconate et
I'inhibiteur de corrosion hydrosoluble est au moins
un inhibiteur parmi un tolyltriazole et un benzotria-
zole.
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