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Abstract: An aqueous composition for post-treating metal coated substrates such as cadmium-plated steel or zinc-nickel coated
substrates and the process for using said composition to improve the corrosion-resistance, abrasion, and adhesion bonding properties
of the metal coatings. The composition comprising an acidic aqueous solution having a pH ranging from about 2.5 to 4.5 containing
effective amounts of trivalent chromium salts, an alkali metal hexafluorozirconate, at least one alkali metal fluorocompound, and
effective amounts of water soluble thickeners and/or surfactants.
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POST-TREATMENT FOR METAL COATED SUBSTRATES

BACKGROUND OF THE INVENTION

Field of the Invention

This 1nvention relates to a process of post-treating metal coated substrates, and to
the composition for treating metal coated substrates to improve the adhesion-bonding,
abrasion, and corrosion-resistant properties of the coated substrates. More specifically,
this invention relates to a novel composition, and to the process of using the
composition to post-treat metal coated substrates. The composition comprises an acidic
aqueous solution comprising effective amounts of at least one water-soluble trivalent
chromium salt, an alkali metal hexafluorozirconate, at least one tetrafluoroborate

and/or hexafluorosilicate and effective amounts of water-soluble thickeners and/or

water-soluble surfactants.

DESCRIPTION OF PRIOR ART

Current high-performance post treatments for metal coated substrates are
based on hexavalent chromium chemistry. Hexavalent chromium is highly toxic
and a known carcinogen. As a result, the solutions used to deposit post-treatment
coatings and the coating, per se are toxic. These coatings do, however, yield
outstanding paint adhesion and corrosion resistance to the base metal. Typically,
post-treatments or seal coatings are deposited onto the metal coating at about
elevated temperatures and usually applied by immersion or spray processes. Post
treatments are usually specified by the military or commercial specifications that
govern each metal coating being treated. As such, there is not a unique "post
treatment” specification for all metal coatings as there is for "conversion coated"
aluminums.

Further, environmental laws, executive orders, and local occupational,
satety, and health (OSH) regulations are driving military and commercial users in
the search for chromate-free post treatments. In the case of coated metals, the
metal substrates and the coatings per se are relatively non-toxic. With the addition
of a chromate post treatment, however, these coatings become toxic. In addition,

the use of chromate post treatments is becoming more expensive as regulations
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tighten. Costs are becoming prohibitive with future restrictions imposed by the EPA.
Moreover, certain processes like spraying chromate coating solutions are forbidden at
some facilities due to OSH risk, thereby forcing the use of less-than-optimum solutions.
Thus, while existing chromate post treatments are outstanding in their technical
performance in that they provide enhanced corrosion protection and adhesion bonding
e.g. paint and other coating at a low application cost, from a life-cycle cost,
environmental, and OSH perspective, chromate coatings are detrimental for people and

the environment.

SUMMARY OF THE INVENTION

This invention relates to trivalent chromium post treatment (TCP) compositions
and to the processes for improving the adhesion and corrosion resistant properties of
metal coated substrates. These coatings and processes are generally known as “post-
treatments™. Post-treatments are coatings in contact with the metal being treated after
formation of the initial coating and therefore the post-treatments normally have no
direct contact with the underlying substrate, except possibly through some pores in the
metal coating.

More specifically, this tnvention relates to a composition and to the process of
using said composition to post-treat metal coated substrates at ambient temperatures or
higher e.g. temperatures ranging up to about 200°F. Specifically, this invention relates
to a composition for posttreating metal coatings to improve the corrosion-resistance and
adhesion bonding properties thereof e€.g. paint adhesion etc. The composition
comprises an acidic aqueous solution having a pH ranging from about 2.5 to 4.5 and
preferably 3.7 t0 4.0, and comprises, per liter of said solution, from about 0.01 to 22
grams of a water-soluble trivalent chromium sait, about 0.01 to 12 grams of an alkali
metal hexafluorozirconate, about 0.01 to 12 grams of at least one fluoro-compound
selected from the group consisting of an alkali metal tetrafluoroborate, an alkali metal
hexafluorosilicate and various combinations thereof, from about 0 to 10 grams per liter
and preferably 0 to 2.0 grams of at least one water-soluble thickener, and from 0 to 10
grams per liter and preferably 0 to 2.0 grams of at least one water-soluble non-ionic,

cationic or anionic surfactant.
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DESCRIPTION OF THE DRAWINGS

. 1 photo shows TCP post-treatment of cadmium plated steel.

. 2 photo shows chromate post-treatment of cadmium plated steel.

. 3 photo shows cadmium plated steel without TCP post-treatment.

. 4 photo shows cadmium plated steel with TCP post-treatment.

. 5 photo shows cadmium plated steel with chromate post-treatment.

. 6 shows cadmium plated steel without post-treatment.

. 7 photo shows basic zinc-nickel plated steel with TCP post-treatment.

. 8 photo shows acid zinc-nickel plated steel with TCP post-treatment.

. 9 photo shows basic zinc-nickel plated steel with chromate post-treatment.
10 photo shows acid zinc-nickel plated steel with chromate post-treatment.
I 1 photo shows basic zinc-nickel plated steel with TCP post-treatment.

12 photo shows acid zinc-nicke!l plated steel with TCP post-treatment.

I 3 photo shows basic zinc-nickel plated steel with chromate post-treatment.
14 photo shows acid zinc-nickel plated steel with chromate post-treatment.
15 photo shows zinc-nickel coating with no post-treatment.

16 photo shows zinc-nickel coating with TCP post-treatment.
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Fig. 17 photo shows zinc-nickel coating with no post-treatment after 24 hours
in ASTM B 117 neutral salt fog.

Fig. 18 photo showsb zinc-nickel coating with TCP post-treatment after 24
hours in ASTM B 117 neutral salt fog.

DETAILED DESCRIPTION OF THE INVENTION

The invention is directed to a composition and to the process of post-treating
metal coated substrates such as coatings of cadmium, zinc and zinc alloys such as tin-
zinc and zinc-nickel, aluminum and aluminum alloys such as aluminum-manganese,
copper, silver and other metals and their alloys that require a post treatment to
enhanced corrosion protection, paint adhesion, or tarnish resistance.

More specifically, this invention relates an acidic aqueous solution having a pH
ranging from about 2.5 to 4.5, and preferably from about 3.7 to 4.0 and to the use of
said solution for post-treating metal coated substrates to improve the adhesive bonding,
abrasion, and corrosion resistance properties of the metal coatings. The compositions
of this invention comprise, per liter of solution, from about 0.01 to 22 grams and
preferably from about 4.0 to 8.0 grams e.g. 6.0 grams of at least one water soluble
trivalent chromium salt e.g. chromium sulfate, about 0.01 to 12 grams and preferably
about 6 to 10 grams e.g. 8.0 grams of at least one alkali metal hexatluorozirconate,
about 0.01 to 12 grams and preferably from about 0.12 to 1.2 grams e.g. 0.24 to 0.36
grams of at least one alkali metal tetrafluoroborate and/or an alkali metal
hexafluorosilicate and mixtures thereof at various ratio.

In some processes, depending on the physical character of the metal coated
substrate, the addition of a water soluble thickener to the solution aids in
optimum film formation during spray and wipe-on applications by slowing down
solution evaporation. This also mitigates the formation of powdery deposits that
degrade paint adhesion. In addition, the use of thickeners aid in proper film formation
during large area applications and mitigates the diluent effect of rinse water remaining
on the substrate during processing from previous steps. This feature yields films that
have no streaks and are better in coloration and corrosion protection. A water-soluble
thickener such as cellulose are present in the acidic solution in amounts ranging from
about O to 10 grams per liter and preferably 0 to 2.0 grams and more preferably from

0.5 to 1.5 e.g. about 1.0 gram per liter of the aqueous solution. Depending on the

_4 -
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character of the coated substrate, an effective but small amount of at least one water-
soluble surfactant can be added to the acidic solution in amounts ranging from about 0
to about 10 grams per liter and preferably 0 to 2.0 grams and more preferably from 0.5
to 1.5 grams e.g. 1.0 gram per liter of the acidic solution. These surfactants are known
In the art of aqueous solutions and are organic compounds selected from the group
consisting of non-ionic, cationic and anionic surfactants.

The trivalent chromium may be added as a water-soluble trivalent chromium
compound, preferably as a trivalent chromium salt. Although the resultant coating is
rinsed with water, it is desirable to use chromium salts that provide anions not as
corrosive as the chlorides. Preferably these anions are selected from the group
consisting of nitrates, sulphate, phosphate and acetates. Specifically, in formulating the
acidic aqueous solutions of this invention, the chromium salt is added conveniently to
the solution in its water soluble form wherein the valence of the chromium is plus 3.
Some preferred chromium compounds are added to the solution in the form of
Cr2(S04);, (NH4)Cr(SO4)> or KCr(SO4), and various mixtures of these compounds.
The most preferred trivalent chromium concentration is within the range of about 4 to 8
grams or 6.0 grams per liter of the aqueous solution. It has been found that particularly
good resuits are obtained when the trivalent chromium compound is present in solution
in this preferred range. The preferred metal fluorozirconate addition to the solution
ranges from about 6 to 10 grams or 8.0 grams per liter. The post treatment of the metal
coating can be carried out at low temperatures including the temperature of the solution
e.g. temperatures ranging up to about 200°F or at ambient temperatures. Room
temperature treatment is preferred in that this eliminates the necessity for heating
equipment. The coating may be air dried by any of the methods known in the art, for
example, oven drying, forced air drying, exposure to infra-red lamps and the like.

The following Examples illustrate the aqueous solutions of this invention and

the method of using the solutions in post treating metal coated substrates.

EXAMPLE |
An acidic aqueous solution having a pH ranging from about 3.7 to 4.0 for post-
treating coating metals to improve the corrosion-resistant and adhesion bonding
properties comprising from about 6.0 grams of trivalent chromium sulfate per liter of

solution, about 8.0 grams of potassium hexafluorozirconate per liter of solution, about
-5
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0.01 grams of potassium tetrafluoroborate, about 1.0 gram of a cellulose thickener per

liter and about 1.0 gram of a water soluble nonionic surfactant per liter of solution.

EXAMPLE 2

An acidic aqueous solution having a pH ranging from 3.7 to 4.0 for post-
treating coated metal to improve adhesion bonding and corrosion-resistant which
comprises, per liter of solution, from about 0.01 to 22 grams of trivalent chromium
sulfate, about 0.01 to 12 grams of potassium hexafluorozirconate, about 0.01 to 12
erams of potassium tetrafluoroborate and from about 0.5 to 1.5 grams of

methylcellulose thickener.

EXAMPLE 3

An acidic aqueous solution having a pH ranging from 3.7 to 4.0 for post-
treating coated metals to improve adhesion bonding and corrosion resistant which
comprises, per liter of solution, from about 4.0 to 8.0 grams of trivalent potassium-
chromium sulfate (KCr(S04),), about 6 to 10 grams of potassium hexafluorozirconate
about 0.01 to 12 grams of potassium hexafluorosilicate and from about 0.5 to 1.5

erams of methylcellulose thickener.

EXAMPLE 4

A preferred method of preparing the acidic solution comprises mixing about
0.01 to 22 grams per liter of basic chromium III sulfate and preferably about 6.0 grams
per liter with about 0.01 to 12 grams per liter of potassium hexafluorozirconate,
preferably 8.0 grams per liter in distilled or deionized water. The solution 1s ready to
use after a dwell period of 24 hours, and preferably after the pH of the solution has
risen between 3.7 and 4.0. About 0.1 weight percent of Methocel F4M, or 1.0 gram per
liter is added for optimum performance. Potassium tetrafluoroborate and/or potassium
hexafluorosilicate is added in amounts ranging from 0.01 grams per liter up to their
solubility limit. Preferably, about 50% weight percent of the fluorosilicate is added
based on the weight of the fluorozirconate. About 1.0 to 10 weight percent of the
fluoroborate salt is added to the solution based on the weight of the flurozirconate
salt. More preferably, about 3.0 weight percent of the potassium tetrafluoroborate,

based on the weight of the fluorozirconate is added to the solution.

-6 -
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The above examples may be stabilized by the manipulation of this pH. For
example, to a freshly made solution of 8 grams per liter of potassium
hexafluorozirconate and 6 grams per liter of chromium IIT sulfate dilute sulfuric acid
is added to lower the pH to about 3.0. After about 1 week, the pH rises to about.3.6

where it stabilized without further chemical manipulation.

EXAMPLE 5

A post-treatment was applied to metal coated substrates as follows: Mix 0.01
to 22 grams per liter chromium III sulfate basic (or up to solubility limit), preferably
6.0 grams per liter with 0.01 to 12 grams per liter of potassium hexafluorozirconate
(or up to solubility limit), preferably 8.0 grams per liter in distilled or deionized water.
The composition is ready to use after a dwell of 24 hours, most preferably atter the

pH of the solution has risen to about 3.7 to 4.0.

EXAMPLE 6

To Example 5, add 0.01 to 30% by weight of the solution ot thickener and/or a
surfactant to aid in spraying or wiping solution. Preferably, add 0.1 weight percent

Methocel FAM, or 1.0 gram per liter for optimum performance.

EXAMPLE 7

To Example 6, potassium tetrafluoroborate and/or potassium

‘hexafluorosilicate was added in an amount ranging from 0.01 grams per liter up to
their solubility limits. Preferably, add about 50% weight percent of the fluorosilicate
to Example 6 based on the weight of the fluorozirconate. An alternative is the
addition of about 0.01 to 100 weight percent of the fluoroborate salt based on the
weight of the fluorozirconate salt. Preferably, 1 to 10 weight percent of the
fluoroborate salt based on the weight of the fluorozirconate salt is added to the
solution. More preferably, about 3.0 weight percent of the potassium
tetrafluoroborate based on the weight of the fluorozirconate salt is added to the
solution. A preferred solution comprises 8 grams per liter of potassium
hexafluorozirconate, 6 grams per liter of chromium III sulfate basic, and 0.24 grams
per liter of potassium tetrafluoroborate. This preferred ratio of the tetrafluoroborate

to hexafluorozirconate holds for all concentrations of the hexafluorozirconate.
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EXAMPLE 8

A post treatment was applied to a cadmium coat metal as follows.
Immediately after plating a 4" by 6" by 0.040" piece of AISI 4130 steel with 0.5
5 mils (0.0005 inches) of cadmium metal using standard electroplating methods, the
panel was rinsed thoroughly two times in deionized water. Immediately after
rinsing, the panel was immersed into a solution of Example 7 for 5 minutes at
ambient conditions. The 5-minute immersion was immediately followed by two
deionized water rinses. The panel was air-dried at ambient conditions before being

10 scribed through the cadmium coating to the steel substrate and subjected to 1000
hours of neutral salt fog per ASTM B 117. The coupon was held in arack at 15
degrees for the duration of the test. This was tested alongside a "control” that
consisted of a similarly-plated cadmium coating on 4130 steel that was post treated
by immersing in a 5% solution of potassium dichromate for 2 minutes.

15 Fig. 1 and 2 (Photos 1 and 2) show the post treatment and chromate control
on cadmium-plated steel as made. Fig. 3 (Photo 3) shows a cadmium coating
without a post treatment. Figs. 4 and 5 (Photos 4 and 5) show the same panels after
the 1000-hour exposure to the neutral salt fog. Fig. 6 (Photo 6) shows the cadmium
coating without a post treatment after only 72 hours. As shown in the photos, the

20 post treatment provides significant corrosion protection to the cadmium coating and

is more or less equivalent to the chromate post treatment control.

EXAMPLE 9

Post treatment coatings were applied to two types of zinc-nickel alloy

25 plating as follows. Zinc-nickel alloys are potential alternatives to cadmium and
have similar corrosion and other requirements. The first type of zinc-nickel,
called "basic" zinc-nickel, as plated by standard industry methods from a
composition sold by Dipsol-Gumm. The second type of zinc-nickel, called
"acid" zinc-nickel, was plated by the Boeing Company using a proprietary

30 composition. Each coating is different due to variations in zinc content,
brightness, density and performance in qualifying tests as an alternative to
cadmium. As a result each is treated as a separate competitor although they are

related alloys.
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One panel each of the basic- and acid-zinc-nickel was immersed for 5
minutes in a solution of Example 7 at ambient conditions. Two deionized water
rinses were completed after the 5-minute immersion. The panels were air-dried
at ambient conditions before being scribed through the zinc-nickel coating to
the steel substrate and subjected to 1000 hours of neutral salt fog per ASTM B
117. The coupons were held in a rack at 15 degrees for the duration of the test.
This was tested alongside a "control" that consisted of similarly-plated zinc-
nickel coatings on 4130 steel that were post treated by immersing in a 5%
solution of potassium dichromate for 2 minutes.

Fig. 7, 8, 9 and 10 (Photos 7, 8, 9 and 10) show the post treatment and
chromate control on basic- and acid zinc-nickel as made. Figs. 11-14 (Photos
11 to 14) show the same panels after the 1000-hour exposure to the neutral salt
fog. As shown by the photos, the post treatment provides significant corrosion
protection to the zinc-nickel coatings and is more or less equivalent to the
chromate post treatment controls. Zinc-nickel coatings without post
treatments will show red corrosion products after about 72 hours, similar to
cadmium. The post treatment (TCP), as well as the chromate control, provides

a substantial boost in corrosion resistance compared to none.

EXAMPLE 10

Post treatment coatings were applied to "basic" zinc-nickel, which was
plated by standard industry methods from a composition sold by Dipsol-
Gumm. One panel with a 0.005" (0.5 mil) thick basic-zinc-nickel
electroplated coating was immersed for 5 minutes in a solution of Example 7
at ambient conditions. A second panel was plated but not post treated. Two
deionized water rinses were completed after the 5-minute immersion. The
panels were air-dried at ambient and subjected to 24 hours of neutral salt fog
per ASTM B 117. The coupons were held in a rack at 15° for the duration of
the test. Figs. 15-18 (photos 15, 16, 17, and 18) show the post-treatment and
control before and after exposure to the salt fog. As seen, the post-treatment
(TCP) provides significant corrosion protection to the zinc-nickel coating.

For purposes of this invention, the water soluble surfactants are added to the

chromate solution in amounts ranging from about 0 to 10 grams per liter and

_Q .
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preferably 0.0 to about 2.0 grams per liter and more preferably from about 0.5 to 1.5
grams per liter of the trivalent chromium solution. The surfactants are added to the
aqueous (TCP) solution to provide better wetting properties by lowering the surface
tension thereby insuring complete coverage, and a more uniform film on the coated
substrate. The surfactants include at least one water soluble compound selected from
the group consisting of the non-ionic, anionic and cationic surfactants. Some of the
preterred water soluble surfactants include the monocarboxy! imidoazoline, alkyl
sulfate sodium salts (DUPONOL®), tridecyloxy poly(alkyleneoxy ethanol), ethoxylated
or propoxylated alkyi phenol (IGEPAL®™), alkyl sulfoamides, alkary! sulfonates,
palmitic alkanoy! amides (CENTROL®), octylphenyl polyethoxy ethanol (TRITON™),
sorbitan monopalmitate (SPAN"™), dodecylpheny] polyethylene glycol ether (e.g.
TERGITROL®), alkyl pyrrolidone, polyalkoxylated fatty acid esters, alkylbenzene
sultonates and mixtures thereof. Other known water soluble surfactants are disclosed
by “Surtfactants and Detersive Systems™, published by John Wiley & Sons 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 are added also to retain the aqueous (TCP) solution on
the surface for sufficient contact time. The thickeners employed are known inorganic
and organic water soluble thickeners which can be added to the trivalent chromium
solutions in effective amounts ranging from about 0 to 10 grams per liter and preferably
0.0 and about 2.0 grams per liter and more preferably from about 0.5 to 1.5 grams per
liter of the acidic solution. Specific examples of the preferred thickeners include the

1™, ethyl celiulose,

cellulose compounds, e.g. hydroxypropyl cellulose (e.g. Kluce
hydroxyethyl cellulose, hydroxymethy! cellulose, and methyl cellulose. Some of the
water soluble morganic thickeners include colloidal silica, clays such as bentonite,

starches. gum arabic, tragacanth, agar and various combinations thereof.

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.

- 10 -
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CLAIMS:

. A process for post treating metal coated substrates to improve the corrosion-
resistance, abrasion, and adhesion bonding properties which comprises treating the
metal coated substrates with an acidic aqueous solution having a pH ranging from
about 2.5 to 4.5 comprising, per liter of said solution, from about 0.01 to 22 grams of a
water soluble trivalent chromium salt, about 0.01 to 12 grams of an alkali metal
hexafluorozirconate and about 0.01 to 12 grams of at least one fluoro-compound
selected from the group consisting of alkali metal tetrafluoroborates, alkali metal

hexafluorostlicate and mixtures thereof.

2. The process of claim 1, wherein the pH of the aqueous solution ranges from

about 3.7 to 4.0 and the temperature of the solution i1s about room temperature.

3. The process of claim 2, wherein the trivalent chromium salt ranges from about 4
to 8 grams, the hexafluorozirconate ranges from about 6 to 10 grams, and the

tetrafluoroborate ranges from about 0.12 to 1.2 grams.

4, The process of any one of claims 1 to 3, wherein said acidic aqueous solution
further comprises, per liter of said solution, 10 grams or less of at least one water

soluble thickener and 10 grams or less of at least one water soluble surfactant.

5. The process of claim 4, wherein the thickener is a cellulose compound ranging

from about 0.5 to 1.5 grams.

6. The process of claim 4 or 5, wherein the surfactant is a nonionic surfactant

ranging from about 0.5 to 1.5 grams.

7. A process for post treating metal coated substrates to improve the corrosion-
resistance, abrasion, and adhesion bonding properties which comprises treating the
metal coated substrates with an aqueous solution having a pH ranging from about 3.7 to
4.0 which comprises, per liter of solution, from about 4.0 to 8.0 grams of a water
soluble trivalent chromium salt, about 6.0 to 10 grams of an alkali metal
hexafluorozirconate, and about 0.12 to 1.2 grams of at least one fluoro-compound

selected from the group consisting of tetrafluoroborate, hexafluorosilicate and mixtures

I
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thereof.

8. The process of claim 7, wherein the tetrafluoroborate is present in the solution
in an amount ranging from about 0.24 to 0.36 grams and the post-treated metal coated

substrate is subsequently treated with hot water at temperatures ranging up to about

200°F.

9. The process of claim 7, wherein about 0.5 to 1.5 grams of a cellulose thickener

1s added to the acidic solution.

10.  The process of claim 7, wherein the chromium salt is trivalent chromium

sulfate.

1 1. The process of claim 7, wherein the alkali metal zirconate is potassium

hexafluorozirconate.

2. The process of claim 7, wherein the metal coated substrate is a cadmium-plated

steel.

ﬂ

5.  The process of claim 7, wherein the metal coated substrate is a zinc nickel alloy

coated substrate.

[4. A composition for post-treating metal coated substrates to improve the
corrosion-resistance. abrasion, and adhesion bonding properties which comprises an
acidic aqueous solution having a pH ranging from about 2.5 to 4.5, and containing per
liter of said solution, from about 0.01 to 22 grams of a water-soluble trivalent
chromium salt. about 0.01 to 12 grams of an alkali metal hexafluorozirconate and about

0.01 to 12 grams of at least one fluoro-compound selected from the group consisting of

an alkall metal tetratluoroborate, an alkalt metal hexafluorosilicate and mixtures

thereof.

[5. The composition of claim 14, wherein the pH of the aqueous solution ranges

from about 3.7 to 4.0

16.  'The composition of claim 15, wherein the trivalent chromium salt ranges from

about 4.0 to 8.0 grams, the hexafluorozirconate ranges from about 6.0 to 10 grams, and

- 12 -
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the tetrafluoroborate ranges from about 0.12 to 1.2 grams.

17.  The composition of any one of claims 13 to 15, wherein said acidic aqueous
solution further comprises, per liter of said solution, 10 grams or less of at least one

water soluble thickener and 10 grams or less of at least one water soluble surfactant.

18.  The composition of claim 17, wherein the thickener ranges from about 0.5 to

1.5 grams.

19.  The composition of claim 17 or 18, wherein the surfactant ranges from about

0.5 to 1.5 grams.

20. A composition for post-treating metal coated substrates to improve the
corrosion-resistance, abrasion, and adhesion bonding properties which comprises an
acidic aqueous solution having a pH ranging from about 3.7 to 4.0 and containing per
liter of said solution, from about 4.0 to 8 grams of a water soluble trivalent chromium
salt, about 6.0 to 10 grams of an alkali metal hexafluorozirconate and about 0.01 to 12
orams of at least one fluoro-compound selected from the group consisting of

tetrafluoroborate. hexafluorosilicate and mixtures thereof.

21.  The composition of claim 20, wherein the tetrafluoroborate is present in the

solution in an amount ranging from about 0.24 to (.36 grams.

22.  The composition of claim 21, wherein about 0.5 to 1.5 grams of a cellulose

thickener is added to the solution.

23. The composition of claim 22, wherein the chromium salt is trivalent chromium

sulfate.

24.  The composition of claim 23, wherein the alkali metal zirconate is potassium

hexafluorozirconate.

25.  The composition of claim 20 or 21, wherein said acidic aqueous solution further
comprises, per liter of said solution, 2.0 grams or less of at least one water soluble

thickener and 2.0 grams or less of at least one water soluble surfactant.

-13 -
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