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METHOD FOR THE POST-TREATMENT OF METAL LAYERS

[0001] This application claims priority to European application 09002335.9 filed
February 19, 2009 and European application 08019899.7 filed November 14, 2008, the entire

disclosures of which are incorporated by reference.

[0002] This invention relates to a method for the post-treatment of metal layers,

especially for the post-treatment of metal layers deposited on the surface of a substrate.

[0003] Itis well-known in the art of surface technology to post-treat metal layers
deposited on a substrate surface, either by galvanic deposition, autocatalytic deposition or other
methods like PVD or CVD, to adjust the surface characteristics or features. One of the main

features intended to increase is the corrosion resistance of the surface layer.

[0004] For example, European patent application EP 1 712 390 discloses the coating
of metal surfaces with corrosion inhibiting polymer layers. Here, the surface is contacted with a
solution comprising a polyvinyl phosphonic acid or polyacrylic acid prior to a treatment of the
surface with a solution comprising monomeric or polymeric resins or a mixture of monomeric

and polymeric resins.

[0005] US 6,030,710 discloses aluminium alloy sheets which are provided with the
primer layer comprising a reaction product of aluminium oxide or hydroxide and a polyvinyl
phosphonic acid/polyacrylic acid copolymer, which primer layer is coated with the polymer

coating composition containing polyvinyl chloride or an epoxy.

[0006] US 6,696,106 B1 discloses a primer for radiation cureable coating
compositions. Here, an aluminium-polymer composite is made by coating a surface portion of
an aluminium alloy body with the primer composition comprising a polyvinyl phosphonic
acid/polyacrylic acid copolymer to form a primer layer, coating the primer layer with the
radiation cureable polymer precursor, and irradiating the polymer precursor with ultraviolet or

electron dim radiation.

[0007] US 6,020,030 also discloses the pre-treatment of aluminium alloy substrates
with an aqueous solution containing an organophosphorous compound, preferably a polyvinyl

phosphonic acid/polyacrylic acid copolymer, before coating the substrate with the polymer.

[0008] WO 2004/074372 Al discloses a composition for treating surfaces, said

composition containing copolymer as component A comprising in (meth) acrylic acid or the
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salts thereof, a monomer containing carboxylate and/or monomers comprising groups containing
phosphoric acid and/or phosphonic acid or the salts thereof and optionally additional
comonomeres. Furthermore, a passivation layer is disclosed, which contains the component A

and is applied to a metallic surface.

[0009] While the methods known from the state of the art to post-treat metal layers
are more or less capable to increase the corrosion resistance of the metal layers, some of the
environmental or application depending influences are so aggressive that layers, also when

treated according to the state of the art, cannot restrain from corrosion.

[0010] Amongst others, the chloride induced corrosion of chromium surfaces caused
by deicing salts has been a major topic for several years in the field of automotive. Also, the so
called red-rust on chromium surfaces that have been plated with trivalent chromium electrolytes

is a problem known from the state of the art.

[0011] In another field of application, the fitting industry, Pb-leaching of brass parts
for drinking water pipe applications is known to be a problem. The Pb-leaching should be

minimised by passivation of the brass metal.

[0012] In the art of decorative coatings, there are intentions to reduce the sensitivity
of the surface against fingerprints. To do so, it is known from the state of the art to incorporate
polymeric components into a metal layer deposited on the surface, like for example

polytetrafluorocthylene particles.

[0013] A drawback of the methods known from the state of the art is that the surfaces
still showing some corrosive reactions or that the post-treatment layers increasing the corrosion

resistance are not adhered enough to the surface to enable long term corrosion resistance.

[0014] It is therefore the object of this invention to provide a method which is
capable to enhance the corrosion resistance of metal layers deposited on the surface of

substrates.

[0015] To do so, the invention proposes a method for the post-treatment of a metal
layer deposited on the surface of a substrate, wherein the metal layer after deposition is brought
into contact with a corrosion resistant increasing solution, which method is characterised in that
during the contacting of the metal layer with the corrosion resistance increasing solution a
current is applied between the surface of the metal layer and a counter electrode, whereby the

metal layer is anodic contacted and the counter electrode is cathodic contacted.
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[0016] This kind of post-treatment is capable to increase the corrosion resistance of
metal layers like, for example nickel layers, copper layers, chrome layers, zinc layers, tin layers,
silver layers, iron layers, manganese layers, molybdenum layers, gold layers, platinum layers,
ruthenium layers, palladium layers, rhodium layers and lead layers or layers of alloys
comprising at least one of the before mentioned metals, like for example Ni-P-alloy layers, brass

layers, bronze layers, nickel-silver layers, coin-metal layers, or type-metal layers.

[0017] While being mainly directed to metal layers deposited on an substrate surface,
the inventive method is also capable to increase the corrosion resistance of metal surfaces in
general, like for example the surfaces of substrates made of steel or stainless steel, brass, or

bronze.

[0018] The solution to be used within the inventive method can be an aqueous
corrosion resistance increasing solution, which means an aqueous solution comprising a

compound which is capable to increase the corrosion resistance of the metal layer deposited.

[0019] Examples for such compounds increasing the corrosion resistance of layers
are, for example compounds having moieties like anions of the group consisting of phosphates,
phosphonates, phosphinates, nitrates, borates, silicates, molybdates, tungstates, carboxylates and

oxalates.

[0020] In an embodiment of the inventive method, the corrosion resistance
increasing solution comprises a compound having hydrophobic carbon-chains with hydrophilic
anionic functional groups. Such functional groups may be phosphate-groups, phosphonate-
groups, sulphate-groups, sulphonate-groups, or carboxyl-groups. Such compounds having
hydrophobic carbon-chains with a hydrophilic anionic functional group are, for example

polyvinyl phosphonic acid and/or polyacrylic acid, and/or copolymers of such acids.

[0021] Other examples for a compound having hydrophobic carbon-chains with a
hydrophilic anionic functional group are alkylphosphonic acids or alkylsulfonic acids having 10

to 26 carbon atoms.

[0022] According to the inventive method, the current density of the applied current
can be in a range between 0,001 A/dm? and 100 A/dm?, with a preferred range between 0,02
A/dm? and 10 A/dm?. This current can be applied for a time between 0,001 seconds and
10 minutes, preferably between 30 seconds and 3 minutes. When using a low current density

within the inventive method, the time the current is applied has to be higher, for example within
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the range of minutes, while high current densities will needed to be applied only for short times,

like for example within the range of milliseconds or seconds.

[0023] Itis believed that by the appliance of the anodic current, the oxide layer on
the metal or metal layer surface is removed, thereby enabling the corrosion resistance increasing
compounds to react with the metal. In this the inventive method differs from the anodic
treatment known for aluminium surfaces, where by an anodic current an oxide layer on the metal

surface is formed.

[0024] Anodic current in the meaning of the invention is as any kind of current
having an anodic portion. Therefore, not only pure anodic direct current can be applied, but also
alternating current. Also, it is possible to apply the current as a pulse, like it is known from pulse

or pulse-revers plating operations.

[0025] Surprisingly, a further improvement of the above described method is found
by the addition of an aromatic compound having at least one hydroxy group, like phenole or its
derivates. Especially capable is the addition of an aromatic compound having at least one
hydroxy group which comprises a further functional group having a positive inductive effect on

the hydroxyl group.

[0026] Aromatic compounds capable to further improve the inventive methods are

compounds of the general structure

wherein R1 is H or OH; R2 is H, OH, F, Cl, Br, -O-R, R-OH, R-COOH, R-CHO, R-O-R,
R-CO-R, -SH, -NO,, -CN, -COO-R; and R3 to R5 are independently from each other
H,C,H,,:+1,0H, F, Cl, Br, -O-R, R-OH, R-COOH, R-CHO, R-O-R, R-CO-R, -SH, -NO,,-CN, -
COO-R, wherein R is an unsubstituted or substituted alkyl-group having 1 to 10 carbon.

[0027] Compounds according to the above mentioned general structure are, for
example phenole, 3-ethoxyphenole, 3,5-dimethoxyphenole, 3-nitrophenole, resorcinol,

4-ethylresorcinol, 4-chlorresorcinol, phloroglucine, pyrogallol, gallic acid, catechol,
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dihydroxybenzaldehyde, dihydroxytoluene, 3-hydroxyphenylacetic acid, 3-hydroxybezoic acid,
n-octyl gallat, guajacol and 3,5,7-trihydroxyflavone.

[0028] It was found that at least one further functional group in meta-position to the
hydroxy group renders a compound according to the above mentioned general structure to be

especially useful within the inventive method.

[0029] The addition of the mentioned aromatic compounds to the inventive corrosion
resistance increasing solution in the inventive method surprisingly enables to reduce the
concentration of the compound having hydrophobic carbon-chains with hydrophilic anionic
functional groups, like polyvinyl phosphonic acid and/or polyacrylic acid, even if the aromatic

compound is added only in very small amounts.

[0030] The aromatic compound can be added to the inventive corrosion resistance
increasing solution in the inventive method at a concentration between 0,45 mmol and 45 mmol,

with a preferred range of 2 mmol to 9 mmol.

[0031] Also when added in such a low concentration, the amount of the compound
having hydrophobic carbon-chains with hydrophilic anionic functional groups can be reduced by
a coefficient of at least 4 to 5. For example, instead of using 4 g/l of a polyvinyl phosphonic
acid/polyacrylic acid copolymer (30/70) in absence of an aromatic compound having a hydroxy
group, by addition of such an aromatic compound the concentration of the copolymer can be
reduced to 1 g/l only. That gains into a reduction of the costs for the commodities used per

square meter by at least four times.

[0032] While not being bound to the theory, the applicant believes that due to the
anodic contacting of the metal layer, the metal layer is partly dissolved, thereby forming areas of
the metal layer surface which are capable to form covalent bondings between the metal surface
and the compounds used for the increase of the corrosion resistance. These effects in a very
strong bonding of the compounds and/or anions on the metal surface which gains into a
corrosion resistance increasing coating strongly adhered to the metal layer surface. Furthermore,
due to the current applied the anions and compounds are forced to react or at least interact with

the metal layer surface.

[0033] While not being bound to this theory with respect to the additionally used
aromatic compounds having at least one hydroxy group, the applicant believes that the aromatic

compound is bound to the metal surface by the hydroxy group in a covalent manner. One
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attempt to explain the reaction is that the hydroxy group, during the anodic treatment, is
deprotenated offering a free valence at the oxygen of the hydroxy group. This theory can also
explain the improvements gained by the use of an aromatic compound comprising in meta-
position to the hydroxy group a group having a positive inductive effect. The positive inductive
effect supports the deprotenation of the hydroxy group, thereby enabling the reaction pass to

form a covalent binding to the metal surface.

[0034] Concerning the use of the inventive method to increase the corrosion
resistance of a precious-metal layer, it is known in the art that corrosion of precious-metal layers
is not a corrive attack on the precious-metal, but on the metal forming the layer underneath the
precious-metal layer. In general, such precious-metal layers show pores and cracks leaving open
arcas of the metal the precious-metal layer is deposited on, ilke for example nickel or copper.
Attempts of the state of the art to increase the corrosion resistance of such layers in general are
accompanied with an increase of the thickness of the precious-metal layer to reduce the number
of pores and cracks. This boost the amount of precious metal needed per area, thereby directly
increasing the cost significantly. It is believed that when performing the inventive method to a
precious-metal layer the corrosion resistance increasing compound does not bound to the
precious-metal, but to the metal forming the layer underneath the precious-metal layer.
Accordingly, there is no need in the inventive method to increase the thickness of the precious-
metal layer to achieve a surface having excellent corrosion resistance. This allows to use very

thin precious-metal platings only and to reduce the costs per area in a significant manner.

[0035] A further field of application for the inventive method as well as the inventive
corrosion resistance increasing solution is to prepare a metal layer for varnishing it. To varnish a
metal layer by lacquer or varnish becomes more and more important in the art of surface
finishing. One problem occurring when varnishing metal surfaces is the weak adhesion of the
varnish or lacquer to the metal surface. Here, the inventive method and the inventive solution
can be used to form a primer on the metal surface. The primer increases the adhesion of the

varnish to the metal surface.

[0036] Advantageously, in the inventive method the primer can be adapted to the
varnish or lacquer used. Such an adaption can be especially performed by variation of the

aromatic compound having a hydroxy group comprised in the inventive post-treatment solution.

[0037] An example for such a use of the inventive method in the art of vanishing is

to varnish chrome-wheels in the automotive industry. Here, for example after deposition of a
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chromium layer on the wheel a mask is put on the chromium surface to transfer a specific
pattern to the surface by a lacquer. By appliance of the inventive method to the wheel prior to
the varnishing the adhesion of the lacquer to the chromium surface is improved in a significant

manner, and at the same time the corrosion resistance of the chromium layer is increased.

[0038] The invention is explained in terms of examples in the following, while not

being limited to these examples only.

Example 1:

[0039] A microporous chromium plated grill is brought into contact in a post-
treatment procedure with an aqueous solution comprising 30 g/l of a polyvinyl phosponic
acid/polyacrylic acid copolymer at a temperature of 60°C. An anodic current of 0,05 A/dm? is
applied between the microporous chromium plated grill and a stainless steel counter electrode
for 2 minutes. The resulting layer shows a strong improvement of the corrosion resistance
against CaCl, containing corrosion media in the so called “Russian Mud Test”. The grill was
covered with a mixture containing 10 ml water, 2 g CaCl,, and 10 g Kaolin. After 168 h testing

at 50°C the surface of the chromium plated grill showed no visible corrosion attack.

Example 2:

[0040] A microcracked chromium plated grill is brought into contact in a post-
treatment procedure with an aqueous solution comprising 5 g/l of a polyvinyl phosponic
acid/polyacrylic acid copolymer and 5 g/l sodiumphosphate at a temperature of 60°C. An anodic
current of 0,15 A/dm? is applied between the microcracked chromium plated grill and a stainless
steel counter electrode for 1 minute. The resulting layer shows a strong improvement of the
corrosion resistance against CaCl, containing corrosion media in the so called “Russian Mud
Test”. The resulting layer shows also after a treatment with solvents like acetone the same

resistance against such CaCl, containing corrosion media as before.

Example 3:

[0041] A hard chromium plated valve is brought into contact in a post-treatment
procedure with an aqueous solution comprising 5 g/l of a polyvinyl phosphonic acid/polyacrylic
acid copolymer and 5 g/l sodium metasilicate at a temperature of 80°C. An anodic current of

0,25 A/dm? is applied between the hard chromium plated valve and a stainless steel counter
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electrode for 1 minute. The resulting layer shows a strong improvement of the corrosion

resistance in the copper accelerated salt spray test (CASS).
Example 4:

[0042] A hard chromium plated valve is brought into contact in a post-treatment
procedure with an aqueous solution comprising 6 g/l of a polyvinyl phosphonic acid and 5 g/l
sodium metasilicate at a temperature of 80°C. An anodic current of 0,25 A/dm? is applied
between the hard chromium plated valve and a stainless steel counter electrode for 1 minute.
The resulting layer shows a strong improvement of the corrosion resistance in the copper

accelerated salt spray test (CASS).

Example 5:

[0043] A hard chromium plated valve is brought into contact in a post-treatment
procedure with an aqueous solution comprising 7 g/l of a polyacrylic acid copolymer and 5 g/I
sodium metasilicate at a temperature of 80°C. An anodic current of 0,25 A/dm? is applied
between the hard chromium plated valve and a stainless steel counter electrode for 1 minute.
The resulting layer shows a strong improvement of the corrosion resistance in the copper

accelerated salt spray test (CASS).

Example 6:

[0044] A steel panel first was plated with a bright nickel layer. On the nickel layer a
chromium layer was deposited from a trivalent chromium electrolyte. The so plated steel panel
was brought partly into contact in a post-treatment procedure with an aqueous solution
comprising 2,5 g/l of an alkylphosphonic acid (C;s), 25 g/l butylglycole, 10 g/l phosphonic acid,
and 0,2 g/l ethylhexylsulphate at a temperature of 60°C. An anodic current of 0,05 A/dm? is
applied between the panel and a stainless steel counter electrode for 30 seconds. The resulting
layer shows a strong improvement of the corrosion resistance in neutral salt spray test (NSS).
The untreated area of the partly post-treated panel shows after 24 h red rust (pin hole corrosion).

The post-treated area shows first red rust after 72 h NSS.

Example 7:

[0045] A chromium plated bath room fitting with a dull pearlbright finish is brought
into contact in a post-treatment procedure with an aqueous solution comprising 10 g/l of a

polyvinyl phosphonic acid/polyacrylic acid copolymer at a temperature of 60°C. An anodic
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current of 0,05 A/dm? is applied between the chromium plated bathroom fitting and a stainless
steel counter electrode for 2 minutes. The resulting layer shows a surface, which is less sensitive

against fingerprints in comparison to non-post-treated pearlbrite surfaces.

Example 8&:

[0046] A nickel and chromium plated bathroom fitting with brass as substrate was
brought partly into contact in a post-treatment procedure with an aqueous solution comprising
0,5 g/l of an alkylphosphonic acid (Ci4), 20 g/l butylglycole, 5 g/l benzotriazole, and 0,2 g/l
ethylhexylsulphate at a temperature of 50°C. An anodic current of 0,05 A/dm? is applied
between the bathroom fitting and a stainless steel counter electrode for 4 minutes. The post-
treated bathroom fitting was brought into contact with artificial sweat and stored in this for 168
h. After this the Ni, Cu and Pb concentration in the artificial sweat solution, that was leached out
from the bathroom fitting was 90% less than for an untreated bathroom fitting under same test

conditions.

Example 9:

[0047] A microporous chromium plated grill is brought into contact in a post-
treatment procedure with an aqueous solution comprising 4 g/l of a polyvinyl phosphonic
acid/polyacrylic acid copolymer (30/70) and 5 g/l sodium orthophosphite at a temperature of
60°C and a pH of 3.5. An anodic current of 0,2 A/dm? is applied between the microporous
chromium plated grill and a stainless steel counter electrode for 2 minutes. The resulting layer
shows a strong improvement of the corrosion resistance against CaCl, containing corrosive
media in the so called “Nissan-Test. For the Nissan test a mixture of kaolin, CaCl,, and water is
applied to the metal surface of the chromium plated grill which is stored at a temperature of
60°C for 48h to 168h. After storage the visible corrosion attack caused by the applied CaCl,-

containing media is used to classify the corrosion resistance of the tested metal surface.

Example 10:

[0048] A microporous chromium plated grill was post-treated like explained in
example 7, with the difference that the aqueous solution comprises 1 g/l of a polyvinyl
phosphonic acid/polyacrylic acid copolymer (30/70) only, 0,5 g/l resorcinol, and 5 g/l
sodium-orthophosphite. The resulting layer had the same corrosion resistance like the
layer in example 7.
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Example 11:

[0049] A nickel plated article for jewellery application is plated last with a bright
silver layer. The so plated article is brought partly into contact in a post-treatment procedure
with an aqueous solution comprising 5g/1 of polyacrylic acid, 10g/l sodiumphosphonate, 6 g/l
phosphoric acid and 1 g/l guajacol at a temperature of 60°C. An anodic current of 0,01 A/dm? is
applied between the article and a stainless steel counter electrode for 5 minutes. The resulting
layer shows a strong decrease of discolouration after storing it for 3 minutes in an aqueous

solution comprising 3% of ammoniumsulfide.

Example 12:

[0050] A chromium plated plated wheel rim is brought into contact in a post-
treatment procedure with an aqueous solution comprising 2g/l sodiumphosphite and 15 g/l of a
polyvinyl phosphonic acid at 50°C. An anodic current of 1 A/dm? is applied between the
chromium plated wheel rim and a stainless steel counter electrode for 15 seconds. After this time
the resulting layer shows strong hydrophilic properties. Therefore a water-based lacquer or even
a two-component-acrylic lacquer is easy to apply on the post-treated chromium surface and the

final varnishing system shows a strong improvement of adhesion to the chromium surface.
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WHAT IS CLAIMED:

1. Method for the post-treatment of a metal surface, wherein the metal surface is brought
into contact with a corrosion resistance increasing solution, characterised in that during
the contacting of the metal surface with the corrosion resistance increasing solution a
current is applied between the surface and a counter electrode, whereby the surface is

anodic contacted and the counter electrode is cathodic contacted.

2. Method according to claim 1, wherein the metal surface is a metal of the group
consisting of nickel, copper, chrome, zinc, tin, silver, iron, manganese, molybdenum,
gold, platinum, ruthenium, palladium, rhodium, and lead or an alloy comprising at least

one of these metals.

3. Method according to one of the preceding claims, wherein the current density of the
applied current is set to a range in between 0,001 A/dm? and 100A/dm?, preferably
between 0,02 A/dm? and 10 A/dm?.

4. Method according to one of the preceding claims, wherein the current is applied for a
time between 0,001 seconds and 10 minutes, preferably between 1 second and 5 minutes,

more preferred between 30 seconds and 3 minutes.

5. Method according to one of the preceding claims, wherein the metal surface is brought

into contact with an aqueous corrosion resistance increasing solution.

6. Method according to one of the preceding claims, wherein the metal surface is brought
into contact with a corrosion resistance increasing solution comprising anions of the
group consisting of phosphates, phosphonates, phosphinates, nitrates, borates, silicates,

molybdates, tungstates, carboxylates and oxalates.

7. Method according to one of the preceding claims, wherein the substrates surface is
brought into contact with the corrosion resistance increasing solution comprising a

compound having hydrophobic carbon-chains with a hydrophilic anionic functional

group.

8. Method according to claim 7, wherein the hydrophilic anionic functional group of the
hydrophobic carbon-chain is at least one of a phosphate-group, a phosphonate-group, a

sulphate-group, a sulphonate-group, or a carboxyl-group.

9. Method according to one of the preceding claims, wherein the metal surface is brought
into contact with a corrosion resistance increasing solution comprising a polyvinyl

phosphonic acid and/or an polyacrylic acid, and/or copolymers of such acids.
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Method according to one of the preceding claims, wherein the corrosion resistance
increasing solution further comprises an aromatic compound having at least one

hydroxy-group.

The method according to claim 10, wherein the aromatic compound comprises in meta-

position to the hydroxy-group a group having a positive inductive effect.

Method according to claim 10 or 11, wherein the aromatic compound is of the

general structure

R, OH

Rs R
R,

wherein R1 is H or OH; R2 is H, OH, F, Cl, Br, -O-R, R-OH, R-COOH, R-CHO,
R-0O-R, R-CO-R, -SH, -NO,, -CN, -COO-R; and R3 to R5 are independently from each
other H,C,H,,+1,OH, F, Cl, Br, -O-R, R-OH, R-COOH, R-CHO, R-O-R,
R-CO-R, -SH, -NQO;, -CN, -COO-R, wherein R is an unsubstituted or substituted alkyl-

group having 1 to 10 carbon atoms.

Method according to one of the claims 10 to 12 wherein the aromatic compound is at
least one of phenole, 3-cthoxyphenole, 3,5-dimethoxyphenole, 3-nitrophenole,
resorcinol, 4-ethylresorcinol, 4-chlorresorcinol, phloroglucine, pyrogallol, gallic acid,
catechol, dihydroxybenzaldehyde, dihydroxytoluene, 3-hydroxyphenylacetic acid,
3-hydroxybezoic acid, n-octyl gallat, guajacol, and 3,5,7-trihydroxyflavone.

Method according to one of the preceding claims, wherein the metal surface subsequent

to conducting the method is varnished.

Solution for the anodic post-treatment of metal surfaces comprising anions of the group
consisting of phosphates, phosphonates, phosphinates, nitrates, borates, silicates,
molybdates, tungstates, carboxylates, and oxalates; an acid of the group consisting of
polyvinyl phosphonic acid, polyacrylic acid, alkylphosphonic acid, and alkylsulfonic
acid, or mixtures or copolymers of such acids; and an aromatic compound having a

hydroxy-group of the general structure
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R, OH
Rs R
R,

wherein R1 is H or OH; R2 is H, OH, F, Cl, Br, -O-R, R-OH, R-COOH, R-CHO,
R-0O-R, R-CO-R, -SH, -NO,, -CN, -COO-R; and R3 to R5 are independently from each
other H,C,H,,:1,OH, F, Cl, Br, -O-R, R-OH, R-COOH, R-CHO, R-O-R,
R-CO-R, -SH, -NO;, -CN, -COO-R, wherein R is an unsubstituted or substituted alkyl-

group having 1 to 10 carbon atoms.

Solution according to claim 15, wherein the aromatic compound having a hydroxy-group
is at least one of phenole, 3-cthoxyphenole, 3,5-dimethoxyphenol,
3-nitrophenole, resorcinol, 4-cthylresorcinol, 4-chlorresorcinol, phloroglucine,
pyrogallol, gallic acid, catechol, dihydroxybenzaldehyde, dihydroxytoluene,
3-hydroxyphenylacetic acid, 3-hydroxybezoic acid, n-octyl gallat, guajacol, and
3,5,7-trihydroxyflavone.

Use of a solution according to one of the claims 15 or 16 as primer for a metal surface for

a subsequent varnishing of the surface.
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