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(54) A method for forming a passivation layer on an article having at least one tin-plated surface

(57) Described herein is a method for forming a pas-
sivation layer on an article having at least one tin-plated
surface, comprising the step of subjecting the tin-plated
surface to electrochemical oxidation for forming thereon
a layer of tin dioxide in crystalline form of the type of
natural cassiterite. Oxidation takes place in an electro-
lytic solution preferably comprising at least one com-

pound chosen in the group constituted by salts of the
gluconic acids, salts of citric acid, and salts of boric acid.
Preferably, the article is made of copper and coated with
a layer of tin obtained via hot tin-plating or electrolytic
deposition.
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Description

[0001] The present invention relates to a method for forming a passivation layer on an article having at least one tin-
plated surface.
[0002] There are known methods of treatment for "passivating" a metal surface, i.e., reducing or eliminating disso-
lution of the metal itself in an environment. Said methods comprise a step in which the metal surfaces are treated so
as to form, for instance in an aqueous solution, a passivated layer, for example a layer of oxide, which is not very
reactive and will have a smaller degree of dissolution.
[0003] It is known practice, for example, to passivate articles coated with a layer of metal tin, obtained, for example,
by electrodeposition or hot deposition, such as wires made of copper for superconductors or internal surfaces of cans
made of aluminium.
[0004] In particular, it is known to oxidize electrochemically tin-plated surfaces so as to form a layer of oxide of
bivalent tin SnO as passivation layer.
[0005] Current research is, however, directed towards methods that will enable improved passivation layers to be
obtained and, in particular, that will make possible passivation layers which are continuous, thin, and are very adherent
to the substrate of tin or tin alloys, present excellent mechanical characteristics, and possibly also have different colours
so as to enable application on as many materials as possible.
[0006] A purpose of the present invention is, hence, to provide a method for obtaining a passivation layer on an
article having at least one tin-plated surface which will enable electrochemical oxidation to be carried out in bland
conditions of pH, and current density and in short times and thus obtain articles that will have improved characteristics
as compared to the known art and, in particular that will be provided with a passivation layer, which is continuous, thin,
and highly adherent to the substrate, presents excellent mechanical characteristics, and will also possibly have different
colours so as to enable application on as many materials as possible.
[0007] A further purpose of the present invention is to provide a method for forming a passivation layer that will be
universally usable for different articles on which it is necessary to form a passivation layer and which may even be very
different from one another.
[0008] According to the present invention, there is consequently provided a method for forming a passivation layer
on an article having at least one tin-plated surface characterized in that it comprises the step of subjecting said tin-
plated surface to electrochemical oxidation for forming on said tin-plated surface a layer of tin dioxide having a crystalline
structure of the type of natural cassiterite.
[0009] According to the present invention, there is moreover provided a tin-plated article, characterized in that it is
coated with a layer of tin dioxide having a crystalline structure of the type of natural cassiterite.
[0010] The invention will now be described also with reference to the annexed figures, which illustrate a non-limiting
example of embodiment thereof, and in which:

- Figure 1 is the x-ray diffraction spectrum of an article made of tin-plated copper, plated via electrochemical tin-
plating and subsequently oxidized electrochemically;

- Figure 2 is the x-ray diffraction spectrum of an article made of tin-plated copper obtained via hot tin-plating and
oxidized electrochemically;

- Figure 3 shows a XPS - Auger panoramic spectrum of surface made of tin oxidized anodically; and

- Figure 4 is a graph of the specular reflectivity (Gloss %) of strips of copper tin-plated electrolytically according to
the present invention and re-melted thermally (PEM) and hot tin-plated (STT2) before (Virgin) and after anodization
treatment, said measurements being carried out at 20°C and 60°C.

[0011] A method is proposed for forming a passivation layer on an article having at least one tin-plated surface, said
method comprising the step of subjecting the tin-plated surface to electrochemical oxidation in order to form, on the
tin-plated surface itself, a layer of tin dioxide SnO2 having a crystalline structure of the type of natural cassiterite.
[0012] For the purpose of the present invention the solutions preferred are electrolytic solutions comprising at least
one compound chosen in the group constituted by salts of gluconic acid, salts of citric acid, and salts of boric acid.
[0013] Electrochemical oxidation takes place preferably at a pH of between 6 and 9, hence in almost neutral condi-
tions or just slightly alkaline conditions.
[0014] The current density is preferably between 0.1 A/dm2 and 10 A/dm2, and the potential difference of between
2.5 V and 31 V.
[0015] The temperature is preferably between 30°C and 80°C, and the oxidation time is between 0.5 min and 4 min.
[0016] As a material for the cathode, stainless steel or titanium coated with platinum may preferably be used.
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[0017] Particularly preferred are electrolytic solutions comprising as complexing agents a mixture of sodium tetrab-
orate, boric acid and sodium gluconate.
[0018] In this case a temperature of between 20°C and 80°C is to be preferred, and a pH of between 7 and 8.
[0019] For the electrolytic bath a current density of between 2 A/dm2 and 10 A/dm2 is preferred, with a potential
difference of between 8 V and 31 V.
[0020] In particular, in the case where an electrolytic solution comprising sodium tetraborate, boric acid and sodium
gluconate is used, the preferred concentrations are the following:

sodium tetraborate: 0.05 - 0.5 M;
boric acid: 0.25 - 1.0 M; and
sodium gluconate: 0.01 - 0.05 M.

[0021] Alternatively, an electrolytic solution comprising as complexing agents a mixture of sodium carbonate and
sodium gluconate may preferably be used.
[0022] In this case a temperature of between 30°C and 50°C is to be preferred and a pH of between 11 and 11.5.
The time for anodization is preferably between 1 min and 4 min.
[0023] For the electrolytic bath a current density of between 0.31 A/dm2 and 10 A/dm2 is preferred, with a potential
difference of between 3.6 V and 25 V.
[0024] In particular, in the case where an electrolytic solution comprising sodium carbonate and sodium gluconate
is used the preferred concentrations are the following:

sodium gluconate: 0.01 - 0.05 M; and
sodium carbonate: 0.075 - 0.125 M.

[0025] Alternatively, an electrolytic solution comprising, as complexing agents, a mixture of sodium bicarbonate and
sodium gluconate may preferably be used.
[0026] In this case a temperature of between 30°C and 50°C is preferred and a pH of between 7.0 and 11.5. The
time for anodization is preferably between 1 and 4 min.
[0027] For the electrolytic bath a current density of between 0.30 A/dm2 and 10 A/dm2 is preferred, with a potential
difference of between 3.6 V and 25 V.
[0028] In particular, in the case where an electrolytic solution comprising sodium carbonate and sodium gluconate
is used, the preferred concentrations are the following:

sodium gluconate: 0.01 - 0.30 M; and
sodium bicarbonate: 1.80 - 2.20 M.

[0029] Alternatively, an electrolytic solution comprising, as complexing agents, a mixture of sodium bicarbonate,
sodium carbonate and sodium gluconate may preferably be used.
[0030] In this case, a temperature of between 30°C and 80°C is preferred, and a pH of between 9.0 and 9.5. The
time for anodization is preferably between 1 min and 4 min.
[0031] For the electrolytic bath a current density of between 3 A/dm2 and 10 A/dm2 is preferred, with a potential
difference of between 8 V and 15 V.
[0032] In particular, in the case where an electrolytic solution comprising sodium bicarbonate, sodium carbonate and
sodium gluconate is used, the preferred concentrations are the following:

sodium gluconate: 0.01 - 0.05 M;
sodium bicarbonate: 0.25 - 1 M; and
sodium carbonate: 0.05 - 0.2 M.

[0033] Alternatively, an electrolytic solution comprising, as complexing agents, a mixture of disodium hydrogen phos-
phate (Na2HPO4) and sodium gluconate may preferably be used.
[0034] In this case, a temperature of between 36°C and 60°C is preferred, and a pH of between 9.10 and 10. The
time for anodization is preferably between 1 min and 4 min.
[0035] For the electrolytic bath a current density of between 6 A/dm2 and 10 A/dm2 is preferred, with a potential
difference of between 10 V and 17 V.
[0036] In particular, in the case where an electrolytic solution comprising disodium hydrogen phosphate Na2HPO4
and sodium gluconate is used, the preferred concentrations are the following:
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sodium gluconate: 0.01 - 0.05 M; and
disodium hydrogen phosphate: 0.20 - 0.30 M.

[0037] Alternatively, an electrolytic solution comprising, as complexing agents, a mixture of sodium gluconate and
potassium gluconate may preferably be used.
[0038] In this case, a temperature of between 30°C and 80°C is preferred, and a pH of between 7 and 8. The time
for anodization is preferably between 0.5 min and 2 min.
[0039] For the electrolytic bath a current density of between 2 A/dm2 and 10 A/dm2 is preferred, with a potential
difference of between 8 V and 15 V.
[0040] In particular, in the case where an electrolytic solution comprising a mixture of sodium gluconate and potas-
sium gluconate is used, the preferred concentration of complexing agent is between 0.085 M and 0.120 M.
[0041] Alternatively, an electrolytic solution comprising, as complexing agents, a mixture of sodium citrate and sodium
gluconate may preferably be used.
[0042] In this case a temperature of between 32°C and 50°C is preferred, and a pH of between 9 and 9.5. The time
for anodization is preferably between 1 min and 4 min.
[0043] For the electrolytic bath a current density of between 5 A/dm2 and 10 A/dm2 is preferred, with a potential
difference of between 10.3 V and 16.8 V.
[0044] In particular, in the case where, as an electrolytic solution, a mixture of sodium gluconate and sodium citrate
is used, the preferred concentrations are the following:

sodium gluconate: 0.01 - 0.05 M; and
sodium citrate: 0.08 - 0.12 M.

[0045] Using the electrolytic solutions described previously, a passivation layer is obtained by electrolytic oxidation
or anodization, said layer consisting of tin dioxide SnO2 having a crystallization state of a tetragonal type, hence similar
to that of the natural mineral of tin, i.e., cassiterite.
[0046] The tin dioxide formed using the electrolytic solutions described above can be characterized via diffractometric
studies capable of detecting the presence of tin dioxide itself and the absence of tin monoxide or tin oxide SnO (where
tin presents the oxidation state +2), as illustrated in Figures 1 and 2.
[0047] In particular, x-ray diffractometry studies were conducted using a Siemens D500 diffractometer and GENERAL
STRUCTURES ANALYSIS SYSTEM (GSAS) software [A.C. LARSON AND R.B. VON DREELE, LOS ALAMOS NA-
TIONAL LABORATORIES, LOS ALAMOS, CA, USA]. Figure 1 refers to an article made of tin-plated copper produced
via electrochemical tin-plating, whilst Figure 2 refers to an article made of tin-plated copper obtained via hot tin-plating.
Both of said articles underwent electrochemical oxidation or anodization.
[0048] In both cases, perfectly identifiable in the graphs are the reflections corresponding to copper (base material),
elementary tin, and tin dioxide SnO2, whilst the reflection corresponding to tin monoxide SnO is absent.
[0049] A further confirmation of the exact chemical nature of the deposit formed by controlled anodization using the
baths and applying the operating conditions described for each bath, is provided by XPS (X-Ray Photoemission Spec-
troscopy) studies, which were conducted on surfaces made of anodically oxidized tin using an XPS-Auger spectrometer.
Figure 3 shows a typical XPS - Auger panoramic spectrum of the anodically oxidized tin surface. Said spectrum shows
clearly that the tin ion is only and exclusively tetravalent (Sn+4) whilst the bivalent form (Sn+2) of the oxide SnO is totally
absent. The analyses of the surfaces were carried out using, as exciting radiation, the Ka of magnesium (1253.6 eV)
with a power of 180 W (12 kV x 15 mA) with energy steps of 90 eV, whilst in regions corresponding to the XPS and
Auger transitions the step was 44 eV in order to improve resolution of the peak. Traces of sodium (see XPS peak Na
1 s) were detected. The comparison of the binding energies obtained for the XPS peak Sn 3d5/2 of tin with the data
provided in the literature, for both of the oxidized forms SnO and SnO2, in some cases does not enable perfect differ-
entiation of the two oxidized forms. From a comparison of the values of the Auger parameter, differentiation between
SnO and SnO2 is possible. The experimental data obtained for all the specimens show that, on the surfaces oxidized
electrochemically, only tetravalent tin (SnO2) is present and not bivalent tin (SnO).
[0050] Further characterization tests conducted on a laminated article made of tin-plated copper are listed in the
table below.
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[0051] The articles obtained using the method described previously can be applied to a wide range of technical fields,
amongst which preferred applications are for roofing layers in order to obtain layers of tin dioxide which are adherent,
opaque, slightly coloured, and do not present problems of adhesion during formation of the reels and storage in the
form of plates or laminas. The tin-dioxide layer constitutes an insoluble barrier to corrosion due to atmospheric agents
thanks to its extremely low solubility even in the presence of acid rain (log Ks0 SnO2 = -58 to -64.5; log Ks0 SnO = -0.9
to -26.2 - values drawn from the International Union of Pure and Applied Chemistry - "Solubility Constants of Metal
Oxides, Metal Hydroxides and Metal Hydroxide Salts in Aqueous Solution", W. Feitknecht and P. Schindler, Butter-
worths, London 1963) and reduces dissolution of the tin-plated layer, maintaining the natural colour of the tin-plated
surface unaltered for a longer period of time.
[0052] A further preferred application is to facades, windows and in the production of implements having tin-plated
surfaces.
[0053] A further preferred application is in the steel industry for passivation of the internal surfaces made of tin-plated
steel in the foodstuff-canning industry in order to prevent direct contact with the food, in so far as cassiterite or tin
dioxide is considerably less soluble than tin monoxide also in these conditions.
[0054] A further particularly preferred application is in the field of superconductors, in particular in superconductor
wires or cables made of niobium-titanium alloys or other alloys or ceramic compounds, englobed in a sheath made of
copper or other metals, such as silver or aluminium, coated with tin or tin alloys, for example tin-silver (SnAg5) alloy.
Cassiterite or tin dioxide, which is an electrically insulating material, when it is electrochemically deposited in controlled
conditions, enables a uniform, very adherent and continuous layer to be obtained, with a drastic reduction in energy
losses due to mutual coupling of single and/or assembled superconductor wires.
[0055] Finally, a further preferred application is in water-distribution systems, for example for pipe connectors, valves,
and a wide variety of tin-plated components, which can be treated for limiting dissolution of the underlying tin and of
copper in drinking water or in other liquids. Cassiterite or tin-dioxide coatings are able to reduce dissolution of lead
considerably in the components used for distribution of drinking water, when they have previously been tin-plated.
[0056] The invention will now be described in what follows also by means of examples, without, however, the invention
being limited to said examples.
[0057] Seven different electrolytic baths were prepared, each containing a different electrolytic solution. Then, each
bath was tested as regards the coating obtained. Each of the seven baths given in the following examples provides
coating layers made of tin dioxide in the tetragonal crystalline form, of the cassiterite type, according to the present
invention.

Test conducted Measuring method Result

Thickness of film of tin dioxide SnO2 Parasitic-current method DIN50984 Approximately 2 µm

Constant-current coulombometric
reduction (chronopotentiometry)

Coulombmetric reduction was
performed with a current density of
100 mA/cm2 in a 0.1-M solution of
hydrochloric acid, at 25°C

Adhesion ASTM B 545/X4, B 571 No loss of material after bending at
90° and 180° and subsequent
peeling test with adhesive tape Tesa
600

Flexibility - bending ASTM B 545/X4.4 No failure of the film of tin dioxide
after bending of the strip on its
thickness (0.5 mm)

Erichsen Test (Ball Punching) ASTM E 643, UNI 4693 No failure of the film of tin dioxide
SnO2

Deep drawing UNI 6124 No failure or exfoliation of the film of
tin dioxide SnO2

Welding In certain cases, the surface tin
dioxide may not require removal

GLOSS, i.e., measurement of
specular reflectivity

ASTM In all cases, a very marked
reduction of the specular reflectivity
was observed See Figure 4
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EXAMPLE 1

[0058] A solution was prepared with sodium tetraborate, boric acid and sodium gluconate, according to what is spec-
ified in Table 1.

EXAMPLE 2

[0059] A solution was prepared with sodium carbonate and sodium gluconate, according to what is specified in Table
2.

EXAMPLE 3

[0060] A solution was prepared with sodium bicarbonate and sodium gluconate, according to what is specified in
Table 3.

Table 1

Electrolytic aqueous solution Sodium tetraborate (Na4B4O7310H2O): 0.10 M +
Boric acid (H3BO3): 0.50 M +
Sodium gluconate C6H11NaO7: 0.05 M

Temperature 50°C ± 5°C

pH 7.60; buffered solution

Current density 7.50 A/dm2

Potential difference 15 - 18 V

Cathode Stainless steel AISI 316

Anode-cathode distance 30 - 60 mm

Anodization time 1-4 min

Stirring Not necessary

Pre-treatment Not necessary

Table 2

Electrolytic aqueous solution Sodium carbonate (Na2CO3): 0.1 M +
Sodium gluconate: 0.025 M

Temperature 35°C ± 2 °C

pH 11.0

Current density 7.5 A/dm2

Potential difference 15 V

Cathode Stainless steel AISI 316

Anode-cathode distance 30 - 60 mm

Anodization time 2 min

Stirring Not necessary

Pre-treatment Not necessary

Table 3

Electrolytic aqueous solution Sodium bicarbonate (NaHCO3): 2,0 M +
Sodium gluconate: 0.05 M

Temperature 50°C ± 2°C

pH 7.87
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EXAMPLE 4

[0061] A solution was prepared with sodium carbonate, sodium bicarbonate and sodium gluconate, according to
what is specified in Table 4.

EXAMPLE 5

[0062] A solution was prepared with disodium hydrogen phosphate and sodium gluconate according to what is spec-
ified in Table 5.

Table 3 (continued)

Current density 10 A/dm2

Potential difference 8.5 V

Cathode Stainless steel AISI 316

Anode-cathode distance 30 - 60 mm

Anodization time 1 - 4 min

Stirring Not necessary

Pre-treatment Not necessary

Table 4

Electrolytic aqueous solution Sodium carbonate: 0.1 M +
Sodium bicarbonate: 0.25 M +
Sodium gluconate: 0.025 M

Temperature 50°C ± 5°C

pH 9.09 - 9.10 buffered solution

Density of current 7.5 A/dm2

Potential difference 8.9 -10.9 V

Cathode Stainless steel AISI 316

Distance Anode - Cathode 30 - 60 mm

Anodization time 1 - 4 min

Stirring Not necessary

Pre-treatment Not necessary

Table 5

Electrolytic aqueous solution Disodium hydrogen phosphate (Na2HPO4 3 12 H2O) 0.25 M + Sodium gluconate
0.025 M.

Temperature 45°C ± 5°C

pH 9.20

Current density 8.5 A/dm2

Potential difference 10 - 11 V

Cathode Stainless steel AISI 316

Anode-cathode distance 30 - 60 mm

Anodization time 2 min

Stirring Not necessary

Pre-treatment Not necessary
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EXAMPLE 6

[0063] A solution was prepared with sodium gluconate and potassium gluconate according to what is specified in
Table 6.

EXAMPLE 7

[0064] A solution was prepared with sodium gluconate and sodium citrate according to what is specified in Table 7.

[0065] From the foregiong description the advantages that the method according to the present invention makes
possible are evident.
[0066] The present method enables improved passivation layers to be obtained and, in particular, layers which are
continuous, thin, and very adherent to the substrate, have optimal mechanical characteristics and have different colours
so as to enable their application on different base materials, according to the various requirements.
[0067] In particular, it enables electrochemical oxidation of tin-plated articles obtained by hot tin-plating, electrochem-
ical tin-plating, or by chemical or physical deposition, affording a considerable improvement in resistance to atmospheric
agents, and making available an opaque surface more similar to aged zinc or else to natural grey stone, both of which
are used for roofings.
[0068] The adherent crystalline coating moreover prevents problems of sticking between one coil and another in
reels of large dimensions, which in certain cases reach the weight of 10 000 kg or else between plates or laminas set
on top of one another, rendering interposition of sheets of paper between one surface and another unnecessary, with
benefits from both the economic and environmental standpoints.
[0069] Finally, from the foregoing description it clearly emerges that modifications and variations may be made to

Table 6

Electrolytic solution Sodium gluconate and potassium gluconate 0.1 M (C6H11NaO7; formula weight =
218,14 + C6H11KO7, formula weight = 234.24)

Temperature 50°C ± 2 °C

pH 7.44

Current density 7.5 A/dm2

Potential difference 8.9 - 10.9 V

Cathode Stainless steel AISI 316

Anode-cathode distance 30 - 60 mm

Anodization time 1.5 min

Stirring Not necessary

Pre-treatment Not necessary

Table 7

Electrolytic solution Dehydrated sodium citrate (Na3C6H11O7 32H2O):0.10M+
Sodium gluconate: 0.025 M

Temperature 37°C ± 2°C

pH 9.10

Current density 8.5 A/dm2

Potential difference 12 V

Cathode Stainless steel AISI 316

Anode-cathode distance 30 - 60 mm

Anodization time 1.5 min

Stirring Not necessary

Pre-treatment Not necessary
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the method described, without thereby departing from the sphere of protection of the present invention.
[0070] In particular, the compounds and ratios between compounds used as complexing agents in the electrolytic
solution may vary, as likewise may vary the conditions of execution of the electrochemical oxidation, such as pH,
temperature, applied current density, potential difference, and anodization time.

Claims

1. A method for forming a passivation layer on an article having at least one tin-plated surface, characterized in that
it comprises the step of subjecting said tin-plated surface to electrochemical oxidation for forming on said tin-plated
surface a layer of tin dioxide SnO2 having a crystalline structure similar to that of natural cassiterite.

2. The method according to Claim 1, characterized in that said electrochemical oxidation takes place in an electro-
lytic solution comprising at least one compound chosen in the group consisting of salts of gluconic acid, salts of
citric acid, and salts of boric acid.

3. The method according to Claim 2, characterized in that said electrochemical oxidation takes place at a pH of
between 6 and 9.

4. The method according to any one of Claims 1 to 3, characterized in that for said electrochemical oxidation a
current density of between 0.1 A/dm2 and 10 A/dm2 is used.

5. The method according to any one of Claims 1 to 4, characterized in that for said electrochemical oxidation there
is set a potential difference of between 2.5 V and 31 V.

6. The method according to any one of Claims 1 to 5, characterized in that said electrochemical oxidation takes
place at a temperature of between 30°C and 80°C.

7. The method according to any one of Claims 1 to 6, characterized in that for said electrochemical oxidation the
oxidation time is between 0.5 and 4 min.

8. The method according to any one of the preceding claims, characterized in that said electrolytic solution is an
aqueous solution comprising sodium tetraborate, boric acid and sodium gluconate.

9. The method according to Claim 8, characterized in that said electrolytic solution comprises sodium tetraborate
in a concentration of between 0.05 M and 0.5 M, boric acid in a concentration of between 0.25 M and 1 M, and
sodium gluconate in a concentration of between 0.01 M and 0.05 M.

10. The method according to Claim 2, characterized in that said electrolytic solution is an aqueous solution comprising
sodium carbonate and sodium gluconate.

11. The method according to Claim 10, characterized in that said electrolytic solution comprises sodium carbonate
in a concentration of between 0.075 M and 0.125 M and sodium gluconate in a concentration of between 0.01 M
and 0.05 M.

12. The method according to Claim 2, characterized in that said electrolytic solution is an aqueous solution comprising
sodium bicarbonate and sodium gluconate.

13. The method according to Claim 12, characterized in that said electrolytic solution comprises sodium gluconate
in a concentration of between 0.01 M and 0.30 M and sodium bicarbonate in a concentration of between 1.80 M
and 2.20 M.

14. The method according to Claim 2, characterized in that said electrolytic solution is an aqueous solution comprising
sodium gluconate, sodium bicarbonate and sodium carbonate.

15. The method according to Claim 14, characterized in that said electrolytic solution comprises sodium gluconate
in a concentration of between 0.01 M and 0.05 M, sodium bicarbonate in a concentration of between 0.25 M and
1 M, and sodium carbonate in a concentration of between 0.05 M and 0.2 M.
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16. The method according to Claim 2, characterized in that said electrolytic solution is an aqueous solution comprising
disodium hydrogen phosphate and sodium gluconate.

17. The method according to Claim 16, characterized in that said electrolytic solution comprises sodium gluconate
in a concentration of between 0.01 M and 0.05 M and disodium hydrogen phosphate in a concentration of between
0.20 M and 0.30 M.

18. The method according to Claim 2, characterized in that said electrolytic solution is an aqueous solution comprising
a mixture of sodium gluconate and potassium gluconate.

19. The method according to Claim 18, characterized in that said electrolytic solution comprises a mixture of sodium
gluconate and potassium gluconate in a concentration of between 0.085 M and 0.120 M.

20. The method according to Claim 2, characterized in that said electrolytic solution is an aqueous solution comprising
sodium citrate and sodium gluconate.

21. The method according to Claim 18, characterized in that said solution comprises sodium gluconate in a concen-
tration of between 0.01 M and 0.05 M and sodium citrate in a concentration of between 0.08 M and 0.12 M.

22. The method according to any one of Claims 1 to 21, characterized in that said tin-plated surface is obtained via
hot tin-plating or electrolytic deposition or chemical or physical deposition.

23. The method according to any one of the preceding claims, characterized in that the thickness of said layer of tin
dioxide is between 0.001 mm and 0.004 mm (1 - 4 µm)

24. The method according to any one of the preceding claims, characterized in that said article has a base of copper
or copper alloys.

25. The method according to any one of the preceding claims, characterized in that said articles are in the form of
wires or rods or bars of different geometry.

26. A tin-plated article, characterized in that it is coated with a layer of tin dioxide having a crystalline structure of the
type of natural cassiterite.

27. The article according to Claim 26, characterized in that it is in the form of wire.

28. The article according to Claim 27, characterized in that it has superconductive properties.

29. The article according to Claim 28, characterized in that it is in the form of cord, or flat, either englobed or not in
a metal or ceramic matrix.

30. The article obtained according to the method of any one of Claims 1 to 25.

31. Use of an article according to any one of Claims 25 to 30 as coating in building applications.

32. The use of an article according to any one of Claims 25 to 30 in metal or ceramic superconductors.

33. The use of an article according to any one of Claims 25 to 30 for passivation of the internal surface of containers
for foodstuffs.

34. The use of an article according to any one of Claims 25 to 30, for limiting the release of metal ions in water-
distribution systems.

35. The use of an article according to Claim 34, in which the article is made of CuZnSn or CuZnPbSn alloy containing
high values of tin, for limiting the release of tin, copper, zinc and lead, in water-distribution systems.

36. The use of an article according to any one of Claims 25 to 30 for superconductor materials.
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37. The use of an article according to Claim 35 for the reduction of losses of energy due to mutual coupling in multi-
filament superconductor systems.
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