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(54) PASSIVATION PROCESS OF A STEEL TINPLATE

(67)  The present invention concerns a Cr-free pas-
sivation process of a tinplate comprising the following
steps in sequence:

a. subjecting said tinplate to at least one cathodic elec-
trolytic treatment in an aqueous solution containing at
least one sulphate of an alkali metal to obtain a tin oxide
surface layer having thickness lower than 6 mC/cm?;

b. subjecting said tinplate to at least one cathodic elec-
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trolytic treatment in an aqueous solution containing at
least sulphate ions and zirconium ions to form a passi-
vation layer containing zirconium on said tin oxide sur-
face layer.

The process allows obtaining passivated tinplates
on which the coatings, such as enamels, paints and pol-
ymeric films, adhere well, without using chromium-con-
taining compounds.
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Description

[0001] The present invention concerns a passivation process of a steel tinplate. In particular, the present invention
concerns an electrolytic passivation process, with a low environmental impact, which allows obtaining a passivated steel
tinplate, on which it is possible to make adhere a further coating, such as a paint layer, an ink or a polymeric film, with
an excellent degree of adhesion.

[0002] The passivated steel tinplate obtained with the passivation process according to the present invention can be
advantageously used to produce steel packaging, such as for example containers for packaging food products, chemical
and cosmetic products.

[0003] The steel tinplate (hereinafter "tinplate") is a steel sheet obtained by cold rolling, generally of a thickness up to
a maximum of about 0.5 mm, coated on both faces with a thin tin layer, which has the function of protecting steel from
corrosion. The tin coating is generally made by electrolytic deposition of metallic tin on the steel sheet. Due to the
exposure to air, a thin oxide layer is present on the surface of the tin coating.

[0004] The tinplate is mainly used to produce packaging, in particular cans for food products intended for human and
animal consumption, packaging for chemical products, containers for aerosol, beverage cans and to produce parts of
said packaging, such as closures, lids, bottoms, etc.

[0005] In general, the tinplate has a high resistance to corrosion and stability against acids and a good processability.
For some applications, for example for the production of packaging for food products, the surface of the tinplate is also
provided with an additional coating, for example a paint layer (e.g. epoxy, acrylic paints, etc.) or a laminated polymeric
film (e.g. polyethylene terephthalate (PET), polypropylene (PP) film, etc.), to ensure greater protection of the surface of
the container from corrosion with respect to the tin coating only.

[0006] Paints, inks and coating polymeric films are generally applied to the tinplate at the end of the production process
thereof and before its use in the production of packaging. In the production process of packaging, therefore, these
coatings undergo mechanical processings (e.g. drawing and stretching), which can cause the deterioration or the de-
tachment (peel-off) from the surface of the tinplate, if there is no good adhesion to the latter. Furthermore, in some
applications, the packaging, after being filled with the contents, is subjected to heat treatments (e.g. pasteurization,
sterilization), which can damage the coating, for example by forming bubbles (blistering), or cause its detachment.
[0007] In order to improve the resistance to attacks by aggressive chemicals and the adhesion of the coating to the
tinplate, in the prior art it is known to subject the tinplate to a chromium passivation treatment, generally of the electrolytic
type, by means of which a thin chromium layer is deposited on the surface of the tinplate.

[0008] In recent years, however, due to the growing demands for limiting the use of environmentally hazardous sub-
stances, such as chromium and cadmium, the need is strongly felt to have treatment processes with a low environmental
impact as an alternative to the chromium passivation processes, which still guarantees an adequate degree of adhesion
of the coating to the tinplate.

[0009] In the state of the art some passivation processes are known which do not use chromium compounds, the so-
called "Cr-free" processes. For example, EP 2180084 A1 and EP 2557202 A1 describe Cr-free passivation processes
with which a surface coating layer containing zirconium is deposited on the tinplate, which guarantees excellent adhesion
of subsequent coatings, such as paints and polymeric films.

[0010] EP 2180084 A1, in particular, describes a passivation process which comprises a first step of treatment to
partially remove the tin oxide layer originally present on the surface of the tinplate, until reducing it to a thickness layer
in the range 0 - 3,5 mC/cm? (thickness measured by means of an electrolytic stripping method), by means of a cathodic
electrolytic treatment in an aqueous solution of sodium hydrogen carbonate, followed by a second step of passivation
treatment, in which the tinplate is subjected to a cathodic electrolytic treatment in an aqueous solution of zirconium
sulphate to form a coating layer containing zirconium mainly in the form of oxide and hydroxide (passivation layer). In
a third step, the zirconium-passivated tinplate is then subjected to washing in hot water to reduce the amount of sulphate
ions present on the surface of the layer containing zirconium, preferably up to a value of weight per unit of area of
sulphate ions lower than 7 mg/m2, since the presence of sulphate ions in relatively high amounts negatively affects the
adhesion of the coatings to the passivation layer containing zirconium.

[0011] EP 2557202 A1 describes a passivation process which comprises a first step of treatment to partially remove
the tin oxide layer present on the surface of the tinplate, until reducing it to a thickness layer in the range 0 - 3.5 mC/cm?2,
by means of a cathodic electrolytic treatment in an aqueous solution of sodium carbonate or sodium hydrogen carbonate
or by immersion in an aqueous solution of sulphuric acid, followed by a second step, in which the tinplate is subjected
to a cathodic electrolytic treatment in an aqueous solution of a sulphate of an alkali metal containing a zirconium compound
to form a passivation layer containing zirconium. In a third step, the tinplate is then subjected to washing in hot water to
reduce the amount of sulphate ions present on the surface of the passivation layer containing zirconium, preferably up
to a value of weight per unit of area of sulphate ions lower than 7 mg/m?2.

[0012] In consideration of the aforesaid state of the art, the Applicant set out to solve the primary objective of providing
a passivation process of the tinplate that is of the Cr-free type, namely that does not use chromium compounds, but that
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nevertheless guarantees a high adhesion of the coatings, such as paints, inks or laminated polymer films.

[0013] In the course of their own research, the Applicant has observed that the degree of adhesion of the coatings to
a passivated tinplate with zirconium compounds, as obtainable for example with the known processes described above,
is influenced by the possible presence of carbonate ions on the surface of the passivation layer containing zirconium,
as well as the presence of sulphate ions as already known in the state of the art.

[0014] Therefore, the passivation processes known in the art which envisage electrolytic pre-treatments in aqueous
solutions containing carbonate and hydrogen carbonate ions (hereinafter generally referred to as carbonate ions), have
the disadvantage of involving problems of adhesion of the coating in the final product, if the concentration of carbonate
ions is not carefully controlled.

[0015] Furthermore, in the known passivation processes which envisage a preliminary step of reduction of the thickness
of the tin oxide layer by immersion in aqueous solutions of sulphuric acid, there is the drawback of not being able to
adequately control the process of reduction of the thickness. With respect to the electrolytic treatments, in fact, in the
immersion pre-treatments substantially only the duration of immersion and the concentration of sulphuric acid in the
bath can be regulated: if the concentration of sulphuric acid is too high, there is the risk that the tin layer, after treatment,
is deteriorated and does not have a uniform thickness over the entire surface with consequent problems of adhesion of
the coatings; if the concentration of sulphuric acid is too low, instead, the time necessary for the treatment becomes
excessively long. Furthermore, the pre-treatments by immersion in aqueous solutions of sulphuric acid require a sub-
sequent step of very accurate washing of the tinplate with water, with consequent increase in the consumption of energy
and raw materials and the use of more bulky plants.

[0016] The Applicant has now found that the aforesaid and other drawbacks of the state of the art, which will appear
more evident in the following description, can be overcome, at leastin part, by a Cr-free passivation process of a tinplate
which allows obtaining a tinplate coated with a passivation layer containing zirconium, in which the preliminary treatment
for reducing the thickness of the tin oxide layer present on the non-passivated tinplate is carried out by means of a
cathodic electrolytic treatment in an aqueous solution of at least one sulphate of an alkali metal, in substantial absence
of carbonate ions; in a subsequent step, the so-treated tinplate is subjected to a second cathodic electrolytic treatment
in an aqueous solution containing at least sulphate ions and zirconium ions to form a passivation layer containing
zirconium.

[0017] Using an electrolytic solution based on sulphate ions in the electrolytic treatment for reducing the initial tin oxide
layer avoids introducing an excessive amount of carbonate ions in the passivation process; this makes it easier to control
the amount of carbonate ions on the final passivated tinplate.

[0018] Furthermore, the treatment for reducing the tin oxide layer, being carried out electrolytically in an aqueous
solution of a sulphate of an alkali metal, in addition to being more rapid and easily controllable than the treatment by
immersion in a solution of sulphuric acid, is simple to make and does not require the adoption of particular safety systems
for the operators or anticorrosive materials for the equipment, as is the case in the case of processes that use aqueous
solutions of sulphuric acid.

[0019] According to a first aspect, the present invention therefore concerns a passivation process of a tinplate com-
prising the following steps in sequence:

a. subjecting said tinplate to at least one cathodic electrolytic treatment in an aqueous solution containing at least
one alkali metal sulphate to obtain a tin oxide surface layer having thickness lower than 6 mC/cm?;

b. subjecting said tinplate to at least one cathodic electrolytic treatment in an aqueous solution containing at least
sulphate ions and zirconium ions to form a passivation layer containing zirconium on said tin oxide surface layer.

[0020] According to a second aspect, the present invention concerns a process for producing a coated tinplate which
comprises the following steps in sequence:

- providing a passivated tinplate comprising a passivation layer containing zirconium obtained with the aforesaid
passivation process;

- applying at least one coating on said passivation layer containing zirconium selected from: paint layer, lacquer layer,
enamel layer, ink layer and polymeric material film.

[0021] Forthe purpose of the present description and appended claims, the verb "comprise" and all the terms deriving
therefrom also include the meaning of the verb "consist" and of the terms deriving therefrom.

[0022] The limits and numeric ranges expressed in the present description and appended claims also include the
numeric value or numeric values mentioned. Furthermore, all the values and sub-ranges of a limit or numeric range
must be considered to be specifically included as if they had been explicitly mentioned.

[0023] The passivated tinplate in accordance with the process according to the present invention is a substrate on
which organic coatings, such as paints, lacquers, enamels, inks or polymeric films adhere very well. The degree of
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adhesion is comparable to that of the chrome-passivated tinplates of the known art.

[0024] The process according to the present invention, not using compounds containing chromium (Cr-free), is a
process with a low environmental impact. Furthermore, at least in one embodiment, the process does not even use
fluorinated or nitrogen-based compounds which can give rise to nitrate compounds which, as is known, represent a
problem from the point of view of the environmental impact.

[0025] Further characteristics and advantages of the present invention will become clear from the following detailed
description of the invention in which reference will also be made to the appended figure 1, which schematically shows
the trend of the detachment strength (T-peel strength) of a coating as a function of the amount of carbonate ions present
on the surface of the passivated tinplate.

[0026] The tinplate that can be treated with the passivation process according to the presentinvention does not present
particular restrictions in terms of composition. In general, the tinplate can be a conventional tinplate, for example of the
type used to produce packaging, such as containers (so-called cans) for food products intended for human and animal
consumption, chemical products, containers for aerosol and to produce parts of said packaging, such as closures, lids,
bottoms, etc.

[0027] Thetinlayer of the tinplate is preferably presentin a weight per unit of area in the range 0.5-15.2 g/m2 (expressed
as metallic Sn; weight per unit of area referred to each face of the tinplate).

[0028] The coating layer of metallic tin is coated superficially by a tin oxide layer, which inevitably forms following the
exposure of the tinplate to air.

[0029] In the first step (step a) the tinplate is subjected to at least one cathodic electrolytic treatment (that is, an
electrolytic treatment in which the tinplate acts as a cathode) using as an electrolytic solution an aqueous solution
containing at least one alkali metal sulphate. The purpose of the electrolytic treatment of step a is to reduce the thickness
of the tin oxide layer on the non-passivated tinplate. The Applicant has observed that thickness values of the tin oxide
layer lower than 6 mC/cm?2 promote the adhesion of the passivation layer containing zirconium applied in step b.
[0030] Preferably, the thickness of the tin oxide surface layer obtained at the end of the treatment of step a is lower
than or equal to 5.0 mC/cmZ2, more preferably it is comprised in the range 0.1-3.0 mC/cm?2. In fact, it has been observed
that a thickness of the tin oxide layer in the aforesaid range promotes a more uniform and reproducible deposition of
the passivation layer containing zirconium.

[0031] For the purposes of the present invention, the thickness values of the tin oxide layer expressed in mC/cm?2
(before or after step a) are considered to be determined by the method described in the Examples.

[0032] The aforesaid thickness values of the tin oxide can be obtained in step a by selecting the ion concentration in
the electrolytic solution, the pH, the temperature and the current density applied in relatively wide ranges of values.
[0033] Preferably, the sulphate of an alkali metal of the electrolytic bath of step a is selected from sodium sulphate,
potassium sulphate or mixtures thereof.

[0034] Preferably, the concentration of the alkali metal sulphate in the bath is in the range 30-150 g/l, more preferably
in the range 40 - 100 g/I.

[0035] Preferably, the cathodic electrolytic treatment is carried out in the aforesaid solution in substantial absence of
carbonate ions, that is in the absence of carbonate and bicarbonate ions added on purpose.

[0036] Preferably, the cathodic electrolytic treatment is carried out with an electric current density in the range 2-50
A/dm?2, more preferably in the range 5 - 30 A/dm?2.

[0037] Preferably, the temperature of the electrolytic solution is in the range 20-80°C, more preferably in the range 40
- 60°C.

[0038] Preferably, the pH of the electrolytic solution used in step b is in the range 6-8.

[0039] Preferably, the duration of the cathodic electrolytic treatment is in the range 0.3-2.0 seconds, more preferably
in the range 0.4-1.4 seconds.

[0040] The cathodic electrolytic treatment is carried out with a continuous electric current.

[0041] Atthe end of step a, the tinplate can be subjected to a washing with water to eliminate any electrolyte residues
or other impurities present on the surface. However, considering that in the process according to the present invention
also the electrolytic solution used in step b is based on sulphate anions, the possible entrainment of these anions from
step a to step b does not represent a criticality.

[0042] Instepbthe tinplate treated in step a is submitted to at least one cathodic electrolytic treatment in a bath formed
by an aqueous solution containing at least sulphate ions and zirconium ions. The purpose of step b is to form a passivation
layer containing zirconium on the tin oxide surface layer present on the tinplate after step a. The treatment of step b
allows the deposition of a passivation layer containing zirconium mainly in the form of oxide or hydroxide.

[0043] Preferably, after step b the amount of zirconium in the passivation layer containing zirconium is in the range
5-15 mg/m2. For the purposes of the present invention, the weight per unit of area of the passivation layer containing
zirconium is meant to be determined by X-ray fluorescence absorption spectroscopy.

[0044] In a first embodiment the electrolytic solution used in step b is an aqueous solution of zirconium sulphate.
[0045] In a second embodiment, the electrolytic solution used in step b is an aqueous solution containing zirconium
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sulphate and alkali metal sulphate, preferably sodium.

[0046] Inboth of the aforesaid embodiments, the concentration of zirconium ions in the electrolytic solution is preferably
in the range 0.1-10.0 g/l, more preferably in the range 0.5-2.0 g/I.

[0047] Preferably, the concentration of alkali metal sulphate in the electrolytic solution, where present, is in the range
5-60 g/I, more preferably in the range 10-50 g/l.

[0048] It has been observed that the presence of sodium sulphate in the electrolytic solution of step b in addition to
zirconium sulphate promotes the control of the zirconium deposition, thus being obtainable a more uniform passivation
layer, even in the presence of possible variations in the density of the electric current.

[0049] Preferably, the pH of the electrolytic solution used in step b is in the range 0.5-2.5, more preferably in the range
1.5-2.4. The pH of the solution can be adjusted, for example, by adding an aqueous solution of sulphuric acid.

[0050] Preferably, the temperature of the electrolytic solution used in step a is in the range 20-80°C, more preferably
in the range 40 - 60°C.

[0051] Preferably, the cathodic electrolytic treatment of step b is carried out with an electric current density in the range
2-50 A/dmZ2, more preferably in the range 5- 30 A/dm?2.

[0052] Preferably, the cathodic electrolytic treatment has a duration in the range 0.3-5.0 seconds, more preferably in
the range 0.5-2.0 seconds.

[0053] The cathodic electrolytic treatment is carried out with a continuous electric current.

[0054] At the end of step b, preferably the passivated tinplate is subjected to a washing with water to remove any
sulphate ions possibly present on the surface, which negatively affect the adhesion capacity of the coatings (both in the
form of paint or ink and in the form of film) or they can give rise to the appearance of stains on the surface of the tinplate.
It has been observed that generally the adhesion of the coating to the passivation layer is acceptable when a residual
amount of sulphate ions lower than about 20 mg/m?2 is present on the passivated surface.

[0055] For the purposes of the present invention, a coating has a degree of adhesion suitable for most applications if
the detachment strength is greater than or equal to 60 N/10mm, determined with the T-peel strength test described in
the examples.

[0056] The washing with water can be carried out by immersion of the passivated tinplate in water or with spray
systems, preferably with hot water (e.g. up to 80°C). The duration of the washing is preferably in the range 0.4-5.0
seconds, preferably in the range 0.5-2.0 seconds. The washing is generally followed by a drying step, for example by
exposure to ambient air or by heating.

[0057] Since the process according to the present invention does not envisage steps of treatment for the tinplate with
solutions containing carbonate ions added on purpose, their concentration on the surface of the passivated tinplate is
generally such as not to significantly affect the adhesion of the coating. However, in certain cases, for example when
water of relatively high hardness is used in the process, the concentration of carbonate ions on the passivated tinplate
could be such as to create problems of coating adhesion. The Applicant has observed that the best results of coating
adhesion are obtained when the concentration of carbonate ions on the passivation layer containing zirconium is lower
than or equal to about 20 mg/m2 (Figure 1).

[0058] For the purposes of the present invention, the concentration of the sulphate and carbonate ions is considered
to be measured by the method described in the Examples.

[0059] The tinplate passivated with the coating layer comprising zirconium obtained with the passivation process
according to the present invention is a suitable support for the application of a coating, such as a paint layer, a lacquer
layer, an enamel layer, an ink layer or a polymeric material film.

[0060] Examples of paints that can be applied as coatings are: epoxy paints, phenol-epoxy paints, vinyl paints, acrylic
paints.

[0061] Examples of polymeric films that can be applied as a coating are: polyethylene terephthalate (PET), polypro-
pylene (PP) film.

[0062] The passivation process according to the present invention as well as the process for applying a coating on
the passivated tinplate can be made with the techniques and equipment known to the person skilled in the art.

[0063] Embodiments of the present invention are provided below solely by way of illustrative example, which must not
be considered limiting of the scope of protection defined by the appended claims.

EXAMPLES

[0064] The characterization of the materials described in the present patent application was carried out with the
following methods.

1. Measurement of the thickness of the tin oxide layer

[0065] The thickness of the tin oxide layer was determined by means of a coulombometric method. According to this



10

15

20

25

30

35

40

45

50

55

EP 3 626 862 A1

method, the tin oxide layer is reduced by applying a constant and controlled cathodic current, in an aqueous solution of
hydrobromic acid (HBr) 0.1% which is deprived of the oxygen present therein by insufflation of gaseous nitrogen. The
progress of oxide reduction is monitored by measuring the reduction potential. The delivered electric charge (current
density * treatment time) to reach the complete reduction is used as a measurement of the thickness of the tin oxide layer.
[0066] Thetestiscarried outinan electrolytic cell with a platinum counter-electrode and an Ag/AgCl reference electrode.
A cathodic current density of - 0.40 A/m?2 is applied to the sample and the potential is measured until the potential of the
metallic tin is reached, indicating that the reduction has been completed. The measured values are displayed in a graph
potential v. treatment time, which typically shows a sharp decrease in the potential with a point of inflection at which the
treatment time (ti) corresponding to the completed reduction of the tin oxide layer is determined. The thickness value of
the tin oxide layer is calculated by means of the equation D [mC/cm?2] = 0.1 * ti [seconds] * 0.40 [A/m2].

2. Quantitative determination of the carbonate and sulphate ions

[0067] The quantitative determination of the carbonate and sulphate ions on the surface of a tinplate was carried out
according to the ASTM E1019, E1409 and E1806 standards. The tinplate sample (dimensions 4 mm x 100 mm) was
cleaned with acetone and dried with hot air before the test. The test is based on the determination of the amount of CO,
and SO, produced following the heat treatment of the sample in an induction furnace to cause the complete conversion
of carbon into CO, and sulphur into SO,. For each material, the test was carried out on three samples, extrapolating a
final average value.

3. Test of staining with Cysteine

[0068] The resistance of a passivated (uncoated) tinplate to prolonged contact with food was evaluated by the test of
staining with Cysteine.

[0069] The testprovides for the immersion of square samples (40x40 mm) of passivated (uncoated) lamina in a solution
containing 3 g/l of Cysteine hydrochloride neutralized at pH 7 with NazPO,4 0.2 M and allowed to boil for 1 hour.
[0070] The samples, drilled with a 4 mm hole and skewered with a glass rod spacing them with 15 mm spacers, are
introduced into a 1000 ml bottle, made of glass resistant to sterilization, filled with the Cysteine solution.

[0071] The bottle is introduced into a suitable pressure container which is heated at 110°C and remains at this tem-
perature for 30 minutes.

[0072] After cooling, washing and drying, the surface appearance of the samples is compared with standards at
different levels of stains:

* Level 1 = surface with no stains

e Level 2 = surface with no stains but with a faint colouring or surface with a few small dark stains
* Level 3 = surface with diffuse stains and a few areas with no stains

¢ Level 4 = completely stained surface (like the non-passivated tinplate).

4. Coating of the passivated tinplate

[0073] The passivated tinplate in accordance with the present invention was coated with a white epoxy enamel using
a "bar coater". The applied coating layer had a thickness equal to 24 micrometres. After application, the coating was
thermally treated at 200°C for 10 minutes and then allowed to cool up to room temperature by exposure to air. The
completion of the curing of the coating was verified by the ASTM D 5402 method.

[0074] For comparison, the same coating was applied to a commercially available sample of a tinplate passivated with
chromium ("Reference").

5. Evaluation of the adhesion strength of the coating on the passivated tinplate

[0075] The adhesion strength of the coating applied on the passivated tinplate as described in the previous point 4
was evaluated with the following tests.

5.1 Dry adhesion test

[0076] The dry adhesion strength of the coating was evaluated with the ASTM D3359 B method. The method provides
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for the application of a strip of adhesive tape on the surface of the coating, on which a grid was previously engraved,
and after 15 minutes of contact for its removal by a quick tear. The extent of the defects visible to the naked eye caused
by the tear was evaluated using a scale of values from 0 to 5, which were assigned based on the percentage of the
damaged surface area (0 = no visible defect; 5 = more than 50% of the surface area has visible defects).

5.2 Cathodic wet adhesion test

[0077] The wet adhesion strength of the coating was evaluated by submitting a sample of a passivated and coated
tinplate on which a grid in an area of 4 cm x 4 cm was previously engraved, to immersion in a solution containing citric
acid (0.1 M, pH = 3) with application of a cathodic polarization of -2 V, for 30 minutes, at 25°C. The sample was then
washed with distilled water and dried. The adhesion strength of the coating was evaluated with the ASTM D3359 B
method described at point 5.1.

5.3. Coating detachment strength ("T-peel test")

[0078] The detachment strength of the coating was determined by a comparative test derived from the ASTM D1876-08
method, which was modified as described below.

[0079] Two laminae of passivated and coated tinplate having dimensions of 100 mm x 10 mm were glued together by
means of an epoxy structural adhesive (3M - EC 923 B/A). The adhesive was applied on the laminae for a length of 30
mm, so as to leave free two 70 mm long ends (bent at 90° with respect to each other so as to form a "T") to be fixed to
the traction machine.

[0080] During the test, the tensile load applied by the machine at the two ends necessary to obtain a separation speed
of the two laminae equal to 10 mm/min was recorded. The result is expressed in N/10 mm unit. For each material, the
test was carried out on three samples, extrapolating a final average value that was compared with the one of a sample
of an industrial chromium-passivated lamina. In addition to the load it was evaluated whether the detachment was of
the "cohesive" (within the layer of structural adhesive) or "adhesive" type (between the coating and tinplate). If the break
is of the cohesive type, it can be concluded that the test measured the breaking strength of the adhesive and that the
adhesion of the coating is greater than this value. Considering 60 N/10mm as a threshold value for a satisfactory adhesion,
an adhesive with a greater adhesion value was chosen.

6. Passivation of the tinplate

[0081] A first series of samples (no. 1-7) of a (not passivated) tinplate having a tin layer of 2.8 g/m2 by weight per unit
of area on both faces was passivated using the process according to the present invention. The tinplate was subjected
to a cathodic electrolytic treatment to partially remove the tin oxide layer (step a). The operating conditions of step a
adopted for each sample are shown in Table 1 below.

Table 1 - Removal of tin oxide (step a)

Sample Na,SO, electrolytic Treatment Bath Current density Thickness SnOx()
no. bath (g/1) duration (s) temp. (A/dm2) (mC/cm?2)
(°C)
1 50 0.7 50 10 1.6
2 50 0.7 50 3 5.5
3 50 0.7 60 10 1.8
4 150 0.7 50 10 1.0
5 40 0.5 50 30 2.3
6 30 0.5 40 10 4.3
7 40 1 50 3 21
(i): thickness of the tin oxide layer on the tinplate at the end of step a

[0082] Theresultsof Table 1 highlightthat by varying the operating conditions of step aitis possible to obtain thicknesses
of the tin oxide layer on the tinplate in a wide range of values (1.6 - 5.5 mC/cm?2).
[0083] Samples 1,3 and5 were then subjected to a subsequent cathodic electrolytic treatment for zirconium deposition
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to form the passivation layer (step b) in a bath containing zirconium sulphate and sodium sulphate. The operating
conditions of step b adopted for each sample are shown in Table 2 below. At the end of step b, the passivated tinplate

was subjected to washing with mains water (T = 50 °C).

Table 2 - Cathodic electrodeposition of the passivation layer comprising zirconium (step b)

Test Na,SO, in the Treatment Bath Current pH Zrin the Deposited Zr
electrolytic bath (g/l) duration (s) temp. density bath (g/l) (mg/m?2)
(°C) (A/dm2)

A 20 0.5 50 25 2 1.5 7.4
(sample

1)

B 35 0.5 50 20 2 1 5.5
(sample

1)

C 20 1.0 50 30 2 1 15.2
(sample

1)

D 35 0.5 50 25 2 1 6.6
(sample

3)

E 20 1 50 25 2 1.5 16.6
(sample

3)

F 50 0.7 40 20 24 1.5 8.7
(sample

3)

G 35 1 30 10 1.5 0.5 34
(sample

5)

H 50 0.7 60 20 1.5 1 5.6
(sample

5)

| 20 0.7 50 20 24 1.5 12.1
(sample

5)

[0084] The results of Table 2 highlight that by varying the operating conditions of step b it is possible to obtain a

passivation layer based on zirconium with weights per unit of area in a wide range of values.

7. Characterization

[0085] The passivated samples A - | of Table 2 and the "Reference" sample (industrial chromium-passivated) were
submitted to the test with cysteine.

[0086] After being coated with epoxy enamel as described at point 4, the same samples were subjected to the dry
adhesion test, to the cathodic wet adhesion test and to the T-peel test.

[0087] The results of the characterization tests performed on the A - | samples are shown in Table 3 below.
Table 3 - Test with cysteine and coating adhesion test
Sample Deposited Cysteine test (no Dry Cathodicwet | T-peel test (N/ Type of
Zr (mg/m?2) coating) adhesion adhesion 10 mm) detachment
Reference (Cr - 2 0 4 69.3 cm
passivation)
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(continued)
Sample Deposited Cysteine test (no Dry Cathodicwet | T-peel test (N/ Type of
Zr (mg/m2) coating) adhesion adhesion 10 mm) detachment
A 7.4 1 0 2 65.7 cm
B 5.5 3 0 3 62.1 cm
C 15.2 1 0 1 68.7 cm
D 6.6 2 0 2 63.9 cm
E 16.6 1 0 3 33.9 A @)
F 8.7 1 0 2 67.5 cm
G 34 4 0 5 50.7 A @)
H 5.6 3 0 3 60.9 cm
I 121 1 0 1 68.4 cm
(1) C = cohesive detachment
(2) A = adhesive detachment

[0088] The data of Table 3 show that the coating applied on the passivated materials in accordance with the present
invention has an optimal adhesion for most tinplate applications, the values of the T-peel test being greater than 60
N/10mm. The adhesion is also comparable to that of the traditional chrome tinplates.

[0089] The materials passivated in accordance with the process according to the present invention also have a greater
resistance to the detachment of the coating with respect to the reference sample when subjected to the cathodic wet
adhesion test and a resistance comparable to the reference sample in the case of the dry adhesion test.

8. Adhesion of the coating in the presence of carbonate ions on the surface of the passivated tinplate

[0090] A second series of samples (no. C1 - C7) was prepared by submitting the material of the sample no. 1 of Table
1 to an electrolytic treatment for zirconium deposition (step b) under the same conditions as in sample C of Table 2. To
obtain a passivated surface containing variable amounts of carbonate ions, step b was carried out in an electrolytic bath
of zirconium sulphate and sodium sulphate added with an amount of sodium carbonate that was different for each
sample. In some cases also the water used for the subsequent washing was added with amounts of sodium carbonate
that were different for each sample.

[0091] The C1-C7 samples and the reference sample ("Reference") were coated with epoxy enamel as described in
point 4 and then submitted to the T-peel test, after quantitative determination of the carbonate ions on the passivated
tinplate. The results of this test (numerical values) are shown in Table 4 below and in the graph of the appended Figure
1, in which the X-abscissa shows the concentration of carbonate ions expressed in mg/mZ2 and the Y-ordinate shows
the detachment strength expressed in N/10mm.

Table 4 - T-peel adhesion test on surfaces containing different amounts of carbonate ions

Sample Residual ions CO42" (mg/m2) | T-peel test (N/10 mm)
Reference 1.0 69.3
C1 1.8 68.7
Cc2 3.2 66.9
C3 6.8 67.5
C4 18.0 65.1
C5 25.8 31.8
C6 35.8 21.6
Cc7 571 7.5
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[0092] The results of the T-peel test show that the adhesion strength of the coating decreases suddenly when the
coating is applied on surfaces having residual carbonate ions in an amount greater than about 20 mg/m? .

Claims

1.

10.

1.

12.

13.

A passivation process of a tinplate comprising the following steps in sequence:

a. submitting said tinplate to at least one cathodic electrolytic treatment in an aqueous solution containing at
least one sulphate of an alkali metal to obtain a tin oxide surface layer having thickness lower than 6 mC/cm?2;
b. subjecting said tinplate to at least one cathodic electrolytic treatment in an aqueous solution containing at
least sulphate ions and zirconium ions to form a passivation layer containing zirconium on said tin oxide surface
layer.

The process according to claim 1, wherein said tin oxide layer has a thickness lower than 5 mC/cmZ2, preferably in
the range 0.5 - 3.0 mC/cm?2.

The process according to claim 1, wherein the overall amount of carbonate ions and hydrogen carbonate ions on
the surface of said coating layer containing zirconium is equal to or lower than 20 mg/m?2.

The process according to claim 1, wherein the amount of sulphate ions on the surface of said coating layer containing
zirconium is equal to or lower than 20 mg/m2 .

The process according to claim 1, wherein the amount of zirconium in said passivation layer containing zirconium
is in the range 5-15 mg/m?2.

The process according to claim 1, wherein the concentration of the alkali metal sulphate in the aqueous solution of
step a is in the range 30-150 g/l, preferably in the range 40 - 100 g/I.

The process according to claim 1, wherein the aqueous solution of step b contains zirconium sulphate and alkali
metal sulphate.

The process according to the preceding claim, wherein the concentration of the alkali metal sulphate in the aqueous
solution of step b is in the range 5.0-60 g/l, preferably in the range 10 - 50 g/I.

The process according to claim 1, wherein the concentration of zirconium ions in the aqueous solution of step b is
in the range 0.1-10 g/, preferably in the range 0.5- 2.0 g/I.

The process according to claim 1, wherein the pH of the aqueous solution of step a is in the range 6-8.

The process according to claim 1, wherein the pH of the aqueous solution of step b is in the range 0.5-2.5, preferably
in the range 1.5-2.4.

The process according to claim 1, wherein the cathodic electrolytic treatment of step a and/or step b is carried out
with an electric current density in the range 2-50 A/dm2, preferably in the range 5 - 30 A/dm?Z.

The process for producing a coated tinplate which comprises the following steps in sequence:
- providing a passivated tinplate comprising a passivation layer containing zirconium obtained with the passi-
vation process according to claim 1;

- applying at least one coating on said passivation layer containing zirconium selected from: paint layer, lacquer
layer, enamel layer, ink layer and polymeric material film.

10
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Fig. 1
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