I*I Innovation, Sciences et Innovation, Science and CA 3064669 C 2022/04/12

Développement économique Canada Economic Development Canada
Office de la Propriété Intellectuelle du Canada Canadian Intellectual Property Office (1 1)(21) 3 064 669
12y BREVET CANADIEN
CANADIAN PATENT
13 C
(22) Date de dépdbt/Filing Date: 2019/12/11 (51) CLInt./Int.Cl. C25D 5/74(2006.01),
(41) Mise a la disp. pub./Open to Public Insp.: 2020/06/13 C25D 3/06(2006.01), €250 7/06 (2006.01)
" . (72) Inventeurs/Inventors:
(45) Date de délivrance/lssue Date: 2022/04/12 MARMANN. ANDREA, DE:
(30) Priorité/Priority: 2018/12/13 (DE10 2018 132 075.2) MOLLS, CHRISTOPH, DE;

GORTZ, RAINER, DE;
LENZ, THOMAS, DE

(73) Propriétaires/Owners:
THYSSENKRUPP RASSELSTEIN GMBH, DE;
THYSSENKRUPP AG, DE

(74) Agent: ROWAND LLP

(54) Titre : PROCEDE DE PRODUCTION D'UNE BANDE METALLIQUE REVETUE D'UN REVETEMENT DE CHROME
ET D'OXYDE DE CHROME UTILISANT UNE SOLUTION D'ELECTROLYTE A L'AIDE D'UN COMPOSE DE
CHROME TRIVALENT

(54) Title: ELECTRODEPOSITION OF A CHROMIUM-CHROMIUM OXIDE COATING FROM A TRIVALENT CHROMIUM
SOLUTION

(57) Abrégé/Abstract:

The present invention relates to a method for the production of a metal strip (M) coated with a coating (B), said coating (B)
containing chromium metal and chromium oxide and being electrolytically deposited from an electrolyte solution (E) that contains a
trivalent chromium compound onto the metal strip (M) by bringing the metal strip (M), which is connected as the cathode, during an
electrolysis time into contact with the electrolyte solution (E). An efficient deposition of a coating with a high proportion of chromium
oxide is obtained by successively passing the metal strip (M) at a predefined strip travel speed (v) through a plurality of electrolysis
tanks (1a, 1b, 1c; 1a bis 1h) arranged successively in a strip travel direction, wherein the electrolyte solution (E) in at least the last
electrolysis tank (1 ¢; 1h), as viewed in the strip travel direction, or in a rear group of electrolysis tanks (1g, 1h) has a temperature,
averaged across the volume of the electrolysis tank(s), of at most 40°C, and the electrolysis time (tE), during which the metal strip
(M) is in electrolytically effective contact with the electrolyte solution (E) in the last electrolysis tank (1c) or in the rear group of
electrolysis tanks (19, 1h) is less than 2.0 seconds.

C an a dg http:vopic.ge.ca » Ottawa-Hull K1A 0C9 - aup.:/eipo.ge.ca OPIC

OPIC - CIPO 191




Abstract

The present invention relates to a method for the production of a metal strip (M) coated with a
coating (B), said coating (B) containing chromium metal and chromium oxide and being
electrolytically deposited from an electrolyte solution (E) that contains a trivalent chromium
compound onto the metal strip (M) by bringing the metal strip (M), which is connected as the
cathode, during an electrolysis time into contact with the electrolyte solution (E). An efficient
deposition of a coating with a high proportion of chromium oxide is obtained by successively
passing the metal strip (M) at a predefined strip travel speed (v) through a plurality of
electrolysis tanks (1a, 1b, 1c; 1a bis 1h) arranged successively in a strip travel direction, wherein
the electrolyte solution (E) in at least the last electrolysis tank (1c; 1h), as viewed in the strip
travel direction, or in a rear group of electrolysis tanks (1g, 1h) has a temperature, averaged
across the volume of the electrolysis tank(s), of at most 40°C, and the electrolysis time (tg),
during which the metal strip (M) is in electrolytically effective contact with the electrolyte
solution (E) in the last electrolysis tank (1c) or in the rear group of electrolysis tanks (1g, 1h) is

less than 2.0 seconds.
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Electrodeposition of a Chromium-Chromium Oxide Coating from a Trivalent

Chromium Solution

The present invention relates to a method for the production of a metal strip coated with a

coating of chromium and chromium oxide.

It is known from the prior art that in the production of packaging materials, electrolytically
coated sheet steel, coated with chromium and chromium oxide, can be used, which sheet steel
is known as tin-free steel (“Tin Free Steel” TFS) or as “Electrolytic Chromium Coated Steel”
(ECCS) and which is an alternative to tinplate. This tin-free steel is marked by an especially
favorable adhesion for paints or organic protective coatings (for example, polymer coatings of
PP or PET). In spite of the low thickness of the coating of chromium and chromium oxide,
which, as a rule, is less than 20 nm, this chromium-coated sheet steel is marked by good
corrosion resistance and good workability in deformation processes used in the production of

packaging materials, for example, in deep drawing processes and ironing processes.

To coat the steel substrate with a coating containing metallic chromium and chromium oxide,
it is known from the prior art that electrolytic coating methods can be used, by means of which
the coating is deposited on strip-shaped sheet steel using a chromium(VI)-containing electrolyte
in a strip coating system. Due to the environmentally harmful and health-threatening properties
of the chromium(VI)-containing electrolytes used in the electrolytic process, however, these
coating methods are fraught with considerable disadvantages and will have to be replaced in
the not too distant future with alternative coating methods since the use of chromium (VI)-

containing materials will soon be prohibited.

For this reason, electrolytic coating methods, which obviate the use of chromium(VI)
containing electrolytes, have already been developed in the state of the art. For example, WO
2015/177315-A1 discloses a method for the electrolytic coating of an electrically conductive
substrate, which may specifically be tin-free steel (uncoated sheet steel) or tinplate (sheet steel
coated with tin), with a chromium metal/chromium oxide (Cr/CrOx) layer, in which the
substrate, connected as the cathode, is brought into contact with an electrolyte solution which
contains a trivalent chromium compound (Cr(Il)), with an anode being provided which

suppresses, or at least reduces, the oxidation of chromium(III) ions to chromium(VTI) ions, and
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in which hydrogen bubbles which form on the surface of the substrate during the electrolytic
deposition are removed. In this context, it was observed that the separation reaction and the
surface quality of the electrolytically deposited coating depend on the temperature of the
electrolyte solution and that temperatures of the electrolyte solution between 30°C and 70°C
are suitable for producing coatings with a good surface appearance. A preferred temperature
range between 40°C and 60°C has been found to be favorable for ensuring an efficient

deposition reaction, since at these temperatures, the electrolyte solution has good conductivity.

WO 2015/177314-A1 discloses a method for the electrolytic coating of strip-shaped sheet steel
with a chromium metal/chromium oxide (Cr/CrOx) layer in a strip coating system in which the
sheet steel, which is connected as the cathode, is passed at high strip travel speeds of more than
100 m/min through an electrolyte solution which contains a trivalent chromium compound
(Cr(IID). It was observed that the composition of the coating—which, depending on the
components besides the chromium metal and chromium oxide constituents contained in the
trivalent chromium compound (Cr(III)) in the electrolyte solution, may , also contain chromium
sulfates and chromium carbides—depends to a very large extent on the electrolysis current
densities at the anodes that are set during the electrolytic deposition process in the electrolysis
tanks in which the electrolyte solution is contained. It was found that as a function of the current
density, three regions (Regime I, Regime II and Regime III) form, such that in a first region
with a low current density up to a first current density threshold (Regime I), a chromium-
containing deposition on the steel substrate does not take place; in a second region with medium
current density (Regime II), there is a linear relationship between the current density and the
weight of the deposited coating; and that at current densities above a second current density
threshold (Regime III), a partial decomposition of the deposited coating takes place, so that in
this region, as the current density increases, the coating weight of chromium in the deposited
coating initially decreases and subsequently settles to a steady value at higher current densities.
In the region with a medium current density (Regime II), mainly metallic chromium of up to
80 wt% (relative to the total weight of the coating) is deposited on the steel substrate, and above
the second current density threshold (Regime III), the coating has a higher chromium oxide
content, which in the region of the higher current densities amounts to between % and ' of the
total deposited weight of the coating. The values of the current density thresholds which
separate the regions (Regime I to III) from each other were found to be dependent on the strip

travel speed at which the sheet steel is moved through the electrolyte solution.
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As mentioned in WO 2014/079909 Al, to ensure that tin-free steel coated with a
chromium/chromium oxide coating (sheet steel) has a sufficiently high corrosion resistance for
use in packaging applications, a minimum coating weight of at least 20 mg/m? is required in
order to achieve a corrosion resistance comparable to that of conventional ECCS. Furthermore,
it was shown that to achieve a sufficiently high corrosion resistance suitable for use in
packaging applications, the coating must have a minimum coating weight of chromium oxide

of at least 5 mg/m’.

The problem to be solved by the present invention is to make available the most efficient
method possible for the production of metal strips coated with a coating of chromium and
chromium oxide using an electrolyte solution with a trivalent chromium compound, which can
be carried out on an industrial scale in a strip coating system, wherein the coating has a
chromium oxide content as high as possible to ensure a sufficiently high corrosion resistance
of the coated metal strip and a good adhesive base for organic coatings, for example, paints or

polymer films of PET or PP.

This problem is solved by a method with the features of Claim 1. Preferred embodiments of

this method follow from the dependent claims.

According to the method disclosed by the present invention, a coating containing chromium
metal and chromium oxide is electrolytically deposited from an electrolyte solution that
contains a trivalent chromium compound onto a metal strip, specifically a steel strip, by
bringing the metal strip, which is connected as the cathode, into contact with the electrolyte
solution, the metal strip being successively passed at a predefined strip travel speed in a strip
travel direction through a plurality of electrolysis tanks which are successively arranged in the
strip travel direction, wherein the electrolyte solution, at least in the last electrolysis tank, as
viewed in the strip travel direction, or in a rear group of electrolysis tanks, has a temperature,
averaged across the volume of the electrolyte tank(s), that does not exceed a maximum of 40°C,
and the electrolysis time, during which the metal strip is in electrolytically effective contact
with the electrolyte solution in the last electrolysis tank or in the rear group of electrolysis tanks

is less than 2.0 seconds.

In this context, any reference to the temperature of the electrolyte solution or to the temperature
in an electrolysis tank is intended to signify the mean temperature which results as the average

-3
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of the overall volume of an electrolysis tank. As a rule, there is a temperature gradient with the
temperature increasing from top to bottom in the electrolysis tanks. In this context, the term
chromium oxide refers to all oxide forms of chromium (CrOx), including chromium
hydroxides, in particular chromium(Ill) hydroxide and chromium(Iil) oxide hydrate, and

mixtures thereof.

It was found that at temperatures of the electrolyte solution of 40°C or lower, the formation of
chromium oxide is promoted. At temperatures of the electrolyte solution of a maximum of
40°C, it is therefore possible to produce coatings with a higher chromium oxide content. A
higher chromium oxide content in the coating is advantageous in that it improves the corrosion
resistance of the coated metal strip. The proportion of chromium oxide in the coating can also
be increased by ensuring a short electrolysis time of 2.0 seconds or less at least in the last
electrolysis tank or in the rear group of electrolysis tanks. In addition, the short electrolysis time
in the last electrolysis tank or in the rear group of electrolysis tanks allows the electrolytic
coating method to be carried out in a continuous process in a strip coating system at high strip

travel speeds, which are preferably higher than 100 m/min.

The electrolysis time, during which the metal strip is in electrolytically effective contact with
the electrolyte solution, in each of the electrolysis tanks is preferably less than 2 seconds, so
that the metal strip can be passed at a uniform strip travel speed through the plurality of
electrolysis tanks, all of which are preferably identically designed and arranged one behind the
other in the strip travel direction. At preferred strip travel speeds exceeding 100 m/min, the
electrolysis time in each of the electrolysis tanks is preferably between 0.5 and 2.0 seconds,
specifically from 0.6 seconds to 1.8 seconds. Depending on the strip travel speed used, the
electrolysis time in each of the electrolysis tanks may also be between 0.3 and 2.0 seconds and

preferably from 0.5 seconds to 1.4 seconds.

Depending on the number of electrolysis tanks, successively arranged in the strip travel
direction, the total electrolysis time (tg), during which the metal strip is in electrolytically
effective contact with the electrolyte solution, across all electrolysis tanks, is preferably

between 2 and 16 seconds and specifically between 4 seconds and 14 seconds.

For reasons of improved deposition efficiency, it may advantageous for the temperature of the
electrolyte solution in the first electrolysis tank or in the front group of electrolysis tanks to be

-4-
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higher than in the last electrolysis tank. The temperature of the electrolyte solution in the first
electrolysis tank or in the front group of electrolysis tanks is preferably higher than 50°C and is
specifically between 53°C and 70°C, since in this temperature range a more efficient deposition
of chromium, specifically in the form of chromium metal, can be observed. If the temperature
of electrolyte solution in the first electrolysis tank or in the front group of electrolysis tanks is
set higher than 50°C and if, at the same time, the temperature of the electrolyte solution in the
last electrolysis tank or in the rear group of electrolysis tanks is set lower than 40°C, it is
possible to deposit a coating on the surface of the metal strip, which coating comprises at least
one lower and one upper layer, with the lower layer being deposited in the first electrolysis tank
or in the front group of electrolysis tanks and with the upper layer being deposited in the last
electrolysis tank or in the rear group of electrolysis tanks, and with the lower layer containing
a smaller portion of chromium oxide and with the upper layer containing a higher portion of
chromium oxide. The proportion by weight of chromium oxide in the lower layer, which faces
the surface of the metal strip, is preferably less than 15% and, in the upper layer, preferably
higher than 40 %.

However, for practical reasons, it may be useful to set the electrolyte solution in the electrolysis
tanks to a uniform temperature, which (averaged across the volume of the respective electrolysis
tank) is in all electrolysis tanks preferably between 20°C and 40°C and more preferably between

25°C and 38°C.

Since the deposition process is exothermic, the electrolyte solution in the electrolysis tanks has
to be cooled to ensure that the preferred temperatures are maintained. This is complicated by
the fact that the circulation systems of the electrolysis tanks are generally interconnected. For
reasons of equipment design and setup, it may therefore be useful to maintain the same
temperature in all electrolysis tanks in order to avoid different settings, which would require a
complex equipment setup. From a results-oriented standpoint, specifically with regard to an
improved corrosion resistance of the coated metal strip, however, it is advantageous to set the
temperature in the first electrolysis tank or in the front group of electrolysis tanks to a higher

temperature than in the last electrolysis tank or in the rear group of electrolysis tanks.

For this reason, a preferred embodiment of the method according to the present invention
provides that the metal strip be passed at least through a first electrolysis tank or a front group

of electrolysis tanks and then through a second electrolysis tank or a rear group of electrolysis
-5-
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tanks, where the average temperature of the electrolyte solution in the first electrolysis tank or
the front group of electrolysis tanks is higher than the average temperature of the electrolyte

solution in the second electrolysis tank or the rear group of electrolysis tanks.

According to a second preferred embodiment, the metal strip is first passed through a first
electrolysis tank or a front group of electrolysis tanks, then through a second electrolysis tank
or a middle group of electrolysis tanks, and finally through a last electrolysis tank or a rear
group of electrolysis tanks, where the average temperature of electrolyte solution in the first
electrolysis tank or the front group of electrolysis tanks and/or in the second electrolysis tank
or the middle group of electrolysis tanks is higher than the average temperature of the electrolyte

solution in the last electrolysis tank or the rear group of electrolysis tanks.

The composition of the electrolytically deposited coating on the metal strip depends not only
on the temperature of the electrolyte solution but also on the electrolysis current density. It has
been demonstrated that at the higher current densities in the region of Regime III, where there
is already a (partial) decomposition of the deposited coating, a higher proportion of chromium
oxide is formed in the coating compared with the lower current densities in Regime II, where a
linear relationship between the deposited coating weight of chromium and the current density
is observed. To produce a coating with a lower layer that contains a high proportion of
chromium metal and an upper layer that contains a high proportion of chromium oxide, which
preferably accounts for more than 40 wt% of the total coating weight of the layer, it is therefore
advantageous to apply a low current density ji and j2 in the first electrolysis tank, as viewed in
the strip travel direction, or in the front group of electrolysis tanks and, where applicable, in the
second electrolysis tank, following in the strip travel direction, or in the middle group of
electrolysis tanks, respectively, and to apply a high current density j3 in the last electrolysis
tank, as viewed in the strip travel direction, or in the rear group of electrolysis tanks in Regime
III, where j) and j2 are each lower than j3, and where the low current densities j1 and jz at a strip
travel speed of, for example, 100 m/min are each higher than 20 A/dm? (and thus above the first
current density threshold of approximately 20 A/dm?, and therefore within the region of Regime
IT), and where the high current density js is higher than 50 A/dm? (and thus above the second
current density threshold, and therefore within the region of Regime III). Depending on the strip
travel speed, the current densities ji, j» and j3 are increased, so that at a strip travel speed of 300
m/min, for example, the current densities ji and j2 are greater than 70 A/dm? and the high current

density j3 is greater than 130 A/dm?.
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According to an especially preferred embodiment, the first electrolysis tank or the front group
of electrolysis tanks, has a lower current density than the second electrolysis tank, following in
the strip travel direction, or in the middle group of electrolysis tanks, so that 20 A/dm” < ji <j»

<ja.

As a result, it is possible to deposit a coating that comprises three layers on the surface of the
metal strip, each with a different composition with regard to its proportion of chromium metal
and chromium oxide, with the lower layer, which faces the metal strip, having a medium weight
portion of chromium oxide, which is specifically between 10% and 15%, with the middle layer
having a low weight portion of chromium oxide, which is specifically between 2% and 10%,
and with the upper layer having a high weight portion of chromium oxide, which, specifically,
is higher than 30% and preferably higher than 50%. With regard to the adhesion of organic top
coats, e.g., organic paints or polymer films of PET or PP, the layer with the high proportion of
oxide is preferably on the outside surface since it has been demonstrated that chromium oxide,

in comparison with chromium metal, forms a better adhesive base surface for organic materials.

By dividing the successively, in the strip running direction, arranged electrolysis tanks into
groups and by setting different current densities that increase in the strip travel direction in the
individual electrolysis tanks, high strip travel speeds of 100 m/min or more can be maintained,
on the one hand, and a coating with a sufficiently high coating weight on at least one side of
the metal strip can be deposited, on the other hand, with the coating having a proportion of
chromium oxide of at least 5 mg/m?, preferably of more than 7 mg/m?, required to ensure a
sufficiently high corrosion resistance. The total coating weight of chromium oxide preferably
does not exceed 15 mg/m?, since it has been observed that the adhesion of organic top coats of
paints or thermoplastic polymer materials is reduced at higher coating weights of chromium
oxide. For this reason, the coating weight of chromium oxide is preferably between 5 and 15

mg/m?,

Due to the fact that the first electrolysis tank or the front group of electrolysis tanks, and the
second electrolysis tank or the middle groups of electrolysis tanks, have respective current
densities j; and j2 lower than the current density of the last electrolysis tank, as viewed in the
strip travel direction, or the rear group of electrolysis tanks, it is possible to save energy since

lower currents are needed for application to the anodes in the first electrolysis tank or in the
-7-
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front group of electrolysis tanks and in the second electrolysis tank or in the middle group of
electrolysis tanks. Despite this, however, the coating formed has a sufficiently high coating
weight of chromium oxide, since even at the lower current densities ji and j2, which are set in
the first and in the second electrolysis tank and in the front and the middle group of electrolysis
tanks, respectively, a certain amount of chromium oxide is already deposited on the metal
substrate. The major portion of chromium oxide is deposited in the last electrolysis tank, as
viewed in the strip travel direction, or in the rear group of electrolysis tanks, since these tanks
are set to the high current density j3 with which the proportion of chromium oxide relative to

the total coating weight of the coating is higher.

Since already in the first electrolysis tank or in the front group of electrolysis tanks and in the
second electrolysis tank or in the middle group of electrolysis tanks, a certain proportion by
weight of the total deposition of the applied coating, which is approximately 9% to 15%, is
attributable to chromium oxide, chromium oxide crystals form on the surface of the metal strip
already in the first electrolysis tank or in the front group of electrolysis tanks and in the second
electrolysis tank or in the middle group of electrolysis tanks. In the last electrolysis tank and/or
in the rear group of electrolysis tanks, these chromium oxide crystals act as a nuclear cell for
the growth of additional oxide crystals, which explains why the efficiency of the deposition of
chromium oxide or, more specifically, the proportion of chromium oxide the total deposited
weight of the coating increases in the last electrolysis tank or in the rear group of electrolysis
tanks. Thus, while energy can be saved by using lower current densities ji and j» in the first and
second electrolysis tank and in the front and middle group of electrolysis tanks, respectively, it
is possible to produce a sufficiently high coating weight of chromium oxide of preferably more

than 5 mg/m? on the surface of the metal strip.

Due to the oxygen content of the coating, which is higher than that obtained during the
electrolytic deposition at higher current densities (and, consequently, a lower oxide content),
the proportion of chromium oxide generated in the first electrolysis tank or in the front group
of electrolysis tanks and in the second electrolysis tank or in the middle group of electrolysis

tanks forms a denser coating, which leads to improved corrosion resistance.

The use of at least two, preferably three, successively arranged electrolysis tanks, or groups of
electrolysis tanks, makes it possible to maintain a high strip travel speed at current densities as

low as possible, which increases the efficiency of the process. It has been demonstrated that to
-8-
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maintain a preferred strip travel speed of at least 100 m/min, a current density of at least 20
A/dm? is required for a deposition of a chromium/chromium oxide layer to take place at least
on one surface of the metal strip. This current density of 20 A/dm? represents the first current
density threshold at a strip travel speed of approximately 100 m/min, which threshold separates
Regime I (no chromium deposition) from Regime II (chromium deposition where there is a
linear relationship between current density and the coating weight of chromium of the deposited

coating).

The current densities (ji1, j2, j3) in the electrolysis tanks are each adjusted to the strip travel
speed, wherein at least substantially a linear relationship between the strip travel speed and the
respective current density (ji, jz, j3) exists. It is advantageous if the current density in the first
electrolysis tank or in the front group of electrolysis tanks is lower than in the second
electrolysis tank or in the middle group of electrolysis tanks. A lower current density in the first
electrolysis tank or in the front group of electrolysis tanks generates a dense and therefore
corrosion-resistant chromium/chromium oxide coating with a relatively high chromium oxide
content, which is preferably greater than 8%, specifically between 8% and 15%, and more

preferably greater than 10 wt%, directly on the surface of the metal strip.

To generate the current densities (ji, j2, j3) in the electrolysis tanks, preferably a pair of anodes
with two anodes arranged opposite to one another is disposed in each electrolysis tank, with the
metal strip passing between the opposite anodes of a pair of anodes. This allows the current
density to be uniformly distributed around the metal strip. Here, it is preferable if current is
applied to the pair of anodes of each electrolysis tank independently of each other, thereby

allowing different current densities (ji, j2, j3) to be set in the electrolysis tanks.

The strip travel speed of the metal strip is preferably such that in each of the electrolysis tanks,
the electrolysis time (tg), during which the metal strip is in electrolytically effective contact
with the electrolyte solution, is less than 1.0 second, specifically between 0.5 and 1.0 seconds

and preferably between 0.6 seconds and 0.9 seconds.

To ensure that the coated metal strip has sufficiently high corrosion resistance, the coating
deposited on the metal strip by means of the method according to the present invention
preferably has a coating weight of chromium of at least 40 mg/m?, specifically between 70

mg/m? and 180 mg/m? The proportion by weight of the chromium oxide contained in the
-9.-
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coating relative to the total weight of the coating amounts to at least 5%, specifically to more
than 10%, and is, for example, between 11% and 16%. Here, the chromium oxide content of
the coating has a deposited weight of chromium bound as chromium oxide of at least 3 mg of

Cr per m?, specifically between 3 and 15 mg/m?, and preferably of at least 7 mg of Cr per m?.

In the method according to the present invention, preferably a single electrolyte solution is used,

i.e., all of the electrolysis tanks are filled with the same electrolyte solution.

A preferred composition of the electrolyte solution comprises basic Cr(III) sulfate (Cr2(SO4)3)
as a trivalent chromium compound. Both in this preferred composition and in other
compositions, the concentration of the trivalent chromium compound in the electrolyte solution
is at least 10 g/L and preferably higher than 15 g/L and specifically 20 g/L or higher. Other
useful constituents of the electrolyte solution may include complexing agents, in particular an
alkali metal carboxylate, preferably a salt of formic acid, in particular potassium formate or
sodium formate. The ratio of the proportion by weight of the trivalent chromium compound to
the proportion by weight of the complexing agents, in particular the formates, is preferably
between 1:1.1 and 1:1.4 and more preferably between 1:1.2 and 1:1.3 and is specifically 1:1.25.
To increase the conductivity, the electrolyte solution may contain an alkali metal sulfate,
preferably potassium sulfate or sodium sulfate. The electrolyte solution is preferably free of
halides, specifically free of chloride ions and bromide ions, and free of a buffering agent and

specifically free of a boric acid buffer.

The pH value of the electrolyte solution (measured at a temperature of 20°C) is preferably
between 2.0 and 3.0 and more preferably between 2.5 and 2.9 and is specifically 2.7. To adjust
the pH value of the electrolyte solution, an acid, for example, sulfuric acid, can be added to the

solution.

Following the electrolytic deposition of the coating, an organic coating, specifically a paint or
a thermoplastic material, for example, a polymer film of PET, PE, PP or a mixture thereof, can
be applied to the surface of the coating of chromium metal and chromium oxide so as to provide
additional protection against corrosion and a barrier against acid-containing filling agents

contained in packaging materials.

-10 -
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The metal strip involved can be a (initially uncoated) steel strip (tin-free steel strip) or a steel

strip coated with tin (tinplate strip).

The present invention will be described in greater detail with reference to the appended
drawings and based on the following embodiment examples, which are merely intended to
explain the invention by way of example, without in any way limiting the scope of protection

defined by the following claims. The drawings show:

Figure 1: a diagrammatic representation of a strip coating system for carrying out the
method disclosed by the present invention in a first embodiment with three
electrolysis tanks which are successively arranged in the strip travel direction v
[sic];

Figure 2: a diagrammatic representation of a strip coating system for carrying out the
method disclosed by the present invention in a second embodiment with eight
electrolysis tanks which are successively arranged in the strip travel direction v
[sic];

Figure 3: a sectional view of a metal strip coated by means of the method disclosed by the
present invention in a first embodiment;

Figure 4: a GDOES spectrum of a layer electrolytically deposited on a steel strip and
containing chromium metal, chromium oxide and chromium carbides, where the
chromium oxide is located on the layer surface,

Figure 5: a graphical representation of the deposited weight of a coating, which has been
applied to a metal strip and which contains chromium metal and chromium
oxide, as a function of the temperature of the electrolyte solution and the

electrolysis time.

Figure 1 shows a diagrammatic representation of a strip coating system for carrying out the
method disclosed by the present invention in a first embodiment. The strip coating system
comprises three electrolysis tanks la, 1b, 1c, which are arranged side by side or one after
another and which are each filled with an electrolyte solution E. An initially uncoated metal
strip M, specifically a steel strip, is successively passed through the electrolysis tanks 1a-1c. To
this end, by means of a conveyor device (not shown), the metal strip M is pulled at a predefined
strip travel speed through the electrolysis tanks la-1c in the strip travel direction v. Disposed

above the electrolysis tanks la-1c are current rolls S, by means of which the metal strip M is
-11-
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connected as the cathode. Also disposed in each electrolysis tank is a guide roller U, around

which the metal strip M is guided and thereby moved into and out of the electrolysis tank.

Within each electrolysis tank la-1c, at least one anode pair AP is disposed below the liquid
level of the electrolyte solution E. In the embodiment example shown, two anode pairs AP
successively arranged in the strip travel direction are disposed in each electrolysis tank la-1c.
The metal strip M is passed through and between the opposing anodes of an anode pair AP.
Thus, in the embodiment example of Figure 1, two anode pairs AP are arranged in each
electrolysis tank 1a, 1b, 1c such that the metal strip M is successively passed through these
anode pairs AP. The last downstream anode pair APc of the last electrolysis tank 1c, as viewed
in the strip travel direction v, has a shorter length compared with the lengths of the other anode
pairs AP. As a result, a higher current density can be generated with this last anode pair APc

with application of the same quantity of electric current.

The metal strip M involved can be a cold-rolled, initially uncoated steel strip (tin-free steel
strip) or a steel strip coated with tin (tinplate strip). In preparation for the electrolysis process,
the metal strip M is first degreased, rinsed, pickled and rinsed again, and in this pretreated form,
it is subsequently successively passed through the electrolysis tanks 1a-1c, with the metal strip
M being connected as the cathode by supplying electric current via the current rolls S. The strip
travel speed with which the metal strip M is passed through the electrolysis tanks la-1c is at

least 100 m/min and can be up to 900 m/min.

The electrolysis tanks 1a-1c, which are successively arranged in the strip travel direction v, are
each filled with the same electrolyte solution E. The electrolyte solution E contains a trivalent
chromium compound, preferably basic Cr(IIl) sulfate [Cr2(SO4)3]. In addition to the trivalent
chromium compound, the electrolyte solution preferably also contains at least one complexing
agent, for example, a salt of formic acid, in particular potassium formate or sodium formate.
The ratio of the proportion by weight of the trivalent chromium compound to the proportion by
weight of the complexing agents, specifically the formates, is preferably between 1:1.1 and
1:1.4 and is most preferably 1:1.25. To increase conductivity, the electrolyte solution E may
contain an alkali metal sulfate, for example, potassium sulfate or sodium sulfate. The
concentration of the trivalent chromium compound in the electrolyte solution E is at least 10

g/L and most preferably 20 g/L or more. The pH value of the electrolyte solution is adjusted to
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a preferred value between 2.0 and 3.0 and specifically to pH = 2.7 by the addition of an acid,

for example, sulfuric acid.

The temperature of the electrolyte solution E can be the same in all electrolysis tanks 1a-1c and
according to the present invention is at most 40°C. However, in preferred embodiment
examples of the method according to the present invention, it is possible to set the temperatures
of the electrolyte solution in the electrolysis tanks la-1c to different settings. For example, the
temperature of the electrolyte solution of the last electrolysis tank 1c can be at most 40°C, and
that of the electrolysis tanks la and 1b disposed upstream thereto may be higher. In this
embodiment of the method according to the present invention, the temperature of the electrolyte
solution of the last electrolysis tank Ic is preferably between 25°C and 37°C and is specifically
35°C. In this embodiment example, the temperature of the electrolyte solution of the first two
electrolysis tanks 1a, 1b is preferably between 50°C and 75°C and is specifically 55°C. Due to
the lower temperature of the electrolyte solution E, the deposition of a chromium/chromium

oxide layer with a higher chromium oxide content is promoted in the electrolysis tank Ic.

This is clearly illustrated by the diagram of Figure 5 which shows the coating weight of the
chromium oxide portion (CrOx in mg/m?) of a coating B, which has been deposited on the metal
strip, as a function of the temperature (T in °C) of the electrolyte solution and the electrolysis
time (tg in seconds). The diagram shows that within a predefined electrolysis time (for example,
of tg = 0.5 seconds), a higher coating weight of chromium oxide (CrOx) is deposited at
temperatures T less than 40°C than at higher temperatures. At a temperature T of approximately
35°C of the electrolyte solution, a peak in the coating weight of chromium oxide is observed.
This indicates that in the temperature range according to the invention of up to 40°C and
preferably between 20°C and 40°C, the deposition of coatings with a high chromium oxide

portion is promoted.

Figure 5 also illustrates that the coating weight of chromium oxide increases with the
electrolysis time tg. In order to create a strip coating method that is as efficient as possible which
can be carried out with a strip coating method [sic; strip coating system] at as high a strip travel
speed as possible, preferably more than 100 m/min, short electrolysis times of less than 2
seconds in each of the electrolysis tanks 1a-1c are preferred. The diagram of Figure 5 also shows
that even at short electrolysis times of less than 1 second, sufficiently high coating weights of

chromium oxide of more than 20 mg/m? can be obtained if the temperature of the electrolyte
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solution is within the range according to the invention of 40 °C or less and specifically between

20 °C and 38 °C.

Depending on the strip travel speed, during an electrolysis time tg, the metal strip M, which is
connected as the cathode and which is passed through electrolysis tanks la-Ic, is in
electrolytically effective contact with the electrolyte solution E. At strip travel speeds between
100 and 700 m/min, the electrolysis time in each of the electrolysis tanks 1a, 1b, Ic is preferably
between 0.5 and 2.0 seconds. According to the present invention, to ensure a high coating
efficiency and a high throughput, strip travel speeds are set sufficiently high that the electrolysis
time tg in each electrolysis tank 1a, 1b, Ic¢ is less than 2 seconds and is specifically between 0.6
seconds and 1.8 seconds. Accordingly, the total electrolysis time, during which the metal strip
M is in electrolytically effective contact with the electrolyte solution E across all electrolysis

tanks la-1c, is between 1.8 and 5.4 seconds.

The anode pairs AP disposed in the electrolysis tanks la-1c can be supplied with direct current
such that there is the same current density in each of the electrolysis tanks 1a, 1b, 1¢. However,
to deposit a coating B comprising a plurality of layers B1, B2, B3, each having a different
composition, on the metal strip M, it is also possible to use different current densities in the
electrolysis tanks 1a, 1b, 1c. For example, in the upstream, first electrolysis tank la, as viewed
in the strip travel direction v, a low current density j; can be set; in the downstream, following
second electrolysis tank 1b, a medium current density j2 can be set; and in the downstream, last
electrolysis tank Ic, a high current density j3 can be set, where j1 < j2 < j3 and the low current

density ji > 20 A/dm?>,

Due to the current densities set in the electrolysis tank la-1c, a chromium metal- and chromium
oxide-containing layer is electrolytically deposited on at least one side of the metal strip M,
thereby generating layers B1, B2, B3 in the respective electrolysis tanks la, 1b, 1c. Due to the
different current densities ji, j2, j3 in the individual electrolysis tanks la, 1b, lc, each
electrolytically deposited layer B1, B2, B3 has a different composition, which differs in terms

of the proportion of chromium oxide.

Figure 3 diagrammatically shows a sectional view of a metal strip M which has been
electrolytically coated on one side using the method according to the present invention. On one

side of the metal strip M, a coating B, composed of the individual layers B1, B2, B3, is
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CA 3064669 2019-12-11



deposited. Each individual layer B1, B2, B3 is applied to the surface in one of the electrolysis

tanks 1a, 1b, lc.

The coating B, which is composed of the individual layers B1, B2, B3, contains metallic
chromium (chromium metal) and chromium oxides (CrOx) as its major constituents, where
each of the individual layers B1, B2, B3, due to the different respective current densities ji, j2,
j3 of the electrolysis tanks la, 1b, lc, has a different composition with regard to its respective
proportion by weight of chromium metal and chromium oxide. Another factor that may
contribute to the differing composition of the individual layers is the different temperatures of
the electrolyte solution of the individual electrolysis tanks 1a, 1b, 1c since (as explained above
with reference to Figure 5) at temperatures lower than 40°C, the formation of chromium oxide
is promoted. To obtain a layer B3 with the highest possible oxide content, a high current density
j3 (higher than the current density ji, j2in the upstream electrolysis tanks) and, at the same time,
an electrolyte solution temperature below 40°C are preferably set for the last electrolysis tank

Ic.

Due to the low current density ji in the first electrolysis tank 1a, the layer B1 deposited in the
first electrolysis tank la has a higher oxide content compared to the layer B2 deposited in the
second (middle) electrolysis tank 1b, since the lower current densities which occur in Regime
II produce higher oxide levels in the coating. In the last electrolysis tank Ic, a current density
j3 is set which falls within Regime IIL, in which an increased proportion of chromium oxide is
produced in the coating, which is preferably greater than 40 wt% and more preferably greater
than 50 wt%.

By way of an example, Table 1 lists suitable current densities ji, j2, j3 in the individual
electrolysis tanks la, 1b, 1c at different strip travel speeds. As Table 1 indicates, the current
densities ji in the first electrolysis tank la are slightly lower than the current densities j in the
second electrolysis tank 1b and are above a lower limit value of jo= 20 A/dm?”. The current
densities ji, j2 in the first two electrolysis tanks la, 1b are the current densities of Regime II in
which there is a linear relationship between current density and the amount of electrolytically
deposited chromium (or the coating weight of chromium in the deposited coating). The current
density j; used in the first electrolysis tank 1ais preferably such that it is close to the first current
density threshold, which separates Regime I (in which no deposition of chromium takes place)

from Regime II. At these low current densities ji, a chromium metal/chromium oxide coating
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(layer B1) is deposited on the surface of the metal strip M with a higher chromium oxide content
than that generated at higher the current densities of Regime II. Therefore, the layer B1, which
is deposited in the first electrolysis tank 1a, has a higher chromium oxide content than the layer

B2, which is deposited in the second electrolysis tank 1b.

In the last electrolysis tank 1a, the current density js is preferably set such that it is above the
second current density threshold which separates Regime II from Regime III. The current
density j3 of the last electrolysis tank Ic is thus in Regime III, in which a partial decomposition
of the chromium metal/chromium oxide coating takes place and a considerably higher pro
portion of chromium oxide is deposited than at the current densities of Regime II. Therefore,
the coating B3, which is deposited in the last electrolysis tank lc, has a high chromium oxide

content which is greater than the chromium oxide content of the coatings B1 and B2.

Following the electrolytic deposition of the coating, the metal strip M coated with
the coating B is rinsed, dried and oiled (for example, with DOS oil). Subsequently, an organic
cover coat can be applied to the surface of the coating B on the metal strip M, which has been
electrolytically coated with the coating B. The organic cover coat involved may be, for example,
an organic paint or polymer films of thermoplastic polymers, such as PET, PP, PE or mixtures
thereof. The organic cover coat can be applied by means of a coil coating method or a panel
coating method, with the coated metal strip in the panel coating method first being divided into

panels which are subsequently painted with an organic paint or coated with a polymer film.

Figure 2 shows a second embodiment of a strip coating system with eight electrolysis tanks 1a-
1h which are successively arranged in the strip travel direction v. The electrolysis tanks 1a-1h
are arranged in three groups, i.e., a front group with the first two electrolysis tanks la, 1b; a
middle group with the electrolysis tanks Ic-1f, which follow in the strip travel direction, and a
rear group with the two last electrolysis tanks 1g and 1h. According to the present invention, in
the rear group of the electrolysis tanks 1g and 1h, the temperature of the electrolyte solution is
40°C or less. In the front group with the first two electrolysis tanks 1a, 1b and the middle group
with the electrolysis tanks lc-1f, either the same, or at least approximately the same,
temperature, or a higher temperature can be present. To increase the deposition efficiency,
temperatures higher than 50°C and specifically a temperature of approximately 55°C in the
electrolysis tanks la, 1b of the front group and in the electrolysis tanks 1c-1f of the middle

group are to be preferred. However, for practical reasons, it may be useful to set all of the
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electrolysis tanks 1a to 1h to the same temperature and to maintain this temperature by cooling

the electrolyte solution during the electrolysis process.

The groups of electrolysis tanks preferably have different current densities ji, j2, 3, wherein the
front group of electrolysis tanks la, 1b has a low current density ji, the middle group of
electrolysis tanks 1¢-1f has a medium current density j2, and the rear group of electrolysis tanks

1g, 1h has a high current density j3, where ji < j2 < j3 and the low current density ji > 20A/dm?,

Like Table 1, Table 2 lists exemplary and suitable current densities ji, j2, j3 in the individual
electrolysis tanks la to 1h at different strip travel speeds v, wherein the electrolysis tanks la,
1b of the front group are set to a low current density ji, the electrolysis tanks Ic to If of the
middle group are set to a medium current density j2, and the electrolysis tanks 1g, 1h of the last

group are set to a high current density j3, where j1 <j2 < js.

In the front group of electrolysis tanks 1a, 1b, in the second group of electrolysis tanks lc-1f,
and in the rear group of electrolysis tanks 1g, 1h, chromium- and chromium oxide-containing
first layer B1, second layer B2, and third layer B3 are respectively electrolytically deposited on
the metal strip M. As in the embodiment example of Figure 1, due to the different current
densities j1, j2, j3 and, where applicable, different temperatures in the successively arranged
groups of electrolysis tanks, the layers B1, B2, B3 have different compositions, where the layer
B 1 contains a higher proportion of chromium oxide than the second layer B2, and the third layer

B3 contains a higher chromium oxide portion than the two layers B1 and B2.

Thus, the coating B deposited on the surface of the metal strip M by means of the method of
the invention with the strip coating system of Figure 2 has substantially the same composition

and structure, as shown in Figure 3.

In the embodiment example of Figure 2, the total electrolysis time, during which the metal strip
M is in electrolytically effective contact with the electrolyte solution E across all electrolysis

tanks la-1h, is preferably less than 16 seconds and is specifically between 4 and 16 seconds.

Since the strip coating system of Figure 2 comprises a larger number of electrolysis tanks, which

is necessarily associated with an increase in the total electrolysis time, during which the metal
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strip, which is connected as the cathode, is in electrolytically effective contact with the

electrolyte solution E, it is possible to produce coatings B with higher coating weights.

To achieve a sufficiently high corrosion resistance, the total weight of chromium deposited in
the coatings B is preferably at least 40 mg/m? and more preferably between 70 mg/m? and 180
mg/m?. The proportion of chromium oxide contained in the total weight of deposited chromium,
averaged across the total weight of the coating B, is at least 5% and is preferably between 10%
and 15%. Overall, the coating B preferably has a chromium oxide content with a deposited
weight of chromium bound as chromium oxide of at least 3 mg of chromium per m? and
specifically between 3 and 15 mg/m?. The deposited weight of chromium bound as chromium
oxide, averaged across the total surface area of the coating B, is at least 7 mg of chromium per
m?. Good adhesion of organic paints or thermoplastic polYmer materials to the surface of the
coating B can be achieved with chromium oxide weights of up to approximately 15 mg/m?. At
higher coating weights of chromium oxide, the adhesion of organic top coats such as paints or
polymer films deteriorates. Therefore, a preferred range for the coating weight of chromium

oxide in the coating B is between 5 and 15 mg/m?.

Examples:

To explain how to implement the present invention, laboratory tests, in which sheet steel was

coated with a chromium/chromium oxide coating, will be described in detail below:

Table 3 lists an example of the composition of an electrolyte solution which contains a Cr(IIT)
salt (Cr2(SO4)3) and which was used in coating tests in a laboratory apparatus for the electrolytic
coating of a metal strip. The parameters of the electrolyte solution used are listed in Table 4.

The Cr(III) salt used as a constituent of the electrolyte solution should be as free of any organic

residues as possible. The Cr(III) salts can be produced on an industrial scale by means of a
reduction of Cr(VI) salts. The reducing agent used is preferably a metal more reactive than
chromium (variant 1) or, as an alternative, an organic component (variant 2). The pH value of
the electrolyte solution was adjusted by the addition of sulfuric acid, followed by filling with

deionized water.

The substrate used in the coating tests was sheet steel that had already been coated with a

chromium/chromium oxide layer. This material was electrolytically coated with a
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chromium(IIT) electrolyte at 55°C, and Table 5 below describes the chromium metal and
chromium oxide coating already existing on the sheet steel. It shows that mainly chromium

metal and only a small amount of chromium oxide was produced.

The determination of chromium metal was carried out according to EURO Norm EN 10202 (Cr
metal, photometric (Euro Norm) step 2: 120 mL NaCOs and 15 mA/plane; successful
dissolution visible by potential step, oxidation with 10 mL 6% H20:, photometric @ 370 nm).
The determination of chromium oxide was also carried out according to EURO Norm EN 10202
(Cr oxides, photometric: (Euro Norm) step 1: 40 mL NaOH (330 g/L), reaction at 90°C for 10
minutes, oxidation with 10 mL 6% H20>, photometric @ 370 nm) .

In preparation for the laboratory coating, the substrate was degreased (2.5 A/dm? connected as
the cathode, 30 sec, 70°C in sodium hydroxide solution) and subsequently rinsed with deionized

water. Due to the already existing coating on the metal, the pickling step was not carried out.

Coating parameters and results:

Tables 6 and 7 summarize the parameters and the results of the coating tests. An industrial scale
coating of a steel strip was simulated at a strip travel speed of 100 m/min. At this speed, the
current density of 60 A/dm? used and steadily maintained throughout the test is that of Regime
III (see Table 2) and thus generates (at least at the lower temperatures) mainly chromium oxide.
In the laboratory tests, both the temperatures of the electrolyte solutions and the dwell times
(electrolysis times) in Regime III were varied. In all tests, the lower surface of the substrate was

coated. In Table 5 [sic; 6], the electrolysis time in Regime III is given as “Time (s) Segment 1.

It can be observed that at temperatures of the electrolyte solution in the range of 22°C to
approximately 37°C, there is an increase in the chromium oxide content of the coating, and at
temperatures from approximately 40°C, there is a considerably smaller proportion of chromium
oxide in the coating. To obtain chromium-containing coatings with a high proportion of
chromium oxide, according to the present invention, electrolyte temperatures of a maximum of
40°C are therefore used. In order to produce a coating which has the highest possible chromium
oxide content on the surface, coating according to the invention therefore takes place at
electrolyte temperatures below 40° in the last electrolysis tank or in a rear group of electrolysis

tanks.
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In laboratory tests, the electrolysis times in the respective regime (segment) were less than 2

seconds. With increasing electrolysis times, higher coating weights of oxide were observed in

the laboratory tests. However, with regard to the deposition efficiency in processes carried out

on an industrial scale, short electrolysis times of less than 2 seconds are to be preferred since

the strip travel speeds preferably used in such processes exceed 100 m/min.

Table 1: Current densities ji, jo, j3 in the individual electrolysis tanks of the first embodiment

example (with 3 electrolysis tanks 1a-1c) at different strip travel speeds v:

Tank la 1b lc
vimpming | o b
[A/dm?] | [A/dm’] | [A/dm’]

100 25 29 75
150 41 45 91
200 57 61 107
300 73 77 133
400 89 93 149
500 105 109 165

Table 2: Current densities ji, j2, j3 in the individual electrolysis tanks of the second embodiment

example (with 8 electrolysis tanks la-1h which are divided into three groups) at different strip

travel speeds v:

Tank la 1b ic 1d le If lg 1h
v [mymin] L/ Jaf 2 Y L/ )./ 33/ Y
[A/dm?] | [A/dm?] | [A/dm?] | [A/dm?] | [A/dm?] | [A/dm?] | [Aldm?] | [A/dm?]
100 25 25 29 29 29 29 75 75
150 41 41 45 45 45 45 91 91
200 57 57 61 61 61 61 107 107
300 73 73 77 77 77 77 133 133
400 89 89 93 93 93 93 149 149
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109
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Table 3: Composition of the electrolyte solution

Substance Amount used / L
Sodium formate 414¢g
basic chromium sulfate 120g
Sulfuric acid 96% ~7.5ml
Sodium sulfate 100 g

Table 4: Parameters of the electrolyte solution

Consecutive

Production date

Temperature
in TCCT tank
I'cl

pH vaiue

Conductivity
VA0

VADE [mS/em]

pH value (85°C)

Conductivity
55*C
[mSiem]

Chromium fron Chloride Electrolyte  |Electralyte surface
ion in ion in ion in | surface explosi plosk
the ek ly the ek y the el y 1. Cycle at 2. Cycle at
) (mgiL) (mg/L) ~55°C (uClem?) | ~55°C (pClem?)

02.28.2018

55

24 88.5

23 158.3

228 270

Table 5: Determination of chromium metal and chromium oxide in the substrate

CA 3064669 2019-12-11

@ Chromium | @ Chromium | @ Chromium | @ Chromium
Consecutive| metal on metal on oxide on oxide on
No. upper surface | lower surface |upper surface | lower surface
(mg/m?) (mg/m?) (mg/m2) (mg/m?)
11 63 1M1 3 1
-22.
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Table 6:; Coating parameters

Temperature, Current density
actual, coating [A/dm?]
Segment 1

Temperature,

nominal [°C} [

Cr oxide coating Cr metal coating  |Actual total
ICR coating

measurement
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Claims

A method for the production of a metal strip coated with a coating, said coating
containing chromium metal and chromium oxide and being electrolytically deposited
from an electrolyte solution, which contains a trivalent chromium compound, onto
the metal strip by bringing the metal strip, which is connected as the cathode, during
an electrolysis time into contact with the electrolyte solution, wherein the metal strip
is successively passed at a predefined strip travel speed through a plurality of
electrolysis tanks successively arranged in a strip travel direction, wherein the
electrolyte solution at least in the last electrolysis tank, as viewed in the direction of
the strip travel direction, or in a rear group of electrolysis tanks has a temperature,
averaged across the volume of the electrolysis tanks, of less than 40°C, and the
electrolysis time, during which the metal strip is in electrolytically effective contact
with the electrolyte solution, in the last electrolysis tank or in the rear group of

electrolysis tanks is less than 2.0 seconds.

The method as in Claim 1, wherein the electrolysis time, during which the metal strip
is in electrolytically effective contact with the electrolyte solution, in each of the

electrolysis tanks is less than 2.0 seconds.

The method as in Claim 1, wherein the electrolysis time, during which the metal strip
is in electrolytically effective contact with der electrolyte solution, in each of the

electrolysis tanks is between 0.3 and 2.0 seconds.
The method as in any one of claims 1 to 3, wherein the total electrolysis time, during

which the metal strip is in electrolytically effective contact with the electrolyte

solution, is between 2 and 16 seconds.
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10.

The method as in any one of claims 1 to 4, wherein the mean temperature of the
electrolyte solution in the last electrolysis tank or in the rear group of electrolysis

tanks is between 25°C and 38°C.

The method as in any one of claims 1 to 5, wherein the mean temperature of the
electrolyte solution in the first electrolysis tank or in the front group of electrolysis

tanks is greater than 40°C.

The method as in any one of claims 1 to 4, wherein the temperature of the electrolyte
solution, averaged across the volume of the respective electrolysis tank, in all

electrolysis tanks is between 20°C and less than 40°C.

The method as in any one of claims 1 to 4, wherein the temperature of the electrolyte
solution, averaged across the volume of the respective electrolysis tank, in all

electrolysis tanks is between 25°C to 38°C.

The method as in any one of claims 1 to 8, wherein the metal strip is passed through
at least a first electrolysis tank or a front group of electrolysis tanks and through a last
electrolysis tank or a rear group of electrolysis tanks, wherein the mean temperature
of the electrolyte solution in the first electrolysis tank or the front group of electrolysis
tanks is greater than the mean temperature of the electrolyte solution in the last

electrolysis tank or the rear group of electrolysis tanks.

The method as in any one of claims 1 to 9, wherein the metal strip is first passed
through a first electrolysis tank or a front group of electrolysis tanks, subsequently
through a second electrolysis tank or a middle group of electrolysis tanks, and finally
through a last electrolysis tank or a rear group of electrolysis tanks, wherein the mean
temperature of the electrolyte solution in the first electrolysis tank or the front group
of electrolysis tanks is higher than the mean temperature of the electrolyte solution in

the last electrolysis tank or the rear group of electrolysis tanks.
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11. The method as in any one of claims 1 to 10, wherein the trivalent chromium

compound comprises basic Cr (III) sulfate (Crz(SO4)3).

12. The method as in any one of claims 1 to 11, wherein the electrolyte solution, in

addition to the trivalent chromium compound, comprises at least one complexing
agent, wherein the ratio of the proportion by weight of the trivalent chromium
compound to the proportion by weight of the complexing agents is between 1:1.1 and
1:1.4.

13. The method as in claim 12, wherein the complexing agents comprise a salt of formic

acid.

14. The method as in any one of claims 1 to 13, wherein in order to increase the

conductivity, the electrolyte solution contains an alkali metal sulfate.

15. The method as in any one of claims 1 to 13, wherein the electrolyte solution is free of

halides and free of a buffering agent.

16. The method as in any one of claims 1 to 15, wherein the concentration of the trivalent

chromium compound in the electrolyte solution is at least 10 g/L.

17. The method as in any one of claims 1 to 15, wherein the pH value of the electrolyte

solution, measured at a temperature of 20°C, is between 2.0 and 3.0.

18. The method as in any one of claims 1 to 17, wherein the metal strip is moved through

the electrolyte solution at a strip travel speed of at least 100 m/min.

19. The method as in any one of claims 1 to 18, wherein the coating deposited from the

electrolyte solution has a total coating weight of chromium of at least 40 mg/m?,
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wherein the proportion of chromium oxide contained in the total deposited weight of

chromium is at least 5%.

20. The method as in any one of claims 1 to 18, wherein the coating deposited from the
electrolyte solution has a total coating weight of chromium of at least 40 mg/m?,
wherein the proportion of chromium oxide contained in the total deposited weight of

chromium is between 10% to 15%.

21. The method as in any one of claims 1 to 20, wherein the coating deposited from the
electrolyte solution has a chromium oxide content with a deposited weight of

chromium bound as chromium oxide of at least 5 mg of Cr per m>.

22. The method as in any one of claims 1 to 20, wherein the coating deposited from the
electrolyte solution has a chromium oxide content with a deposited weight of

chromium bound as chromium oxide of between 5 and 15 mg/m>.

23. The method as in any one of claims 1 to 22, wherein the coating deposited on the
surface of the metal strip comprises at least two layers, each with a different
composition with regard to its respective proportion of chromium metal and
chromium oxide, wherein a lower layer, which faces the metal strip, has a medium
proportion by weight of chromium oxide and an upper layer has a high proportion by
weight of chromium oxide which is higher than the medium proportion by weight of

chromium oxide.
24. The method as in claim 23, wherein the medium proportion by weight of chromium
oxide is in a range from 10% to 15%, and the high proportion by weight of chromium

oxide is more than 30%.

25. The method as in any one of claims 1 to 24, wherein the coating deposited on the

surface of the metal strip comprises three layers, each with a different composition
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with regard to its respective proportion of chromium metal and chromium oxide,
wherein a lower layer, which faces the metal strip, has a medium proportion by weight
of chromium oxide, a middle layer has a low proportion by weight of chromium oxide,
and an upper layer has a high proportion by weight of chromium oxide, wherein the
5 medium proportion is higher than the low proportion and the high proportion is higher

than the medium proportion.

26. The method as in claim 25, wherein the medium proportion by weight of chromium
oxide is in a range from more than 10% to 15%, the low proportion by weight of
10 chromium oxide is in a range from 2% to 10% and the high proportion by weight of

chromium oxide is more than 30%.

27. The method as in any one of claims 1 to 26, wherein following the electrolytic
deposition of the coating, a top coat of an organic material is applied onto the

15 chromium metal- and chromium oxide-containing coating.

28. The method as in any one of claims 1 to 27, wherein the metal strip is a tin-free steel

strip or a steel strip coated with tin.
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