Office de la Propriete Canadian CA 2864937 A1 2013/09/19

Intellectuelle Intellectual Property
du Canada Office (21) 2 864 937
v organisme An agency of 12y DEMANDE DE BREVET CANADIEN
d'Industrie Canada Industry Canada
CANADIAN PATENT APPLICATION
13) A1
(86) Date de depot PCT/PCT Filing Date: 2012/12/18 (51) ClLInt./Int.Cl. B328 715/08 (2006.01),
(87) Date publication PCT/PCT Publication Date: 2013/09/19 C10M 175/02(2006.01)
: : - _ (71) Demandeur/Applicant:
(85) Entree phase nationale/National Entry: 2014/08/19 THYSSENKRUPP RASSELSTEIN GMBH. DE
(86) N° demande PCT/PCT Application No.: EP 2012/076016
) o o (72) Inventeurs/Inventors:
(87) N° publication PCT/PCT Publication No.: 2013/135327 BAULIG, HARALD. DE:
(30) Priorité/Priority: 2012/03/13 (DE10 2012 102 082.5) SAUER, REINER, DE;

OBERHOFFER H_LIVIUT D
SCHLUPP, IVIARTIN DE

(74) Agent: ROWAND LLP

(54) Titre : PROCEDE DESTINE A TRAITER UNE BANDE OU TOLE D'ACIER POURVUE D'UN REVETEMENT
METALLIQUE AVEC UN AGENT DE TRAITEMENT ULTERIEUR AINSI QUE BANDE OU TOLE D'ACIER POURVUE
D'UN REVETEMENT METALLIQUE

54) Title: METHOD FOR TREATING A STEEL BAND OR PLATE PROVIDED WITH A METAL COATING WITH AN
AFTER-TREATMENT AGENT, AND A STEEL BAND OR PLATE PROVIDED WITH A METAL COATING

(57) Abréegée/Abstract:

The Invention relates to a method for treating a steel band or steel plate provided with a metal coating with an after-treatment agent,
which contains at least one polyalkylene glycol and is applied as a liquid solution to the surface of the metal coating. According to
the Invention, In order to achieve improved wetting and adhesion of the covering and at the same time the lowest possible
coefficient of friction of the coated surface and in order to ensure good workabillity of the coated steel band or plate, the after-
treatment agent contains a fluorescent antioxidant in addition to the polyalkylene glycol. The invention further relates to a steel band
or steel plate provided with a metal coating, particularly a tin plate, which, on the surface of the metal coating, has a thin coat of an
after-treatment agent which contains polyalkylene glycol and a fluorescent antioxidant.

e

T N §.
.l.!.\‘\-c.c..--.
. T

3 '_{,-.T'l'.
o~

C an a d a http:vopic.ge.ca - Ottawa-Hull K1A 0C9 - atp.//cipo.ge.ca OPIC

OPIC - CIPO 191




CA 02864937 2014-08-19

ABSTRACT

The 1nvention relates to a method for treating a steel band or steel plate provided with a metal
coating with an aftertreatment agent, which contains at least one polyalkylene glycol and is
applied as a liquid solution to the surface of the metal coating. According to the invention, in
order to achieve improved wetting and adhesion of the covering and at the same time the

lowest possible coefficient of friction of the coated surface and in order to ensure good
workability of the coated steel band or plate, the after-treatment agent contains a fluorescent
antioxidant 1n addition to the polyalkylene glycol. The invention further relates to a steel band or
steel plate provided with a metal coating, particularly a tin plate, which, on the surface of the
metal coating, has a thin coat of an after-treatment agent which contains polyalkylene glycol and

a fluorescent antioxidant.
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Method for treating a steel band or plate provided with a metal coating with an after-

treatment agent, and a steel band or plate provided with a metal coating

The 1nvention concerns a method for the treatment of a steel band or plate provided with a metal

coating with an after-treatment agent according to the preamble of Claim 1.

In the production of tinplate, in particular, steel plates that are electrolytically tin-coated in tin
coating systems, and 1n the production of electrolytically chromium-coated steel plates
(electrolytic chromium coated steel, ECCS), the metallically coated steel plate is first passivated
chemically or electrochemically and subsequently greased. By the greasing, the coefficient of
friction of the coated steel plate is to be reduced, so as to provide for a better workability of the
plate, for example, for a deep drawing or ironing process during the production of cans for foods
or beverages. To this end, for example, in the production of tinplate (tin-coated steel plate) in tin-
coating systems, the tin-coated and passivated sheet metal, after a cleaning and drying, is
electrostatically greased with dioctyl sebacate (DOS), acetyl tributyl citrate (ATBC), or butyl
stearate (BSQO). The substances used for the greasing of the coated steel plate must thereby also
ensure a good paint adhesion, since the coated steel plate 1s, as a rule, painted to improve its
corrosion resistance and its resistance with respect to acids. For reasons having to do with the
protection of the environment, solvent-free or low-solvent paints are now being increasingly
used for the painting of steel plates provided with a metal coating. These paints make higher
demands on the quality of the surface of the coated steel band with respect to paint wetting and

paint adhesion.

Therefore, a goal of the invention is to be found 1n indicating a method for the treatment of steel

bands or plates that are coated with a metal coating, with which an improved paint wetting and

paint adhesion and, at the same time, as low as possible a coefficient of friction can be attained,

so as to ensure a good workability of the coated steel band or plate.

From GB 845 097, the use of polyalkylene glycol-containing after-treatment agents for the oiling
of tinplate surfaces is known, so as to prevent a corrosion of the tin-plated surface. For this, an

aqueous emulsion of a polymer, which contains a polyalkylene glycol, 1s applied on the surface.

In the treatment of metal-coated steel plates, such as tinplate, with a liquid after-treatment agent,
it is advantageous to be able to adjust the layer thickness of the after-treatment agent applied on
the surface of the coated steel plate to desired and appropriate values, so as to be able to
purposefully adjust the characteristics of the treated plate surface that are influenced by the after-

treatment agent. Another goal of the invention is therefore to be found 1n the indication of a
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method for the treatment of a steel band or plate provided with a metal coating, with a liquid
after-treatment agent, in which, during the application ot a layer of the atter-treatment agent on

the metal-coated surface, the applied layer thickness of the after-treatment agent can be detected

and, in this way, can also be purposefully adjusted.

The aforementioned goals are attained in accordance with the invention by a method with the
features of Claim 1 and by a steel band or plate provided with a metal coating with the features

of Claim 14. Preferred embodiments of the method are indicated 1in Claims 2-13.

In the method in accordance with the invention, a steel band or plate provided with a metal
coating is treated with an after-treatment agent, wherein the after-treatment agent contains at
least one polyalkylene glycol and is applied as a liquid solution on the surface of the metal
coating. In addition to the polyalkylene glycol, the after-treatment agent contains at least one
fluorescent antioxidant. With the fluorescent antioxidant, the (ageing) stability of the
polyalkylene glycol contained in the after-treatment agent is, on the one hand, increased, wherein
the corrosion stability of the plate treated in accordance with the invention is increased. On the
other hand, the use of the fluorescent antioxidant makes possible the detection of the layer
thickness of the layer of the after-treatment agent applied on the surface of the metal coating,
during the application. In this way, it is possible to adjust the applied layer thickness of the atter-
treatment agent to a desired and appropriate value, so as to be able to adjust the surface
characteristics of the treated plate that result therefrom to the individual application case. As a
result of the fluorescent antioxidant contained in the after-treatment agent, it is possible to detect
the applied layer thickness of the after-treatment agent via a fluorescence spectroscopy method,
in particular, via laser-stimulated fluorescence spectroscopy (LIF), during the atter-treatment

PTOCCSS.

Preferably, the antioxidant is a fluorescent hydrocarbon, in particular, phenols substituted by
steric hindrance groups. Substances from the group of the ascorbic acids, in particular, L-(+)-
ascorbic acid, or salts of the ascorbic acids, have proved to be a particularly preferred
antioxidant. Likewise, butylhydroxytoluene (BHT) or butylhydroxyanisole (BHA) can be used as

antioxidants with the method in accordance with the invention.

Appropriately, the after-treatment agent is present as an aqueous solution and is applied by
means of a spray method or an immersion method on the surface of the metal-coated steel band
or plate. After the application of the liquid solution of the after-treatment agent on the surface ot

the steel band or plate provided with the metal coating, the after-treatment agent is appropriately
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squeezed off by using squeezing rollers, and drying is subsequently carried out. Coating
applications of the after-treatment agent with a dry application in the range of 1 to 10 mg/m?, and
preferably in the range of 2 to 6 mg/m*, have proved to be particularly suitable. Compared with
the greasing agents (DOS, ATBC, or BSO) previously used for tinplate and ECCS, the surfaces
of the metal coating treated 1n accordance with the invention exhibit a substantially higher
surface tension and thus a better paint wetting. The surface tension of traditionally greased
tinplate is, for example, in the range of 32-35 mN/m, wherein the surfaces of the metal coating
treated 1n accordance with the invention have a surface tension of more than 40 mN/m and, 1n
particular, a surface tension in the range of 50 mN/m to 60 mN/m. The coetficient of triction ot
the metal coating treated in accordance with the invention is preferably below 0.3 and, 1n

particular, at pu = 0.10 to 0.25.

The polyalkylene glycol contained in the after-treatment agent preferably has a molecular weight
between 2000 g/mol and 20,000 g/mol and preferably between 4,000 g/mol and 10,000 g/mol.
The use of polyethylene glycol (PEG) has proved to be particularly suitable. However, other
polyalkylene glycols, such as polypropylene glycol or polytetramethylene glycol, can also be
used. Thus, for example, polyethylene that has a molecular weight of 6000 g/mol and can be
obtained under the brand name "Lipoxol® 6000" has proved to be particularly suitable with

respect to paint wetting and the coefficient of friction of the treated surface.

The polyalkylene glycol contained in an aqueous solution of the after-treatment agent preterably
has concentrations of 0.1 g/L to 400 g/L and preferably, between 1.0 g/LL and 200 g/L 1n the
aqueous solution. The concentration of the antioxidant in the aqueous solution 1s appropriately
between 0.001 g/L and 4.0 g/L. The viscosity of the aqueous solution of the after-treatment agent
1s preferably in the range of 0.5 to 60 mm?/s°, at 20°C, and the refraction index is preferably
between 1.30 and 1.40. The density of the aqueous solution of the after-treatment agent is
preferably in the range of 0.9 to 1.1 g/cm’.

Below, the invention is explained in more detail with the aid of an embodiment example. The
embodiment example thereby refers to the after-treatment of a tin-coated steel plate (tinplate).
The method in accordance with the invention, however, is not limited to this application case;
with all steel plates provided with a metal coating, it can be used in a corresponding manner. In
particular, chromium-coated steel plates (ECCS plates) or tin-coated steel plates can be treated 1n

an appropriate manner in accordance with the invention.
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A traditional tinplate with a tin coating 1n the range of 1.0 g/m2 to 6 g/m2 was sprayed with an
aqueous solution of an after-treatment agent, wherein the aqueous solution ot the after-treatment
agent was sprayed on the tinplate surface as uniformly as possible using spray nozzles.
Subsequently, the sprayed after-treatment agent was squeezed off with squeezing rollers, and
drying was carried out in a furnace. After the drying, it was possible to detect a dry layer coating

of the after-treatment agent in the range of 2-6 mg/m”.

For the production of an aqueous solution of the used after-treatment agent, an aqueous solution
of a polyethylene glycol (PEG) with a molecular weight of 6000 g/mol was first prepared 1n a
concentration between 0.1 g/L and 400 g/L and mixed with ascorbic acid (vitamin C) in a
concentration between 0.001 g/L and 4.0 g/L. This aqueous solution was then uniformly applied

in a spraying process on the surface of the tinplate.

During the application of the after-treatment agent on the surface of the tinplate, the layer
thickness of the applied after-treatment agent was detected via a tfluorescence spectroscopy
method. For this, in particular, a laser-stimulated fluorescence spectroscopy method was used.
During the application of the after-treatment agent, a laser beam is thereby directed onto the
tinplate surface. The laser radiation is absorbed by the applied layer of the atter-treatment agent.
As a result of the fluorescent characteristics of the after-treatment agent, which contains a
fluorescent antioxidant (for example, ascorbic acid), the layer of the after-treatment agent 1s

stimulated to emit light (fluorescence) by the irradiated laser light.

Laser-stimulated fluorescence spectroscopy has proved to be a particularly suitable method for
the detection of the layer thickness of the applied after-treatment agent, in which a time-

integrating measurement of the decaying behavior of the fluorescence signals takes place with

suitably selected wavelengths of the irradiation laser light. After every stimulation with an
individual laser pulse for a specific time length of, for example, 1 ns, the decaying behavior ot
the fluorescence radiation emitted by the after-treatment agent layer is detected, in suitably
positioned measurement windows and time-integrated, as intensity values I; and I,. The ratio of
these intensity values Io/I; thereby depends on the quantity of the fluorescent substance (and thus
on the concentration and the layer thickness). This makes possible, with a separation ot
disturbing background signals, the reliable detection of a value that is proportional to the
concentration of the fluorescent antioxidant and to the layer thickness of the applied atter-
treatment agent. With a specific concentration of the fluorescent antioxidant 1n the aqueous
solution of the after-treatment agent, it is possible to draw a conclusion in this way as to the layer

thickness of the applied after-treatment agent.



CA 02864937 2014-08-19

The optical stimulation of the layer of the after-treatment agent can thereby take place, for
example, with a microchip laser that, with a repetition frequency in the area of 10 kHz, emats
individual laser pulses with an emission wavelength of, for example, 266 nm and 355 nm and a
pulse power of typically 250 uW. The fluorescence radiation emitted by the layer of the atter-
treatment agent is coupled into a fiber optic cable and conducted to a detector that is coupled
with an evaluation unit. The detector comprises a photomultiplier, which selectively detects the
fluorescence signals with respect to wavelengths via optical filters. The detector pulses are
evaluated in a time-integrated manner, and via calibration measures, are converted into the
measurement parameter to be detected (here, the layer thickness of the after-treatment agent

layer).

With the method in accordance with the invention, it was possible to apply and detect layer
thicknesses of the after-treatment agent in a dry coating of 1-10 mg/mz. The tinplate surfaces
treated in this manner have surface tensions of more than 40 mN/m and, in particular, 1n the
range of 50 to 60 mN/m. Such surface tensions are particularly suitable for the painting of
tinplate surfaces with solvent-free or low-solvent paints and the paint wetting 1s decisively

improved.

The components proposed for the after-treatment agent in accordance with the invention are all
characterized by their compatibility with foods. This is particularly important for the later use ot
the plates treated in accordance with the invention for the production of packagings for foods,

such as cans for foods or beverages.

The tinplate surfaces treated in accordance with the invention are moreover characterized by a

good workability, for example, in the production of cans for foods and beverages. In this way,

the machine running times, for example with stretch-bending alignment rollers for cutting
systems or paintings, can also be appreciably reduced. Surprisingly, it was also shown that the
tinplate surfaces treated in accordance with the invention have a brighter and shinier surface
compared with the traditionally treated surfaces. This can be substantiated by a dust-repellant

effect of the after-treatment agent layer applied on the tinplate surface.

Since the after-treatment agent is present as a liquid solution, the after-treatment agent can be
applied on the tinplate in a simpler manner and, in particular, more advantageously and faster.
This is advantageous in comparison to the traditional after-treatment agents, such as DOS or
ATBC, which must be applied by using expensive and maintenance-intensive electrostatic oiling

booths. On the other hand, the invention makes possible a simple and low-cost application of the
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liquid after-treatment agent with an immersion or spraying method, which can be readily
integrated into the production cycle of electrolytic band coating systems. In this way, the
application of the liquid after-treatment agent on a steel band that is moved at a high band

moving speed of up to 750 m/min through a band coating system is also possible.
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Claims

Method for the treatment of a steel band or steel plate provided with a metal coating with
an after-treatment agent, which contains at least one polyalkylene glycol and which 1s
applied as a liquid solution on the surface of the metal coating, characterized in that in

addition to the polyalkylene glycol, the after-treatment agent contains a tluorescent

antioxidant.

Method according to Claim 1, characterized in that the antioxidant is a fluorescent

hydrocarbon, in particular, phenols substituted by steric hindrance groups.

Method according to Claim 1 or 2, characterized in that the antioxidant 1s an ascorbic

acid, in particular, L-(+)-ascorbic acid or a salt of the ascorbic acid.

Method according to one of the preceding claims, characterized in that the antioxidant 1s
butylhydroxytoluene (BHT) or butylhydroxyanisole (BHA).

Method according to one of the preceding claims, characterized in that the after-treatment
agent is present as an aqueous solution, wherein the concentration of the polyalkylene

glycol in the aqueous solution is between 0.1 g/L and 400 g/L and preferably between 1.0
g/L. and 200 g/L.

Method according to one of the preceding claims, characterized in that the molecular
weight of the polyalkylene glycol is between 2000 g/mol and 20,000 g/mol and
preferably between 4000 g/mol and 10,000 g/mol.

Method according to one of the preceding claims, characterized in that the polyalkylene
glycol is polyethylene glycol (PEG) that preferably has a molecular weight ot
6000 g/mol.

Method according to one of the preceding claims, characterized in that the after-treatment

agent is present as an aqueous solution, wherein the concentration of the antioxidant 1n
the aqueous solution is between 0.001 g/L and 4.0 g/L.

Method according to one of the preceding claims, characterized in that after the

application on the surface of the steel band or plate provided with the metal coating, the
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liquid solution of the after-treatment agent is squeezed off with squeezing rollers and

subsequently, a drying 1s carried out.

Method according to Claim 9, characterized in that after the drying on the surface of the
metal coating, a layer of the after-treatment agent i1s present with a dry coating in the

range of 1 to 10 mg/m” and preferably in the range of 2 to 6 mg/m®.

Method according to Claim 9 or 10, characterized 1n that the surface tension of the treated

surface of the metal coating 1s greater than 40 mN/m and 1n particular 1s 1n the area of 50
mN/m and 60 mN/m.

Method according to one of the preceding claims, characterized in that during the

application of the after-treatment agent on the surface of the metal coating, the applied

layer thickness of the after-treatment agent 1s detected.

Method according to Claim 12, characterized in that the applied layer thickness of the
after-treatment agent is detected by means of a fluorescence spectroscopy method, 1n

particular, laser-induced fluorescence spectroscopy (LIF).

A steel band or steel plate, in particular, tinplate, provided with a metal coating, which
has a thin coating of an after-treatment agent on the surface of the metal coating, in
particular, the tin coating, wherein the after-treatment agent contains at least one
polyalkylene glycol, characterized 1n that the after-treatment agent contains a

fluorescence antioxidant in addition to the polyalkylene glycol.
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