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Anticorrosion coating for Al alloy

The present invention relates to an anticorrosion coating for Al or Al
alloy and a process for making thereof.

Aluminum and its alloys are widely used in a variety of applications,
including aerospace and automotive construction, building construction and public
utilities. Many of these applications involve the use of aluminum and its alloys in
exposure to the environment or otherwise in corrosive atmospheres. Aluminum
typically undergoes relatively rapid oxidation which, over time, can detract from its
functional and/or structural viability, and its appearance. Accordingly, to preserve the
functional and/or structural viability, as well as the appearance in some cases, of
aluminum and its alloys, it is desirable to reduce or eliminate the corrosion of
aluminum.

CA2312807 discloses a process for the corrosion preventive
treatment of surfaces of galvanized or alloy galvanized steel or of aluminum or alloys
thereof, wherein the surfaces are contacted with a chromium-free corrosion protective
and then dried. The protective contains water and hexafluoroanions of Ti (IV) and/or Zr
(IV), V, Co and phorphoric acid. The protective may further contain 1 to 30 g/l of a
conductive pigment and an organic film-former.

JP2010-174273 discloses an anticorrosion coating for Al or Al alloy
substrate comprising a base layer of conductive particles and a surface layer of a
conductive polymer. The base layer is formed on the substrate by spin-coating a
solution comprising the conductive particles and firing the coated layer to burn off the
organic solvent.

US2008/0305341 discloses a process for coating metallic surfaces
with an anti-corrosive composition that contains a conductive polymer and is a
dispersion that contains the at least one conductive polymer mainly or entirely in
particulate form, as well as a binder system. The conductive polymer is at least one
polymer based on polyphenylene, polyfuran, polyimidazole, polyphenanthrene,
polypyrrole, polythiophene and/or polythiophenylene charged with anti-corrosive mobile
anions. Alternatively, the metallic surfaces can be first coated with a dispersion based
on conductive polymers in particulate form, then coated with a composition which
contains a binder system.

Metals in the anticorrosion coatings may not be desirable from
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environmental point of view. Anticorrosion coatings based on conductive polymers
have a disadvantage that these conductive polymers are not stable over time, due to
e.g. thermo-oxidation etc.

While these anticorrosion coatings have been described in the art,
there is still a need for anticorrosion coatings having satisfactory anticorrosion
properties.

An object of the present invention is to provide an anticorrosion
coating where the above-mentioned and/or other needs in the art are met.

An aspect of the present invention relates to a coating comprising a
resin and electron-conductive particles dispersed in the resin, wherein the coating is
not ion-conductive and the coating has a specific electrical resistivity of from 10?to 10"
Q-cm.

A further aspect of the present invention relates to an Al or Al alloy
substrate provided with a coating comprising a resin and electron-conductive particles
dispersed in the resin, wherein the coating is not ion-conductive and the coating has a
specific electrical resistivity of from 10? to 10'° Q-cm and wherein the electrical
resistivity between the substrate and the coating is at most a factor 200, preferably a
factor 100, more preferably a factor of 50, more preferably a factor of 20, more
preferably a factor of 5, higher than that of the coating.

The coating according to the invention showed a surprisingly high
anti-corrosion performance. The rate of delamination from the damaged area of the
substrate was remarkably decreased.

It is herein understood that the term ‘not ion-conductive’ is defined
according to the following method:

A bath with two compartments separated by the coating according to
the present invention is provided. One of the compartments is filled with a salt solution,
preferably a 3 wt% solution of NaCl in water, and the other compartment is filled with
pure water with specific resistivity higher than 3- 10° Q-cm (25 °C). If the increase in
resistivity of the water is less than a factor of ten after 1 day, the film is considered to
be not ion-conductive.

For the coating to be not ion-conductive, the coating should contain
substantially no ions. Particularly undesirable ions include S0.%, NOy, ions of halogen
and alkali metals and alkaline earth metals which are known to be the cause of
corrosion. Furthermore, the electron conductive particles in the coating should not be
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ion conductive. For example, particles of conductive polymers which are both electron
conductive and ion conductive are excluded from the electron conductive particles in
the present invention.

The specific electrical resistivity of the coating of the present
invention can be easily measured as a freestanding film using the two-point method
with electrodes applied to opposite sides of the film.

The resistance of contacts can be crudely estimated by comparing
the results of a two-point measurement on a free film to the results of a two-point
measurement made on a coating applied on an aluminium substrate with one electrode
applied to the top of the coating and the other at the bottom of the substrate using an
ohmmeter. The electrical resistivity between the substrate and the coating is at most a
factor 100, preferably a factor of 50, more preferably a factor of 20, more preferably a
factor of 5, higher than that of the coating.

The invention is based on the realization that the electron-conductive
particles form a percolation path for electron, which changes the corrosion mechanism
of Al or Al alloy. The percolation path from the surface of the substrate to inside or the
opposite surface of the coating can change the corrosion mechanism from anodic
undermining to cathodic delamination. The particles in the coating makes the electrical
resistance between the substrate and the coating low enough that the electrons travel
from the substrate to the coating. The percolation path formed by the particles allows
further traveling of the electrons in the coating. The delamination sites of Al are hence
shifted from the interface between the substrate and the film to inside or the opposite
surface of the coating. By this shift of the delamination sites, the corrosion of Al is
retarded. Also, the structure of the percolation path may be adjusted by the amount of
the electron-conductive and non-ion-conductive particles and their dispersion state.

Since the coating according to the present invention is not ion-
conductive, OH ion formed on the surface of the coating does not reach the substrate.
Alternatively there is no in-flux of positively charged metal ions into the interface
between the substrate and the coating driven by the presence of hydroxide ions.

Preferably, the electron-conductive and non-ion-conductive particles
are selected from the group consisting of gallium-doped zinc oxide (GZO), aluminum-
doped zinc oxide (AZO), indium tin oxide (ITO), indium zinc oxide (IZO), antimony tin
oxide (ATO), carbon black (CB) and carbon nano tube (CNT). More preferably, the
particles are carbon black particles.

Preferably, the coating comprises 0.75 -5 voi% of the electron-
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conductive particles with respect to the volume of the resin in which the particles are
dispersed. The coating comprising 0.75 vol% of the electron-conductive particles has a
resistivity level just above the percolation threshold where particles start to form
conductive paths. More preferably, the coating comprises at least 1 vol%, 1.25% or 1.5
vol % of the electron-conductive particles with respect to the volume of the resin.

Preferably, the coating has a thickness of between 100 nm to 500
pm, more preferably 500 nm to 100 um, even more preferably 1 pm to 50 ym, even
more preferably 20 um to 40 ym. The robustness of the coating increases with the
increase of thickness, but when the coating thickness is too large, the adhesion of the
coating to the substrate is decreased. The preferred ranges of the thickness show a
good balance of robustness of the coating and the adhesion to the substrate.

The electron-conductive particles preferably have an average
diameter of 1-50 nm, preferably 10-40 nm. In thicker coatings of a thickness of at least
1 um, larger particles may also be used up to 100 nm. The average diameter of the
particles may be determined by e.g. SEM. By preference the particles form a
percolative pathway. Methods to determine the percolative structures are known to
those skilled in the art.

The resin used in the present invention may be any known non-ion
conductive polymer which has enough adhesion to Al or Al alloy substrate. The resin
may be selected, for example, from epoxy, polyurethane, polyester, alkyd and
polymers or copolymers of styrene, butadiene, acrylic acid, methacrylic and and/or
maleic acid and esters of these acids.

A further aspect of the present invention relates to a process for the
preparation of the substrate provided with the coating according to the present
invention. The process comprises the steps of providing a dispersion of the electron-
conductive particles in an organic component, applying the dispersion to the substrate
and curing the organic component to obtain the resin.

The dispersion medium for the electron-conductive particles may
essentially consist of the organic component to be cured, or may further contain water
and/or organic solvent. The presence and the content of the water and/or the organic
solvent may be chosen according to the method for applying the coating.

The coating may be applied by any known coating application
method, such as dip coating, spray coating, spin coating, screen printing and tape
casting. The coating may also be applied as powder coating. The coating composition
may take suitable form depending on the coating method, e.g. solution, latex or
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powder.

In preferred embodiments, the resin is an epoxy resin, which may be
formulated as a single component having an integrated hardener or as two
components having a separate hardener. Amines or polyamines, such as Jeffamine
D230, Jeffamine EDR148, and Dytek A, are particularly suitable as hardeners for
epoxy resins. Especially preferred are epoxy wherein the epoxide-to-amine (N-H) molar
ratio is 0.8-1.4.

It was found that the development of the percolation structure is
strongly correlated with the polymer mobility. The conductivity of the coating increases
as the organic component is cured to the resin, until the conductivity reaches a plateau.
The curing is preferably done in a relatively moderate condition. Preferably, the curing
is done at a temperature of at most 150 °C. More preferably, the curing is done
between 10 °C and 100 °C. More preferably, the curing is done between 10 °C and 40
°C. This temperature has the advantage that higher electrical conductivity is obtained.
Particularly preferred range is between 20 and 40 °C in view of the final electrical
conductivity. The curing time may e.g. be between 10 minutes and 5 days, preferably
at least 30 minutes, 1 hour, 2 hours, 4 hours. It will be appreciated that the higher
curing temperature requires less curing time. Typically preferred are at 20 °C for at
least 1 day, preferably 4 days; at 40-100 °C for at least 30 minutes, preferably 60
minutes. When the curing is done below 40 °C, preferably a subsequent post-curing
step follows. For example, the post-curing may be done at 100 °C for 4 hours.

The coating may be further provided with a protective layer. The
protective layer should be of an insulating material which may be the same or different
from the resin of the coating. This has an advantage that pitting corrosion risks are
limited. 1t will be appreciated that such a protective layer on top of the electrically
conductive layer should be removed when measuring the electrical conductivity of the
film.

In carrying out the process of this invention the substrate is preferably
first cleaned, being degreased by using a cleaner such as Scotch-Brite ® together with
an organic solvent such as acetone. The cleaned metal is preferably rinsed with the
organic solvent or water and is blown dry by dry air or nitrogen before the coating
composition is applied.

A further aspect of the present invention relates to the use of the
coating of the present invention for anticorrosion of an Al or Al alloy substrate.

It is noted that the invention relates to all possible combinations of
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features described herein, particularly features recited in the claims.

Figure 1 shows a photo of the surface of a coating according to
comparative example;

Figure 2 shows a photo of the surface of an example of a coating
according to the present invention and

Figure 3 shows a photo of the surface of a further example of a
coating according to the present invention.

The invention is hereinafter illustrated by the following non-limiting

examples.

Following materials were used.

organic component: epoxy resin in which the molar ratio of epoxide to NH is 1.2
electron-conductive particles: carbon black particles having diameters of 30-50 nm
substrate: aluminum alloy 2024, thickness 0.8 mm

Ex.1
The electron-conductive particles were dispersed into the epoxy resin to provide a
dispersion comprising 0.75 vol% of the electron-conductive particles.

Then the amine was added to the dispersion to provide a mixture, which was applied to

the substrate at room temperature by the doctor blade technique. After 4 days in the

room temperature the coated substrate was subjected to a temperature of 100 °C for 4

hours to complete the curing. The coating thickness was 40-55 pm.

The electric resistivity between the substrate and the coating was measured by
applying one electrode to the top of the coating and the other at the bottom of the
substrate using an ohmmeter.

The same mixture was cast into an aluminum cup and cured in the same manner as
Ex. 1. The resulting film was peeled off from the cup. A freestanding film having a

thickness of 2 mm was obtained.

The electric resistance of the film was measured by the two-point method with
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electrodes applied to opposite side of the film. Specific electrical resistivity of the
freestanding film was 6 x10° Q-cm.

The ratio between the resistivity between the substrate and the coating and the
resistivity of the coating was 180.

Ex. 2
Ex. 1 was repeated except that the mixture comprised 1.25 vol% of the electron-
conductive particles.

Specific electrical resistivity of the freestanding film was 3 x10° Q-cm.

The ratio between the resistivity between the substrate and the coating and the
resistivity of the coating was 14.3.

Comp. Ex. A
Ex. 1 was repeated except that the coatings were made without the use of the electron-
conductive particles.

Specific electrical resistivity of the freestanding film was not measurable.

To study the influence of particle percolation structure on their corrosion resistance,
these samples were scratched and put into a salt spray cabinet for 7 weeks. The whole
testing process was based on ISO 7253.

The test results for Comp. Ex. A, Ex.1 and Ex.2 are shown in figures 1-3, respectively.
The figures show the surface 100 of the coating with a scratch 200.

After 7 weeks being put in a corrosive environment, the anticorrosive behaviors of
these samples are quite different. For the coating without any particles inside, the
corrosion took place from along the scratch, propagating into the coating, and formed
blisters and filiform corrosion defects. When the filiform corrosion continually
developed, they merged and formed a larger area of coating delamination with irregular
edges, as shown in figure 1. An arrow indicates the length of the corrosion defect. The
average length of corrosion propagation was around 4 mm.
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However, for the coating with particle concentration 0.75 vol%, the corrosion- induced
coating delamination was clearly inhibited. Much less and smaller blisters were formed
with a few filiform corrosion developed from them. The average length of corrosion

propagation is around 2 mm, as shown in figure 2.

When the resistivity of coating is further decreasing due to the increasing of particle
concentration to well above the percolation threshold, reaching 1.25 vol%, the
corrosion propagation was significantly suppressed. No corrosion defect can be seen
on the testing area, as shown in figure 3. Based on these experiments, it can be
concluded that introducing conductive paths formed by percolated electron-conductive
particles in the coating can effectively improve the corrosion inhibition.
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A coating comprising a resin and electron-conductive particles dispersed in
the resin, wherein the coating is not ion-conductive and the coating has a
specific electrical resistivity of from 10%to 10' Q-cm.

The coating according to claim 1, wherein the electron-conductive particles
are selected from the group consisting of gallium-doped zinc oxide (GZO),
aluminum-doped zinc oxide (AZO), indium tin oxide (ITO), indium zinc oxide
(1ZO), antimony tin oxide (ATO), carbon black (CB) and carbon nano tube
(CNT).

The coating according to claim 1 or 2, wherein the coating comprises 0.75 - 5
vol% of the electron-conductive particles with respect to the volume of the
resin in which the particles are dispersed.

The coating according to any one of claims 1-3, wherein the coating has a
thickness of between 100 nm to 500 um, more preferably 500 nm to 100 um,
even more preferably 1 um to 50 um, even more preferably 20 pm to 40 ym.
The coating according to any one of claims 1-4, wherein the electron-
conductive particles have an average diameter of 1-50 nm, preferably 10-40
nm.

The coating according to any one of claims 1-5, wherein the resin is selected
from epoxy, polyurethane, polyester, alkyd and polymers or copolymers of
styrene, butadiene, acrylic acid, methacrylic and and/or maleic acid and esters
of these acids.

The coating according to any one of claims 1-6, wherein a protective layer is
provided on the coating.

An Al or Al alloy substrate provided with the coating according to any one of
claims 1-7, wherein the resistivity between the substrate and the coating is at
most a factor 200, preferably a factor 100, more preferably a factor of 50,
more preferably a factor of 20, more preferably a factor of 5, higher than that
of the coating.

A process for the preparation of the substrate according to claim 8, comprising
the steps of: providing a mixture of the electron-conductive particles and an
organic component, applying the dispersion to the substrate and curing the
organic component to obtain the coating.
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The process according to claim 9, wherein the organic component comprises
epoxide and amine at the ratio of 0.8-1.4.

The process according to claim 9 or 10, wherein the curing is done at a
temperature between 10 °C and 150 °C.

The process according to claim 9, 10 or 11 wherein the curing is done for a
period of 10 minutes to 5 days, preferably at least 30 minutes, 1 hour, 2 hours,
or 4 hours.

Use of the coating according to any one of claims 1-7 for anticorrosion of an Al
or Al alloy substrate.
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