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(54) Method of modifying epoxy-coated surfaces

(57) A method is provided for treating anti-corrosive
steel surfaces, such as an epoxy-coated ship's hull, in
an environmentally improved manner, with an epoxy-sil-
icone-adhesive paint, as a tiecoat, to provide for the
subsequent application of silicone foul release coatings.



EP 1 013 727 A1

2

Description

[0001] The present invention relates to a method of
treating an epoxy resin coated metallic substrate, such
as a ship's hull, with an epoxy-silicone-adhesive paint
as an intermediate tie-layer to effect the bonding of sub-
sequently applied duplex silicone foul release coatings.
[0002] Metallic structures submerged in sea water,
such as ship bottoms, are generally infested with organ-
isms, such as barnacles, tube worms, and algae, which
can become attached to the surface of these structures
causing increased fuel consumption due to increased
drag. Routinely, anti-fouling paints are used to treat the
surface of these exposed substrates to minimize corro-
sion. Silicones have been known as effective anti-foul-
ing coatings as early as the 1970's, as shown by U.S.
patents 4,025,693, 4,080,190 and 4,227,929.
[0003] In Griffith, U.S. patent 5,449,553, which is
incorporated herein by reference, a nontoxic anti-fouling
system is described which involves the application of a
silicone room temperature vulcanizable (RTV) conden-
sation cure composition, for example, GE RTV 11, as a
topcoat, which interfaces with sea water, and which is
anchored onto a semi-cured organo-silicon condensa-
tion cure RTV bonding layer. An example of a semi-
cured RTV condensation cure bonding layer is Silgan J-
501 of the Wacker Silicones Corporation of Adrian, MI,
as shown in the aforesaid Griffith, U.S. patent
5,449,553. The semi-cured RTV condensation cure
bonding layer is directly applied, and is in contact with
the epoxy treated metallic substrate, such as a ship's
hull, and can serve as an anchor for a subsequently
applied silicone condensation cure RTV topcoat.
[0004] The combination of these condensation cure
RTV's has been found to be effective as a duplex non-
toxic silicone foul release system when properly
secured to a ship's hull. The application of the duplex
non-toxic silicone foul release system is preferably
made under ambient conditions onto an epoxy-coated
metallic substrate, for example a ship's hull, which has
been thoroughly cleaned, sand blasted to metallic sub-
strate, and then freshly coated with an epoxy resin.
[0005] Experience has shown that even though
adhesion between the silicone room temperature vul-
canizable (RTV) composition which interfaces with sea
water, and the aforementioned silicone-organic bonding
layer in the duel silicone foul release system is generally
satisfactory, adhesion between the silicone bonding
layer and the epoxy coating on the metallic substrate is
often unsatisfactory.
[0006] A procedure which has been developed to
improve adhesion between the silicone-bonding layer
and the epoxy resin coating on a metallic substrate,
such as a ship's hull, is based on the use of an equal
parts mixture of butanol and a curable epoxy resin mix-
ture, referred to sometimes as "epoxy mistcoat". In mak-
ing the epoxy mistcoat, there is used in combination
with butanol, an epoxy resin paint, which may contain

Epon 828 resin and an amine curing catalyst for the
epoxy resin, such as VERSAMID 140 of the Henkel Cor-
poration of Ambler, PA. As a result of applying the epoxy
mistcoat directly onto the epoxy-coated ship's hull, a
binary epoxy layer is formed prior to the application of
the duplex non-toxic silicone foul release system. While
an improvement in adhesion has been found to occur
between the resulting binary epoxy layer, and the sub-
sequently applied silicone-organic bonding layer, con-
siderable environmental concerns have been
recognized as a result of butanol emissions. In addition,
special mixing procedures, and time restrictions have
been found necessary to achieve satisfactory bonding
between the epoxy mistcoat and the silicone-organic
bonding layer.

[0007] Additional techniques are therefore needed
to provide an environmentally safe and efficient method
to satisfactorily anchor the duplex silicone foul release
coating system onto an epoxy-coated ship's hull.

BRIEF SUMMARY OF THE INVENTION

[0008] The present invention is based on the dis-
covery that an epoxy-silicone mixture, referred to here-
inafter as the "epoxy-silicone-adhesive-paint", can be
applied in an environmentally safe manner onto an
epoxy-coated metallic substrate, such as a steel or alu-
minum ship's hull, to form an effective foundation coat-
ing to anchor the subsequently applied silicone-bonding
layer, which thereafter can be further treated with a con-
densation cure silicone RTV foul release topcoat to form
the duplex silicone foul release system as previously
described.
[0009] The epoxy-silicone-adhesive-paint, com-
prises a blend of an epoxy paint, and an effective
amount of a silicone adhesion promoter. The silicone
adhesion promoter comprises a mixture of a hydrocar-
bon solvent, for example, mineral spirits, in combination
with an RTV silicone condensation cure catalyst sys-
tem, i.e. a partially condensed organosilicate, a uni-
formly dispersed, or solubilized metallic catalyst, such
as dibutyl tin oxide, and an effective amount of an
alkylaminotrialkoxysilane, such as γ-aminopropyltri-
methoxysilane.

STATEMENT OF THE INVENTION

[0010] There is provided by the present invention, a
method of modifying under atmospheric conditions, a
metallic substrate coated with a cured epoxy resin to
allow the subsequent application thereon of a duplex sil-
icone foul releasecoating, which comprises the steps of:

(a) applying onto the cured epoxy resin coated
metallic substrate, an epoxy-silicone-adhesive
paint comprising by weight, (i) 80-85% of an epoxy
resin paint, and (ii) 15-20% by weight of a silicone
adhesive promoter, comprising a volatile hydrocar-
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bon solvent, a partially condensed organosilicate, a
solubilized metallic catalyst, and an aminoalkyltri-
alkoxysilane, where the aminoalkyltrialkoxysilane is
present in the silicone adhesive promoter in an
amount which is at least sufficient to impart to the
epoxy-silicone-adhesive paint upon cure to at least
a tacky state, a degree of adhesion sufficient to sat-
isfactorily anchor a subsequently applied conden-
sation cure RTV, or when allowed to achieve a tack-
free state, provide a cohesive failure value in
accordance with ASTM D-4541.

[0011] There is also provided by the present inven-
tion, an epoxy-silicone-adhesive paint comprising an
epoxy resin paint, and an effective amount of an ami-
noalkyltrialkoxysilane based on the weight of epoxy
resin. There is also provided by the present invention,
the substrate obtained by treating by the method herein-
above.

DETAILED DESCRIPTION OF THE INVENTION

[0012] The expression "silicone condensation cure
RTV compositions" as used in the present invention,
means liquid silicone mixtures, which are often manu-
factured as "two-part" mixtures. The expression "two-
part silicone RTV" as used in the present invention
means that liquid silicone mixtures, referred to some-
times as "part one" and "part two", can be converted
from the liquid state to the elastomeric, or rubber state,
when combined at room temperature.
[0013] In part one, there is generally employed a
silanol- terminated polydiorganosiloxane, such as a
silanol-terminated polydimethylsiloxane along with a
filler, for example calcium carbonate. In part two, a cur-
ing agent, such as a metallic salt of a carboxylic acid, or
metallic compound can be used. While tin oxide, for
example, dibutyl tin oxide is preferred, other metallic
compounds, such as salts of lead, zirconium, antimony,
and manganese, in combination with acid radicals such
as acetate, butyrate, octoate have been found effective.
These compounds can be used with a partially con-
densed organosilicate, for example an alkylsilicate,
such as an ethylsilicate. A more detailed description can
be found in Griffith, U.S. patent 5,449,553, which is
incorporated herein by reference.
[0014] In addition to the above described ingredi-
ents, the respective parts of the two-part silicone RTV
often contain major amounts of organic solvents, such
as hydrocarbon solvents, for example mineral spirits, to
facilitate application of these paint-like materials.
[0015] The epoxy-silicone-adhesive paint is prefer-
ably made by thoroughly blending SCM501C, a silicone
adhesive of GE Silicones, Waterford, NY, with a suitable
epoxy resin paint, such as AMERLOCK 400 FD, of the
Ameron Co. of Brea, California. After the various ingre-
dients have been thoroughly mixed, the resulting mix-
ture can be applied at thicknesses of 4-10 mils, and

preferably 6-8 mils, such as by spraying, as a second
coat onto the surface of an epoxy-coated steel sub-
strate. Effective bonding of the silicone bonding layer
onto the treated epoxy substrate can be achieved after
evaporation of volatiles as long as a tacky condition of
the epoxy-silicone-adhesive layer is maintained. This
feature can allow adequate work time, such as up to 20
hours or more.

[0016] While the aminoalkyltrialkoxysilane used in
the practice of the invention is preferably γ-aminopro-
pyltrimethoxysilane, other aminoalkyltrialkoxysilanes
can be used such as, NH2RSi(OR1 )3, where R is meth-
ylene, dimethylene, or C(4-8) alkylene, and R1 is C (2-8)
alkyl resin in the epoxy-silicone-adhesive paint.
[0017] In order that those skilled in the art will be
better able to practice the present invention, the follow-
ing examples are given by way of illustration, and not by
way of limitation. All parts are by weight unless other-
wise indicated.

EXAMPLE 1

[0018] An epoxy-silicone-adhesive paint is pre-
pared by thoroughly mixing together AMERLOCK 400
FD epoxy resin paint of the Ameron Co. of Brea, Califor-
nia, and 15% by weight of a silicone adhesion promoter.
The silicone adhesion promoter, SCM501C, is a product
of GE Silicones, Waterford, NY, and consists essentially
of 62% by weight of mineral spirits, 11.3% of partially
condensed ethyl silicate, 3.8% of solubilized dibutyl tin
oxide, and 22.5% of γ-aminopropyltrimethoxysilane.
The resulting epoxy-silicone-adhesive paint is sprayed
onto a 6 inch x 6 inch epoxy resin coated steel test
panel. There is obtained a steel panel having a dual
epoxy coating, and a 6-8 mil second coat. The resulting
painted panel is allowed to air cure to a tacky state after
four hours under ambient conditions.
[0019] There is painted onto the dual epoxy-coated
steel panel, a silicone-bonding RTV composition, Silgan
J-501 of the Wacker Silicones Corporation. A coating is
formed after three hours which shows excellent adhe-
sion to the dual epoxy-coated steel panel.

EXAMPLE 2

[0020] An epoxy-silicone-adhesive paint is pre-
pared in accordance with example 1, consisting of
AMERLOCK 400 FD epoxy resin paint, and 15% by
weight of the silicone adhesion promoter. The paint
blend is sprayed onto a 6 inch x 6 inch steel test panel
which is initially coated with a cured epoxy resin paint.
There is obtained a steel panel having a dual epoxy
coating with a 6-8 mil second coat.
[0021] Steel adhesion dollies are imbedded into the
surface of the second paint coating on the steel panel
surface. After a four-day cure time, the adhesion dollies
are pulled using hydraulic adhesion testing equipment.
The adhesion measurements are obtained in accord-
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ance with ASTM D-4541 for portable adhesion, using
HATE MARK 1V test equipment of KTA Company, Pitts-
burgh, PA. It is found that cohesive failure occurs in the
cured adhesion promoter mixture at 300-325 psi, where
cohesive means that a breakdown in the topcoat wall
occurs instead of separation between topcoat and tie-
coat.

Claims

1. A method of modifying under atmospheric condi-
tions, a metallic substrate coated with a cured
epoxy resin to allow the subsequent application
thereon of a duplex silicone foul release coating,
which comprises applying onto the cured epoxy
resin coated metallic substrate, an epoxy-silicone-
adhesive paint comprising by weight, (i) 80-85% of
an epoxy resin paint, and (ii) 15-20% by weight of a
silicone adhesive promoter, comprising a volatile
hydrocarbon solvent, a partially condensed organo-
silicate, a solubilized metallic catalyst, and an ami-
noalkyltrialkoxysilane.

2. A method in accordance with claim 1, where the
aminoalkytrialkoxysilane is γ-aminopropyltrimethox-
ysilane.

3. A method in accordance with claim 1, where the
organosilicate is an alkyl silicate.

4. A method in accordance with claim 1 of modifying
under atmospheric conditions, a steel substrate
coated with a cured epoxy resin to allow the subse-
quent application thereon of a duplex silicone foul
release coating, where the silicone adhesive mix-
ture comprises, mineral spirits, a partially con-
densed ethyl silicate, a solubilized dibutyl tin oxide,
and an amount effective amount of γ-aminopropylt-
rimethoxysilane.

5. A method in accordance with claim 1, where the
epoxy-silicone-adhesive paint is sprayed onto the
surface of the cured epoxy resin coated metallic
substrate.

6. A method in accordance with claim 1, where the
condensation cure RTV is an organo-silicon con-
densation cure RTV bonding layer.

7. A method in accordance with claim 6, where a con-
densation cure silicone RTV is applied onto the
organo-silicon condensation cure RTV bonding
layer to form a duplex silicone foul release coating.

8. An epoxy-silicone-adhesive paint comprising an
epoxy resin paint, and an aminoalkyltrialkoxysilane.

9. An epoxy-silicone-adhesive paint in accordance

with claim 8, where the aminoalkyltrialkoxysilane is
γ-aminopropyltrimethoxysilane.

10. A substrate with a duplex silicone foul release coat-
ing obtained by employment of an epoxy-silicone-
adhesive paint which is applied directly onto the
surface of an anti-corrosive epoxy-coated metallic
substrate.
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