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Paint system containing anti-fouling metal oxide and fumed silica

The invention relates to a paint system comprising an anti-fouling metal oxide and a fumed silica.

Anti-fouling coatings which comprise metal oxides are known. The main problem associated with
the use of metal oxides is their exponential release. This entails a high required fraction of metal
oxides in the paint on the assumption of a biologically active biocide concentration over the lifetime

of the coating.

US 7,147,921 proposes solving the release problem by encasing copper with a film of silicon
dioxide. What is observed is in fact that in spite of the film of silicon dioxide, the release of the

copper is undesirably rapid.

WQ02013/036746 discloses core-shell particles wherein the core comprises copper and the shell
consists of a porous layer of silicon dioxide. The shell is applied by wet-chemical means using a

sodium silicate solution.

W02014/187769 proposes core-shell particles whose shell consists essentially of particulate
silicon dioxide having a thickness of 0.1 to 10 um and whose core consists of an anti-fouling metal
oxide with an average particle diameter of 1 to 20 um. The bond of the shell to the core is a fixed
bond. In the case of dispersion, no significant parting of this bond is observed. The core-shell
particles can be produced by contacting a mixture of the core- and shell-forming materials with a
specific energy input of 200 to 2000 kJ/kg. It is stated that, in the case of a specific energy input of
less than 200 kJ/kg, a physical mixture of silicon dioxide particles and metal oxide particles is
formed. It is stated that this mixture does not lead to reduced release of the anti-fouling material.

The technical problem addressed by this invention was therefore that of providing an alternative to
the paint systems which contain core-shell particles and are known in the prior art, and which likewise
have a reduced content of biocidal substances. A further technical problem was that of providing a

simple process for producing a paint system.

The invention provides a paint system comprising an anti-fouling metal oxide and a fumed silica,
where the fumed silica has

a BET surface area of 150 to 400 m?#/g,

a tamped density of 100 to 300 g/l and

a thickening of less than 500 mPas at 25°C.

Fumed silicas are produced by flame hydrolysis of silicon compounds. In this process, a hydrolysable
silicon compound is reacted in a flame formed by combustion of hydrogen and of an oxygen-
containing gas. The combustion flame here provides water for the hydrolysis of the silicon halide, and
sufficient heat for the hydrolysis reaction. This operation generally forms aggregates which form a
three-dimensional network. A plurality of aggregates may form agglomerates. A fumed silica
produced in this way is referred to as fumed or pyrogenic, hydrophilic silica. Silicas obtained directly
from the flame process and having a BET surface area of 150 to 400 m?#/g have a low tamped density
and high thickening in paints. For instance, the tamped density is generally about 40 to 60 g/l and the
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thickening is more than 2500 mPas at 25°C. This fumed silica is unsuitable for the present invention.
The silica present in the present invention has a high tamped density combined with low thickening.

In a preferred embodiment, the BET surface area is 180 to 330 m#/g, the tamped density is 150 to
250 g/l and the thickening is 250 to 400 mPas at 25°C.

The silica of the preferred embodiment can be produced, for example, by grinding the above-
described silica obtained directly from the flame process.

The fumed silica present in the paint system may also be a hydrophobized silica. It can be
produced by reacting a hydrophilic silica as obtained from the flame process with a hydrophobizing
agent and then grinding it. Useful hydrophobizing agents are mainly organosilanes,
haloorganosilanes, silazanes or polysiloxanes. Preference is given to using dimethyldichlorosilane,
octyltrimethoxysilane, octyltriethoxysilane, hexamethyldisilazane, hexadecyltrimethoxysilane,
hexadecyltriethoxysilane and dimethylpolysiloxane. According to the hydrophobizing agent used
and the amount thereof, there remains a carbon content of 1% to 10% by weight on the
hydrophobized silica. This hydrophobized silica too is subsequently ground.

In both cases, hydrophilic and hydrophobic silica, grinding requires a specific energy input of 200 to
2000 kJ/kg, preferably 500 to 1800 kJ/kg, most preferably 700 to 1500 kJ/kg. The specific energy
input is calculated as follows: Specific energy input = (Po — Ppo) % t/ m, with Pp = total power input,
Poo = no-load power, t = energy input time, m = mass of silica used.

Energy input is at its optimum with an assembly having a power of at least 1 kW, preferably 1 to

20 kW, more preferably 2 to 10 kW. Preference is given to the use of a rotor ball mill. The grinding
balls are preferably made of steel. When a rotor ball mill is used, Po relates to the total power input,
i.e. inclusive of silica and grinding balls. Ppo describes the no-load power, i.e. without silica and
grinding balls. The charging volume of the fumed silica in the rotor ball mill is preferably 10% to 80%
by volume, preferably 20% to 50% by volume, based in each case on the volume of the rotor ball mill.
The grinding time is preferably 0.1 to 120 minutes, more preferably 0.2 to 60 minutes, very preferably
0.5 to 10 minutes. In the course of grinding, it is possible to add up to 3% by weight of water, based

on the amount of silica.

It has been found that this treatment step alters the aggregate structures and aggregate
dimensions. The maximum aggregate diameter of such a ground silica is generally only 100 to 200
nm. Furthermore, the degree of branching and the number of primary particles per aggregate is
reduced.

The table shows the data from an image analysis for about 2000 aggregates in accordance with
ASTM D 3849 for the silica which is particularly suitable in the paint system according to the

invention, after grinding, as compared with the unground silica.
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Table: Aggregate structure and dimensions before/after grinding

Silica before
Silica after grinding
grinding

Area nm? 41111 13417
Circumference nm 3002 947
Convex circumference nm 1056 446
Minimum diameter nm 244 107
Maximum diameter nm 393 167
Free area % 26 38
Degree of branching 13.2 5.29
Number of primary

particles/aggregate e e
Aggregates circular % 0.09 0.34
ellipsoidal % 4.23 30.3
linear % 22.2 41.1
branched % 72.6 28.0

The BET surface area is determined in accordance with DIN ISO 99277 and the tamped density in
accordance with DIN EN I1SO 787/11.

The thickening, in mPas, is determined in a dispersion of the silicon dioxide powder in an
unsaturated polyester resin, such as cocondensates of ortho- or meta-phthalic acid and maleic acid
or fumaric acid, or the anhydrides thereof, and a low molecular weight diol, for example ethylene
glycol, propane-1,2- or -1,3-diol, butane-1,2- or -1,3- or -1,4-diol, neopentyl glycol
((CHs3)2C(CH20H)2), or polyols such as pentaerythritol, preferably dissolved in an amount of 30% to
80% by weight, preferably 60% to 70% by weight, in an olefinic reactive diluent as solvent, for
example monostyrene. The viscosity of the polyester resin is 1300 +/- 100 mPas at a temperature
of 22°C. 7.5 g of silicon dioxide powder are introduced into 142.5 g of polyester resin at a
temperature of 22°C and dispersed therein with a dissolver at 3000 min-'. 60 g of this dispersion
are admixed with a further 90 g of the unsaturated polyester resin and dispersal is repeated.
Thickening refers to the viscosity value in mPas of the dispersion at 25°C, measured with a rotary
viscometer at a shear rate of 2.7 s”'. An example of a useful unsaturated polyester resin is
Ludopal® P6, BASF.

The second essential component of the paint system according to the invention is an anti-fouling
metal oxide. Anti-fouling means that this metal oxide is capable of retarding, containing or
preventing surface colonization by animals, including microorganisms, and plants on objects to
which the particles have been applied by coating, particularly for objects which are in contact with

water, more particularly seawater.

The anti-fouling metal oxide is preferably selected from the group consisting of copper oxide,
titanium dioxide, iron oxide, manganese oxide, vanadium oxide, tin oxide and zinc oxide. It is also
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possible that the paint system comprises two or more of these anti-fouling metal oxides. The best
results are displayed by a paint system wherein the main constituent of the anti-fouling metal oxide

is copper(l) oxide.

The anti-fouling metal oxide is preferably in spherical and/or spheroidal form and has a mean
particle diameter of 1 to 20 um. However, it is also possible to use other forms, for example

acicular structures.

The best results are obtained when the diameter, or in the case of acicular the structures the
longest side, of the anti-fouling metal oxide is greater than the mean aggregate diameter of the
fumed silica. More preferably, a ratio of the diameters is 10 to 1000.

The proportion of anti-fouling metal oxide may be varied across broad limits. Preferably, the paint
system includes 0.5% to 60% by weight of anti-fouling metal oxide.

The proportion of fumed silica in the paint system may also be varied across broad limits. However,
it has been found that the paint system displays the best anti-fouling properties when the proportion
of fumed silica is at least 3% by weight, better at least 5% by weight, based on the paint system.
Particular preference is given to a range from 5% to 40% by weight. Such high proportions cannot
be achieved with standard fumed silica as from the flame process because of the strong thickening

effect thereof.

SEM images of a model paint system comprising Cu20 particles and a fumed ground silica show
that the surface of the Cuz0 particles is densely covered by fine fumed silica. These are not core-
shell structures as described in the prior art, in which the shell is bonded to the core in a fixed
manner. In the present case, electrostatic interactions if anything are assumed to be involved.

In general, the paint system according to the invention also comprises film-forming resins. Suitable
polymers for this purpose are acrylates, silicone resins, polyesters, polyurethanes, and resins
based on natural products. Preferably, the paint system comprises swellable or water-soluble
resins, in order to facilitate release of the anti-fouling metal oxides. Swellable or water-soluble
resins may be silyl acrylates or silyl methacrylates, such as tributylsilyl acrylate, triphenyisilyl
acrylate, phenyldimethylsilyl acrylate, diphenylmethylsilyl acrylate, trimethylsilyl acrylate,
triisopropylsilyl acrylate, or the corresponding methacrylates or metal acrylates. Rosin-based resins

may also be part of the paint system according to the invention.

The invention further provides a substrate coated with the paint system. Suitable substrates include
in principle all substrates, examples being those made of metal, plastic or glass fibre. The coating
may be applied by means of known methods such as dipping, brushing, spraying or knife coating.

The present invention further provides for the use of the paint system for the coating of the aquatic
region of a watersports boat, a commercial ship, or a built structure immersed in water, such as
jetties, quay walls, oil drilling platforms, shipping channel markings or measurement probes.

The present invention allows the production of a paint system comprising an anti-fouling
component and a specific fumed silica having high tamped density and low thickening. For the
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production, the components are stirred into the paint matrix with low energy input, for example by

means of a dissolver. High energy inputs as described in the prior art are unnecessary.

Examples

Table 1: Feedstocks

Silica 1 2
BET surface area m?/g 209 184
Tamped density g/l 133 182
Thickening (25°C) mPas 330 290
Carbon content % by wt. 0 12

Introduction of silica and copper(l) oxide into a rosin without antifouling metal oxide: initial
introduction of 350 g of rosin and into a PE cup. Addition of 10%-25% xylene. Addition of silica 1 or
silica 2 while stirring by means of a dissolver (disc @ 50 mm). Dispersing by means of a dissolver
for 15 min (disc @ 50 mm, 3500 rpm).

Subsequently in a bead mill: 1400 g of Ce-stabilized zirconium oxide beads, 2-3 mm, 15 minutes,
2000 rpm, triple grinding disc, addition of copper(l) oxide. Dispersing at 2000 rpm with triple
grinding disc for 5 min, then sieving-off of the beads.

Application by hand by means of a paint roller (short-pile (4 mm) velour paint roller, width 10 cm) to
sanded PVC test panels (20 x 20 cm); dry layer thickness 100 um

Table 2: Composition of the paints and assessment

Example 1 2 3
Silica 1 % by wt. 0 10 0
Silica 2 % by wt. 0 0 10
Cuz0 % by wt. 5 5 5
Fouling rating " 69 100 100

1 Assessment of fouling according to ASTM 6990-03 after weathering for three months in the North

Sea at Norderney (100: perfect, 0% failure; 0: complete failure)
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Claims

g

Paint system, characterized in that

it comprises an anti-fouling metal oxide and a fumed silica, where the fumed silica has
a BET surface area of 150 to 400 m?/g,

a tamped density of 100 to 300 g/l and

a thickening of less than 500 mPas at 25°C.

Paint system according to Claim 1, characterized in that

the anti-fouling metal oxide is selected from the group consisting of copper oxide, titanium

dioxide, iron oxide, manganese oxide, vanadium oxide, tin oxide and zinc oxide.

Paint system according to Claim 1 or 2, characterized in that the proportion of anti-fouling
metal oxide is 0.5% to 60% by weight, based on the paint system.

Paint system according to Claims 1 to 3, characterized in that

the proportion of fumed silica is 5% to 40% by weight, based on the paint system.

Paint system according to Claims 1 to 4, characterized in that it contains film-forming resins.

Substrate coated with the paint system according to Claims 1 to 5.

Use of the paint system according to Claims 1 to 5 for the coating of the aquatic region of a
watersports boat, a commercial ship or a built structure immersed in water.




