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DESCRIPTION

[0001] The present invention relates to the use of a coating for a substrate, particularly a
polyurea protective coating for a wind turbine blade. More precisely, the invention relates to a
use according to claim 1, a kit according to claim 9, a method according to claim 12 and a wind
turbine blade or part thereof according to claim 15.

[0002] Wind turbines are employed to convert kinetic energy from the wind into electrical
energy and are an important source of renewable energy. Various designs are available with
the most common having three blades attached to a horizontal axis. During operation of a wind
turbine, the leading edge of each blade is exposed to wear and tear over time, which results in
blade surface deterioration and increased surface roughness. This leads to reduced annual
energy production (AEP). As such, periodic in-service repairs are needed to preserve the
performance of the turbine, which represents a significant operating cost for wind farms.

[0003] Leading edge erosion increases dramatically with increased speed of the blade. As
wind turbines increase in size with advancing technology in search of greater efficiencies and
return on investment, the blade speed increases and the problem of leading edge erosion
becomes more severe. Blade erosion is also highly dependent on extreme environmental
conditions, e.g. heavy rains, hail, sandstorm conditions. As wind energy develops out of
Europe into emerging markets, blade erosion becomes more significant. Even within Europe,
the emerging offshore market is of particular concern, since the maintenance and repair costs
associated with rectifying eroded blades are extremely high.

[0004] Leading Edge Protection (LEP) products are available. One option is a thermoplastic
polyurethane (TPU) self-adhesive tape that is applied to the blades. Despite providing good
performance in general, it can suffer from edge delamination which can cause premature
failure. Furthermore polyurethane suffers from weathering, such that performance in the field
tends to be lower than in laboratory tests.

[0005] Another commercially available option is a polyurethane coating system that is applied
to the blade. Despite the availability of these products on the market, significant problems exist.

[0006] One issue for polyurethane coating systems is a very long process time between
application to the blade until the polymer is cured. Curing times of approximately 16-24 hours
are required in controlled climate conditions, which necessitate a very large factory footprint to
process an economical throughput of blades.

[0007] Another issue for polyurethane systems is extreme sensitivity to moisture in the
environment: the moisture has adverse effects on the curing reaction and leads to the
occurrence of gassing within the coating resulting in an aerated coating or surface defects
which will all reduce the performance of the coating in practice (as compared to in the
laboratory).
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[0008] Another issue is durability. Most polyurethane systems are effective for 5 to 10 years
whereas modern wind turbine blades have a design life of 20 to 25 years.

[0009] The present invention seeks to overcome one or more disadvantages of the prior art
systems or to provide an alternative.

[0010] According to a first aspect of the present invention there is provided a use according to
claim 1.

[0011] The coating composition may be derived from a polymerisation reaction between a
polyisocyanate resin and a polyamine resin, the polyisocyanate resin comprising one or more
aliphatic isocyanate(s) and the polyamine resin comprising two or more aliphatic polyamines
having primary and/or secondary amine groups,

wherein the aliphatic polyamines comprise (i) at least one triamine that imparts toughness on
the resulting coating and; (i) at least one diamine that imparts flexibility on the resulting
coating.

[0012] The coating composition may be derived from a polymerisation reaction between a
polyisocyanate resin and a polyamine resin, the polyisocyanate resin comprising one or more
aliphatic isocyanate(s) and the polyamine resin comprising two or more aliphatic polyamines
having primary and/or secondary amine groups,

wherein the aliphatic polyamines comprise (i) at least one triamine that imparts toughness on
the resulting coating and; (i) at least one diamine that imparts flexibility on the resulting
coating.

[0013] The coating composition is suitable for coating wind turbine blades, in particular for
wind turbine leading edge protection (LEP). The mechanical properties of the polyurea coating
are very suitable for this application. These properties may include one or more of the
following:

1. (i) low modulus of elasticity and high strain to failure (necessary for both resisting the
high mechanical strains endured by fibre-composite wind turbine blades and also
withstanding the pressure wave that is induced in the coating by the impacting high
velocity droplets and particles);

2. (iiyHigh tensile strength- (necessary to withstand the progress of the pressure wave as it
propagates through the coating without generating tensile failure of the coating)

3. (iii) high toughness and high structural damping (for resisting and dissipating the impact
energy impinged by high speed rain droplets, hail, and sand particles);

4. (iv) good adhesion properties to both epoxy and polyurethane substrates (i.e. typical
blade resin systems and paints); and

5. (v) ease of formulation to resist ultraviolet degradation, resistance to attack by moisture
and tolerance to thermal cycling.
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[0014] In addition, the coating composition benefits from improved processing conditions. A
spray-coated polyurea coating composition may be applied and cured to a tack-free state
within a matter of seconds or a few minutes, instead of the many hours needed for
polyurethanes to cure. As such, additional factory footprint surplus to the standard paint-booth
for topcoat application would not be needed. Hence, a polyurea LEP coating could be applied
within the standard paint-booth footprint, with negligible or no impact on throughput.
Furthermore, the issue of moisture contamination and ambient humidity which is a major
concern in the processing of polyurethane based LEP coatings would be non-existent due to
the rapid curing of polyurea; the opportunity for water to influence the curing reaction is
removed. The polyurea chemistry is also tolerant of temperature variation during application
giving similar cure speed and quality over a range of temperatures, e.g. between 0°C and
35°C. These properties also make polyureas very suitable as an in-service repair
coating/recoating system.

[0015] Polyurea is formed by the polymerisation reaction of a polyisocyanate and a polyamine
thereby generating urea linkages (-HN-C(O)-NH-), for example, as shown in the scheme
below.

[
£
g
@
<
£
+
]
;
7
=
¥
-
e
3,
i
I
o
,
7
)
[

Coating composition

[0016] In exemplary non-claimed embodiments the coating composition has a low volatile
organic content (VOC). In exemplary non-claimed embodiments the coating composition has a
VOC of less than 250g/L. In exemplary non-claimed embodiments the coating composition has
a VOC of less than 100, 50, 10, 5 or Ig/L. The VOC may be determined in accordance with
ASTM D 2369-81, 87, 90, 92, 93, or 95.

Polyisocyanate resin

[0017] Isocyanate is the functional group -N-C=0 so a polyisocyanate is an organic compound
having at least two isocyanate groups, such as two isocyanate groups (di-isocyanate) or three
isocyanate groups (tri-isocyanate).

[0018] The polyisocyanate resin may consist of a single polyisocyanate. In exemplary non-
claimed embodiments the polyisocyanate resin consists of a single polyisocyanate and the
polyisocyanate is a di-isocyanate. Alternatively the polyisocyanate resin may consist of a
mixture of two or more polyisocyanates, such as two, three or four polyisocyanates.
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[0019] In exemplary non-claimed embodiments the polyisocyanate resin comprises a di-
isocyanate and/or a tri-isocyanate.

[0020] Suitable diisocyanates include isophorone diisocyanate (IPDI), an isomeric mixture of
2,2,4- and 2,4 4- trimethyl hexamethylene diisocyanate, hexamethylene diisocyanate, (HDI),
methylene bis (4-cyclohexylisocyanate) (H12 MDI) and 1,6-hexamethylene diisocyanate.

[0021] Suitable trifunctional isocyanates include trimers of isophorone diisocyanate,
triisocyanato nonane, and isocyanurates of hexamethylene diisocyanate.

[0022] In exemplary non-claimed embodiments the polyisocyanate resin comprises alicyclic
isocyanates, particularly isocyanurates of diisocyanates such as hexamethylene diisocyanate
and isophorone diisocyanate.

[0023] The polyisocyanate resin comprises aliphatic polyisocyanate(s), such as an aliphatic di-
isocyanate. An aliphatic polyisocyanate resin is a polyisocyanate that comprises an aliphatic
segment therein.

[0024] The polyisocyanate resin may not comprise methylene diphenyl diisocyanate (MDI), an
aromatic isocyanate. In exemplary non-claimed embodiments the polyisocyanate resin does
not comprise an aromatic isocyanate. Polyureas produced from aromatic isocyanates have
poorer UV resistance properties than those produced from aliphatic isocyanates. As such, they
may discolour and degrade on exposure to UV/direct sunlight.

[0025] An isocyanate or mixture of isocyanates may be described with reference to its
isocyanate equivalent weight (NCO eq. wt). This is the number of grams of product to one
equivalent of isocyanate ("NCO") reactive groups. The isocyanate group content of the
polyisocyanate resin is measurable by titration using di-n-butylamine in accordance with ASTM
D2572- 87.

[0026] In exemplary non-claimed embodiments the polyisocyanate resin has an isocyanate
equivalent weight of no more than 400, 300, 250, 200, 150 or 130¢g/ equivalent and/or at least
70, 90, 100, 150, 100, 200 or 250g/equivalent.

[0027] The polyisocyanate resin may comprise a blend of difunctional and trifunctional
isocyanate oligomers with Isocyanate weight range 230-370g/equivalent.

[0028] In exemplary non-claimed embodiments the polyisocyanate resin comprises (i)
hexamethylene diisocyanate, (ii) isophorone diisocyanate and/or (iii) methylene bis (4-
cyclohexylisocyanate). In exemplary non-claimed embodiments the polyisocyanate resin
comprises at least 30, 40, 50, 60, 70, 80 or 90wt% i) hexamethylene diisocyanate, (ii)
isophorone diisocyanate and/or (iii) methylene bis (4-cyclohexylisocyanate).

[0029] In exemplary non-claimed embodiments the polyisocyanate resin comprises or consists
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of hexamethylene diisocyanate (HDI). HDI has a molar mass of 168.2g/mol. HDI has two
isocyanate groups so its isocyanate equivalent weight is 168.2/2 = 134.1g/equivalent. If the
HDI is reacted to form a prepolymer (as in the method of the second aspect), then the
prepolymer will have a lower isocyanate equivalent value than the starting HDI.

[0030] In exemplary non-claimed embodiments the polyisocyanate resin comprises or consists
of methylene-bis(4-cyclohexylisocyanate), which has a molar mass of 262.35. This isocyanate
has two isocyanate groups so its isocyanate equivalent weight is 262.35/2 = 131.2g/equivalent

[0031] In exemplary non-claimed embodiments the polyisocyanate resin comprises or consists
of isophorone diisocyanate (IPDI). In exemplary non-claimed embodiments the polyisocyanate
resin comprises at least 30, 40, 50, 60, 70, 80 or 90wt% isophorone diisocyanate. IPDI has
excellent UV stability, which is especially important when the resulting coating is applied to a
wind turbine blade.

[0032] IPDI has a molar mass of 222.3g/mol. IPDI has two isocyanate groups so its isocyanate
equivalent weight is 222.3/2 = 111.1g/equivalent. If the IPDI is reacted to form a prepolymer (as
in the method of the second aspect), then the prepolymer will have a lower isocyanate
equivalent value than the starting IPDI.

[0033] In exemplary non-claimed embodiments the polyisocyanate resin has a number
average molar mass of no more than 1000, 800, 600, 500, 400, 250 or 300g/mol and/or at
least 100, 150, 200 or 250g/mol. In one exemplary non-claimed embodiment the
polyisocyanate resin has a number average molar mass of 200 to 250g/mol.

Polyamine resin

[0034] The polyamine resin comprises two or more aliphatic polyamine(s) having primary
and/or secondary amine groups. A polyamine is a compound with two or more amine groups,
for example a diamine (two amine groups) or a triamine (three amine groups).

[0035] Amine groups may be described as primary, second or tertiary depending on the

number of hydrogen substituents. A primary amine has the formula R'NH,; a secondary amine

has the formula R'R2NH and a tertiary amine has the formula R'R2R3N, wherein each of R,

R2 and R3 is independently an alkyl or aryl group that is optionally substituted.

[0036] The polyamine resin comprises two or more polyamines having primary and/or
secondary amine groups, for example, two, three, four, five, six, seven or eight or more such
polyamines. The inventors have determined that a blend of polyamines imparts specific
properties on the resulting coating composition that renders it particularly suitable for use as an
LEP coating.
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[0037] In exemplary non-claimed embodiments the polyamine resin does not comprise an
aromatic polyamine.

[0038] In exemplary non-claimed embodiments the polyamine resin comprises at least one
aliphatic polyamine having one or more primary amine groups. In embodiments the polyamine
resin comprises an aliphatic polyamine having only primary amine groups i.e. a primary
polyamine.

[0039] In exemplary non-claimed embodiments the polyamine resin comprises at least one
aliphatic polyamine having one or more secondary amine groups. In exemplary non-claimed
embodiments the polyamine resin comprises an aliphatic polyamine having only secondary
amine groups i.e. a secondary polyamine.

[0040] In exemplary non-claimed embodiments the polyamine resin comprises both an
aliphatic polyamine having only primary amine groups and an aliphatic polyamine having only
secondary amine groups.

[0041] A polyamine may be described with reference to its amine equivalent weight. This is the
number of grams of product to one equivalent of amine reactive groups with respect to
isocyanate. In exemplary non-claimed embodiments the polyamine resin has an amine
equivalent weight with isocyanates of at least 60, 150 or 200g/equivalent and/or no more than
3000, 2000, 1000, 700 or 500g/equivalent. Amine value can be determined in accordance with
ASTM D 2074.

[0042] In exemplary non-claimed embodiments the polyamine resin comprises cyclic and
acyclic (i.e. open-chain) polyamines.

[0043] In exemplary non-claimed embodiments the aliphatic polyamines having primary and/or
secondary amine groups comprise polyether amines. In exemplary non-claimed embodiments
the aliphatic polyamines having primary and/or secondary amine groups comprises at least 30,
40, 50, 60, 70, 80 or 90wt% and/or no more than 95, 85 or 75wt% polyether amines.

[0044] In exemplary non-claimed embodiments the polyamine resin comprises from 80 to
100wt% polyether amines. In one such exemplary non-claimed embodiment, any remaining
amine is aliphatic or cycloaliphatic.

[0045] In exemplary non-claimed embodiments the aliphatic polyether amine comprises a
primary polyether amine.

[0046] In exemplary non-claimed embodiments the aliphatic polyether amine comprises a
secondary polyether amine. Examples of aliphatic polyether amines include polyamines having
repeat oxypropylene and/or oxyethylene units in the backbone, i.e. polyoxypropylamines and
polyoxyethyl amines.
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[0047] In exemplary non-claimed embodiments the aliphatic polyether amine comprises
polyoxypropyldiamine and/or polyoxypropyltriamine.

[0048] In exemplary non-claimed embodiments the aliphatic polyether amine comprises
polyoxyethyldiamine and/or polyoxyethyltriamine.

[0049] In exemplary non-claimed embodiments the polyamine resin comprises
polyoxypropyldiamine, such as at least 10, 20, 30 or 40wt% polyoxypropyldiamine and/or no
more than 80, 60 or 30wt% polyoxypropy lediamine.

[0050] In exemplary non-claimed embodiments the polyamine resin comprises one or more
polyaspartic ester amine(s). In exemplary non-claimed embodiments the polyamine resin
comprises no more than 50, 30, 20 or 10wt% polyaspartic ester amine and/or at least 5, 10, 15
or 20wt% polyaspartic ester amine(s). In one such exemplary non-claimed embodiment the
polyamine resin comprises no polyaspartic ester amine. Polyaspartic ester amine is moisture
sensitive so should be used in moderation if at all. Polyaspartic ester amine also slows the
polymerisation reaction so reducing or replacing this polyamine can provide benefits in terms
of reaction times.

[0051] In exemplary non-claimed embodiments the polyamine resin has a number average
molar mass of at least 1000, 2000 or 3000g/mol and/or no more than 6000, 5000, 4000, 3000
or 2000g/mol. It will be understood that properties of the polyamine resin refer to the properties
of all of the polyamine resin employed in preparing the composition. For example, where the
composition is prepared using the method of the second aspect, then polyamine resin may be
employed in a second component as well as in a third component. The number average molar
mass refers to the total resin from both the second and third components.

[0052] In exemplary non-claimed embodiments the aliphatic polyamine(s) having primary
and/or secondary amine groups comprise a polyamine having a number average molar mass
of at least 100 1000, 2000 or 3000g/mol and/or no more than 6000, 5000, 4000, 3000 or
2000g/mol.

[0053] The aliphatic polyamines having primary and/or secondary amine groups are selected
to impart specific properties on the resulting coating composition such as hardness, toughness,
strength, strain to failure, and flexibility

[0054] The aliphatic polyamines comprise a triamine (a trifunctional polyamine) that provides
toughness. The inventors have determined that the use of a trifunctional amine imparts
toughness to the resulting coating composition. In exemplary non-claimed embodiments the
triamine is a primary triamine, such as a primary triamine polyetheramine. Examples include
polyetheramines sold under the trade names Jeffamine®T-403, Jeffamine® T3000 and
Jeffamine® T5000.

[0055] The aliphatic amines comprise a diamine (a difunctional polyamine) that provides
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flexibility (e.g. low modulus of elasticity and high elongation). The inventors have determined
that the use of a difunctional amine imparts flexibility to the resulting coating compaosition. In
exemplary non-claimed embodiments the diamine is a primary or secondary diamine
polyetheramine. Examples include polyetheramines sold under the trade name Jeffamine®
D230, D400, D205, D-2000, SD-2001and D4000. In exemplary non-claimed embodiments the
diamine has a molar mass of at least 2000g/mol.

[0056] In exemplary non-claimed embodiments the polyamine resin comprises a polyamine
that provides hardness. The inventors have determined that relatively small secondary diamine
provide hardness, especially a cycloaliphatic bis (secondary amine) such as Jefflink®136
(Huntsman), or Clearlink 1000 (Dorf Ketal).

[0057] The aliphatic polyamines having primary and/or secondary amine groups comprise a
first polyamine that provides toughness and a second polyamine that provides flexibility. It will
be understood that the first polyamine is different from the second polyamine.

[0058] In exemplary non-claimed embodiments the polyamine resin comprises a primary
polyether diamine, for example at least 10, 15, 20, 25, 30, 40, 50, or 60wt% primary polyether
diamine and/or no more than 70, 60, 50, 40, 30 or 20wt% primary polyether diamine.

[0059] In exemplary non-claimed embodiments the polyamine resin comprises a primary
polyether triamine, for example at least 5, 10, 15, 20, 25, 30, 40, 50, or 60wt% primary
polyether triamine and/or no more than 70, 60, 50, 40, 30, 20 or 15wt% primary polyether
triamine.

[0060] In exemplary non-claimed embodiments the polyamine resin comprises a secondary
polyether diamine for example at least 5, 10, 15, 20, 25, 30, 40, 50, or 60wt% secondary
polyether diamine and/or no more than 70, 60, 50, 40, 30, 20 or 15wt% secondary polyether
diamine.

[0061] In exemplary non-claimed embodiments the polyamine resin comprises a cycloaliphatic
bis (secondary amine), for example at least 5, 10, 15, 20, 25, 30, 40, 50, or 60wt% and/or no
more than 70, 60, 50, 40, 30, 20 or 15wt%.

[0062] In exemplary non-claimed embodiments the polyamine resin comprises:

1. (i) a primary polyether diamine, optionally 10 to 40wt% or 20 to 30wt% primary polyether
diamine; and/or

2. (iiy a primary polyether triamine, optionally 10 to 30wt% or 15 to 25wt% primary
polyether triamine; and/or

3. (iii) a secondary polyether diamine, optionally 10 to 30wt% or 15 to 25wt% secondary
polyether diamine; and/or

4. (iv) a cycloaliphatic bis (secondary amine), optionally 10 to 60wt%, 20 to 50wt% or 20 to
40wt% cycloaliphatic bis (secondary amine).
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Ratios

[0063] In exemplary non-claimed embodiments the ratio of the polyisocyanate resin to the
polyamine(s) having primary and/or secondary amine groups is 10 to 50wt% : 90 to 50wt%, 15
to 40wt% : 85 to 60wt%, or 20 to 30wt%: 80 to 70wt%.

[0064] In exemplary non-claimed embodiments the polyisocyanate resin and the polyamine(s)
having primary and/or secondary amine groups are present in amounts so that the
stoichiometric ratio of isocyanate groups: amine groups is greater than 0.8:1.0, greater than
0.9:1.0, or greater than 1.0:1.0 and/or no more than 2.0:1 .0, no more than 1.5:1, no more
than 1.3: 1.0, or no more than 1.2:1. In exemplary non-claimed embodiments the
stoichiometric ratio of isocyanate groups: amine groups is from 1:1 to 1.1:1.

[0065] In exemplary non-claimed embodiments the polyamine resin comprises a diamine (a
difunctional amine) and a trifunctional amine (a triamine). The ratio of the triamine to the
diamine may be 75-95wt% diamine to 5-25wt% triamine.

[0066] In exemplary non-claimed embodiments the polyisocyanate amine resin comprises a
blend of diisocyanate (difunctional isocyanate) and triisocyanate (trifunctional isocyanate). The
ratio of the diisocyanate to the triisocyanate may be 75-95wt% diisocyanate to 5-25wt%
triisocyanate.

Additional components

[0067] The polyurea coating composition comprises polyurea derived from the polymerisation
of a polyisocyanate resin and a polyamine resin. However, it may also comprise various
additives e.g. to aid dispersion of the pigments or improve the flow or surface wetting
properties of the coating. Such additives are normally incorporated into the polyamine resin. In
embodiments the coating composition comprises no more than 50, 25, 20, 15, 10, 5 or 3wt%
additives.

[0068] In exemplary non-claimed embodiments the coating composition comprises at least one
pigment. Wind turbines conventionally have a light grey colour, which may be achieved by a
combination of carbon (black) and titanium dioxide (white) for example. The pigment may be
mixed with the resins prior to or after polymerisation. i.e. they are incorporated into the
component parts.

[0069] In exemplary non-claimed embodiments the coating composition comprises at least 1,
2, 5 or 10wt% pigment and/or no more than 50, 25, 15, 10 or 5wt% pigment.
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[0070] In exemplary non-claimed embodiments the coating composition comprises no more
than 3wt% carbon pigment. In exemplary non-claimed embodiments the coating composition
comprises at least 3, 5 or 10wt% and/or no more than 50, 20, 10 or 5wt% titanium dioxide.

[0071] In exemplary non-claimed embodiments the coating comprises an additive that
provides UV absorption, such as hydroxyl phenyl triazine, benzophenone or a hindered amine.
Examples include those sold under the Tinuvin® brand.

[0072] In exemplary non-claimed embodiments the coating composition comprises an
adhesion promotor, such as an aminosilane and/or a thixotrope, such as a hydrophobic silica.

[0073] Other fillers may be incorporated into the formulation to enhance the performance.
Examples of fillers include finely divided minerals such as barium sulphate, silica, including
fumed silica and/or colloidal silica, alumina, kaolin, colloidal alumina, titanium dioxide, zirconia,
colloidal zirconia, clay, mica, dolomite, talc, magnesium carbonate, calcium carbonate, calcium
sulphate, calcium silicate, and/or calcium metasilicate.

[0074] In the absence of matting agents, the resulting coating is glossy, rather than matt.

Primer

[0075] When a droplet of rain impacts the leading-edge protection (LEP) on a turbine blade a
shock wave is generated which propagates through the coating. An LEP coating is designed to
be able to withstand this wave without failure, and to do this it is formulated to have a high
elongation to break 500-1000%. As the pressure wave propagates through the LEP it meets
the underlying substrate. The substrate is usually a glass reinforced epoxy laminate with a thin
coating of polyurethane paint. This is a low strain capability material with a maximum strain of
3%. When the wave hits the hard and relatively inflexible substrate a proportion of the wave
energy gets reflected back into the LEP. This reflected wave produces a large out of plane
force at the interface of the substrate and the LEP, that tries to disbond the coating. If the bond
strength of the LEP is insufficient, failure will occur at this point. Once the coating has failed at
this interface the coating will be unsupported and will quickly degrade further under the
onslaught of the rain impingement.

[0076] In one exemplary non-claimed embodiment a primer is applied between the substrate
(blade) and the polyurea coating, The primer is derived from a polymerisation reaction
between a part A and a part B, part A comprising a polyisocyanate resin and part B comprising
a blocked polyamine resin and a reactive silane (e.g. an amino silane and/or an epoxy silane).
The primer of the present invention is a moisture-activated two component polyurea.

Part A Composition (isocyanate)
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[0077] Part A can use a variety of isocyanates either in the form on unreacted grades such as
HDI (hexamethylene diisocyanate), IPDI (isophorone diisocyanate), MDI (methylene diphenyl
diisocyanate ) or prepolymers of isocyanates can be used.

[0078] More specifically, prepolymers based on HDI may be employed. These can be HDI
isocyanurate trimer e.g. HDI iminooxadiazinedione; HDI allophanate; HDI uretdione.

[0079] The polyisocyanate resin may comprise one or more aliphatic isocyanate(s) as
described above. Aromatic isocyanates may also be used in the part A. For example MDI can
be used in its liquid form, e.g. a eutectic blend of the 4,4 and the 2,4 isomers. Modified MDI
grades may also be used.

[0080] Similarly TDI (toluene diisocyanate ) can be used and may be employed in its liquid
form, e.g. as a mixture of the 2,4 and 4,4 isomers.

[0081] The above-mentioned isocyanates are suitable and they can be used separately or
blends can be made of the various grades to obtain optimised balance of properties.

[0082] When selecting the isocyanates for part A, the viscosity of the part A should be below
4,000mPas at 25°C and ideally it is below 1,000mPas.

Part B Composition (blocked amine and amino silane)

[0083] The part B is composed primarily of a blocked amine. A blocked amine is an organic
compound comprising at least one amino group. A blocked amine may be the reversible
reaction product of an amine and another chemical to form a compound which may be
dissociated back to its original constituent parts by exposure to other chemicals or stimuli.

[0084] The blocked amine may be an aldimine such as a blocked isophorone diamine or a
bisaldimine. Many alidimine materials are suitable for the part B. The amine in the aldimine
may be selected to have properties suitable for the final film properties for the cured primer,
with regard to film hardness, strength and flexibility. Cycloaliphatic amines are suited to this
such as isophorone diamine. The blocked amine can also be a ketimine.

[0085] The blocked amine may be an aldimine, a ketamine or a cycloaliphatic amine.
It will be understood that an aldimine is an imine that is an analog of an aldehyde and a
ketimine is an analog of a ketone.

[0086] The second component in part B is an amino silane or an epoxy silane. Silanes are
saturated chemical compounds consisting of one or multiple silicon atoms linked to each other
or one or multiple atoms of other chemical elements as the tetrahedral centres of multiple
single bonds. By definition, cycles are excluded, so that the silanes comprise a homologous



DK/EP 3601785 T3

series of inorganic compounds with the general formula SiHop42.

[0087] The amino silane may be a primary amino silane. The amino silane may be an amino
alkoxy silane.

[0088] Many amino/epoxy silanes are suitable for wuse in Part B, such as
gammaglycidoxypropyltrimethoxysilane, gamma-Aminopropyltriethoxysilane and bis-(gamma-
Trimethoxysilylpropyl)amine.

[0089] When the part A and Part B are mixed together, the mix should have a viscosity of less
than 500 mPas. and ideally less than 200mPas. at 25°C. This ensures good wetting and
penetration of the substrate.

[0090] Polyurea coating used in some applications (for example on porous substrates like
concrete) are known and use a one component moisture cured polyurethanes as primers to
aid adhesion. These can be solvented or solvent-free.

[0091] These known primers have limitations since solvented systems are hazardous due to
the volatile solvents and the solvent free systems have low cure speeds resulting in a
significant time delay before the coating can be applied, often overnight. This delay is
unacceptable for a production process making wind turbine blades.

[0092] The primer of the present invention is a moisture-activated two component
polyurethane. The part A is mixed with the Part B prior to use. The mixed system may have a
pot life of 10 hours. We propose that moisture on the substrate (e.g. blade) and in the air
triggers the cure of the primer sufficiently for the application of the LEP coating. The primer
may be applied as a thin coating (e.g. 50-150gsm) with a brush or squeegee. The primer may
be allowed to tack-off which may take 1.5 hours. It is then overcoated with the LEP coating.

[0093] The primer can be overcoated with the polyurea LEP coating system, e.g. brush or
spray applied.

[0094] The primer may be formulated to have chemical groups, e.g. isocyanate, amine, that
can interact with the reactive groups in the LEP coating (eg. isocyanate, amine, hydroxyl,) and
form strong chemical bonds.

[0095] The mechanical properties of the primer are designed to be intermediate, with regard to
strength and strain, to those of the LEP coating and the substrate and thus to mitigate the
large difference in properties of the LEP coating and the substrate, and reduce the stresses at
the interface of the substrate and the coating system.

[0096] We submit that the primer works by a reaction of the blocked amine in part B with
moisture on the substrate and in the air, which liberates the amine which then reacts with the
isocyanate in part A. The primer also contains an amino-silane in part B which aids the
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interaction between the coating and any mineral or silcaceous materials in the substrate.

[0097] As the primer reacts with moisture it is tolerant of high levels of moisture on the surface.
It also will leave a moisture free surface for the LEP to bond to. This surface also has free
isocyanate functionality for the LEP coating to interact with and form a strong bond.

[0098] The primer has a low viscosity to ensure good surface wetting and is 100% solvent free.
This provides an additional benefit over the prior art since solvents are a hazard in the
workplace.

[0099] The primer may have low levels of residual isocyanate monomer, such as less than
0.5%, typically 0.2%.

[0100] The primer may not contain any heavy metal salts, such as mercury and tin, which are
commonly used as accelerators in some polyurethane systems.

[0101] A preferred coating composition has the following features:

+ Blend of difunctional and trifunctional Isocyanate oligomers with Isocyanate weight range
230-370

Preferred Ratio of difunctional amine (75-95%) to trifunctional amine (5-25wt%)
Preferred Ratio of difunctional isocyanate (75-95%) to trifunctional isocyanate (5-25wt%)
Viscosity <1000mPa.s at 25°C, viscosity <100mPa.s at 65°C

Reactivity - thin film set time >25 seconds but <60 seconds

[0102] According to a second aspect of the invention there is provided a method according to
claim 12.

[0103] The method may comprise

partially polymerising a first component and a second component to form a prepolymer; and
polymerising the prepolymer with a third component to form the coating composition; wherein
the first component comprises an aliphatic polyisocyanate;

the second component comprises (i) a polyol and/or (ii) a first polyamine resin, the first
polyamine resin comprising one or more aliphatic polyamine(s) having primary or secondary
amine groups; and

the third component comprises a second polyamine resin, the second polyamine resin
comprising one or more aliphatic polyamine(s) having primary or secondary amine groups,

wherein the aliphatic polyamines comprise (i) at least one triamine that imparts toughness on
the resulting coating; and (i) at least one diamine that imparts flexibility on the resulting
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coating.

The method may comprise partially polymerising a first component and a second component
to form a prepolymer; and

polymerising the prepolymer with a third component to form the coating composition, wherein
the first component comprises an aliphatic polyisocyanate,

wherein the aliphatic polyisocyanate comprises (i) at least one tri-isocyanate that imparts
toughness on the resulting coating; and (ii) at least one di-isocyanate that imparts flexibility on
the resulting coating;

the second component comprises (i) a polyol and/or (ii) a first polyamine resin, the first
polyamine resin comprising one or more aliphatic polyamine(s) having primary or secondary
amine groups; and

the third component comprises a second polyamine resin, the second polyamine resin
comprising one or more aliphatic polyamine(s) having primary or secondary amine groups.

[0104] The method uses two steps to form the coating composition for the use of the first
aspect. The partial polymerisation (also known as a pre-reaction) can take place at a separate
location from the subsequent polymerisation i.e. the partial polymerisation takes place in a
factory whereas the subsequent polymerisation (to form the polyurea coating) will generally
take place where the substrate is coated. This improves safety and processing parameters.

[0105] The first polyamine resin and the second polyamine resin together constitute the
polyamine resin described in relation to the first aspect. The comments above apply equally
here. WWhen analysing a final coating composition it may not be possible to determine whether
an amine was part of the second or third component.

Polyol

[0106] A polyol is a compound with multiple hydroxyl functional groups. In exemplary non-
claimed embodiments the polyol comprises a polymeric polyol, such as a polyether polyol or a
polyester polyol. In exemplary non-claimed embodiments the polyol has a molar mass of at
least 1000, 2000 or 3000g/mol.

[0107] Suitable polyether polyols include polyether diols, such as polyethylene glycol (e.g.
2000g/mol), polypropylene glycol, and poly(tetramethylene ether) glycol.

[0108] Other suitable polyols include neopentyl glycol and butane diol.
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[0109] An accelerator (e.g. dibutyltinlaurate) is normally used with the polyol in the reaction
process to ensure that the slower isocyanate polyol reaction is driven to completion.

Prepolymer

[0110] The prepolymer is formed by the partial reaction of the isocyanate resin and either an
amine or a polyol. Both routes will produce a higher molecular weight material which will still
contain isocyanate reactive groups that when mixed with the third component will polymerise
and form the cured coating. A polyol might provide cost savings and similar performance, as
compared to the use of the amine but it would be more complex to make and have less shelf
stability.

[0111] The nature and the amount of the reactants used to form the prepolymer will affect the
properties of the prepolymer and thus the properties of the final cured coating. Generally if
more polyol/polyamine resin is used to form the prepolymer, then a prepolymer with a lower
final NCO (isocyanate) level will be formed. If less polyol/polyamine resin is used, then a
prepolymer with a higher final NCO level will be formed. In exemplary non-claimed
embodiments, the isocyanate levels in the prepolymer are generally from 10 to 20%, such as
12 to 16%. They can be measured by titration using di-n-butylamine in accordance with ASTM
D2572- 87.

[0112] Possible ranges of first and second components to form the prepolymer.
First component: 50 44 {40
polyisocyanate

resin, e.g. IPDI

Second component: 50 56 {60

(i) polyol and/or

(i) first polyamine resin, e.g. primary polyether diamine such
as Jeffamine® D2000

NCO level% 16.72 {14.4 {12.57

[0113] The NCO level in the prepolymer will affect the speed of the cure of the coating, with
higher NCO levels giving a faster cure. It will also affect the hardness of the resulting coating,
with higher NCO levels giving a harder coating.

[0114] If amines with a higher functionality than two are used in the second component (e.g.
triamines such as Jeffamine® T3000, or T5000), the final coating will be tougher. However if
too much triamine is used in the second component it is possible to produce a gel rather than a
free flowing liquid. This is undesirable. The inventors propose employing both a triamine and a
diamine in the second component to prevent gel formation.
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[0115] In exemplary non-claimed embodiments the second component comprises a first
polyamine resin, which comprises a triamine and a diamine.

[0116] In exemplary non-claimed embodiments the second component comprises a first
polyamine, which comprises a diamine and no triamine.

[0117] The amines used in the second component can be primary diamine (e.g. primary
polyoxypropyldiamine, such as Jeffamine® D2000) or secondary diamines (e.g. secondary
polyoxypropyldiamine, such as Jeffamine® SD2001). The use of secondary diamines will result
in a prepolymer with a lower viscosity due to reduced hydrogen bonding in the final
prepolymer. This can be beneficial in spray applications

[0118] After the manufacture of the prepolymer it is possible to determine the amount of NCO
in the product to ensure that the reaction is complete and all the amine (or OH functionality)
has been reacted out. This can be done by titration using di-n-butylamine in accordance with
ASTM D2572- 871.

[0119] A final stage of vacuum distillation of the prepolymer may be used. This will remove any
unreacted pure isocyanate from the material to a level below 1%. This is sometimes required
to ensure that operators are not exposed to higher level of airborne free isocyanate during
application.

[0120] The method can be described with reference to the volumes of the first component and
the second component. In exemplary non-claimed embodiments the ratio of the volume of the
first component to the volume of the second component is 30 to 60 vol% first component : 70
to 40vol% second component, such as 40 to 50 vol% first component : 60 to 50 vol%.

[0121] The method can be described with reference to the masses of the first component and
the second component. In one exemplary non-claimed embodiment the ratio of the mass of
the first component to the mass of the second component is 30 to 60 wt% first component : 70
to 40wt% second component, such as 40 to 50 wt% first component : 60 to 50 wt% second
component or 45 to 55 wt% first component : 55 to 45wt% second component.

[0122] The method can be described with reference to the volumes of the prepolymer and
third components. In exemplary non-claimed embodiments the ratio of the volume of the
prepolymer to the volume of the third component is 40 to 60 vol% prepolymer : 60 to 40vol%
third component, such as 45 to 55 vol% prepolymer : 55 to 45 vol% third component.

[0123] The method can be described with reference to the masses of the prepolymer and the
third component. In exemplary non-claimed embodiments the ratio of the mass of the
prepolymer to the mass of the third component is 40 to 60 wt% prepolymer : 60 to 40wt% third
component, such as 45 to 55 wt% prepolymer : 55 to 45 wt% third component.
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[0124] In exemplary non-claimed embodiments the method is carried out in the absence of
solvent. Examples of solvents include xylene, aliphatic white spirit solvent, mineral spirits,
ketonic solvents, and ester solvents.

[0125] It will be understood that the invention also resides in the prepolymer and the coating
composition obtainable by the method of the second aspect.

[0126] According to a third aspect of the present invention there is provided a kit according to
claim 9.

[0127] The aliphatic polyamines may comprise at least one triamine that imparts toughness on
the resulting coating and at least one diamine that imparts flexibility on the resulting coating.

[0128] The aliphatic polyisocyanate may comprise at least one tri-isocyanate that imparts
toughness on the resulting coating; and at least one di-isocyanate that imparts flexibility on the
resulting coating.

[0129] It will be understood that the prepolymer and the third component will be supplied in
separate packs, e.g. drums. The prepolymer and the third component can be combined to
polymerise and form the polyurea coating composition on demand.

[0130] In exemplary non-claimed embodiments the kit does not comprise any solvent.

[0131] In exemplary non-claimed embodiments the kit additionally comprises (c) a feeding
system to pump the prepolymer and the third component separately from the supply packs
(e.g. drums) to the proportioning system; (d) a proportioning and heating system to separately
meter the volumes of each component and raise the pressure and temperature in preparation
for mixing and spraying; (e) heated hoses to maintain temperature of the components between
the proportioning unit and spray gun; and (f) a spray gun incorporating an impingement mixing
chamber.

[0132] According to an example there is provided a method for protecting a substrate against
erosion, the method comprising providing the coating composition obtained by the method of
the second aspect;

1. (i) applying the coating composition to the substrate to form one or more coating layers
on the substrate; andallowing the coating composition to harden on the substrate; or

2. (i) applying the coating composition to an adhesive film to form one or more coating
layers on the adhesive film; allowing the coating composition to harden on the adhesive
film; applying the coating to the substrate by means of the adhesive film.

[0133] A film adhesive made from "B-staged” epoxy may be employed. B-staged means that
the epoxy is only slightly cured, so that it forms a tacky film consistency. This has the
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advantage that it can be handled in a semi-solid state, stored, applied to the substrate as a
film, and cured later by using heat to activate the remainder of the cure reaction.

[0134] Applying the coating to the adhesive film may comprise spraying the coating onto the
film (e.g. an epoxy film in the B-staged state). There is the additional advantage that the
polyurea forms a strong chemical bond with the film since it is still relatively uncured and cross-
linking between the polyurea coating and the epoxy adhesive film will occur.

[0135] The polyurea coating is allowed to cure on the adhesive film. The combined
coating/adhesive film (e.g, epoxy film) may then be stored at low temperature, since this
prolongs the life of the B-staged epoxy (the higher the temperature, the more quickly it will "go
off", i.e. the cure reaction progresses).

[0136] At a blade factory or a wind farm site, the coating/adhesive film can then be removed
from the cold storage and applied directly to the substrate (blade leading edge).

[0137] The adhesive fiim (e.g. epoxy film) will still have a very "tacky" consistency so will
adhere to the substrate (like sticky tape). Care must be taken to avoid air bubbles entrapped
between the film adhesive and substrate, by applying manual pressure from the middle
outwards, and gently working the tape down, e.g. with a soft roller. To ensure good
consolidation (pressure applied to the adherents) during the cure process, a vacuum bag may
be applied around the film and sealed peripherally to the blade. A "breather" layer may be
applied between the vacuum bag and the film to ensure even distribution of vacuum pressure.
Heat is then applied (up to 80°C), for example by means of an electrical heat blanket, or by
constructing a "tent” and forcing hot air across the surface.

[0138] The consumables (vacuum bag, breather layer, sealant tape, etc.) may then be
removed and discarded. To avoid aero/acoustic disruption, the edge step between the
protection film and blade can then be smoothened by applying a polyurea, polyurethane, or
other filler and "fairing” smooth around the edges.

[0139] The polymerisation reaction of the prepolymer (comprising polyisocyanate) and the
third component (comprising polyamine) is very fast. As such the coating compaosition must be
prepared and immediately applied to the substrate/film.

[0140] In exemplary non-claimed embodiments the substrate is a wind turbine or part thereof,
such as a blade of a wind turbine, or part thereof.

[0141] The film may preferably be an epoxy film. Epoxy film adhesives are widely used in the
Aerospace, motorsport and marine industries. Preferred adhesive films are those capable of
curing to give optimal mechanical properties at curing temperatures </=80°C.

[0142] In exemplary non-claimed embodiments the coating composition is applied and/or
allowed to harden at an ambient temperature, for example 0 to 35°C. The coating composition
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is capable of hardening/curing at ambient temperature, such that no artificial heating or UV
source is required to effect curing/hardening.

[0143] In exemplary non-claimed embodiments the coating composition is applied and/or
allowed to harden in an atmosphere having a relative humidity of at least 30, 40, 50, 60, 70,
80, 90 or 95%. The coating composition can be applied and cured at higher humidity than
polyurethane based systems.

[0144] In exemplary non-claimed embodiments the coating composition is applied to the
substrate/film by spraying, for example using air-less high pressure (20-250 bar), pre-heated
(55-85°C), impingement mixing spray equipment.

[0145] To ensure proper mixing of the prepolymer (part A) and the third component (part B) in
the spray impingement mix chamber, the composition may be designed such that viscosities of
the two components are as follows:

1. 1. At room temperature (20-25°C, e.g. 25°C) the viscosities of both parts should ideally
by less than 2000 mPa.s, e.g. less than 1000mPa.s. in any case, viscosity should not be
greater than 3500 mPa.s

2. 2. At the pre-heated application temperature (55-85°C), viscosities of both components
should be ideally <100 mPa.S and not greater than 300 mPa.S. The viscosity of both
components may be less than 100mPa.s at 65°C.

3. 3. At the pre-heated application temperature (55-85°C), the viscosities of both parts
should be ideally the same, with a difference no greater than 150 mPa.s

[0146] After impingement mixing, the reaction and thus the viscosity of the mixed composition
progresses very rapidly. However care may be taken in the formulation of the composition such
that viscosity progression is not too fast. If that is the case, then there can be two problems: 1.
the coating may not "wet out" the substrate adequately to establish proper adhesion ; 2. the
coating will not have time to "level" or "flow" in order to establish a smooth, glossy surface
finish. As we mention elsewhere, one key to controlling this viscosity progression in the formula
is in limiting the use of the trifunctional amine. So, this negative effect of the trifunctional amine
needs to be balanced with its positive effect on imparting high toughness to the coating.

[0147] In exemplary non-claimed embodiments the coating composition is applied using a
spray nozzle that is mounted on a buggy. The use of a buggy allows the traverse speed and
the distance from nozzle to substrate to be controlled. This helps to achieve a well-controlled
thickness distribution of coating on the substrate.

[0148] In exemplary non-claimed embodiments the coating composition is applied using one,
or multiple, e.g. three or more, spray nozzles, which may be mounted on buggies. The use of
multiple nozzles helps achieve a well-controlled, variable thickness coating on a substrate.
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[0149] In exemplary non-claimed embodiments the coating composition is applied to the
substrate to form one or more coating layers, wherein the coating layers have a total maximum
thickness of at least 200, 400, 600, 800 or 1000pm and/or no more than 3000, 2000 or
1000pm.

[0150] In exemplary non-claimed embodiments the coating composition is applied to the
substrate to form one or more coating layers, wherein at least one coating layer has a
maximum thickness of at least 100, 200, 300, 400, 500, 600 or 800um. The coating
composition of the present invention does not require a solvent so there are no difficulties with
releasing a solvent from the coating, such that thicker coatings can be achieved.

[0151] The coating composition may be applied to provide a thin film set time of greater than
25 seconds and less than 60 seconds.

[0152] In exemplary non-claimed embodiments the method protects the substrate against
erosion where the erosion is solid particle erosion and/or rain erosion.

[0153] An improvement in rain erosion resistance is measurable in accordance with in
accordance with ASTM G73-10. An improvement in erosion resistance to solid particles is
measurable in accordance with ASTM G76 for Particle Erosion Test.

[0154] According to an example there is provided a substrate that is coated with the
composition of the first aspect.

[0155] In exemplary non-claimed embodiments the substrate is a wind turbine or part thereof,
such as a blade of a wind turbine, or part thereof.

[0156] It will be understood that the coated substrate is producible by the method of the fourth
aspect, such that the comments above apply equally here.

[0157] According to an example there is provided an erosion resistant aliphatic polyurea
coating for a wind turbine blade derived from a polymerisation reaction between a
polyisocyanate resin (part A) and a polyamine resin (part B) wherein,

1. (i) neither part A nor part B contain greater than 2%wt% solvents and,
2. (ii) part A contains a free isocyanate level less than 0.5%wt%

[0158] Both the polyisocyanate resin (part A) and the polyamine resin (part B) may have
viscosity profiles suitable for plural component air-less spray application wherein,

1. (i) at room temperature (20-25°C) the viscosities of both part A and part B are less than
3500 mPa.s;
2. (i) at the pre-heated application temperature (55-85°C), viscosities of both part A and
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3. (iii) at the pre-heated application temperature (55-85°C), the difference in viscosities of

part A and part B is less than 150 mPa.s.

[0159] Exemplary non-claimed embodiments of the invention will now be described with

reference to the following figures in which:

Fig 1 is a schematic diagram of a wind turbine blade that is coated with a coating compaosition
in accordance with an exemplary non-claimed embodiment of the invention; and

Fig 2 is a schematic diagram demonstrating how the coating composition may be applied.

Example 1 - laboratory scale

[0160] A prepolymer was prepared from the ingredients in the table below. The amines were
blended together and then added dropwise over 90 minutes to the isocyanate under a nitrogen
blanket, using a propeller mixer. The exotherm was controlled by cooling to 40°C. After all the
amine had been added the temperature was raised to 60°C, and held there with mixing for a

period of 4 hours and then the carbon was added.
Part A (first and second components)

wt%
isophorone diisocyanate (IPDI, hard) 30-60
primary diamine (flex.) 30-70
primary triamine (tough) 10-50
Carbon (pigment) 0-2

100

[0161] Part B was prepared by blending together the ingredients in the table below using a
high speed shearer. The titanium dioxide, silica and any other fillers are incorporated into part
B by use of a high-speed dissolver e.g. a Cowles dissolver, under vacuum to ensure dispersion
of the pigments and other solid components and an air free mix. AHegman gauge was used to
check that the pigments were fully dispersed (a reading of at least 5 on the Hegman gauge).

Part B (third component)

wt%
secondary diamine (flex) 0-50
primary triamine (tough) 0-50
secondary diamine (hard) 0-50
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wt%
polyaspartic amine (slow & hard) 0-50
titanium dioxide (white pigment) 5-20
hydrophobic silica (thixotrope) 0-5
aminosilane (adhesion promotor) 0-2
hydroxy phenyl triazine (UV abs) 0-3
hindered amine (UV abs) 0-1.5

100

[0162] Part A (prepolymer) and part B (third component) are combined to generate the
polyurea coating composition.

[0163] The ratio of part A to the part B is 100 to 94 by weight, 1:1 by volume. This gives an
excess of isocyanate of 7%.

[0164] The specific blend of amines was selected to obtain properties suitable for use as a
coating for a wind turbine blade. The balance of hardness to elongation of the system is
governed by the ratio of hard to soft segments and the molecular weight of the soft segments.
The IPDI, Jefflink® 136 and polyaspartic amine are hard the other components are soft.
Hence, this system has a hard to soft ratio of 94 to 141. The toughness/tear resistance of the
system is governed by the amount of trifunctional amine since this gives both elongation and
strength. This system can however lead to an early gelation. To get the best abrasion
resistance it is important to maximise the amount of the trifunctional amines, as these give the
strength whilst still retaining flexibility of the coating. However if too much trifunctional amine is
used, the system can suffer from gelation occurring before the system has had time to mix
thoroughly in the mix chamber, and/or level completely to give a high gloss surface. The use of
a triamine and a diamine helps to avoid this problem.

Example 2 - Application to substrate

[0165] This example is the same as Example 1 except that Jefflink® 136 is used in place of
polyaspartic amine. This increases the speed of the reaction.

[0166] The coating composition is applied to a substrate (a wind turbine blade) using plural
reactor heated spray equipment. This equipment includes a feeder system (a drum for part A
and a drum for part B) which is in communication with a proportioning and heating unit. Parts A
and B are separately metered in the proportioning and heating unit and delivered via a heated
hose to a spray gun having an impingement mix chamber just upstream of the spray nozzle.
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[0167] A schematic diagram of the resulting product is shown in figure 1 (not to scale).
Referring to figure 1 there is shown a wind turbine blade 10 having a coating 12 of varying
thickness. The coating 12 has a maximum thickness x near the leading edge. The maximum
thickness is needed for maximum erosion protection, and this could be anywhere from 300
micron up to 3 or 5mm. This is where the brunt of the erosion effect will be since the surface is
close to perpendicular to the oncoming wind/rain/sand/etc., hence the impact energy will be
highest. As you move along the aerofoil section, the coating is "feathered out", such that the
step height of the feather-edge is reduced to a thickness y (no more than 200 micron). In
aerodynamics, the edge of the LEP coat would be referred to as a "backwards facing step” and
would be present both on the suction-side and pressure-side of the aerofoil, and such steps
have a definite effect on the aerodynamic performance. Since we don't want to affect the
aerodynamic performance in any appreciable way, a requirement of 200 micron maximum step
height would be considered to have a negligible effect.

[0168] To achieve a well-controlled, variable thickness film by spray application on a complex
geometry component is not trivial. Referring to figure 2 there is shown an improved system
having three nozzles 14. The nozzles 14 are each mounted onto a track-driven automated
spray buggy so that we can precisely control the traverse speed and distance from nozzle 14
to the substrate (wind turbine blade 10). It is possible to control and actuate the three nozzle
positions and angles relative to each other for maximum effect.

Example 3 - accelerated erosion test

[0169] An accelerated rain erosion "helicopter test" (performed at Offshore Renewable Energy
Catapult test centre in Blythe) gave the following results:

3M W4600 Polyurethane Coating (control): Time to failure 17 hours

Polyurea Coating (coating described in example 1): Time to failure 14 hours

[0170] The 3M coating is the current state-of-art coating on the market for wind blade erosion
protection. The coating of the invention provides a useful alternative.

Example 4 - primer

[0171] Examining the failure mode of the example 1 coating revealed a lack of adhesion
between the coating and the substrate. A primer was subsequently developed to improve the
adhesion, and has shown results of 15MPa SOS (single overlap shear) strength compared to
5MPa without the primer. We then tested the primed coating, which showed a noticeable
change in failure mode: much less adhesive failure, and more surface erosion.



Part A (isocyanate)
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Parts
Difunctional isocyanate 60-85
Trifunctional isocyanate 15-40
Total A 100

Part B (blocked amine and amino silane)

Parts
Blocked amine) 36-39
Reactive silane (amine/epoxy silane) 1-4
Total B 40

Total A+B = 140parts.

Performance

[0172] The primer adhesion has been evaluated applied to a glass epoxy laminate coating with
a typical wind turbine coating, and overcoated with a light stable polyurea coating, giving
typically a 3 fold improvement with lap shear strengths increasing from 5.5MPa to 17MPa.
Tested to ASTM D5868 using a steel epoxy bonded strip onto the top face of the polyurea
coating. The scope of protection is defined by the appended claims.
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Patentkrav

1. Anvendelse af en polyureabelaegningsammensaetning til at beleegge en
vindmagllevinge (10) eller en del deraf, hvor belaegningssammensaetningen er
afledt af en polymeriseringsreaktion mellem et polyisocyanatresin og et
polyaminresin,
hvor polyisocyanatresinet omfatter et eller flere alifatisk(e) isocyanat(er), og
polyaminresinet omfatter en eller flere alifatiske polyaminer med primaere og/eller
sekundeaere amingrupper, hvor
(i) den/de alifatiske polyamin(er) omfatter mindst en triamin, som bibringer
hardhed pa den resulterende belaegning (12), og/eller det/de alifatisk(e)
isocyanat(er) omfatter mindst et tri-isocyanat, som bibringer hardhed pa
den resulterende belaegning (12); og
(ii) den/de alifatisk(e) polyamin(er) omfatter mindst en diamin, som
bibringer fleksibilitet pd den resulterende belaegning (12), og/eller det/de
alifatisk(e) isocyanat(er) omfatter mindst et di-isocyanat, som bibringer

fleksibilitet pa den resulterende belagning (12).

2. Anvendelsen ifglge krav 1, hvor de alifatiske polyaminer omfatter mindst en
triamin, som bibringer hardhed pa den resulterende belaagning, og mindst en
diamin som bibringer fleksibilitet pa den resulterende belaegning.

3. Anvendelsen ifglge krav 1, hvor de alifatiske isocyanater omfatter (i) mindst et
tri-isocyanat, som bibringer hardhed pa den resulterende belaegning; og (ii)
mindst et di-isocyanat som bibringer fleksibilitet pa den resulterende belaegning.

4. Anvendelsen ifglge et hvilket som helst af de foregaende krav, hvor polyamin-
resinet omfatter polyetheramin(er), fortrinsvis mindst 50 vaagt-% polyether-
amin(er); og eventuel omfatter polyetheramin(erne) polyoxypropylamin(er)
og/eller polyoxyethylamin(er).

5. Anvendelsen ifglge et hvilket som helst af de foregaende krav, hvor polyamin-
resinet omfatter mindst en triamin, som bibringer hardhed, hvor den mindst ene
triamin omfatter en primaer polyethertriamin; og/eller

polyaminresinet omfatter mindst en diamin, som bibringer fleksibilitet, hvor
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diaminen omfatter en primaer polyetherdiamin og/eller en sekundeer polyether-

diamin.

6. Anvendelsen ifglge et hvilket som helst af de foregdende krav, hvor
(a) polymeriseringsreaktionen (i) ikke anvender oplgsningsmiddel og/eller
(i) ikke anvender polyasparaginsyreesteramin;
(b) mindst en diamin bibringer fleksibilitet pa den resulterende belaegning,
hvor diaminen har en gennemsnitlig molmasse pa mindst 2000g/mol;
og/eller
(¢) polyaminresinet omfatter
(i) en primeer polyetherdiamin;
(ii) en primaer polyethertriamin;
(iii) en sekundaer polyetherdiamin; og
(iv) en cycloalifatisk bis (sekundaer) amin.

7. Anvendelsen ifglge et hvilket som helst af de foregdende krav, omfattende
mindst et di-isocyanat som bibringer fleksibilitet pa den resulterende belaegning,
hvor di-isocyanatet har en gennemsnitlig molmasse pa mindst 400g/mol.

8. Anvendelsen ifglge et hvilket som helst af de foregdende krav, hvor der
anvendes en grunder mellem vindmgllevingen (10) og belaegningen (12), hvor
grunderen er afledt af en polymeriseringsreaktion mellem en del A og en del B,
hvor del A omfatter et polyisocyanatresin, og del B omfatter et blokeret polyamin-

resin og en aminosilan og/eller en epoxysilan.

9. Kit til beskyttelse af et substrat mod erosion, hvilket kit omfatter:
(a) en preepolymer dannet fra den delvise polymerisering af en farste
komponent og en anden komponent; og
(b) en tredje komponent; hvor
den fgrste komponent omfatter et alifatisk polyisocyanatresin;
den anden komponent omfatter (i) en polyol og/eller (ii) et fgrste polyamin-
resin, hvor det fgrste polyaminresin omfatter en eller flere alifatisk(e)
polyamin(er) med primaere eller sekundaere amingrupper; og
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den tredje komponent omfatter et andet polyaminresin, hvor det andet
polyaminresin omfatter en eller flere alifatisk(e) polyamin(er) med primaere
eller sekundaere amingrupper,

hvor

(i) den/de alifatisk(e) polyamin(er) omfatter mindst en triamin, som
bibringer hardhed pa den resulterende belaegning, og/eller det/de
alifatisk(e) isocyanat(er) omfatter mindst et tri-isocyanat, som bibringer
hardhed pa den resulterende belaegning; og

(ii) den/de alifatisk(e) polyamin(er) omfatter mindst en diamin, som
bibringer fleksibilitet pa den resulterende belaegning, og/eller det/de
alifatisk(e) isocyanat(er) omfatter mindst et di-isocyanat, som bibringer
fleksibilitet pa den resulterende belaegning.

10. Kittet ifglge krav 9, yderligere omfattende en eller flere af (¢) et tilfgrsels-
pumpesystem; (d) et doserings- og opvarmningssystem; (e) opvarmede slanger;
og (f) en sprgjtepistol.

11. Anvendelsen eller kittet ifglge et hvilket som helst af de foregdende krav, hvor
(a) polyisocyanatresinet har en aekvivalent isocyanatvaegt pa ikke mere end
250g/2kvivalent; og/eller
(b) polyisocyanatresinet har en gennemsnitlig molmasse pa ikke mere end
500g/mol.

12. Fremgangsmade til beskyttelse af en vindmgllevinge (10) eller en del deraf
mod erosion, sdsom erosion fra faste partikler og/eller erosion fra regn, hvilken
fremgangsmade omfatter tilvejebringelse af en belsegningssammensaetning;
(i) pafgring af belaegningssammensaetningen pa et substrat for at danne et
eller flere belaegningslag pa substratet, hvor substratet omfatter en
vindmagllevinge eller en del deraf; og at lade belaeegningssammensaetningen
haerde pa substratet; eller
(i) pafgring af belaegningssammensaetningen pa en klsebemiddelfilm for at
danne et eller flere belaegningslag pa klaebemiddelfilmen; at lade
belaegningssammensaetningen haerde pa filmen; og pafgring af
belaegningen pa substratet ved hjzelp af haerdning af klaebemiddelfiimen pa
substratet;
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hvor belazegningssammensaetningen er afledt af en polymeriseringsreaktion
mellem et polyisocyanatresin og et polyaminresin,

hvor polyisocyanatresinet omfatter et eller flere alifatisk(e) isocyanat(er),
og hvor polyaminresinet omfatter en eller flere alifatiske polyaminer med
primaere og/eller sekundaere amingrupper, hvor

(i) den/de alifatisk(e) polyamin(er) omfatter mindst en triamin, som
bibringer hardhed pa den resulterende belaegning, og/eller det/de
alifatisk(e) isocyanat(er) omfatter mindst et tri-isocyanat, som bibringer
hardhed pa den resulterende belaegning; og

(ii) den/de alifatiske polyamin(er) omfatter mindst en diamin, som
bibringer fleksibilitet pa den resulterende belaegning, og/eller det/de
alifatisk(e) isocyanat(er) omfatter mindst et di-isocyanat, som bibringer

fleksibilitet pa den resulterende belaegning.

13. Fremgangsmaden ifglge krav 12, hvor der pafgres en grunder pa substratet
forud for belaegningen, hvor grunderen er afledt af en polymeriseringsreaktion
mellem en del A og en del B, hvor del A omfatter et polyisocyanatresin; og hvor
del B omfatter et blokeret polyaminresin; og en aminosilan og/eller en epoxysilan.

14. Anvendelsen ifglge krav 8 eller fremgangsmaden ifglge krav 13, hvor det
blokerede polyaminresin omfatter en aldimin, en ketamin og/eller en cycloalifatisk

amin.

15. Vindmgllevinge (10) eller en del deraf fremstillet med fremgangsmaden ifglge

et hvilket som helst af kravene 12 til 14.
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