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Aliphatic unsaturated polyester resins providing excellent weathering resistance

Background of the invention

Glass fibre products, plastics and synthetic materials used outdoors need to be protected
against the sun's damaging ultraviolet rays and temperature cycling in the presence of
moisture that lead to yellowing and fading of surfaces. For instance is it desired that
sailboats, motorboats, yachts and mobile homes keep looking their best in all weathers,
withstanding the effects of sun, salt water and rough handling. To preserve the finish,
gelcoats are usually applied to exterior surfaces and parts where weathering resistance is
needed. Aside from having the right hardness, mechanical strength, flexibility and stability

under fluctuating temperatures, the gelcoat must also provide some weathering resistance.

Gelcoat compositions that are to be exposed to UV light and rain for a long period of time
are required to be superior in weatherability. Such exposure causes the binder resin of the
gelcoat to be degraded so that the gelcoat becomes dull in gloss and discoloured in a short
term. In addition, the gelcoat undergoes chalking and is degraded or cracked with the

passage of a long period of time. _

Polyester gelcoats usually comprises a polyester on which the gelcoat is based and various
additives. The use of unsaturated polyester resins as a base in gelcoats for outdoor glass
fibre surfaces is known from e.g. US 6,617,417 and US 6,583,218. Suitable polyester resins
for gelcoats include linear polyester resins, branched polyester resins, copolymeric
polyester resins and mixtures or blends thereof. The utility of such compositions in outdoor

applications is often limited by the resistance of the resin composition to weathering.

Unsaturated polyester resins are generally crosslinked with a compatible crosslinking
monomer such as styrene, vinyl toluene, methyl methacrylate, methyl styrene, divinyl
benzene, diallyl phthalate and the like. Usually the amount of crosslinking monomer is about
10 percent to about §5 percent by weight of the unsaturated polyester resin. Flexible
unsaturated polyesters for coating applications have been traditionally processed from
dicarboxylic acid and polypropylene oxides or polyethylene oxides. Part of the acid has to
be unsaturated in order to have curing properties with normal peroxides or other radical
initiators. Typical improvements relate to variations of monomers and by copolymers, e.g.
blending unsaturated polyester with vinyl esters and epoxy resins.

CONFIRMATION COPY
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Examples from prior art uses of unsaturated polyester resins in gelcoats include US
6,617,417 which concerns an unsaturated polyester resin composition comprising divinyl
ethers which are curable at room temperature. This composition comprises less than 30 wt.
% of styrene, and do not provide improved yellowing resistance. US 5,741,448 concerns a
shrink resistant resin composition, which is curable at room temperature. The composition
comprises a curable unsaturated polyester resin, an accelerator, a low temperature free
radical peroxide initiator and a low profile additive comprising polyolefin powder. The
composition is not suitable as a weathering resistant gelcoat. US 6,583,218 concerns an
unsaturated polyester resin composition with a reduced monomer content. The gelcoat is
suitable for marine coating applications. Reduced styrene content reduces the release of
volatile unsaturated organic monomers to the atmosphere but does not provide resistance

to yellowing.

Gelcoats with good weatherability and resistance to yellowing are also known from prior art.
US 7,078,476 discloses a coating comprising a copolyester resin having superior gloss
retention, weatherability and colour stability after long term outdoors exposure. The
copolyester is not unsaturated, does not comprise styrene, and has an acid value of 0-3 mg
KOH/g and is mainly suited as binder for an outdoor-durable top-coating paint. US
5,464,909 concerns the use of an aliphatic polyester providing good UV resistance and
weatherability. The polyester resin is based on dimethyl 2,6-decalindicarboxylate and
neopentyl glycol and is used in powder coatings suitable for adhesion to metal substrates.
EP 0 372 264 concerns one-component urethane compositions with improved weathering
properties. The coating compositions comprise at least twenty percent by weight of resin
solids of a compound comprising at least one oxazolidine ring chemically combined from
the nitrogen atom of the ring through an alkylene-urethane linking group to a
tetramethylxylylenediisocyanate prepolymer radical. EP 1 203 783 concerns the use of
unsaturated polyester resins in products showing improved fire retardancy. Good
weathering performance is obtained due to the use of unsaturated polyesters rather than
phenolics. The products are not suited for gelcoats on glass fibre. EP 0 787 769 concerns
modified polycarbonate/polyester compositions with high weather resistance. The
compound comprises an aromatic polycarbonate resin, and a polyolefin rubber graft

copolymer and a core-shell copolymer.

For gelcoats comprising an unsaturated polyester resin, it is common to use additives such

as UV-stabilisers, thixotropic agents, thixotropy enhancers, suppressants, surface tension
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agents, co-promoters, air release agents, filler, wetting agents, levelling agents and
pigments. Some of these additives are added to provide UV resistance and colour stability
and hence increase the weatherability of the final coat. Traditionally, UV stabilisers are
added to the gelcoat to provide the desired resistance to yellowing. However, the effect of

added agents providing increased weatherability is limited.

Therefore, it is desirable to base the gelcoat on a polyester that in itself possesses good
weatherability. The present invention presents the use of a polyester gelcoat specially

formulated for improved resistance to UV and yellowing and retention of gloss.

Summary of the invention

This invention relates to aliphatic polyester resins and more particularly aliphatic
unsaturated polyester resins providing excellent weathering resistance. The aliphatic
unsaturated polyester resin is especially suitable for gelcoats that are to be applied to
exterior glass fibre surfaces, plastics and synthetic materials such as materials used for
sailboats, motorboats and yachts. The composition of the present invention exhibits high
impact resistance and provides a surprising improvement in weatherability, particularly with

regard to colour stability and retention of gloss.

The composition of the present invention has a surprisingly good effect on weatherability
resulting from the choice of the unsaturated polyester resin used in the gelcoat composition
independently from the effect on weatherability of the additives. Thus it has been found that
the use of a certain group of unsaturated aliphatic polyester resins provides surprisingly
enhanced resistance to yellowing much beyond compare of the use of additives. The
invention therefore concerns the choice of polyester, and optionally in combination with

additives, used in gelcoat formulations according to the claims.

Detailed description of the invention

The gelcoat comprises an aliphatic unsaturated polyester resin characterised in having a
viscosity of 100-1000 mPa s (25°C), a styrene monomer content of 4015 % and an acid
number of max 15 mg KOH/g. UV stabilisers may additionally be added to further increase
long term UV stability. The compounded resin compositions according to the invention may
be formulated together with suitable additives known in the art to form gelcoats. The gelcoat
may comprise one or more of additives selected from a group consisting of accelerators,
inhibitors, UV-stabilisers, pigments, fillers, thixotropy agents, thixotropy enhancers,

suppressants, air release agents, surface tension agents, wetting agents, levelling agents
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and styrene. As accelerators for initiating hardening, cobolt-octoate accelerators are
preferred. Additionally, an amine accelerator such as dimethylaniline and/or diethylaniline
may optionally be added to decrease the hardening time further. As inhibitors for extending
geltime and potlife, a p-tert-butyl-catechol may be used. The UV-stabilisers may comprise
one or more stabilisers which absorb free radicals (UV-stabiliser A) and block UV-radiation
(UV-stabiliser B), respectively. The liquid base resin may be used as such, reinforced with
glass or with other reinforcing materials known in the art, filled or unfilled, with or without
thickeners and optionally blended with other types of resins, such as epoxy resins, urethane
resins, vinyl esters, or blended with conventional unsaturated polyester resins in order to
achieve desired properties in the cured products, such as suitable hardness and subzero
flexibility or to increase the UV-resistance and weather-resistance further. The unsaturated
polyester resins in accordance with the invention can also be used as such or with
reinforcing agents such as glass fibre, as laminating agents and as a base resin for

manufacturing of gelcoats for various applications.

The gelcoat may additionally be hardened by adding 1-3% hardener. A hardener suitable
for curing unsaturated polyester resins at room temperature and elevated temperatures is a
methyl-ethyl-keton-perioxide (MEKP), however, other hardeners known in the art may be
used. Advisedly, 1-3% MEKP (50%) may be added.

A gelcoat according to the present invention may comprise 50-80 % aliphatic unsatured
polyester resin such as 55%, or such as 60%, or such as 65%, or such as 70%, or such as
75%. The aliphatic unsaturated polyester resin is characterised in having a viscosity of 100-
1000 mPa s (25°C), such as 200 mPa s (25°C), or such as 400 mPa s (25°C), or such as
600 mPa s (25°C), or such as 800 mPa s (25°C). The aliphatic unsaturated polyester resin
is furthermore characterised in having a styrene monomer content of 40£15 % such as
30%, or such as 35%, or such as 40%, or such as 45%, or such as 50%. The aliphatic
unsaturated polyester resin is furthermore characterised in having an acid number of max
15 mg KOH/g.

The gelcoat may furthermore comprise 0 — 0,5 % cobolt-octoate accelerator such as 0,1%,
or such as 0,2%, or such as 0,3%, or such as 0,4%. The gelcoat may furthermore comprise
0 - 0,5 % amine accelerator such as 0,1%, or such as 0,2%, or such as 0,3%, or such as
0,4%. The gelcoat may furthermore comprise 0 — 0,5 % inhibitor such as 0,1%, or such as
0,2%, or such as 0,3%, or such as 0,4%. The gelcoat may furthermore comprise 0 - 0,5 %
air release agent such as 0,1%, or such as 0,2%, or such as 0,3%, or such as 0,4%. The
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gelcoat may furthermore comprise 0 — 0,5 % levelling agent such as 0,1%, or such as 0,2%,
or such as 0,3%, or such as 0,4%. The gelcoat may furthermore comprise 5 — 15 % filler
such as 7%, or such as 9%, or such as 11%, or such as 13%. The gelcoat may furthermore
comprise 1 — 3 % silica such as 1,5%, or such as 2%, or such as 2,5%. The gelcoat may
furthermore comprise 0,2 — 0,5 % glycol such as 0,25%, or such as 0,3%, or such as
0,35%, or such as 0,4% or such as 0,45%. The gelcoat may furthermore comprise 2 - 15 %
pigment such as 4%, or such as 6%, or such as 8%, or such as 10%, or such as 12%, or
such as 14%. The gelcoat may furthermore comprise 0 — 2 % absorbing UV-stabiliser (UV-
stabiliser A) such as 0,25% or such as 0,5%, or such as 0,75%, or such as 1%, or such as
1,25%, or such as 1,50%, or such as 1,75%. The gelcoat may furthermore comprise 0 — 2
% blocking UV-stabiliser (UV-stabiliser B) such as 0,25% or such as 0,5%, or such as
0,75%, or such as 1%, or such as 1,25%, or such as 1,5%, or such as 1,75%. The gelcoat
may furthermore comprise 5 — 15 % styrene such as 6%, or such as 8%, or such as 10%, or
such as 12%, or such as 14%.

Example 1

Characteristics of an aliphatic unsaturated polyester resin according to the invention.

Mechanical properties cured resin

Property Value Unit Method
Barcol hardness 50 EN60
Flexural strength 125 mPa ENG63
E-Module flexion 3200 mPa ENG3
Tensile strength 70 mPa EN61
E-Module tension 3000 mPa EN61
Elongation at break 4,0 % ENG61

HDT 100 °C EN ISO 75A

Mechanical properties reinforced resin (glass/resin 30/70)

Property Value Unit Method
Flexural strength 180 mPa ENG3
E-Module flexion 7300 mPa EN63
Tensile strength 90 mPa EN61

E-Module tension 7100 mPa ENG61
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Typical properties
Property Value Unit
Stability at 65°C 6 days
Apha colour 120 max
SPI 6 minutes

peak temperature 210 °C

time to peak 9 minutes
Gel time at 25°C* 12 minutes

* Formulation 100g resin + 0,2 m! Co(Oct)6% + 1,5 ml MEKP 50%

Example 2

Comparison between gelcoat with the properties defined in example 1 and two competitive

gelcoats.
Three white glass fiber panels were coated with:

Panel 1: gelcoat with the properties defined in example 1
Panel 2: commercially available competitive gelcoat for boats
Panel 3: commercially available competitive gelcoat for boats different from the one used for

panel 2.

The three panels were tested for UV exposure for a total of 1000 hours according to ASTM
154-04 method 01.

Evaluation of the following parameters was carried out after 0, 250, 500, 791 and 1000

hours of exposure

e Change in colour

¢ Change of gloss

The average values for the parameters colour and gloss, respectively, are shown in
schematic form in Table 1 for all three panels. Table 2, 3 and 4 show the individual

measurements for each panel, respectively.
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Table 1

Panel | Exposure | Colour valueb | Gloss
time (yellowing) value
(hours)

1 0 5.69 138.47
250 6.40 82.37
500 7.17 87.83
79 7.55 83.33
1000 8.25 79.27

2 0 4.83 133.73
250 6.62 84.00
500 8.72 83.60
791 9.52 79.97
1000 11.28 59.37

3 0 2.28 139.27
250 417 86.87
500 5.76 86.20
791 6.84 61.20
1000 7.92 66.27

Table 1: Average values of yellowness (colour value b) and gloss, respectively, at exposure

5 times 0 hours, 250 hours, 500 hours, 750 hours and 1000 hours, respectively.
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Table 2
Exposure
Panel | time (Hours) | Colour Gloss
L b bavr. [AE Avr. (AE) |60° 20°  |20° Avr.
1 0| 94.86 -0.69]5.61 95.03 98.3(138.7
94.83 -0.62|5.61 95.00 97.71139.5
94 .85 -0.63|5.85] 5.69| 95.03 95.02| 96.9(137.2] 13847
250 94.43 -0.59|6.64 94.67 91.2 83
94.4 -0.55| 6.6 94.63 91.2( 81.9
94.71 -0.5515.97| 6.40( 94.90 94.73| 912 822 82.37
500| 944 -0.66|7.15 94.67 90.6| 80.6
944 -0.65|7.15 94.67 82.6| 91.5
94.39 -0.687.21| 7.17| 94.67 9467| 829 914 87.83
791| 93.95 -069] 7.6 94.26 89.4 83
94.01 -0.69(7.55 94.32 91.3] 81.6
93.97 -0.69| 75| 7.55| 94.27 94.28| 90.7| 824 82.33
1000 | 93.97 -0.7918.31 94.34 89.8( 77.9
94 -0.73]8.21 94.36 79.9
94.06 -0.748.23| 8.25| 94.42 94.37 80 79.27

Table 2: Evaluation parameters of panel 1.
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Table 3
Exposure
time
Panel | (Hours) Colour Gloss
Avr. 20°
L b bavr.[AE |(AE) [60° |20° Avr.
2 0(94.77| -0.76| 4.98 94.90 97.4| 1324
94.89| -0.73| 4.65 95.01 97.3| 135.7
94.77| -0.74| 486| 4.83|94.90,94.94| 86| 133.1| 133.73
25019465 -0.33| 6.97 94.91 90.7 84
94.57| -0.38| 7.07 94.83 90.7 84
94.89| -0.26| 5.82| 6.62|95.07|94.94| 90.7 84| 84.00
500|94.48| -0.57| 8.93 94.90 92.4| 83.5
94.46| -0.56] 9.01 94.89 924 836
94.63| -0.52| 8.21| 8.72|94.99,94.93| 924, 83.7| 83.60
791(93.94| -0.53| 9.53 94.42 88.1] 79.4
93.96| -0.55| 9.72 94.46 89.11 80.2
94.08| -0.53| 9.3| 9.52|94.54|94.48| 90| 80.3| 79.97
1000|93.99 -0.6/10.76 94.61 84.3| 58.9
93.81| -0.62(11.47 94.51 58.8
93.79| -0.64(11.61|11.28|94.51|94.54 60.4| 59.37

Table 3: Evaluation parameters of panel 2.
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Table 4
Exposure
Panel |time (Hours) | Colour Gloss
L bavr. |AE Avr. (AE) |60° 20° 20° Avr.
3 0| 95,66 -0,93( 2,28 95,69 93,6 | 1387
95,69 -0,93( 2,29 95,72 94,31 1381
95,66 -092| 226| 2,28 95,69 95,70| 96,2 141 139,27
250 | 95,27 -0,71 4,47 95,38 81,8 86,7
95,45 -0,7| 3,53 95,52 82,4 87
95,24 -0,69 45| 4171 95,35 95,41 826| 869 86,87
500 95,01 -0,74 5,86 95,19 79.9| 86,2
95,05 -0,71 5,82 95,23 795| 86,2
95,03 -0,73 56| 5,76| 95,20 95,21 794| 86,2 86,20
7911 94,43 -0,74 6,75 94,67 79,9 65,1
94,48 -0,75| 6,99 94,74 83,7| 587
94,53 -0,79| 6,77 6,84 94,78 94,73| 838| 598 61,20
1000 | 94,31 -0,76 7,88 94,64 64,8
94,29 -0,77 7,97 94,63 66,9
94,43 -0,76 79| 7092|9476 94,68 67,1 66,27

Table 4: Evaluation parameters of panel 3.

As can bee seen from Figure 1 showing the yellowing index based on the differences

between the averages of colour value b, at different times after exposure to UV, panel 1 is

superior in UV resistance as this gelcoat has only developed yellowing to half the extend of

the competitive gelcoats after 1000 hours of exposure.

As illustrated in Figure 2, showing the gloss index based on the differences between the

averages of the gloss values, at different times after exposure to UV, there is a dramatic

change in gloss (half the gloss value) after an exposure time of 250 hours for all three

panels and thereafter a levelling of the gloss value as a function of exposure time. However,

Panel 1 shows the highest gloss value after 1000 hours of exposure.
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Example 3

Colour stabilisation tests.

A sample of the gelcoat of example 1 (sample 1), and samples of this gelcoat with different
additives as listed in table 5 were compared to gelcoat samples of two commercially
available competitor gelcoats (competitor 1 and competitor 2) in an ASTM G 53-93 test

method using an UVCON-A. Colour measurements were performed at 45°C after 250

11
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hours, 500 hours, 750 hours, 1000 hours and 1250 hours, respectively.

Table 5

Stabilization

250 h

500 h

750 h

1000 h

1250 h

AL

Aa

Ab

AE

AL

Aa

Ab

NE

Aa

Ab

WE

Aa

AD

AE

AL

Aa WAb

AE

Sample 1

00

0,0

0.4

2,0

-0,2

27

2,7

-0,3

3.2

3.3

0,4

-0,4/3,8

3.9

2 0% TB-02 lig

0,1

1,3

0.3

1.5

-0,1

1.8

2,3

2,5

-0.9

-0,2|12,4

2,6

1,0% 3058 liq

0.1

09

0,2

1,2

0,0

1,6

2,0

-0,112,4

24

2,0% 3058 liq

04

1,0

0.3

1.2

0.0

1.8

2,1

-0,112,2

24

1,0% 3330 liq

0,3

1.6

2,4

34

3,5

4.4

-0,615,1

5.2

2,0% 3330 liq

0,7

1.8

2,5

3,0

34

3.9

-0,6(4,6

47

1,0% TB-02 liq
+1,0% 3058

1.2

0,0

1.6

2,2

2,3

24

-0,3(3,4

3.5

1,0% VSU pwd

1.0

2,0

-0,5

-0,2

2,6

2,6

-0,3

3.9

3.9

-1,0

-0,5

42

-1,0

-0,5(4,9

50

Competitor 1

0.3

2,7

2,7

0,1

0.3

4.1

41

0.1

53

53

-0,7

0,0

6.4

6,5

-0,7

-0,1(8,4

8.4

Competitor 2

1.5

2,3

2,7

-0,2

0.2

3.3

3.3

0.1

44

45

-1.0

0.0

55

5,6

-0,9

001(6.3

6.3

Table 5: Colour stabilisation measurements at different times (hours) after exposure to UV

of a gelcoat according to example 1 (sample 1) and of gelcoats according to example 1

further comprising different additives and of competitor gelcoats.
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It appears from table 5 that the "sample 1" gelcoat is superior in resistance to yellowing
after 1250 hours compared to the competitor gelcoats. The resistance to yellowing is
furthermore increased by addition of "3058".

Example 4

Colour stabilisation test.

A sample of the gelcoat of example 1 (sample 1), and samples of this gelcoat with different
additives as listed in table 6 were compared to gelcoat samples of two commercially
available competitor gelcoats in a SAE J 1960 test method using a W-O-M. Colour
measurements were performed at 45°C after 250 hours, 500 hours, 750 hours, 1000 hours
and 1250 hours, 1500 hours and 1750 hours, respectively.

It appears from table 6 that the gelcoat in sample 1 is superior in resistance to yellowing
after 1750 hours compared to the competitor gelcoats. The resistance to yellowing is
furthermore increased by addition of all of the tested additives, except 2% "3330".

Table 6: Colour stabilisation measurements at different times (hours) after exposure to UV
of a gelcoat according to example 1 (sample 1) and of gelcoats according to example 1

further comprising different additives and of competitor gelcoats.
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Example 5

Formulation for gelcoat based on an aliphatic unsaturated polyester resin:

10

15

20

Aliphatic unsatured polyester resin 50-80 %
Cobolt-octoate accelerator 0-0,5%
Amine accelerator 0-0,5%
Inhibitor 0-0,5%
Air release agent 0-0,5%
Levelling agent 0-0,5%
Filler 5-15%
Silica 1-3 %
Glycol 0,2-0,5%
Pigment 2-15%
UV additive A 0-2%
UV additive B 0-2%
Styrene 5-15%

wherein the aliphatic unsaturated polyester resin is characterised in:

- a viscosity of 500-600 mPa s (25°C)
- a styrene monomer content of 40+2 % and

- an acid number of max 15 mg KOH/g
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Claims

1.

Use of a gelcoat comprising an aliphatic unsaturated polyester resin characterised in

- a viscosity of 100-1000 mPa s (25°C)
- a styrene monomer content of 40+15 % and

- an acid number of max 15 mg KOH/g

for application on glass fibre, plastics and other synthetic materials such as

materials used for sailboats, yachts, motorboats and mobile homes.

Use of a gelcoat according to claim 1 further comprising other types of resins, such
as epoxy resins, urethane resins, vinyl esters, or conventional unsaturated polyester

resins.

Use of a gelcoat according to any of claims 1 — 2 reinforced with a reinforcing

material such as glass.

Use of a gelcoat according to any of claims 1 - 3 comprising one or more additives
selected from a group consisting of: accelerators, inhibitors, hardeners, UV-
stabilisers, pigments, fillers, thixotropy agents, thixotropy enhancers, suppressants,
air release agents, surface tension agents, wetting agents, levelling agents and

styrene.

Gelcoat comprising

Aliphatic unsatured polyester resin 50-80 %
Cobolt-octoate accelerator 0-05%
Amine accelerator 0-05%
Inhibitor 0-0,5%
Air release agent 0-0,5%
Levelling agent 0-0,5%
Filler 5-15%
Silica 1-3 %
Glycol 0,2-0,5%

Pigment 2-15%
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UV-stabiliser A 0-2%
UV-stabiliser B 0-2%
Styrene 5-15%

wherein the aliphatic unsaturated polyester resin is characterised in

- a viscosity of 500-600 mPa s (25°C)
- a styrene monomer content of 40+2 % and

- an acid number of max 15 mg KOH/g
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Figure 1

g Panel 1
——Panel 2
gy Panel 3

0 250 500 750 1000

Figure 1: Yellowing index based on differences between the averages of colour value b,

as a function of time (hours) of UV exposure.

Figure 2
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Figure 2: Gloss index based on differences between the averages of gloss values as a

function of time (hours) of UV exposure.
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