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Study on the seawater corrosion and erosion resistance of paintings
used for the foundation structure of offshore wind turbine
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Abstract

Three different designated paintings (A, B, C) were employed in the experimental evaluation of their corrosion
and erosion resistances in seawater. Both temperature alternation and erosion were considered to simulate the
climate and wave impact on the foundation structure of offshore wind turbine in Taiwan. Moreover, QUV
accelerated weathering test and impact test were conducted to study the adhesion and impact property of the
paintings. The results showed the most serious corrosion occurred for the A painting which was a tapecoat. The
water erosion and temperature alternation caused the quick thinning of outer fiberglass/resin wrap material and

WeEIHIH - 109 42 09 H 10 H fEETH - 109 ££ 10 H 04 H P22 HI - 109 4 12 H 09 [
BT BB RS CE AR R A B TR L

!Department of Optoelectronics and Materlals Technology & Center of Excellence for Ocean Engineering,
National Taiwan Ocean University, Keelung 202, Taiwan

2 i T4 RE B 2SR B S ST 58 R i 7 o I B 4

2Product Application Technical Section, Green Energy & System Integration Research & Development Dept.,
China Steel Corporation

*Tes&EE ¢ Ihb6018@mail.ntou.edu.tw


http://www.anticorr.org.tw/

[HehTHE 534554015 1~10H 20204 12 A

subsequently the corrosion of underneath substrate. The next serious corrosion happened to the B painting which
was a solvent-free epoxy resin. The brittleness of the coating and its inferior adhesion with substrate easily induced
cracking when subjected to impact loading. The C painting which consisted of mainly carbamide resin showed the
least damage from the experimental testing.

Keywords: Offshore wind turbine;QUYV accelerated weathering test;Impact resistance; Corrosion resistance.
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Tablel Environment types of 1SO 12944%],
Loss of quality per unit area ( After the first year of
. exposure )
Corrosion . .
category Low-carbon steel Zinc Typical environment (for reference only)
Weight Thickness Weight Thickness
lossgm-2 lossum lossgm-2 lossum
C1 10 13 0.7 01 Heated buildings with clean air, such as offices,
Very low shops, schools, hotels, etc.
c2
Low 10~200 1.3~25 0.7~5 0.1~0.7 Low air pollution, mostly in rural areas
c3 Urban and industrial atmospheres, moderate
Middle 200~400 25~50 5~15 0.7~2.1 [sulfur dioxide pollution orlow salinitycoastal
areas
C4 Industrial areas or coastal areas with high
. 400~650 50~80 15~30 2.1~4.2 .
High salinity
C5l . N -
. Industrial areas with high salinity and harsh
Very high -] 650~1500 80~200 30~60 4.2~84
atmosphere
Industry
C5M
Very high -] 650~1500 80~200 30~60 4.2~84 Coastal and offshore areas with high salinity
Ocean
CX: Offshore areas with high salinity and industrial
extreme | 1500~5500 [ 200~700 60~180 8.4~25 areas with extreme humidity and aggressive
(Ocean) climate, subtropical and tropical atmospheres
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Table2 Coating systems of test specimens for splash and tide zone.

Painting system A

B C

Steel materials

Flat : 74mmX150mmX5mm, Round tube : Outer diameter 50.2mm X8.5mm

Weld bead

Grinding

Surface treatment

Sa2.5 » 85um >Ra>50um

Bisphenol A-type epoxy
undercoat diacrylates resin Solvent-free epoxy paint EP-116
EM450-glass fiber mesh
Bisphenol A-type epoxy
Primer surfacer diacrylates resin Solvent-free epoxy paint UP-204
EMB8000-glass fiber
finish paint High ten_1perature anti- Polyurethane_z (PU) finish UP-100
corrosion wax tape paint
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Figurel The cycle test of the cold and heat

alternating test and the erosion test for
sample A: (a)original test piece (b)
operated for second cycles (c) operated for
fourth cycles.
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Figure2 Observation from all angles of sample A

carried out with the cycle test of the cold
and heat alternating test and the erosion
test operated for fourth cycles.
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Figure3  Cross section and thickness observation of

sample A: (a) original test piece, (c)
operated for fourth cycles.

4 AR ETT A BB TR T e R
fEERA AR PR S A B 22 (a) A
14 B 2 i (0) S BRI 22 S NE 8T -

The cycle test of the cold and heat
alternating test and the erosion test carried
out fourth times for sample A, and its
cross-sectional pictures: (a) substrate and
coating (b) cut and observe the outer anti-
corrosion tape.
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Figure5 The cycle test of the cold and heat

alternating test and the erosion test for
sample B: (a) original test piece, (b)
operated for second cycles, (¢) operated
for fourth cycles, and (d) operated for
sixthcycles.
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Figure6 Observation from all angles of sample B

carried out with the cycle test of the cold
and heat alternating test and the erosion
test operated for sixth cycles.
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Figure7 The images of microscope observation

thickness of sample B carried out with the
cycle test of the cold and heat alternating
test and the erosion test: (a) original test
piece, (b) operated for sixth cycles.
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Cracks occurred at the upper and lower
layers of sample B carried out with the
cycle test of the cold and heat alternating
test and the erosion test operated for sixth
cycles.
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Figure9 The cycle test of the cold and heat

alternating test and the erosion test for
sample C: (a) original test piece, (b)
operated for second cycles, (c) operated
for fourth cycles, and (d) operated for
sixth cycles.
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Figurel0 Cross section and thickness observation of
sample C: (a) original test piece, (c)
operated for sixth cycles.
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Figurell Plane impact test: (a) sample B, (b) sample
C.

3.2 mENSIR QUV B
AR B SRARER C R A B
R AT A P BT B R R BE T2
P 388 PR L {50 I B0 I $EE$ TS 10009 53317
50cm ~40cm ~30cm % T » (T I B 4 R L

EETENE - B2 FE R A RIHEES - 11
Kl P Er R AR IS 4E R (8 11) - T3 C 5t
3 7R G 18R FH B Y INf B Y, INf A7 B 48 S EE S 1
50cm ~ 40cm ~ 30cm Er4mEEHEESZ4E 1 B 3®A 1F
EY% NESHEENS 50em B - % LS A 50cm
1 40cm iz B A BRI T Ry AR ISP $14ES 50cm
FRAEZFHS -KmiR EE AR B % (E 12) -
AT C R B AR T B Bl 2 E
INfeE 1465 50cm Bt 40cm iz B A B EEHR < s
SR 3 Bl 4 - RfI&E R C BEEEE
&S B % - B 3R Bl C 5lF #E1T QUV SABass
R(E 13) - HA elRt - G5 E IR EE
P s A AR 5 HERDL AR aREE 52 -

(a) (b)

?}g ’“m *ﬁl

lll

£ b S S

12 $FEEEAE)B slA (0)C slh -
Figurel2 Weld bead impact test: (a) sample B, (b)
sample C.
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Figurel3 UV accelerated aging test: (a) sample B, (b)
sample C.
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Table3 Plane impact test

B VR K T BB

R el RN VK P e BT e

Plane impact test 1000g/50cm 1000g/40cm 1000g/30cm
C painting¥ OK OK OK
Bpainting % NG OK OK
Cpainting Y% OK OK OK
Bpainting 1% NG(Penetrate and split) NG OK
x4 SFEEHEH -
Table4 Weld bead impact test
Weld bizgt impact 1000g/50cm 1000g/40cm 1000g/30cm
Cpainting % OK OK OK
Bpainting % NG NG OK
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