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Development of Anti-Fouling Film Using Polyurea
for Offshore Wind Turbine Substructure

Jin Hyuk Son’, Myung Bo Kang”, Kyung Kuk Jung™ and Woo Beom Han™

Key Words : Offshore wind turbine (3§-3M52]), Substructure (XA 7°ZE), Polyurea (Z2]5-3]op, Anti fouling film

(SFEI & BE), O&M (77/ET)

ABSTRACT

Bio-fouling has positive aspects that are used as a fish resource, but there are also negative aspects such as
corrosion of the surface of the support structure, aesthetics and work safety problems. A specimen was produced
using a polyurea material with excellent anti-fouling and methodology, and contact angle, high water pressure,
adhesion, and real sea area tests were performed. As a result of measuring the contact angle of the specimen
with a 10 cm x 10 cm area of polyurea, There was found to be an average of 124.4 © at nine points. No surface
damage was found even above 5 Mpa when high water pressure was sprayed, and adhesive strength of 300LSE
adhesives was confirmed between 22.84 and 23.04 Mpa with an adhesion test. During the 6-month real sea area
test, it was confirmed that about 17.24 % of the polyurea film was less generated than the comparison group.
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Steel Corrosion

Barnacles

Table 1 Bio-fouling type of offshore wind turbine substructure
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Sea water Bio-fouling
Bdge ‘ y ‘ 0.8 mm
Sealing Adhesive T 02 mm

\

Substructure surface

(a) Polyurea based anti fouling film

(b) Polyurea SEM Image

Fig. 1 Principle of Anti—fouling film

3.2 SiE|nt2E HIAE HA H i

Fig. 2%& AE#EY AE A HAE HAAE
ey 7F dAl 20E SAFeR F5eeA g
st} d=7 g 2~E(Contact angle test)= A|H9] 2
A% A7 AF TEE FdEr] g HFFeE <t
Hagd Ase 243 28 dxjolu), Ees
o1 HEZE FAHSY AT £ vk 1F
&+ ElAE(Water jet test)= AlH] UFAS el
71 98 ageel A s 28t W) ag
goz & FAsln ®Hd #d, Rojfy} ge &
ol wAEEA et F2Y HAEPull off
test)= AlHe] A AR FAHS FRlshs HAH o]
o, Asje] AF AHES ez FAY Hx
E FHE B3l AlHe] o]g ofE Iisith A
BlAE(Sea area immersion test) Z@]$-#ol AlHA
ol9lo] HAF AFES WL R A oF 6714
A FAAATAL FrIH R RUHH =
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‘ Sample production

!

Contact angle test
g0* < @

No
l Yes

Water jet test
Surface clear or not

No

Pull off test
Maintaining adhesion ar not

No
Sea area immersion test
Good cendition or not No
[ End ]
Fig. 2 The process of anti fouling film test
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| Agol TFsshes s,
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Fig. 3 Anti—fouling film product
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XA TxE oE|ntedy WS g
Table 32 <E|F&Y HE| Alset T 20&
Yehdth Zg9-gols FA9 AAS 1: 1 H &2
sgsla ¢bE 24 2,000 ~ 3,000 psi, &% 27 65 ~
70 CollA EAEITE BAF 3 oF 5% otol] 4

A3 9 A oF 1 AR he
£ M el Holze #asdn A 4
0] 7

Table 3 The specification of anti-fouling film

Testing Item Description

Polyurea ezGuard 235 (A, B)
Adhesive 3M jit: 300LSE
Mixing ratio A (ISO) : B (Resin) = 1:1
Mixing pressure 2,000 ~ 3,000 psi
Mixing temperature 65~ 70 C
Gel Time 5s
Tack Free Time 1 min

Table 4= <tE32d A& E4AE

Table 4 Physical property of anti-fouling film

Testing |yt | Resutt | RO | Standard
item ment

Hardness 79 - Shore A
Tensile 5 KS F
strength | VM 15 14 4922
Elongation o KS F
at break %0 8 300 4922
Tearing KS F
strength | Vmm | 521 0 4922
Abat 1 ey 74 - -
VISCOSItY

B Pat gy 68 - -
VISCOSItY
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Table 6 Water jet test setting

Test

Pressure gauge

Water jet

Table 7 Water jet test to sample

5 Mpa

1 Mpa

Surface

Hydrophillic

30° < 6 <90°
30° <6 < 150°

150° <@

Hydrophobic

Super-hydrophobic

Fig. 4 Contact angle measurement method

Table 5 Contact angle depending on measurement location

122.8°

Avg

122.3°

1235°

1259°

125.3°

121.3°

126.7°

125.6°

126.2°
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AR
el ANEL AABAT. POER 505 Ao
A% o] ete ol AAHE Fo| Hel ookt vl
ekl mlug el e Felsnt 5 Mpasl o
2 B2 BANYS o Eeldol TS Hol st
ol YRE AAAY AR TR FHE 058G
om & BAGOU FY, BlWA 2 £l
Aol DARA BT WOER 50 wAIFI oF
2 AARY e oI35 el SeRe} g} B8

AzAL BdS Bzt HEE HiE
< AxdE A=k 20 mm A
A& HAAEPIHT Gray)s =32
AN & A AsE A8 oF 244
O35 g Ay B2 7 EE A
knife)& ol&3ste FFE& Wtk FARE E¥E
Adhesion testerE ©]-§3}¢] AlHo
e ool dojps wo] JAES gl HE
g HAE Ao A3 2%+ (20210) Cola Ad A+
H5Es (50+30) % RH.olth

Fig. 5& 300LSE®} VHB H&ZAE o] g3kl A=t
3 Al 12EAS YERIL AIHES 10 cm x 10 cm

u rlr
=
)
S
=
=2

Table 8 Equipment of adhesion test

Equipment Manufacturer Model
Adhesion tester DeFelsko PosiTest AT-M
EP11HT Gray Resin lab Tube kit

Dolly DeFelsko 20 mm
Rotary knife DeFelsko Morse 25 mm

SENUXNNE: M15A, M1=, 2024

N 300 LSE - VHB

: 1 .

(a) Preparation of Test Samples
= 300LSE = VHB

ADHESION STRENGTH (MPA)
22.84
22.30
23.04
2198

BEFORE TEST AFTER 3MONTHS

(b) Comparison by samples

Fig. 5 Pull off test results

A3l Alo] == Steel Plateo] AZstith A#H 9 H)

=
o
Fol pRe 9 WEE 98 AeTg olgdtel v

(@ A2k AES vEbE 300 LSE #1, 43, #
o} VHB #2, #4, #6> 2204 wa@a9a 300 LSE
#7, #9, #1153} VHB #8, #10, #12%= <F 371€7F nlgts
of HAAAALE (b= AAE HAAE Fdgs A
| FE2 FEEY gl A9E wolFu} 300LSE
HAEA] 92 AlHo| 2284 Mpa, 3/M€ A g
Aol 2304 MpaZ A & Al#e] HHA7=7} 0.2
Mpa®ts &% =4 UEwTh VHBE A8 82
Aol 2230 Mpa, 3/0€ A g AlHo] 21.93 Mpa
o7 AR & AW HALEI}F 032 MpaihE thx
A Jebgth Aubgoew 300LSEY A FAAEE

N

rlr

VHBS} vliLste] -8 710 vEhdth Al H~
E A AR A Aol AHAErE ojd Aom 4
ko vzt AYE FE e Wk so] A
olA Wyt AEst waste] HHAFEIF F Apol=
flas FRlskit oldl 2 Aol gk s
HAEdA = JHdE=7t 93 300LSE H&AE A
gl A-8-sksit
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Occurrence Area (%)

Polyurea Fluorine  Paint750  Paint 880 Watel:proof
paint
—-Before Cleaning  17.24 65.36 27.65 459 38.98
~==After Cleaning 0.64 1.64 0 0.94 3.86

Fig. 7 Comparison of bio—fouling occurrence area
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