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Study on adhesion properties of Anti-fouling coating
by varying the composition of Tie-coat

Hyun Su Kim

Department of Applied Chemistry and Engineering,
The Graduate School of Industry,
Pukyong National University

Abstract

Hull condition for merchant ship is a key parameter in deciding the fuel
efficiency of the ship. The application of anti fouling paints results in a
smooth hull devoid of any marine fouling, which decreases the frictional
resistance caused by the water flow and the anti-fouling paints have been
identifying to decrease the load on the engine and increase fuel efficiency
through the specified evaluation method.

With time, marine fouling and sea condition roughens the hull surface of
the ship. As the frictional resistance caused by the water flow over the hull
increases, the engine has to consume more fuel to overcome this resistance
which adds on to the normal fuel consumption of the ship.

Ships while sailing or on the berth are always contacted with seawater
and seawater contains several marine organisms which enter the ship along
with the seawater and deposit and flourish on the parts of the ship’ s
system. If preventive measures are not taken, the marine growth can cause

to increase the load of ship and in case of serious, damage to the particular



part in the long run.

Because of these reasons, Anti-fouling is demanded on the hull area of
the merchant ships and the process of removing or preventing the
accumulation of marine organisms from the surface of hull and the paint
used for this application is called anti fouling paint.

Anti-fouling paints that continuously release one or more biocides through
the paint surface have been the primary method of anti-fouling prevention
on ships and other marine vessels for more than a century.

Anti-fouling systems can be defined as the coating, paint, and surface
treatment used on a solid (e.g., ship hull) to control or prevent the
attachment of unwanted organisms. The main components of these
compositions are biocides, which slowly “leached out” into the seawater,
killing barnacles and other marine life that have attached to the solid
surface.

Antifouling paints which are commonly used in the industry can be
categorized largely as:

Fouling release coating ; Traditional fouling release coatings consist of a
silicone elastomer (PDMS) and rely on a low surface tension (hydrophobic)
and a low modulus of elasticity, usually with a good initial foul free
performance. With time, the coatings ability to self-clean is lowered, which
results in a higher hull skin friction.

Self-polishing coating ; Traditional SPC (Self-polishing coating) consist of
acrylate coplymer based generally and sorted by the polishing rate to apply
on the diverse vessels types. The paint is started to react with seawater and
the biocides release into seawater and the paint film disappear over time.
These coatings need continuous motion such as hydrating or hydrolysis

reaction with seawater and they can be used in multi-season but there are

- Vi —



many parameters which give the effect to the reaction speed.

In the paper, the quoted Anti-fouling paint is acrylate copolymer based
Self-polishing coating and consider the causes on the specific phenomenon
commonly taken place on the specific coating system which is typically used
in the marine business area. There are some cases which is anti-fouling
paint is not performed well as expected such as earlier polished through or
physical polished caused by peeled off from the other coat. It is not
surprising that adhesion failure of anti-fouling is a common defect during the
sailing.

The main agenda in the paper is to see how various changes in the
tie-coat affect the adhesion of anti-fouling paint and focused to confirm
what factors affect the adhesion properties of the interface through the
specific analysis.

Only one anti-foluing paint which is acrylate copolymer based is used for
the study and the tie-coats are used after manufactured with the different
raw materials which can give the effect to the adhesion property. Adhesion
property for each specimen 1is evaluated in the dry condition firstly and then
try again after the immersion testing. Especially the contact angle is
evaluated according to the different particle size of the extenders and it can
be analyzed the existence of thermoplastic hydrocarbon resin from the
immersion condition.

These are confirmed as main causes to make adhesion failure with

long-term sailing condition.
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Fig. 1. Development processes of marine fouling.
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Fig. 2. The species of marine foulings

(1) chemical structure of conditioning film
(2) Bacterial film (Cyanobacteria)

(3) Green algae on the hull area of ship
(4) Adult barnacles
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Table 1. Tin—free SPC anti-fouling paint composition (general)

Sort Chemicals Content (wt%)

Acrylic polymers
Binders Rosins 20-25

(natural or synthetic)

Pigments FesO3, TiO9
(including biocides) CurtLadOUSEN, 1Zn0 40-45

Silicates, Carbonates,

Extenders 5-10
Sulphates
. Rheological additives
Additives . .
Organic biocides 5-10
| . Aromatic solvents
ents
SO Aliphatic solvents 15-20

_10_



Biocide Alternative name CAS number

Copper 7440-50-8
Dicopper oxide (cuprous oxide) 1317-39-1
Copper thiocyanate 1111-67-7
Bis(1-hydroxy-1H-pyridine-2-thionate-O.S) copper | Copper pyrithione 14915-37-8
Zince complex of 2-mercaptopyridine-1-oxide Zine pyrithione 13463-41-7
N-dichlorofluoromethylthio-N'.N'-dimethyl-N- Dichlofluanid. preventol 1085-98-9
phenylsulfamide

N-dichlorofluoromethylthio-N'N'-dimethyl-N-p- | Tolylfluanid. Preventol 731-27-1
tolylsulfamide

4.5-dichloro-2-n-octyl-4-isothazolin-3-one Sea-Nine211.Kathon287T | 64359-81-5
Zinc ethylene bisdithiocarbamate Zineb 12122-67-7

N'-tert-butyl-N-cyclopropyl-6-(methylthio)-1,3.5- | Irgarol 1051, Cybutryne 28159-98-0
triazine-2.4-diamie

Triphenylboron pyridine complex?® TPBP 971-66-4
2-{p-chlorophenyl)-3-cvano-4-bromo-5-trifluoro- | Tralopyril. Econea 122454-29-0
methyl pyrrole?

N-[(4-hydroxy-3-methoxyphenyl) Capsaicin 404-86-4

methyl]-8-methylnon-6-enamide?
4-[1-(2.3-dimethylphenyl)ethyl]-3H-imidazole® Medetomidine, Selektope | 86347-14-0

# New candidate biocides
TPBP triphenylborane pyridine

Table 2. Main and new candidate biocide used in anti—-fouling coatings.
[18]
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Fig. 8. General coating system on the hull area of the ship

2.2.2. E}o] FE (Tie-coat)

r

Elo] FZE(Tie-coat)gt &2 Fig. 8o|Al¢} o] =gto]w(Primer) == 54

A Atk U vl ZE(Undercoat)$t =9 3E Z(Topcoat layer)Alo]o A 7}

WATS k= FEo EEg wd 2= 9tk = Elo] FE(Tie-coad= 73t
HRAE S ATTeE2N 209 NE 28I H 22 HEsAY JEE S I
A7l Aol T2 AFdhe FHOE ASHT o8 F39 IES AT
FEZES I I 5 A%t HzZshr] wE o A NAE A =2 9

et o] 2|3k Efol
v 4% ZJFA 9L s HY M F83 B4 T shue Y 4
Fago)q o7l = AY HAY YFABNE dFE &

Table 3.0lA¢} o] AREA o7 YAloA 7 ®ol AHEHI U= Ero] &
EQ FHE 29F o|ZA 7]HH2-pack epoxy based)] Elo] =

HE 79k ASAE 4lo] AHEETH 7EAH O FE o R A 7Rk F
HEg F2 24 o ZA 7§l zgo|w(Primen)ete] F2¥ Rl 2903y
Zg$-#e 7]¥H2-pack polyurethane)?] 5ol ZE & % olmzdyolE

(Acrylate) 7]ute] wro =@ olo] Hate u} 7kd =Q o)

o
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Table 3. Tie-coat paint composition (general)

Sort Chemicals Content (wt%)

Epoxy

(Liquid or solid t )
Binders .1qu1 OF SOHC YDE 10-15
Vinyl Acetate (VA)

Hydrocarbon resin

Pi t Fey03, TiO
igments €2U3 1U2 10-15
Silicates, Carbonates,
Extenders 35-45
Sulphates
Rheological additives
Additives Defoamers
) 5-10
Wetting agents
| . Aromatic solvents
S
sotven Aliphatic solvents 10-15
Polyamine or Polyamide
Curing agent Curing booster 90-100

(3 amine etc.)

) o o )
LEFS FHUAA HAFs 7IdE 5 Qo =T WUen

ox
(i,
&l'
o2
ox
i
=2
Lo
e
to
nf
rlo
N
AV
o
2
bt
o}
A)
r o
i
ol
£
52
rlo
z
o
o
o
fo
i)
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Fig. 9. Real case for the delamination on the hull area
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2.3. A3 7% (Adhesion)

2.3.1 &9 g 584 (wetting of substrates)

2
g & Atk =28 71 BAAY FH FEdl fE IuAHd F7 wys
(

3 (Force)/™ 2 (Area) (N/mm? Mpa)o| i, &4 =4

=

Sebe DT A2 A= B AR AAC g 8 AA 21 HE
7 I(Protective effectz} & 4 ATt (e.g. corrosion protection)

Fig. 10.91A ¢} 2ol sE Qlol 3 H2ES 98] ad dA =402
AA] HJEES AL W £AHA gk A3 F-a&Wetting)olth. o] A&
3719 HEstaL = &A9 AlRolA A4te] FHRIESL Axeke] AR AH
2O Hgs el o] Adx P A3 GAE A e o] FAA

o

solid / gaseous solid / liquid solid / solid
paint application drying / curing
> >
air liquid paint film solid coating

solid substrate solid substrate solid substrate

Fig. 10. Interfaces on solid substrates (diagram not true to scale) [24]



232 ¥4 9 AE #A¥ (surface and interfacial tension)

B3 e oAlelq WA o] BE BAEL % EAR FYs BUH
oItk WehA o] BRSO Agett cee e mE WEon T

Moz el Az Afu

air

(OONEAEDN

- =~

O water molecules
water
——» interaction forces

Fig. 11. Force diagram to explain surface tension [25]
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B3 F7le A% g Addnterface)l ATt & A7 g & EAE]
o M lemz Qe P2 M= A Far HAlo WFE FFe
2 = ZAY 9ol A& o P 'y WA muHe] Aow %

oty o] ¥ AFIE 4 Ju AWAA e AH(nterfacial tension, y)< &
Atol ] 7V ZAAS] ImE wet ZAE3 Folgt & & ot [ (Force)/Z o]

(Length)=N/m; mN/m]

qkeF o] F o] Aol FIEH fEle 1 e F9H AHolg & F 3
=3
EHAES F 9 Hal7] f8iA BEAE UdolA THOZ o] Fd|of ol A
2 F7E & FESD ANUAE Lv|dor st tS 45y dlde oy
A (energy)/™ Zl(Area)e] 3l(Force)/dol(Length)e} s AL HoFm W
AE2 329 AUAY SAHFCE FAE F Yok
energy J N-m N force
area m? m° m length
Fig. 12. Interfacial or surface energy
A AYo] =75 4 dAY YL FEHIL o]o wet e @A <
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2.3.3. 54 (Wetting)s} =7+ (Contact angle)

Fig. 13.2 4&-A|H(Substrate)ol] thdk HA|o] F&4(Wetting)= HA™HslH T
slsle] ol Eoh FHAWetiing> &AW A &8 A B AlololA A

=70 (contact angle)e AT EZN & 4 Jom HEZ o] FA&FE &

o

w

Aol £t & 4 A olE =3 Zo| Young’ s equationo® A

s1eh.
Ys=Ys tYCOSO
2R $lolA AL AT HA FaE A4S o]k FA HaolY T 4

7, oo @ HEZ6-0° = cos0=1 ol & % Utk

olx 8 A3 gake]l ¢ Young® s equatione offAH TAT 4 U,
Ys = Ysi + Yi

ulok HolES) e MAr) A9 THS PAS] Aok F= A WA
AR W AHHo Zbolof sim, RIHE AA S FH Aol
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unsufficient wetting wetting complete wetting
(spreading)

© > 90° 90°> @ >0° =0

. ‘4\9. . P

Yo Ta

solide substrate

Surface tension of the solid substrate

Surface tension of the liquid
Interfacial tension between solid substrate and liquidt

Contact angle of the liquid on the substrate

Fig. 13. Wetting of a solid substrate by a liquid
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A3 43
31 43 A=
Hergo AVA A HAE Yi AHLE ARERE A483H

o]
= 2903 EA SEst P FRE AzD 293 A FE, 39

199 silylAl Fexs 50 AHEE AR

A}8-2 Ethylene acetate vinyl copolymere] 4% T dHd Feje] =S A
i glon diEes FARERESAR, di-e BE5FHS 54 7HA L AT

A AR E 2908 o ZA e W FRo E3] AHLEHE
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(D

m | n
(2) OYCHC’r

Q

Q é\ )
(3) MW—CH—CHQ—{I:—CHQ—CH—CHz ——AAAN

CHs3
C9 Resins
CHs

CHj

Fig. 14. Chemical structure of materials used in each tie—coat
(1) Feldspar (KASi3Og) crystal (18x21x8.5 cm) from Jequitinhonha valley,
Minas Gerais, southeastern brazil

(2) Ethylene vinyl acetate

(3) Thermoplastic hydrocarbon resin
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2 Aol AREE Al dXE o Adoln, EE A2 ISO 8501, 1SO
850459 TF =3l Blasting #12] % Acetone(Daejung)S. 2 M3k th
& ot Z® AFo R =& FHUoew FT-R 4 % UV &4 &= Xylene

(SK=3t3slsho] A 22X AFLE AT AAE &S Table 4.9 Az sk,

Y
o

rlo

Table 4. Materials used in the study

Chemical name manufacture Cas No.

Feld spar
] - Sambo 68476-25-5
(Low particle size)

Feld spar
Raw (High particle size)
materials
for tie-coat Ethylene vinyl acetate Dupont 9003-20-7
Hydrocarbon resin RUTGERS 93572-35-1
Carbon
Steel Acetone 99.5% Daejung 1009-4410
Cleaning
Analysis Xylene SK &=3%t3}st 1330-20-7
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32. A¥ AAEY, A8 E8 AF 9 AHE =F
3.21. A¥ AAF

B AT Agd RE AES I3t A A¥S aluminium oxide 2um<]
grite Ab83le] Fig 15.9)1A1¢} 7o) SA2y, Ao A Blasting®. & A g
(surface treatment) Eom dAAg o]F &y AHA7]E o] &3+ Acetone

(Daejung)e. 2 A 3 T o= 2 TE= =4317] 9 AHEH AT

Brush Off

% ssPc sP7
B NACE No.4
{1S0sa1

Industrial

SSPC SP14
NACE No.8
IS0 ——

White Metal i

SSPC SP5 )
NACE No.1

SSPCSP10 |
NACE No.2
1SO ——

| NACE No.3
ISO SA 2

1SO SA 2172
. up to 15%
| stains, shadows

Loose Material None None None None None
Tight Material 100% up to 10% None None None
tains, Shadows 100% 100% up to 33% up to 5% None

Fig. 15. Surface Preparation according to standards

_25_



322 NE =8 A=
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—[ Binder + solvents ]

G All binders should be dissolved.
Mill
base [ Add a additives for dispersion ]
[ Add all pigments including Feldspar ]
—[ High speed stirring by 55°C ]
il _[ Add a solvents and stirring ]

¢

Cooling down ]

Fig. 16. Overall manufacturing process of the sample for the tie—coat
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Mill
base

(D

Let
down

Mill
base

(2)

Let
down

_[

Binder + solvents ]

.

All binders should be dissolved.

[

Add a additives for dispersion ]

¢

Add all pigments including Feldspar ‘

Small particle feldspar
Large particle feldspar

¢

High speed stirring by 55°C

:

=

Add a solvents and stirring ]
Cooling down ]
Binder + solvents ]

Ethylene vinyl acetate resin
All binders should be dissolved.

Q

Add a additives for dispersion

¢

Add all pigments including Feldspar ‘

¢

_[

High speed stirring by 55°C ]

¢

Add a solvents and stirring

.

Cooling down
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—[ Binder + solvents
Thermoplastic hydrocarbon resin
G All binders should be dissolved.

Mill

base [ Add a additives for dispersion

~ >

Add all pigments including Feldspar

& >

i High speed stirring by 55°C

>

J/

'&Z‘Wh Add a solvents and stirring ]
Cooling down ]

Fig. 17. Manufacturing process of tie—coat for the raw materials

(1) Feldspar, (2) Ethylene vinyl acetate resin

(3) Thermoplastic hydrocarbon resin
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Sample name Feldspar EVA resin Hydrocarbon resin

Tie—coat 1 O (Small particle) O (Transparent) o)
Tie—coat 2 O (Large particle) O (Transparent) o)
Tie—coat 3 O (Large particle) O (Transparent) o)
Tie—coat 4 O (Large particle) O (Opaque) o)
Tie—coat 5 O (Large particle) O (Transparent) o)
Tie—coat 6 O (Large particle) O (Transparent) X

Table 5. List of the tie-coats manufactured with lab scale

_80_



323 AN¥ =%

™

i

el substrate

4+
©
o
i
(4F]
£
>
x
O
Q.
(W]}
(o))
<
=
©
o
o
el
[
[@\]

1 X 100 mic.

oF 50%=Z A

T—
T

Fig. 18. Coating specification & system for application

2 =AEAY. A

3 797 AxFAH

(Relative humidity)

o

S

o]

153

|

2H] 63:19 Airless pumpE A&
Table 6. o YeH AT

ol
)=}

w3
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Airless pump
) Hose Length Spray pressure Temperature
Pressure ratio

15m 3 bar

63 11 5 Room temperature
(Pump to spray gun) (3.06 kgf/cm )

Table 6. Spray condition for the application of all the coatings
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A4 A0 9 1F
41 A X2 A T 42 BR9Y Hr}
411 AA A2 YA =)o 42 HE2ze) W

Fig. 19. o= 9= &4< &8 F 7FA °& dA =271 g &4 23
S YEHA AL, Figols A& 2717 A2 & A AdsE 2 wihE &
zb Agetds o HAske &1 YA Y zolE HEZL SAHS A UE
WA

AT BXS B Ze A =7] (Particle diameter : 40 ~ 50um)e] A4S
2 &3 tie-coat No. 13 Bt} & A=} =7] (Particle diameter : 80 ~ 90um)<]
FMS A &3 tie-coat 2 & 47t LollA AFS 22 T & AxFHI

3 =g ERe] A7) Aols £9 LAORE THY £ Y BFY Aol

ol# T A7 Aol FegArA S ol&ste 100Hl&= FIAe Hel

=
Table 7.4 & 4 &= AAYH g5 A2 = g=2A AT A2 &
A ZA71e) AW HEE A7 ALY W HAFE FF7Y Aol md
dFe T A
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(D

(2)

Fig 19. Histogram report for the particle size (Feldspar)
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Result of contact angle .
Sample name ] Results of Microscope
(C/A min. / max.)

Tie—coat 1 54.3 / 57.8

Tie—coat 2 47.3 / 49.5

Table 7. Contact angle according to different particle size of feldspar

4.1.2. x5 AF H7} (Pull-off test)
humidity)= °F 50%2 FX3t4t. Wexs =3 & o4 AH3E s 793
Azsanh. ZA 5o A M2 g2 gx =7]9 FeldsparE A

ASTM D 4541 qtA ] met F7]sklvh 7243k AxARbe 420 Al

&
=
o] 25 ASTM D 4541 #+4& o]&ste] BHrietdia 27 ghel 7| E
5
3 & Pull-off test® Z3Ysle] HrEstga 3L 40C ] nikEo] 23
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NHE Aol E2E Eof washingdlal 50C Lo 24437 AZXAIATH
I Y+ ASTM D 4541 w4 mel Pull-off testE oAl 33tk

Fig 21. o= ol8id #8e AA Bk g3t dollyZF Eolxl Aol AH
F2A L] AolE YEtAH. 4R Z717F iAo' 22 Feldsparg #

=
£3 o ZEA 259} Mo 7te] RIAHL A Fr]7} Z Feldspars: d &

o

2k Aol wis) A FeEjets FaskA FAAde] 24 oA Ae & 5 3

ST AW wel U T7le] Folrt AP HolF WEe WE &
U3 8AUA o RE FAR] AT e TS AP PSR

Cohesive Fracture Adhesive Fracture

Dolly (Z) «eeeseses
........ (Y/Z) Glue and Dolly

«wx (F/Y) Layer5 and Glue

Layer5 (F) - (E/F) Layer4 and Layer 5
i:::: :E; .......... (D/E) Layer 3 and Layer 4
AT (C/D) Layer 2 and Layer 3
Layer2 (C) reeeeeer y......... (B/C) Layer 1 and Layer 2
Layer1 (B) «--- | (A/B) Substrate and Layer 1
Substrate  (A) --------

25 & % ¥ & & ¥ & &

Fig. 20. Assessing the result of a Pull-off adhesion test
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Coating system Result (before immersion) Result (After immersion)

Epoxy Primer
+Tie—coat 1

+ Anti—fouling paint

Epoxy Primer
+Tie—coat 2

+ Anti—fouling paint

6.8Mpa 20% C, 80% D 4.5Mpa 100% D

Fig. 21. Result of a adhesion test for the effect of particle size

_37_



4.2. EVA resin Zejol] @& FHFF H7}

4.2.1. SEM & FT-R #4]

B A3E 93 3= Ethylene vinyl acetate resin& Fig. 22.0]4 Hol=

2
d

H dRs FAREYS IR EREE e 7H 1AE pellete =
Hol AATH ol 2| Aoyl Werwete] RAAC IEFS
A5 g23tr] 93t WA FT-IR (with Spec ATR)Z Z+zhe] <]¥o)
pellet2 2w 2 &2l3t4 T} Fig. 23.& olo] #3F AxE Yelz E549
pelletell A 2ol & H o FA Tt

A

-
ox

s
ol
r

o
fn

e

Fig. 22. Ethylene vinyl acetate resin pallet (Elvax 40W, Dupont)
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o]# 3+ z}tolo thal SEM-image (Scanning Electron Microscope)o 2 ZA}3)

EDS(Energy Dispersive Spectrometry)& o] &3t A2 Tivl &S &

T ATk =3, ZAZre] o)Fo] tE pelletS THF (Tetrahydrofuran)®@ =<
kS

sl4sta e obrltel ¥ P 5+ YA BAFAAY FAE

X

et

e
pallete £2] ofr|=9] <Fo] Y HF- w &3l Ethylene vinyl acetate®]
AEH = YA Fhal EFET pellet did o=z Zg otr= &

o] A A&HE AL FAF 4 YAtk Fig. 23. & AA| AWZo hd o
gol= el e 1735cm™e Ethylene vinyl acetate®] COO 1&&
Eb ™, 1640cm™e EEm3F EVA pallet £He £ oln= :Eo] )3t of

ol

e MEds & 7 AU Z2be] peak Atolg] HIES FRlste BEHS
EVA pelletol A HFtid o= & ¢ &g ofnurt HEHUES & + 3
ATt

0io] [

H
035
0.304 I
2500 z.obe - 1500 1000 550

cm-1

Fig. 23. FT-IR spectrum for each EVA pellets
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R 5 5 -.I s
2.00mm JOTUN 15.0kY 10.4mm X27 COMP 60Pa

Fig. 24. SEM picture of the transparent EVA pallets to the left

and the opaque EVA pallets to the right

-

l‘- - o o I - F. . --, 3 . ._ - * - . -
_BE. M#G'S#-Hv:‘lﬁw WD: 10,4 mm il S - 5 ' o e 7 “

-

Fig. 25. SEM-EDS result for the white spot on the transparent EVA pallet
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0.344

0.304

0.254

0.204

0.154

0.104

0.054

-0.00

0.04
1857 1800 1700 1 1600 1500
cm-

Fig. 26. FT-IR spectrum for the treated EVA pellets

422 228 AF B} (Pull-off test)

=2
fy
bt

(Relative humidity)= ¢F 50%Z FAslAth Wy &4 & o4d 73
st 98 7d d=xEAY. AFA FEY Ae AR uE oH
(transparent & opaque)®] Ethylene vinyl acetate resing 24zt &3}, 2
43 Tie-coat 3, Tie-coat 4& 77 O & Al HE3FHTH olo WE B
T 59to] H2S ASTM D 4541 74 o] &3l Br1ate
X ASTM D 4541 4o whet F7]8kdth 793He] dEAIZMS 2420 Al
Fo43 & Pull-off testE P ste] Brisidar 37HL3F 40C o vigt&Eo] 4
3 3 AHE AYo] EE2E Eo washingdlal 50C B 2447 AxAZ]
Pu

% ASTM D 4541 7o) ulz} Pull-off testE thA] 2l3§a} Tt

ki
b3
t
g
o
K
N
o

l
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Fig. 27. o= ol213t S AA H7FF g3t dolly7F B Al o) AE
2 FHAO AolE et E4E& T3 EFH3I EVA(Ethylene vinyl
acetate) pelletoll /] AEH &g olrj=e Z59 Yex
T Y RARAY Aole A9 AR HA Moy A Fo AR F

o] & AolE B F qlth AEH g otv=9 ol met FEhE
o7k eh=xE 891517 M s 271290 Ado] FagA T, AA

1o
Jo
N, o
-3
R=)
i
-3
G
>

A ARgSE e aE S O FUHE Ade edesina dddn

Coating system

Epoxy Primer
+Tie-coat 3

+ Anti—fouling paint

Epoxy Primer
+Tie—coat 4

+ Anti—fouling paint

6.2Mpa 35% C, 65% D 4.3Mpa 5% C, 95% D

Fig. 27. Result of a adhesion test for the EVA copolymers
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43, G7kEH BBFE £X 47 HE FHIG Bt

431 FT-R £4

APt EF T 1R =5 AA 23C~25Coller JulF=(Relative
humidity)= ¢F 50%2 FAstAth =3 & 42 AE Y& 793 A=3HA
3 ANEFA FEO 9 :xEH|Ae] Thermoplastic hydrocarbon resin® =
ARE FQlslr] 9|3 A =% Tie-coat 1S Reference® Fi. Ao Bl E ¢
3 & vl & oA Atolze Ad <t=(ExtendenE 83+ Tie-coat 5%
Tie-coat 65 # &3}lHt}. Tie-coat 62] 7d-%-ol= Thermoplastic hydrocarbon
resine] A-8% = ¢k,

Fig. 28. The panels applied with the tie—coat for analysis

e A3}t olF Z AlEE Fig. 28.3 o] £4o &ol3t AV|E Hdsta
1 WS FT-IR(Fourier transform infrared, Nicoloet is10, Thermoscientific
US.A)  ATR(Attenuated  Total  Reflection®  &43t%3, FT-IR&
ATR(Attenuated Total Reflection) kitE Abg&3le] EH EAS 3P,
ZnSe windowoll Data spacinge 0.482cm™'3} 4000 ~ 650cm™¢] W] =Ad
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A SAsIA T
Tie-coat 1 ¢} Tie-coat 5= B]Z=3 A% S HAF Ao v]3)] Tie-coat 6=

1540cm ' BE-2ol| A m A 1§ 2po]E Kotk (Fig. 29.)

absorbance

absorbance

: : : , : : :
1700 1650 1600 1550 1500 1450 140(
wavenumber (cm™")

T T T T T T
4000 3500 3000 2500 2000 1500 1000

wavenumber (cm™")

Fig. 29. FT-IR spectrum for the surface of each tie—coat

Lo
Oft
Lo
N
do
é{'
L
2
i
>
r\:\
o
o
(@)
cs
s
AN

}& 3k DI water (distilled water)ol] 24A]

T ARG AoM A5 HF AlFe Fig 3004 HAFEs AXE
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Fig. 30. Extraction test at 50C for 24 hours

A4 A

o

of £RE Fo

=

A FHY o]|EFLe DI water® AHse] =
T AASAL olF JtE3 =oll IAI AlHA AR G2 AW ®H
2pol S B &7 &l Fig. 3194 Yedl= A A FT-IR (Fourier transform
infrared, Nicoloet is10, Thermoscientific US.A)S E3] A E4<S AR a3}t

At

e
2

Azl B $43 FUsA FT-IRS ATR(Attenuated Total Reflection)
kits Algste] mH EAS A8, ZnSe windowol Data spacing<
0.482cm™'=} 4000 ~ 650cm™e] ML o] FHAA ZAHsATH

SHAI R Fof IAHJA 2 A I FHo| tisiA FT-R &4 23 4

B@A e 2 Aol& ol egiek.

[¢]

o
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absorbance

absorbance

\ T \ T T
1700 1650 1600 1550 1500
wavenumber (cm™")

Fameas
: . : : : :

4000 3500 @000 2500 2000 1500 1000

wavenumber (cm™)

Fig. 31. FT-IR spectrum for the surface of each tie—coat

after extraction test

4.3.2. UV spectroscopy &4}

33k EERE VA9 f{7]E9 F=(Extraction)= ¢1s Xyleneg AR-&3f
of wWHkEly FEYE TE I XyleneS KBro =323t A7l 3 B35}
Ao} Carbon hydrateZ oA=& peake] TE ATt dHx49F ppbolste] &

= A0l 7hed AR BAol dastt AL ol Hobd AAHNE

71 Y8 A2 AF T EL 0.2um syringe filterE 53] o|E2d& A A3l J
Fetdth. Fig. 313 Fig. 3294 & < Axo] UV-vis SAHE F3l
(mega-2100, scinco, Korea) &l =0} &= F714d A AFE A0
UVEZ4 LS 190~600nme] oA Inm data spacing &4 ZHo =z 23| 4
2 XY= AT

_llN'
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Absorbance (A.U.)

34 0.4 4
0.3
S 02
2 S
E o _ﬂ
g 0.0 4
1 a =T
-0.1 4
-0.2
O — T T
235 24 245 280 255 280 285 27 275
Wavelength (nm)
T T ) T H T i
200 300 400 500 600
Wavelength (nm)
Fig. 32. 1 trial for UV spectroscopy analysis (water)
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2.5

2.0

//—///—X

Absorbance (A.U.)

0.0

Ahsorbance (AU.)

0.5

ol s

T T T j ‘{;: zl_‘u 'Zélj T 255_' 2?0
200 300 400 Wmngm (nm) 600

Wavelength (nm)

Fig. 33. 2" trial for UV spectroscopy analysis (water)

UV £4 A3 Al J4 F 2odlA F29 vAY =242 5= 240 -
270nme] Peak+= =T Tie-coat 65 A £]3F Tie-coat 13} Tie-coat 504 &<l
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Fig.34. Reference for Polystyrene by UV specroscopy analysis

(1) Ultraviolet spectra of a polystyrene film before and after exposure to
light [26]

(2) Absorption spectra of Polystyrene in 1,2-dichloroethane at six
temperature (10C, 20C, 30T, 40T, 50T, 60TC) [27]

(3) Absorption spectra of 1. ethylbenzene 2. PSt

(in chloroform, concentrations are 107°M [28]
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4.3.3. 528 AF@ H7} (Pul-off test)
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Coating system Result (before immersion) Result (After immersion)

Epoxy Primer
+Tie—coat 1

+ Anti—fouling paint

Epoxy Primer
+Tie-coat 5

+ Anti—fouling paint

6.4Mpa 35% C, 65% D 5.7Mpa 40% C, 60% D

Epoxy Primer
+Tie-coat 6

+ Anti—fouling paint

4.2MPa 100% D 4.8MPa 100% D

Fig. 35. Result of a adhesion test for thermoplastic hydrocarbon resin
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