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Abstract: Antifouling paints have been used to prevent corrosion of the surface of the ship hulls (vessels) and the adhe-
sion of marine organisms from these surfaces. And the development of a new type of antifouling paint resin which has
excellent antifouling performance and no persistence in the marine ecology is necessary. In this study, we have studied
polyurethane (PU) and waterborne polyurethane (WPU) resins which are considered to be applied as a new antifouling
paint matrix. PU and WPU resins were synthesized by 4.,4'-diphenylmethane diisocyanate (MDI), 2,2'-bis(hydroxy-
methyl)butyric acid (DMBA), 1,4-butanediol, polyethylene glycol (PEG) as ether type polyol and poly(tetramethylene
adipate) glycol (PTAd) as ester type polyol. And then quaternary ammonium salts (QAS) which are effective biocides
were substituted. After that, the synthesized PU and WPU resins were tested by the laser scan micrometer to confirm the
self-polishing property with different types of polyol by measuring film thickness in sea water.

Keywords: antifouling paint resin, self-polishing copolymer (SPC), polyurethane (PU), waterborne polyurethane (WPU),
polyol type.
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4,4-diphenylmethane
diisocyanate
(MDI)
50 mol%

Polyol MEK
(PEG200, PEG600, PTAd600) (2-Butanone)

25 mol%

70T, N, gas
Stirring 1hr

‘ NCO terminated Prepolymer

25 mol%
DMBA + MEK
100°C, Stirring 3hr
Polyurethane
40~50C
Trialkyl amine
Stirring 1hr

Figure 1. Synthetic process of PU resin.
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Table 1. Mole Ratio of Monomer to Synthesize PU Resin

el e 2] vl= 54 813

Monomer (mol%)

Sample name

MDI Polyol DMBA Trialkyl amine

PU(PEG200)-C00 -

PU(PEG200)-C06 25 (triethylamine)
PU(PEG200)-C09 (PEéS200) 25 (tripropylamine)
PU(PEG200)-C12 25 (tributylamine)
PU(PEG200)-C15 25 (tripentylamine)
PU(PEG600)-C00 -

PU(PEG600)-C06 25 (triethylamine)
PU(PEG600)-C09 50 (PEC2}56OO) 25 25 (tripropylamine)
PU(PEG600)-C12 25 (tributylamine)
PU(PEG600)-C15 25 (tripentylamine)
PU(PTAd600)-C00 -

PU(PTAd600)-C06 25 (triethylamine)
PU(PTAd600)-C09 (PT AZdS 600) 25 (tripropylamine)

PU(PTAJ600)-C12
PU(PTAd600)-C15

25 (tributylamine)
25 (tripentylamine)
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460 Plus spectrometer®] =723} NCO peak”} AFebH Tt
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9] 5 wt%ol| 31Esl= MEKS| £33 & dropping funnelS
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diisocyanate Polyol MEK
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[ 50 mot% [ 25 mo%

!

NCO terminated Prepolymer

70C, N, gas
Stirring 1hr

DMBA + MEK
1,4-BD + MEK
Polyurethane

4 Stirring Thr

Neutralization
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. Reduced Pressure
Phase Conversion Removing MEK |——» PU Dispersion

Figure 2. Synthetic process of WPU resin.
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Table 2. Mole Ratio of Monomer to Synthesize WPU Resin

Monomer (mol%)

Sample name

MDI Polyol DMBA 1,4-BD Triethyl amine
WPU(PEG200) 25 25 - 25
WPU(PEG200)-1,4-BD (PEG 200) 12.5 12.5 12.5
WPU(PEG600) " 25 25 - 25
WPU(PEG600)-1,4-BD (PEG 600) 12.5 12.5 12.5
WPU(PTAd600) 25 25 - 25
WPU(PTAd600)-1,4-BD (PTAd 600) 12.5 12.5 12.5

applicator 300 pm manualZ F+Y3F =S THELL AAR
3 & 8] AREHUS RIS T rotor tests YA
o} o] w 1FEFE pH 83, 3K rpme 300(5 knot)©-=
FA8ItE =8kl vl A= laser scan micrometerS ©)
83t mute] 54 3RS 22t 531 HbE Zgste] F)
w3 Haigks AL Ht FAR AR, 2FHA

£ Akt error bar2 YERASATE

Zn o =2

_>ﬁr‘

FTIR 24, 2& £ dA8F0F oAuAE 7KL )
o, o] oA = AeE A (stretch)sHAl 471 w331
(bend) AAHE X3 Stk o] Eaks 54 AUA
Foll sgehe AErEE AFsAY 38 5 e, et
A ol BAE ooz HUS o, ¥lo] JFet Bab
o] JFo] YA AUAE FsH =L, FFE 217t
9L Bal 5ol sFetEE 1 Bt o st 5S
=7 & S Atk 29 A (infrared) F3HS ol2lek X9}
Ao JAF AR G AE-S o83l 25 AHshe
o ojmdl 7] StES HApte] kEshd, AEE
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O Rt wet FEe s B U Z 2AL
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Table 3. Characteristic IR Bands of the Polyurethane Bond

Wavenumber (cm™) Assignment
3445 N-H stretching (non-HB)
3320-3305 N-H stretching (HB)
2940 Asymmetric C-H stretching
2860 Symmetric C-H stretching
1730 C=0 stretching (non-HB)
1710-1705 C=0 stretching (HB urethane)
1645-1635 C=0 stretching (HB urea carbonyl)
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Figure 3. FTIR spectra of polyurethane films with different types of
polyol: (a) PEG200; (b) PEG600; (c) PTAd600.

=] 09}t C12, Cl5olA e Aas} 71 717k A
o] At $4:9] IIE triplet®E 2.43~2.36 ppme] H ol
A YeRt T, 78 | gkl A3t A JIE tripletS
Z 0.89~0.81 ppmOlA] up-fieldZ chemical shiftd}e] LJERS:

WPU(PEG200) | @)

N=C=0 c=0
stretch stretch

N-H  C-H

ity Stretch stretch
ol ™ 1

By

¥
\
' i
- | :
L v : Iy ]
i i ¥ o
! i H |
\ : . " \
i v | 1
' ] ' | |
! 1 ' 0
! ] L) v
i | H i
| 1 I )
i I i I
i i \ i
i | i |
I T T T T T T T
4000 3500 3000 2500 2000 1500 1000 500
Wavenumber(cm™)
WPU(PEG600) I . (b)
N-H CH stretch stretch
i |
stretch  stretch N ety !
B L - i '\‘:
¥ )
g My,.,\w\ Lo Y
iy o
» H ! gl
' ' \
' ' H KR ik
i ] ¥l )
- ' i ' (s !
ES ! i . |
' 1 '
: : I
: [
i |
) i
i
i

I T T T T T T T T T T T
4000 3500 3000 2500 2000 1500 1000 500

Wavenumber(cm™)

| WPU(PTAd600) | ©
N=C=0 C=0
C-H stretch  stretch
N-H ) '
stretch streltch J— -‘"\',/-"wr-nr\: E

=

T VN
‘,-‘f-\]” ‘-.I/

=

e

% T

r y LI v T T T y T v T
4000 3500 3000 2500 2000 1500 1000 500

Wavenumber(cm")

Figure 4. FTIR spectra of WPU films with different types of polyol:
(a) PEG200; (b) PEG600; (c) PTAd600.
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Table 4. Assignment of the Signals of the Polyurethane

5 (ppm) Assignment
9.43 NH, (Ut)
7.37 Hy+Hy
7.09 H;+H;
4.17 Hs
3.79 H,

3.64 Hs

3.54 H,

3.45 -OCH,CH,OH

243 Trialkyl amine
0.93-1.2 Trialkyl amine

3 2 0
4 T 5 6 7
A Yo Yi-teo-dii-ofarar-op -

PU(PEG200)-C00
PU(PEG200)-C06
——— PU(PEG200)-C09
——— PU(PEG200)-C12
PU(PEG200)-C15

Urethane
N-H,

Benzene ring
H2’ H3

4
\

H, (@)

‘ Trialkyl amine

ppm

PU(PEG600)-C00
PU(PEG600)-C06
—— PU(PEG600)-C09
— PU(PEG600)-C12
PU(PEG600)-C15

Urethane
N-H,

Benzene ring

H, H, H H

| Trialkyl amine

ppm

Figure 5. '"H NMR spectra of PU films with different types of

polyol: (a) PEG200; (b) PEG600.
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Figure 6. 'H NMR spectra of WPU films with different types of
polyol: (a) PEG200; (b) PEG600; (c) PTAd600.
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FAE AT T rotor testE AAISHATE. WA Figure 79
PU(PEG200)2] 105 7] &2 HAAE T 235 Yep
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PEG200S AMS-gH AlH] 2] Al A3, trialkyl amine
2 FIATA RS CONHLE 2535E =uke] A7) ™zt
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Table 5. Molecular Weight and PDI of PU Resins with
Different Types of Polyol

M, M,

Sample (g'mol™) (g'mol™) PDI
PU(PEG200) 20587 39882 1.93
PU(PEG600) 20089 31935 1.59
PU(PTAd600) 19563 32066 1.64
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