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Abstract: Recently, the development of a new class of anti-fouling paint resin which has excellent anti-fouling per-
formance and no persistence in the marine ecology is necessary. In this study, we first polymerized polyurethanes (PUs)
as the other type of matrix which have carboxylic acid groups by using poly(ethylene glycol) (PEG), 4,4’-diphe-
nylmethane diisocyanate (MDI), and 2,2’-bis(hydroxyl methyl)-propionic acid (DMPA). And next, we synthesized final
resins having quaternary ammonium salts on pendant acid groups of PUs. After synthesis, the physical self-polishing
property of resin by the measurement of reduced thickness in sea water was tested. The mechanical property of anti-
fouling paint resin was good when the molecular weight of PEG was 600 or less. It was confirmed that the adhesion of
PU resin was deteriorated when the content of quaternary ammonium salt was incorporated over specific value.

Keywords: tin-free antifouling paint, self-polishing copolymer (SPC), polyurethane (PU) resin, quaternary ammonium salt.
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Figure 1. Self-polishing mechanism of conventional TBT-SPC
o4
resin.
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Figure 2. Synthesis and chemical structure of PU resin.
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Table 1. Sample Names and Compositions of PU Resins
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MDI°l| th3F PEGS} DMPAS] ZAH|E Ha]ste] S35k
o} nREke 2 pue| 7RAREOl| A3 quaternary ammonium
salt®] ZFoll Whe 54 vty 98] z2tzke] PU A0
alkyl chain®] ©447} T2 4%9] trialkyl amineS WHAIH
o}, o]gjst AAlo) mE 7+ TEA|e] Y] E Table 10 Y
2=

ZEQ M= & AME. A 4 S8 o= HA,
FTIR3} '"H NMR(nuclear magnetic resonance, Varian Unity
plus 300 spectrometer(300 MHz)) spectrometers ©]-8-3l 221
sl FTIRS =74 A] resolution 4 cm™= S}al scanning
2 223]2 3}oq transmittance modeZ Z7J31512H, 'TH NMR
2 chloroformy & &vi = ARE-sle] SAIAT Tho = &
E TR FAFS ER1s7] 918 GPC(gel permeation
chromatography, Waters)E ©]-8-3t5om, S4-& 913l ol
O 2 THFE ARSI, 1wiv% 58] A EE Tyt
Balere =159

§h4 9hm ofX W Hxlgko] olE zhzle] PU 4x| 2
DMACco]| 23+ 932 X 2= 99% solvent free 3 E <]
OHP ZE(CG3460, 3M) #1ll applicators ©|-83}> 300 um
O] FAe ERte g A|zstal 597 AFdzizste] Bl
£ BF AAF £, Figure 30 YEFA rotary machines ©]
g3t dllollA] U (5 kno)E B|FAIA Zute] AdE)

Monomer (mol%)

Sample name MDI PEG DMPA Trialkyl amine
PU10-5-5(2000) C06 25 mol%(triethyl amine)
PU10-5-5(2000) C09 25 mol%(tripropyl amine

(2000) 50 mol% 25 mol% 25 mol% “tripropy! amine)
PU10-5-5(2000) C12 (PEG2000) 25 mol%(tributyl amine)
PU10-5-5(2000) C15 25 mol%(tripentyl amine)
PU10-5-5(1000) C06 25 mol%f(triethyl amine)
PU10-5-5(1000) C09 o 25 mol%(tripropyl amine

(1000) 50 mol% 25 mol% 25 mol% o p py ’ )
PU10-5-5(1000) C12 (PEG1000) 25 mol%(tributyl amine)
PU10-5-5(1000) C15 25 mol%(tripentyl amine)
PU10-5-5(600) C06 25 mol%(triethyl amine)
PU10-5-5(600) C09 o 25 mol%(tripropyl amine

(600) 50 mol% 25 mol% 25 mol% o p Py . )
PU10-5-5(600) C12 (PEG600) 25 mol%(tributyl amine)
PU10-5-5(600) C15 25 mol%(tripentyl amine)
PU10-8-2(600) C06 10 mol%f(triethyl amine)
PU10-8-2(600) C09 10 mol%(tripropyl amine

(600) 50 mol% 40 mol% 10 mol% “ripropy! amine)
PU10-8-2(600) C12 (PEG600) 10 mol%(tributyl amine)
PU10-8-2(600) C15 10 mol%(tripentyl amine)
PU10-2-8(600) C06 40 mol%f(triethyl amine)
PU10-2-8(600) C09 o 40 mol%(tripropyl amine

(600) 50 mol% 10 mol% 40 mol% otripropyl amine)
PU10-2-8(600) C12 (PEG600) 40 mol%(tributyl amine)

PU10-2-8(600) C15

40 mol%f(tripentyl amine)
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Figure 5. FTIR spectra of PUs.
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Figure 6. FTIR spectra of PU resins.
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Figure 7. '"H NMR spectra of PU resins.
Table 2. Molecular Weights and PDI’s of Pure PU Resins
Sample name M, M, PDI
PU10-5-5(2000) C00 24988 84853 3.39
PU10-5-5(1000) C00 57234 109171 1.90
PU10-5-5(600) C00 52577 102913 1.95
PU10-8-2(600) C00 51190 100990 1.97
PU10-2-8(600) C00 41437 97644 2.35
PU10-5-5. PU10-5-5. PU10-5-5. PU10-5-5.
PU10-2-8 (600) C12 (2000) CO6- (2000) C09- (2000) C12- (2000) C15.

Tributyl amine used
» Uniform thickness

PU10-5-5 (600) C15
Tripentyl amine used
P Irregular thickness

Figure 8. Comparison of C135 series resin and other series resin.
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Figure 9. Cold flow phenomena (PU 10-5-5(2000) series).
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—m— PU10-5-5(600) C00)
—&— PU10-5-5(600) C06
—A— PU10-5-5(600) C09
—¥— PU10-5-5(600) C12
—4— PU10-2-8(600) C00|
—p— PU10-2-8(600) C06
—— PU10-2-8(600) C09
—@— PU10-2-8(600) C12

T T 1
5 6

Dried at 70°C

Figure 10. Thickness variation with remained resin (pure resin).
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Figure 11. Thickness variation with remained resin (resin mixed
with red color filler).
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