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Introduction

Biofouling on ship hulls cause severe damage to the shipping
industoy, Antifouling (AF) coatings are being used, in order to avoid
the attachment of fouling organisms on ship hull. In recent years, AF
polymers are prominently used in the shipping industnes. The AF
polymers have many advantages over conventional AF formulations.
The controlled leaching rate of the AF polymers may decrease the risk
of environmental pollutien. Whereas the conventional soluble or
ingoluble matrix types of AF coatings are largely responsible for the
environmental pollution. Antimicrobial polymers are widely used in
various industnial applications. It 15 also emploved in AF coatings to
prepare effective AF paint formulations. In the present investigation,
AcAP was synthesized and characterized as blocidal monomer The
homo- and copolymers of AcAP were synthesized and their
antifouling activity was checked against microfoulers.

Experimenial

Materials. 4 hydronyacetophenone (HAP) (9990,
Acryloylchleride (A (96%), Trethylamine (TEA)Y (99.5%) were
procured from Acros Chemical Ltd MIA (99%), MEEK (98%),
toluene and methanol were procured from Samchun Chemicals, South
Eorea

Synthesis of AcAP. The A cAP was prepared by Ac with HAP as
shown in the Figure 1. The HAP and TEA were taken in dneck round
bottom flask containing MEK equipped with stirrer and thermometer.
The slow addiion of Ac to the round bottom flask was done by
dropping funnel at 0 °C. The reaction was monitored by TLC and the
product was characterized by GC-M3, IR and NME. The punty of
AcAP was 96 5% determined by HFLC.

Polymerizations. The homo- and copolymers of AcAP were
prepared by the solution polymerization with MIMA as shown in
Figure 1. The required quantities of AcAP, WA, toluene and BPO
were mixed in polymer tube equipped with magnetic stirrer and a
septa cap. The solution was deoxvgenated by purging with purified Iy
zas. The tube was sealed and placed in a regulated thermostat bath at
70 °C for fixed periods of time. The polymer solution obtained was
precipitated in excess methanol.
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Figure 1. Synthess of AcAP, p (AcAP) and p (AcAP co-IIVA)

The average molecular weight of the prepared polymers was
determined by GPC (Waters-2690, 410, Waters Corporation, WA,
T34A) by using THF as a solvent The polymers were characterized by
IE. (Bruker {(Germany), IFS88 [ Perlun Elmer (U3A), Spectrum GX on
sclid samples in EBr pellets) and NME ("H-NME spectra were
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recorded on Bruker-200). The copolymer poly (AcAP-co-MIA) was
prepared by above mentioned procedure by using monomers, AcAP
and WA in different feed ratio by free radical polymenzation at 70
°C. The homopolymers, poly (AcAP) and poly (MMA were prepared
as mentioned above by using the prepared monomer AcAP and MMWA
by solution polymerization at 70 °C respectively. The prepared homo-
and copolymers were subjected to antibactenal activity, diatom
attachment and biofilm formation assays to evaluate their efficiency
against microfouling organisms (marine bacteria and diatoms).

Results and discussion

Identification of AcAP. The syntheszed AcAP was identified
from its IR, "H-NIMR and GC-MS spectra. The IR spectrum shows
characteristic absorption bands at 1592, 980 cm(vinyl) and 1760 and
1696 cm® (C=0C). The 'H-NME spectum of AcAP (solvent, CDCl5)
exhibited several peaks at 2.5~2.6 (-CHz), 5.80~6.17 (-CH), 6.00~-6.68
(-CHz), 7.17~8.00 {-&1) ppm. From the TV spectum, the wavelength
at maximum absorption was 243nm. The mass spectrum exhibited the
mass (mie) was 190 (L.

Identification of homo polymers. The poly (AcAT) was
identified from its IE. spectrum indicating absorptions at 2900 em'l,
characteristics of the winyl polymer backbone, with disappearance of
vinyl absorptions of monemeric AcAP at 1598, 980cm™. The number
and weight average molecular weights of poly (AcAP) were 27,366
and 152,274 respectively. The poly (WDMAY was identified by IE and
'H-NIME. spectra. The number and weight average molecslar weights
of poly (MMA) were 77,500 and 173,590 respectively.

Identification of copolymers. The IE spectum of poly (AcAP-
co-MMMAY indicated the absorptions at 2900, 1745 cm™ (C=0, AcAD),
1728 cm? (C=0, MWA) with the disappearance of winyl absorptions
at 1595, 920 cm't. The number and weight average molecular weights
of poly (AcAP-co-MMA) were in the range 38,199 to 45862 and
97,360 to 108,500 respectively. The polydispersity of the pelymers
varied in the range 2.3 to 2.7,

Antifouling properties. Prepared polymers exhibited efficient
AF properties against marine bactena and diatoms (Table 1), In disgke
assays conducted, among the polymers tested poly AcAP and 4.6 ratio
of poly (AcAP IMAY, the highest inhibitory effects (2.6-10.6 mm of
inhibitory zone) were observed against bacteria. Similarly it has
agnificantly prevented the ship fouling diatom attachment at 4 mg cm’
levels with aminimum of 8 cm™).

Table 1. AF efficiency of p (AcAP) [a] & p (AchP- co-Ihid) [b]

Conc *Wlafine badtena **hJanne diatoms
) Freudomonas sp Bacillus sp Amphorasp  MNavicula sp
a b a b a ] a b
contral
- - - - 112 1z 8 85
05 0.66 1.00 400 430 113 78 82 51
1.0 334 1.67 500 416 92 55 65 40
20 6.00 200 g.60 800 57 29 44 2
4.0 3.60 317 106 100 36 17 21 g

*nhibitien zone (mm), **diatem attachment % (cm™). Results are
mean  of 3indvidual replicates

Conclusions

Biocidal monomer AcAP and its polymers were synthesized and
characterized AF activity of the prepared copolymers was comparable
to commercial AF coatings. Especially, these polymers showed
agnificant efffects against microfoulers. As it has controlled leaching
properties this can be useful for preparing long lasting AF coatings.
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