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Introduction

Biofouling on ship hulls cause severe damage to the shipping
industry. Anti fouling (AF) coatings are being used, in order to avoid the
attachment of fouling organisms on ship hull In recent vears 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 pollution. Whereas the conventional soluble or insoluble
matnx types of AF coatings are largely responable for the enwironmental
pollution. Antimicrobia polymers are widely used in various industrial
applications [tis also employed in AF coatings to prepare effective AF
paint formulations. In the present investigation, AcAP was synthesized
and characterized as biocidd monomer The homo- and copolymers of
AcAP were synthesized and their antifouling activity was checked against
microfoulers.

Experimental

Materials. 4 -hydroxyacetophenone (HAPR (99%%),
Acryloylchloride (Ac) (96%), Trethylamine (TEA) (99.5%) were
procured from Acros Chemical Ltd. MMA (99%6), MEK (98%), toluene
and methanol were procured from 5 amchun Chemicals, South Korea

Syntheds of AcAP. The AcAP was prepared by Ac with HAP as
shown in the Figure 1. The HAP and TEA were taken in 4neck round
bottom flagk containing MEK equipped with stirrer and thermometer. The
slow addition 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
charactenized by GC-MS, IR and NMR. The punty of AcAP was 96.5%
determined by HPLC.

Polymerizations. The homo- and copolymers of AcAP were
prepared by the solution polymerization with MMA ag shown in Figure 1.
The required quantities of AcAP MM4, toluens and BPO were mixed in
polymer tube equipped with magnetic stirrer and a septa cap. The solution
was deoxygenated by purging with punified N3 gas 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. Synthesis of AcAP p (AcAP) and p (AcAP-co-MMA)

The average molecular weight ofthe prepared polymers was determined
by GPC (Waters-2690, 410, Waters Corporation, M4, USA) by using
THF as a solvent The polymers were characterized by IR (Bruker
(Germany), IFS88 [ Perkin Elmer (US4), Spectrum GX on solid samples
in KBr pellets) and NMR (*H-NMR spectra were recorded on Bruker-
200). The copolymer poly (AcAP-co-MMA) was prepared by above
mentioned procedure by using monomers, AcAP and MMA in different
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feed ratio by free radical polymerization at 70 °C. The homopadlymers,
poly (AcAP) and poly (MMA) were prepared as mentioned above by
using the prepared monomer AcAPand MMAby solution polymenzation
a 70 °C respectively The prepared homo- and copolymers were
subjected to antibacterial 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 synthesized AcAP was identified
from its IR, 'H-NMR and GC-MS spectra. The IR spectrum shows
characteristic ahsorption bands at 1598, 980 cm’(vinyl) and 1760 and
1696 cm” (C=0). The 'H-NMR spectrum of 4cAP (solvent CDCl)
exhibited several peaks at 2.5~2.6 {-CHa), 5.80~6.17 (-CH), 6.00~6.68 (-
CHa), 7.17~8.00 (-4r) ppm. From the UV spectrum, the wawvelength at
maximum absorphion was 243nm. The mass spectrum exhibited the mass
(mfe) was 190 (M7

Identification of homo polymers. The poly (AcAF) was
identified from its IR spectrum indicating absorptions at 2900 cm'),
charactenstics of the vinyl polymer backbone, wath disappearance of
vinyl absorptions of monomeric AcAP at 1598, 930cm . The number and
weight average molecular weights of poly (AcAP) were 29,366 and
152,274 respectively The poly (MMA) was identified by IR and y.
NME spectra. The number and weight average molecular weights of paly
(MMA) were 77,500 and 173,590 resp ectively.

Identification of copolymers. The IR spectrum of poly (AcAP-
co-MMA) indicated the absorptions at 2900, 1745 et (C=0, AcAP),
1729 em (C=0, MMA) with the disappearance of vinyl absorptions at
1598, 930 cm’. The number and weight average molecular weights of
poly (AcAP-co-MMA) were in the range 38,199 to 45,862 and 97,360 to
108,500 respectively. The polydispersity of the polymers varied in the
range 2.3 t0 27

Antifouling properties. Prepared polymers exhibited efficient AF
properties against marine bactenia and distoms (Table 1) In disk assays
conducted, among the polymers tested poly AcAP and 4.6 ratio of poly
(AcAPMMA), the highest inhibitory effects (8.6-10.6 mm of inhibitory
zone) were observed against bacteria Sinularly it has sgnificantly
prevented the ship fouling distom attachment ot 4 mg em™ levels with a
minimum of9 cm™),

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

Cone. *anne bacteta **Nlarine diatoms
Frewdormonas sp Bacillus sp Arphore sp Mendcula sp
a b a b a b a b
control - - - - 112 112 85 85
0.5 0.66 1.00 400 430 113 78 82 51
1.0 334 1.67 500 616 92 55 5 40
20 6.00 200 260 .00 57 i 44 1
4.0 .60 317 10.6 100 36 17 21 9

¥Inhihition zone (mm), **diatom attachment % (cm'™). Results are mean
of 3 indiwvidual replicates.

Condusions

Biocidal monomer AcAP and its polymers were synthesized and
charactenzed. AF activity of the prepared copolymers was comp arable to
commercial AF coatings. Especialy, these polymers showed significant
effects against microfoulers. As it has controlled leaching properties this
can be useful for preparing long lasting AF coatings.
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