CHAPTER 1

Numerous at.er‘ including bacteria,

algae, other pla mals such as molluses,

crustaceans etc.; & - ' \ surf‘acec- causing marine
fouling. The major 7 6’ "' ‘ \-\; ing in the case of ships
is a roughening” offf th W A y ||| . increases ship frictional

ion is needed to maintain

resistance, so that i ® ‘- 5

speed. This increased fusl const on consequently results in a

decrease in the.gper ip.. Some fouling organisms

- -
also may cau y e g¥e or “ corrosion. Excessive

fouling may alsB inhib

equipment of a sme‘ﬁd‘tc nature such as Shlp mounted sonar equtpment.

wien vy Bhld s Wb B ) DT rcrenss e

noise levels due to the presénce of hards, shelled mécro organisms on
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and repainting, as well as the loss in revenue due to the time spent

‘ation ﬂf‘ delicate underwater

in dry-dock particularly for the giant ocean—-going supertankers. The
nature and severity of the fouling community are influenced by a
number of factors, including the geographical location, water
temperature depth and salinity. .

The most practical way of dealing with these fouling problems

is to apply an entifouling coating system containing a suitable



biocide to the ship's hull. The toxicant is, there by, slowly released
to the surrounding water, .t.hus preventing the attachment of marine.
organism. An effective antifouling coating contains a toxic agent
which is active against a wide range of fouling species at low
concentrations, is safe to apply to a vessel and will not pose anyl

long-term pollution problems. | The protection afforded must be long-

lasting and, in additior ust adhere strongly to the hull

without causing any

Organotins as

The biocide agents in

antifouling paint However, industrial use

of such paints sta te

over the world. activity
compared to the analogo nd tetra-organotin derivatives.
Tributyl- and - e P use in

antifouling sys sCtiveness against a wide

range of marine ou]mg orvamsms and t.hew relatively low toxicity

to humans.ﬂﬂurﬂ ﬁa ﬂ Wﬁ WEMTTTT compounds, R_ SnX, -

compared t.o-u.hat, of other bwc:des is shown in Table 1 3

q Wfrﬂﬁbﬂ mw ﬂ]ﬁﬁrﬁ@]ﬂ E]vhen released
into fthe seawater, they rapidly degrade to non-toxic residues after
exerting their antifouling action. The mode of toxic action of
triorganotin compounds towards marine fouling organisms is not
completely understood. However, it is probably that they are able to
depress general metabolism in the cells of these organisms via the
inhibition of the vital process of oxidative phosphorylation. For

example, studies on vegetative Enteromorpha intestinalis demonstrated




that triphenyltin chloride acts as an energy-transfer inhibitor

i vivo for both respiration and photosynthesis.
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Table 1.1 Comparison of marine biocidal activities

of common antifoulants (2),(3)

//ﬁe of activity (p.p.m.)
/ % Barnacles
R Snx/ N
3 ] -

Compound

’

' ‘? to ﬁ _ jonal snbif‘ou.ling‘ paint
systems »Qeuaﬂ;l l]em.'c ﬂmnﬁs the toxicant (4).
Howae p‘ 1& i ‘Vﬁ ADV[ET d ‘g idal activity
of b}?wi\orﬁotnﬂims, ﬂ:I:a e} c:]a@sﬂons conducted

raft. trials on formulations containing these compounds. By the
186@'s, organotins had achieved commercialisation, initially as co-
toxicants in high-performance copper paints, gradually came to be used
in all-organotin systems. They offered a wide scope of formulating
approaches with respect to pigments and binders, and they did not

contribute to corrosion on steel or aluminum, which can Be 8 problem



with copper oxide paints.(5) The preferred tributyltin derivatives are
the bis(tributyltin) oxide (TBTO) and tributyltin fluoride (TBTF).
The former compound is miscible with paint solvents and is readily
incorporated into most antifouling coatings. It's plasticising action
on the paint f£ilm restricts the amount that can be added to a typical

vinyl system to approximately ig@% by wt. or 2¢% by vol.(dry film) (6).

In contrast, tributyltin dg solid which is insoluble in

common paint solve inert pigment. Typical

formulations are 1.3 TBTF has also been

used as a cotoxi de formulations. More

recently, commercia phenyltin compounds as

the sole toxica inated rubber binders,

have become avail

The ef‘fe;:t.i ng coatings depends on the

i N\

controlled release o biocide. A paint system will

perform satisfactori ,: - be maintained between a flux
of toxicant su “n.a:"-‘-‘—----‘-’-": - ~V--"-f'-'-K' antifouling action and
a leaching rate \ ervoir of toxicant in a

short period of t.m? - The factors. report.ed to influence leaching of
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Table 1.2 Vinyl rosin marine antifouling paint
Parts/wt.
Red Iron Oxide 15.12
Talc 11.22
Zinc Oxid e 7.08
VAGH'™® 11.16
Rosin 3-'?3
Methyl 20.31
Xylene . 18.84
Bentone 0.51
Methano! ¢ - @17
bioMet TBTF Ma 7 . 11.86
s 100.00
.y;.i |
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Table 1.3 Chlorinated rubber marine antifouling paint

Parts/wt.

Red Iron Oxide ; ‘ 20.0

0.2
15.7
13.8

23.0
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toxicants depend on a leachpg mechamstn to deliver t, e biocide to the
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expcment.lally. Since the mechanism is diffusion cont.ro]]ed,

availability of toxicant decrease logarithmically with time as shown

in Fig. 31 and 1.2
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Table 1.4 Principal factors influencing leaching of

organotin antifoulants

Total percentage solubl

Paint resin / ro
Level of toxi:
Solubility ©
Compatibil d other film components
Adsorption ©

fype of re
Pigment vol ‘e

Film thicknes

Other additive
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was based n b1s(tr1buty]§?n)ox1de or sulphide 1ncorporated into
> QRNTUAUMAINHARY e
chlor prene and the active agents released upon contact with water are
unreacted TBTO, TBTC1 etc. resulting from the wvulcanising reaction.
This system has been demonstrated to be completely effective at
preven§ing fouling over a period of 84 months in tropical water (7)

Table 1.5 shows a typical neoprene formula.



Table 1.5 Neoprene 351 formulation

Ingredient Formulation (parts by weight)
Nedprene WRT 100 . 20
FEF Carbon Blac ’,y 14.50
2.-00
Zinc Oxi de ' 5.00
Lauric A 3.00

Magnesi

sets"’

(a) B- Aaphthy:
e
(b) hzothiaz;
—_— — -
Tribut v “ de have been evaluated

as well asv TBTO m t,he necprene tormulation m‘nown in Table 1.5 . The
sl'ow rele ﬁ o invol.v.e Vdif‘fusion-
dissolutnmﬁﬂ ﬂyﬁ ﬂﬁﬁjact and the toxin is

ﬁ é! al,dissolution
of thqﬁuﬁn Sﬂem}lﬁjn j} EJ)T Ig

A novel concept in incorporating organotin compounds into
elastomers has been developed and involved t;he addition of an
unsat.urat.ed-monomer, cuch as tributyltin acrylate followed by curing
with a peroxide. Three reactions are said to occur.

1. cross-linking of the elastomer

2. homopolymerization of the organotin monomer



3. covulcanization of the elastomer and the organotin

compound

This process makes it possible to incorporate up to 5@ % mass

of tributyltin acrylate into different types of elastomer.

designed to increase the

performance life of ant ito "’-’ ~\\ is the developement of
organometallic g ;-" “~ bioecidal moieties are chemically

attached to th acrylate polymer. The

bicactive group i eawater by hydrolysis of

the organotin-ester outer layer of the paint

film, now containing ca uoxylabe groups , has little

integral stbength and is moving sea water, exposing a

fresh surface &% ymer. This hydrolysis and

erosion mechanismis - d {ﬁil no antifouling pain

is left on the- subitrabe. The pro ess is illustrated in Fig. 1.3
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Thu s while convenﬁfonal antif ulxng pa:nt with copper or
mlq ijaﬁamﬂirﬂdnu% ’] %%ng‘l %@rﬂm, antifoulant’
patnt based on organotin acrylate polymers rely on a controlled
hydrolycis and erosion of the paint film to deliver the toxicant. The
hydrolysis and erosion mechanism of toxicant release from a properly
designed, polymer-based system can result in a constant rate of
toxicant release with time .

Thus, in polyher—based systems, the service 1life of the

antifouling coating is a direct linear function of film thickness,



providing the hydrolysis / erosion rate above a minimum value
necessary for fouling controi. This is the major differance between
" these systems and conventional systems where the service life is more
dependent on factors which affect the diffusion of toxicant out of
the paint film, such as initial toxicant loading and film permeability.

Because of these intrinsic characteristics, organotin polymers offer

€reat versatility to the ec  dhémist. The adventages for organotin
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1.4 Organotin Monomer Synthesis

Three general methods exist for preparing unsaturated

organot in monomers. The f‘irst method is the reaction of an unsaturated

SnR"n + (4-n)NaX

t4-mn)

The secon ' / ' tnon of organotin oxides or
hydro;cides with’
(R_Sn)_0 'CH=CR"COOSnR. + H0
R_SnOH + R'CH= =CR"COOSnR_ + H_O
The water fo ith an inert dehydrating agent
or collected in the azéot 7 $ ion head and the equillibrium

thus displece‘ ;ards salt forma ). Tt ‘ eaction can be ef‘f‘ect,ed

2=

at 2p .c-50 ‘c ilﬂ abse 00 s%ents. However, the second

process is the me w1dely use wzng generally good yeilds. Thus

i i gvp,'ga:nngen}wg'm‘g s

have been prepar‘ed.

7 NN TR B o
demvatwes with unsaturated acids, but di-carboxylic acid demvatives
are most often produced.

All these three methods, particularly the second one have been
used to synt.hesis{dif‘f‘erent carboxylated tin derivatives (9).

LX)
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CH CH
3 s
CH_ = + R Sn —m——— — CH_= + RH
3 £ 2
COOH COOSnR
CH
3
CH_=C
k"
COOH
+ RH
1.5 Syniihefis ,,7;: otin ymers and Copolymers
There e f‘ﬁ ; ' of organotin polymers ,
one of which having stom n 2. backbone which can be synthesized
by condensation reactigsg' The ¢ having organotin groups in the

lical polymerization (9).

—"!- of polymers.

AT IR
obba11@d by condensation o unct ion organotin erivatives with

other difunctional organic compounds (1@), for example, organotin
polyesters are obtained by reacting dialkyltin dihalide with disodium

salt of a diacid.

n R_SnCl1, +'n R'(COONa)  —* —£=SnR_OOCR'CO0-1- _ + 2n NaCl

Where R ,R' = hydrocarbon radicals



Thus, acid salts derived from adipic, sebacic, terephthalic
may be cited as typical starting monomers. Reaction conditions are
not critical for these polymerization.

The condensation products of a bisphenol with a mixture of a
diorganotin dihalide end a dicarboxylic acid halide are 1linear
ribution of organotin groups in the

Y,

The composit s o these are not well understood and

can be represented

polymers with statistical dis

main polymer chain . .

These po sbility and fire retarding

properties. They & stabilizers in PVC a&and for

surface coating. T foliow anotin polyolefins are polymers

which contain carbon backbone. They can be prepared

by reacting tin- 4ith olefins, aluminium

and hydrogen is polyaddition of

organotin dihydnd‘e on d:olef‘m.tn)

-HUE IR s,

A. Organotin Polyolefins

Organotin polyolefins are obtained by polymerizetion of
monomers in which the vinyl group is no’p bonded directly with tin.

It can be expected that when the olefinic groups is attached directly

15468
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to 8 tin ébom(eg. R'SnCH = CHz) back donation of the pi electrons from
vinyl group to the tin atom will deactivate the vinyl ¢group. Hence
polymerization is hindered. It was found that even using pressure as
high as 6,000 atm at 120°c for 6 hr., only trimers were formed.

Eventhough the trialkylvinyltin compounds could not be induced to

# mples, styrene-tributylvinyltin,
iny obtained in the presence of

initiator. 1t was reported

homopolymerize,true copolyme
methy lmethacrylate,
styrene or methylmet

that the rate of with increasing molar

ratio of the vi homopolymerization of
the organotin monomer

unit. Thus, altho o 2 sarpied out in equimolar ratio,

the products were ppedami y f';"'r'i; polystyrene or polymethyl

9. - A y 3 y
Q _
where >> b

AuBansming: ﬂ

B. r anobin Polymers wit an ester group

=

QW']E.Nﬂ‘ﬁEL! URANIAY

As the carbon-tin bond is quite stable to hydrolysis,
polyolefins containing alkyl-tin as functional groups are not very
good biocidal polymers for antifouling paints. Polymers which
containing carboxylic-tin bonds are very much prefered, because the
organotin-ester linkage are able to hydrolyze in sea water. Thus the
organotin biocide can be released and provide the eantifouling action
For this reason polymerization and copolymerization of (methl)acrylste

organotin derivatives has been much more profoundly studied especially

16



in this thesis.

The polymerization reaction to form tri-alkyl-tin (meth)
acrylate has been done by heating in the presence of free radical

initiators such as peroxide or AIBN,in bulk, solution or emulsion (12).

ion to form organotin polyester is

) methacrylate.
#

L= -

. ’\\h;—f—CHz-TCHé——i—:—
' COOSn(CH )
% W, . 3 3

A considerable n : ‘ wotin esters having the general

The general polymerizati

illustrated for the

structure

‘ /
where R and R = H or alkyl

u
- R = alkyl
From a chemical Eint O < anotimester function has little
influence on the mbpemer reactivity. However, care must be taken to

avoid expﬂ&&l maﬂnﬁw lﬂd;ln;j #he carboxy late-tin

bond,or any interaction between the inigbiator and the organot in group.
1 O ) M4 g bl gt Ebrd Bfibenced by ne
organ?:t.in moiety eventhough the polymerization conditions are not
normally influenced by 7] However, in a comparison study it was
interesting to note that triphenyltin methacrylate polymerizes more
rapidly than methyl methacrylate and tributyltin methacrylate
polymerizes more quickly than butyl methacrylate under the same
conditions. (13). But usually the polymerization rate of organotin

v

acrylate or methacrylate is slightly lower than the equivalent organic

t7.



homologs. Free radical polymerization of methyl methacrylate in the
presence of tetrabutyltin proceeds muchxslower, which is attributed to
the mutual reaction of tin and benzoyl peroxide and the formation of

complexes between the macroradical and tin compound (14).

Organotin polymers

and copolymers usually give better
mechanical properties bh ' ‘ analog. (15) .Except for the
homopolymers of tgd ate give poor physical
) o8

n\g

properties of film- are not sufficient to be

- used as sole bin iints. In order to improve
the physical pro i \\= ten used. These tributyltin
. » “:Ef\ ppropriate ratios of
unsaturated comono 7' ) - ehloride, alkyl acrylate, alkyl

methacrylate, styren scrylonitrile ne typical chemical structure

of this organometalli: potym : ‘ as follows

ﬂ‘UEl’g‘VIEJ‘VIiWEﬂﬂ‘i

kyl group

PRSI I8 Y

These copolymers have been synthesized to improve not only
the physical properties of polymer film but also to increase the
service life of the antifouling coating. It has been claimed that an
improved antifouling coat ing was obtained from tributyltin-

methacrylate-methyl methacrylate copolymer. This copolymer

18
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released toxin by slow hydrolysis of the polymer. (17).

Polymers and copolymers from trialkyltin acrylate are
widely used as antibacterial, antifungal and antifouling coating. (18)
In other fields, bhese»copolymers are used, for example as herbicides

depending upon the slow released of toxic compounds . However, the

polymerization of unsatunrg -‘\ 4$)r‘—balltc compounds have not been

extensively studied, ”*fﬁj of 0 ,ical uses of these tin-

containing polymers.

polymerization of G An denyla and. « methacrylate with other

(meth)acrylate co
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