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ANTIFOULING COATING COMPOSITIONS

Technical Field

This invention 1s ccncernss witn antifcuiing coating
compositicons used on surfaces iikely to come intc contact

(8]

W1tn marine Touliing organisms sucn as algae, seawesd and
barnaclies, for exampie cn shibs or boats or con the out-
Tfalis for cociing water from power stations. Sucn coating
compositions generally comprise a biocide for marine
organisms and a binder poivmer. More particuiariy, it
1C¢ relates tc compositions capable of forming a coating Tilm
having an improved binder coiymer.

Backaround Art
The most successtul antifculing paints in racent years
have been self-pclishing antifouling paints using binders
18 which are 1linear polymers containing pendent side sroups
(hereinafter called "leaving groups") which ars liberatea
from the polymer by reaction with seawater, the residual
poiymer being sufficiently dispersible or sclubie 1n

seawater to be swept away from tne paint surface, exposing

e
"]

a fresh layer of the binder able <o underco a simiilar
reaction with sesawater. Such paints ars descritesd for
examcie in British Patent 1457530, The araduai thinning of
the paint fiim controis the relszase of a biocide active
against fouling. The well-known benefits of such self-

25 polishing paints are that the paint ¥ilm tends to at least
retain 1ts initial smoothness and that the biccice con-
tained in the paint tends tc be delivered from the surface
&t a more uniform or constant rate.

The only commercially significant self-polishing

30 paints employ binders which comprise triorganotin ester

leaving aroups. The triorganotin provides some of the
biocidail action of the paints and the triorganotin ester
readiiy undergoes the hydrolysis on which the seif-poltish-

ing action is dependant. The biocidail activity can be

(&%)
(8]

auamented by other antifouling substances dispersed or
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dissoived 1n the paint Tilm. There may be adgvantages 1in
repiacing some or aii c¢f <tThe <triorganctin ester ieaving
groups oy other leaving groups. which are not necessariiy
piocidail, botn Tcr cost reascns and because the powerful

biocidal effects of triorganctin may not be desirsa.

International Patent Application W0O84/02818, For
exampie, discloses an antifouiing paint having a hyaroly-
sable Tiim-forming water-insoiubls seawater-eragibie
polymeric binder having recurring groups represantac by the
fermula:

X
(-CHZ—%I: — B
COCR

wherea X 1s hydrogen or mathyl, R is a substitutea alkyi,
aryl, aralkyl or triorganosilyl moiezy and B is the residue
oT an ethylenicaliy unsaturated comchomer. wW084,02315
describes a wide range of groups R, but 1t has been Tound
in practice that the 1less readily nydrolysabie agrouns R
such as benzyl, aminoalkyl and haloalkyl groups cdo not give
a poiymer which dissolves 1in seawater. w084f62915 also
describes hydrolysable groups R which are triorganosilyi
groups and these are fTurther agescribed 1n VUS Patent
4533055. The triorgancsilyl groups undergo rapid hyarciy-
sis, but this can give rise to gelation of the paint
composition on storage and uncesirably rapid aissolution of
the paint from a ship’s hull 1in use.

Japanese published unexaminec patent application i-
146969 describes an antifouling coating containing a
copolymer of 10-90 molar % <tricrganosilyl acrylate or
methacryliate units and 0.1-10 molar % tertiary aminoalkyl
acrylate or methacrylate units.

Disclosure of Invention

An antifouling coating composition according to the

present invention containing a biocide Tor marine oraanisms
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ang comprising as binder a polymer naving pendent tricr-
ganosiiyi carboxyiate groups., is characterised in tThat
the coating composition contains = monoamine having at

ieast 4 carbon atoms or a guaternary mcncammonium compound.

The amine or cuaternary ammonium compouna i1nhibits
geiation of the coating composition guring storace. Palnts
containing a poiymer having pendent triorganosiiyi carboxy-
‘ate groups may be liabie <to gelation aurina storage,
particularly when the paint contains a metal compounc as
pigment, Tor example a copper or zinc compound such as
cuprous oxide. The amine or quaternary ammor.ium compound
aiso contrcis the rate of dissolution of the coating 1n use
on a ship moving through seawater, proionging the lenath of

time for which the coating is effective.

The binder colymer is preterably a Triorganocsiliytl

acryiate or methacrylate polymer containing rspeat units of
the formula:

e

|

)

O —Ch == C)am O =D
1
C

where X represents H or CH3 and R represents a triorgano-
silyl moiety of the formula Si(R’)3, where the groups R’.
which can be the same or different, represent straight-

chain or branched alky]l groups having 1 to 10 carbon atoms
or phenyl groups.

The polymer is preferably produced by addition
polymerisation of a triorganosilyl acrylate or methacrylate
of the formula:

1
CH, =C-C~-0-R (I)
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wnere R nas the abcve meaning, using a free raagicai
cataiyst such as an azc compound or a peroxide, orefearably
1n soiution in an organic soivent. Examples of monomers of

the formuia (I) are <tributyisiiyl acrylate, triphenylsily;

~acrylate, phenyldimethylsilyi acrylate, gipnenyimetnyisiiyi

acrylate, tri-isopropyisiiyl acrylate and trimethy?siiyi
acrylate, and the corresponding methacryiates. Exampies cf
suitable sclvents are an aromatic hydrocarbon such as
xylene or toluene, optionally mixea with an ai-cnatic
hydrocarbon such as white spirit, an ester such as butyl
acetate, ethoxyethyl acetate or metnoxypropyi acetate. an
alcohol such as butanol or butoxy-ethanol, or a ketone such
as methyl isobutyi ketcne or methyl 1soamyl ketonse.

The triorgancsilyl acrylate or methacrylate mcnomer
is generally copolymerised with one or more ethyisnicaliy
unsaturated comonomers which do not undergo hydroivsis in
seawater, for exampie acrylic esters such as methyi acry-
iate, methyl methacrylate, ethyl acrylate. butyl acrviate
or 2-ethyl hexyl methacrylate, styrehe, acrvionitrile.
vinyl acetate, vinyil butyrate, vinyi chloride or vinyi
pyridine. Units of the triorganosilyi acryiate or
methacryiate monomer can for example form 15 to 680 moie %

D

t0 45 moie .

(el

of the resulting cocpolymer, preferabiy

The polymer binder can alternatively be formec by
reacting a carboxylic-acid-functional poiymer, for example
a copolymer of acrylic or methacrylic acid witn an
ethylenically unsaturated comonomer of the type agescribed
above, with a triorganosilyl compound such as a hexa-alky]l

gisilazane or a bis(triorganosiiyl) urea.

The polymer binder can alternatively be a olock

copolymer of a triorganosilyl acrylate or methacrylate

Doiymer with polyether or poiymethane blocks or blocks of

another addition polymer such as polymethyi methacryiate as
described in US Patent 4957989.

&
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The monoamine used 1in tne coating composition 1s
preferably a primary amine, although a secondary or ter-
tiary amine can be used. The amine or quaternary ammonium
compound preferably includes at least one oraanic aroup
having at 1least 8 carbon atoms, more preferably & to 20
carbon atoms. Sucn amines ang qguaternary ammonium com-
pounds generally have the additional advantage that they
are toxic to marine organisms. Primary amines having at

-~

least & carbon atoms are particulariy preferred.

The monoamine can for example be a diterpene-gerivea
amine of the formula:

where R1 is a monovalent hydrocarbon group derived from a
diterpene and R2 and R3 are each independently hydrogen, an
alkyl group having 1 to 18 carbon atoms or an aryl group
having 6 to 12 carbon atoms. These amines are usually
toxic. Such an amine is preferabiy derived from rosin. A
primary amine derived from rosin is dehydroabietyiamine
sold commercially as “Rosin Amine D", Its main
constituent is

CH3 CH(CH3)2

CH3 CHZNH2
A corresponding secondary or tertiary amine, For example an
N-methyl or N,N-dimethyl derivative of Rosin Amine D, can
alternatively be used.

The monoamine can alternatively be an aliphatic amine
containing an organic group of 12 to 20 carbon atoms, for
example a straight-chain alkyl or alkenyl amine such as
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5
cegecyl amine, hexadecyl amine, cctagecyl amine or olievyi
amine or mixtures Of amines derivea from aiiphatic arouops
present in natural fats and cils such as tailow amine or
nydrogenated tallow amine or coconut amine. These amines

alsc are usually tcxic.

Alternative monoamines wnich can te used ars araikyi-
amines sucn as thcse soid commercially as “pnenaikamines .
The quaternary monoammonium compounc can fcr exampie te a

haiide salt, e.g. hexadecyl trimethyl ammcnium chloride.

The proportion of triorgancsiiyl pelymer bDinder to
amine o©r guaternary ammonium compound in  the coating
composition 1s preferapiy 98:2 tc 40:80 oy volume. mosz
preferabiy 90:10 to 50:50C. Amines naving nc film-forming

preperties are prefsrably used at no more than 25% Szsed ¢

3

the combinec volume of pciymer and amine, whereas T1im-
forming amines such as <the diterpens derivatives =zan be
used at a higher preportion if desired.

IT an amine or quaternary ammonium compound wnich is
tiocidal to marine corganisms is usec the resulting coating
ccmpesition can be a clear antifouiing varnish or zan ts
pigmentec. If a non-biocidal amine or quaternary ammonium
compound is used the coating compcsition shcuid ccnzain =
marine biccide. The coating preferacly contains a nigment,
and the same material may function simultaneously botn as a
marine biocide and as a pigment if a biocidal pigment 1s
used. The coating composition preferably contzains an
organic solvent for the triorganosilyl polymer binager; if
tne polymer 1is prepared 1in soiution the polymer sciution

procduced can be used in preparing tne paint.

The amine or quaternary ammonium compound can pe
premixed with the <triorganosilyl pciymer binder befcre
addition of other components of the ccating composition, or
the binder polymer can simultaneousiy be mixed with the

amine or quaternary ammonium compound and a pigment. For

3
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example, the triorganosiiyi pociymer binaer and the amine cr
guaternary ammonium compound can ce mixed with pigment
using conventionai paint-bienaing croceaures tc provide a
Composition having a cigment volume concentration of, for
example, 25 to 55%. The pigment is preferably a sparingly
soluble pigment having a sciubiiity in seawatzr of Trom 0.5
to 1C parts per miliicn Dy weignt and 1s preferably a
metalliferous pigment. The pigment is most preferanly a
CCBper or zinc ccmpound, fcr exampie cuprous oxide, cuprcus
thiccyanate, zinc oxide, zinc ethyiene bis{dithiocarpa-
mate), zinc dimethy] dithiccarbamate, zinc diethyl cithio-
carbamate or cuprous ethylene bis(dithiocarbamatej. These
sparingiy soluble pigments whicn are copper anc zinc
compounds are generally also marine tciocides. The sparing-
1y sclubie metailiferous pigments produce water-sclubie
metal compounds on reaction with ssawater so that the
pigment particies do not survive at the paint surface.
Mixtures of sparingly soluble pigments can DbDe wused, for
example cuprous cxide, cuprous thiocyanate or zinc ethylene
bis(dithiocarbamate), which are highly effsctive biozcical
pigments, can be mixed with zinc oxiae, which 1s less
effective as a biccide but dissolves slightly more racidiy
in seawater.

The paint composition can acditionally or alternative-
1y contain a pigment which is not reactive with seawater
and may be highiy 1insoluble in seawater (soiubility beiow
0.5 part per million Dy weight) such as titanium dioxide
or ferric oxide or an or3aanic pigment such as a
phthaiocvanine pigment. Such highly insoiuble pigments are
preferably used at less than 40% by weight of the total

Plgment comoonent of the paint, most preferably iess than
20%. '

The antifouling paint can also contain a non-metal-
liferous tiocide for marine crganisms, for example tetra-
methyl thiuram disuiphide, methyiene bis{thiocyanate},
captan, a substituted isothiazoione or 2-methylthio-4-t-
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ouiing <coatina cempositicn of the 1nvention

ct

he an
is generally appliied Trom a sociuticen in an organic solvent:
for exampie when the triorgancosilyl pciymer is preparsd 1in
an crganic solvent the pclymer sclution can be used direct-
1y in  the paint. -~ It can opticnaliy bs diiuted by further

vent, preferaply selected from <the scivents listed

The invention is iliustrated by the Toiiowing Example.
Example

15 molar % phenyldimethyisiliyl acrylate, 15 moiar %
trimethylsilyl methacrylate and 70 moiar % Dutyl methacry-
iate were copolymerised as a 40% by weight soiution 1in
xylene at 70°C using azcbisisoputyronitrilse as i1nitiator.
The resuiting tricrgancsiiyl ccpelymer soluticn was mixed
with pigments, structuring agents, Rosin Amine [ and
additional solvent 1in a high-speed disperser and ground to
a particle size of 25 microns <o produce an antifouliing

paint having the foiicwing fermulaticn:

Per Cent by Weiaht

Triorganosilyl copolymer 15.7
Xylene 31.0
Methyl isoamyi ketone , 14.9
Cuprcous cxide 28.7
Titanium dioxide 3.4
Structurinag Agents (bentonite ciay,

zeoiite and silical 1.7
Rosin Amine D 4.8

A sample of the baint produced was stcred in a can at
45°C for 22 days. A slight skin formed at the surface of
the paint but the paint was still sprayable. By compari-

son, a paint (A) based on the same copolymer and having

&
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the same cigment volume concentration but containing nc
Rosin Amine T hac geiisc cn stcrage and was not spravabie.

Furtner sampies of the paints croguced wers aociiea as
TWc stripes 80 microns thick on & disc. The aqisc was

rotated in ssawater for 2{ days 23 a test aesignsg

!
O

measure the rats of gissciution of the caints when used

w

a
“

a self-poiisning antifouiing paint. The <tThickness of tn

wi

[(}]

paint stripes was measurea bpefore and after t-ne trial anc
the rate of pciishing away oFf gain: was cailcuiatez. The
rate of disscluticn of the paint ¢ the invention was oniy

44% of that of the ccmparisen paint (A},
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CLAIMS

i, An antifouiing ccatin

(1 ¢

compositicn containin
ticcice Tcr marine organisms and ccmprising as tinager a
golymer having penaent tricrganosiiyl carboxyiate g

r
cnaracterised in that the c¢oating compesiticen c¢ontalins &

N

monoamine having at least Tour carpcn atoms cr a cuaternary

mcnoammeonium compound.

2. An antifouling coating compositicn accoraing to

ciaim 1, characterised 1in that the binder poiymer is a
g

—
Ca

triorgancsilyi acrylate or metnhacrylate poiymer contiainin

regeat units of the Tormula:

<

—
(4]

= O =)~ ) —
"
C

0

where X represents H or CH, and R represents a triorgano-

silyl moiety of the formula Si(R'i,, where the groupgs

3

R’
which can be the same or different. recresent straight-

[}V
o)

chain or branched alkyl grours having i1 toc 13 carbcn atoms

or phenyl groups.

3. An antifouiing cocating composition accorcing to
claim 2, characterised in that the binder polymer is a

copolymer of a tricrganosilyi acrylate cr methacrylate

[
(41}

monomer with cne or more ethylenicaily unsaturated com-

cnomers whicn do not uncergo hydrclysis in seawater.

4, An antifouling coating composition according to
ciaim 3, characterised in that units of the tricrganosilyl

acryiate or methacrylate monomer form 15 to 60 mole% c? the

")

copolymer.

(78]

5. An antifouling coating compcsition according Tc

ciaim 3, characterised i1n that units of the triorganosiiyl

g

el
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acryliate cr methacrylate mcnomer form 20 tc 45 mo

m
uf
Q)
i 1}
(e
)
()]

coociymer.

6. An antifouiing ccating ccmeosition accaraing te

w

any cf claims 1 to 5, chnaracterised in that the amine o

3

cuaternary ammonium compouncd incluces at 1east cne crgansc

grouo naving at Teast 8 carbor atcms.

7. An antifouling ccating ccmoosition acccraing to
ciaim €, characterised in that an amine is usea whick nas
the Tormula:

[ )

R
!

1 N R3

R
where R1 represents a menovalent nygrocarbon group derived
from a agiterpene and R and Rs each 1ndependentiy represent
hydi-ogen, an a&ikyl group naving 1 to 18 carbcn atoms or an

aryi group having 6 te 12 carbon atoms.

&. An antifouling coating compositiecn according toc
claim &, characterised in that an amine is usad which is an
aliphatic amine containing an organic group of 12 to 20
carcon atoms.

9. An antifouling coating compossition according to any
of ciaims 1 to 8, characterisec 1in that the proportion of
triorganosiiyl pclymer binder tc amine or aquaternary
ammonium compound 1s S8:2 tc 40:80 zy vciume.

10. An antifouling coating composition according to
claim 2, characterised in that the proportion of trior-
ganosilyl polymer binder to amine or gquaternary ammonium
compound is 90:10 to 50:50 by voiume.

11.  An antifouling coating composition according to
any of claims 1 to 10, characterised in that it contains as
cigment a copper or =zinc compound having a sclubility in

sea water of from 0.5 to 10 parts per million by weight.
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12, An antiTouling <ccating composition acsorcing tTo
claim 11, characterised 1in that the pigment 1is cuprous
ox1ae.

-
i

. A process Tor preparing an antitouling ccating

[ OF)

composition containing a biccide for marine organisms and
cemerising as  binder a polymer naving pendent tricrgano-
siiyl carboxylate groups, characterised in that a mcnoamine
having at 1least four carbcn atoms or a quaterrary monoam-
monium compound is incorporated into the composition.

14. A process according to claim 13, characterissd =n
that the amine cr quaternary ammonium compound is cremixea
with the binder befcre addition of cther components of tne
coating -ccmpesition or is mixec simultaneously with the
binder and a pigment. '

3

9
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