POLYMER W TH SALT GROUPS AND ANTI FOULI NG COATI NG COVPCOSI TI ON COVPRI SI NG
SAI D POLYMER This invention relates to a polynmer and its use in antifouling
pai nts f oVOrRAIWi8l4dppl i cati ons. Man-made structures sucRCAEPRYAOSIHIUT | s,
buoys, drilling platforms, oil production rigs, and pipes which are

i mersed in water are prone to fouling by aquatic organisns such as green
and brown al gae, barnacles, nussels, and the like. Such structures are
commonly of netal or wood, but may al so conprise other structural materials
such as concrete. This fouling is a nuisance on boat hulls, because it

i ncreases POI(MERal WEBi st 8ALd dGROYRHveMiRt ANTDEGVLEING wat @A TINGre

consequenc ' C | fuel costs. It is a nuisance
on static &W%Iﬁggﬁﬁwﬁﬁﬁgqaggpgﬁﬁﬁ ng platfornms and oil
production rigs, firstly because the resistance of thick layers of fouling
to waves and currents can cause unpredi ctable and potentially dangerous
stresses | Mhimiventiogreletes ina rAvoREEPdbisc s & POLTAUNGY RAES Tof MRS cul t
to !nspgct -G@Eﬁ %}Orn cture for defects such as stress cracking and corrosion.
It is a nui 9 "pi pes such as cooling water intakes and outlets,
because the effective cross-sectional area is reduced by fouling, wth the
consequence that flow rates are reduce I S own t? use a]ntifoutling

: gl ction

ot K.
pai nt, for MaxmaseestactarassiichRs best 'ispguomldlr'ﬂ',ngt%aii HRDHiA! RrRdu
settl enent d qan s HSi C
general ly l@gf gﬁé%%g%%gg@idggﬁggﬁ%r%tﬂ?ﬁ%?%ﬁgs%@ggﬁsﬁ&?ﬁnipgldiﬁ??%?al ly,
anti f oul i ngrganisis sunpas Yeean raeidalbionel glgaee barta e rmubsels aand doe die.

DL 0t SRS o abnCBh e PO 6. Lol Wb B s
paints structural materials such as concrete. This fouling is a nuisance on boat hulls,
because it increases frictional resistance during movement through the water,
the consequence being reduced speeds and increased fuel costs. It is a
nuisance on static structures such as the legs of drilling platforms and oil
15  production rigs, firstly because the resistance of thick layers of fouling to waves
and currents can cause unpredictable and potentially dangerous stresses in the
structure, and secondly because fouling makes it difficult to inspect the structure
for defects such as stress cracking and corrosion. It is a nuisance in pipes such
as cooling water intakes and outlets, because the effective cross-sectional area
20 s reduced by fouling, with the consequence that flow rates are reduced.

It is known to use antifouling paint, for instance as a top coat on ships’ hulls, to
inhibit the settlement and growth of marine organisms such as barnacles and
algae, generally by release of a biocide for the marine organisms.
25
Traditionally, antifouling paints comprise a relatively inert binder with a biocidal
pigment that is leached from the paint. Among the binders which have been
used are vinyl resins and rosin. Vinyl resins are seawater-insoluble and paints
based on them use a high pigment concentration so as to have contact between
30 the pigment particles to ensure leaching. Rosin is a hard brittle resin that is very
slightly soluble in seawater. Rosin-based antifouling paints have been referred
to as soluble matrix or eroding paints. The biocidal pigment is very gradually
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as a result. In a second step, the water-soluble or water-dispersible framework

at the surface of the paint layer on the ship is washed out or eroded. Such paint

systems are described for example in GB-A-1 457 590.

15  However, the use of tri-organotin has been prohibited world-wide. Hence, there
is a need for alternative antifouling substances that can be used in antifouling
compositions. One such alternative is disclosed in WO 05/075581. The coating
composition disclosed in this document comprises a binder polymer comprising
pendant to the backbone one or more salts of amine- or phosphine-functional

20 groups and/or one or more salts of phosphine-functional groups comprising a
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In this formula,
YisOorNH,ZisNorP,
R? is a C,-Cy2 divalent hydrocarbon group, preferably a C»-Cs divalent

30 hydrocarbon group,



\ RInthis fornmula, Yis Oor NH Zis Nor P, RR is a C2-Cl2 dival ent
hydr ocar bon group, preferably a C2-Cs dival ent hydrocarbon group, R3 and R4
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It has now been found that the chemical stability of these systems can be
10 further improved if the salt pendant to the backbone of the polymer is a
combination of a strong acid and a strong base.
The relative strengths of the acid and base directly influence the suitability of
the salt that is formed. The relative strength of the acid and base are
determined not just by the acidic or basic functional group but by all the other
15  substituents on the molecule, including those that are spatially far removed from

the acid and base functionality.

The present invention therefore relates to a film-forming polymer bearing
pendant to its backbone a salt of (i) a basic group with a first pK, of the
20 conjugate acid of at least 4.0 and (ii) an organic acid with a first pK, of 2.0 or

less; said basic group being covalently bonded to the polymer backbone.

“The first pK, of the organic acid” determines the relative strength of the acid
and can be defined as the negative logarithm of the aqueous dissociation or

25 ionisation constant of the most acidic group that is present. The value of the
first pKa of the acid decreases as the acid strength increases.

“The conjugate acid” is the protonated form of the base. The first pK, of the
conjugate acid” determines the relative strength of the base and can be defined
30 as the negative logarithm of the aqueous dissociation or ionisation constant of
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and 2004, updated April 15™ 2004), and Szegezdi and Csizmadia (A method for
calculating pKa values of small and large molecules; presented at the American
Chemical Society Spring Meeting, March 25-29™ 2007).

15  The basic group has a first pK, of the conjugate acid of at least 4.0, preferably
at least 5.0, more preferably at least 6.0, even more preferably at least 7.0, and
most preferably at least 8.0.

Examples of suitable basic groups are basic groups containing nitrogen or
phosphorous, such as those amines, heterocyclic nitrogen bases, and

20 phosphines having a first pKa of the conjugate acid of at least 4.0. More
preferred basic groups are alkylamine groups such as trialkylamine groups and
dialkylamine groups, and pyridine groups having a first pKa of the conjugate
acid of at least 4.0. The alkyl groups of these amine groups are preferably
small, such as methyl and/or ethyl groups.

25 As mentioned before, the relative strength of the base is determined not just by
the basic functional group but by all the other substituents on the molecule,
including those that are spatially far removed from the base functionality.

From the above, it follows that the basic groups should be able to be
protonated. Quaternary ammonium groups are, therefore, not considered as

30 Dbasic groups or conjugated acids thereof.
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acid having narine biocidal properties is a sulphuric acid ester such as
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removed framerhsivas), dné Wrgahiersdid heving a first pKa of 2.0 or less may be an acid
having marine biocidal properties. An example of a suitable organic acid having
marine biocidal properties is a sulphuric acid ester such as zosteric acid.
As mentioned before, the relative strength of the acid is determined not just by
15 the acid functional group but by all the other substituents on the molecule,
including those that are spatially far removed from the acid functionality..

The polymer of the present invention may be prepared by polymerising a
monomeric salt derived from an organic acid having a first pKa of 2.0 or less
20 and a polymerisable base having a first pKa of the conjugate acid of at least
4.0, or a mixture of such monomeric salts, optionally in combination with one or
more Co-monomers.
The polymerisable base is preferably a basic group-containing olefinically
unsaturated monomer such as (meth)acrylate or a vinyl monomer. Examples of
25 suitable monomeric salts are the organic sulphonate salts of dialkylaminoalkyl
(meth)acrylates, dialkylaminoalkyl (meth)acrylamides, and vinylpyridines.
Examples of suitable dialkylaminoalkyl (meth)acrylates are dimethylaminoethyl
(meth)acrylate,  diethylaminoethyl ~ (meth)acrylate,  dimethylaminopropyl
(meth)acrylate and diethylaminopropyl (meth)acrylate; examples of suitable
30 dialkylaminoalkyl (meth)acrylamides are dimethylaminoethyl (meth)acrylamide,



The polyner of the present invention nmay be prepared by polynerising a
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derived is a monomeric salt.

15 Monomers that can be co-polymerised with the monomeric salt to form a
polymer according to the present invention include various olefinically
unsaturated monomers like acrylate or methacrylate esters, olefinically
unsaturated carboxylic acids, styrene, and olefinically unsaturated triorganosilyl
esters.

20 Examples of (meth)acrylate esters are methyl (meth)acrylate, ethyl
(meth)acrylate, butyl (meth)acrylate, 2-ethylhexyl (meth)acrylate, 2-hydroxyethyl
(meth)acrylate, cyclohexyl (meth)acrylate, methoxyethyl (meth)acrylate,
polyoxyethylene  glycol ~monoalkyl ether (meth)acrylate, such as
polyoxyethylene (n=8) glycol monomethyl ether methacrylate and isobornyl

25 (meth)acrylate.

Examples of olefinically unsaturated carboxylic acids are acrylic acid,
methacrylic acid, and acid-functional esters or amides of acrylic acid or
methacrylic acid such as mono-2-(methacryloyloxy)ethyl succinate, mono-2-
(methacryloyloxy)ethyl phthalate, 2-acrylamidoglycolic acid, and 3-acrylamido-
30 3-methylbutyric acid. The olefinically unsaturated carboxylic acid may optionally
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15  (meth)acrylate, and lauryldiphenylsilyl (meth)acrylate,

Alternatively, the polymer of the present invention may be prepared by the
addition of an acid having a first pKa of 2.0 or less to a polymer derived from a
polymerisable monomeric base having a first pKa of the conjugate acid of at

20 least 4.0, and optionally one or more co-monomers. The polymer derived from
the monomeric base is preferably formed from a monomer mixture comprising
at least 5 mol%, more preferably at least 10 mol% of one or more monomeric
bases. Preferably, less than 70 mol%, more preferably less than 60 mol% of the
monomers from which the polymer is derived is a monomeric base.

25 Examples of suitable monomeric bases are dialkylaminoalkyl (meth)acrylates,
dialkylaminoalkyl (meth)acrylamides, and vinylpyridines. Examples of suitable
dialkylaminoalkyl (meth)acrylates are dimethylaminoethyl (meth)acrylate and
diethylaminoethyl (meth)acrylate; examples of suitable dialkylaminoalkyl
(meth)acrylamides are  dimethylaminoethyl (meth)acrylamides and
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chloride, copper nickel alloys; organometallic biocides, e.g. zinc pyrithione (the
15 zinc salt of 2-pyridinethiol-1-oxide), copper pyrithione, bis (N-cyclohexyl-
diazenium dioxy) copper, zinc ethylene-bis(dithiocarbamate) (i.e. zineb), zinc
dimethyl dithiocarbamate (ziram), and manganese ethylene-
bis(dithiocarbamate) complexed with zinc salt (i.e. mancozeb); and organic
biocides, e.g. formaldehyde, dodecylguanidine  monohydrochloride,
20 thiabendazole, N-trihalomethyl thiophthalimides, trihalomethyl thiosulphamides,
N-aryl maleimides such as N-(2,4,6-trichlorophenyl) maleimide, 3-(3,4-
dichlorophenyl)-1,1-dimethylurea (diuron), 2,3,5,6-tetrachloro-4-
(methylsulphonyl)  pyridine, 2-methylthio-4-butylamino-6-cyclopopylamino-s-
triazine, 3-benzo[b]thien-yl-5,6-dihydro-1,4,2-oxathiazine 4-oxide, 4,5-dichloro-
25 2-(n-octyl)-3(2H)-isothiazolone, 2,4,5,6-tetrachloroisophthalonitrile, tolylfluanid,
dichlofluanid, 3-iodo-2-propynylbutyl carbamate, medetomidine, boranes such
as pyridine triphenylborane, a 2-trihalogenomethyl-3-halogeno-4-cyano pyrrole
derivative substituted in position 5 and optionally in position 1, such as 2-(p-
chlorophenyl)-3-cyano-4-bromo-5-trifluoromethyl pyrrole, and a furanone, such
30 as 3-butyl-5-(dibromomethylidene)-2(5H)-furanone, and mixtures thereof.



antifouling coating conpositions. Such coating conpositions may contain an
i ngredi ent having marine biocidal properties. This ingredient can be

pi gnment oWO0@P10/ABMI grent ous. A m xture of ingredi ents REFERZNI06M31Ha
properties can be used. Exanples of suitable biocides are inorganic
nmetal | i ferous biocides, e.g. copper oxides, copper thiocyanate, copper
bronze, copper carbonate, copper chloride, copper nickel alloys;
organonetal lic biocides, e.g. zinc pyrithione (the zinc salt of
2-pyridinethiol-1 -oxide), copper pyritlione, bis (N cyclohexyl diazeni um
di oxy) copper, zinc ethyl ene-bis(dithiocarbamate) (i.e. zineb), zinc
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anot her even more preferably between 2 and 55 wt%, based upon the total weight of the

coating composition.

15
In addition to an ingredient having marine biocidal properties, the coating
composition can contain (other) pigments. For instance, pigments which are
reactive with or soluble in seawater such as zinc oxide or gypsum, or pigments
which are not reactive with seawater and may be highly insoluble in seawater

20  (solubility below 0.5 part per million by weight), such as titanium dioxide or ferric
oxide or an organic pigment such as phthalocyanine or azo pigment. Such
highly insoluble pigments are preferably used at less than 60% by weight of the
total pigment content of the paint, most preferably less than 40%.

25 The antifouling coating composition may further comprise a rosin material as an
additional binder material. The ratio of the rosin binder material to the polymer
according to the invention influences the strength of the paint film and/or the
controlled erosion of the rosin-based paint matrix.

According to a preferred embodiment of the invention, the antifouling coating

30 composition comprising the rosin material and the polymer according to the



preferred enbodi nent of the present invention, the coating conmposition is
essentially free of copper-based inorganic netalliferous biocides. The

anti f oul iIWQ 2004t1BHd conposition preferably contains thePgdBPAO/06@32¢0r di ng
to the present invention in an anount of at least 3 w% preferably at

| east 6 W% nore preferably at least 10 W% It is generally present in an
anount of at nost 60 wt% preferably at nost 50 wt% nore preferably at

nost 45 wt % The total anobunt of ingredients having biocidal properties for
aquatic organisns is preferably between'®. 1 and 70 W% nore preferably
between 1 and 60 wt % even nore preferably between 2 and 55 wt % based upon
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at | east 5 c%ﬁmum, magnesium, copper or zinc rosinate.

In addition, the antifouling coating composition may comprise a non-
hydrolysing, water-insoluble film-forming polymer (B). This non-hydrolysing,
15  water-insoluble film-forming polymer (B) can for example be a vinyl ether
polymer - e.g. a poly(vinyl alkyl ether), such as polyvinyl isobutyl ether - or a
copolymer of a vinyl alkyl ether with vinyl acetate or vinyl chloride, an acrylate
ester polymer such as a homopolymer or copolymer of one or more alkyl
acrylates or methacrylates which preferably contain 1 to 6 carbon atoms in the
20 alkyl group and may contain a co-monomer such as acrylonitrile or styrene, and
a vinyl acetate polymer such as polyvinyl acetate or a vinyl acetate vinyl
chloride copolymer. Other examples of suitable polymers (B) are modified alkyd
resins, epoxy polymers, epoxy esters, epoxy urethanes, polyurethanes, linseed
oil, castor oil, soya bean oil and derivatives of such oils, and chloride-containing
25 copolymers. Polymer (B) can alternatively be a polyamine, particularly a
polyamide having a plasticising effect such as a polyamide of a fatty acid dimer
or the polyamide sold under the Trademark “Santiciser”.
Polymer (B) is preferably present in the antifouling coating composition in an
amount of less than 99% by weight of the total binder content of the coating



even nore preferably at |east 25:75, and nost preferably at |east 35:65.
The weight ratio rosin to the polynmer of the present invention is

pr ef er ablWyOr20t0/HiBgher than 99:1 , nore preferably not hPGREP2QAM3BD: 20.
The rosin material preferably is rosin, nore particularly wood rosin or
alternatively tall rosin or gumrosin. The main chem cal constituent of
rosin is abietic acid. The rosin can be any of the grades sold
commercially, preferably that sold as WV (water white) rosin. The rosin
material can alternatively be a rosin dbtivative, for exanpl e a mal ei ni sed
or fumahsed rosin, hydrogenated rosin, fornylated rosin or polynerised
rosin, or &oMpSsiionetradresaraferabbh legs dwrci’bim. arQmaestupieie@dheressr thamc
rosi nat e. ES oaddition, the antifouling coating conposition nmay conprise a
nonhydr ol ysS©nY, water-insoluble filmformng polyner (B). This

non- hydrol ysing, water-insoluble filmformng polynmer (B) can for exanple

be a vinyl ether polymer. - e.g. a polyvinyl alkyl ether), such as polyvinyl
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di mer composition, more preferably less than 75%, and most preferably less than
65%.

An example of a suitable polymer (C) is a polymer as described in WO
15  00/043460, having an acrylic backbone bearing at least one terminal group of

the formula:

—xJ[o—M—R]n

S 0 f P 0
I I —p I
wherein X represents —¢— , —P— or ™ or,preferably, —

M is a metal selected from zinc, tellurium, or, preferably, copper,
20 nis an integer of 1 to 2; and R represents an organic residue selected from

[l
——O—ﬁ—R1

Il Il
—S—C—R1 , —O0—-C—R1 , —O—R1 , —S—R1 , O , or, preferably,

0
I o
—O0-C—R1: wherein R1 is a monovalent organic residue.

Another example of a suitable polymer (C) is an acid-functional film-forming
25 polymer, the acid groups of which are blocked by quaternary ammonium groups



or the polyam de sold under the Trademark "Santiciser”. Polymer (B) is
preferably present in the antifouling coating conposition in an anmount of

| ess t harvO29s0814¢i ght of the total binder content of PR&EP2009/060317

coat i ngconposition, nore preferably |ess than 75% and nost preferably |ess
than 65% In another enbodi ment, the antifouling coating conposition may
conprise one or nore filmformng polyners (C) which are reactive in water,
slightly watersoluble or water-sensitive, but which are free of groups
pendant to its backbone which are a salizof (i) a basic group with a first
pKa of the conjugate acid of at least 4 and (ii) an organic acid with a
first pKa of quajemary egwspheniumrarogpsi @spreseitast yn phll 2@193 her by

the toral Broats BinfSmeRy bbbl dafh a7 dibndic higcafiith dibloialify &Y, O
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polymer (C) is a polymer as described in WO 00/043460, having an acrylic
backbone bearing at | east one termnal group of the formula: -X*OMR 1 s o
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the backbone of the polymer, said quaternary ammonium groups and/or
quaternary phosphonium groups being neutralised or, in other words, blocked
or capped, by counter-ions consisting of the anionic residue of an acid having
10 an aliphatic, aromatic, or alkaryl hydrocarbon group comprising at least 6

carbon atoms. Such systems are described in WO 04/018533.

A further example of a suitable polymer (C) is a silyl ester copolymer comprising
at least one side chain bearing at least one terminal group, as disclosed in WO
15  05/005516. Such a polymer contains at least one side chain bearing at least

one terminal group according to the formula:

0 R1 R3
] | |
— C —0 Si e Si — R4
| |
R2 o R5

wherein n is 0 or an integer of 1 to 50, and R1, R2, R3, R4, and R5 are each
independently selected from the group consisting of optionally substituted C1-
20 20-alkyl, optionally substituted C1-20-alkoxy, optionally substituted aryl, and
optionally substituted aryloxy. Preferably, at least one of the groups R1-R3 in
the silyl ester copolymer is methyl, isopropyl, n-butyl, isobutyl, or phenyl. More
preferably, n is 0 and R3, R4, and R5 are the same or different and represent

isopropyl, n-butyl, or isobutyl.
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wherein R 1 is a nonoval ent organi c residue. Another exanple of a suitable
pol ymer (W9 208/@EB4aci d-functional filmform ng pol yner, PCREPAOBGIOUps of
whi ch are bl ocked by quaternary anmoni um groupsor quaternary phosphoni um
groups, as described in WO 02/02698, or by organic am nes, preferably
contai ning an aliphatic hydrocarbon group having 8 to 25 carbon atons, as
disclosed in EP 0 529 693. A further exanple of a suitable polynmer (C) is a
pol ymer conpri si ng quaternary anmoni um gf oups and/ or quat ernary phosphoni um
groups bound (pendant) to the backbone of the polyner, said quaternar
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opt i onal | y POMssterrgsibg. end Poly-Niviny' PYEIIdNIeS | y substituted Cl-20-al koxy,
optionally substituted aryl, and optionally substituted aryl oxy.
Preferably, at |east one of the groups R1-R5 in

The antifouling coating composition may further contain a solvent, for example

10 an aromatic hydrocarbon such as xylene, toluene or trimethylbenzene, an
alcohol such as n-butanol, an ether alcohol such as butoxyethanol or
methoxypropanol, an ester such as butyl acetate or isoamyl acetate, an ether-
ester such as ethoxyethyl acetate or methoxypropy! acetate, a ketone such as
methyl isobutyl ketone or methyl isoamyl ketone, an aliphatic hydrocarbon such

15  as white spirit, or a mixture of two or more of these solvents. Alternatively, the

antifouling coating composition may be water-borne.

The antifouling coating composition may further include a non-polymeric
plasticiser. Such a plasticiser can for example be present at up to 50% by

20 weight based on the total weight of polymer, most preferably at least 10% and
up to 35% by weight based on the total weight of polymer. Examples of such
plasticisers are phthalate esters such as dibutyl phthalate, butyl benzyl
phthalate or dioctyl phthalate, phosphate triesters such as tricresyl or
tris(isopropyl)phenyl phosphate, or chlorinated paraffins.

25
The antifouling coating composition can additionally contain other additives, for
instance conventional thickeners, particularly thixotropes such as silica,
bentonite, or a polyamide wax and/or stabilisers, for example zeolites or
aliphatic or aromatic amines such as dehydroabietylamine.

30



the silyl ester copolyner is methyl, isopropyl, n-butyl, isobutyl, or
phenyl. Mre preferably, nis 0 and R3, R4, and R5 are the sane or

di f f er entwa@ndiwdpridsent i sopropyl, n-butyl, or isobutyl PSHgR2e090603yTer can
be obtai ned by copol ynehsing one or nore vinyl polynerisable nononmers with
one or nore nononers conprising one or nore ol efinic double bonds and one
or nore of the above-described term nal groups. O her exanples of suitable
polymers (C) are polyvinyl nethyl ether, polyvinyl ethyl ether, alkyd
resins, nodified al kyd resins, polyuretHanes, saturated pol yester resins,
and pol y- N-vi nyl Eyrollidones. The antifouling coating conposition may
further col®@MPRESol vent, for exanple an aromatic hydrocarbon such as

xyl ene, toluene or trinmethyl benzene, an al cohol such as n-butanol, an ether
al cohol such as but oxyet hanol or methoxypropanol, an ester such as butyl
acet at e or GgreaaMroasdireee, an et herester such as et hoxyethyl acetate or
nethoxyprogyl acetate, a ketone such as nethyl isobutyl ketone or nethyl
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increased to 95°C and a boost amount of AMBN (0.0117 moles) was added.

The reaction was maintained at this temperature for a further 2 h. After cooling,

the product polymer solution was placed in a storage vessel.

15  Paint formulation
The polymers were formulated into antifouling paints containing about 33 wt%
of the polymer solution, about 43 wt% of copper-containing biocide, about 12
wt% of zinc oxide, about 5 wt% of solvent (xylene), and 7 wt% of other
pigments, dispersants, and thixotropes. The paints were manufactured using

20 high speed dispersion methods.

Comparative Example A

In this example, a polymer containing the salt of a strong base and a weak acid
was prepared according to the general procedure described above. The
25 monomeric salt used to prepare the polymer was the salt of the strong base
dimethylaminopropyl methacrylamide (first pKa 9.30) and the weak acid

component is palmitic acid (pKa 4.95).

This monomeric salt was prepared by dissolving 80 g (0.47 moles) of
30 dimethylaminopropyl methacrylamide in 300 g methanol in a stirred 2L two-
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over 3Y2 h with nechanical stirring, a solution of nononers consisting of
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pi gnents, drspersants, and thiXxotropes. e palnts were nmanufactured using
hi gh speed NNIRpesrsirmednetdrtdstiveCiorpeatiani ofethExdepired manondri. slhex eampllting a

pol yner containing the salt of a rong base .and Kk id d
accor di ng tVbSCPHél'gé'ﬁeW% Uﬁ?%&"é@@l»’g‘tu&@@gPPB@%PtE’;S‘ov: W'el'ﬁe ﬁghong?iscpggf)?r 5sed

to prepar e yiae RoniEic WaR Was 8RhIsad ddiey Shirahed PARE spectroscopy (solid
sample analysis using Avatar 360 infra-red spectrometer with Golden Gate

10 diamond ATR attachment). An absorbance characteristic of free palmitic acid
(carbonyl stretch, ~1700 cm ) is present in the spectrum of this material,

indicative of incomplete salt formation.

The polymer solution that was prepared using this monomeric salt had a non
15  volatile content of 49 wi%, as determined by the weight loss of triplicate

samples dried at 105°C for 75 mins.

The polymer solution viscosity was measured as 4.85 Poises at 23°C using a

Brookfield Cone and Plate viscometer.

Polymer molecular weight determination was carried out using size exclusion
20 chromatography (SEC) combined with triple detection, and absolute molecular

weights were calculated through light scattering (LS) detection. The polymer

had a number-average molecular weight (M,) of 31000, a weight-average

molecular weight (M,,) of 89000, and a polydispersity (D=M./M,) of 2.9.

25 A paint was formulated with this polymer according to the general procedure
described above. The chemical stability of the paint was assessed by
measuring paint viscosity (Brookfield cone and plate viscometer at 23°C) and
fineness of grind (Hegman gauge) at intervals (up to six months) for duplicate
samples stored at both 23°C and 45°C. The results are displayed in Table 1

30 below.



di met hyl am nopr opyl nethacryl am de (first pKa 9.30) and the weak acid
conponent is palmtic acid (pKa 4.95). This nononeric salt was prepared by
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met hanol in a stirred 2L twonecked round bottom flask. To this was added
powdered palmtic acid (120.49 g, 0.47 noles). The resulting suspension was
stirred at roomtenperature overnight, dissolution of the palmtic acid
occurred as the salt formation proceeded, The resultant colourless |iquid
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si ze excl usi on chromat ography (SEC) conmbined with triple detection, and
absol ute nol ecul ar wei ghts were cal cul ated t hrough | ight scattering (LS)

det ect i on. Opteapolignoscopytinazgesueidny-raiel figeafies taouman tgrage A58t of
1000, ?O\Aeitﬁgtwgt\/%raﬁ'ﬁeclearly showed that crystalline solid material had formed on
storage, resulting in the observed increase in fineness of grind. Further
examination of the crystalline solid by IR transmission spectroscopy indicated
the presence of zinc palmitate.
It is theorized that, as a result of weakly acidic nature of the palmitic acid used
15 in the synthesis of the monomeric salt, an equilibrium is formed comprised of
the salt product, the constituent strong base, and the weakly acid starting
materials. As a result, the free palmitic acid is readily available to undergo
reaction with any available metal ion or salt present in the paint composition. In
the case exemplified, the zinc palmitate detected is formed as a consequence
20 of reaction between the zinc oxide pigment and the free palmitic acid; the
solubility of the zinc complex being such that it crystallises from the paint media

on storage.

Immersion of a painted test panel in the waters of Newton Ferrers (Southwest
25 England) resulted in a 81% coverage of the panel with microfouling.

Example 1
In this example, a polymer containing a salt of a strong base and a strong acid

was prepared according to the general procedure described above. The
30 monomeric salt used to prepare the polymer was the salt of the strong base



nol ecul ar wei ght (My) of 89000, and a pol ydispersity (D=MNV W) of 2.9. A
paint was fornulated with this polynmer according to the general procedure
descri bedvaRoWANI8THHe chemical stability of the paint wa®CAFPeHHO0MDHY
measuring paint viscosity (Brookfield cone and plate visconeter at 23C) and
fineness of grind (Hegman gauge) at intervals (up to six nonths) for
duplicate sanples stored at both 23C and 45C. The results are displayed in
Tabl e 1 bel ow. As can be seen in this table, the viscosity renai ned
essentially constant for the duration of/the test, but a rapid increase in
fineness of grind was observed in sanples stored at both 23C and 45C  After
a period oflireethylashsopismyh matacrviemidss (GrstgpKad9c610)t ARd athye iSE@NE 8ih! es

had increa%ﬁgﬁ%ﬂg%%?rﬁé%@{o%% g&h?gﬁ?f_g }?g? mm post - manuf acture to > 100 mm

At the two ) assess fineness of grind of both sanples
was seen to have increased above the maxi mum recordable | evel of 150 mm

Optical mcroscopy imges of dry paint filmafter t nont hs st orage at 45C
of the wet THE MhooP@EFifySalhowaa PF%{%ar%ﬁjy?Yaﬂ!S?ﬂlé“”Qngbd gm(loe&l a’l“ol:?ég Por med
on storageq: png i i; i i r$1Ngyo-

Fur hor S ox ST ERVIcEnRgotdhy) Mo abg aide R EICRRS o ieheREraed Sirear 2o

spect r oscopeckedi mamned Hotenpr #esknc@oothigi maspaddedaveer 1th i@ solgbon zed

Synt hea, - oOBRUbRGFRTSRNCH 1 50 (EoaiE: i D Bblesf E0brr S8 ¢ ne
salt produg benb%téﬁc?lts(ﬁ b%)lr@n]{rhétrégmn@%émtioaMaé Berrag 3 ¥ faenst sérd bNg

mat eri al s. a res . ree palnitic acid is readily available to
under go redchi ol WMR comfiraedidustitativet fermation of tkaldesise@ seeromerie igaltpai nt

ggrrgoii’gﬁ;ga'@gh%gmi%g%?ssc%ug)fi%m \INfa!S %ged Wlf%oﬁ P&tf‘%?’lprﬂiriﬁ@ét?onqet ected is formed
The monomeric salt was analysed using infra-red (IR) spectroscopy (solid
sample analysis using Avatar 360 infra-red spectrometer with Golden Gate
diamond ATR attachment).

15  The characteristic absorbances of dodecylbenzenesulphonic acid (DBSA) — - at
900, 1100 and 1600 cm™ — were absent from the IR spectrum of the monomeric
salt, which instead exhibited four distinct absorbances between 1000-1200 cm’”
that are characteristic of sulphonate salts. The addition of excess DBSA to this
sample resulted in the appearance of those absorbances characteristic of free

20 DBSA (900, 1100 and 1600 cm™). This evidence supports the theory that
complete salt formation occurs on reaction of a strong base and strong acid.

The polymer solution that was prepared using this monomeric salt had a non

volatile content of 51 wt%, as determined by the weight loss of triplicate
25 samples dried at 105°C for 75 mins.

The polymer solution viscosity was measured as 8.54 Poises at 23°C using a

Brookfield Cone and Plate viscometer.

Polymer molecular weight determination was carried out using size exclusion

chromatography (SEC) combined with triple detection, and absolute molecular



of reaction between the zinc oxide pignent and the free palmtic acid; the
solubility of the zinc conplex being such that it crystallises fromthe

pai nt nmedv@ 20W/d8BPrage. | mrersion of a painted test pan@CTIER2Q0906034T er s of
Newt on Ferrers (Southwest England) resulted in a 8 1% coverage of the panel
with mcrofouling. Exanple 1 In this exanple, a polynmer containing a salt
of a strong base and a strong acid was prepared according to the general
procedure descri bed above. The nononeric_salt used to prepare the polyner
was the salt of the strong basedi net hylg?n' nopropyl nethaerylam de (first
pKa 9.30) and the strong acid dodecyl benzenesul phonic acid (pKa - 1 .84).
Thi s monomweights averengalcpletgrhtir@upy’ lighd sssialterigg dbSg dateationpl s pobfmer

twonecked TRORHTBo! 2BR0PT 40 SBSRg Bndtod@enBRUOROR MM, Folh 20 55, *F
dodecyl benzenesul phonic acid ( 153.42 g, 0.4699 noles) in 1:1 (w:w)

xyl ene: butanol (100 g). The resulting solution was stjrred for a fyrther
period of A Rain waARTIBIRIeENEEN dVBROVEET ASOPEING She enerd HosPHuF

MONOMNEr ¢ %@EE%JJ‘%E&%E" fhag cﬁéﬁm‘?&a‘l‘ss!ébﬂw doiaRe UpgLht WvhBOBEsésddd &y
purification. e nononeric salt was analysed using Infra-red (IR
spect r oscopyedsswingdpaatpiseosihalBrookfieidi caneAaad alatBodscorhet®r rad ¥ g @nconet er

ith Col den Gate di d, ATR attachnent). The characteristic. absorb f
dodecy! benJBRESST BhaNNE HE0T A DBaTE) Snbtensgs Gdol Shanadbe! idh SIegR o ©
absent fromtiifed BB BEth B3N 8na YW IRITHE Allits 4Mi @iBplaled aadTiditbi t ed

four distinct absorbances between 1000-1 200 cm 1 that are characteristic
of sul phondetowal ts. The addition of excess DBSA to this

10  As can be seen in this table, the paint according to this Example displayed only
a moderate increase in fineness of grind from <40 pm post-manufacture to <80
um during the first month of storage at both 23°C and 45°C and the fineness of
grind was thereafter stable over the remainder of the 6 month test period. The
paint viscosity was also essentially constant on storage over this test period at

15  23°C and 45°C.

Further, the stored paint resulted in the formation of smooth fims with no
observed crystalline protrusions, which leads to the conclusion that the
combination of strong base and strong acid leads to complete reaction on
20 monomer salt formation. The resulting paint is chemically stable on storage, in

contrast to the paint of Comparative Example A.

Immersion of a painted test panel in the waters of Newton Ferrers (Southwest
England) at the same time as the paint of Comparative Example A resulted in a
25 55% coverage of the panel with microfouling, which leads to the conclusion that
the polymer according to the present invention improves the antifouling

behaviour of paints compared to the polymer of Comparative Example A.



sanple resulted in the appearance of those absorbances characteristic of
free DBSA (900, 1100 and 1600 cm 1) . This evidence supports the theory

t hat conpWvet2e104dBt44f or mati on occurs on reaction of a st POREPRUSEIHT strong
acid. The polyner solution that was prepared using this nononeric salt had
a non volatile content of 51 w% as determ ned by the weight | oss of
triplicate sanples dried at 105 C for 75 mns. The pol yner sol ution
viscosity was nmeasured as 8.54 Poises at 23C using a Brookfield Cone and

Pl ate visconeter. Polyner nol ecul ar wei ght determ nati on was carri ed out
usi ng si ze excl usion chromat ography (SEC) conmbined with triple detection,
and absol utl@bteol ecul arwei ghts were cal cul ated through |ight scattering (LS)
det ect i on=Fhe—potyrer—tHad o M=ot 26000, —a Mvof—580685; U a
polydispergvm§ (D=MW M) o#gﬁﬁg?&hpp§¥H$ was fornulagggmaﬁgh1this pol|ymer
accordi ng| {@ohite)general proggeiStogecr i bed above. I¥rC Sterageal stability
of the pailnt was assessed hy neaspring paint wiscosity (Brogkfield ecgne and
plate visdometer at 2B0Yise@rityf(PleheSEingf(LgNi nd ViskagituAP Y augesnddHmit dr val s
(up to sixonths)—Fo duHi' ate >anpi5¢05tur d—aty foth—23Cang 45C | The
results arg di spl ayed|in TaZ?e 1 pelow. As can be Seen in this table, the
pai nt according to this Exagple d|{splayed only a mworrateg i ncr@@se ir
fineness @f grind from <40 nmm post-manufacturle to <80 mmlduring the flirst
month of $2orage at bpth 2884and W5C an@0the fineeBS of |gri ndoRas
t her eaf t e stabte—over—th et nter—qf zRhe—6rmontidestpert ey The (pai nt
Vi scosity &ks al so essentﬁ%hﬁy co1staﬁ?5gn stprage over this test per|iod at
23C and 45@ Further, [the gBgred pai nt1e@sul ted i i 1the for mati<@® of gnooth
films wth no

Paint Comp. Ex. A Paint Ex. 1
45°C Storage 45°C Storage
Viscosity (P) Grind (um) Viscosity (P) Grind (um)
0 472 <40 6.40 <40
1 4.81 >100 7.17 <80
2 4.98 >150 6.58 <80
3 5.08 >150 6.43 <80
6 4.59 >150 6.41 <80

Example 2 and Comparative Examples B-E

5 In an effort to further illustrate the relationship between acid/base pK, and the
stability of the resulting polymer, a series of monomeric salts was prepared and

analysed by spectroscopic methods.

Each of the monomeric salts were prepared by mixing the constituent acid/base
10  starting materials in methanol at a concentration of 1.968 M. Following the
addition of the acid/base starting materials, the mixture was stirred at room
temperature for 24 h. The monomeric salt was then isolated by evaporation of

the solvent.



observed crystalline protrusions, which leads to the conclusion that the
conbi nation of strong base and strong acid | eads to conplete reaction on
nononer SWPRfIIMBEEI on. The resulting paint is chem cal PETEPAWOLDSH7
storage, in contrast to the paint of Conparative Exanple A Imrersion of a
painted test panel in the waters of Newton Ferrers (Sout hwest England) at
the sane tine as the paint of Conparative Exanple Aresulted in a 55%
coverage of the panel with mcrofouling, which | eads to the concl usion that
t he pol yner according to the present i ntion inproves the antifouling
behavi our of paints conpared to the polymer of Conparative Exanple A Table
1 Exanpl e Examplednpdpaemees OormfsedOESiongnBase ang sitfondoA¢ids t her illustrate

Lhe ey at! AaNtBoBRIEC AR HihEs RoRsHu R0 O 2ehPbALL Yo Gfis! BfhBRYId | N0

pol ymer, a oneric Salts was prepared ana

spect r oscopirfeti§tdmidsethizhetethbcryfzenide NORAEN A5 dirts pikar &4p) epdrtae disong xi ng
the constituent acid/ base starting materials i,srd) ﬁgt I}gnga[ qt concentration
of 1.968 MacikuEerBRPRRNtiHEodaey berrenesuitheNicaEd KRESA PR I nat erial s, the

m xt ur ez wa W& - - irk QothermiRercBBiMTBFdcesgal t was
t hen is%l a?e%g\{lgse%/ﬂ)er%?%ré ﬁﬁ%ﬁ%@ds{%ﬁ/ n{m %xoarrgre 2e_ I\I/bnorrer Conpri sed
of Strong Base and Strong Acid. The nononeric am ne which constitutes the

t base in this example is di methyl ami noet hyl net hacryl ap MA;
1ot pha: Shessnalfater RS BDRRIINKER o CHTBONBRTZPReR Rt IF GEE BAESH) sheh ¢
aci d ( DBSAgopKa100 And8rB00 RAL We Syt @dnitHd Mspaethute df ek adriongera

exotherm c reaction process. The characteristic absorbances of y
dodecy| bensatiewhlghHostieadaaxnibilebEBay distiact osproances belweeeo i 200 cher e

absent 16r Ortrr]méthaerelcﬁa?gcefgrtisrt%r%fo guléhhoenar{grslgﬁgr 'C

'"H NMR spectroscopy was carried out on a CDCI3 solution of the monomeric
salt (0.0827 M). Peaks associated with resonances for both CH, groups present
in the DMAEMA moiety were seen to shift downfield in the spectrum of this
15 sample when compared to the reference spectrum of the DMAEMA starting
material (CH>-CH2-NMe; 8 4.25 shifted to 8 4.6 and CH»-CH2>-NMe: 3 2.6 shifted
to § 3.5). In addition, both these resonances appeared as simple triplets in the
spectrum of the DMAEMA starting material whereas more complex splitting
patterns for each resonance were observed in the spectrum of the monomeric
20 salt. This is attributed to the change in the chemical environment of the CH:
resonances as a result of the complete protonation of the neighbouring NMe>

moiety. This is indicative of complete salt formation.

Comparative Example B — Monomer Comprised of Strong Base and Weak Acid.
25 The monomeric amine which constitutes the strong base in this example is
dimethylaminoethyl methacrylamide (DMAEMA) (first pKa 8.42) and the weak

acid component is palmitic acid (pKa 4.95).



salt, which instead exhibited four distinct absorbances between 1000-1 200
cm1l that are characteristic of sul phonate salts. 1H NMR spectroscopy was
carried oWO2019/ME8BMCI 3 sol ution of the nononeric salt (@CUE&PZO0MP603PEaks
associated with resonances for both CH2 groups present in the DVAEMA noi ety
were seen to shift downfield in the spectrumof this sanple when conpared
to the reference spectrum of the DVAEMA starting mat eri al (CH2- CH2- NMe2 d
4.25 shifted to d 4.6 and CH2- CH2- NMe2 2.6 shifted to d 3.5). In

addi tion, both these resonances appeare% as sinple triplets in the spectrum
of the DMAEMA starting material whereas nore conplex splitting patterns for
each resoné\ﬁk:%bwb@%ﬂagfé&ir\aétﬁrlsﬁcpﬁé"e@déﬁiwt!ﬁﬁ@fi (PW@OHMﬁﬁﬁ%tPhc ~§Q cMrhis s

attributedsy p{?ﬁg&ﬁ Iri'Q %E%gtﬁmﬁ%fcﬂs ﬁ{%f%ﬁé?nfﬁdﬂ'% Rk 6#%0%&&85@&?@”%5

as a result” d? onation o e heig Hour | ng nol et

Thi s 1 s inghresdtione of corrpl ete salt formation. Conparative Exanple B -
Monomer Conprised of Strong Base and Wak Acid. The nononeric am ne which
constitutes the strong base in this exanple is dinethylam noet hyl

met hacr y! amdﬁwgg@?é%x FhasP&driBd At GN% BRCNeRutRf Bf ¥ETRRSIRIHer S

palmtic acid absorbance characteristic of ree palmtic acid
(carbonyl $0.082¢hV). Fléaﬂ& assob)ated iveithpreseeancés farheoth FCHp goaupmpreisenhins

material, ind e nco lete salt for tlon tros

carri ed outth%bc@&% Rolefy WeBrAgN SREN 18 Powaf'%'éé'?%w%ﬁw B at ed
W th resonag e fviierP @bk %omesm%@mets dbtiufe JPNABMAMINE A stftirgy agai n
seen to shi It;rﬁ)zlownfele g |p?-%rj1e spect rum of tﬂhl s sanpl e when conpar edrﬁ‘]to t he
reference spatetialufChb-GHeNDIAEVK .25 eahjﬁtetg torad dr3%landCEHER1WEe: & 2.625
shifted to d 4.35 and CH2- CH2- NMe2 d 2.

10 shifted to o 2.8). However, the magnltude of the change in chemical shift
associated with both resonances was markedly less in this case than that
observed in the spectrum of Example 2. In addition, both of these resonances
appeared as simple triplets (as is the case in the spectra of the DMAEMA
starting material) and did not display the fine structure noted in the spectrum of

15 Example 2. The preceding observations suggest incomplete salt formation in
this instance and indicates the presence of both starting materials and the acid-

base salt product in dynamic equilibrium.

Comparative Example C — Monomer Comprised of Strong Base and Weak
20 Acid.
The monomeric amine which constitutes the strong base in this example is
dimethylaminopropyl methacrylamide (DMAPMA, first pKa 9.30) and the weak
acid component is hexanoic acid (pKa 5.09).
Heat was evolved during mixing indicating an exothermic reaction process.
25
IR spectrospcopy showed a clear absorbance at 1700 cm’', characteristic of

free hexanoic acid. This indicates incomplete salt formation.



shifted to d 2.8). However, the nagnitude of the change in chem cal shift
associ ated with both resonances was markedly less in this case than that
observed WO 2010183dct rum of Exanple 2 . In addition, boPRT4IP2066E17
resonances appeared as sinple triplets (as is the case in the spectra of
the DMAEVA starting material) and did not display the fine structure noted
in the spectrum of Exanple 2 . The precedi ng observations suggest
inconplete salt formation in this instapnce and indicates the presence of
both starting materials and the aci dbas€? sal t product in dynamc

equi librium Conparative Exanple C - Mnoner Conprised of Strong Base and
Weak Aci d. ERaenie RomMrnasmen@omricad o6 Hkaak Bees andStkandohg@base in this
exanpl e i s i n - ; i o Tl ) and
The neak i DoAY Eh R SRR i e le s 38
during m xivigl-2nslirestidong aNVexopKear 101.07)r emclt ithe ptrongs acidl Rosmsartends scopy
showed a cl ear absorbance at 1700 cm 1 , characteristic of free hexanoic
aci d. Thi s dodaryheazenassitioni aciddpKard8dat i on. Exanpl e D - Mononer

Conpri sgd fe NGal Faing Adicati g‘ﬁ’n mgﬁpi&e%ei'&? Vs,
consti tﬁt egetahe weak ase&i"ﬁ}t iggclaxaltgrabln |sgﬁl\/| nyl - 2- p;lltrgl I done (NVP;
pKa 0.07) and the strong acid conponent is dodecyl benzenesul phoni c acid

Feacti on pHELSEIOINSCRR G BalRGRUS BhirPaairraer Sty bebeftulifatt w0
dodecyl be“ﬁ%@,sw JUaRd 4686 (3NEre é{égﬂx{ %?éisélfﬁw tHeTs e ctiith @f thisasamypler esent

in the spectrumof this sanple. Again, is indicates inconplete salt
f or mati on. Ageamphis iEdicatasn meeompiietemalisfotmationeak Base and WeakAci d.

10
Example E — Monomer Comprised of Weak Base and Weak Acid.
The monomeric amine which constitutes the weak base in this example is N-
vinyl-2-pyrrolidone (NVP; pKa 0.07) and the weak acid component is palmitic
acid (pKa 4.95).

15

It was observed that on the addition of palmitic acid to the methanolic NVP
solution, dissolution failed to occur and no noticeable temperature change was
noted. From these observations it was concluded that no salt formation had

taken place.



The nononeric am ne which constitutes the weak base in this exanple is

Nvi nyl - 2-pyrrolidone (NVP, pKa 0.07) and the weak acid conponent is

pal mtic WOi2d1(Ixe44. 95). It was observed that on the a®@ItEPaMWIOH3paAl mtic
acid to the nmethanolic NVP solution, dissolution failed to occur and no
noti ceabl e tenperature change was noted. Fromthese observations it was
concluded that no salt formation had taken place. CLAIMS 1. Filmformng

pol ymer bearing pendant to its backbone_ a salt of (i) a basic group with a
first pKa of the conjugate acid of at |%4st 4.0 and (ii) an organic acid
with a first pKa of 2.0 or less; said basic group being covalently bonded
to the pol a&IMSackbone. 2 . Pol yner according to claim1 wherein the first
pKa of the conjugate acid of the basic group is at least 8.0. 3 . Polyner
according to claiml or 2 wherein the first pKa of the organic acid is |ess
than 0.0. 4. . Fitel-iomingpolftbrigedringgpandart tofits baeckboreedisal of @ abasieer ei n
sai d basic group contalns nitrogen or. phosphorous, 5 . Pol mar according to
cl ai m 4 wher elgfPUmMmWithasfirst gKe @b Hesceniv ?@I%@Qﬁ?h@asyﬂ %rl“iw a1 Agant: a
het erocyclic nj > r [ Sife

pr ecedi %g cl a{éﬁy\&/ﬂﬁge?%{sgﬁ%gggiop il}ségg Ssﬁ%ﬁgﬁidgegéggﬁ*%%t al nrﬁ%&gﬁied

al i phatic, ar ¢orthe polyorerdaaklkghe.hydr ocar bon group. 7 . Process for the
preparation of a filmform ng polymer according to any one of clains 1-6
conprising the step of polynerizing nononmers, at |east part of

2. Polymer according to claim 1 wherein the first pK, of the conjugate acid of

the basic group is at least 8.0.

10
3. Polymer according to claim 1 or 2 wherein the first pK, of the organic acid is
less than 0.0.
4. Polymer according to any one of the preceding claims wherein said basic
15 group contains nitrogen or phosphorous.

5. Polymer according to claim 4 wherein the basic group is a trialkylamine, a

dialkylamine, or a heterocyclic nitrogen base.

20 6. Polymer according to any one of the preceding claims wherein the acid is a
sulphonic acid containing an aliphatic, aromatic, or aralkyl hydrocarbon

group.

7. Process for the preparation of a film-forming polymer according to any one

25 of claims 1-6 comprising the step of polymerizing monomers, at least part of
said monomers being monomeric salts derived from an organic acid having

a first pK, of 2.0 or less and a polymerisable base having a first pK, of the

conjugate acid of at least 4.0.



sai d nononers being nononeric salts derived froman organic acid having a
first pKa of 2.0 or |l ess and a pol yneri sabl e base having a first pKa of the
conj ugat eva@ePw/ds14at | east 4.0.8. Process according to ECAERRPINpBAEIN 5 to
70 nol % of said nononers are nononeric salts derived froman organic acid
having a first pKa of 2.0 or |less and a pol yneri sabl e base having a first
pKa of the conjugate acid of at least 4.0. 9 . Process for the preparation
of a filmform ng polymer according to any one of clains 1-6 conprising the
step of adding an organic acid having a4irst pKa of 2.0 or less to a

pol ymer derived from nononers, at |east part of said nmonaoners being
nononeri c Bas&s0¢ess agraadingrigtClaira 7orhened 84Aj 18 Eak%-efi FRidMRAOMELssares. 0.

10 . Process cordir |al ej : 70 % _pF: ' s are
ronomer o bas SUTRIIPRG a5 BeRlE oM EThbaR AkChdhd it B RO, °
11. Antifoul i ngsscand bplypnenssblé ibasedavitg aifingt pKpof thessorgugate dicitgof at any
one of clains 1-6 and an ingredient having marine biocidal properties. 12 .
Antifouling cd%ﬁﬁtﬁgo-conposi tion according to claim1l additionally
conprisgng a rosin material. 13. Use of an antifouling coating conposition
according to claim11l or 12 for protection of man-made structures inmersed
in wat er s@ch Precdssafor hiué lpsepdratgis of drfiltr-fonging poliyorarsccording te @nytanen
rigs, and pi Pt claims 1-6 comprising the step of adding an organic acid having a first
pK, of 2.0 or less to a polymer derived from monomers, at least part of said
monomers being monomeric bases having a first pKa of the conjugate acid

10 of at least 4.0.

10. Process according to claim 9 wherein 5 to 70 mol% of said monomers are

monomeric bases having a first pK, of the conjugate acid of at least 4.0.

15 11. Antifouling coating composition comprising a polymer according to any one

of claims 1-6 and an ingredient having marine biocidal properties.

12. Antifouling coating composition according to claim 11 additionally
comprising a rosin material.
20
13. Use of an antifouling coating composition according to claim 11 or 12 for
protection of man-made structures immersed in water such as boat hulls,

buoys, drilling platforms, oil production rigs, and pipes.



