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A Coating Composition 

The present invention relates to a coating composition, particularly to a self polishing 
antifouling coating composition suitable for marine applications. 

5 
Coating compositions formulated to prevent the adhesion of micro-organisms, plants 
and animals to surfaces are well known in the art. An area where such coatings are 
of particular interest is in marine applications, where a surface is exposed to water 
which contains organisms that will adhere to the surface, thus fouling the surface. For 

10 example, if the surface is the hull of a ship, the increase in frictional resistance caused 
by the adhesion of organisms such as barnacles to the surface leads to a drastic 
reduction in the fuel efficiency of the ship. 

Traditionally, there are two ways that a coating composition can be designed to 
15 prevent the adhesion and build up of fouling agents on a surface. Firstly, the coating 

can contain a biocide agent which serves to poison the organism attached to the 
surface, thus causing the organism to die and fall off th© surface. This mode of 
adhesion prevention is often referred to as "antifouling" and such coatings often 
referred to as antifouling coatings. 

20 
Secondly, the coating may be designed to slowly degrade over time, thus organisms 
adhered to the surface will gradually fail off the surface with th© degradation of the 
coating. The degradation is often caused by a slow hydrolysation of the coating 
(usually the binder within the coating). This mode of adhesion prevention is often 

25 referred to as "self polishing" and such coatings are often referred to as self polishing 
coatings. 

Sn order to obtain an effective and efficient removal of organisms from surfaces it is 
now common practice to produce coating compositions that both contain a biocide 

30 and which sfowly degrade over time. Such dual functional coatings are often referred 
to as self polishing antifouling coatings. 

Rosin is a well known additive to self polishing antifouling coatings and consists 
primarily of abietic acid (a polycyclic partially dehydrated mono carboxylic acid). For 

35 example, EP 0,792,326 discloses the use of rosin in a self polishing anti fouling 
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coating. However, this document discfoses the use of fibres to improve mechanical 
properties of the coating, such as crack resistance, obtained from the composition. 

it is also known to provide derivatives of rosin in self polishing antifouling paints. For 

5 example, EP 1,038,786 discloses the use of amine derivatives of rosin as antifouling 
agents. 

Furthermore, it is known in the art that metal oxides react with carboxylic acids such 
as rosin to form metal carboxylates (in the case of rosin, metal rosinates, also known 

10 as metal rosinates). A large number of self polishing antifouling coatings in the art 
that contain carboxylic acids such as rosin also contain metal oxides as fillers, 
pigments etc. Thus, when mixed, the carboxylic acid reacts with these components to 
form metal carboxylates. This Is disclosed, for example, in EP 0,802,243 where zinc, 
copper, calcium and magnesium rosinates formed from rosin and metal compounds 

15 are discussed. 

Alternatively or additionally it is known to add preformed metal carboxylate salts to self 
polishing antifouling coating compositions. For example, EP 0,526,441 discloses the 
preparation of Gopper resinate by reaction of rosin with copper hydroxycarbonate, 

20 prior to addition to a self polishing antifouling coating composition. 

EP 1,342,756 (Chugoku) discloses a coating composition in which a metai (ii) or 
metal (III) compound is added to a carboxylic acid in an excess of 1.2 equivalents or 
more to thereby form a carboxylic acid excess metal salt, prior to the addition to a silyl 

25 ester copolymeric binder. An exemplified carboxylic acid in this document is rosin and 
an exemplified metal (I!) or metal (III) compound is zinc oxide, thus in the examples of 
fhis document, zinc resinate is formed prior to addition of the silyi ester copolymeric 
binder. 

30 However, the coatings derived form the compositions proposed in the above 
documents suffer from one or more deficiencies. For example, the coatings often do 
not have a high enough hardness or have insufficient rates of self polishing. 
Furthermore, one big disadvantage with the above coatings is that the self polishing 
rates are difficult to accurately control, 

35 
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If is therefore an object of aspects of the present invention to provide an improved self 
polishing antifouling coating composition. 

According to a first aspect of the present invention there is provided a coating 

5 composition comprising: 
i) a carboxylic acid, comprising one or more of rosin or a hydrogenated 

derivative thereof; 
ii) at least one metal oxide compound; 
iii) a dehydrating agent; and 

10 iv) one or more binder; 
characterised in that, in the production of the coating composition, the dehydrating 
agent iii) is contacted with either of component i) or ii), prior to the addition of the other 
of component i) or ii), 

15 Advantageously, it has been surprisingly found that the contacting of the dehydrating 
agent to either of component i) or ii), prior to the addition of the other of component i) 
or ii) during the production of the coating composition results in a coaling composition 
having little or no metai resinate. Such a coating has been surprisingly found to 
display advantageous properties such as better self polishing rates, as compared to 

20 coatings where higher degree of metal resinates are formed. Furthermore, such a 
coating has been shown to have a faster and more constant erosion rate. This is 
beneficial for the performance and use in ships in (subtropical areas and on slower 
moving vessels and vessels with low operation rates < 70%). Also, the present 
coating composition has higher volume solids than prior art coatings (typically about 

25 70% instead of about 55%). This makes the coating composition more economic and 
more environmentally friendly (typically about 33% less solvent emission) in use. 

While not wishing to be bound to any theory, it is believed that the reaction of the 
carboxylic acid and the metal oxide compound requires trace amounts of water as a 

30 catalyst to start the reaction. The reaction between the carboxylic acid and metal 
oxide then liberates further water thereby accelerating the reaction. Accordingly, 
adding the dehydrating agent iii) to either of ingredient i) or ii), prior lo the addition of 
the other of ingredient i) or ii) removes trace water from the system prior to any 
reaction of carboxylic acid and metal oxide compound. 

35 
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It will be appreciated by one skilled in the art that the dehydrating agent iii) may be 
added to a solvent or other components of the coating composition prior to the 
addition of the carboxylic acid i) or the at least one metal oxide compound ii), following 
which either of component i) or ii) may be added, prior to the addition of the other of 

5 component i) or ii). 

Preferably, the dehydrating agent is contacted and mixed with either of component i) 
or ii), prior to the addition of the other of component i) or ti). 

10 In one embodiment, the dehydrating agent is contacted with either of component i) or 
ii) and then, after an elapsed a time period, T, the other of component i) or ii) is added. 
Preferably, the time period, T, is at least 5 seconds, more preferably at least 30 
seconds and yet more preferably at least 1 minute. 

15 Preferably, the dehydrating agent is contacted with either of component i) or ii) In such 
conditions of time, temperature, pressure and, optionally, mixing, that the dehydrating 
agent is sufficiently homogeneously divided through the mixture of dehydrating agent 
and component i) or ii) to substantially remove any water therefrom, prior to the 
addition of the other of component r) or ii). 

20 
Preferably, the dehydrating agent is contacted with either of component i) or ii) in such 
conditions of time, temperature, pressure and, optionally, mixing, that the dehydrating 
agent is sufficiently homogeneously divided through the mixture of dehydrating agent 
and component i) or ii) to substantially prevent the formation of metal resinate, when 

25 the other of component i) or ii) is added. 

The carboxylic acid comprises one or more of rosin or a hydrogenated derivative 
thereof. 

30 The term "rosin" as used herein refers to the product of a harvesting of the gum 
exudations from surface cuts made in certain species of trees. Rosin is sometimes 
defined restrictively as the product obtained from pines. However, similar products 
comprised in the generic term "rosin" as used herein include Congo copal, Kauri 
copal, Damar and Manilla gums. Other processes for obtaining "rosin" as used herein 

35 include dissolving wood rosin from pine stumps after forests have been felled, or 
refining a by-product of the kraft paper manufacturing process to produce tali oi! rosin. 
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Rosin typically comprises a mixture of resin acids, chiefly abietic acid, being a 
pofycyclic mono carboxylic acid. Accordingly, "rosin" as used herein also refers to 
such mixtures. Rosin as used herein also refers to synthetically produced rosin or 
resin acids and to pure or substantially pure resin acids, such as abietic acid. 

5 
The hydrogenated derivatives of rosin include partially or fully hydrogenated rosin. 
For example, the principle component in rosin is abietic acid, which contains two sites 
of ethyienic unsaturation. Hence, partially hydrogenated rosin may refer to rosin in 
which one of the sites of ethyienic unsaturation in abietic acid has been hydrogenated, 

10 whereas fully hydrogenated rosin may refer to rosin in which both of the sites of 
ethyienic unsaturation in abietic acid have been hydrogenated. 

Preferably, the carboxylic acid is present in the coating composition in an amount of 
between about 5 and 50 wt%, more preferably between about 5 and 40 wt%, more 

15 preferably between about 10 and 30 wt% and yet more preferably between about 12 
and 25 wt%. 

The metal oxide compound is preferably selected from one or more of the following; 
copper (I) oxide; copper (SI) oxide; zinc oxide; iron (II) oxide; iron (Sli) oxide; CaO; 

20 MgO; Ti02; MnO?. 

Especially preferred metal oxide compounds are selected from one or more of copper 
(I) oxide, zinc oxide and iron (III) oxide. 

25 Preferably, the at least one metal oxide compound is present in the coating 
composition in an amount of up to about 00 wt%, more preferably up to about 80 wt% 
and most preferably up to about 70 wt%. 

Preferably, the at least one metal oxide compound is present in the coating 
30 composition in an amount of at least about 10 wt%, more preferably at least about 20 

wt%, and yet more preferably at least about 30 wt%. 

Preferably, the at least one metal oxide compound is present in the coating 
composition in an amount of between about 20 and 70 wt%, more preferably between 

35 about 30 and 65 wt% and yet more preferably between about 40 and 60wt%. 
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Preferably, the dehydrating agent is any agent capable of removing water from the 
composition. Preferably, the dehydrating agent is inorganic. Preferred dehydrating 
agents include one or more of the following: sylosiv; sylosiv A4; anhydrous gypsum 
(CaSO,<); synthetic zeolite adsorbents (trade name: Molecular Sieve, etc.); orthoesters 

5 such as methyl orthoformate and methyl orthoacetate; orthoboric esters; silicates and 
isocyanates (trade name: Additive T1). in particular, anhydrous gypsum and 
Molecular Sieve are preferred as dehydrating agent. Dehydrating agents can be used 
individually or In any combination. 

10 Preferably, the dehydrating agent is present in the coating composition in an amount 
of between about 0.1 and 10 wt%, more preferably in an amount of between about 0.5 
and 8 wt% and yet more preferably in an amount of between about 1 and 5 wt%. 

Preferably, the binder is any film forming binder. The binder may comprise an 
15 oligomeric or polymeric binder. 

Preferably, the binder comprises an oligomeric or polymeric material. The binder may 
comprise an acrylate materia!, such as a poiyacryiate material. The binder may 
comprise a silyl acrylate materia!, such as a poly silyl acrylate material. 

20 
The oligomeric or polymeric material may be formed from one or more monomer. In 
other words, the oligomeric or polymeric material may be a 
homopolymer/homooligomer or a copolymer/cooligomer (terpolymar/teroiigomer etc). 

25 The binder may comprise one or more oligomeric or polymeric materia!. 

Preferably, the oligomeric or polymeric material is formed from one or more of the 
following monomers: alkyl acrylate; alkyl (alk)acrylate; R^silyi acrylate, where each R1 

group is independently selected from any alkyl, alkenyl, alkynyl, aralkyl or aryl group ; 
30 R23siiyl (alk)acrylate where each R2 group is independently selected from any alkyl, 

alkenyl, alkynyl, aralkyl or aryl group; a monomer having the general formula 

(R3)^Si(OK4)m II 
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where each R3 is independently selected from any alkyi, alkenyl, alkynyl, araikyl or 
aryl group, and where each R4 is independently selected from hydrogen or any alkyl, 
alkenyl, alkynyl, aralkyl, aryl, and m = 1 to 4. 

5 The term "alk" or "alkyl", as used herein unless otherwise defined, relates to saturated 
hydrocarbon radicals being straight, branched, cyclic or polycyclic moieties or 
combinations thereof and contain 1 to 20 carbon atoms, preferably 1 to 10 cartoon 
atoms, more preferably 1 to 8 carbon atoms, still more preferably 1 to 8 carbon atoms, 
yet more preferably 1 to 4 carbon atoms. These radicals may be optionally substituted 

10 with a chloro, bromo, iodo, cyano, nitro, OR19, 0C(0)R2<l, C(0)R21, C(0)0R22, 

NR23R24 C(o)NR25R2e, SR27, C(0)SR27, C(S)NR25R26, aryl or Het, wherein R'9 to R27 

each independently represent hydrogen, aryl or alkyl, and/or be interrupted by one or 
more oxygen or sulphur atoms, or by siiano or dialkylsiloxane groups, Examples of 

such radicals may be independently selected from methyl, elhyf, n-propyl, isopropyl, 
15 n-butyl, isobutyl, sec-butyl, tert-butyl, 2-methylbutyl, pentyl, iso-amyl, hexyf, 

cyclohexyl, 3-methylpentyl, octyl and the like, 

The term "alkenyl", as used herein, relates to hydrocarbon radicals having one or 
several, preferably up to 4, double bonds, being straight, branched, cyclic or polycyclic 

20 moieties or combinations thereof and containing from 2 to 18 carbon atoms, 
preferably 2 to 10 carbon atoms, more preferably from 2 to 8 carbon atoms, still more 
preferably 2 to 6 carbon atoms, yet more preferably 2 to 4 carbon atoms. These 
radicals may be optionally substituted with a hydroxyl, chloro, bromo, iodo, cyano, 
nitro, OR19, 0C(0)R20, C(0)R21, C(0)0R22, NR23R24, QOJNR^R26, SR27, C(0)SR27, 

25 C(S)NR25R26, aryl or Het, wherein R19 to R27 each independently represent hydrogen, 
aryl or alkyl, and/or be interrupted by one or more oxygen or sulphur atoms, or by 
siiano or dialkylsiloxane groups. Examples of such radicals may be independently 
selected from alkenyl groups include vinyl, allyl, isopropenyl, pentenyl, hexenyl, 
heptenyl, cyclopropenyl, cyclobutenyl, cyclopentenyl, cyciohexenyl, 1-propenyl, 2-

30 butenyl, 2-methyl-2-butenyl, isopranyl, farnesyi, gerany!, geranyigeranyl and the like. 

The term "alkynyl", as used herein, relates to hydrocarbon radicals having one or 
several, preferably up to 4, triple bonds, being straight, branched, cyclic or polycyclic 
moieties or combinations thereof and having from 2 to 18 carbon atoms, preferably 2 

35 to 10 carbon atoms, more preferably from 2 to 8 carbon atoms, still more preferably 
from 2 to 6 carbon atoms, yet more preferably 2 to 4 carbon atoms. These radicals 
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may be optionally substituted with a hydroxy, chloro, bromo, iodo, cyano, nitro, OR19, 
0C(0)R2a, C(0)R21, qOJOR22, NR23R24, C(Q)NR25R2S, SR27, C{0)SR27, C(S)NR25R2S, 
aryl or Het, wherein R19 to R27 each independently represent hydrogen, ary! or iower 
alkyl, and/or be interrupted by one or more oxygen or suiphur atoms, or by siiano or 

5 dialkylsiloxane groups. Examples of such radicals may be independently selected 
from alkynyl radicals include ethynyl, propynyl, propargyl, butynyl, pentynyl, hexynyl 
and the like. 

The term Garyj" as used herein, relates to an organic radical derived from an aromatic 
to hydrocarbon by removal of one hydrogen, and includes any monocyclic, bicyclic or 

poiycyclic carbon ring of up to 7 members in each ring, wherein at least one ring is 
aromatic. These radicals may be optionally substituted with a hydroxy, chloro, bromo, 
iodo, cyano, nitro, OR19, 0C{0)R20, C(0)R21, C^OR22, NR23R24, qOJNR^R28, SR27, 
C{0)SR27, C(S)NR25R26, aryl or Het, wherein R19 to R27 each independently represent 

15 hydrogen, aryl or lower alkyl, and/or be interrupted by one or more oxygen or sulphur 
atoms, or by siiano or dialkyteilcon groups. Examples of such radicals may be 
independently selected from phenyl, p-tolyl, 4-methoxyphenyl, 4-(tert-butoxy)phenyl, 
3-methyM-methoxyphenyl, 4-ffuorophenyi, 4-chlorophenyl, 3-nitrophenyl, 3-
aminopbenyl, 3-acetamidophenyl, -4-acetamidophenyl, 2-methyl~3-ace!amidopheny!, 

20 2-methyi-3-aminophenyl, 3-m8thyl-4-aminophenyl, 2-amino-3-methylphenyl, 2,4-
dimethyl-3-aminophenyl, 4-hydroxyphenyl, 3-methyl-4-hydroxyphenyl, 1-naphthyl, 2-
naphthyi, 3-amino-1 -naphthyl, 2-methy!-3-amino-1 -naphthyl, 6-amino2-naphthyl, 4,6-
dimethoxy-2-naphthyl, tetrahydronaphthyl, indanyl, biphenyl, phenanthryl, anthryl or 
acenaphthyi and the like. 

The term "aralkyl" as used herein, relates to a group of the formula alkyi-aryi, in whiGh 
aikyl and aryl have the same meaning as defined above and may be attached to an 
adjacent radical via the alkyl or aryl pert thereof. Examples of such radicals may be 
independently selected from benzyl, phenethyl, dibenzylmethyi, methyfphenylmethyi, 

30 3- (2-naphthyl)-butyl, and the like 

The term "Hef, when used herein, includes four-to-twefve-membered, preferably four-
to-ten-membered ring systems, which rings contain one or more heteroatoms selected 
from nitrogen, oxygen, sulphur and mixtures thereof, and which rings may contain one 

35 or mors double bonds or be non-aromatic, partly aromatic or wholly aromatic in 
character. The ring systems may be monocyclic, bicyclic or fused. Each "Hef group 
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identified herein is optionally substituted by one or more substituents selected from 
halo, cyano, nitro, oxo, lower aikyi (which alkyl group may itself be optionally 
substituted or terminated as defined beiow) OR19, QC(0)R20, C(0)R21, C(0)0R22„ 

NR^R24, C(0)NR25R26, SR27, C(G)SR27 or C(S)NR26R26 wherein R19 to R27 each 
5 independently represent hydrogen, aryl or lower aSky! (which alky! group itseif may be 

optionally substituted or terminated as defined beiow). The term "Het" thus includes 
groups such as optionally substituted azetidinyl, pyrrolidiny!, imldazofyl, indolyl, 
furanyi, oxazolyl, isoxazolyl, oxadiazolyi, thiazolyl, thiadiazolyl, triazoiyl, oxatriazolyl, 
thiatriazolyl, pyridazinyl, morphoSinyl, pyrimidinyl, pyrazinyl, quinoiinyl, isoquinolinyl, 

10 piperidinyl, pyrazolyl and piperazinyl. Substitution at Het may be at a carbon atom of 
the Het ring or, where appropriate, at one or more of the heteroatoms. 

"Het* groups may also be in the form of an N oxide. 

15 For the avoidance of doubt, the reference to aikyi, alkenyl, alkynyl, aryl or aralkyl in 
composite groups herein should be interpreted accordingly, for example the reference 
to alkyl in aminoalkyl or aik in alkoxyl should be interpreted as aik or alkyS above etc. 

The oligomeric or polymeric materia! may be formed from one or more of the following 
20 monomers: CrCfoa!ky! {Co-C10aik)acryiate; trialkyl or trialkoxy silyl (C0-C10aik)acrylats. 

Particularly preferred monomers are aikyi acrylates and aikyi (alk)acrylates such as: 
methyl acrylate, ethyl acrylate, propyl acrylate, butyf acrylate, m8thyl(meth)acrylate, 
ethyl(meth)acrylate, propyi(meth)acryiate and hutyl{meth)acrylats. 

25 
The oligomeric or polymeric material may also include vinyl chloride, vinyl ether, vinyl 
isobutyl ether, vinyl acetate, vinyl alcohol. 

The binder may comprise zinc acrylate, The binder may comprise copper acrylate. 
30 

Preferably the binder is an inert binder. By the term inert binder it is meant a binder 
that is not chemically reactive toward common self polishing antifouling coating 
ingredients such as zinc oxide, cuprous oxide, iron oxide, rosin (with reactive 
carboxylic acid group and double bonds), lhixotropic agents, etc. under the conditions 

35 in which the coating is prepared, administered or used. 
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Preferably, the binder is also inert with regard to seawater, thus no excessive swelling 
and/or water uptake and no hydrolysis of the coating occurs upon extended exposure 
to seawater. 

5 it is afso possible for rosin to act as a binder, Accordingly, where the carboxylic acid (i) 
is selected as rosin, the rosin may also be the one or more binder (iv). 

The coating composition may comprise only one binder. However, in one 
embodiment, the coating composition may comprise two or more binders. 

10 
Preferably, the binder is present in the coating composition in an amount of between 
about 0.1 and 20 wt%, more preferably, between about 0.5 and 10 wt%, more 
preferably between about 1 and 5 wt%. 

15 The coating composition may contain other components such as solvents, pigments, 
thixotropic agents, biocides etc, 

The solvent may be an organic solvent, such as xylene, toluene, ketones (acetone, 
MIBK, MAK etc), high boiling aromatic solvents, ethyi acetate and butyl acetate, for 

20 example. 

Pigments may be selected from one or more of iron (III) oxide, titanium dioxide, zinc 
oxide etc. !t will be appreciated by one skilled in ihe art that many pigments are metal 
oxide compounds, in such a scenario, in the context of the present invention, it 

25 should be appreciated that the pigment should be treated as a metal oxide compound 
and should therefore be added to the dehydrating agent of the composition prior to 
adding the carboxylic acid, or added to the composition after the dehydrating agent is 
added to the carboxylic acid. 

30 Sn one embodiment, the coating composition may also comprise a metai resinate, 
such as zinc resinate, copper resinate, calcium resinate or magnesium resinate. 

The metal resinate may be present irs the coating composition in an amount of 
between about 0.1 to 10% by weight, preferably between about 1 and 8% by weight 

35 and most preferably between about 3 and 6 % by weight. 
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Although the benefit of the present invention is that the formation of metal resinate in 
the coating is prevented, as discussed above, metal resinate may be separately 
added to the coating compositions, it will be appreciated that proceeding in this 
manner allows the coating composition to retain the benefit in terms of the increased 
self polishing rates, white controlling the amount of metal resinate (rather than 
allowing uncontrollable reactions to occur in situ). 

The present inventors have also found that the use of an oligomer or polymer formed 
with a high percentage of a vinyl ester of versatic acid monomer units is a particularly 
advantageous binder in an antifouling self polishing coating composition. 

Therefore, in one embodiment, the binder (iv) may comprise an oligomer or polymer 
composition, formed from at least 50% by weight of monomer units of a vinyl ester of 
versatic acid. 

Preferably, the coating composition is an antifouling coating composition, Alternatively 
or additionally, the coating composition may be a self polishing coating composition. 

By the term, "versatic acid" it is meant an acid or mixture of acids corresponding to the 
general formula CR5R6CH3COzH in which there is a total of 9 to 11 carbon atoms and 
each of R5 and R8 is an aikyi group. A general formula of versatic acid is shown in 
formula (i) below: 

CH3 

HO 

Formula (i) 

Accordingly, the general formula of a vinyl ester of versatic acid is shown in formula 
(ii) below: 
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o. ?H° 
% I VQ C -R5 

CH2=C—o L 
H R6 

Formula (ii) 

Wherein R5 and R6 each independently represents a C, to C7 branched or 
unbranched aikyi group, but wherein the total number of carbon atoms in the vinyl 
ester of versatic acid of formula (ii) is between 11 and 13. 

Accordingly, R5 and R6 may each independently be selected from a methyl group; an 
ethyl group, a linear or branched propyl group, a linear or branched buty) group; a 
linear, branched or cyclic pentyl group; a linear, branched or cyclic hexyl group; or a 
linear, branched or cyclic heptyS group. 

For example, if Ra is selected as a propyl group, then Re may be selected as any of a 
linear, branched or cyclic propyl, buty! or pentyl group, thereby making a vinyl ester of 
versatic acid having 11,12 or 13 carbon atoms respectively. 

It is especially preferred that the number of carbon atoms in the vinyl ester of versatic 
acid is 11, thus being a vinyl ester of a versatic acid having 9 carbon atoms. 

Such vinyl esters of versatic acid are commercially available under the name "Veova" 
(RTM) from Hexion Speciality Chemicals. 

The balance of the monomers required lo make the polymer may be selected from 
one or more of any known co-monomer, preferably co-monomers having a single 
ethylenically unsaturated group therein. 

Suitable co-monomers Include the alkyl esters of acrylic acid and the alkyl esters of 
(alkyl)acrylic acids. For example, preferred co-monomers include Ci.4alkyl(Co. 

4alk)acrylates, such as: methyl acrylate, ethyl acrylate, propyl acrylate, butyl acrylate, 
methyl(meth)acrylate, ethyi(meth)acrylate, propyl{meih)acryiate, butyl(meth)acry!ate, 
msthyf(eth)acrylste, ethyl(eth)acrylate, propyl(eth)acrylatel butyl(eth)acrylate, 
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methyl(prop)acry1ate, ethyf(prop)acfy!ate, propyl(prop)acrylate, butyl(prop)acrylate, 
meihyi(but)acrylate, ethyl(but)acry/ate, propyl(but)acrylate, butyi{but)acrylate. 

Particularly preferred co-monomers include methyl acrylate, ethyf acrylate, propyl 
acrylate, butyl acrylate and methy!{metb)acrylate. 

It will be appreciated that the co-monomers used with the vinyl ester of versatic acid 
may be any of the monomers mentioned above in relation to the first aspect. In 
particular, the co-monomers used with the vinyl ester of versatic acid may be one or 
more of the following monomers: alkyl acrylate; alkyl (alk)acryiate; R'3silyl acrylate, 
where each R1 group is independently selected from hydrogen or any aikyi, alkenyl, 
alkynyl, aralkyl or aryl group ; R^silyl (alk)acrylate where each R2 group is 
independently selected from hydrogen or any alkyl, alkenyl, alkynyl, aralkyl or aryl 
group; a monomer having the general formula II: 

{R3)4.mS!(OR4)m II 

where each R3 is independently selected from hydrogen or any alkyl, alkenyl, alkynyl, 
araiky! or aryl group, and where each R4 is independently selected from hydrogen or 
any alkyl, alkenyl, alkynyl, aralkyl, aryl, and m = 1 to 4.. 

Preferably, the polymer composition comprises at least about 80% by weight of 
monomer units of a vinyl ester of versatic acid, more preferably at least about 70% by 
weight, yet more preferably at least 80% by weight, and yet more preferably at least 
about 80% by weight. 

In a particularly preferred embodiment, the polymer composition comprises at least 
about 90% by weight of monomer units of a vinyl ester of versatic acid and preferably 
at least about 95% by weight. 

Most preferably, the polymer composition is substantially a homopolymer of monomer 
units of a vinyl ester of versatic acid. For example, the polymer composition may 
comprise at least about 98% by weight or preferably at least about 99% by weight of 
monomer units of a vinyl ester of versatic acid. 
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in one embodiment, the polymer composition is formed exclusively from monomer 
units of a vinyl ester of versatic acid. 

Preferably, the binder as described above in reSation the present embodiment may be 
in the coating composition of the first aspect, either as the only binder content or in 
combination with the other binders as mentioned above. 

In a further embodiment, the binder (iv) comprises an oligomer or polymer 
com position, formed from at least 50% by weight of monomer units of a vinyl ester of 

versatic acid. 

Preferably, the pofymer composition comprises at least about 60% by weight of 
monomer units of a vinyl ester of versatic acid, more preferably at least about 70% by 
weight, yet more preferably at least 80% by weight, and yet more preferably at least 
about 80% by weight. 

In a particularly preferred embodiment, the polymer composition comprises at least 
about 90% by weight of monomer units of a vinyl ester of versatic acid and preferably 
at least about 95% by weight. 

Most preferably, the polymer composition is substantially a homopolymer of monomer 
units of a vinyl ester of versatic acid. For example, the polymer composition may 
comprise at least about 98% by weight or preferably at least about 99% by weight of 
monomer units of a vinyl ester of versatic acid. 

In a further preferred embodiment, the binder (iv) is fonned by polymerizing a 
monomer mixture comprising at least 50% by weight of monomer units of a vinyl ester 
of versatic acid. Preferably, the monomer mixture further comprises one or more 
initiator. The initiator may be a peroxide compound, such as di-t-amyl peroxide, for 
example. 

Preferably, the coating composition is a marine coating composition, preferably an 
antifouling coating composition, preferably a self polishing coating composition. 

According to a second aspect of the invention there is provided a coating composition 
comprising a carboxylic acid, the carboxylic acid comprising one or more of rosin or a 
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hydrogenated derivative thereof; and at least one metal oxide compound, which 
coating composition contains less than 3% by weight of metal carboxylate. 

Preferably, the coating composition comprises less than 2,5% metal carboxylate by 
weight, more preferably, less than about 2% by weight, yet more preferably less than 
about 1.5% by weight. In a particularly preferred embodiment, the coating composition 
comprises less than 1% metai carboxylate by weight, more preferably, less than about 
0.5% by weight. 

Preferably, the coating composition comprises substantially no metai carboxylate. 

The carboxylic acid comprises rosin or a hydrogenated derivative thereof and 
therefore, the metai carboxylate is preferably a metai resinate. 

The present invention also extends to a marine vessel or marine structure coated with 
a coating composition according to the first or second aspect of the present invention. 

According to a yet further aspect of the present invention there is provided a method 
of forming a coating composition, the coating composition comprising: 

i) a carboxylic acid comprising one or more of rosin or a hydrogenated derivative 

thereof;; 
ii) at feast one metal oxide compound; 
iii) a dehydrating agent; and 
iv) one or more binder; 

the method comprising contacting the dehydrating agent iii) with either of component 
i) or ii), prior to the addition of the other of component i) or ii). 

Al! of the features contained herein may be combined with any of ihe above aspects 

and in any combination. 

For a better understanding of the invention, and to show how embodiments of the 
same may be carried into effect, reference will now be made, by way of example, to 
the accompanying diagrammatic drawings and examples in which: 

Figures 1 to 4 show FTIR spectra relating to the examples as discussed hereunder. 
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The invention wiil be further discussed with reference to the following non limiting 
examples. 

5 !n the examples, the following test methods were employed: 

Test Methods 

Can stability: The paint is stored in a closed can at 40 °C and the viscosity determined 

10 at regular intervals; here after 18 weeks. 

Determination of the viscosity: The viscosity was measured using a Haake VT 181 
(body E30 or 100) viscosimeter under standard conditions[ASTM test method D2196-
863. 

Evaluation of the polishing of paints: The erosion rate is the average decrease in film 

thickness (expressed in j.im/month) per month over the whole test. 

Stainless steels discs, 20 cm in diameter, were protected with a standard anti-

20 corrosive system (300 ^im in dry film thickness). Two layers of the self-polishing paint 

to be tested were applied, to give a total dry film thickness between 200 and 300 jim. 

The tests were carried out in constantly refreshed natural seawater, at a constant 

temperature of 20 °C. The discs were rotated at 1000 rpm, corresponding to about 34 

km/h (18 knots) at 9 cm from the center. 

The totai dry fiim thickness was determined at 2 monthly intervals, after allowing the 
paint to dry during one day. It was measured at a number of fixed points, each located 
at 4,5 and 8,6 and 9 cm from the center of the discs. 

30 The evaluation of the antifouling activity of the paints: The antifouling activity was 
tested by applying the prepared paints to a panel over anti-corrosive paint, mounting 
the panel on a frame and immersing the frame from a raft in a seawater estuary off 
the Southern Netherlands during the active season (March to October), Each test 
also included panels coated with a non-toxic control (which became heavily fouled 

35 with seaweed and some animal fife within 4 weeks). The fouling rate is reported by 
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stating the area covered with fouling. 

Examples 

Example formulation 1 

Xyfene 14.18 
Sylosiv A4 2.89 
Foral AX-E 18.46 
Neocryl B725 2.00 
Disparlon 6650 0.90 
Bayferrox 130 BM 7.23 
Zineb Nautec 8.81 
Cuprous oxide 45.53 

Total 100 

Example formulation 2 

Xylene 13.04 
Sylosiv A4 2.90 
Foral AX-E 18.56 
Veova 9 homopolymer solution 2.68 
Disparlon 6650 0.91 
Bayferrox 130 BM 7.27 
Zineb Nautec 8.86 
Cuprous oxide 45.78 

Total 100.00 
Sylosiv A4 (RTM) is a zeolite dehydrating agent {water scavenger) commercially available from Grace 
Foraf AX-E (RTM) is a fully hydrogenated rosin, commercially available from Eastman 
Neocryl B725 (RTM) Is a BMA/MMA copolymer commercially available from DSM 
Disparlon 6650 (RTM) is a polyamide wax thixotropic agent, commercially available from Kusumoto 
Bayferrox 130 BM (RTM) is an Iron oxide pigment, commercially available from Lanxess 
Zineb Nautec (RTM) Is a biocide, commercially available from United Phosphorus 
Veova 9 (RTM) commercially available from Hexion Speciality Chemicals 

The Veova 9 homopolymer solution used herein was prepared as follows: 

Xylene 10.505 Kg 

Veova 9 74.019 Kg 

Luperox DTA 0.814 Kg 

Xylene 6.662 Kg 
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Luperox DTA is a peroxide initiator, being Dl-t-amy! peroxide solution commercially available from 

Arkema 

Step 1 
Under nitrogen and constant agitation speed, reactor with xylene charge is heated at 
135°C. 

Step 2 
At 135°C, monomer mixture and initiator are added in the reactor at a constant rate 

during 3 hours. When the addition is complete, keep the reactor at 135'C for 60 
minutes. 

Step 3 
Add 0.15g of Luperox DTA and repeat addition three times after 60 minutes. 

Step 4 
Cooling at 110"C and dilution with xylene. 

Step 5 
Adjust viscosity with xylene. 

After preparation, a solution with a soiids content of 74.6% and a viscosity (Haake, 
23°C) of 49.4 dPa.s is obtained. The Mw of the solution (measured by GPC, with 
polystyrene standards) is 7900, with a polydispersity of 2.3 

The ingredients of example formulations 1 and 2 were then mixed according to 
preparation methods 1 and 2 (comparative). Details of preparation method 1 and 2 
are detailed hereunder. Example formulations 1 and 2 were also prepared without the 
addition of any dehydrating agent (comparative If). This method is denoted 
preparation method 3. 
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Preparation method 1 

Method 1 Alternative method (1A) 
Addition 1 Addition 1 

rosin solution Xylene (solvent) 
co-binder solution Drying agent 
drying agent Cuprous oxide (and/or other metal oxide) 
Thix/ anti-sagging agent 
Disperse until homogenously divided Disperse until homogenously divided 

Addition 2 Addition 2 
Colouring pigment (optional) rosin solution or solid rosin 
Fillers (Non-reactive with rosin; optional) co-binder solution 
Aigicide (optional) Disperse&dissolve until homogenously divided 

Addition 3 Addition 3 
Cuprous oxide (and/or other metal oxide) Thix/ anti-sagging agent 
Disperse Disperse until homogenously divided 

Addition 4 
Colouring pigment (optional) 
Fillers (Non-reactive with rosin; optional) 
Aigicide (optional) 

5 Method 1 and Method 1A above are both methods according to the invention. In 

method 1, the rosin and drying agent are mixed prior to addition of the metal oxide. In 

Method 1 A, the metal oxide and drying agent are mixed prior to addition of the rosin. 

It will be appreciated, as discussed above, that tha drying agent can be first mixed 

10 with a solvent, prior to adding any components. 

Preparation method 2 (comparative) 

Addition 1 
solvent(s) 
Rosin or hydrogenated derivative 
solid co-binder or solution thereof 
Disperse until dissolved 

Addition 2 
Thix/ anti-sagging agent 
Disperse 

Addition 3 
Colouring pigment (optional) 
Fillers (Non-reactive with rosin; optional) 
Aigicide (optional) 
cuprous oxide 
drying agent 
Disperse 



20 

Preparation method 3 (comparative 10 

Preparation method 3 is the same as preparation method 1 or 1A, but without the 
addition of a drying agent. 

5 
Accordingly, the following coating compositions were prepared from example 
formulations 1 and 2; 

Example formulation 1 Example formulation 2 

Preparation method 1 Coating 1 Coating 2 

Preparation method 2 Coating 1 (comparative) Coating 2 (comparative) 

Preparation method 3 Coating 1 (comparative II) Coating 2 (comparative II) 

Results 
10 

The coatings were each subjected to infrared spectroscopy, as shown in the attached 
figures. Figure 1 shows the FTIR spectra of coating 1, coating 1 (comparative) and 
coating 1 (comparative fl). As can be seen in figure 1, the peak at 1730 cm'1 

represents an ester band from the BMA/MMA copolymer, the peak at 1695cm"1 

15 represents an acid band from the free rosin, while the peak at 1600crn"1 represents a 
salt band from the copper resinate. Coating 1 shows a very weak peak at 1600cm"1, 
while the comparative spectra show much stronger peaks, indicating a larger 
presence of the metal resinate. 

20 Turning to figure 2, this shows the FTIR spectra of coating 2, coating 2 (comparative) 
and coating 2 (comparative II). As can be seen in figure 2, the peak at 1720 cm"1 

represents an ester band from the veova (rtm) homopofymer, peak at 1695cm"1 

represents an acid band from the free rosin, while peak the at 1600cm"1 represents a 
salt band from the copper resinate. Coating 2 shows no peak at afl at 1600cm"1 (as 

25 indicated by an arrow indicating a complete absence of detectable metai resinate 
formation in coating 2. 

The coatings were also tested for polishing rates and fouling rates. The results are 
given in the following table. 
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Can stability at 40 °C Polishing rate Fouling rate 

Viscosity in dPa.s at 23 °C Over 18 months After 12 months static 

[% Copper resinate by IR] At 9-13-18 knots on raft 

[.um/monthj 
T= 0 T = 18 weeks 

Coating 1 19 23 12 ; 13; 16 80% Slime 
[0,5] [1,4] No AJgae 

No hard fouling 

Coating 1 29 34 10; 11; 13 90% slime 
(comparative) [0.8] 12,11 No Algae 

No hard fouling 
Coating 1 21 33 3; 4; 5 100% Slime + 
(comparative Ii) [4.5] [8.13 25 % area covered 

with algae 
Coating 2 20 26 7; 8; 10 75 % area slime 

[0.0] [0,5] No AJgae 
No hard fouling 

Coating 2 21 28 5; 6; 8 90% slime 
(comparative) [0.8] [2.5] No AJgae 

No hard fouling 
Coating 2 21 33 2; 3; 4 Slime + 

(comparative H) [3,3] (7,4] 33 % area covered i 
f 

with aigae 

Note: Maximum content of copper resinate is circa 19% 

Examples formulations 3 to 9 

5 Further example formulations were prepared, each according to preparation method 1 
discussed above, and with the following components. 
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Example formulation 3 

Xylene 11.54 

Sylosiv A4 2.88 

Foral AX-E 17.02 
Neocryl B725 1.80 

Polyace NSP-100 4.50 

Disparlon 6650 0.88 

Bayferrox 130 BM 7.21 

Zineb Nautec 8.78 

Cuprous oxide 45.39 

Total 100 

Polyace NSP-100 is a silylacrylate binder, having a solid content of 50% and being 
5 commercially available from Nitto Kasei. 

Example formulation 3 is similar to that of example formulation 1, but includes a 
siliylacrylate co-binder. 

10 Example formulation 4 

Xylene 10.72 
Sylosiv A4 2.89 

Foral AX-E 17.12 

Veova 9 homopolymer 
solution 2.14 

Polyace NSP-100 4.52 

Disparlon 6650 0.89 

Bayferrox 130 BM 7.24 
Zineb Nautec 8.83 

Cuprous oxide 45.64 

Total 100.00 
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Example formulation 4 is similar to that of example formulation 2, but includes a 
silsyfacrylate co-binder. 

Example formulation 5 

Xylene 8.2 

Sylosiv A4 1.2 
Gum rosin 5.6 

Plasticizer $ 2.0 

Polyace NSP-100 21.0 

Disparlon 6650 1.0 

Bayferrox 130 BM 5.0 

Sea-nine 211* 6.0 
Cuprous oxide 50.00 

Total 100.0 

* As plasticizer, dialkylphthalates (commercially available as Palatinols from BASF); 
alternatively chlorinated paraffine (e.g. Cerechlors from Ineos Chlor) 
** Sea-nine 211 is a DCOIT solution in xylene, commercially available from Dow 
Chemicals 
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Example formulation 6 

Xylene 12.16 

Sylosiv A4 2.88 
Foral AX-E 16.56 
Neocryl B725 1.80 
Zinc acrylate (50% solids)s 4.33 

Disparlon 6650 0.90 

Bayferrox 130 BM 7.20 
Zineb Nautec 8.78 
Cuprous oxide 45.39 

Total 100 

$ zinc acrylate was prepared according example A1 of EP 1006 156 

Example formulation 8 is similar to example 1, but includes a zinc acrylate co-binder. 

Example formulation 7 

Xylene 11.08 
Sylosiv A4 2.89 
Foral AX-E 16.64 

Veova 9 homopolymer solution 2.47 
Zinc acrylate (45% solids)w 4.35 
Disparlon 6650 0.90 

Bayferrox 130 BM 7.24 

Zineb Nautec 8.82 
Cuprous oxide 45.60 

Total 100.00 

zinc acrylate was prepared according example C1 of patent US 5631308 
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Example formulation 7 is similar to example formulation 2, except that zinc acrylate 
co-binder was used. 

Example formulation 8 

Xylene 12.16 

Sylosiv A4 2.88 

Foral AX-E 16.56 

Neocryl B725 1.80 

Bremazit 3050 (50% in 
xylene)" 4.33 
Disparlon 6650 0.90 

Bayferrox 130 BM 7.20 

Zineb Nautec 8.78 
Cuprous oxide 45.39 

Total 100 

* Bremazit 3050 is a solid zinc resinate commercially available from Robert Kraemer 
GmbH. 

Example formulation 8 is similar to example formulation 1, except that zinc resinate is 
added to the formulation. 
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Example formulation 9 

Xylene 11.08 

Sylosiv A4 2.89 

Foral AX-E 16.64 

Veova 9 homopolymer solution 2.47 
Bremazit 3050 (50% in xylene)# 4.35 
Disparlon 6650 0.90 

Bayferrox 130 BM 7.24 

Zineb Nautec 8.82 

Cuprous oxide 45.60 

Total 100.00 

Example formulation 9 is similar to example formulation 2, except that zinc resinate is 
5 added to the formulation. 

it should be noted that, in example formulations 8 and 9, the amount of free rosin and 
zinc resinate can be closely controlled by adding specific amounts of the two 
ingredients, rather than by simply adding free rosin to zinc oxide to the formulation 

10 and allowing the two ingredients to react in situ. 

Example formulations 10. 11 and 12 

Example formulations 10, 11 and 12 were prepared using zinc oxide as tha metal 
15 oxide. No other metal oxides, no zineb and no other inert co-binder was used in these 

formulations in order to have very clear IR spectra for evidence. Examples 10 and 11 
we carried out according to Method 3 described above (ie. without the addition of any 
dehydrating agent), whereas Example 12 was carried out according to Method 1. The 
details of these examples are as follows: 

20 
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Example formulation 10 

Xylene 25 

Natural gumrosin 25 
Stirr until dissolved 

Bentone SD2 1 
Disperse at high speed 

Add and disperse 

Zinc oxide (indirect) 50 

Total 100.00 

Bentone SD2 is an anti-settling agent commercially available from Elemeniis 
5 Zinc oxide is commercially available from Umicore in a "direct" and an "indirect* 

quality. 

Example formulation 11 

Xylene 24 

Natural gumrosin 25 

Stirr until dissolved 
Then add 

Bentone SD2 1 
Disperse at high speed 

Add and disperse 

Zinc oxide (direct) 50 

Total 100.00 
10 
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Example formulation 12 

Xylene 24 

Natural gumrosin 25 

Stirr until dissolved 

Then add 

Sylosiv A4 5 

Bentone SD2 1 

Disperse at high speed 

Add and disperse 

Zinc oxide (direct) 45 

Total 100.00 

Figure 3 shows overlayed infrared spectra from the clear binder fraction obtained by 
centrifugation ofthe coating formed according to examples 10, 11 and 12. As can be 

seen in figure 3, the IR spectra for examples 10 and 11 show strong metal resinate 
peaks at 1580 cm"1, but no acid band from free rosin at 1695 cm"1, wheras the 
spectrum for example 12 shows a strong peak at 1695 for the rosin acid, but no metal 
resinate peak at 1580 cm'1. This displays that in the example according to the 
invention (example 12) little or no zinc resinate is formed and the rosin remains 
unreacted. 

As can be seen from the above examples, a coating composition according to the 
present invention contains little or no metal resinate formation, which results in a 
coating composition that has surprisingly improved polishing rates and antifouling 
rates. 

Attention is directed to all papers and documents which are filed concurrently with or 
previous to this specification in connection with this application and which are open to 
public inspection with this specification, and ihe contents of all such papers and 
documents are incorporated herein by reference. 

All of the features disclosed in this specification (including any accompanying claims, 
abstract and drawings), and/or all of the steps of any method or process so disclosed, 
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may be combined in any combination, except combinations where at least some of 
such features and/or steps are mutually exclusive. 

Each feature disclosed in this specification (including any accompanying claims, 

5 abstract and drawings) may be replaced by alternative features serving the same, 
equivalent or similar purpose, unless expressly stated otherwise. Thus, unless 
expressly stated otherwise, each feature disclosed is one example only of a generic 
series of equivalent or similar features. 

10 The invention is not restricted to Ihe details of the foregoing embodiments). The 
invention extends to any novel one, or any novel combination, of the features 
disclosed in this specification (including any accompanying claims, abstract and 
drawings), or to any novel one, or any novel combination, of the steps of any method 
or process so disclosed. 

15 
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CLAIMS 

1. A binder for a self polishing and/or anti fouling coating composition, the binder 

comprising an oligomer or polymer composition, formed from at least 50% by weight 

5 of monomer units of a vinyl ester of versatic acid. 

2. A binder according to claim 1, wherein the number of carbon atoms in the vinyl 

ester of versatic acid is 11, thus being a vinyl ester of a versatic acid having 9 carbon 

atoms. 

3. A binder according to either of claim 1 or claim 2, wherein the balance of the 

monomers required to prepare the polymer is selected from one or more of the 

following monomers: alkyl acrylate; alkyl (alk)acrylate; R13silyl acrylate, where each R1 

group is independently selected from hydrogen or any alkyl, alkenyl, alkynyl, aralkyl or 

15 aryl group ; R23silyl (alk)acrylate where each R2 group is independently selected from 

hydrogen or any alkyl, alkenyl, alkynyl, aralkyl or aryl group; a monomer having the 

general formula II: 

(R3)4-mSi(OR4)m II 

20 

where each R3 is independently selected from hydrogen or any alkyl, alkenyl, alkynyl, 

aralkyl or aryl group, and where each R4 is independently selected from hydrogen or 

any alkyl, alkenyl, alkynyl, aralkyl, aryl, and m = 1 to 4. 

25 4. A binder according to claim 3, wherein the comonomers are selected from 

methyl acrylate, ethyl acrylate, propyl acrylate, butyl acrylate and 

methyl(meth)acrylate, 

5. A binder according to any preceding claim, wherein the polymer composition 

30 comprises at least about 60% by weight of monomer units of a vinyl ester of versatic 

acid, more preferably at least about 70% by weight, yet more preferably at least 80% 

by weight, and yet more preferably at least about 90% by weight. 
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6. A binder according to any preceding claim, wherein the polymer composition 

comprises at least about 95% by weight of monomer units of a vinyl ester of versatic 

acid. 

5 7. A method of forming a binder for a self polishing and/or anti fouling coating 

composition, the method comprising polymerizing a monomer mixture comprising at 

least 50% by weight of monomer units of a vinyl ester of versatic acid. 

8. A self polishing and/or anti fouling coating composition comprising a binder 

10 according to any of claims 1 to 6. 

9. A coating composition according to claim 8, wherein the coating composition is 

a marine coating composition. 

15 10. Use of an oligomer or polymer composition, formed from at least 50% by weight 

of monomer units of a vinyl ester of versatic acid as a binder in a self polishing and/or 

anti fouling coating composition. 

11. Use of a binder according to any of claims 1 to 6 in a marine self polishing 

20 antifouling coating. 

12. A coating composition, the coating composition comprising: 

i) a carboxylic acid; 

ii) at least one metal oxide compound; and 

25 iii) one or more binder, the binder comprising comprising an oligomer or polymer 

composition, formed from at least 50% by weight of monomer units of a vinyl 

ester of versatic acid. 

13. A coating composition, the coating composition comprising: 

30 i) a carboxylic acid; 

ii) at least one metal oxide compound; 

iii) a dehydrating agent; and 

iv) one or more binder, the binder comprising comprising an oligomer or polymer 

composition, formed from at least 50% by weight of monomer units of a vinyl 

35 ester of versatic acid; 
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characterised in that, in the production of the coating composition, the dehydrating 

agent iii) is contacted with either of component i) or ii), prior to the addition of the other 

of component i) or ii). 

14. A method of forming a coating composition, the coating composition comprising: 

i) a carboxylic acid; 

ii) at least one metal oxide compound; 

iii) a dehydrating agent; and 

10 iv) one or more binder, the binder comprising comprising an oligomer or polymer 

composition, formed from at least 50% by weight of monomer units of a vinyl 

ester of versatic acid; 

the method comprising contacting the dehydrating agent iii) with either of component 

15 i) or ii), prior to the addition of the other of component i) or ii). 


