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Description
TECHNICAL FIELD

{00011 The presentinvention relates te an antifouling coating compaosition and a coating film. The presentinvention also
relates to a ship, an underwater structure, and the like having the coating film.

BACKGROUND ART

[0002] Aguatic organisms, such as barmacies, mussels, and aigae, are likely to adhere to underwater structures, ships,
fishing nets, and the like. Dus to such adhasion of organisms, efficient operation is hindered in a ship or the like, which
causes problems such as waste offuel. in addition, fish nets andthelike have problams such as clegging and shortaning of
servicelife. Therefore, in order to prevent adhesion of aquatic organisms, it has been conventionally carried outioforman
antifouling coating film by applying an antifouling coating composition to the surface.

{0003} Examples of antifouling coating compositions that have been used include an antifeuling coating composition
containing a triorganosilyl group-containing hydrolyzable resin (binder resin} and an antifouling agent {a.g., WO
2020235516 {(PTL 1)). Since the surface of an antifouling coating film formed of this antifouling coating composition
is always renewed as the triorganosilyl group s gradually hvdrolyzed in water, the antifouling coating film can exhibit
antifouling performance over a long term.

{0004] PTLZ discioses a polymer comprising (a1) silyl ester group(s) and (a2) quaternary ammeonium group(s) andfor
guaternary phosphonium group{s), said quaternary ammonium groups andfor quaternary phosphonium groups being
neutralised by countar-ions, wherein the counter-ions consist of the conjugate base of an acid having an aliphatic,
aromatic, or alkary! hvdrocarbyl group.

[0005] PTL3 discloses an antifouling paint composition which comprises (a) a non-hydrolyzable polymer having a fiilm-
forming property and a Young's modulus of from 0.01 e 10 MPa at 25 “C. | in its unvalcanizad state, (b} a sclid antifouling
substance, and (¢) a disparsing medium or a solvent.

{0008] PTLA4 discloses a binder for an antifouling coating composition comprising. {A) a {meth)acrylate copolymer
havinga Tgof 0°C orless comprising as comonomers: [} atleast one (meth)acryiatle,; i) 0.70-8.6% by weight of atleast one
sarpoxylic acid-containing comenomer, basad on the fotal weight of copolymer (A); wherein meonomers (i) and (i) together
represent atleast 80% by weight of the monomeis presentin copolymer (A}, and (B} a cyclic monocarboxylic acid such as
rosin or a derivative thereof {such as a sait therecf).

{00071 PTLSdiscloses anantifouling coating compeosition having improved polishing property and consisting essentially
of (&) a fiim-forming synthetic resin, (b) a solventinwhich the synthetic resin is soluble or disparsible, and (¢) crosslinked
polymer microparticles having a mean diameter of about 6.01 to 50 microns and carrying an antifouling agent with them,
the polymer microparticies being inscluble in the solution of said synthetlic resin in said solvent and uniformiy dispersed
therain and either of said {a) or {} being of hydralyzable nature.

{0008} PTLE discinses an antifouling paintwhich after application to a surface forms a seif-polishing, antifouling coating,
characterized in that the paint contains a binder which comprises polymers A, B and C as follows | A) a copolymer, B} a
homao-or copolymaerinwhich the repeating units correspondio one ore more types of ethylenically unsaturated monomaers;
the polymer of B) being incompatible with the polymer of A}, and also other desired paint componants; and oplicnally Cya
homo- or copolymer inwhich the repeating units correspond 1o one or maore types of ethyienically unsaturated monomers,
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SUMMARY OF INVENTION
TECHNICAL PROBLEM

{00107  Ancbisctofthe presentinventionis to provide an antifouling coating composition containing a hydrolyzable resin
and an antifouling agent, which can exhibit high antifouling performance for a long term. Ancther object of the present
invention is to provide a coating film formed from the antifouling coating composition, and a ship and an underwater
structure having the coating film.

SOLUTION TO PROBLEM

{00111  The presentinvention providas the following antifouling coating composition, coating film, ship, and underwater
structure as defined in the appended claims.

ADVANTAGEQCUS EFFECTS OF INVENTION

{00121 An antifouling coating composition containing a hydrolyzable resin and an antifouling agent and being able to
exhibit high antifouling performance for along term can be provided. In addition, a ceating film formed from the antifouling
coatling compaosition, and a ship and an undearwater structure having the coating film can be provided.

BRIEF DESCRIPTION OF DRAWINGS
10013}

. 1is a schematic top view lllustrating a method for evaiuating @ dynamic antifouling property of 8 coating film
2 is a schamalic cress-sectional view ilustrating a method for evaluating a dynamic antifouling property of a

criterion for e,valuatw- of a dr; ng ;)rbputy s)f & coat ing f--m
DESCRIPTION OF EMBODIMENTS
<Arniifouling Coaling Compaosition>

[0014]  An antifouling coating composition according to the presentinvention (hereinafter, also simply referredto as an
“antifouling coating composition”} contains @ hydrolyzable resin (A), a first non-hydrolyzable resin (B), a second non-
hydrolyzable resin (C), and an anufouimq agent (D). Each of hydrolyzable resin (A), first non-hydrolyzable resin (B), and
second non-hydrolyzable resin (C) is a polymer compound, that is, a polymer in which monomers are polymerized.
{0015} In the presant description, the "hydrolyzable resin” refers to a resin having at least one hydrolyzable group
selectedfrom the group consisting of a group represented by formula (1), agroup represented by formuia (2}, and a group
represented by formula (3). The "non-hydrolyzable resin” refers {0 a resin that does not have a group represented by
formula (1), a group represented by formula (2}, and a group represented by formuia {3}, An antifouling coating film formed
from the antifouling coaling composition containing hydrolyzable resin (A) exhibits antifouling performance because a
hydrolyzable group of hydrolyzable resin (&) is gradually hydrolyzed in water to renew a surface of the coating film, and
accordingly, an antifouling component derived from antifouling agent (D) is released into water,

{00181 In a conventional antifouling coating compesition containing a hydrolyzable resin and an antifouling agent, in
order to impart high antifeuling performance o an aniifouling coating film formed therefrom, the antifouling coating
composition has been required {c be designed such that a consumption rate of the antifouling coating film in waler is
relatively high. In this case, however, the antifouling coating film cannot maintain antifouling performance for along term.
This is because the antifcuimg coating film disappears eariy.

{0017} Hercinafter, a property of a coating film exhitiing high antifouling performance over alongtermis also referredto
as a "long-term antifouling property” of the coating film.

{0018} Since the antifouling coaling compuosition according to the present invantion contains predetermined first non-
hydrolyzable resin (B) and predetermined second non-hydrolyzable resin (C) in addition to hydrolyzable resin {A) and
antifouling agent (D), the antifouling component derived from antifouling agent {) can be efficiently released from the
antifouling coating film into water. As aresult, the antifouling coatingfilm according to the presentinvention can exhibit high
antifouling performance even when the ceating film has a low consumption rate while baing immersed in water. Thatis,
according e the presantinvention, both alow consumption rate {iong-term antifouling property) of the coating film and high
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antifouling performance can be achieved.

1] Hydrolyzabie resin (A)

{0018}  The antifouling coating composition contains one or more hydiclyzable resins (A). Hydrolyzable resin {A) has at
(

least one hydrolyzable group selected from the group consisting of a group representad by fcfmuia 1}, & group
represented by formula (2}, and a group represented by formula (3).

{Chemical formula 2]

.,
e
S

fin formuia (1), RY, R?, and R® each independently represent a C1 to C8 hydrecarbon group.]

[Chemical formula 3]

O

i ‘ .
e e 0 o e R {2

fin formula (23, M represents g divalent metal atom, and R4 represents an organic acid residue or an alcohol residue.]

[Chemical formula 4]

o o
e R R L R O e {3)

in formula (3}, M represents a divalent metal atom ]

{00207 Hydrolyzable resin {A} is not particularly limited, but a (meth)acrylic resin having a hydrolyzable group can be
suitably usaed. The hydrolyzable group may be arranged in a side chain of a polymer of the (meth)acviic rasin,

[0021] In the present description, the "{meth)acrylic resin” means a resin whose at least a part is composed of a
constituent unit derived from {methjaciviic acid or a derivative therecf (one exampie is {meth)acrviic acid ester). The
darivative of the (methlacrylic acid also includes a (meth)aciylic acid metal salt

{00221 In the present description, the "{methlacrvlic” means at least one selected from meathacrylic and acrylic,
{0023] In the present description, the "(meth)acryloyl” means at ieast one selected from methacryioyl and acryloyl.
{0024} [n the present description, the "(methjacrylic monomer” means a polymerizable monomer having a {meth)
actvlovt group or a (methjacryloyloxy group.

{00258} Examples of hydrolyzabie resin (A) include:

a hydrolyzable resin (A1} thal is a (meth)acrylic resin having only a group representad by formula (1) as the
hydrolyzable group;
hydrolyzable resin (AZ) that is a (meth)acrvlic resin having a group represented by formula (1) and a group
represented by formuia (2) and/or a group represented by formula (3) as the hydrolyzable group; and

a hydrolyzable resin (A3} thatis a (methiacrylic resin having only a group represented by formula (2) andfor a group
represanted by formuia {3) as the hydrolyzable group.

0

-x

{00287 Hvdrolyzable resin (A} may contain one or more resins salected from hydrolyzable resins (A1) 1o (A3).
{00271 From the viewpoint of achieving bath a low consumption rate of a coating film and high antifouling performance,
hydrolyzable resin (A} preferably contains hydrolyzable resin (A1) or hydrolyzable resin (AZ), and more preferably is
hydrolyzable resin (A1) or hydrolyzable resin {(A2).

{0028  Examples of hydrolvzable rasin (A1) inciude a copolymer of a polvmernizable monomer (a1} having a group
representad by formuia (1) and another polymerizable monomer (a2} copolymerizable with polymerizable monemer(at).
The copolymer may be a random copolymer. Polymerizable monomer{a1) and polymerizable monomer (a2) may eachbe
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usad alone or in combination of two or more. Hydrolyzable resin {A1) can be oblained by copolymerizing polymaerizakie
monomer (al) and polymerizable monomer (a2) in the presence of a radical polymerization initiator,

{00291 Polymerizable monomer (1) and polymerizable monomer (a2) are preferably {methjacrylic monomers.
{00301 Examples of polymerizable menomer{al) inciude a radically polymerizable (meth}acrylic monomer represented
py formula (43

{Chemical formula S}

R O R
| |

O == o G O B R 4

o

F{Q

[informula (4}, R, R2, and R? each independently represent a C1 to C6 hydrocarbon group. RY represents a hydrogen
atom of a methyl group. |

{00311 Examples of the (methlacrylic monomer represented by formula (4} inciude irimethyisiiyt (methlacrylate,
triethylsilyl {meth)acrvlate, tri-n-propyisilyl (methjacrviate, triisopropylsiivl (methlacrylate, dilsopropyl-sec-butyisiiyi
{meth)acrylate, diisopropylisobutvisiivl (methjacrviate, diisopropyl-tert-butylsityl {mathyacryiate, dilsepropylhexyisiivi
{meth)acrylate, diisopropyiphenyisilyl {(methjaciylate, isopropyl-di-sec-butylsilyl {meth)acryiate, isopropyldiisabutyisiiyvi
{methacrylate, isopropyl di-tert-butyisilyl (meth)acrylate, isopropyidiphenyisiivl (meth)acrylate, diphenylhexylsilyl {meth)
acrylate, tri-sec-butylsilyl (methacryiate, triisobutylsilyl (methjacrviate, tri-tert-butylsilyl (meth)acrylate, tert-butvidiphe-
nyisitvl (methyacrylate, tiphenvisityl {methacrviate, tricyclohexvisilyl (methiacrylate, dicvdiohexylbenzyisiiyl {meth)ac-
rvlate, diisopropyicyciohexyisiivl (methiacrylate, and isopropyidicyclohexylsilyl (methlacrylate.

{00321 The {(methjacrylic monomers represented by formula {4) may be used alone or in combination of two or more.
{00331 Fromthe viewpoint of achiaving both a low consumption rate of a coating film and high antifeuling performance,
R1 R2 and R3¥informula (1) andformula (4) each independently is preferably a ©1 to C8 aikyl group, more preferably a C1
to C4 alkyl group, and still more preferably a C3 or C4 alkyi group.

{00341 Fromtheviewpointofachieving both alow consumption rate of a coating film and high antifouling performance, at
teast one of R1, R2 and R3informula (1) and formuia {4) is praferably a C3 alkyl group and more preferably an isopropyi
group; atleasttwo of RY R2 and R3 are siill more preferably isepropyt groups; and all of RY, R2, and R2 are yet still more
preferably isopropyl groups.

[0038] Polymerizable monomer (a1) may be a monomer other than the {(methlacrvlic monomer represented by formula
{4).

{00368} The monomer other than the {methacrylic monomer representad by formula (4) may be used alone or in
combination of two or more. The {meth)acrvlic monomer represented by formula (4} and other monomers may be usedin
combination. Polymerizable monomer (a1) preferably includes the (methjacrylic monomer rapresented by formula {4).
{00377 Examples ofthe monomer other ihan the (meth)acrylic monomer reprasanted by formula (4} include maleic acid
diester having a group represented by formula (1). Also, as to RY, R?, and R3in the group represented by formula (1) that
the maleic acid diester has, the above description of formula (1) is cited.

{0038 [Examples of the malgic adid disster include bis(triisopropyisiiviimaleate, trisopropylsilyl methyl maleate,
{riisopropyisiiyl ethyl maleate, trilsopropylsiivi n-butyi maleate, triisopropyisityl sec-butyl maleate, trilsopropylsityl isobutyl
maleate, triisopropylsiiyl {ert-butyl maleats, triisopropylsilyl n-pentyl maleate, triisopropyisilyl iscpentyl maleate {triisc-
propylsityi iscamyl maleate), and triisopropyisiivi cyclohexyl maleate.

{0038] Examples of polymerizable monomer {&2) include:

{meth}acrylic acid alkyl esters having 1 1o 20 (preferably 110 8) carbon atoms in an ester moiety, such as methyl {meth)
acrylate, ethyl (methlacrylale, isopr pfi {meth)acrylate, n-butyl {methyacrylate, isobutyl (methjacrylate, tert-butyi
{methjacrylate, n-hoxyl {(methjacrylate, 2-ethythexyl (methacrylate, octyl (methlacrylate, lauryl {meth)acrylate, and
stearyl {(meth)acrylate;

hydroxyl group-containing {meth)acrylic acid alkyl esters having 1 1o 20 (preferably 1 {o 8) carbon atoms in an ester
maoiety, such as 2-hydrexyethyt (meth)acrylate, 2-hydroxypropyt (methlacrylate, 3-hydroxypropyl (meth}acryiate, and
4-hydroxybutyl (meth)acrylate;

atkoxyalkyi {(methlacrylates, such as methoxyethyl (meth)acryiate and ethoxyethyl (methacrylate;

{meth}acrylic meonomers containing an oxyalkyiene chain, such as mathoxy polyethylene glycol (mathjacrylate (the
number of repetitions of -OC2H,- is, for example, 2 1c 9},

{methjacrylic acid cyclic hydrocarbon esters, such as phenyl (methiacrviate, benzyl (methjacrylate, cyciohexyl
{methjaciylate, and methyioyclohaxyl {meth)acrylate;

iy
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unsaturated monobasic acids, such as {methjacrylic acid, cinnamic acid, and crolonic acid;

Unsa ksrated dibasic acids and monoalky! esters thereof, such as maleic acid, fumaric acid, itaconic acid, and
monoalkyl esters thereof;
dibasic acid adducts of unsaturated monobasic acid hydroxyalkyl esters, such as maleic acid adducts of 2-hydro-
xyathyl {methlacrylate, phthalic acid adducts of 2-hydroxyaethyl {methlacrylale, and succinic acid adducts of 2-
nydroxyethyl {meth)acrylate; and
other polymerizable vinyl compounds, such as {(methacrylamide, (meth)acrylonitrile, styrene, a-methyistyrene, o-,
m-, or p-methylstyreng, vinyl acatate, vinyl propionale, vinyl benzeate, and vinyl toluene.

{00401 Acontentofthe constituent unit derived from polymerizable monomer {(at) inhydrolyzable resin (A1} is preferably
greater than or equal to 20 mass%, more preferably greaterthan or equaito 30 mass%, still more Dreferabiy greaterthanor
equal 1o 40 mass%, and may be greater than or egqual t 50 mass% or 60 mass%, based on 100 mass% of hydrolyzable
resin (A1), from the viewpoint of enhancing the antifouling performance of the antifouling coating film. The content is
preferably less than or equal 1o 80 mass%, more preferably less than or equalto 75 mass%, still more preferably less than
or equal to 70 mass%, and yet siili more praferably less than or aqual 10 85 mass%, based on 100 mass% of hydrolyzable
resin (A1), from the viewpoint of achieving both a low consumption rate of a coating film and high antifouling performance.
The rest of hydrolyzable resin (A1) is a constituent unit derived from polymerizable monomaer {(a2).

{0041} Examples of hydrolyzable resin (A2) include copolymers of polymerizable monomer {a1) having a group
represented by formula {1), ,\m;ymnnu'bia monomer (a3} having a group represented by formula {2) andior polymerizable
monomer (a4} having a group represented by formula (3,, and ancther polymerizable monomer {a2) copolymerizable with
these polymerizable monomers. The copolymer may be a random copolymer. Polymerizable monomers (a1)to (ad) may
zach be used alone or in combination of two or more. Hydrolyzable resin (A2) can be oblained by, for exampie,
copolymerizing polymerizable monomer (a1), polymerizable monomer(s) (a3} and/or (a4}, and polymerizable monomer
{a2) in the presence of a radical polymerization initiator. As to polymerizable monomers {a1) and (a2}, the above
daescription of hydrolyzable resin (A1) is cited.

{0042 Polymetizable monomers (a1} to (a4) are preferably (meth)acrylic monomers.

{0043] Examples of polymerizable monomer{a3) include a radically polymerizable (meth)acrylic monomer represented
by formula (5). By using the {meth)acnvlic monomer represented by formula (8}, hydrolyzable resin (A2) having a group
represented by formuta {2} is obtained.

[Chemical formuia 6]
Re G

{
Hszé:-wg»Q——»MwR* ©)
[informula (5), M represents a divalent metal atom, R represents an organic acid residue or an alcohol rasidue, and RS
represents a hydrogen atom or a methyl group ]
{0044] Examples of polymerizable monomer{ad) inciude aradically polymerizable (meth}acrylic monomer represented
by formula (8). By using the (meth)acrvlic monomer representad by formiula (8}, hydrolyzable resin (A2) having a group
represented by formula (3) is obtained. The group reprasanted by formula (3} is a cross-linking group crosslinking polymer
main chains.

{Chemical formula 7]

Y

;?3 ﬁ:} {;} RJ

) i

oo,
5
ot

; o
HyC o= G G O M O — G GGy

fin formula (5), M represents a divalent metal atom, and R7 and R® each independently represent g hvdrogen atom or a
methyl group]

{00457 Examples ofthe divalent metal atom M informulae (2), (3), (8}, and (8} include My, Zn, and Cuy, and Znor Cuis
preferable. R4 in formutae {2) and (5) is preferably an organic acid residue.

{00461 FExamples of an organic acid forming the organic acid residue in R4 include monocbasic organic acids, such as
acetic acid, monochiorcacetic acid, moncfiuoroacetic acid, propionic acid, caproic acid, caprvlic acid, 2-ethythexyi acid,
capric acid, versatic acid, isostearic acid, palmitic acid, cresotic acid, oleic acld, elaidic acid, linoleic acid, indlenic acid,
stearoiic acid, ricincleic acid, ricinnelaidic acid, brassidic acid, erucic acid, a-naphthoic acid, 3-naphthoic acid, benzoic
acid, 2.4,5-trichiorophencxyacstic acid, 2,4-dichiorophenoxyacetic acid, guinoline carboxylic acid, nitrobenzcic acid,
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nitronaphthalenecarboxylic acid, and pulvinic acid.

00477 VWhenthe organic acid residus is afatly acid residue, an antifouling coating film that causes no cracks nor peeling
for a long term tends 1o be formed.

{00481 Examples of atherorganic acids thatform the organic acid residues include monobasic cydlic organic acids other
han aromatic organic acids. Exampies of the monchasic cyclic organic acids include: organic acids having a cycinalkyl
group, such as naphthenic acid, resin acids, such as tricyclic resin acids; and salts thereof

{00491 Examples of the tricydlic resin acids include moncbasic acids having a diterpene hydrocarbon skeleton.
Exarples of the monobasic acids having a diterpens hydrecarbon skeleton include compounds having an abietane,
pimarane, isepimarane, or labdane skeleton. More concretely, the examples include abietic acid, necabielic acid,
dehydroabistic acid, hydrogenated abistic acid, parastrinic acid, pimaric acid, iscpimaric acid, levopimaric acid, dex~
tropimaric acid, sandaracopimaric acid, and salts thereof. Among them, abistic acid, hydrogenated abietic acid, and salis
thereof are preferabie from the viewpoint of the antifouling property and the like of the coating film.

{00380} The monobasic cyclic organic acld does not need 1o be highly purified, and, for exampie, pine resin, pine resin
acid, orthe like can also be used. Examples of such things include rosins, hydrogenated rosins, disproponionated rosins,
andnaphihenic acid. The rosins include gunmrosin, wood rosin, tall oil rosin, andthelike. Rosins, hydrogenated resing, and
dispropartionatad rosing are preferable from the viewpoints of being inexpensive and easily available, being excellentin
handieability, and easily exhibiting a long-term antifouling property.

{00511 Theacidvaiue of the monobasic cyclic organic acidis preferably greaterthan or equal fo 100 mgKCH/g andiess
than or equal to 220 mgKOH/g, more preferably greater than or equal to 120 mgKOH!g and less than or equal 1o 160
mgKOH/g, and still more preferably greater than or egual to 140 mgKOH/g and less than or equal to 185 mgKOH/g.
{00821 Theorganic acidresidiie ofthe monomerrepresented by formula (5) may beformed of one organic acidormay be
formed of two or more arganic acids.

{00531 Examples of the method for produsing @ monomer having an organic acid residue as R4 include a method for
reacting, in an organic solvent containing an alcohol-based compound, an inorganic metal compound, a carboxyl groug-
containing radically polymerizable monomer such as {meth)acrviic acid, and a non-polymerizable organic acid (organic
acid constituting the organic acid residue).

{0084] The constituentunit derivaed from the (maeth)acrylic monomer represented by formula (5) can also beformed by a
method for reacting a resin obtained by polymerizing a monomer composition containing a carboxyl group-containing
radically polymerizable monomer such as {meath)acrviic acid, a metal compound, and a non-polymerizable organic acid
{organic acid constituting the organic acid residue).

[00558] Examples of the (meth)acrylic monomer represented by formula {(6) include magnesium acrylate
[{CH,=CHCOO,Mg], magnesium methaciylate [(CH,=C{CH;}CO0,Mg] zinc acylate [{CH,=CHCOQ),Zn], zinc
methacrylate [[THL.=C{CH4}COO),Zn], copper actylate [{THL=CHCOO),Cul, and copper methacrylate [{CHy=0(CTH,)
COO)L,CuU] One or two or more of these can ke appropriately selected and used as necessary.

{00386] Examples ofthe method for producing the (methjacrylic monomer represented by formula (8) include a method
for reacting a polymerizable unsaturated organic acid, such as {methjacrylic acid, and a metal compound with waterin an
organic solvant containing an alcohoi-based compound. In this case, the content of water in the reactants is preferably
adjusted to greater than or equal to 0.01 mass?% and less than or egual to 30 mass%.

{00571 Astothe content ofthe constituent unit derived from polvmerizable monomer {a1) in hydrolyzabie resin (A2}, the
abiove description of hydrolyzabie resin (A1) is cited.

{0088] The total content ¢f the constituent units derived from polymerizable monomers (a3) and (a4} in hydrolyzable
resin (AZ)is preferably greater than or equal to 1 mass%, more preferably greaterthan or egual tc 2 mass%, and stili more
preferably greater than or egual to 4 mass%, and may be greater than or equal to 8§ mass%, based on 100 mass% of
hydrolyzable rasin (A2), from the viewpaint of enhancing the antifeuling performance of the antifouling coating fifm. The
content is preferably less than or equal {o 30 mass%, more preferably ess than or equal 1o 25 mass%, and siill more
preferably less than or equal to 20 mass%, based on 100 mass% of hydrolyzable resin (A2}, from the viewpoint of
achieving both a low consumption rate of a coating film and high antifouling performance.

{00588] Thecontentof the constituent unit derived from polymerizable monomer (a2} in hydrolvzable resin (AZ) is usually
greater than or equal to 0.1 mass% andless than or equal to 80 mass%, preferably greater than or eguial to 5 mass% and
iess than or equal to 80 mass%, and still more preferably greater than orequal to 10 mass% and less than or equal to 70
mass%, based on 100 nmass% of hydrolyzable resin (A2).

{00807 Examples of hydiolyzable resin (A3} include copalymers of polymerizable monomer {a3) having a group
represented by formula (Z) and/or polymerizable monomer (ad) having a group represented by formuda (3), and another
polymerizable monomer {a2) copolymerizable with these polvmerizable monomers. The copolymer may be a random
copalymar. Polymerizable monomears (a2) 1o (84) may be used alone or in combination of two or more, Hydrolyzable resin
{A3) can be obtained by, for example, copolymerizing polymerizable monomer{s) (a3} and/or (a4}, and polymerizable
monomer (a2) in the presence of a radical polymerization initiator. As to polymerizable monomers (a2) to {a4), the above
description of hydralyzable resin (A1) or (AZ) is cited.
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[0081] Polyvimerizable monomers {a2) to (ad) are preferably {meth)acrylic monomers.

j0082] The total content of the constituent units derived from polymerizable monomers (a3) and {a4d) in hydrolyzable
resin (A3} is preferably greater than or equal 1o 1 mass%, more preferably greaterthan or equal to 2 mass%, andstili more
preferably greater than or aqual 1o 4 mass%, and may ba greater than or equal 1o € mass%, basad on 100 mass% of
hydrolyzable resin (A3), from the viewpoint of enhancing the antifouling performance of the antifeuling coating film. The
content is preferably less than or egual to 30 mass%, more preferably less than or egual to 25 mass?, and still more
preferably less than or equal to 20 mass%, based on 100 mass% of hydrolyzable resin (A3}, from the viewpoint of
achieving both a low consumption rate of a coating film and high antifouling performanca. The rest is a constituent unit
derived from polymerizable monomer (a2).

{00631 Aweight average molecular weight (Mw} of hydrolyzable resin (A) is usually greater than or equal te 2,000 and
iess than or equal to 300,000, preferably graater than or equal to 5000 and fess than or aqual to 100,000, and more
preferably greatertharn or equal te 10,000 and less than or equal to 80,000, When the Mw s greater than or aqual 10 2,000,
antifouling performance {ends {o be exhibited when a coating film is formed from an antifouling coating composition
containing this. When the Mw is less than or equal to 300,000, hydrolyzable resin (A) tends 10 be easily and uniformiy
dispersedinthe antifouling coating composition. Inthe present description, the Mw s a weight average molacularweightin
{erms of polvstyrene measured by gel permeation chromatography (GPC).

[0084] From the viewpoint of achieving both a low consumption rate of a coating film and high antifouling performance,
hydrolyzable resin (A) (when the antifouling coating composition contains two or more Kinds of hydrolyzable resins {A),
each ofthem) preferably has a glass transition temperature Tg, inthe range of greater than or equal 1c 10°C andless than
or equal to 80°C, and a solubility parameter 3P4 in the range of greater than or equal te 8.5 andless than or equal 16 8.7
[0088] Classtransitiontemperature Tg, of hydrolyzable resin (A) isinthe range of more preferably greater than or equal
{0 20°C andiess than orequaito 80°C, still more preferably greaterthan orequal 1o 30°C andless than or equaito 80°C, yet
still mora praferably greater than or equal io 40°C and iess than or equal 1o 80°C, particulany preferably greater than or
agual {o 45°C andless than or eguial to 80°C, and most preferably greater than or egual to 45°C and less than or egual fo
78°C.

{0088] Sclubility parameter 8P, of hydrolyzable resin (A) is inthe range of more preferably greater than orequal 10 8.55
andiess than or equalto 8.7, still more preferably greater than or equal io 8.60 andisss than or equal to 5.65, yetstill more
preferably greater than or equal 1o 8.60 and less than or equal to 8.80C, and particularly preferably greater than or equaito
5.70 and less than or equal o 8.50.

{00871 [n the present description, the glass transition temperature is a temperalure measured using a differential
scanning calorimeter (D8C) in accordance with JIS K 7121,

[0068] The solubility parameter (8P) is a measure of solubility. A larger SP value indicates a higher polarity, while a
smaller 8P vaiue indicates g lower polarity.

{00681 In the present description, the solubility garameter 3P of a resin can be measurad by the following method
{Reference: SUH, CLARKE, J. P S, A -1, 5, 1871 to 1681 (1867)).

{0070} At a measurement temperature of 20°C, 0.5 g of a resin is weighed in a3 100 mL beaker, and 10 mL of a good
scivent (acatone} is added using a whole pipette and disscived with a magnetic stirrer to prepare a dilutad solution. Next, a
iow-3P poor scivent (n-haxane) is gradually added dropwise to the diluted solution using a 50 mb burette, andthe point at
which turbidity occursinthe dituted solution is defined as a dropping amount of the low-8F poor solvent. Separately, a high-
SP poor solvent {ion-exchanged watar) is gradually added dropwise 1o the diluted solution, and the point at which turbidity
oocurs inthe diluted solution is defined as a drepping amount of the high-3SP poor solvent. Tha 8P value can be calculated
from the dropping ameount of each of the poor solvents until the turbidity point is reached, by a publicly known calculation
method described in the above reference and the like.

{00711 CGlass transition temperature Tg, and solubility parameter 8P, of hydrolyzable resin (A) can be contraiied by
adjusting the types and contents of the monomers forming hydrolyzable resin (A). Tga can also be estimated or
approximated from the glass transition temperatires of the monomers forming hydrolyzable resin (A). in addition, when
the content of the monomer having a bigh polarity is increased, 8P, tends to increase. When the content of the {meth)
acrylic monemer representad by formula (4} is increased, 5P, tends 1o decrease.

{0072} From the viewpoint of achieving both a low consumption rate of a coating film and high antifouling performance,
the content of hydrolyzable resin (A) inthe antifouling coating composition is preferably greaterthan orequaito 10 mass%
and less than or equal to 20 mass%, more preferably graater than or agual o 20 mass% and tess than or equal 1o 80
mass%, still more preferably greater than or equal 1o 30 mass% and less than or equal to 70 mass%, vet still more
preferably greaterthan or equal to 40 mass% andless than or equal to 85 mass%, and particularly preferably greaterthan
or equal 1o 45 mass® andless than or equali 1o 85 mass%, based on 100 mass% of the total amount of hydrolyzable resin
{A), first non-hydrolyzable resin (B), and second non-hydrolyzable rasin {C) contained in the antifouling coating
composition.
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2] First non-hydrolyzable resin (B) and second non-hvdrolyzable resin (C)
{00731 Theantifouling coating composition contains first nop-hydrolyzabie resin (B) and second non-hydrolyzable resin
{Cyin addition to hydrolyzable rasin {(A). The glass transifiontemperature of first non-hydrotyzable resin (B) is greater than
the glass transition temperature of sacond hon-hydrolyzabia resin {(C). The antifouling coating compaosition may cantain
twao o more Kinds of first non-hydrolyzabie resins (B), and may contain two or more kinds of second non-hydrolyzable
resins {C). The meaning of the "non-hydrolyzable resin” is as described above.

{0074} First non-hydrolyzable resin (B} and second non-hydrolyzable resin () are preferably (meth)acrylic resins.
{0078] When the glass transition temperature of first non-hydrolyzable resin (B} is Tgg [7C], the solubiiity parameter
thereof is 5Py, the glass transition temperature of second non-hydrolyzable resin (C) is Tge [°C), and the solubility
parameter thereof is SP¢, first non-hydrolyzable resin (B) and second non-hydrolyzable resin (T) satisfy the following
expressions {1] to {5

Tegp - Tge 2 60°C [1}]

SPp295 |

B2
[

SPcx63 |

L
a1

SPp —~ SPei<

J—y
L]

4]

40°C < Tgy £ 80°C  [5]

{00781 The antifouting coating compesition accerding 1o the present invention, containing first non-hydrolyzable resin
{B) and second non-hydrolyzable resin (C) salisfving the expressions { }ie {5] in addition to hyvdrolyzabie resin (A), can
form an antifouling coating film achieving both alow consumption rate of a coating film and high antifouling performance.
{00771 Fromthe viewpoint of achisving both a low consumption rate of a coating film and high antifouling performance,
the difference (Tgg - Toc) batween Tgg and Ty is preferably greaterthan or equalte 70°C, more preferably greater thanor
agual to 80°C, and still more preferably greater than or equal to 80°C, and may be greatef than or egual to 100°C. The
differenceis usuaiiy iessthanorequalto 150°C, andmay belessthan orequalio 140°C, lessthanorequaito 130°C, orless
than or equal to 120°C.

{0078} From the viewpoint of achieving bath a low consumption rate of a coating film and high antifouling performance,
Tggis greaterthan orequalto 40°C andless than or equaito 80°C, preferably greater than orequaito 45°C andiessthanor
equal 1o 75°C, more preferably greater than or equal to 50°C and less than or equal to 70°C, and still more preferably
graater than or egual o 50°C and less than or equal 10 85°C.

[0079] From the viewpoint of achieving both a low consumption rate of a coating film and high antifouling performance,
Tgcis preferably greater than or equal 1o -50°C and less than or equal 10 -20°C, more preferably greater than or equal to
-5G°C andless than or equal to -25°C) still more praferably greater than or equal 10 -50°C andless than or equal to-30°C,

and yat stili more preferably greater than or equal to -45°C and lass than or equal to -35°C.

{00801 Both &Pg and 8P, are greater than orequal to 8.5 (expressions [2]and{3}). The magnitude relationship between
SPgand SPcis notparticularly limited as long as expfeasicr‘ [4lis satisfied inone embodiment, 3Pcis greaterthan 8Py In
anather embodiment, 8Pg s greaterthan g - SPlis preferably less than arequatto 0.8, maore praferably lessthan
of equal 1o 0.6, still more preferably less t‘.c-n or equaﬁ to 0.4, and yaot still more preferably less than or aqual to 0.3
{00811 From the viewpoint of achisving both a low consumption rate of a coating filmand high antifouling performance,
SPgis preferably greaterthanorequalto 9.6 andisss than orequal to 10,3, mare preferably greaterthan orequalte 8.8 and
less than or sgual to 10.2, and still more preferably greater than or equal to 2.7 and less than or equal to 10.1.

{0082 From the viewpoint of achieving both a low consumption rate of a coating film and high antifouling performance,
SP.is preferably greaterthanor equalte 8.8 andless than orequal to 10.6, more preferably greaterthan orequaltc 8.8 and
iess than or equal to 10.5, and still more preferably greater than or equal to 8.8 and less than or egual {c 10.4

{00831 Similarly to Tgg and 8Py, Taa, SFg, Tge, and 8P can be controlled by adjusting the types and contents of the
monomers formingthe resin. Tgg and Tgg canalso be estimatad orapproximatedirom the glass transitiontemperatures of
the monomers. In addition, when the contents of the monomers having a high polarity areincreased, SPgand SPetendte
NCrease.

{0084] Firstnon-hydrolyzableresin{B) is not particulary limited as long as itsatisfies the expressions [1], {2, [4], and[5].
Examples thereof include a (methjacrylic resin formed from one kind or two or more Kinds seiected from the monomer
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group describad above as the examples of polymerizable monomer (a2). Speadific examples of first non-hydrolyzabie resin
{B) include: "DIANAL BR-108" manufactured by Mitsubishi Chemical Corporation; "ETERAC 7123-X-50" (BALBIS)
manufactured by BALBIS Co., Lid.; "PARALOID B8E" manufactured by The Dow Chemical Company; and "DEGALAN
G4/12N" manufactured by Evonik Degussa Japan Co., Ltd,, all of which are trade names.

~

{0085] Secondnon-hydiclyzable resin (T is not particularniy limited as long as itsatisfies the expressions [1], {31, and{4].
Examples thereof include a (meth)acrylic resin formed from one kind or two of more kinds selected from the monomer
group described above as the exampies of polymerizable monomer (a2). Specific examples of second non-hydrolyzable
resin (C) include "Lutonat A25" manufactured by BASK.

[0086] Second non-hydrolyvzable resin (C) is not limited 1o the {meth)acrylic resin, and examples thereof also include
polyvinyi atkyl ether.

{00871  The waight average molecular weights (Mw) of first nen-hydrolyzable resin (B} and sacond non-hydrolyzable
resin (C) are each usually greater than or equalic 2 000 and [ess than or equal to 300,000, preferably greater than or equal
{o 5,000 and less than or equal to 100,000, and more preferably greater than or equal to 10,000 andiess than orequalto
80,000, Having an Mw of greaterthan or equal to 2,000 can be advantageous inachieving both alow consumption rate ofa
soating film and high antifouling performance. When the Mwisless than or equal to 300,000, these rasins tend 1o ba easily
and uniformiy dispersed in the antifouling coating composition.

[0088] From the viewpoint of achieving both a low consumption rate of a coating film and high antifouling performance,
the content of first non-hydrolyzable resin (B} in the antifouling coating compaosition is praferably grealer than orequalto 2
mass% andless than or agqualto 50 mass%, more praferably greater than or egual to 3 mass% andiess than orequalioc 40
mass%, still more preferably greater than or equalto 5 mass? andless than oregual to 35 mass%, yet still more preferably
greaterthan or equal to & mass% andiess than or eguai to 30 mass%, and particuiarly preferably greaterthan orequalio 5
mass% and less than or equal 10 25 mass%, basad on 100 mass% of the total amount of hydrolyzable resin (A}, first non-
hydrolyzabie resin (B}, and second non-hydrolyzable resin {C) contained in the antifouling coeating composition.
[0088] From the viewpoint of achieving both a low consumption rate of a coating film and high antifouling performance,
the content of second non-hydrolyzabile resin (Chinthe antifouling coating composition is preferably greaterthan or equal
to2mass% andlessihan orequalto 50 mass%, more praferably greaterthan orequal to 5 mass% andlessthanorequalio
45 mass%, still more preferably greater than or equal to 10 mass% and less than or eqgual to 40 mass%, yet still more
preferably greaterthan or equal to 15 mass% andless than or equal to 35 mass%, and particularly preferably greaterthan
or egual 1o 20 mass% and less than or equal to 35 mass%, based on 100 mass®% of the total amount of hydrolvzable resin
(A}, first non-hydrolyzable resin (B}, and second non-hydrolyzable resin (C) contained in the antifouling coating
composition.

{00801 From the viewpoint of achisving both a low consumption rate of a coating filmand high antifouling performance,
the contentratio ({B)/(A)) of first non-hydrolyzable resin (B) to hydrolvzable resin {A) in the antifouling coating composition
is preferably greaterthan orequaito 0.02 andless than or equalio 1, more preferably greaterthan orequalto 0.05 andless
than or equal to 0.8, still more preferably greater than or equal to 0.1 and less than or equal to 0.6, and vet siill more
preferably greater than or equal 1o 0.1 and less than or equal to (.5 in terms of mass ratic

{0081} From the viewpnint of achisving both a low consumption rate of & coating film and high antifouling performance,
the content ratio ({CY(A}) of second non-hydrolyzable resin {C) {o hydrolyzable resin {(A) in the antifouling coating
composition is preferably greater than orequaltc 0.01 andless than or equalto 1, more preferably greaterthan orequalio
(.02 andless than or equal to 0.9, still more preferably graaterthan or equaltc (.05 andless thanorequalto 0.8, andyet still
more praferably greatar than orequal to 0.05 andiess than oregual o 0.65, andmay be greaterthan or aqualic 0.1, greater
than or equal to 0.2, or greater than or equal to 0.3, and may be less than or equal to 0.6 in terms of mass ratio.
{00821 Fromthe viewpoint of achieving both a low consumption rate of a coating film and high antifouling performance,
the content ratio ((BY/{C)) of first non-hydrolyzable resin (B} to second non-hydrolyzable resin (C) in antifouling coating
composition is preferably greater than orequalto 0.05 andless than or equal o 8, more preferably greaterthan oregual o
0.1 andiess than or equalio 6, still more preferably greater than or equal to 0.2 and less than or eguial 1o 2, yet still more
preferably greaterthan orequalio 0.2 and iess than or equal 1o 1.5, and particularly preferably greaterthan erequalto 0.2
and less than or equal o 1 in terms of mass ratlic.

{0093} From the viewpoint of achieving both a low consumption rate of a coating film and high antifouling performance,
the total ameount of hydrolyzable resin (A}, first non-hydrolyzable resin (B}, and second non-hydrolvzable resin {C)
contained in the antifouling coating compuasitionis preferably greater than or equal (o 5 mass® andiess than orequalto 40
mass%, and more preferably greaterthan or equal to 10 mass? andiessthan oregualto 20 mass®, basedon 100 mass%
of the solid content contained in the antifouling coating composition.

{00841 Thesclidcontent contained inthe antifouling coating compoesition refers to the total of components other than the
soivent contained in the antifouling coating composition.
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3] Antifouling agent (D}

{0085] The antifouling coatling composition contains one or more antifouling agents (D). Antifouling agent (D) is not
particularly limited, and publicly known antifouling agents can be used. Examples thereof include antifouling agents such
as inorganic compounds, metal-containing organic compounds, and metal-free organic compounds.,

{0096] Examples of antifouling agent (D) include cuprous oxide; manganese ethviene-bis-dithiccarbamate, zinc
dimethyldithiocarbamate, Z-methylithio-4-t-butylaminoe-6-cyclopropylamine-s-triazine, 24,5 8-tetrachioroisophthaloni-
{rite; N, N-dimethy! dichlorophenyl urea; zinc ethylene-bis-dithiocarbamate, copper rhodanide {copper(l) thiccyanate),
4 5-dichioro-2-n-cotyi-4-isothiazolin-3-one  {(4,5-dichlore-2-n-octyi-3(2H) isothiazolone), N-(flucrodichicromethyithic)
phthalimide; NN -dimethyl-N'-phenyl-(N-flucrodichioromethyithio)sulfamide; 2-pyridinethiol-1-oxide zinc salt (zinc pyr-
ithione), 2-pyridinethicl-1-oxide copper salt (copper pyrithiong); tetramethylthiuram disulfide; 2,4, 6-trichlerophenyima-
leimide; 2 3,5 6-tetrachioro-4-{methyisulfonyilpyriding, 3-ledo-2-propyibutylcarbamate, dicdomethyl-para-trisuifone;
phenvl{bispyridylbismuth dichioride; Z-(4-thiazolvi-benzimidazole,; triphenyiboron pyridine sait; stearylamine-triphenyl-
boron; laurylamine-triphemnyviboron; bisdimethyl dithiocarbamoy! zine ethylene bisdithiocarbamate; 1, 1-dichlore-N-{{di-
methylamino)suifonyil-1-fluora-N-phenyimethanesulfenamide; 1, 1-dichloro-N-{{dimethylaminoisuifonyi}- 1-fluore-N-(4-
methylphenyhmethanesulfenamide; N’-(3,4-dichiorophenyi-N, N'-dimethvhirea; N’-tert-butyi-N-cyclopro~
pyi-8-(methyithio)-1,3,5-triazine-2 4-diamine; 4-bromo-2-{4-chicrophenyl}-S-{triflioromethyi)-1H-pyrrole-3-carbonitrile;
and medetormidine.

{00871 The content of antifouling agent (D) in the antifouling coating compaosition is usually greater than or eguaito 0.3
parts by mass and less than or egual to 550 paris by mass, preferably greaterthan or equal to 1 part by mass andless than
or equai to 500 parts by mass, more preferably greater than or equaito 5 parls by mass and less than or egual to 300 parts
by mass, still more preferably graater than orequal to & parts by mass and less than or equal to 200 paris by mass, andyet
still more preferably greatar than or egual to 10 parts by mass and less than or equal to 150 parts by mass, based on 100
parts by mass of hydrolyzable resin (A).

{00881 If the content of antifouling agent (D) is excessively small, the coating film tends not to exhibit antifouling
parformance. ifthe content of the antifouling agentis excassively large, the coating film may cause defects such as ¢cracks
and peeling.

{4] Rosin compaound {E)

{00881 Theantifoulingcoating composition may contain aresin compound{E). Since rosin compound{E)isnotaresin(a
polyrer thatis a polymerization product of a monomar), itdoes not belong o hydrolyzable resin (A}, first non-hydrolyzable
resin (B), and second non-hydroivzable resin (C). When the antifouling coating compaosition containg rosin compound (E),
the antifouling performance of the coating film tends {o be enhanced.

{04001 Rosincompound (E)refersio a rosin orarosin derivative. Examples ofthe rosin derivative include hydrogenated
rosin, disproportionated rosin, maleated rosin, formylated rosin, and polymearized rosin.

(01811  Vhen the antifouling ceating composition containg rosin compound (B}, the content of rosin compound (B} is
preferably greaterthan or equal to 1 part by mass andiess than or egual to 50 parts by mass, more preferably greaterthan
of equial to 2 parts by mass andless than or equal to 40 parts by mass, and still more preferably greaterthan orequaito 5
parts by mass and less than or equal 1o 35 parts by mass, based on 100 paris by mass ¢fthe total amount of hydrolyzable
resin (A}, first non-hydrolyzable resin (B}, and second non-hydrolyzable resin (T} contained in the antifouling coating
composition.

5] Other components

{01021 Theantifouling coating composition may contain other components otherthanthose described above. Examples
of the other components include a coating film consumption adjusting agent, a pigment, a plasticizer, a solvent, a water
binder, an anti-sagging agent, a color separation inhibitor, an anti-settling agent, an antifoaming agent, an ultraviclst
absorber, a surface adjusting agent, a viscosity modifier, a leveling agent, and a dispersant (e.g., colloidal silica).
31031 Examples of the pigmentinclude: extender pigments, such as precipitated barium, taic, clay, chalk, silica white,
alumina white, bentonite, calcium carbonate, magnesium carbonate, silicic acid, silicic acid sails, aluminum oxide hydrate,
and calcium sulfate; and color pigments, such as titanium oxide, zirconium oxide, basic lead sulfate, tin oxide, carbon
black, whitelead, graphite, zinc sulfide, zinc oxide (flowers of zinc), chrome oxide, veliow nickel titanium, vellow chromium
fitanium, vellow iron oxide, red iron oxide, black iron oxide, azo-based red and vellow pigments, chrome yeliow,
phthalocyanine green, phthalocyanine blue, ultramarine blue, and guinacridone.

{0404] The pigments may be used alone or in combination of two or more.

{3108] Examples of the plasticizer include: phthalic add ester plasticizers, such as dicctyl phthalate (DOP), dimethyi
phthalate, dicycinhexy! phthalate, and dilsodecyi phthalate {DIDP), aliphatic dibasic acid ester plasticizers, such as
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ischutyl adipate and dibutyl sebacate; givcol ester plasticizers, such as disthylene giveol dibenzoate and pentaerythritol
alkyl ester; phosphoric acid ester plasticizers, such as tricresyi phosphoric acid (tricresyl phosphate}, triaryl phosphoric
acid (triaryl phosphate)}, and trichloroethyl phosphoric acid; epoxy plasticizers, such as epoxy soybean oif and octyl
epoxysiearate; organiciin plasticizers, such as dioctyitinlaurate and dibutyvliinfaurate; trioctyl trimellitate, andtriacetviens,
{0108] The plasticizer may be used alone or in combination of two or more,

{0107} Examples of the solventinclude: hydrocarbons, such as toluene, Xylene, ethylbanzene, cyclopentane, octane,
heptane, cyclohexane, and white spirit; ethers, such as dioxans, tetrahydrofuran, ethylene glycol monomethy! ether,
athviene givool moncethyl sther, athylens glyool moncbutyl sther, sthylena giveol dibuiyl ether, diethylene giveol
monomethyi ether, and diethviens giveol monoethyt ether, estars, such as bulyl acetate, propyl acelale, benzyl acetate,
sthylene glycol monomethyl ether acetale, and ethvlene glycol monoethyl ether acetate,; ketones, such as ethyi isobutyl
ketona and methyl isobutyl ketone; and alcohals, such as n-butanal and propy! alcehol.

{0108} The solvant may be used alone or in combination of two or more.

<Method for prodiucing antifouling coating composition>

{01881 The antifouling coaling compeasition can be prepared by mixing predeterminad compornants and other compo-
nents 1o be added as necessary using a mixer, such as a ball mill, a pebble mill, a roll mill, a sand grind mill, or a disper. For
example, hvdralyzable resin{A), firstnon-hvdrolyzabie resin (B), and seccmd nen-hydrolyzable resin (C)Y may be mixedina
solution state.

<Cuoating Film=>

01101  The coating film according to the present invention is an antifouling coaling film formed from the antifouling
coating composition according to the presentinvention. The antifouling coating film according to the presentinvention can
achieve both a low consumption rate (long-term antifouling property) of a coating film and high antifeuling performance.
{1141 The antifouling coating film can be formad by applying the antifouling coaling composition 1o the surface of a
{arget object in accordance with an ordinary method and then removing the solvent by volatilization at ordinary
{femperature or with heating as needed.

{0112] Thathickness ofthe antifouling ceating film s, for example, greaterthan or equal to 50 pm and less than or aqual
10 500 wm, and preferably greater than or equal to 100 pm and less than or equal 1o 400 pm.

[0113] The method for applying the antifouling coating composition is not particularly limited, and examples thereof
inciude methods such as an immersion method, a spray method, brush coating, roller, electrostatic coating, and
electrodepasition coating

{0114] The target obiect is not particularly imited, and examples thereof include ships, various fishing nets including
those for agquaculiure, and other fishing gears,; port facilities, booms; water intake facilities, such as power plants; piping,
such as cooling water conduils, bridges; buoys; industnal water faciiifies; and underwater structures, such as submarine
hases. The target object is preferably a ship or an underwater structure.

[0115] The application surface of the target object may be pretreated as needed, or may have a composite coating film
inciuding an undercoat formed from other paint such as an anfi-corrosive paint (Corrosion resistant paint} on the target
object and an antifeuling coating film formed of the antifouling coaling composition of the present invention on the
undercoal.

EXAMPLES

[0118] Thepresentinvention will be describad below in more detail by way of examples and comparative examples, but
the present invention is not limited thereto.

<Production Exampies A1 o A1 preparation of hydiolyzabia resins A1 to A10>

{31171 7o a four-necked flask equipped with a thermaometer, a condenser, a stirrer, a dropping funnel, a nitragen inlet
{ube, andatemperature controliar, 34 g ofxylene was added as asolvantand maintained at 85 = 3°C. A mibdure containing
the monomers shownin Table 1inthe amounis shownin Table 1 (the blending amounts of the monomers shownin Table 1
are expressed in "g") and 1.0 g of tert-butyl peroxy-2-ethylhexanoate, which was a radical polymerization initiator, was
placad inthe droppingfunnel and added dropwise to the four-necked flask over four hours. The mixiure was then incubatad
forfour hours, and 33 g ofxylene was added to the mixture. The resulting mixture was cooledto obtain asolution containing
a hydrolyzable resin. Hereinafter, the solutions ﬂontaining hydrolyzable resins A1to A10{they are each also referredic as
resins A1 1o A10) are each aiso referrad 1o as "resin solutions A1 {o A10"

[0118]  Glasstransitiontemperature Tg,, solubility parameter 8P,, and weight average molecular weight Mw of each of
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resins At tn At ebtained, andthe salid content of each of resin solutions Alic A1Cwera measurad. Theresulls areshown
in Table 1. The measurement methods are as described below,

{iy Glass transition temperature

{0118] Glass transition femperature Tg was measured using a differential scanning calorimeter (D3C) in accordance
with JIS K7121. As the differential scanning calorimeter (DSC), "X-DSCT7000" manufactured by Sl Nanotechnology inc.
was used.

{il) Solubility parameter

{01201 Sclubility parameter was detarminad by the method described above.

{ili} Weight average molecular weight Mw

01211  VWeight average molecular weight Mw of the resin is a waight average molecular weightin terms of polysiyrene
measured by GPC. Measurement conditions were set as describad below.

Apparatus: "HLC-8220GFC" manufacturad by Tosoh Corporation
Cohlimn: TSKge! SuperHZM-M X 2 columns
Eluent: tetrahydrofuran
Measurement temperaiure: 35°C
Detector: Ri
{iv} Solid content

{0122} The solid content was calculated according to the foliowing expression.

Solid content {mass%) = 100 X (lotal mass of raw materials used for preparation of resin sclution excluding solventy
{mass of resin solution obtainad)

{Table 1]

Production Examples
Al Al A3 Ad AS Ab A7 AR AY AlG
Hydrolyzable resir No. Al A2 A A4 AS Ad AT AR AS A0
{1y TIFSMA 30,0 S0 200 20,0 580 60.0 30.0
{&r 304 69.0 9.0 26.0 0.0
5.0
189 10.0
& 258 6.4 250 760 134 200 354 56.0
g 339 170 31 566 | 170
=
10.3 36 3.0 5.0
9.0 2.0
254
100.0 100.9 1000 FRUERA] 1000 100.0 1000 100.0 106.0 100.0
Hlass fransition tempa e Tg < - . . .
Class transition tomparaiure Fea | g 75 71 10 85 o i 18 44 52
()
Sotubility parameter 8P, 97 Q7 28 %27 161 99 %1 L3 91 a1
Weight average molecular waight - . .
vE A5G Heieeiar wetg 42 43 43 41 47 45 49 44 43 42
Mw {2 105
Sofid Content {mass¥o} 58.0 534 394 0.0 560 500 5.0 380 55.0 55.0
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<Production Exampies B1 1o BY: preparation of first non-hydrolyzable resins B1 to B7>

{01231 To afour-necked flask equipped with a thermometer, a condenser, a stirrer, a dropping funnel, a nifrogen inlet
tube, and atemperatura controlier, 34 gofxvlenewas added as asolventandmaintainedat €5 = 3°C. Amixture containing
the monomers shownin Table 2 inthe amounis shown in Table 2 {the tlending amounts of the monomers shownin Table 2
are expressad in "g") and 1.0 g of tert-butvl peroxy-2Z-ethylhexanoate, which was a radical polymerization initiator, was
placedinthe droppingfunnel and added dropwise o the four-necked flask overfour hours. The mixture wasthen incubated
for four hours, and 68 g ofxylens was addedic the mixture. The resulling mixture was cocled e obtain asolution containing
a non-hydrolyzable resin. Hereinafter, the solutions cortaining non-hydrolyzabie resing B1 to BY (they are each also
referred to as resins B1 to BY) are each also referred to as "resin solutions B1 10 B7."

{0124] CGlassiransitiontemperalure Tgg, sciubility parameter 8Py, and weight average molecular weight Mw of each of
non-hydrolyzable resins B1 to BY oblained, and the solid content of each of resin sclutions B1 to BY were measured. The
results are shown in Table 2. The measurement methods are the same as in the above (i) to {iv).

<Preparation of first non-hydrolyzable resins B8 to 810>

[0125] Commercially available (meth)acrylic resins were preparad as first non-hydrolyzable resins B8 to B10 (they are
eachalscreferrediv asresing B8to B10) Glass transition temperaiure Ty, solubliity parameter 8Py, andweighl average
molacular waight Mw of each of non-hydrolyzable resing B8 to B10 were measured. The results are shown in Takie 2. The
measurement methods are the same as in the above (i) to (). The solid contents {nominal vaiues) of non-hydrolyzable
resins B8 to B10 are shown in Table 2.

{Table 2]
Production Examples Commercially available
B1 B2 B3 R4 B3 B& B7 produgts

Mon-trydrolyzable resin No. Bl Rz 323 B4 BI Bo BY BY B B1¢

(1) TIPAMA
Y 140
5 125 1676 1275 | 478 | 780 | 470
; 154 %0 760 | 164
R 1T 25 22 T TR
{0y EHA
(10) n-BMA
: 721 ] 308 | S74 1 228 | e | 168 | 721
150
1000 | 1000 | 1060 | 1066 | 1060 | 1000 | 1000

40 &0 kit 41 3 3 16 60 51 30
Solubility paramster §Py 9.6 1.2 9.7 183 0.4 165 94 6.0 Q.7 16.0

Weight avernge molecular weight
Mw {x 10%

1.6 35 4.5 5.4 55 5.4 4.5 6.5 6.4 6.5

A
<
o]
N
o
s

Solid Content (mas 33.0 M0 5L 518 0.0 0.0 300 100.0

<Production Exampies G110 C8: preparation of second non-hydrolyzable resing C1 to C8>

{04261 To a four-necked flask equipped with a thermometer, a condenser, a stirrer, a dropping funnel, a nitrogen iniet
{ube, andatemperature controliar, 34 g ofxylene was addedas asoliventand maintained at 85 = 3°C. A mibdure containing
the monomers shown in Table 3 inthe amounts shown in Table 3 (the blending amounts of the monomersshownin Table 3
are expressed in 'g") and 1.0g of tert-butyl peroxy-2-ethylhexanoate, which was a radical polymerization initiator, was
placedinthe droppingfunnel andadded dropwise to thefour-necked flask over four hours. The mixiure was then incubated
for four hours, and 33 gofxylene was addedto the mixture. The rasuiling mixiure was cooledto obtain a solution containing
a non-hydrolyzable resin. Hereinafter, the solutions containing non-hydrolyzabie resins C1 o C8 (they are each also
referred to as resing C1 1o C8) are each also referred to as "resin solutions C1 10 €87
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(0127}  CGlass transition temperature Tge, solubility parameter SPe, andweight average molecular weight Mw of each of
non-hydrolyzable resins C1 1o C8 obtained, and the solid content of each of resin solutions C1 to C& were measured. The
results are shown in Table 3. The measurement methods are the same as in the above (i) to {(iv).

<Praparation of second non-hydrolyzable resing C8 and C10>

{04281 Acommercially available resin was prepared as a second non-hydrolyzable resin C8 (also referredic as a resin
CO). Inaddition, a commaercially available resin was prepared as a sacond non-hydrolyzable resin C10 (also referred v as
aresin C10). Glass transition temperature Tg,-» and solubility parameter 8P of each of non-hydrolyzable resins C8 and
Cilwere measured. Theresuits are shownin Table 3. The measurement methods arethe same asinthe above (i) and({ii).
The solid contents {nominal values) of non-hydralyzable resing C8 and C10 are shown in Table 3.

L
Production Examples Commercially
i C2 o3 4 fol Co 7 g |availsbie products
Non-bydrolyzable resin No. 1 C2 T3 o4 [ o <7 R o 16
(13 TIPSMA
(23 TIPSA
3y MEA 40.0 5.0 200
(4 MEMA
{3 M-90G 176 0.0
gg (63 MMA 128 18.3 50 17.1
g (HEA 1732 417 8.4 250 630 8.4 5.0 66.2
::; (8yn-Ba 47.8 69.6 0.0 71.6 5.6 338
(93 EHA 30,0
(30n-BMA 199
(11 PMA
(12) -BMA 2.3

Total

1000 1 1000 ¢ 000 | 10 L 1004 1 1000 | 1000 | 1000

(ass transition temperature Tge

¢0)

<20 =20 <50 -47 15 <35 <53 35 -4 <25

Sotubility parameter 8P

938 JRER 104 9.8 104 16.5 9.4 1.2 18.0 S0

Weight average mclecular weight

New (* 10%

A

4.1 4.2 4.0

1 4.0 3.8 37 38

So

{id Content (massbe)

62.0 600 HAY 600 620 54.G 54.0 60.0 950 1000

{01281 The details of the abibreviations shown in Tables 110 3 are as describad beiow.

{1} TIPSMA:

(2} TIPSA:
(3} MEA:

(4) MEMA
(5} M-80G:

Triisopropyisilyl methacryiate

Triisopropyisilyl acryiate

2-Methoxyethyl acrylate

2-Mathoxyethyl methacrylate

Methoxy polyethyiene glycol methacryiate {the number of repetitions of oxy-
athviens chain = 8)

Methyl methacrylate

Ethvl acrviate

n-Butyt acrylate

2-Ethyihaxyt acrylate

n-Butyl methacrylate

{sobutyl methacrylate

tert-Butyl methacrylat

(Methacrylic resin ("DIANAL BR -108" manufactured by Mitsubishi Chemical
Corporation, sclid content. 100 mass%)
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{continued)

(14} Non-hydrolyzable resin 89: (Methacrylic resin ("ETERAC 7123-X - 50" manufactured by BALBIS Co ., Lid,,
a salution containing xylena as a solvent and having a solid content of 50.0
mass%)

(15} Non-hydrolyzable resin B10: {(Meth)acrylic resin ("PARALGID B-88" manufactured by The Dow Chemical
Company, solid content: 100 mass%])

(1€} Non-hydrolyzable resin C&: Polyvinyt ethyl ether ("Litonal AZS" manufactured by BASF, solid content: 5.0
mass%%)

(17} Non-hydrolyzable resin C10: Chiorinated paraffin: (Tovoparax AS0 manufactured by Tosoh Corporation, so-
lid content, 100 mass%)

<gExamples 1 to 38, Comparative Examples 110 8>
{a] Preparation of antifouling coaling compasiticn

{0130} According to the formulations {parts by mass) in Tables 4 to 10, the components shown in the same tables were
mixed and dispersed using a disper (2000 rpm) to prepare antifouling coating compositions. For hydrolvzableresin{A)and
non-hydrolyzable reasen resins (B) and (€}, the resin solulions prepared above were blended. When commerdcially
available products were 1o be used, they were blended as they were.

{01311 The details of the components shown in Tables 4 1o 10 are as described below.

{1} Antifouling agent D1 Cuprous oxide (manufactured by FURUKAWA CHEMICALS Co., Lid)

{2} Antifouling agent D2 Copper pyrithione {"Copper Cmadineg” manufactured by Arch Chemicals Inc.)

(3} Antifouling agent D3 Madetomiding ("Selekiope” manufaciured by I-TECH AB)

{4} Antifouling agent D4: 4,5-Dichioro-2-n-octyl-d-isothiazoline-3-one {4,5-dichioro-2Z-n-octyl-3(2H)-isothiazo-
{one) ("SeaNine 211" manufactured by Rohm and Haas)

{5} Rosin compound (E}): Gum rosin: {"AW Rosin®™ manufactured by Arakawa Chemical industries, Lid.)

{6} Other component F1: Kylene

{7} Other component F2. Titanium oxide pigment ("TI-PURER-800" manufactured by Du Pont)

(8) Other compenent F3: fron oxide red pigment ("Bayferox 130" manufactured by LANXES

{8} Other component F4: Silica pigment ("S-SIL20" manufactured by SAC Corporation}

{10}y Other component F5.  Anti-sagging agent {"Disparion A 8800-20X" manufactured by Kusumoto Chemicals,

Lid.)

{04321 [nTables 41010, "(BY(A) represenis the content ratio {mass ratio) of non-hydrolyzable resin (B) to hvdrolyzable
resin (A). "(CY{A)Y represents the content ratio {mass ratio) of non-hydrolyzable resin () to hydrolyzable resin (A).

{b] Evaluation of consumption rate of a coating film

{0133] The oblained antifouling coating composition was applied to a blasted plate previously coaled with an anti-
corrosive paint such that the dry coating thickness was 300 pm. The plate was leftto standin a room for two days and two
rights for drying to obtain a test plate having an antifouling coating film. This test plate was altachedto a side surface of a
sylindar having a diameter of 750 mm and a length of 1200 mm, and continuously rotated in seawater at a circumfarential
spaed of 15 knots for days and nights o perform a coating fiim consumption test of measuring changes over time in
consumption amount (cumuiative decrement {pm]in coating film thickness} of the coating film of the test plate. The results
are shown in Tables 4 to 10.

¢} Evaluation of antifouling property {dynamic antifouling property) of coating film

i

{3134} The obteined antifouling coating compaosition was applied t¢ a blasted plate previcusly coated with an anti-
sorrosive paint such that the dry coating thickness was 300 pm. The piate was lefi to stand in a room for two days and two
nights for drying to obtain a test plate having an antifouling coating film.

[0135] Awaterpassage 10 made of metal showninFigs. 1and2was prepared. Water passage 10has agroove havinga
width of 450 mm and a depth of 200 mm. As showninthe figures, atest plate 20 produced above was placed onthe bottom
surface of the groove with the antifouling coating film facing up.
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[0136] Vvater passage 10 on which test plate 20 was placed was placed indoors expoesad o sunlight in the Marine
Seafront Research Center of NIPPON PAINT MARINE COATINGS Co., Lid. in Tamano, Ckayvama. Water passage 10 was
arranged along the north-south direction in order to maximize the time when sunlight strikes test plate 20 (Fig. 1). Natural
seawater continuously drawn up from the Seto inland Sea was continuously flowed into water passage 10. Afiow direction
30 of the natural seawater was fromthe north ic the scuth. The water level of the natural seawater flowing in waler passage
10 was changedirom 40 mm to 200 mm every 12 hours to simulate the natural tide levels. The flow velocity of the natural
seawater flowinginwater passage 10 was setio, inaccordance with the waterievel, from about 30 emfsec {whenthewater
leval was lowest) to about 10 omifsec (when the water level was highest).

[0137] Atestof continuously flowing the natural seawater into watler passage 10 was performed for 12 months, andthe
attachment area of marine organisms was determined and evaluated according to the following criteria. The evaluation
results at 8 months and 12 months in the test are shown in Table 410 10. The evaluation resultis preferably greaterthan or
equal to 3.

[o1]

- The attachment area of marine organisms is greater than or equal to (% and less than 5%.

- The attachmeant area of marine organisms is greater than or equal to 5% and less than 10%.

- The attachment area of marine organisms is greater than or equal to 10% and less than 15%.
. The attachment area of marine organisms is greater than or equal to 15% and iess than 30%.
1. The attachment area of marine organisms is grealer than or equal 1o 30%.

= N3 G P

[d] Evailuation of storage stability of antifouling coating composition

{3138} [n 2 container, 200 mi of the antifouling coating composition was placed and stored at 40°C for 8 menths, and
then the stirring property was evaluated according to the following criteria. The evaluation results are shownin Tables 4 to

10. The evaluation resuit is preferably greater than or equai 1o C.

A The composilion can be easily stirred.

- The composition can be stirred.

- The compaosition can be stirred with slight force.
) The compoesition is hard {o stir,

- The composition cannot be stirred.

OO0 m

m

{e] Evaluation of driy-wet alternating adhesiveness of coating film

{0138] The obtained antifouling coating composition was applied to a blasted plate previously coated with an anti-
corrosive paint such that the dry coating thickness was 300 pm. The plate was leftto stand in a room for two days and two
nightis for drvingto obtain a test plate having an antifouling coating film. The obtainediest plate was fixedto arafi instaliedin
Aioi Bay, Ako City, Hyogo Prefecture. The test plate was fixed at about 15 cm above the sea using the frame of the raft. By
fixing the test plate at about 15 cm above the sea, the antifouling coating film is repeatedly brought into contact and non-
contact with seawaler by waves,

{01401 Forthetest plates after 8 months from the fixationto the rafl, a cross-cutadhesion testwas conducted according
1o JIS K 5600.5.6 (clearanceinterval 2mm, number ofsquares: 25). Theresults are shown in Tables 410 10. The numerical
valuesin Tables 4 and 10represent scores ofthe testresults in accordance with the foliowing criteria. The evaiuationscore
is preferably graater than or equal to 8.

Score 10:  Each scratch is thin and smooth in both sides, and no peeling is observed at an infersection of scratch
and in each square.

3core 8 Stight peeling is chsarved at an intersaction of scraich, no peeling is observed in each square, and the
area of defected paris is less than or equal 1o 5% of the entire square area.

Score 8 Pealing is observed on both sides and at an intersection of scratch, and the area of defected parts is 5
1o 15% of the entire sguare area.

Score 4 The width of peeling due to scratch is large, and the area of defect parts is greater than or egual to
15% and less than of equal to 35% of the entire square area.

Score 2 The width of peeling due to scratch is larger than that of score 4, and the area of defected parts is
areater than or equal 1o 35% and less than or equal to 85% of the entire square area.

Score G The area of peeling is greater than or equal to 65% of the enfire square area.
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{f] Evaluation of drying propenty of a coatling film

{0141} Theobtained antifouling coating composition was appliedto a blasted plate (size: 150 x 70 X 3.2 mny) previously
coated with an anti-corrosive paint with airless spray such that the dry coating thickness was 160 um, and the plate was
dried at 23°C for 1 day to form a coating film. The above operation was repeated 2 imes 1o produce a test plate having an
antifouling coating fiim with a dry thickness of 320 um. The obtained test plate was dried at 23°C for another 7 days.
{01421 Anpiece ofwoodof 30 X 30 X 10 mm was placed onthe antifouling coating film (central part) of the test plate after
drying, and a pressure of 40 kgfem? (3.9 MPa) was applied in a vertical direstion (coating film direction) from above the
piece of wood for 20 minutes. The piece of wood was removed, and the state (degres of deformation) of the coating film
surface was visually evaiuated according to the following criteria. The evaluation results are shown in Tables 4 10 10. Fig. 3
is cross-sectional views each schematically showing a coating filmy stale corresponding to each evaluation criterion. The
evaluation result is preferably graater than or equal to 3.

- Aslight trace of the piece of wood is observed.

- A slight deformation is observed arcund the location where the piece of wood was placed.

- Araised portion is observed arcund the location where the piece of wood was placed.

- Adlarge raised portion is observed around the location where the piece of wood was placed.

1. Araised portion around the location where the piece of wood was placed is large, andits protrusion to the oulside is
remarkable.

Ny G £ N

[Table 4]
Examples
g 2 3 4 5 & 7 8
Hydrolyzable resin (A} ,A3“ Az, AA? . :M A10~ Ai . A’o: . 7.
12.47 14.03 12.62 1263 | 1398 | 1475 12.60 | 1263
Non-hydrolyzabie resin (B) 10 ng 0 ABS o8 B,? 59 5
243 587 5.58 2.44 2.44 562 578 2.41
Non-hydrolyzable resin (C) ,,CZ ﬁcg CQ_ C_? Cug ACQN CQ« _“8
: ’ ’ 8.40 380 3.85 579 373 3.87 3.98 582
D1 43.07 | 41.81 4116 | 42861 4325 | 41468 | 4250 | 4261
Asiifouling agent D2 478 4.62 4.55 471 478 4.58 470 471
(0} 03
D4 057
Rosin compound (E) 1.59 G.77 0.7¢8 1.57 1.80 077 0.78 1.57
F1 1382 | 13.03 | 1557 | 13.81 1348 | 12982 | 1325 | 1378
F2 0.44 (.43 .48 0.50 ¢.50 0.48 (.50 0.50
Othi;‘;:pa F3 484 | 532 | 524 | 542 | 551 | 528 | 541 | 542
F4 8.18 8.00 8.88 9147 G.31 8.93 8.15 8.17
F5 1.23 1.36 1.34 1.38 1.40 1.35 1.38 1.38
Total 100.00 | 100.00 | 100.00 | 100.00 | 106.00 | 100.00 | 100.00 { 100.00
(BM(A) 0.33 .38 .38 0.32 £.32 0.38 (.38 .32
{CH(A .52 0.50 0.50 0.48 .48 0.50 0.50 048
After 3 months 10 13 11 12 15 9 13 5
Coating film con- After & months 21 25 21 19 29 19 37 13
sumption amount | After 12 months 42 45 38 34 55 45 &8 30
(um) After 18 months | 58 63 57 54 75 78 85 49
After 24 months 93 85 83 30 g1 110 100 75
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Examplas

1 2 3 4 5 & 7 8
Antifouling prop- 8 months 5 5 5 5 5 5 5 4
ety 12 months 5 4 5 5 5 5 5 3
Storage stability A A A A A A A A
Dry-wet alternating adhesiveness 8 8 10 10 10 B S} 8
Diying property of coating film 5 & 4 4 5 5 3 4
[Table 5]
Examples
9 10 11 12 13 14
Hydrolyzable resin (A) Agi A 8 A R A o A 8 fi\g
M86 | 1277 | 13.014 1244 | 1277 | 43.¢1
Non-hydrolyzable resin (B} ,,B? B2 84, Bj BSA ,?65
5.61 4.80 6.28 5.44 4.61 8.14
Non-hydrolyzable resin {C) ce Ci C_? ce Ci C_g
583 5.67 378 570 567 378
D1 4133 | 4184 | 3489 | 4180 | 4164 | 3489
Antifouling agent (D) D2 4.57 3.45 483 3.48 3.45 4.83
03
D4 0.84 1.29 0.84
Rosin compound (E} 1.83 1.54 1.62 1.84 1.54 1.62
F1 1349 | 1338 | 1383 | 14.08 | 1357 3.75
F2 (.48 0.48 0.66 (.43 0.48 0.58
Cther components F3 5.28 530 7.20 4.89 530 7.20
F4 8.90 3.96 12.18 7.94 3.96 12,18
F5 1.34 1.35 1.84 1.20 1.35 1.84
Total 100.0C | 100.00 | 100.00 | 100.0C | 100.06 | 100.00
(B3(A) .48 0.32 0.44 (.44 0.32 0.44
{CH(A) 0.50 .48 0.50 0.50 0.46 0.50
After 3 months € 15 17 & 19 17
After 6 months 14 30 32 17 38 32
Coating fiim consumption amount {um) | After 12 months 33 57 58 38 &8 &2
After 18 months 55 86 &0 it 85 a0
After 24 months 83 g5 100 83 120 115
Antifouling property ¢ months > > > 2 > .
12 months 5 5 5 5 5 3
Storage stability A A A A A A
Dry-wet aiternating adhesivenass 10 10 10 10 ] 10
Drving property of coating film 5 5 4 5 5 3
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{0143]
[Table 8]
Examples
15 16 17 18 19 20
Hydrolyzable resin (A) Ag A [ AB, ﬁf‘ ?, A [ f\ 8 ~
11.67 1271 | 12.98 1382 | 1271 12.98
Non-hydrolyzable resin (B} .BS FBE} 52 BS FBE} b
3.08 559 4.88 2.38 559 4.88
Non-hydrolyzable resin {C) © e (3;3 Cf e L
570 4.49 577 574 4.34 5.38
D1 4323 | 4122 | 33.85 | 4212 | 4121 | 3385
Antifouling agert (D) D2 478 342 2.34 488 342 2.34
03
D4 0.87
Rosin compound (E) 1.982 1.52 1.58 1.56 1.52 1.58
F1 1419 | 1324 | 1358 | 1384 | 1340 | 1388
F2 (.44 ¢.54 .75 (.49 ¢.54 0.78
Cther componenis F3 4.86 5.86 8.24 5.36 586 8.24
F4 8.21 8.92 13.83 9.07 892 13.83
F& 1.24 1.49 2.40 1.37 1.49 2.10
Total 100.0C | 100.00 | 100.00 | 100.0C | 160.06 | 100.00
(B3(A) .48 0.37 0.32 .32 0.37 0.32
{CH(A) 0.52 (.35 0.48 0.48 (.35 0.48
After 3 months 7 15 1 18 12 20
After 6 months 16 27 23 7 24 41
Coating fiim consumption amount {um) | After 12 months 38 51 44 50 45 74
After 18 months 8¢ 78 62 88 69 102
After 24 months 88 100 95 83 93 125
& months & 5 5 5 5 5
Antifouling property
12 months 5 5 & 5 5 4
Storage stability A A A A A A
Dry-wet aiternating adhesivenass & 8 10 & ] 8
Dryving property of coating film 5 4 4 4 3 3
[Table 7]
Examples
21 22 23 24 25 26
Hydrolyzable resin (A) A:‘EE A0 M?, .ME A0 A0
1542 | 1818 | 13855 | 1477 | 17.02 | 11.98
Non-hydrolyzable resin (B} Bf ABQ B? =o 89« Bg,,
2.64 1.92 6.31 3.50 0.98 6.68
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Examples

21 22 23 24 25 28
Non-hydrolyzable resin {C}) 539 C9 e C‘g ©9 CS}i
4.02 386 aez 3.65 387 364
D1 47 68 230 | 4188 | 4228 | 4245 | 4211
D2 4.65 489 463 4.68 489 485
Antifouling agent (D} o3
D4
Rosin compound (E) 1.57 0.77 1.58 1.57 1.58
F1 1340 | 1321 | 13.05 | 1348 | 1323 | 13142
F2 0.40 G.49 0.49 0.48 G.49 0.48
Cther components F3 4.41 540 8533 5.38 5.40 538
F4 7.45 8.13 3.02 810 g.14 9.08
F5 1.12 1.38 1.35 1.37 1.38 1.37
Total 100.00 | 100.00 | 100.00 | 100.06 | 100.00 | 100.00
(BI(A) 0.3z 0.1 0.42 0.22 0.05 0.51
{CY(A) 0.48 0.39 0.48 0.43 0.37 0.52
After 3 months 5 8 12 12 5 15
After 8 mornths 13 20 22 25 13 28
Coating fiim consumption amount {(um) | After 12 months 30 51 38 52 33 51
After 18 months 51 83 55 77 58 18
After 24 raonths 74 10 83 105 83 86
Antifouling property o monthe ! > > > 2 !
12 months 3 5 4 5 5 3
Storage stability A A A A A A
Dry-wet alternating adhesivenass 10 8 10 10 10 &
Drying propeity of coating filrm 5 4 5 5 3 5
[Table 8]
Examples
27 28 28 30 31 32
Hydrolyzable rasin (A) 4‘58 . A,8__, AS R 4,15‘ %,\ AS,, A8 "
17.88 | 11.37 1651 2658 | 1882 | 1085
Non-hydrolyzable resin (B} 5_2 BS Bg_, B8 Bﬂw Be
473 2.38 2.37 2.38 2.37 2.38
Non-hydrolyzable resin (C) -8 ,CS AC&ﬁ -8 co ce
0.95 714 2.58 5.99 0.50 7.54
D1 41058 | 4212 | 4205 | 4211 | 4202 | 4213
D2 3.40 3.49 349 3.49 3.48 3.49
Antifouling agent (D) .
D4
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Examples
27 28 29 30 31 32
Raosin compound (E) 1.62 1.56 1.55 1.56 1.55 1.56
F1 1272 | 1373 | 1328 | 1382 | 1310 | 1384
F2 0.53 0.55 0.55 0.55 0.55 0.55
Cther companenis F3 5.84 58¢ 5.98 5.89 588 509
F4 8.88 1013 | 1012 | 1013 | 1011 10.14
F5 1.48 1.53 1.82 1.53 1.52 1.53
Total 100.00 | 100.00 | 100.00 | 100.00 | 100.00 | 100.00
{B)(A) .22 .38 .28 .32 .22 0.38
{CHA) 0.05 0.65 0.18 0.49 0.03 072
After 3 months 4 13 8 15 4 22
After & months 10 25 14 30 10 43
Coating film consumption amount {um) | After 12 months 25 50 31 58 23 77
After 18 months 43 77 51 79 37 103
After 24 months a0 110 79 100 53 127
Antifouling property O monthe > > > > > >
12 months 5 5 5 5 4 &
Storage stability A A A A A A
Dry-wet alternating adhesivensass 8 10 10 10 8 16
Drying property of coating film 5 4 5 5 5 3
[Table 8]
Examples
33 34 35 38 37 38
Hydrolyzable resin (A) A9 Ag_, . A9 Aéj AQ ,,Aig
18.21 9.37 1489 § 13.156 | 1820 874
Non-hydrolyzable resin (B) ’BTO Bﬂg :?-10 B’IO ,BAO =1a
318 1.64 2.57 2.30 318 1.18
Non-hydrolyzable resin (C) CS, ce C,S ©8 :28 8
7.75 385 6.23 5.53 7.74 285
D1 8374 | 20.07 | 4747 50.58
Antfouling agent (D) D2 7.01 1.88 3.37 12.86
D3 0.07 0.03 0.03 0.03 0.04 0.03
D4 1.41 0.88
Rosin compound (E) 2.08 1.07 1.685 1.50 208 0.77
F1 555 | 164 | 1468 | 1347 | 18654 | 11.85
F2 1.57 0.05 0.84 0.42 1587 .10
Qther components F3 1747 0.52 2.15 4.54 17.19 1.09
Fé 29.04 0.87 15.47 7.67 29.08 1.84
F5 4.38 (.13 233 1.18 438 .28
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Examples
33 34 35 38 37 38
Total 100.0C | 100.00 | 100.00 | 100.0C | 100.00 | 100.00
(BY(A) 0.32 0.32 0.3z 0.32 0.32 0.32
{CH(A) 0.48 0.48 0.48 0.48 0.48 0.46
After 3 months 9 14 10 11 7 20
After 6 months 19 28 18 22 18 34
Coating film consumption amount (um) | After 12 months 41 54 38 48 36 &0
Afier 18 months G4 78 63 71 60 85
After 24 months a1 g8 30 a4 86 103
Antifouling property & monthe ! > > 2 > >
12 months 4 5 5 5 3 5
Storage stability A 3 A A A C
Jry-wet alternating achesiveness 16 10 10 16 10 8
Jrving property of coating film 5 5 & 5 5 4
{Table 10
Comparative Examples
1 2 3 4 5 8 7 8
Hydrolyzable resin (A} A10 :59 MO m?, 610,\ AAO AT\O,
16.08 | 1244 } 2059 | 13.8¢ 1362 | 1382 13.82
Non-hydrolyzable resin (B) hBﬁéE 87 B8 338 B8 B8 BY
§.94 5.98 335 2.42 2.38 468 4783
Non-hydrolyzable resin (C) Cg,, C_? CMS 1o C:/,_ c2 <
7.98 474 57¢ 3.53 5.35 574 5.54
D1 4610 | 42,85 | 4180 | 4133 | 4285 | 4212 | 4212 | 4212
Antifouling agent D2 510 474 3.48 457 474 4.66 4.68 4.66
t8) D3
D4 1.28
Rosin compound (E) 170 1.59 1.54 1.53 1.58 1.58 1.56 1.58
F1 14.37 | 1337 | 1352 | 1285 | 1445 | 14.03 11.34 11.43
F2 (.54 (.50 0.43 0.48 .50 0.49 (.43 (.49
Othireiiin i F3 587 | 548 | 489 | 526 | 545 | 536 | 536 | 536
i F4 9.92 823 7.94 8.80 g22 9.07 8.07 8.07
F5 1.50 1.39 1.20 1.34 1.39 1.37 1.37 1.37
Total 100.0C | 100.00 | 100.00 | 100.00 | 100.060 | 100.00 { 100.00 { 100.00
{BY(A) (.60 0.44 .30 .32 0.32 .32 3.32
(CH(AY - 0.51 3.5¢ 0.00 0.48 0.48 (.46 0.48
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Comparative Examples

1 2 3 4 5 & 7 8

After 3 months 30 13 4 2 1 4 20 5

Coating film con- After 8 months 68 30 10 5 3 10 45 13
sumption amount | After 12 months 152 76 28 12 B 22 8% 33
(pm} After 18 months | 253 | 160 | 48 22 15 3 | 127 | 59

After 24 month 383 280 80 38 25 65 180 8z

Antifouling prop- § months 1 4 3 2 2 4 3 3
ety 12 months 4 2 1 1 2 1 1
Storage stability A A A A A A A A
Dry-wet alternating adhesiveness §] 2 4 0 10 8 10 10
Drying property of coating film 1 3 5 5 3 2 2

REFERENCE SIGNS LIET

10144}

10: water passage

20 test plate

30: flow direction of natural seawater
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Patentkrav

1. Begroningshaeemmende coatingsammenseetning, der omfatter en hydrolyserbar
harpiks (A), en ferste ikke-hydrolyserbar harpiks (B), en anden ikke-hydrolyserbar harpiks

(C) og et begroningsheemmende middel (D), hvori

den hydrolyserbare harpiks (A) er en harpiks med mindst én hydrolyserbar gruppe valgt
fra gruppen bestaende af en gruppe repreesenteret ved formel (1), en gruppe

repraesenteret ved formel (2) og en gruppe repraesenteret ved formel (3):
i—R= (1)

hvor R', R? og R? hver uafhzengigt repraesenterer en C1- til C6-carbonhydridgruppe,

I
—C—0—M—R* {2)
hvor M repreesenterer et divalent metalatom, og R* repraesenterer et organisk syrerest
eller et alkoholrest,
0 0
il il _
——C === M= Q=G 3)

hvor M repraesenterer et divalent metalatom,

den farste ikke-hydrolyserbare harpiks (B) og den anden ikke-hydrolyserbare harpiks (C)
hver er en harpiks, der ikke har en gruppe repreesenteret ved formel (1), en gruppe

repraesenteret ved formel (2) og en gruppe repraesenteret ved formel (3),

en glasovergangstemperatur Tgs i °C og et opl@selighedsparameter SPs for den ferste
ikke-hydrolyserbare harpiks (B) og en glasovergangstemperatur Tgc i °C og et
opl@selighedsparameter SPc for den anden ikke-hydrolyserbare harpiks (C) opfylder
felgende udtryk [1] til [5]:
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Tap ~ Tee 260 °C 1]

SPu=203 (2]

§Pc 295 [3]
SPH - SP(‘| < i..G‘ H]
og

2. Begroningsheammende coatingsammensaetning ifelge krav 1, hvor SPs er i et omrade

pa 9,6 eller derover og mindre end eller lig med 10,3.

3. Begroningsheemmende coatingsammensaetning ifelge krav 1, hvor Tgc er i et omrade
pa sterre end eller lig med -50 °C og mindre end eller lig med -20 °C, og SPc er i et

omrade pa sterre end eller lig med 9,8 og mindre end eller lig med 10,6.

4. Begroningsheemmende coatingsammensaetning ifalge krav 1, hvor den hydrolyserbare
harpiks (A) har en glasovergangstemperatur Tga i et omrade pa 10 °C eller derover og

hgjst 80 °C og et oplaselighedsparameter SPa eller derover og hgjst 8,5 og hajst 9,7.

5. Begroningsheemmende coatingsammenseetning ifelge krav 1, og som endvidere

omfatter en harpiksforbindelse (E).

6. Begroningsheemmende coatingsammensaetning ifalge krav 1, hvor et indholdsforhold
mellem den farste ikke-hydrolyserbare harpiks (B) og den hydrolyserbare harpiks (A) er

starre end eller lig med 0,1 og mindre end eller lig med 0,45 udtrykt i masseforhold.
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7. Begroningsheemmende coatingsammensaetning ifalge krav 1, hvor et indholdsforhold
mellem den anden ikke-hydrolyserbare harpiks (C) og den hydrolyserbare harpiks (A) er

starre end eller lig med 0,05 og mindre end eller lig med 0,65 udtrykt i masseforhold.

8. Begroningsheemmende coatingsammenseetning ifalge krav 1, hvor indholdet af det
begroningshaeemmende middel (D) er starre end eller lig med 0,3 massedele og mindre
end eller lig med 550 massedele, baseret pa 100 massedele af den hydrolyserbare
harpiks (A).

9. Coatingfilm fremstillet af den begroningshaemmende coatingsammensaetning ifelge et

hvilket som helst af kravene 1 til 8.

10. Skib, der omfatter coatingfiimen ifelge krav 9.

11. Undervandsstruktur, der omfatter coatingfilmen ifalge krav 9.
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