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epoxy anticorrosive coating conposition gapable of formng an 10
anticorrosive coating filmhaving excellent adhesion to an
or ganopol ysi | oxane antifouling coating film and having excellent
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[0001] The present invention relates to an epoxy
anticorrosive coating composition capable of forming an
10 anticorrosive coating film having excellent adhesion to
an organopolysiloxane antifoulihg coating film and having
excellent anticorrosion property, aﬁ anticorrosive
coating film formed from the composition, an
organopolysiloxane antifouling composite coating film,
15 aﬁd a ship or an underwater structure coated with the

compoesite coating f£ilm.

BACKGROUND ART

[0002] If marine organisms adhere and grow on the
20 water-contact regions of industriai aquatic equipment,
water-intake equipment of atomic power plants or thé like,
marine structures, ships, etc., various damages are
brought about. Particularly in cooling water-intake

channels of power plants, growth of marine organisms



i ncreases flow resistance of running seawater for cooling, and as a
result, the famagtizen of a heat exchanger is |owered, and evil influence is
exerted on power generation efficiency. Then, an antifouling coating film
5is forned on a surface of a base to prevent adhesion of marine

organi sms. As such an antifouling coatin% film an antifouling conposite
coating filmconstituted of an epoxy undercoating filmand a silicone
finish coating filmhas been enployed. This conposite coating film 10
however, has; I esikon hetween_ the finish.coatin filmand the
undercoatinglpgﬁﬁﬁggg %%gwaQSFéﬁﬁéﬁpgfth&?ﬂﬁlpﬁtfe ARE \TRTecofdAtget
region. Therefare, an inﬁ rmedi ate coating film (binder layer) is provided
bet ween the Gfifefcodt FAg" EPnFQﬁdfFﬁétﬁPﬁigﬁ goBeRrRgeRFRANASTt BSi npr ove

~adhesi on (e.g., patent documents 1 and 2). [0003] In this nethod, however ,
it takes a | ORYSTEfne2id €Bim LRElnALFkolBi ayetbadi oy powerbecause t he
internmediate coating filmis formed. Mreover, there still resides a

probl em of afenesaFrosnonfpiopenty.t Hthugh, 20 tdre: iatthasimn deivieen tihe
undercoating filmand the finish coating filmhas been inproved. As a

nmeans to sol ¥e Suched pnobl enytaber ef hasbheent o dh S6+OSEL: @ EHIMOSIE €
antifouling coating filmin which an undercoating filmof a vinyl ester
resin or an f©Ekridd9%mBganisms. As such an antifouling coating film,

an ahtifouling composite coating film constituted of an

epoxy undercoating film and a silicone finish coating

film has been employed. This composite coating film,

10 however, has poor adhesion between the finish coating
film and the undercoating film and has a problem of
durability of the water-contact region. Therefore, an
.intermediate coating film (binder layer) is provided
between the undercoating film and the finish coating film

15 to improve adhesion (e.g., patent documents 1 and 2).

[0003}] In this method, however, it takes a long
time to form the antifouling coating film because the
inférmediate coating film is formed. Moreover, there
still resides a problem of anticorrosion property though

20  the adhesion between the undercoating film and the finish
coating film has been improved.

As a means to solve such é problem, there has been
disclosed a composite antifouling coating film in which

an undercoating film of a vinyl ester resin or an



unsaturated polyester resin and a silicone resin antifouling coating film
are formed i grenden on a surface of a base (e.g., patent docunment 3) or a
conposite coating filmin which an undercoating film conposed of an 5
under coating conposition containing a bl ock polymer constituted of
organosi | oxane units and al kyl ene oxide sunits and having pol ar groups at
both ends of a nolecule and a finish coating filmconposed of a silicone
rubber finish coating conposition are forned in order on a 10 surface of a

b , 00041 A di { h t
coating {11 m‘i%?ﬁéfg%ﬁH@?ixégtre%cggél%;ﬁ S ROH ERE Tetttoe an

i nternedi ate %? g |In1|£ not gﬁ and t he adhesi on between the
undercoating HAY"PheCrFAPERTE 0Bt 7RG FPTRTD 5Lk AP BRY | ibrdVERE Caksmever

there is yet roon1for i nprovenent in the anticorrosion property. On the
other hand, 8h ﬁn??ﬁ%rﬁ%sgve BBRERRgIoeWRpRSi ] of conpeidsitd a) an epoxy
resin, (b) a curing _agent, (c) a coumarone resin and (d) a hydroxyl group
20 contalnlnﬁoﬁéiﬁ@nép ndh vedth andurdeoatdiniond ifiim oremebsdd anf tde
conposi tion have been disclosed in a patent docunent 5. In this docunent
5, hovevér, whdeecostimgittmepodeston ptoore NOingUggessdppafymahesi on of
this SF- 1339 4 coating filmto other coating fil ns, partlcularly to an
constituted of organosiloxane units and alkylene oxide
units and having polar groups at both ends of a molecule
and a finish coating film composed of a silicone rubber
finish coating composition are formed in order on a
10 surface of a base (e.g., patent document 4.
[G004] According to such a composite coating film,
the production process can be shortened because an
intermediate coating film is not formed, and the adhesion
between the undercoating film and the finish coating film
15 c¢an be improved. However, there is yet room for
improvement in the anticorrosion property.
On the other hand, an anticorrosive coating
composition comprising (a) an epoxy resin, (b} a curing
agent, (c¢) a coumarone resin and (d) a hydroxyl group-
20 - containing terpenephenol resin and a coating film formed
from the composition have been disclosed in a patent

document 5. In this document >, however, there is

neither description nor suggestion of adhesion of this
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or ganopol ysi | oxane anticorrosive coating film Patent docunent 1. Japanese
Patent No. 1@463389 Patent docunent 2: Japanese Patent No. 1276889 5

Pat ent docunent 3: Japanese Patent Laid-Cpen Publication No. 296175/ 1998
Pat ent docunent 4. Japanese Patent Laid-Open Publication No. 327914/2001
Pat ent docunent 5: Japanese Patent Laid-%pen 10 Publication No.

279167/ 2001 DI SCLOSURE OF THE | NVENTI ON "PROBLEM TO BE SOLVED BY THE

| NVENTI ON [ 0005] It is an object of the present invention 15 to provide an

epoxy antico I i gsition c ble of formng. an
anticorrosiv%gggéﬁgnggﬁ%lﬁghégﬂga C%ﬁ%&??eﬁgfﬂﬁheg?ﬁﬁl?% 3hly to an

or ganopol ysi |.gxane aititgulin coating filmand having_ excell ent

anti corrosi on-propEPLySLI8Ka8A: PRbt FREF9R1¥atPAEiRe | HEi®r ned from t he
conposi tion, 20 an organopol ysil oxane antifouling conposite coating film
and a ship or an bREERhaferuBertct ur&2roaese Mitént Mio. co63RB fil m MEANS

" TO SOLVE THE PROBLEM SF-1339 5 [0006] The epoxy anticorrosive coating

conposi tion of thBapeatedccimeent? onJisamesant cart s Vel 2 TeEdd ng
conposition used for formng an epoxy
5 Patent document 3: Japanese Patent Laid-Open
Publication No. 296175/1998
Patent document 4: Japanese Patent Laid-Open
Publication No. 327914/2001

Patent document 5: Japanese Patent Laid-Open

10 Publication No. 279167/2001

DISCLOSURE OF THE INVENTION

PROBLEM TO BE SOLVED BY THE INVENTION

[0005] It is an object of the present invention
15 to provide an epoxy énticorrosive coating composition
capable of forming an anticorrosive coating film having
e#cellent adhesiqn.to an érganopolysiloxane antifouling
coating film and having excellent anticérrosion property,
an anticorrosive coating film formed from the composition,
20 an organopolysilogane antifouling composite coating film,
- and a ship or an upderwater structure coated with the

coating film.

MEANS TO SOLVE THE PROBLEM




anticorrosive coating filmin an antifouling conposite 5 coating film
conpri sing agreA®ae anticorrosive coating filmand an organopol ysil oxane
antifouling coating film which are lam nated in order on a surface of a
base, sai'd epoxy anticorrosive coating conposition conprising: (A) an
epoxy resin, 10 (B) a curing agent for epoxy resins, and (C) a nodifier
which is either (i) a nodifier conprising a hydroxyl group-containing
petroleumresin (cl) or a hydroxyl group-containing terpenephenol resin

(c2), or (ii) a nqubgiracﬁf%él%%?Qﬁragggég%y alnlﬁg 15, contalnlng

petrol eumresin (cl oup-"con nephenol resin

(c2) and a c ron resi 7 referable that the nodifier.
(O) is the 88@% ré lEPI?@CBﬁs %gﬁ g #98?8%&? gt DuP? cOMERFIT FRF 1 D0

petrol eumresin & ﬁ) or a hydroxyl oup cont ai ni ng terpenephenol resin

(c2) and a cGOREFE CP@EPﬁlgégy Hﬁﬁ €BHt APRBLIRHeaRk 0BR@EYNe resin (c3) in

an amount of 1 to 99 parts by weight in the total 100 parts by weight of
the resin (8RfFiepreReivestaatiny andmt ha fesEnt{EQRliBF-d3BPwSHitdt is al so
preferable that the nodifier (C) is contained in an amunt of 5 to 200
parts by nei ghetbagediloncdfprpaihg by wpbghtantitbercsres ¢esiihgol id
conponent .
film and an organopolysiloxane antifouling coating film
which are laminated in order on a surface of a base, said
epoxy anticorrosive coating composition comprising:
(A) an epéxy resin,
.10 (B) a curing agent for epoxy resins, and
(C} a modifier which is either (i) a modifier
comprising a hydroxyl group—coﬁtaining petroleum resin
(cl) or a hydroxyl group-containing terpenephenol resin
(c2}, or (ii) a modifier comprising a hydroxyl group-
15 containing petroleum resin (cl) or a hydroxyl group-
containing terpenephenol resin (c2} and a coumaroﬁe resin
(c3).
[0007] It is preferable that the modifier (C) is
the modifier (ii) comprising a hydroxyl group-containing
‘20. petroleum resin (cl) or a hydroxyl group-containing
terpenephenol resin (c¢2) and a coumarone resin (¢3) and
contains the coumarone resin (c3) in an amount of 1 to 99

- parts by weight in the total 100 parts by weight of the

resin (cl) or the resin (c2) and the resin (c3).



[ 0008] The hydroxyl group-containing petroleum5 resin (cl) or the hydroxyl
group- cont ai Mmg 4y penephenol resin (c2) preferably has 1 to 3 hydroxy
groups in one nolecule. The softening point of the hydroxyl
group-containing petroleumresin (ci) or the hydroxyl group-containing 10
t erpenephenol resin (c2) is preferably iQéthe range of 40 to 160C. The
softening point of the coumarone resin (c3) is preferably in the range of
90 to 120C. [0009] The epoxy anticorrosive coating 15 conposition

preferably further conprises at |east one conponent selected fromthe
group consisting of %glé}sosPFFéﬁrﬁﬁéetFPﬁﬁiEﬁ?o%?@éfl%ﬁd(%]sbspreferably

further conprises an anti-saggi ng agent. The anticorrosive coating film of
the present “2¥YPAVERt it8n 3 s 2f@MAEdOfr 6ntehéCabpast dely r vbbghepoxged
anticorrosive coating conposition. [0010] The organopol ysilixane
antifouling “ColPlsPe&teodyi mgifdhitmodt thee quresiemt siiny ewtliicn dompanent .
or ganopol ysi | oxane antifouling conposite coating film SF-1339 7 conprising
t he above-nenti oné808ATi corThsi hpdeoayl ngrdup-raorddiraint etroleun
or ganopol ysi | oxane antifouling coating film (11) which are lamnated in
order on a suebkdee (of)aockasBe hydroxyl group-containing terpenephenol
resin (c2) preferably has 1 to 3 hydroxyl groups in one
molecule.
The softening point of the hydroxyl group-containing
petroleum resin (cl) or the hydroxyl group-containing
10 terpenephenol resin (c2) is preferably in the range of 40
to 160°C.
The softening point of the coﬁmarone resin (c3) is
preferably in the range of 90 to 120°C.
[(0009] The epoxy anticorrosive coating
15 composition preferably further comprises at least one
component selected from the group consisting of talg,
silica and titanium oxide, and also preferably further
comprises an anti-sagging agent.
The anticorrosive coating film of the present
20  invention is formed from the above-described epoxy
.anticorrosive coating composition.
[0010] The organopolysilixane antifouling

composite coating film of the present invention is an

organopolysiloxane antifouling composite coating film



wherei n the organopol ysil oxane antifouling coating film5 (I1) is an
antifouling cgatjitg, filmfornmed froma noisture-curing organopol ysil oxane
conposition conprising oragnopol ysil oxane havi ng condensi ng functi onal
groups at both ends of a nolecule. [0011] The organopol ysil oxane
antifouling coating 10 film(Ill) is preferably a coating filmfornmed from
a noisture-curing organopol ysil oxane confposition conprising

or ganopol ysi | oxane havi ng condensi ng functional groups at both ends of a

nol ecul e and | i qui.d, ar%&fin or a silicone oil. 15 The organopol ysil oxane
antifoul i ng CORETAGIE MEI PPOVESTSRELEPEEI §hlc0EEPAGVEI tart brgrelifmom a
noi sture- curing organopol ysil oxane conposition containing the liquid

paraffin or tHé &AM @snerernopplasiinsene ohtifoolidgOcpattsg byilei ght
based on 100 parts by wei ght of the 20 organopol ysil oxane havi ng condensi ng
functional griddpswatchberk émusneted iml eedke. oh 0812\ rThee SbE pa Gbadde
underwat er structure with a conposite coating filmof the present

i nvention i swBExr2389tBe oegbﬁdpmﬂybilbﬁaﬁboaﬁtﬂ?@&iﬁﬁ%dc9éﬁﬁ&£pPiM§i|0xane

antifouling conmposite coating film EFFECT OF THE I NTI ON 5 [ 0013]
Accordingsto (e epoxy aptheenN98sVeoating film formed from a
moisture-curing organopolysiloxane composition comprising
oragnopolysiloxane having condensing functional groups at
both ends of a molecule.
{0011] The organbpolysiloxane antifouling coating
16 film (II) is preferably a coating film formed from a
moisture-curing organopolysiloxane composition comprising
organopolysiloxane having condensing functional groups at
both ends of a molecule and liquid pafaffin or a silicone
oil. |
15 The organopolysiloxane antifouling coating film (IT)
is preferably a coating film formed from a moisture-
curing organopoclysiloxane compesition containing the
liquid paraffin or the silicone oil in an amount of 1 to
150 parts by weight based on 100 parts by weight of the
20 organopolysiloxane having condensing functional groups at
both ends of. a molecule.
[0012] The ship or the unaérwater structure with

a cqmposite coating film of the present invention is



coating conposition of the present invention, an anticorrosive coating

fil mhaving excaldsent adhesion to an organopol ysil oxane antifouling
coating filmand exhibiting excellent anticorrosion property for a base 10
can be forned. By the use of the epoxy anticorrosive coating comnmposition,
the working termcan be made shorter than before and the painting cost can
be decreased, because an internediate coating film (binder |ayer) is
unnecessary. 15 BEST MODE FOR CARRYI NG OQUT THE | NVENTI ON [0014] The epoxy
anticorrosive coating cgggos%tiog of the invention is an anticorrosive
coating conpositiodF8r 8PgERoPENyEPRPLaRBIANPPP OYF I HgE@RRAt i ng 20 film
and is used for form,ng an epoxy anticorrosive coating filmin an

antifoul i ng éBﬁﬁggPéénéo&PWﬁ@S#¥?nFOEBﬁﬁGi§Fh@-an epoxy anticorrosive
coating filmand an organopol ysil oxane antifouling coating filmwhich are
| am nated in order on a surface of a base. SF-1339 9 The epoxy -
anticorrosive coating conposition conprises: (A an epoxy resin, (B) a
curing agent for epoxy resinsEFaRGT50FCrua medefireonwhi ch is either (i) a
nmodi fi er : '

5 ‘ [0013] According to the epoxy anticorrosive
coating composition of the present invention, an
anticorrosive coating film having excellent adhesion to
an- organopolysiloxane antifouling coating film and
exhibiting excellent anticorrosion property for a base

10 - can be formed. By the use of the epoxy anticorrosive

coating ;omposition, the working term can be made shorter
than before and the painting cost can be decreased,
because an intermediate coating film (binder layer) is
unnecessary.

15

BEST MODE FOR CARRYING QUT THE INVENTION

[0014] The epoxy anticorrosive coating
composition of the invention is an anticorrosive coating
composition for'an organopolysilixane antifouling coating

20 - film and is used for forming an epoxy anticorrosive
coating film in an antifouling composite coating film
comprising an epoxy anticorrosive coating film and an

_ organopolysilbxane antifouling coating film which are

laminated in order on a surface of a base.



conprising a hydroxyl group-containing petroleumresin (cl) or a hydroxyl
gr oup- cont ai mg 3 ¢4 penephenol resin (c2), or (ii) a nodifier conprising a
hydr oxyl group- containing petroleumresin (cl) or a hydroxyl group 10
cont ai ni ng terpenephenol resin (c2) and a counarone resin (c3). [0015] The
conponents are descri bed bel ow. Epoxy rgfin (A) The epoxy resin (A is a
resin having two or nore 15 epoxy groups 1n one nolecule, and the epoxy
equivalent is desired to be in the range of 160 to 700, preferably 180 to
500. Exanples of sich e 00X sins include glycidyl ether epoxy resins,

gl ycidyl ester epoxy ~ gx an%ﬁ???&?ﬁlvﬁnF gté68x9omé§ﬁh§lobhenol novol ak
epoxy resins, cresol 20 epoxy resins, dinmer acid nodified epoxy resins,
aliphatic efSPYESSis and alicyclic epoxy resins. OF these, bispheno
epoxy resins , particularly bisphenol A type epoxy resins, that are ,
gl yci dyl ether epdﬁQ P8s ERSX4r sesphef erabl y used. Wien the bi sphenol epoxy
resin is used, SF-1339 10 a coating filmhaving excellent adhesion to an
or ganopol ysi | oxand Banei f-oulinggageati grf epoxganebenkpr apd. [ 0016] Exanpl es
of the epoxy resins of bisphenol A type include bisphenol A type

di gl yci dyd et hers,(C3uahmoBi@sebi sgahenok sAcdialyCi gyl setbegt £ bi-sphenol A

comprising a hydroxyl group-containing petroleum resin
(cl) or a hydroxyl group-containing terpenephenol resin
(c2), or (ii) a modifier comprising a hydroxyl group-
containing petroleum resin (cl) or a hyd?oxyl group-
10 containing terpenephenol resin (c?) and a coumarone resin
(e3). |
[0015] The components are described below.

Epoxy resin (A)

The epoxy resin (A) is a resin having two or more

15 epoxy groups in one molecule, and the epoxy equivalent is
desired to be in the range of 160 to 700, preferably 180
to 500. Examples of such epoxy resins include glycidyl
ether epoxy resins, glycidyl ester epoxy resins, glycidyl
amine epoxy resins, phenol novolak epoxy resins, cresol

20 . epoxy resins, dimer acid modified epoxy resins, aliphatic
€poxy resins and alicyclic epoxy resins. Of these,
bisphenol epoxy fesins + particularly bisphenol A type
epoxy resins, that are glycidyl ether epoxXy resins are

preferably used. When the bisphenol epoxy resin is used,



pol ypr opyl ene oxi de diglycidyl ether, bisphenol A ethylene oxide

di gl yci dyl etdrer,33wydr ogenat ed bi sphenol A diglycidyl ether and

hydr ogenat ed bi sphenol A propyl ene oxide diglycidyl ether. 10 [0017]
Exanpl es of typical bisphenol epoxy resins include resins which are liquid
at ordinary tenperature, such as "Epicog% 828" (trade nane, available from
Shell Co.., Ltd., epoxy equivalent: 180 to 190), " Epotohto YDF 170"
(trade nane, available from Tohto Kasei ., Ltd, 15 epoxy equival ent: 160

to 180) and 'sF T Thi okol Co., Ltd.,
poxy el C‘%@t%%oué@sﬁf% FARUhEER SRR (2

epoxy equivalent r 5|ns
tenperature g ﬁ "E %coat 834" e nane, available from Shell Co.
rva

Ltd., epoxy eq 35416 ??6}%8H 15§ <EAGIBAt 61D €88 bet fadmedarre,

avai l abl e fron]ToTég K sei ,_ Ltd., epoxy equivalent: 230 to 270); and
resins which arelS8tPH at %ﬁfﬂ?ﬂa‘?% PEnbes tRoRy XrEnmo Eispdanoll001”
(trade nanme, _available from Shell Co., Ltd., epoxy SF-1339 11 equivalent:

450 to 500) *hé¥eeepBgiudesbhspbancbeAusyde digbyyioylietleardi natdon of two
or nore Kinds. LQQlB]_CUrlng.agenF (B) for epoxy resins The curing agent
(B) for epox§sr sppkensl uBedifbyciSytusthgr} heiaboyeoepoXy resin, and an
am ne curing agent which can react with the above epoxy resin to cure the
polypropylene oxide diglycidyl ether, bisphencl A
ethylene oxide diglycidyl ether, hydrogenated bisphencl A
diglycidyl ether and hydrogenated bisphenol A ﬁropylene
oxide diglycidyl ether.
.10 [0017] Examples of typical bisphenol epoxy resins
include resins which are ligquid at ordinary temperature,
such as “Epicoat 828” (trade name, available from Shell
Co., Ltd., epoxy equivalent: 180 to 19¢), ™ Epotohto YDF-
170" (trade name, available from Tohto Kasei Co., Ltd,
15 epoxy equivalent: 160 to 180) and “Flep 60” (trade name,
available from Toray Thiokol Co., Ltd., epoxy equivalent:
about 280): resins which are semi-solid at ordinary
temperature, such as “Epicoat 834”7 (trade name, available
from Shell Co., Ltd., epoxXy edquivalent: 230 to 270) and
20  “Epotohto ¥YD-134% (trade name, available from Tohto Kasei
Co., Ltd., epoxy equivalent: 230 to 270); and resins

which are solid at ordinary temperature, such as “Epicoat

1001” (trade name, available from Shell Co., Ltd., epoxy



resin is preferably used. Exanples of such am ne curing agents include
hitherto knowmr-guriong agents for epoxy resins, such as nodified polyam ne
curing agents, 10 pol yam de curing agents and nodified pol yam de curing
agents. [0019] Exanples of the nodified polyamne curing agents include

" nodi fication products of polyam nes suc as aliphatic polyam nes,
alicyclic polyam nes, aromatic 15 pol yan nes, specifically,

nmet axyl enedi anm ne, i sophoronedi am ne, diethylenetriam ne,

triethyl enet 1 nd ,diam npodj. phenyl net hane. More specifically, there
can be nenti %ﬁ{ég%igpgéxé%l © QQ@ th%e&e SHCYCHEE1G° SROnEE €SB yani nes
wherein 20 pol.yam nes have been nodi fied by epoxide addition, M chael

addi ti on, Nhﬁﬁ%gﬂyaﬂﬁiFpoﬁ?mPﬁF%E%%% QBHdF P ot MRS vt il e addition and
ket one capping. [0020] These nodified pol yam nes, polyan des and

nodi fi cation prodh%@%ébf p 1o reFin®39 12 anine
val ue of usually 50 to 1000, preferably 80 to 500. When the am ne val ue of

the curing agent Tkeipurhig ageme, (Bla et cmex betawsierns dryyivsgedrfeperty and
adhesion tends to be inproved. These curing agents are usually liquid to 5
solid. THe pohyanydeheusboge agenis d6€inf Mn@xamiine RAlNaY dREebt ai ned
by the reaction of dinmer acid with
which can react with the above epoxy resin to cure the
resin is preferably used. Examples of such amine curing
agents include hitherto known curing agents for epoxy
resins, such as modified polyamine cqring agents,
10 polyamide curing agents and modified polyamide -curing
agents.
[0C19] Examples of the modified polyamine curing
agents include modification products of polyamines such
as aliphatic polyamines, alicyclic polyamines, aromatic
15 pdlyamines, specifically, metaxylenediamine,
isophoronediamine, diethylenetriamine,
triethylenetetramine and diaminodiphenylmethane. More
specifically, there can be mentioned, for example,
aliphatic, alicyclic or aromatic polyamines wherein
20 ‘polyamines have been modified by epoxide éddition,
- Michael addition, Mannich addition, thicurea addition,
acrylonitrile addition and ketone capping.

[0020] These modified polyamines, polyamides and

medification products of polyamides desirably have an



am nes. Exanples of the am nes include the aforesaid aliphatic polyam nes,
alicyclic polgtamimwes and aromatic pol yam nes. Mre specifically, there can
be nentioned, 10 for exanple, "Lackam de N-153" (trade nanme, avail able
from Dai ni ppon Ink & Chem cals Inc., amne value: 80 to 120), "Lackam de
TD- 966" (trade nane, available from Dai?%ppon Ink & Chem cals Inc., am ne
val ue: 150 to 190) and "Sanam de 315" (tfade nane, avail able from Sanwa 15

Chem cal Industry Co., Ltd., amine value: 280 to 340). [0021] The nodified
pol yam de cur, a s include. nodification products of the polyam des,
and specificalty, %ﬁéFeOgaHSBEEﬁ¥ngpoﬁ8d}088r BkSHBraPlyPA0 ©3"5¢@r ade
name, available from Chtake Chem cal Co., Ltd., 20 am ne value: 80 to 150)
that is an e%ﬁft‘ gﬁu@fnl&@t I8 OBy thise cadding agendadsi ém ¢hisolnpaniede
wi th an epoxy _conpound, and "Adeca Hardener EH 350" (trade nane,
avai | abl e fr6mPAIaRICeEPeERERCHEN Bal PEopertydandaatines 5kn 18894430 val ue:
320 to 380) that is a Mannich nodification product of nodified polyani de.
[0022] OF theeabopeopelyanitese andrimgli{gaatd anre pragdiict,s 1tikgriepfo an
adduct of an epoxy conpound is 5 preferably used. The above-nenti oned
nodi fi ed pol paiiides, Theghynpintese mirﬂlfiafcjé}%sj Q- r GdUCtS @ 1ROl yam des
can be used singly or in conbination of two or nore Kkinds.

polyamides obtained by the reaction of dimer acid with

amines. Examples of the amines include the aforesaid
-aliphatic polyamines, alicyclic polyamines and arcomatic
polyamines. More specifically, there can be mentioned,
10 for example, “Lackamide N-153” (trade name, available
from Dainippon Ink & Chemicals Inc., amine value: 80 to
120), “Lackamide TD-966” (trade name, available from
Dainipﬁon Ink & Chemicals Inc., amine value: 150 to 190)
and “Sanamide 315” (trade name, available from Sanwa
15  Chemical Industry Co., Ltd., amine value: 280 to 340).
[0021]l The modified polyamide curing agents
include modification products of the polyamides, and
specifically, there can be mentioned? for example, “PA-
23" (trade name, available from Ohtake Chemical Co., Ltd.,
20 amine value: 80 to 150) that is an epoxy adduct obtéined
' by the addition reaction of polyamidé with an epoxy
- compound, and “Adeca Hardener‘EH—350” (trade name,

available from Asahi Electro—Chemical Co., Ltd., amine



Modifier (C) As the nodifier (C), the hydroxyl group-containing 10

petrol eumresigL(£tig or the hydroxyl group-containing terpenephenol resin
(c2) (nodifier (i)) may be used singly, or a conbination of the resin (cl)
or the resin (c2) and the counmarone resin (c3) may be used. [0023]

Hydr oxyl group-contai ni ng petroleumresig3 15 (cl) The hydroxyl
group-containing petroleumresin (cl) 1is”a polyner using, as a main raw
material, a fraction that is a by-product in the petroleumrefining and
containing a roxyl,group. .ln _the present invention, 20 the resin (cl) is
desirably a ﬁ%é%ﬁ?y%28r5ﬁp8§8ﬁtEkﬁFnds petlponeam PesiiAicRALonspEotiet at
ordinary tenperature and has a softening point of 40 to 160C, preferably
50 to 150C. O MR fdect eRilygmpernt of the hydroxyl group- containing
petroleumresin is |lower than 40C water SF-1339 14 resistance and
seawat er resistand@808fithe eBathagabiven pat pahibies eshd ansd 1 fiecdviiroxyl
group-contai ning petroleum resin sonetines bleeds out on the filmsurface
to cause repuPAurgsotheackifpean. aGdutheodt Bar epang, cbhpbhgg5i sof t eni ng
poi'nt exceeds 160C, the paint viscosity becones high to |ower workability

or to |ovier prkMerpbopenbeds, $Ret BabveURBNR 1 SAEHERLRY i BEPSALULE nbS
polyamides and modification products of polyamides can be
used singly or in combination of two or more kinds.

Modifier (C)

As the modifier (C),.the hydroxyl group-containing
10 petroleum resin (cl) or the hydroxyl group-containing
terpenephenol resin (c2) (modifier (i)) may be used
singly, or a combination of the resin (cl) or the resin
(c2) and the coumarone resin {(c3) may be used.

[0023] Hydroxyl group-containing petroleum resin

15 (cl)
The hydroxyl group-containing petroleum resin (cl)

is a polymer using, as a main raw material, a fraction
that is a by-product in the petroleum refining and
containing a hydroxyl group. In the present invention,

20 the resin (cl) is desirably a hydroxyl group-containing
petroleum resin that is solid at ordinary temperature and
has a softening point of 40 tb 160°C, preferably 50 to
150°C. If the softening point of the hydroxyl group-

containing petroleum resin is lower than 40°C, water



undesi rabl e. [0024] The hydroxyl group-containing petroleum 10 resin (cl)
desirably hassd g8 hydroxyl groups, preferably 1 to 2 hydroxyl groups,
in one nolecule. In case of a hydroxyl group-containing petroleumresin
having | ess than 1 hydroxyl group in one nolecule, conpatibility of the
epoxy resin (A) with the curing 15 agentlgB) for epoxy resins is |owered,

and hence, evil influence is exerted on“the film properties. If the
nunber of hydroxyl groups in one nol ecul e exceeds 3, water resistance and
seawat er reyfgs e of the coatin filmare |l owered, so that such a nunber
i s undesirable. aﬁﬁﬁ?§Tmtf§ﬁ&a§§roFeFH§tﬁ?&ﬁo?ﬁlt@ﬁo&ﬁaééﬁgafmﬂmg

petroleumresins (cl) include aromatic petroleumresins obtained by
pol yneri zi ng 3&¢ PX¥EEEShs ancomhse Bvyireixlyd gprogucedtasnbygppetuolsunn
petrol eum napht ha cracking, such as styrene derivatives, indene and
V|nyItoIuenereSFDI§9@e$5m6§Ib@ﬁ&dﬁCOpétb@l&h&]fe$mn3u®bhaenea BYuse
polynmerizing C5 fractions, such as 1, 3-pentadi ene and i soprene,

copolynerlzaﬂﬁmnlpengobéuma&&ﬁmeﬁsobtemfm%bthkhé%ﬂﬁ&ﬂwﬁriﬁlﬂﬂbthe 9
fractions and the C5 fractions, 5 aliphatic petroleun1re5|ns obt ai ned by

partial | ﬁcyebﬁcenmﬁbype&htl agceenkugabed, digoe a9§tc‘§1£58§££9”5 such as
cycl opent adi ene and 1, 3-pentadi ene, resin$ obfal ned by
becomes high to lower workability or to lower film
properties, so that such a softening temperature is
undesirable.
[0024] The hydroxyl group-containing petroleum
10 resin (cl) desirably has 1 to 3 hydroxyl groups,
| preferably 1 to 2 hydroxyl groups, in one molecule. In
c;se of a hydroxyl group-containing petroleum resin
having less than 1 hydroxyl group in one molecule,
compatibility of the epoxy resin (A) with the curing
15  agent (B) for epoxy resins is lowered, and hence, evil
influence is exerted on the film properties. If the
number of hydroxyl groups in one molecule exceeds 3,
water resistance and seawater resistance of the coaﬁing
. film are lowered, so that such a number is undesirable.
20 [0025] _ Examples of the hydroxyl group—-containing
_petroleﬁm resins (cl) include aromatic petroleum resins
obtained by poiymeriiing Cy fractions from heavy oils
produced as by-products in petroleum naphtha cracking,

such as styrene derivatives, indene and vinyltoluene,



hydrogenating the aromatic petroleumresins, and alicyclic petroleumresins
obt ai ned by paloyieyd zing 10 dicycl opentadi ene. Into these petrol eum
resins, a hydroxyl group is introduced. O these, hydroxyl group
containing aromatic petroleumresins are particularly preferable fromthe
vi ewpoi nts of water resistance and seaMﬁ er resistance. 15 [0026] The
above hydroxyl group-containing petrole resins (cl) can be used singly
or in conbination of two or nmore kinds. Hydroxyl group-containing

t er penephenol . resin.(c2) . The hydroxyl group-containing terpenephenol resin
all%oﬁ&%érpgfrgﬁﬁg péﬁéXﬁﬁnﬁﬁEﬁlaﬁﬁ Qypﬁ%gﬁmerkéﬁﬁﬁdﬁd and is

20 (c2) is a €O
the formula (CLOHLE)n(C6HEO M (mis an integer of 2 or

represent ed (
great er, and%%aFglanﬁnlFPEFeaéf1rifE?ntEQaﬁpPeéndfi@@ms%ﬁ@uent units which

are derived fromterpene and constitute the hydroxyl group-containing
SF-1339 16 fepPpénBpKérRalipaspatEodmeni nesinef ebtetnéd lag "t er pene
constituent units" hereinafter) include constituent units derived from
non-cyclic teppehgseoiziygl thet € pRres; i SUChandASHONN erpeRechE C10H1E) ) ,
sesqui terpene ((C15H24) 5 diterpene ((C20H32)) and triterpene ((C30H48)),

Const i tuent Ui Lo ahi choaro. derived Ttom he e By S ci BEFRERA -
polymerizing conjugated dienes of Cs fractions, such as
cyclopentadiene and 1,3-pentadiene, resins obtained by
hyd;ogenating the aromatic petroleum resins, and
alicyclic petroleum resins obtained by polymerizing

10 dicyclopentadiene. Into these petroleﬁm resins, a
hydroxyl group is introduced. Of these, hydroxyl group-
containing aromatic petroleum resins are particularly
preferable from the viewpoints of water resistance and
seawater resistance.

15 [0026] The above hydroxyl group-containing
petroleum resins (cl) can be used singly or 1in

combination of two or more kinds.

Hydroxyl group—containing terpenephenol resin {c2)

The hydroxyl group—contaihing terpénephenol resin
20 (c2) is_a copolymer of a terpene monomer and a phenol
compound and is represented by the formula (CioHig)n(CeHgO)m
(m is an integer of 2 or greater, and n is a multiple of
1/2). Examples of constituent units which are derived

from terpene and constitute the hydroxyl group-containing



phenol conpound and constitute the hydroxyl group- containing terpenephenol
resin (sonetigges ywferred to as 10 "phenol conpound constituent units"
herei nafter) include constituent units derived from phenol, cresol and

bi sphenol A. [0027] The terpene constituent units nmay constitute the

hydr oxyl group-contai ni ng terpenephenol 5 resin singly or in conbination
of two or nore kinds, and the phenol co und constituent units may
constitute the hydroxyl group-containing terpenephenol resin singly or in
conbi nati on gf t WO Ob nore Kinds. Further, the terpene constituent units
and the phensfFrEERFEARGC20TESAR: i FRBRTLBARPL EeFRYTER P centtaiRetfatel y or
at random to constitute the hydroxyl group-containing terpenephenol

resin. [oozsfo?ﬁélﬁye%xynlﬁﬁ6ub8§@hﬂaghﬁﬁg inel pae ephiesiol t yerst nur(id?)
desirably has 1 to 3 hydroxyl SF-1339 17 groups, preferably 1 to 2

hydr oxyl grodpsived émem mohecutéicl hecpseesfon techenephenates esducthavi ng
|l ess than 1 hydroxyl group in one nolecule, conpatibility of the epoxy
resin (A w th mheotarpageage0iHiB)) f e LpoderpdRsi N L6, $pMet i NES

deteriorated. If the nunber of hydroxyl groups in one nolecul e exceeds 3,

water resistaneepand $eeyALey) rand stanes ind hecGpati ng fhhm
' constituent units derived from their derivatives.
Examples of constituent units which are derived from the
phenol compound and constitute the hydroxyl group-
containing terpenephenol_resin (sometimes referred to as
10 “phenol compound constituent units” hereinafter} include
constituent units derived from phénol, cresol and
bisphenol A.
{00271 The terpene constituent units may
constitute the hydroxyl group-containing terpenephencl
15 resin singly or in combination of two or more kinds, and
the phenol compound constituent units may constitute the
hydroxyl group-containing terpenephencl resin singly or
in combination of two or more kinds. Further, the
terpene constituent units and the phenol compound
20 constituent units may be present alternately or at random
to constitute the hydroxyl group-containing terpenephenocl
resin.
[0028} The hydroxyl group-containing

terpenephenol resin (c2) desirably has 1 to 3 hydroxyl



are |l owered, so that such a nunmber is undesirable. [0029] The hydroxyl
group- cont ai nggy 495 t er penephenol resin (c2) desirably has a nunber-average
nol ecul ar wei ght (M), as neasured by GPC, of about 300 to 600, preferably
300 to 500. Further, the hydroxyl group-containing terpenephenol resin
(c2) desirably has a softening point of 40 to 160C, preferably 60 to 140C
15 If the softening point is |ower than 4 C, properties such as
anticorrosion are deteriorated. If the softening point exceeds 160C, the

resin viscosi | S increased.to. sonetinmes deteriorate workability. [0030]
As the hydrof%%nﬁﬁhuﬁg‘gﬁf %&Wh& t§g3t§ﬂ96@ﬁ§ﬁh§ﬁgppﬁesﬁﬁ eB2), a resin

obt ai ned by ¢ pokynerizing the terpene nononer and the phenol conpound in
an organic sérl‘ﬁeerﬂ i the pregenteaofenperephertl Crasis atmiystesy t he

| i ke can be used, or a commercially available resin can be al so used. The
SF-1339 18 Hydroxyhygresylc gaaeniing oner peiepheapl comphsb{Tt2}ycan be
used singly or in conbination of two or nore kinds. [0031] Coumarone resin
(c3) The couﬁﬁﬁbﬁ@omeskas@QSXAhsw&t@Oﬁﬁby&e&iﬁgnaggﬁtngB)ngycgpggynarone
conponent unit, indene conponent unit and styrene conponent unit as
represented estine fiel kowegmebouBULASokhLehN the Rl MGHAI N of
hydroxyl groups in one molecule exceeds 3,.water
resistance and seawater resistance of the coating film
are lowered, so that such a number is undesirable.
[00292] The hydroxyl group-containing
10 terpenephencl resin (c2) desirably has a number-average
molecular weight (Mn), as measured by GPC, of about 300
to 600, preferably 300 to 500. Further, the hydroxyl
group—containing terpenephenol resin (§2) desirably has a
softening point of 40 to 160°C, preferably 60 to 140°C.
157 If the softening point is lower than 40°C, properties
such as anticorrosion are deteriorated. If the softening
point exceeds 160°C, the resin viscosity is increased to
sometimes deteriorate workability.
(0030] As the hydroxyl group-containing
20 terepenephenol resin {c2), a resin obtained by
copolymerizing the terpene monomer and the phenol
compound in an organic solvent in the presence of a

Friedel-Crafts catalyst or the like can be used, or a

commercially available resin can be also used. The



[0032] -HRCG-CH O [F] 10 [0033] The coumarone resin (c3) may be a
counmarone resiaiwhAgse end is nodified with phenol, or may be a counarone
resin wherein at least a part of aromatic rings are hydrogenated. Exanpl es
of such coumarone resins include a |iquid product having a nunber-average
15 nol ecul ar wei ght of 200 to 300 and a gglid product having a
nunber - aver age nol ecul ar wei ght of 600 to 800. The counarone resins (c3)
can be used singly or in conbination of two or nore kinds. [0034] O the
counar one reﬁiggo%cz) for use in, 20 the invention, the liquid product
desirably hasYa"“v¥scB8sPty E?g%leFnﬁsﬁﬁFPﬁn%pF%HQb peFLRs Hrd tIf solid
SF- 1339 19 nErOdUCt desirably has a softening point of usually 90 to 120C
O such counBFoH&cHe8inglyt AE 8| Fepibabeen| 8T prefer ampye uskttdsn t he
invention. As the nodifier (C) for use in the invention, the 5 nodifier
(i) which is the hyeébkyl (roupzreom afesiy (pPtroleumresin (cl) or the
hydr oxyl group-containing terpenephenol resin (c2), or the nodifier (ii)
whi ch conprises The tydnaxyhe gresipn cood pi s ng Pebs DIBLM F@Sidining

5> such coumarone component unit, indene component unit and
styrene component unit as represented by the following
formulas [I] in the main chain.

[0032]

7 —H,C—CH~—

/' \ /N

< [I]

10 [0033] The coumarcne resin (c3) may be a
coumarone resin whose end is modified with phenol, or may
‘be a coumarone resin wherein at least a part of aromatic
rings are hydrogenated. Examples of such coumarone
resins include a liquid product having a number—-average

15 molecular weight of 200 to 300 and a solid product having
a number-average molecular weight of 600 to 800. The
coumarone resins (c3) can be used singly or in_
combination of two or more kinds.

[0034] Cf the coumaroﬁe resins (c3) for use in
20  the invention, the liquid product desirably has a

viscosity (25°C) of usually 5 to 20 poise, and the soclid



(cl) or the hydroxyl group-containing terpenephenol resin 10 (c2) and the
counarone regpn1:33) can be used, as described above. [0035] Wen the
nodifier (C) is the nodifier (i) which is the hydroxyl group-containing
petroleumresin (cl) or the hydroxyl group-containing terpenephenol resin
15 (c2), the nodifier (C) is desirably cggtained in an anount of
preferably 5 to 200 parts by wei ght, nor preferably 10 to 100 parts by
wei ght, particularly preferably 20 to 50 parts by wei ght, based on 100
parts by wej.gh f the.cured resin solid ¢onponent (cured 20 product of

t he epoxy reggﬁhF%f gﬁ&lfﬁéﬁguﬁﬁﬁgaaﬁgﬁFe?B?g Petnkpokytseathg 9¢ Heo sane
shal | apply E reinafter). If the amount of the nodifier (C) is less than 5
parts by wei gﬂt C.satt sPach of YuEa PR rFo%i v piloheralyid amestudie isobt ai ned,
and adhesion to a silicone antifouling coating SF-1339 20 filmis also

| onered. |f PRefgxBhAY thededh eheetdvelbionparts by weight, the coating
filmstrength tends to becone insufficient. [0036] Wen the nodifier (C)
is the nodifier (RAB)thé mhdthieonpC) sesrtbee hydlroxy | i gFup-GoNt@idi ng
petroleum resin (cl) or the hydroxyl group-containing terpenephenol resin
(c2) and 1 hemodiifbeonei) eshAchCBy , thOChFAHARY ONGrohiEStshd£Rids desirably

contai ned in an anmount of

petroleum resin (cl) or the hydroxyl group-containing
terpenephenol resin (¢2), or the modifier (ii) which
comprises the hydroxyl group-containing petroleum resin
(cl} or the hydroxyl group-containing terpenephenol resin

10 {c2) and the coumarone resin (c3) can.be used, as
described above.

[0035] When the modifier (C) is the modifier (i)

which is the hydroxyl group-containing petroleum resin
(cl} or the hydroxyl group-containing terpenephenol resin

15 " (c2), the modifier (C) is desirably contained in an
amount of preferably 5 to 200 parts by weight, more
preferably 10 to 100 parts by weight, particularly
ﬁreferably 20 to 50 parts by weight, based on 100 parts
by weight of the cured resin solid component {cured

20  product of the epoxy resin (A) and the curing agent (B)
for epoxy resins, the same shéll apply hereinafter). 1If
the amount of the modifier (C) is less than 5 parts by

weight, satisfactory anticorrosion property cannot be

obtained, and adhesion to a silicone antifouling coating



preferably 1 to 99 parts by weight, nore preferably 30 to 10 70 parts by
weight, in thetiotsd 100 parts by weight of the nodifier (C . Further,
the nodifier (C) is desirably wused in an anount of preferably 5 to 200
parts by weight, nore preferably 10 to 100 parts by weight, particularly
preferably 20 to 50 parts by weight, basg@ on 100 parts 15 by wei ght of the
cured resin solid conponent. Wen the afbunt of the nodifier is in the
above range, nore excellent anticorrosion property is obtained, and

dhesion to g;si i i foul i ting is further | d. 20 [0037
The anti corr a4 Ve CoAtIodg LPPRAFET) by WG SFouRt {HeE Gk Ao ats vo

coati ng conpos&tion of thﬁ i nvention contains such a nodifier (C, and
hence, the Frrms £Ye¥EdOREnt thEt COAEYNPN fAdRestsANEBR aherAsi Toul | ng
coating filmfornmed thereon but also in anticorrosion SF-1339 21 property.
Mor eover, by fReMgsénGHifheirater-described antifouling coating film(I1)
conprising "organopol ysil oxane having condensi ng functional groups at
both ends of a nolléfdkeé" ashien ante froodifigecoat) nps ScXd Inbdifeer (ii)
anticorrosive coating film(l) is particularly excellent in the above
effects. 008B8icEporypantesotheshyre0ali §9o69BESEE Qg A& £HPXYm
anticorrosive coating film _
resin (cl) or the hydroxyl group-containing terpenephenol
resin (c¢2) and the coumarone resin {c3), the coumarone
resin (c3} is desirably contained in an amount of
preferably 1 to 99 parts by weight, more preferably 30 to
10 - 70 parts by weight, in the total 100 parts by weight of
the modifier (C). Further, the modifier (C} is desirably
used in an amount of preferably 5 to 200 parts by weight,
more preferably 10 to 100 parts by weight, particularly
preferably 20 to 50 parts by weight, based on 100 parts
15 by weight of the cured resin solid component. When the
amount of the modifier is in the above range, more
excellent anticorrosion property is obtained, and
adhesion to a silicone antifouling coating is further
improved.
20 [0037] The anticorrosive coating film (I) formed
from the epoxy anticorrosive coating composition of the
invention contains such a modifier (C), and hence, the

film is excellent not only in adhesion to an antifouling

coating film formed thereon but also in anticorrosion



The epoxy anticorrosive coating conposition of the 10 invention is
obt ai ned by mypdinggd he above conponents by a conventional process. Mre
specifically, to the epoxy resin (A), the nodifier (C)  is added,
preferably at |east one conponent selected fromthe group consisting of
talc, silica and titaniumoxide is furtgfr added, nore 15 preferably an
anti-saggi ng agent is also added, and if“ " necessary, other conponents are
further added, and they are mxed and stirred by a stirring nmachine to
honogeneousl i rse them whereby a nmain agent _conponent i s prepared.
To the main é’ég:?f%gggﬁpo%%ﬁ%vﬁrQOb%uH"%gu%%e e EortEiTsichg t he
curing agent hg)fo&ﬁt epoxy resins_is added, and they are m xed and stirred
to di sperse H&M “MteFEbGORReNEpdiyTanti¢éoEPBRF¥81RBati ng * conmposition is
prepared. Exanples of other conponents contained in the main agent
conponent i ncPGdénPrReLyaailexsr21839ipa cdetigdsingnfuagehendstabolpeer),
coloring pignent, dye, other filmform ng conponents, solvent (e.g.,
xyl ene, et Bl bpsbbangk két enmplegelal’chdeananttf gl ngoesmiting@nt i - agi ng
agent, antioxidant, antistatic agent, flanme 5 retardant, thermal conduction
i mprover andfadhesktba ahtpackirbgigdgenbatiA§30] 1dher curd AgERt1 Sonponent
and the main agent conponent are used in such anounts that the

excellent in the above effects.

(0038} Epoxy anticorrosive coating comﬁosition

and epoxy anticorrosive coating film

The epoxy anticorrosive‘coating composition of the

10 invention is obtained by mixing the above components by a
conventicnal process. More specifically, to the SpPOXY
resin (A}, the modifier (C) is added, preferably at least
one component selecﬁed from the group consisting of talg,
silica and titanium oxide is further added, more

15 preferably an anti-sagging agent is also added, and if
necessary, other compénents are further added, and they
are mixed and stirred by a stirring machine to
homogeneously disperse them, whereby a main agent
component is prepared. To the main agent component, a

20 - curing agent component containing the curing agent (B)
for epoxy resins is added, and_they are mixed and stirred
fo disperse them, whereby the epoxy anticorrosive coating
composition is prepared. Examples of other components

contained in the main agent component include inorganic



equi valent ratio of the active hydrogen equivalent of the 10 curing agent
(B) for epoxysgesifis to the epoxy equivalent of the epoxy resin (active
hydrogen equival ent/ epoxy equivalent) is preferably 0.4 to 1.0, nore
preferably 0.5 to 0.9. Wien the equivalent ratio is in this range, an
epoxy anticorrosive coating film having Sécellent 15 curability and
excel l ent anticorrosion property can be ornmed. The epoxy anticorrosive
coating filn1of the invention is forned on a surface of a base (object of

coating) by (perto knomn rocess usin? t he_epoxy 20 anticorrosive
coati ng conposF% rédddesr thépéoééﬁgb§l§@ﬁﬂt0néﬂe f or
exanpl e, under ter Qr mater-surface structures, such as cooling water
supply/dralné’ éﬁﬁéiékﬁﬁuﬁﬁbﬁﬁﬁpoﬁﬁntéboﬁpdvpomedepbantsy@enether
seasi de plants and port SF-1339 23 facilities, and various nol ded
products, suftaylshisebutydf hﬂﬁa&e)obgemmﬁcmﬁecoahtmguh@a$eage@ﬂ whi ch the
antifouling coating filns are forned, preferable in the invention are
under wat er olRMAterisgr bgeatst raucttiuus:eaanapdaﬁtmﬁtst@&eéﬁéﬁ@ ef i ke COOl i ng

wat er suppl y/drai nage channels (both of in-take channel's and drai nage
channel s)5 ofrepaweianpl, arhermBn! @bnbAcBRBh ALY 211 HE,8ROXY RNt I COrrosive
imparting agent.

[0039] The curing agent component and the main
agent component are used in such amounts that the
equivalent ratio of the active hydrogen equivalent of the

10 curing agent (B) for epoxy resins to the epoxy equivalent
of the epoxy resin (active hydrogen equivalent/epoxy
equivalent) is preferably 0.4 to 1.0, more preferably 0.5
to 0.9. When the equivalent ratio is in this range, an
epoxy anticorrosive coating film having excellent

15  curability and excellent anticorrosion property can bel
formed.

The epoxy anticorrosive coating film of the
ipvention is formed on a surface of a base (object of
coating) by a hitherto known process usiﬂg the epoxy

20 anticorrosive coating composition.

[0040] As the bases, there can be mentioned, for
example, underwater or water-surface structures, such as
cooling water supply/drainage channels of thermal or

atomic power plants or other seaside plants and port



coating conposition onto the base surface, "base surface 10 treatnment” is
preferably cap.ijedqout in advance in the foll ow ng manner. |In case of

pl astics or rubbers, it is desirable that surface roughening of the base
surface is carried out by the use of an abrasive such as a sand paper and
then stains on the base surface are mﬁpeg off 15 using a cloth saturated

wi th an organic solvent such as a |acqu ? thinner to clean the base
surface. In case of concrete materials, it is desirable that effl orescence

or laitance heri.ng to_the base surface is renoved carefully by a disc
sander, a poﬁ%gl§%5§ or ot eVFF&8952@?T§ﬁanﬁ8 HFhY, WWERR R st er is
carried out @g %bean tge base surface, and adsorbed water is renoved by
air drying £58i PPAFrhg 96 fhatibfie (Races) contenichithhe surface
shoul d becone not nore than 10% by weight. In case of carbon steel
material s, i8PFdfgedipgbreathay filhssgakefoBRed330rederalukt amdchdie |ike
are renoved by a disc sander, a power brush or the |Iike and then

cont am nant sindheting toet hadebaseesust asatarestierdyeds tiSidighfes) Airdy
saturated with an organic solvent. In case of materials of alumnum 5

stai nl ess> stmeke popperaBlboyrandodNenyi ksreti Sibp By dALEagOUGhi ng of the
base surface is carried out using a power brush, a sand paper or the |ike

%n?ht hen statRsnf81bhenobARSErSHiack: atg M Oed ofd &sing & olioll) satyurated
of power plants.
Prior to application of the epoxy anticorrosive

coating'composition onto the base surface, “base surface

10 treatment” is preferably carried out in advance in the
following manner. In case of plastics or rubbers, it is
desirable that surface roughening of the base éurface is
carried out by the use of an abrasive such as a sand
paper and then stains on the base surface are wiped off

15 using a cloth saturated with an organic seclvent such as a
lacquer thinner to clean the base surface. In case of .
concrete materials, it is desirable that efflorescence or
laitance adhering to the base surface is removed
carefully by a disc sander, a power brush or the like,

20. then washing with fresh water is carried out to clean the
base sufface, and adsorbed watef is removed by air drying
or hot air dying so that the water content of the surface

should become not more than 10% by weight. In case of

carbon steel materials, it is desirable that mill scale,



an organi c solvent to clean the base surface. After such 10 base surface
adj ust nent, apyatzdg base surface may be subjected to rust prevention

pai nting for purposes of tenporary rust prevention. For the rust
prevention painting, a primary rust-preventing priner (shop priner) such
‘as an inorganic zinc rich prinmer is used,,15 [0041] The base surface having
been subjected to the base surface trea%ﬁent when needed is coated with
the epoxy anticorrosive coating conposition of the invention by a coating

net hod, such_ gssprayi air sprayin ‘ajrless, spraying), coating with a
' rist \ j i ’
rol | coater, coating 5§%wﬁ%keaaEFoxﬁgggFgrkbeugﬁFﬁgs%ﬁd?ﬁneﬁsP@%?rand t he
coati ng Iaye%ris drieg to tgrn1an anticorrosive coating film The coating
wei ght of t h8 8FExy anlifcdirEspie tBBAt FRAGtaBpaRt S| adhebiiestdependi ng
upon the type of an object of coating, the type or conbination of the
| at er SF-1338255 sH&faFrbadcorganvpdl ysihgxanelathi$aukimgedoatimgardi| m
etc. and cannot be determ ned indiscrimnately. As the drying nmethod, hot
air drying, PRIEP§Cngoluvedinarin daspesftmureemialdiof RQwiiddig | i ke can be
adopted 5 according to the type of a silicone resin in a silicone resin
antifoul ing sbaihhgsasedeand thepéi| Mmioynhng thEenPeral W £Kdrying &uring
tenperature). [0042] Organopol ysil oxane antifouling conposite
np ganopol y g conp
roughing of the base surface is carried out using a power.
~ brush, a sand paper or the like and then stains on the
base surface are wiped off using a cloth saturated with
an organic solvent to clean the base surface. After such
10  base surface adjustment, a metal base surfacé may be
subjected to rust prevention painting for purposes of
temporary rust prevention. For the rust prevention
painting, a primary rust-preventing primer {shop primer)
such as an inorganic zinc rich primer is used.
15 [0041] The base surface having been subjected to
the base surface treatment when needed is coated with the
epoxy anticorrosive coating composition of the invention
by a coating method, such as spraying {alr spraying,
airless spraying), coating with a roll coater, coating
20  with a flow coater, brushinj or immersion, and the
coating layer is dried to form an anticorrosive coating
film. The coating weight of the epoxy anticorrosive

coating composition varies depending upon the type of an

object of coating, the type or combination of the later-



coating film 10 The oragnopol ysil oxane antifouling conposi

te coating film

of the inventgpmisg an antifouling conposite coating filmin which the

af oresai d epoxy anticorrosive coating film(l) and an org
antifouling coating film(Il) are lamnated in order on a
The or ganopol ysi | oxane anti foul i ng coatigg film((ll) isn
restricted, but preferable is an antifoaFi

noi st ure-curing organopol ysil oxane conposition conpri sing
or ganopol ysi | oxane.havi ng _condensi.ng functional groups at
nol ecul e. Thégﬁﬁ?ﬁéﬁg%5§%@@°€8 YiSrig ORI aPW}f@ﬂ%ﬂﬁg CAREA
nodifier (C) in the specific anmount as previously describ

anopol ysi | oxane
base surface. 15
ot specifically

ng coating filmfornmed from a

20 thh ends of a
fipoiié®ANt ai ns t he
ed, and '

therefore, (€ cFRG FGPPEMPEI Pergsminesl Lodt sadhmsnenely.t fes the
or ganopol ysi | oxane antifouling coating film(ll) formed SF-1339 26 on a

surface of tK&EYddat Meghpid mhek) aamd dngd ngxceRl dryingpt beak
Moreover, by the use of the antifouling coating film(ll)
"or ganopol ysitleowamre thaei agrcdrgensi bg tuactiepaka8r BHPSAS
nol ecul e” as the antifouling film the anticorrosive coa?
particul a5 | y aexoekliegt toi Bhtheypbowe &f ¢t sonk00431 M st
anopol ysi | oxane

resin antifouling coating used and the film-fo
temperature (drying curing temperature).

{0042] Organopolysiloxane antifouling

hasion property.
conpri sing

atgqbot h ends of a
ing film(l) is

UL 81 £ULLDG O

rming

composite

cocating film

10 - The oragnopolysiloxane antifouling composite coating

film of the invention is an antifouling composite coating

film in which the aforesaid epoxy anticorrosive coating

: film (I) and an organopolysiloxane antifouling

coating

film (II) are laminated in order on a base surface.

15 The organopolysiloxane antifouling coating film (II)

is not specifically restricted, but preferable

is an

antifouling coating film formed from a moisture-curing

organopolysiloxane composition comprising

organopolysiloxane having condensing functional groups at

20 both ends of a molecule. The anticorrosive coa

(I) of the invention contains the modifier (C)

ting film

in the

specific amount as previously described, and therefore,

the coating £ilm (I) has excellent adhesion to

the

organopolysiloxane antifouling coating film (II) formed



conposition 10 The noi sture-curing organopol ysil oxane conposition for use
i n the inventgron3genpri ses organopol ysil oxane having condensi ng functi onal
groups at both ends of a nolecule (also referred to as
"organopol ysi | oxane" sinply hereinafter), and preferably further contains
liquid 15 paraffin or a silicone oil. C%%anopolysiloxane The

o]

or ganopol ysi l oxane is the sanme as organ
Pat ent Lai d- Cpen

20 groups at

chai n).

fol |l owi ng for
W-a R[I1J

group,

pl ur.al

[ 0042

| ysi | oxane described in Japanese
Publ i cati on No. 181509/ 2001 and has condensati on reactive

92 | ecul éch mol ecul e or nol ecul ar main
or85n8g EB§|F8QEH g g 3@5|be@ oS $EFREHHt ed by the
[ 0045] SF-1339 27 [ la a [ WB-a SIO (SIOnNn Si-

%62@ éPEl HrWPP§té hy & es8H e gr dup theor)seorofa thkydr ol yzabl e

Rl and R are_each independently an unsubstituted or substituted
nonoval ent h§BFdEarbeRIgreapisgofiimt 6112 componsamens, plural Rl and

R may be

each the sane or different, nis an integer of 5 or

“organopolysiloxane having condensing functional groups

5 at koth ends of a molecule” as the antifouling film, the

anticorrosive coating film (I) is particularly excellent

in the above effects.

[0043] Moisture-curing organopolysiloxane

composition

10

The moisture-curing organopolysiloxane composition

for use in the invention comprises organopolysiloxane

having condensing functional groups at both ends of a

molecule (also referred to as “organopolysiloxane” simply

hereinafter), and preferably further contains liquid

15 paraffin or a silicone oil.

Organopolysiloxane

The organopolysiloxane is the same as

organopolysiloxane described in Japanese Patent Laid-Open

Publication No. 181509/2001 and has condensation reactive

20 groups at both ends of a molecule (chain molecule or

molecular main chain).

[0044] Such organopolysiloxane is desirably one

represented by the following formula {II]:

[0045]



greater, and ais O, 1 or 2). Wen a in the fornula [II] is O or 1, Wis
desirably adwdrojegyzable group, and when a is 2, Wis desirably a 10
hydroxyl group (-OH). [0047] In the case where Win the fornula [II] is a
hydr ol yzabl e group, exanples of such hydrol yzable groups include an al koxy
group, an acyl oxy group, an al kenyl oxy ?oup, an i nonoxy group, an am no
group, an 15 am de group and an am noxy g oup, and preferable are an

i m noxy group (ketoxime group) and an al koxy group. The al koxy group is

desirably an al koxy group having 1 to 10 carbon atons in all, and between
the carbon atonms, an ox gen atom may be present at one or nore positions.
20 Exanpl es of such al koRRyggr oups i ncl nmet hoxy, ethoxy, SF-1339 28

propoxy, butoxy, methoxygthoxy hnd eth xi%thoxy. The acyloxy group is
desirably an aliphatic of aromatic acyloxy group represented by the
formul a RO00- (WM e FSIC—=m(AIR)z—eBpep-aff.L to 10 carbon atoms or an
aromatic 5 group of 6 to 12 cﬂrbon.atons), aﬁﬁ’exanples of such acyl oxy
groups include acetoxy, propiondoxy, butyloxy and benzoyloxy. [0048] The
al kenyl oxy group is desirably &h alkenyloxy.gnoup[gﬁ about 3 to 10 carbon
atons, and 10 exanpl es of such al kenyl oxy groups include isopropenyl oxy,

[0046] wherein W is a hydroxyl group (-OH) or a
hydrolyzable group, R! and R are each independently an
unsubstituted or substituted monovélent hydrocarbon group

5 of 1 to 12 carbon atoms, plural R and plural R may be
each the same or different; n is an integér of 5 or
greater, and a is 0, 1 or 2).

When a in the formpla [ITZ) is O or 1, W is desirably

a hydrolyzable group, and when a is 2, W is desirably a
10 hydroxyl group (-OH).

[0047] In the case where W in the formula [II] is
a hydrolyzable group, examples of such hydrolyzable
groups include an alkoxy group, an acyloxy.group, an
alkenyloxy group, an imonoxy group, an aminec group, an

15 amide group and an aminoxy group, and preferable are an
iminoxy group {ketoxime group) and an alkoxy group.
The alkoxy group is desirably an alkoxy group. having
1 toth carbon atoms in all, and between the carbon afoms,
an oxygen atom may be present at one or more positions.

20 Examples of such alkoxy groups include methoxy, ethoxy,



i sobut enyl oxy and 1-ethyl -2-net hyl vi nyl oxy. The im noxy group (R R'=C=N-O,
also referregstazs "oxi mno group” or "ketoxinme group”) is desirably an

i m noxy group of

about 3 to 10 carbon atons, and exanples 15 of such

i m noxy groups include ketoxine, dinethylketoxime, nethyethylketoximne,

di et hyl ket oxi ne,
group is desirabl

cycl opent anoxi me and cgglohexanoxine. [ 0049] The am no
y an amno group of 1 To 10 carbon atons, and exanpl es of

such amino 20 groups include N nethylam no, N ethylamno, N propylam no,

N- but yl am no

i lLam no,. N, N-di et hyl ami no. and . cycl ohexyl am no. The
ami de” gr oup nggyé é?§%P§xgh %ﬁFagkyﬁghﬁﬁyh39gh§t§°¥5eﬁ%o%érb@ﬁ?atons in
all, and exanpl es_of SF-1339 39 ,such am de_groups include

A 8 ¥

N- net hyl acet

8*YNITEPRy L&

hF8el¥nanNehePhgFbeneand damafi vo50] The

am noxy grougg&iﬁdesirably an am noxy. group having 2 to 10 carbon atons

inall, and

Fés 96PUPST 8RERS @it ABXYY gEbapEormel aIdRCOON- Gilmet driy atri noxy

and N, N- diethylamnoxy. R and R are each independently an unsubstituted
or substituted ABnévlbéngroayorofat bbo Yoooprbes Atdms 18- cat boromioms, nore
preferably 1 to 10 carbon atons, particularly preferably 1 to 8 carbon
atoms. 10 Examplipsodf 6stichl 2onewiadenit by pcandom: Shoups sncdude an  al kyl

group, an al kenyl

group, an aryl group, a

acyloxy groups include acetoxy, propicnoxy, butyloxy and

benzoyloxy.

[0048] The alkenyloxy group is desirably an

alkenyloxy group of about 3 to 10 carbon atoms, and

10 examples of such alkenyloxy groups include isopropenyloxy,

isobutenyloxy and l-ethyl-2-methylvinyloxy.

The iminoxy group (R’R”=C=N-0O-, also referred to as

W + 1] | » r »
oX1lmino group” or “ketoxime group”) is desirably an

iminoxy group of about 3 to 10 carbon atoms, and examples

15  of such iminoxy groups include ketoxime, dimethylketoxime,

methyethylketoxime, diethylketoxime, cyclopentanoxime and

cyclohexanoxime.

[0049] The amino group is desirably an amino

group of 1 to 10 carbon atoms, and examples of such amino

20 groups include N-methylamino, N-ethylamino, N~-propylamino,

N-butylamino, N,N-dimethylamino, N,N-diethylamino and

cyclohexylamino. The amide group is preferably an amide

group

having 2 to 10 carbon atoms in all, and examples of



cycl oal kyl group and an aral kyl group. [0051] The al kyl group may be any of
strai ght- cham,3ysanched and alicyclic al kyl groups, and is 15 preferably
a straight-chain or branched al kyl group of 1 to 10 carbon atons,
preferably 1 to 8 carbon atons, or a cycloal kyl- group of 3 to 6 carbon
atons. Exanples of such straight-chain é branched al kyl groups incl ude
met hyl, ethyl, propyl, butyl, 2-ethyl but and octyl. 20 Particularly
preferable is nethyl. Exanples of the alicyclic alkyl groups include
cycl ohexyl a y ntyl. [005 The al kenyl group . is desirably an
al kenyl grou%qgﬁ %Eggglé¥85PBoﬁnﬁihﬁﬁ,ﬁﬁ?@?@YiﬁF tapbdes 2NTo 8 carbon
at ons, and exa L. es ﬁf such al kenyl groups i ncl ude SF-1339 30 vinyl,
hexenyl and 5IE§#?C? BMarG| 2agroNpTrshébrrapmrydan aryl group of 6 to 15
carbon atons, preferably about 6 to 12 carbon atons, and exanples of such
aryl groups incl ud@95Bhenyl The carginoxy| groumaightded i maid wigphemyinoxy .
Particularly preferable is phenyl. The cycloal kyl group is desirably a
cycl oal kyl g#86@pP b&vango28tgalbonaabonsatans 115, afDf Ex@ngtemp Lyl ghexyl .
The aral kyl group is desirably an aral kyl group having 7 to 10 carbon
atons in %l | supheéminbky @b@upsYiﬁ@lﬁdéamP@mdﬂﬁb@ﬁ$iﬁmiﬂb§§Ianamygnganples
et

of such aral kyl groups include benzyl and 2-pheny hyl . "A part or all of
hydr ogen diethylaminoxy. R! and R are each independently an
- unsubstituted or substituted monovalent hydrocarbon group
of 1 to 12 carbon atoms, more preferably 1 to 10 carbon
atoms, particularly preferably 1 to 8 carbon atoms.
10  Examples of such monovalent hydrocarboﬁ groups include an
alkyl group, an alkenyl group, an aryl group, a
cycloalkyl group and an aralkyl group.
[0051] The alkyl group may be any of straight-
chain, branched and alicyclic alkyl groups, and is
15 preferably a straight-chain or branched alkyl group of 1
to 10 carbon atoms, preferably 1 to 8 carbon atoms, or a
cycloalkyl group of 3 to 6 carbon atoms. Examples of
such straight-chain or branched alkyl groups include
"methyl, ethyl, propyl, butyl, 2-ethylbutyl and octyl.
20 Particularly preferable is methyl. Examples of the
aligyclic alkyl groups include cyclohexyl and cyclopentyl.
‘[0052]l The alkenyl group is desirably an alkenyl

group of 2 to 10 carbon atoms, preferably about 2 to 8

carbon atoms, and examples of such alkenyl groups include



atons bonded to carbon atons in these groups R1L may be replaced with

hal ogen atomgr-swaty as F, , Br and I, a cyano group, etc. Exanples of

t he hal ogenat ed al kyl 15 groups include chloronethyl, 3,3,3-trifluoropropyl

and 2- cyanoethyl. [0053] OF the above groups, preferable as Rin the

formula [11]
particularly preferable is nmethyl 20 or

are present

pl ural

usual ly 25 cS_t
preferably 566y?0g§88P0
taking into
prevention of
sol vent,

R1,

is an unsubstituted nnnovalgﬁt hydr ocar bon group, and
p

enyl . When plural R or plural
in the organopol ysiloxane represented by the fornula [I1],

R
t he

t hural R r R,a be the sanme or ifferent. SF-1339
31 The viscggpg%’o?eﬁﬁgygrSgﬁoﬁggyirrgﬁgﬁea%ﬁ HEOWR 15 f4He 3y érof

1 500,%%0 cS, greferabl 25 to 500,000 cS, nore

€stop
g account paintability of the resulting conposition,

efficiency oPhehgll)ikelyduchydyganopphysyl oxadedipAdnparticularly a

silicone rubber of deoximation curing type,

s&8§PRY RROBEFuBPAgesrmPhesre§ubtthgarybnposips omaldde a
etc. [0054] Fromthe viewpoint of inprovenent in painting

is desirably contained in an

y
Pt FREPER| §Lpmes ePaBEGTabbnorbeu1 09, 000 ¢S,

anount of> usBaktyc@Dardy9p¥erbyawetghs, ppegferably 40 to 80% by weight, in

t he

10

15

20

The cycloalkyl group is desirably a cycloalkyl group
of 3 tol8 carbon atoms, and is, for example, cyclohexyl.
The aralkyl group is desirably an aralkyl group having 7
to 10 carbon atoms in all, preferably about 7 to 8 carbon
atoms in all, and examples of such aralkyl groups include
benZyl and Z-phenylethyl. A part or all of hydrogen
atoms bonded to carbon atoms in these groups R' may be
replaced with halogen atoms, such as F, Cl, Br and I, a
cyano group, etc. Examples of the halogenated alkyl
groups include chloromethyl, 3,3,3-trifluoropropyl and 2-
cyanoethyl.

[00531._ Of the above groups, preferable as R in

the formula [II] is an unsubstituted monovalent

‘hydrocarbon group, and particularly preferable is methyl

or phenyl. When plural R! or plural R are present in the
prganopolysiloxane represented by the formula [II], the
plural R, the plural R, or R' and R may be the same or

different.



noi st ur e-curi ng organopol ysil oxane conposition, and is desirably contained
i n an anount sof-13&d 0 90% by wei ght, 15 preferably 40 to 70% by wei ght,
when the total amount of the solid conponents is 100% by wei ght. [0055]
Liquid paraffin The liquid paraffin which is sonetines used in the

i nventi on becones a bl eedi ng conponent, g?d is aliquid 20 hydrocarbon oi
mai nl y conposed of al kyl napht henes and oblained by distilling a crude oi
to collect fractions of spindle oil to engine oil except gasoline,

ker osene, gas oi nd.the l.ike and then refining,the collected fractions.
The liquid par aff!T%gi ngFngéFg{ng }gbau?’ag%ﬁ%@%@gﬁoxﬁ? aaft?iz'rﬁf%altsis in

conformty mLtht#he prescription_of JIS K 9003. The liquid paraffin bl eeds
on e coati | e r age i nitia
th tiAg “FFI APSEPr ACeUPHALRY éarFY §PageSBRdOONETi esexaPly niti al
antifouling performance. 5 [0056] Silicone oil As the silicone oil which is
sometimes uséd A PRE,OPAveRri BAresncafarsblicbhe bhl20@, @ orsbed in
Japanese Patent Laid-Open Publication No. 181509/2001 previously proposed
by the preseRgrapphileahy psefsedblg0l Theostbi tODL00D|css totimpenidd cal ly
restricted provided that it is an unreactive (non-condensing)
5 account paintability of the resulting composition,
prevention of sagging in diluting of the resulting
composition with a solvent, etc.
[0054] From the viewpoint of improvement in
painting efficiency or the like, such organopolysiloxane,
10 particularly a silicone rubber of deoximation curing type,
is desirably contained in an amount of usually 20 to 90%
by weight, preferably 40 to 80% by weight, in the
moisture-curing organopolysiloxane composition, and is
desirably contained in an amount of 30 to 90% by weight,
15 preferably 40 to 70% by weight, when the total amount of
the solid components is 100% by weight.

[0055] Liguid paraffin

The liquid paraffin which is sometimes used in the
invention becomes a bleeding component, and is a liquid
20 hydrocarbon oil mainly composed of alkylnaphthenes and
obtained by distilling a crude o0il to collect fractions
of spindle oil to engine oil except gasoline, kerosene,
gas o0il and the like and then refining the collected

fractions. The liquid paraffin is preferably liquid



silicone oil (e.g., silicone oil [1] represented by the followng formula
[1], siliconegpii3%§ represented by the following fornula [3]) or a
silicone oil that eeds 15 out fromthe cured product of the

noi st ure-curing organopol ysil oxane conposition (e.g., silicone oil having
a group represented by the foll ow ng forgﬁla [2]), and preferable is an
unreactive silicone oil represented by e followng fornmula [1] or [3].

20 [ 0057] Such a silicone oil [1] or [3] exhibits neither reactivity to

t he organopol ane .t hat, becones a filmform ng conponent nor

sel f - condens ﬁ} hodily 1sand icondsasiider eid tho thaverastuaptiion of formi ng
an antifoulin functlonal |l ayer (film on the coating film SF-1339 33
surface. Furt Ki300% c8hsi demeddt haraffignsbl éedneomithe [@atiagts with

t he or ganopol S|onane to forma cured coating film then the filmis
hydr ol yzed wiftiim isve figheen 1ni thies elaminr sedgien asdawaheribatesd teng period of
time, and 5 the end group becones a group having an al coholic hydroxyl

group (=Si - RATOH)iadr anhe floilkéngngegiraduanlcy. bl eeds out on the conposite
coating filmsurface to exert an effect of preventing adhesion of nmarine

organi sms5 [ 0058] [(R52))3SI Sl R3ZANS; (R2)3 [1] 10 In the fornula [1],
plural R2 may be the sane of different and are each an al kyl group of lto

10 carbon As the silicone o0il which is sometimes used in the
invention, such a silicone oil as described in Japanese
Patent Laid-Open Publication No. 181509/2001 previously
proposed by the present applicant is used.

10 o The silicone oil is not specifically restricted
provided that it is an unreactive {non-condensing)
silicone'oil (e.g., silicone oil [1] rep;esented by the
following formula [1], silicone oil [3] represented by
the following fdrmula [3]) or a silicone o0il that bleeds

15 out from the cured product of the moisture-curing
organopolysiloxane composition ({e.g., silicone oil having
@ group represented by the following formula [2])}, and
preferable is an unreactive silicone oil represented by
the following formula [1) or [3].

20 | [0057]. Such a silicone o0il [1] or [3] exhibits
neither reactivity to the organopolysiloxane that becomes
a film-forming componént nor self-condensation property
and is considered to have a function of forming an

antifouling functional laYer {£ilm) on the coating film



atons, an aryl group, an aral kyl group or a fluoroal kyl group, plural R3

may the same gf_different and are each an alkyl group of 1 to 10 carbon

atons, an aryl group, an 15 aral kyl group or a fluoroal kyl group, and

a nunber

of

0 to 50. SiR4CSi R5bY3-b [21 In the fornula [2], R4 is an

unsubstituted or substituted dival ent hydrocarbon group or a dival ent
hydr ocar bon group contai ning an ether |i @age, R5 is an unsubstituted
substituted nonoval ent hydrocarbon group, Y is a hydrolyzable group,

is 0, 1 or

2.
[3], R6 is a Hydrtgen

BH{IBF - ahAt &FkyPnRsSafgredrthatl ke giblupows dilo

carbon atoms, R7 is a divalent aliphatic hydrocarbon group of 1 to 10
carbon at ons 9 WfiaGt sawidbhéhegcagencmm lostidoxgneupooforh AHeuray be
present, Z is an am no group, a carboxyl group, an epoxy group or a
nmonoval ent pdicatigrodp lithatthies: ahepdliylet Ryl aperghyeel @hitpokYREORMELNE
gl ycol group whose end may be capped with an al kyl group of 1 to 6 carbon
atons or an ddyligriomprsandix ardwatakie RUMRENsni08at baf ¥iengikhe ang
conditions of 0.01_ <x<3.99, 0.02<-y<4 and 0.02<x+y<4. -

5

10

15

20

the end group becomes a group having an alcoholic
‘hydroxzyl group (=Si-R‘-OH) or the like and gradﬁally
bleeds out on the composite coating film surface to exert
an effect of preventing adhesion of marine organisms.

[0058] (R?) 3810 (S1R%0) 454 (R?) 5 [1]

In the formula [1], plural R® may be the same or
different and are each an alkyl group of 1 to 10 carbon
atoms, an aryl group, an éralkyl group or a fluorocalkyl
group, plural R? may the same or different and are each
an alkyl group of 1 to 10 carbon atoms, an aryl group, an
aralkyl group or a fluoroalkyl group, and n is a number
of 0 to 50.

=S1iR'0SiR%, Y3 [2]

In the formula [2], R? is an unsubstituted or

substituted divalent hydrocarbon group or a divalent

“hydrocarbon group containing an ether linkage, R® is an

~unsubstituted or substituted monovalent hydrocarbon group,

- Y is a hydrolyzable group, and b is 0, 1 or 2.

6 e
R xSl (R7_Z)y0(4—x—y)/2 ) [3]

6 - R SiggR -Z) YO (4-1-y)12 [3] SF-1339 34 In the formula

nis
20
or
and b

10



[0059] O the above silicone oils, such a silicon oil as described in
Japanese Pat eyt 1aigd- Open Publication No. 316933/1998 is enployable as the
silicone oil [1], 15 and desirable is a silicone oil having a
nunber - average nol ecul ar wei ght of 180 to 20,000, preferably 1,000 to

10, 000, and having a viscosity of 20 to 39,000 centi stokes, preferably 50
to 3,000 centistokes. Such a silicone oit*[1] is, for exanple, a dinethyl
20 silicone oil wherein all of R2 and R3 are nethyl groups, or a

met hyl phenyl silicone oil. wherein_a part of nethyl groups in the dinethyl
silicone oil are EpEQSeSOWHa Ményﬁg gtDubSIYEogaeFEonpaaf @rabl e is a
nmet hyl phenyl ilicone oil. Mre specifically, there can be nentioned
SF-1339 35 ak%yéﬁ"a(ﬁ@/aPFaBFfélfiﬁfénQShun- Bfsd &bl i@onerGon, atdms ) R’ " TSF
4300" (available from Toshiba Silicone Co., Ltd.), etc. [0060] As the
silicone oil 1Ravi Agvalgnouplsphepieskptiedchybbhegioupuba {240 (B0 1i cone oi
[2]), a silicone oil proposed by the present applicant and described in

Japanese Pat eatbMo. aR5@2854 waienphayabher gad@pdeshrabtéerigrsSidd cone ol
havi ng a nunber-average nolecul ar wei ght of 250 to 20,000, preferably

00 00 5 Bt ey s B0t 6 ot el
an epoxy group or a monovalent polar group that is a
polyethylene glycol or polypropylene glycol group whose
end may be capped with an alkyl.group of 1 to 6 carbon
atoms or an acyl group, and % and y are numbers

10. satisfying the conditions of 0.0le<3.9§, 0.02<y<4 and
0.02<x+y<4.

[0059] Of the above silicone o0ils, such a silicon
oil as described in Japanese Patent Laid-Open Publication
No. 316933/1998 is employable as the silicone oil (17,

15 and desirable is a silicone oil having a number-average
molecular weight of 180 to 20,000, preferably 1,000 to
10,000, and having a viscosity of 20 to 30,000
éentistokes, preferably 50 to 3,000 centistokes.

Such a silicone oil [1] is, for example, a dimethyl

20 silicone o0il wherein all of R? and R? are methyl groups,
or a methylphenyl silicone o0il wherein a part of methyl
groups in thé dimethyl siliconé cil are replaced with
phenyl groups. Of these} preferable is a methylphenyl

-silicone oil. More specifically, there can be mentioned



[0061] R4 in the fornmula [2] is an unsubstituted or substituted dival ent
hydrocar bon gfraupzguch as nethyl ene, ethylene, propylene, butylene or
hexanet hyl ene, 15 a dival ent hydrocarbon group contai ning an ether I|inkage,
which is represented by the formula -(CH2)p-O (CH2)g- (wherein p and q are
each independently an integer of 1 to 6% or the like. RS is an
unsubstituted or substituted nonoval ent % hydr ocarbon group of 1 to 8
carbon atons. Y is the sane group as the hydrol yzable group Win the
formula [I1] . nples af the silicone oils [2] having at | east one group
repr esent ed b?FFE% f JPYEd 3P ThemudRIRRBSEY WhéiePRehGdr oxitdgl pups of
silicone oilg _are capped with SF-1339 36 hydrol yzable groups, which are
described in tRE 4P8P€sdiagaiiaparefsomalenhiNe. 52522864 and, rkpdesent ed by
the fornulas (CH3)3Si J (CH3)2Si Q nf R7TR8SIi  n( CH3) 2Si C3H6- OH, HO

C3H6- [ (CH3) 286k [ (CH3) 2Si Q nf R7R8Si 4 n- (CH3) 2Si - C3H6- OH, and 5

(CH3)3SA (CH3)2Si O N R7TR8SI O n[ (CH3) (C3H6- OH)SIiQ 1[ (CH3)2Si CH3]. In the
above fornulas, R70a6G]R8 Asetkacdi Bited| ol OWdyi sy @ phenyl or tolyl,
an aral kyl group, such as benzyl or O0-phenylethyl, a hal ogenated al kyl

TS an unsubst it uted o SUberrt it St obar bon T atn 56l BeUed F rom or oup
ydrocar bon group sel ected Trom groups
ot her silicone oil proposed by the present applicant and
described in Japanese Patent No. 2522854 is employable,
and desirgble is a silicone o0il having a number-average
molecular weight of 250 to 20,000, preferably 1,000 to
10 - 10,000, and having a viscosity of 20 to 30,000
- centistokes, prefeiably 50 to 3,000 centistokes.
[0061} R* in the formula [2] is an unsubstituted
or substituted divalent.hydrocarbon group, such as
methylene, ethylene, propylene, butylene or hexamethylene,
15 a divalent hydrocarbon group containing an ether linkage,
which i1s represented by the formula ~(CHz) =0~ (CHz) 4~
~(wherein p and g are each independently an integer of 1
to 6), or the like.
R® is an unsubstituted or substituted monovalent
20  hydrocarbon groﬁp of 1 to 8 carbon atoms. Y is the same
group as the hydrolyzable group W in the formula [IT].
Examﬁles of the silicone oils (2] having at least one
group represented by the formula [2] include those

wherein hydroxyl groups of silicone oils are capped with



than a néthyl group, and m n, and 1 are each a positive nunber. [0062]

From the viewpaii3ypf storage stability of

15 the resulting conposition, a

silicone oil obtained by allowi ng the above silicon oil to react with

or ganosi | ane

represented by the fornmula R5bSi Y3-b (R5, Y and b are the

sane as those in the formula [2]) is aIngeanoyabIe. Exanpl es of such
silicone oils include 20
(CH3)3Si g

C3H6- [ ( CH3)
(CH3) 3Si J (

( CH3) 2Si O n{ R7RBSi O] n( CH3) 2Si C3H6- O- RSHSi Y3_b, HO-

R el M RSAR SIS R G I 1R R

b, and

b)Sig 1[ (CH3) 2SI CH3]. SF-1339 37 %0063 As the silicone oil [3], such a

silicon

oi | JRPFESEr iBBEGNENNFapaR

316933/1998 is enployable and desirable is a silicone oil having a
number - aver ad® Wlasu | (&H s el ighlt ( C3F: ) 5S 26D, ERIR3S] ONO(CHY £F 8T8t gH L, OO t o

20,000, and having a viscosity of 20 to 30,000 centi st okes,

¢éSPakant reprdsepeadPopl toation  No.

preferably 50

to 3,000 Ceﬁ%HSTbKﬁﬁ)zgﬁE]S(¢HQQHEO¢5[Rﬁ8B10$nd@§H£§Qiyc§kahlCgﬁ@ oi | of
the formula [3] wherein R6 is nmethyl or phenyl and R7 is 10 nethylene

et hyl ene or pcepyi®ite. ((Memns b 1,3 RARP ¥ EL I Rec g xcol or pol ypropyl ene
group whose end nmay be capped mnth an al kyl group of 6 or |ess

gl ycol
car bon

10

15

20

CH) S10]1[ (CHa),SiCH3]. In the above formulas, R’ and R®
are each an aryl group, such as phenyl or tolyl, an
aralkyl group, such as benzyl or B-phenylethyl, a
halogenated alkyl group, such as trifluoropropyl, or the
like, at least one of R’ and R? is an unsubstituted or
substituted hydrocarbon group selected from groups other
than a methyl group, and m, n, and 1 are each a p@sitive
number,

[0062] From the viewpoint of storage stability of
the resulting composition, a silicone oil obtaiﬁed by
allowing the above silicon o0il to react with organosilane
represented by the formula R%SiY}b (R°, Y and b are the
same as those in the formula [2]) is also employable.
Examples of such silicone oils include
(CHz) 3810 (CH3) 25101 [R7R®S10], (CHs) 281C3Hg-0~R%S1iYsp, HO-
C3He~ [ (CH3)2510] [ (CH3) 28101n[R'R®S10] 4~ (CH3) 281 -C3Hg-0-R%,S1 Y.
»r and (CH3)3S10[(CH;)2810]w[R'R®310] [ (CHs) (C3He~O-R%,S3Ys.

b) 5107 [ (CH3) 28iCH,] .



atons or an acyl group, the nunber of oxyethylene or oxypropylene units as
recurring uniggsqisggpreferably in 15 the range of 10 to 60. Exanples of the
al kyl groups for end capping include nethyl, ethyl, propyl and butyl.
Exanpl es of the acyl groups for end capping |nclude ket oxi me, acetyl and
propi onyl . [0064] Specific exanples of t?f silicone oils 20 wherein the
polar group Z is an am no group i ncl ude SF8417" (avail able from Dow
Corning Toray Silicone Co Ltd.), "1SIS4700" and "I1SI 4701" (avail abl e
from Toshi ba SI|I8§§§ Ltd.), and "Fz3712" and "AFL-40" (available
from Ni ppon Uni car Lt . t%%e%?ﬁ‘é"%%a‘?ﬁpl es3lof auEh SF-sE33g a8
silicone oils wherein the polar group Z is a carboxyl group include
"X142- 411" ( R+di P&bPESFESRRT0oSNI BapsShereoRetem. Lald-d0pen " BESULEIt ion
(avai l able from Dow Corning Toray Silicone Co., Ltd.), and "FXzZ4707"
(avail abl e fNem RilpB8A/5I8MI tarefploysbile). aﬁ@e@eéiﬁaﬁ&éﬂ¢&e§ of the
silicone oils wherein the polar group -Z is an epoxy group include

"SF8411" (availabbeefobin Rewi£gr ai NGnBOF axvSHAhE AREl &uiar Lid: ht "3%142 301"
(avail able from Toshi ba Silicone Co. Ltd.), and "L- 93 and "

(avai | abl% fesm dbpRONOAS, L@féﬁérggly UG‘@@ tc?Pﬁf ?‘9 87 athe
silicone oils wherein the polar group is an al'kyl ‘group of a acyl

group |nC|Ud@l§b§%f€§05f 565%54§§:0@@dcéﬁéﬁé%%%gs, preferably 50 to

3,000 centistokes.
The silicone oil [3] is desirably a silicone oil of
the formula [3] wherein R® is methyl or phenyl and R’ is
10 methylene, ethylene or propylene. When Z is a
polyethylene glycoi or polypropylene glycol group whose
end may be capped with an alkyl group of 6 or less carbon
atoms or an acyl group, the number of oxyethylene or
OXypropylene units as recuriing units is preferably in
15 the range of 10 to 60. Examples of the alkyl groups for
end capping include methyl, ethyl, propyl and butyl.
Examples of the acyl groups for end capping include
ketoxime, acetyl and propionyl.
[0064] Specific examples of the silicone oils
20 wherein the polar group Z is an amino group include
“SF8417” (available from Dow Corning Toray Silicone Co.,
| Ltd.), “ISIS4700” and “ISIé?Gl” favailable from Toshibar
Silicone Co.,.Ltd.), and “FZ3712” and “"AFL-40" (available

from Nippon Unicar Co., Ltd.). Specific examples of the



|

(avail able from Toshiba Silicone Co., Ltd.), "SH3746", "SH3400", "SH3749"
and "5H3700" 4graMaidsabl e from Dow 15 Corning Toray Silicone Co., Ltd.), and
"KF6009" (available from Shin-Etsu Silicone Co., Ltd.). [0065] As the
silicone oil, any one of the silicone oil [1], the silicone oil [2] and the
silicone oil [3], or a conbination of t or nore of themis used 20 in
the invention. In the noisture-curing or%@nopolysiloxane conposition
conprising the above conponents the liquid paraffin or the silicone oi |
IS desirably %lned &n aS’ b of 1 to 150 parts by weight
preferably 28 86 SE1P3¥ e§§lnp5 EsPBY2GePGRLP Aoie prereParyy 20 to 60
parts by melg_ based on 100 parts by weight of the organopol ysil oxane.
When the ampdnfuBs I1RR&UER| "&eAd~b1L |éaVﬁliﬁblabﬁvemrﬁpgblbaaﬁlbn¢¢m©ul|ng
coating filmthat is excellent in both of 5 antifouling perfornmance and
filmstrengt s &bfal nedSFBA18Re (anplibeblbefeah Dewl @ssnihanTstwey | ower
limt of the above range, the antifouling performance is sonetines
|l onered. |f Bhélamapantothelbedt)exaredsrrhe7opperatam iblof rihe whays, range,
the filmstrength is sonetinmes 10 | owered. [0066] To the organopolysil oxane
conposi ti%n, Uancaer ganj cLsal yentsger i My euamaidy id sy kahislddy a
0ils wherein the polar group Z is an epoxy group include
“SF8411” (available from Dow Corning Toray Silicone Co.,
- Ltd.), “XI42-301” (available from Toshiba Silicone Co.,
Ltd.), and “L-93” and “T-29” (available from Nippon
10 Unicar Co., Ltd.). Specific examples of the silicone
oils wherein the polar group Z is an alkyl group or an
acyl group include “ISI4460”, “ISI4445” and “ISI4446”
(available from Toshiba Silicone Co., Ltd.}), “SH3746",
“SH8400”, “SH3749” and “SH3700" (available from Dow
15 Corning Toray Silicone Co., Ltd.), and “KF6009~”
(available from Shin-Etsu Silicone Co., Ltd.).
[0065] As the silicone o0il, any one of the
silicone o0il [1], the silicone oil [2] and the silicone
oil [3], or a combination of two or more of them is used
20  in the invention.
In the moisture-curing organopolysiloxane
composition comprising the above components, the liquid

paraffin or the silicone oil is desirably contained in an

amount of 1 to 150 parts by weight, preferably 20 to 100



pi gnent, and other various additives, such as a pignent dispersant, an
anti - saggi ng sagamzsand an anti-foam ng 15 agent, can be added when needed,
in addition to the above conponents. The antifouling coating conposition
is prepared by mxing and di spersing the above conponents together or
separately by a usual paint preparation g paratus, such 20 as a ball mll
or a dispersing nmachi ne. The thus prepar antifouling coating conposition

is applied as it is or after subjected to viscosity control using a
onto a _surface of the epoxy

sol vent sous i_mprove .painting workability, _
anticorrosivgggggfgwgwﬁﬁiat’lfm%? SESTSIGPAY Ahedns 68F Paritceby s5Aaitng,
air spraying, roller %ﬁating, brushing or the like, and then the

conposi tion PAFEFR P& 140 BaTes Pur weashbr ganspel 9suhoranby ahtofant i ng
conposite coating film(ll). 5 [0067] In the organopol ysil oxane
antifouling WE@Hp%@ﬁtém@@aﬁiﬁé themsfidiwedeasidbdwe int hdcepbrye range,
anticorrosive coating film (1) and the organopol ysil oxane antifouling
coating fil mapl eptafeulangnabeding 6ither that thecshaselent f At o@nthit is
desirabl e that the thickness 10 of the epoxy anticorrosive coating film(l)
i s adjust®d atbiBBulongdOPepibrRacter abhyridR 50r3RQtRM s NOS€s i pLgf erably

150 to 250 pm and the thickness of the
If the amount thereof is less than the lower limit of the
above range, the antifouling performance is sometimes
'lowered. If the amount thereof exceeds the upper limit
of the above range, the film strength is sometimes
10 lowered.

[0066] To the organopolysiloxane cbmposition, an
~organic solvent to improve painting workability, a
pigment, and other various additives, such as a pigment
dispersant, an anti-sagging agent and an anti-foaming

15 agent, can be added when needed, in addition to the above
components.

The antifouling coating composition is prepared by
mixing and dispersing the above components together or
separately by a usual paint preparation apparatus, such

20 as a ball mill or a dispersing machine. .The thus
prepared antifouling coating composition is applied as it
is or after subjected to viscosity control using a
solvent sc as to improve painting workability, onto a

surface of the epoxy anticorrosive coating film (I} by



or ganopol ysi | oxane antifouling coating film(Il) is adjusted to 50 to 300
pm preferablger5%3o 200 pm nore 15 preferably 50 to 150 pm By adjusting
the thickness of the anticorrosive coating film (1) and the antifouling
coating film(Il) to the above range, the antifouling conposite coating
filmhas excellent strength and excellegb adhesion to the base surface and
exhi bits 20 excellent anticorrosion propérty and antifouling performnce
over a long period of time. [0068] The organopol ysil oxane antifoul i ng

conposite fi f Qr as .abaove i s yseful .as an antifouling conposite film
B a8 i:

f ormed on sur 5%%3 SofPERY$899 21T SRTPYL1RHAd LAYLRRaFeRtiRFuct ures,

e.g., structures. placed in seawater, such as cool i ng water supply/drainage
channel s of PRESPENIPTat6/ L1k6wernEl Ahes 4he comBPSitéeni Heyerahss, port
facilities, undersea pipelines, 5 excavation rigs for submarine oil field,
navi gati on bey€d &&d T&EMp 2rDEFTAYCbAdYsilardnst autt fioesipyacedpbnifs esh
water. [0069] EXAMPLES 10 The present invention is further described with
ref erence tocph&ifgl IfdwimngIéxanpl es, but it should be construed that the
invention is in no way limted to those exanples. The terns "part(s)" and
used 5 [0067] In the organopolysiloxane antifouling
composite coating film formed as above, the epoxy
anticorrosive coating film (I) and the organopolysiloxane
antifouling coating film (II) are laminated in order on
the base surface, and it is desirable that the thickness
10 of the epoxy anticorrosive coating £ilm (I) is adjusted
to 50 to 300 pm, preferably 100 to 300 um, more
preferably 150 to 250 um, and the thickness of the
organopolysiloxane antifouling coating film (II) is
adjusted to 50 to ‘300 um, preferably 50 to 200 um, more
15 preferably 50 to 150 pum. By adjusting the thickness of
the anticorrosive coating film (I) and the antifouling
.coating film (II} to the above range} the antifouling
composite coating film has excellent strength and
excellent adhesion to the base surface and exhibits
20 excellent anticorrosion property and antifouling
performance over a long period of time.
[0068] The organopolysiloxane antifouling

composite film formed as above is useful as an

antifouling composite film formed on surfaces of bases of



herei nafter nean "part(s) by weight" and by weight", 15 respectively.

Mat eri al s usegdi3ihe foll ow ng exanpl es are shown below. [0070] Materials
used Epoxy resin A (trade nanme: Epicoat 1001, epoxy 20 equivalent: 475,
avai l able from Shell Co., Ltd.) Epoxy resin B (trade nane: Epicoat 834,
epoxy . equi val ent: 250, available fromShell Co., Ltd.) Epoxy resin C
(trade name: Epicoat 828, epoxy equivalent: 190, available from Shell Co.,

Ltd.) SF-1339 42 Hydroxyl group cont ai ni ng terpenephenol resin A (trade
m xture of resjns each

nanme: YP-90L ay ecul ar wei ght: 440,

having 1 to §hﬁ§ &%) u%?‘%g sgoﬁ SRRERIEET0l &: 5 uart BB EUTFor Yikihar a
Chem cal Co. § % % dr ox gr oup- cont ai ni ng terfenephenol resin B
(trade nane: ?P §6¥aF85t n°RG |ﬁ§ SORY 4PEx YR HE oBERP + ¥/ BRRIN2% ecul e,
avai | abl e from Yasuhara Chem cal Co., Ltd.) Hydroxyl group-containing

‘petrol eum r eSPAVPELEdRT BheEmaNesporyABiCEPI0Or mldves - averageenol ecul ar

wei ght: 10 450, divinyltoluene/indene copolynmer having one hydroxyl group
in one nDIecﬁ?é?ldeaplabt@,fponthﬁppbhiﬁ@éspc@w@éﬁaés fbpellek,) Counarone
resin (trade name: ESCURON V-120, nunber-
> excavation rigs for submarine oil field, navigation buoys
and ship mooring buoys, and structures placed in fresh

water.

[0069] EXAMPLES
.10 The present invention is further described with
reference to the following examples, but it should be
construed that the invention is in no way limited to
those examples. The terms “part(s)” and “%” used
hereinafter mean “part(s) by weight” and “% by weight”,
15 respectively.
Materials used in the following examples are shown
below.

[0070] Materials used

Epoxy'resin.A (trade name: Epicoat 1001, epoxy
20 equivalent: 475, available from Shell Co., Ltd.)
Epoxy resin B (trade name: Epicoat 834, epoxy
equivalent: 250, available from Shell Co., Ltd.)
.Epoxy resin C (trade name: Epicoat 828, epoOxy

equivalent: 190, available from Shell Co., Ltd.)



aver age nol ecul ar weight: 730, available from N ppon 15 Steel Chenmical Co.,
Ltd.) Anti-saggijngoagent (trade nane: Disperon 6650, fatty acid am de wax,
avai l abl e from Kusunoto Chemicals, Ltd.) Curing agent for epoxy resins

(trade nane: Lackam de TD- 966, polyam de, active hydrogen equivalent: 377,

- 20 avail abl e from Dai ni ppon I nk & Chenicg&s Inc.) Oraganopol ysil oxane

antifouling coating SI-1 Blend of KE-445“(trade nane, silicone resin,
viscosity: 5 Pa-s, available from Shin-Etsu Chemcal Co., Ltd.) and
KF-96- 100cs (tradﬁ gane silicone oil, SF-1339 43 viscosity: 100
centi st okes, avai &8I 8¥FofrSHPRCRPSAL NERBNT @EPCEBPhened Jedin & sol i ds
cont ent meig@% ratio of 100: 30 Organopol ysil oxane antifouling coating SI-2
5 Bl end of TSE388°(fPHGe NEATEllsi Muebes wasirage wicdeosiley: weAgRa:s440,
avail abl e from Toshiba Silicone Co., Ltd.) and TSF4300 (trade nane,
silicone oi | "M¥F8EesPfyresing eenhi savkeg, lavai Babyérbzrem JeskpdairSi | i cone
Co., Ltd.) in a solids content weight ratio of 100:30 10 [0071] Exanple 1
In a 1-1iteropel pelayghzae avataabee, F10R pastbadh Ch&RiEPOXYo!esityA 30
parts of the hydroxyl group- _
5 Hydroxyl group-containing terpenephencl resin B
(trade name: YP-90, resin having 2 hydroxyl groups in one
molecule, available from Yasuhara Chemical Co., Ltd.)
Hydroxyl group-containing petroleum resin (trade
name: Neopolymer E-100, number-average molecular weight:
.10 450, divinyltoluene/indene copolymer having one hydroxyl
group in one molecule, available from Nippon
Petrochemicals Co., Ltd.)
Coumarone resin (trade name: ESCURON V-120, number-
average molecular weight: 730, available from Nippon
15 Steel Chemical Co., Ltd.) |
Anti-sagging agent (trade name: Disperon 6650, fatty
acid amide wax, available from Kusumoto Chemicals, Ltd.)
Curing agent for epoxy resins (trade name: Lackamide
TD-966, polyamide, active hydrogen equivalent: 377,
20 available from Dainippon Ink & Chemicals inc.}
Oraganopolysiloxane antifouling coating SI-1
Blend of KE~445 (trade name, silicone resin,

viscosity: 5 Pa‘'s, available from Shin-Etsu -Chemical Co.,

Ltd.) and KF-96-100cs (trade name, silicone oil,



contai ni ng terpenephenol resin A, 50 parts of titanium 15 white, 100 parts
of talc, 60 pgri1s39f silica, 5 parts of an anti-sagging agent, 20 parts of
xyl ene and 10 parts of nethyl isobutyl ketone (MBK) were placed, and they
were mxed and stirred by a stirring nmachine to honogeneously disperse
them whereby a nmain agent was prepar ed.4§o the 20 mai n agent, 60 parts of
pol yam de were added as a curing agent, "and they were m xed and stirred to
di sperse them whereby an epoxy anticorrosive coating conmposition which

was an under ti Q ition.was obtained. SF-1339 44 [0072]

Subsequent | y?’qt%ﬁ’lé?%g&gfx;@?t icc‘?&trl\ggﬂ?@s'cﬁéﬁailllrﬁbéﬁnﬁégi“t PBknwWasSappl i ed onto
a sandbl asteg: steel . plate g:150x70x3. 2 mm by airless spraying so that the
filmthi ckneSEEFHARY om-t Rtk hed ) 2shslil@sbeesiienabseight 200t pon @hd t hen
dried for 7 days_in an atnosphere of 20C and 65%RH. Onto the surface of
the resulti néjoé;&&@y anticorrosive coating film the organopol ysil oxane
antifouling coating SI-1 was further applied as a finish coating so that

the dry filmthickRmgssophdubdlbranaeadiod0iMy cobot Oy agn-a coated plate
having an antifouling coating film This coated plate was dried at room

tenperatre (200) for Bldaysofor§oses airLa8anoRe! vsilacane J?enoiiir:[&om i ng
conposite coating film 15 [0073] Exanples 2 to 9, Conparative amples 1
mp g mp mp mp
to viscosity: 10 Pa-:s, available from Toshiba Silicone Co.,
Ltd.) and TSF4300 (trade name, silicone oil, viscosity:
140 centistokes, available from Toshiba Silicone Co.,

Ltd.) in a solids content weight ratio of 100:30

10
(00717 Example 1
In a l-liter polyethylene container, 100 parts of
th¢ epoxy resin A, 30 parts of the hydroxyl group-
.containing terpenephenol resin A, 50 parts of titanium
15  white, 100 parts of tale, 60 parts of silica, 5 parts of
an anti-sagging agent, 20 parts of xylene and 10 parts of
methyl isobutyl ketone (MIBK) were placed, and they were
mixed and stirred by a stirring machine to homogeneously
disperse them, whereby a main agent was prepared. To the
' 20 main agent, 60 parts of polyamide were added as a curing
‘agent, and they were mixed and stirred to disperse them,
whereby an epoxy anticorrosive coating composition which

was an undercoating composition was obtained.



5 Organopol ysi |l oxane antifouling conposite coating filnms of Exanples 2 to
9 and Conpargp-visFxanples 1 to 3 were obtained in the sane nmanner as in
Exanpl e 1, except 20 that the conposition and the anounts of the bl ending
conponents were changed as shown in Table 1. As Conparative Exanple 4, an
epoxy resin coating (trade nane: Epicon4§B-AL, avai |l abl e from Chugoku
Marine Paints, Ltd.) was used, and as Conparative Exanple 5, an SF-1339 45
epoxy resin binder (trade nanme: Epicon HB-AL binder, available from
Chugoku Mari ne Pai Ltd. ), was use [0074] Test nethods 5, The coated
pl ates each haviné%gﬁgintif%ﬁ??%ﬁuegg%%OSggg %BBFVnﬁn???%¥r9W&E% had been
obtained in Ex%gples 1 to.,9 . and Conparative Exanples 1 to 5, were set on
an i mer si on At AN FOTRTELS AN HaPhePPd4d st ontgept Fangplashpdasteels
nont hs and 12 nonths, anticorrosion 10 property and adhesi on were eval uated
based on thePlR5E dwicly ’8v 8l datimdnber Rieiieas Fheawvabuabi bhatesbitts are as
shown in Table 2. Anticorrosion property After imersion for 6 nonths and
12 nont hs, 15id8chhiehoesef (Brysfelmonhtb&nesali Bgofil inbsushacebofitt he
test plate was exam ned by visual observation.

5> 200 pm and then dried for 7 days in an atmosphere of 20°C

and 65%RH. Onto the surface of the resulting epdxy
anticorrosive coating film, the organopolysiloxane
antifouling coating SI-1 was further applied as a finish
coating so that the dry film .thickness should become 100

10  um, to obtain a coated plate having an antifouling
coating film. This coated plate was dried at room
temperature (20°C) for 7 days to form an

organopolysilocane antifouling composite coating film.

15 _ [0073] Examples 2 to 9, Comparative Examples 1 to

ln

Organopolysiloxane antifouling composite coating
films of Examples 2 to 9 and Comparative Examples 1 to 3
were obtained in the same manner as in Example 1, except
20  that the composition and the amounts of the blending
components were changed as shown in Table 1.
As Comparafive Example 4, an epoxy rééin ceoating
'(trade'name: Epicon HB-AL, available from Chugoku Marine

Paints, Ltd.) was used, and as Comparative Example 5, an



[0075] AA: pass BB: blistered Adhesion 20 After imersion for 6 nonths and
12 nont hs, omrt-hesgsurface of the test plate, a cut in the form of a cross
was nmade with a knife, then the edge of a blade of the cutter was inserted
~at the cut portion, and occurrence of peeling was exam ned by vi sual
observation to evaluate SF-1339 46 adhegion between the anticorrosive
coating filmand the silicone antifouling coating film [0076] AA: good

BB: slightly bad 5 CC. bad 47 Epoxy resin bi nder H P|Cﬁ NXerFEyHrﬁfng y
coating H r|68559~%ﬁ§hwlgﬁghgk %%age nsmeo gpﬁcgp HB ~AL binder,

N[FE ~~ O-
available from Chugoku Marine Pzints, Ltd.) was used.

[0074] Test methods

5 The coated plates each having an antifouling
composite coating film, which had been obtained in
Exampleé 1 to 9 and Compérative Examples 1 to 5, were set

- on an immersion raft and immersed in the sea at a depth
of 1 m. After 6 months and 12 months, anticorrosion
10 property and adhesion were evaluated based on the
following evaluation criteria. The evaluation results
are as shown in Table 2.

Anticorrosion property

After immersion for 6 moﬁths and 12 months,
15 occurrence of blister on the coating film surface of the
test plate was examined by visual observation.
f0075] AA: pass
BB: blistered
Adhesion
20 After immersion for 6 months and 12 months, on the
surface of'the test plate, a cut in the form of a cross
was made with a knife, then the edge of a blade of the
cutter was inserted at the cut portion, and occurrence of

peeling was examined by visual observation to evaluate



adhesion between the anticorrosive coating film and the

silicone antifouling coating film,

ABA: good

[007¢6]

slightly bad

BB:

CC: bad
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49 CLAIMS 1. An epoxy anticorrosive coatfng conposition used for formng
an epoxy antigetrr®sj ve coating filmin an antifouling conposite coating
filmconprising an epoxy 5 anticorrosive coating filmand an
or ganopol ysi | oxane antifouling coating filmwhich are lam nated in order on
a surface of a base, said epoxy anticorrgéive coating conposition
conprising: (A an epoxy resin, 10 (B) a Curing agent for epoxy resins, and
(C a nodifier which is either (i) a nodifier conprising a hydroxyl
gr oup- cont ai ni ng petrol eumresin (C|L83é£ﬁéhydroxyl gr oup- cont ai ni ng
t er penephenol resin (c2), or (ii) a r conprising a hydroxyl group
15 contai ning petroleug1re5|n or a hydroxyl group- containing
t er penephenol resim (c2} §Ra*¥ éBGﬁﬁPéﬁ@SF§§|ﬁ°a€éB¥ compFhet époxysed
anticorrosive coating conposition as 20 clained in claiml, wherein the
modi fier (C) 59 tREMIRFAPRI BPORY RESmpricoisAgeachutiogy Figmoup- eont ai ni ng
petroleumresin (cl) or a hydroxyl group-containing terpenephenol resin
(c2) and a cG@vdioNédingscampes)tandoatdntaifnint bempotsBhgnans €sbRy (C3) in
an anount of 1 to 99 SF-1339 50
5 anticorrosive coating film and an organopolysiloxane

antifouling coating film which are laminated in order on

2 surface of a base, said epoxy anticorrosive coating

composition comprising:

(A) an epoxy resin,
10 (B) a curing agent for epoky resins, and
(C} a modifier which is either {1) a modifier

comprising a hydroxyl group-containing petroleum resin

(cl) or a hydroxyl group-containing terpenephenol resin

(c2), or (ii) a modifier comprising a hydroxyl group-

15 containing petroleum resin (cl} or a hydroxyl group-

containing terpenephenol resin (c2) and a coumarone resin

{c3).

2. The epoxy anticorrosive coating composition as
20 claimed in claim 1, wherein the modifier (C) is the
mod;fie;‘(ii) comprising a hydroxyl group-containing
petroieum resin (cl) or a hydroxyl group-contaiﬁing
terpenephenol resin (¢2) and a coumarone resin {c3) and

contains the coumarone resin (c3) in an amount of 1 to 99



parts by weight in the total 100 parts by weight of the resin (cl) or the
resin (c2) as@-ubBegresin (c3). 3. The epoxy anticorrosive coating
conposition as 5 claimed in claim1 or 2, wherein the nodifier (C is
contained in an amount of 5 to 200 parts by wei ght based on 100 parts by
wei ght of the cured resin solid conponent; 4. The epoxy anticorrosive
coating conposition as 10 clained in any one of clains 1 to 3, wherein the
hydr oxyl group-contai ning petroleumresin (cl) or the hydroxyl

gr oup- cont ai pLpgst 8L PEASRAENSL i ) s. 1 .t0 .3 hydroxyl.groups in
one nnlecule? 15 5.9The gpoxy a%ﬁ?cg?%%gi%Qac%%fF%db%dﬂ%H%WQi%ﬁ1 S cl ai ned
in any one 0 . ai to 4. _wherein,t softenin oi nt_of the hydroxyl
group-contai%fi%%1611 gg%fo?ﬁuﬁp?eﬁ?ﬁl?cﬁ?ggra? et%?d?%%ﬁﬁ & dlup- cont ai ni ng
t erpenephenol resin (c2) is in the range of 40 to 160C. 20 6. The epoxy
anticorrosive coating conposition as claimed in any one of clainms 1 to 5,
wherein the softeningrpoint of the coumarone resin (c3) is in the range
of 90 to 120C. SF#4339ma egoxyhaniehexyremt e orgasing coatdsig iconpesi ti on
as clainmed in any one of clainms 1 to 6, further conprising at |east one
conponent® sefbaimed fimneiatugt oop Lonshstényg the modifier (C) is

contained in an amount of 5 to 200 parts by weight based

on 100 parts by weight of the cured resin solid component.

4. The epoxy anticorrosive coating composition as
- 10  claimed in any one of claims 1 to 3, wherein the hydroxyl
group-containing petroleum resin (cl) or the hydroxyl
group-containing terpenephenol resin (c2) has 1 to 3

hydroxyl groups in one molecule.

15 5. The epoxy anticorrosive coating composition as
claimed in any one of claims 1 to 4, wherein the
_éoftening point of the hydroxyl group-containing
petroleum resin (cl) or the hydroxyl group-containing
Cterpenephenol resin (c2) is in the range of 40 to 160°C;
20
6. The epoxy anticorrosive coating composition as
claimed in any one of claims 1 to 5, wherein the
; softening point of the coumarone resin (c3) is in the

range of 90 to 120°C.




5 of talc, silica and titaniumoxide. 8. The epoxy anticorrosive coating
conposition & -183® med in any one of claims 1 to 7, further conprising an
anti-sagging agent. 10 9. An anticorrosive coating filmformed fromthe
epoxy anti corrosive coating conposition of any one of clainms 1 to 8. 15
10. An organopol ysilixane antifouling cogposite coating film conprising
the anticorrosive coating film (lI) of claim9 and an organopol ysi | oxane
antifouling coating film(ll) which are lam nated in order on a surface
of a base, wherein the organopol ysil oxane 20 antifouling coating film(I1)
is an antifouling coating filmformed froma noisture-curing

or ganopol ysi | oxan co sition conprising. oragnopol ysil oxane havi ng
condensi ng functighal gggu%é0§¥ %%?ﬁc%ﬂﬁ%g% ©a ﬁ%f%%%l%?mﬁﬁﬁﬁﬁﬁﬁﬁfﬁf 11.
The organopol ysi.| oxane antifouling conposite coating filmas clained in
cl ai m 10, mggéilﬂle?hén BPYaRBpoPYysFEdxARel akPi Pouf PREN@BAEPTREISIRA (1) is
a coating filmformed froma noisture-curing 5 organopol ysil oxane
conposi ti on E6npRRSENGNeoFaYREPENY S brahed havengt ke ngemap ngpt smst ironal
groups at both ends of a nolecule and liquid paraffin or a silicone

5 of talc, silica and titanium oxide.

8. The epoxy anticorrosive coating composition as
claimed in any one of claims 1 to 7, further comprising

an anti-sagging agent.

10
9. An anticorrosive coating film formed from the
epoxy anticorrosive coating composition of any one of
claims 1 to 8.
15 10. An organopolysilixane antifouling composite

coating film comprising the anticorrosive coating film
(I} of claim 9 and an organopolysiloxane antifouling
coating film (II) which are laminated in order on a
 surface of a base, wherein the organopolysiloxane
20  antifouling coating film (II) is an antifouling coatiﬁg
film formed from a moisture~-curing organopolysiloxane
composition comprising oragnopolysiloxane having

condensing functional groups at both ends of a molecule.




oil. 10 12. The organopol ysil oxane antifouling conmposite coating film as
clainmed in clgg-m3lds or 11, wherein the organopol ysil oxane antifouling
coating film(Ill) is a coating filmformed froma noi sture-curing

or ganopol ysi | oxane conposition containing the liquid 15 paraffin or the
silicone oil in an amount of 1 to 150 pshts by wei ght based on 100 parts
by wei ght of the organopolysil oxane havi‘fig condensi ng functional groups at
both ends of a nolecule. 20 13. A ship or an underwater structure coated

with the organopaql,ysi Loxane antifouling conposite. coating film of an
one of Claing 10p?i¥12&%e organopogys1l%xangpantifouling cgmposite y

coating fiim as claimed in claim 10, wherein the
organopolysiloxane antifouling coating film (II) is a
coating film formed from a moisture-curing

5 Qrganopolysiloxane composition comprising
oragnopolysiloxane having condensing functional groups at
both ends of a molecule and liquid paraffin or a silicone

oil.

10 12. The organopolysiloxane antifouling composite
coating film as claimed in claim 10 or 11, wherein the
organopolysiloxane antifouling coating film (II) is a
coating film formed from a moisture—curing

' organopolysiloxane composition containing the liquid

15 paraffin or the silicone oil in an amount of 1 to 150
parts by weight based on 100 parts by weight of the
organopolysiloxane having condensing functional groups at

both ends of a molecule.

20 _ 13. A ship or an underwater structure.coated with
the organopolysiloxane antifouling composite. coating film

of any one of claims 10 to 12.



