1 . COATI NG COVPGSI TI ON p Fl ELD OF

THE INVENTICN The present invention relates to a coating Fﬂ°
conposition for use in preventing the attachment of organlsns éE -
surfaces of structures subnerged in seawater. ND
OF THE | NVENTI ON : The surfaces of qtructures subnerged i n seawat er

such as ship bottons, buoys, fishing nets (e.g., fixed nets and farmng
nets), underwater: antlfoullng films, and various draft and drain pi pes for
cool i ng under go varlous troum(ﬁtdﬁ?lﬁgréﬁﬂﬁésffléﬁe attachnment. of
barnacles; nytilids, “serpulas, algae, and the like. It is well known to
coat subnerged 'structure surfaces with paints capable of preventing the
attachnment of such marine organisns in order to prevent fouling by t hese
organi snms. The resins current| §IEsedOFN THEQINVENTION he prevention of

mari ne-organi sm attachnent are roughly divided into hydrolyzabl e pol ynmer
type and rosin tyrphe present Theverdsitor yreletedhyih @& yeedtingol yners are
organotin polyners. The paints based on an organotin polymer function as
fol | ows. Theompestitigrt i fow fusercih tprewinting rthie sattachmert wf ofganisms

hydrol ysis in seawater of organotin groups bonded to the pol yner, whereby
the coatingd ithe raurfiages tof structures submerged in seawater. '

BACKGROUND OF THE INVENTION

The surfaces of structures submerged in seawater such
as ship bottoms, buoys, fishing nets (e.g., fixed nets and
farmghg nets), underwater antifouling films, and various
draft and drain pipes for cooling undergo various troubles as
a result of the attachment of barnacles, mytilids, serpulas,
algae, and the like. It is well known to coat submerged
structure surfaces with paints capable of preventing the
attachment of such marine organisms in order to prevent
fouling by these organisms. The resins currently used in
paints for the prevention of marine-organism attachment are
roughly divided into hydrolyzable polymer type and rosin
type. |
._ The most typical hydrolyzable polymers are organotin
polymers. The paints based on an organotin polymer function
as follows. The coating film formed therefrom erodes as a
'result of the hydrolysis in seawater of organotin groups
bonded to the polymer, whereby the coating film retains its
surface activity. _Thé organotin compound resulting from the

hydrolysis also functions as an antifoulant. The coating



surface activity. The organotin conpound resulting fromthe hydrolysis

‘al so functions as an antifoulant. The coating

2 filmis thus capable of preventing the attachnment of marine organi sns
over a‘long period of time. However, since organotin conpounds tend to
accunmul ate in the environnent, wuse thereof is restricted fromthe

st andpoi'nt of avoiding environmental pollution. Many proposal s have _been
made on hydrol yzabl e polyners as substitutes for such organotin polyners

in e.g., flﬂx(:\-@9-5199.45&{;591(&eéﬁOpééeentﬂnaoth&%@ﬁ&&:ﬁmeaﬂbws&é/r&a%8) ,
JP- A-63- 215780, and JP-A-7-102193 (corresponding to U. S. Patent

5, 436, 284)orddiifsher svéd PaAlongspagtddhefeitimeranioaavennesdmceed publ i shed
"Japanese patent application.") On the other hand, the paints
based on corgsmnotimecompoandsagtend to abeumsilate tihethesenvigonmegit,| y
soluble in alkali solutions and dissolves into seawater, which'is weakly
al kal i ne (pée=thesesf 2is(vestpicted Eromeiheat standppiatprfopvodding
8.6x10[err] mol/l), an_antifoul ant can be effectively and gradually
‘rel eased iemvixenmental pabdlubienei r ManygRLOPOSRLE have PReBeARECPM osi ns
are extensively_ used_in antifouling ggimts for the §r venti on qQf
mar i ne- or AYREALYaaPhe nReAYIeKE A8JSuBFLtitutese £o5T sSHCE 9X9aNONR i n many
publications_including, e.g.,_"S igiz i, K a?u Handobukk ( Col gr.ant
gl neer | BSHERGEROKTY BoB-- BIT-A-E0- 00484 (HerTesponding €8 o
84/02915, PCT/US84/00068), JP-A-63-215780, and JP-A-7-102193
(corresponding to U.S. Patent 5,436,284). (The term "JP-A"
as uséd herein means an "unexamined published Japanese patent
application.")

On the other hand, the paints based on a rosin are
a&vantageous in that since the rosin is slightly soluble in
alkali solutions and dissolves into seawater, which is weakly
alkaline (pH = 7.8-8.2) (solubility in seawater with a pH of
8.1: 8.6x10°° mol/l), an antifoulant can be effectively and
gradually released into seawater. Due to their slight
solubility in seawater, rosins are extensively used in
antifouling paints for the prevention of marine-organism
attachment. Methods of use thereof are described in many
publications including, e.g., "Shikizai Kogaku Handobukk
(Colorant Engineering Handbook)" (pp. 821-, edited by the
Colorant Society) and "Senpaku No Toso To Toryo (Coating and
Paints for Ships)" (pp. 70-, written by Manabu Nakao, the

Ship Technology Society).



Col orant Soci ety) and "Senpaku No Toso To Toryo (Coating and Paints for
Ships)" (pp. 70-, witten by Manabu Nakao, the Ship Technol ogy Society).

3 However, rosins thensel ves are physically brittle (have
considerably poor filmformng ability due to their |ow nolecular weights)
and shoul d be used as blends with other 3synthetic resins or the like in
order to conpensate for the brittleness. The bl ending ingredients used for
conpensating for the brittleness should be polynmers having satisfactory

conpatibility w thyReiRs, lHodiddSiHende BIaNdftk hHys fca PDF BRIt PDOT | Y
conpatible therewith, the rosin and the polyner separate from each ot her

and the reqWave EdriSiderdBIas Peyhi Hi 1k-£éEmDiy SAlHl i By | diié epestheir low
Wth respect to the blending of rosins with other polynmers, proposals were

made in JPm&lEbulldy] Aeidhitd haind ishouwbd beposéeddas rbDéhds Goi@B48Eheéhat use
of a- bl ending polyner having satisfactory conpatibility facilitates the
control of synthetig frdsims cuif bihe tVikseld -godex tagcompersatesfor the
However, it was found that even when a blend of a rosin with a polymer

sat i sf act obidittdensss bl Chendranding singxedientsuged | foul FemppRsatinghe
coating filmformed from the paint_cones to have drawbacks after |ong-term
i mrer si on, foxudhadritddanass shreldibePelymess RABHIT (S2LEBFRFEPFSN of

compatibility with rosins. If a rosin is blended with a
polymer poorly compatible therewith, the rosin and the
polymer separate from each other and the resulting rosin
phasg\exhibits its physical brittleness.

With respect to the blending of rosins with other

- polymers, proposals were made in JP-A-50-135125. Further, it

was reported in JP-A-60-28456 that use of a blending polymer
having satisfactory compatibility facilitates the control of
coating film erodibility (self-polishing properties).

However, it was found that even when a blend of a
rosin with a polymer satisfactorily compatible therewith is
used in an antifouling paint, the coating film formed from
the paint comes to have drawbacks after long-term immersion,
such as a decrease in coating film erodibility, generation of

physical defects in the coating film, and a decrease in the

-

prevehtion of marine-organism atﬁachment, although
satisfactory in the initial properties thereof. Further,
'since ships, in particular, are recoated after a certain
period (about from one to three years) qf service, the old

coating films are required to have suitability for recoating,



physi cal defects in the coating film and a decrease in the prevention of
mari ne-organi smattachnent, although satisfactory in the initia

properties thereof. Further, since ships, in particular, are recoated
after a certain period (about fromone to three years) of service, the old
coating films are required to have suitalylity for recoating, _

4 i.e.;, the ability to be coated with a fresh paint. However, coating .
films formed fromthe prior art antifouling paints containing a blend of a

rosin and @ ol ypRe £BIPRLLDLE bEhebawelhwRhE af Fde@ht @aieituns Wowdldex f or
this recoating. - These drawbacks and defect are attributable to the

formation ebatify'faths’ e6kilee Fewar thesphtioRd akrtomntifoudiigolpainys
(l eaching) of the antifoul ant together wth the rosin on the coating film

surface incpnehtnengeat bléhd o6sanrostanpad bl @olgmerecotipa tiidliehe
solubility in seawater of the polyner itself, which is |ower than that of
t he rosi n therewithnmeerenfbund to be Bhenditadpleolfprethim egooqtiingd t o have
a higher film formng ability than rosins, i.e., to have a higher

mol eécul ar wei ght Theserdcawbackscandedefegtapreyasfriitbudadpde tte the
conpensate for the physical brittleness of rosins. This difference in

nol ecul ar fRTHAtieRt QEecd FBELASCaREShABRIILAYSTpseFditdnde fHoms the 5

diff ' lubility therebet
! erencedigsg ugEBnI(Xeacgigg? OF the antifoulant together with the

rosin on the coating film surface in preference to the rosin-
‘compatible polymer due to the solubility in seawater of the
polymér itself, which is lower than that of the rosin or is
almost nil.

Blending polymers are required to have a higher film-
forming ability thén rosins, i.e., to have a higher molecular
weight than rosins, because they are used in orxder to
compensate for the physical brittleness of rosins. This
difference in molecular weight between rosins and blending
polymers results in a difference in solubility therebetween.
Since the thickness of the residue layer increases with
immersion time, this results in a decrease in coating film
érodibility and generation of physical-coating film defects
due to internal cohesion within the residue layer. As a
result of these, the effect of préventing marine-organism
attachment is lessened and suitability for fecoating'is
reduced.

As described'above,.despite the slight solubility of

rosins in seawater which property is a performance rendering



Since the thickness of the residue |ayer increases with inmrersion tine,
this results in a decrease in coating film erodibility and generation of
physi cal coating filmdefects due to internal cohesion within the residue
| ayer. As a result of these, the effect of preventing marine-organi sm
attachnment is | essened and suitability fos recoating is reduced.

As descri bed above, despite the slight solubility of rosins I n seawat er
whi ch property is a perfornmance rendering

5  the roghBs r8%5a8deRdlerdd wgigb st ifttib 1S Fd M i NP ﬁﬁnﬁgﬁrﬁdﬁ “ma AN sm
attachnent, there has so far beén no coating conposition which

conti nUOUSb!'ghﬁK%ﬁ\ adcachaentQf thiddle HMRY fgy NERIYE BN dsdimpr i od of
tinme. Furt her nore, t he hydr ol yzabl e pol ynmers proposed as :

substi t ut egoinpbsitganowhicholosiinudusiiy Rdke¥? Aiartadfe espailitng to

JP- A- 60-500452) and JP-A-63-215780, which have organosilicon groups as
hydr ol yzabperdoempacewererf auddng pdradwoel adff adiinee. f or exanpl e, that the
coating filnms conpri-sing these polyners are unsuitable for the prevention
of mari ne- or gani snFurthermene b&heuhydriedy zad Leo podiyseats, prapused @snat er
or they peel off during inmmersion in seawater. (The term "JP-B" as used.
herei n neafybghitukes sex QEEéﬁéﬁén[Hﬁhﬁﬂeqﬁﬂﬂﬂtiﬁﬂﬁnﬁ‘%z present

i nventors nade intensive studies in order to elimnate those defects and,
as a resul {corresponding to JP-A-60-500452) and JP-A-63-215780, which

have organosilicon groups as hydrolyzable groups, were found
to have defects, for example, that the coating films
compr}sing these polymers are unsuitable for the prevention
of marine-organism attachment because they do not dissolve

- into seawater or they peel off during immersion in seawater.
(The term “JP;B" as used herein means an "examined Japanese
patent publicétion.") The present inventors made intensive
studies in order to eliminate those defects and, as a result,
found that the defects could be eliminated not by merely
incorporating organosilyl groups but with the polymers
described in JP-A-7-102193 (corresponding to U.S. Patent
5,436,284).

However, aﬁ investigation made thereafter revealed
that even the polymers proposed in the reference cited just
above are unsatisfactory not only’in performances after ;ong—
term immersion in seawater, in particular suitability for
recoating, but also in the prevention of marine-organism
attachment over a period corresponding to the out-fitting

period, which performance is required for out-fitting.



found that the defects could be elimnated not by nerely incorporating
'organosi |yl groups but with the polyners described in JP-A-7-102193
(corresponding to U S. Patent 5,436, 284). However, an

i nvestigation made thereafter revealed: that even the polyners proposed in
the reference cited just above are unsaéisfactory not only in perfornmances
after long- termimersion in seawater, in particular suitability for
recoating, but also in the prevention of marine-organism attachnent over a

period correspondifige t QofherQut-EitLiAg pBRLbAdY, meBheNtRARr ParTeACan S
required for out-fitting. 6

The term "opipf bbhsPBuLLLbRIInRANER! BEhAN! ednishrughtied GARHEMIG idUEK N
which a hull constructed within a dock is floated on the seawater outside

the dock apg eudape€UohOthessbhiwAgerTbutsidel @le sockualndy eafudiped oy hs.
Since the hull is exposed in an anchored state to the sea near the
dockyard (saklingxpoThilst pesisdaisr asuafidyeabsate3emoadhisng by or gani snms
occurs unlike in the ocean) during the out-fitting period, the antifouling
paint to be used $imcehtheuhulltisngxpeseddinsancgocheadedo sifare &ohitdueer -
t han-ordi nary degree of performance in the prevention of marine-organi sm
at t achnent se@enearecthet dpckyang férPod. exposed toha §8Ap ARFCHNRES been

out-fitted is comm ssioned in . . .
severe fouling by organisms occurs unlike in the ocean)

during the out-fitting period, the antifouling paint to be
used for the out-fitting period is required to have a higher-
than-érdinary degree of performance in the prevention of
marine-organism attachment over the out-fitting period.

The ship which has been out-fitted is commissioned in
service as it is or after being docked again and finished.
If the attachment of organisms occurs during the out-fitting
period, the ship having the adherent organisms cannot be
commissioned in service because the ship has a reduced fuel
efficiency from- the initial stage of service. 1In the case of
redocking the ship, it is necessary to remove the adhérent
organisms prior to service. If use of an antifouling paint
has resulted in such troubles, the paint intended for the
prevention of marine-organism attachment was uttérly
ineffective in performing its fungtion, namely the
application thereof was equal to nonuse thereof.

The present inventors devised a test method for
.evaluating the ability to prevent marine-organism attachment

over the out-fitting period. Specifically, this improved



service as it is or after being docked again and finished. |If the
attachnment of organi sns occurs during the out-fitting period, the ship
havi ng t he adherent organi sns cannot be commi ssioned in service because
the ship has a reduced fuel efficiency fromthe initial stage of service.
In the case of redocking the ship, it is?necessary to renove the adherent
organi sms prior to service. If use of an antifouling paint has resulted in
such troubles, the paint intended for the prevention of marine-organism

attachment tuge whkeebyductelf eat ithe iskamated M Owdse fhayet iMirs, Wy, t he
application thereof was equal to nonusé thereof. The present

i nventors dhereedoalliagt byemaerdneobrgandsmest iisy sdversy [than tim Rdedent

mari ne- organi sm attachment over. the out-fitting period. Specifically, this
i nproved Bay, Hyogo, Japan, a sea area usually/ useddiy wie qoretertted in
the seawater of Owase bay, .Me, Japan, where fouling by marine organisns

i s sever er inentprsAfor eBajuamingo theaghilitynd areyvepumasinged by the
present inventors for evaluating the ability to prevent marine- organi sm
at t achnent organism estashimentef foxokhreey masithse tfefiyam JWAaBs ¥ such a |
manner that test pieces were inmmersed while being kept, horizontal so as to

be nore | APPLERDEF /b ISEningRUCh & SEMYH (TS (RSO RESRAS WShfersion in
RGBS M T RO, SO i Sl
influenced by sunlight, in contrast to the ordinary immersion
in which test pieces are kept perpendicular to the water
surfgée. Thus, the immersion test was initiated in summer,
when fouling by organisms is severest (since an antifouling
agent for preventing marine-organism attachment does not come
to be leached immediately upon immersion but comes to be
leached after a certain period, the possibility of organism
attachment is high immediately after initiation of immersion
when the test pieces are immersed in the season when fbuling
by organisms is-severe). As a result of evaluation by this
test method, the polymers described in JP-A-7-102193
(corresponding to U.S. Patent 5,436,284) were found to be
unsatisfactory in the.ability to'prevent marine-organism
attachment over the out-fitting pefiod.
SUMMARY OF THE INVENTION
An object of the present invention is to develop a

rosin-based coating composition giving a coating film which
forms no residue layer on the surface thereof over long-term

immersion, is hence free from physical defects such as cracks



when fouling by organisns is severest (since an antifouling agent for
preventing marine-organi smattachnent does not cone to be | eached

i mmedi at el y upon i mrersion but cones to be |eached after a certain period,
the possibility of organism attachnment is high imediately after
initiation of immersion when the test pi8eces are imersed in the season
when fouling by organisns is severe). As a result of evaluation by this
test method, the polyners described in JP-A-7-102193 (corresponding to

U.S. Pateniyg. §d8) 28 )aﬂﬁrEaggﬁmg b R&in¥ASAL LS a_C%Q!ffiic'ieh!@ﬂgaMi'gihty to

prevent nmarine-organfsm att ment over the ouf-fitting period.

SUMVARY O JEE bBVESHEEERY £ilm eroffofibhfal pebveheingeeaR! aitbuehinedit iof t 0
devel op a rosin-based cdating conmposition giving a coating filmwhich

forms no rpsioNe bayehiskst BeegUal 26agt bereol ofetilengand Mas nmrersion, is
hence free from physi cal defects such as cracks

8 and peshtigfactoeppsatlieablilimynfernregoatingf aadethley shitdls fackioaryof
coating filmerosion and preventing the attachment of rmarine organi sns
over a | onabpritpdtofprewentamdrhne-organdsacastpchmengbioviery ther audcoat i ng
and the satisfactory ability to prevent marine-organi sm attachnent over
the out- £fitting period. The present inventors directed attention

to the
The present inventors directed attention to the

following points in order to develop the desired coating -
composition. For developing the desired coating composition,
it is ‘necessary to enable the formétion of a coating film
which forms no residue layer on the surface thereof. In
o;der for a coating film to satisfy this requirement, the
coating film should contain a rosin-compatible polymer which
comes to have enhanced solubility in seawater after immersion
therein. Only polymers which undergo a chemical change upon
immersion in seawater can perform such a function. Namely,
such polymers undergoing a-chemical change can have good
compatibility with rosin resins before immersion in seawater
and become hydrophilic onlY at the coating film surface after
immersion in seawater to thereby retain a satisfactory
dissolution rate.

The presént inventors dirécted attention to, as a
blending polymer, a polymer containing a carboxylic acid
protected by an organosilyl group. This polymer is
compatible with rosins (lowly.polar) due to the low polarity

of the organosilyl group and, after immersion in seawater,



follow ng points in order to develop the desired coating conposition. For
devel oping the desired coating conposition, it is necessary to enable the
formation of a coating film which forns no residue |ayer on the surface
thereof. In order for a coating filmtogsatisfy this requirement, the
coating filmshould contain a rosin-conpatible polymer which conmes to have
enhanced solubility in seawater after imrersion .therein. Only polyners

whi ch undergo a chem cal change upon inmersion in seawater can perform

such a funghhapg oaarrsl Yhem$bal BARWGR SueNd EhicN hydrel§HatAll IdliAIe e
have good- conpatlbl ity with rosin’resins before imrersion in seawater

and beCDfTEob?Qh@BM&&CgQBhg& at Thile ,Cedlel Beakaltdrs difsaed wdfilosr i mmrersion in-
seawater to fthereby retain a satlsfactory di ssolution rate. The

- present ingRaractediseitsdost thet polymer dtramatilcaldiynghamgensirom pol yner
containing a carboxylic acid protected by an organosilyl group. This

pol ymer i sinsoipbilebte sblhbilesi nOrgameitynpgodiypedse hiayimge diovidgot arity

of the organosilyl group and, after imrersion in seawater,

9 under hydzodyeabiili &y cnangeom compiad-iipler @Il;tilamqsmn,s dfeqause of

or ganosi | yl groug Thus, the seawater dissolution characteristics of the
pol ymer dr sheirchigheshradaritymthans sheisd 1yd adedypodymes geba%e pol yer s

having simlar
hence unable to perform the function of the 511ylated

polymer. The crucially important properties required of a
polymer for use as blends with rosins are low polarity and
hydro}yzability in seawater.

As a result of intensive studies made by the present
inventors_on the above points, it has been found that the
problems of pfior art techniques can be completely eliminated
by using a rosin compound such as a rosin or a derivative
thereof in combination with a polymer containing organosilyl
ester groups in which the otganosilyl groups functipn as
hydrolysis sites and ﬁith an antifoulant. Namely, they have
succeeded in developing a rosin-based coétingjcomposition
giving a coating film which forms no residue layer on the
surface thereof over long-term immersion, is hence free from
physical defects such as cracks and peeling and capable of
maintaining a sufficiently high r;te of coating film erosion
and preventing the attachmerit of marine organisms over long,

- and has-saﬁisfactory suitability for recoating and the
satisfactory ability to prevent marine-organism attachment

over the out-fitting period.



hydrol yzability are poorly conpatible with rosins because of their higher
polarity than the silylated polyner and are hence unable to performthe
function of the silylated polymer. The crucially inportant properties
required of a polyner for use as blends with rosins are | ow polarity and
hydrol yzability in seawater. As daesult of intensive studies nade
by the present inventors on the above points, it has been found that_the
probl enms of prior art techniques can be conpletely elimnated by using a

rosin conpound suchha@spfes8fitnifiveatdoh providest Becoaking eomposdition Wi th
a polynmer -containing organosilyl ester groups in which the organosilyl- -
groups fungbmppisinghydsokgsientialesompdnents anAnaitf delast ondanedsin t hey
have succeeded in devel oping a rosin-based coating conposition: giving a
coating fitompbund selested fesmdwesiaggr rosinhderdimaftdcest hamnsofrosiay

| ong-termimrersion, is hence free from physical defects such as cracks
and peel i getall saptble(B) ataleastniong podyieiricomtiainingh argaaasilsat i ng
filmerosion and preventing the attachnent of marine organi sns over |ong,
and has sa@$§¢§c9§¢9p§uwtlé§gl copprdsese @ Polygemett i leastsoag &fy
ability to prevent marine-organismattachnent . over the out-fitting period.
10 monerers M EePrasentren byr Seddermuddat i ng conposition’

conprising, as essential conponents, (A) at |east one rosin

Rl

_ I

\ ~ X—-Si-R? | (1)
I
R3

wherein R! to R?® may be the same or different and each
represents an alkyl group or an aryl group, and X
represents an acryloyloxy group, a methacryloyloxy group,
a maleinoyloxy group, a fumaroyloxy group, an
itaconoyloxy group, or a citraconoyloxy group
and/or a polymef of at leést one of said monomers M and at
least of polymerizable monomers other than said monomers M,
and (C) an antifoulant.
DETAILED DESCRIPTION 6F THE INVENTION
The rosin compound of ingredient A used as an
essential component in the present invention is at least one
selected from rosins, .rosin derivatives, and rosin meﬁal

salts. Examples of the rosins include tall rosin, gum rosin,



conmpound selected fromrosins, rosin derivatives, and rosin netal salts,
(B) at |east one polyner containing organosilyl ester groups which
conprises a polymer of at |east one of nonomers Mrepresented by the
formul a [err] wherein R err] to Rlerr] may be the sanme or
different and each represents an al kyj, group or an aryl group, and X
represents an acryl oyl oxy group, a nethacryl oyl oxy group, a .

mal ei noyl oxy group, a fumaroyl oxy group, an i taconoyl oxy group, or a

ci traconoyhayywibQURos3Rd/ OExampAlesf ¢hedirdsims dediratiivial dhgngers M
and at | east of polynerizable nmononmers other than said nononers M and

(O an ant hi;awbgehated rosins, modiAlildDridsSaE BHtANned HyE neddNHEON
The rosin conpound of ingredient A used as an essential conponent in the
present inyesinenwithamaledst anhydrielesc tfednylahedogiosing osind deri vati ves,
and rosin netal salts. Exanples of the rosins include tall rosin, gum
rosin, polymerized rosins. Examples of the rosin metal salts
| include zinc rosinates, calcium rosinates, copper rosinates,
magnesium rosinates, and products of the reaction of rosins
with compounds of other metals.

At least one selected from such rosin compounds is
used in the present invention in such an amount that the
propd%tion-of this rosin compound to the polymer containing
organosilyl ester groups of ingredient B is usually from 1/99
to 99/1, preferably from 5/95 to 95/5, by weight on a solid
basis. If the amount of ingredient A is too small (i.e., the
ratio of ingredient A to ingredient B is less than 1:99), the
effect of preventing the attachment of marine organismé,_in
particular the effect of preventing marine—organiSm
attachment over:- the out-fitping period, is not exgected. If
the amount thereof is too large (i.e., the ratio of
ingredient A to ingredient B is larger than 99:1), the
coating composition has reduced film-forming ability and
gives a coating film Which is apt to develop defects such as
cracks and peeling and hence be léss effective in the
prevention of marineQOrganiSm attachment.

| The polymer containing organosilyl ester groups of
ingredient B used as another essential component in the

coating composition of the present invention comprises a



and wood rosin. Exanples of the rosin derivatives include hydrogenated
rosins, nodified rosins obtained by reacting rosins with maleic anhydri de,
formul ated rosins, and polynerized rosins. Exanples of the rosin netal
salts include zinc rosinates, calciumrosinates, copper rosinates,
magnesi um rosi nates, and products of the yeaction of rosins wth conpounds
of other netals. At | east one selected from such rosin conmpounds
is wused in the present invention in such an anount that the proportion of
this rosinpsppRepndst att Neapel B! oFORicRiciidls M) GieH lade aipresgimuges of
ingredient B1s usually from1/99 to 99/1, preferably from5/95 to 95/5,
by wei ght p§ fosmhld (bhasdesclfibede akowent amid/iong ke giodymek iof tado lsat
(i.e., the ratio of ingredient Ato ingredient Bis |less than 1:99), the
effect of pnevefit magomkesaMt anHmernt lefastacnes off gdiymes;izablemanaomensg t he
effect of preventing marine-organism attachnent over the out-fitting

peri od, isohberekhantwdnomerstMe anount thereof is too large (i.e., the
ratio of ingredient Ato ingredient Bis |arger than 99 %L, the_ coating
conposi ti on has reN8cRBEPRFERES 5rﬁnm§oa¢mwhauxlgndm°@iom§5a &achdas an
which is apt_to devel op defects such as cracks and peeling and hence be

| ess effecﬂP@@cPhthétrBF§V€ﬁtF@NHﬁiﬁﬁﬁg|ﬂ§4ﬁiﬁ¥%Q¥%9ﬁXaﬂﬁaﬂﬂﬂ.3

The pol yner contai ni ng organosilyl ester, grqups of ingredient B used as
anot her es@@ﬁPPSFYSB BKENBTPHPrhE mﬁiﬁﬁﬁ%ﬁi?ﬁﬁxﬁﬁQﬂH) Wﬁsélﬁeiwesent

' nvention ﬁgggihggio%y group monoesterified with an alkyl (having 1 to

6 carbon atoms)], a fumaroyloxy group [mostly a fumaroyloxy
group\monoesterified with an alkyl (having 1 to 6 carbon
atoms)], an itaconoyloxy group [mostly an itaconoyloxy group
monoesterified with an alkyl (having 1 to 6 carbon atoms)],
of a citraconoyloxy group [mostly a citraconoyloxy group
monoesterified with an alkyl.(haVing 1 to 6 carbon atoms)] as
an unsaturated group (X) and a triorganosilyl group.

lIn the triorganosilyl groﬁp, the three alkyl or aryl
groups (R! to R*) may be the same or different. Exaﬁples
thereof include linear or branched alkyl.groups having up to
20 cérbon atoms, such as methyl, ethyl, propyl, and butyl;
cycloalkyl groups such as cyclohexyl and substituted
cyclohexyls; and aryl groups and substituted aryl groups.
Examples of the substituted aryl aroups include aryl groups
substituted with at least one substituent selected from
halogens, alkyl groups having 1 to about 8 carbon atoms, acyl

groups, a nitro group, an amino group, and the like.



12 polyner of at |east one of nonomers M which are represented by
formula (1) described above, and/or a polyner of at |east one of nononers
M and at | east one of polynerizable nmononers other than nononmers M

As apparent fromfornmula (1), nononmers Meach has a nolecular structure
conprising an acryl oyl oxy group, a nethagryloyloxy group, a nal ei noyl oxy
group [rnostly a nal ei noyl oxy group nonoesterified wwth an al kyl (having 1
to 6 carbon atons)], a fumaroyloxy group [nostly a fumaroyl oxy group

nmonoesterified W .thfaguehkibnbhaxrsnt, 1thesé RavhAg aaim&th)ackfloyloxy
I taconoyl oxy group [nostly an itaconoyl oxy group nonoesterified with an

al kyl (havghgup in theambhecaleniptluder tzximethgtsidylloXmeth)apiyiasie,y a
ci.traconoyl oxy group nonoesterified with an alkyl (having 1 to 6 carbon
atons)] astraethbydsilydt ¢deghdapriyXptendtait-n-propydsilyll gr oup.

In the triorganosilyl group, the three al kyl or aryl roups (Rlerr] to
Rlerr]) naym@bhnherzénneortciﬁsepcnpylsﬁix&pKugthﬂnsrygatencwademﬁ near or
branched al kyl g[ouEs-having up_to 20 carbon atons, such as nethyl, ethyl,
propyl , an@uéﬂ%§+%Y cyReBh) RErY4aseps tyddsohytysididx (mekhd asaydaitaut ed
cycl ohexyl s; ,and, aryl groups and substituted aryl groups. . Exanples of the
substituteﬁrbT§Tb§Fﬁﬁﬁé;YﬁcKHGEthQFY&PG&pStréUB§P%¥§§é§Yﬂﬂth at | east one

subst tuent ek geted LM o3l 99RNS, 3L EYL GLOURTARIVMALST Lgsahout 8

octylsilyl (meth)acrylate, tri-n-dqdecylsilyl (meth)acrylate,
triphenylsilyl (meth)aérylate, tri-p-methylphenylsilyl
(meth}écrylate, and tribenzylsilyl (meth)acrylate.

Otﬁer examples of the monomers M having a
(meth)acryloyloxy group in the molecule include
ethyldimethylsilyl (meth)acrylate, n-butyldimethylsilyl
(meth)acrylate, diisopropyl-n-butylsilyl (meth)acrylate, n-
octyldi-n-butylsilyl (meth)acrylate, diisopropylstearylsilyl
(meth)acrylate, dicyclohexylphenylsilyl (meth)acrylate, t-
butyldiphenylsilyl (méth)ac;ylate, lauryldiphénylsilyl
(meth)acrylaté, and t-butyl-m-nitrophenylmethylsilyl
(meth)acrylate. |

Examples of the monomers M having a maleinoyloxy
group in the molecule include trimethylsilyl methyl maleate,
triethylsilyl ethyllmaleate; tri-ﬁ—propylsilyl n-propyl
maleate, tri-n-butylsilyl h4butyl maleate, tri-n-amylsilyl n-
amyl maleate, tri-n-hexyloctylsilyl maleate, tri~n-octylsilyl
dodecyl maleate, tri-n-dodecylsiiyl methyl maleéte,

triphenylsilyl methyl maleate, tri-p-tolylsilyl ethyl



groups, a nitro group, an am no group, and the like.

13 O such nmononers M those having a (nmeth)acryl oyl oxy group in
the nolecule include trinmethylsilyl (nmeth)acrylate, triethylsilyl
(nmeth)acrylate, tri-n-propylsilyl (nmeth)acrylate, triisopropylsilyl
(meth)acrylate, tri-n- butylsilyl (nethégcrylate, triisobutylsilyl
(nmeth)acrylate, tri-s-butylsilyl (nmeth)acrylate, tri-n-anylsilyl
(meth)acrylate, tri-n-hexylsilyl (meth)acrylate, tri-n- octylsily

(meth) acrymaheatll,| tA-id@ o194 1 INEtdDaer Y Inti Featd ) | heiedsutylsilyl
(meth)acrylate, tri-p-nethylphenylsilyl (meth)crylate, and tribenzylsilyl
(et h) acr ybhlefiyl maleate,Cthdutgdaiimetchyllsilyel mirtchye) mad deitve nota
(meth)acryl oyl oxy group in the nol ecule include ethyldinethylsilyl

(et h) acr y batglddphenylgidgtlhywletihyll madestte aand at-gctyldi-n-butylsilyl

di i sopropyl -n-butylsilyl (nmeth)acrylate, n- octyldi-n-butylsilyl

(et h) acr ymetbyldmadeptepyl stearyl silyl (nmeth)acryl ate,

di cycl ohexyl phenylsilyl (meth)acrylate, t- butyldi phenylsilyl .
(neth)acryl ate, | aBrpmplpsemfl $heymonomans It having arfiimaroyloxy group
t-butyl-n}nitrophen{lnethyLsinI (et h) acryl at e. Exanpl es of the
nonomers MiRafhggme ﬁEPéPhéFF&%ﬂegﬁ%iﬁ??ﬂYi%ﬁ;Y&ﬂmﬂﬁh¥;i arfte,

{1 ey SR LGRS e LS ST S TR S propyn
fumarate, tri-n-butylsilyl-n-butyl fumarate, tri-n-amylsilyl-
n-amyl fumarafe; tri-n-hexylsilyl-n-hexyl fumarate, tri-n-
octyf&ilyl dodecyl fumarate, tri-n-dodecylsilyl methyl
fumarate, triphenylsilyl methyl fumarate, tri-p-
methyléhenylsilyl methyl fumarate, triisopropylsilyl methyl
fﬁmarate, triisobutylsilyl methyl fumarate, tri-2- '
chloroisopropylsilyl methyl fumarate, tri-t-butylsilyl methyl
fumarate, ethyldimethylsilyl methyl fumarate, n-
butyldimethylsilyl methyl fumarate, and n-octyldi-n-
butylsilyl methyl fumarate.

Examples of the monomers M having an itaconoyloxy
group in the molecule include trimethylsilyl methyl
'itaconate, triethylsilyl ethyl itaconate, tri-n-propylsilyl-
' n-propyl itaconate,. tri-n-butylsilyl-n-butyl itaconate, tri-
n-amylsilyl-n-amyl itaconate, triinfhexylsilyl-n-hexyl
itaconate, tri-n-octylsilyl dodecyl itaconate, fri—n-
dodecylsilyl methyl itaconate, triphenylsilyl methyl
itaconate, tri-p;fluorophenylsilyl methyl itaconate,

triisopropylsilyl methyl itaconate, triisobutylsilyl methyl



mal eate, tri-n-butylsilyl n-butyl naleate, tri-n-anylsilyl n- anyl

mal eate, tri-n-hexyloctylsilyl maleate, tri-n-octylsilyl dodecyl naleate,
tri-n-dodecylsilyl nethyl maleate, triphenylsilyl methyl naleate,
tri-p-tolylsilyl ethyl 14 mal eat e,
triisopropylsilyl isoanyl maleate, trllsqgutylsilyl phenyl mal eat e,
t-butyl di methylsilyl nmethyl maleate, utyl di phenyl silyl nethyl naleate,
and n-octyldi-n-butylsilyl nethyl maleate. Exanpl es of the

monorer s M BaxbRdta, fuﬁule: é)&o&rs@fﬁo;iﬁst he 1metgihe sividoiite, tri-t-

trimethylsilyl met hyl funara triethylsilyl ethyl” fumarate,

tri-n-pr Opbh‘éyh%hi_@dph@l&h 1 fi&t&%b@h&:e t idthy lelimd thy M i-IyIbwdethylumar at e,
tri-n-anylsilyl- n-anyl fumarate, tri-n- hexyl si |l yl - n- hexyl fumarate,

tri-n- ociyhebhgkedodebyltyldimeahs,l stirliylnniadady | itidodnated hydnd fiar at e,
triphenylsilyl nmethyl fumarate, tri-p- nethyl phenylsilyl nethyl fumarate,
triisoproppksylili-mebaglylsidydr mechytlr iitagtomatiesi | yl net hyl funarate,
tri-2- chloroisopropylsilyl methyl fumarate, tri-t-butylsilyl nethyl

fumar ate, et hyl di nBxappdepy pEnthey mongmerst o having @y IcditradepenIoRyY net hyl
fumarate, amlnomydln- bmWSHylnmhw fumar at e. Exanpl es

of the non@kKEHE MPh b?n@OAECUQ&béﬁ&ﬁqia/ trjmerhyleidyd matwh e i ncl ude

trinmethylsil met h
y ¥racona e, triethylsilyl ethyl citraconate, tri-n-

propylsilyl-n-propyl citraconate, tri-n-butylsilyl-n-butyl
citraconate, tri-n-amylsilyl-n-amyl citraconate, tri-n-
hexylgilyl-n-hexyl citraconate, tri-n-octylsilyl dodecyl
citraconate, tri-n-dodecylsilyl methyl citraconate,
triphenylsilyl methyl éitraconate, tri-p-hydréxyphenylsilyl
méthyl citraconate, triisopropylsilyl methyl citraconate,
triisbbutylsilyl methyl citraconate, tri-2-
bromoisopropylsilyl methyl citraconate, tri-t-butylsilyl
methyl citraconate, ethyldimethylsilyl methyl citraconate, n-
butyldimethylsilyl methyl citraconate, and n-octyldi-n-
butylsilyl methyl citraconate.

The polymerizable monomers other than monomers M are
monomers copolymerizable with monomers M. - Examples thereof
include acrylic acid_and acrylic esters such as methyl
acrylate; ethyl acrylate, n-butyl!acrylate, t-butyl acrylate,
s-butyl acrylate, 2-ethylhexyl acrylate, cyclohexyl acrylate,
2-hydroxyéthyl acrylate, 2-hydroxypropyl acrylate, glycidyl -
acrylate, 2-methoxyethyl acrylate, and 2-ethoxyethyl

acrylate; and methacrylic acid and methacrylic esters such as



I taconate, triethylsilyl ethyl itaconate, tri-n-propylsilyl- n-propyl
itaconate, tri-n-butylsilyl-n-butyl itaconate, tri- n-anylsilyl-n-anyl
i taconate, tri-n-hexylsilyl-n-hexyl itaconate, tri-n-octylsilyl dodecyl
itaconate, tri-n- dodecylsilyl methyl itaconate, triphenylsilyl methyl
| taconate, tri-p-fluorophenylsilyl nethyhﬁitaconate, triisopropylsilyl
nmet hyl itaconate, triisobutylsilyl nethyl
15 itaconate, tri-2-cyanoisopropylsilyl methyl itaconate, tri-t-

but yl si |yl | ok teSt iy iviat Mdtdidody1@idy le-Hdtgonat e,
n-butyldinggﬁypgiF?Fﬁﬁggﬁgﬁtffaconafgé'and nfﬁbgctyldi-n-gﬁﬁylsilyl met hyl
i taconat e. methacrylak$3meleatefl weahavig/Rite MABathydextl raconoyl oxy
group in the nolecule include trimethylsilyl nethyl citraconate,

triethyl si mglthachylatel,r eyelahexytlr methaquydmtesi 124hydmoxgmthyl traconat e,
tri-n-butylsilyl-n-butyl citraconate, tri-n-anylsilyl-n-anyl citraconate,

tri-n- henelithacylylatieex 2-hy 1 methaaryhats | @ lyidiscl |
citraconate, tri-n-dodecylsilyl nethyl citraconate, trkghenylsilyl nmet hyl
ci t r aconat methacxylager o0y xyiethyl mathacykateoonck 2-ethoxyethyl

triisopropylsilyl methyl citraconate, triisobutylsilyl nmethyl citraconate,
tri-2- br ®85haes¥apfesi |yl methyl citraconate, tri-t-butylsilyl mnethyl

citraconat e, ety gl fethyl s L Meil CLEICNa e 1k ndtid 4 TNV

vinyl esters such as vinyl acetate, vinyl propionate, vinyl
butyrate, vinyl benzoate, and VeoVa 9 and VeoVa 10 (trade
names} manufactured by Showa Shell Kagaku K.K., Japan),
maleic esters such as dimethyl maleate, diethyl maleate, di-
n-propyl maleate, diisopropyl maleate, and di-2-methoxyethyl
maleate, fumafic esters such as dimethyl.fumarate, diethyl
fumarate, di-n-propyl fumarate, diisopropyl fumarate, and di-
2-methoxyethyl fumarate, crotonic esters, itaconic esters,
citraconic esters, styrene, vinyltoluene, a-methylstyrene,
and acrylonitrile.

In producing the polymer containing organosilyl ester
groups of ingredient B, the proportion of at least one of
monomers M represented by formula (1) to at least one
polymerizable monomer other than monomers M can be suitébly
determined according to the use oi the coating composit;on.
In general, however, the proportion of at least one of
monomers M is'preferably ffom'l to 100% by weight and that of
at least one other monomer is preferably from 99 to 0% by

weight.



butylsilyl methyl citraconate. The pol yneri zabl e nononers ot her

t han nononmers M are nononers copol ynerizable wth nononmers M Exanpl es
thereof include acrylic acid and acrylic esters such as nethyl acrylate,
ethyl acrylate, n-butyl acrylate, t-butyl acrylate, s-butyl acrylate,

2- et hyl hexyl acrylate, cycl ohexyl acryla&g, 2- hydr oxyet hyl acryl ate,

2- hydroxypropyl acrylate, glycidyl acrylate, 2-nmethoxyethyl acrylate. and
2- et hoxyethyl acrylate; and nethacrylic acid and nmethacrylic esters such

as The pol¥mer containin o%@ano%&ﬁ?i'e%%b&agﬁﬁh ofn- butyl
nmet hacryl ate, t-butyl ~“nmethacryl ate, s-butyl nethacryl ate, 2Z-ethyl hexyl

met hacryl ai ggredcbpBesytafebBasbrhahed ByhydligneetiRing ERicha@ Yiolomer
2- hydr oxypropyl nethacrylate, glycidyl nethacrylate, 2-nmethoxyethyl

met hacryl aneéxtapd 2nethexpeebghcenefhacppllgmerization ca®aligrsterynams of
t he pol yneri zabl e mononers include vinyl esters such as vinyl acetate,
vi nyl propofnaaeiousnpethbdsysath, asi spllultdono pod ymend 2dedva ,9 baxdk VeoVa 10
(trade nanes, manufactured by Showa Shell Kagaku K K., Japan), nmaleic
est ers sucpoiymerieahibnpnenuieioni poiymexdizedion diand suspsndionl eat e,
di i sopropyl nal eate, and di-2-nethoxyethyl maleate, fumaric esters such as
di met hyl {pedymesizatéenyin punardisaryi WaYpr ofy PrEPATiNg adiqeaddnspy|
fumarate, gggpggition using this polymer containing organosilyl ester
groups of ingredient B, the polymer is preferably diluted
with an ofganic solvent to give a polymer solution having an
approériate viscosity. From this standpoint, it is desirable
to émploy solution polymerization or bulk polymerization.

Examples of the polymerization catalyst include azo
compounds such as azobisisobutyronitrile and
triphenylmethylazobenzene and peroxides such as benzoyl
peroxide, di-t-butyl peroxide, t-butyl peroxybenézate, and t-
butyl peroxyisopropylcarbonate.

Examples of the organic solvent include aromatic
hydrocarbons such as xylene and toluene, aliphatid
hydrocarbons such as hexane and heptane, esters such as ethyl
acetate and butyl acetate, alcohols such as isopropyl alcohol
and butyl alcohol, ethers such as dioxane and diethyl ether,
and ketones such as methyl etth_ﬂetone and methyl isobutyl
ketone. These compounds are used alone or as a mixture of
two or more thereof.

The thus-obtained polymer containing organosilyl

ester groups of ingredient B desirably has a weight-average



2- met hoxyet hyl fumarate, crotonic esters, itaconic esters, citraconic
esters, styrene, vinyltoluene, [err]-nethylstyrene, and acrylonitrile.

I n producing the pol ynmer containing organosilyl ester groups of ingredient
B, the proportion of at |east one of nonomers Mrepresented by fornmula (1)
to at | east one polynerizable nmononer otfgr than nononmers M can be
suitably determ ned according to the use of the coating conposition__ In
general, however, the proportion of at |east one of nononmers Mis

pref erabl y pfy1Qayh a0 wEIGHD b Vel BSbd hed o, o) east e M T@EuT@RONET
Is preferably from99 to 0% by wei ght.

17 weilght ROHERYE GGy O DAN0silads e 1yoopp, oft isgredient
B can be obtai'ned by pol ynerizing such a nonomer mxture in the presence

of a pol ymaiiffFdicudnt et dotid dyhcaal ofiMey | aUS thes hoslbecuwldr asebghtit | on
pol yneri zation, bulk polynerization, enulsion polynerization, and

suspensi on theaepferiisz atacothiigh i ¥ i meone vichan | Y5 prE)dy i nthe coatimg

conposition using this polyner containing organosilyl ester groups of

i ngr edi ent c@mposd. tiony mtaingst afsirgh| thelipakyter iias toe drighia sol vent to

give a polynmer solution having an appropriate viscosity. Fromthis

st andpoi nt viscosd tyesindalhoulch hensepe clikutrd jol Sied i Huinrer or $aFk a

polynerlzayf?&ted coating composition is disadvantageous in that sinée
the coating film thickness obtainable per coating operation
is small, a larger number of coating operations are
neceggary. The solution of the polymer of ingredient B
desirably has a viscosity of 150 P or lower at 25°C. For
attaining such é Qiscosity, the polymer solution of
ingredient B is desirably regulated so as to have a solid
content of from 5 to 90% by weight, preferably from 15 to 85%
by weight. |

Ingredient (C)'used as the last essential component

in the coating composition.of the present invention is an
antifoulant. This ingredient can be selected from a widé
variety of conventionally known antifoulant compounds, which
are roughly divided into three groups, i.e., inorganic
cdmpounds, organometallic compounds, and metal-free'organic
compounds. Examples of the inordénic compounds include_
copper powder, copper compounds such as cuprous oxide,
‘cuprous thiocyanate, coppef carbonate, copper chloride,-and

copper sulfate, zinc'sulfate,,zinc oxide, nickel sulfate, and

copper-nickel. alloys.



Exanpl es of the polynerization catalyst include azo conpounds such as
azobi si sobutyronitrile and triphenyl nethyl azobenzene and peroxi des such as
benzoyl peroxide, di-t-butyl peroxide, t-butyl peroxybenozate, and t-

butyl peroxyi sopropyl carbonate. Exanpl es of the organic sol vent

i nclude aromatic hydrocarbons such as xyl ene and tol uene, aliphatic

hydr ocarbons such as hexane and heptane,lgéters such as ethyl acetate and
butyl acetate, alcohols such as isopropyl alcohol and butyl alcohol,

ethers such as_di Oi‘ﬁé'eoﬁg?néﬁléwﬂiet BShpouddd KAEDRAS,S¥eh axampiiay! ethyl

ket one and net hyl 1 sobut ket one. Theseé conpounds are used al oiie or as a

”1Xtufe,Oforé&ﬁoeép?Efecéﬂ 68A8s, organonithelt Bempelhaisheangol yner
cont ai ni ng organosiTyl ester groups of ingredient B desirably has a

wei ght - avepag&nozinc compounds. Also usable are maneb§ maifedqul ar wei ght
of from1,000 to 150,000. If the nolecular weight thereof is too |ow
(i.e., |espropineh,08Ad, the Likedi f Examplesoofotieaorgampicoppen |f the
nol ecul ar weight thereof is too high (i.e., nore than 150,000), the
coating cocoppsundsninblaudecdxiimengopperpokppperhaonydphiengdsalionadesyity
and shoul d hence be diluted with a thinner. Such a diluted coating
conposi t i opoppedi biayakhyyenadipminglt bisidedecyd bepzengsulifionatia Jokness
obt ai nabl e per coating operation

copper acetate, copper naphthenates, copper

bis(pentachlorophenolate)s, and copper pyrithione. Examples

of the organonickel compounds include nickel acetate and

nickel’ dimethyldithiocarbamate. Examples of the organozinc

compounds include zinc acetate, zinc carbamate, zinc

- dimethyldithiocarbamate, zinc pyrithione, and zinc

ethylenebisdithiocarbamate.

The metal-free organic compounds include, for
example, N-trihalomethylthiophthalimides, dithiocarbamic
acids, N-arylmaleimides, 3-(substituted amino)-1,3-
thiazolidine-2,4-diones, dithiocyano compounds, triazine
compounds, and others.

Exampies of the N-trihalomethylthiophthalimides
include N-trichloromethylthiophthalimide and N-
fluorodichloromethylthiophthalimide. Examples of the
dithiocarbamic acids include bis(dimethylthiocarbamoyl).
disulfide, ammonium N-methyldithiocarbamate, ammonium
ethylenebis(dithiocarbamate), and milneb.

Examples of the N-arylmaleimides include N-(2,4,6-

trichlorophenyl )maleimide, N-4-tolylmaleimide, N-3- -



Is small, a larger nunber of coating operations are necessary. The
solution of the polyner of ingredient B desirably has a viscosity of 150 P
or lower at 25[err]C. For attaining such a viscosity, the polymer solution
of ingredient Bis desirably regulated so as to have a solid content of
from5 to 90% by wei ght, preferably fromgb5 to 85% by weight.

I ngredient (C) used as the | ast ‘essential conponent in the coating _
conposition of the present invention is an antifoulant. This ingredient

can be sel egt r i.de. . rinet ya of_ | e angl f oul ant
%%?%ﬁpﬁlae?i?lﬁaw ;’dﬁvibge Y iq{nt ot %Heé’?r‘%iu%a&é(i e, iq?\or ganic

conpounds, roug _
conpounds, (@hdaN ANy 10 rEERMINES, A NB{ 2] 3LEPBy Djield fniderpounds.

Exanpl es of the 1 nd6rgani ¢ conpounds include copper powder, copper

conpounds such as euBmplesO¥fdthe QUYSHES ihwitad Radiho Cop®Es car bonat e,
copper chloride, and copper sulfate, zinc sulfate, zinc oxide, nickel

sul fate, ar#tiacolidined-a-dldms.include 3-benzylideneamino-1,3-
19 The organonetal |i ¢ conpounds include, for exanple,

or ganocoppé&hiezolddise - ndgatiomek 63 ~ Comethylhermayl idenganina - L odpounds.

Al so usabl e are maneb, nmanzeb, propineb, and the |ike. ‘Exanples of the

or ganocopp&hiazehidimgs-2 ricididtmeni re( 2dppbroxyhsnry L idaneanare) skt 3onat e,

thiazolidine-2,4-dione, 3-(4—dimethylaminobenzylideneamino)-
1,3-thiazolidine-2,4-dione, and 3-(2,4-dichlorobenzylidene-
aminq)-l,3—thiazolidine—2,4-dione.

\\ Exampies of the dithiocyano compounds include
dithiocyanomethane, dithiocyanoethane, and 2;5-
dithiocyanothiophene. Examples of the triazine compounds
include 2-methylthio-4-t-butylamino-6-cyclopropylamino-s-
triazine.

Examples of the other metal-free organic compounds
include 2,4,5,6-tetrachloroisophthalonitrile, N,N-dimethyl-
N’-dichlorophenylurea, 4,5-dichloro-2-n-octylisothiazolin-3-
one, N,N-dimethYl-N'-phenyl(N-
fluorodichloromeihylthio)sulfamide, tetramethylthiuram
disulfide, 3-iodo-2-propynylbutyl carbamate, 2-
(methoxycarbohylamino)benzimidazole, 2,3,5,6—tetrachloro-4—.
(methylsulfonyl)pyridine, diiodom;thyl p-tolyl sulfohe,.
phenyl (bispyridine)bismuth dichloride, 2-(4-

- thiazolyl)benzimidazole, and pyridine triphenylborane.

At ieast one member selected from such various

antifoulants is used in the present invention in an amount of



copper bi s(ethyl enedi am ne) bi s(dodecyl benzenesul fonate), copper acetate,
copper napht henates, copper bis(pentachl orophenol ate)s, and copper
pyrithione. Exanples of the organoni ckel conpounds include nickel acetate
and nickel dinethyldithiocarbamate. Exanples of the organozinc conpounds
i ncl ude zinc acetate, zinc carbanate, g di et hyl di t hi ocar bamat e, zinc
pyrithione, and zinc ethyl enebisdithioc } bamat e. The netal -free
or gani ¢ conpounds include, for exanple, N—tr|halonethylthlophthal|n1des

dlthlocarbggh§1i9c5ggm r¥b”§b%‘§gd%§1g§t ( preFerbnigd fHmQ) tol.60%

t hi azol i di ne di ones, |th|ocya conpounds triazi ne conpounds, and

ot hers. by wei ﬁ%anﬁbgédoﬁntﬂﬁeNthhhahﬁﬁ%h&yb&hbgﬂhhh&ﬂdﬂﬂﬁﬁtedﬂﬁﬂﬁéﬂi
N-tri chl or onet hy thlophthalln1de and N-

f 1 uor odi chigr eret byhthngpbbhpbsitden .Exadplithe amouht ofi tihieoeartifoula ds
I ncl ude bi s(di net hyl t hi ocarbanoyl) disul fide, amoni um

N- et hyl di LBi ecar baadlle (iasnpniless ¢hay Ondlsi diydweliightsgr,bamatae)tifand ing

m | neb. Exanpl es of the N-aryl nal ei m des include N-(2,4,6-

tri chl or opeéfigcrnehenoicdbe Bxpettied.nalléi fhee amgudt thereof is too

20 chl orophenyl mal ei m de, N-(4-n-butyl phenyl)nal ei m de, N
(anll|nophéﬁyg?nﬁleenbdmoranﬁhﬂn(203 Ryl yej initde coating £idmnpl es of

the 3-(substituted anino)-1, 3-
formed from the coating composition is apt to develop defects

such as cracks and peeling and be less effective in fouling
prevention.

\~ Various additive ingredients may be suitably
incorporated ;nto the coating composition of the present
invention thus prepared. Examples of the optional
ingredients include colorants such as pigments, e.g., red
iron oxide, zinc oxide, and talc, and dyes, dehumidifiers,
and additives ordinarily employed in paints, such as
antisagging agents, plasticizers, e.g., chlorinated
paraffins, dioctyl phthalate, and tricresyl phosphate,
ultraviolet absorbers, e.g., benzophenone compounds and
benzotriazole compounds, antiflooding agents, antisettling
agents, antifoaming agents, silanols, polysiloxanes, and
alkoxysilanes.

For forming an antifoulina coating film from the
coating compoéition of the present invention on the surface
of a structure to be submerged in seawater, use may be made
6f a method in which the coating composition is applied on

the surface in a suitable manner and the solvent is removed



t hi azol i di ne- 2, 4-di ones incl ude 3-benzylideneam no-1, 3-

t hi azol i di ne- 2, 4-di one, 3-(4-nethyl benzyl i deneam no) -1, 3-

t hi azol i di ne- 2, 4-di one, 3-(2-hydroxybenzylideneam no)-1, 3-

t hi azol i di ne- 2, 4-di one, 3-(4-di nethyl am nobenzyl i deneam no) -

1, 3-thi azol i di ne- 2, 4-di one, and 3-(2,4JcH£wlorobenzylidene-

am no) - 1, 3-t hi azol i di ne- 2, 4- di one. Exanpl es of the dithiocyano
conmpounds i nclude dithiocyanonethane, dithiocyanoethane, and 2, 5-

di t hi ocyanot hiphepgeoFxei®h €8t Obrdifaty| 8émperaeireusdswitAChedeing. By
2- met hyl t hi 0- 4-t - but'yl am no- 6- cycl opropyl am ho-s- tri azine.

Exanpl es of thenhpd hesthdd plafdeg 66880ng €oMmouvatiSbei sakliillg formed on the
2,4,5,6-tetrachl oroi sophthalonitrile, N, N-dinethyl- N -dichlorophenyl urea,
4,:5-di chl or o- Zsurfaty | ofotie agbructdre.one, N, N-di net hyl -N - phenyl (N

f l'uor odi chl or onet hyl t hi o) sul f am de, tetramethylthiuram disulfide,

3-i odo- 2- propynyl but yI Tharpeesert Paverhibohowitirbengkpiannedebheiloiwdinomere
2,3,5, 6-tetrachl oro-4- (nethylsul fonyl)pyridine, diiodonmethyl p-tolyl

sul fone, pherfgtailpyyi ceferenceuta Breppsatden Bxgmples, Examples, and

t hi azol yl ) benzi m dazol e, and pyridi ne_tri phenyl borane. At | east
one nemnber sel%QQBQF?F%M@sﬁéﬁmﬂﬁ?ﬁousInaﬁgﬁﬁﬁuﬁﬁﬁ?ElF§'u§é& PATtRe a5 B¥Nt

i nvention in an anpunt q& . . . 21
weight, and the molecular weights are given in terms of

weight-average molecular weight measured by GPC (gel
permeation chromatography) and calculated for standard
pdlystyrene. Further, monomers M; to My, used in Preparation
Examples, are monomers M represented by formula (1) wherein

R! to R?® and X are as shown in Table 1.

Jable |
Organic Croups in Formula (1)
Rl N R3 X
|| Monomer M; CHj3 CHjz -£=CgHg CH5=CHCOO
Il Monomer My | = i-C3Hy i~C3Hy7 i-C3Hy CH2=CHCOO
Monomer M3 n-C;Hg n~C4Hg . n-C4Hg CHy=~C(CH5 )COO
Monomer M, CglHs CgHs t-C4Hg CH3=C(CH3)COO
Monomer Ms i-~C3Hy i-C3Hy 1-C3Hy . CHy=C(CH3)C00
Monomer Mg i-C3Hy . 1-CaHy 1-C3Hy 1-C5H} ;00CCH=CHCOO
(maleinoyloxy group)
Monomer Mz CgHs CgHs t-C4Hg " CH300CCH~CHCO0
: (fumaroyloxy group)
Monomer Mg n-~C4Hg n-C4Hg R n-CzHg CH2=C(CH3C00-n~C5k; ; }COO
’ (itaconoyloxy group)
Monomer Mg n-CaolHs1 . p-CH3-CgH, n-CL-CgH, n-CgHj 300CC(CH3 ) =CHCOO
. (citraconoyloxy group)

PREPARATION EXAMPLES 1 TO 4




usually fromO0.1 to 80% by weight, preferably from1l to 60% by weight,
based on the total anmount of all solid ingredients in the coating
conposition. |If the anount of the antifoulant 1is too small (i.e., less
than 0.1% by weight), an antifouling effect cannot be expected. If the
amount thereof is too large (i.e., nore than 80% by weight), the coating
film formed fromthe coating conpositioR3is apt to devel op defects _such
as cracks and peeling and be less effective in fouling prevention.

Various additive ingredj. ' ' r L\ 0ot hge coati ng
conposition of th@cg:r%giel%{& Sﬁé\r\i%en ?fon %ﬁ%&%?%%%%?%ﬁ%%géo 'tﬁe

optional -Jdyg é@{;ﬁadé pg}%&@é&rmeé FUETa SR SUUIEPEE wetH a §€8rrekon

oxi de, zinc “oxl c, and dyes, dehumdifiérs,” and additives

ordinari | %Mﬁé%a& 108 Sa  §1¥dn ABeadPlibh 208MPEraLEE S anliagti ci zers,

e.g., chlorinat paraffins, dioctyl phthalate, and tricresyl phosphate,

ul travi ol efi ,ahpd RoF 2 ortbmeP A7 OPHENORMEPEPOLREE Mdlomée£s7okndaaol e

conmpounds, antiflooding agents, antisettling agents, antifoam ng agents,
silanol's, guiptedOxAESn Cdith1yd&0XVwas and@ded dropwiseFoo thensagvent

antifouling coating filmfromthe coating conposition of the present

i nventi on ian the Rladlaoeitlvfstistingtoverta perisodnef gddhourseandfter use

may be made of a nmethod in which the coating conposition is apﬁlied on

the surfaceonpletion (@bl themadditton, t beesveachionsmizhupyedwas kept at
that temperature for 30 minutes. Subsequently, a mixture of
a solvent b and a polymerization catalyst b was added

\ . _

dropwi%e thereto over a period of 20 minutes, and the
resulting mixture was continuously stirred at that
temperature for 2 hours to complete the polymerization
reaction. A diluting solvent was finally added for dilution.

Thus, polymer solutions S; to S, were obtained.

PREPARATION EXAMPLES 5 TO 8

Into a heat- and pressure-resistant vessel were
introduced a monomer M, other monomers, and a polymerization
catalyst according to the formulations shown in Table 3. The
vessel was completely closed, and the contents were heated to
a. given reaction temperature with shaking and were then
continuously shaken at that temperatﬁre for 8 hours to
complefe'the reaction. Subsequenély, a diluting solvent was
added and the resulting mixture_wés shaken for 1 hour to

| dissolve the reaction product. Thus, polymer solutions Ss to

Sg were obtained.

PREPARATION EXAMPLES 9 TO 16



22 by evaporation at ordinary tenperature or with heating. By this
met hod, a dry coating filmcan be easily fornmed on the surface of the

structure. The present invention will be explained belowin
nore detail by reference to Preparation Exanples, Exanples, and

Conpar ative Exanples. In these exanples, _.all parts are by weight, and the
nol ecul ar wei ghts are given in terns of i ght - aver age nol ecul ar wei_ght

measured by GPC (gel perneation chronatography) and cal cul ated f.or

standard pol yStyr?HEo EUEilgk e ”g'a&%%aedﬂt@fra] stq Y &Jerélsier&fdauced

Preparati on Exanple are nono presented by fornula (1) wherein
Rlerr] to aRIsS'i’{an%ndoné Bremote moMOMerd M,TIUHer honomers, and a

Table 1 Organic Goups in For mul a
(1) pol erJ.zatJ.oB[ eathlyst accordifig lto the formulations Rileivwi

X Mononer err] CH err] ~ CHerr]

t-Clerr] H enrirables 4CHner 15].- CAG@Oconenmse weveeidated itdeergivdrer r ]
i-Cerr]Herr] i-Cerr]Herr] CH err]-CHCOO Mononer
Merr] temppeathbpewijth stirring and then continuousl estritffest rdt
CHerr]-C(CHerr])COO Mnonmer Merr] ~ Jerr]Herr]

C[err] H er that temperature- Epar 6] Hoamns to comg:uq{ta rjhec(@g et ign .COO
Mononer M err] i-Cerr]Herr] i-Clerr]Herr]

i - [ err] H Snbpequentlygy| dhe) repayion migtgre m@lw&[%# Mith a
i-Clerr]Herr] |-C[err]H[err] err]Herr]
|-C[err] H g,a.ll}lm_lsgm Thus, polymer solutlons s to S;; were

(mal ei noyl oxy group) Mononer M err] Cerr]Herr]

C[ err] H er Pptalned. t-Clerr]H err] CH er r ] OOCCH- CHCOO

ﬁlf uqrrgi ?]}/:_'FQ/r]g]r é\up)m Tyg?-gg?ré[ gHa]rer][ é'VlePV% g"ea dl_i[""?lrecJVa 10" (trade
Eﬂ g(r: (r)]no)c/:f g‘% %é: %gc?hgkyg[ %ﬁ’lgl'_lll[v[? :g]ra}k%OR K. C)[ S rﬁbH[ S, ra] vinyl ester
E ccj[_lgﬂ]r L[ er?‘f’%& éhP "P]e)rb&glg%(l‘l' (iJilddefidd trademark in Japan of

fl_%' Zraconoﬁbﬁxtoﬂ’béhﬁ)norx ) is an organic peroxide. PREPARATION EXAWPLES 1



23 According to the fornul ati ons shown in Table 2, a solvent a was
introduced into a flask equipped with a stirrer and then heated to a given
reaction tenperature, and a mxture of a nononer M one or nore other
nononers, and a polynerization catalyst a was added dropw se to the
solvent in the flask with stirring over a period of 3 hours. After
conpleti'on of the addition, the reaction2f& xture was kept at that _
tenperature for 30 mi nutes. Subsequently, a mxture of a solvent b and a
pol yneri zation catal yst b was added drgmwkse thereto over a period of 20

m nut es, Tesul LT 11y 1T XL Ul e was CONtT MU0y T
tenperaturfe for 2 hours to conplete the pol yneri Zatiof Ppegien frmhe A
diluting dolvent was finally added for dilution. | Thug, pollyner so#uﬂions
Slerr] to err| @gwgpgapnewxﬂmm _ BBEPARQTICN_EXANEL S5 TO
8 Into a heat- and plesgueawkesi stant vdssel [wese | isnt rloducgld a
nononer M} ot her nonmers, ang a polymerization cg{alyst gccordi ng tlo the
. . er M - -
formul ati gns shown]in Table 3.:$h&,n essel was cdgnpl etlehy gl osed, anq t he
contents re heat¢d to a gi yeproreedigti on t enperdture |wth-|sitkijng-angd were
then contlfi nuousl y | shaken, at tdﬁﬁﬁt@pperature forf 8 hdurs tlo -cdnpletle the
reaction. [Subsequently, a dil (tebddge=3p| vent was gdded [and tlhe-r gsulktijng
m xture shaken}for 1 hour |tegponer iy - - - -
monomer Mg - - - -
monomer Mg - - - -
Formulation
(parts) wethyl methacrylate - 70 40 -
n~butyl methacrylate 30 - - -
2-methoxyethyl methacrylate - - - 5
n-butyl acrylate - - - 5
\ 2-ethylhexyl acrylate 10 - - -
\ 2-methoxyethyl acrylate - - - -
Other acrylic acid - - - -
monomers vinyl acetate - - - 30
vinyl propionate - - - -
vinyl benzoate - - - -
VeoVa 9 - - - 10
VeoVa 10 - - - -
dimethyl maleate - - - 10
di-2-methoxyethyl maleate - - - -
styrene - - - 30
a-methylstyrene 10 - 10 -
Polymerization azobisisobutyronitrile - - - 5
catalyst a Perbutyl 1 2 1 2 -
Solvent b xylene 10 10 10 10
Polymerization azobisisobutyronitrile - - - 1
catalyst b Perbutyl 1 1 1 1 -
Diluting - | xylene .- a7 38 16 s4
solvent butyl acetate - - 31 -
Reaction temperature (°C} 140 135 126 80
Solid concentration (wtZ) 50 50 50 50
Molecular weight of polymer (x 1,000) 35 ©42. 96 40
Symbol of polymer solution Sy 82 S3 S4




di ssol ve the reaction product.

obt ai ned.
24
sol vent ,

reacti on.
sol vent ..

Tables 2 t
K. K. ) eachflis a vinyl
trademark |[n Japan

25

one or

Thus,

pol ynmer solutions S5 to

PREPARATI ON EXAMPLES 9 TO 16
Into a flask equi pped with a stirrer were introduced

nore nononers M ot her
catal yst according to the fornul ations shown
contents were heated to a given
‘continuously stirred at

nononers,

a
and a polynerization
in Tables 4 and 5. The

tenperat@6e with stirring and then

TloS,

p(JI ylltﬂ
"VeoVa 9" and
ester

51

nononer,

(trade

n

and " Per but

S i

.2

.

S[err] were

that tenperature for 6hmnstocomﬂaeth§-
Subsequently, the reaction niaxuwre was diluted with a diluting

SO ut 1 oMns
"VeoVa 10"

I n
agaku -

(reeg

“aal

stter {

A\

o P
©

of

Monomers M

monomer My
monomer Mz
monomer Mg
monomer M5
moncmer Mg
monomer Mz
monomer Mg
monomer Mg

NOF CORPCRAII &N is an org

PEr.ox

n
I I - T B B I B

LI T T B N B I~ Y |

Formulation
{parts)

Other
\ monomers

methyl methacrylate
n-butyl methacrylate
2-methoxyethyl methacrylate
n-butyl acrylate
2-ethylhexyl acrylate
2-methoxyethyl acrylate
acrylic acid

vinyl acetate

vinyl propionate

vinyl benzoate

VeoVa 9

VeoVa 10

dimethyl maleate
di-2-methoxyethyl maleate
styrene

a-methylstyrene

[
(V)

| I S N TR N T N S N B B ¥ B R B )

-

N
Q1 1 oW1 P WLMWO L 1Lt

-

10

[ (Y]
Qi1 &t 1O v

2

(¥

—

[ N R S R R R I I D - I O N A

Polymerization
catalyst

azobisisobutyronitrile
Perbutyl 1

[

~N

~N

Diluting
solvent

xylene
butyl acetate

98

63
35

Reaction temperature (°C)
Solid concentration (wtX)

Molaecular weight of polymer (x 1,000)

80
30

Symbol of polymer solution

7




Table 2 _ '
Preparati on Exanpl e

1 2 3 4 Sol vent a xyl ene
40 40 - 30 but yl
acet ate - 1(%7 40 -
nonomer ‘M err] _ 50 - - - _
nononer Merr] - 30 - -
nmononer Merr] - Table 4 - 50 -
nmononer MIETT] - - - 0
I\/bnomer S '\f MONONer M er I’] Preparation Exam[%.e "
- - poniondr M & rf 1l 12
- “Solvent " | xylene 44 50 25 Ngan r
I\/[ err ] -1 butyl acetate - - - 10 -
nmonomer Mierr] My " - - - - -
nononmer Miprr] nonomer n;- - - - - 00 | -
For mul at i (parts) gt :2 netfhyr net hacfyratgp 2
- 70 Q Monomers M - | monomer Mj5 - - - n--b yl
met hacr yl aff @rmulation 3(] monomer Mg - - - - - -
2- et hoxyef hipt==ttet Hacryl ate | penerer 7. - | e |- I R
n- butyl acffylate monomer Mg- 5 - - b -
2-et hyt hexyl acryl dte 10 - j - . .
2- met hoxyeff hyl acryl ate :fﬁﬁ’é’,:f‘:m:ﬁiiiite - - -30 - -
i i h hyl methacryla - - - -
O her acrylic acmjmztyzxx:y{“:et crylate .| - : -
- - \ nmong @E ylhexyl acrylate Vi nyl &Cet ate - -
- - \ - 30 2-methoxyethyl acrylate - - - Vvinyl
r opi onat € Other acrylic acid - - - -
p. monomers vinyl acetate - 40 - -
Vi nyl benzpat e vinyl propionate - - - - - -
VeoVa 9 : vinyl benzaate - - — - 1D 30
Veova 10. } Vot 10~ S R e e
I met ny -eate dimethyl meleate - - - - - -
di - 2- net hokyet hyl ral eat e ::;:;::th‘”g“hﬂ maleate_ - 0 i
styrene a-methylstyrene - - -19 - 3P -
[err]-methyl styrene . - I P
Pol yreri zaf i on dZothgsoBut y;;’.b‘:éi§{°%“‘r‘°““““ 2- 1 2
-2 1 A Diluting cat I:};lene Pgr lDU rff b 36 64 48|
4  solvent " | butyl acetate 0l vie 12 - X% que
10 o 1 10 o) 0 Pot {IZ%'[ | LﬁLol 0 1135 140
azobi si sob ﬁmﬁf’mﬂ‘?ﬂiggmn B "] so 50~ 50 501
cat al yst Dff olecular weikiRloB WéLyter kx 1,000) " 125 11 21 ls0
;17 3 et solutgm . Xyl ene ] , 510 811 N S
acetate - - : 31 - Reaction
tenmperature ([err] Q) : 140 135
126 80 Solid concentration (w% _
50 50 50 50 Mol ecul ar wei ght of polynmer (x 1,000)
35 42 96 40 Synbol of polynmer solution

Slerr] Slerr] Slerr] Slerr] ,



26 Table 3
Preparati on Exanpl e
5 6 7 8 nonomer
Merr] : - - -
nmononer Merr] 60
nononer ‘M err] 28 ; - -
nononer Merr] - - - -
Monomers M mononer Merr] Table 5 _ 80 -
- - TONPIET V[ €T T
_ 50 _ . _ Preparation Example . . r
Merr] - - 20 13 |- 14 15 16
‘monorer M Er rl Solvent xylene B 4 30 35 2| 40
nmonomer | M 104 ] ( butyl acetate - - 10 - -
- Formul atjon (partp) mef Nyl et hagryJl aj e
_ - 5 -
15 - 10 25 | monomer s 5 | o [n-bufyl
net hacr y| aj e - monomer Mz - - 2; 1(—)- 10
-rethoyelhyl metfpgylate | IS - | |70
- 1lstion monomer Mg - - - - 50
2- et hyl hex}!| eyl aft e monomer My - - - ol o
é[\mt hoxyehyl acryfate | monomez ,‘;g - 25p - 210] s
er - -
) ; ke bma);;)nﬁ 1 methacrylate vinyl [ atethte | 22 .
=buatyl methacrylate < - -
- . 10 - - 2—::1:!1;::;70:!1{1 wnethacrylate 5 2(-) ;g Vi-ny
| n-butyl acrylate N - _ -
oot e I Sl R
i\ -methoxyethyl acrylate™ - - "
VeoVa 9 Other a;ryiic acid - - L - 1 - -
monomers viny. acetate - - - -
(\JI/ie(r)n\alf1 h)l/P | eat e 7L provimace 23 B o
vinyl benzoate - - - - - -
di - 2- met hofyet hyl njal eat e Veata 9 - - e I B
styrene ’ dimethyl maleate - - T - - - -
[err]-met hfl styreneg ) di-2-methoxyethyl maléhp - - - - -
Pol yneri zafi on agobi si sobut y f¥HE3 r.il& - - S B
2 . C L - Y L &
2 _ _ gallym:rtl.zatim azobisi:fblfj#oa%:%iﬁég - )gy | & n% 5 2
. 1 Perbutyl 1 5 = -
98 7 e s t—— sotvent b Jt%:
Diluti 1 51 55 52 8
acetate 1 ot e ol M 5 el
\ L A I | J \Jl LU
80 B S e e g | on (Wt % T eI A T
50 ) Molecular xght of polyme59x I}/.QJ)O@ICU! ar . wWel ght of pfS' ypen ( K lﬁy 0 )Qsz
32 1 - 6——Symnbot—of—potymer—fotuton
Slerr] Symbed of pplymer solution gf o) 1) Slerr] $13 S14 515 S16 II



2 7 Tabl e 4
Preparati on Exanpl e

9 10 11 12 Sol vent xyl ene
44 50 25 40 but yl
acetate. - - 10 -

nononmer "M err ] - 29 4 - .
nononer M err] - - 100 -
monomer Merr] EXAMPLES 1 TO 20 - 20
nmononer Merr] - - -
Mononers M PERPREE’ s8hLEELbns S, to Sy each was mixed with-

- Formul ation Merr]

- “various 1n§9€&5§hts accordlng to the formulBRIOMWY Mo lin

- nononer
Merr] Tables 6 to 10 (th@ numerals indicating lngﬂédlent amounts
nonomer Merr] 5 - -

met hyl net Ager gligki in terms of wt%)-. The resulting mixtures each was
n- butyl methacryl ate - 30 - -

2- met hoxyahbmbgentikedr yiidthea homomixer at 2,000 rpm. Thus, twenty
n-butyl acrylate 20 - - -

2- ethylhexybaamnglabmp051tlons were prepared- - -
2- met hoxyet hyl acryl ate -

O her acrylic ARATIVE EXAMPLES 1 _TO 6_ -
- - nDNONers vinyl acetate
40 - "Laroflex MP-15" (trade name of BASF Aﬁ'nypnﬁﬂoplonate

benzoate chlor\de resin), "Pliolite S- SB“ (trade name gf The Goodyéar

xggxg ?0 Tire & Rubber Company; st¥§ene-butad1ene rubber), "Toyoparax

di et hyl | g@t,e .
di - 2- nethggyz hyﬁtrageapame of Tosoh Corp., Japan, chlorlnat%ﬁ)paraffln

styrene psin), and "Polysol EVA-AD-3" (t&gde name of Showa -
[err]- nethy styréne
PO'Y”EV'Zahi&ﬂpelyﬁéﬁbbé'SOB%HYVOﬁhghhheethyﬁene/v1nyl'acetate -

Cat al yst
2 1copolyme2) each was mixed Qhkhtwaﬁlous ingredi¥mide according
55 36 48 sol vent but yl

acetate to the formulatlons shown inl%able 11 {the numbilals

1

indicating ingredient amoun;s'are given in terms of wt%).
The resulting mixtures.eacﬁ was homogenized with a homomixer
at 2,000 rpm. Thus, three coating compositions were
prepared.

In Tables 6 to 11, "Dimerex" (trade name of Hercules
Inc.) is a polymerized rosin, "Di;parlon A630-20X" and
"Disparlon 4300" (trade names of Kusumoto Chemicals Ltd.,
Japan) and "Bentone SD-2" (trade name of Rheox, Inc.) eééh is

an antisagging agent, ."KMP590" (trade name of Shin-Etsu

Chemical Co., Ltd., Japan) is a silicone resin powder, and



Reaction tenperature ([err]C 120

110 135 140 Solid concentration (W%
50 50 50 50 Mol ecul ar wei ght of polyner (x 1 000)
125 11 21 40 Synbol of polymer sol ution
S[err] S[err] S[err] S[errJ
28 : 0 Table 5 B
Prepar ati on Exanpl e '
13 14 . " - xyl ene
a1 30T1nuv1n1?00 (fy%de name of Ciba égidfwﬂtd ) is an Duty|
acetaté yltraviolet absorber. 10 - -
nononer M err] - 5
nmonomer M err] 5 - 10 -
nmononer Merr] - - -
nononmer M err] - - 25 10 -
Mononers M nononer Merr] 5 -
- Formul ation nmonomer M err]
- - 50 (parts) ' nmonomner . M err|]
: 25 - i - nmonomer
- Merr] oo- - - 10
monomer M err] - - - 5
met hyl nethacryl ate 50 - 25 -
n- butyl nethacryl ate 5 - - -
2- met hoxyet hyl met hacryl ate 5 - 19 - -
n- butyl acrylate - - 20 30 -
2- et hyl hexyl achylate 10 - - -
2- met hoxyet hyl acryl ate 20 - - 5
Q her acrylic acid - -
nonomer s vi nyl acetate
- - - ' vi nyl propionate
- , 30 - - - Vi nyl
benzoat e - - - -
VeoVa 9 - - - 10
VeoVa 10 - - - : -

di net hyl nal eate - - - -
di - 2- met hoxyet hyl nual eate - - - -

styrene . ) ) 10
[err]-methyl styrene - o
Pol ymeri zat.i on azobi si sobutyronitrile - -

0.5 _ 2

10



cat al yst Per butyl | 5 5 -

- _ Diluting xyl ene 51
55 52 58 sol vent butyl acetate

- - 12.5 - Reaction tenperature ([err]C

120 - 143 70 80 Solid con@nt ration (W%

50 * 50 50 50 Mol ecul ar i ght of polymer (x 1,000)

5 1 147 102 Synbol of polymner solution

Slerr] Slerr] Slerr] TaBk @r 1 | _

29 EXAVPLES I 10 20 Polfyner ol yf'ions
“~S[err] to Pp[err] each was m xed with various ingredi ents—ageorgrngTto—he
formul ati ofpjs_shown in_Tables 6 to 10 (the nunerals indilcatiing ilndrddéefpt

anounts ajje given iNcherdds oOf WM. The resulting m xtuyresjeach way -
honogeni zefl with a hpemmester at 2,000 rpm Thus, twenty| coating 1 | 3¢
conposi t i opdsrdtea" pr pEnt syt COVPARATI YE EXANPLES 1 TO|6
"Lar of | ex - 15" (tr fd@rdgakms akinBASF AG vinyl chlorid¢ regim,| "Plliodjte
S-5B" (traffe nane of | The TO %}ggr Tire & Rubber Conpany; ,stlyrere- bdt adfene
rubber), "[foyoparax |Reydoe ,023:{@. & name of Tosoh Corp., Japan; <Hl esi|nat ¢d
paraffin esi n), anglréilRed ydelonBYA- AD- 3" (trade nane of |Showa?® Hi ghpol yirer
Co., Ltd., Jlgggg[le;m gt PYLENRINTHR IS acet ate  copol ymer) eagh s Tnifxed |whd
various infgredi ents hed@edbdigiontsp t he fornul ati ons showp in|Tablle 41 (4 e
numeral s |ndi cating Pﬁ@::eggi’é;m samounts are given in tefms; f W{%Z | Th
resulting |n xtures eiéh,,m@s‘,l m@eni zed with a honom xen - - - -1
|| cuprous oxide 5 - 36 5
1 copper thiocyanate - 20 - -
\ Cu-Ni solid solution alloy - - - 5
N,N-dimethylchlorophenylurea - 10 - -
Ingredient C 4,5-dichloro-2-n-octylisothiazolin-3-one 10 - - -
2,3,5,6-tetrachloro~4-(methylsulfonyl)pyridine - 10 - -
2-pyridinethiol-l-oxide zine salt - - 2 -
2,4,6-trichlorophenylmaleinide 3 - - -
3-iodo-2-propynylbutyl carbamate .5 - - -
Plasticizer chlorinated paraffin - -
tricresyl phosphate - - _
Pigment tale - - - 2
red iron oxide 3 5 2 1
zinc oxide - 3 - 1
titanium dioxide - 1 1 1
Antisagging Disparlon A630-20X 2 2 2 3
agent " | Bentone SD-2 1 - - -
Additive trimeth_yl silanol - - -
KMP590 - - - -
Tinuvin 900 - -
I Solvent xylene -’31 14 12
butyl acetate 10 - - -
Total ro0 | 100 | 100 | 100 H




at 2,000 rpm Thus,

Tables 6 to 11,

r osin,

Cheni cal s Ltd.
an antisaggi ng agent,

is
Ltd.,
30
absor ber.
Tabl e 6
Exanpl e
1 2
10 -
- 5

Japan)

three coating conpositions were

"Di merex"
"Di sparl on A630-20X" and

"KMP590 (trade
Is a silicone resin powder,
"Ti nuvin 900" (trade nane of Ci ba-Geigy Ltd.)

(trade nanme of Hercul es
"Di sparl on 4300" (trade names of Kusunoto
Japan) and "Bentone SD-2" (trade nanme of Rheox, Inc.) each
:{;ﬁrre of Shin-Etsu '

d

Table 7

pr epar ed.

Inc.)

is an

In

Is a polynerized

Chem cal

Co. ,

ul travi ol et

31

3

4

tall rosin

(%]

10 30

Ingredient A

tall rosin
bageedl ent A

waod rosin

gum rosi n
wood rosin
Di ner ex

Dimerex
hydrogenated rosin

hydr ogenat ed r g

boill

]
n
LY Y R B |

Example

6 7 8
5 12
10 -

Ingredient B

polymer
polymer
polymer
polymer
polymer
polymer
polymer
polymer
polymer

solution Sy
solution Sg
solution §3
solution S;
solution S5
solution Sg
solution Sy
solution Sg
solution Sg

o
[ I S N B R - T I B |

25 N

w
(-]
LI S * T S R B |

[ T
-
Q
1

Ingredient C

cuprous oxide

copper thiocyanate

Cu-Ni solid solution alloy
2,4,5,6-tetrachloroisophthalonitrile
N-(fluorodichloromethylthio)phthalimide
2,3,5,6-tetrachloro-4-(methylsulfonyl)pyridine
2-pyridinethiol-l-oxide zinc salt
2-pyridinethiol-l-oxide copper salt
3-iodo-2-propynylbutyl carbamate

20

[ 0 B - N DY R B Y R |

Plasticizer

chlorinated paraffin
tricresyl phosphate

Pigment

tale

red iron oxide
zinc oxide
titanivm dioxide

L I I |

LI T T |
(S N ]
=i NN

Antisagging
agent

Disparlon A630-20X
Bentone SD-2

[

L
1w
- N

Additive

trimethyl silanol

KMP590
Tinuvin 900

Solvent -

xylene
butyl acetate

10 15

Total

100

100 100 100




pol ynmer solution Sl err]

- 20

pol ymer solution Slerr]
CUpr ous OXxj

36 5

20
- 10
4,5-dichlo

10

le\)f—"lmwl
T e
(@]
NEFE WO

I'_\NI

31
10 -
100

32

20

10
pol ymer solution S[err] _
45 20 pol ymer solution S[err]
- - pol ynmer solution S[err]
- - Ingredient B dfolyner solution S[err]
- 20 - p 3ymer solution S[err] .
pol ymer solution S[err]
b1 @l YNMEBr solution Slerr]
. 5
copper thiocyanate Example
- - Cu-N solid sol utison a ljoyr | 12
- gﬂ} rosin N, N-di met hyl chl gr opienyliured ,,
- LHgredient C - - ) 20| 15
Gu@ﬁhmoet/PW$9®hﬂaZO|In 3-one - 10 15 ft-
:;‘;::;:nag,, 2.0, 6-tetrachl oro- 4- (met hyl[su] foF&/I ) py1li i
= = 1 Lut s L pylfUI IIBLIII UI-.L-U)‘IUB ZTTg saft
olut: - P -
2 3 e salation 61 2,4, 6-trichl orophenyl Akllei Jri|de:
- Polymer solution S3 3-|0d0-2-propyn)lbutyl-carbanat
taceciiont B poiwepﬁgé‘simcg'vzer chlorinated pgr&fflim 3 -
PERSRE X | Teiymer solution So tricresyl phosphaté Fijgnent - | -
polymer solution S . - - 2: -
ol - - -
" re glm;bsolu gﬂnczél . . - - - 2
~ LZT TTOG  UAT UT
\ igg;m °xid°ame titani um di oxi d¢ - - ig 20
1\ GVl Saddbd @iy  Disparlon A63042eX| - | - | -
2 23, ©datachloroisophthalonifZélat one SD- 2 - - - -
Tagredient G m@ .Y.‘gf:ﬂ:;;’l‘““ &r ri,methyl silangl - | - | - | :
- 2-pyridinethiol— -oxide - - 15 -
- 2-pyridinethiol-1l-oxid: L - - 5 -
e et nUVin 900 | | o 2 -
PlasticiZer $florinated paraffin ybut y| acet ate 1 - -
tricresyl phosphate 1 34 -
e La?fi id - - :
re ron oxide - -
zinc oxide Tabl ¢ 7: 3 1
titanium dioxide - 1 -
Antisagging Disparlon A630-20X 3 3 ,:.3
agent Bentone SD-2 - - - -
Additive trimethyl silanol - - -
RMP590 - - -
Tinuvin 900 - -
Solvent xylene 9 8 5
‘butyl acetate 5 - - -
Total 100 | 100 | 100 | 100




pol ynmer sol

7

55

ution Slerr]

8

12 Ingredient A

tall rosin
gum rosi n
wood rosin

Di ner ex

Table 9

rogenated rosin
pol ymer solution S[err]

POTyIeT—S0T O o S er ]

pol ymer sofjution S[err] A(xample
- - ljhgredient B pol ymer solution S[err] 13 | 14 | 15 | 16
- 30 5 “all rosin pol ymer solutron|S[enr]. | %
- - - 2P gum rosin pol yner solution §[ern] - - -
- - Ingredient A ;:od 1394 ymer solution S[err] - ; 5 -
mere: . - - -
- - 10 hydrogenated rosin . p0| ynmer sol ution S[-er r]S - -
: i _ polymer solut ln%::lb OXTUe - - - 5
30 20 | Boiymer solucion s;  COPPEr thiocyanate oo - ’
10 10 - polymer solution S3 Cu-N solid sol ¢t |-or a ljoy- -
- - Ingrattent 3 ::im: ::;“:%EE g% 2,4,5,6-tetrachl ¢r oi gopht{h# ¢ ni;t ile -
10 - - Q - -
po'ly'm A 4 15
N- (f 1 uor odj chl or onet 1ydiimh4 oL fﬁxfg&l i m de - | so - --
0. - - 20, - -
- 20 N DL stetrachl oro- 4- (et hyl sull f anyl ) pyr PHi|ng;
10 = L pyl I UI IIUL III UI J.‘U I'UT 42T TT4 oA t
- - 2 guprous oxide 2-pyridi nethiol - 1-¥ilde ¢opbgr Skl t
- 2 - \\ o eiia rotatson alley 3-10d0- 2-pr opynyl but yI Tar bartefe
- - L %1 . :g zlfi %s-ita;:cqrz;ewt{thalonicrhﬂeorl nated pargaffinp - - -
ngredient -dimet! chlorophenylurea - - - -
3 - . gre pyridine :Z phenylgota:.e trier esyl phOSph t € 3 - -
- - I gmrent 2,3,5,6-teBdathloro-4-(methylsulfonyl) pyridine 2 - - -
- 2-pyridinethi 1 - - 1 -
) 8 ) ;‘iz:rdim::hylzig.gg:bizpneb’ﬁ.ﬂe - - 2 - -
- chlorinated paraffin titani um di oxi de - - "5
1 - | AR BISEY Di-spar-oAA630—20%—f— 21 -
4 3 Naqent _ Bent one SD- 2 - - - 2
- - - o IRt ve trimethyl silangl 2 [ 7| 11| 3
- KMPEiQ&hium dioxide Ti nuvin 900 Sél venpt - - -
Xyl ene Anti. ok Di lon A6§30-20X 2 32 3 103
5 15 apes 0 | encobifoyd ACet at € | -] -] -
;I. 00 16 oll *eitp 1 -imethyl silanol . [otall -
590 - - 1 -
Tinuvin 900 - - 1 -
Solvent xylene 6 18 10 15
butyl acetate - - - -
Total 100 | 100 | 100 | 100 "




33 Tabl e 8
Exanpl e
9 10 11 12 tall rosin
1 - - 20 gum r osi n
- - 20 15 I ngredient A wood r.osin
- - - 15 Di*ner ex _
- 20 - 20 hydr ogenat ed rosin
- pol ymer sol uti on Slrape 0
- 30 = POt yIEer . SO Ut T O o eI T ]
pol yner soljution S[err] pol yner sol uti do—S[erfFpeLe
30 - - - I ngredient B pol yner sol utidniS[jeng ]| 19 | 20
- pe)ls e solution Sferr|] R . - |o.s
- 5 - wood rosin pol ymer solutiorl Sfqgrr] 2 -
- 25 Ingredient A eo{p:r rosi:al:e p0| ymer sol uti on S[ er I’] 3 3(—) - -
: a. um rosinate . - - -
- 5 - :in: ros:.nate p0| yner .sol ution S[ _er_r] - 30 - -
- - - 2 Cuprous oxrae| .
- - 10 20| 2oTner otecion 52 copper thiocyanatd | - | -1 4«
10 - polymer sdlitidNisssol i d sol ution all oy - - - | 40
50 polymer soiution :5 - - - -
2, 4,5, 6-1 ef rAERISE i 368 PHeh LiiiatsL i | € Claw| I G
- I fgredi ent ECpolymeNsdipeghnprt hyl chl or ophenyl ur ea - : - -
; ; o iyaer sctactm el Or 0- 2-n-octyl i sot hi dzol iln-3-long |
= = L‘ yi ) IIULIII UI ‘J.‘U?\I UU LI e gdal t 5
id i q
- - 155. D hioeanate 2- pyridi net hi ol -|]1-pxi de cdf)per_
- - 'Cu—Ni solid solution alloy - - 2 -
2-(thiocya ometdrilylt E: h ;bﬁehmtahhla'zmpemlmitrile - 192} --130
edien L 0 - - - -
- PlasticfZeF SO T B BT R s one S I I
1 - - N-(£fluorodichloromethyliigb)piE}dLimptROS phat e p - - -
i triphenylb - - -
1 B . B Pi q.rggy?ﬂi::nezhzo:fy-og:?co pce:r salt | 5 - 2 1
- - P;-.ast:l.cizer 2| chlorinated paralfff: ” lell ;gl S)C(l de - -
_ ) 3 1 tricresyl phosphate P TIPN I PN - -
1 - Pigment Ant | $Gg in Di sparl on A630- 20X § T : ;
3 3 3 gﬁg“ Bent one SD- 2 1 - - -
- - JlAdditive titanium digxidenet hyl si |l anol 3 - 1 -
- - Antisagging DisparloKWg %Q( 2 1 2 3
- agent TH mervdnd1 5920 1 - - -
- - toive S0 YENL xyl ene _ . j
9 8 Mdtge v ?;:hyl etiancl , butyl acetate - -
5 - - Tinuvin 900 - -
Solvent xylene - 0.4 2.5
butyl acetate - 10 - -
" Total ioo | 100 | 100 | 100 H

dal t



Tot al 100 100 100 100
34 Table 9
Exanpl e -
13 14 15 16 tall rosin
- - - 20 gumrosin
13 - - - Ingredient A od rosin .
- - 5 - D mer ex
- 5 - - mydiogenat ed rosin
- 5 - = 7 pOT YITET SOl urT on_ ol
- - - 5 pol ynef—sel
4 - - - pol ynmel sol
- - ‘tall rosin | p0| yITET §O|
- - 20 gumllagk edi ent B pol yneq =mol
- - Ingredient A od rosin p0| ynmel sol
imerex -
4 - 15 hydrogenated rosin p0| ynel sol
) 60 Blendi Laroflex MP-15 POT YITER 350
ending rTorlex - ~
- 20 polymer Pliolite S-5B pol ymer sol utio0 3l
- - - D Qoyoparax A-70 cuproys-o
68 - 20 polymer solution S7 - coppell Thi
polyisobutylene . :
- 20 Polysol EVA-AD-3 (502 GuiubbmySOIl 1 d|sOl it Lo
- Z, #,0,b-telracnl oror sopntha on| ﬂ]rll
0 30 0 7 | 37
- - - izg;Thﬁﬁigmgnt C N, N di nt y?.c | Or ¢plenyliunel
- - - €u-Ni solid solution alloy yridi pe- tqi phényl horane - -
_ 3 2,4,5,6-tetrachloroisophthalonitrile - - - - -
~-dime chloro - - - - - -
2,3,5,6-te rachI\oro- .(: ﬁyﬁ H riyf&wnh-dx ng _ 2
- - Tosrediont ¢ | & ?;; dpé{lll dltrg%ttﬂl ol - 1- oxijde ¢oppégr -sal t - -
- - neTefien N hthertatge MO Zine dif met hyLt hi ocqr bajate| .
- 2 - py;igﬁgsastphgﬂzugm chl orifnat ¢d-par af f|i A - -
» ~tetrachloro«4- ; ¢
- - - (methyLoulfonyl)o tricregyl phosphat ¢
- - 2 - pyritdigHTEN talc - - - - - -
2 re jz-‘pyrééﬁneel)éi)]déoxide zine salt - - - - - -
. é-p rid:l. hiol~l-oxide copper salt - - - - - -
- zZin orophenylmaleimide - - - - -
- 1 1 33-i°do-2-ptOPnylbutylbcarbnbﬂti ani um eII DXFdg - 5 - -
ocarbama - - - - -
) 3 |- R L R v et ON PGBOZ20XT | T | I | C
[e) 9
Plasticizer chlorinated paraffin - - - -
tricresyl phosphate - - - -
Pigment talc 2 2 2 - - -
red iron oxide 2 2 2 - - 3
zine oxide - - - - - -
titanium dioxide 1 1 1 - - -
Antisagging Disparlon A630-20X 2 2 2 3 - -
agent Disparlon 4300 - - T - - - 10
Bentone SD-2 1 1 1. - - -
Additive trimethyl silanol - - - - -
: EMP590 - - - - - -
Tinuvin 900 - - - - -
Solvent xylene 32 32 - 32 2 45 20
solvent naphtha - - - - 5 -
MIBK - - - - 3 -
butyl acetate - - - - - -
I Total 100 | 100 | 100 {| 100 | 100 | 100 "




agent Bent one SD-2

1 - - - Additive trimethyl silano

- - 1 - KMP590

- - 1 - Ti nuvin 900

- - 1 - Sol vent %Iene

6 18 10 15 : but acetate

- - - - : Tot al

100 100 100  I¥¥Yth of the coating compositions pr%pared in Examples
35 : able 10

Exanpl e 1 to 20 and Comparative Examples 1 to 6 given above was

17 18 19 20 gum rosi n

- - subjected.to a test for examimimg fibkmnsurface residue layer
- - 2 - Ingredient A copper rosinate

3 - formation, film erosion test, antifeulingopenfesmance test,
- 30 zinc rosinate

- 30 adheSLOn test, cracking reSLSta@@ﬁyﬁ@$tsoxggp@ﬁlggeteft, and
60 - ymer solution Slerr]

- . test for prluating the ab111§5|?qurgggﬁyl@ﬂrg?grpfganlsm
40 qutlo Sl e
- _ attachment oveqrﬁﬂgxﬁQﬁﬁf{;tlgéog soPﬁtF e %f L&?s

- 27.A described below. The results ?E§§h%$gs%$§L$%'0”[§$$?5Lles 12
Polyner sol,u tlfﬁléﬁ 44 %%;er
\

T solution S[err]

EO B % for Ex_asg_nlnlnﬁ'”b“fﬂh'ss@ffgt‘?e Res:.du% La%er Formation

3 - 5 Blasted steel panels (180 Nim S©! 26 Sith Uk | PN} | Qe

2 4,5, 6-tetg; QY P it O i th | £ tar-epoxy anticorrosive paint-in 8. 2
- 1 Ingredient C N, N- di net hyl chl orophenyl ur ea

- thickness of 125 um on a dry basis for each appllcatlon, and
4 5-di chl oro-2-n-octylisothi azol i n- 3-one
- 5 further coated wtH |aioctanch iyl oswed het t dwatl pim hal thidkness of
- - pyridine triphenyl borane
5 - 70 pm on a dry basis. The steel panelsecverel thenxsgeayoepper
sal t 5 - 2 1
coated twice with each coating composition in a thickness of
100 uym for e&ch-applicationf The thus-coated steel panels
were dried for 1 week in a thermo-hygrostatic chamber at 20°C
and a humidity of 75%. Thus, six test pieces were produced
for each coating composition.
The test pieces thus produced were immersed in
artificial seawater. After immefsion for each of 3, 6, 12,
18, and 24 months, the test pieces were pulled out of the
water and cut. The cut surfaces were polished and then
examined with a stereomicroscope to measure the thickness of

any residue layer formed on each coating film surface.



Pl asticizer chlorinated paraffin .
- - - - tricresyl phosphate

- - - - Pignment talc

2 - - - red iron oxide

3 1 1 2 zi nc oxi de

1 - - - 38 t ani um di oxi de __
3 - 1 - Antisaggi ng Di sparl on A630- 20X

2 1 _Film?Erosion3f§§¥F , Bentone SD-2

1 - : itive trinmethyl silanol

i T " Steel panels_ (100 R39%00 mm x 1 mm) which each had
- - Tinuvi n 900

: -~  been cbat%ﬁ'%%ﬂ%oth sides %i®@%n anticorrosive paint were
7 0.4 5 .5 butyl acetate

- 10 sprayacoatedy on the front side, with each coatlngTbtaI
100 100 100 100

36 composition twice in a thickness of 200 um Tablae ddy basis for
Conpar ati ve Exanpl e

1 2 each3application. 5The this-coated steel panqk§|wexg|¢r1ed

- gum rosi n

20 20 mdwrs at 20°C fors 1 weelp tohpratiugr test RERFPT osin

- D mer ex

hydrogenated ros|nThese test pleces were fixed to the outer - -

- Blending Larof | ex MP-15 10 -

- - c:.rcnmferent.l.'g& %face of a gyhindgicakglrum having a .

) \

. 10_ dlamﬁ§er of 50 cm._ This drum was immersed 1qxﬁggx§i%¥ﬁ§ﬁ¥d%f
Slerr]

ponisobut}P@ﬁeBaY' Sumoto, Hyogo, Japan at a depth of)l m from the sea 5

level, and® lfé%%'telt:iv MR S Ess OAéjté&’é}l Tate that the” ]

prous OX

- 30 30 peri%‘ﬁeral %%eed 0%7 the @rum was 16 knots. Gﬂ'@efedvm@fdﬁnﬁie
- Cu-N solid solution
|

| oy coating film thickness caused by erosion was measured at an
,4,5,6-tetrachl oroi sophthalonitrile - - -

interval of 3 months over a period of 24 months. The average

1 N Q) 1

film erosion rate (um/month) for the initial 6 months and
that for the period of from the 6th to the 24th month were
calculated. An average film erosion rate of 3 um/month or
higher correlates wi;h satisfactory antifouling performance.
In test piéces in which the average film erosion rate for the
6th to 24th month period was within the range of 11 pm/month
based on the average film erqsion’rate'for the initial 6
months, the rate of film erosion was constant.
Antifouling Performance Test

Sandblasted steel panels (100 mm x 200 mm x 1 mm)

coated beforehand with a tar-vinyl anticorrosive paint were



N N- di met hyl chl or ophenyl ur ea - - -
4, 5-di chl or o- 2- n- octyllsothlazolln 3-

one - Ingredient C

N- (f 1 uor odi chl oronet hyl t hi o) pht hal i m de .

- - - - - 9 pyridi ne triphenyl borane
: - - 3 2,3,5,6-tetrachl oro-4-

(nethylsulfonyl) pyri di ne

N spray—coazt:é%:yrdrfi B ﬁc& N |%Fnet(?}?o?@% composition

de copper salt

ce in ickness 'of 240 um on a dr bas:l.s for each s:.de
246tr|ckﬁorophenyaf }}eﬁrﬁ de " Y

The coat&i s Vs RIORY Yt 1ud Yio€al baddit €in a thermo- -
- 5 zi nc di met hyl di t hi ocar banat e
- hygrostatic chamber at 20°C and a humldlty of 75% to produce
2 (t hi ocyanonet hyl t hi 0) benzot hi azol e -
Pl astici zertest picites i ndlesseadiedt ipieces were lmmersed in the seawater -
- - tricresyl phosphate
- of AlOl Bay, Aioi, HyogGygﬁngnn, for 24 memths to examine the

2 2 2 red iron oxide
2 2 change w1th-t1me of the pxpportion of that azegacofxthe
- - titani um di oxi de
1 1 coatgpg £ilm which wagvﬁqggﬁﬁﬂrﬁ}th ma{}%%agygﬁngagg aptached
2 2 2 3 . - agent Di sparl on 4300
- . thereto. - 10 ~ Bentone SD-2
} 1 Adheston Test - Additive Kwégbgethyl si | anol
_ TanV|n 900 - 3 e s -
- Sol vent B%aﬁaﬁﬁasteel panels were spray-coated twice W%Eh a o,

?2 2 tar-ég%xy éﬁ%icorr%five paint f@lgegﬁiéfﬁ$§§ﬁ?EK}25 pum on a
- - dry basik for each ‘application, aﬁ&“fﬁréﬁ@%aééated Vlth a
100 100tarJU¥h 1 sdfler dé¥k in JdOthickness of 70 ym on a dry basis.

37 Each of the coating conpositions prepared in Exanples 1 to 20
and Conpar gtHe/ &edatted| stedl tparfe I Wdra pytayecoatsed| eeied wbth ¢ash for

.examning filmsurface residue |ayer formation, filmerosion test,

anti f oul i ngcgearifiny momposidsign in a thickness of 100 um on a dry basis
fof each application and then dried for 1 week in a thermo-
hygrostatic chamber at 20°C and a humidity of 75% to produce
test pieces.

These'test pieces were immersed in artificial

seawater. After immersion for each of 3, 6, 12, 18, and 24
months, the test pieces were puli;d out of the water and
subjected to a crosscut tape test in which the coating film
was incised at an interval of 2 mm. Adhesion was evaluated

as follows: the test pieces in which the number of peeled

squares was 0 per 25 are indicated by © (acceptable), and



adhesion test, cracking resistance test, recoating test, and test for
evaluating the ability to prevent nmarine-organi sm attachnment over the
out-fitting period, by the nethods described below The results obtained
are shown in Tables 12 to 20 given later. Test for Exam ning Film Surface
Resi due Layer Formation Bl asted steel panels (100 nmx 200 nmx 1
nm were spray-coated twice with a tar-éBoxy anticorrosive paint in_a

t hi ckness of 125 [err]mon a dry basis for each application, and further
coated wi { Braekalin! i Rt ritiber Sreb K ERYdY pdid 4£1dddn on a dry

ed tWwce wt

basis. The steel panels were then spray- coat each coating
conpositiozna@cgtgﬁi5§n§§§uﬁgccgg%gﬁygﬂp1for each application. The

t hus-coated steel panéls 'were dried for 1 week in a therno-hygrostatic

chanber atczabgﬁhEggegméﬂad@gﬁmgs@y of 75% Thus, six test pieces were

pr oduced or each coating conposition. ‘The test pieces thus
produced were i mewhed ithe gekit! ipdetiess ey @ulllid eyutd roferttieon for each of
3, 6, 12, 18, and 24 nonths, the test pieces were pulled out of the water
and cut. Thetdfiiciall seawabere imoltihshedllwsidrhdrestexaacteccoating £ilm

stereom croscope to neasure the thickness of any residue |ayer forned on :
each coat i wgsf viisugddyaexamined for cracks. The test pieces havimgg noFj|m
Er osi on Test L -

cracks are indicated by O (acceptable), while those having

cracks are indicated by x (unacceptable).

Recoating Test
\
\ Steel panels (100 mm x 100 mm x 1 mm) which each had

been coated on both sides with an anticorrosive paint were
spray-coated, on the front side, with each coating
composition twice in a thickness of 100 pm on é dry basis for
each application. The thus-coated steel panels were dried
indoors at 20°C for 1 week. Thus, two test pieces were
produced for each coating composition.

These test pieces were immersed in artificial
seawater. After immersion for each of 12 and 24 months, the
test pieces were pulled out of the water, washed with
distilled water, and then dried indoors at 20°C for 1 week.
Thereafter, each test piece was spray-coated twice with the
same coating composition'as that ;ith which the test piece
had been coated, in a thickﬁess of 100 um on a dry basis for
each application. The recoated test pieces were dried
indoors at 20°C for 1.week. These test pieces were fixed to

the outer circumferential surface of a cylindrical drum



Steel panels (100 nmx 100 nmx 1 mm) which each had been coated on both
sides with an anticorrosive paint were spray-coated, on the front side,

wi th each coating conposition twice in a thickness of 200 [err]mon a dry
basis for each application. The thus-coated steel panels were dried
indoors at 20[err]C for 1 week to produce iest pi eces. These test
pi eces were fixed to the outer circunfer&htial surface of a cylindrical
drum having a dianeter of 50 cm This drumwas i mrersed in the seawater

of Yura B?ywitﬁﬁgng Oa; iQOOr JEP3s ah.a @lﬁﬁzghdﬁﬁmlwérgf iﬁﬁbk@éasgﬁ thevel

and rotate motor at such™a rate that f peri phe speed of the

drum vas 16544\ fer 1H€ f@f‘&'céé?n samoeeat ng}egél | Fapbhokaesa aapeadoy1 m
erosi on was neasured at an erval nont hs over a period of 24

mont hs. ThesgyRr €ge séaln&aépslaﬂdrabeaééarwiﬁhnanhbhoioattbachnatmaheB
nonths and that for the period of fromthe 6th to the 24th nonth were

cal cul at ed. tHat avies aper i phersl ospeadr efethé drhmr was! ténkhoes. hafher
correlates with satisfactory antifouling perfornance. 1In test pieces in
whi ch t he aimmegeidénl fioer bsweek atbef besthpiebeb wer@4phliedt bupepifodtheas
within the range of 1 [err]Jm nonth based -on the average filmerosion rate
for the inis¢awater nand hexambnedaferothei peedingi of whe fvmshaspating

Anti fouling Performance Test Sandbl asted steel panels. (100 nm X
200 nm x 1 Bim ExemcthecpbichBfd WIhe Beshr PirReF WhirbBopnésp¥redparnt were

peeling are indicated by © (acceptable), while those which

suffered peeling are indicated by x (unacceptable).

Test\for'Evaluating the Ability to Prevent Marine-organism

Attachment over Qut-fitting Period

Sandblasted steel panels (100 mm x 300 mm x 1 mm)
coated beforehand with a tar-vinyl anticorrosive paint were
spray-coated on both sides with each coating composition
twice in a thickness of 240 um on a dry basis for each side.
The coated panels were dried for 1 week in a thermo-
-hygrostatic chamber at 20°C and a humidity of 75% to produce
test pieces. These test pieces were immersed in the seawater
of Owase Béy, Mie,'Japan, over a period of 3 months from July
to September, 1996 while being kept parallel to the water
surface at a depth of 1 m from the sea level to examine the
change with time of the proportigh of that area of the
coating film which was covered with marine organisms attached
“thereto.

Further, for the purpose of a comparison between

Owase Bay and Aioi Bay in the degree of fouling by orgaﬁisms



39 spray-coated on both sides with each coating conposition twice in a

t hi ckness of 240 [err]mon a dry basis for each side. The coated panels
were dried for 1 week in a thernmp- hygrostatic chanber at 20[err]C and a
hum dity of 75%to produce test pieces. These test pieces were i mersed in
the seawater of Aioi Bay, A oi, Hyogo, Japan, for 24 nonths to exam ne the
change with tine of the proportion of t hat? area of the coating fil mwhich .
was covered with nmarine organisnms attached thereto. Adhesion Test

Bl ast ed st ggl-; panehar"peeisa', 2¥na0#bed th pRridsl df Rlcdiipviso

n
anticorrosive pgint In“a thickness of 125 [[erif]mon a dry basis for each

appl i cati oper@@dnf $eLBEEatORMEraioh and Rorizdtaledhiler®idn, et
thickness of 70 [err]mon a dry basis. The coated steel panels were
‘Spray- coat gletdbCeodtb Rath theaitiahd vaayloainitiedrirosd vehipddtas ondfy 100
[err]mon a dry basis for each application and then dried for 1 week in a
t herno- hywgresimheeselaltheboth Bepeark@sand aompairdi ttheoftedY%gimqesduce
test pieces. These test pieces were imrersed in artificia
seawat er. Based onmthei wrifgbt ediclthef oxgadisi®, whd chamdii@redidiitdrstahe
test pieces were pulled out of the water and subjected to a crosscut tape
test in which the coating film was incised at an interval of 2 mm
Adhesi on was evaluated as follows: the test pieces in which the nunber of
peel ed squares was O per 25 are-indicated by o (acceptable), and



40 those in which that nunber was 1wot<t~a#tger per 25 are indicated by x
(unacceptabl e). Cracking Resistance Test ~ When the test pieces
were pulled out of the artificial seawater in the adhesion test, each
coating film was visually exam ned for cracks. The test pieces having no
cracks are indicated by o (acceptable), jl e those having cracks are

i ndi cated by x (unacceptable). Recoating ‘Test Steel panels (100 mm x
100 mMm x 1 nm) which each had been coated on both sides with an
anticorrosive paint were spray coatedvhﬁglihe front side, with each

coating CPITPOST TT UNTTWECE T 1T _d T TIT CKTTE Tl T O a ury oasts f|or
each appl i . ¢t forggxprifing iy e Pt o dbor s

20[err]C f Thus, two tm&kref @CREIABER: o fidlliieRek (@l each coat fing
a)
COITpOSI ti O .Tg?lérghst eqt QI Ctgs V\EI’ 'f'}z' I’T:EESI’ S ’9 .I!BrllnorL st Hhi Cilo months
seawat er. prtet—t+-ArREtSHoR—+01 ae-h—ot Rt—= R AsS—tre—fest ptece
wer e puIIenE!mt1e f the watker, vashedgMAth disfillefl watdr, amd theh dried
i ndoors at‘iﬁﬂﬁg@]c or 1 Meek Thejeafter, egch test pigece ypas
spray- coat {pdxste de wWjth thee sgme coating| conpesitipn asothat |with MMIC
the test pll&@iedad een cpated, in & thifknes§ of J00 [drr]mlon a Hry
basi s for [amsfeapplijcatian. THe receoated| test opi ecgs were drijed o
Example 8 0" 0 0 0 0
Example 9 0 0 0 Q 0
Example 10 0 ] 1} 1] 0
Example 11 0 0 0 0 0
Example 12 0 0 (] 0 0
Example 13 0 (] 0 0 0
Example 14 0 0 0 0 0
Example 15 0 0 0 0 0
Example 16 0 0 0 [} 0
Example\ 17 0 0 0 0 0
Example 18 0 0 0 0 0
Example 19 0 ] 0 0 0
Example 20 0 0 0 0 0
Comparative . :
Example 1 5 5 10 10 10
Comparative
Example 2 20 50 70 100 100
Comparative .
Exampla 3 ° 5 10 30 70 100
Comparative
Example 4 0 0 5 5 . 10
Comparative
Example 5 15 50 90 120 140
Comparative
Example 6 10 30 70 90 100 I




i ndoors at 20[err]C for -1 week. These test pieces were fixed to the outer
circunferential surface of a cylindrical drum

41 having a dianmeter of 50 cm This drumwas i Mmersed in the seawater of
Yura Bay, Sunoto, Hyogo, Japan, at a depth of 1 m fromthe sea | evel, and
rotated with a motor at such a rate that the peripheral speed of the drum
was 16 knots. After imrersion for 1 weel?4 the test pieces were pulled out
of the seawater and exam ned for the peeling of the fresh coating film
fromthe old one. The test pieces whi chagalfifered no peellng are indicated

by o (acce S EOSE T CIT—SUr T er 80 peer Ty ar e 1T nar cat ead oy x
(unaccept apl e). Test for Evaluating.t i i vl o T )i sm’
Attachnent|over Qut-fjtting Period rnn:mmmSanﬂmwwmﬂed steel panels (1|0
mm x 300 nmx 1 nm) Foafed beforaraqp W thy,a garjyinyl gntf cogropivg p:|nt
were spray-coated on| hiche $i cbadhs V| bRl Nuo@AY | BGjrne OMRasERst | Gignend i CE 1§ A
thickness pf 240 [errlmon & dry Hasis fhr each side ] The koated| pare §
were driedjfor 1 week|imsa thesfro-| hygrpstati¢ chamber at POLarr Clﬁnd‘a
hum dity of 75% to] prpdusse |[ted? (i ec®s. The;ise t est ieé:gs weﬂ{% i mé#3sedl in
the seawatpr of Qugsp By, M & Japa§j, pvels a|penfod of33 ponfshs|frim July
to Septenbpr, 1996| vh| | essbeilngzkedt parallaks tq tise watew [upfacp ats a
h 41 102 128 149 171
depth of 1 n1fron1t@e seg I(vegoto e om1e g§m3 1o L8 1 108
8 30 65 102 130 168 201 233 267
9 18 37 56 74. 95 112 129 144
Example 10 39 76 117 150 191 230 269 309
11 *13 29 46 62 71 91 105 121
12 26 35 81 106 136 165 191 219
13 27 53 83 102 133 161 189 216
\ 14 44 89 133 179 222 273 316 362
| 15 23 48 71 99 118 142 169 195
16 46 95 142 193 240 289 338 386
17 31 59 90 118 152 179 212 235
18 11 23 38 50 58 70 85 101
19 35 70 103 142 182 214 250 285
20 24 . 47 72 : 98 121 140 170 189
1 8 15 17 18 20 22 23 23
Compara- 2 0 0 1 2 2 2 2 2
tive 3 20 59 77 82 85 87 90 91
Example 4 7 19 27 37 44 52 52 52
5 0 1 2 4 5 5 5 5
6 29 59 78 92 95 100 102 103 ﬂ




change with tinme of the proportion of that area of the coating filmwhich

was coveted with marine organisns attached thereto. Further, for
t he purpose of a conparison between Onase Bay and Aioi Bay in the degree
of fouling by organisns 42 during

that period, and for the purpose of a conE rison between verti cal

I mrer si on and horizontal imersion, test gieces coated with the tar-vinyl
anticorrosive paint only were imrersed in both sea areas to conpare the
test pieces based on the weight of thgpee0qaai sns which adhered thereto.
43 : e —— Fere=%2

Test for egamining film S\Ijrface resi due L&jdm fexowmldmritest

Thi ckness @§f residue Layelf on fiIlmsurfage ([err
mont hs 6 nmont hs Awgrq&gf'§l£ eroéggagrgﬁﬁf&gm/month)gd

months Exgnmple 1~ | initdal 6 months from 6th to 24th mdnth
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Example 1
Comparative
Example 2 . 0.0 0.1
Comparative - | _
Example 3 13.0: 1.5
Comparative
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Comparative
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15

100 Conpar
30

0

5

140 Conpar
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Filmerosip
t hi ckness
9

nont hs

nont hs
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0 _ 0 0

0 Exanple 4 0 0

0 0 Exanple 5 0

0 -0 0 Exanple 6

0 0 0

0 46 0 .

0 Exanple 8 0 0

0 0O Expeapie 9 0

8 9 Antifouling performance testO_ExarrpI e 1

0 Propottionuof area c@vered with marine organisms @

0 Exagﬁ&'ﬂtslz 6 months 19 months 18 months 0 24 months
ExamlelU 0 ¢ Xqmpre g3 v 0
Examile 2 0 0 8) 0 0 I%xar’rp e 14,
Example 3 ( 0 )] 0 0 o 0
Example 4 0 0 0 0 g g 0 g

m] ) 0
Eﬁmﬁiﬁi 0 _xarrploe 16 0 0o 0 0 0
g:rﬁzz 0 g © Exgnpl e %7 0 0 g
Examgle g O 0 8) 0 0 ﬁxarm e 184
Example 10 ( 0 ® ° 0o _ 0
Example 11 0 g g 0 g g 0 g
Example 12 N
Exm:1: 13 0 Exanplee 20 0 0o 0 0 0
Eﬁ:vi: i‘ 0 g ©® Cdnpar agi ve ExanpPe 1 o0
Emmg1 1610 0 1D 0 0 Gonpafative Exa
&Ek g 50 g 8 70 i glOO
ﬁﬁﬁé anple 3 5 0
m&ﬁﬁzo?O g 10% Cbnparatgve Bxanpl e 4 g
cmparariva® 5 TO Conpaf ative Exa
ExamiR 1 10 50 20 100 90 100 100120
Fwweuﬁwamale 6 10 3
Example 2 g 180 60 100 100
Comparative
Example 3 0 20 50 Tabbe 13 100
Z%Pef 0 0 0 0 3E)i I'm
Lodetsan [err]m 3 6
1l§ample 5 1510 18& »d 1084 100
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29
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.1 Exanple 2

60 88 115 151 181
243 3 12 25 36 49
74 86 99 4 8 18
38 48 57 65 76 5
72 108 144 47 180 216 252
6 20 41 66 82 102
149 171 7 26 50 70
119 148 172  zable 16 195 - 8 30
Ve 31 15U o 190 76’“!.&2890% test nr2-3-3 haA
144 Exanp| @ 3 months 1E 6 montB) 12 months 7§ 18 months] 1Y 24 months 50
%&Qple 1 269 ] 3090 o L1 [ 13 o 9
&&mpie § 71 o 91e 10% 1%1 El 12
pe 81° 1062 136 65 91
Bomie s 13| 27 o 53 . 83 o 102 s 133
J:'@@Phg 216 ° ° 1%} ° 44 : 89 : 183
i 273 31p 362 . 15 ¢ 23
Edample 9 99 o 1180 143 169 1095
Example 10 ¢ ° 142 ° 193 ° 240° 28%
ple 11 o . o ] o (-]
le 12 o 1 o 31 o 59 <) 90) o 138
E?a@pll-e i: 212 ° 235: o | 8 o 11 ° 43
a:;I.: 15 58 ° 700 85 1(21 : o 19
Exddple i; 103 o 1420 182 214 250 |
Example 17 5 24 ° 47 ° 72 ° 98 e 21
3o | 1893 O T s 15 o 7
E@@ple 20 22 ° 23° 23 Conpare- ° 2 ©° 0
Jeompara:i.va 2 2 2 2 2 tiye
Example 1 59 x 17 x B2 x 85 = 87 =
FLrERall ¢ ! L7 .19 L2710 ., 3
5anparati.ve 52 52 b 0
Bamied | 5 5 - 5 3 < e
mple 4 78 o 92, 35 100 102
Comparative 45
Exa x x H H x
Comp:gi:ix_sre . Fi | m &rosi pn test 1
MeR#pDsSs ON |r at e X [ er r|] nl noat h) % x inijtial 6 noft hs
=ﬁ -
10.7 10. 3 Exanmple 3
4.1 Exanple 4 0 3.3
"12.0 : 12.0 Exanple 6

.2 Exanpl e 5

.2 Exanpl e 8

11.7

6.0 Exanple 10

7.2 Exarrplae 7

8.0
11.2 Exanple 9
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Exampl e 11 5.3 5.0 Example 12 .

oleoloNe)

9.7 9.2 Exanple 13 8.7
9.0 Exanple 14 ~15.0 : 15. 2 Exanple 15
8.3 : 8.1 Exanple 16 16. 3
16. 2 Exanple 17 9.3 8 9.9 Exanple 18
4.0 : ' 4.1 Exanple 1¢ 11.7 _
12. 0 Exanple 20 7.7 7.9 Conparative
Exanple 1 2.3 Table 17 0.5 Conparati've Exanple 2
0.0 : T. 1 oonpar atil ve cxanpi e o 13. U,
1.5 Corrpar tive EXG.I'TFLLE A fragking resistance test 2.0
Conpar at [ Exarrpl € b 3 months 6 @en3hs 12 months 18 months ). 24 months
Conpar at i Exanple b 10.0 : p. 2
46 | Eamiie 2 . o . Tabl e 15 o
Anti foul i Hpr maphce t est ° 2 : Progortipn
of area c ﬁﬁyvith mari ige organisrﬁs (% ° o 3 mg@nt hs
6 nont hs Example 6 12| nont ls d8 mgnt hs o 24 monthp Exanpl gf 1
0 eeree O : D ; 03 2 o
Exanple 2 p,xa..,:l, 9 0o ° 0 o o 0 °
Example 10 () Exanp|oe 3 ) 0 o o 0 ]
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e 0| S D Exdmpl e 2 c lo ¢
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Comparative
Example 4 o o o -] x
Comparative :
Example 5 x x x x x
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0 S e
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Exanpl e 20 0 0,
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Conparativ &3 20 o} 50
90 Examg¥ fonpanative Exarrbl e 4 0 o) 0
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30 Exampl&05 1@0 100 Conmarative
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o Example 11 e o Exanpl® 2
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Example 4 0 0
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Exanpl e 18 o] o] o]

o] o Exanple 19 _ o] o]

0 0 o Exanple 20 0

o] o] L o] o Conparative
Exanmple 1 X X X

X : x Conparative Exanple 21 X X
X : X X Conparative Exanple 3

X X X X X
: Table 20
Conparati ve Exanple 4 0 o]

0 Compariscdh in the degree PFfPEs@ling WXadid&nbsms with test X
X piecesX uncoated with an®ifouling paint fox prepeneinye Exanple
X

6 marihe-organism attachment . X
X 49

Table 18 . RECoati Ny Lest

old-filmi rsion ol d- f [Hom-iraver S of adherent naping prgstions Febonihs
peri od, 24}nonths Exanple 1 1 month D 2 months : 3 months
Exanpl e 2

Owase (horizontal O : 1.5 9.Exampl ¢ 3 3.
iamersion) o Exanple 4 o]
EX&ITp' e Owase (vertical immersion 0.4

1.0 1.8
Aloi (horizontal immersion %,.3 0.70 Exa le 6 1.2
Aloi (vertical immersion? E<arfp| € d.2 0.50 1.0

Exampl e P : =P - = i
proportion of the area covered with mari rgan¥Ysms was
100% in sach dad&anple 10 )
Exanpl ¢ 4l gwase: Owase B Mie, {aﬁan Exanpl e 12
&,

o]
Aiqi : Aioi B an 0

Exanpl e 14 0&\ é’%’ P o]
o]

. Exampl e 15
o Exanple 16
Exanpl e 17 o] o Exanple 18
As apparerixafgdm tie results givenain Tables 12 to
Exanpl e 20 0 . o Conparative Exanple
20, all the comparative compositions containing prior art

RPOOOOOOOOOOOO

rosin-blending polymers, namely the composition of
Comparative Example 1 which contained "Laroflex MP-15" (trade'
name of BASF AG; vinyl chloride resin), the composiﬁion of
Comparative Example 2 (corresponding to an Example of JP-A-
60-28456) which contained "Pliolite S-5B" (trade name of The
Goodyear Tiie_& Rubber Company; styrene-butadiene rubber),
the composition of Comparative Example 3 (corresponding to
another Example of JP-A-60-28456) which contained "Toyoparax
A-70" (trade name of Tosoh Corp.;, chlorinated paraffin
resin), the composition of Comparative Example 5
(corresponding to an Examplé of JP-A-50-135125) which
contained polyiscbutylene, and the composition of Comparative
Example 6 (corresponding to still another Example of JP-A-60-

28456) which contained "Polysol EVA-AD-3" (trade name of



Conparati ve 'Exarrpl e 2 X | x Conparative

Exanple 3 X x Conparative Exanple 4
X x Conparative Exanple 5 X

x Conparative Exanple 6- X X

50 Tabl e 19

Test for evaluating the ability to preven?2 mar i ne- or gani sm

attachnment over out-fitting period

Propor ti ongabwal 83 ghPvayRer Mo ,MBfddle iR/ «iflyl acetate
nonth - ghp 2 nonths ' | ty 3 nonths Exanple

copolymer, 50% solution), and the coating dbmposition of '

Exanpl e 2 : o] 0

Exanmpl € @omparative Example 40 (corresponding to an Exampld of U.S.

Exampl e 4 0 0

Exanpl e Patent 5,436,284) notDcontaining ingredient A of tthe present

Exanpl e 6 0 0

Exanpl e invention gave coating films on which a residue layer was

Exampl e 8 0 0

Exanpl e dormed in long-term igmersion and which were unsatjisfactory

Exanpl e 10 . . O ) ) 0

Exanpl e in both film erosion grate and antifouling performgnce,
Exanpl e
Exanpl e
Exanpl e
Exanpl e
Exanpl e
Exanpl e F

Eﬁggg:g %%mparative coating %%mpositions were also defect%?e in

Exanpl e 2Q-acki esistance, @dhesion, suitability for redébatin
Conpar ati-ve ékgﬁgiell a * ' 50 Y gr

00 etc.

12
gdthough the coating %ilms obtained from some of %%ese
%émparative compoSitﬂ%ns showed satisfactory efod%%ility for

?%%£§1 months from'ﬂ%e initiation of immersion. E#he

100

POOOO0OO0OO0O0O0O00O0O0O0O0O0O0O0O0O0 kK

The results further show that in contrast to those
comparative compositions, the coating compositions of
Examples 1 to 20, which contained any of various rosin
compounds in combination with any of solutions S; to S;; of
hydrolyzable polymers_cbntaining organosilyl ester groups,
gave coating films which were free from the formation of a
residue layer thereon over long-term immersion and were
satisfacﬁory in all of film erosion rate, antifouling
performance, cracking resistance,’adhesion,'suitability_for
recoating, and fhe ability to prevent marine-organism
attachment over the out-fitting period. Namely, the reéults

show that the coating.compositions according to the present

invention combined excellent performances.



Conmpar ati ve Exanple 2 40 60

100 Conparative Exanple 3 100 100
100 Conparative Exanple 4 10 40
100 Conparative Exanple 5 80 100
100 Conparative Exanpl € 6 5330 _ 80
100 : 51 __
Table 20 Conparison in the degree of fouling by organisns with test

pi eces uncoated wi Gy JUnidiit Kbl HBvd O ik C/SHEL 5 1€16A 08P EH:
attachnent e ght of "ad ere mari ne organi sns
(kg) present invention'ﬂsrﬁg§iﬁcable €0 "RRdEBwater3stiRatifrease
(hori zont al 1.5 3.2 innmersion) Owase

(Vert'Ca|'ﬂﬁ&ﬂf&é&ﬂto(bélprotectédofrom fouling. &ndAdamag80byzRarihe
I mer si on) 1.2 Aioi (vertical imersion) 0.2

0.5 orgénihméﬁnsunhunstsmmpdbothema;eﬁ;shﬂngeﬂeﬂsthandrcoelmnganlsns
was 100% i n each case. * Onase: Ownase Bay, Me, Japan Aioi : Aioi Bay,
Hyogo, Japavater pipes, aud appafenthéromsabberfeul tBegsludgendigbneson? to
20, all the conparative conpositions. containing prior art rosin-blending
pol ymers, remesentien conpeesanorivil epgpaeering weuksl and fArcAtBert ai ned
"Laroflex MP-15" (trade name of BASF AG vinyl chloride resin), the
conposi t i orPWIPOs®Hparthe eoaking| £ilm ebiatrednfray FheaRoRREABEAOBf JP- A-
60- 28456) mhlch cont ai ned "PI1 I|t S- 5B étrade nane. of The Gbodyear
Tire & Rubts® rfpr!gtayr%%l ¥PE Fhspeey, over long-te

immersion, and is hence free from physical defects such as
crac£§ and peeling and capable of maintaining a sufficiently
high rate of film erosion and preventing the attachment of
merine organisms over long. In particular, the coating film
has the satisfactory ability to prevent marine-organism
attachment over the out-fitting period. The coating film
further has satisfactory suitability for recoating.

While the invention has been described in detail and
with referenée to specific-embodiments thereof, it will be
apparent to one skilled in the art that various changes and
modifications can be made therein without departing from the

spirit and scope thereof.



t he conposition of Conparative Exanple 3 (corresponding to another Exanple
of JP- A-60-28456) which contai ned "Toyoparax A-70" (t+rade-nane of Tasoh
Corp.; chlorinated paraffin resin), the conposition of Conparative Exanple-

5 (corresponding to an Exanple of JP-A-50-135125) whiki#She (Hawnemﬁ laced
pol yi sobutyl ene, and the conposition of Conparative u”

(corresponding to still another Exanple X+ JP- A- 60-
" PoI ysol EVA- AD-39" (trade nane of _

Showa raLt d et hyl ene/ vinyl acetate copol ymsr, 50%
sol ution), wﬁﬁghrp'%e&g%\&pgr@g Icsgrrpom tion of Conparative Exanple 4
(corresponding to gn ag| np&g , Y SHHERTHINY
i ngredient A of thg prEg*sent ati %vent | (())né:)(:cjée{'\(?g'I ccg)atl ngsgi‘ ‘s on which a
resi due | aygmodRntisor med in I ong-term i nmersion and which were
unsat i sfactor in béth filmerosion rate and antifouling per f or mance,
al t hough the coati Sg f lalt eicaionRd dosdif uipciind hrslectoaimirant isesins,
conpositions showed satisfactory erodibility for several nonths fromthe
i nitiationrefsimmardiveritivEie ambmowiat imetabagaigs conposi tions ‘were al so
defective in cracking resistance, adhesion, suitability for recoating,
etc. The K@julatts lleastthenes pnlyrext dontiningan ErgaRRS1lyl
conparati ve conpositions, the coating conpositions of

ester group,

tal ned

wherein said at least one polymer is composed of:
i) a polymer obtained from at least one of monomers A
\\ represented by formula (1); |

ii) a polymer obtained from at least one of said
monomers A and at least one of polymerizable monomers
other than said monomers A; or
iii) a mixture'of the polymers i) and ii),

R' |

I

X—Si-R? (4)
l
R3

wherein R!, R? and R® are the same or different and

eéch represents an alkyl ;roup or an aryl group; and
X represents ah acryloyloxy .group, a methacryloyloxy
group, a maleinoyloxy group, a fumardyloxy'groué, an

itaconoyloxy group or.a citraconoYloxy group; and

(C) an antifoulant.

T

THIS SHEET HAS BEEN

N A REPLACED | :




Exanples 1 to 20, which contained any of various raosin_conpounds in
conbination with any of solutions S err] to S[err] of hydrolyzable
pol ymers contai ni ng organosilyl ester groups, gave aéB*mRekhﬂch
were free fromthe formation of a residue |ayer ther erm
uIing
and

| mer sion and were satisfactory in all of f|In1er05|
per f or mance, cracking resistance, adhesid®, suitability recoatln
the ability to prevent marine- organlsn1 att achnent over the out - flttlng
period. Namely, thg requibhgt;

: i1 008 Accor di ng
to the present |n3ent|on co |ne xce“?ént per 2§%ces

o3 mm%.t Zﬂ‘o%@ﬁtl%‘fﬁ’ £ @ pald %M&ﬁ% th i 0f cdifourmd egs Nt
i nvention |s app | cabl undermé%er ;iructures required to Bgﬁ%$otected

from foul i @alanétd%&% e T 1 e O it SilTh.n g Uah casgatt i Bel teser f i1 shi ng
nets, and cooling water pipes, and is further usable for the sludge

di ffusi on gpioRenls From 190%aRCiddAL ey neRighty owrk ssclnil fisas 08 her
~purposes. The coating filmobtained fromthe conposition does not forma
resi due | ayer theréon aveoaltding icompos irtniersiantomtichg dericein rkee from
physi cal defects such as crackS and peeling and capable of naintaining a
suf fi ci ent Wheriigh sedde adgf lisash enssiprlymer gakaining tdre ergandsilyl of
marine organi sns over long. In particular, the coating film
ester has a weight-average molecular weight of from 1,000 to
150,000.
4. A coating composition according to claim 1,
where}n said antifoulant is used in an amount of from 0.1 to
80% by weight based on the total amount of all solid
ingredients in the coating composition.
5. A coating composition according to claim 1,
wherein said at least one polymer (B) contains said monomers
A in an amount of 1 to 100% by weight and said at least one

of polymerizaple monomers other than said monomers A in an

amount of 99 to- 0% by weight.

THIS SHEET Hag =BEEN
REPLACED l

[

LT L .



més the satisfactory ability to prevent narine-organi sm attachnment over
Zhe-out-fitting period. The coating film further has satisfactory

uitability for recoating. Wil e the invention has been descri bed
in detail and wth reference to specific enbodinents thereof, it will be
apparent to one skilled in the art that various changes and nodifications
~can be made therein w thout departing frdf the spirit and scope thereof.
54 WHAT IS CLAIMED | S: COATING COMBRAS IdARQYosi ti on conpri sing, as
essential conponents, ABSTRACTADF 8% DIRETOBYRE conpound sel ect ed
. fromrosins, rosin derivatives and roSin netal salts; (B) at

| east one pol yner @ogbaitingd cohpgd<daiiasi |ddmpeid fig ¢ atgsin compounderai n
said at | east one polymer is conmposed of: I ) a pol ymer obt ained
fromat |epsllymee eontaiwmirigs okganosilyl esesmengrouby, fandam (1) ;

ii) a polyner obtained fromat |east one of said mononers A and at
| east one ahtidoplantzas essEndnil components his dismlesed. noPohers A or
iii) a mxture of the polyners i) and ii),

rosin-based coating composition gives a coating film which

forms no residue layer on the surface thereof over long-term
immersion, is. hence free from physical defects such as cracks
and peeling and capable of maintaining a sufficiently high |
rate of film erosion and preventing the attachment of marine
orgaQXSms over long, has satisfactory suitability for
recoating, and has the satisfactory ability to prevent

marine—ofganism attachment over the out-fitting period.



. . ANEL-G  [pig's copy
[err] wherein R err], Rerr] and Rerr] are or P0$I¢w(p\j‘

di.f fserent and each represents an al kyl group or “ﬁEmeEMEWFBHEEP
X represents an acryl oyl oxy group, a nethacryl oyl oxy =Gl Spmancl

mal ei noyl oxy group nonoesterified with an - . al kyl

group nonoesterified with an al kylggroup, an it

nonoesterified with an al kyl group or a citracon

nonoesterified with an al kyl group; and

REPLACEVENT WRARETS CLAIMED IS: 55 (

wherein the proportion of said at |east one rosin conpound to said at

| east one pol ymer cant aidnices tdmeo rcgaipesiitiilone stomprigrioyn ias fesmant/i®d t o
99/ 1, by weight on a solid basis. 2. A coating conposition
accordi ng t campminent:s, wherein said at- | east one pol yner containing an
organosi lyl ester has a wei ght-average nol ecul ar weight of from1,000 to
150, 000. 3. (A)ced ikepstomies indsdm sompaiing estadnirom wesisis,
said antifoulant is used in an apount, of fromO0.1 to 80% by wei ght based
on the totaFofidusterivafiivag|and safimnededml sattSe coating conposition.

(B) at least one polymer containing an organosilyl
ester group, | |
wherein said at least_ohe polymer is composed of:
i) a polymer obtained from at least one of monomers A
represented by formula (1);
ii) a polymer obtained from at least one of éaid
monomers A and at leasﬁ one of polymerizable monomers
other than séid monomers A; or
iii) a mixture of_the polymers i) and ii),
Rl
-
X-Si-R? B
| |
RS

wherein R!, R? and R® are the same or different and
each represents an aikyl group or an aryl group; and
X represents an acryloyloxy group, a methacryloyloxy
groﬁp, a maléinoyloxy group monoesterified with an
alkyl group, a fumaroyloxy group'monoesterified with

~an alkyl group, an itaconoyloxy group monoesterified
with an alkyl group or a citraconcyloxy group

monoesterified with an alkyl group; and

* c L M S * :



4. A coating conposition according to claim1, wherein said at |east one
pol yner (B) contains said nmononers A in an anount of I IM™488%-by—wei-ghlt
and’'said at |east one of polynerizable nononers other tﬁﬁ?fax%@ﬂmfnﬁﬂﬁfers A
in an amount of 99 to 0% by wei ght. )
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(C) an antifoulant;

wherein the proportion of said at least one rosin compound to
said at least one polymer cnntaining an organosilyl ester
group is from 1/99 to 99/1, by weight on a solid basis.

2. A coating composition according to claim 1,
nherein said at least one polymer containing an organosilyl
ester has a weight-average molecular weight of from 1,000 to
150, 000. | -

3. A coéting composition according to claim 1,
wherein said antifoulant is used in an amount of from 0.1 to
80% by weight based on the total amount of all solid
ingredients in the coating composition.

4. A coating composition according to claim 1,.
wherein said at least one polymer (B) contains said monomeﬁs
A in an amount of 1 to 100% by weight and said at least one

R of polymerizablé monomers other than said monomers A in an

amount of 99 to- 0% by weight.
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