;e3eJJd($n6T[ag RESIN COVPCSI TI ON, PRODUCTI ON

POLYMER AND ANTI FOULI NG COATI NG TECHNI CAL FI ELD The prjm uwmwﬁww
relates to a resin conposition conprising a boron-cont r and in
particular to a resin conposition conprising a boron-cont aismeng pol yner
useful as an antifouling coating. BACKGROUND OF THE | NVENTI ON Aquati c
creatures such as barnacl es, ascidians, pyl opagurus serpmmmﬂmmMMﬂmmmF
nmussel s, bugul a neritina, green |ayer and sea lettuce ad ous
substances bel ow the water surface, to cause a w de variety «@ipoganage. For
exanpl e, when these aquatic cre to the body of a ship, the

vel ocity of the ship is |owere éﬁgffﬁgﬂ??b cost is increased. Further, it
is known that when the aquatic creatures adhere to fishing nets etc., the

net nay f@?sﬁxi Qﬁ%ﬁbéprfawsepﬁ@@@@%%hrfﬁé%ﬁﬂgﬁ%};pﬁ@ﬁ@nttaﬁm@ﬁgﬁbon and

growt h of aquatic creatures on substances bel ow the wafer surface, an
anti f oul§ tANYy ANT LEQHL I CPABFEGhas been used an antifoul i ng coating

conpri si ng seawat er-i nsol ubl e vi nyl re5|n and al kyd resin as binder resin
and a trialkyl tin polyneric cong%ﬁ a_vehicle . However, there is
anxi ety about the adverse ef f et} Teh gFEPBd trialkyl tin on the
ecosysten1 sotmhemQHSEnkﬂunmhﬂtﬁomevel@p@entooﬁ heavy nampbsiteen
antifoulj ng; and antlfo dﬁ% et Ss ﬁp nese kallPubllcatlon
Hei - 7-1 s%q os rﬁ?éln%ﬂ p%ﬂ“? difie dér |p\?§t Ve c‘?gmgf)eﬁ
corrpoundsesJﬁur:btmppsutuppmypr:b@nag\@rlbaroy eniheindnplmexl worpueadsl

(Japane Kokal, {Puplic 295608, Japanese Kokai Publication
Hei - 8- 23%%09 efé , trflarIi eny%g£ ?ane hydr oxyl group-contai ni ng am ne

conpl ex conpounds (Japanese Kokai Publication Hei-9-78007), triphenyl

bor ane-hi gher fatty 2 BRCRERGUND O6Ft etk aNVERDIT OR conplex conpounds
(Japanese Kok Puybl i cati on Hei-10- 18232%% etc. are_al s& groposed For the
fR2F 3y

pur pose of ex§¥§§% Yy SRRy 27 nagleds pParbfgedS peri od of tinme
W th goleangumpwwekpbnbphy1u3apﬁh35mu&skas Pulguleat ¢ it Head - §1e832763

di scl . b . ;
c:)rsrgoﬁﬁiaf‘}éa]}n%’r}gdagfﬁegae ‘?'k% % i ca%rgrr?(\r %ﬁl%ll%h%%§%8;€%§| g)gmg:)sé Eri phenyl
bor ane- (sl misvaifianey et e crepl e acwhpe wratst e thupfhdamagdeparfisseeKaknl e,

Publ i catyyth *éﬂesjela&aa%@é disslases. aaﬁeeer@é'ﬂmec%agsé%lé)%hw hgavy

metal -free antifouling coatings, an antifouling coating conpoSitiagn

conpr i sﬂfblcr@:‘attﬁbﬁrchBFoqkﬁsﬁ éd +PVEFOFR 3RS dhe éHﬁ%a‘FW‘hd%bP(jﬁ%Fsag a
vehi cl e. nEIAARY i@Fi $Hm OMNYVEIWE tONL Be thbj &glia ol ctdeprosentadhreentbon is to

provi de r.esin_conpositi ri_sin boro contalnln al useful as
an anti frilo Jilh%n@ggt? V\A?r 8hnn€ ]8% ﬁeav en%?%f:p‘f réc/)rrfn13

envi ronment al Emewp‘@wtlﬁwsdhelseom eséngrqmtﬂ@mﬁ @mu@ﬁ:(;\ﬂ dégaaur65| n
conposi ta@%dﬁy&mmm&%tﬁ?%egr%ﬁ%& ngarP%'nY:Wouh%Yﬂg”@oa\:Qn? si de

chain or at a_term nal her eo | east one roup represented
fol | owi nigs pepfupRd(Eherebas heermsedan aptifopn W?P?WIF%GOF‘BFHEPEG RlLis a

part of s?éla»aa:wrgfrowm&e ariQuas rakent @ﬁd%@.rmyd)fce@uhf @g eitndreath
represent

ubs %d or nsubstltuted al k resents an
oxygen i d Tinedeth E4nrbalVRERLE COBPPHARyYT & Ay aliPREVEE o
het er ocytdie e demraunelt ¥ abbaitnt ing aalvearsst ef iced af thasajbﬂied trédlkilrogen
at ons an@ilyo}lstﬁle ggogystem, so there is demand for development of heavy
metal-free antifouling coatings and antifouling agents.
Japanese Kokai Publication Hei-7-133207 discloses
triphenyl borane-pyridine derivative complex compounds.
Further, triphenyl borane-fatty amine complex compounds
(Japanese Kokai Publication Hei-8-295608, Japanese Kokai
Publication Hei-8-295609 etc.), triphenyl borane-hydroxyl
group-containing amine complex compounds (Japanese Kokai
Publication Hei-9-78007), triphenyl borane-higher fatty



Preferably, the above Rl is represented by the foll ow ng 3 formula ( 2)
() OCH Further, the present invention provides a production nethod of a
bor on- cont ai ni ng pol ymer which conprises a step of reacting a pol yner
having at | east one acid group in a side chain or at a term nal thereof,
with a nitrogen atom coordi nated boron conpound represented by the
followng formula (3): R R B: Y (3) "2 Rinthe formula, R2 groups are
the sane or different and each represents a substituted or unsubstituted
al kyl or aryl; and Y represents a prinmary to tertiary amne or a

net o oY SLEERBRITOUNC SR & UREL S So Bl MO PR ey ooen
sulfonlcPabﬂdcgtoqp Helalphéﬁﬁﬁéﬂvce&cldagﬁowdsoanKmmnnﬂ&e t he present

nvent{ on provilesite Braietd O BERDAT 90 RaR0K B 6001 b1 QB POL MRS Wi o

conprises a step ( eacting a po e organi c”ac
n|trogenaaPéﬁiQBGEdlRatéﬁdbgﬁoﬁlwénﬂé@ GPéﬁré§@ﬁﬂ@@ Mpnhabﬁhﬂﬂxnm ng

formul a ﬁ§ban8§e3@oﬁaf k1 e Fori dhe 050 &3 s rQURs ar e}%?ﬁ/ sarre or

di fferent and each represents a substituted or unsubstltut
aryl ; aneovapspﬁ&efw% ‘ar%\l?na?pt%nf-emlawea?ﬁ%l% PRI SOy @mdc
conpoundJapahasalmgkalamhslidaﬁfwhcHeLHmmHmﬂ32mmeahsulas&xﬂtﬁmpmanyand a

t |1 f I t b t

ol yer | D36r BB OHLP (EOFAT AR FTEAea CPBBOTIS Pr er erably, said o
pol yneri zabl e Bugbther, adadanssa BokwiePubablcetdogaiied-dar-i®@Bl0ilc acid, a
pO'V”Er'é§QE§08E93”58 §U£E?thcgﬁF959%1%np%8¥m% a%@bh%t%rg%Q'% phosphor i ¢

cid. Moreover, the present 1nventron sin conposition which
conprlse@nﬁlﬁépéhngoﬁ9éthnﬁ§ pépyﬁ@ﬁl&@u&#ﬁ@bF@aﬁ&nﬂh§qm@9ﬁéqm@@duct|on

net hod Othﬁﬁlgﬁh@nNCQBbﬁLEbBQd@HbfgﬁrtrN%&@QV%bde@3d@ﬂ%%%ﬁldgnVe”t'0”
provides apn antifoulin ?tlng whi ch conprises the above resin

conposi tPgnymer as a v

SUMMARY OF THE INVENTION

The object of the present invention is to provide a resin
composition comprising a boron-containing polymer useful as an
antifouling coating which does not contain heavy metal from an
environmental viewpoint.

Thus, the present invention provides a resin composition

which comprises a boron-containing polymer having, in a
sidechainorataterminal thereof, at leastonegrouprepresented
by the following formula (1):

[ R? T
|

—R!'4-X—B:Y (1)

BN
in the formula, R! is a part of an acid group; R? groups are
the same or different and each represents a substituted or
unsubstituted alkyl or aryl; X represents an oxygen or sulfur
atom; Y represents a primary to tertiary amine or a heterocyclic
compound containing a substituted or unsubstituted nitrogen
atom; and n is 1 or 2.

Preferably, the above R! is represented by the following



DETAI LED DESCRTPTI ON OF THE | NVENTI ON The resin conposition of the present
i nvention conprises a boron-containing polynmer having at | east one group
represented by the above formula ( 1) in a side chain or at a term nal
thereof . In the above formula ( 1) , R represents a part of an acid
group. The above Rl is preferably a pat of carboxylic acid group, sulfonic
acid group or phosphoric acid group represented by the above fornula (2)
The R is nore preferably a part of carboxylic acid group. The above Rl
constitutes an acid group in the formof -RL ( XX-H) n . The above X
represen%s an, oxygen or sul fur atom It is preferably an oxygen atom In
the abovECFBHRAEI 4 ?1), nis 1 or 2. Wen a part of acid group as the above
Rl is a part f phosphoricgyacid group,.n can be 2. Int above formula ( 1
) ., R2 groupg; are the sanmgjor differeﬁE 5 and each regfe ents a
substituted unsubstitutLd al kyl or mryl . The above yl group may be

| i near or~Br afiched. » The nupiber of carpBm atons®in the—atkkyl or @Byl group
is preferably 1 to 30. If |fhe nunber of carbon atons is 30\or nore, the
antifouling property will Qe deterioraDl when the conposition is
incorporated into an anti fouling coating so that it will be necessary to
be incorporategyi-ghar| akge aradRht 1RveANR oRaPeovikest Rehrddutriesul ting
resin conposition na% be hardly .di,ssolved in an organic solvent and is

i nf eri or BRPRENALI AgPPrEPperOPES i niRg Tof carbon atons therein is nore
prereéably 1 }ﬁh?@h &hﬁpﬁﬂbéﬁihU?ﬂépg®QU®e£$¢iﬂ§ @hﬂyﬁﬂ&hkyknﬁnﬁﬁkML _

i ncl udes. an [oup, carhox roup,_ sul fonic_aci r osphoric
acid gr oﬁﬁ?sﬁyﬁgﬁﬁ?l%r%p élnk%x@?d‘ar -1 A Séeﬁ?t?ﬁr?ﬂb%&&?&eo rbonyl
group, awihb gyndidpogencatdneseondynbeellibmarn aonpoandheeprdhenbeéd\y al kyl
and SUbSEBE“ES?lBMKﬁy e et R@ggicularly limted, and include, for
exanpl e, nethyl, ethyl, n-propyl, i-propyl,n-butyl, i-butyl,etc. The above
aryl and substif@ted aryl include a phenyl group, tolyl group, xylyl group,
etc. The phenyly group is preferable fromthe viewpoint of the antifouling
property. Jn the gbove formWa ( 1) , Y represents a prinmary to tertiary
am ne or g’hetéro yclic céggbund containing a substituted or unsubstituted
nitrogen atom !Jhe above prinmary to tertiary amne is not particularly
limted, and iRcludes, for exanpl e, al kyl group-containing am nes such as
oct adecyl am ne, capryl amne, lauryl amne, nyristyl am ne, stearyl am ne,
di met hyl imnthe, fornethy| Rargreurs e dile speriprshitfienent anchenduch as
acetyl aphpgeSbfits &l KOX¥Li@hPHA- §PNERLMHE: BEBESa BFH &S At hrepr opy!
am ne, ethoxynethyl amne etc.) aryl group-containing am nes such as

ani | i ne, Yhegpregahteng Brdmaryl b tehtier widhinewimé Rehsteaymldite, etc.
The aboveohpbeanhdcyohita igdmgorndudettiaiutet) o Rinsubga] tatteyd nifreyerbe po

l ycyclic phere one ring i s pre ferably a 4- to 10-nenberred ring. The
heterocy8 P@'conpound can al so contain an oxygen atom and/or a sul fur atom
as t he het er oaPoafenahddi titonabove he ini groyehs @& orrbdry bbf acadd adwe nunber
of heterqa Lael udi: ng ni g y In the
relationgh%gﬂafbﬁetﬁglgb %@ﬁgrFkggy%?EE%gg%ﬁg}fggﬁfﬁ%?n#he het erocyclic
conpound cont aF BFEReANATEr offed PAESRei Y 8N 08 X FHESFad TP AUFE ¥t r ogen

atom as pehBbAr 8t aMyePRS-icowitane itlke dgeatyeeacycl ic ring, and enconpasses
both saturated i ngs and condense rings cgntaiq%ﬂg a g%ﬂgggﬁﬁ?an:n its
ring such as pYPtaEPNECBPELIS¢ReaaBbER hEl &7 HARIT T T Z8%ihg a
ni tr ogenoayamiicsapet wpathi auhht tygen n t e, caodd i met e sy rdrorccesranplde,

pyri di ne rrol pyrazol , d.59x% | e, i ng,, .pyrimdine, imdazole,
quinolin5?8¥ﬁ5§ g?dcéﬁbéﬁglg?ag gﬁ%ﬁfﬁ?ﬁ%ﬁﬁé% gﬂd het erocycl i ¢ conpounds
havi ng a subst guent group, such as ethyl pyridine, nicotinic
acid,octylnicoginate,vinylpyridine,allylpyridine, etc. The above
substituents graup_includes those specifically nmentioned herei nabove. The
nunber of FearoBn: ¥tons in(thk Y as a whole is preferably 1 to 30. If the
nunber of carb atons exceeds 30, the antifouling property will be
deteriorated n the conmposition is incorporated into the antifouling
coating so that it will be necessary to be incorporated in a | arge anount,
in sone gasehe. fbumuinar, REhgro@ssl 4 F@otic®nPasée té oM indfe e thandl yeatitssol ved
in . an organic solvent, and is inferior in handling properties . The
nunber of carbon atons therein is nore preferably 1 to 20. In the present
invention, the above Y is preferably a primary am ne, pyridine, or pyridine
havi ng a substituted group . The boron-contai ning polyner having at |east
one group represented by the above fornula (1) has preferably a nunber
aver age nol ecul ar wei ght of 2000 to 40000. If the nolecular weight is |ess
t han 2000, the resultant resin conposition is poor in the filmformng

o o g,



t he nol ecul ar wei ght exceeds 40000, the viscosity of the coating wi~.| be
increased to cause inferior in handling properties, in sone Cases. The
nunber average nol ecul ar wei ght mentioned above is determ ned by gel

per nmeati on chromat ography usi ng pol ystyrene standards. The boron-contai ni ng
pol ymer having at |east one group repgesented by the above fornmula ( 1)
can be produced by reacting a polyner having at |east one acid group in a
side chain or at a termnal thereof, with the nitrogen atom coordi nated
boron conpound represented by the above formula (3) . This production

met hod al so _falls_under. the scope of th resent .inveniion. The above acid
group isrﬁ?ﬁ?%?%ﬁf;yaas%%?%]&\}?? %Eil%flsglfe%% n %Q%%I#]]o]ﬁﬁ: %iacfyg‘r"o@ﬁ‘dor a
phosphor¥crepredsgnbapa primarygote peetépalyl pma neaooxy het eavicyodriaup. The
pol yrer i t Ci i Si I r .a.term nal
Pher cor (2HbOFE cofESinfle ArLlbaETRCeR Brob it el balt hBER 17
group deskehbed above, and exanpl es thereof include an acrylic resin,

pol yester resigngal ké’@eﬁe%'tf'{ 8?0§Mlpﬁékmzi%ca IBRORASHY kbfipb@ehf | S
preferablg %r?n1the &gempoinlagf_ he antifouqugrgéoperty. igg pro%ﬁction
net hod oFOTRELHHLY e PHRA TRP R IBERT RN/ BRY ¥ PRATPTE IS iOpd-3d &S or  at
a term ngh theaegtepanibe a process known in the art. For exanple, the
acrylic resin can_be obtained by copol ynerizing a polynerizabl e nonomer
navi g ‘an_act dﬁﬁ?ﬁaﬁ 5fh@r¥gﬁx§§rg¥§aé;;negﬁiéwgéﬁsam -

pol ynerig enbnabke mig- aarhokgldroidna e S ¢ a
carboxyl LGy ﬁﬁf‘c9§898’o ugh Sigﬂﬁ&'ﬂg%ﬂ G g%' e ﬁ%%kﬁa%r%i sl aconi c.
aci d, nonoal Kyl i taconate, Renda y naFeaE balk% in the nonogrkyl

resi due incl udéeredver extingl preggnzOinvRptisuchragineshyl restihyl, butyl,
2-ethy|h35%bosgggoﬂ, hal f esters of an OH group-containing polynerizable
unsat ur ated nononer and an acid anhydride, for exanple, half esters of
Zh%dlr oxyet hylw?;r%lf H')Oé{g:rrﬁsﬁseaé’rﬂfﬁh‘gﬁﬁ?ﬁ@g;!ﬁ/@!oild'é‘,e_r&%ﬂ”é?}%a}é%%}ad’ri de, or
p al i ctlag hyisksvél @ rodBc thiDsd Mg tshd\d MG hae LA 1th GO .1 yElegh as
D e STk i R O O BB SR S A =t
and nononers bh i Ci ) p |

nmet hacr ytageing@- chl or o- 2- phosphoxypropyl nethacryl ate, phosphoxyet hyl

met hacryl ate gfgi dh = 1,0 t : ;are not particularly
limted and iné?h%%lg?%$9£§%%§?%% ?§g¥ﬁ)35%§ a?ggﬁégﬁ?é?ﬁrng 1 to 30 carbon
atons preferably 1 to 20 carbon atons in the ester noiety thereof, such as

WEL h%/l | ( ?Et m}?cr yl ?D?TA;ELEM![ Dlﬁgektmﬁ@@bml l@@‘?,’I‘H:EE‘ IQN?E?@TIbgﬂﬁt h) aclr ylt at e,

n- buty nme cryl atie,i-butyl (ne rylate,t-bu net h)acryl at e,

D et hyl eyl (Ho% HRiry, FARBOSEEAPIOF At AEPGR AL LY S Ch g ompr L sS's

( et h) aca poaba-cntpdndxgrabyhe  heviihgatylatet chehgdoan yeplrglsented
(et h) acrylate I t r €y ( I .

bol yot hyp LidecpoB0F PenbiTa T Piia Rifte SHELR UL o EBERIREL B Rot: de.
styrene, vinylIadérapbovackgreniarille, Reteerameeet srohdrEtsC @ Beidsed
singly ogrblip CoMH AR af* WO Qbf@&%%l?p%cb%&-t Bre cah®w yaarolayier i zat i on
method iS not particuylarly limted, and for exanple, nention can_ be nade of
a met hod9t AP wiiteH AHE 36¥9%%BF@ LA SR R TGSERESEnd ot her
Mononer sbastiecAssay oatmm I Xed .W The aRpdlsymerkezatédarablyiatpartt @ fpr epar e
a m xed gg#gg'gfigndcigenrtﬂe m xed solution is added dropwi se to an

or gani ¢ Solven $0chcas y?eﬁé, n- butanol etc., and is allowed to react
under heati ng. THheaeve Ralamaifititeepodyneeidagioige ain| dhst fore @i d group
in a singc@?hﬂ r-at a termnal thereof obtained in the manner descri bed
above is preferably 20 to 400 ng KOH g. G ven an acid value of less than 20
ng KOH g, the BaeidRANS iy GaRdmaant ol REYIesuPti fglévat bl fi ITh sy be
insufficpeatedsiB1y0an #rggeasadomanount of the nitrogen atom coordinated boron
conpound bound_to,_the go %nfr, m?ilﬁ iven,an_ acid val ue of nore than 400
mg KOH g, the Speld® otPereittormetat k) r eBut®i hgPtoht i iG-S 1BmBay er may
be too rapid ¢growecy ¢hichabarki Rbuld agpprepef tphoshdvic adiangroap, od of
time. The acidbvakue is nore preferably 30 to 250 ngy KOH g. The above acid
val ue isnaCﬁBS|8n val ue and can be determ ned according to the species and
amount of the fmtbembave bermska.(1ThR g toupmear attdie soor di ddtfée rieoiton
conmpound i s represented by the above fornmula ( 3 ) . In the above fornula (
3 ), R2 groups are the sane or different and each represents a substituted
o-r unsubstituted alkyl or aryl, and Y represents a primary to tertiary

am ne or a heterocyclic conpound containing a substituted or unsubstituted
nitrogen atom The above R2 and Y include those specifically nmentioned

her ei nabove. The above nitrogen atom coordi nated boron conpound can be
produced in high yield as a stable conmpound having a nitrogen atom

. . o N - o N o o



The tri-substituted boron conpound used as a starting material of the above
nitrogen atom coordi nated boron conpound may be not only a comrercially
avai |l abl e product, but also a conpound obtainable by reacting BF3~0(Et)2
(Et is ethyl) or the like with a Giignard reagent in THF or dry tol uene.
The reaction of the above polyner havigng at |east one acid group in a side
chain or at a termnal thereof with the above nitrogen atom coordi nated
boron conmpound can be conducted by chargi ng the pol ynmer having at | east one
acid group in a side chain or at a termnal thereof and the nitrogen

atom coordi nat ed boron conpound . and . then heating.th 1 xt.ure at ahout 50 to

e SUBRE Ty b PEehg

120 C, pPef ERSHINFRITHRD 8o EUPHT oL pnSH PHREY L 10
above i sThetapaveéi salkgtl| grbupi meg, bbull iheareranplantchedpol ynmer havi ng at

| east one aci ' i al tenm nal _thereao .be added
dropwi se to aﬁng% glgﬁ?ﬂc&s%f\jg%?bggc%&é@gx@ﬁ et?léa‘ Igl’]l'%bdjl'l ¢h %]ﬁ)éfré]iorr{%}/gér?

at om coopdéeharadl pdr ba Tonpdinthéaginbeenodicedioredtoms 1sh8Oabowenegact i on,
the m xi ratij n y hawui : o] cicel group in a

si de cha?%eoéﬁg?fgﬁ%gﬁgiREPE?Eg&eQFEénggtEgt%%%bgagﬁdaggﬁgcggﬁdinated bor on
conpound°PBPreehbtan|if serespesasaenintmenmEtt bl ing eeatdsg po dbhatably 0.7

to 2 nol geuberl ¥ ddte sAkove thi beogRBoaberheear dhnat vt ROorabrpawnd are

added per acid group intq which the nitrogen atoom coordi,nagted boron
CoMpOUnEPES (R EES T MDA TS (1o UG e OB 1on may B

bor on- coindad by dd spollyrerihan brgaati cl sslsteronang ieum fepreasenthaddiy nighe above
formul a i prase javent ko r . be. joned a

pr oduct ié%g%%gﬁ%ggéonﬁ? g%%@%res(%%pg?rl%éﬁ %f&?%a@%?%%ng b%ﬁ%%% zabl e

or gani c pe¢fennbhyt hetai 2Pogen at om coordi nated boron conpound represent ed
by the above f'ﬂ&@‘é‘lﬁséiﬁ%tlﬂiﬁ grahphon lchi %’El)o@@a}iﬁ?yg: 3kNG- P TRRINRe s

conponent cQnpr.i si ng or on- cont ai ni ng pol yneri zabl e norioner obtained in

t he abova!$tldy Y ¥ourhica sl UFBHPnethokPThl G 8 CH 8| 50WRYd BROERBOIdSpe of
the i nveati@grolis W@;%pbya_api, zaAlsx P §abiip, 3 bden, P Lt L6 akbyipg

pol ymeri zabl e organi c_carboxylic acid, a polynerizable 0£ anic sulfonic
acid or SPHRPY¥LrPLaBPe BFGRAI ETBHBsphbFic HeFde BRE BBoVE PoF yieri zabl e
or gani ¢ lacadchednot particularly limted insofar as it is an organic acid
havi ng a poly ' EQ%? t ) ,]ﬂ$ption
can be nade‘opﬁﬁ%é§§BEC| |6% Fa:ﬁgﬁﬂﬁgﬁ£ ‘ﬁ%?%?%%ﬁ%bégg ?ﬁgq%ogfne i zabl e
unsatura%b@lﬁﬁéan@@daéﬂﬁlhﬁeinéoéneﬁémﬁlevomﬁthYﬁe gthvdgen—Propyl,

at orr; _cooxdgsfagist?;ﬂ, Qobfﬂ'%y?ﬁwt m@yp%e&egt?ﬂe QBO}I@%I%OHII?C} Eab@wigpté:_%)d, t he
reaction conditions in_ the ste n e po rization conditions in
e st opP (V1Y IS0t ABHARY Y HERWD s e s BEPPD: A oHBAUBD U FiiEner |

t hQSe spelehyt grdoppres prefedadieveéras thiehet ewpoine s tdemaakidobéing
copolyngé%é§gr necessary in the step (l11) , together with the 11
boron-c N g’ pol ymeri zabl e nononer obtainedin thestep (1). Aresin
conposi ti on cohpthsiakp ueho b bn-(d dntial e nes pot § mar imeaty tafebéiproduced by
the prodygthon, el had dexcrdPed AReud il Hpdeuble i$4eRe ok the

present i1nvention. Further, when a product having the sane structure as
that of wpeuBskbhutedt BiRFAGePofYABr obtai ned by the production method of
the present inveatdsyvéd prabi=aiyned byreilelhafint hes rdrapatriecpragdugt i on

met hod descrj bed ab Ve, gugh a product also fﬁ%l under the scope of the
present ﬁ@éh?§0n§n ha"FeBPfSeconPBosFEPBR-61 £ yzrg§8HP CROEALLSRImay make
use of tamibesosucbniaai achgdpolynening, coabirgat ronnei t haotrlyér abhinder resins
in order . ad] us r zabi.lity ' t sﬁhﬁ% I
propertirgig%)gg#lgeg%%ﬁz}tg’l %aﬁ%%llq g‘%ﬁéeébg\%ggbgé%ﬁ%brgﬁea S %ﬁ%lnﬁde, for
exanpl e, etdlt oraent ek puraddritainpoly Aniyleseshieh, apA P vhAMERe edadat e,
partiall Xlﬁ%ﬂ&@%ﬁ%&ﬁ%ﬁ% : nfi%!e}évb[l)ﬁh 86 &1-altg 0B8RI n A} K¥hine,

(et h)acryl ate), pol yet her polyol, al kyd resin, pol yester resin,
ponvinyP%thYmE hyi| 3iebre AUC waRYasBFPHE FPRGRYN pREATIRES roKGh as

hydr ogenahedinesi RexpapBhhenhe aecd,; hatyy agids,andngilvahenk,netal salts

t hereof. The ipcorporated anount of the above-nenti oned other binder resins
i s pref ePBbIYSFEERBE/ bPRHer resins] . [boron-containing polyner] = 0 : 100
to 70 : 30 in fheabsvedidterdyrlopocbnpound colne adndwe oh herodpendeomr esi ns
hi gher than the above range is not preferabl e because both excell ent

| ong-term antifouling property and anti-cracking property of the coating
filmw Il not be secured simultaneously. The resin conposition of the
present invention can be incorporated suitably into an antifouling coating.
The antifouling coating into which the above resin conposition is

i ncorporated also falls under the scope of the invention. The incorporated
anount of the above resin conposition is generally 0. 1 to 80 ~ by nmass of

o o o - = o . o o o "



4,5-di chl oro-2-n-octyl -3-(2H)i sot hi azoli ne, 2-pyridinethiol-1-o0xide zinc
salt, 2-pyridinethiol-1-oxide copper salt,
2,3,5,6-tetrachl oro-4-net hyl sul fonyl pyridine, 3-iodo-2-propyl butyl
carbamat e, diiodonethyl p-tolyl sulfone 1~ etc.~ pyridine-triphenyl
borane, stearyl am ne-triphenyl borang, and other agrochem cals, nedicines,
bactericides, etc. The above plasticizer is not particularly limted, and

i ncl udes, for exanple, phthal ate-based plasticizers such as dioctyl

pht hal at e, di met hyl phthal ate, dicycl ohexyl phthalate etc.: aliphatic

di basi c - l.a8L, Ci ch, [ vyl . adi pate, di but vl
sebacat€£%§§?#%;¥§¥§1é§§%§%%§é§éﬁ%¥£§$§5gggiggg é%4ag°g§e§ﬁ§g§%§eélyco
di benzoaté&ng perfitechgtarpcyrilikyd@mamaerren;ajgmsphiibénzasedypénsttioni zer s
such as éﬁ&%?%yéulpﬂﬂsQPBﬁm%s El‘ié ﬁ'élt%rr%%t '&‘ri 119Q8§19@§Bﬁ t Ehe nSRYY gased
plasticizers such as epoxyl ated soybean oI ep OX{ stearate etc.
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| aurate ﬁi@r@g@ﬂda§6m0ﬁ5ylbérgneblutate triacetylene, etc. The above
pi gnent is not %ﬁglcular limted, and includes, for exanple, extender

pi gments such AT RE R i o YaRE ingny, tockemEiagy i ca
white, ahmihea metleetbeotpﬁue cempounandommhmlggﬁemlsr@geh é$:oh1l tani um
oxi de, zkrgoniu€1o $ 5 ba |% Ieag sul f tin,oxide, g E

gr aphi t e-F£8F 7 oh© ok aeORfir BAY URFy EPF ol ﬁPHSPoS&SWIHE gr 8& erﬁﬁFﬁQIocyanlne
bl ue, qucuaﬁtldmhengethe Hheeaboyelsolveng,lsndOEnpampasabar bpthi m ted, and

i ncl udes ﬁﬂﬂf t benzene,
cycl open?%%‘gfag%?giﬁieﬁ %gyl?cg%'cea{ cyc (Iflexan Cﬁ“\/ﬁ t en%)éll ﬁ%?bl% E}e%lg such as
di oxane, iRet Fahyinef svgh, aethyreﬁeng|9éel nnnonethyl ether et hyl ene gl ycol
nonoet hyl et hefhe 8HBYbeRE HGRI1 i @&wahnebeert,aletlwdeﬂft%gé@bta‘anobutyl
and di et FYPER O Eot Hortoet lﬁweé?%ép eSdles otRReKerBiFy PUacettee.

pr opyl aceyatel &gy el alieoehhysllemepgisazmhepqwmirﬁmdmé}enMde&aue and

et hyl ene I [ a uch t [ ut yl

ket one aﬂ%i%gfhngblso B%?Igin?%%%f %é%hl trlg{Eg%Sudha%@%ﬁ% anxgﬁggnd
propyl ad:@lom@\llndBefm‘cheIsg tehes sddsareinfedrabpvesuchhas edddilt byed ddane, not

particul griyelibedyq, %ylnﬁlegfma% %%@H';?yrf&ﬁ&é’ 2 P1 98B q144,

nonobasi ¢ aC|ds such as nonobut hal at € and nonoctyl succi nate etc.
canphor , €k@st dhoPovEt é‘Jb?ﬁétHﬁPltf BEPHRAGL ROEHINeR) osehersraddrelilvent i on
can be phnepeaiededoneeyanpbevly addi ng conventional additives such as other

bi nder resin an antifo ti,cize cpatin on
rlegul at orSI askab?‘rel I§§ F\?gﬁf’ nrcdm? 6&%183 g 5 w?l@glenl%Blﬁ'Sg? F’ESI

conpri si hgot3e bdfmmammmmenpﬁ@thqnmxomeeap@emg3Q)theapteﬁenﬁlngvention
and the %épe},tvbfmb%feadgté@;\ gHEQd"’@h@Inb@h% Bblibosdtpehbhe m LI, a roll

mll, a nd m | Jdé%coa can or med by app
| yi ng thenfamfp@rabaqi 1o clhe i ARt %Hrb@dc%wég.sfp Fhasudlt wdddePeonto the

surface @écesealb§tﬁcabe iﬁcbepeeatea 20 t1eRye anevhng iﬂﬂ%o‘h@ ¢@Bkst hrough
evaporat ] on_at or nar nperature qr_.under h Qnposi tion

eatin
conbr o1 FOFERET borth SeAR T G Betpi e Bov bR E e sk Rivent | on
iS @& novah om@mmmmbbv(@ne,samlglamné)ecmblrem handﬂlhgmnorgemrchmrtgrhas a
e ek 0B o8Pbbn! SPbLROCRERLLNT ARG ! b3 8 BKdLOhvERDLE 1 oS! !
havi ng a so-cal Se |ng prop erF 8 € resrn’i s gradual ly
hydrol yzed in Mtelnet@re:sdex@w ahvest danef thheabeam Bgifi prefehabdmt &f oul i ng
coating bem&eg%&% Wb dif1fe 8%'&&%h5b9ﬂg%oé%é§iﬂﬁ}té@§rou

bor on- cont ai ni ng pol yrer according to_ the present, invention is superior in
the anti foul i FigeRopRr1§rRE2MENY el%%ﬂrft’ll‘% RaE @ i1ads trRBeagEoEP

antifoul fegresahteg wnttbe AlS®fk SEHERbly N S PP reHdretilyr @s nunbeat er,

fishing nets such rmn e n atio S ter _conduits,
flshlng ?H%F%ﬂ%n?%fé%?iarTﬂgln%%lﬂg g%%@s??lgﬁé%% ﬁi t#% §Olecuq ar
bor on- coné Aght nijs pbd ysretrhac 0@ hgHeo ﬁém;lnrasterrtesm@mmp@rslthn is

|ncorpora ed i nt in oat | eII t |fouI|ng
oroper tyBert he. TaE U Eith g ST SR P et 2l S el E AR ool yrer
can be synttms|QQﬂtxngnﬁnﬁnandueasaBycaechdgngpeelih@eﬂﬂodueﬂud@ gt hod of
the present invention. The above antifouling coating can be used suitably
on shi ps, 15 structures in water, fishing nets such as farm ng nets and
stationary nets,. water conduits, fishing inplenents, etc. EXAVPLES
Hereinafter, the present invention is described in nore detail by reference
to the Exanpl es, which however are not intended to limt the present
invention. The ternfparts” refers to parts by weight. Exanple 1 A
four-necked flask eqU|pped mnth a stlrrer an |nIet tube a dropplng f unnel

S - . S oy



A four-necked flask equipped with a stirrer, an inlet tube, a dropping
funnel and.a condenser was charged with 32.1 parts of a tri phenyl

bor ane- pyri di ne conpl ex and 265 parts of xylene, and the m xture was
stirred. To this was added 224.4 parts of the resin solution 1 obtained
above, then the m xture was heated to80 C and stirred for 4 hours to
proceed the reaction. The vol atile conponents xyl ene and benzene were
distilled anay fromthis reaction vessel at 60 to 70 C under reduced
pressure, whereby a brown resin solution Awith a resin solid content of 50

~ by wei ght nas ai ne 16 .Resi n sol ons fo D were
obt ai ned%Plﬁ §'gir% rd%ﬁél%x%’g‘?‘?%giégﬁ?gﬁ é t—lheéy&gﬁf)stlﬁgtoﬁ?b ccbcfﬁ) i ons
shown i nwiadgl bellnmr&aas,s@ctq oapsedl,m:ﬁeresr rirs blhodilang Bropedtiand ime resin
solutiong?ﬁ%owg eg Table 2 and boron in the anbunts shown in Table 3 were

used. In , the boron conponent indicates the nitrogen
at om coor di nat #8ehBHBReEoAPBLACIBPI eCBhREIVRY IR hement hemed (al30Ye . 1sThe

val ues | GeI@QhQn%@B? FXPARIMRG 10 PR ESmAY oWehBRY, ugﬁl?&%c;-lystyrene
ReS|n123g g ene - . 64_

~ n- ButanGhé6b6t6n9&6n®&6nﬂn@bpbiyhernﬁéhaﬁgyhatEe st on
ggry|gt repfesented*ﬂrth§ﬂﬁmgvefknmgﬂzrfffﬂnmrtmrpro uceétynggactlng

a polymer having at least Bn Ehbyhc1dagrgﬁp1£n a side chain or at

tom- t
______?_E?ﬁﬁfﬁgi_Fheﬁg?ﬁEE?iF%te e—nitregen atom-coordinated boron .

22, cgmpoum%gﬁgﬁ@&?mtedﬁé@ﬁ@%@ppmg£Ormula (30 . This production

I I {nﬁfhoclLalspo_tgé_d_s_und tHe _éscope_o]f5 the prdRidtoxnraly iyl ene
gl ycol et hacry ea ovea01dq&dupt§preferablyacmrboxyllcac1dgroup,

a_sulfonic Aciylgroupcdsl a phosphoric acid group. It is mdre
g 1I t-Butyl peroxy 2.0 0 2 2.0
2 02- eth%%ﬁexanoa e % P nfeiéid_grsn
16: ~ 1The: pelymer hayl@g at least onej_a@d group im-aBaidacthain
or—at a terminal +4e9ea£ LsAnék_paLtlcularly limited insofar
as it has at least one acid group described above, and examples

thereof include an acrylic resin, polyester resin, alkyd resin,
epoxy resin, etc. The acrylic resin is preferable from the
viewpoint of the antifouling property.

The production method of the polymer having at least one
acid group in a side chain or at a terminal thereof can be a
process known in the art. For example, the acrylic resin can
be obtained by copolymerizing a polymerizable monomer having
an acid group with other monomers as necessary.

The above polymerizable monomer having an acid group
includes monomers having a carboxylic acid group, such as
methacrylic acid, acrylic acid, itaconic acid, monoalkyl
itaconate, monoalkyl maleate (alkyl in the monoalkyl residue
includes, for example, C;-;0 alkyl such as methyl, ethyl, butyl,
2-ethylhexyl, etc.), half esters of an OH group-containing
polymerizable unsaturated monomer and an acid anhydride, for
example, half esters of 2-hydroxyethyl (meth)acrylate and
succinic anhydride, maleic anhydride, or phthalic anhydride;



4.0 __ 40 __ _ _ t-Butylperoxyo. 20 : 20 : 22 0o :2-eth

| hexanoate. i~ Table 2 Resin R iBoron conponentes n~2YResin
1Ph~AV=50) Resi n 2n_~~HI9n_Cl12H25NM2( AV="' 100} Resi n 3c( Av=~ 30~NResi n

4( AV=200) ~' hn- C~sH37NH2 Tabl e 3 Resi nResi n Varni shBoron Conponent A224. 4( 50
sol ution)32.1B112. 2(50 sol ution)36.8Cg6. 3(50 sol ution)32.1D56. 1(50
solution)51.2 1. Preparation of coatings The resin solutions obtained in
Exanples 1 to 4 were used, and according to the fornul ati ons shown in Table
4, the respective conponents were di spersed by a disperser to prepare

coati ngs

monomers having a sulfonic acid group, suchas p-styrene sulfonic
acid, 2-methyl-2-acrylamide propane sulfonic acid etc.; and
monomers having a phosphoric acid group, such as phosphoxypropyl
methacrylate, 3-chloro-2-phosphoxypropyl methacrylate,
phosphoxyethyl methacrylate etc.

The above-mentioned other monomers are not particularly
limited and include, for example, (meth)acrylates containing
1 to 30 carbon atoms preferably 1 to 20 carbon atoms in the ester
moiety thereof, such as methyl (meth)acrylate, ethyl
(meth)acrylate, i-propyl (meth)acrylate, n-butyl
(meth)acrylate, i-butyl (meth)acrylate, t-butyl (meth)acrylate,
2—-ethylhexyl (meth)acrylate, lauryl (meth)acrylate, stearyl
(meth)acrylate, 2-hydroxypropyl (meth)acrylate,
2-hydroxyethyl (meth)acrylate, phenyl (meth)acrylate,
cyclohexyl (meth)acrylate, polyethylene glycol
mono (meth)acrylate, etc.; and (meth)acrylamide, styrene, vinyl
acetate, acrylonitrile, etc.

These monomers may be used singly or in combination of
two or more species.

The above copolymerization method is not particularly
limited, and for example, mention can be made of a method in
which the polymerizable monomer having an acid group and other
monomers as necessary are mixed with a polymerization initiator
to prepare a mixed solution and then the mixed solution is added
dropwise to an organic solvent such as xylene, n-butanol etc.,
and is allowed to react under heating.

The acid value of the polymer having at least one acid
group in a side chain or at a terminal thereof obtained in the
manner described above is preferably 20 to 400 mg KOH/g. Given
an acid value of less than 20 mg KOH/g, the antifouling property
of the resulting coating film may be insufficient due to a
decreasedamount of thenitrogen atom~coordinatedboron compound
bound to the polymer, while given an acid value of more than
400 mg KOH/g, the speed of elution of the resulting coating film
in water may be too rapid to secure the antifouling property



atog. The values in Table 4 are expressed in parts by weight . 1s Tabl e
4 abcdaf gResin sol ution A40Resin sol uti on B4040Resi n sol uti on C3540Resi n
sol uti on D4045Cuprous oxi de2530Zi nc whitel0515101055Ti t ani um

oxi de1515211512Red iron oxi de53Pht hal ocyani ne bl ue574, 5- bi chl or o- 2- n-

octyl -3(2H)i sot hi azol one3Pyri di ne-tri ghenyl borane5' 73N-(fl uorodi chl oro-
met hyl t hi o) pht hal i m de53Zi nc pyrit hi on553Copper pyrithi on59Col | oi dal

si |l ica3333343Chl ori nated paraffi n2222Pol yvi nyl ethyl ether249Di octyl

pht hal at e323Rosi n2n- But anol 3335353Xyl enel412131214613 2. Eval uation of the
antifoulin roper tlngo ai ned aboewas lied ontq a bl ast
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in aroomfoy 2 iy f.e angl . This.test panel sdto
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or aryl; X rep'i‘ﬁée%ﬁv@%%w(?@nOét&HléHéréiﬁgteX Egpéﬁsécgﬁﬁo@nc?rd ry to
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(2 compound to which a basic compound such as sodium hydroxide has
beenadded, withtheprimarytotertiaryamineor theheterocyclic
compound containing a substitutedorunsubstitutednitrogenatom
represented by Y. However, a tri-substituted boron compound
towhichabasic compoundhasnotbeenadded, for example triphenyl
boron etc., is often unstable as it is, and therefore when such
a boron compound is reacted with the primary to tertiary amine
or the heterocyclic compound containing a substituted or
unsubstituted nitrogen atom, the yield becomes low.

The tri-substituted boron compound used as a starting
material of the above nitrogen atom-coordinated boron compound
may be not only a commercially available product, but also a
compound obtainable by reacting BF3-O(Et), (Et is ethyl) or the
like with a Grignard reagent in THF or dry toluene.

The reaction of the above polymer having at least one acid
group in a side chain or at a terminal thereof with the above
nitrogen atom-coordinated boron compound can be conducted by
charging the polymer having at least one acid group in a side
chainor at a terminal thereof and the nitrogen atom-coordinated
boron compound and then heating the mixture at about 50 to 120

°C, preferably about 80 °C. The order of the charging mentioned



[T 11 11 I~/ or Il 1 OOH 3. A production nmethod of a boron-containing

pol ymer whjch conprises a step of reacting a polyner having at |east one
acid group in a side chain or at a termnal thereof, with a nitrogen

at om coor di nat ed boron conpound represented by the following fornula (3):
21 Rz R B: Y (3) 12 Rin the fornulg, R2 groups are the same or different
and each represents a substituted or unsubstituted al kyl or aryls and Y
represents a primary to tertiary amne or a heterocyclic conpound
containing a substituted or unsubstituted nitrogen atom 4. The production

met hod of_ a boron-containing pol yner according to Caim3, wherein the acid
group i s2RO¥arbHRPG eaaEﬂaug%&p{ Limsgedodiunt @irdeijPBHbeoqf % PSHIESHor i ¢

aci d growgvihg #t rllre(xytfcbhenaaea@ebm id aoasp@% lQ.QleQi Rirngt F!i)'t)élmﬁn\#li ch
conprises a st of, reagcting a neri zabl e ani c wi.th a
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formul a Lﬁ)whm RReBnit¥o§eh dtdnRosrdieated hdmn B3mgoonfshas dddme same
or dlffe% gé each represents a substituted or unsubstituted al kyl or

aryl ; represents a primary to tertiary amne or a heterocyclic
conpound cont afnithg abasibseactied, dhambsubry iretitiedsliveesythe podiymeand a

step (11hafingoly Tt BfleRa DRSS YIPANSKe SR B RiGAGANt ai ni g

pol ymeri zabl e"nononer_obtained in said step (I) . The production nethod
of a borBheéeﬁﬁaﬁminehﬁonyﬁﬁpgenzzteélceperrﬁi@ne&e@l Beken, cppecsnd tise

pol yner i gebéeamgasulce@@cd sus:hatn@@tw t3abhelecganis; seshoxybig caci d, a
28: émer7| abée o#g%% E:JCH ccg‘ge %rltrdpg Ir}/n%rolmzactg)loe:dcirn ni cbphosphorl C
compound are added per acid group into which the nitrogen

atom-coordinated boron compound is to be introduced.

As the production method of a boron-containing polymer
having at least one group represented by the above formula (1)
inthepresent invention, therecanalsobementionedaproduction
method comprising a step (I) of reacting a polymerizable organic
acid with the nitrogen atom-coordinated boron compound
represented by the above formula (3) and a step (II) of
polymerizing a monomer component comprising a boron-containing
polymerizable monomer obtained in the above step (I). This
production method also falls under the scope of the invention.

The above polymerizable organic acid is preferably a
polymerizable organic carboxylic acid, a polymerizable organic
sulfonic acid or a polymerizable organic phosphoric acid. The
above polymerizable organic acid is not particularly limited
insofar as it is an organic acid having a polymerizable
unsaturated double bond, and for example, mention can be made
of thosespecificallymentionedhereinabove as thepolymerizable
unsaturated organic acid having an acid group.

The nitrogen atom-coordinated boron compound represented
by the above formula (3), the reaction conditions in the step
(I) and the polymerization conditions in the step (1II) also
include those specifically mentioned above. Further, those
specifically mentioned above as other monomers can also be
copolymerized as necessary in the step (II), together with the



whi ch conpri ses a boron-containing pol yner obtainable by the production

met hod of the boron-containing polyner according to any of Clains 3 to 6.

8. An antifouling coating which conprises the resin conposition according
to any of Clainms 1, 2 and 7.
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10s9M 10%Be(physpcabogriperfesif the coating film. The above other

binder resins include, for example, chlorinated paraffin,

polyvinyl ether, polypropylene sebacate, partially
hydrogenated terphenyl, polyvinyl acetate, poly{alkyl
(meth)acrylate), polyetherpolyol, alkydresin, polyester resin,
polyvinyl chloride, siliconoil, wax, vaseline, liquidparaffin,
rosin, hydrogenated rosin, naphthenic acid, fatty acids and
divalent metal salts thereof.

The incorporated amount of the above-mentioned other
binder resins is preferably [other binder resins]
[boron-containing polymer] = 0 : 100 to 70 : 30 in a mass ratio.
A proportion of the above other binder resins higher than the
above range is not preferable because both excellent long-term
antifouling property and anti-cracking property of the coating
film will not be secured simultaneously.

The resin composition of the present invention can be
incorporated suitably into an antifouling coating. The
antifouling coating into which the above resin composition is
incorporated also falls under the scope of the invention. The
incorporated amount of the above resin composition is generally
0.1to80%bymassof thesolidcontent intheantifoulingcoating.
If the amount is less than 0.1 % by mass, the resulting coating
film is inferior in the antifouling property, while the amount
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The above antifouling agent is not particularly limited
and may be any conventional ones, and examples thereof include
powders or flakes of metals such as copper, zinc, nickel etc.;
metal oxides, metal hydroxides and metal halides such as those
of copper, zinc etc.; other metal salts such as cuprous oxide,
copper rhodanide etc.; metal carboxylates such as copper
naphthenate, copper stearate etc.; metal dithiocarbamates such
as zincdimethyl dithiocarbamate, bis-dimethyl dithiocarbamoyl
zinc, ethylenebisdithiocarbamate etc.; thiuramdisulfides such
as tetramethyl thiuram disulfide etc.; sulfamides such as
phthalyl sulfathiazole, sulfur ethidole, sulfanilide pyridine,
sulfomethoxine,
N, N’ -dimethyl-N’-phenyl-N-fluorodichloromethyl
thiosulfamide etc.; pyrroles and imidazoles, such as glyodine,
fentizole, polycide etc.; thioxanes and thixanthons such as
terazole, asterol, miron etc.; imides and amides such as
nicarbazin, 3,4, 5~tribromosalicyl anilide, N-trichloromethyl
mercaptophthalimide, 3,5-~dinitrobenzamide,
2,4,6-trichloromaleimide, N~fluorodichloromethyl
thiophthalimide etc.; sulfur-containing organic compounds and
halogen—-containing organic compounds such as
2-methylthio~-4~t-butylamino-6~cyclopropylamino-s~triazine,
2,4,5,6~-tetrachlorophthalonitrile, N,N’-dimethyl
dichlorophenyl urea,
4,5-dichloro-2-n-octyl-3-(2H) isothiazoline,
2-pyridinethiol-1l-oxide zinc salt, 2-pyridinethiol-l-oxide
copper salt, 2,3,5,6-tetrachloro-4-methylsulfonyl pyridine,
3~-iodo-2-propylbutyl carbamate, diiodomethyl p-tolyl sulfone
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cyclopentane, octane, heptane, cyclohexane and white spirit;
ethers such as dioxane, tetrahydrofuran, ethylene glycol
monomethyl ether, ethylene glycol monoethyl ether, ethylene
glycol dimethyl ether, ethylene glycol monobutyl ether, ethylene
glycol dibutyl ether, diethylene glycol monomethyl ether and
diethylene glycol monoethyl ether; esters suchasbutyl acetate,
propyl acetate, benzyl acetate, ethylene glycol monomethyl ether
acetate and ethylene glycol monoethyl ether acetate; ketones
such as ethyl isobutyl ketone and methyl isobutyl ketone; and
alcohols such as n-butanol and propyl alcohol.
Besides those described above, other additives are not
particularly limited, and include, for example, rosin, organic
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according to the present invention and then m1x1ng them by a

mixer such as a ball mill, a pebble mill, a roll mill, a sand
grind mill, etc.

Adrycoating filmcanbe formedbyapplying the antifouling
coating described above in a usual manner onto the surface of
a substrate to be coated and then removing the solvent through
evaporation at ordinary temperature or under heating.

The resin composition comprising the boron-containing
polymer according to the present invention is a novel compound
expressing an excellent antifouling property as a binder resin
in an antifouling coating, and it is a hydrolysable resin having
aso-calledself-polishingproperty where the resin is gradually
hydrolyzed in water to allow abrasion of the coating film,

The antifouling coating incorporated with the resin
composition comprising the boron-containing polymer according
to the present.invention is superior in the antifouling property
of the resulting coating film. The above antifouling coating
can be used suitably on ships, structures in water, fishing nets
such as farmingnets and stationarynets, water conduits, fishing

implements, etc.

The resin composition comprising a boron-containing
polymer according to the present invention, when incorporated
into an antifouling coating, is excellent in the antifouling
property of the resulting coating film. The above
boron-containing polymer can be synthesized simply and easily
according to the production method of the present invention.
The above antifouling coating can be used suitably on ships,
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structures in water, fishing nets such as farming nets and
stationary nets, water conduits, fishing implements, etc.

- EXAMPLES

Hereinafter, the present invention is described in more
detail by reference to the Examples, which however are not
intendedtolimit thepresent invention. Theterm“parts”refers
to parts by weight.
Example 1

A four-necked flaskequippedwitha stirrer, aninlet tube,
a dropping funnel and a condenser was charged with 64 parts of
xylene and 16 parts of n-butanol, and the mixture was heated
and kept at 115 °C. To this solution was added a mixture of
62.8 parts of methyl methacrylate, 30.8 parfs of 2-ethylhexyl
acrylate, 6.4partsofacrylicacidand2.0partsof t-butylperoxy
2-ethylhexanocatedropwise over 3hours, and30minutes thereafter,
a mixture of 16 parts of xylene, 4 parts of n-butanol and 0.2
part of t-butylperoxy 2-ethylhexanocate was added dropwise
thereto over 30 minutes, and further the reaction mixture was
kept at the same temperature for 90minutes togivearesinsolution
1l with a solid content of 50 % by mass. The resultant resin
had a solid acid value (Av) of 50 mg KOH/g and a number average
molecular weight of 10000.

A four-necked flask equippedwithastirrer, aninlet tube,
a dropping funnel and a condenser was charged with 32.1 parts
of a triphenyl borane-pyridine complex and 265 parts of xylene,
and the mixture was stirred. To this was added 224.4 parts of
the resin solution 1 obtained above, then the mixture was heated
to 80 °C and stirred for 4 hours to proceed the reaction. The
volatile components xylene and benzene were distilled away from
thisreactionvessel at 60 to70°Cunder reducedpressure, whereby
a brown resin solution A with a resin solid content of 50 % by
weight was obtained.

Examples 2 to 4
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Resin solutions B to D were obtained in the same manner

as in Example 1 except that the compositions shown in Table 1

wereused toproduceresinsolutions2to4, andtheresinsolutions

shown in Table 2 and boron in the amounts shown in Table 3 were

used.

In Table 2, the boron component indicates the nitrogen

atom~coordinated boron compound represented by the formula (3).

The values in Table 3 are expressed in parts by weight.

Table 1

Resin 1 2 3 4
Aylene s 64.0 | .. 64.0 __|.. 64.0_ | .64.0
n-Butanol 16.0 16,0 16.0 16.0
Methyl methacrylate . 1..62.8 ] .. 56.8 |
2-Ethylhexyl acrylate . 1.30.81..30.4 | . | SR
Ethyl acrylate L | IS S~ - O N 1.3
2-Ethylhexyl methacrylate | .. |.___..__..._1.28.7_)_ . 22.0
Cyclohexyl methacrylate | S ISSUUURR 15.0.]...15.0___
Methoxy polyethylene glycol
methacrylate 30.0 30.0
A = O e
Acrylic acid w6 ____________ 12,8 [ 16,7 | 25.7
t-Butylperoxy
2-ethylhexanoate 2.0 2.0 2.0 2.0
Xylene ). 16.0 1. 16.0 _|..: 16.0 [...16.0 |
n-Butanol ]l 4.0 | . 4.0 ... 4.0 ... 4.0 .
t-Butylperoxy
2—ethylhexanoate 0.2 0.2




8" 10%/[ ! V&

8" 10%/[ ! V&

8" 10%/[ ! V&

8" 10%/[ ! V& 8"10%/[!' V& ()-yyyyyyyl P4 8"
8

()- 8"10%/[!'V& ()- 8"10W[!V& ()-;cZ 4"yyyyyyyl LO 8" 10%W/[! V& () -
()-:¢cZ 4" 8"10%/[!'V& ()- 8"10%/J[!V& ()- 8"10%/[! V& ()-yyyyyyypP
()- 8"10%/!V& ()- 8"10%W/[!V& ()- 8"10%W/[!V& ()- 8"10%/[!V& ()-
()-

10%V[!V&'()- 8"10%/[! V& () -

"109%/[ | V&' ()- 8" 109/ ! V& ()- 8" 1004 V& ()-;cZ 4"yyyyyyyP4 8" 10%/[1V& ()-

CZ' 4" 8" 109! V& ()- 8" 109! V& ()- 8"10%/[! V& ()-

8"10%W/[! V& ()-yyyyyyzzkK+ 8"10%/[! V& () -

Table 2

Boron component

R2

Resin 1

(AV=50)

Resin 2 C12H25NH

(A\/=1 00) n-G12R25 2

Resin 3 O

(AV=130) N

Resin 4 C18H37NH

Tgble 3
Resin Resin Varnish Boron Component

A 224.4(50% solution) 32.1
B 112.2{50% solution) 36.8
C 86.3(50% solution) 32.1
D 56.1(50% solution) 51.2

1. Preparation of coatings

The resin solutions obtained in Examples 1 to 4 were used,

and according to the formulations shown in Table 4, the respective

components were dispersed by a disperser to prepare coatings

a to g.

The values in Table 4 are expressed in parts by weight.
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Table 4

a b c d e f g
Resin solution A 40
Resin solution B 40 40
Resin solutidon C 35| 40
Resin solution D 40 45
Cuprous oxide 25 30
Zinc white 10 5 15 {10 | 10 5 5
Titanium oxide 15 15 | 21 15 12
Red iron oxide 5 3
Phthalocyanine blue 5 7
4,5-Dichloro-2-n- 3
octyl-3(2H) isothiazolone
Pyridine-triphenyl

5 7 3
borane
N-(fluorodichloro- 5 3
methylthio)phthalimide
Zinc pyrithion 5 5 3
Copper pyrithion 5 4
Colloidal silica 3 3 3 3 3 4 3
Chlorinated paraffin 2 2 2 2
Polyvinyl ethyl ether 2 4 4
Dioctyl phthalate 3 2 3
Rosin 2
n-Butanol 3 3 3 5 3 5 3
Xylene 14 12 13 12 14 6 13

2. Evaluation of the antifouling property

Each coating obtained above was applied onto a blast panel
which had been coated with a rust preventing coating in advance,
to form a coating film having a dry film thickness of 250 um,
and then left in a room for 2 days to give a test panel. This
test panel was used to evaluate the antifouling property in a
creature-adhering test on an experimental raft installed in
Marine Laboratories in Nippon Paint Co., Ltd., in Tamano City,
Okayama. For 24 months after the start of immersionof the raft,
theratioof the creature-adhering area to thearea of the coating
film was 0 %, indicating good antifouling property.

Antifouling coatings prepared with resins A to D obtained
in Examples 1 to 4 could demonstrate excellent antifouling
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property to prevent the adhesion of ocean creatures.
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CLAIMS

1. A resin composition

which comprises a boron-containing polymer having, in a
sidechainorataterminal thereof, at least onegrouprepresented
by the following formula (1):

r R2 -
—-—~R1—-—x-——1,3 ¢
- (1)
L2
: R Jdn

in the formula, R' is a part of an acid group; R? groups are
the same or different and each represents a substituted or

unsubstituted alkyl or aryl; X represents an oxygen or sulfur
atom; Y represents a primary to tertiary amine or a heterocyclic
compound containing a substituted or unsubstituted nitrogen

atom; and n is 1 or 2.

2. The resin composition according to Claim 1,
wherein R' is represented by the following formula (2):
S 0

—C— ———F~—- , —PpP— or —P

i | N (2)

O OH

3. A production method of a boron-containing polymer

which comprises a step of reacting a polymer having at
least one acid group in a side chain or at a terminal thereof,
with a nitrogen atom-coordinated boron compound represented by

the following formula (3):
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in the formula, R? groups are the same or different and each
represents a substituted or unsubstituted alkyl or aryl; and
Y represents a primary to tertiary amine or a heterocyclic
compound containing a substituted or unsubstituted nitrogen
atonm.

4. The production method of a boron-containing polymer
according to Claim 3,
wherein the acid group is a carboxylic acid group, a

sulfonic acid group or a phosphoric acid group.

5. A production method of a boron-containing polymer
which comprises a step (I) of reacting a polymerizable
organic acid with a nitrogen atom-coordinated boron compound

represented by the following formula (3):
2 .
R®*—B:Y (3)

in the formula, R? groups are the same or different and each
represents a substituted or unsubstituted alkyl or aryl; and
Y represents a primary to tertiary amine or a heterocyclic
compound containing a substituted or unsubstituted nitrogen
atom,

and a step (II) of polymerizing a monomer component
comprising a boron-containing polymerizable monomer obtained
in said step (I).

6. The production method of a boron-containing polymer
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wherein the polymerizable organic acid is apolymerizable
organic carboxylic acid, a polymerizable organic sulfonic acid
or a polymerizable organic phosphoric acid.

7. A resin composition

which comprises a boron-containing polymer obtainable by
the production method of the boron-containing polymer according
to any of Claims 3 to 6.

8. An antifouling coating

which comprises the resin composition according to any
of Claims 1, 2 and 7.



