19 August 2005 1 LOW FRI CTI ON RESI STANCE COATI NG FI LM I N WATER AND THE

. between it and an aqueous

METHOD OF REDUCI NG THE FRI CTI ON ON A SUBSTRATE | N WATER 1RIAE9DSIGFO0PHE

| NVENTI ON The present invention relates to a low friction resistance
coating filmin water capable of reducing the friction in an aqueous
liquid, a nmethod of reducing the friction in water which conprises using
said coating film BACKGROUND OF THE ART,The coating filmderived froma
coating conposition, for instance, provides the substrate on which it is
formed wth new properties such as hydrophilicity and fouling resistance
and i nfl uenceslPWe FRECTION RERESTANCE COATENGt FTLMary WATERCAMNMIDBIE ate. |n
coating the p S R W]l r LGt i d
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capable of yielding a film attenuating the frictional resistance of the

liquid from....the standpoi nt.Qf %(%u%l}ﬁg I:l\{?ﬁﬁﬂ?l\l cost and energy
effi

requi red for navigations or inproving the ciency of Iliquid
transportation. |#eendetesent educrergaich f medtsitesal tbeshst amee, £ rapanese

Kokai Publigatiop_kek- 11 5 discl ose coating . conposition conprising
a synthetic pp?yn%iri?%s%ﬁ%gé%anﬂ%grﬁ;ﬁi gqar%eesﬁ n 2B Under §6ONG &% haHge in
filmthickngssctiwwphiim aagi venerasgel iapdi dapaness Héek ab £ Publkiuedahigon: Hiei - 11-
29747 discl psest es) oSy f i-0n coating. use which conprises a

pol yoxyet hy?ene c lgi %(@%%?%?ﬂ?#gélgo?%}ﬁé?l avi vy a et dee Ec{ﬂ]d‘?
structure. However, the frictional resistance-reducing performance of

these conpositions is not syféA&%é%s@if%%ﬁfy. Japanese Kokai
Publ i cati on 2001- 98007 describesa gust
The coating film derived from a coating composition,
for instance, provides the substrate on which it is formed
with new properties such as hydrophilicity and fouling
resistance and inflﬁences the surface functions, in
particular, of the substrate.
In coating the part of a ship or a piping where a
friction is generated between it and an aqueous liquid, it
is advantageous to use a coating capable of yielding a film

attenuating the frictional resistance of the ligquid from

required for navigations or improving the efficiency of
liquid transportation.

Intended to reduce said frictional resistance,
Japanese Kokai Publication Hei-11-29725 discloses a coating
composition comprising a synthetic polymer, such as an
acrylic resin, and undergoing a change in film thickness
within a given range and Japanese Kokai Publication Hei-11-
29747 discloses a resin composition for coating use which
comprises a polyoxyethylene chain-containing polymer having
a defined molecular structure. However, the frictional
resistance-reducing performance of these compositions is
not sufficiently satisfactory.

Japanese Kokai Publication 2001-98007 .describes a



2 technology relating to a hydrophilic shaped article formed wth a
hydrophilic surface | ayer; Japanese Kokal Publication HEAugusDE¥S77
describes a resin for antifouling coating use which conprises an
allylam ne resin; and Japanese Kokai Publication Hei-10-259347 descri bes
an antifouling coating conposition based on chitin/chitosan. However, none
of these technologies are primarily directed to the reduction of

frictional resistance, and actually there is no disclosure about
attenuation oftef kciional resi stance. OBJECT AND SUMVARY OF THE | NVENTI ON
In the above st&fe df °PherGhatinghdopreedwitrophibhti shapaadyapt 0¥l 6e £arhaW
friction resiswahbe coat hRgrbbhiMi ¢ i C . be capabl e of reducing
the frictiona ﬁffistancg ththe(Ear%hgfaggghi{?i§¥aa pp%Pﬁ&eﬁﬁereKOkal
frictions with" froft Qi iedsihage Ofhydesdasihsisaee rebimofer eahedic RNt ng
there is di sclossding | awel r WREERN é@ﬁﬂfﬁ wat er 407 of.

e coati filmin,
- whi ch surface $as a water contact angl'e o Oat%o %‘%g%%‘ﬁf—?ﬁg FEEtMpr efBdabl y

has a surface TOUIHEss "pinoPubdicathan 4Beitbin259317 di gssosgeehergin is

a method | ofartediuiliggt BEaf {hGtd ubstrate in water wherein a
coating filmhaving a surface ﬁftﬁﬁgx%gfgf%'%gﬁ cPafigtbinfchitesan. i s

constructed on the SQBEVFEL e o8gr f @fe thEise coathmgldgias ohtai Ny ri

met hod of redddiregtetha:d rigdi gy ubstrate in er preferably has a
surface roughn geﬁﬁognfﬁiQ%%bﬁt%?n 05e%&Sitanget i rand

e?s gi not nore than
aspect of the®fF88enY MR i e wieer disslpsovedesboutet foged®ition of

frictional resistance.

OBJECT AND SUMMARY OF THE INVENTION

o .In the above state of the art, the present inventioh
may provide a low friction resistance

coating film in water, which may be capable of reducing the
frictional resistance in the part of a ship or a piping
where frictions with fluids such as water may take place.
In one embodiment, there is disclosed a low friction resistance coating film in?
water
__mof;which~surface“has'a”watéf”ébntéCt”éﬁgléméfTbufdwmmm
40°.
The coating film preferably has a surface roughness

of not more than 40 pm.

Also disclosed herein is a method ‘
of reducing the friction on a substrate in water
wherein a coating film having a surface with a water
contact angle of 0 to 40° is constructed on the substrate
surface. '
The coating film obtained by the method of reducing
the friction on a substrate in water preferably has a
surface roughness of not more than 40 pm. |



reducing the friction of a substrate selected fromthe group consisting of
a pipe, a ship bottomand an offshore structure, the net¥odashdi5i ng
providing a substrate coated with a thin filmcoating, wherein the coating
film conprises at | east one polyner selected fromthe group consisting of
a polynmer obtainable from pol yoxyethylene (nmeth)acrylic acid ester
nononer, a polyner obtainable from poly(oxyethyl) (nmeth)acrylate, a resin
having an -NH2 side chain, a polysaccgﬁ{ide, and a resin conposition
conprising an acrylic resin and an al ky silicate, and wherein the pol yner
is selected such that the coating has a water contact angle of 0 to 400.
In a second aspect of the present invention, there is provided a | ow
friction resistace structure conprising: a substrate selected fromthe

G oup, consi st | N0 fifkt ipbeot et AT Al is rovided & prettog e, P, O ' ShO"

structure; and a coating fil rovi ded on 'a surface t he

~coating filfadeeinptiedripdorefa %lh@tatemhacmdlfmmemegﬁimﬁisﬁﬁ m the group

consi sting afaapusplyrgﬁf %ﬁ f{sﬂ&] P hyI e rret h .acrylic acid
ester monomer . g pol X@ tal na e rom p 3& fBTR %%le ate, a
resin havi rPdod% atg i coaling; e‘éierem @ qoatiiign filwonmosi ti on

conpri si ng campases, Al léaﬂmemoammraelmtddyﬁom the gr@&;ﬁ Congistihgbred pbmbhe pol ymer
i s sel ect edbtiedbld Roin pdifors Q@Meng (Helt,.gé(a;g? Qc;d"?e @ﬁ m&o ct a I e of O0to
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40, wherei r n, r e coa fate,
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The presentilicaty.eaid aherelh the dﬂﬁﬁér
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article an specl is formed froma coating conposition. The
coating filmof the invention is predom nantly conposed of a polyner.
Since the surface of the coating filmof the invention should have a water
contact angle wthin the range of 0 to 40, the resin constituting the

In a second aspect of the present invention, there is provided a low friction

resistace structure comprising:

a substrate selected from the group consustmg of a pipe, a ship bottom and

““an offshore structure; and
a coating film provided on a surface of the substrate, the coating film
comprising at least one polymer selected from the group consisting of a polymer
obtainable from polyoxyethylene (meth)acrylic acid ester monomer, a polymer
obtainable from poly(oxyethyl} (meth)acrylate, a resin having an -NH; side chain, a
polysaccharide, and a resin composition comprising an acrylic resin and an alkyi
silicate, and wherein the polymer is selected such that the coating film has a water
contact angle of 0 to 40°, wherein the friction resistance to water of the coated
substrate, relative to an uncoated substrate is reduced upon exposure of the
coated substrate to water. '



coating filmis preferably a hlghly hydrophlllc one. Accordlngl , 1t 1s
preferably a polynmer having hydrophilic groups within t IR \YaYp e. As a
still nmore preferred exanple, there can be nmentioned a conposition
conprising a resin (a synthetic or a natural resin, or a polysaccharide)
havi ng one or nore kinds of such hydrophilic groups as, for exanple,

pol yoxyet hyl ene, hydroxyl, carboxyl, anigo, and phosphoric groups and, as
adm xed therewith, an aIkyI silicate. Among such synthetic resins, the
resin having a ... polyoxyethylene group in its side chain includes the
pol ymer obt ai nabl e frcnﬁ%ﬁﬁﬁﬂ%ﬂnﬁﬂSﬂ@ﬁE@I@Bn@ﬁeEHEaWNH@NEIpNIyoxyethylene
side chain, . suc e t crylic.acid.es noner,
polyoxyethylene hﬁg% %%f ryta%gvgﬁ% o8 g?og%ﬁ d% Crl %gel% %@5@? preferably
contains such a rcagtiimoni tthilm thecpadgagoftﬁ mehghtlﬁ&ehﬁ18ﬂ m@sght %

based on they0taly nngpneghe T%Lapé)‘%/era%fy a_LO vve| g ,%/gr ef e{Jg(_té)Jg%/e %‘E' ght

% and the above lower limt s pre

pol yneri zat i v D¥ L isz Id ypolipoXpetieyl Emem gr ouptingt hemposbtkoni s preferably
within the range gf,2 h ree.of pol.ymerization is too

the water contact ang ga%@q hgi%%laﬁfgg T APeEHR Fié?dl]f b@r%‘aﬂlf”r%?’i”éjdy

wi t hi n 40. |qomm@bgr%eaopo¢gmyneru ZHtrian tiset earlibgh, oF9 w@u@éaﬁﬂﬁ)@ 4
the sol uti orxiMixscosi gl RCLeased t interfere wt
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al so take pMaddinTHdabbyege eskn Ohabn 40 &, pbhyom&hylmﬁstgﬂtﬂmnm tﬁé
side chai n preferabl nt ai.n conpo n havi n

pol yoxyet hylene g ou%lﬁgkh?% tﬁgegggggfgf io 3%%t0@¥?£92%%§&ﬁgﬂﬁn%@ The
above IomerAﬁpﬁﬁﬁlﬂlepreteaabm¢eménmhhyna(@dmyMéﬂmha&mn@Bh&ﬂiﬁphilﬂé is

groups within the molecule. As a still more preferred
example, there can be mentioned a composition comprising a
resin (a synthetic or a natural resin, or a polysaccharide)
having one or more kinds of such hydrophilic groups as, for
example, polyoxyethylene, hydroxyl, carboxyl, amino, and
phosphoric groups and, as admixed therewith, an alkyl
silicate.

Among such synthetic resins, the resin having a

polyoxyethylene ~-group-in--its- -side chain - includes the -

polymer obtainable from a polymerizable monomer having a

polyoxyethylene side chain, . such as polyoxvyethylene

N (meth)acrylic acid ester monomer, QQlyoxyethylene

,(ygth)acrylate,_and so forth. The above polymer preferably
contains such a monomer unit within the range of 5 Qeight %
to 98 weight % based on the total monomer. The above upper
limit is préferably 95 weight % and the above lower limit
is preferably 10 weight %.

The degree of polymerization of said polyoxyethylene
group in the monomer is preferably within the range of 2 to
40. If the degree of polymerization is too low, the water
contact angle of the coating film can hardly be controlled

- within 40°. If the degree of polymerization is too high,



preferably 90 weight % The above nononer conponent not containing a
pol yoxyet hyl ene group is not particularly restricted pﬂ@fﬂ@éﬁtQQéé it
cont ai ns an unsaturated double bond, thus including, inter alia,

et hyl eni cal |y unsaturated carboxylic acid nononmer such as acrylic acid,
met hacrylic acid, malefic acid, itaconic acid, etc.; ethylenically
unsaturated carboxylic acid alkyl ester,mnonmers such as ethyl acrylate,
n-butyl acrylate, 2-ethyl hexyl acrylate, nmethyl nethacrylate, ethyl

met hacryl ate, n-butyl nmethacrylate, 2- ethylhexyl nethacrylate, etc.;

et hyl eni cal Ifhaunsgilutaread visfiasdthoxplfi cthei donmeest és nbmoneaseducto as

et hyl' mal eaty a et Jd @ utyl, it.aconate, -etc..
hydroxyl-coﬁ?gfﬁ%%%¥£thyIgnﬁgglly uﬂggéurgggég%%gbéﬁglﬁ%“aagfaugﬂﬁyfl%ster.
nmononer s suckasXinghy@gcokpechystatt yrat eon Bahyaltoxypriopydlams yl at e,

4- hydr oxybutyl ac a - I [ t.e, 2-hydroxypro

met hacryl ate, 4- E%%rggggét§$¥%%?ﬁ%§%€¥a?2§$¥§é$$%§h£¥%ﬂ$ ?ﬁﬁﬁnfhﬁl -

hydr oxyet hyls gt h@gﬁilnatEerG/ﬁetrlabdycapontan':nanea gtonomeret byhponeat| ynot
unsat ur at ed ; yLi ' ! I r nomer.s _such _as anin hyl
acryl ate, dpﬁgﬁﬁgfa%iﬁ%%@%y}%E33?%k§¥e9§§%§yl%h1ﬁ%%tﬁ%ﬁ atr{Pat e e?@%;

et hyl eni cal Wpidgtifisaburiee ed@Scawbdghti c% aci d T nahbkyl ahbwler nohomet s isuch

ot hyl ant noBF oyt ARt Ract o1 A TeE ate. ST neSantae br P SH AILE 205 5
cont ai ni ng BrRfPeAbEsl PO wasshiurat ed carboxylic acid nononers such as -
oo e, rLnegtd| abite N RN Sl RERUATLES, TELIBULY g5y o e
- Smliﬁh as gl ypplypxuethyhers ghycudyl istethacrylpatreicalarlyvi My s it
Sat8?2:Zd5U§Poéﬁdeén?ﬁg%aEEykgﬂkéiﬁgeanah%gg QagLyl ghbﬁgl ond,’ thus
including, inter alia, ethylenically unsaturated carboxylic
acid monomer such as acrylic acid, methacrylic acid, maleic
acid, itaconic acid, etc.; ethylenically unsaturated
carboxylic acid alkyl ester monomers such as ethyl
acrylate, n-butyl acrylate, 2-~ethylhexyl acrylate, methyl
methacrylate, ethyl methacrylate, anutyl methacrylate, 2-

ethylhexyl methacrylate, etc.; ethylenically unsaturated

butyl maleate, ethyl itaconate, butyl itaconate, etc.;
hydroxyl-containing ethylenically wunsaturated carboxylic
D acid alkyl ester monomers such as 2-hydroxyethyl acrylate,
2-hydroxypropyl acrylate, 4-hydroxybutyl acrylate, 2-
hydroxyethyl methacrylate, 2—hydroxypfopyl methacrylate, 4-
hydroxybutyl methacrylate, - the reaction product of 2-
hydroxyethyl methacrylate with g-caprolactone, etc.;
ethylenically unsaturated carboxylic acid aminoalkyl ester
monomers such as aminoethyl acrylate, dimethylaminoethyl
‘acrylate, butylaminoethyl acrylate, etc.; ethylenically
unsaturated carboxylic acid aminoalkylamide monomers such
as aminoethylacrylamide, dimethylaminomethylmethacrylamidé,

methylaminopropylmethacrylamide, etc.; other amide group-



al i phatic carboxylic acid vinyl ester nonomers such as vi nyI acet at e,

vinyl propionate, etc.:; and styrenic nononers such as 38yysgHet 2005

a- met hyl styrene, vinyltoluene, and so on. The -resin having -NH2 as said
amno group in a side chain nmay have an al dehyde coupled to the side chain
inthe formof an azonethine group through reaction with an al dehyde

gr oup- cont ai ni ng conpound or nmay have ang unsaturated group-contai ning
conpound added to the side chain by M cﬁa reaction. The above azonet hi ne
group forms as the side chain primary am no group reacts with the

al dehyde grotpnt ﬂﬂﬂp"rq)w éthglehecaééyn winseiinated . az:am*bblmyllm gradpd the

wat er - sol ubig, res I\/breov cause the

azonet hi ne gr%%%&nﬁs hy%l‘?c yzeggl n an %ﬂ‘_{%@él kalnfeng"aewﬁr%[fﬁ%t sUth as

seavat er to BfHHEIIarGlamiide;ze the resin and hhehorleasetacal Uehyde,

corrpound ex I actiyy ty tt ment of aquat life,
s AR LINaCAC N 1Y AIAINSL AL IAGIPNL O afRld )

‘the resin yields a coating avi'ng an exceIIe
per for mance.SSHRE al dehgmergr ogpcbontas ni g@ycmdpbunchdrqmaﬂmed gbpyadyl

i ncl udes ar qumty &..d)jdghydes,such a zal d hexyl benzal dehyde,
p- oct yl benzal dehydlg) ré 61 eyl %nzal geﬁ%e vaanl m?ﬁl?)r&?’éﬁal such
ci nnamal dehy@@th)@myloam(drséwr at-edloroansylumﬂteﬂlaj i ghat i Cs&tlﬁlﬁi‘lyétﬁs

ol denyde, “canrPL ool Gerg e Ot AT fstfer T ATTUSEE 2805 B tronrdr Reite,
ol ei ¢ al dehyd&ylet @C@a‘tta,cuham)yl ppebpweaitearmagct hesesndar estbﬁfgraudehyde
R P L T R S A
not) cont ai nikRg &%pehyoxyet hyl ene .group. but al so cinnanic acid derivatives
ahd modi fication e resin having -NH; as said amino group in a side
chain may have an aldehyde coupled to the side chain in the
form of an azomethine group through reaction with an
aldehyde group-containing compound or may have an
unsaturated group-containing compound added to the side
chain by Michael reaction. The above azomethine group
forms as the side chain primary amino group reacts with the
aldehyde group. _By providing the &resin with this
azomethine -group,  the -water-solubility of resin" can be
decreased. Moreover, because the azomethine group is
hydrolyzed in an weakly alkaline environment such as
1_3 seawater to gradually solubilize the resin and the released
’ aldehyde compound exhibits antifouling activity against
attachment of aquatic life, the resin yields a coating film
having an excellent antifouling performance. |
The aldehyde group-containing compound mentioned
- above includes aromatic aldehydes such as benzaldehyde, p-
n-hexylbenzaldehyde, p-octylbenzaldehyde, p-
- oleylbenzaldehyde, vanillin, piperonal, cinnamaldehyde,
etc.; and saturated or unsaturated aliphatic aldehydes
containing 6 or more carbon atoms, such as caproic

aldehyde, caprylic aldehyde, qapric aldehyde, lauraldehyde,



products. The synthetic resin nentioned above can be produced by the known
t echnol ogy, for exanple by solution polynerization, emf9iusyst2005

pol ymeri zati on, suspension polymerization, NAD pol ynerization, or bulk

pol ymeri zation. |In conducting such polynerization reactions, known
initiators and enul sifiers can be used where necessary. The above synthetic
resin preferably has a nunber average nﬁlecular wei ght of not |ess than
2000. If it is |less than 2000, the resin will be deficient in filmformng
properties. The nore preferred lower limt is 5000. Where necessary, a
functional gfoerdlotehyrdessldlekicngldeydbe gudi ci Pastycihérdguced into said

synthetic r cr.ossli nki nt syited to_ the

particul ar %?uncglondl%éFﬁﬁLQ%ethrggedkﬁgﬁ??g%§§$§ %?% i??ﬁ% @F?ﬁ%ﬁ1ng

film which |%h¢1|cgmgomiw abile:fcmnbbeobtidedeﬁyOMl@hlaéDgreaJihﬂoﬁr osslinking
agent that c S i ncl udes dIISOC e conp unds, epoxy

- conmpounds, éﬁﬁ#ﬁ%é% o t On &b%ﬁﬁdgomgﬂang?d%ﬂ %p%%ﬁﬁ% ?EFothers.

The d||socyamaummanmpm@@@emhamOmanobeamﬁedgaa p@Byoﬁy@ﬁﬁilaﬁén@r@gﬁ is

not particul Pesthicted provid s.a ound, havi ng at | east

t wo |socyan§$%!é}o§b§lnnapﬁ n3ERE ﬁﬁFéXﬂEéve%h%n%d%?§n£ that can be

used as the pmydesglsi.nki ng agent includes glycidyl ether conpounds. The

di gl yci dyl et her Q ferred to just, above jincludes hut is not

limited to trimst%?L %n% e T rigivt %@Wt%ﬂ @ @V%uﬁégtREEO%rqd%%%%entyl

gl ycol di gl yui dy’th@t hdm;owgll yceeohnsli gyl dybr eteh&[mp]gg ycBkol &6i@d sl dyl

et her, glycergl ci dyl et ro col diglycidyl ether,
et hyl eng él oglym %%%]yl et S Jcf?rgt g@ﬁ gﬂr%BFlHPgl yci WFPHMHS  and

sorpi tol popp@WmerdyhtébherNAD polymerlzatlon, or bulk polymerization.

o In conducting such polymerization reactions, known
initiators and emulsifiers can be used where necessary.

The above synthetic resin preferably has a number

-average molecular weight of not less than 2000. If it is

less than 2000, the resin will be deficient in film~-forming

properties. The more preferred lower limit is 5000.
Where necessary, a functional group for crosslinking

may be judiciously introduced into said synthetic resin and

by ....... usinga CrOSSlinkingagent SUlted ED theparticular

functional group, a three-dimentionally crosslinked coating
film which is highly durable can be obtained on curing.

'“) The crosslinking agent that can be used as above includes
diisocyanate compounds, epoxy compounds, carbodiimide
compounds, and aldehyde compounds, among others.

The diisocyanate compound that can be used as the
crosslinking agent is not particularly restricted provided
that it is a compound having at least two isocyanato groups
within the molecule.

The epoxy compound that can be wused as the
crosslinking agent includes glycidyl ether compounds. The
diglycidyl ether compound referred to just above includes

but is not limited to trimethylolpropane triglycidyl ether,



For the crosslinking of the synthetic resin, said crosslinking agent is
preferably formulated in a proportion of 0.1 weight % t1§ A2@0s4@08§ht %
relative to 100 weight % of the resin. If the formulating level is |ess
than 0.1 weight % the degree of crosslinking tends to be insufficient.
If it exceeds 200 weight % the gelation tinme tends to be so short that
the coating operation may be interfered,with. The preferred range is 0.5
to 150 weight O The resin having an am no group in its side chain is not
particularly restricted provided that it is aresin resulting fromthe
pol yreri zat imgpmEntanl arglnveodgr odpglgontigiini aghes| ynglyeebbe udisal yit ad el
nmononer, th i.ncl udi I Ayl am nes and pol yvi nyl-anm nes n

ot hers. Theq?srte %%d gg&?:gﬁfp)?l )r%l nyacllgéfﬁyd%{]%?lg’tjp}éégﬁé5f)m @Ol%%%%fﬁﬁﬁlto
sai d side cletibend,s potpypkerd coulpedly dégiycctedl ehbbr nadtidasnd nheyfcal i a,
t he nmet hod whi ONPr i di ssolvi t he.resin haying an amino group in
its side c},}&;ﬁ(ﬂk(ﬁl e?te%err’ané%er%}%f%lesog%%ﬁ?, gag}ixﬁgﬁlgﬂzﬁry&‘&’fydeang

dr opwi se t o sdmirteslulpdlyglyolidyioathand all owing the reaction to proceed
at a reaction te rature of 50.t0,.70C. The.side chain in the formof said
azonet hi ne gr oupm%;%sr p?%?ngﬁ’F?l%S%ng?neoagi ﬁhﬁ piBpot i oh 6FS6T01 4. 5
mol es in eactroE3 igkihgt hgenesin. pkéfetabdyl essmtibaned. 04 a nptdOO: Hn t he
amount of al e rel eased_in, the fornptjon . of,a coatj filmis, so_small
that the abg\%g[byﬁgnt“{egg IQtQ\uééQtw%‘é g° ef PLet Y F%ti@gu‘&‘? 4 frethane
group will rdte beessofficientdhe expressetingxdesdiingid. S8y / £8Ang 0 51
rversery oeidhe s |1 ERL OTBLEZRT ORY &2 O RSS! B! 8% e

oy insufficient. If it exceeds 200 weight %, the gelation

- time tends to be so short that the coating operation may be

interfered with. The preferred range is 0.5 to 150 weight

=]

The resin having an amino group in its side chain is
not particularly restricted provided that it is a resin
resulting from the polymerization of an amino group--
containing polymerizable unsaturated MOnomer, thus
including polyallylamines and polyvinylamines, among

e QB RY @IS o e e e

The method of coupling an aldehyde group-containing

compound to said side chain is not particularly restricted

.j but includes, inter alia, the method which comprises
dissolving the resin having an amino group in its side
chain in water or an organic solvent, adding benzaldehyde
dropwise to the resulting solution, and allowing the
reaction to proceed at a reaction temperature of 50 to
70°C.

The side chain in the form of said azomethine group
is preferably contained in a proportion of 0.01 to 1.5
moles in each 100 g of the resin. If it is less than 0.01

 mol/100 g, the amount of aldehyde released in the formation

of a coating film is so small that the above-mentioned



The specific polysaccharide that can be used as said polysaccharide
according to the invention is not particularly restrictl@dugust 3086 udes,
inter alia, alginic acid, chitosan, starch, pullulan, gumarabic, K-
carrageenan, agar, xanthan gum guar gum ghatti gum pectin, |ocust bean
gum and cel |l ul ose derivatives such as cellul ose acetate,

~hydr oxyet hyl cel | ul ose, carboxyethylcellglose, hydr oxypr opyl cel | ul ose, and
so on. These pol ysaccharides can be used each independently or in a

conbi nation of two or nore species. It is advisable to use polysaccharides
havi ng nunbe&f fprdr agd nolrecudducing ghet s mérloim<&00frdwp 1080DD0. nbft i thd s

| ess than 5 =y BlLm 1 pr opett.i id to.be If it .exceeds
1000000, d?@%ﬁ?&?gpﬁppy ?%ﬁgggggdbe ad@%Fgéﬁéggfféé?edm§ﬁ9ﬁﬁg @baﬂfhg
viscosity t andiestizgabéei ndlogasde: sl Imrcfomasing pachvertsisdy aff ébke thesicoati ng

mbrkabilitngqq[gg gﬁgerggzzig§%e£%$@?rties of the film The above
y e

--pol ysacchari des ma ave n, crosslinhked. The nethod of crosslinking a
pol ysacchari de i nEhadeEechéiCbéhmdmmfaitdm thatestaer Ha nisage adt kaid
crosslinkin ' L ;SO e n_epoxy. cohpdund,. or pol yfuncti ona
al dehyde co%8§¥%§?9%%g5%§|%%%ﬁg%%ﬁ%?%&ﬁﬁEf %ﬂﬁé%}%%%é?%ﬁmﬁhe t echnol ogy

i nvol vi ng spedtfiontaripnrestanciesd drut | imkKageed ,nclrides aidta, o lygimicheni cal

net hod of eskeh Qﬁggg gnbug g}g@ ﬁgﬁégxiLnilizin the _reverse reaction

a
"of the enzymatic reac%ll B3h oF T RH edtbr At e br WL 45 & i nstance. In

consi der at i oarshgeendnngagat m paropeant i @sn,suptaasyun,| grsitrdngiin, the _
che cal Tob0Ag gt Pakhy B0 Myl > ] SLETY el SRR 20053, et 1 .
agent is foehtbted pcefzrabllydroayqroperdlilanafe,0. 1 wei ght %to 30
o carboxyethylcellulose, hydroxypropylcellulose, and so on.
These polysaccharides can be used each independently or in
a combination of two or more species. It is advisable to
use polysaccharides having number aﬁerage molecular weights
from 5000 to 1000000. If it is less than 5000, the film-
forming properties tend to be poor. If it exceeds 1000000,
dispersibiiity tends to be adversely affected or the

coating viscosity tends to be increased so much as to

physical properties of the film.
The above polysaccharides may have been crosslinked.
;‘) The method of crosslinking a polysaccharide includes the
bridge formatin by ester linkage, the crosslinking with a
diisocyanate, an epoxy compound, or a polyfunctional
aldehyde compound, and polyion complexing, among others.
The technology involving said formation of an ester
linkage . includes not only a chemical method of ester
bonding but also a method utilizing the reverse reaction of
the enzymatic reaction of an esterase or the like, for
instance. In consideration of coating film properties such
as film strength, the chemical method of ester bonding is

preferred.



wei ght % per 100 wei ght % of the pol ysaccharide. If the fornulating |evel
is less than 0.1 weight % the .crosslinking tends to bd9%iAugustid0@pent . | f
it exceeds 30 weight % the gelation tine tends to be so short that the
coating operation is rendered difficult. The preferred lower [imt is 0.5
wei ght % and the preferred upper limt is 20 weight % Wen the _

pol ysaccharide has an -NH2 group as it i§ the case with chitosan, it may
be reacted with said al dehyde group-containing conpound to have the

al dehyde linked in the formof an azonethine group or be nodified by a
M chael reaction. RElierabhoye azfurathiime gtg)upth@[]rrscme_;slhﬁ{ihﬂ\glj-iﬁ_ groupR
reacts with t I d roup. B roviding the resin wwth this .
azonet hi ne ﬁ)rogsls%ct%ﬁlg%\%gf?gr- ggPﬁ%HPt yt%‘F rg%}f?F B Yecradffdy. 1is

Mor eover, beoausd atiele pazdsethlpeigr auprblfohyﬂTmlq:?e@. i rb;\@ighfﬂ?%'% ajdd<fl|hi ne
..environnment_. h as_se er to, gradu solubilize the, resin a e
rel eased al geehléclﬂi% c%gn%%ﬂmxﬁ%gf‘g aﬁarﬁ' f%ﬂﬁ i ARG ¥REF TR 9%ai n the
attachment doraglatiiagl i flevelt heis esilesyi eltthana apat i ngeightn hayi ngran

excel lent antifaouling performance. The al dehyde group-containin conmpound
i s not part‘icé‘t?lsésgll?k%ggt r%ie&dgd tb?n&PEHﬁglFﬁgntcom&mHE ﬁ&ﬁ@&gs 30

her ei nbef or geifhe &cr yhec gedsitidrort uge tendai €o resi BoC@MRRsi tHheft the

conprising an_acrylic resi.n and, as adm xed tg rewith, an alkyl silicate
i s not partlcc?i—illgz}éf1 y ?peeslia}'scijc%dlﬁutlf Iferﬁf dg g?‘r‘fﬂl “be tABSr éé‘%hfeﬁ?r@ﬁjar ed
by pol ynmeri 2brgra ltenandsi © . Sreieidial € oapasedeppedgairtadt ippefr anmaar ylic
nononer, e. g gget h% fy‘l}i c acid, ethyl (neth)acrylate, n-butyl
(meth)acryl FerV2vE §§ hexyl (neth)acrylate, 2-hydroxyethyl 19 August 2005
10( et h) acryl at ewh@n hydeoxpHinepdcHaraides) dedy| ahe L, Rgxydhut yb is
1Y i.ke. i
(néth)acrylgﬁg, ggséh%mﬁhgecﬂyy%ég%ay E% may be reacted with said
aldehyde group-containing compound to have the aldehyde
linked in the form of an azomethine group or be modified by
a Michael reaction. The above azomethine group forms as
the -NH, group reacts with the aldehyde group. By
providing the resin with this azomethine group, the water-
solubility of resin can be decreased. Moreover, because
the azomethine group is hydrolyzed in an weakly alkaline
resin and the released aldehyde compound exhibits
antifouling activity against attachment of aquatic life,

the resin yields a coating film having an excellent

\\—“-

antifouling performance. The aldehyde group-containing
compound is not particularly restricted but includes the
compounds named hereinbefore.

The acrylic resin for use in said resin composition
comprising an acrylic resin and, as admixed therewith, an
alkyl silicate is not particulafly restricted but may for
example be the resin prepared by polymerizing a monomeric
material composed predominantly of an acrylic monomer, e.q.
(meth)acrylic acid, ethyl (meth)acrylate, n-butyl

'(meth)acrylate, Z2-ethylhexyl (meth)acrylate, 2-hydroxyethyl



resin may be a copplynmer prepared by using one or nore golynerlzable
mononmers in addition to said acrylic nmonomer. The al kyl 18iAugusii?2808or use in
conbination with said acrylic resin is a conmpound represented by the
following general fornula, inclusive of its condensation product. *
[Chemical 1] OR ROESI-0}-R Si-Ch OR (wherein R groups are the sane or
different and each represents an al kyl £§cnu)(ﬁ 1 to 10 carbon atons; n
represents an integer of 1 to 20). Thus, for exanple, tetranethyl
silicate, tetraethyl silicate, tetra-n- propyl silicate, and tetra-i-propyl
silicate can“%%?@kﬁﬁqxﬁﬁﬁﬁ 2y deemaeneayiofpettlsery heteded— t he conpound
obt ai nabl e h y lic

hydr ol yzi ng condltlons mﬁ%;ggﬁge%g§F§ 6? Eé%dhlﬁ%refﬁﬁgb y %%Ca
condensat i orf et e & ¢opRlymert ﬁéepéégﬁebywscb@d@msa@r cmomceeds 20,
the condensgig Jrends, 410 e %n%rde@sv ECQEHHJLBH Lot EL gr% il\fé . AS

the al kyl silicate nentioned above, commercial produc
silicate Ms-51 (R%h%tﬂAkY#nﬁﬁﬂkﬁat&Liﬁr nnd WKCQﬂMhhnﬂbaoMBWﬁiKF%amdhyl

rean of =10k G ras prodct SuglolMd siBhebu, eher 6l G pBtAlLAN,

ethyl silicate 40 (R=ethyl, nean d et

mean of n= 1@Pqﬁﬁﬂﬁ1ﬁ%ﬁ@uéﬁodG@FéuéivebbéoatsC@OHdensdthnepmn@pmﬂhers can
be utilized. These alkyl silicates may be used each independently 19 August
2005 1 1 or in a conbination of two or nore species. Furthernore, a resin

conmposi ti on conprﬂ§hﬁ@l§aﬁléhd of said resin wth

| RO—EE‘;i-OhR
OR

{(wherein R groups are the same or different and each
represents an alkyl group of 1 to 10 carbon atoms; n
represents an integer of 1 to 20). Thus, for example,
tetramethyl silicate, tetraethyl silicate, tetra-n-propyl

silicate, and tetra-i-propyl silicate can be mentioned.

..The..condensation . product - includes the - compound -obtainable

by the condensation of such an alkyl silicate under
hydrolyzing conditions. The condensate, if used,
preferably has a condensation degree of 2 to 20. If the
degree of condensation exceeds 20, the condensate tends to
gain in viscosity to interfere with handling.

As the alkyl silicate mentioned above, commercial
products such as MKC silicate MS-51 (R=methyl, mean of
n=5), and MKC silicate MS-56 (R=methyl, mean of n=10) (both
are products of Mitsubishi Chemical Corporation); ethyl
silicate 40 (R=ethyl, mean of n=5) and ethyl silicate 48
_(Rmethyl, mean of n=10) (both are products of Colcoat Co.,
Ltd.), among others, can be utilized.

These alkyl silicates may be used each independently



pol yoxyet hyl ene or pol yet hyl ene glycol, for instance, can also be used. In
this case, said resin and pol yoxyethyl ene or pol yet hyl etferuguse05my be

m X- di ssol ved in advance and a crosslinking agent be then added to the
solution. to give a three-dinensional structure. The nol ecul ar wei ght of

t he pol yoxyethyl ene or pol yethylene glycol for use in this case is
preferably not |ess than 20000. If it isg{ess than 20000, it dissolves in
wat er so that the necessary performance will not be maintained for a
sufficiently lopng tine. The mxing ratio is 2 weight % 100 wei ght % based
on 100 wei ght™ o882 sEPEP¥Esiien Off itwoi 1] Boget kaaclenei ghurtBermbeeef dect
of addition wedinnebmpesIvibhCi®Rbrilsh 'caqt aepﬁgﬁgs AP0 WeLIN. 0 iep
filmformng properties are |ost So tﬁ't a long-term nai nt énance ot
per f or mance RahOtYdEy sireceedroTvietbvhenagodyapdsi thoon frvtaromst roehi ng
the coating gfdd moOfydde | nveRti;QN LS Pr a oLyl ntain
-the above pol yner conponent inla 5?%86r$%§ﬁ g%gié %ng éfga%?aﬁﬁyégn%he
above- nent i GHedP? g HeY Haie el psdd e Hoe i mtkepdigtentted orn | adwacoabandt i on
«0f two or oy eSPeSi Beind it GRS ﬁ/z!ﬂ{ef ' |0 copposition Ls to be
crosslinked, there nay lbned.usc'gted t he ?rcet odfqﬁ@dm%%ﬁ{eg cr ols%r%'i%%e%l‘rr%si n
i s fornul at &d iHiee 1HEsdonag stonrpésirei onTbe nhteael aodweghvhi ch the
crossl i nki ngAgRIU ve sy 1ficmdha ' t] ition.and the curing
reaction is%%arfiéﬁagﬁi n tﬁeb§?V%?nggﬁgg?TgFgggfg§d%%?oﬁ%l V' Thedd®t wo
met hods may Y5e BEeferabtonbprhatliems thamh@0866ve cdat ity teoniesist i timana

o ner ease o ur fase Fotnness, “The il ot ng Shourtee SHOGTEEBotY
confined wi PREFOERENCENFd Idhawos tise maumftadeeld fAugustsebEc ikhtrughnesgs t o
be describedjher el nafd &fi 104 B9 T8 1LANEL¥ht 5 ~ 100 weight % based
on 100 weight % of said resin. If it is less than 2 welght
%, the effect of addition will not be sufficient. If it
exceeds 100 weight %, film-forming properties are lost so
that a long-term maintenance of performance cannot be
expected.
The coating composition for constructing the coating

film of the invention is preferably formulated to contain

-..the. abovepolymercomp()nent in —a- proportlonof LG g Q)

weight %. The above-mentioned resins may be used each
independently or in a combination of two or more species.
') In the case where said resin composition is to be
crosslinked, there may be used the method in which the
crosslinked resin is formulated into the coating
composition or the method in which the crosslinking agent
is formulated in a coating composition and the curing
reaction 1is carried out in the film-forming -stage.
Optionally these two methods may be used in combination.
In the above coating composition, a pigment may be
‘formulated. However, since formulation of a pigment tends
to increase the surface roughness, the formulating amount

should be confined within. the range where the surface



40 pmor less. In the coating conposition containing said polymer, there
may be incorporated such known additives as the plasti dPZAagustdiObkener,
rheol ogy nodifier, filler, dispersant, ultraviolet absorber, Iight
stabilizer, antioxidant, antifreezing agent, anti-algal agent,

antiseptic, defoam ng agent, etc. as needed and, if desired, rosin,

hydr ogenat ed rosin, esters thereof, chloyinated paraffin, polyvinyl
ethers, and esters of - pol ybasic acids such as phthalic acid, fumaric acid,
mal eic acid, phosphoric acid, etc. can also be fornul ated. Dependi ng on

t he i nt endedF B aTe (o9 it sdinshilid minefitcgomtaai lheamaimidinddmt | n

the case whese it hg- nesyl.tant coating filmis disposed in contact with an
aqueous liquid, the fornulated antifoul ant gradually di SSAO Ve3 out onto

the coating film tid e bFealeing afenpoal thgnetbateinihe aquebusol yrgs d
mentioned ahgise NRAYS Be Wallox HORLALN NJuLhUkthyn adairs 708 a0L! faul ant

~mentioned above is not particularly restricte ut I nc es subst ances

whi ch are i Ple@fdici€edse adhdmkiehedl,i ng gertogly Thusdiffare mxanpf el lainc
net hyl t hi ocqyiRBtRnt2- Mefhy Lt bi t-b L, po-6- . .y
cyclopropylaﬁino-s-fﬁfazine¥ %?%?%é%- tg%ggg gfois%ﬁﬁyhald%???}}%fe$irw-
di net hyl di cRPGAepREaRtur ea angdpperzihgdaniag@ntcoppemtiseligelde, agent,

4, 5-di chl or @n2-R=p¢4 ¥ - 34E2H)} hi ine, .

(f I uor odi chl"or SRy € h o%pﬁtyﬁgﬁ%m %é%lnlﬁ,’!\u - gcr're't Ayl - fesded and, If
phenyl - ( N- f dggiéeidehl ok@wethy| hifdopgehtsailde, rqwim di nestersphetiyébarine,

2 pyY i dimet B aroT ey de, EoeFLRE Re P! Qe n DVLET s PSR 19 ne.
3-i0do- 2- pPepyRyFhat pridarvapktas pihtlabhetayldp-fuladisuldoind, edleid9
August 2005aé§d, phosphoric acid, etc. can also be formulated.

Depending on the intended use, the coating
composition may contain an antifoulant. In the case where
the resultant coating film is disposed in contact with an
agueous = liquid, the formulated antifoulant gradually
dissolves out onto the c¢oating film to exhibit an
antifouling effect. The aquecus liquid mentioned above

means a water-containing ligquid.

~...The - antifoulant-mentioned above is-not particularly -«

restricted but includes substances which are in routine use
as antifouling agents.. Thus, for example, zinc

) methylthiocarbamate, 2-methylthio-4-t-butylamino-6-
cyclopropylamino~-s-triazine, 2,4,5,6-
tetrachloroisophthalonitrile, N, N’ -
dimethyldichlorophenylurea, copper rhodanide, copper
suboxide, 4,5-dichloro-2-n-octyl-3-(2H)isothiazoline, N-
(fluorodichloromethylthio)phthalimide, N,N’-dimethyl-N’-
phenyl-(N-fluorodichloromethylthio)sulfamide, pyridine-
triphenylborane, laurylamine-triphenylborane, zinc 2-
.pyridinethiol—l—oxide, copper 2-pyridinethiol-l-oxide,
2,4,5,6~tetrachloro-4-(methylsulfonyl)pyridine, 3-iodo-2-
propynylbutyl carbamate, diiodomethylup"tolylsulfOne, etc.




can be mentioned. These may be used each independently qr  in a conbination
of two or nore species. In the case where said antifoul éﬁt‘ﬂ‘%%ti%@@érporat ed
in the coating conposition according to the invention, its proportion is
preferably 5 to 120 wei ght parts relative to 100 weight parts of the total
pol ynmer, though it may vary wth different uses. If it is less than 5

wei ght parts, the antifouling effect at1t3ri butable to addition of the
antifoul ant may not be sufficiently expréssed. if it exceeds 120 wei ght
parts, no adequate filmformng properties nay be obtained but cracks and
ot her def ectcan bendensideedl opThesei sandeesswad ddvat itrfepsatdemdontoact
angl e of the, coatipgnLikayofst i ] gé . W thin the range of 0 to
40. The cont gct anglpen%s t eggng 2 ?%?F%%‘IQP]S %Cﬁleélgo'ody of a liquid between
the |ine tangentiah tbet hesgsuvhace s&idhantifquiliahtasi scanstanmeireddd dm t he
poi nt of coppact.of+4 LAuLey ;s Lhe swfage of | id, and a gas .qr_ vapor
~ phase. V\heght heccc_)ntlgggt Cg}ﬁg?éggﬁégefs&f, %ﬁe'if'(gdﬁcel o%ng‘fagt.l?gfctl%osn IS
not suffici pappegtinnt isherebpeeblyf 5t lte 1i20vertigbn eamiet rHed sadoenpld shed.
When the co ct, e e rjiction-reduci effect is not
stable so ?Egt aee%%%f ipg%%t %%Zﬁ%iéag%i ?ﬁ%‘ﬁ?%’n %Ha?/unlgtl e 58t aiifed
dependi ng onithe dgdngirentnsisefs .uselfindtt e ildsendgthn appiedahitomadts,or der
to insure aggtab i.ction-r i.ng ' e.contgct angle Ls

pref erably Fl(ﬁ;tg.ggrug%{feér&tlhn% fggg%he %‘?g%@%?be];é:e ocoﬁ?é&{;lgﬁgl%fi ot
great er thaantiSouFaet cowty ngoti | beacoof € migerttd yt hexpmreestidon pref ertabl y
has a surf : hn of . no re_than 40 pm _  As used in .thi .

speci fi cat ?%%Cétgﬁg tgr%r?% " sUY é\}é{emr ﬁﬁﬁ%éss'noonegﬂgq‘tlﬁ eroﬁﬁﬁé—s@%&’@ured
w t;h a non-evdpactieg mayerbe behirasuefladeitr oughokss amt eoth¥henddhict s

suf face roughngss, 19-Auglst 2005
' It is necessary that the water contact angle of the
coating film of the invention lie within the range of 0° to
40°. The contact angle is the angle including the body of
a liguid between the line tangential to the surface of the
liquid as constructed from the point of contact of the
liquid, the surface of a solid, and a gas or vapor phase.

When the contact angle exceeds 40°, the reduction of

invention cannot be accomplished. When the contact angle
exceeds 30°, the friction-reducing effeect is not stable so

D that a sufficient reduction of friction may not be obtained
depending on the conditions of use and the intended
application. 1In order to insure a stable friction-reducing
effect, the contact angle 1s preferably not greater than:
20°. The more preferred contact angle is not greater than
15°.

The coating film according to the invention
preferably has a surface roughness of not more than 40 pum.
As used in this specification, the term “surface rbughness”
means the roughness measured with a non-contacting laser

beam surface roughness meter. When this surface roughness




1 4 exceeds 40 pm the friction with water cannot be syfficiently reduced.
The nore preferPed surface roughness is not greater thghﬂyguﬁﬁmgﬁd t he
still nmore preferred surfface roughness is not greater than 25 pm The
coating filmof the invention is constructed by coating a substrate
surface with the above coating conposition and drying the coat. The dry

t hi ckness of the coating filmto be so constructed can be judiciously

sel ected according to the intended use i may for exanple be 50 to 500
pm The surface roughness of the coating film is influenced by the surface

condi ti on ofexdeedsubsAl at pm, amthewhefriatSwist nateh havhbgra lamgersurnface
ssary to

roughness i : ated,, it Jis ce i ncrease the thickness of
the coati n%%lﬁggg%gé’ £&UESEr ol @gﬁemgﬁ?f%ﬁ%f?ﬁﬁ%‘ﬁn%‘é’éf%‘?etT’i%ugkfriefsrﬁ to 40
pmor |ess. isn nde gasatetrerichsn f BOCtinDNamit Rhan SELEDUSichieqUbfLrOGEHN S as,

for exanpl e, coated article is poved jn ter, the surface of the
coating fi I-ﬁcﬁu% ta%(% i \l/lgﬁplegﬁ l§h8\%gogr LR 3T 22 ighal resistance. By

reducing the .:fTheticomalingesisinanse, thbeignengyon. ike@dRddMedmanenent
of the coatc%gtgkﬁi cle in th‘ﬁ&;aaff ueous %i(ﬂ%i d can be_di mi ni shed. The
substrate ol Wi CH t Re cBHS | P OF L% VhiRnt F8R | SO0 e T¥HSMACt ed
i's not particompasliyioneahd crgdngutthEhecptesentd RMENtHHER KRIE P A/HL ed

with advan .to substrate surfaces to be exposed to aqueous |iquids
such as wat tgr%,g%f‘og egja%ﬁl 2t‘bi 3?‘?19 S sCORSLaREt 6heFan st ®ict HECionsd i pi ng

systems nmensedaetejiustcabdyagare tpepehitBagedCogkl RGPIREs @ WalfS1 e

conduits fo uf ac ing plants an ower plants, refrigerant lines for
air condi ti%ﬁre?g}%n%bj@opﬁort 1€ Ry 3Se IMERET mf the meatidvnhdidact ed

Qn%t he inteisalinfdukacetl syghtpepistg rasys it thlth Obheknst rUMMRS e,
nenti oned aboge i ncl ude ]'L_nter alia, ship bottons and offshore
structures. B when a substrate having a large surface roughness is to
be coated, it is necessary to increase the thickness of the
coating film so as to control the surface roughness of the
film to 40 pm or less.
In the case where a friction with an aqueous liquid

occurs as, for example, the coated article is moved in

water, the surface of the coating film of the invention

shows a reduced frictional resistance. By reducing the

~-frictional resistance; the ‘energy required for movement of
the coated article in the aqueous liquid can be diminished.

The substrate on which the coating film of the

) invention 1is to be constructed is not particularly
. restricted but the present invention can be applied with .
advantage to substrate surfaces to be exposed to'aqueous

liquids such as water, for example piping systems and other
structures. The piping systems mentione‘d just above are
pipelines, cooling pipes ant water conduits for
manufacturing plants and power plants, refrigerant lines

for air conditioners, and so forth. Usually, the coating

film is constructed on the internal walls of such piping

systems. The other structures mentioned above include,

inter ali_a,' ship bottoms and offshorée -structures.

i



19 August 2005 i5 In constructing the coating filmfroma coating

corrpogl tion, the coating method that can be used is not 19gfigusic2{0&r | y
restricted but includes the hitherto-known t echni ques such as spray
coating, coating with a roll coater, brush coating, and dipping. The

met hod of drying the coat is not particularly restricted but in typical
cases, the coated article is allowed to](s)éand at room tenperature for 1
hour to 10 days. If necessary, heating energy-beamirradi ati on may be
carried out. The coating filmthus constructed generates only a reduced
surface friction st lranstheiatesgst tinee dued ey ﬂAﬂIrrel ija@dl tbetf@@tﬂﬂgt
article is n&;ggajt Th f when. ..t i_ed as om coat i ng,
the resi stancée océcalﬂorr}‘“l ngﬁget%rv?%grllnghé“ OéJ hEll-h? r?&nvve{?eeruﬁggré‘cﬁjc‘e‘a tand,
hence, the fmerttlcbs]taﬁlqr naxsitgatied ilsutdedredsetks | Iﬁhéddhitl@@rt@-yklﬁ@clhﬁn ng

the coating posed surfaces_ of pel i nes and .conduits,

efficiency éelfé}ﬁ %&etd‘;]t ra%)sﬁpoé 5561 Yeah® Bglpﬁpro%?j 15%e % 8%%“ Ag Fo1

t he present daatean, dryush . cca)ttsa’ug,t udredl daspdesgli bathecabemdiodass G@rﬁ%ﬁ§| I ent
water so that it con tes to a decreased

Shi p fuel coot aidiin 1 Roreloc ErTTEiEsy 5PoCFRGtRY (s plr dBUPORAL
I3, oot e bl sy et o
or e, ot gt G814 e 0B Bl LTS e Ly L ST
unl ess ot heow selergpehefamedrradetanl&noldaptbencExﬂﬂ@dieodtA four-necked fl ask
equi pped with a n&BEOQ§ as 1glng%ﬁus constructed generates only a
) reduced surface friction so that the resistance between
water and the coated article is attenuated. Therefore,
when it is applied as a bottom coating, the resistance
occurring between the ship hull and water is reduced and,
hence, the fuel cost for navigation is decreased.
In addition, by forming the coating film on the
exposed surfaces of pipelines and conduits, the efficiency
of liquid transportation can be improved.

The coating film of the present invention,

reducing effect in water so that it contributes to a
decreased ship fuel cost and an increased efflclency of

j liguid transportation.

[Examnples]

The  following examples illustrate the present
invention in further detail without defining the scope of
the invention. It should be noticed that, as used in the
fellowing description, % means weight % unless otherwise

specified.

Resin Production Example 1

A four-necked flask equipped with a nitrogen gas



16 inlet pipe and a stirrer was charged with 45 g of xylene and 50 g of
met hyl isobutyl ketone and the mixture was heated at 108'AQ9usi2Q0Ri s
solution, 20 g of methyl nethacrylate, 15 g of 2-hydroxyethyl
met hacryl ate, and 65 g of nethyl pol y(oxyethyl ene) nethacrylate (average
degree of polynerization = 9) as polynerizable nononers and a m xture of
1. 5 g of t-butyl 2-ethyl hexanoate and of xylene as an initiator were
added dropwi se over 30 minutes. After conpletion of dropwi se addition, a
m xture of 0. 3 g of t- butyl 2-ethylhexanoate and 5 g of xylene was added
dropwi se ovierled0 piiprut®sd aadsthererxwase oas fad twierh | 45 ubatosd fydrerz

hours to pr e r.esi KO ... Resi n, Producti gn anpl.e. 2 _Except that
15 g of met hyi n%‘?hgcrd;/ a?‘%{tH%g gq%buf-ﬁh;kd?%%%t ﬁi}ﬁ rﬁ%g@f*iﬂcﬁfg, 70 9
‘of et hyl pdleptedyethyl éhejCret hay yltaties (avénajgendegeee 9f opolmumriizati on
= 24) were mer kzabl D s, ..th racedure of Resj
Producti on E%g%?ZY?Q%$ ?gp a?gdg?%? .?2.{36?% felﬁ)%é}?ae%ﬁwastoef’ytqrﬁjnn@ q?gasi n
Product i on Bfampsitéyd pddivigxlykéhyareegquiepimntyaatesgdvieraBesidegheedust i on
di met hy  or POm RS 230 568 °81 P a0k A BRy e bt SontheAr T chd R e was
Eiat efl at4 8©jfclf.;5r B diout-soitoyl m?@mﬁm%ama§o¢Mi Bn(d_:;CofRe@illén%r 0&da|11ct ilon
anpl e ng .t i p as_used in Resi roduction e 1,
5005 of 200 b Bl R PR P Oa PP sk e b Gopyees RAYER
di met hy 1f or renpdetiandof2 dyopivibenzaldehyde wereixtadgdedoand. 8hg wextus e was

heated at Sgﬁgyi Oé—étﬂ?fﬂéxér?o%tge Aalxjrgéjsg gZOOOP )%Zlé)ﬁ’eepwaa{se aadc{eeclsicﬂ:osi)?«!iustcaE on D

g over 30 minutes and the mixture was further incubated for 2

;
y

hours to prepare a réesin solution A.

Resin Production Example 2

Except that 15 g of methyl methacrylate, 15 g of 2~
hydroxyethyl methacrylate, and 70 g of
methylpoly (oxyethylene) methacrylate (average degree of
polymerization = 24) were used as polymerizable monomers,
the procedure of Resin Production Example 1 was repeated to

Resin Production Example 3

'J Using the same equipment as used in Resin Production
Example 1, 500 g of 20% aqueous solution of polyallylamine,
100 g of dimethylformamide, and 20 g of lauraldehyde were
added and the mixture was heated at 80°C for 3 hours to

prepare a resin solution C.

Résin Production Example 4

Using the same equipment as used in Resin Production
Example 1, 500 g of 20% aqueous solution of polyallylamine,
100 g of dimethylformamide, and 12 g of benzaldehyde were
added and the mixture was heated at 80°C for 3 hours to



Resin Production Exanple 5 Using the same equi pnment as used in Resin
Producti on Exanple 1, 500 g of 10% aqueous sol ution of 18HiugEstad905100 g of
di mret hyl f ormam de, and 8 g of |aural dehyde were added and the m xture was
heated at 80C for 3 hours to prepare a resin solution E. Resin Production
Exanple 6 Using the sane equi pnment as used in Resin Production Exanple 1
500 g of 10% aqueous sol ution of chitos. 100 g of dinethylformam de, and
7 g of lauryl acrylate were added and the m xture was heated at 80C for 4
hours to prepare a resin solution F. Resin Production Exanple 7 Using the
sane equi pnEriCRETUseF I RESmtPosddet i on  Exanple 1, 500 g of 10% aqueous
solution of chitosan, 100 g .of .dine.thylfo-rmamde, and 4. g of glycidyl
phenyl ether_ were added and the mi xture was heated at 80C for 3 hours to
prepare a r&§HdIarRAWH iGn Resmeler Sducti on Exanple 8 Using the sane

equi pnment as usedy iy R ' 5 59 u

sol ution of al gi niUcSI1 z??? 35}1!% 15{)%@%(#&81%%% glrsr]%dn‘i lg’g,ﬂ%ﬂgn oﬁ%@@‘g‘?ﬁ?ﬁl
phenyl et herEXamgH® ¢.,5 5§ ofg @ifegﬁfdl aAiroakcohbhit ieneofddett amant he0on ot ur e
was heated gair 89 DS p ane Si | ut H. . Resin
Producti on Examﬂ%ggﬁﬁggour}ﬁg%%edggﬁagkg@qﬁ?p%§3§%%#%hgaﬁif?%ﬁ%na%%%dlg
August 2005 21g ithicemigitpaeamasahsaitedentwds " €hirged mbths 500 gpoépayd eme

and 40 g of -daut apal,capd Ehe m xture was heated to 100C. To this
solution, a mxture of 50 g of nmethyl nethacrylate, 50 g of 2-hydroxyet hyl
net hacryl ate as pol ynerizable nononers , and, 1.5 g of t-butyl

2- et hyl hexapali@ 3$oduction Example 6

Using the same equipment as used in Resin Production

Example 1, 500 g'of 10% aqueous solution of chitosan, 100 g
of dimethylformamide, and 7 g of lauryl acrylate were added
and the mixture was heated at 80°C for 4 hours to prepare a

resin solution F.

Resin Production Exémple 7
Using the same equipment as used in Resin Production

Example 1, 500 g of 10% aqueous solution of chitosan, 100 g

added and the mixture was heated at 80°C for 3 hours to

prepare a resin solution G.

Resin Production Example 8

, Using the same equipment as used in Resin Production
Example 1, 500 g of 5% aqueous solution of alginic acid,
100 g of dimethylformamide, 3 g of glycidyl phenyl ether,
and 0.5 g of diethylaminocalcohol were added and the mixture
was heated at 80°C for 3 hou;s to prepare a resin solution
H.

Resin Production Example 9

A four-necked flask equipped with a nitrogen gas



initiator was added dropw se over 3 hours. After conpletion of dropw se
addition, a mixture solution of 0.3 g of t-butyl 2-ethyPHerasi®08 and 5 ¢
of xylene was added dropwi se over 30 nminutes and the m xture was further
i ncubated for 2 hours to prepare a resin solution |I. Resin Production
Exanpl e 10 Except that 75 g of nethyl nethacrylate and 25 g of

nmet hyl pol y(oxyet hyl ene) net hacryl ate (ang; age degree of polynerization =
9) were used as pol yneri zabl e nononers, he procedure of Resin Production
Exanple 1 was repeated to prepare a resin solution J. Resin Production
Exanpl e 11 .inleicdapipe hand35 gtdfrreet s netdraprd/| i eh ahll 6. 5 afylene

2- et hyl hexyl, etqpey vlate. Siés ol verizabl e .nononers .

procedure. ofa Resﬁ%réo%urgt% an%]ogsqpem%ﬂ&ruerpeea‘fae% }i‘%arkperr%pta(? efﬁ?r%'si n

sol ution K TRedihisPsodudtioon Examnpteré2ofisbfggt bE satky®quépenty Bstalsed in
Resi n Produgly o € f 20%.agueous, sol ution of .

~pol yal | yl -am%tr?le, % 1(?0@%&%?@g%yﬁg}@r mamn%t ea?l:r naasth ga%t%@f%?@](ﬁ&/]e‘? hyl )

acryl ate (awernggerdgegr eeand, pol yoerg zaifi on-bu24)]l werethdiedxanndts heas

m xture was ; . t fo ou to. prepare a .resin_soluti L. Resin
Pr oduct i on é&g%ﬁgo% ?%%Aug%%cfecgoo%sﬁ@” ¥ ng°t Rk sgrre?lé’dlﬁlsprrent O&St%ed in
Resi n Pr oducpiph etEranplfe droph58eg adklit@%maque ais:tsdeltdddmitdforchift asam, 150
g of dinethylforymm.de, 9. it hi,um hydroxide,. and 10 of

met hyl pol y( xfef?hyl g t%ir y?a%tek%flg{/ee}!raélé?t&egef%g %f 9861 ﬁfgﬁnfat%iaosn added yere
added and tHeopyssem emsrr e3l uxeichutfesr -adichotthe wint htaréot@ds of fullbthae of
o o g 1RELBIeeOPSE hYRESTRY 68 PL R & "SSH M £ Y O M

o
i Resin Production Example 10

Except that 75 g of methyl methacrylate and 25 g of

methylpoly(oxyethylene) methacrylate (average degree of

polymerization = 9) were used as polymerizable monomers,

the procedure of Resin Production Example 1 was repeated to

prepare a resin solution J.
Resin Production Example 11
2¥ethylhexyl methacrylate were used as polymerizable

monomers, the procedure of Resin Production Example 1 was

repeated to prepare a resin solution K.

R

Resin Production Example 12

Using the same equipment as used in Resin Production
Example 1, 500 g of 20% agueous solution of polyallylamine,
100 g of dimethylformamide, and 48 g methylpoly (oxyethyl)
acrylate (average degrée of polymerization = 24) were added
and the mixture was heated at 80°C for 3 hours to prepare a

resin solution L.

Resin Production Example 13



One- hundred (100) grans of resin solution A, 15 g of 20% sol ution of

hexamet hyl ene diisocyanate in xylene, and 1 g of di et hylPdwgnsle?danol were
m xed well and coated onto a test drum (made of vinyl chloride resin, Dia.
3000mMmm H. 300 mm. Exanple 2 One-hundred (100) grans of resin solution B,
15 g of 20% solution of hexanethyl ene diisocyanate in xylene, and 1 g of

di et hyl am noet hanol were m xed well and ated onto a ...test drum
Exanpl e 3 One-hundred (100) grans of resin solution C and 10 g of 5%
aqueous sol ution of glutaral dehyde were m xed well and coated onto a test

drum Exanpl e 4 ONéihgndihed sere0pqyiamensi asesiseds dlnutResrinD BaretukX igon of 5%
aqueous sol gt af 109l ral dehygde I L X t ont t est
i1l 191 UER ggo%gogggusou SVl dn SN tiaaled, T %

drum Exanple 5 One- re ms of Teésin solution E and
August 20059020 diineSfyddoananidel ubi. 6n gofo fylhittyialed dlygdexiwdes minxded Owed |

and coated to ;gﬁﬁ l.e 6 dre gr f resin
solution F g%d'ﬁ%#ﬁﬁﬁpggfgﬁieougﬂgolu??gﬁigggglugg&%i Shyd§g§£§% miXed
wel | and cpailgoegizetaonest 24F uwer&Exangee Fndnehdurydrteh (WEG0)r eff lansedf
resin sol utic@n ( g..= % 0US:S tion o | ut aral dehyde were
m xed wel | Eggd%cglg?%%s o‘ﬁr%gﬁagt etg)t%glr u(?ﬁf E)bgrrfﬁce Ogllé%’lhﬁﬁ Fc%lt( nggr ans
of resin sotanstanHlgnderoyed to prepare a resin solution M.

Example 1

One-hundred (100) grams of resin solution A, 15 g of
20% solution of hexamethylene diisocyanate in xylene, and 1
g of diethylaminoethanol were mixed well and coated onto a
test drum (made of wvinyl chloride resgin, Dia. 300 mm, H.
300 mm) .

Example 2

One-hundred (100) grams of resin solution B, 15 g of
20% solution of hexamethylene diisocyanate in xylene, and 1
g of diethylaminoethanol were mixed well and coated onto a

Example 3
) One-hundred (100} grams of resin solution C and 10 g
of 5% aqueous solution of glutaraldehyde were mixed well

and coated onto a test drum.

Exanple 4
One-hundred (100) grams of resin solution D and 12 g
of 5% aqueous solution of glutaraldehyde were mixed well

and coated onto a test drum.

Example 5

One-hundred (100) grams of resin solution E and 7 g



of 50% aqueous sol ution of glycerol diglycidyl ether (Nagase Kasei Kogyo;
- Denacol EX--313) were mixed well and coated onto a test!9dwgnst 2082anpl e 9
Resin solution J was coated onto a test drum Exanple 10 One hundred (100)
grams of resin solution K and 15 g of ethyl silicate were thoroughly
bl ended and the resulting dispersion was coated on a test drum Exanple 11
One hundred (100) grams of resin solutigg,H, 35 g of 10% aqueous sol ution
of chitosan, and 4 g of 5% aqueous solution of glutaral dehyde were m xed
wel | and coated onto a test drum 19 August 2005 21 Exanple 12 One hundred
(100) grans af Pesiequeohat isedubion0 af offlubdtabdeioyde sebuti aixefd well
pol yet hyl en i = 7 of 50% aqueous sol ution of glycero
polyglycidyﬁng?ﬁ%%ﬂ%£¥ggggg%egggélngﬁd coated onto a test drum Exanple 13
One hundred (100) grans of resin solution A, 5 g of <colloidal silica, 10 g
of titaniurn,Egg(iRij'%ie,6 and 2 g of phthal ocyani ne blue were blended to give a
di sper si on and Hb I'owm ng addition of 10 g of 20% sol uti on of hexanet hyl ene -
diisocyanate in xygherbuadded d160)digetimys anfi noet hransdiuthen Fhahel wasg i xed

wel | and co Folg st drum _Ex I 4 hundred_(10Q) ans, .of
resin solut?ﬁﬁqgf é&aégég §8ﬁF§%85|‘g?Pgﬁ%gaﬁ%iﬁFQﬁ $itsh uﬁ%ﬁ%ﬁﬁ%ﬁ%fand
10 g of pyrndhicoa¢éedi notweretbkendedmt 0 gi ve a di spersion, and follow ng
addition of 15 g of 20% sol uti on of hexanet hyl ene ..diisocyanate in xylene

and 1 g of diethyl am noethanol the
Example 7

One-hundred (100) grams of. resin solution G and 9 g
| of 5% aqueous solution of glutaraldehyde were mixed well

and coated onto a test drum.

Example 8

One-hundred (100) grams of resin solution H and 4 g
of 50% aqueous sclution of glycerol diglycidyl ether
(Nagase Kasei Kogyo; Denacol EX-313) were mixed well  and

coated onto a test drum.

- Example -9

Resin solution J was coated onto a test drum.

'j Example 10
One hundred (100) grams of resin solution K and 15 g
of ethyl silicate were thoroughly blended and the resulting

‘dispersion was coated on a test drum.

Example 11

One hundred (100) grams of resin solution H, 35'g of
10% aqueous solution of chitosan, and 4 g of 5% agueous
‘solution of glutaraldehyde were mixed well and coated onto

a test drum,.. -




whol e was mi xed well and coated onto a test drum Exanple 15 One hundred
(100) grams of resin solution B, 3 g of colloidal sili d&Al{Eﬁ}Sb’ZQQﬁ titani um
di oxi de, and 15 g of copper suboxi de were bl ended to give a dispersion,

and: follow ng addition of 15 g of 20% sol uti on of hexanet hyl ene

di i socyanate in xylene and 1 g of diethyl am noethanol, the whole was m xed
wel | and coated onto a test drum Exanplg, 16 One-hundred (100) grans of 10%
aqueous solution of chitosan (acetic acrd added), 15 g of 5% aqueous
solution 19 August 2005 22 of gl utaral dehyde, and 75 g of 5% aqueous

sol ui ton of Ewwjeﬁhwene gl ycol (n=7000) were m xed well and coated onto

a test drum Exanpl g 3, Q&hu a PN soI ti apd 8 g

of 5% aqueous sol ut| on or% cﬁt@%ﬁd%ﬂaﬁgﬁgeﬁ%%aﬁﬁg Pgt%d J(I?]mto a

_test drum Blaleds @rcddﬂmnlr@cf (pb(l@')etgyaarseobxidm mnssbum pnahdandg8 g
of 5% aqueo alt dehy re,m nd, coated onto a
test drum gfa?pyl e élg ro o?’lnr gs%i %el‘gv\?u& oﬁoayﬁ/\gg’&lgﬁgeatgﬁ g"of€5%

aqueous sol @ixsd Ofel;iola,mﬁ twllae:maei oxitde a( 1e5008ruand 80 g of

bi s(pol yoxyet hyl ene (n=4) terephthal)carbodiimde, and the whole was m xed

wel | and coated onto a test drum Exanple 20 Thirty-five (35) granms of 10%
aqueous sol d¥aowlef 13al ginic acid was bl ended with 10 g of 5% aqueous

?(r)nlzlljgiogg),og gmorl?%%%th ocyam@%(@quelous o ?tr'ieggn()fso L8h hé{\l T gll¥col
colleoidal silica, 10 g of tltaniunt dioxide, and 2 g of
phthalocyanine blue were blended to give a dispersion and

) following addition of 10 g of 20% solution of hexamethylene
diisocyanate in xylene and 1 g of diethylaminoethanol, the

whole was mixed well and coated onto a test drum.

Example 14

One hundred (100} grams of resin solution B, 3 g of
colloidal silica, 10 g of titanium dioxide, and 10 g of
pyrithione =zinc were blended to give a dispersion, and

following addition of 15 g of 20% solution of hexamethylene

whole was mixed well and coated ontoc a test drum.

.') Example 15
One hundred (100) grams of resin solution B, 3 g of
colloidal silica, 10 g of titanium dioxide, and.15‘g of
copper suboxide were blended to give a ldispersion, and
following addition of 15 g of 20% solution of hexamethylene
diisocyanate in xylene and 1 g of diethylaminoethanol, the

whole was mixed well and coated onto a test drum.

Example 16
One-hundred (100) grams of 10% aqueoué solution of

chitosan (acetic acid added), 15 g of 9% aqueous solution



titani um di oxi de, 2g of pyrithione zinc, and 3 g of

pyri di ne-tri phenyl borane. To this dispersion was added 2§ Augusf2005

bi s(pol yoxyet hyl ene (n=4) terephthal) carbodiimde, and the whole was

m xed well and coated onto a test drum Conparative Exanple 1 A test. drum
mrror-finished by buffing (surface roughness 2 }.inm was used as
Conparative Exanple 1. 19 August 2005 23,Lonparative Exanple 2 A test drum
finished to a surface roughness of 15 pm was used as Conparative Exanpl e
2. Comparative Exanple 3 A test drumfinished to a surface roughness of 55
pm was usedfasgtohpapadebpdeExampide 35 Q@mpdr abdveadbeams es4lResbn Sof ution
| was coate t AV I, N l,ut | was
coat ed ont o%éﬁ est@(ﬁe&% %{S#Jr;l%l gglgﬁqggm)l g‘?g%(%gaé%ﬁtéac esialng?glf:1 s(ll:f? ace
roughness, @&amdd @ dEisénairupesi st ance were neasured. The measurenent

nmet hods were as follows. [Contact angle] .. ......:The water contact ang.
e :of :.each coating filmwas neasured. The snaller this value is, the
nmore readi| Exawptlteed 7is the surface. The water contact angle was neasured
wth a Kyowa contagl. anghecaonignpt gl Ky one Sel entiilflon [Untace o
roughness] Using a non-contacting’|aser beam §Ur T ace roughness ~ neter?
surface congitt ioh efilueagh coduingnfidim ghstacvhielayde. wpFei otiixeahlwell

resistance L8 boated onto a test drum.

t he

Example 18
i One-hundred (100) grams of resin solution L and 8 g
of 5% aqueous solution of glutaraldehyde were mixed well

and coated ontco a test drum.

Example 19

To 100 g of resin solution H were added 80 g of 5%
aqueous solution of polyethylene oxide (n=5000) and 80 g of
bis (polyoxyethylene (n=4) terephthal)carbodiimide, and the

whole was mixed well and coated onto a test drum.

Example 20
Thirty-five (35) grams of 10% aqueous solution of
“) alginic acid was blended with 10 g of 5% agueous solution
! " of ammonia, 12 g of 5% aqueous solution of polyethylene
glycol (n=10000), 2 g of phthalocyanine blue, 3 g of
titanium dioxide, 2g of pyrithione =zinc, and 3 g of
pyridine-triphenylborane. To this dispersion was added 25
g of bis(polyoxyethylene (n=4) terephthal) carbodiimide,

and the whole was mixed well and coated onto a test drum.

- Comparative Example 1
A test drum mirror-finished by buffing (surface

roughness 2 um) was used as Comparative Example 1.



The coated test druns prepared by the above preparation nethod were
respectively imersed in seawater 19 August 2005 24 for 12 Adgyst 2008 using a
rotating drumtest apparatus filled wth seawater (252C), the torque
acting on the drumshaft was nmeasured at each of the rotational speeds of
300 rpm 350 rpm and 400 rpm As controls, simlar nmeasurenents were

al so nade with the test drummrror-fi nlzsj'ued by buffing (surface roughness
-2 pm) (Conparative Exanple 3) and the t'€st drumfinished to a surface
roughness of 15 pm (Conparative Exanple 4). The neasurenent data for the
Exanpl es are presented in Table 1 and the neasurenent data for the

Conparative o8 egted in Table 2. 19 August 2005 25 Table |
N[]~t! 7f~ f%%}tq% %%aﬁkﬁgt?n OCOC?0Om NN CD ¢/ GrC D NN cot o OCol nOC NN
A test drum flnlshed to a surface roughness of 15 hm

was used as Comparatlve Example 2.

Comparative Example 3
A test drum finished to a surface roughness of 55 um

was used as Comparative Example 3.

Comparative Example 4
*ﬂQ Resin Solution I was coated onto a test drum.

Comparative Example 5
Resin Solution K was coated onto a test drum.
Using each sample, the contact angle, surface

rroughness, and frictional resistance were measured. The

measurement methods were as follows.

[Contact angle]

measured. The smaller this value is, the more readlly
wetted 1s the surface. The water contact angle was

{i). measured with a Kyowa contact angle goniometer (Kyowa
Scientific).

[Surface roughness]
Using a non-contacting laser beam surface roughness

meter, the surface condition of each coating £film was

evaluated.

[Frictional resistance test]
The coated test drums prepared by the above

preparatlon method were respectlvely immersed in seawater
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for 7 days and using a rotating drum test apparatus filled
with seawater {25+2°C), the torque acting on the drum shaft
was measured at each of the rotational speeds of 300 rpm,
350 rpm, and 400 rpm. As controls, similar measurements
were also made with the test drum mirror-finished by
buffing (surface roughness 2 um) (Comparative Example 3)
and the test drum finished to a surface roughness of 15 pm

(Comparative Example 4).

The measurement data for the Examples are presented
in Table 1 and the measurement data for the Comparative

Examples are presented in Table 2.
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U 78 19 Augustr 2005 26 Table 2 Conparative Exanple 12a45 Contact angle

C) - T-5865 ~ Surface roughness (p n) 2955119 Frictional rd8iAgasié®0800r pm
N-nil. 651. 852. 351. 671. 68 Frictional resistance(350rpn)2.162.894.122.212.22
Frictional resistance(400rpm 2. 753.155.692.782.78 It will be apparent from
Tables 1 and 2 that the surfaces with water contact angles not |arger than
40 gave invariably lower frictional S\I%[GSt ance val ues than the
mrror-finished ideal snmooth surface ( contact angle 55) according to
Conparative Exanple 1. The test drum of .Conparative Exanple 2, which was
made. of the Tsdnike Raterial, but having a surface roughness of the sane
order as the Exanples, had an increased frictional resistance as conpared
with the test dfum of Conparative Exanpl(g,",g,arat'l;pg,'gampraende=ncy was al so
found..:in:..Copparative .Exanples . T t#$t 2005 27 CLAIMS A
méthod for reduging the friction of a'sdbsztraﬁe sélecgeﬂ fromthe group
consi sting of P PegoracBiigl (POt t on} and an of_f<h§y @ & fucture, the nmethod .
conprising “proptdng —wtih—a R+ m coati ng, wherein
the coating filjn_ ireughnesg (Mmdast gol vﬁ%r telle@t ¢d fromthe group
consi sting of 4 mwﬁﬁ&.st&bé(@do&ﬁbh% ff.& N 18] { Y5 Eltsh)"t%éli (meth)acrylic acid
ester nononer ot-ymer——obtarrebtef |||BPL|4ygL Xyetrt )éi (nmeth)acrylate, a
resi n having an@?"@fﬁ@“&‘ﬁé@?{p’“)a 2.16 12 | 2211 222

Frictional resistance(400rpm) 275| 3151569 278t 278

£ ) It will be apparent from Tables 1 and 2 that the
§grfécés with wates contact angles:not larger than 40° gave
fnvariably lower frictional resistante values than the
@;;;or—f;nished ideal_§g90th_sﬁ£§§g§ (water contact angle
55%) according to Comparative Example 1. The test drum of
Comparative Example 2, which was made of the same material-
but having a surface roughness of the same order as the
Examples, had an increased frictional resistance as

compared with the test drum of Comparative Example 1. This



| ysaccharide, and a resin conposition conprising an acrylic resin and an
g?kgl silicate, and wherein tﬂg pol ymer is sel ected sudfAugsst 3088 coating
has a water contact angle of 0 to 40. 2. A nethod as clainmed in claim1,
wherein the coating filmhas a surface roughness of 40 pmor less. 3. A
method as claimed in claim1 or clai &2, wherein the polyner contains the
~ pol yoxyet hyl ene (meth)acrylic acid ester nonomer units or the ;
pol y(oxyethyl) (meth)acrylate NONRRIM gnlts within the range of 5 weight %
to 98 weight % based on the total nononer. 4. Alow friction resistance
structure conprising: a substrate selected fromthe group consisting of a
pi pe, al.shi pAbsthahioareduciag thefffistivarct astbstedte selectad flom. th@gﬂiub%nélsﬂnﬁ‘
Prov, 420,00 & aubibaca afp ifiouliny o SR shOBLIdne Thbbg UPRIGY

I t roup_consi s
| Iog?:ut nglr)lleepf'!’%%mglse&ﬁé“ %Féﬁéﬂd("ﬂﬁ %)tﬁ'eP I eoativgqwherely th’i’oﬁ‘éﬁf@ﬂ file pol ymer
obt ai nabl e fGOSANSE$ ?t lergleeney polyrersdicied fromt the groupesdrnsistiny iong pulymddH2 si de
chain, a paltysiastlédardnt polyer@iridras rﬁbtﬁ}é@ﬂﬁé'atcldoastﬁp mHn'oﬁ"lePga eﬁﬁéryl I c

I Such t hat
he coat ?ngﬁtﬁ% fotle 18 SR e fntiBFcbide o elonaities Nikside shoime
friction redl Q?RF@”Q% sk & FesHT cormposiivateomprisingsa atrgic resinadridvan aikylan
uncoat ed sulsiiicatat end ivehereinl dise golwnen isC¥esied Sudf tHahehe B&ﬁhﬁ‘i\a%@%@t eto

r. 5. A resi stance structure as clainmed in claim4,
mterGel n the dggtgtcféndéf%bmo‘@gs a surface roughness of 40 pmor less. 6. A

| ow friction resistance structure as clained in claim4 or claim5, wherein
the polymer Acwathadmes ddireeq i glairayt twhekrain the( coaitihy fiti lthd & sBFhch RBlRTes§ONOMES
units or th@f@@ syt hyl ) (nmeth)acrylate nmonomer units within the range
of 5 'weight %to 98 wei ght % based on the total nonomner.

3. A method as claimed in claim 1 or claim 2, wherein the polymer contains the
polyoxyethylene (meth)acrylic acid ester monomer units or the poly(oxyethyl)
(meth)acrylate monomer units within the fange of 5 weight % to 98 weight %
based on the total monomer.

4. A low friction resistance structure comprising:

a substrate selected from the group consisting of a pipe, a ship bottom and

an offshore structure; and
...a. coating. film..provided .on .a surface of the -substrate; -the: coating -film e
comprising at least one polymer selected from the group consisting of a polymer
obtainable from polyoxyethylene (meth)acrylic acid ester monomer, a polymer
obtainable from poly(oxyethyl) (meth)acryiate, a resin having an -NH, side chain, a
polysaccharide, and a resin composition comprising an acrylic resin and an alkyl
silicate, and wherein the polymer is selected such that the coating film has a water
contact angle of 0 to 40°, wherein the friction resistance to water of the coated
substrate, relative to an uncoated substrate is reduced upon exposure of the

coated substrate to water.

5. A low friction resistance structure as claimed in claim 4, wherein the coating film
has a surface roughness of 40 pm or less.

6. A low friction resistance structure as ciaimed in claim 4 or claim 5, wherein

‘ the polymer contains the polyoxyethylene (meth)acrylic acid ester monomer
units or the poly(oxyethyl) (meth)acrylate monomer units within the range of
5 weight % to 98 weight % based on the total monomer.





