- e3e{vvwLy(tyL{6{T{gnN | ON FRI CTI ON RESI STANCE COATI NG FI LM I N WATER AND
THE METHOD OF REDUCI NG THE FRI CTI ON ON A SUBSTRATE | N WATER FI ELD OF THE
| NVENTI ON The present invention relates to a low friction resistance
coating filmin water capable of reducing the frictionﬂWMMﬂMMﬂﬁMﬁﬂWs
liquid, a nmethod of reducing the friction in water whi usi ng
said coating film BACKGROUND OF THE ART1The coating fil m éefiioved from a
coating conposition, for instance, provides the substrate on which it is
formed with ne r i d irdgk Ci a BN eskst ance
and influencesﬂ? e9§§§?£§§ ?ﬁ%???%ﬁg# F§Rg£$?ig3¥gr?ﬁoﬁg?ﬁg gﬂgs??gte. In
coating the pMETHGP QFsREPUGING PHEI FBIGEEON QNfA| EUBSERATEgENeWATER
between it and an aqueous liquid, it is advantageous to use a coating

capable of yielding a filmattenuating the frictional resistance of the
liquid fromthe standpoi nt of Hlgduridig THie MNENTIEEN and energy required

for navigations ot ] t iclen foldgud tra or tati.on
I ntended to reducghégﬁ%g%%lciiﬁhﬁg%%gkgtgééét apg%és%'Kg%Qi Eggfgégpion
Hei - 11- 29725edisthnses caaddatd ngl bonposiwdtamr coapabsengfa syawdiang c the
pol ymer, sugh. as. rylic_resin, a er goi hange. i j
t hi ckness m??ﬁ?ﬁlggg?%%ngﬁaﬁgﬁ ana Jggygggé %o%%%j%ﬂﬁl?gétf%%P{%ﬁgl£ES797
di scl oses afresthosomposateonwvhochcoantpngseaseushnghseodprbsesng film.
pol yoxyet hyl ene chai n-cont ai ni ng pol yner having a defined nol ecul ar
structure. However, the frictional resistance-reducing performance of these
conpositions is not sufficient BRCEGROENAcO®r YHEJARAnese Kokai Publication
2001- 98007 descri .2 technol L re ' o] ophi | i ¢c.shaped
article formed w ﬁéagﬁﬁa%ﬁgh%ﬁ%@ §%%'§€§Jﬁ%§%$;£J%§%€%§é §8%§P%#§6 Béation
Hei - 11- 256073rdeésetibbes, apreyiidetorthantsdmmilnaige coatwmgcluset whisclfiocorpr i ses
an allylamp es| n; and Japanese _Kokai _Publ.icati.on Hei,-10-259347 descri bes
an anti f oul ‘l’q%ﬁco%?vi" n%rcgnepr%slletsl orslugglse%goﬁl%lﬁﬁgk}ln%%?%%ar?.ncfbéé)&grlpgnone
of these techabbognes amadpriimafilgncks ectbd t surdfeaeedutinoniahsfri ¢hi ona
resi stance, _and. l1y-there_i 0_di scl osure about attenuation of
frcetonar PREPAREREE, Mo R sk B RBARRRY Co THE L AVENTI ON I a the Sbove
state of the art, Itheocatesgnttheawveattomwthas Bbripi ter 0bj edtpitng prlowreeaa | ow
friction resistance ¢eating Lilm i vater, whieh Is capable 9f jreducing the
frictional resrstance in the part "of 'a shi'p or a piping are-fir'acti ons
with fluidsisusivastageensnay tiakeapktaetinfheaprabsentfi guedtiiog ks fdilmect ed
to alowfrigti I.stance i ilm. ter i_ch su c S a
wat er conta%?E%ﬁgFé?gé 5§¥% nggﬁ%gg%%afg%ﬁg¥¥$ﬁ§br%%e&gﬁlylﬂ%£1§:gﬁ? ace
roughness othaot sirendpbhanh 40funredheipgesehe i fiveti onsics bodt henedigyect ed
to a method,gf,t edycing. the frlehban on 2 subslyiate |hovaler, wisreln g
coating filmhaving a surfacé’w R& water contac angFe 0 to 'S
construct edlogutHetsahsppatetsanface. The coating film obtained by the
method of reduci ng,Lhglyi cticon ond substiale Loy uplsl, preferalhy has a
surface roughness of not nore than 0" um

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
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3 DETAI LED DESCRI PTI ON OF THE | NVENTI ON The present invention i S now
described in detail. The coating filmaccording to the invention is applied
to the surface of a substrate article and, specifically, is forned froma
coating conposition. The coating filmof the invention is predom nantly
conposed of a polymer. Since the surface of the coating filmof the

i nventi on shoul d have a water contact angle within the range of 0 to 40,
the resin constituting the coating filmis preferably a highly hydrophilic
one. Accor dj LEol - erahl : havi r b L

wi thin the %%?%%a%géyAgegégéﬁélQﬁ%f@ reeigﬁig ex§%%$%€ ggg;éngageggea
ment i oned avEbhpositi SEMPTiking SUESqe (a leystthet | dapengsgat uKakadesi n,
or a_polysaggharLde) ohayLng: o085 867 OREsKLRASSOh sHChnNydroRRL: Sudiaups .
as, for exanple, polyoxyethylene, hydroxyl, carboxyl, am no, and phosphoric
groups and, castadai xedet heheaht hcomnrabrygl 8nhliealglamiag seshnsynehétic
resins, thesieshnsbavkegaa PR eNeroup-dduils stdecchahy | ag! udes
t he pol yner obtai nable froma pol yneri zabl e nononer havi ng a

pol yoxyet hybehéfeudénghapatisachompopotjorybehgtiena Chethhdchytisaacid
ester mononer, polyoxyefhylene (gt hyaccyl at g,y and, $0 £ orth. EQ%m%?‘EEE?;

pol ymer preferably confains such a nononer unit within the range o

wei ght o tod98eqkeeghttw bhsedretucthieon otcdl AbhohkenaThe esdhieangper ahidm t
is preferab ig %. and_t he_ab i S .y 10 i ght
% The degr%%tggl%glyﬁ%?F%atggn g s§¥§C%§%§%§ye?h§Pgnegéﬁgggg?gtheO%e
mononer is prefeiabky weshshanpe.range of 2 to 40, If the degree of

pol ynmeri zation is too | ow, the water contact angle of the coating film can
hardly be controlled within 40. If the degree of polynerization is too

hi gh, 4 the solution 9BSBGEI RYDoSUMMARPOPYNEHEI SNVRYFéQ¥ed to interfere
W th the coating ppefaLi on%d sithg r#“bérﬁ%oiré?[ aCkl g, dUELLO; nvention
crystallization nay al so take place. The above resin having a

pol yoxyet hyhase fgproupt $ n ojscdi deo cpaion ipleef ®r dbly Toit@iers zesbsoAbCe
conponent n NG, ol yoxyethyl ene. gy o i, £ hi he r 0 i ght
oto 95 meig%?pg¥bT%€§a o%% p%ﬁé%”liﬁ§%8$s%%r2¢%$%%}% ?g.agggﬁghaiaﬁ t he
above upperftiationsl prefsdrsdalinced0ineitget martThefakovehipnomrera corpdngnt
not cont ai nj : hyl epe i ot .p Lcu I st.ricted

provi ded thgggfg gg%¥g¥§§5aﬁhgﬁsg?ﬁ?é?egaﬁguéﬁeaégﬁg,hgkuﬁa?ﬁckgé?%g, i nter
alia, ethyl enical Tfeupsasenat édveartioxylie déirdchredorer asutbwagraciyoinc

aci d, ”Ethafé¥£%8aﬁﬁédcogﬁ%ﬁéiEi id, j,taggnic acid, etc.; ethylenically
unsat ur at ed carboxyl1c aci | Kyl ester nononmers such as ethyl acrylate,
n-butyl acryl at e, o2- ehhghhesyifams yhasea mattiad eethactykagde ethyd to

met hacryl at gg-n-butyl nethacrylate, 2ethyl hexyl nethacrylate, etc.

et hyl enical I'y unsaturated dicarboxylic acid nonoester nononers such as
ethyl mal eate, bufly¢ reksdng, fthylprirebeovadte, hbst W $tatepat aoughoess
hydr oxyl - cogtaj, g ng g%hghggiggIL%.unsaturated carboxylic acid al kyl ester
nononmers such as Z-ﬁy roxyet hyl "acryl ate, 2-hydroxypropyl acryl ate,

4- hydr oxybut yl acty¢apeesenydioxgethoh iet fasepeat dirgchpdr drypr opyhod
methacr vl at gc dhydpoxybuhyl coeLbaghybal 6, ShBecreag! kanypraduct of

2hydr oxyet hyl nethacrylate wth e-caprolactone, etc.; ethylenically
unsat ur at ed car boxereincidcanicioal Kjilredtesrinmriondesiseehwathani wesehyl
acrylate, d HHEQ&&%Q‘}@@@ cryl ape, iEUtc}’dr?srgﬂlﬁﬁct loRCERL LG <@L G e

et hyl eni cal 'y unsaturated carboxylic acid am noal kyl am de nononers such as
am noet hyl aguyfaaede, di net hyl am nonet hyl net hacryl am de,

met hyl am nobr opyl JELNACEYLAY G811 8nta PADET pBMdR AU Sf CoBLANY

et hyl enically unsaturated carboxylic acid nondomers such as acryl am de,

met hacryl antde, Netthidmwl aer ybanswest matdoxyburvpkacr ypaefeeably has a
diacetoneacgﬁkggggeroﬁgﬁnésgnggt BQtﬁgr%aEBX agbdug[ycidyl ester nononers
such as glycidyl acrylate, glycidyl nethacrylate, etc.; vinyl cyanide
nononers such as (neth)acrylonitrile, a-chloroacrylonitrile, etc.;
saturated aliphatic carboxylic acid vinyl ester nononers such as vinyl
acetate, vinyl propionate, etc.; and styrenic nononers such as styrene,

a- net hyl styrene, vinyltoluene, and so on. The resin having -NHS as said

am no group in a side chain may have an al dehyde coupled to the side chain
in the formof an azonethine group through reaction with an al dehyde
group-cont ai ni ng conpound or may have an unsaturated group-contai ning
conpound added to the side chain by Mchael reaction. The above azonet hi ne
group fornms as the side chain primary am no group reacts with the al dehyde
group. By providing the resin with this azonethine group, the
water-solubility of resin can be decreased. Mreover, because the
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Where necessary, a functional group for crosslinking may be judiciously
introduced into said synthetic resin and by using a crosslinking agent
suited to the particular functional group, a three-dinentionally
crosslinked coating filmwhich is highly durable can be obtained on curing.
The crosslinking agent that can be used as above includes diisocyanate
conpounds, epoxy conpounds, carbodii m de3conpounds, and al dehyde conpounds,
anong others. The diisocyanate conpound that can be used as the
crosslinking agent is BoiaRRehl puLARIpTIBR! bicad Rigededy hat it is a
conpound having at |east two 1socyanato groups wthin the nolecule. The
epoxy conpound thﬁhecanebenusedvastuhe esoSQW|dﬁsnglagdnunldetadés gl yci dyl
et her conpounds. d yl er refert t ov
includes but is nggg %?%éghg f??ﬁe ?gﬁggg ang tr|tglféycqc?l‘lvlé%'tettlhl?1 %s
neopent yl ghypéhedlgtp0|¢we(ﬂﬂuﬁfaqﬁycefoladlguyetdyteethetlcgbycem@
triglycidyl yei dyl e col diglycidyl
et her, ethyF§%§§5F§QHF9 ngm%}ﬁ?Lj £ Q% d%@%%ﬁﬁ@ B%Fégqug%glyC|dyl

et her, and sorb|t@hepakygnynadﬁilethe& tFer1mh@n¢m@sslLﬂkmﬁ@dmmuﬂaatly

synt hetic rS?hgeféana r£555h9§%89 cés H%GEE&%%%% 1:%”Phét%%a61

proportion o o relative t he
resin. |f tHélforadul ahengLri\eme:llqrs Beeeldhéma\& laweiagletr oc;onhectlegzrr@eof
crosslinkin S u £ XC 2

gel ation tl%ékﬁgﬁds é Egort%?hatbthe%g%afﬁﬁgae gga?@&gHElggb%%%

interfered mpahlnghefpﬂmfensedpmaﬁgeabéyo & t@lgﬁaywehQWEd@hallrhecne5|n
havi ng an a in.it [ [ y tri

provi ded thg%ggfgﬁgggyfeéfn%te§%%|rm;%%% ﬁglgﬁ%%négkgé'|51%§P3§%é§%rm
groupcontalgrngppohyn@hlmabMe unsa¢or bt ed nmbaorer sttihds m@neudumgerred
pol yal I'yl am, d i Ia h e . net pI ng
an al dehyde 3?@ %géoﬁgg%%lgé'cg%ggﬁﬁa 0 sa|% ﬁgogﬂgﬁﬁgig%gg S%%%
part|cuIarIyesestKacsedtbat1cnokudeaatumaérrabuaﬂ @heangdﬂx$admhﬂrlde)

conpri ses dhﬁ%?h Bﬁetﬁ? h%%'” ﬁ&'”%g %g?g;ﬁ&ggrg%gll% d% & Lhal

wat er or an orga ¢ sol'vent, ropW s€ thé' S esy t|ng
sol ution, andaapﬂewnr@plYm%ye%leemet()hmdﬂnxyi,atcarbeagﬂtonamemweraMUWe of
50 to 70C. in_jn.th or f 270 oup,

preferably g% bgg 5gOB§8po§ %bnq% 1W§$nn eggin each fﬁ%”g of

the resin. Bfilitats. Iess than 0 01 nDI/100 g, the anount of al dehyde

rel eased in the f io fi SO ﬁggll t ot .
above-nenti oned R@gﬁbfeg i %?%%ﬁg?n }Q&ié T hi ne grouﬁgﬁtlﬁnﬁGfmbea
sufficientIpOéxpxeseedleﬁﬁceedpng 1iB nukblO@lgelscmm@eslrwmﬁhudehortﬂhe
filmformn r n f e

specific poggggggﬁa é¥%(ﬁtgﬁ%a%§ g useéglgﬁgg? égg%ﬁgﬁ%dgaaéc ré’ng
to the inveppﬂanXW§thaﬂepart|eu$arlyﬁﬁesbrlcsedhbuta$ncuxkkxpxmauhmieﬁa a
al gi ni c aci star pul g C, r

xant han gunﬁ SEH 58%%%10 gg&%nt pgkggn ﬁ%%%%%? ean %l§ §§Q§gﬂt ose
derivati ves (gath) agr&éhteboeedaeetapethhydE@ﬁyebhwhcekﬂum@gepreferably
car boxyet hybeskhuhasguchyd axxerepyLac] wianey 20 Sa:108 (HesGeqn

pol ysaccharides can be used each i ndepen ent in conmbi nati o

or nore spetied8 WElQQta&vanbﬂeomothgetp@hﬂsa©®@wﬁmdesTh&vmthﬁuww@ﬁr
aver age nol r 5000 0Q0 I t Le a 0,
the fil rrfor%g}nﬁg%prl\(l)ég rtléeesg[{ée)l d %)% B%gﬁégr. %?m} tgheéxc%Ee)g 18%8%8 1%

di spersi bi | isypredesabdybdOavedossl ¢ .af fected or the coating V|scosity

tends to be incre d ch, ect -tsh tiqg

wor kabi ity and/o?ﬁghg%gﬁgglc 5%%@%??%28% %é ??ﬁﬁtitﬁgéh oveh'ylene

pol ysacchar gdespmay h@@embeemegre§spmﬁﬁedabTWeWﬁ$mh@dt@E areoss iatkihga

pol ysacchar i ge ' rﬁl éH éj@egng) IH@{‘J.QaPYOI?SE_gr tEbnli%%e: ;h@e water
crossllnklng W tha |so anat e, poxy conpoun pél yfuncti onal

al dehyde corpotadt @m@hﬁﬂqﬁ(ﬂhqxﬂmﬁmmmmgflhmnﬂgnohhedéy Pree dcedined] e
invol ving said,f ti on e Iy ] cal
met hod of eg eragon i ng bﬁ% @Fs %%%ﬁgfhogaﬂf 1?@%#&¥%ﬁhggéeggrsg%rgg' I'on of
the enzymatic reaction of an esterase or the like, for instance. In
consideration of coating filmproperties such as filmstrength, the

chem cal method of ester bonding is preferred. 9 Referring, further, to

t he crosslinking of a polysaccharide, usually the crosslinking agent is
formul ated preferably in a proportion of 0.1 weight o to 30 wei ght o per
100 weight o of the polysaccharide. If the fornulating |evel is |ess than
0.1 weight o, the crosslinking tends to be insufficient. If it exceeds 30
meight 96 the gelatlon tlne t ends to be 'S0 short t hat the coatlng operatlon
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10 (meth)acryl ate, 2-hydroxypropyl (neth)acrylate, 4hydroxybutyl
(nmeth)acrylate, or the like. The acrylic resin may be a copol yner prepared
by using one or nore pol ynerizable nononers in addition to said acrylic
mononer. The al kyl silicate for use in conbination with said acrylic resin
is a conpound represented by the follow ng general formula, inclusive of
its condensation product. [Chemical 1] ORI RO-Si-O--R | n OR (wherein R
groups are the sanme or different and each represents an alkyl group of 1 to
10 carbon atQEs;sdh fLPsRSats A 4t eger cAk Lot ouR0) . TSyl Rxampke,
tetramethyl silicate, tetraethyl silicate, teIf-)ra- n-propyl silicate, and
tetra-i-propytesfereatwtdantbe mantioredorshatéonderisat L8R prorkete i Rél udes
t he conpoun ipa - 1.ON | kyl,~si | i cate under
hydr ol yi ng. EARBPoRe: The candansater T1 Hedd  Sreraraora has &
condensati on degr®eeofboveorgein| havhagdagpredyokyeshdérsat dgruexdédedss20,

t he condensagtg_te . 0 i S i 0 Lnt Wi Jﬁéyygﬂﬁ NG +AS
t he al kyl s?ﬁ?gang%%%t#%%% 1% g’e,%%ﬁﬁﬁépkia% 6&%&%@%@ étc as C ot
silicate MBhEBTiLR=n®t Ipdlyonuataflens) grang MKELEihi chihe M EH ( RetlRyl
mean of n=1Q) ; t he are. prgadu f. M.t subi shi 1 .cal onatj.qn) ;; -et hyl
silicate 409%ﬁég?hyf,.ﬁ%aﬁﬂgf$%§' tand'ethyfﬁéiﬁ?gg%% igg?%geﬁﬁ§kg'né§n of
n=10) (bot hpaeéepabdict $5of wEbiltbat? Coand Ltthe , amwify otdmes, ldaitbeis
utilized. TB???e?EBX& sbl |,63Les BBy be used each independently 11 or in a
conmbi nation"of two or nore species. Furthernore, a resin conposition
conprising a bl enghef sdiare esitan@inel polgrepgrety| enetor poty@imitenea

gl ycol, for j al used. Ln.,thi 158id resip .4

ol yoxyet hyPonsoRPEEYIBRD S Lott mhe ek hrasaria’ £ Ravanss and
a crosslinkpnagvadedt thett Hén cridetino aheussdtitiaped odgilbéeabond, thus

t hr ee- di nensj . SE UG . : lLar, hgh f I hyl.ene or
pol yot hyl enc T acsl Uf of PHeE P ik 8 Eiac S ardr GraBry e SertehaA 20000,
If it is | essithaAn20e@0such disssckyédci poidl emesbachytl ichecideesedryc
performance_wi Ll nat gl nt aj.ned f Ssuffici gt i Xi ng
ratiois 2 aé?éht gifgﬁﬁgﬁaeiggggb bggég'on %B%§§£$%%?igyofbggggugggfg | f
it is |less thaho2yhéicghtadkd t helley¥ ecesbobraddioniomensi | sueh bessuftihgilent .
If it excee i ght fi LNg fr. t ar S0
Iong-tern1ng?ﬁ%gggﬁgeggﬁngg?%oégg gég%énégfﬁgghé¥%§%%e ?Lgﬁétcba%%%gy%
conposi ti onmtohaconseract ievgythenetdmdmigl $4¢ m ofbthel | negherconlase, 2-
preferably t i e e, PQl TP nt.

proportion %?E?Eh?%9§ooﬁagﬁ§%?§gé£$heq£§%Vb-%%ﬁtiéﬁg' rg§?n§“$§§ rgtSSEd
each i ndepefddeatrbypxyiicnagidombnpeatsiten aPnowersr siohe aspedings. madcehie@,case
where said LR cQ sitiongig,io Xo) i nkad,., 1 here I\ used. t.he
met hod in mﬁ?gkmthegggogs[ini%%yres?§é§% ?%%hulat@g'in&%’thetggat%ng_'
conposi ti onhgArekglmerhsdinanghi effhylendiceddlyi nkingg taganed s cegloexlydtied in
a coating c Si.i and §H§' r i hS L bR
fiIn}forninggggagékggptloﬁ%?ﬁa trgggstﬁggﬁngﬁogsh§g§gbggﬁggé Fnr%h%te'
conbi nat i onZ-hdrhayalory lcoar ¢yl aodposidt-hydroxypugrant aeyybete¢ or mil-at ed.
However, sipca boLmybahi gRe@h 3 ALYIEND eyt o inchease nbhe surface_
roughness, t%er%o&nub fing anount “shéuld %g co iﬁgﬁxm?%hin tﬁg rgﬁge wher e
t he surfacehydr2xiybufhhessetbapaydeéseri bédheherasafiosr papdyetmioft aidred at
40 um or | efgqrb LRG,G0at hBEnGOIDPSELT 0N, cORt ai i £ palyTer oithere
may be incor ofatgé stdch known agg?tives as the m%%ﬁ%ﬁﬁzer, t'hi ckener

rheol ogy noéithivéeniraliler urdisgpergad , cankexvl ot eacadsempapalkivghester
stabi | izer, n3Rbh@xkdanicn anld T EAeRLRINGIC cr @il is Al GAncRYENlm BILSAL | C
def oam ng agent, etc. as needed and, 1f desired, rosin, hydrogenated rosin,
esters thereotylehkori hatydapanaktiyl pelopvilaye, et ledics,; asdhedtegrisadily

pol ybasi ¢ acgi S b acidy 4f upmrd I 1wl ef ) Id,

phosphori c ggg%??%%g?éCé%nggggkgggf%gﬁﬁlateé#ﬁiigiﬁhﬁ%€§ JﬁbgﬂggF%téﬁﬁgh
use, the coasi agicerpoyileicsy Lamy deontdding tdry lamiinfomg tantlmeth adwy leagslanher e
the resulta (Mo PR AR HE e Lo iycontact. wWih an agueous .lj.gud,

t he fornula@%éﬁgﬁ%h %8%58 g§§§u§I?§%%F§S§Vves out gﬁtg t he coat?;ngu IImto
exhibit an antifouling effect. The aqueous |iquid nentioned above neans a
wat er-containing liquid. The antifoul ant nmenti oned above is not
particularly restricted but includes substances which are in routine use as
antifouling agents. Thus, for exanple, zinc nethylthiocarbanate,

2- et hyl t hi 0-4-t - butyl am no- 6cycl opropyl am no-s-triazi ne,
2,4,5,6tetrachl oroi sophthal onitrile, N, N dinmethyldichlorophenylurea, copper
rhodani de, copper suboxide, 4,5-dichloro-2-n-octyl-3-(2H)i sothi azoli ne,

N(f I uorodi chl or omet hyl t hi o) pht hal i m de,
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13 can be nentioned. These nmay be used each independently or in a

conbi nation of two or nore species. In the case where said antifoulant is
incorporated in the coating conposition according to the invention, its
proportion is preferably 5 to 120 weight parts relative to 100 wei ght parts
of the total polyner, though it may vary with different uses. If it is |ess
than 5 weight parts, the antifouling eff8ct attributable to addition of the
antifoulant may not be sufficiently expressed. If it exceeds 120 wei ght
parts, no a e film i DG rti bt ained Aut; £ra nd
ot her defec?ggggggl%8 de%gﬁg%ggfgg?ggneégz%%¢§r%ﬁ%? t%% mafgﬁjégntégﬁdgngle
of the coat mpgofielrsm of suwh i nveat i omdryd apitdsi,n t heetlageybdimbdep 40N-The

contact ang i h lLe .i;ncl udi ng the body o | i Qi ; l'ine
t angenti al b%tbﬁégégfggggﬁéggfhe liquid as consbfggfg ?ﬁ%ﬁﬁ%#ﬁ?ﬂ%ﬂiﬁg'of
contact of theckirguedcriylemsdef ace of; arsoliukatad Baphy eridagdry qiliyse.
When the co a ed , t r | of I, £1i0on IS Not
sufficient g%%g%atqgﬁg)gﬁﬁgctggégthéﬂ?nvgg&%gﬁgganﬁ%%f%gégﬁbo ﬁiﬁ%&&? When
t he cont act metigbergileteds 30;cthe fringti oncyadiks ngmeheetrsi s sathst &sl e so
that a sufficci r ,0n..0f. fricti .he..qht ai_ned .d i n
the condi t1 GRS TBY 6L BN P nPoniad SSaoT T AR ok L T GrGer T3 RELrS &
stabl e frictiloaphrédaci ogriebketic tdmidomtiagtl argkeri smpneherablsuatot as
greater than.20. The re preferred gl e |;s. not at er, 5.
The coatingvﬁpg%1aé%%$PﬂﬁB toé%ﬁ%fin@%%%?%haggéfef%%fy’hagﬁg S§¥¥éé§§1cl
roughness ofionotemsr estihian &40 ¥YigreAs, usetherhy s tsy sgee) f ivdatyildo,l ueme ,t er m
"surface rogg@n%%sgnneans t he roughness nmeasured with a non-contacting

| aser beam surface roughness nmeter. Wen this surface roughness 14
exceeds 40 Vim t Hbaef mestiinorhan irg waliés @anpetdbemsufof iciarg | ynr edwsced. The
nore preferred.surface _roughn i ot er. t m t il

nor e preferrcg%lzlu%Pﬁlaglgvgo%%hﬁzl?sehﬁggngpg ?L%rgt I:etro E%%n%ggg\ﬁc?ﬁgqfhg%czca% ng
filmof thefiomwenbifonans epos¢tbthed dyogpattimpeglsubsia@tiorsunidde wirt h
the above C%%'e%gzd%o”pg%ﬁ 98, %ilq{ang éé}@oo‘%%- Lhe dpy. thigkness of the
coating filmto Be so constructed can”be judiciously selected according to
t he i nt endednssé¢uaad ennygfonpexanphenbeg 5 dmp GO0 umddedle sar fldoe saughness
of the coati Jilmis,.influen he sunfac ndition . f he
substrate, gﬁ%l&he%ya%%ﬁgéGgﬁt%%%§3¥ﬁé'a Igﬁﬁé gﬁ??%céé?%ﬁaﬁggégiQ§QH§ be
coated, it ifsrmscessahy tsddenchedse piriaatrlyi akness gafoultheeacdts ng thi Itheso as
to control t rface hnessof f.il.mto 40 u .l ess.. Ln case
where a fri@??gﬁﬁﬁﬂrl%ﬁﬁggueousB iq%&%végéglseﬁ&efg%géiénpﬁ%thhgﬁhéﬁted
article i s apeoeethingat grpuphe s f acd eof-gdiaikddattiyngoffi | nesint hean nvent i on
shows a red frictiona I.stanc e i n ictia :

resi st ance, a%%gegr?ee;agy regaggégg%br }rgr%ggé{n%%t d%ﬁ?ét ﬁae%grg%{}g#art cl € inhe
aqueous | i qbiydrodyzies dilm nisghedeakily saidrldne ornwiircmnend ceatdng &fs | m
Of ol he LOveRLLon s L0 BELANNELadS nal Al teeiatly Ll Hlad !
the present invention can be applied wth advantage to substrate surfaces
to be exposeddebydguecuspbugdi dexBilchtas awitefouing exerpl el fy piawup syt ens
and other struciires.. The piBing system rentloned dusl. aboveang ciim
pi pel i nes, cooling pipes and water conduits for nufacturing p t's ‘and
power pl ant avriefr iageexce llliemés afindgri faiurl iogngietrifonses,ceand so fort h.

Usual Iy, the coati il s, .C u .t he | I 1. f, such

pi pi ng systens. Tﬁggoﬁ%gghgtFu%?%%@s%hggFggﬁeg §€%§§QQ%CFH g}%P%f%r alia,
shi p bottonmebaveg offcdhdies stnonettices.1denlslelsn spois tarsu dtenrg lided vegat iprg film
froma coati.n I Li,0n, e coati.n h can be used is not
particularl? 9&% ri%?g l%%ﬁy%%dlgﬁg%k?ﬁéﬁﬁ%gﬁgﬁb - do&h t echni ques such as
spray coat i rgeyddetizad dsihtidea melnlilddat e ipemesia looatimmgmadiehdidspi ng. The
method of diying the Gaal,i.s DOt PALaYarlY Lashated il dadypi cal
cases, the coat'éd article is allowed to stand at roomtenperature for 1
hour to 10 daygainfingedessamprcheatribmg et oerser gyprdbean iqaradiiat i on may be
carried out. at i fjl.mt str f S I ed
surface frigﬁﬁgﬁigé%i%%%ﬁ4h§2§§¥§¥§ﬁ%3 6%§%§ghg§£§%$kgﬁd %%?%}%ﬁﬁﬁ#é'
article is attenuated, Therefore, when it is applied as a bottom coating,
the resi stance occurring between the ship hull and water is reduced and,
hence, the fuel cost for navigation is decreased. In addition, by formng
the coating filmon the exposed surfaces of pipelines and conduits, the
efficiency of liquid transportation can be inproved. The coating fil m of
the present invention, constituted as descri bed above, has an excell ent
frictionreducing effect in water so that it contributes to a decreased ship
fuel cost and an increased efficiency of liquid transportation. [Exanples]

—— r 1 o, " o " N



16 inlet pipe and a stirrer was charged with 45 g of xylene and 50 g of

nmet hyl 1sobutyl ketone and the m xture was heated at 100C. To this
solution, 20 g of methyl nethacrylate, 15 g of 2-hydroxyethyl methacrylate,
and 65 g of nethyl pol y(oxyet hyl ene) nethacryl ate (average degree of

pol ymeri zation = 9) as pol ynerizabl e nononers and a m xture of 1.5 g of
t-butyl 2-ethyl hexanoate and 5 g of xylefe as an initiator were added
dropwi se over 30 m nutes. After conpletion of dropw se addition, a m xture
of 0.3 g of yl o] 5 f X ded dropw se
over 30 ninﬁ%ggkékag?ﬁéghiggé?g a%geﬁggshegt?ﬁcu%ggggcpggrg9hours to
prepare a resehesobdti emoAg Resba, ProdubehenlirhypbeaddEtespeldraydes g of
met hyl et h?ﬁéykﬁ'ﬂ\ﬁou%? Qh?%hZBXﬂrgéyghﬂxh tQ’i‘%EXEi‘t ?eaé@%ﬁo.g of

met hyl pol y(oxyet hyt ene) nethacrylate (averag egree of polymerization -
24) wer e useédcasdpel yoer prakpl ehronomepsndshaeepitdoeddr ebofreRésirn tReoduct i on
Exanple 1 a e e .o _solutli hn_ Pr i on
R e e R o A
500 g of 20buaqgaéeascsohamionaocfidpdeyaivbyliarsnendl®0dgfatation

di et hyl f or g%ggt and 20 g of | aural dehyde were added and the m xture was
heated at 8 3 hours to prepare a resin solution C. Resin Production
Exanpl e 4 Usi ng tHeesayetdgtiionerdsias nsedione®esioover athuct ben pExanpled |,

500 g of 20p.,aquequs lutio |1yl ami_ne, of .
dinethylforﬁﬁniggﬁyanggfg g 2?8%%%§%¥§%hydgﬂ&£ree%ggggeanéxfhesﬁ%%F&Pg was
heat ed at 8pClywer3zhbdiprs,to emM¥lpiepare o lryessmizo]idn,on DsuBRgsingion

Pr oducti on . ing i as_u in Resin.Pr tion
Sample 1. Bo0Vhebt 22bs Bt BT B kR ET Obn Dae BT, BT st 1 2=R L,

di met hyl f or fram deondndt 8ng ofshaur alpehyder wertel adde dhesaad itdmes ,m X kmogmwas

heated at 80C.for, 3 hogaa g%u9g§@are a reskn solgtkg rE. Resi n_Producti on

1N1C1 Qrs ers can £ uged. e necessa .
Exanpl e 6 Using ?ﬁe Sane eqU|pnen% a8 Gsed”rn"Resin BrodlctiTon é%énple 1,

500 g of 10% aqueBhs sddaite osyothehiitosaes il 0@ fsfradiliet hubkf or mamndber and
7 0 of 1auryl acryl aiewene aqded, and g heom xLute yas, hopjed af 89C far 4

hours to prepare®a resin solutio si h Production anpl e %belng t he
sane equi pméatsashased0PA, RebenrPeddustilonbExdeplieidnt500 ¢ idm-Tformagqgeous
sol ution of chij n. 10 £ di [ 1 de, 4. | yci dyl
phenyl ethepgag%g%gaaéd gﬁg ﬁﬁggngg%g§%2%ggﬁﬁg§?eé§§gt86% $§P%3 hours to
prepare a resin sBhareoneGesRBesiyn RBr oducttiomdXagpdep 8fUsi kg oslsd indirng

equi pnent a S LnResi o] i an .50 f.5% u
ol ut i on of Taigri 4 aaes o Uiy s oA sEuT ey makiaey Mafetdf Hvefan
phenyl etheby amslif)g5ag ofodeeéfihikliag nrogdrcoheluivwede addedhangatrite cmbatrur e

T et o hgROeehat UM~ ! RUREER By BRR SO LR s ek o
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 used 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,



18 inlet pipe and a stirrer was charged with 50 g of xylene and 40 g of

n- but anol and the m xture was heated to 100C. To this solution, a m xture
of 50 g of methyl nethacrylate, 50 g of 2-hydroxyethyl methacryl ate as

pol ynmeri zabl e nononers , and, 1.5 g of t-butyl 2-ethyl hexanoate as
initiator was added dropw se over 3 hours. After conpletion of dropw se
addition, a mixture solution of 0.3 g of 7t-butyl 2-ethyl hexanoate and 5 g
of xyl ene was added dropw se over 30 m nutes and the m xture was further

i ncubated f S pa LA S L.on |. iR Pr [FoYa)
Exampie. 10 Exgesfelha, b0y ity LRayE, PaLHEr oY b1y FEs T T

met hyl pol y( exrethyl®kheje et hacrigllyce dydv ee tlyer de@laecafo polppiwgilyatidyd - 9)
were used a ' I , 4t - d j d '

Beampl o 1 vas P ehodiShits i apare s FEITHELare fon s recy L E Sadavon
Exanpl e 11 &kgépritdhat e3%ear,ofdhetiylemet bayeylatd ik i8Iy @theret layldhexyl
nmet hacr yl at : S - ri e nononers, the procedure of Resin

Pr oducti on Eﬁﬁﬁ%?gy1§§éga%gggépgdéggg%fepare a resin solution K Resin
Producti on Exanpl Bot2 s ngrobeldamengqudpmeie asyoskdtin Ressim Pr esduct i on

Exanpl e 1, ' Lyl am, f.

i ety for et 4be k0 18858 St ny Praro ok, hor et 8 r b 2P e0e e ce
of polynerie&tPoh we2dhtwer ecadliédwandhthe melbtiwewas RO&t @eight88Coffor 3
hours to prepare.afesin splytjonel, R gkﬂpg’r OP%?((—B QsEXi"eTg'gg %T?’aor} %;8(}“5' ng

j O
t he sane equi'pnment as used i n Resin Productron a%ple 1,
aqueous sol weiightof %chi tosan, dt§@eg ofofdi merhyblonkanode,tedids g ©d | ibkehi um
hydr oxi de, . g met hylkpal.y( I cr (aver I f
polynerizat?gguﬁgégfg&éfe a %egjén§§¥§%géyé¥§%1%%géﬁgfdeé%g ogggaﬁgﬁgs
with a totatiné té0dectof beheosehveht thektngheonstannky cpemavednt magr &pare a

resin soluti eyl Ong-h r 0] ra o] kRASOlution A
15 g of 200£§gFg%Fg§80 lﬁgkanetE@#gggﬁg?%g%é%gﬁggel$ﬁok%lé%e?%gngefga%of
di et hyl am ngdet hanol were m xed well and coated onto a test drum (nmade of

vinyl chloride resin, Dia, . H 30 anpl e, 2 One-h red.( 100
) grans of resin E%EUFE%%HB%g%ggglgp §§£h§32ﬁ?%% %? %ia%gﬁﬁyﬁggé% l%
di i socyanat eotn parteime)landy 1rgsbiridietihydeon st hahelk wer e il x2d reeliln and
coated onto . dru applLe - (10Q) a resj _
solution C ggagigaagof%%Sﬁgqgggusgggpﬁfpg%ggﬁgaluggra éegé gkﬁer r%ﬁ%éd
wel | and coatetaodontoga t estlydreumzabianpl eirds Onesdiuedir edmA0D¥ rgr ans hofs

[ | ut i 1 [ .ql al dehyd
mixed wel | S0 Ba5taa cRebTa PELETEREE, Bl PSR 067 e
of resin sobtheoa.E and 7 ¢

The method of coupling an aldehyde group-containing
compound to said side chain is not particularly restricted
but includes, inter alia, the method which comprises
dissolving the resin having an amino group in 1its 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 cecating film is so small that the above-mentioned



20 of 50 aqueous solution of glutaral dehyde were m xed wel |

and

coated onto

a test drum Exanple 6 One-hundred (100) grans of resin solution F and 7 ¢
of 50 aqueous solution of glutaral dehyde were m xed well and coated onto a
test drum Exanple 7 One-hundred (100) granms of resin solution Gand 9 g of
50 aqueous sol ution of glutaral dehyde were m xed well and coated onto a

test drum Exanple 8 One-hundred (100) gBans of resin solution Hand 4 g of
500 aqueous solution of glycerol diglycidyl ether (Nagase Kasei

De | EX- 1 X ; t : d Ex
Cin S0l Ut Lon T wag CoRL e BhiD X 1 8t BrGar ExatBAP10 Hhe! huRdFed Cl 00)

Resin solutio was coat e

Kogyo;

grams of reshAfsolentodr KeapdesSeg.of etBndesglingate. werwoihdPbughlyis
bl ended andu%?%a?@ﬁﬂhglnQFQI%995Sfmem@grﬁgﬁ&g%r%%ggtﬁ%%t<9¥u€ﬁeE§%gH e 11

One hundred grans of resin so

ution I"'o0 aqueous solution

of chitosanyidhdbd gdeverBelaqaébdastsdluti on of gl utaral dehyde were m xed

d_(100),grars

of resin solution 5 ueous so

well and coat ed O?%g %Bég§%%9r§8gasa8$h§§§ﬁgi?8%%0§Q§0p8”9%8

yiene OXl

yet

(n=5000), apdlysgcohablécagueoudisgl tbi bheofingkypteéral ipohygl yci dyl et her

R v

64 (100)

neum

di oxi de, andc2dg ohiphthal oegamiche blhléuwene bluendedbtic,gKve a di spersion
and foll ow LLd o] | uti of . hex I
09 20Lb A0, °hedD, o.0he 08 ROt LORLORREBDL BIR, o e

di i socyanaté in ene’ an noét Randl ,

wel | and comtetiont boausesbednugumiExanpl eeldunechdedriedt(ived) sgrans sof

resin soIutEgﬂlglOgegaggtggFgﬁhgékggbékéglgéglglggegitaniun1dioxide, and 10

g of pyrithroné zrnc were b

i spersion, and follow ng

addi ti on of cabbgxgetB@dcsdlufiber, ohyhexagptrbplyéce lduilsoseyanatie sionoxyl ene

test drum

oated.onto a

and 1.9 of detybaringethanelis! S e 608 K] nMBEL-RUT 59

or 1n

a combination of two or more species. It is advisable to

use polysaccharides having number average molecular weights
from 5000 to 1000000. 1If it is less than 5000, the film-

forming properties tend to be poor. If it exceeds 1000000,

dispersibility tends to be adversely affected or

the

coating viscosity tends to be increased so much as to

adversely affect the coating workability and/or the

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 1like, for

instance. In consideration of coating film properties such

as film strength, the chemical method of ester bonding is

preferred.



One hundred (100) grans of resin solution B, 3 g of colloidal silica, 10 g
of titanium dioxide, and 15 g of copper suboxi de were blended to give a

di spersion, and follow ng addition of 15 g of 20% sol uti on of hexanet hyl ene
dii socyanate in xylene and 1 g of diethylam noethanol, the whole was m xed
wel | and coated onto a test drum Exanple 16 One- hundr ed (100) grans of 10%
aqueous sol ution of chitosan (acetic aci 8 added), 15 g of 5% aqueous

sol ution 22 of glutaral dehyde, and 75 g of 50 aqueous sol uiton of

pol yet hyl ene gl yCQéféPrZQg ) V&L&HExed yell ta}ﬂéj Ce%ggl%‘k?n@ teéf dgum

Exanpl e 17 One- hundred grans of resin solution M and
aqueous soIH@lﬁﬁaéﬁhaFeﬂavaldeﬁyéélMErethﬁxedcﬁéﬁﬁlaﬁﬁlééateé9§ﬁ$o alﬁest

drum Exa”kar%lQesth?Qrfég b 901ngéa oBBr %h“o%‘fobuﬁ' Raiknhand 8,938f 50
r3e R5g o 4

aqueous sol ution of gl utaral and coat onto a test
drum ExanpVeigbtTe Toor glef Wééghtsoﬁl utf ohhel mlyse@@e@re@eg of I50t&gueous

sol ution ofﬁgﬁ%¥§ggyh§ne]9§§g_ (DS5OQQgsaHQj§919 @flblgkgﬁ*Mpxyethykgge

(n=4) terepht carbodiim and t he whol e was m xed and coat onto
a test drunfregaipnéing mnotw ‘¢<i> vee( 3B)sudifdirs eoft .| ooléquetouexeete@tsl @R of

a1 gni o 2 fievgDhended Wt g olnd pofdUeRys B0l T ool BAERNLA. 12 0

of 5@6aqueous uti on yet yl ene gl yco 000
phthalocyanpﬂetbhgeORE{PtﬁOmlﬂamlﬁm@ﬁnﬁdd@lﬁﬁ}mmﬁpyﬂtTﬁ@n@rzﬁﬁaxednd 3

of ridi sqdigper. f o
gls(pgyyoxymgﬁ Feﬁqﬁg g§gterep§9hgp§ carbgﬁﬂﬁkfg% an éﬁo?eqmaétnixed
wel | and coaﬁeaoow?eghttést drum Conparative Exanple 1 A test drum
mirror-finished byy,byf ft'h@ééi‘g&?t?&t%?f@@“ﬁ%% adiMyias ueed as Cpopagative

Exampl e 1. 23 Conparativ Atest drumfinis 0@ sUFface
roughness othe5 casaaswisked @Elt@@@@wathelﬁyﬂnﬁke ZeaChesar atiithe Bradpl e 3

A test drum,fhohed o8 SUsd ace 1y fa SRoUMYAS USRA ddehyde
Shofe ik SRR

Conpar ati ve aratlve
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
environment such as seawater to gradually solubilize the
resin and the released aldehyde compound exhibits
antifouling activity against attachment of aquatic 1life,
the resin vyields a coating film having an excellent
antifouling performance. The aldehyde group-containing
compound 1is 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 particularly restricted but may for
example be the resin prepared by polymerizing a monomeric
material composed predominantly of an acrylic monomer, e.g.
(meth)acrylic acid, ethyl (meth)acrylate, n-butyl
(meth)acrylate, 2-ethylhexyl (meth)acrylate, 2-hydroxyethyl



Resin Solution | was coated onto a test drum Conparative Exanple 5 Resin
Solution K was coated onto a test drum Using each sanple, the contact
angl e, surface roughness, and frictional resistance were nmeasured. The
measur enent net hods were as follows. [Contact angle] The water contact
angl e of each coating filmwas neasured. The smaller this value is, the
more readily wetted is the surface. The Mater contact angle was neasured
with a Kyowa contact angle gonioneter (Kyowa Scientific). [Surface

roughness] J -cont act a hngss neter, the
surface conEE%?%%g8?9£%§§'cgaﬁyﬁgo%??§§€g§ g@gFEg?ggyi?E?fcgional
resi stance hedrpxyhetgbatedthescrdtans, ppepahedlbiet heThbogerplépar ati on

nmet hod were ectively.i LN r far days using a
rotating drﬁ%??gsﬁggpgér%tgg£??§ﬁ%% R??ﬁggégmﬁ egé%§§28§? ?%em?ggque acting
on the drunpshgferpasbheasonedens éachdditihe tot agidnakFrygpéedsonpmgdo rpm

350 rpm and 400 &pm Ag. gonkngl s, Sifll a?sgeg%ur@am Sheled \ﬁl%‘? aggg with
t he test drun1n1rror-F|nVshedey uffing (surface roughness 2 u
( Conpar at i vecExahpl eed)inants t he aagtourduny ¢pnéshetiedo by sturd afeliowghaess

of 15 ~m ( i I - asure far anples are
pr esent ed fﬁg?§£?% ¥Sgﬁgggﬁegﬂéggaggﬁeﬁ? gg%agggéeﬂ%ée&%ﬁpggggﬁgé'Exanples
are presented in Table 2. Exanpl €1234567891011121314151617181920Cont act

angl e (")500000003@%%8%%%%1%@2000008urFace roughness ( al
m 121012879119710 973818Frictional resistance(300rpn) Nl
641. 62t . 61t.597. 607.581. 57t.611. 671, 647.591. 641. 641. 661. 777.581. 611, 641
591. 59Fri cti onal R

resi stance(350rpn) 2. 122. 082. 272. %?13 2,062,092.112.t52.112. 082. 712. 762.1 52
.192. 062. 112. 092. 022. 1f i Fri cth ‘E Ir %55§ance(400rpn)2 712. 682. 62~65] 2 69r
2.26T2, 70~71 ~2.75T2.722.68 ~2 8 <5 : [2.82r2.78 12.64 12 66 12,62 12.63~
2 71' H mN 26 Table 2 Conparat Exanpl e12345Cont act angl e
)----5865Surface roughness ( a m 2955119Frictional resistance(300rpm

| V~ni. B51. 8 71,68Frictio :
rssistance(géagg%%g.f%zfgg%&%%zg%%b.ﬁgﬁrig T8nar” different and each

resi stance(46prpap2t3s32155.1692. 7820v8 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 wunder
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 menticned 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
(R=ethyl, mean of n=10) (both are products of Colcoat Co.,
Ltd.), among others, can be utilized.

These alkyl silicates may be used each independently



It will be apparent from Tables 1 and 2 that the surfaces with water
contact angles not |arger than 40 gave invariably |lower frictional

resi stance val ues than the mrror-finished ideal snooth surface (water
contact angle 55) according to Conparative Exanple 1. The test drum of
Conpar ati ve Exanple 2, which was nmade of the sane material but having a
surface roughness of the sane order as t}le Exanples, had an increased
frictional resistance as conpared with the test drum of Conparative Exanpl e

1. This te”Q?”EX dasoft Ab$Raf PRIL N BB rﬁ%k%%ﬁ}éé%' ¢S f"u??ﬂwg ﬁe urface

CLAIMS 1. A Tow ffiction Fesrstance coa Fiowat er 1o
has a wat er reshhactomanug i igfn Ocomp4®812g 'I'aheb[Lewdf rafct sendr eststraneeth

coating 1110 46Ler, S6r neia Sl . iteln, U conting LI mohge @

surface rou nor e reduci ng’' t he
friction onadssubstnatd.i anatlarLS\/\heseLnsaldansmg fantirrpbavlolxgeahsfllehace

Surfage. 4. OTrEORCERBAaNe ShiErg TN N EER ko B efotd r 2P RURELALG,

accordi ng ta Crabml3nkhegeiyentie beoathery dddad has aheusbhuelonugbngssreof
A% A, . A A, AAAA, A . AA

hzg'zafi'th%(5ﬁ8§5A$tmi? Ogn@&ggﬁrycéu A %he molecuﬁar we1g4£ ot the

| wr mhc”"Y] capoh}/oaifea]nyakna] oa] pa]Lya]:ba]Lena] ga}{ca]Lcé]ncra]Jsa] ¢a] calisafaakca]l ca
ca] ca] ca]ca ajc cg] cRal

! , - ]CP"] FG% xs%u af]ce;ﬁ%]ca cguéa]ei!:a Sca %%1 caZ]% ] ca] cajj%a]lcsa] %e? cal ggfca] ca

] ca] ca] ca] capeapeal ¢al cai]lcs:s]odar]e@a] caﬂ cal]a:taéﬁx#a?dst**that 00€R e - n@za’é’s%’a@@nG]J}

QEWRZX\ __ L& rﬁ%r&c%cw Jrq aJ calca g%sfk %ﬂg hagleal ca
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%, 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 above polymer component in a proportion of 15 to 100
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 1is 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
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40 pym or less.
In the coating composition containing said polymer,

there may Dbe incorporated such known additives as the

plasticizer, thickener, rheology modifier, filler,
dispersant, ultraviolet absorber, light stabilizer,
antioxidant, antifreezing agent, anti-algal agent,
antiseptic, defoaming agent, etc. as needed and, if

desired, rosin, hydrogenated rosin, esters thereof,
chlorinated paraffin, polyvinyl ethers, and esters of
polybasic acids such as phthalic acid, fumaric acid, maleic
acid, 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
aqueous liquid, the formulated antifoulant gradually
dissolves out onto the coating £film to exhibit an
antifouling effect. The aqueous liquid mentioned above
means a water-containing liquid.

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-1-oxide, copper 2-pyridinethiol-l-oxide,
2,4,5,6-tetrachloro-4-{methylsulfonyl)pyridine, 3-iodo~2-
propynylbutyl carbamate, diiodomethyl-p-tolylsulfone, etc.
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can be mentioned. These may be used each independently or
in a combination of two or more species.

In the case where said antifoulant is incorporated in
the coating composition according to the invention, its
proportion is preferably 5 to 120 weight parts relative to
100 weight parts of the total polymer, though it may vary
with different uses. If it is less than 5 weight parts,
the antifouling effect attributable to addition of the
antifoulant may not be sufficiently expressed. If it
exceeds 120 weight parts, no adequate film-forming
properties may be obtained but cracks and other defects
tend to develop.

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 liquid 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
friction 1is not sufficient so that the object of the
invention cannot be accomplished. When the contact angle
exceeds 30°, the friction-reducing effect is not stable so
that a sufficient reduction of friction may not be obtained
depending on the conditions of wuse and the intended
application. 1In order to insure a stable friction-reducing
effect, the contact angle is 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 um.
As used in this specification, the term “surface roughness”
means the roughness measured with a non-contacting laser

beam surface roughness meter. When this surface roughness
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surfface roughness is not greater than 25 um.

The coating film of the invention 1is constructed by
coating a substrate surface with the above coating
composition and drying the coat. The dry thickness of the
coating film to Dbe so constructed can be Jjudiciously
selected according to the intended use and may for example
be 50 to 500 pm. The surface roughness of the coating film
is influenced by the surface condition of the substrate,
and 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 agueous liquid
occurs as, for example, the coated article is moved 1in
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 £ilm of the
invention 1s to be <constructed is not particularly
restricted but the present invention can be applied with
advantage to substrate surfaces to be exposed to aqueous
liguids such as water, for example piping systems and other
structures. The piping systems mentioned just above are
pipelines, cooling pipes and water conduits for
manufacturing plants and power plants, refrigerant 1lines
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 alia, ship bottoms and offshore structures.
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In constructing the coating film from a coating
composition, the ccating method that can be used is not
particularly restricted but includes the hitherto-known
techniques such as spray coating, coating with a roll
coater, brush coating, and dipping. The method of drying
the coat 1s not particularly restricted but in typical
cases, the coated article 1is allowed to stand at room
temperature for 1 hour tc 10 days. If necessary, heating
or energy-beam irradiation may be carried out.

The cecating film thus constructed generates only a
reduced surface friction so that the resistance between
water and the coated article is attenuated. Therefore,
when it 1s 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,
constituted as described above, has an excellent friction-
reducing effect in water so that it contributes to a
decreased ship fuel cost and an increased efficiency of

liquid transportation.

[Examples]

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
following description, % means weight % unless otherwise

specified.

Resin Production Example 1

A four-necked flask equipped with a nitrogen gas
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u& () - 109@@;@i(ﬁﬂ g of Inethyl isobutyl ketone and the mixture was
heated at 100°C. To this solution, 20 g of methyl

methacrylate, 15 g of 2-~hydroxyethyl methacrylate, and 65 g
of methylpoly(oxyethylene) methacrylate (average degree of
polymerization = 9) as polymerizable monomers and a mixture
of 1.5 g of t-butyl 2-ethylhexanocate and 5 g of xylene as
an initiator were added dropwise over 30 minutes. After
completion of dropwise addition, a mixture of 0.3 g of t-
butyl 2-ethylhexanocate and 5 g of xylene was added dropwise
over 30 minutes and the mixture was further incubated for 2

hours to prepare a resin 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

prepare a resin solution B.

Resin Production Example 3

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.

Resin 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
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prepare a resin solution D.

Resin Production Example 5

Using the same equipment as used in Resin Production
Example 1, 500 g of 10% aqueocus solution of chitosan, 100 g
of dimethylformamide, and 8 g of lauraldehyde were added
and the mixture was heated at 80°C for 3 hours to prepare a

resin solution E.

Resin Production 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 Example 7

Using the same equipment as used in Resin Production
Example 1, 500 g of 10% aqueous solution of chitosan, 100 g
of dimethylformamide, and 4 g of glycidyl phenyl ether were
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 hours to prepare a resin solution
H.

Resin Production Example 9

A four-necked flask equipped with a nitrogen gas



10% U& () -

10 h 10 h 10 h7&10% h& ()-!d, M 10% h

h& () - wPxzZxyyyy}[<~\=10h/M 10% & ()--!V :110% U U& ()--"':110%

& ()--1V:110% U U& ()-:110% & ()-'QF:110% U

U& ()--y=zGz{z|z}z~zzzr S410hy9! 10% U& ()--10% U& ()- 10hUhU 10hUnhU
10hUhU! [ s6M 10%UhU& () -fs6M 10% & ()-f![/ M 10% U

U& ()--zzk{u{{||}"<rS410h![M 10% U U& ()18V 10% & ()-!VfM 10%

inlet pipe and a stirrer was charged with 50 g of xylene
and 40 g of n-butanol and the mixture was heated to 100°C.
To this solution, a mixture of 50 g of methyl methacrylate,
50 g of 2-hydroxyethyl methacrylate as polymerizable
monomers , and, 1.5 g of t-butyl 2-ethylhexancate as
initiator was added dropwise over 3 hours. After
completion of dropwise addition, a mixture solution of 0.3
g of t-butyl 2-ethylhexanocate and 5 g of xylene was added
dropwise over 30 minutes and the mixture was further

incubated for 2 hours to prepare a resin solution 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

Except that 35 g of methyl methacrylate and 65 g of
2~-ethylhexyl methacrylate were used as ©polymerizable
monomers, the procedure of Resin Production Example 1 was

repeated to prepare a resin solution K.

Resin Production Example 12

Using the same equipment as used in Resin Production
Example 1, 500 g of 20% agqueous solution of polyallylamine,
100 g of dimethylformamide, and 48 g methylpoly(oxyethyl)
acrylate (average degree 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
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Using the same equipment as used in Resin Production
Example 1, 550 g of 10% aqueous solution of chitosan, 150 g
of dimethylformamide, 0.5 g of lithium hydroxide, and 10 g
of methylpoly(oxyethyl) acrylate {average degree of
polymerization = 24) were added and the system was refluxed
for 3 hours with a total c¢f 100 cc of the sclvent being

constantly removed 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 diethylaminocethanol were mixed well and coated onto a
test drum (made of vinyl chloride resin, 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

test drum.

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.

Example 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
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and coated onto a test drum.

Example 6
One-hundred (100) grams of resin soclution F and 7 g
of 5% aqueous solution of glutaraldehyde were mixed well

and coated onto a test drum.

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 solution of glycerocl diglycidyl ether
(Nagase Kasel Kogyo; Denacol EX-~-313) were mixed well and

coated onto a test drum.

Example 9

Resin solution J was coated onto a test drum.

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% aqueous
solution of glutaraldehyde were mixed well and coated onto

a test drum.
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One hundred (100) grams of resin solution D, 70 g of
5% aqueous solution of polyethylene oxide (n=5000), and 7 g
of 50% aqueous solution of glycerol polyglycidyl ether were

mixed well and coated onto a test drum.

Example 13

One hundred (100) grams of resin solution A, 5 g of
colloidal silica, 10 g of titanium 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 diethylaminocethanol, 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
diisocyanate in xylene and 1 g of diethylaminoethanol, the

whole was mixed well and coated onto 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 dispersion, 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% aqueous solution of

chitosan (acetic acid added), 15 g of 5% agueous solution
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Thirty-five (35) grams of 10% agueous solution of
alginic acid was blended with 10 g of 5% aqueous 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 Dby buffing (surface

roughness 2 um) was used as Comparative Example 1.
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Comparative Example 2
A test drum finished to a surface roughness of 15 um

was used as Comparative 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

Resin Soluticn I was coated cnto a test drum.

Comparative Example 5

Resin Solution K was coated onto a test drum.

Using each sample, the contact angle, surface
roughness, and frictional resistance were measured. The

measurement methods were as follows.

[Contact angle]

The water contact angle of each coating film was
measured. The smaller this wvalue 1is, the more readily
wetted 1is the surface. The water contact angle was
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

preparation method were respectively 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 um

(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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Table 2
Comparative Example

1 2 3 4 5

Contact angle ) — - — 58 | 65

Surface roughness { ¢ m) 2 9 55 | 11 9
Frictional resistance(300rpm) N°m { 1.65 | 1.85 | 2.35 | 1.67 | 1.68
Frictional resistance(350rpm) 2161 289 | 412 221 | 2.22
Frictional resistance(400rpm) 275|315 5.69 | 278 | 2.78

It will be apparent from Tables 1 and 2 that the
surfaces with water contact angles not larger than 40° gave
invariably lower frictional resistance wvalues than the
mirror-finished ideal smooth surface (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

tendency was also found in Comparative Examples 4 and 5.
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of which surface has a water contact angle of 0 to
40° .
2. The low friction resistance coating film in water
according to Claim 1
wherein the coating film has a surface roughness of
not more than 40 um.
3. 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.
4. The method of reducing the friction on a substrate
in water according to Claim 3
wherein the coating film has a surface roughness of

not more than 40 pm.



