1 DESCRIPTION Title of Invention PARTI CLES COATED W TH CUPROUS OXI DE,
METHOD FOR PRODUCI NG THE SAME, AND ANTI FOULI NG COATI NG MATERI AL CONTAI NI NG
THE PARTI CLES COATED W TH CUPRQUS OXI DE Technical Field [0001] The present
invention relates to particles coated with cuprous oxide in which the
surface of a core material is coated with cuprous oxide, and a nethod for
produci ng the sane. The particles coated with cuprous oxide of the
invention are particularly useful as a pignent for an antifouling coating
mat eri al . Background Art [00021Cp¥oRsEDkide has been known as an
antifouling pignent, and is made into a coating material and used as a
coating material for ship bottons to prevent attachnent of shellfishes or
al gae in the sea. Cuprous oxide has a |arge absolute specific gravity of
6.0, and in a case in which CtupieustoXindentsomde into a coating materi al
for ship bottons, there is a problemin that cuprous oxide settles due to
the diff erzencectigs theaspec fic @raxoty duet meenitheovehbel gr@nd: tihe cupr ous
oxide. In addition,

THE SAME, AND ANTIFOULING CCOATING MATERIAL CONTAINING THE

PARTICLES COATED WITH CUPROUS OXIDE

Technical Field

[00C1] The present invention relates to particles
coated with cuprous oxide in which the surface of a core
material is coated with cuprous oxide, and a method for
producing the same. The particles coated with cuprous
oxide of the invention are particularly useful as a

pigment for an antifouling coating material.

Background Art

(00027 Cuprous oxide has been known as an antifouling
pigment, and is made into a ccating material and used as a
coating material for ship bottoms to prevent attachment of
shellfishes or algae in the sea. Cuprous oxide has a
large absoclute specific gravity of 6.0, and in a case in
which cuprous oxide is made into a ccating material for
ship bottoms, there is a problem in that cuprous oxide
settles due to the difference in the specific gravity

between the vehicle and the cuprous oxide. In addition,



2 due to the recent increase in the price of netallic raw materi al s,
reduction of the anount used has becone an issue in the field.

[ 0003] Coating the surface of a core nmaterial with cuprous oxide can be
considered as a nethod for decreasing the specific gravity. For exanple, a
met hod for producing a conposite pignent for an antifouling coating
material is proposed in which a fluid having powder including at |east Si02
and 111203 suspended in an aqueous solution including chlorine ions is used
as an el dgerobythe soebatitonpcandsa copper pkate b$§ ekeefilakyzed as the
anode (refer to Patent Document 1). [0004] However, powder coated with
cuprous oxtdeimhschreduobtanned byet heocpraduetiionapebhodmef aRat ent Docunent
1 has practicality problenms, such as poor adhesion of cuprous oxide, poor

di spersi pasua-thetnat Fieuling coating material, poor storage stability of
the antifouling coating agent, and the like. G tation List [0005][PTL 1]

JP- A- 1- 213868 Summaryaef ngnvest saprieehpircal cRreblem[0906],Thg obj ect of

the invention is to provide
cuprous oxide can be considered as a method for decreasing
the specific gravity. For example, a method for producing
a composite pigment for an antifouling coating material is
proposed in which a fluid having powder including at least
5102 and Al;0; suspended in an aqueous solution including
chlorine ions is used as an electrolytic solution, and a
copper plate is electrolyzed as the ancde (refer to Patent
Document 1).
{0004)] However, powder coated with cuprous oxide which
i1s obtained by the production method of Patent Document 1
has practicality problems, such as poor adhesion of
cuprous oxide, poor dispersion-in-the antifouling coating
material, peor storage stability of the antifouling

coating agent, and the like.

Citation List

(0005] [PTL 1] JP-A-1-213368

Summary of Invention
Technical Probklem

[00086] The object of the invention is to provide



3 particles coated with cuprous oxide which can solve the variety of
problens of the related art, a nethod for producing the sane, and an
antifouling coating material containihg the particles coated with cuprous
oxi de. Solution to Problem [0007] The invention is to provide particles
coated with cuprous oxide made by coating the surface of a core materi al
with a cuprous oxide |ayer, in which the cuprous oxide |ayer conpletely
coats the surface of the core material, and is configured with an assenbly
of octahedrhlcteprovstosi dethartprdes. ox00@8¥hhchdditi en)lvehehénvention is
to provide a nethod for producing the particles coated with cuprous oxide
havi ng avsuré¢agect reavtmbanspedcess ralahédhaatcoremantedi abris brought into
contact with one or two or nore of the surface treatnent aqueous sol utions:
an aqueouscsot utg onhef ssianneus sal &t afcafguegusosol uyi aaretisil ver salt,
and an aqueous solution of palladiumsalt, thereby producing a

sur f ace-tsead oai corensmberiatlcandoanc€l ectrodepesiiti enigeocess in which
the surface-treated core material is dispersed In an aqueous electrolytic
solution containing an electrolyte and an antioxi dant, and electrolysis is
carried out using nmetallic copper as the anode so that the cuprous oxide is
el ect r odepposi {&d h the,14ysurface of the surface-treated core materi al

t her eby producing the particles coated with cuprous oxide, in which the
electrodepas) {10n OfSuphous: Pk des | & CaLELY £ oYt WLL g, mBLOLAL NI ng the pH

of the aqueous electrolytic solution between 7 during t

el ectrodeposi td QN Rr0GesS . [00Q9] Fur.t he riﬁgf Stahrt irggilj{gvce@t(%ige)ga pr ovi des an

antifouling coating material 1ncluding _ es coa \M%Wscuprous
oxide as,a plarent. for. an.a0til oyl A9 PORLLNG, RLETLA! ¢ Ad¥apLageous
oxide layer completely coats the surface of the core
material, and is configured with an assembly of octahedral
cuprous oxide particles.
(0008] In addition, the invention is to provide a
method for preducing the particles coated with cuprous
oxide having a surface treatment process in which a core
material is brought into contact with one or two or more
of the surface treatment agqueous solutions: an aqueocus
solution of stannous salt, an aqueous solution of silver
salt, and an aqueous solution of palladium salt, thereby
producing a surface-treated core material; and an
electrodeposition process in which the surface-treated
core material 1s dispersed in an aqueous electrolytic
solution containing an electrolyte and an antioxidant, and

electrolysis is carried out using metallic copper as the

anode so that the cuprous oxide is electrodeposited on the



[ 0010] According to the invention, particles coated wth cuprous oxide
havi ng hi gh adhesi on between a core nmaterial and a cuprous oxide |ayer,
favorabl e dispersion in an antifouling coating material, and high storage
stability of an antifouling coating material are provided. Brief
Description of Drawings [0011]Fig. 1 is a scanning electron m croscope
i mge of particles coated with cuprous oxide Bl obtained in Exanple 1.
Fig. 2 is a scanning el ectron mcroscope i nage of particles coated with
cuprous oxifechl obbtatnedrincConparbatilvecErampkerial, 5tbesebi/pti on of
Enbodi nents [0012] Herei nafter, the invention will be described based on
pr ef err edreabodingenbs. pdheipaeti cbesecoated wuphoaupoeusepoxide of the
invention are configured with a core material and a cuprous oxide (Cu20)
| ayer thaticoatsetbecsurbacgooitibe coreupnteasi akidknitheapartiicl es coated
W th cuprous oxide of the invention, the cuprous oxide |ayer conpletely
coats theusurface @hitheicore ARtepiiabs The gqupbete=toatingyrefers to the
fact that the cuprous oxide [ayer covers the surface of the core nateri al
so that expesuse ©W&:fBensurfacesofiuthggcene ARLeri-ahehssnoOtQbserved in a
case in which the particles coated wth cuprous oxide are observed using an
el ectron,mcroscope (for exanple, in a case in which the particles coated
Wi th cuprous oxide are observed at a nagnification of 2000 tines).
[ 0013] Theo g | ol espepal etk LD ELT PlS QKL 0 g£ LhgsLnygnt fon not “only
have the cuprous oxide layer conpletely coatin the"Sirface of the core
material , | h pecific. str ure. In._detal he cuprous oxi de
| ayer isa%gﬁ ?%%?@ ﬁ%?ﬁﬁgﬁ ﬁggéﬁgf§ 5#8%%95ﬂ%d?%? %%%%% %e%xide particles.
A plurality of the cuprous oxide particles are densely assenbled so as to
form a | SytFohabl iy don Pl r e hTRea (i BKRESRE FE7, € Lohat eret ¥hat
because . .

coating material.

Advantageous Effects of Invention

[0010] According to the invention, particles coated
with cuprous oxide having high adhesion between a core
material and a cuprous oxide layer, favorable dispersion
in an antifouling cecating material, and high storage

stability of an antifouling coating material are provided.

Brief Description of Drawings
[0011] Fig. 1 is a scanning electron microscope image
of particles coated with cuprous oxide Bl obtained in
Example 1.

Fig. 2 is a scanning electron microscope image of
particles cecated with cuprous oxide bl obtained in

Comparative Example 1.



6 the cuprous oxide |ayer has the above structure, the adhesion between
the core material and the cuprous oxide layer is increased in the particles
coated with cuprous oxide of the invemtion. In addition, it is considered
that the dispersibility in an antifouling coating material is favorable,
and the storage stability of the antifouling coating agent is inproved.
Meanwhile, it is still required to carry out additional studies regarding
techni cal reasons why the above advantageous effects are exhibited due to
the fact that the cuprous oxide particles have an octahedral shape.
[0014]While it is ideal that each and every cuprous oxide particle that
confi guressthepcuprous bxbdeihayers has an octahedral shape, it is not
necessary that all of the cuprous oxide particles have an octahedral shape.

As a resubpief studiesebyakherinvest orsenthenabove pdvantagepus effects are
exhibited as long as preferably 50 or nore cuprous oxide particles, and

more prefesall ¥n60-0r-PPLE EMPHAUSQXEde Ral tiches. have. an octghedral shape
out of 100 cuprous oxide particles, which are observation targets, in a

case in M@ﬁﬁgughgxf&QrQEStgéigﬁvé§¥§5ni§ﬁ8b§8fY§guP§&ngi@ﬂ gl egt.ron

m croscope. [0015] A | ayer 1 ncludi ng octahedra prous oxi de particles can

be succasfubly,foraed Dy peneraking euplus axlde by, [for. exapple. the

el ectrolytic reduction ne escri be n contrast to the

above, r OHS, OXIi IS ner at ed . t.he el ectr.ol ess reducti on nethod,
a Iayerm%%%%%ggdggfL@%bggr%u%ggﬁgl%;ideg%é???cﬁ%ﬁ?%%&?%w?ﬁﬂf%i shown in

Co tive Exanple 1 as descrjbed, bel ow. F ticl ted with
e haVI T alPRySF WA tRo ABovelSErbEPhretit HEUHAReSi OR Detween the

oxi de hav
core material and Ehe guprous oxide |layer is_not sufficiently strong, and
the di spet$thi FPTy OresY orage® stani Frti Th ah ahti FotfiRgtebattng mteria
is poor in the case in which the particles coated with cuprous oxide are
used as FPi GENtCFBrCoMt BnE i FOLFT At @ 0B E nEA wht BRI ENEODYBITHE cupr ous

oxi de particles having an
oxide layer covers the surface of the core material so

that exposure of the surface of the core material is not
observed in a case in which the particles coated with
cuprous oxide are observed using an electron microscope
(for example, in a case in which the particles coated with
cuprous oxide are observed at a magnification of 2000
times) .

[CO13] The particles ccated with cuprous oxide of the
invention not only have the cuprous oxide layer completely
coating the surface of the core material, but alsc have a
specific structure. In detail, the cuprous oxide layer is
configured with an assembly of octahedral cuprous oxide
particles, A plurality of the cuprous oxide particles are
densely assembled so as to form a layer having a

predetermined thickness. It is considered that, because



oct ahedral shape preferably have a particle dianeter of 0.1 mto 3 p,m and

particularly preferably 0.5 Rl to 2 Wien the particle dianmeter is in the

above range, the |layer conposed of theé cuprous oxide particles becones

sufficiently dense, and the dispersibility or storage stability in an

antifouling coating material is inproved. The particle dianeter of the

cuprous oxide particles is neasured by scanning el ectron m croscope

observation. [0017] The thickness of the cuprous oxide |ayer is not

parti cul ahkychpmbtiedoasdkongyas hhe cupr eusvexisdeukayer,i shehi ck enough to

conpletely coat the surface of the core material. The thickness of the

cuprous exhdeibayeeteannbehneasueedabyitor aexanpke-uobsesvbRgdthe cross

section of 8 the layer using a scanning el ectron mcroscope. [0018] The

oct ahedr abyeupiousnoxedespanhi chespapy ibeecei thakcregukar kypaseynul ated so

as to forma layer, or randomy accunulated so as to forma | ayer.

[0019] Regatdingrt heet hhokpessnof the,qupr ous, oxi des pastd che-dayer, the

ratio of the core material to the cuprous oxide, when expressed by the nass

ratio, capzbecpeefespblyiget L) anWside,har 1954 04,90 (core

mat eri al / cupr ous oxi%e), and %grgng%gféégg?guggf OC?gEgB 8%?9%ﬁ38%ass ratio

may be appr i S S h S ithc.gravi o] he tar get

par i ol on cont o ot ¥h Etor 0ls oxt GasFart & w AT et hG  Ges F ba°F Sha.

[ 0020] An ri er i i s.selecte the core material depending on
R A B e Bl el ¢ SRR T Clprote i e

the specific u particl és coa Speci fically,
a silici i d-contaj ning inpr i c.conmpound,..an al kali  earth netal
conpound?egﬁ%ﬁ$%aféa%QBFga%Fg %@ﬁﬁghﬂﬁgPo?p?ﬁéeFiﬁggéﬁﬂlﬁ% used as the core
mat eri al _ ﬁgaqEIfs of the s%licic agid-co taining i nor gani ¢ _conpound

incl ude cF§Starttne®3fPica "Such®as®sr i d V%Pbﬁ@,oﬁﬁa?ggegﬁﬁd?r nd quartz,
noncrystal|line silica, such as fused siljica accordingly and appropriately
formed by*MEAtTHY &hd Fasthg Ryt aletneh&i FREARCVAI Gk bRRCRBUSL €APFh, a

variety of zeolites, talc, clay, fly ash, glass beads, glass balloons,
Shi rasu BAIT oohsOC wHeE ¢ Rl | $R&5C Exanpl es of the alkali earth

[0014] While it is ideal that each and every cuprous
oxide particle that configures the cuprous oxide layer has
an octahedral shape, it is not necessary that all of the
cuprous oxide particles have an octahedral shape. As a
result of studies by the inventors, the above advantageous
effects are exhibited as long as preferably 50 or more
cuprous oxide particles, and more preferably 60 or more
cuprous oxide particles have an octahedral shape out of
100 cuprous oxide particles, which are observation targets,
in a case in which the cuprous oxide layer is observed
using an electron microscope.

[0015] A layer including octahedral cuprous oxide
particles can be successfully formed by generating cuprous

oxide by, for example, the electrolytic reduction method



9 metal conpound include alkali earth netal salts, such as bariumsulfate
and cal ci um carbonate. Exanples of the organic conpound include pol yner
materials, such as thernoplastic resifms and thernosetting resins. Specific
exanpl es thereof include polyethylene, polypropylene, acrylic resins,

pol ystyrene, polyester, fluororesins, silicon resins, phenol resins, urea
resins, nelamne resins, epoxy resins, and the |ike. [0021] The particle

di aneter of the core material is appropriately sel ected depending on the
speci fi cagaseéesftrihedpaet.pel eslcoatedrast htcuprousooxe devhdém a case in which
the particles coated with cuprous oxide are used as a pignent, for exanple,
as an antipoubkbengxédat inggratericall, biyt the pleterabkest ecusetacgore materi al
havi ng an average particle diameter D50 in the volune standard particle

si ze di stetbutlion 0fy6r5cpmpotedled wabiandupabtizcukankypdrpm-tes50 | am
fromthe standpoint of ship bottomcoating properties. Particularly, in a

case in whi cbribe Lbi ckpeasiaf cbheaedprouspoxindecl aygs hsskpibhe above
range, when a core material having a particle dianmeter in the above range

i s used, pthewadhesi o5 betveen the: o, PEEanBs, ds &, f avonabl 8, which is
preferred D50 is neasured using a particle size drstrrbutron measuri ng

appar at us, v £0022F Wt o1 gga4d E@rh@@u@@rtkﬁ% aghég?%g geEQS shapg of the

core material can be also appropriately selected epen I'ng on the

speci ficoyse ﬁgtébearagractﬁé egersebwrﬁbdg %QggheélggapFOf exanpl e,

spherical, cubic, - shaped, er-s ed core materials
gg?r??ao%%fy gﬁggg?gl%gﬁgﬁipog?gpggrl fﬁp%géﬁ? §;%% Eg?eaﬁﬁterral may be
solid Orsggélfyéy in an antifouling coating material is poor in

the case in which the particles coated with cuprous oxide
are used as a pigment for an antifouling coating material.
[0016] The cuprous oxide particles having an

octahedral shape preferably have a particle diameter of

0.1 um to 3 pm, and particularly preferably 0.5 um to 2 um.
wWhen the particle diameter is in the above range, the

layer composed of the cuprous oxide particles becomes
sufficiently dense, and the dispersibility or storage
stability in an antifouling coating material is improved.
The particle diameter of the cuprous oxide particles is
measured by scanning electron microscope observation.

[0017] The thickness of the cuprous oxide layver is not
particularly limited as long as the cuprous oxide layer is
thick enough to completely coat the surface of the core

material. The thickness of the cuprous oxide layer can be

measured by, for example, observing the cross section of



[ 0023] Next, a preferred nethod for producing particles coated with cuprous
oxide of the invention will be described. Particles coated with cuprous

oxi de can be obtained by generating céiprous oxide particles on the surface
of a core material through electrolysis, and accunulating a plurality of
the particles so as to forma |ayer. The present production nmethod is
roughly classified into (A) a surface treatnent process of a core material,
(B) an el ectrodeposition process of cuprous oxide through electrolysis, and
(C©) a watke washingsprocesscefinpapt e¢kesrooatédroisthpeupr ous oxi de.
Hereinafter, the respective processes will be described. [0024]In the
surface tPeatirent proeesstohedredreuprbesi akiok pArrialeereaaperial is
brought into contact with one or two or nore of the surface treatnent
aqueous sobthtronsyubhragueousnsDhybioBcoksStanneus sakkycan agueous
solution of silver salt, and an aqueous sol ution of palladiumsalt, thereby
pr oduci ngaAdsuL{ asecteat edacopeagat gr faky kniayease in which the core
material is a 11 thernoplastic resin, a thernbsetting resin, or the |ike,

speci ficahbyp) pol yekbyh £aenqPPLYPERPYLEBSs 8P AEEYLLE LRSI Dy i RO YStYTene,
pol yester, a fluororesin, a silicon resin, a phenol resin, an urea resin, a

mel am nepk e8i A1 aNa GRPXY RESLAL 107 ok henLi kS o ah kall  washing, and surface
roughening by an acid can be carried out prior to fhe surface treatnent

process. . Jhat,.Ls xi@g}a&%@$i6¥€§3gggdggg §H£fﬁ£55f93998”i$%%b¥ea” acid of

the core material may be carried ou ef ore carryi ng out surface

treat ne J2 ) e f,an_alkali _t -is u or the al kal
mashingq%ﬂ%?%%%QE%dg%ﬁrﬁédgog%%g,r%% ?u%?cgs%ﬁng?efsgggi&ﬁ?ﬁ?thosiIicate,
sodi um pyrophosphate, and th i ke, ,Meanwhi |l e, exanpl an acid that is
used fory%%$¥%%g/?%%ﬁﬂﬁ%i%ﬁl%?Jana%%i%Pf%c?ﬁﬁgeﬁ?Qgg g@(gé ¥ one or two or
nor e of i }%gri%‘acid, nitric acid, phosphoric acid, chromc¢ acid, chloric
acid, acet’t acid® Mrdcofidfdrd e Hhd THe a4%Ke §0025] Tetsur f ace
treat ment aqueous_solution that is wused in the surface treatnent process
is one Or§ woPOT: ot 96tV AN agtiedie SoTUt T ope B LSt anneedtadl vithn aqueous
solution of silver salt, and an aqueous solution of palladiumsalt as
descri bethRiove. Ol takes i niWhi e htke cdabi ped i BAt9t- two or nore aqueous

solutions is used, a m xed aqueous solution of silver salt and palladi um
salt is Preferably Alsetbprapriate material is selected as the core

nmaterial depending on the specific use of the particles
coated with cuprous oxide. Specifically, a silicic acid-
containing inorganic compound, an alkali earth metal
compound, alumina, an organic compound, or the like can be
used as the core material. Examples of the silicic acid-
containing lnorganic compound include crystalline silica,
such as silica stone, quartz sand, and quartz, non-
crystalline silica, such as fused silica accordingly and
appropriately formed by heating and fusing crystalline
silica, diatomaceous earth, a variety of zeolites, talg,
clay, fly ash, glass beads, glass balloons, Shirasu

balloons, and the like. Examples of the alkali earth



[ 0026] Exanpl es of the aqueous solution of stannous salt according to the
surface treatnent aqueous solution include aqueous sol utions of hal ogenated
tin, such as a stannous fluoride aquetus sol ution and stannous chloride
aqueous sol ution, an aqueous solution of stannous sulfate, and the like. In
addi tion, exanples of the aqueous solution of silver salt according to the
surface treatnent aqueous solution include aqueous sol utions of silver
nitrate, silver acetate, and silver sulfate. Exanples of the aqueous

sol ut i onmefapakbagiundsahtladeondikngit eatrhe setbaceafreat senh agueous
solution include an aqueous solution of palladiumchloride. [0027] The

i ndi vi duakrconcentfateonsdofaf héust annbusasal t ,Etdhepsid ver Siabt, or the
palladiumsalt in the surface treatnment aqueous solution is preferably 0.1
g/ L to 40rghkb;candmpanhdcuhat hyeppefenabl na@ebighk,t eud0 giL respectively.
[0028] In the surface treatnent process, exanples of the nethod for bringing
the corecnatecbahsand theigurhagechreabAent iagueeysnsol uthon #nto contact
include a method in which the core material is added to and stirred into

the surfagenpreat erAt-8guUeAHs,80! BEI QB HYELBT epBOY iRt et heret 0.
[ 0029] The tenperature of the surface treatnent aqueous solution when the

surface fieal MBNL-PEACESSAHS: Garri I.S reylarly limted,
but is prefgréblyeggﬁgf058%??8%%8g?’a%ggg§$%$gﬁl2§P99§%E%8g$f0 50C.

[0030] I n. 1 hecsur Lacenly eahurnt PLOsRss, ,the coLengntgLigl, hs brought into

contact with the surface treatnent aqleous so I oh, eén separ at ed

fromthe ce t qu s.solution, thereby producing the
surface-%%%%%gﬂ %%égﬁng?g%?gf.gﬁﬁ fﬁ?syéggé, the core material may be

br ought } ontact, Wwth only one kind of .surface treatnent aqueous
solution!@%?lﬁay be%%?o%%ﬁFl?x?ogéﬁﬂﬁgﬂfiaF g%ﬁtﬁ%FemW?Fefhﬁlo?snDre ki nds
of surface treatngn} agueous $o|utions so that the core material is brought
into contAttORFtA G 4urTatett? edeRBRt I agueBut 8ofUEFOh-Ct heR SEparated from
the surface treatnent aqueous solution, furthernore, brought into contact
with anot'herParatest Feat fent ByuebbsCydl atien; and SepEiat’€d from the

surface treatnent aqueous sol ution.
which the particles coated with cuprous oxide are used as

a pigment, for example, as an antifouling ccating material,
it is preferable to use a core material having an average
particle diameter Ds; in the volume standard particle size
distribution of 0.5 um to 100 wm, and particularly 2 um to
50 wm from the standpoint of ship bottom coating
properties. Particularly, in a case in which the

thickness of the cuprous oxide layer is in the above range,
when a core material having a particle diameter in the
above range is used, the adhesion between the two becomes
more favorable, which is preferred. Dsy is measured using

a particle size distribution measuring apparatus.

(0022] With regard to the particle diameter, the shape

of the core material can be also appropriately selected



[ 0031] The nmethod for separating the surface treatnent aqueous sol ution and
the core material after carrying out the surface treatnent includes Buchner
filtration, centrifugation, and the liigke. The surface-treated core materi al
separated fromthe surface treatnent aqueous solution may be dried if
necessary. [0032] The surface-treated core material obtained in the above
manner 1 s subsequently subjected to the el ectrodeposition process of
cuprous oxide by electrolysis 14 of (B). In the present process, the
surface-tiepatedngore hatespatifscdispensednenpantaquesusoetedtwotytic
solution, and cuprous oxide is electrodeposited on the surface of the

surface-tueated cofeenmaterd adxush g, nejrad dica xoppasi@s ghecanode, thereby
produci ng particles coated with cuprous oxide. [0033] The aqueous

el ectrol yhhpespl Utihon1 CRA 2hAS abhekeshhpbyt 8oaRdnaRaNki 9Xidante Exanpl es
of the electrolyte that can be used include chlorides, such as sodi um

chlori de;and. patassidaimchlgrd.de, deanwhide,-examples. of) the aud oxi dant
that can be used include glycerin, citric acid, saccharides, and the |ike.

[ 0034] The,copegnt s ation:of - theaghhoride,in.the gauequs glectnol ytic
sol ution ?s preferably 20 b%Lg?g %gobgff%giﬁd #g?e pre %%gbﬁ§920 g/L to 150

g/L mhencgggrﬁgﬁggﬁgy 5 g@nggp}&agkog?gio hl orine ions. Meanwhile, the

concentration o e antl1oxidant is preferably 0.3 g/L to 60 g/L, and nore

preferab D g/L 40 g/ 5] Th upt _of the surface-treated core
naterialt%?g%grsed $%X%hé§ E%%%ggg%e%%F@q§tf%rs%?%??%hn?s preferably 1 g/L

to 80 g/ nd re preferably 1 g/L to 60 g/L.with respect to the aqueous
eIectroIé??%l%g$%t?o%Fe %%Lgh%ugﬁ%ﬁ%to§%d et L i hE hE ABRVECT afige” t he

ffici f th I iti i whi | I i
g ot L\;Lﬁq?c% ec(l)%%% Br < g?}P%lorStEp SI%B:O%]%% wbiethl rc!:curpe.r%suesd oxilclee c%gng b%rrer ation

obtained by generating cuprous oxide particles on the
surface of a core material through electrolysis, and
accumulating a plurality of the particles so as to form a
layer. The present production method is roughly
classified into (A) a surface treatment process of a core
material, (B) an eclectrodeposition process of cuprous
oxide through electrclysis, and (C) a water washing
process of particles ceated with cuprous oxide.
Hereinafter, the respective processes will be described.
[0024] In the surface treatment process of a core
material of (A}, a core material is brought into contact
with one or two or more of the surface treatment aquecus
solutions: an aqueous solution of stannous salt, an
aqueous solution of silver salt, and an aqueous solution
of palladium salt, thereby producing a surface treated

core material. In & case in which the core material is a



15 el ectrodeposition is suppressed. [0036]In the el ectrodeposition process,
netallic copper is used as the anode as descri bed above. An ordinary

nmetal lic copper plate may be used as ilhe netallic copper. The netallic
copper may have any purity of 99% or nore. Meanwhile, a plate-shaped

metal lic copper or stainless steel can be used as the cathode. [0037]1n the
el ectrodeposition process, the surface- treated core material is added to
t he agqueous el ectrolytic solution, the agqueous electrolytic solution is
stirred, thadnapnlebectr realnguer ehtrinvs spadento rkkaw, i Bratgtatieken whi ch the
surface-treated core is dispersed, thereby el ectrodepositing cuprous oxide
on the suptat€iobltihe suifacevirealedotpeonatenial an[ 8838] The

el ectrodeposition tenperature is preferably 10C to 70C. en the

tenperatueeihs setykdykbacabpyeyeange, theiebest-redgposi Lion-rate can be
i ncreased while generation of gas due to the el ectrodeposition and

degradat o8i0f hhgnhagdbesienihetueenr-the cyprous QXidg:iand.Lhe,corg material
due to the generation of gas are suppressed In addition, the current

density @iﬂ%k?greg@nel sgtmgepmtl 9%%1% g1AD! ¥, &L gFR.to 30 A/dne,
and nore preterably 1 Aldn2 to en t he current en5|ty i s set

W t hin tF@uﬁ@@M?nﬁaﬂgeantQSl§|?&ErBQeB§§%%g8n ﬁgngpeoefggckgntly carried

out while t 16" generation of gas an re suppressed [0039] I n

the elecs£99§@QS££eQPmQHQCS§8Ce%E.iSﬂhat is, the alkali washing

and surface roughening by an acid of the core material may
be carried out before carrying ocut the surface treatment
process. Examples of an alkali that is used for the
alkali washing include sodium hydroxide, sodium carbonate,
sodium orthosilicate, sodium pyrephosphate, and the like.
Meanwhile, examples of an acid that is used for surface
roughening by an acid include mixed acids of one or two or
more of sulfuric acid, nitric acid, phosphoric acid,
chromic acid, chloric acid, acetic acid, hydroflucric acid,
and the like.

(0025] The surface treatment agueous solution that is
used in the surface treatment process is one or two or
more of an aqueous solution of stannous salt, an aqueous
soluticon of silver salt, and an agueous solution of
palladium salt as described above. In a case in which a
combination ¢f two or more aqueous solutions is used, a
nixed aqueous solution of silver salt and palladium salt

is preferably used.



inportant to carry out the el ectrodeposition of the cuprous oxide while
mai ntai ning the pH of the aqueous electrolytic solution between 7 to 13,
preferably between 8 to 12, and nore lpreferably between 9 to 11 by

nmoni toring the pH during the el ectrodeposition. Thereby, particles coated
W th cuprous oxide having an octahedral shape can be successfully
generated. Since the el ectrodeposition gradually increases the pH of the
aqueous el ectrolytic solution, the pH of the aqueous el ectrolytic solution
is maintabnedli n t h8xabpvesrangenhbyaghiepuexaoplheioaddiingtannackd to | ower
the pH Exanples of the acid that can be used for adjustnent of the pH

i ncl ude shlorkccaettdngsubf uhbcsaetdcenitehenaatdagbeeniscsaciudioand the

| i ke. Meanwhile, the pH of the aqueous electrolytic solution before
startingibbeuekestnedeposbiiionohs preherabbya2e80cig, andnpasthcularly 4 to
10. [0040] The thickness of the cuprous oxide |ayer formed on the surface

of the coergnmplierkalorihat ahSeohbes8MUNLEL0EnGUREQHE-QXI dg160aLed can be
adj usted by the el ectrodeposition duration. Wile being dependent on the

speci fi cayseo0f theutarget ;partiches coated W Lh cuprQ ﬁsoéFg?atg?nerally’
the el ectrodeposition duration that is enployed is preferably approxi mately

10 m nutgsqton 4 pgygs A A&Hf%f%gﬁe(gggﬂgﬂ%%1CFggﬁ%?&%%%&ﬁﬁ%are used as a

pi gnent for an antitfouling coating materia
el ectrod Ltion_ iks_¢ e i ve nmanner, the particles coated
i th cuprooat slaet ar e TR S e rrORr NG  Equebhe bF baErOTSEFEnER e on
usi ng ne ch. as, Buchner.filtration or centrifugation. Next, the
particIe§8§$%§§ug?g%¥%%nt6n?%%d%a?%?eﬁﬁgh?%gug}%%ésgﬁofl?ﬁf? General |y,
repul p washing is used as the nethod for water-washing the particles coated
with cup?bhgagiid%? TH"a*Case"Fn WA cﬁligﬁﬁlﬁu %F?ngq?gﬂ@%&?ﬁéﬁfout, t he
concentrgﬁion of the particles_coated with cugrous oxide in a mxed slurry
of the partitHesCedatetintth ehprobsadxifesahd WateFdisypkef efably 5% by
mass to 20% by nmass. A sufficient washing duration is 10 mnutes to 60
m nut es. Sk fat B7 2 BRENDC £ 70T taht beouselc hsde he waghPAgS wat er .
[0042] In the water washing process, the particles coated wth cuprous oxide
are pref & ablichashes v ¢ hi washii-hgr Wde er contai ni ng an anti oxi dant since
the cuprous oxide is prevented from bei ng oxi di zed. Exanples of the
anti oxi deh2that cahhdel udedidwel udengdyceringnsacthane desanandst he |ike.
The concentration of the antioxidant in the washing water is preferably 0.3
g/L to 6(rlglL, tlands phvet cad br | yopriegierabl yadiGngédit oi40tigél. [ 0043] When
the water washing is conpleted, the

surface treatment agueous solution is preferably 0.1 g/L

to 40 g/L, and particularly preferably 0.5 ¢/L to 30 g/L
respectively.

[0028] In the surface treatment process, examples of
the method for bringing the core material and the surface
Treatment agqueous solution into contact include a metheod
in which the core material i1s added to and stirred into
the surface treatment aquecus solution, but are not
limited thereto.

[0029] The temperature of the surface treatment

aqueous solution when the surface treatment process is



particles coated with cuprous oxide are separated fromthe 18 washing
water, and dried. Target particles coated with cuprous oxi de are obtained
in the above manner. [0044] When the particles coated with cuprous oxide are
produced by the above nethod, since the throwi ng and adhesi on of the
cuprous oxide are inproved, the adhesion of the cuprous oxide |ayer is
i nproved, and pure cuprous oxide particles or aggl onerates of particles
coated with cuprous oxi de can be extrenely decreased. [0045] The particles
coat ed wrthrieprous oOxidetthattiantaobyailnedtin,thecaboveroasngrlare
particularly preferably used as, for exanple, a pignent for an antifouling
coating satetdahec The aMd,f ould pE reoatiing nAter hakci soused: Lo prevent
aquatic organisnms fromattaching to ship bottonms, underwater structures,
fishing netso)and the thkesuSpgeskficaklyenwhgnsthesparhbclesscoated wth
cuprous oxide are coated once or plural times on the surfaces of a variety
of base fBt&riAl SisSYEH.GRr UNHESVBLREASETUCLHT €8 SYER a8 ships, fishing
equi pnent (exanple: ropes, fishing nets, floats, and buoys), supply and
exhaust  OPeNAGS: | AqLOEREBL, POMES, aNd, QUELEAr - RONEL phaRL sy, gLl -pol luti on
di spersion films used in a variety of marine crvil engi neering works, such
as seas - ) wat er n , por. iliti . canal s, and
wator chamndl o na Che [ ke obhTi Forrt Ao brooar b b B eidfortEn. ™l
[ 0046] Ge . t] | i ng. coating terial_contains an encapsul ating
pol yner aaﬁ%@%é%i%%%%?ga%%lpgh%atp%ﬁ?%l es“%r:rgta ed WH cupr SUs %xi de of the
i nvention_ are. used as_the pignment. Encapsul ati ng polyners that haye thus
far been used ih ThHé %%P?%@%%%%ih@t?i%?ﬁfﬁaﬁ %égﬁs%ﬁy%so?%eka3dﬁ ul ating
pol ymer. Exgqgles t hereof include goiyners i ncluding a conponent unit that
i s deri vEd F10m & T7 FEFRYI TS A st er U OB poF yRRY i 6 ursait it bt vdt @ar boxyl i ¢
acid, such as tripethylsilyl (nmeth)acrylate, triethylsilyl (nmeth)acryi te,
tripropyiSTYSAt{aret F A GF X EED tF Y DUt Y1 8PI i Kt hy cwréi%é di net hyl
propylsilyl (meth)acrylate, nonomethyl dipropylsilyl (nmeth)acrylate, and
met hyl etHyAtHiopyd G1¢34S (Pt WY ety | &t et hpbl Yheraccontali i hyl al 2onponent
unit of a netal conpound of a polyneric unsaturated carboxylic acid, such
as a corfpohEmt uHito ofort el af1ala o hyde okyda (netth)agrsgdat e;  vi nyl - based
copol ymers containing a polyneric unsaturated nononmer having a polyneric
unsat ur aé®d graoup Enth sidpxanebontiedn pore | onsfane aned tregntpol yneri c
unsat urated nononer that can be copol ynerized with the nononer in the
nol ecul eswEs>wopol yuerdrzat fon: lcomponentisyosgich asto contact with
ymet hacryl oyl oxy- propyl pol ydi net hyl si | oxane; urethane resins, and the |ike.
The pi grenttican de fdxed: idntandgangeyoiods pastubyomassnd 00 parts by mass
wWth respect to 100 parts by mass of the encapsul ating polyner. In

from the surface treatment agueous solution.

[0031] The method for separating the surface treatment
agueous solution and the core material after carrying out
the surface treatment includes Buchner filtration,
centrifugation, and the like. The surface~treated core
material separated from the surface treatment aqueous
solution may be dried if necessary.

[0032] The surface-treated core material cobtained in
the above manner is subsequently subjected to the

electrodeposition process of cuprous oxide by electrolysis



20 addition, the antifouling coating material can al so contain xyl ene,

et hanol, isopropanol, or the |like as an organic solvent in addition to the
above conponents. Exanples [0047] Her @i4nafter, the invention will be
described in nore detail using exanples. However, the scope of the
invention is not limted to the exanples. "% indicates "% by nmass" unl ess
ot herwi se stated. [0048][Exanple 1] (1) Surface treatnent process Silica
powder (rmean particle dianeter D50 = 20 iln) was dispersed as a core

mat eri al oEn (Bh. aqueous: sotatenn pfostannouse fdwofide-(degfdd ,cstérred,
filtered, then washed with water, furthernore, dispersed in an aqueous

sol uti onmafesibetsnitspteséd ghlyn stiueved, efibbtesedritheniwasbed with
wat er, and dried, thereby producing a surface-treated core naterial Al.

[ 0049] (2)hn&l ecbrodeposi tiEons peocesscangdowat el wWashhAgsPresessSor Next ,
10 g of the surface-treated core material Al was added to 1 L of an aqueous

el ectrol yhkcsgobutionrcgteat rodespere; hnstalhedyw-and an ehgstri gal current
was nade to flow for 36 m nutes under the foll owi ng conditions while the

sol ution.Masasbe! ednusbhg 8-BBGRELLCSELEEREs LHEL DY, eLECLLAdEROSI t g
cuprous oxide to the surface-

oxide.

[0033] The aqueous electrolytic sclution contains an
electrolyte and an antioxidant. Examples of the
electrolyte that can be used include chlorides, such as
sodium chleride and potassium chloride. Meanwhile,
examples of the antioxidant that can be used include
glycerin, citric acid, saccharides, and the like.

[0034] The concentration of the chloride in the
aqueous electrolytic solution is preferably 20 g/L to 200
g/L, and more preferably 20 g/L to 150 g/L when expressed
by the concentration of c¢hliorine ions. Meanwhile, the
concentration of the antioxidant is preferably 0.3 g/L to
60 ¢/L, and more preferably 0.5 g/L to 40 g/L.

{0035] The amount of the surface-treated core material
dispersed in the agueous electrolytic solution is
preferably 1 g/L to 80 g/L and more preferably 1 g/L to 60
g/I, with respect to the aqueous electrolytic solution.
When the amount is set in the above range, the efficiency
of the electrodeposition can be increased while

agglomeration between the core materials during the



21 treated core naterial Al. The pH of the aqueous electrolytic solution
was increased as the el ectrodeposition proceeded, but chloric acid
(concentration: 2% was appropriatel ysadded so as to naintain the pH of the
aqueous solution in a range of 9 to 10. Next, the aqueous electrolytic
solution was filtered, the filtered substance was washed with water, then
di spersed in an aqueous solution of glycerin, then filtered, and dried,
thereby producing 21 g of particles coated with cuprous oxide Bl. The
absol ut eespetibilepgraviby 0fF vhpppastidles coated with cuprous oxide Bl was
3.1 g/cnmB. [0050] <Aqueous el ectrolytic solution> Sodi um chl ori de:
250 g/ L (conéentrationtof ehtorroneeponstidb2pgbb)sE yaetan1 140 g/L pH 7
<Treatnment conditions> Current density: 7 A/dnR Tenperature of the aqueous
el ectrol ypppesol utions 48Cche ancBhegtrodesripeppencpbat es, for both anode
and cat hode [0051][ Exanple 2] (1) Surface treatnent process

ordinary metallic copper plate may be used as the metallic

copper. The metallic copper may have any purity of 99% or

more. Meanwhile, a plate-shaped metallic copper or

stainless steel can be used as the cathode.

[CO037] In the electrodeposition process, the surface-

treated core material 1s added to the aqueous electrolytic

sclution, the aqueocus electrolytic sclution is stirrved,

and an electrical current is made to flow in a state in

which the surface-treated core is dispersed, thereby

electrodepositing cuprous oxide on the surface of the

surface-treated core material,.

[6038]) The electrodeposition temperature is preferably

10°C to 70°C. When the temperature is set in the above

range, the electrodeposition rate can be increased while

generation of gas due to the electrodeposition and

degradation of the adhesion between the cuprous oxide and

the core material due to the generation of gas are

suppressed. In addition, the current density during the

electrodeposition is preferably 1 A/dm® to 30 A/dm®, and

more preferably 1 A/dm® to 10 A/dm?. When the current

density is set within the above range, the

electrcdeposition can be efficiently carried out while the



Fl'y ash (nean particle dianeter D50 = 41 wl) was 22 dispersed as a core
material in an aqueous solution of silver nitrate (1 g/L), stirred,
filtered, then washed with water, andaried, thereby producing a
surface-treated core material A2. [0052](2) El ectrodeposition process and
wat er washi ng process Next, 10 g of the surface-treated core
material A2 was added to 1 L of an aqueous electrolytic solution,

el ectrodes were installed, and an electrical current was nmade to flow for
18 mi nut gsnanderotheff ghkowhngtaendikeonsewbiabertbeegol uti on was stirred
using a magnetic stirrer, thereby el ectrodepositing cuprous oxide to the
surface-tpeaded corenmater cakbctiddefbeipthaf pthecaguepusiel ectrol ytic
solution was increased as the el ectrodeposition proceeded, but chloric acid

(concent LapboBan2% owaarappbopr tatekycadded-g0sasib@ BRi phain the pH of the
aqueous solution in a range of 9 to 10. Next, the aqueous electrolytic

sol uti oncupscfis| beked, whh@efmh&ﬁasén§HQSEﬁ@CEH“@$ %ﬁéhgauﬁbhh water, then
di spersed 1 n an aqueous solution of glycerin, then filtered, and drled

t hereby preduging 16 QQQELQ@ﬁtbSLQéeHO@tEQ T@th%EHEEQEBé xi,de, 82, The

absol ute specific gravity of the particles coat prous oxi de 82 was

L e o s elertial s B o o U

9/L pH ‘he pH during the electrodeposition. Thereby, particles
coated with cuprous oxide having an octahedral shape can
be successfully generated. Since the electrodeposition
gradualily increases the pH of the agueous electrolytic
soluticn, the pH of the aqueous electrolytic solution is
maintained in the above range by, for example, adding an
acid to lower the pH. Examples of the acid thalt can be
used for adjustment of the pH include chloric acid,
sulfuric acid, nitric acid, bromic acid, and the like.
Meanwhile, the pH of the agueous electrolytic solution
before starting the electrodeposition is preferably 2 to
12, and particularly 4 to 10.
[0040] The thickness of the cuprous oxide layer formed
on the surface of the core material, that is, the amount
of cuprous oxide coated can be adjusted by the
electrodeposition duration. While being dependent on Lthe
specific use of the target particles cocated with cuprous
oxide, generally, the electrodeposition duration that is

employed is preferably approximately 10 minutes to 4 hours



<Treatnent conditions> Current density: 7 A/dnR Tenperature of the aqueous
el ectrolytic solution: 30C El ectrodes: copper plates for both anode
and cat hode [0054] [ Exanpl e 3] (1) Surifface treatnment process Silica
stone powder (nean particle diameter D50 = 32 pi) was dispersed as a core
material in an aqueous solution of stannous fluoride (1 g/L), stirred,
filtered, then washed with water, furthernore, dispersed in an agueous

sol ution of palladiumchloride containing chloric acid (palladiumchloride
0.2 g/L, ichkorkeeachdwhilchi £h}, pstiicéds hirkt esed, ashenpwashed whth wat er,
and dried, thereby producing a surface-treated core material A3. [0055](2)
El ect r odeposhtiionuprocesszandgwateerwashi ng process Next, 10 g of
the surface-treated core material 113 was added to 1 L of an aqueous

el ectrol yvoe1sol utiwnenelret codesrwaegoknstahl ed, candiancgl egt theal current

was nmade to flow for 25 m nutes under the follow ng conditions 24
above manner, the particles coated with cuprous oxide are
separated from the aguecus electrolytic solution using
means, such as Buchner filtration or centrifugation. Next,
the particles are subjected to the water washing process
of (C). Generally, repulp washing is used as the method
for water-washing the particles coated with cuprous oxide.
In a case in which repulp washing is carried out, the
concentration of the particles coated with cuprous oxide
in a mixed slurry of the particles coated with cuprous
oxlide and water is preferably 5% by mass to 20% by mass.
A sufficient washing duration is 10 minutes to 60 minutes.
Warm water of 10°C to 70°C can be used as the washing water.
[(004z] In the water washing process, the particles
coated with cuprous oxide are preferably washed with
washing water containing an antioxidant since the cuprous
oxide 1is prevented from being oxidized. Examples of the
anticxidant that can be used include g¢glycerin, saccharides,
and the like. The concentration of the antioxidant in the
washing water is preferably 0.3 g/L to 60 ¢g/L, and
particularly preferably 0.5 g/L to 40 g/L.
[0043] When the water washing is completed, the

particles ccated with cuprous oxide are separated f[rom the



while the solution was stirred using a nmagnetic stirrer, thereby

el ectrodepositing cuprous oxide to the surface-treated core material A3.
The pH of the aqueous el ectrolytic saleution was increased as the

el ectrodeposition proceeded, but chloric acid (concentration: 2% was
appropriately added so as to maintain the pH of the aqueous solution in a
range of 9 to 10. Next, the aqueous electrolytic solution was filtered, the
filtered substance was washed with water, then di spersed in an aqueous
sol uti onwethghycenitar, t hed firlitdr ediaane: drd ed;ctderehy:of oduci ng 16 g of
particles coated with cuprous oxide B3. The absolute specific gravity of

t he particabesugoakedewhth cuproHsdoxhden83awase3n2ngéenB. <Agueous

el ectrolytic solution> Sodi um chl oride: 200 g/L (concentration of

chlorineipons] 121 ghk) €hycenripiclOsglbapkl ¢icdreabment eQnditions>
Current density: 5 A/dnR2 Tenperature of the aqueous electrolytic solution:

50C El eckrodgssqceppery PLatesphor hathoanode,and.gat heds, 123 4 Surface
t r eat nent Pprocess

adhesion of the cuprous oxide are improved, the adhesion
of the cuprous oxide layer is improved, and pure cuprous
oxide particles or agglomerates of particles coated with
cuprous oxlde can be extremely decreased.

[(0045] The particles coated with cuprous oxide that
are obtained in the above manner are particularly
preferably used as, for example, a pigment for an
antifouling coating material. The antifouling coating
material is used to prevent aguatic organisms from
attaching to ship bottoms, underwater structures, fishing
nets, and the like. Specifically, when the particles
coated with cuprous oxide are coated once or plural times
on the surfaces of a variety of base materials, such as
underwater structures, such as ships, fishing eguipment
{(example: ropes, fishing nets, flcats, and buoys), supply
and exhaust openings in thermal power and nuclear power
plants; anti-pollution dispersion films used in a variety
of marine civil engineering works, such as seashore roads,
underwater tunnels, seaport facilities, canals, and water
channels; and the like, antifouling properties are

axhibited.



Pol yet hyl ene powder (nean particle diameter D50 = 20 wi) was washed as a
core material with an aqueous sol ution of sodi um hydroxi de, subsequently,
roughened on the surfaces with a m xa& acid of chromc acid, nitric acid,
and phosphoric acid, then dispersed in an aqueous sol ution of stannous
fluoride (1 g/L), stirred, filtered, then washed with water, furthernore,
di spersed in an aqueous solution of silver nitrate (1 g/L), stirred,
filtered, then washed with water, and dried, thereby producing a
surface-ffeabed corécnatetial Mde fOOSTPE2)n&l ectrodepositidal process and
wat er washi ng process Next, 10 g of the surface-treated core

mat er i al cAdtanass addedntopdulavinanpagueousaetest pobyehc, sehat toa,

el ectrodes were installed, and an electrical current was nade to flow for
15 m nutesrunhdesst beafolll onngccondinti onsdwhbkerhbeisobution was stirred
using a magnetic stirrer, thereby el ectrodepositing cuprous oxide to the
surface-tseated evsepi@isni al Avbapie AHQf Jde aaueous: eliegtd ol ytic
solution was increased as the el ectrodeposition proceeded, but chloric acid

(concentfahé Opa - 298 o MRSs ARPLOPEL AL eby-added 504 a8 Loamal atgin,Lhe pH of the
aqueous solution in a range of 9 to 10. xt, the aqueous electrolytic

sol uti on,yes,&idtesedya26,4heofihLier e%%ﬁ@&%gﬁeﬁ%ﬁ%e&@ th water,

t hen di spersed in an aqueous solution of ycerin, red, and

dri ed, tﬁ@ﬁﬁ%@}Qrﬂgyf&@Eh AEGC%?Q%néﬁ%tﬁﬁlgstﬁQ@tf e@é%?Y%gp§9&§ Oxi de B4.

The absol ute specific gravity he particles coa h™ cuprous oxide B4
wms 1.2 OLEB, romveps eLeckiol LR BRI O o SR TR 9 20
<Treatment; condi i ons> Qurrant, density: A A% o, triethylsilyl

(meth)acrylate, tripropylsilyl (meth)acrylate,

tributylsilyl {(meth)acrylate, dimethyl propylsilyl

imeth)acrylate, monomethyl dipropylsilyl {(meth)acryliate,

and methyl ethyl propylsilyl (meth)acrylate; polymers

containing a compeonent unit of a metal compound of a

polymeric unsaturated carboxylic acid, such as a component

unit of a metal salt of hydroxyl (meth)acrylate; vinyl-

based copolymers containing a peolymeric unsaturated

monomer having a polymeric unsaturated group and siloxane-

bonded porticons and another polymeric unsaturated monomer

that can be copolymerized with the monomer in the

nolecules as copolymerization components, such as y-

methacryloyloxy-propylpolydimethylsiloxane; urethane

resins, and the like. The pigment can be mixed in a range

of 1 part by mass to 1000 parts by mass with respect to

100 parts by mass of the encapsulating polymer. In



Tenperature of the aqueous el ectrolytic solution: 30C El ect r odes:
copper plates for both anode and cat hode [00581[ Exanple 5] (1) Surface
treat ment process Fused silicaopowder (non-crystalline nmean particle
di aneter D50 - 20 pull) was al kali-washed as a core material with an
aqueous sol ution of sodi um hydroxi de, roughened on the surfaces with a
hydr of l uoric acid, then dispersed in an agueous sol ution of stannous
fluoride (1 g/L), stirred, filtered, then washed with water, furthernore,
di sperseddiént annaqubeusnsofuationgotosilivgrmaitrate €inghlyo stirred, 27
filtered, then washed with water, and dried, thereby producing a
surface-toeated colenant ethahoAS. iE0P28bELRY 1 Fl et tndepogit kenzprocess and
wat er washi ng process Next, 10 g of the surface-treated core

materi al cAgamas addedntoid bdeftapnaqgueods eheehrobybbgesokution,

el ectrodes were installed, and an electrical current was nmade to flow for
15 m nutes undgfathe.of ol | owi ng conditions while the solution was stirred
using a magnetic stirrer, thereby el ectrodepositing cuprous oxide to the

surface-tgeated Cor@eF@iﬁéf@érﬁsthgh§n9§h9io5hﬁi?ﬂuﬁguﬁggéggﬁégl%%iC

solution was 1 ncreased as the el ectrodeposition procee ut chloric acid

tration:. 29 i at el _ intain the pH of th
e onocathatL dec 2l W8P EPRLIRDLELEl WAL SV d B AL 11 PR O the
| uti on, i d,_the, filtered : hed with water. th
soLuti onyosa  Luer ed the; (1 LLgr ed substangs was washed W th veter, then

di spersed 1 nh an aqueous so ion o cerin, ~Then filte and dri ed,
t her eby producin of garticles cog%gd w th cuprous oxide 55. The

14.3 (
absol ute sp i??%sgr%9}$§so? tRE"haPt Pcfesfcoated with cuprous oxide 05 was

2.8 g/c 0] <Aqueous el ectrol ytic solution> Sodi um chl ori de: 250
g/ L (cogbgkgggtion x%%?'?iﬁL ions: 152 g/L)

(1) Surface treatment process

Silica powder {(mean particle diameter Dsp = 20 um)
was dispersed as a core material in an aqueous solution of
stannous fluoride (1 g/L), stirred, filtered, then washed
with water, furthermore, dispersed in an agueocus solution
of silver nitrate (1 g/L), stirred, filtered, then washed
with water, and dried, thereby producing a surface-treated
core material Al.
[0049] (2} Electrodeposition process and water washing
process

Next, 10 g of the surface-treated core material Al
was added teo 1 L of an agueous electrolytic solution,
electrodes were installed, and an electrical current was
made to f[low for 36 minutes under the following conditions
while the solution was stirred using a magnetic stirrer,

thereby electrodepositing cuprous oxide to the surface-



28 dycerin: 10 g/L pH 7 <Treatnent conditions> Current density: 7 A/dn?
Tenperature of the aqueous electrolytic solution: 30C El ectr odes:
copper plates for both anode and catfade [0061] [ Conparati ve Exanple 1]
Particles coated with cuprous oxide bl were obtained by the same nmethod as
in Exanple 1 except that the pH of the aqueous electrolytic solution was
not adjusted in the el ectrodeposition process. The pH of the agueous

el ectrolytic solution was increased as the el ectrodeposition proceeded, and
exceededti8atTtiecabsohaterspechii c Yravid yodftitdhesgbt@imed particl es coat ed
wi th cuprous oxide hl was 2.6 g/cnB. [0062][ Conparative Exanple 2]

Particl esleoatedywithscuprous oxkdenb2eweee abtahped by the same nethod as
in Exanple 2 except that the pH of the aqueous electrolytic solution was

not adj ustedtiBatpeseteshr pdeposiibiion,pF 068$S i EhecpH of the aqueous
el ectrolytic solution was 1 ncreased as the el ectrodeposition proceeded, and

exceeded é@ncghgr§9§@hUt@°§p§§kfé§ g58¥i LY. 0f Lhg-obtai ped.particles coated
Wi th cuprous oxide b2 was 1. cn%.

maintain the pH of the aqueous soiution in a range of 9 to
10, Next, the aqueous electrolytic solution was filtered,
the filtered substance was washed with water, then
dispersed in an aqueous solution of glycerin, then
filtered, and dried, thereby producing 21 g of particles
coated with cuprous oxide Bl. The absclute specific
gravity of the particles coated with cuprous oxide Bl was
3.1 g/cm’.
(00507 <Agueous electrolytic solution>

Sodium chloride: 250 g/L {concentration of chlorine
ions: 152 g/L)

Glycerin: 10 g/L

pH: 7

<Treatment ccnditions>

Current density: 7 A/dm®

Temperature of the agueocus electrolytic solution:
40°C

Electrodes: copper plates for both anocde and cathode
[0051] [Exanrple 2]

(1} Surface treatment process

Fly ash (mean particle diameter Dsy = 41 um) was



29 [0063] [ Conpar ati ve Exanpl e 3] Particles coated with cuprous oxide
b3 were obtained by the sane nethod as in Exanple 3 except that the pH of

t he agueous el ectrolytic solution wamot adjusted in the el ectrodeposition
process. The pH of the aqueous electrolytic solution was increased as the
el ectrodeposition proceeded, and exceeded 13. The absolute specific gravity
of the obtained particles coated with cuprous oxide b3 was 3.1 g/cn8B.

[ 0064] [ Conpar ati ve Exanpl e 4] Particles coated with cuprous oxi de b4
wer e obt diiapdrbydt he samermetrbhodrasli nnExanphiesd4uexeept:tthat ofhe pH of the
aqueous el ectrolytic solution was not adjusted in the el ectrodeposition
process. sTheepHhof rbhe agueous, ekectrebyt if¢c1sokut ophwaswkpaeaased as the
el ectrodeposition proceeded, and exceeded 13. The absolute specific gravity
of the obtahnedcpartisctesrceat edhwirtbyCcypraus: ayi deshdswas-Lr3,964n8.

[ 0065] [ Conpar ati ve Exanple 5] Particles coated with cuprous oxide b5
wer e obtabnedmbhyethglsape nethod as in Exanple 5 except that the pH of the
aqueous el ectrolytic solution was not adjusted in the el ectrodeposition

process. (ThezpH of the aguepusaeheet Fohyti t] L-n as the
electrodépos F on pgogeeded, andbexceededb%%ég%ﬁeéﬁgowgggglﬁ%gﬁzg cific

gravity of,thesobtained particles coated with cuprous oxide b5 was 2.7
g/ cnB. [0066] [ Eval uati on]

Next, 10 g of the surface-treated core material AZ
was added to 1 L of an aqueous electrolytic solution,
electrodes were installed, and an electrical current was
made to flow for 18 minutes under the following conditions
while the sclution was stirred using a magnetic stirrer,
thereby electrodepositing cuprous oxide to the surface-
treated core material AZ. The pH of the agueous
electrolytic scolution was increased as the
electrodeposition proceeded, but chloric acid
(concentration: 2%) was appropriately added so as to
maintain the pH of the aqueous soluticn in a range of 9 to
10. WNext, the aqueous electrolytic solution was filtered,
the filtered substance was washed with water, then
dispersed in an aqueous solution of glycerin, then
filtered, and dried, thereby producing 16 g of particles
coated with cuprous oxide B2. The absolute specific
gravity of the particles coated with cuprous oxide B2 was
1.2 g/cm’.

[0053] <Agueous electrolytic solution>



A scanning el ectron m croscope i mage of the particles coated wi th cuprous
oxi de, which were obtained in Exanple 1, is shown in Fig. 1, and a scanning
el ectron m croscope i mage of the partixles coated with cuprous oxide, which
were obtained in Conparative Exanple 1, is shown in Fig. 2. As is clear
fromFig. 1, it is found that a dense |ayer configured with an assenbly of
oct ahedral cuprous oxide particles conpletely coats the surface of the core
material in the particles coated with cuprous oxide which were obtained in
Exanpl e 1. 90 ord npw ecloriofe 1000 & upflous: @xiete: par tarcl @5, civibi e aver e
observation targets, had an octahedral shape. In contrast to the above, as
is clearifnem FZg. g2l.}a | ayer configured with an assenbly of anorphous
cuprous oxide particles coats the surface of the core material in the
particl es coat®d;owtim cupr aps. oxi de which were obtained in Conparative
Example 1. In addition, although not shown, it was confirnmed that,
simlarly to the particles coated with cuprous oxi de of Exanple 1, a dense
| ayer configured with an assenbly of octahedral cuprous oxide particles

conpl etel y coatis-dhe s fageaf; 4he core material in the particles coated
W th cuprous oxide which were obtained in 31 Exanples 2 to 5. In these

exanmpl es, 90 er, mig U, LOf: 100 gggﬁpus oxi de particles, which were
observation targets, had an octahedral shape. The cuprous oxide particles,

whi ch were obt@aiped. j.n Conparatd ve F | es . had .an .anor phous shape.
e mass ratio of t e"ébfé%%ﬁ%ﬁggéi%ﬁ?%giﬁﬁﬁgﬁ?%%ﬁ%%‘(core

[0067] Th @} {% h

naterialé&qprous oxi de) was 50/50 in Exanple 1, but 76/24 in Conparative

Exanpl e Wwhi ch shows that a small anobunt of the cuprous oxi de was

attached in arative Exanple 1. The above fact is consjdered to cause

t he absol ut ecg“‘;r){%&tfrioéxgsr‘a\ﬁo Vv “of ptlﬁleﬁarartt%)lrcﬁ’é)sﬁbdgé?toéjc? With CUpiesiFs oxi de in
Conpar at | anpl e to be wer than that of the particles coated with
cupr ous Eq§%£{in Exé%ﬁ?@pgg #ﬁe sanme neasurenents were carried out on the

particles coatgd W th cuprous oxide of Exanples 2 to 5 and Conparative
Exanpl es 2 to ‘B) Fie F&SultS24FEShe WY S St he fol l owing Table 1. [0068] I n
addition, as a result of a neasurenent by the above nethod, the particle
di amet er of tRéldEfamddrd@l ppaideiicl(@sam peld icusr suismexiede partitle | ayer in
Exanple 1 was 0.7 !Am The particle dianmeter of the cuprous oxide
particl ésnii nivaConpasae T ved Exanpl e de cout €r ot be amasunedusi nce the
particles had an anorphous shape. The sane neasurenents were carried out on
t he partichesl @oareds witihoeupl ouse oxd del of / Exanpt st of 5l andeConpar ati ve
Exanples 32 2 to 5. The results are shown in the follow ng Table 1.
[ 0069] Furlthermmslesd thet ladhesi on 0fr thercups ousi oxédesd in an

aqueous solution of palladium chloride containing chloric

acid {palladium chloride 0.2 ¢g/L, chloric acid: 1 nl/L),

stirred, filtered, then washed with water, and dried,

thereby producing a surface-treated core material A3.

[D055] {2) Electrodeposition process and water washing
process

Next, 10 g of the surface-treated core material A3
was added to 1 L of an aqueous electrolytic solution,
electrodes were installed, and an electrical current was

made te flow for 25 minutes under the following conditions



| ayers in the particles coated with cuprous oxide, which were obtained in
Exanples 1 to 5 and Conparative Exanples 1 to 5, was eval uated by the

fol | owi ng net hod. (1) 2.2 g of 2tthe particles coated with cuprous
oxide, 90 g of 1 My zirconia beads, and 10 m of toluene were fed into a
vessel . (2) The m xture is stirred for 10 mnutes in a stirring
appar at us. (3) After stirring, the particles coated with cuprous
oxi de and the zirconia beads were classified using a sieve. (4) The
cl assifiedipartiiel eslcoatedvakt Bt Cupedussoxiyde megectfitteredrasjng a

funnel . (5) The particles coated with cuprous oxide were naturally

dried. thereby(8&)edhecdepatsationg stateusfokhéecuprons oxidecparticles from
the core material was observed using a scanning el ectron mcroscope (wth a
magni f i catdoneof c500 thiresiat hesmgnid igatd onwasigeleef ed so that about 50

particles were present in a single view. (7) 10 random vi ews were
observeds1dBersupber o1 separated partbgkes 1H eaeh view was counted, and
t he average val ue was observed. 33 The nunbers of separated

parti cl es;c i She MeS - NBASYF 8= by heyabove HBLhOg, ; @re shown in the
followng Table 1. A smaller nunber of the separated particles neans a

better adhesion: of ¢ {he. capf oys, %g)gﬁo;!;@ygel%o%gw%é hermppe, antifouling
coating materials of the follow ng fornulation were produced using the
maintain the pH of the aqueous solution in a range of 9 to
10. Next, the aqueous electrolytic solution was filtered,
the filtered substance was washed with water, then
dispersed in an aqueous solution of glycerin, then
filtered, and dried, thereby producing 16 g of particles
coated with cuprous oxide B3. The absclute specific
gravity of the particles coated with cuprous oxide B3 was
3.2 g/em’.
<Agueous electrolytic solution>
Sodium chioride: 200 g/L (concentration of chlorine
ions: 121 g/L)
Glycerin: 10 g/L
pH: 7
<Treatment conditions>
Current density: 5 A/dm®
Temperature of the aqueous electrolytic solution:
50°C
Flectrodes: copper plates for both anode and cathode

[0056] iExample 4]



particles coated with cuprous oxide which were obtained in Exanples 1 to 5
and Conparative Exanples 1 to 5 as a pignent. The viscosities of the
antifouling coating nmaterials were mggsured using a Storner visconeter
i mredi ately after the production and after 36 days of storage at 50C. The
results are shown in the follow ng Table 1. [0071][ Formnul ati on of the
antifouling coating material] Powder coated with cuprous oxi del0%
Xyl ene25% Met hanol 5% Xyl ene sol ution of a 40% urethane resi n60% 34 (nN
At vs00sTA) A3TM220: 6 8k 6 0uan@@ilt 50Taol> After 36
Polyethylene powder (mean particle diameter Dsg = 20

Hm} was washed as a core material with an agueocus solution

of sodium hydroxide, subsequently, roughened on the

surfaces with a mixed acid of chromic acid, nitric acid,

and phosphoric acid, then dispersed in an aqueous solution

of stannous fluoride {1 ¢g/L}), stirred, filtered, then

washed with water, furthermore, dispersed in an agqueocus

sclution of silver nitrate (1 g/L), stirred, filtered,

then washed with water, and dried, thereby producing a

surface-treated core material A4.

[(0057] (2} Electrodeposition process and water washing

process

Next, 10 g of the surface-treated core material A4

was added to 1 L of an aqueous electrolytic soluticn,

electrodes were installed, and an electrical current was

made to flow for 15 minutes under the following conditions

while the solution was stirred using a magnetic stirrer,

thereby electrodepositing cuprous oxide to the surface-

treated core material A4. The pH of the aqueous

electrolytic solution was increased as the

electrodeposition proceeded, but chloric acid

{concentration: 2%) was appropriately added so as to

maintain the pH of the agueous solution in a range of 9 to

10. Next, the aqueous electrolytic solution was filtered,
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the filtered substance was washed with water, then
dispersed in an aqueous solution of glycerin, then
filtered, and dried, thereby producing 14.6 g of particles
coated with cuprous oxide B4. The absolute specific
gravity of the particles coated with cuprous oxide B4 was
1.2 g/cm’.

<Agueous electrolytic solution>

Sodium chloride: 250 g/L (concentration of chlorine
ions: 152 g/L)

Glycerin: 10 g/L

pH: 7

<Treatment conditions>

Current density: 7 A/dm®

Temperature of the agqueous electrolytic solution:
30°C

Electrodes: copper plates for both anode and cathode
[0058] [Exanple 5]

{1) Surface treatment process

Fused silica powder (non-crystalline mean particle
diameter Dsp = 20 um) was alkali-washed as a core material
with an agueous solution of sodium hydroxide, roughened on
the surfaces with a hydrofluoric acid, then dispersed in
an aqueous soluticn of stannous fluoride (1 ¢/L}, stirred,
filtered, then washed with water, furthermore, dispersed

in an aqueous solution of silver nitrate (1 g/L), stirred,
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filtered, then washed with water, and dried, thereby
producing a surface-treated core material AS.
[0059] {2) Electrodeposition process and water washing
Process

Next, 10 g of the surface-treated core material AS
was added to 1 L of an aqgueous electrolytic sclution,
electrodes were installed, and an electrical current was
made to flow for 15 minutes under the following conditions
while the solution was stirred using a magnetic stirrer,
thereby electrodepositing cuprous oxide to the surface-
treated core material AS5. The pH of the aqueocus
electrolytic solution was increased as the
clectrodeposition proceeded, but chloric acid
{concentration: 2%) was appropriately added so as to
maintain the pH of the aqueocus solution in a range of 9 to
10. Next, the aguecus electrolytic solution was filtered,
the filtered substance was washed with water, then
dispersed in an agqueous solution of glycerin, then
filtered, and dried, thereby producing 14.3 g of particles
coated with cuprous oxide B5. The absolute specific
gravity of the particles coated with cuprous oxide B was
2.8 g/en’.
[06c0] <Agueous electrolytic solution>

Sodium chloride: 250 g/L (concentration of chlorine

ions: 152 g/L)
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Glycerin: 10 g/L

pH: 7

<Treatment conditions>

Current density: 7 A/dm’

Temperature of the agquecus electrolytic solution:
30°C

Electrodes: copper plates for both anode and cathode
[0061] [Comparative Example 1]

Particles coated with cuprous oxide bl were obtained
by the same method as in Example 1 except that the pH of
the aquecus electrolytic solution was not adjusted in the
electrodeposition process. The pH of the agqueous
electrolytic solution was increased as the
electrodeposition proceeded, and exceeded 13. The
absolute specific gravity of the obtained particles coated
with cuprous oxide bl was 2.6 g/cm’.

[0062] [Comparative Example 2]

Particles coated with cuprcous oxide b2 were obtained
by the same method as in Example 2 except that the pH of
the agqueous electrolytic solution was not adiusted in the
electrodeposition process. The pH of the aqueous
electrolytic solution was increased as the
electrodeposition proceeded, and exceeded 13. The
absclute specific gravity of the obtained particles coated

with cuprous oxide b2 was 1.1 g/cm’.
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(0063 [Comparative Example 3]

Particles coated with cuprous oxide b3 were cobtained
by the same method as in Example 3 except that the pH of
the aqgueous electrolytic solution was not adjusted in the
electrodeposition process. The pH of the agueocus
electreolytic sclution was increased as the
electrodepecsition proceeded, and exceeded 13. The
absolute specific gravity of the obtained particles ccated
with cuprous oxide b3 was 3.1 g/cm’.

{00s%4] [Comparative Example 4]

Particles coated with cuprous oxide b4 were obtained
by the same method as in Example 4 except that the pH of
the agueous electrolytic solution was not adjusted in the
electrodeposition process. The pH of the agueous
electrolytic solution was increased as the
electrodeposition proceeded, and exceeded 13. The
absclute specific gravity of the obtained particles coated
with cuprous oxide b4 was 1.1 g/cm’.

(0065] [(Comparative Example 5]

Particles coated with cuprous oxide b5 were obtainead
by the same method as in Example 5 except that the pH of
the aqueous electrelytic solution was not adjusted in the
electrodeposition process. The pH of the agueous
electrolytic solution was increased as the

electrodeposition proceeded, and exceeded 13. The
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absolute specific gravity of the obtained particles coated
with cuprous oxide b5 was 2.7 g/cm’.
(0066 [BEvaluation]

A scanning electron microscope image of the
particles coated with cuprous oxide, which were obtained
in Example 1, is shown in Fig. 1, and a scanning electron
microscope image of the particles coated with cuprous
oxide, which were obtained in Comparative Example 1, is
shown in Fig. 2. As is clear from Fig. 1, it is found
that a dense layer configured with an assembly of
octahedral cuprous oxide particles completely coats the
surface of the core material in the particles coated with
cuprous oxide which were obtained in Example 1. 90 or
more out of 100 cuprous oxide particles, which were
observation targets, had an octahedral shape. In contrast
to the above, as is clear from Fig. 2, a layer configured
with an assembly of amorphous cuprous oxide particles
coats the surface of the core material in the particles
coated with cuprous oxide which were obtained in
Comparative Example 1. In addition, although not shown,
it was confirmed that, similarly to the particles coated
with cuprous oxide of Example 1, a dense layer configured
with an assembly of octahedral cuprous oxide particles
completely coats the surface of the core material in the

particles coated with cuprous oxide which were obtained in
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Examples 2 to 5. In these examples, 90 or more out of 100
cuprous oxide particles, which were observation targets,
nad an octahedral shape. The cuprous oxide particles,

5, had an

which were obltained in Comparative Examples 2 to
amorphous shape.

(0067} The mass ratio of the core material to the
cuprous oxide {core material/cuprous oxide) was 50/50 in
Exanple 1, but 76/24 in Comparative Example 1, which shows
that a small amount of the cuprous oxide was attached in
Comparative Example 1. The above fact is considered to
cause the absclute specific gravity of the particles
coated with cuprous oxide in Comparative Example 1 to be
lower than that of the particles ccated with cuprous oxide
in Example 1. The same measurements were carried out on
the particles coated with cuprous oxide of Examples 2 to 5
and Comparative Examples 2 to 5. The results are shown in
the following Table 1.

[0068] In addition, as a result of a measurement by
the above method, the particle diameter of the octahedral
particles in the cuprous oxide particle layer in Example 1
was 0.7 pm., The particle diameter of the cuprous oxide
particles in Comparative Example 1 could not be measured
since the particles had an amorphous shape. The same

measurements were carried out on the particles coated with

cuprous oxide of Examples 2 to 5 and Comparative Examples
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2 to 5. The results are shown in the following Table 1.
[0069] Furthermore, the adhesion of the cuprous oxide
layers in the particles coated with cuprous oxide, which
were obtained in Examples 1 to 5 and Comparative Examples
1 to 5, was evaluated by the following method.

{1}y 2.2 g of the particles coated with cuprous oxide,
90 g of 1 mmg zirconia beads, and 10 ml of toluene were
fed into a vesseal.

(2} The mixture is stirred for 10 minutes in a
stirring apparatus.

(3) After stirring, the particles coated with
cuprous oxide and the zirconia beads were classified using
a sieve.

(4) The classified particles coated with cuprous
oxide were filtered using a funnel.

{5) The particles coated with cuprous oxide were
naturally dried.

(6) The separation state of the cuprous oxide
particles from the core material was observed using a
scanning electron microscope {(with a magnification of 500
times, the magnification was selected so that about 50
particles were present in a single view),

(7) 10 random views were observed, the number of
separated particles in each view was counted, and the

average value was observed.
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The numbers of separated particles, which were

measured by the above method, are shown in the following

Table 1. A smaller number of the separated particles

means a better adhesion of the cuprous oxide layer.

(00701

Furthermore, antifouling coating materials of

the following formulation were produced using the

particles coated with cuprous oxide which were obtained in

o

Examples 1 to 5 and Comparative Examples 1 to 5 as a

pigment. The viscosities of the antifouling coating

materials were measured using a Stormer viscometer

immediately after the production and after 36 days of

storage at 50°C. The results are shown in the following

Table 1.
[0071] [Formulation of the antifouling coating
material]
Powder coated with cuprous oxide 10%
- Xylene 25%

- Xylene solution of a 40% urethane resin 60%

- Methanol 5%

i



ai 15, Er.ol Ox C C) Conparative Exanple 5 35 [0073]As a result, it was
found that, in the particles coated wiih cuprous oxi de which were obtained
in Exanples 1 to 5, the nunber of separated particles was 1 or |ess, and

t he adhesi on of (thercupriousroxi-detayer—i-s—excetHent—stnce the nunber of
separated partickes was |[smal| conpared wth|the partijcl es coated with
cuprous oxide w h;ch re obtaiped|in Conparativye Exanples 1 to 5. In
addition, it wasyfolnd tihat, an|i-ngrease | the vt gcositips of the
. . o . [w] < .
anti foul i ng coat Enyg dmateri’al § (ficl|ddijng t he| pantigles copted with cuprous
oxi de, which wer& “opt &ified i n Exanples 1| to|5, |wag suppressed from
i mredi ately aftem it he prioductipn to 36 days of |starage, and the coating
mat eri al stabil tyn s—exceltient—conpared-—with-thetanti-f-oul i ng material s
i ncl udi ng the paph;qfes;coamed W th cuprious| oxi de,| whichi were obtained in
Conparative Exanples: 1 dlo § 36 { ai|ms
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[Claim1] Particles coated with cuprous oxide having a surface of a
core material coated with a cuprous oxide |ayer, wherein the cuprous
oxi de layer conpletely coats the surfiace of the core nmaterial, and is
configured with an assenbly of octahedral cuprous oxide particles. [Caim
2] The particles coated with cuprous oxide according to Claim1,
wherein D50 of the core material is 0.5 pmto 100 [C ai m 3] The
particles coated with cuprous oxide according to daim1l or 2, wherein the
core mate¢éal] i s a &3 laciesati d- convas niagnd nongani cnconmpound. [ C ai m 4]
The particles coated with cuprous oxide according to Caim1l or 2, wherein
the corepamtiriad dsaandalkahiceardihs netalle conponnderé Giataiddd in  The
particles coated with cuprous oxide according to daim1l or 2, wherein the
core matexd@blds AN OrPYani Ge COMPOMNde £ [ ShhMBId particles was 1

or less, and the adhesion of the cuprous oxide layer is

excellent since the number of separated particles was

small compared with the particles coated with cuprous

oxide which were obtained in Comparative Examples 1 to 5.

In addition, it was found that an increase in the

viscosities of the antifouling coating materials including

the particles coated with cuprous oxide, which were

obtained in Examples 1 to 5, was suppressed from

immediately after the production to 36 days of storage,

and the coating material stability is excellent compared

with the antifouling materials including the particles

coated with cuprous oxide, which were obtained in

Comparative Examples 1 to 5.



37 The particles coated with cuprous oxide according to any one of
Clains 1 to 5 which are used as a pignent for an antifouling coating

material. [Claim7] An antifouling cGating material, conprising: t he
particles coated with cuprous oxide according to any one of Clains 1 to 6;
and an encapsul ating polyner. [C ai m 8] A nmet hod for producing the

particles coated with cuprous oxide according to Claim1l, conprising:

a surface treatnment process in which a core material is brought into
contact with one or two or nore suffacestreat nent aqueous solutions of an
aqueous sol ution of stannous salt, an aqueous solution of silver salt, and
an aqueous solution of palladiumsalt, thereby producing a surface-treated
core material; and an el ectrodeposition process in which the
surface-fceatiedirore material is dispersed in an aqueous el ectrolytic
solution containing an electrolyte and an antioxi dant, and electrolysis is

carried out ushrgimkal ldoeecepper naguhe @nesa 20 Hahat.dt he LupQus oxide is
el ectrodeposited on the surface of the surface-treated core material,

thereby $roduci ng fhe-partiches.coated Wi Lh,cypsoys; 9Xi gy 38 L
wherein el ectrodeposition of cuprous oxide is carried out” while maintaining

the pH of the,agueous (glectrolyli ¢,50kuti-on at.hehween 7 10,134 the
el ectrodeposition process.

surface of the core material, and is configured with an
assembly of octahedral cuprous oxide particles.
[Claim 2]

The particles coated with cuprous oxide according to
Claim 1, wherein Dso of the core material is 0.5 um to 100
pLie .
[Claim 3]

The particles coated with cuprous oxide according to
Claim 1 or 2, wherein the core material is a silicic acid-
containing inorganic compound.
[Claim 4]

The particles coated with cuprous oxide according to
Claim 1 or 2, wherein the core material is an alkali earth
metal compound.
[Claim 5]

The particles coated with cuprous oxide according to
Claim 1 or 2, wherein the ccre material is an organic
compound,

iClaim 6]
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The particles coated with cuprous oxide according to
any one of Claims 1 to 5, which are used as a pigment for
an antifouling coating material.

[Claim 7]

An antifouling coating material, comprising:

the particles coated with cuprous oxide according to
any one of Claims 1 to 6; and

an encapsulating polymer.

[Claim 8]

A method for precducing the particles coated with
cuprous oxide according to Claim 1, comprising:

a surface treatment process in which a core material
is brought into contact with one or two or more surface
treatment aqueous solutions of an agueous solution of
stannous salt, an aqueous solution of silver salt, and an
agueous solution of palladium salt, thereby producing a
surface-treated core material; and

an electrodeposition process in which the surface-
treated core material is dispersed in an aqueous
electrolytic solution containing an electrolyte and an
antloxidant, and electrolysis is carried out using
metallic copper as the anode so that the cuprous oxide is
electrodepesited on the surface of the surface-treated
core material, thereby producing the particles coated with

cuprous oxlide,
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wherein electrodeposition of cuprous oxide is
carried out while maintaining the pH of the agueous
electrolytic scolution at between 7 te 13 in the

electrodeposition process.



