DESCRI PTION Title of Inventi on PRECOATED STEEL SHEET AND PROCESS FOR
PRCODUCI NG THE SAME Technical Field [0001] The present invention
relates to precasted steel sheets for use as, for exanple, exterior
materials of electrical equipnent, building interior and exterior materials
and roadway nenbers. In particular, the invention relates to precasted
steel sheets that. are excellent in processabiiity, weather resistance,
aesthetic durability and environnental cleanness properties, and to
processes forodi pg the recoated steet 5heets. Background Art [0002]
Precoated steel sheets, which do not require painting after being shaped or
processed, enable one to omt processing steps and inprove the working

envi ronnment. Because of these bengfstsipprecasted steel sheets are used in
a wde range of fields as, for exanple, nenbers in electrical equipnent,
bui | di ngrexterber tpatgtiahs sudvasED ootEE@sHmelt |ayD arrbdrs s diog i nt em or

materials such as partition nenbers. [0003]
PRODUCING THE SAME
Technical Field
[0001]

The present invention relates to precoated steel sheets
for use as, for example, exterior materials of electrical
equipment, building interior and exterior materials and
roadway members. In particular, the invention relates to
precoated steel sheets that are excellent in processability,
weather resistance, aesthetic durability and environmental
cleanness properties, and to processes for producing the
precoated steel sheets.

Background Art
[0002]

Precoated steel sheets, which do not require painting
after being shaped or processed, enable one to omit
processing steps and improve the working environment.
Because of these benefits, precoated steel sheets are used
in a wide range of fields as, for example, members in
electrical equipment, building exterior materials such as
roofs and walls, and building interior materials such as
partition members.

[0003]

Prior to use, precoated steel sheets are usually



to use, recoated steel sheets are usua:, 2 subjected to various processing
operations such as pressing, rolling and enbossi ng which invol ves 900
bendi ng or 1800 bendi ng. Thus, excellent processability and coating |ayer
durability are required. For exanple, coating resins used in precoated
steel sheets are thernosetting polyester. resins that can form cured
coating |l ayers by being baked at 200C or above, or fluororesins that are
excell ent in weather resistance_ [00041 Recently, there have been

i ncreasi ng demands for inprovements Tréthe performance and functions of
precoate.d steel sheets. in particular, the need or ae durability is high.
That is, counterneasures should be taken to prevent preccated steel sheets

from aesthetketrdampgeveaused pyobastenyaopalgaeoandsfisnghsbgeessngqatt ached
thereto, or caused by airborne conbustion. products such as snoke, oi

m sts, exbaushggasdas@beasboyg bhack asvweltsasobdt bendpagsbbl egstibst ances
becom ng attached thereto for a |long period, of tinme. [0005] Precoat ed
st eel sheehd&ihagvi nthwa, iaxdie/i diral speod Sdab fluinct iaond sust fasy dmmyer
anti bacteriallantifungal function or antifouling function have been
devel opedurkowevey, athereqghavednotFdeerkagviet opethtmrd ifagicts onetd pr ecoat ed
steel sheets that have additional functions.

in precoated steel sheets are thermosetting polyester resins

that can form cured coating layers by being baked at 200°C

or above, or fluororesins that are excellent in weather

resistance.

[0004]

Recently, there have been increasing demands for

improvements in the performance and functions of precoated

steel sheets. 1In particular, the need for aesthetic

durability is high. That is, countermeasures should be

taken to prevent precoated steel sheets from aesthetic

damage caused by bacteria, algae and fungi becoming attached

thereto, or caused by airborne combustion products such as

smoke, oil mists, exhaust gas and carbon black as well as

other possible substances becoming attached thereto for a

long period of time.

[0005]

Precoated steel sheets having an individual specific
function such as an antibacterial/antifungal function or
antifouling function have been developed. However, there

have not been developed multifunctional precoated steel

sheets that have additional functions.



[ 0006] Precoated steel sheets with an antibacteriall antliangal
function have a coating layer in which a. conpound containing silver,
copper or the like is dispersed. Such a conpound has an anti bacteri al

ef fect and suppresses the growh of or kills fungi, bacteria and al gae on
the surface of the coating layer. Such antifouling precoated steel she t
prevent accumul ation of attached substances by the action of a coating

| ayer which maintains the surface as hydrophilic as possible so that
contam nants that have becone attached®°t©® the surface will be washed away
by rai nwater. :0007] In particular, an exanple of a preccated steel
sheet having antibacterial and antifouling functions utilizes a

phot ocat abyst]whi ch deconposes attached substances such as organic
substances. That is, a substance having a. photocatal ytic activity is

di spersed i n mr&osdtdty dayer sedhe wind ace oft ihe-tsdeied 1 sheet fumdgl or gani ¢
subst ances that have becone attached. to the surface are deConposed by the
gener at eduactive bxygea.cblowengrlaybe photbiahahystmgeaddabbytdénanposes
the coating layer itself, which is a matrix, at the sanme tinme it deconposes
cont am nantsesuchoaseor ganthgsubskancesdi hatrhave bboone aidraohedito t he
surface of the steel sheet. Thus, this technology utilizing photocacahysts
has a. phebl em éntihactehabki agfest candedupndessds. thpaegeoathngtl ayer is
wor n amaxlqui 0008] To renedi this problem it has been proposed
that an khbtgahiedsubBiahesiaaanfiuareresPn bReaRubfgani efi ABRgani ¢ conpl ex
that is negligibly decog?osed be used as theix of a photocatal ysL | ayer

(PTL 1 t8C3yINEutBKBF; o et oW Hed bekh Tt i St 2Rt ¥ east one

surface of a netal sheet is coated with a photocatal yst ]ayer containing a
prevent accumu%ation of attached ststances gy t%eyact%on of g

a coating layer which maintains the surface as hydrophilic
as possible so that contaminants that have become attached
to the surface will be washed away by rainwater.

[0007]

In particular, an example of a precoated steel sheet
having antibacterial and antifouling functions utilizes a
photocatalyst which decomposes attached substances such as
organic substances. That is, a substance having a
photocatalytic activity is dispersed in a coating layer on
the surface of the steel sheet, and organic substances that
have become attached to the surface are decomposed by the
generated active oxygen. However, the photocatalyst
gradually decomposes the coating layer itself, which is a
matrix, at the same time it decomposes contaminants such as
organic substances that have become attached to the surface
of the steel sheet. Thus, this technology utilizing

photocatalysts has a problem in that chalking is caused and



otocatal vst and a fluororesin wax, with a protective |ayer forned of an

i norgani c coating material provided therebetween (PTL 4). Furthernore,

t here have been proposed nenbers that have a substrate and a nnotocatal ytic
coating layer as a surface |ayer on the substrate in which a fluororesin
havi ng lubricating and. buttering effects is dispersed in a matrix, for
exanple, silica (PTL 5 and 6). [0009] In general, a photocatalytic
coating layer has a high refractive index and easily exhibits an
interference color due to, for exanpt e Tunevenness in the anpunts of the
attached photocatal ytic substance. partiuilar, unevenness in the treatnent
results is nore noticeable and an interference col or appears as a narked

streak whea tbetsugfaggeofishgobasgwsybstiakeyto he treated has a higher
gloss or is flatter with a small er surface roughness, resulting in

aest heti ¢codasmge. - [0010] To renmedy this problem nethods have been.
proposed in which a substrate is coated with a di sconti nuous photocatal | yst

| ayer that i sTdisperdedhid qtadland- |itkershapes: whereined hehqgphotocat al yst
| ayer can remain stably on the substrate pernmanentw t hout being cracked
whi | e ensupiragnexcelbenindesi gnfandrdueabn| oryal PItgdnandi8prg&€ntati on Li st
Patent Literature 10011]
complex that is negligibly decomposed be used as the matrix
of a photocatalyst layer (PTL 1 to 3). Further, a method
has been proposed in which at least one surface of a metal
sheet is coated with a photocatalyst layer containing a
photocatalyst and a fluororesin wax, with a protective layer
formed of an inorganic coating material provided
therebetween (PTL 4). Furthermore, there have been proposed
members that have a substrate and a photocatalytic coating
layer as a surface layer on the substrate in which a
fluororesin having lubricating and buffering effects is
dispersed in a matrix, for example, silica (PTL 5 and 6).
[0009]
In general, a photocatalytic coating layer has a high
refractive index and easily exhibits an interference color
due to, for example, unevenness in the amounts of the
attached photocatalytic substance. In particular,
unevenness in the treatment results is more noticeable and
an interference color appears as a marked streak when the
surface of the base substrate to be treated has a higher

gloss or is flatter with a smaller surface roughness,

resulting in aesthetic damage.
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Summary of

To remedy this problem, methods have been proposed in

which a substrate is coated with a discontinuous

photocatalyst layer that is dispersed into island-like

shapes whereby the photocatalyst layer can remain stably on

the substrate permanently without being cracked while

ensuring excellent design and durability
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Techni cal Probl em [0012] The technol ogy disclosed in PTL | achi eves good
weat her resistance, for exanple resistance to discoloration or fading, due
to the photocatal ytic substance being dispersed in the inorganic coating
| ayer, However, the ceatina |layer has poor flexibility. That is, when this
coating layer is directly applied to a precoated steel sheet, the coating
| ayer is easily cracked when the sheet is bent or drawn, resulting in the
separation of the coating |layer, [0013 The technol ogy disclosed in
PTL 2 concerns a steel sheet that has @ fluororesin. coating layer in which
a photocatal ytic substancedi spersed. However, when this steel sheet is used
as an exterior material placed on a south face outdoors, the photocatal yst
i nduces slinghtydeeonposhtien of the matrix of the coating layer. This
defect can be solved by increasing the thickness of the coating |ayer.
However , Tearhéeasingrbbeehayer thickness results in another problemin that
the flexibility becones poor and the processability is lowered as a result.
nl41 [0Th2]t echnol ogy disclosed in PTL 3 is directed to a netal that has
beenace-treated with a coating layer in
The technology disclosed in PTL 1 achieves good weather
resistance, for example resistance to discoloration or
fading, due to the photocatalytic substance being dispersed
in the inorganic coating layer. However, the coating layer
has poor flexibility. That is, when this coating layer is
directly applied to a precoated steel sheet, the coating
layer is easily cracked when the sheet is bent or drawn,
resulting in the separation of the coating layer.
[0013]
The technology disclosed in PTL 2 concerns a steel
sheet that has a fluororesin coating layer in which a
photocatalytic substance is dispersed. However, when this
steel sheet is used as an exterior material placed on a
south face outdoors, the photocatalyst induces slight
decomposition of the matrix of the coating layer. This
defect can be solved by increasing the thickness of the
coating layer. However, increasing the layer thickness
results in another problem in that the flexibility becomes
poor and the processability is lowered as a result.
[0014]
The technology disclosed in PTL 3 is directed to a

metal that has been surface-treated with a coating layer in



whi ch a. photocatal ytic substancespersed in an organic-.

i norgani c conpl ex.

Al t hough this coating layer slightly surpasses the inorganic coating |ayer

of PTL 1 in ternms of processability,
order to satisfy the |eve

st eel

The coat ed net al

problemin that when the coated netal. sheet is used as an exterior

material, the photocatal yst i nduces thé deconposition (...ithe matrix of

the |l ayer thickness has to be small
of processability required fbr the precasted
sheet. Consequently, the photocatalytic function is |owered, [0015]
sheet according to the disclosure of PTL 4 has a sim|ar

in

the coating layer. 0016] The technol ogi es disclosed in PTL 5 and 6 are
effective in preventing abrasions and scratches. However, processing

i nvol vi ngnhdefhoanphbepcsbshyascpsesstshapi Ng tesgsrtedr esubh bighhaws in the
photocatal ytic coating layer. Thus, it is difficult to apply these

t echnol oghesqghaipr ecnpled. steeihshgetishid MA]ing lavhe 4 echmol gy
disclosed in PTL 7 involves a conplicat d nethod in order to formthe
phot ocat sukpstsesathagihayesnio tshahdgl ikgeshapeBTLFuUr theterasspeci al

device is necessary to stably formthe coating |ayer.

t echnol ogresedissblibsed, i hh8lla¥eantdh8ckness has to be small in order

to satisfy the level of processability required for the
precocated steel sheet. Consequently, the photocatalytic
function is lowered.

[0015]

The coated metal sheet according to the disclosure of
PTL 4 has a similar problem in that when the coated metal
sheet is used as an exterior material, the photocatalyst
induces the decomposition of the matrix of the coating layer.
[0016]

The technologies disclosed in PTL 5 and 6 are effective
in preventing abrasions and scratches. However, processing
involving deformation such as press shaping tends to result
in flaws in the photocatalytic coating layer. Thus, it is
difficult to apply these technologies to precoated steel
sheets.

[0017]

The technology disclosed in PTL 7 involves a
complicated method in order to form the photocatalyst
coating layer in island-like shapes. Further, a special
device is necessary to stably form the coating layer.

According to the technologies disclosed in PTL 7 and 8,

According to the



- 8 - processing such as pressing or rolling inevitably results in damage
such as flaws in the photocatal yst |ayer. Thus, the application of these
technol ogi es to precoated steel sheets has been difficult- 100] Ae

descri bed above, it has been difficult to apply the technologies in the art
to precoated steel sheets or it has not been possible to neet the needs in
ternms of characteristics of precoated steel sheets such as processability,
weat her resistance, aesthetic durability utilizing the photocatal ytic
function, and resistance of the layer fatrix to deconposition by the
photocatal yst. Further, in the existing technol ogies, counterneasures

agai nst unevenness in treatnent results or geneon of interference colors

have not,bgeassnhfi shenthy sonsidesedr FOO19}g inevIbgopyesenti1iavSE ion is
ai med at solving the aforenentioned problens in the art. It is therefore an

obj ect ofiahhgei BNERt LONFIQuwPTr ONi tee PHiREOAL £Ha BV €I 15Deet s andks progact i on
processes therefor in which a photocatal yst |ayer (coating |laver) as the
out er noséppayestisnformedesd Becllhstogiénuobsptaedatddii gueali eneand.
t hereby aesthetic deteriorations caused by unevenness in treatnment results
or streakssobpean dnféifeience col or can be prevented and the precoated
steel sheets achieve required performances, for

[0018]

As described above, it has been difficult to apply the

technologies in the art to precoated steel sheets or it has

not been possible to meet the needs in terms of

characteristics of precoated steel sheets such as

processability, weather resistance, aesthetic durability

utilizing the photocatalytic function, and resistance of the

layer matrix to decomposition by the photocatalyst. Further,

in the existing technologies, countermeasures against

unevenness in treatment results or generation of

interference colors have not been sufficiently considered.

[0019]

The present invention is aimed at solving the

aforementioned problems in the art. It is therefore an

object of the invention to provide precoated steel sheets

and production processes therefor in which a photocatalyst

layer (coating layer) as the outermost layer is formed in a

discontinuous (network) configuration and thereby aesthetic

deteriorations caused by unevenness in treatment results or

streaks of an interference color can be prevented and the

precoated steel sheets achieve required performances, for



- 9 - exanpl e uniform appearance and processability, as well as other
properties such as high weather resistance, aesthetic durability and
resi stance to deconposition caused by the photocatal yst. Solution. to

Probl em [0020] The present inventors propose a novel technol ogy
summari zed bel ow as an effective solution to the aforenentioned. pronlens
in the art, thereby achieving the above object [0021] An aspect of

the invention is directed to a precoated steel sheet that includes a. steel
sheet substrate and, on at |east one sUrface thereof, a clear coating |ayer
(A) which contains a silicon conpound as a :rain conponent and water
repellen fine particles as a dispersed conponent and a clear coating

| ayer whi eRaing1st askedrAnappeachoae snatppgckavepi (Ayandscont ai as
phot ocatal ytdc titaniumoxide fine particles as a main. conponent. [0022]
The precoahed stepkrsheet scan be Aigprecpteéerredi sohuteépnavbenetic
durability and resistance to decomposition caused by the
photocatalyst.
Solution to Problem
[0020]

The present inventors propose a novel technology
summarized below as an effective solution to the
aforementioned problems in the art, thereby achieving the
above object.

[0021]

An aspect of the invention is directed to a precoated
steel sheet that includes a steel sheet substrate and, on at
least one surface thereof, a clear coating layer (A) which
contains a silicon compound as a main component and water
repellent fine particles as a dispersed component and a
clear coating layer (B) which is stacked on the clear
coating layer (A) and contains photocatalytic titanium oxide
fine particles as a main component.

[0022]

The precoated steel sheet can be a more preferred
solution when:

(1) at least some of the water repellent fine particles in
the clear coating layer (A) are dispersed in island-like

shapes that protrude from the surface of the clear coating



(1) at least sonme of the water repellent fine parLicles in the clear
coating layer (A) are dispersed in island-1ike shapes that protrude from
the surface of. the clear coating layer (B); (2) the surface of the clear
coating layer (B) has a water contact angle of 22 to (3) at |east sonme of
the water repellent fine particles in the clear coating |layer (A) have a

| arger particle dianeter than the thickness of the clear coating |ayer (A);
(4) the water repellent fine particles in the clear coating | ayer Ware
fluororesin particles, fluororesin copfl ymer resin particles, silicone
resin particles or particles whose surface is coated with any of these
resins; (5) the silicon conpound in the clear coating |laver at acrylic
siliconelégganB)QG) the titanium oxide particles in the clear coating

| ayer (B) have been a'Ltached in an amount of 10 ng/nR2 to 2000 ng/E ,2 in
ternms of (7)athpesuongcsusfacee c(dMtbeatiearigpati ng) | ayera(Bxtes forned
of a mxture of aiiatase crystalline titaniumoxide fine particles and
anor phousohttani anmyoxi dé, 2asta &afp conponent; (8) the steel sheet
substrate as a zinc-containing neual - coated steel sheet having a chem cal
conversi 0A)t aeat aent bayeroéntha wehéen cemtihgntayenefoanedciher éon t hat
are formed on at | east one surface of the -steel sheet, and the resin
coating thyerleacl adesiagpianer (Ayeravhas lsrgernedroicact Heemesetting
resin containing an antirust pignment, and a colored resin |ayer; and

than the thickness of the clear coating layer (A);

(4) the water repellent fine particles in the clear coating
layer (A) are fluororesin particles, fluororesin copolymer
resin particles, silicone resin particles or particles whose
surface is coated with any of these resins;

(5) the silicon compound in the clear coating layer (A) is
an acrylic silicone resin;

(6) the titanium oxide particles in the clear coating layer
(B) have been attached in an amount of 10 mg/m? to 2000 mg/m?
in terms of TiO, per one surface;

(7) the clear coating layer (B) is formed of a mixture of
anatase crystalline titanium oxide fine particles and
amorphous titanium oxide, as a main component;

(8) the steel sheet substrate is a zinc-containing metal-
coated steel sheet having a chemical conversion treatment
layer and a resin coating layer formed thereon that are
formed on at least one surface of the steel sheet, and the
resin coating layer includes a primer layer that is formed

of a thermosetting resin containing an antirust pigment, and

a colored resin layer; and



(9) the colored resin layer is forned from an oreanosol -form baki ng
fluororesin as a nmain conponent that includes polyvinylidene fluoride and
an acrylic resin in a mass ratio of 85:1.5 to 50:50. [0023] Anot her
aspect of the invention proposes a process for producing a precoated steel
sheet including sequentially stacking a. clear coating |ayer (A) which
contains a silicon d as a nmain conponent and a clear coati.ng | a(B)
whi ch contains photocatal ytic titaniumoxide fine particles as a nmain
conponent on at |east one surface of d1steel sheet substrate, wherein the
clear coating layer A) is configured to contain water repellent fdne partas
a di spersed conponent and the anount of coati.ng of the clear layer (B) is

suppr eSSQg_)Oﬁhén@ohﬂrbherébﬁéhnﬂé}/@i} ok tbemwat erofepel begtinbkpe-pakhi cl es
so as to disperse the water repellent fine particles into isiand-li're

shapes i paaifngnAetosuebstihabhsat heast csapenther epbtpiotiudesfromthe
surface of the clear coating |layer (B). [0024]
polyvinylidene fluoride and an acrylic resin in a mass ratio
of 85:15 to 50:50.
[0023]

Another aspect of the invention proposes a process for
producing a precoated steel sheet including sequentially
stacking a clear coating layer (A) which contains a silicon
compound as a main component and a clear coating layer (B)
which contains photocatalytic titanium oxide fine particles
as a main component on at least one surface of a steel sheet
substrate, wherein the clear coating layer (A) is configured
to contain water repellent fine particles as a dispersed
component and the amount of coating of the clear coating
layer (B) is suppressed on and in the vicinities of the
water repellent fine particles so as to disperse the water
repellent fine particles into island-like shapes in a manner
such that at least some thereof protrude from the surface of
the clear coating layer (B).

[0024]

The process for producing a precoated steel sheet
according to the invention can be a more preferred solution
when at least some of the water repellent fine particles in

the clear coating layer (A) have a larger particle diameter

than the thickness of the clear coating layer (A).



The process for producing a precoated steel sheet according to the

i nvention can be a nore preferred solution wnen at |east. sone of the water
repellent fine particles in the clear coating |layer (A have a |arger
particle diameter than the thickness of the clear coating |ayer (A).

Advant ageous Effects of thvention [00251 Accordina to the precoated
seel, sheets and the production processes therefor that are configured as
descri bed above, the follow ng advanta eous effects are expected. (1) The
clear coating _Layer Wcontaining thelwater repellent particles is stacked
as a base layer on the surface of the steel sheet substrate, and the clear
coating layer (B) containing the photocatal ytic titanium oxide fine

particl egdasn8agksper sedecpnponenhvestsbacked thereon. According to this
configuration, the cleat coatin- layer (B) as the outernost |ayer is

di scontinpoeds(to forma network shape) on the portions of the clear coating
| ayer 4 where there are the water repellent particles. As a result, the
precoat ed st eetcesheitig can ties processes] Jore exametes bend diedrawn, with a
reduced probability of cracks in the clear coating layer (B). (2)

Fur t her npreduthéonbpvecesnésgtinaredbnrehsatesrehabnéegthetli esdet eri orati ons
by unevenness in tre tent results or devel opnent of an interference col or
on the cHearrébati agovayeth¢BfocanvbegprdventedcoThecpbectonsrof the clear

coal -Hop layer (11) where there are the water epellent. particles are
exposed ®HPERESSurface of the precoated steel sheet. According to this
conflguratlon contam nants such - as organic¢c substances that have

attached éhtEhﬁh§l§ﬁFf5€%t6?gtﬁéyﬁFeé%ét%HnEﬁé@anhEE? WieSFepel | ed by the
ggrtlons o; ng cl ear co?tlng Iag &éA éthe mgtei eIIenbepartches)
posed BAPEHESBht BR DSt FaVEF, S fll 23s2aP8SBetd¥pos8d bYSthe cl ear
oA yer (e CLie gt oyl e S clean v ot 1L
layer (B) containing the photocatalytic titanium oxide fine
particles as a dispersed component is stacked thereon.
According to this configuration, the clear coating layer (B)
as the outermost layer is discontinued (to form a network
shape) on the portions of the clear coating layer (A) where
there are the water repellent particles. As a result, the
precoated steel sheet can be processed, for example bent or
drawn, with a reduced probability of cracks in the clear
coating layer (B).
(2) Furthermore, the above configuration ensures that
aesthetic deteriorations by unevenness in treatment results
or development of an interference color on the clear coating
layer (B) can be prevented. The portions of the clear
coating layer (A) where there are the water repellent
particles are exposed on the surface of the precoated steel

sheet. According to this configuration, contaminants such



(3) As described hereinabove, the water repellent fine particles |I'i The
clear coating layer (A) that are exposed on the surface of the precoated
steel sheet have lubricating and buffering effects. Accordingly, processing
such as bendi ng and drawi ng can be perforned while suppressing the
occurrence of defects such as flaws in the surface of the steel sheet.

[ 0026] (4 )The clear coating |ayer (A based on a silicon conmpound is
provi ded between the colored resin |ayer on the surface of the steel sheet
substrate and the clear coating |ayér @ZT that is the outernost layer. This
clear coating |ayer effectively perforns so as to give a resistance to
deconposition by the photocatalyst in the clear coating |ayer (B). That is,

the col opedorgshicl ayBEthRats! testUndee Lbeashearotoat tng kayehckSor
prevented from bei ng deconposed and degraded by a direct contact with the
phot ocat ah¥spredbusedt becpl espatedasteebpsheett aghtev¥esoexcehkentr - 14 -;
processahility, weather resistance and aesthetic durability. Brief.

Descri pttba ofebrawbagsnf002¥¢r (A) (thEigatdl Fegellens pasedtiiesal view
that illustrates an enbodi nent of a precoated steel sheet according to the
i nvent i oaxposed on[ hhs. oRtaymbey. L2gay, i gsawsett aonakeviewomhated! byst r at es
anot her enbodi nent of a precoated steel sheet according to the :Lnvention
[Fig. 2(bypoclsaa pbanivéehavhat (B)| Gsheapkgtocatalyst layer). This

cleaning capability enables maintaining of the beauty of the
surface permanently.

(3) As described hereinabove, the water repellent fine
particles in the clear coating layer (A) that are exposed on
the surface of the precoated steel sheet have lubricating
and buffering effects. Accordingly, processing such as
bending and drawing can be performed while suppressing the
occurrence of defects such as flaws in the surface of the
steel sheet.

[0026]

(4) The clear coating layer (A) based on a silicon compound
is provided between the colored resin layer on the surface
of the steel sheet substrate and the clear coating layer (B)
that is the outermost layer. This clear coating layer
effectively performs so as to give a resistance to
decomposition by the photocatalyst in the clear coating
layer (B). That is, the colored resin layer that lies under
the clear coating layer is prevented from being decomposed
and degraded by a direct contact with the photocatalyst.

Thus, the precoated steel sheet achieves excellent



anot her enbodi nent of a precoated steel

[Fig. 31 Fig, 3is aviewthat illustrates a nethod for evaluating

bendabl ity of a precoated steel sheet.

[Fig. 1(a)] Fig. 4(a)

sheet according to the invention.

is a

sectional view that illustrates a structure of a precoa"::d seei. sheet.
COMPARATI VE EXAMPLE 3 described in. EXAMPLES. [Fig. 4(b)] F4(h) is a plan
view that. illustrates a structure of the precoated steel sheet in
COVPARATI VE EXAMPLE 3 descri bed in EXAMPLES. 5(s)] Fig.
is a sectional viewthat illustrates astructure of a precoated steel sheet
i n COVPAPATI VE EXAMP: LFI 6 descri bed in EXAMPLES. [Fir; 5(b)] Fig.

5(b)
sheet

Fig. 6(a

st eel

is
in

sh

a plan view that illustrates a strucrure of the precoated sr

Bet e F NDEYPARATbVEC EXAMRLEndsdescri bed in EXAMPLES.
[0027]

[Fig. 1] Fig. 1 is a sectional view that illustrates an
embodiment of a precoated steel sheet according to the
invention.

[Fig. 2(a)] Fig. 2(a) 1s a sectional view that
illustrates another embodiment of a precoated steel sheet
according to the invention.

[Fig. 2(b)] Fig. 2(b) is a plan view that illustrates
another embodiment of a precoated steel sheet according to
the invention.

[Fig. 3] Fig. 3 is a view that illustrates a method for
evaluating bendability of a precoated steel sheet.

[Fig. 4(a)] Fig. 4(a) 1s a sectional view that
illustrates a structure of a precoated steel sheet in
COMPARATIVE EXAMPLE 3 described in EXAMPLES.

[Fig. 4(b)] Fig. 4(b) is a plan view that illustrates a
structure of the precoated steel sheet in COMPARATIVE
EXAMPLE 3 described in EXAMPLES.

[Fig. 5(a)] Fig. 5(a) is a sectional view that
illustrates a structure of a precoated steel sheet in
COMPARATIVE EXAMPLE 6 described in EXAMPLES.

[Fig. 5(b)] Fig. 5(b) is a plan view that illustrates a

structure of the preccated steel sheet in COMPARATIVE

5(a)

eel

gggbﬁéﬁﬁleEtyExﬁéﬁiﬁéﬁ descethedel anEXAMNPLEStic durablfigy.6(a)]

is a sectional viewthat illustrates a structure of a precoated

in



[Fig. 6(h)] Fig. 6(b) is a plan viewthat illustrates a structure of the
pre-coated steel sheet in COVPARATI VE EXAMPLE 7 described i n EXAVPLES.
[E:7(a)] Fig. T(a) is a sectional viewthat illustrates a structure of a

i xecoat ed steel sheet in COVWARATI VE EXAMPLE, 8 descr:ihed in EXAVPLES.
[Fig. 7(b)] Fig, 7(b) is a plan view that illustrates a. sLructure of the
precoat ed steel sheot. in COVPARATI VE EXAMPLE 8 described i n EXAVMPLES.
Description of Enmbodi ments [0028] Precoat ed steel sheets according to
the invention have a basic structure il® which, on at |east one surface of a
steel sheet substrate, a clear coating |layer (A) which contains a silicon
conpound as a main conponem and water repellent fine particles as a

di sper segdxgappanenycapdiBe8l earrgmabi,ng.l aver (3) which is stacked on the
clear coating |ayer (A) and contains photocatal ytic titani um oxide

particles, argrsgquend) altygstackedis [H02Ftidnhpardieul@xatthe invention is
characterized in that

illustrates a structure of a precoated steel sheet in

COMPARATIVE EXAMPLE 7 described in EXAMPLES.

[Fig. 6(b)] Fig. 6(b) is a plan view that illustrates a
structure of the precoated steel sheet in COMPARATIVE
EXAMPLE 7 described in EXAMPLES.

[Fig. 7(a)] Fig. 7(a) 1s a sectional view that
illustrates a structure of a precoated steel sheet in
COMPARATIVE EXAMPLE 8 described in EXAMPLES.

[Fig. 7(b)] Fig. 7(b) is a plan view that illustrates a
structure of the precoated steel sheet in COMPARATIVE
EXAMPLE 8 described in EXAMPLES.

Description of Embodiments
[0028]

Precoated steel sheets according to the invention have
a basic structure in which, on at least one surface of a
steel sheet substrate, a clear coating layer (A) which
contains a silicon compound as a main component and water
repellent fine particles as a dispersed component and a
clear coating layer (B) which is stacked on the clear
coating layer (A) and contains photocatalytic titanium oxide
particles, are sequentially stacked.

[0029]

In particular, the invention is characterized in that



16 ." the clear coating layer ;A is configured. to contain the water
repellent fine particles that are dispersed therein. According to this
configuration, the clear coauing_ layer (B) that is formed on the clear
coating layer (A) is repelled the water repellent fine particles in the
clear coating layer Wso as to forma discontinuous (network) shape, wilh
at | east sone of the warepellent fine particles protruding fromthe surface
of the clear coating |layer (B) and being dispersed in island-like shapes.
As a result, the precoated steel sheetcan he processed with a reduced
probability of defects such as cracks in the clear coating |l ayer (B) as the
outernost |ayer. Furthernore, the above configuration ensures that the
appear angge 0k 188 ebgaing§oat{i8g lAyels (& nfsgRreyent edoht 8imaesthetic
damage caused by unevenness 1n treatnent results or devel opnent of an
interfereacercobpel 1£0030]ne parfuctberthporironsi opetbedctrareenati ng

| ayer (A) where there are the water repellent fine particles are exposed on
t he surfAaceocofiitherst ekl s sheetigBesalse, theewatesrrepetiegt 1&i,6e panticl es
have lubricating and buffering effects, the precoated steel sheet can be
processethaf ois ekanpée benthercteanwncombhihe Sappress) ncy theedtedr bgnce of
defects such as flaws in the surface of the steel sheet. [0031]

Her enbel olae vieepreecpatl tenst ehe sheetscoést he thevehedvncoitinpe descri bed
in detail with re.lereice to the draw ngs The p: eck _aed steel sheet
of the i h¥ERT| OA) hag @spiefepreda epbddPnehiuassi (Pasveatedsharerig. 1 in
which, in sectional view, a chem cal conversion treatnent. |ayex 2, a resin
coating Yayeratalprsherorayetr BhantracEorepeleesi Altayerahdct®bd cl ear

coating |layers (a clear coatin
d prgtrud£ng from the sugface of the clear coating layer (B)

and being dispersed in island-like shapes. As a result, the
precoated steel sheet can be processed with a reduced
probability of defects such as cracks in the clear coating
layer (B) as the outermost layer. Furthermore, the above
configuration ensures that the appearance of the clear
cocating layer (B) is prevented from aesthetic damage caused
by unevenness in treatment results or development of an
interference color.

[0030]

Further, portions of the clear coating layer (A) where
there are the water repellent fine particles are exposed on
the surface of the steel sheet. Because the water repellent
fine particles have lubricating and buffering effects, the
precoated steel sheet can be processed, for example bent or
drawn, while suppressing the occurrence of defects such as
flaws in the surface of the steel sheet.

[0031]



layer. 5 and a clear coating |ayer (B) 6; are sequentially stacked on at

| east one surface of a zinc-containing netal -coated steel sheet 1- [0032]
Preferreci exanples of the zinc-containing netal-coated steel sheet 1 in
the invention include processahle steel sheets such as el ectro-gal vani zed
steel sheets, hot-dip galvanized steel sheets, hot-dip zinc-5 mass%

al um num al l oy coated steel sheets, and hot-dip zinc-55 nmass% al um num
all oy coated steel sheets. The thickness of these coated steel sheets is
not particularly limted, but is preférably about 0.2 to 1.6 YMfromthe

vi ewpoi nt of processability. [0033] Prior to the formation of the
primer |ayer 3, the chem cal conversion treatnent layer. 2 is fornmed on one

or both surfagese bibdhey zi tie GO @b Y il -oadied st eghe sheet 1. The
chem cal conversion treatnent layer 2 is 18 - fornmed in order to increase

t he adheshoanbéebtmeenliheeztibeceOptdal hhngetel ai wtonat edfsteakbesheethk and the
primer |layer 3 and to add corrosion resistance, [0034] P:cefe.rrec
exanpl esdefwiheschem cal . conversion treatnment |ayer 2 include phosphate
| ayers, chromate |l ayers silicacontainlng chromate | ayers, andin |ayers
whi ch cont ai Tlze precoated steel sheet of the invention has a

preferred embodiment as illustrated in Fig. 1 in which, in

sectional view, a chemical conversion treatment layer 2, a

resin coating layer (a primer layer 3 and a colored resin

layer 4), and two clear coating layers (a clear coating

layer (A) 5 and a clear coating layer (B) 6) are

sequentially stacked on at least one surface of a zinc-

containing metal-coated steel sheet 1.

[0032]

Preferred examples of the zinc-containing metal-coated

steel sheet 1 in the invention include processable steel

sheets such as electro-galvanized steel sheets, hot-dip

galvanized steel sheets, hot-dip zinc-5 mass% aluminum alloy

coated steel sheets, and hot-dip zinc-55 mass% aluminum

alloy coated steel sheets. The thickness of these coated

steel sheets is not particularly limited, but is preferably

about 0.2 to 1.6 mm from the viewpoint of processability.

[0033]

Prior to the formation of the primer layer 3, the
chemical conversion treatment layer 2 1is formed on one or

both surfaces of the zinc-containing metal-coated steel

sheet 1. The chemical conversion treatment layer 2 is



chromate-free nmetal oxide antirust agent and an organic resin as individual
conpounds or a conplex, in particular which contain an organic resin, a
nmet al oxi de, and a phosphoric conpound and/or chromc acid in order to

achi eve i nprovenents in adhesion and corrosion resis,ande In this case, the
organic resin is desirably a water-dispersible resin, for exanple an
acrylic resin or a urethane resin dispersed with an enulsifier. [0035]

O the components for the chem cal conversion treatnent |ayer, chromc acid
works as a bi nder which provides adhedifon between the chenical conversion
treatnment |ayer and the zind-contai ' c coated |layer. The organic resin wo-
to increase the adhesion of the chem cal conversion treatnent |ayer to the
primer |ayencdessrbbedr! abeincibgsehtnai yoneonbenbetMechhenehenheal
conversion treatnent |ayer is preferably not |less than 20 ng/n2 in terns of
met al | i ccehtdmhuny métibhecchtoa sreontestti 3 hegsthdapr2@ekgialert ke
precoat ed steel sheet does not exhibit sufficient corrosion resistance.

[ 0036] and Tbeadliroomtesioeerantstasteagent, which is a conponent used in
the chem cal conversion treatnent |ayer, preferably includes one or nore
conpound$Ogefiécted fromsilicic acid and/or sill ic acid conpounds, calcium
or cal ci um conpounds, zirconic acid and/or zirconic acid comounds, vanadic
aci d and/ or \Ritralth or et i ek aganipou s, T | gisdiec @k | @b reahipoLeRlst remtnghos phor i ¢
acid and/or phosphoric acid conpounds, and the content thereof is

pref er abl§yer 32t o3l 0Fherkonplen eoiaYﬁéSchebﬁam@terb@yaﬁﬁrrasﬂlagent is
specified to be in the ranee_i to g/ n2_because any content |ess than
0.3 q/nQC%PFFl%b@gp?BQPﬂ%t?h%a%%¥?osﬁ%ﬂ F%é?s%%ﬁ%ésaﬂﬂlﬁ hesibalreduired
for the precoated_steel sheet, . and any content in excess of 3.0 g/n2 will

result | N HETRTFof Ated protesth ?I??E TAShi AEBRT FRY ¥RafpPelia

water -dl sper s ble, acrylle regln oo uiethane resin, my be ysed, £0037)

which contain an organic resin, a metal oxide, and a
phosphoric compound and/or chromic acid in order to achieve
improvements in adhesion and corrosion resistance. 1In this
case, the organic resin is desirably a water-dispersible
resin, for example an acrylic resin or a urethane resin
dispersed with an emulsifier.

[0035]

Of the components for the chemical conversion treatment
layer, chromic acid works as a binder which provides
adhesion between the chemical conversion treatment layer and
the zinc-containing coated layer. The organic resin works
to increase the adhesion of the chemical conversion
treatment layer to the primer layer described later. The
chromium content in the chemical conversion treatment layer
is preferably not less than 20 mg/m?® in terms of metallic

chromium. If the chromium content is less than 20 mg/m?, the



In the precoated steel sheet of the invention, the priner |layer 3 serving
as the first coating layer is fornmed on the surface of the chem ca
conversion treatnent |layer 2 forned on at | east one surface of the
zinc-containing netal coated steel sheet 1. This prinmer layer 3 is forned
of a thernosetting resin containing an antirust pigment, and - 20 -

provi des corrosion resistance and adhesi on between the chem cal conversion
treent |layer 2 and the upper coating |layers (the colored resin | ayerthe
clear coating |layer (A) 5 and the cFeaf coating layer (B.) 6) described
|ater. [0038] The thickness of the prinmer layer 3 is preferably not

|l ess than 2 Rmand not nore than 10 Rm If tbe thickness is |less than 2

urn, sufpireteateanticsst speopeadéesnyilbxnobi besohragnent. cAdyokhbekness in
excess of 10 we is not preferable because it will result in deteriorated.
processabekisyant®039] The thernopsetting resin as a main material for
formng the prinmer layer 3 is not particularly limted. Preferably, one, or
two or mboe3eesi ns such as pol yester resins and epoxy. resins may be used.
Exanpl es of the polyester resins include bisphenol A polyester resins. The
epoxy resins Ty departd-altae substivait edyamntt/h Wwither resi nsomueheras

uret hane resins, phenolic resins and am no resins. For exanple, epoxy
conpoundss¢ér redtlot ah¢nsphencbnsechiar bisphepol AversphenbErEooy

bi sphenol AD and epi hal ohydrin. or 13- nethyl epi hal ohydrin, and copol yners
of such epBxydednpoenes Hayebecnred trheeCtefel 6pBx§ltompouAdsdmy be
nodi fied with nonocarboxylic acids or |icarboxylic acids, nono-, or
pon-aIc%%%(%? Frahbs 1 ora i Anf BROURES nofdl CLgp- Oprcalcium compounds,

zirconic acid and/or zirconic acid compounds, vanadic acid
and/or vanadic acid compounds, molybdic acid compounds, and
phosphoric acid and/or phosphoric acid compounds, and the
content thereof is preferably 0.3 to 3.0 g/m?. The content
of the chromate-free antirust agent is specified to be in
the range of 0.3 to 3.0 g/m? because any content less than
0.3 g/m? will not provide the corrosion resistance and
adhesion required for the precocated steel sheet, and any
content in excess of 3.0 g/m? will result in deteriorated
processability. A binder, for example, a water-dispersible
acrylic resin or urethane resin, may be used.

[0037]

In the precoated steel sheet of the invention, the
primer layer 3 serving as the first cocating layer is formed
on the surface of the chemical conversion treatment layer 2
formed on at least one surface of the zinc-containing metal-
coated steel sheet 1. This primer layer 3 is formed of a

thermosetting resin containing an antirust pigment, and



- 21 - polyphenols. Such nodified product- are al so usabie as the epoxy
resins. 10040] The main materal for the prinmer layer 3 is limted to
the thernosetting resin because a roomtenperature resin or a thernoplastic
resin is deforned or degraded by being softened at a baking tenperature
when the upper coating layers (the colored resin |ayer and. the clear
coating layers) are forned thereon, thus failing to achieve high adhesion
with the upper coating layers. [0041] The curing agent for curing
the. prinmer mayer 3 nmay be a ponisGo?Qnéte conpound and/or an am no resin.
Exanpl es of the polyi socyanate conpounds | ncl ude conpounds obt ai nabl e by
common net hods such as hexanet hyl ene dii socyanate (hereinafter, HD) and

derivati yesvibesegbrrbol yhenes ot s0ey amad eadhes ebnabéeneedDbheand
derivatives thereof, 4,4"-diphenyl nethane diisocvanate (hereinafter, M)
and conpensgscder tyrderthen ef reatmayt yi eper d | sodyanat eppber ebaathgr, XDI)
and derivatives thereof, isophorone dAi socyanate (hereinafter, IED ) and
derivati vegether(ené toioettyrbexkantthytehe dihesotyanateathegeilngbtrer, TMDI)
and derivatives thereof, hydrogenated Till and derivatives thereof,

hydr ogen&k ed5 Mbhd ahide det éxnt coesinheteptr &pd hyddegenabed XBteand
derivatives hereof. In particular, it - 22 is preferable to use a

pol yi socy@haBe conpound that has been bl ocked by a bl ocki ng agent such as
phenol, cresol, aromm,,L, secondary amne, tertiary al cohol, |actam or

oxLnme, This cOHpounerfeestvahtidedisiner e’ hesterm i HP s ePls a

less than 2 pm and not more than 10 pm. If the thickness is
less than 2 pum, sufficient antirust properties will not be
obtained. Any thickness in excess of 10 um is not
preferable because it will result in deteriorated
processability.

[0039]

The thermosetting resin as a main material for forming
the primer layer 3 is not particularly limited. Preferably,
one, or two or more resins such as polyester resins and
epoxy resins may be used. Examples of the polyester resins
include bisphenol A polyester resins. The epoxy resins may
be partially substituted with other resins such as urethane
resins, phenolic resins and amino resins. For example,
epoxy compounds formed of a bisphenol such as bisphenol A,
bisphenol F or bisphenol AD and epihalohydrin or B-
methylepihalohydrin, and copolymers of such epoxy compounds
may be used. Further, the epoxy compounds may be modified
with monccarboxylic acids or dicarboxylic acids, mono-, di-

or poly-alcohols, mono- or diamines, or mono-, di- or



one- pack coating agent. Because the bl ocked pol yi socyanate conpound al | ows
the systemto be stored as a one-pack coating agent, the use of the coating
agent can be facilitated, [0042] Exanpl es of the am no resins for use
as the curing agents include resins obtained by reaction of, for exanple,
urea, benzoauanam ne or nelamne with fornmal dehyde, and products obtained
by al kyl etherifying these resins with al cohols such as net hanol and.

but anel , Specific exanples include nmethylated urea resins, n-butyl ated
benzoguanani ne resins, nethyl ated nel @i ne resins, n-butyla"ed nel ami ne
resins and iso-butyl sted nel am ne resins, [0043] The bl ending ratio
for the curing agent in the prinmer layer 3 is preferably 9 to 50% by mass

in termspefysakhd1Eesiguch fmddier f&d iord$udiessatdam £90 byaWBsSa s t fge har dness
of the ogtalnable | ayerinsufficient. Any ratio in excess of 50% by mass

resul ts kpokpsutkigkent process abi ity, [0044] c_ordance with the purpose
or afr)lioanion, formng - 23 -- the priner layer 3 may involve a curing
cat al yst [saeh]as ptol uenesul foni.c. acid,octoate or dibutyl tin dilaurate.
The main material for the primer layer 3 is limited to

the thermosetting resin because a room temperature drying

resin or a thermoplastic resin is deformed or degraded by

being softened at a baking temperature when the upper

coating layers (the colored resin layer and the clear

coating layers) are formed thereon, thus failing to achieve

high adhesion with the upper ccating layers.

[0041]

The curing agent for curing the primer layer 3 may be a

polyisocyanate compound and/or an amino resin. Examples of

the polyisocyanate compounds include compounds obtainable by

common methods such as hexamethylene diisocyanate

(hereinafter, HDI) and derivatives thereof, tolylene

diisocyanate (hereinafter, TDI) and derivatives thereof,

4.4'-diphenylmethane diisocyanate (hereinafter, MDI) and

compounds derived therefrom, xylylene diisocyanate

(hereinafter, XDI) and derivatives thereof, isophorone

diisocyanate (hereinafter, IPDI) and derivatives thereof,

trimethylhexamethylene diisocyanate (hereinafter, TMDI) and

derivatives thereof, hydrogenated TDI and derivatives

thereof, hydrogenated MDI and derivatives thereof, and

hydrogenated XDI and derivatives thereof. In particular, it



Further, various additives my be added, w th exanpl es including extender

pi gnments such as cal ci um carbonate, kaolin and clay, coloring pignments such
as titanium oxide, red oxide mca, carbon black and el umAnum powdet,
anti-foam ng agents and | eveling agents. [0045] In the invention, the
prinmer layer 3 is configured to contain 5% by mass to 50% by mass of an
antirust pignent in order to prevent swelling of the coating |ayer or
corrosion of the coated Myer which can take place at the cut edge or at
flaws in. the coating | ayer when the pPecoated steel sheet is shaped or
used outdoors for a long term Do effects of inprovina the corrosion

resi stance are obtained if the content of the antirust pignent is |ess than

5% by M s:5-ApYr§ODLEPL LB BXCESSy 050800 By MBSEpbaMer Snhpenbkexibil ity of
the prinmer Tayer, resulting in deteriorations in processability. [0046] The

anti...Op$bcREANBPT aUSEHck g hegbRveptitONak SpRERb el ablysoNg BFoRakliixt ure of
two or nore selected fromchxomates, silica pignents, phosphite pignents,

cal ci um gonpaUAds, aal 8] NUBT OXh 8€Sal ZbREDNI Ta@thdl andbérimeirconi€ acid
conmpounds, vanadic acid and/or vanadi c acid. conmpounds, - 24 - nolvbdic
aci d conpoupdsndand phosphegécuacid andf othphoystemt ben-be-uaeddasoapounds.
In. particular, chromates are preferabl e because they show higher a ,tirust
propertiese-pHOU7doating agent. Because the blocked polyisocyanate

compound allows the system to be stored as a one-pack

coating agent, the use of the cocating agent can be

facilitated.

[0042]

Examples of the amino resins for use as the curing

agents include resins obtained by reaction of, for example,

urea, benzoguanamine or melamine with formaldehyde, and

products obtained by alkyletherifying these resins with

alcohols such as methanol and butanol. Specific examples

include methylated urea resins, n-butylated benzoguanamine

resins, methylated melamine resins, n-butylated melamine

resins and iso-butylated melamine resins.

[0043]

The blending ratio for the curing agent in the primer

layer 3 is preferably 9 to 50% by mass in terms of solid

resin. If the ratio is less than 9% by mass, the hardness

of the obtainable layer is insufficient. Any ratio in

excess of 50% by mass results in insufficient processability.

[0044]

In accordance with the purpose or application, forming



Next, the colored resin layer 4 will be described. The colored resin |ayer
4 is fornmed on the primer layer 3. The resin for formng the colored resin
laver 4 is suitably one that shows excel |l ent adhesion with respect to the
prinmer |ayer 3 and can be applied continuously in the facility for the
production of irecoated steel sheets Preferred exanples of such resins

i ncl ude pol yester resins, fruororesins, acrylic- resins, urethane resins
and conpo resins formed of these resins. [0048] In particular, in
order to inprove the processability‘o?3tﬁe precoat ed steel sheet and the
durability thereof outdoors (the weather resistance), the main resin for
formng the colored resin layer 4 is preferably an organosol -form baki ng
fluororeshs phakheinthydes3pabyvintyltkeaechtungi detangdsansaehybhkcpresin in
a mass ratio of 85:15 to 50:50, and nore preferably 85;15 to 75;25. The use
of an or gamasakstioronbakkbgdf!| uonovesvateesul dibat{iom theimkxirageQf

pol yvinylidene fluoride -,nd an acrylic resin preferable in that the
crystal |l iFsathen, offapobyyi agtii demesfhaprbdeatiiatl, i siahceyshalésne resin can
be suppressed. while inproving the durability (the weatherresistance) and
t he procéssabilingyexasndel| pagmentshatchhascoborednr egsihohayer 4 achi eves
i ncreased adhesion with respect to the | ower and upper |ayers thereof,
nanely, khelpniaef Fay¥r Goandintercpeantsdaunrhgabayera(Ayms5oxf0e49]

If the proportion of the polyvinylidene fluoride in the organosol-form
baki ng fF88r8Xéesdftn P4CRn ERERSE BE2850ABY ARYEINEPPPPEALT on@PFéperties are
| owered and the crystallization_ of polivinylidene fluoride proceeds,

resul ti n§ORR1Aet 8PFBFat PBASIFREPrBBed8abBiP:ty. If the proportion is |ess

t han 50@%B§4gﬁss, the durability, in particular: weather resistance

i nher ent e polyvinylidehe fluoride is markedly | owered. [0050]

The acrylic resin contained in the organosol-form baking.lLuororesin my be
a ther mopl ast1h HEFyITICTGkTl, & Hor HOSertTAG atryl I CTEATR G & composi 1 6

resin fopgﬁgaPEtﬁﬁgﬁygﬁgég £83F8§-b§r$%%£P fVLSEP§£?£u8£ §£§$8££bkkity with

pol yvi ny ene f exanples o erno stic ac C resins

i ncl ude 895¥9E£8 8£e9Qﬁt Q%eETQHQrofDEEe coating layer or corrosion

of the coated layer which can take place at the cut edge or
at flaws in the coating layer when the precoated steel sheet
is shaped or used outdoors for a long term. No effects of
improving the corrosion resistance are obtained if the
content of the antirust pigment is less than 5% by mass.

Any content in excess of 50% by mass lowers the flexibility
of the primer layer, resulting in deteriorations in
processability.

[0046]

The antirust pigment used in the invention is
preferably one or a mixture of two or more selected from
chromates, silica pigments, phosphite pigments, calcium
compounds, aluminum oxides, zirconic acid and/or zirconic

acid compounds, vanadic acid and/or vanadic acid compounds,



mononers such as nethyl (neth)aorylate, ethyl (netb)acrylate, propyi
(meth)acrylate, butyl (nmeth)acrylate and anyl (neth)acrylate, and

copol ynmers of these nononmers with cononomers such as acrylic acid and
styrene. Exanples of the thernosetting acrylic resins include those forned
of acrylic resins having a crosslinkable functional group such as a

hydr oxyl group, a carboxyl group, a. glycidyl group or an isocyanate group,
wi th curing agents such as al kyl ated nel am nes, polyols and yili(arrd. des.

[ 00. 51] The col ored resin |ayér 24 doninates the: color tone of the
appearance of the precoated steel sheet. The colored resin |layer contains a
colorind pignent that can be selected fromvarious coloring pignments such

as titanhym/pyideaci@dcoxpdendd) candcarbophblackaccal ghagdrbl ack, titani um
yel l ow, yellow iron oxide, phthal coyanine blue and phthal ocyani ne green.
The amobuphosphbhéeccatodi agmpogn@nt ™ glottii By drassndtee 6Wody mass
because this content ensures that an opaque stable |ayer can be forned with
t he desipedfecabbe haeauWhetrkenesessanygheadantivesrayrbeeadiled. with
exanpl es including gloss controllers such as synthetic silica, antifoam ng
agents andO4utface conditioners for inproving application workability, and
flaw i nhibitors. [0052] The thickness of the colored resin layer 4 is
preferably BNex®25 thencogratitkaigssldwss 4 el $ imdesetlzedn Fhalecr ease
in. opacif¥ing effects_and unstable color tone, as wel| as insufficient

dur abi | i £910pFBcESSaBi YT afhdl B of PHRPBNCOR e8RSt BRERSAL LpYBtedsedPorti ons.
Any thickness in excess of 25 p.mis not preferable because it results in

deterioré??bﬁsfPﬁ_B%F@b?ﬂaﬁ%%;c?%?r%Qaﬁ%Fé? YRt S %ﬁcﬁuéEaBFVsPEFs
(bubol es) oo gasi! X, FEDELAL 0,0 e L avel a0 an. Lt gEnglyghrain at the
layer 3 and can be applied continuously in the facility for
the production of precoated steel sheets. Preferred
examples of such resins include polyester resins,
fluororesins, acrylic resins, urethane resins and composite
resins formed of thése resins.
[0048]

In particular, in order to improve the processability
of the preccated steel sheet and the durability thereof
outdoors (the weather resistance), the main resin for
forming the colored resin layer 4 is preferably an
organosol-form baking fluororesin that includes
polyvinylidene fluoride and an acrylic resin in a mass ratio
of 85:15 to 50:50, and more preferably 85:15 to 75:25. The
use of an organosol-form baking fluororesin resulting from
the mixing of polyvinylidene fluoride and an acrylic resin
is preferable in that the crystallization of polyvinylidene

fluoride that is a crystalline resin can be suppressed while



[ 0053] The colored resin layer 4 may be continuously forned by a
common net hod for produci ng precoated steel sheets. For exanple, the

chemi cal solution that has been diluted with an organi c sol vent may be
applied onto the primer layer 3 on the zinc-containing netal -coated steel
sheet with a roll coater or a curtain coater, and the wet film nmaybaked at

a tenperature of about 230 to 270"C. [0054] Next, the clear coating
layer (A) 5 will he described. The clear coating layer W 5 is formed on
the colored res.,. layer 4 and works$ €0 as to increase the adhesion between

t he upper and | ower |ayers thereof, nanely, the clear coating |layer (B) 6
and the colored resin layer 4. Further, the clear coating |ayer5 suppresses

the col ofggroeshf tayvefudabi 0 PeiNge deconposede andt dege pdeddbynthe
phot ocatal ytic action of the titaniumoxide fine particles in the clear q
| ayer (Bprb6cwbthoiliey,[005541128s in that the colored resin layer 4
achieves increased adhesion with respect to the lower and
upper layers thereof, namely, the primer layer 3 and the
clear coating layer (A) 5.
[0049]

If the proportion of the polyvinylidene fluoride in the
organosol-form baking fluororesin is in excess of 85% by
mass, application properties are lowered and the
crystallization of polyvinylidene fluoride proceeds,
resulting in deteriorations in processability. If the
proportion is less than 50% by mass, the durability, in
particular weather resistance inherent to the polyvinylidene
fluoride is markedly lowered.

[0050]

The acrylic resin contained in the organosol-form
baking fluororesin may be a thermoplastic acrylic resin, a
thermosetting acrylic resin or a composite resin formed
between these resins. From the viewpoint of compatibility
with polyvinylidene fluoride, examples of the thermoplastic
acrylic resins include polymers of one, or two or more
monomers such as methyl (meth)acrylate, ethyl (meth)acrylate,
propyl (meth)acrylate, butyl (meth)acrylate and amyl
(meth)acrylate, and copolymers of these monomers with

comonomers such as acrylic acid and styrene. Examples of



a silicon conpound. Exanples thereof include acrylic silicone resins,

trial koxysi | anes and condensates thereof, acryl silicates and condensates

t her eof , organohydr oxysil anes and condensates thereof, conpositions of

t hese conpounds, and conpl ex conpositions of these conpounds with
sili.particular, an acrylic silicone resin is preferably used. Exanples of
the acrylic silicone resins include products fornmed between acryl ate and
silicon by conpl exing, copolynerization or crosslinking with a crosslinking
agent or a crosslinking agent containifg-acrylate or silicon. [0056;]

The acryl ate conponent in the acrylic silicone resin works so as to
increase the flexibility of the clear coating |layer (A) 5 as well as the

adhesi ontwet hheespesttiagt Bergol er edsigsi inkayee dnodbergenyhabe conponent
may be one, or two or nore conpounds selected. fromalk.vl--contai.riricj

acrylic aongneesr&Hthsasatehlyh aebykat ekande netihytiortbagrylipt encand

ol i goners and pol yners of these nononers "roxyl group-containing acrylic
nonomner sasuehhgdr2xyhydroxyet Aytaaooylyat eroand ol gypoedsl agdoppl pier s of

t hese nononers; erhylenicalay unsaturated carboxylic acid nononmers such as
acrylic aoci dsoapdnategonens, antdtpotyneng affenhhessunbnaseaskyaadedm de
oroup- or glycidyl group-containing acrylic nononers, and oligoners and

pol ynmer smefamhese, po29olsnpndnmepsyamides.

[0051]

The colored resin layer 4 dominates the color tone of
the appearance of the precoated steel sheet. The colored
resin layer contains a coloring pigment that can be selected
from various coloring pigments such as titanium oxide, red
oxide, mica, carbon black, calcined black, titanium yellow,
yellow iron oxide, phthalocyanine blue and phthalocyanine
green. The amount of the coloring pigment is about 15% by
mass to 60% by mass because this content ensures that an
opaque stable layer can be formed with the desired color hue.
Where necessary, additives may be added, with examples
including gloss controllers such as synthetic silica,
antifoaming agents and surface conditioners for improving
application workability, and flaw inhibitors.

[0052]

The thickness of the colored resin layer 4 is
preferably 8 to 25 um. Any thickness less than 8 pm results
in a decrease in opacifying effects and unstable color tone,
as well as insufficient durability, processability and

corrosion resistance at processed portions. Any thickness



[ 0057] The silicone conponent in the acrylic silicone resin works so
as to increase the adhesion with respect to the clear coating |layer (B) 6
and prevent the clear coating layer (A) 5 from bei ng deconposed and
degraded by the photocatal yst contained. in the clear coating |ayer (3) 6.
[ 00581 The silicone conponent may be one, or two or nore sel ected
from al koxysi | ane conpounds such as nethylt iethoxysil ane,

di et hyl di et hoxysi | ane, phenyl net hyl di et hoxysi | ane and

ygl vci doxvpropyl tri met hoxysi | ane, hydidl yzates thereof and condensates of
t hese conpounds. [0059] The thickness of the clear coating |ayer (A)
5is preferably not less than 0.2 pm and nore preferably not less than 0.5
pi . The wppekckikpi brobst he thi gknesscotrhbeccheabuseat tngekayesdihs not
particularly limted. In the case where the conposition is Door in

f1exi bil deyerhovwevebnsaisnpklkesrinbheknessri sxampeepr ebeeabkesupnhosder to

suppress a decrease in processabilil.y. In particular, good processability
can be obfaknedsi rbespeet)veref ebbelki ndnefatedposi thenlhyetor anAagathe
| ayer in a. thickness of not nore [0060] As descri bed herei nabove,

t he presénternaénsttoainsathahactémezed pnothatitbeiwatecreepebl ént fine
particles 7 are dispersed in the clear coating |ayer5. That

cause cracks.
[0053]

The colored resin layer 4 may be continuously formed by
a common method for producing precoated steel sheets. For
example, the chemical solution that has been diluted with an
organic solvent may be applied onto the primer layer 3 on
the zinc-containing metal-coated steel sheet with a roll
coater or a curtain coater, and the wet film may be baked at
a temperature of about 230 to 270°C.
[0054]

Next, the clear coating layer (A) 5 will be described.
The clear coating layer (A) 5 is formed on the colored resin
layer 4 and works so as to increase the adhesion between the
upper and lower layers thereof, namely, the clear coating
layer (B) 6 and the colored resin layer 4. Further, the
clear coating layer (A) 5 suppresses the colored resin layer
4 from being decomposed and degraded by the photocatalytic
action of the titanium oxide fine particles in the clear
coating layer (B) 6 with time.
[0055]

The main component for the clear coating layer (A) 5 is



the clear coating. layer (B) 6 which is the upper layer is repelled by the
wat er repellent fine particles 7 in the clear coating layer (A) 5 and is
consequent |y suppressed fromcoating the fine particles 7 and the
vicinities thereof. As a result, the clear coating |layer B) 6 does not form
a continuous film Wen such a precoatedis beet is processed, the clear
coating layer (B) 6 is prevented fromthe occurrence of defects such as
cracks. Farther, aesthetic deteriorations by, for exanple, unevenness in
treatnent results or streaks of an intérference color can be prevent ed.

[ 0061] Exanpl es of the water repellent fine particles 7 that suitably
exert the above effects include particles of fluororesins such as

pol yt et raf § upt tet hybepeun@ol yahirpiely idtHarersetind lene: andylic

per fl uor oal koxyfl uorores particles of fluororesin copolyners such as
t et r af | uet Tet byt ened hexaf t 104 Dips 0Pyl eamee € opod yoetidanslates thereof,
ethylene/te.traflucroet:. hyl enecopol yner, silicone resin particles, and
particl escthatsarecsue$ azed ocatd@enswtdsthesecoesins. In particul ar,
fluororesin fine particles are 31 preferable. [0062]
organohydroxysilanes and condensates thereof, compositions
of these compounds, and complex compositions of these
compounds with silica. In particular, an acrylic silicone
resin is preferably used. Examples of the acrylic silicone
resins include products formed between acrylate and silicon
by complexing, copolymerization or crosslinking with a
crosslinking agent or a crosslinking agent containing
acrylate or silicon.
[0056]

The acrylate component in the acrylic silicone resin
works so as to increase the flexibility of the clear coating
layer (A) 5 as well as the adhesion with respect to the
colored resin layer 4. The acrylate component may be one,
or two or more compounds selected from alkyl-containing
acrylic monomers such as methyl acrylate and methyl
methacrylate, and oligomers and polymers of these monomers;
hydroxyl group-containing acrylic monomers such as 2-
hydroxyethyl acrylate, and oligomers and polymers of these
monomers; ethylenically unsaturated carboxylic acid monomers
such as acrylic acid, and oligomers and polymers of these
monomers; and amide group- or glycidyl group-containing

acrylic monomers, and oligomers and polymers of these



An enbodi ment will be discussed in which the water repellent.e particles 7
are formed of polyetrafluoroethylene and the clear coating |layer (A 5
contains the fine particles 7 that have a |l arger particle dianmeter than the
| ayer thickness as illustrated in Fig In. such an enbodi nent, the fine
particles 7 are exposed on the surface of the clear coating |ayer (A 5,
nanmely, on the surface of the precoated steel sheet. \Wen the precoaynd
steel sheet is processed, for exanple bent, the fine xticies 7 serve nore
effectively as a lubricant and a buff&P so as to suppress the occurrence of
defects such as flaws. An exanple of the fluororesin fine particles 7 is
Dyneon TF m =opowder nmanufactured by Sumtono 3M Limted. [0063] The
wat er repehbgBetsfine particles 7 preferably have an (average) particle
dianeter of 0.3 to 10 pm If the particle ia:neter is less than 0.3 vm the
wat er repebbent effects are |owered and the clear coating layer (3) 6 is
allowed to forma continuous film resulting in unevenness i n appearance
(devel oprment THe agier f @frencejnigoraditk ai rdletieasery i processatd | téyinl f the
particle diameter is in excess of 10 Km the clear coating |ayer5 has to be
fornmed, worasssbfasieotiycrange theckdession widerréspedtsper seet he
particles in the clear coat: in layer(A) 5 causing cost disadvantages and
di fficul tiesripofoinyngayhe ¢Beab sodtpngveayerhé¢ ArlEastabbying

layer (A) 5 from being decomposed and degraded by the
photocatalyst contained in the clear coating layer (B) 6.
[0058]

The silicone component may be one, or two or more
selected from alkoxysilane compounds such as
methyltriethoxysilane, dimethyldiethoxysilane,
phenylmethyldiethoxysilane and y-
glycidoxypropyltrimethoxysilane, hydrolyzates thereof and
condensates of these compounds.

[0059]

The thickness of the clear coating layer (A) 5 is
preferably not less than 0.2 pm, and more preferably not
less than 0.5 pm. The upper limit of the thickness of the
clear coating layer (A) 5 is not particularly limited. 1In
the case where the composition is poor in flexibility,
however, a smaller thickness is more preferable in order to
suppress a decrease in processability. In particular, good
processability can be obtained irrespective of the kind of
composition by forming the layer in a thickness of not more

than 1 pm.



[ 0064] The content of the water repellent fine particles 7 in the
clear coating layer (A) 5 is preferably about 0.5 to 20% by nmass, and nore
preferably 1 to 10% by mass in ternms of solid content. The aforenentioned
effects are not. obtained at. a content of |ess than 0.5% by mass. Any
content in excess of 20% by mass is not preferable because the coating

| ayer is clouded or the application process becones difficult. [0065]

The clear coating- layer (A) 5 may contain various additives as long as the
color tone is not changed. Exenplary &dditives are silica fine particles,

di spersant coupling agents and UV absorbers. For exanple, the clear coating
|ayer (A) 5 may be forned in a continuous coating line in which the

sol ution[pbatjhas been diluted with an organic solvent is applied by a
curtain cpater, aroll coater or a die coater and the wet filmis 'naked.
Wien the mai mgamponeited aietdinabeas, coat ipwedayeri{Anbidés an acrylic
silicone resin, the wet filmforned by the application is preferably baked
at a tenpesatuterdfedbont that50heow200€. repODB66Lt NEXhe phetikeas Goating

| ayer6 that is the outernost |ayer of the inventive precoated steel sheet
be descriabeddiFhersteaincoati nfeakrayeat{E)y baysrf éAhed.orThde tdear coating
layer (A) 5. In the invention, the clear coating |layer (A) 5 that lies
under t hehel eaeacoavihgnpayerctPYBb conbarhsisheheateperepelkent sfine
particles V. Wien an. aqueous dispersion for form ng the clear coating

| ayer (ByeBei%eépinEhebvaéerorﬁpébéﬁﬂhgfh@@hEathcgﬁé ¢onni hbGus coati ng
line, the clear coating |layer (B) 6 becones a discontinuous (network) |ayer
exposi ngCtherwapeFirgpepyent (Bf ne paftiel esnyednanthE THEPAPEFES t her eof .
Accordind to this conf%guration, t he _precoated steel sheet can be processed

with a rBGUBeHOPFSBIbIPFt J 18P #BFELSSSudh 2BE dREeRE G HHRS ot @F Avst
cLear ool I9LLBYPL (o uLiner, Lhe, shawe 89Nk et on suppresses (he
continuous film. When such a precoated steel sheet is
processed, the clear coating layer (B) 6 is prevented from
the occurrence of defects such as cracks. Further,
aesthetic deteriorations by, for example, unevenness in
treatment results or streaks of an interference color can be
prevented.
[0061]

Examples of the water repellent fine particles 7 that
suitably exert the above effects include particles of
fluororesins such as polytetrafluoroethylene,
polychlorotrifluoroethylene and perfluoroalkoxyfluororesin,
particles of fluororesin copolymers such as
tetrafluoroethylene/hexafluoropropylene copolymer and
ethylene/tetrafluoroethylene copolymer, silicone resin
particles, and particles that are surface-coated with these

resins. In particular, flucroresin fine particles are



the clear coating layer (B) 6 forns a continuous film Thus, aesthetic
deteriorations on the surface can he prevented. [0067] As descri bed
her ei nabove, the clear coatina |laver (B) is not forned on the water
repellent fine particles 7 dispersed in the clear coating |ayer (A) and the
vicinities of the particles, and the water repellent fine particles are
exposed on the surface of the clear coating layer (B). The -- 34 - contact
angl e between the surface of the clear coating |ayer (B) and water is. not
more than 60', and preferably 22 to 501 “If the water contact angle is in
excess of 60, the self cleaning effects (by. which stains |ike rain streaks
attached outdoors are automatically cleaned by rainfall) are not obtained.
In partigukbacrapBeked effects are achieved when the contact angle is not
nore than 50'. Any water contact angle |less than 2is not preferable because
it can. cause]a decrease in the effects that are produced by the water
repellent fine particles dispersed in the clear coating |layer (A) (nanely,

i nprrned shapimgenisetassabiwil) wf dhecyyecdatredvisicael tisheeiteand cl ean

wi ping off of the attached stains). [0068] The cl ear coating |ayer
(B) 6 addspalleet fiunetpantioléhe’paeenddvedesteél sheet. That is, this

|l ayer is effective in maintaining the surface beautiful permanently by
deconpospagvtcehrafinanvstsuchnasandgaheccsabst apeesnghatyhavélat bached to
the surface of the precoated steel sheet used as an interior or exterior
mat er i al ConherepytoredhnagrehelislesacethThi Bavanet leAdes ereFtedeby t he

photocatal ytic titaniumoxide fine particles contained in the coating |ayer
diameter than the layer thickness as illustrated in Fig. 1.

In such an embodiment, the fine particles 7 are exposed on
the surface of the clear coating layer (A) 5, namely, on the
surface of the precoated steel sheet. When the precoated
steel sheet is processed, for example bent, the fine
particles 7 serve more effectively as a lubricant and a
buffer so as to suppress the occurrence of defects such as
flaws. An example of the fluororesin fine particles 7 is
Dyneon TF micropowder manufactured by Sumitomo 3M Limited.
[0063]

The water repellent fine particles 7 preferably have an
(average) particle diameter of 0.3 to 10 um. If the
particle diameter is less than 0.3 pm, the water repellent
effects are lowered and the clear coating layer (B) 6 is
allowed to form a continucus film, resulting in unevenness
in appearance (development of an interference color) and a
decrease in processability. If the particle diameter is in
excess of 10 pm, the clear coating layer (A) 5 has to be

formed in a sufficiently large thickness in order to



6. [0069] In the invention, the titaniumoxide fine particles that have a.
hi gh | evel of photocatalytic activity are preferably anatase crystalline
titani um oxide. Fromthe viewpoints of application properties and
photocatal ytic properties, the particle dianeter of the anatase crystalline
titaniumoxide is pptimall.7 about 0.001 to 0.2 p.m Exanples of such
anatase crystalline titanium oxides include ST-01, ST-21 and ST-30L
manuf act ured by | SHI HARA. SANGYO KAI SHA, LTD. [0070] Ito generad,
the anatase crystalline titaniumoxidé4 s activated by short-wavel ength
lights in the ultraviolet region. Thus, when the precoated steel sheet is
used as an exterior nenber, the photocatal ytic properties can be induced by

ul travi ohetpeays tRet persunlbghtn V%@nclégrpeggeﬂﬁgdlgyégl(AP@%E is used as
an interior nenber, visible light responsive anatase crystalline titanium

oxi de iscpuefiegabbsy useddvExanpkesanfi thervisiblesl ightorRspgnshve
titani um oxi des include titani um oxi des doped with nitrogen, sulfur or
carbon, oxygencdetingebhtytirt an)um sxadeg, dye-sensitized titanium oxides
and netal - supported titani nmoxides, [0071] The cl ear coating |ayer
(B) 6 may066afai n anmor phous titani um oxi de together with the anntase
crystalline titaniumoxide. In this case, the mxing ratio between the
anat ase crystahe i eentéentand Untioxiwetandredel ot phous partaniem oxide is
preferably 10:90 to 8020 b{ mass. The anorphous titani um oxide works so as
to inprovéetﬁéegrabpattygf griercolt i hgisopruefenabiy sepve HsSathi AQér

by mass, and more preferably 1 to 10% by mass in terms of
solid content. The aforementioned effects are not obtained
at a content of less than 0.5% by mass. Any content in
excess of 20% by mass 1s not preferable because the coating
layer is clouded or the application process becomes
difficult.

[0065]

The clear ccating layer (A) 5 may contain various
additives as long as the color tone is not changed.
Exemplary additives are silica fine particles, dispersants,
coupling agents and UV absorbers. For example, the clear
coating layer (A) 5 may be formed in a continuous coating
line in which the solution that has been diluted with an
organic solvent is applied by a curtain coater, a roll
coater or a die coater and the wet film is baked. When the
main component for the clear coating layer (A) 5 is an
acrylic silicone resin, the wet film formed by the
application is preferably baked at a temperature of about

150 to 200°C.



the coating layer, and to inprove the processability and the durability of
the coating |ayer, [0072 The clear coating layer (F.) 6 Is formed such
that the anount of the titanium oxide barticies attached per one surface
of the zinc-containing netal-coated steel sheet is 10 mimto 2000 ng/m,
and nore preferably 50 ng/n2 to 2000 ng/n2 in terns of Tiflf the attached
anmount is less than 10 ng./ M, the photocatal ytic properties are markedly
| onered and the uniformcoating |ayer cannot be forned. If the anmount is in
excess of 2000 ng/nR2, the coating layéd will be cracked or separated when.
the precoated steel sheet is subjecte to various processing, and the cracks
can extend to such a depth as to reach the colored resin layer 4, [0 73]
The clearpoeating. layer (B) 6 may contain, in addition to the titanium
oxide fine particles, one, or two or nore filmform ng binders and
addi tives, wWnNdkiexaiqd esldel st tichd nergani @ )cogmpaiadsi sughe as oxi des and
conpounds of netals such as silicon, alum num and zirconium and phosphoric
aci d conpatadsosf 00d4¢r dhetké eativenal (6)pbetmytedntaeal anheébacwelni al
agents such as silver conpounds, and adsorbents such as activated carbons
and zeoi btesewshirileedui Mrad nilrgpt hwatolray tagre: (Hese iconpoumes dmcr ease
aesthetic durability by exerting, for exanple, antibacterial properties.

the clear coating layer (A) 5. In the invention, the clear

coating layer (A) 5 that lies under the clear ccating layer

(B) 6 contains the water repellent fine particles 7. When

an agueous dispersion for forming the clear coating layer

(B) 6 is applied by a roll coating method in the continuous

coating line, the clear coating layer (B) 6 becomes a

discontinuous (network) layer exposing the water repellent

fine particles 7 and the vicinities thereof. According to

this configuration, the precoated steel sheet can be

processed with a reduced probability of defects such as

cracks in the outermost clear coating layer (B) 6. Further,

the above configuration suppresses the development of

streaks of an interference color that is encountered when

the clear coating layer (B) 6 forms a continuous film. Thus,

aesthetic deteriorations on the surface can be prevented.

[0067]

As described hereinabove, the clear coating layer (B)
is not formed on the water repellent fine particles 7
dispersed in the clear coating layer (A) and the vicinities

of the particles, and the water repellent fine particles are

exposed on the surface of the clear coating layer (B). The



[ 0075] The clear coating layer (B) 6 nmay be fornmed on the clear
coating layer (A) 5 in a continuous coating line in which the chem cal
solution that has been diluted with water or an organic solvent is applied
onto the surface of the clear coating layer (A) 5 forned on the

zi nc-contai ning netal -coated steel sheet, by a roll coater or a die coater
and the wet filmis baked at a tenperature of about 180 to 250C. [0076]

As descri bed hereinabove., the invention is characterized in that the clear
coating | ayer containing the water repél Fent substance and the cl ear
coating layer (14) 6 containing the photocatal ytic particles are provided
on one or both surfaces of the steel sheet substrate. According to this

confi gurathenctasnhhbustrated tRetbhersesti @natnhyi evehn EbFrir{a)agad. the
plan view In 2(b),clear coating layer (6) 6 that is the upper |ayer is

repel | ed(By the water repebkenbrdi thpar 6iocl, esnd ipretheafinomxaat i nge t he
tine particles 7 and the vicinities 0 the particles. That is, the water
repel l ent£ftne pattictestdcarenexposedionckbessusfaée’ pf thbespi ecoat ed
steel sheet (the clear coating layer (D) 6) and are present astride the

cl ear coaleagihgyeffécihs) (byandithestcheas tokti nginl ayeeakéSatBachiétih this
configuration, the precoated steel sheet of the invention achieves

aest het i cuddeabkl ity bytohetaction ofethedphot beanbbyét , aresistance to
deconposition by the photocatal yst, and excellent appearance uniformty and
processabbFpiped. In payridierar t e giak| e ifedts s taEt e e M pri ner

| ayer 3 and the colored resin | ayer 4 stacked _on The chem cal conversion

t reat nentPPagertact Ageetdi hg POLtAPEScBRARR gaf at | SHYY t'HE Syt Hloduce

mut ual effects_so as to achieve the above vari ous Broperties required for
t he prec%ﬁgé@ seeg| tBARetZ 1s not preferable becalse 1t can cause a

decrease in the effects that are produced by the water
repellent fine particles dispersed in the clear coating
layer (A) (namely, improved shaping processability of the
precoated steel sheet, and clean wiping off of the attached
stains).

[0068]

The clear coating layer (B) 6 adds a new function to
the precoated steel sheet. That is, this layer is effective
in maintaining the surface beautiful permanently by
decomposing contaminants such as organic substances that
have attached to the surface of the precoated steel sheet
used as an interior or exterior material, thereby cleaning
the surface. This function is exerted by the photocatalytic
titanium oxide fine particles contained in the coating layer
(B) 6.

[0069]

In the invention, the titanium oxide fine particles



[ 0077] The coating layers are forned on at | east one surface of the
steel sheet substrr te. The identical Leafing i.rye.rs nmay be forned on the
ot her surface (the back surf. e). Alternatively, the back surface may be
chem cal conversion treated and thereafter service coated with a so-called
one-coat one-bake coating system comonly used for plecoated steel sheets.
EXNAPLES - 39 [0078] The present iyvention wll be described by the
foll ow ng exanpl es. (I NVENTI VE EXAVPLE 1) The steel sheet substrate
used in I NVENTI VE EXAMPLE | was a. hot>dip 55% al uni num zi nc al |l oy coated
steel sheet (the amount of the deposit was 80 g/ n2 per one side) which had
a thickness of 0.5 mm and which had been coated with silica-containing

chromat echAtanaa80dNhigh 46veae/ HE pRoteEaBaOftisehetiiccghaesi um The
hot -di p zi nc-coated steel sheet was coated w th mel am ne-curabl e pol yester

resin coptengragent ankPRECOLOR, PR MER EXt 2t {nbonf aei de ed HwyorBASke Coat i ngs
Japan Ltd.)" containing approxi mately 20% by mass of strontium chromate as
an antirustwpbgneat o bhplseavioa baspeoates suéhphbadciheldryct hi ckness
would be 5 Km The wet filmwas baked at about 2300C for 60 seconds to give
primer |ayepeffidy, the particle diameter of the anatase crystalline

titanium oxide is optimally about 0.001 to 0.2 pm. Examples

of such anatase crystalline titanium oxides include ST-01,

ST~21 and ST-30L manufactured by ISHIHARA SANGYO KAISHA, LTD.

[0070]

In general, the anatase crystalline titanium oxide is

activated by short-wavelength lights in the ultraviolet

region. Thus, when the precoated steel sheet is used as an

exterior member, the photocatalytic properties can be

induced by ultraviolet rays in the sunlight. When the

precoated steel sheet is used as an interior member, visible

light responsive anatase crystalline titanium oxide is

preferably used. Examples of the visible light responsive

titanium oxides include titanium oxides doped with nitrogen,

sulfur or carbon, oxygen-deficient titanium oxides, dye-

sensitized titanium oxides and metal-supported titanium

oxides.

[0071]

The clear coating layer (B) 6 may contain amorphous
titanium oxide together with the anatase crystalline

titanium oxide. In this case, the mixing ratio between the

anatase crystalline titanium oxide and the amorphous



[0079] Next, the priner |ayer was coated with a coating agent t hat
was a m xture of organosol -form baking fluorcresin "PRECOLOR No. 8800
(manuf actured by BASE Coatings Japan Ltd.)" containing polyvinylidene
fluoride and an acrylic resin in a nmass ratio of 80:20, with titani um oxLde
and cal cined black as coloring pignents and calcined silica as a surface
conditioner. The coating agent was - 40 - applied with a bar coater such
that the dry thickness would. be 22 inu The wet filmwas baked at about
24000 for 60 seconds to give a coloredfresin |ayer (which had a gl oss val ue
of 10 at 60 degrees). [0080] Next, the colored resin |ayer was coated
with a coating agent (c-1) which contained a solution of. an acrylic

siliconetreshiuhhakihadia wekgbtaBygr ageopotecagbapovweighbsef abeut 20, 000
and that included n--butyl acrylate and nmethyl nethacrylate as acrylic

ccnponenkso@pHouy tBthachuml exypeopykkei ebhaxyssl anpraseatsel i cone
conponent, as well as 5% by nmass of polytetrafl uoroethylene fine particles
havi ng aptawenage parthel eodtangt evlotidnywntdDyaeoa I35 92B7ndanufiact ured by
Sumtono 3MLimteg). The coating agewas applied with a bar coater such
t hat t hethe ecothiokgnésgsewpubddbeo2impnovdhehaeprbceasmaslibakeddathabout
150C for 30 seconds to give a clear coati' [0031]

durability of the coating layer.

[0072]

The clear coating layer (B) 6 is formed such that the

amount of the titanium oxide particles attached per one

surface of the zinc-containing metal-coated steel sheet is

10 mg/m? to 2000 mg/m?, and more preferably 50 mg/m® to 2000

mg/m? in terms of TiO,. If the attached amount is less than

10 mg/m?, the photocatalytic properties are markedly lowered

and the uniform coating layer cannot be formed. If the

amount is in excess of 2000 mg/m?, the coating layer will be

cracked or separated when the precoated steel sheet is

subjected to various processing, and the cracks can extend

to such a depth as to reach the colored resin layer 4.

[0073]

The clear coating layer (B) 6 may contain, in addition

to the titanium oxide fine particles, one, or two or more

film-forming binders and additives, with examples including

inorganic compounds such as oxides and compounds of metals

such as silicon, aluminum and zirconium, and phosphoric acid

compounds.

[0074]



On the clear coating(A), an aqueous dispersion (d-1) was applied which had
been prepared by m xing 20% by nmass in terns of solid of anatase titanium
oxi de ST-21 nmanufactured by | SH HARA QANGYO KAI SHA, LTD., wth anor phous
titani um oxi de di spersion "P1l-5600" manufactured by N hon. Parkeri zing
Co., Ltd The aqueous dispersion was applied with a roll coater such that
the attached anobunt would. be 150 ng/nR in terns of TiO2 The wet filmwas
dried at. about 200C for 20 seconds to give a clear coating |ayer (B)

Thus, a precoated steel sheet accordi g to the invention (INVENTI VE EXAMPLE
1) was manufactured, [0082] (INVENTIVE EXAMPLES 2 to 8, and COVPARATI VE

EXAMPLES | to 8) I nventive precoated steel sheets (I NVENTI VE EXAMPLES
2 toand conpard i ¥EepF ecoat By StLplr Sheets ARAT VE: (EXAMVPEES- 1 a1 0 8)
were manufactured in the same manner as in | NVENTI VE EXAMPLE |, except that

the primegehayesuchhescelofred eesppuhayer antihedebepenesaking kayer (A) and
the clear coating layer (a) in INVENTIVE EXAMI|.E 1 were chanced in
accordaneetwthetiheaebodst hoaszdesctebedhiihe Tabli ethini ng COVBARATbYE EXAVPLE
7, the aqueous dispersion (d-1) was sprayed onto the clear coating |ayer

(A" suchtbhat tTesphotdrgabundstinaowrd e beedilspercsethrattol itsy aod- | i ke
shapes. [0083] In Table 1, the coating agent (b-2) for the colored
resin | agsertasga freraakaepdar abheipetyestiet pespartiPRECOLOR No. 3800"
(manuf actured by BASF Coatings Japan Ltd,)) containing titani um oxide and
carbon bIl8EKS&s col oring pignments. This layer had a thickness of 15 pin and
a gl oss val ue of 60. The coating agent (c-2) for the clear coating

layer (A) was '} epet@d B2 NI npY¥de e v it2%iPe conereesem Sf uti on

clear coating layer (A) 5 in a continuous ccating line in
which the chemical solution that has been diluted with water
or an organic solvent is applied onto the surface of the
clear coating layer (A) 5 formed on the zinc-containing
metal-coated steel sheet, by a roll coater or a die coater
and the wet film is baked at a temperature of about 180 to
250°C.

[0076]

As described hereinabove, the invention is
characterized in that the clear coating layer (A} 5
containing the water repellent substance and the clear
coating layer (B) 6 containing the photocatalytic particles
are provided on one or both surfaces of the steel sheet
substrate. According to this configuration, as illustrated
in the sectional view in Fig. 2(a) and the plan view in Fig.
2(b), the clear coating layer (B) 6 that is the upper layer
is repelled by the water repellent fine particles 7 in the

clear coating layer (A) 5 and is consequently suppressed



42: - used for the coating agent (0-1) with 3% by nass in terns ci solid of
pol ytetrafl uoroet hyl ene fine particles having an average particle dianeter
of E pm (Dyne on 'FE 9205 manufactured by Sumitono 3MLimted). The coating
agent (c3) was the acrylic silicone resin solution used. for the coating
agent-1) w thout adding any water repellent fine particles.coating agent
(c-4) was an acrylic resin enulsion coating agent. The coating agent (c-5)
was ing the coating. agent. (c-3) with 30% by nass in
terms of solid of the powder used in g@-r) and 3% by mass in terns of solid
of watcr repellent fine particles (Dyneon 'FE 9207 manufactured by Sum tonp
31'4 Limted), The dispersion (d-2) for the clear coating. |ayer (B) was

the samerasmt Beadisperst onifd-3drexeeps thatdt heec anatasert kapkughexi de was
el imnated. The dispersion. (d-3) was prepared by m xing. the aqueous

di spersipart{dtds. witn3%dy trassidted efdpe 0fersolfichofpavad f1&€pel | ent fine
particles (Dyneon TIT 9207 manufactured by Sum tono 3MLimted).
are exposed on the surface of the precoated steel sheet (the
clear coating layer (B) 6) and are present astride the clear
coating layer (A) 5 and the clear coating layer (B) 6. With
this configuration, the precoated steel sheet of the
invention achieves aesthetic durability by the acticn of the
photocatalyst, resistance to decomposition by the
photocatalyst, and excellent appearance uniformity and
processability.

Further, the steel sheet substrate has the primer layer
3 and the colored resin layer 4 stacked on the chemical
conversion treatment layer 2. According to this
configuration, the layers produce mutual effects so as to
achieve the above various properties required for the
precoated steel sheet.

[0077]

The coating layers are formed on at least one surface
of the steel sheet substrate. The identical coating layers
may be formed on the other surface (the back surface).
Alternatively, the back surface may be chemical conversion
treated and thereafter service coated with a so-called one-
coat one-bake coating system commonly used for precoated
steel sheets.

EXAMPLES



[ 0084] The precoated steel sheets (INVENTIVE EXAMPLES 1 to G and
COVPARATI VE EXAMPLES | to 8) manufactured as descri bed above were tested by
the follow ng nmethods, the results beingrihed. in Table 1 (Testing nethods

and eval uation nethods) (1) Appearance uniformty The appear ance of
e precoated steel sheet was visually eval uated based on the foll ow ng
criteria: 0: No interference color was observed, and the appearance was
good. 0: Aslight interference color was observed but the appearance
was good without any defects such as #rievenness and dlscoloratlon A
Sl i ght uneve:n.ness and discoloration (such as devel opnent of an
interference color) were observed. x: Marked unevenness and

di scol orabpon](such as devel opnent of an interference color) were observed.
[ 0085]

The present invention will be described by the
following examples.
(INVENTIVE EXAMPLE 1)

The steel sheet substrate used in INVENTIVE EXAMPLE 1
was a hot-dip 55% aluminum-zinc alloy coated steel sheet
(the amount of the deposit was 80 g/m? per one side) which
had a thickness of 0.5 mm and which had been coated with
silica-containing chromate in an amount of 40 mg/m® in terms
of metallic chromium. The hot-dip zinc-coated steel sheet
was coated with melamine-curable polyester resin coating
agent "PRECOLOR PRIMER FX-2 (manufactured by BASF Coatings
Japan Ltd.)" containing approximately 20% by mass of
strontium chromate as an antirust pigment with use of a bar
coater such that the dry thickness would be 5 pum. The wet
film was baked at about 230°C for 60 seconds to give a
primer layer (a-1).

[0079]

Next, the primer layer was coated with a coating agent
(b-1) that was a mixture of organosol-form baking
fluororesin "PRECOLOR No. 8800 (manufactured by BASF
Coatings Japan Ltd.)" containing polyvinylidene fluoride and
an acrylic resin in a mass ratio of 80:20, with titanium
oxide and calcined black as coloring pigments and calcined

silica as a surface conditioner. The coating agent was



(2) Bendahility Two identical steel sheets were stacked one
the other indoors (20C) as illustrated in Eli.. 3. The precoated
sheet was fol ded 180 so as to clanp the upper end portion of the
steel sheets The outward bent potion (the upper end) of the coati

on top of
st eel

st acked
ng | ayer

was visually observed to Inspect for the occurrenceof: defects (cracks).
The eval uati on was nmade based on the following crite 0: No cracks were
observed_ 0: Slight cracks were observed. A: Marked cracks were observed_
X: Heavy cracks were observed_ - 44 ﬁ@086] (3) Resistance to flaws by

processi ng

applied with a bar coater such that the dry thickness would

be 22 pm. The wet film was baked at about 240°C for 60
seconds to give a colored resin layer (which had a gloss
value of 10 at 60 degrees).

[0080]

Next, the colored resin layer was coated with a coating

agent (c-1) which contained a solution of an acrylic

silicone resin that had a weight average molecular weight of

about 20,000 and that included n-butyl acrylate and methyl

methacrylate as acrylic components and y-

methacryloxypropyltriethoxysilane as a silicone component,

as well as 5% by mass of polytetrafluorcethylene fine

particles having an average particle diameter of 4 um

(Dyneon TF 9207 manufactured by Sumitomo 3M Limited). The

coating agent was applied with a bar coater such that the

dry thickness would be 2 pum. The wet film was baked at

about 150°C for 30 seconds to give a clear coating layer

[0081]

(A) .

On the clear cocating layer (A), an aqueous dispersion

(d-1) was applied which had been prepared by mixing 20% by

mass 1n terms of solid of anatase titanium oxide ST-21

manufactured by ISHIHARA SANGYO KAISHA, LTD., with amorphous

titanium oxide dispersion "PTI-5600" manufactured by Nihon

Parkerizing Co., Ltd. The aqueous dispersion was applied

with a roll coater such that the attached amount would be



The precoated steel sheet. was press-bent such that the coating |ayer side
woul d be bent outward. Changes in appearance of the surface of the coating
| aver, as well as the occurrence of flaws, were eval uated. The bendi ng was
performed i ndoors at 2000 such that the inner radius would be 0.8 nm 0: No
flaws were caused. A: Slight flaws and discol oration. were caused on
t. e portions that had been in contact with the press nol d. x: Marked
flaws were caused on the coating layer. [0087] (4) Wather resistance

An accel erat ed weat her resistance tésttlwas carried out for 1000 hours under
the follow ng conditions. The appearance was eval uated based on the
followng criteria: e: The color tone and the gl oss were not

substantiabl ygghangediernds ofheriggl or rhengeangdi theyghogsiver etshbelit! y
changed. A: The color tone and the gl oss were changed_ x: Marked changes in
col or topeoandrglkoss, séosnexanpl giseverelehal kbaginyeleyobsenyed.

Thus, a precoated steel sheet according to the invention

(INVENTIVE EXAMPLE 1) was manufactured.

[0082]

(INVENTIVE EXAMPLES 2 to 8, and COMPARATIVE EXAMPLES 1 to 8)

Inventive precoated steel sheets (INVENTIVE EXAMPLES 2
to 8) and comparative precoated steel sheets (COMPARATIVE
EXAMPLES 1 to 8) were manufactured in the same manner as in
INVENTIVE EXAMPLE 1, except that the primer layer, the
colored resin layer, the clear coating layer (A) and the
clear coating layer (B) in INVENTIVE EXAMPLE 1 were changed
in accordance with the conditions described in Table 1. 1In
COMPARATIVE EXAMPLE 7, the aqueous dispersion (d-1) was
sprayed onto the clear coating layer (A) such that the
photocatalyst would be dispersed into island-like shapes.
[0083]

In Table 1, the coating agent (b-2) for the colored
resin layer was a melamine-curable polyester resin
("PRECOLOR No. 3800" (manufactured by BASF Coatings Japan
Ltd.)) containing titanium oxide and carbon black as
coloring pigments. This layer had a thickness of 15 pum and
a gloss value of 60.

The cocating agent (c-2) for the clear coating layer (A)

was prepared by mixing the acrylic silicone resin solution



(Accel erated. weather resistant-- test. condi-ions) Nunmber of sunshine
carbon arc lanps: one lanp (No esndt)... 'nwer spivtage sitie ptahe _At
180..--26./V tato...off-on; oyn.lea..; 66 slhateh chnd.i:tfons at 114ht on
inhina:tei on a. blaf.:.k panel thaxmom...af.ef: 3.3t 56-.5A Cenditien.si
at ,
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used for the coating agent (c-1) with 3% by mass in terms of
solid of polytetrafluoroethylene fine particles having an
average particle diameter of 8 pm (Dyneon TF 9205
manufactured by Sumitomo 3M Limited). The coating agent (c-
3) was the acrylic silicone resin solution used for the
coating agent {(c-1) without adding any water repellent fine
particles. The coating agent (c-4) was an acrylic resin
emulsion coating agent. The coating agent (c-5) was
prepared by mixing the coating agent (c-3) with 30% by mass
in terms of solid of the powder used in (d-1) and 3% by mass
in terms of solid of water repellent fine particles (Dyneon
TF 9207 manufactured by Sumitomo 3M Limited).

The dispersion (d-2) for the clear coating layer (B)
was the same as the dispersion (d-1) except that the anatase
titanium oxide was eliminated. The dispersion (d-3) was
prepared by mixing the aqueous dispersion (d-1) with 3% by
mass in terms of solid of water repellent fine particles
(Dyneon TF 9207 manufactured by Sumitomo 3M Limited).

[0084]

The precoated steel sheets (INVENTIVE EXAMPLES 1 to 8,
and COMPARATIVE EXAMPLES 1 tc 8) manufactured as described
above were tested by the following methods, the results
being described in Table 1.

(Testing methods and evaluation methods)

(1) Appearance uniformity



iir kang-ahr...isturs: Relative husidtty. at least. 9.8%

|"i.4TaP..4. .x"atl.ST.:a".cooling water applied to the back' nartann of the
test. niece abeati Inien' t4ohoT waken to the -sSf'fnce. of the teat piece
not: per fonad Posas of radiations received by thn suffnee of the O

3C.a. tn,ns T.00a9.1 (S)S. escheu.:Lcciurabtiity The p.tenti..'tQd. nfnel
.Shaoth . htadhond in | NVlf:NTIV..1,
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The appearance of the precoated steel sheet was
visually evaluated based on the following criteria:

®: No interference color was observed, and the
appearance was good.

O: A slight interference color was observed, but the
appearance was good without any defects such as unevenness
and discoloration.

A: Slight unevenness and discoloration (such as
development of an interference color) were observed.

x: Marked unevenness and discoloration (such as
development of an interference color) were observed.

[0085]
(2) Bendability

Two identical steel sheets were stacked one on top of
the other indoors (20°C) as illustrated in Fig. 3. The
precoated steel sheet was folded 180° so as to clamp the
upper end portion of the stacked steel sheets. The outward
bent potion (the upper end) of the coating layer was
visually observed to inspect for the occurrence of defects
(cracks). The evaluation was made based on the following
criteria:

®: No cracks were observed.

O: Slight cracks were observed.

A: Marked cracks were observed.

x: Heavy cracks were observed.



and" 4tf4.f: AOhl . Xt f5<itM'i.ht6".c:!'ht. to.. 2bo mm sm 'sot:tangles and
were alinl:sAto. stand Vet:tics:1 1y for' 4. ifiloothe Wadj. 'tat. a

ne...-tiht. of ...about'fros the fehtidj of a rrtcon aaeectt: to a road,
and a waill.(,"'Oectlyl on the gthl.andi of' a cottage - 46 - adjacent to
paddy fi el ds. The appearance was eval uated based on the foll ow ng
criteria: 0: The surface was substantially free of attached

contam nants and mai ntai ned a beau Lf%h' appear ance.

[0086]
(3) Resistance to flaws by processing

The precoated steel sheet was press-bent such that the
coating layer side would be bent outward. Changes in
appearance of the surface of the coating layer, as well as
the occurrence of flaws, were evaluated. The bending was
performed indoors at 20°C such that the inner radius would
be 0.8 mm.

O: No flaws were caused.

A: Slight flaws and discoloration were caused on the
portions that had been in contact with the press mold.

x: Marked flaws were caused on the coating layer.
[0087]
(4) Weather resistance

An accelerated weather resistance test was carried out
for 1000 hours under the following conditions. The
appearance was evaluated based on the following criteria:

®: The color tone and the gloss were not substantially
changed.

O: The color tone and the gloss were slightly changed.

A: The color tone and the gloss were changed.

x: Marked changes in color tone and gloss, for example
severe chalking, were observed.
(Accelerated weather resistance test conditions)

Number of sunshine carbon arc lamps: one lamp (No



A: The surface had been slightly covered with contam nants and had
substantially lost the initial beautiful appearance. x: Contam nants
(for exanple living organi sns such as al gae, and carbon) had attached
severely to a level such that they would not be renoved by cl eaning, and
the initial beautiful appearance had been |ost [0089] (6) Water contact
angl e The surface of the precoated steel sheets produced. in

| NVENTI VE EXAM | , ES and COWVPAPAI | VE EXAMPLES was irradiated with TV rays at
an intensity of 0.2 mMWcm' using a265Wbl ack |ight (FL205-BLB
manuf act ured by TOSHI BA Li ghting- & Technol ogy Corporation) for 24 hours.
Thereafter, water was dropped onto the surface and the water contact angle
after 3 secendsywasygeasured with an automatic contact angle neter (DW 500
manuf act ured by Kvowa Interface Science Co., Ltd.). The results are
described in dabte dupply -védBragd 009k]gle phase AC 180-230 V

Turn off-on cycles: 60 minutes - 60 minutes
Conditions at light on
Temperature indicated on a black panel thermometer:
63+3°C
Relative humidity: 50%5%
Conditions at light out
Air temperature: 30°C
Relative humidity: at least 98%
Temperature of cooling water applied to the back
surface of the test piece: about 7°C
Injection of water tc the surface of the test piece:
not performed
Dosage of radiations received by the surface of the
test piece: 285+50 W/m® at 300 to 700 nm
[0088]
(5) Aesthetic durability
The precoated steel sheets produced in INVENTIVE
EXAMPLES and COMPARATIVE EXAMPLES were cut to 200 mm x 300
mm rectangles and were allowed to stand vertically for 4
months on:
(A) a wall (at a height of about 1 m from the ground)
of a building adjacent to a road, and

(B) a wall (directly on the ground) of a cottage



The results in Table 1 show that the precoated steel sheets in | NVENTIVE
EXAMPLES 1 to 8 achi eved excellent performances in all. the eval uation
tests, In contrast., the precoated steel sheet in COVPARATI VE EXAMPLE
1 was found to be poor in the resistance to flaws by processing, the

weat her resistance and the aesthetic durability because this precoated
steel sheet did not have the clear coating |ayer (A). The precoated
steel sheet in COVWARATI VE EXAMPLE 2 did, not show any photocatal 'effects
because this precoated steel sheet di d®not. have the clear coating |ayer
(B). the aesthetic durability was poor. The precasted steel sheet in
COVPARATI VE EXAMPLE 3 did not contain any water repellent, fine particles
in the ckaancenat tbgphayer £(A1d5. Consequently, as illustrated in the
sectional viewin Fig. 4?a) and the plan viewin Fig. 4(b), the clear
coating | ayerTd)adpgsov cledvd heswonudosdrash fe€ o i ttuousofidm aqd fl aws
were caused on the surface by processing. | n COMPARATI VE EXAMPLE 4,

t he cl earrdoatriag | ayer (S) din not contain titanium oxide and thus failed
to maintain the beautiful appearance by the photocatal ytic action. In
COVPARATI VE ERXAMPLE 5urttheechear scbatengibayer ffAp wdsatormbddof an acrylic
resin enul sion coating agent which did particles. Thus, the clear coating
| ayer (Arownasndeenhposed aadntegraded bgathefphotppatabyse; resulting in
deteriorations in weather resistance and processabi Lity. [0092] In
COVPARATI VE EXAVALE! SBrfadre had dveqrepel 1@ Y ivvyrdivids were mixed in
the coating liquid for the clear coating_ |layer (S). Consequently, as

i || ust rafeadtPrRIPARE SR ohAR §P€§F?ﬁtFﬁeg5{9§taﬁ etheiptan viewin fl5(b),
the wate reEeII nt fine particles t were present only in the clear coating
| ayer (DPSBYtBEEAUSBPBRTERESpresence of the water repellent fine particles

7, th I ' [ B).6 f di sconti h d hi d
ccel Tent - uniT ontTLy 1 Apbay e ¢ FIBREy el S 1hb PRLGITon Tored o
hol di [ .l 71 I i I B) 6 k
that {1 aheoaer o BertyoRaToBa GAF PRGE oF oRBLar ROV ahd Hod Vol CHETTine

partICIe§h§§r€hg§t98Qfg Hgtpﬁgcﬁéﬁgggd by cleaning, and the initial
beautiful appearance had been lost.
[0089]
(6) Water contact angle

The surface of the precoated steel sheets produced in

INVENTIVE EXAMPLES and COMPARATIVE EXAMPLES was irradiated
with UV rays at an intensity of 0.2 mW/cm?® using a 20 W
black light (FL20S-BLB manufactured by TOSHIBA Lighting &
Technology Corporation) for 24 hours. Thereafter, water was
dropped onto the surface and the water contact angle after 3
seconds was measured with an automatic contact angle meter
(DM-500 manufactured by Kyowa Interface Science Co., Ltd.).

The results are described in Table 1.



I n COMPARATI VE EXAMPLE 7, as illustrated n the sectional viewin Fig. 6(a) and
the plan viewin Fig. the photocatal yst |ayer 8 was di spersed into island-Iike
(di scontinuous) shapes on the surface of the clear coating |layer (A 5. (The
surface covering rate was 90% of the area-) However, because the |ayer did not
contain any water rolling resulted in_f%?w§ in the surface. In COVWARATI VE
EXAMPLE 8, the clear coati was configuretd to contain both the water repellent
fine partl.ctes and the photocatal yst particles. As illustrated in he

sectional view inand the—planview-in F-g—FHt ) )—thewater—repellent fine
particles 7 were exposed on|glte, s@r flace| of |t he| ¢l ear cqatli hg| I|ayer The
precoat ed steel sheet nCO@m FOlroA gg? gﬁgwgggdability by the
effects of the water repell tg i parti(clies '[/.| Howeyver | the |\weat her
resi stance was | ow because the p cat allyst | parltilcles [8[werje lburied in the
clear coating J..ctyerb. [009'RE
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I n COMPARATI VE EXAMPLES 1 to 8, the water contact angle was outside the
range of 22 to 60. J:ndustr.-Lai.Appl.icability 10094] According to
the precoated steel sheets and the production processes therefor of the
present invention, excellent properties such as processability, weather

resi stance and aesthetic durability are achi eved. The precoated steel
sheets are suited for use as exterior materials of electrical equipnent,
and b.uildino interior and exterior nmaterials. Needl ess to nmentionprecoated
steel sheets may be used in other appl4tations 1-6cmtiring the - 25:1 -
Lit (.01)3F-21 1 COATED: STEEL : SHEET

[0091]

The results in Table 1 show that the precoated steel
sheets in INVENTIVE EXAMPLES 1 to 8 achieved excellent
performances in all the evaluation tests.

In contrast, the preccated steel sheet in COMPARATIVE
EXAMPLE 1 was found to be poor in the resistance to flaws by
processing, the weather resistance and the aesthetic
durability because this precoated steel sheet did not have
the clear cocating layer (A).

The precoated steel sheet in COMPARATIVE EXAMPLE 2 did
not show any photocatalytic effects because this precoated
steel sheet did not have the clear coating layer (B). Thus,
the aesthetic durability was poor.

The precoated steel sheet in COMPARATIVE EXAMPLE 3 did
not contain any water repellent fine particles in the clear
coating layer (A) 5. Consequently, as illustrated in the
sectional view in Fig. 4 (a) and the plan view in Fig. 4(b),
the clear coating layer (B) 6 provided thereon formed a
continuous film and flaws were caused on the surface by
processing.

In COMPARATIVE EXAMPLE 4, the clear coating layer (B)
did not contain titanium oxide and thus failed to maintain
the beautiful appearance by the photocatalytic action. In
COMPARATIVE EXAMPLE 5, the clear coating layer (A) was

formed of an acrylic resin emulsion coating agent which did
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not contain any silicon compounds or water repellent fine
particles. Thus, the clear coating layer (A) was decomposed
and degraded by the photocatalyst, resulting in
deteriorations in weather resistance and processability.
[0092]

In COMPARATIVE EXAMPLE 6, the water repellent fine
particles were mixed in the coating liquid for the clear
coating layer (B). Consequently, as illustrated in the
sectional view in Fig. 5(a) and the plan view in Fig. 5(b),
the water repellent fine particles 7 were present only in
the clear coating layer (B) 6. Because of the presence of
the water repellent fine particles 7, the clear coating
layer (B) 6 formed a discontinuous shape and achieved
excellent uniformity in appearance. However, the retention
force for holding the fine particles 7 in the clear coating
layer (B) 6 was so weak that flaws were easily caused during
processing and most of the fine particles were detached by
processing.

In COMPARATIVE EXAMPLE 7, as illustrated in the
sectional view in Fig. 6(a) and the plan view in Fig. 6(b),
the photocatalyst layer 8 was dispersed into island-like

(discontinuous) shapes on the surface of the clear coating

layer (A) 5. (The surface covering rate was 90% of the
area.) However, because the layer did not contain any water

repellent fine particles 7, processing such as pressing or
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rolling resulted in flaws in the surface.

In COMPARATIVE EXAMPLE 8, the clear coating layer (A)
was configured to contain both the water repellent fine
particles and the photocatalyst particles. As illustrated
in the sectional view in Fig. 7(a) and the plan view in Fig.
7(b), the water repellent fine particles 7 were exposed on
the surface of the clear coating layer (A) 5. The precoated
steel sheet in COMPARATIVE EXAMPLE 8 showed good bendability
by the effects of the water repellent fine particles 7.
However, the weather resistance was low because the
photocatalyst particles 8 were buried in the clear coating
layer (A) 5.

[0093]

In COMPARATIVE EXAMPLES 1 to 8, the water contact angle
was outside the range of 22 to 60°.
Industrial Applicability
[0094]

According to the precoated steel sheets and the
production processes therefor of the present invention,
excellent properties such as processability, weather
resistance and aesthetic durability are achieved. The
precoated steel sheets are suited for use as exterior
materials of electrical equipment, and building interior and
exterior materials. Needless to mention, the precoated

steel sheets may be used in other applications requiring the
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54 - [ aim8] The precoated steel sheet according to any one of Clains s
to 7, wherein the clear coating layer (B) is fornmed of a m xture of anatase
crystalline titanium oxide fine particles and anorphous titani um oxi de, as
a mai n conmponent _ [C ai m 9] The precoated steel sheet according,to any
one of Clains 1 to 8, wherein the steel sheet substrate is a zinc

contai ning netal -coated steel sheet having a chem cai conversion treatnent

| ayer and a resin coating |layer formed thereon that are formed on at | east
one surface of the steel sheet, and th&resin coating |ayer includes a
primer layeris forned of a thernosetting resin containing an antirust

pi gnment, and a colored. resin. layer. [Caim

CLAIMS
[Claim 1]

A precoated steel sheet comprising:

a steel sheet substrate and, on at least one surface
thereof,

a clear coating layer (A) which contains a silicon
compound as a main component and water repellent fine
particles as a dispersed component and

a clear coating layer (B) which is stacked on the clear
coating layer (A) and contains photocatalytic titanium oxide

fine particles as a main component.

[Claim 2]

The precoated steel sheet according to Claim 1, wherein
at least some of the water repellent fine particles in the
clear coating layer (A) are dispersed in island-like shapes
that protrude from the surface of the clear coating layer

(B) .

[Claim 3]
The precoated steel sheet according to Claim 1 or 2,
wherein the surface of the clear coating layer (B) has a

water contact angle of 22 to 60°.

[Claim 4]



The orecoated steel sheet according to Claim9, wherein the colored resin

| ayer is formed froman organosol -formbaking flur __est, as a nmain
conponent that includes polyvinylidehe fluoride and an acrylic resinin a
mass ratio of 85:15 to 50: 50: A process for producing a precoated
steel sheet conprising sequentially stacking a clear coating which contains
a silicon conpound as a main conponent and a clear coating |ayer (B) which
cont ai ns photocataivtic titaniumoxide fine particles as a main conponent
on at |east one surface of a steel she®i substrate, wherein t he cl ear
coating laver (A) is configured to contain water repellent fine particles
as a dispersed conponent and the anmount. of coating of the clear coating.

|l ayer (B) is supppessedtan %EgeﬁnshQ%tVEEEBEHEE? eb the wateprrepel | ent
fine particles so as to disperse the water repellent fine particles into

i sl and- I ike ishapesd B ,a wREh SHCh dahat saimd east:hsonm tdierneqfe1 pipt rude
fromthe surface of the clear coating layer (B), [Claim The process
for produting paryiedeat ad sieelcisheetccaeteordilngdro (@)ainavkl,a wergin at
| east sonme of the water repellent fine particles in the clear coating |ayer
(A) have partiarigerdipardtiea! e hdirangieert Hilametdse dthittknessaof ddwe icigear
coating |layer (-A),

layer (A).

[Claim 5]

The precoated steel sheet according to any one of
Claims 1 to 4, wherein the water repellent fine particles in
the clear coating layer (A) are fluororesin particles,
fluororesin copolymer resin particles, silicone resin
particles or particles whose surface is coated with any of

these resins.

[Claim 6]
The precoated steel sheet according to any one of
Claims 1 to 5, wherein the silicon compound in the clear

coating layer (A) is an acrylic silicone resin.

[Claim 7]

The precoated steel sheet according to any one of
Claims 1 to 6, wherein the titanium oxide particles in the
clear coating layer (B) have been attached in an amount of

10 mg/m? to 2000 mg/m? in terms of TiO, per one surface.
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[(Claim 8]

The precoated steel sheet according to any one of
Claims 1 to 7, wherein the clear coating layer (B) is formed
cf a mixture of anatase crystalline titanium oxide fine

particles and amorphous titanium oxide, as a main component.

[Claim 9]

The precoated steel sheet according to any one of
Claims 1 to 8, wherein the steel sheet substrate is a zinc-
containing metal-coated steel sheet having a chemical
conversion treatment layer and a resin coating layer formed
thereon that are formed on at least one surface of the steel
sheet, and

the resin coating layer includes a primer layer that is
formed of a thermosetting resin containing an antirust

plgment, and a colored resin layer.

[Claim 10]

The precoated steel sheet according to Claim 9, wherein
the colored resin layer is formed from an organosol-form
baking flucroresin as a main component that includes
polyvinylidene fluoride and an acrylic resin in a mass ratio

of 85:15 to 50:50.

[Claim 11]
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A process for producing a precocated steel sheet
comprising sequentially stacking a clear coating layer (A)
which contains a silicon compound as a main component and a
clear coating layer (B) which contains photocatalytic
titanium oxide fine particles as a main component on at
least one surface of a steel sheet substrate, wherein

the clear coating layer (A) is configured to contain
water repellent fine particles as a dispersed component and
the amount of coating of the clear coating layer (B) is
suppressed on and in the vicinities of the water repellent
fine particles so as to disperse the water repellent fine
particles into island-like shapes in a manner such that at
least some thereof protrude from the surface of the clear

coating layer (B).

[Claim 12]

The process for producing a precoated steel sheet
according to Claim 11, wherein at least some of the water
repellent fine particles in the clear coating layer (A) have
a larger particle diameter than the thickness of the clear

coating layer (A).





