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- 1 - DESCRI PTI ON COATED METAL PLATE W TH EXCELLENT
CORROSI ON RESI STANCE  AND REDUCED ENVI RONVENTAL | MPACT

5 Technical Field The present invention relates to a
precoated metal sheet and, nore specifically, to a
precoated nmetal sheet excellent in coating materi al
adhesi on and corrosion resistance, friendly to the

gl obal environnent by virtue 10 of not contai ning
hexaval ent chrom um which pgscransiofier ed t o have a

| arge affect on environnment, and sSuitable for use in

aut onobi l es, building nmaterials and hone appliances.
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global environment, it is required to suppress the
elution of hexavalent chromium and, if possible, to not
use the chromate treatment.

Against such a background, a technique using a resin
chromate obtained by compounding an organic resin and
chromate has been reported in JP 5-230666 A. Using this
technique, the elution of hexavalent chromium can. indeed
be decreased but cannot be completely prevented.

On the other hand, various chromate-free treatments
having a performance comparable to the chromate treatment
have been recently developed. A representative example



10 The corrosion resistance is indeed inproved to a
certain extent by this chronmate-free treatnent, but
the coating material adhesion is not necessarily
satisfactory in uses where severe working is applied.
JP 8-73775 A discloses an acidic surface-treating
agent containing two kinds of %52stlane coupling
agents. The coating material adhesion is indeed
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30 As a result of intensive investigations to solve the
above-described problems, the present inventors have
found that when providing, on at least one surface of a
metal sheet, a film mainly comprising one or both of a
metal oxide and a metal hydroxide and having, as physical
35 configuration, one or both of film cracks and metal sheet
surface pits, a precoated metal sheet exhibits coating

material adhesion and corrosion resistance equal to those
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conprising one or both of a netal oxide and a netal 20
hydr oxi de each using a netal species exclusive of
chromium (3) A precoated netal sheet with excellent
corrosion resistance and little affect on environment,
conprising a nmetal sheet on the surface of which pits
are 25 forned, the netal sheet—-having on at |east one
surface thereof an inorganic filmand an organic coat
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thereon, wherein the inorganic film is a film mainly
comprising one or both of a metal oxide and a metal
hydroxide each using a metal species exclusive of
chromium and the film has cracks therein.

(4) The precoated metal sheet as described in (1)
or (3), wherein the crack has a size such that the width .

is from 0.1 to 10 pm, the depth is from 0.5 to 10 pum and
the length is 3 pum or more.
(5) The precoated metal sheet as described in (2)

or (3), wherein the pit has a size such that the minor



resin coated thereon and this brings about the above
30 described enhancenent. As a result of extensive
studies, the present inventors have further found
that when cracks are forned in the filmof the netal
oxi de or netal hydroxide on the surface of a netal
sheet, the coating material adhesi-on 35 and corrosion
resi stance are nore enhanced and this effect is

conp ble tq tha f ot chromat e treatnent.
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As a result of extensive studies, the present
inventors have further found that when cracks are formed
in the film of the metal oxide or metal hydroxide on the
surface of a metal sheet, the coating material adhesion
and corrosion resistance are more enhanced and this
effect is comparable to that of the chromate treatment.
The mechanism thereof is not clearly known, but it is



enhanced corrosion resistance. The pit preferably has
a size such that the mnor axis is fromO0.5 to 10 pm
and the depth is from0.5to 10 m If the mnor axis
is less than 0.5 pmor the depth is less than 0.5 pm
the 5 coating material adhesion and corrosion
resistance are sonmewhat inferidr - On the other hand,
the presence of a I|arge nunber of large pits having a

M NOTcche iNe@%aeHh N0 é'&atﬁ‘ﬂiboﬁta@eﬁlfﬁ mrﬁ&%%gl mté-ocfacks
is naot preferred, becau

e hen non that a
renaIQHrﬁ?WsﬁsPdéot?ﬁ}ﬁﬁ anf Enﬁgge rGRhY¥ enhaHClng the
exparmadcrln@t mhherbaklatgmesfloooaamhgoy rmlmmjeabfanhie enhanced
escapef i3H) E?eﬁgé]@fﬂdqgnaft]g p}éuré 51980 #h8col) %L

nay cause roug coatln m sur e Sl ze
St he ;ﬂrteveéltﬁer ér@ne?réfaaimng ipen ’ffl*\%ttlrttl%faﬁ?né?t"a@ﬁrs the

is froyatingofidn p&ﬁcﬁﬂﬂnet hetdepbkids cfxr @@¥ch1t Bydbodite,
pm VVth respect t.o t n%%ﬁr axis,. the Iarger t he

maj off SEXIE ITPhE" % hEPET g PhE e 3AREERER i s

hi gher. FOheheracks pxwifemalaﬂm novganisd zei barboniprt seéw

of CRaeRl 100KRoplo 8 T30 g) A ENLALTLAL Y BIede 10
sen al “shee

and havin cracks 1s pr

10havi po andf tlce mrtgs‘:hf dismadut her ewre .t hefnmehal widtgetis less

15

20

25

30

35

exhi bits e excellent . copatjn erial adhesi n

and' F‘Pogoi)rfup’esq S5EER H3 ﬁgsnr{?‘r?g QagetBioh R genath

as pﬂxsnéals @MHI:{J%@t ﬁﬁg c@éﬁﬁug Ha@eeigl Qtﬂl@éiskfon and the
t here

KnoniOTBAFLTE TS IShRer s SRRV JFERLSES e presence
synep§i st izrgmohmbeaf béclabye botdrksi hevand zreickdy the

coat LOge gl gg 1 A \BOBGSLOR LS, IIpLOVed £OMLOS VG o

actors —are’ preve entedf ¥ i nvasi
| nt epfateried wdmerauskeacphaenonprfan fhatdaiheremigling inside

0X|d@hQrcfiﬁﬁﬂeéﬁé@@QXEQSm S AYhtiRg ¢9ih0SkOfhce while
reS|st$nce j s enhanced. The netal species constituting

the HR %?g%&%é’o&ﬁ’mew@f‘ﬁ?nm & &'@e BRking ik qoating
chr omaterials ddmmrsgt @ahicls et eaauser at beuglvadoatg gl fdlm

proviged on tf&ﬁt‘iﬁEE@FPééfeédp tg{f tlgfng%eéfnéhé ’11‘4:%%5(' 9Bhe

is not particu les t

i ncl LRrdeF drhe #&Qﬁébvuh@erﬂkﬂheunﬁhetaﬁf%ﬁﬁnﬁfiﬂn@ﬁﬂﬁ&ﬁ?

Ni ckedheLichal t Thel b8Pé WE tid €RREUM € m&FUl (Ydfee@B1y such
One of these netal species nay be used alone or two

or nohaF e sdAthasbbremdt 3 foalfi WBd the fepthaisngrom 1
t hesg, N\f s anea%écyérﬁj#w iRy af Egrsﬁ RS, titanium

zirconiumand silicon. This is because the 5 oxide or
hydr oxi dSigelertyni Hnhas hesai GrEBE &hat ¢Bien popgEal sheet

?OOd’labﬂﬂfd_j RG b ehrﬂm@rwe@fnaherbﬁlbotih%mt hl@ldanox1de
or (0] (0] neta oxid met al
nyarily o REdl REoRlad AL hathl Snodiine ois, BYfs. the
chrcﬂﬁanhngnm@hern%laadhﬁﬁygp agdnotrrosion resistance are

also enhanced. The mechanism thereof is not clearly
known, but it is considered that similarly to cracks in
the film of the metal oxide or metal hydroxide, the
coating material intrudes into the pit portion to cause a
so-called anchor effect, thereby enhancing the coating
material adhesion, and corrosive factors are prevented
from invading into the interface between the coating film
and the metal oxide or metal hydroxide, resulting in the



10 particularly limted and a comonly known net hod

can be used. Exanples thereof include a |liquid phase
deposition process using a fluoride ion, such as a
fluoro-conplex ion of netal, a vapor phase deposition
process such as sputtering or CVD, and a plating
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The metal species constituting the metal oxide or
metal hydroxide, exclusive of chromium, as the metal
species for the coating film provided on the metal sheet
of the present invention, is not particularly limited,
but examples thereof include iron, magnesium, niobium,

tantalum, aluminum, nickel, cobalt, titanium, zirconium



di ssolving. As a result, pits are first forned on the
20 underlying plating, and at the sane tinme, cracks
are fornmed in the netal oxide or netal hydroxide
grow ng on the plating. For exanple, in the case of a
hot-dip 55% Al -43.4% Zn-1.6% Si_ all oy-pl ated stee
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resin, pO yo e ase resin
pol ycar b&h8&t eebelse@qeés whichheaw| be bmﬁ ineths present

nodiihivedti8ai Ds tAEY QRfrtiieuthesy! 1 kO PYut, for example, a
stainless steel sheet, an aluminum alloy sheet and a
plated metal sheet are suitable. Examples of the
stainless steel sheet include ferrite stainless steel
sheet, marten site stainless steel sheet and austenite
stainless steel sheet. EXamples of the aluminum alloy
sheet include JIS 1000 series (pure Al type), JIS 2000
series (Al-Cu type), JIS 3000 series (Al-Mn type), JIS
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may contain a coloring pignment 35 or dye or a
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cracks are generated in the metal oxide or metal
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35 plated steel sheet, hot-dip Zn-11% Al-3% Mg-0.2% Si
alloy-plated steel sheet and hot-dip Al-9% Si alloy-

plated steel sheet. 1In this case, even when the
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T| obuwraels—k@qealr gesinp pdlyaarkonaterbasedtedsioni pbeopl-
et abasWdin@dide o®Nat M6dified resin thereof is crosslinked by

a crosslinking agent component such as butylated
melamine, methylated melamine, butyl methyl-mixed
melamine, urea resin, isocyanate or a mixture thereof,
and also include electron beam-curable resins and
ultraviolet-curable resins.

The coating material for the precoated metal sheet
of the present invention may contain a coloring pigment
or dye or a gloss-adjusting agent such as silica and
also, if desired, may contain a surface smoothing agent,
an ultraviolet absorbent, a hindered amine-based
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substrate of netal sheet. Each filmfornmed by the

i quid phase process or 10 vapor phase process was
subj ected to analyses by X-ray photoelectric
spectroscopy and infrared spectroscopy to confirmthe
production of a netal oxide or a netal hydroxide.
Each netal sheet having forned tllereon a netal oxide
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The present invention will now be described in
greater detail below by referring to Examples, but the
present invention is not limited to these Examples.

The metal sheets used were a hot-dip 55% Al-43.4%
Zn-1.6% Si alloy-plated steel sheet (plating coverage on
both surfaces: 150 g/m?), a Zn-11% Al-3% Mg-0.2% Si alloy-
plated steel sheet (plating coverage on both surfaces:

120 g/mz), a stainless steel sheet (SUS304) and an
aluminum alloy sheet (JIS A 3005 (Al-Mn type)). These
metal sheets all had a thickness of 0.8 mm. Each metal
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by cutting the precoated netal sheet in such a manner
that they have a cut end with an upward flash and a
cut end with a downward flash. According to the
neutral salt 15 spray cycle test (spraying of an
aqueous 5 wt % NaCl solution (2 hours) -> drying (60C,
RH: 20 to 30% 4 hours) -> wetiing (50C, RH: 95% or
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filmfornmation stage, ose e surface t he
fornmed néteqh getaes étae%taaﬁteﬁyei@e%?aélwWﬁs,va@glpped in the

treating solution and treated under the following
conditions to form a film of metal oxide or metal
hydroxide.
(a) Film formation of metal oxide or metal hydroxide by
simple dipping

The film formation was performed at room temperature
for 10 minutes and after the film formation, the metal
sheet was washed with water and dried.
(b) Film formation of metal oxide or metal hydroxide by
cathodic electrolysis using platinum as the counter
electrode



l'ightly rubbed with a dianond paste to artificially 30
produce cracks, and those where the surface of the
underlying netal sheet before filmformtion was

lightly rubbed to artificially formpits were al so
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, 0 WEgEcHnetal sheet having formed thereon a metal oxide

film or a metal hydroxide film was coated under the
following conditions to obtain a precoated metal sheet.
First, a modified epoxy-based primer precoating material
(78 Primer, produced by Kawakami Toryo K.K.), as a
chromete-free rust-preventive pigment, which contains a
total of 30% by weight of 1:1 mixture of calcium ion-
exchangeable silica (Shildex C303, manufactured by Grace)
and aluminum dihydrogen tripolyphosphate (Al,H;P30;0°2H,0)
(K-WHITE #105, manufactured by Tayaca), was coated as a
primer coating material to give a dry thickness of 5 pum
and further thereon, a polyestei urethane-based coating
material (570T, produced by Kawakami Toryo K.K.) was

applied to give a dry thickness of 15 pm.

These precoated metal sheets were evaluated
regarding coating material adhesion and corrosion
resistance under the following conditions.

1) Coating Material Adhesion

The precoated metal sheet produced by the above-
described method was dipped in boiling water for 60
minutes. Thereafter, crosscuts were formed thereon
according to the crosscut test method described in JIS K
5400 and further an Erichsen process yielding an Erichsen
value of 7 mm was applied. A pressure-sensitive adhesive
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10 2} Corrosion Resistance Test

Samples for corrosion resistance test were prepared
by cutting the precoated metal sheet in such a manner
that they have a cut end with an upward flash and a cut
end with a downward flash. According to the neutral salt
15 spray cycle test (spraying of an aqueous 5 wt$% NaCl
solution (2 hours) — drying (60°C, RH: 20 to 30%, 4
hours) — wetting (50°C, RH: 95% or more)) described in
JIS H 8502, a 180-cycle test was performed. The maximum
blister width from the cut end was evaluated. The
20 samples were rated on a 5-stage scale according to the
blister width and samples having a score of 3 or more

were ranked as "passed".
Table 2: Score of Corrosion Resistance

Score Rating Criteria

5 No blister
Maximum blister width of 3 mm or less
Maximum blister width of more than 3 mm to 5 mm
Maximum blister width of more than 5 mm to 7 mm
Maximum blister width of more than 7 mm

H N W
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v"v| On the other hand, in the case of aluminum alloy
sheet and stainless steel sheet, even when treated by the
20 liquid phase process, neither pits nor cracks were
formed.

When treated by the vapor phase process
(sputtering), neither pits nor cracks were generated in
any underlying metal sheet condition or in any metal

25 oxide or metal hydroxide condition.

As for specimens unable to form either cracks or
pits at the film-formation stage, those where the surface
of the formed metal oxide or metal hydroxide film was
lightly rubbed with a diamond paste to artificially

30 produce cracks, and those where the surface of the
underlying metal sheet before film formation was lightly

rubbed to artificially form pits were also evaluated.
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formed, which is effective.

On the other hand, when the film is formed by a
vapor phase process such as sputtering or when the
underlying metal sheet is a stainless steel sheet or the
like, pits are not formed on the underlying metal sheet
and cracks are also not formed in the metal oxide or
metal hydroxide film prepared. Accordingly, in such
cases, the precoated metal sheet, as-is, is not
satisfactory in the coating material adhesion and also in
the corrosion resistance. However, both the coating
material adhesion and the corrosion resistance are
improved by forming cracks or pits by a physical method

such as polishing with a diamond paste.
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paste. 20 @&LAl Msprecoated metal sheet, with excellent

corrosion resistance and having little affect on
environment, comprising a metal sheet on the surface of
which pits are formed, the metal sheet having, on at
least one surface thereof, an inorganic film and an
organic coat layer thereon, wherein said inorganic f£ilm
is a film mainly comprising one or both of a metal oxide
and a metal hydroxide each using a metal species
exclusive of chromium and said film has cracks therein,
wherein said cracks and pits are formed by a liquid phase
process for imparting the metal oxide or metal hydroxide to
the metal sheet.

4. The precoated metal sheet as claimed in claim 1
or 3, wherein said crack has a size such that the width
is from 0.1 to 10 um, the depth is from 0.5 to 10 um and
the length is 3 pm or more.

5. The precoated metal sheet as claimed in claim 2

or 3, wherein said pit has a size such that the minor



1. A precoated netal sheet, with excellent corrosion
resi stance and having little affect on environnent,
conprising a nmetal sheet having, on at |east one
surface thereof, an inorganic filmand an organic
coat | ayer thereon, wherein said inorganic filmis a
film minly conprising one or both of a netal oxide
and a netal hydroxide each using a netal species
exclusive of chrom um and sai ¢g1fil m has cracks
therein, wherein said cracks are forned by a liquid
phase process for inparting the netal oxide or netal

hydr oxaxies tte firm Aed &o Shewt and thé gapsbobst ddomet.gl to 10 um.
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conpr i &7 OWR 36 f°®f a netal oxide and a netal
hydr oxi de each using a netal species exclusive of
chrom um wherein said pits are formed by a liquid
phase process for inparting the netal oxide or netal
hydroxide to the netal sheet. 3. A precoated netal
sheet, with excellent corrosion resistance and havi ng
little affect on environnment, conprising a netal
sheet on the surface of which pits are forned, the
netal sheet having, on at |east one surface thereof,
an inorganic filmand an organic coat |ayer thereon,
wherein said inorganic film is a filmminly
conprising one or both of a netal oxide and a netal
hydr oxi de each using a netal species exclusive of
chrom um and said filmhas cracks therein, wherein
said cracks and pits are fornmed by a liquid phase
process for inparting the netal oxide or netal
hydroxide to the netal sheet. 4. The precoated netal
sheet as clained in claim1 or 3, wherein said crack
has a size such that the width is from0.1 to 10 pm
the depth is from0.5 to 10 pmand the length is 3 pm
or nore. 5. The precoated netal sheet as clained in
claim2 or 3, wherein said pit has a size such that
the minor 21 axis is fromO0.5 to 10 um and the depth
is fromO0.5 to 10 un. 6. The precoated netal sheet as
clainmed in any one of clains 1 to 5, wherein the
net al species constituting said nmetal oxide or netal
hydroxi de is one or nore nenber selected from
titanium zirconium and silicon



