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effect is conparable to that of the chromate
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Zn-1.6% Si alloy-plated steel sheet (plating coverage

on both surfaces: 150 g/nR), a Zn-11% Al - 3% My- 0. 2%

Si alloy- plated steel sheet (plating coverage on both
surfaces: 35 120 g/ nR), a stainless steel sheet

(SUS304) and an alum num all oy sheet (JIS A 3005

(Al -Mn type)). These netal shegts all had a thickness
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30 resistance under the follow ng conditions. 1)
Coating Material Adhesion The precoated netal sheet
produced by the above- described nethod was di pped in
boiling water for 60 mnutes. Thereafter, crosscuts
were fornmed thereon 35 according to the crosscut test
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underlying netal sheet before filmformation was
lightly rubbed to artificially formpits were al so
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shqetH &p Fe alloy plated steel sheet, Zn-N1

alloy-plated steel sheet, Zn-Al alloy-plated steel sheet,
Zn-Al-Mg alloy-plated steel sheet, Zn-Al-Mg-Si alloy-
plated steel sheet, Al-3Si alloy-plated steel sheet and

CV~C

Al-Zn-5i alloy-plated steel sheet.

A particularly preferred metal sheet is an alloy-
plated steel sheet mainly comprising Zn or Al. Usually,
an electrochemically base portion and an
electrochemically noble portion are present on the
surface of an alloy-plated steel sheet. When a metal
cxide or metal hydroxide is grown on such a plated steel
sheet by a liguid phase process, for example, by using an
acidic or alkaline agueocus solution or a fluoride ion-
containing aqueous solution, the electrochemically base
portion dissoclves and the noble portion remains without
dissolving. As a result, pits are first formed on the
underlying plating, and at the same time, cracks are
formed in the metal oxide or metal hydroxide growing on
the plating.

For example, in the case of a hot-dip 55% Al-43.4%
Zn-1.6% Si alloy-plated steel sheet, the Zn-rich phase is
the base portion and the Al-rich phase is the noble
portion. When this plated metal sheet is treated with
metal-hexafluoro complex ion, the Zn-rich phase is
selectively dissolved to form pits and the Al-rich phase
remains almost as-is. Then, a metal oxide or metal
hydroxide grows mainly on the Al-rich phase, whereas
cracks are generated in the metal oxide or metal
hydroxide on the Zn-rich phase. The same phenomenon

occurs in a plated steel sheet containing Zn or Al as a
main component, such as hot-dip gn-5% Al-0.1% Mg alloy-
plated steel sheet, hot-dip Zn-11% Al1-3% 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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LDF**ﬂﬁggfgyigg Stééf)gge%tois not a soft steel but is a

stainless steel sheet, the same phenomenon is observed.
Examples of the stainless steel sheet include hot-dip Al-
9% S5i alloy-plated stainless steel sheet.

The above-described reaction may be performed by a
liquid phase process through simple dipping, but the
growth of the oxide or hydroxide on the metal sheet
surface to be treated may be accelerated by short-circuit
Lo a metal having a standard electrode potential lower
than that of the metal sheet to be treated. Furthermore,
by electrically connecting an insoluble material to the
metal sheet to be treated, the system may be controlled
such that the insoluble material causes an anode reaction
and the metal sheet causes a cathode reaction.

The coating material for the precoated metal sheet
of the present invention is not particularly limited and
a coating material usually used for precoated metal
sheets can be used as-is. As for the resin, commonly

~ known resins may be used according to usage. More

specifically, examples thereof include those where a
resin component such as high molecular polyester-based
resin, polyester-based resin, acryl-based resin, epoxy-
based resin, urethane-based resin, fluorine-based resin,
silicon poiyester—based resin, polyester urethane resin,
vinyl chloride-based resin, polyolefin-based resin, '
butyral-based resin, polycarbonate-based resin, phenol-
based resin or a modified resin thereof is crosslinked by
a crosslinkihg 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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For the purpose of enhancing the corrosion

resistance, the coating may comprise two or more layers.
The undercoat coating may contain a rust-preventive
pigment. As for the rust-preventive pigment, known rust-
preventive pigments can be used and examples of the rust-
preventive pigment which can be used include phosphoric
acid-based rust-preventive pigments such as zinc
phosphate, iron phosphate, aluminum phosphate and zinc
phosphite, molybdic acid-based rust-preventive pigments
such as calcium molybdate, aluminum molybdate and barium
molybdate, vanadium-based rust-preventive pigments such
as vanadium oxide, ionmexdhangeable silica-based rust-
preventive pigments such as calcium ion-exchangeable
silica, chromate-based rust-preventive pigments such as
strontium chromate, zinc chromate, calcium chromate,
potassium chromate and barium chromate, fine particulate
silicas.such as water-dispersed silica and fumed silica,
and ferroalloys such as ferrosilicon. These may be used
individually or as a mixture of multiple species.
Furthermore, a carbon black powder may also be added.
Incidentally, in order to further reduce the affect on
environment, use of a chromate-based rust-preventive
pigment is preferably avoided.

Examples
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/m?), 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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sHiet égﬁgle was subjected to an alkali degreasing
treatment (with "SURFCLEANER 155", produced by Nippon
Paint Co., Ltd.) and then to the tests.

For imparting a metal oxide or a metal hydroxide to
the metal sheet, a liquid phase process or a vapor phase
process was used.

The treating solutions used in the ligquid phase
process were an aqueous 0.1 mol/L ammonium
hexafluorosilicate solution, an aqueous 0.1 mol/L
ammonium hexafluorotitanate solution, an aqueous 0.1
mol/L ammonium hexafluorozirconate solution, a mixed
agueous solution of an aqueous 0.05 mol/L ammonium

- hexafluorotitanate solution and an aqueous 0.05 mol/L
ammonium hexafluorosilicate sclution (Mized Solution A),
a mixed agueous solution of an aqueous 0.05 mol/L
ammonium hexafluorotitanate solution and an aqueous 0.05
mol/L ammonium hexafluorozirconate solution (Mixed
Solution B), a mixed aqueous solution of an aqueous 0.05
mol/L ammonium hexafluorozirconate solution and an
agueous 0.05 mol/L ammonium hexafluorcosilicate solution
(Mixed Solution C}, and a mixed aqueous solution of an

“aqueous 0.03 mol/L ammonium hexafluorotitanate solution,
an aqueous (.03 mol/L ammcnium hexafluorosilicate
solution and an aqueous 0.03 mol/L ammonium
hexafluorozirconate solution (Mixed Solution D).

Each metal sheet after degreasing was dipped 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
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4-) 3 C The film formation was performed at room temperature

for 5 minutes by controlling the current density to 100
mA/cm® and, after the film formation, the metal sheet was
washed with water and dried,

In the vapor phase process, the metal sheet was
treated by sputtering using Si, Ti or Zr as a target to
form a film of metal oxide or metal hydroxide on the
substrate of metal sheet.

Each film formed by the liquid phase process or
vapor phase process was subjected to analyses by X-ray
photoelectric spectroscopy and infrared spectroscopy to
confirm the production of a metal oxide or a metal
hydroxide.

Each metal 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 epoxyhbased primer preccating 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 €303, manufactured by Grace)
and aluminum dihydrogen tripolyphosphate (A13H2P3010-2H30)
(K-WHITE #105, manufactured by Tayaca), was coated as a
primer coating material to give a dry thickness of 5 um
and further thereon, a polyestef urethane-based cecating
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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attached to the worked part and then swiftly peeled off
by pulling it in an obligue direction of 45°, and the
number of peeled crosscuts out of 100 crosscuts was
counted. The adhesion was evaluated on a 5-stage scale
according to the degree of peeling. Samples having a
score of 3 or more were ranked as "passed".

Table 1: Score of Coating Material Adhesion

Score Rating Criteria

5 No peeling

Peeled area ratio of less than 5%

Peeled area ratio of 5% to less than 20%
Peeled area ratio of 20% to less than 70%

HON W e

Peeled area ratio of 70% or more

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
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
samples were rated on a S5~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

N W A
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s passed
test and the corrosion resistance test were
comprehensively judged as "passed”.

The results obtained are shown in Tables 3 to 6.

The widih, depth, length and minor axis of cracks and
pits were determined as an average of 5 cracks or pits by
observing a representative portion from the surface or
cross—-section of a sample through a scanning electron
microscope.

When the outer appearance after the film formation
of metal oxide or metal hydroxide was observed through a
scanning electron microscope, in the case of treating 55%
Al-43.4% Zn-1.6% Si alloy-plated steel sheet and Zn-11%
Al-3% Mg-0.2% 31 alloy-plated steel sheet by the liguid
phase process, pits were formed on the underlying metal
sheet after the stage of treatment and cracks were
generated in the formed metal oxide or metal hydroxide
film. On the other hand, in the case of aluminum alloy
sheet and stainless steel sheet, even when treated by the
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
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
preduce 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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As seen from Tables 3 to 6, the coating material
adhesion and corrosion resistance are good under
conditions, within the scope of the invention, of a metal
oxide or metal hydroxide having cracks and a metal sheet

5 having pits. Particularly, when 55% Al-43.4% Zn-1.6% Si
alloy-plated steel sheet and Zn-11% Al-3% Mg-0.2% Si
alloy-plated steel sheet are used as the underlying metal
sheets and treated by a liquid phase process, as shown in
Tables 3 and 4, the cracks and pits are simultaneously

10 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

15 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

20 material adhesion and the corrosion resistance are
improved by forming cracks or pits by a physical method
such as polishing with a diamond paste.




NNNWNa CNi N-I Ni N. 11. -1 1 A~ i 1)
CCNGiiiiiii"k" o cOCoOcCoca ) . cococo. .o . L.
0 0000 0"0POCOOOO'O-0"O0"G A V)nn 0. EEENNN ) ,C 0 ¢
0gO0OO0OO0 "a 0 gOCOX0' 07003 0 4mtero ro ~~ro robwen m

10

15

20

25

30

- 35

. "Immw en w en w en WA nmmmilOm FH

. CC. CC. CCCCNNNNW ", CCC.C 0 .G B~ -1NC t)
[prNO"1CNIOO OHN yHH.i HHHHNNN N O) 4) 0 > 3 H 4
O 43a 00 0 W C) 'Ho)cﬁlﬁs'H 0 Wa) a) .CC

1. A precoated metal sheet, with excellent
corrosion resistance and having little affect on
environment, comprising a metal sheet having, on at least
one surface thereof, an inorganic film and an organic
coat layer thereon, wherein said 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 said film has cracks therein.

2. A precoated metal sheet, with excellent
corrosion resistance and having little effect on
environment, comprising a metal sheet on the surface of
which pits are formed, the metal sheet having, on at
least one surface therecof, an inorganic film and an
organic coat layer thereon, wherein said inorganic film
is a film mainly comprising one or both of a metal oxide
and a metal hydroxidé each using a metal species '
exclusive of chromium. |

3. A preccated 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 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 said film has cracks therein.

4. The preccated 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 pm, the depth is from 0.5 to 10 pum and
the length is 3 um or more.

5. The precoated metai sheet as claimed in claim 2
or 3, wherein said pit has a size such that the minor
axis is from 0.5 to 10 pm and the depth is from 0.5 to 10

um.
6. The precoated metal sheet as claimed in any one




C40) - 19 As seen fromTables 3 to 6, the coating
mat eri al adhesi on and corrosion resistance are good
under conditions, within the scope of the invention,
of a metal oxide or netal hydroxide having cracks and
a nmetal sheet 5 having pits. Particularly, when 55%

Al -43.4% Zn-1.6% Si  al | oy- pl-atrped-st eel sheet and
Zn-11% Al -3% My-0.2% Si  al l oy-pl ated steel sheet are

used as qpq&1§;n%%netal sheet s and treated

he u .
li qui® 6%3%%§proce , "BETEHOAS AS ?5bf%§?%?%aﬁ&nﬁgyFﬁkfng
cracksidndepil oxdde sk mdtahdodsloyide® fsrored orwhibeh member
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by a vapor phase process such as sputtering or when
the wunderlying netal sheet is a stainless steel sheet
or the like, pits are not fornmed on the underlying
nmetal sheet 15 and cracks are also not forned in the
nmetal oxide or netal hydroxide film prepared.
Accordingly, in such cases, the precoated netal
sheet, as-is, is not satisfactory in the coating
mat eri al adhesion and also in the corrosion
resi stance. However, both the coating 20 materia
adhesi on and the corrosion resistance are inproved by
formng cracks or pits by a physical nmethod such as
polishing with a dianond paste. - 20 CLAIMS 1. A
- precoated netal sheet, with excellent corrosion
resi stance and -having little-affect on environnent,
conprising a netal sheet having, on at least 5 one
surface thereof, an inorganic filmand an organi c coat
| ayer thereon, wherein said inorganic filmis a film
mai nly conprising one or both of a netal oxide and a
nmet al hydr oxi de each using a netal species exclusive
of chromiumand said filmhas cracks therein. 10 2. A
precoat ed netal sheet, with excellent corrosion
resi stance and having little effect on environnent,
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 15 organic
coat | ayer thereon, wherein said inorganic film is a
filmmainly conprising one or both of a netal oxide
and a nmetal hydroxide each using a nmetal species
excl usive of chromum 3. A precoated netal sheet,
with excellent 20 corrosion resistance and having
little affect on environnent, conprising a netal sheet
on the surface of which pits are fornmed, the netal
sheet having, on at |east one surface thereof, an
inorganic filmand an organic coat |ayer thereon,
wherein said inorganic film25 is a filmmainly '
conprising one or both of a nmetal oxide and a netal
hydr oxi de each using a netal species exclusive of
chromium and said filmhas cracks therein. 4. The
precoated netal sheet as clained in claiml or 3,
wherein said crack has a size such that the width 30
is from0.1to 10 m the depth is from0.5 to 10 pm
and the length is 3 mor nore. 5. The precoated netal
sheet as clainmed in claim2 or 3, wherein said pit
has a size such.that the mnor axis is fromO0.5 to 10
pm and the depth is from0.5 to 10 35 6. The precoated
metal sheet as clainmed in any one - 21 of clains 1 to
5, wherein the netal species constituting said netal
oxi de or netal hydroxide is one or nore nenber
sel ected fromtitanium zirconiumand silicon




