- 1 CHEM CAL CONVERSI ON- TREATED METAL SHEET
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i quid phase deposition process, the filmformed on
the surface of the chem cal conversion-treated netal
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undertake a cathodi c reacti ﬁ % e or r oxi
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time. The control of potential can be facilitated by
setting the bath pH to an appropriate range, because

if the pH of the treating solution is too




| ow, a vigorous hydrogen reduction reaction readily 15
occurs. In other words, the deposition rate can be

i ncreased by controlling the hydrogen generating
reaction. Therefore, the pH of the treating solution
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an undercoating film of a coated steel sheet and the
like, the corrosion resistance and the adhesion between
resin and metal can be enhanced.
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type)moJISSOOO series (Al Mg type), JIS6000 series {(Al-
Mg-8i type} and JIS7000 series (Al~Zn type). Examples of
the plated steel sheet include Zn-plated steel sheet, Ni-
plated steel sheet, Sn-plated steel sheet, Zn-Fe alloy-
plated steel sheet and Zn-Ni alloy-plated steel sheet.
Examples of the metal sheet having on the surface thereof
a phase differing in the potential include aluminum alloy
sheet, Zn-Al alloy-plated steel sheet, Zn-Al~Mg alloy
plated steel sheet, Zn-Al-Mg-Si alloy-plated steel sheet,
Al-Si alloy-plated sheet and Al-Zn-8Si alloy-plated sheet.
Also, coating may be applied to the chemical conversion-

treated metal sheet of the present invention.

[Example]

The present invention is described in greater detail
below by referring to Example, but the present invention
is not limited to this Example.

The metal sheet used were hot-dip galvanized steel
sheet (plating coverage on both surfaces: 100 g/m®) and
stainless steel sheet (S5US304), and the metal sheet
having on the surface thereof a phase differing in the
potential 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?) and an aluminum alloy sheet (JIS A 3005 (Al-Mn
type)). These metal sheets all had a thickness of 0.8
mm. FEach metal sheet sample was subjected to an alkali
degreasing treatment and then to the tests described

below.
A metal oxide and a metal hydroxide were formed on
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b1~W1 The treating solutions used in the liquid phase

process were
an aqueous 0.1 mol/L ammonium hexafluorosilicate

solution (treating solution (1)),

an aqueous 0.1 mol/L ammonium hexafluorotltanate
solution {treating solution (2)),

an agueous 0.1 mol/L ammonium hexafluorozirconate
solution (treating solution (3}),

‘a mixed aqueous solution of an agueous 0.05 mol/L
ammonium hexafluorotitanate solution and an aqueous 0. 05
mol/L ammonium hexafluorosilicate solution (treating
solution (4)), |

a mixed aqueous solution of an agueous 0.05 mol/L
ammonium hexafluorotitanate solution and an aqueous 0.05
mol/L ammonium hexafluorozirconate solution (treating
solution (5)),

a mixed aqueous solution of an aqueous 0.05 mol/L
ammonium hexafluorozirconate solution and an aqueous 0.05
mol/L ammonium hexafluorosilicate solution (treating
solution (6)),

a mixed aqueous solution of an aqueous 0.03 mol/L
ammonium hexafluorotitanate solution, an aqueous 0.03
mol/L ammonium hexafluorosilicate solution and an aqueous
0.03 mol/L ammonium hexafluorozirconate solution
(treating solution (7)),

a mixed aqueous solution of an aqueous 0.1 mol/L
ammonium hexafluorosilicate solution and an aqueous 0.01
mol/L zinc chloride solution (treating solution (8)),

a mixed aqueous solution of an agueous 0.1 mol/L
ammonium hexafluorotitanate solution and an aqueous 0.01
mol/L zinc chloride solution (treating solution (9)),

a mixed aqueous solution of an agqueous 0.1 mol/L
ammonium hexafluorozirconate solution and an aqueous 0.01
mol/L zinc chloride solution (treating solution (10)),

a mixed aqueous solution of an aqueous 0.1 mol/L
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(11)),
a mixed aqueous solution of an aqueous 0.1 mol/L

ammonium hexafluorotitanate solution and an aqueous 0. 01
mol/L magnesium chloride solution {treating solution
{12)),

a mixed aqueous solution of an aqueous 0.1 mol/L
ammonium hexafluorozirconate solution and an aqueous 0.01
mol/L magnesium chloride solution (treating solution
(13)),

a mixed aqueous solution of an aqueous 0.1 mol/L
ammonium hexafluorosilicate solution and an aqueous 0.01
mol/L aluminum chloride solution (treating solufion
(L4},

a mixed aqueous solution of an aqueous 0.1 mol/L
ammonium hexafluorotitanate solution and an aqueous 0.01
mel/L aluminum chloride solution {treating solution
(15)),

a mixed aqueous solution of an aqueous 0.1 mol/L
ammonium hexafluorozirconate solution and an aqueous 0.01
mol/L aluminum chloride solution (treating solution
(16)),

a mixed aqueous solution of an aqueous 0.1 mol/L
ammonium hexafluorosilicate solution and an a&ueous 0.01
mol/L nickel chloride solution (treating solution (17)),

a mixed agqueous solution of an agueous 0.1 mol/L
ammonium hexafluorotitanate solution and an aqueous 0.01
mol/L nickel chloride solution (treating solution (18)),

a mixed aqueous solution of an aqueous 0.1 mol/L
ammonium hexafluorozirconate solution and an aqueous 0.01
mol/L nickel chloride solution (treating solution (19)),

a mixed aqueous solution of an aqueous 0.1 mol/L

ammonium hexafluorosilicate solution and an aqueous 0.01

mol/L cobalt chloride solution (treating solution (20)),

a mixed aqueous solution of an aqueous 0.1 mol/L

ammonium hexafluorotitanate solution and an agueous 0.01
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a mixed aqueous solution of an aqueous 0.1 mol/L
ammonium hexafluorozirconate solution and an aqueous 0.01
mol/L cobalt chloride solution (treating solution (22)).
The treating solutions (1) to (7) were adjusted by mainly
using ammonium fluoride and further, if desired,
hydrofluoric acid or aqueous ammonia in the aqueous
hexafluoro~complex salt solution such that the molar
ratio of metal to entire fluorine was about 1:6.5 and the
pH was about 3. The treating solutions (8) to (22) were
adjusted, after adding the chloride to the agueous
hexafluoro~-complex salt solution, by mainly using
ammonium fluoride and further, if desired, hydrofluoric
acid or aqueous ammonia such that the molar ratio of
metal species of hexafluoro-complex salt to entire

fluorine was about 1:6.5 and the pH was about 3.

EBEach degreased metal sheet was dipped in the
treating solution and a film of metal oxide and metal
hydroxide was formed on the metal sheet by cathodic
electrolysis using a platinum as the counter electrode.
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 samples using treating
solutions (1) to (7), the fluorine ion in the treating
solution was taken into an oxide of the film in the
process of depositing the film and a fluorine-containing
metal oxide or metal hydroxide film was formed. In the
samples using treating solutions (8) to (22), the metal
ion and fluorine ion in the mixed aqueous solution were
taken into the film and a metal oxide or metal hydroxide
film containing an additional element and fluorine were
formed.

As for the degreased hot-dip 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, the film formation was
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ol rfOdmedi also by a so-called dipping process of dipping

. the metal sheet in the treating solution (1}, (2} or (3}

for 7 minutes and after film formation, water-washing and
drying it. 1In this case, a metal oxide or metal

hydroxide film having taken thereinto the fluorine ion in
the treating solution and a metal ion ceonsidered to have
dissolved out due to formation of local cells was formed.

For the purpose of comparison, a film comprising
only Si0;, TiO; or Zr0O, was formed on the metal sheet by a
sputtering process using $i0,, TiO; or Zroz as the target,
respectively. '

These films formed by the above-described liguid
phase process or vapor phase process each was subjected
to determination of amounts of elements contained in the
film by the X-ray photoelectric spectroscopy. Also, the
bonded state of the additional elements in the film was
estimated from the chemical shift on the photoelectric
spectrum of each element determined by the X-ray
photoelectric spectroscopy. Furthermore, metal atoms, F
atom, O atom and peripheral fine structure were examined
by the XAFS (X-ray absorption fine-struc¢tures) method and
each bonded state was estimated.

Out of the thus-produced various chemical
conversion-treated metal sheets, the naked corrosion
resistance of the hot-dip galvanized steel sheet was
evaluated by performing a continuous salt spray test for
500 hours according to JIS Z 2371. The rust generated
was rated AA when the white rust generation ratio was 5%
or less, rated BB when the white rust generatio ratio was
from 5% to 10% or less, rated CC when the red rust
generation ratio was 5% or less, and rated DD when the
red rust generation ratio was more than 5%. Samples
rated BB or higher (AA) were judged good. Other metal

sheets were not subjected to the evaluation of naked

corrosion resistance by a continuous salt spray test,
because the metal sheets themselves had good corrosiocn

resistance.
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preventive pigment was coated as the primer coating

material to a dry film thickness of 5 pm and further
thereon, a high molecular polyester-based coating
material (NSC200HQ, produced by Nippon Fine Coatings
K.K.) was coated to a dry film thickness of 15 um. These
coétéd metal sheets were evaluated on the coating
material adhesion and corrosion resistance under the
following conditions.

l) Coating Material Adhesion

The clear coated 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 of 7 mm was applied.
A pressure-sensitive adhesive tape (cellophane tape
produced by Nichiban Co., Ltd.) was laminated on the
processed part and then swiftly peeled off by pulling it
toward the oblique 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 peeling criteria shown in Table 1 and scores of 3 or
higher were ranked as "passed".
Table 1

Score | Rating Criteria of Coating Material Adhesion

5 No peeling

4 Peeled area ratio of less than 5%

3 Peeled area ratio of 5% to less than 20%
2 Peeled area ratio of 20% to less than 70%
1 Peeled area ratio of 70% or more

2} Coating Corrosion Resistance Test
A sample for coating corrosion resistance test was
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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). The maximum blister width from the cut
end féce part was evaluated. The samples were rated on a
5-stage scale according to the blister width criteria
shown in Table 2 and scores of 3 or higher were ranked as
"passed".
Table 2

Score Rating Criteria of Corrosion Resistance

5 No blister
Maximum blister width of less than 3 mm
Maximum blister width of 3 mm to less than 5 mm
Maximum blister width of 5 mm to less than 7 mm
Maximum blister width of 7 mm or more
Samples passed both the coating material adhesion

test and the corrosion resistance test were judged good.
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The evaluations results in the above-described tests
are shown in Tables 3 to 7 every each metal sheet. It 1is
apparent that the naked corrosion resistance, coating
film adhesion and coating £ilm corrosion resistance all

are improved by the present invention.

[INDUSTRIAL APPLICABILITY}

According to the present invention, a chemical
conversion-treated metal sheet excellent in the corrosion
resistance and adhesion of coating film and small in the
environmental load can be provided even without using a

chromium~containing film, which is industrially useful.
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