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Abstract:

The present invention relates to: a rust-proofing treatment method comprising the step of treating an
object that comprises a metal or an alloy and is heated to a temperature higher than 180 or an object
that has, formed on the surface thereof, a film or layer comprising a metal or an alloy and is heated
to a temperature higher than 180 with an agqueous solution containing an inorganic acid or an
inorganic salt, or comprising the step of treating an object comprising a metal or an alloy or an
object having, formed on the surface thereof, a film or layer comprising a metal or an alloy with an
aqueous solution containing at least one component selected from silicic acid, a silicic acid salt,
phosphoric acid, a phosphoric acid salt, a monohydrogen phosphate salt, a dihydrogen phosphate salt
and a zirconium salt; and an article characterized by being rust-proofing-treated by the rust-proofing
treatment method.
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[Document title] SPECIFICATION

[Title of the Invention] RUST-PROOFING TREATMENT METHOD, AND
RUST-PROOFING-TREATED ARTICLE

[Technical Field]

[0001]

The present disclosure relates to a rustproofing method and a
rustproofed article.
[Background Art]
[0002]

In conventional rustproofing methods, an antirust film or an
antirust layer that contains a metal or an alloy such as zinc is generally
formed on a surface of metals or alloys.

[0003]

For example, Patent Document 1 discloses an anticorrosive coating
composition, containing metal particles having an inorganically based
modification (specifically, silicon dioxide) on their surface (specifically,
metal particles formed on the basis of zinc or zinc alloys), and a corrosion
protection coating available from the anticorrosive coating composition.
[0004]

Patent Document 2 discloses a cured coating composition for
corrosion inhibition or corrosion prevention for metallic substrates, the
composition including a resin binder and nanoparticles (specifically, ZnO,
Al203, AI(O)YOH or the like) of which surface is treated with at least one
surface modifying group (specifically, polydialkylsiloxane or the like).
[0005]

Patent Document 3 discloses a method for producing deformable
corrosion protection layers on a metal surface, the method including: a
step of mixing metallic magnesium, zinc, aluminum or titanium particles,
or mixtures or alloys containing at least one of these metals with at least
one metal compound, in which a reaction between the metal particles and
metal compound(s) results in surface-modified metal particles; a step of

applying the resulting surface-modified metal particles to the metallic
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surface; a step of hardening the layer produced from the surface-modified
metal particles at temperatures between room temperature and 500°C; and
a step of tempering performed at temperatures ranging from 250°C to
approx. 700°C and lasting for a few seconds to some hours.

[Prior Art Document]

[Patent Document]

[0006]

[Patent Document 1] Japanese Unexamined Patent Application
Publication No. 2018-70999

[Patent Document 2] Japanese Patent Application Laid-Open No.
2013-510932

[Patent Document 3] Japanese Patent Application Laid-Open No.
2012-505963
[Summary of the Invention]

[Problems to be Solved by the Invention]
[0007]

However, higher rust proof performance is desirable, and it is also
desirable to be able to easily impart good rust proof performance.
[0008]

The present disclosure provides a rustproofing method capable of
easily imparting better rust proof performance to metal materials or alloy
materials. It also provides an article having better rust proof performance.
[Means for Solving the Problems]

[0009]

The present disclosure relates to the following items.

[Item 1] A rustproofing method, including: a step of treating an object to
be treated, which contains a metal or an alloy or has on a surface a film
or a layer containing a metal or an alloy, and has been heated to a
temperature above 180°C, with an aqueous solution containing an
inorganic acid or an inorganic salt.

[Item 2] The rustproofing method according to Item 1, in which the object

to be treated has a temperature above 220°C when treated with the aqueous
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solution.

[Item 3] The rustproofing method according to Item 1 or 2, in which the
aqueous solution containing an inorganic acid or an inorganic salt is an
aqueous solution containing at least one selected from silicic acid,
silicate, phosphoric acid, phosphate, monohydrogen phosphate,
dihydrogen phosphate, sulfuric acid, sulfate, nitric acid, nitrate,
molybdenum acid, molybdate, and zirconium salt.

[Item 4] The rustproofing method according to any one of [tems | to 3, in
which the aqueous solution contains 0.1% by mass or more of an inorganic
acid and/or an inorganic salt.

[Item 5] The rustproofing method according to any one of [tems | to 4, in
which the aqueous solution containing an inorganic acid or an inorganic
salt further contains a lubricant.

[Item 6] The rustproofing method according to any one of [tems | to 5, in
which the aqueous solution containing an inorganic acid or an inorganic
salt has a pH of 4 or more.

[Item 7] The rustproofing method according to any one of Items 1 to 6,
not including: a step of heating the object to be treated to a temperature
of 200°C or more after treating the object to be treated with the aqueous
solution.

[0010]

[Item 8] A rustproofing method, including: a step of treating an object to
be treated, which contains a metal or an alloy or has on a surface a film
or a layer containing a metal or an alloy, with an aqueous solution
containing at least one selected from silicic acid, silicate, phosphoric acid,
phosphate, monohydrogen phosphate, dihydrogen phosphate, and
zirconium salt.

[Item 9] The rustproofing method according to Item &, in which the
aqueous solution containing an inorganic acid or an inorganic salt further
contains a lubricant.

[ITtem 10] The rustproofing method according to Item 8 or 9, not including:

a step of heating the object to be treated to a temperature of 200°C or more
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after treating the object to be treated with the aqueous solution.

[0011]

[Item 11] The rustproofing method according to any one of Items 1 to 10,
in which the object to be treated contains at least one selected from zinc,
zinc alloys, aluminum, aluminum alloys, iron, and iron alloys, or has on a
surface a film or a layer containing at least one selected from zinc, zinc
alloys, aluminum, aluminum alloys, iron, and iron alloys.

[Item 12] The rustproofing method according to any one of Items 1 to 10,
in which the object to be treated has on a surface an antirust film
containing at least one selected from zinc, zinc alloys, aluminum, and
aluminum alloys.

[0012]

[Item 13] An article that is rustproofed by the rustproofing method
according to any onc of Items 1 to 12.

[Effects of the Invention]

[0013]

The present disclosure provides a rustproofing method capable of
easily imparting better rust proof performance to metal materials or alloy
materials. In addition, the present disclosure provides an article having
better rust proof performance.

[Brief Description of the Drawings|

[0014]

[FIG. 1A] FIG. 1A is a photograph of a cold rolled steel sheet that was
subjected to an immersion treatment with an aqueous solution of sodium
silicate of Example 38 after one hour from the start of a salt spray test.
[FIG. IB] FIG. 1B is a photograph of the cold rolled steel sheet that was
subjected to the immersion treatment with the aqueous solution of sodium
silicate of Example 58 after five hours from the start of the salt spray test.
[FIG. 2A] FIG. 2ZA is a photograph of a cold rolled steel sheet that was not
subjected to an immersion treatment with an aqueous solution of sodium
silicate of Comparative Example 14 after one hour from the start of a salt

spray test.
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[FIG. 2B] FIG. 2B is a photograph of the cold rolled steel sheet that was
not subjected to an immersion treatment with the aqueous solution of
sodium silicate of Comparative Example 14 after five hours from the start
of the salt spray test.

[Modes for Carrying Out the Invention]

[0015]

A rustproofing method of a first embodiment of the disclosure
includes a step of treating an object to be treated, which contains a metal
or an alloy or has on a surface a film or a layer containing a metal or an
alloy, and has been heated to a temperature above 180°C, with an aqueous
solution containing an inorganic acid or an inorganic salt (hereinafter, also
referred to as "inorganic acid-based treatment agent"). A rustproofing
method of a second embodiment of the disclosure includes a step of
treating an object to be treated, which contains a metal or an alloy or has
on a surface a film or a layer containing a metal or an alloy, with an
aqueous solution containing at least one seclected from silicic acid,
silicate, phosphoric acid, phosphate, monohydrogen phosphate,
dihydrogen phosphate, and zirconium salt. Hereinafter, the rustproofing
method of the first embodiment of the present disclosure and the
rustproofing method of the second embodiment of the present disclosure
will also be collectively referred to as "the rustproofing method of the
present disclosure”.

[0016]

According to the rustproofing method of the disclosure, an object
to be treated, which contains a metal or an alloy or has on a surface a film
or a layer containing a metal or an alloy, is treated with an inorganic acid-
based treatment agent. Here, by setting the object to be treated at a
temperature above 180°C, more preferably at a temperature above 220°C
when it is treated with the inorganic acid-based treatment agent, the rust
prooft performance ot the object to be treated can be improved. Among
inorganic acid-based treatment agents, when the object to be treated is

treated with an aqueous solution containing at least one selected from
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silicic acid, silicate, phosphoric acid, phosphate, monohydrogen
phosphate, dihydrogen phosphate, and zirconium salt, the rust proof
performance ot the object to be treated can be sutficiently improved even
if the object to be treated has a temperature of 180°C or less.

[0017]

In other words, according to the rustproofing method of the first
embodiment, in which an object to be treated is heated to a temperature
above 180°C and treated with the inorganic acid-based treatment agent, it
is possible to easily impart better rust proof performance to metal
materials or alloy materials. In addition, according to the rustproofing
method of the second embodiment of the present disclosure, in which an
object to be treated is treated with an aqueous solution containing at least
one selected from silicic acid, silicate, phosphoric acid, phosphate,
monohydrogen phosphate, dihydrogen phosphate, and zirconium salt, it is
possible to easily impart better rust proof performance to metal materials
or alloy materials in either case where the object to be treated is heated to
a temperature above 180°C, or is not heated to a temperature above 180°C
and is, €.g., at a room temperature.

[0018]

The inorganic acid-based treatment agent used in the present
disclosure is an aqueous solution containing an inorganic acid and/or an
inorganic salt. Examples of the inorganic acid and the inorganic salt
include silicic acid, silicate, phosphoric acid, phosphate, monohydrogen
phosphate, dihydrogen phosphate, sulfuric acid, sulfate, nitric acid,
nitrate, molybdenum acid, molybdate, and zirconium salt. Here, as silicic
acid and silicate, any of orthosilicic acid and orthosilicate, pyrosilicic
acid and pyrosilicate, metasilicic acid and metasilicate or the like may be
used. As phosphoric acid and phosphate, any of orthophosphoric acid and
orthophosphate, pyrophosphoric acid and pyrophosphate, metaphosphoric
acid and metaphosphate or the like may be used.

[0019]

As the inorganic acid and the inorganic salt, silicic acid, silicate,
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phosphoric acid, phosphate, monohydrogen phosphate, dihydrogen
phosphate, and zirconium salt are preferred among others. Silicate,
phosphate, monohydrogen phosphate, dihydrogen phosphate, sulfate,
nitrate, and molybdate as the inorganic salt are preferably metal salts,
specifically monovalent metal salts such as lithium salt, sodium salt or
potassium salt, or divalent metal salts such as magnesium salt or calcium
salt. As zirconium salt, for example, ammonium zirconium carbonate,
potassium zirconium carbonate, and sodium zirconium carbonate are
preferred. As the inorganic acid and the inorganic salt, one kind of
substance may be used alone or two or more substances may be used in
combination.

[0020]

The concentration of the inorganic acid-based treatment agent (an
aqueous solution containing an inorganic acid or an inorganic salt), that
is, the amount of the inorganic acid and/or the inorganic salt in the
aqueous solution, is not particularly limited, but is usually preferably
0.1% by mass or more, more preferably 0.5% by mass or more, and still
more preferably 1% by mass or more. In addition, the upper limit value of
the concentration of the inorganic acid-based treatment agent, that is, the
upper limit value of the amount of the inorganic acid and/or the inorganic
salt in the aqueous solution is not particularly limited and the aqueous
solution may be a saturated solution. However, it 1s usually preferably
15% by mass or less, more preferably 5% by mass or less.

[0021]

The inorganic acid-based treatment agent may contain, within a
range not impairing the desired effect thereof, an additive or an additive
component such as a pH adjuster, a water-soluble crosslinker, a water-
soluble resin, a lubricant, a pigment, a defoamer, a dispersant, an anti-
settling agent, a leveling agent, a thickner, a delusterants, an antifoulant,
an antiseptic agent, a UV absorber, a dye or the like. There are cases in
which it is preferable to add an additive or an additive component such as

a lubricant to the inorganic acid-based treatment agent for the purpose of
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improving or changing the physical properties of an article to be subjected
to a rustproofing treatment. On the other hand, when it is not necessary to
improve or change the physical propertics of an article to be subjected to
a rustproofing treatment, it is usually preferable that the inorganic acid-
based treatment agent does not contain an additive component except for
a pH adjuster. In addition, it is usually preferable that the inorganic acid-
based treatment agent does not contain a solvent other than water, that is,
it does not contain an organic solvent. However, in some cases, it is
preferable to add an organic solvent in a small amount (e.g., 10% by mass
or less, preferably 5% by mass or less) from the viewpoint of the
dispersibility or the like.

[0022]

According to an embodiment, the inorganic acid-based treatment
agent used in the present disclosure preferably contains a lubricant. By
adding a lubricant to the inorganic acid-based treatment agent, it is
possible to reduce the friction coefficient of a surface of an article having
been subjected to a rustproofing treatment of the present disclosure, and
it is possible to easily control the friction coefficient of a surface of an
article having been subjected to a rustproofing treatment of the present
disclosure.

[0023]

The lubricant is not particularly limited. Examples thereof include
polyolefins and modified polyolefins (polyethylene, moditied
polyethylene, polypropylene, modified polypropylene, etc.), waxes such
as paraffin, carnava waxes, fluororesins, melamine cyanurate, and
hexagonal boron nitride. The waxes are usually preferably added and
mixed in a form of an emulsion to prepare the inorganic acid-based
treatment agent. Lubricants are commercially available. Examples of the
lubricant that can be suitably used are CERAFLOUR 913 (product name),
"CERAFLOUR 914" (product name), "CERAFLOUR 915" (product name),
"CERAFLOUR 916" (product name), "CERAFLOUR 917" (product name),
"CERAFLOUR 925" (product name), "CERAFLOUR 927" (product name),
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"CERAFLOUR 929" (product name), "CERAFLOUR 950" (product name),
"CERAFLOUR 988" (product name), "CERAFLOUR 1000" (product
name}, "497" (product name), "AQUACER 507" (product name),
"AQUACER 515" (product name), "AQUACER 526" (product name),
"AQUACER 531" (product name}, "AQUACER 537" (product name),
"AQUACER 539" (product name), "AQUACER 552" (product name),
"AQUACER 593" (product mname}, "AQUACER 840" (product name),
"AQUACER 1547" (product name), "AQUAMAT 208" (product name),
"AQUAMAT 263" (product name), "AQUAMAT 272" (product name),
"AQUAMAT 8421" (product name}, "HARDAMER PE0O2" (product name),
"HARDAMER PEO3" (product name), "HARDAMER PE04" (product
name), "CERACOL 79" (product name), which are available from BYK
Corporation; SANWAX 161-P (product name), SANWAX 131-P (product
name}, SANWAX 151-P (product name), SANWAX 171-P (product name),
VISCOR 330-P (product name), VISCOR 440-P (product name), VISCOR
350-P (product name), VISCOR 660-P (product name}, which are available
from Sanyo Chemical Industries, Ltd.; "Hi-WAX 100P" (product name),
"Hi-WAX 400P" (product name), "Hi-WAX 800P" (product name), "Hi-
WAX 1105A" (product name), "Hi-WAX 2203A" (product name), "Hi-
WAX 1120H" (product name), "Hi-WAX 4202E" (product name), "Hi-
WAX 405MP" (product name), "Hi-WAX 4051E" (product name), "Hi-
WAX 410P" (product name), which are available from Mitsui Chemicals,
Inc.; LICOWAX PE 520 (product name), "LICOWAX PE 130" (product
name}, "LICOWAX PE 190" (product name), "LICOWAX PED 321"
(product name), "LICOWAX PED 522" (product name), "LICOWAX PED
153" (product name), "LICOWAX PED 191" (product name), "LICOWAX
PED 192" (product name), "LICOWAX 371 FP" (product name),
"LICOCENE "PP 6102" (product name), "LICOCENE PP 6502" (product
name), "LICOCENE PP 7502" (product name), "LICOCENE PP 1302"
{product name), "LICOCENE PP 1502" (product name), "LICOCENE PP
1602" (product name), "LICOCENE PP 2602" (product mname),
"LICOCENE PP 3602" (product name), "LICOCENE PE 4201" (product



10

15

20

25

30

CA 03147067 2022-2-4

10

name}), "LICOCENE PE 5301" (product name), "LICOCENE PP MA 1332"
{product name), "LICOCENE PP MA 6252" (product name), "LICOCENE
PP MA 6452" (product name), "LICOCENE PP MA 7452" (product name),
"LICOCENE PE MA 4221" (product name), "LICOCENE PE MA 4351"
"CERIDUST 3620" (product name), "CERIDUST 3610"(product name),
"CERIDUST 3715" (product name}, "CERIDUST 6050 M" (product name}),
"CERIDUST 9610 F"{product name), "CERIDUST 9630 F" (product
name), "CERIDUST 3920 F" (product name), "CERIDUST 3940 F"
{product name}, "CERIDUST 9202 F" (product name), "CERIDUST 9205
F" (product name), which are available from Clariant; "Epolene E-10"
{product mname), "Epolene E-10P" (product name), "Epolene E-14"
{product name), "Epolene E-14E" (product name), "Epolene E-14EP"
{product name), "Epolene E-14P" (product name), "Epolene E-16"
(product name), "Epolene E-20" (product name}, "Epolene E-20P"
(product name), "Epolene EE-2" (product name), "Epolene E-43" {(product
name}, "Epolene E-43P" (product name}, which are available from
Westlake; "Hi-Disper A-113" (product name), "Hi-Disper A-375" (product
name), "Hi-Disper AB-50" (product name), "Hi-Disper AF-41" (product
name), "Hi-Disper AQ-73" (product name), "Hi-Disper A-110" (product
name}, "Hi-Disper A-512" (product name), "Hi-Disper A-348" (product
name}, "Hi-Disper A-332" (product name), "Hi-Disper A-206N" (product
name), "Hi-Disper AD-62" (product name), which are available from Gifu
Shellac Manufacturing Co.,Ltd.; "nanoFLONE PTFE AQ 60" (product
name), "nanoFLONE PTFE AQ 50 SM" (product name), which are
available from Shamrock Technologies, Inc.; "Poligen WE 1" (product
name), "Poligen WE 3" (product name), "Poligen WE 4" (product name),
"Poligen WE 6" (product name), "Poligen Wax V Flakes" (product name),
which are available from BASF; and "LUBRON LDW-410" (product
name), which are available from DAIKIN INDUSTRIES, LTD. As the
lubricant, one kind of substance may be used alone, or two or more
substances may be used in combination.

[0024]
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The amount of the lubricant in the inorganic acid-based treatment
agent (an aqueous solution containing an inorganic acid or an inorganic
salt} is not particularly limited and may be appropriately selected so as to
obtain a desired friction coefficient of a surface of an article, but is
usually preferably 10% by mass or less.

[0025]

Incidentally, the inorganic acid-based treatment agent used in the
present disclosure can be prepared by mixing and dissolving a
predetermined amount of an inorganic acid and/or an inorganic salt as well
as an additive or an additive component if necessary, in a water solvent
by a known method.

[0026]

According to an embodiment, the pH of the inorganic acid-based
treatment agent (an aqueous solution containing an inorganic acid or an
inorganic salt) used in the present disclosure is preferably 4 or more, more
preferably 4 to 12. If the pH is less than 4, a surface containing a metal or
an alloy may be susceptible to acid. On the other hand, as the pH increases,
it may become necessary to take care in handling for safety reasons. Note
that the pH in the present disclosure means a pH at 20°C.

[0027]

In the present disclosure, since the pH of the inorganic acid-based
treatment agent varies depending on the type and the concentration of the
inorganic acid and the inorganic salt used, sodium hydroxide, potassium
hydroxide, lithium hydroxide, nitric acid or the like may be used as a pH
adjuster for the purpose of adjusting the pH to a predetermined value.
[0028]

The object to be treated to which the rustproofing method of the
present disclosure is applied has a metal material or an alloy material on
a surface. Specifically, the object to be treated contains a metal or an
alloy, or has on a surface a film or a layer containing a metal or an alloy.
The film or the layer that contains a metal or an alloy may be formed on

the whole surface of an object to be treated or may only be formed on a
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part of the surface.
[0029]

Metal materials or alloy materials to which the rustproofing
method of the present disclosure can be applied are not particularly
limited. Examples thereof include zinc and zinc alloys such as Zn-Al
alloys; aluminum and aluminum alloys such as Al-Mg alloys; iron and iron
alloys such as carbon steel; and magnesium alloys such as Mg-Zn alloys.
[0030]

Among them, when an object to be treated contains at least one
selected from zinc, zinc alloys, aluminum, aluminum alloys, iron, and iron
alloys, or has on a surface a film or a layer containing at least one selected
from zinc, zinc alloys, aluminum, aluminum alloys, iron, and iron alloys,
the rustproofing method of the present disclosure can be suitably applied
to that object. Here, the zinc alloys (or the aluminum alloys) may be a
zinc-aluminum alloy. As a rustproofing treatment of a metal material or
an alloy material, an antirust film containing zinc, a zinc alloy, aluminum,
or an aluminum alloy is generally formed on a surface thereof. Also in the
case in which an object to be treated has on a surface such antirust film
containing at least one selected from zinc, zinc alloys, aluminum, and
aluminum alloys, the rustproofing method of the disclosure can be suitably
applied to that object to be treated to further improve the rust proof
performance.

[0031]

According to the rustproofing method of the disclosure, an object
to be treated, which contains a metal or an alloy or has on a surface a film
or a layer containing a metal or an alloy, is preferably heated to a
temperature above 180°C or is not heated, and is treated with the above-
described inorganic acid-based treatment agent (an aqueous solution
containing an inorganic acid or an inorganic salt). The inorganic acid-
based treatment agent may also be heated or may not be heated, or may be
cooled to such an extent that it does not solidify. The treatment with the

inorganic acid-based treatment agent may be performed, for example, by
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immersion treatment, in which an object to be treated is immersed in the
inorganic acid-based treatment agent, or by spray treatment, in which an
inorganic acid-based treatment agent is sprayed to an object to be treated.
[0032]

According to the rustproofing method of the first embodiment of
the present disclosure, an object to be treated has a temperature above
180°C, preferably above 220°C when treated with the inorganic acid-based
treatment agent. According to the rustproofing method of the second
embodiment of the present disclosure, the temperature of an object to be
treated when the object is treated with the inorganic acid-based treatment
agent (an aqueous solution containing at least one selected from silicic
acid, silicate, phosphoric acid, phosphate, monohydrogen phosphate,
dihydrogen phosphate, and zirconium salt) is not particularly limited, and
may be 180°C or less. However, also in this case, an object to be treated
preferably has a temperature above 180°C, and more preferably above
220°C when treated with the inorganic acid-based treatment agent from the
viewpoint of further improving the rust proof performance. Incidentally,
depending on the type of a lubricant added, the friction coefficient of a
surface of an article may decrease when the object to be treated has a high
temperature, for example, when it exceeds 180°C or a higher temperature.
[0033]

According to the rustproofing method of both the first and second
embodiments, the upper limit value of the temperature of an object to be
treated when the object is treated with the inorganic acid-based treatment
agent is not particularly limited, but is usually preferably 350°C or less,
more preferably 320°C or less.

[0034]

On the other hand, the temperature of the inorganic acid-based
treatment agent used in treating an object to be treated is not particularly
limited, and may be below the boiling point and above the freezing point
of the inorganic acid-based treatment agent (an aqueous solution

containing an inorganic acid or an inorganic salt), but is usually preferably
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about 15 to 50°C from the viewpoint of cost and ease of operation.
[0035]

The treating time of an object to be treated with the inorganic acid-
based treatment agent (an aqueous solution containing an inorganic acid
or an inorganic salt) (in the case of the immersion treatment, the time
period for immersing an object to be treated in the inorganic acid-based
treatment agent; and in the case of the spray treatment, the time period for
spraying the inorganic acid-based treatment agent to the object to be
treated} is not particularly limited because it may depend on the
concentration of the inorganic acid-based treatment agent or the like.
However, it is usually preferably | seconds or more, and more preferably
5 seconds or more. On the other hand, an object to be treated may be
treated with the inorganic acid-based treatment agent for a long time, but
from the viewpoint of the productivity and the efficiency, it is usually
preferably 15 minutes or less, more preferably 10 minutes or less.

[0036]

Note that, the treatment with the inorganic acid-based treatment
agent may not be necessarily performed on all the surfaces of an object to
be treated, but may be pertormed preferably on the whole surface or at
least on a part of the surface that contains a metal or an alloy. For example,
in the case of the immersion treatment, the whole object to be treated may
be immersed in the inorganic acid-based treatment agent, or only the
surface containing a metal or an alloy of the object may be immersed in
the inorganic acid-based treatment agent. In the case of the spray
treatment, the inorganic acid-based treatment agent may be sprayed on all
the surfaces including a surface not containing a metal or an alloy, but it
is only necessary to spray the inorganic acid-based treatment agent on the
surface containing a metal or an alloy.

[0037]

Note that the treatment with the inorganic acid-based treatment

agent may be performed on all the surfaces simultancously or on ecach

surface sequentially. Further, all the surfaces of an object to be treated
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may be treated with the same inorganic acid-based treatment agent (an
aqueous solution containing an inorganic acid or an inorganic salt), or may
be treated with different ones.

[0038]

Heating of an object to be treated and heating or cooling of the
inorganic acid-based treatment agent can be performed by known means.
The treatment with the inorganic acid-based treatment agent, specifically,
the immersion treatment and the spray treatment can also be performed by
known means. Further, the conditions of the treatment except for the
temperature of an object to be treated, the temperature of the inorganic
acid-based treatment agent, and the treating time are not particularly
limited, and may be appropriately selected. In both the i1mmersion
treatment and the spray treatment, it is preferred that the entire surface
containing a metal or an alloy be uniformly treated.

[0039]

After an object to be treated is treated with the inorganic acid-
based treatinent agent (an aqueous solution containing an inorganic acid
or an inorganic salt), the object may be subject to water washing or the
like as necessary and dried, thereby obtaining an article having been
subjected to the rustproofing treatment of the present disclosure.

[0040]

Drying of an object to be treated having been treated with the
inorganic acid-based treatment agent can be performed by known means,
and the conditions of drying are not particularly limited and may be
appropriately selected. For example, drying may be natural drying or air
drying at ordinary temperature, or centritugal drying. Drying may be
carried out in the atmosphere, in an inert gas such as nitrogen gas, or under
reduced pressure.

[0041]

Although an object to be treated may be heated and dried, it is only

necessary to remove the water solvent and it is not necessary to heat the

object to be treated to a high temperature in the present disclosure. From
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the viewpoint of cost and ease of operation, it is usually preferable not to
heat an object to be treated to a high temperature. Specifically, it is
pretferable not to include a step for heating an object to be treated to 200°C
or a higher temperature after treating the object with the inorganic acid-
based treatment agent. It is more preferable not to include a step for
heating an object to be treated to 150°C or a higher temperature.

[0042]

According to an embodiment, an object to be treated, to which the
rustproofing method of the present disclosure is applied, has on a surface
a film or a layer containing a metal or an alloy such as an antirust film
that contains zine, a zinc alloy, aluminum, or an aluminum alloy. Such
film or layer containing a metal such as zinc, aluminum or alloys thereof
can be formed by a known method. For example, it can be formed by
applying a solution or a dispersion liquid that contains: metal particles or
alloy particles; and a binder resin or a precursor thereof (a monomer or an
oligomer which is polymerized or cured into a binder resin), to a surface
of an object to be treated, then heating it to a high temperature to remove
the solvent, and, in the case of a precursor of a binder resin, polymerizing
or curing it. The heating temperature for forming a film or a layer that
contains a metal or an alloy is often above 250°C or may be above 300°C.
[0043]

In the case of an object to be treated that has on a surface a film
or a layer containing a metal or an alloy, after an article, which is an object
to be treated, is heated to a temperature above 250°C or even to a
temperature above 300°C to form a film or a layer containing a metal or
an alloy on a surface as described above, the object to be treated may be
treated with the inorganic acid-based treatment agent (an aqueous solution
containing an inorganic acid or an imorganic salt) in a state where the
object is not cooled so that it has a temperature above 250°C or the object
is slightly cooled naturally so that it has a temperature above 180°C.
Implementing the rustproofing treatment of the present disclosure in such

a manner is preferable because it eliminates the need to cool and reheat
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an object to be treated after forming a film or a layer containing a metal
or an alloy on a surface, thereby shortening the process.
[0044]

Note that there is no particular limitation on a method of forming
the antirust film containing zinc, a zinc alloy, aluminum, or an aluminum
alloy on a surface of an article to be treated. For example, the antirust film
can be suitably formed by methods described in Japanese Patent Laid-
Open No. 2005-200678 and Japanese Patent Laid-Open No. 2006-52361.
[Examples]

[0045]

Hereinafter, the present disclosure will be described in more detail
by way of Examples, but it is not limited thereto.
[0046]
<Example 1>

By uniformly mixing the following components, a treatment agent
for base coat that contains zinc flake as a main component was prepared.

Deionized water: 39.06% by mass

Zinc flake: 32.12% by mass

Aluminum flake: 5.08% by mass

DPG (dipropylene glycol): 10.29% by mass

Synperonic (registered trademark) 13/6.5: 3.15% by mass

Silquest (registered trademark) A187: 8. 66% by mass

Schwego foam (registered trademark): 0.40% by mass

Nipar (registered trademark) S10: 0. 71% by mass

Aecrosol (registered trademark) TR70: 0. 53% by mass
[0047]

The components listed above under the product names are as
follows.

Synperonic (registered trademark) 13/6.5: polyoxyethylene (6.3)
isotridecanol surfactant

Silquest (registered trademark) AlBT: Y-
glycidoxypropyltrimethoxysilane
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Schwego foam (registered trademark): defoamer

Nipar (registered trademark) S10: 1-nitropropane

Aerosol (registered trademark}) TR70: anionic surfactant
{bistridecyl sodium sulfosuccinate)

[0048]

Further, as an immersion treatment agent, sodium silicate was
dissolved in deionized water to prepare 150 ml of an aqueous solution
containing 3% by mass of sodium silicate. The pH of the immersion
treatment agent prepared was 11.4.

[0049]

Next, five hexagon flange bolts with a size of M6, which had been
subjected to vapor degreasing with dichloromethane and shot blasting,
were coated with the treatment agent for base coat by an immersion method
involving centrifugal shaking (a dip spin method), preheated at 100°C for
10 minutes in an electric furnace, and baked at 330°C for 30 minutes in an
clectric furnace to form a coating containing zinc and aluminum. The
deposition amount of the coating was 6 g/m?. Hereinafter, this process of
forming a coating containing zinc and aluminum will be referred to as
"base treatment”.

[0050]

After it was confirmed that the surface temperature of the five bolts
taken out of the electric furnace was between 265°C and 300°C using an
infrared thermometer, the bolts were immersed in the 130 ml of the
aqueous solution containing 3% by mass of sodium silicate at a solution
temperature of 20°C for about 10 seconds. The bolts were then taken out
and dried to prepare five bolts having been subjected to the base treatment
and the immersion treatment.

[0051]

The five bolts thus prepared, which had been subjected to the base
treatment (the deposition amount of the coating: 6 g/m?) and the
immersion treatment (aqueous solution of sodium silicate; the surface

temperature of the bolts: 265°C to 300°C), were then subjected to a salt
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spray test in accordance with JIS Z-2371. Tt was confirmed whether the
bolts had rusted every 168 hours from the start of the test to evaluate the
corrosion resistance. As a result, the formation of rust was not confirmed
for all five bolts at 840 hours from the start of the salt spray test, and the
formation of rust was confirmed only on one bolt at 1008 hours trom the
start of the test.

[0052]

<Comparative Example 1>

Five bolts having been subjected only to the base treatment were
prepared in the same manner as in Example 1, except that after the base
treatment, the immersion treatment with the aqueous solution containing
3% by mass of sodium silicate was not performed and the bolts were
cooled to room temperature as they were.

[0053]

The five bolts thus prepared, which had been subjected only to the
base treatment (the deposition amount of the coating: 6 g/m?), were then
subjected to a salt spray test in accordance with JIS Z-2371 in the same
manmner as in Example | to evaluate the corrosion resistance. As a result,
the formation of rust was confirmed on two of the five bolts at 168 hours
from the start of the salt spray test. At 336 hours from the start of the test,
the formation of rust was confirmed on three or more bolts, which was
more than half of the five bolts.

[0054]
<Example 2>

Five bolts having been subjected to the base treatment and the
immersion treatment were prepared in the same manner as in Example 1,
except that the rotational frequency of the centrifugal shaking in the dip
spin method in the base treatment was changed so as to change the
deposition amount of the coating containing zinc and aluminum to 8 g/ m?.
[0055]

The five bolts thus prepared, which had been subjected to the base

treatment (the deposition amount of the coating: 8§ g/m?) and the
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immersion treatment (aqueous solution of sodium silicate; the surface
temperature of the bolts: 265°C to 300°C), were then subjected to a salt
spray test in accordance with JIS Z-2371 in the same manner as in Example
1 to evaluate the corrosion resistance. As a result, the formation of rust
was not confirmed for all five bolts at 1008 hours from the start of the salt
spray test.

[0056]

<Comparative Example 2>

Five bolts having been subjected only to the base treatment were
prepared in the same manner as in Example 2, except that after the base
treatment, the immersion treatment with the aqueous solution containing
3% by mass of sodium silicate was not performed and the bolts were
cooled to room temperature as they were.

[0057]

The five bolts thus prepared, which had been subjected only to the
base treatment (the deposition amount of the coating: 8 g/m?), were then
subjected to a salt spray test in accordance with JIS Z-2371 in the same
manmner as in Example | to evaluate the corrosion resistance. As a result,
the formation of rust was confirmed on two of the five bolts at 168 hours
from the start of the salt spray test. At 336 hours from the start of the test,
the formation of rust was confirmed on three or more bolts, which was
more than half of the five bolts.

[0058]
<Example 3>

Five bolts having been subjected to the base treatment and the
immersion treatment were prepared in the same manner as in Example 1,
except that the rotational frequency of the centrifugal shaking in the dip
spin method in the base treatment was changed so as to change the
deposition amount of the coating containing zinc and aluminum to 10 g/m?.
[0059]

The five bolts thus prepared, which had been subjected to the base

treatment (the deposition amount of the coating: 10 g/m?) and the
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immersion treatment (aqueous solution of sodium silicate; the surface
temperature of the bolts: 265°C to 300°C), were then subjected to a salt
spray test in accordance with JIS Z-2371 in the same manner as in Example
1 to evaluate the corrosion resistance. As a result, the formation of rust
was not confirmed for all five bolts at 1008 hours from the start of the salt
spray test.

[0060]

<Comparative Example 3>

Five bolts having been subjected only to the base treatment were
prepared in the same manner as in Example 3, except that after the base
treatment, the immersion treatment with the aqueous solution containing
3% by mass of sodium silicate was not performed and the bolts were
cooled to room temperature as they were.

[0061]

The five bolts thus prepared, which had been subjected only to the
base treatment (the deposition amount of the coating: 10 g/m?), were then
subjected to a salt spray test in accordance with JIS Z-2371 in the same
manmner as in Example | to evaluate the corrosion resistance. As a result,
the formation of rust was not confirmed for all five bolts at 168 hours
from the start of the salt spray test, but the formation of rust was
confirmed on three or more bolts, which was more than half of the five
bolts, at 336 hours from the start of the test.

[0062]
<Example 4>

Five bolts having been subjected to the base treatment and the
immersion treatment were prepared in the same manner as in Example 1,
except that the rotational frequency of the centrifugal shaking in the dip
spin method in the base treatment was changed so as to change the
deposition amount of the coating containing zinc and aluminum to 12 g/m?.
[0063]

The five bolts thus prepared, which had been subjected to the base

treatment (the deposition amount of the coating: 12 g/m?) and the
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immersion treatment (aqueous solution of sodium silicate; the surface
temperature of the bolts: 265°C to 300°C), were then subjected to a salt
spray test in accordance with JIS Z-2371 in the same manner as in Example
1 to evaluate the corrosion resistance. As a result, the formation of rust
was not confirmed for all five bolts at 1008 hours from the start of the salt
spray test. At 1176 hours from the start of the test, the formation of rust
was not confirmed for all five bolts. The formation of rust was confirmed
only on one bolt at 1344 hours from the start of the test. At 2016 hours
from the start of the test, the formation of rust was confirmed only on the
one bolt.

[0064]

<Comparative Example 4>

Five bolts having been subjected only to the base treatment were
prepared in the same manner as in Example 4, except that after the base
treatment, the immersion treatment with the aqueous solution containing
3% by mass of sodium silicate was not performed and the bolts were
cooled to room temperature as they were.

[0065]

The five bolts thus prepared, which had been subjected only to the
base treatment (the deposition amount of the coating: 12 g/m?), were then
subjected to a salt spray test in accordance with JI§S Z-2371 in the same
manmner as in Example | to evaluate the corrosion resistance. As a result,
the formation of rust was not confirmed for all five bolts at 168 hours
from the start of the salt spray test, but the formation of rust was
confirmed on two bolts at 336 hours from the start of the test. At 504 hours
from the start of the test, the formation of rust was confirmed on three or
more bolts, which was more than half of the five bolts.

[0066]
<Example 5>

As an immersion treatment agent, sodium silicate was dissolved in
deionized water to prepare 150 ml of an aqueous solution containing 0.1%

by mass of sodium silicate. The pH of the immersion treatment agent
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prepared was 10.2. Five bolts having been subjected to the base treatment
and the immersion treatment were prepared in the same manner as in
Example 4, except that the immersion treatment was performed using the
150 ml of the aqueous solution containing 0.1% by mass of sodium silicate
at a solution temperature of 20°C in place of the 150 ml of the aqueous
solution containing 3% by mass of sodium silicate at a solution
temperature of 20°C.

[0067]

The five bolts thus prepared, which had been subjected to the base
treatment (the deposition amount of the coating: 12 g/m?) and the
immersion treatment (aqueous solution containing 0.1% by mass of sodium
silicate; the surface temperature of the bolts: 265°C to 300°C), were then
subjected to a salt spray test in accordance with JIS Z-2371 in the same
manner as in Example 1 to evaluate the corrosion resistance. As a result,
the formation of rust was not confirmed for all five bolts at 840 hours
from the start of the salt spray test.

[0068]
<Example 6>

As an immersion treatment agent, sodium silicate was dissolved in
deionized water to prepare 150 ml of an aqueous solution containing 0.3%
by mass of sodium silicate. The pH of the immersion treatment agent
prepared was 10.3. Five bolts having been subjected to the base treatment
and the immersion treatment were prepared in the same manner as in
Example 4, except that the immersion treatment was performed using the
150 ml of the aqueous solution containing 0.3% by mass of sodium silicate
at a solution temperature of 20°C in place of the 150 ml of the aqueous
solution containing 3% by mass of sodium silicate at a solution
temperature of 20°C.

[0069]

The five bolts thus prepared, which had been subjected to the base

treatment (the deposition amount of the coating: 12 g/m?) and the

immersion treatment (aqueous solution containing 0.3% by mass of sodium
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silicate; the surface temperature of the bolts: 265°C to 300°C), were then
subjected to a salt spray test in accordance with JIS Z-2371 in the same
manner as in Example 1 to evaluate the corrosion resistance. As a result,
the formation of rust was not contirmed for all five bolts at €40 hours
from the start of the salt spray test. At 1008 hours trom the start of the
test, the formation of rust was confirmed on one bolt. Also at 1344 hours
from the start of the test, the formation of rust was confirmed only on the
one bolt.

[0070]

<Example 7>

As an immersion treatment agent, sodium silicate was dissolved in
deionized water to prepare 150 ml of an aqueous solution containing 0.5%
by mass of sodium silicate. The pH of the immersion treatment agent
prepared was 10.9. Five bolts having been subjected to the base treatment
and the immersion treatment were prepared in the same manner as in
Example 4, except that the immersion treatment was performed using the
150 ml of the aqueous solution containing 0.5% by mass of sodium silicate
at a solution temperature of 20°C in place of the 150 ml of the aqueous
solution containing 3% by mass of sodium silicate at a solution
temperature of 20°C.

[0071]

The five bolts thus prepared, which had been subjected to the base
treatment (the deposition amount of the coating: 12 g/m?) and the
immersion treatment (aqueous solution containing 0.5% by mass of sodium
silicate; the surface temperature of the bolts: 265°C to 300°C), were then
subjected to a salt spray test in accordance with JIS Z-2371 in the same
manner as in Example | to evaluate the corrosion resistance. As a result,
the formation of rust was not confirmed for all five bolts at 1680 hours
from the start of the salt spray test. At 1848 hours from the start of the
test, the formation of rust was confirmed on one bolt. Also at 2016 hours
from the start of the test, the formation of rust was confirmed only on the

one bolt.



10

15

20

25

30

CA 03147067 2022-2-4

25

[0072]
<Example 8>

As an immersion treatment agent, sodium silicate was dissolved in
deionized water to prepare 150 ml of an aqueous solution containing 1%
by mass of sodium silicate. The pH of the immersion treatment agent
prepared was [1.1. Five bolts having been subjected to the base treatment
and the immersion treatment were prepared in the same manner as in
Example 4, except that the immersion treatment was performed using the
150 ml of the aqueous solution containing 1% by mass of sodium silicate
at a solution temperature of 20°C in place of the 150 ml of the agqueous
solution containing 3% by mass of sodium silicate at a solution
temperature of 20°C.

[0073]

The five bolts thus prepared, which had been subjected to the base
treatment (the deposition amount of the coating: 12 g/m?) and the
immersion treatment (aqueous solution containing 1% by mass ot sodium
silicate; the surface temperature of the bolts: 265°C to 300°C), were then
subjected to a salt spray test in accordance with JIS Z-2371 in the same
manner as in Example 1 to evaluate the corrosion resistance. As a result,
the formation of rust was not contfirmed for all five bolts at 2148 hours
from the start of the salt spray test.

[0074]
<Example 9>

As an immersion treatment agent, sodium silicate was dissolved in
deionized water to prepare 150 ml of an agqueous solution containing 5%
by mass of sodium silicate. The pH of the immersion treatment agent
prepared was 11.5. Five bolts having been subjected to the base treatment
and the immersion treatment were prepared in the same manner as in
Example 4, except that the immersion treatment was performed using the
150 ml of the aqueous solution containing 5% by mass of sodium silicate
at a solution temperature of 20°C in place of the 150 ml of the aqueous

solution containing 3% by mass of sodium silicate at a solution
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temperature of 20°C.
[0075]

The tive bolts thus prepared, which had been subjected to the base
treatment (the deposition amount of the coating: 12 g/m*) and the
immersion treatment (aqueous solution containing 5% by mass of sodium
silicate; the surface temperature of the bolts: 265°C to 300°C), were then
subjected to a salt spray test in accordance with JIS Z-2371 in the same
manner as in Example 1| to evaluate the corrosion resistance. As a result,
the formation of rust was not confirmed for all five bolts at 1176 hours
from the start of the salt spray test.

[0076]
<Example 10>

As an immersion treatment agent, sodium silicate was dissolved in
deionized water to prepare 150 ml of an aqueous solution containing 10%
by mass of sodium silicate. The pH of the immersion treatment agent
prepared was 11.6. Five bolts having been subjected to the base treatment
and the immersion treatment were prepared in the same manner as in
Example 4, except that the immersion treatment was performed using the
150 ml of the aqueous solution containing 10% by mass of sodium silicate
at a solution temperature of 20°C in place of the 150 ml of the aqueous
solution containing 3% by mass of sodium silicate at a solution
temperature of 20°C.

[0077]

The tive bolts thus prepared, which had been subjected to the base
treatment (the deposition amount of the coating: 12 g/m?) and the
immersion treatment {(aqueous solution containing 10% by mass of sodium
silicate; the surface temperature of the bolts: 265°C to 300°C), were then
subjected to a salt spray test in accordance with JIS Z-2371 in the same
manner as in Example 1 to evaluate the corrosion resistance. As a result,
the formation of rust was not confirmed for all five bolts at 1680 hours
from the start of the salt spray test. At 1848 hours from the start of the

test, the formation of rust was confirmed on one bolt. Also at 2016 hours
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from the start of the test, the formation of rust was confirmed only on the
one bolt.

[0078]

<Example 11>

As an immersion treatment agent, sodium silicate was dissolved in
deionized water to prepare 150 ml of an aqueous solution containing 15%
by mass of sodium silicate. The pH of the immersion treatment agent
prepared was 11.6. Five bolts having been subjected to the base treatment
and the immersion treatment were prepared in the same manner as in
Example 4, except that the immersion treatment was performed using the
150 ml of the aqueous solution containing 15% by mass of sodium silicate
at a solution temperature of 20°C in place of the 150 ml of the aqueous
solution containing 3% by mass of sodium silicate at a solution
temperature of 20°C.

[0079]

The five bolts thus prepared, which had been subjected to the base
treatment (the deposition amount of the coating: 12 g/m?) and the
immersion treatment (aqueous solution containing 15% by mass of sodium
silicate; the surface temperature of the bolts: 265°C to 300°C), were then
subjected to a salt spray test in accordance with JIS Z-2371 in the same
manner as in Example 1 to evaluate the corrosion resistance. As a result,
the formation of rust was not confirmed for all five bolts at 1680 hours
from the start of the salt spray test. At 1848 hours from the start of the
test, the formation of rust was confirmed on one bolt. Also at 2016 hours
from the start of the test, the formation of rust was confirmed only on the
one bolt.

[0080]
<Example 12>

As an immersion treatment agent, sodium dihydrogen phosphate
was dissolved in deionized water to prepare 150 ml of an aqueous solution
containing 5% by mass of sodium dihydrogen phosphate. The pH of the

immersion treatment agent prepared was 4.3. Five bolts having been
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subjected to the base treatment and the immersion treatment were prepared
in the same manner as in Example 4, except that the immersion treatment
was performed using the 150 ml of the aqueous solution containing 5% by
mass of sodium dihydrogen phosphate at a solution temperature of 20°C in
place of the 150 ml of the aqueous solution containing 3% by mass of
sodium silicate at a solution temperature of 20°C.

[0081]

The five bolts thus prepared, which had been subjected to the base
treatment (the deposition amount of the coating: 12 g/m?) and the
immersion treatment (aqueous solution of sodium dihydrogen phosphate;
the surface temperature of the bolts: 265°C to 300°C), were then subjected
to a salt spray test in accordance with JIS Z-2371 in the same manner as
in Example 1 to evaluate the corrosion resistance. As a result, the
formation of rust was not confirmed for all five bolts at 1008 hours from
the start of the salt spray test.

[0082]
<Example 13>

As an immersion treatment agent, ammonium zirconium carbonate
{"Bacote 20" [product name] available from Nippon Light Metal Company,
Ltd.) was dissolved in deionized water to preparc 150 ml of an aquecous
solution containing 5% by mass of ammonium zirconium carbonate. The
pH of the immersion treatment agent prepared was 9.2. Five bolts having
been subjected to the base treatment and the immersion treatment were
prepared in the same manner as in Example 4, except that the immersion
treatment was performed using the 150 ml of the aqueous solution
containing 5% by mass of ammonium zirconium carbonate at a solution
temperature of 20°C in place of the 150 ml of the aqueous solution
containing 3% by mass of sodium silicate at a solution temperature of
20°C.

[0083]
The five bolts thus prepared, which had been subjected to the base

treatment (the deposition amount of the coating: 12 g/m?) and the



10

15

20

25

30

CA 03147067 2022-2-4

29

immersion treatment (agueous solution of ammonium zirconium
carbonate; the surface temperature of the bolts: 265°C to 300°C), were then
subjected to a salt spray test in accordance with JIS Z-2371 in the same
manner as in Example 1| to evaluate the corrosion resistance. As a result,
the formation of rust was not confirmed for all five bolts at 1008 hours
from the start of the salt spray test, and the formation of rust was
confirmed only on one bolt at 1176 hours from the start of the test.
[0084]

<Example 14>

As an immersion treatment agent, sodium nitrate was dissolved in
deionized water to prepare 150 ml of an aqueous solution containing 5%
by mass of sodium nitrate. The pH of the immersion treatment agent
prepared was 6.8. Five bolts having been subjected to the base treatment
and the immersion treatment were prepared in the same manner as in
Example 4, except that the immersion treatment was performed using the
150 ml of the aqueous solution containing 5% by mass of sodium nitrate
at a solution temperature of 20°C in place of the 150 ml of the aqueous
solution containing 3% by mass of sodium silicate at a solution
temperature of 20°C.

[0085]

The five bolts thus prepared, which had been subjected to the base
treatment (the deposition amount of the coating: 12 g/m?) and the
immersion treatment (aqueous solution of sodium nitrate; the surface
temperature of the bolts: 265°C to 300°C), were then subjected to a salt
spray test in accordance with JIS Z-2371 in the same manner as in Example
l to evaluate the corrosion resistance. As a result, the formation of rust
was not confirmed for all five bolts at 504 hours from the start of the salt
spray test, and the formation of rust was confirmed only on one bolt at
672 hours from the start of the test.

[0086]
<Example 15>

As an immersion treatment agent, potassium sulfate was dissolved
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in deionized water to prepare 150 ml of an aqueous solution containing
5% by mass of potassium sulfate. The pH of the immersion treatment agent
prepared was 5.8. Five bolts having been subjected to the base treatment
and the immersion treatment were prepared in the same manner as in
Example 4, except that the immersion treatment was performed using the
150 m! of the aqueous solution containing 5% by mass of potassium sulfate
at a solution temperature of 20°C in place of the 150 ml of the aqueous
solution containing 3% by mass of sodium silicate at a solution
temperature of 20°C.

[0087]

The five bolts thus prepared, which had been subjected to the base
treatment (the deposition amount of the coating: 12 g/m?) and the
immersion treatment (aqueous solution of potassium sulfate; the surface
temperature of the bolts: 265°C to 300°C), were then subjected to a salt
spray test in accordance with JIS Z-2371 in the same manner as in Example
l to evaluate the corrosion resistance. As a result, the formation of rust
was not confirmed for all five bolts at 504 hours from the start of the salt
spray test.

[0088]
<Example 16>

As an immersion treatment agent, sodium molybdate was dissolved
in deionized water to prepare 150 ml of an aqueous solution containing
5% by mass of sodium molybdate. The pH of the immersion treatment
agent prepared was 8.1. Five bolts having been subjected to the base
treatment and the immersion treatment were prepared in the same manner
as in Example 4, except that the immersion treatment was performed using
the 150 ml of the aqueous solution containing 5% by mass of sodium
molybdate at a solution temperature of 20°C in place of the 150 ml of the
aqueous solution containing 3% by mass of sodium silicate at a solution
temperature of 20°C.

[0089]
The five bolts thus prepared, which had been subjected to the base
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treatment (the deposition amount of the coating: 12 g/m?) and the
immersion treatment (aqueous solution of sodium molybdate; the surface
temperature of the bolts: 265°C to 300°C), were then subjected to a salt
spray test in accordance with JIS Z-2371 in the same manner as in Example
l to evaluate the corrosion resistance. As a result, the formation of rust
was not confirmed for all five bolts at 336 hours from the start of the salt
spray test, and the formation of rust was confirmed only on one bolt at
504 hours from the start of the test.

[0090]

<Comparative Example 5>

As an immersion treatment agent, a silane coupling agent ("A187T"
available from Momentive Performance Materials Japan Co., Ltd.) was
dissolved in deionized water to prepare 150 ml of an aqueous solution
containing 5% by mass of the silane coupling agent. Five bolts having
been subjected to the base treatment and the immersion treatment were
prepared in the same manner as in Example 4, except that the immersion
treatment was performed using the 150 ml of the aqueous solution
containing 5% by mass of the silane coupling agent at a solution
temperature of 20°C in place of the 150 ml of the aqueous solution
containing 3% by mass of sodium silicate at a solution temperature of
20°C.

[0091]

The five bolts thus prepared, which had been subjected to the base
treatment (the deposition amount of the coating: 12 g/m?) and the
immersion treatment (aqueous solution of the silane coupling agent; the
surface temperature of the bolts: 265°C to 300°C), were then subjected to
a salt spray test in accordance with JIS 7Z-2371 in the same manner as in
Example 1 to evaluate the corrosion resistance. As a result, the formation
of rust was not confirmed for all five bolts at 168 hours from the start of
the salt spray test, but the formation of rust was confirmed on one bolt at
336 hours from the start of the test. At 504 hours from the start of the test,

the formation of rust was confirmed on three or more bolts, which was
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more than half of the five bolts.
[0092]
<Example 17>

Five bolts having been subjected to the base treatment and the
immersion treatment were prepared in the same manner as in Example 1,
except that the rotational frequency of the centrifugal shaking in the dip
spin method in the base treatment was changed so as to change the
deposition amount of the coating containing zinc and aluminum to 14 g/m?.
[0093]

The five bolts thus prepared, which had been subjected to the base
treatment (the deposition amount of the coating: 14 g/m?) and the
immersion treatment (aqueous solution of sodium silicate; the surface
temperature of the bolts: 265°C to 300°C), were then subjected to a salt
spray test in accordance with JIS Z-2371 in the same manner as in Example
1 to evaluate the corrosion resistance. As a result, the formation of rust
was not confirmed for all five bolts at 1008 hours tfrom the start of the salt
spray test.

[0094]
<Comparative Example 6>

Five bolts having been subjected only to the base treatment were
prepared in the same manner as in Example 17, except that after the base
treatment, the immersion treatment with the aqueous solution containing
3% by mass of sodium silicate was not performed and the bolts were
cooled to room temperature as they were.

[0095]

The tive bolts thus prepared, which had been subjected only to the
base treatment (the deposition amount of the coating: 14 g/m?), were then
subjected to a salt spray test in accordance with JIS Z-2371 in the same
manner as in Example 1 to evaluate the corrosion resistance. As a result,
the formation of rust was not confirmed for all five bolts at 168 hours
from the start of the salt spray test, but the formation of rust was

confirmed on two bolts at 336 hours from the start of the test. At 504 hours
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from the start of the test, the formation of rust was confirmed on three or
more bolts, which was more than half of the five bolts.

[0096]

<Example 18>

As an immersion treatment agent, sodium dihydrogen phosphate
was dissolved in deionized water to prepare 150 ml of an aqueous solution
containing 3% by mass of sodium dihydrogen phosphate. The pH of the
immersion treatment agent prepared was 4.3. Five bolts having been
subjected to the base treatment and the immersion treatment were prepared
in the same manner as in Example 17, except that the immersion treatment
was performed using the 150 ml of the aqueous solution containing 5% by
mass of sodium dihydrogen phosphate at a solution temperature of 20°C in
place of the 150 ml of the aqueous solution containing 3% by mass of
sodium silicate at a solution temperature of 20°C.

[0097]

The five bolts thus prepared, which had been subjected to the base
treatment (the deposition amount of the coating: 14 g/m?) and the
immersion treatment (aqueous solution of sodium dihydrogen phosphate;
the surface temperature of the bolts: 265°C to 300°C), were then subjected
to a salt spray test in accordance with JIS Z-2371 in the same manner as
in Example 1 to evaluate the corrosion resistance. As a result, the
formation of rust was not confirmed for all five bolts at 840 hours from
the start of the salt spray test.

[0098]
<Example 19>

As an immersion treatment agent, potassium sulfate was dissolved
in deionized water to prepare 150 ml of an aqueous solution containing
3% by mass of potassium sulfate. The pH of the immersion treatment agent
prepared was 5.8. Five bolts having been subjected to the base treatment
and the immersion treatment were prepared in the same manner as in
Example 17, except that the immersion treatment was performed using the

150 ml of the aqueous solution containing 5% by mass of potassium sulfate
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at a solution temperature of 20°C in place of the 150 ml of the aqueous
solution containing 3% by mass of sodium silicate at a solution
temperature of 20°C.

[0099]

The tive bolts thus prepared, which had been subjected to the base
treatment (the deposition amount of the coating: 14 g/m?) and the
immersion treatment (agqueous solution of potassium sulfate; the surface
temperature of the bolts: 265°C to 300°C), were then subjected to a salt
spray test in accordance with JIS Z-2371 in the same manner as in Example
l to evaluate the corrosion resistance. As a result, the formation of rust
was not confirmed for all five bolts at 672 hours from the start of the salt
spray test.

[0100]
<Comparative Example 7>

As an immersion treatment agent, sodium citrate was dissolved in
deionized water to prepare 150 ml of an aqueous solution containing 5%
by mass of sodium citrate. Five bolts having been subjected to the base
treatment and the immersion treatment were prepared in the same manner
as in Example 17, except that the immersion treatment was performed
using the 150 ml of the aqueous solution containing 5% by mass of sodium
citrate at a solution temperature of 20°C in place of the 150 ml of the
aqueous solution containing 3% by mass of sodium silicate at a solution
temperature of 20°C.

[0101]

The five bolts thus prepared, which had been subjected to the base
treatment (the deposition amount of the coating: 14 g/m?) and the
immersion treatment (aqueous solution of sodium citrate; the surface
temperature of the bolts: 265°C to 300°C), were then subjected to a salt
spray test in accordance with JIS Z-2371 in the same manner as in Example
l to evaluate the corrosion resistance. As a result, the formation of rust
was confirmed on three or more bolts, which was more than half of the

five bolts, at 168 hours from the start of the test.
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[0102]
<Example 20>

Five bolts having been subjected to the base treatment and the
immersion treatment were prepared in the same manner as in Example 1,
except that the rotational frequency of the centrifugal shaking in the dip
spin method in the base treatment was changed so as to change the
deposition amount of the coating containing zinc and aluminum to 18 g/m?.
[0103]

The five bolts thus prepared, which had been subjected to the base
treatment (the deposition amount of the coating: 18 g/m?) and the
immersion treatment (aqueous solution of sodium silicate; the surface
temperature of the bolts: 265°C to 300°C), were then subjected to a salt
spray test in accordance with JIS Z-2371 in the same manner as in Example
l to evaluate the corrosion resistance. As a result, the formation of rust
was not confirmed for all five bolts at 1008 hours from the start of the salt
spray test. Also at 1848 hours from the start of the test, the formation of
rust was not confirmed for all five bolts. The formation of rust was
confirmed only on one bolt at 2016 hours from the start of the test.
[0104]
<Comparative Example 8>

Five bolts having been subjected only to the base treatment were
prepared in the same manner as in Example 20, except that after the base
treatment, the immersion treatment with the aqueous solution containing
3% by mass of sodium silicate was not performed and the bolts were
cooled to room temperature as they were.

[0105]

The five bolts thus prepared, which had been subjected only to the
base treatment (the deposition amount of the coating: 18 g/m?), were then
subjected to a salt spray test in accordance with JIS Z-2371 in the same
manner as in Example 1 to evaluate the corrosion resistance. As a result,
the formation of rust was not confirmed for all five bolts at 504 hours

from the start of the salt spray test, but the formation of rust was
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confirmed on three or more bolts, which was more than half of the five
bolts, at 672 hours from the start of the test.

[0106]

<Example 21>

As an immersion treatment agent, lithium silicate was dissolved in
deionized water to prepare 150 ml of an aqueous solution containing 3%
by mass of lithium silicate. The pH of the immersion treatment agent
prepared was 11.0. Five bolts having been subjected to the base treatment
and the immersion treatment were prepared in the same manner as in
Example 20, except that the immersion treatment was performed using the
150 ml of the aqueous solution containing 3% by mass of lithium silicate
at a solution temperature of 20°C in place of the 150 ml of the aqueous
solution containing 3% by mass of sodium silicate at a solution
temperature of 20°C.

[0107]

The five bolts thus prepared, which had been subjected to the base
treatment (the deposition amount of the coating: 18 g/m?) and the
immersion treatment (aqueous solution of lithium silicate; the surface
temperature of the bolts: 265°C to 300°C), were then subjected to a salt
spray test in accordance with JIS Z-2371 in the same manner as in Example
l to evaluate the corrosion resistance. As a result, the formation of rust
was not confirmed for all five bolts at 2148 hours from the start of the salt
spray test. At 2352 hours from the start of the test, the formation of rust
was contirmed on one bolt.

[0108]
<Example 22>

As an immersion treatment agent, potassium silicate was dissolved
in deionized water to prepare 150 ml of an aqueous solution containing
3% by mass of potassium silicate. The pH of the immersion treatment
agent prepared was 11.4. Five bolts having been subjected to the base
treatment and the immersion treatment were prepared in the same manner

as in Example 20, except that the immersion treatment was performed
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using the 150 ml of the agueous solution containing 3% by mass of
potassium silicate at a solution temperature of 20°C in place of the 150 ml
of the aqueous solution containing 3% by mass of sodium silicate at a
solution temperature of 20°C.

[0109]

The five bolts thus prepared, which had been subjected to the base
treatment (the deposition amount of the coating: 18 g/m?) and the
immersion treatment (aqueous solution of potassium silicate; the surface
temperature of the bolts: 265°C to 300°C), were then subjected to a salt
spray test in accordance with JIS Z-2371 in the same manner as in Example
1 to evaluate the corrosion resistance. As a result, the formation of rust
was not confirmed for all five bolts at 1848 hours from the start of the salt
spray test. At 2016 hours from the start of the test, the formation of rust
was confirmed on one bolt. Also at 2352 hours from the start of the test,
the formation of rust was confirmed only on the one bolt.

[0110]
<Example 23>

After the base treatment was performed in the same manner as in
Example 4, it was confirmed that the surface temperature of the five bolts
taken out of the clectric furnace was between 265°C and 300°C using an
infrared thermometer, and the bolts were immersed in the 150 ml of the
aqueous solution containing 3% by mass of sodium silicate at a solution
temperature of 0°C for about 60 seconds. The bolts were then taken out
and dried to prepare five bolts having been subjected to the base treatment
and the immersion treatment.

[0111]

The five bolts thus prepared, which had been subjected to the base
treatment (the deposition amount of the coating: 12 g/m?) and the
immersion treatment (aqueous solution of sodium silicate at 0°C; the
surface temperature of the bolts: 265°C to 300°C), were then subjected to
a salt spray test in accordance with JIS Z-2371 in the same manner as in

Example 1 to evaluate the corrosion resistance. As a result, the formation
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of rust was not confirmed for all five bolts at 1176 hours from the start of
the salt spray test, and the formation of rust was confirmed only on one
bolt at 1680 hours from the start of the test.

[0112]

<Example 24>

Five bolts having been subjected to the base treatment and the
immersion treatment were prepared in the same manner as in Example 23,
except that the solution temperature of the immersion treatment agent, i.e.,
the aqueous solution containing 3% by mass of sodium silicate was
changed to 50°C.

[0113]

The five bolts thus prepared, which had been subjected to the base
treatment (the deposition amount of the coating: 12 g/m?) and the
immersion treatment (aqueous solution of sodium silicate at 50°C; the
surface temperature of the bolts: 265°C to 300°C), were then subjected to
a salt spray test in accordance with JIS Z-2371 in the same manner as in
Example 1 to evaluate the corrosion resistance. As a result, the formation
of rust was not confirmed for all five bolts at 1176 hours from the start of
the salt spray test, and the formation of rust was confirmed only on one
bolt at 1680 hours from the start of the test.

[0104]
<Example 25>

Five bolts having been subjected to the base treatment and the
immersion treatment were prepared in the same manner as in Example 23,
except that the solution temperature of the immersion treatment agent, i.e.,
the aqueous solution containing 3% by mass of sodium silicate was
changed to 90°C.

[0115]

The five bolts thus prepared, which had been subjected to the base
treatment (the deposition amount of the coating: 12 g/m?) and the
immersion treatment (aqueous solution of sodium silicate at 90°C; the

surface temperature of the bolts: 265°C to 300°C), were then subjected to
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a salt spray test in accordance with JIS Z-2371 in the same manner as in
Example 1 to evaluate the corrosion resistance. As a result, the formation
of rust was not confirmed for all five bolts at 1176 hours from the start of
the salt spray test.

[0116]

<Example 26>

After the base treatment was performed in the same manner as in
Example 4, it was confirmed that the surface temperature of the five bolts
taken out of the electric furnace was between 265°C and 300°C using an
infrared thermometer, and the bolts were immersed in the 150 ml of the
aqueous solution containing 3% by mass of sodium dihydrogen phosphate
at a solution temperature of 0°C for about 60 seconds. The bolts were then
taken out and dried to prepare five bolts having been subjected to the base
treatment and the immersion treatment.

[0117]

The five bolts thus prepared, which had been subjected to the base
treatment (the deposition amount of the coating: 12 g/m?) and the
immersion treatment (aqueous solution of sodium dihydrogen phosphate
at 0°C; the surface temperature of the bolts: 265°C to 300°C), were then
subjected to a salt spray test in accordance with JIS Z-2371 in the same
manner as in Example 1 to evaluate the corrosion resistance. As a result,
the formation of rust was not confirmed for all five bolts at 1176 hours
from the start of the salt spray test, and the formation of rust was
confirmed only on one bolt at 1680 hours from the start of the test.
[0118]
<Example 27>

Five bolts having been subjected to the base treatment and the
immersion treatment were prepared in the same manner as in Example 26,
except that the solution temperature of the immersion treatment agent, i.e.,
the aqueous solution containing 3% by mass of sodium dihydrogen
phosphate was changed to 50°C.

[0119]
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The five bolts thus prepared, which had been subjected to the base
treatment (the deposition amount of the coating: 12 g/m?) and the
immersion treatment (aqueous solution of sodium dihydrogen phosphate
at 50°C; the surface temperature of the bolts: 263°C to 300°C), were then
subjected to a salt spray test in accordance with JIS Z-2371 in the same
manner as in Example | to evaluate the corrosion resistance. As a result,
the formation of rust was not confirmed for all five bolts at €40 hours
from the start of the salt spray test, and the formation of rust was
confirmed only on one bolt at 1176 hours from the start of the test.
[0120]
<Example 28>

After the base treatment was performed in the same manner as in
Example 4, it was confirmed that the surface temperature of the five bolts
taken out of the electric furnace was between 265°C and 300°C using an
infrared thermometer, and the bolts were immersed in the aqueous solution
containing 3% by mass of sodium silicate of which weight is 1 times the
total weight of the bolts to be immersed at a solution temperature of 25°C
for about 10 seconds. The bolts were then taken out and dried to prepare
five bolts having been subjected to the base treatment and the immersion
treatment.

[0121]

The five bolts thus prepared, which had been subjected to the base
treatment (the deposition amount of the coating: 12 g/m?) and the
immersion treatment (sodium silicate aqueous solution that has the weight
1 times the total weight of the bolts; the surface temperature of the bolts:
265°C to 300°C), were then subjected to a salt spray test in accordance
with JIS Z-2371 in the same manner as in Example 1 to evaluate the
corrosion resistance. As a result, the formation of rust was not confirmed
for all five bolts at 2352 hours from the start of the salt spray test.

[0122]
<Example 29>

Five bolts having been subjected to the base treatment and the
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immersion treatment were prepared in the same manner as in Example 2§,
except that the amount used of the immersion treatment agent, i.e., the
aqueous solution containing 3% by mass of sodium silicate was changed
to an amount weighing 3 times the total weight of the bolts.

[0123]

The five bolts thus prepared, which had been subjected to the base
treatment (the deposition amount of the coating: 12 g/m?) and the
immersion treatment (sodium silicate aqueous solution that has the weight
3 times the total weight of the bolts; the surface temperature of the bolts:
265°C to 300°C), were then subjected to a salt spray test in accordance
with JIS Z-2371 in the same manner as in Example | to evaluate the
corrosion resistance. As a result, the formation of rust was not confirmed
for all five bolts at 2352 hours from the start of the salt spray test.

[0124]
<Example 30>

Five bolts having been subjected to the base treatment and the
immersion treatment were prepared in the same manner as in Example 2§,
except that the amount used of the immersion treatment agent, i.e., the
aqueous solution containing 3% by mass of sodium silicate was changed
to an amount weighing 5 times the total weight of the bolts.

[0125]

The five bolts thus prepared, which had been subjected to the base
treatment (the deposition amount of the coating: 12 g/m?) and the
immersion treatment (sodium silicate aqueous solution that has the weight
3 times the total weight of the bolts; the surface temperature of the bolts:
265°C to 300°C), were then subjected to a salt spray test in accordance
with JIS Z-2371 in the same manner as in Example 1 to evaluate the
corrosion resistance. As a result, the formation of rust was not confirmed
for all five bolts at 2520 hours from the start of the salt spray test.

[0126]
<Example 31>

Five bolts having been subjected to the base treatment and the
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immersion treatment were prepared in the same manner as in Example 2§,
except that the amount used of the immersion treatment agent, i.e., the
aqueous solution containing 3% by mass of sodium silicate was changed
to an amount weighing 10 times the total weight of the bolts.

[0127]

The five bolts thus prepared, which had been subjected to the base
treatment (the deposition amount of the coating: 12 g/m?) and the
immersion treatment (sodium silicate aqueous solution that has the weight
10 times the total weight of the bolts; the surface temperature of the bolts:
265°C to 300°C), were then subjected to a salt spray test in accordance
with JIS Z-2371 in the same manner as in Example | to evaluate the
corrosion resistance. As a result, the formation of rust was not confirmed
for all five bolts at 2016 hours from the start of the salt spray test, and the
formation of rust was confirmed only on one bolt at 2352 hours from the
start of the test.

[0128]
<Comparative Example 9>

A treatment agent for base coat that contains zinc flake as a main
component was prepared in the same manner as in Example 1.

[0129]

Next, five hexagon flange bolts with a size of M6, which had been
subjected to vapor degreasing with dichloromethane and shot blasting,
were coated with the treatment agent for base coat by an immersion method
involving centrifugal shaking (a dip spin method), preheated at 100°C for
10 minutes in an electric furnace, and baked at 330°C for 30 minutes in an
electric furnace to form a coating containing zinc and aluminum. The
deposition amount of the coating was 12 g/m?. Hereinafter, this process of
forming a coating containing zinc and aluminum will be referred to as
"base treatment”.

[0130]
The five bolts taken out of the electric furnace were cooled to room

temperature as they were to prepare five bolts having been subjected only
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to the base treatment.
[0131]

The tive bolts thus prepared, which had been subjected only to the
base treatment, were then subjected to a salt spray test in accordance with
JIS Z-2371 in the same manner as in Example 1 to evaluate the corrosion
resistance. As a result, the formation of rust was not confirmed for all five
bolts at 168 hours from the start of the salt spray test, but the formation
of rust was confirmed on two bolts at 336 hours from the test. The
formation of rust was confirmed on three or more bolts, which was more
than half of the five bolts, at 504 hours from the start of the test.

[0132]
<Example 32>

In the same manner as in Comparative Example 9, five hexagon
flange bolts with a size of M6, which had been subjected to vapor
degreasing with dichloromethane and shot blasting, were coated with the
treatment agent for base coat by an immersion method involving
centrifugal shaking (a dip spin method), preheated at 100°C for 10 minutes
in an electric furnace, and baked at 330°C for 30 minutes in an electric
furnace to form a coating containing zinc and aluminum.

[0133]

Thereafter, the five bolts taken out of the electric furnace were
cooled to room temperature (about 25°C) as they were and then immersed
in the 150 ml of the aqueous solution containing 3% by mass of sodium
silicate (pH 11.5) at a solution temperature of 25°C for about 10 seconds.
The bolts were then taken out and dried to prepare five bolts having been
subjected to the base treatment and the immersion treatment.

[0134]

The five bolts thus prepared, which had been subjected to the base
treatment and the immersion treatment (aqueous solution of sodium
silicate; the surface temperature of the bolts: room temperature [about
25°C]), were then subjected to a salt spray test in accordance with JIS Z-

2371 in the same manner as in Example 1 to evaluate the corrosion
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resistance. As a result, the formation of rust was not confirmed for all five
bolts at 672 hours from the start of the salt spray test, and the formation
of rust was confirmed only on two bolts at 840 hours trom the start of the
test.

[0135]

<Example 33>

In the same manner as in Comparative Example 9, five hexagon
flange bolts with a size of M6, which had been subjected to vapor
degreasing with dichloromethane and shot blasting, were coated with the
treatment agent for base coat by an immersion method involving
centrifugal shaking (a dip spin method), preheated at 100°C for 10 minutes
in an electric furnace, and baked at 330°C for 30 minutes in an electric
furnace to form a coating containing zinc and aluminum.

[0136]

Thereafter, it was confirmed that the surface temperature of the
five bolts taken out of the electric furnace was between 35°C and 60°C
using an infrared thermometer, and the bolts were immersed in the 150 ml
of the aqueous solution containing 3% by mass of sodium silicate (pH
11.5) at a solution temperature of 25°C for about 10 seconds. The bolts
were then taken out and dried to prepare five bolts having been subjected
to the base treatment and the immersion treatment.

[0137]

The five bolts thus prepared, which had been subjected to the base
treatment and the immersion treatment (aqueous solution of sodium
silicate; the surface temperature of the bolts: 35°C to 60°C), were then
subjected to a salt spray test in accordance with JIS Z-2371 in the same
manner as in Example | to evaluate the corrosion resistance. As a result,
the formation of rust was not confirmed for all five bolts at 840 hours
from the start of the salt spray test, and the formation of rust was
confirmed only on two bolts at 1008 hours from the start of the test.
[0138]
<Example 34>
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In the same manner as in Comparative Example 9, five hexagon
flange bolts with a size of M6, which had been subjected to vapor
degreasing with dichloromethane and shot blasting, were coated with the
treatment agent for base coat by an immersion method involving
centritugal shaking (a dip spin method), preheated at 100°C for 10 minutes
in an electric furnace, and baked at 330°C for 30 minutes in an electric
furnace to form a coating containing zinc and aluminum.

[0139]

Thereafter, it was confirmed that the surface temperature of the
five bolts taken out of the electric furnace was between 65°C and 100°C
using an infrared thermometer, and the bolts were immersed in the 150 ml
of the aqueous solution containing 3% by mass of sodium silicate (pH
11.5) at a solution temperature of 25°C for about 10 seconds. The bolts
were then taken out and dried to prepare five bolts having been subjected
to the base treatment and the immersion treatment.

[0140]

The five bolts thus prepared, which had been subjected to the base
treatment and the immersion treatment (aqueous solution of sodium
silicate; the surface temperature of the bolts: 65°C to 100°C), were then
subjected to a salt spray test in accordance with JIS Z-2371 in the same
manner as in Example 1 to evaluate the corrosion resistance. As a result,
the formation of rust was not confirmed for all five bolts at 672 hours
from the start of the salt spray test, and the formation of rust was
confirmed only on two bolts at §40 hours from the start of the test.

[0141]
<Example 35>

In the same manner as in Comparative Example 9, five hexagon
flange bolts with a size of M6, which had been subjected to vapor
degreasing with dichloromethane and shot blasting, were coated with the
treatment agent for base coat by an immersion method involving
centrifugal shaking (a dip spin method}, preheated at 100°C for 10 minutes

in an electric furnace, and baked at 330°C for 30 minutes in an electric
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furnace to form a coating containing zinc and aluminum.
[0142]

Thereafter, it was confirmed that the surface temperature of the
five bolts taken out of the electric furnace was between 105°C and 140°C
using an infrared thermometer, and the bolts were immersed in the 150 ml
of the aqueous solution containing 3% by mass of sodium silicate (pH
11.5) at a solution temperature of 25°C for about 10 seconds. The bolts
were then taken out and dried to prepare five bolts having been subjected
to the base treatment and the immersion treatment.

[0143]

The five bolts thus prepared, which had been subjected to the base
treatment and the immersion treatment (aqueous solution of sodium
silicate; the surface temperature of the bolts: 105°C to 140°C), were then
subjected to a salt spray test in accordance with JIS Z-2371 in the same
manner as in Example | to evaluate the corrosion resistance. As a result,
the formation of rust was not confirmed for all five bolts at 672 hours
from the start of the salt spray test, and the formation of rust was
confirmed only on two bolts at 840 hours from the start of the test.

[0144]
<Example 36>

In the same manner as in Comparative Example 9, five hexagon
flange bolts with a size of M6, which had been subjected to vapor
degreasing with dichloromethane and shot blasting, were coated with the
treatment agent for base coat by an immersion method involving
centrifugal shaking (a dip spin method}, preheated at 100°C for 10 minutes
in an electric furnace, and baked at 330°C for 30 minutes in an electric
furnace to form a coating containing zinc and aluminum.

[0145]

Thereafter, it was confirmed that the surface temperature of the
five bolts taken out of the electric furnace was between 145°C and 150°C
using an infrared thermometer, and the bolts were immersed in the 150 ml

of the aqueous solution containing 3% by mass of sodium silicate (pH
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11.5) at a solution temperature of 25°C for about 10 seconds. The bolts
were then taken out and dried to prepare five bolts having been subjected
to the base treatment and the immersion treatment.

[0146]

The tive bolts thus prepared, which had been subjected to the base
treatment and the immersion treatment (agqueous solution of sodium
silicate; the surface temperature of the bolts: 145°C to 180°C), were then
subjected to a salt spray test in accordance with JIS Z-2371 in the same
manner as in Example | to evaluate the corrosion resistance. As a result,
the formation of rust was not confirmed for all five bolts at 672 hours
from the start of the salt spray test, and the formation of rust was
confirmed only on one bolt at 840 hours from the start of the test. Also at
1008 hours from the start of the test, the formation of rust was confirmed
only on the one bolt.

[0147]
<Example 37>

In the same manner as in Comparative Example 9, five hexagon
flange bolts with a size of M6, which had been subjected to vapor
degreasing with dichloromethane and shot blasting, were coated with the
treatment agent for base coat by an immersion method involving
centrifugal shaking (a dip spin method}, preheated at 100°C for 10 minutes
in an electric furnace, and baked at 330°C for 30 minutes in an electric
furnace to form a coating containing zinc and aluminum.

[0148]

Thereafter, it was confirmed that the surface temperature of the
five bolts taken out of the electric furnace was between 185°C and 220°C
using an infrared thermometer, and the bolts were immersed in the 150 ml
of the aqueous solution containing 3% by mass of sodium silicate (pH
11.5) at a solution temperature of 25°C for about 10 seconds. The bolts
were then taken out and dried to prepare five bolts having been subjected
to the base treatment and the immersion treatment.

[0149]



10

15

20

25

30

CA 03147067 2022-2-4

48

The five bolts thus prepared, which had been subjected to the base
treatment and the immersion treatment (aqueous solution of sodium
silicate; the surface temperature of the bolts: 185°C to 220°C), were then
subjected to a salt spray test in accordance with JIS Z-2371 in the same
manner as in Example 1 to evaluate the corrosion resistance. As a result,
the formation of rust was not confirmed for all five bolts at 1176 hours
from the start of the salt spray test, and the formation of rust was
confirmed only on one bolt at 1344 hours from the start of the test.
[0150]
<Example 38>

In the same manner as in Comparative Example 9, five hexagon
flange bolts with a size of M6, which had been subjected to vapor
degreasing with dichloromethane and shot blasting, were coated with the
treatment agent for base coat by an immersion method involving
centrifugal shaking (a dip spin method), preheated at 100°C for 10 minutes
in an electric furnace, and baked at 330°C for 30 minutes in an electric
furnace to form a coating containing zinc and aluminum.

[0151]

Thereafter, it was confirmed that the surface temperature of the
five bolts taken out of the electric furnace was between 225°C and 260°C
using an infrared thermometer, and the bolts were immersed in the 150 ml
of the aqueous solution containing 3% by mass of sodium silicate (pH
11.5) at a solution temperature of 25°C for about 10 seconds. The bolts
were then taken out and dried to prepare five bolts having been subjected
to the base treatment and the immersion treatment.

[0152]

The five bolts thus prepared, which had been subjected to the base
treatment and the immersion treatment (aqueous solution of sodium
silicate; the surface temperature of the bolts: 225°C to 260°C), were then
subjected to a salt spray test in accordance with JIS Z-2371 in the same
manner as in Example 1 to evaluate the corrosion resistance. As a result,

the formation of rust was not confirmed for all five bolts at 1176 hours
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from the start of the salt spray test, and the formation of rust was
confirmed only on one bolt at 1344 hours from the start of the test.
[0153]

<Example 39>

In the same manner as in Comparative Example 9, five hexagon
flange bolts with a size of M6, which had been subjected to vapor
degreasing with dichloromethane and shot blasting, were coated with the
treatment agent for base coat by an immersion method involving
centrifugal shaking (a dip spin method), preheated at 100°C for 10 minutes
in an electric furnace, and baked at 330°C for 30 minutes in an electric
furnace to form a coating containing zinc and aluminum.

[0154]

Thereafter, it was confirmed that the surface temperature of the
five bolts taken out of the electric furnace was between 265°C and 300°C
using an infrared thermometer, and the bolts were immersed in the 150 ml
of the aqueous solution containing 3% by mass of sodium silicate (pH
11.5) at a solution temperature of 25°C for about 10 seconds. The bolts
were then taken out and dried to prepare five bolts having been subjected
to the base treatment and the immersion treatment.

[0155]

The five bolts thus prepared, which had been subjected to the base
treatment and the immersion treatment (aqueous solution of sodium
silicate; the surface temperature of the bolts: 265°C to 300°C), were then
subjected to a salt spray test in accordance with JIS Z-2371 in the same
manner as in Example | to evaluate the corrosion resistance. As a result,
the formation of rust was not confirmed for all five bolts at 1176 hours
from the start of the salt spray test, and the formation of rust was
confirmed only on one bolt at 1344 hours from the start of the test.
[0156]
<Example 40>

In the same manner as in Comparative Example 9, five hexagon

flange bolts with a size of M6, which had been subjected to vapor
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degreasing with dichloromethane and shot blasting, were coated with the
treatment agent for base coat by an immersion method involving
centritugal shaking (a dip spin method), preheated at 100°C for 10 minutes
in an electric furnace, and baked at 330°C for 30 minutes in an electric
furnace to form a coating containing zinc and aluminum.

[0157]

Thereafter, the five bolts taken out of the electric furnace were
cooled to room temperature (about 25°C) as they were and then immersed
in the 150 ml of the aqueous solution containing 3% by mass of sodium
dihydrogen phosphate (pH 4.4) at a solution temperature of 25°C for about
10 seconds. The bolts were then taken out and dried to prepare five bolts
having been subjected to the base treatment and the immersion treatment.
[0158]

The five bolts thus prepared, which had been subjected to the base
treatment and the immersion treatment (agqueous solution of sodium
dihydrogen phosphate; the surface temperature of the bolts: room
temperature [about 25°C]), were then subjected to a salt spray test in
accordance with JIS Z-2371 in the same manner as in Example 1 to
evaluate the corrosion resistance. As a result, the formation of rust was
not confirmed for all five bolts at 336 hours from the start of the salt spray
test, and the formation of rust was confirmed only on two bolts at 504
hours from the start of the test.

[0159]
<Example 41>

In the same manner as in Comparative Example 9, five hexagon
flange bolts with a size of M6, which had been subjected to wvapor
degreasing with dichloromethane and shot blasting, were coated with the
treatment agent for base coat by an immersion method involving
centrifugal shaking (a dip spin method), preheated at 100°C for 10 minutes
in an electric furnace, and baked at 330°C for 30 minutes in an electric
furnace to form a coating containing zinc and aluminum.

[0160]
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Thereafter, it was confirmed that the surface temperature of the
five bolts taken out of the electric furnace was between 35°C and 60°C
using an infrared thermometer, and the bolts were immersed in the 150 ml
of the aqueous solution containing 3% by mass of sodium dihydrogen
phosphate (pH 4.4} at a solution temperature ot 25°C for about 10 seconds.
The bolts were then taken out and dried to prepare five bolts having been
subjected to the base treatment and the immersion treatment.

[0161]

The five bolts thus prepared, which had been subjected to the base
treatment and the immersion treatment (agqueous solution of sodium
dihydrogen phosphate; the surface temperature of the bolts: 35°C to 60°C),
were then subjected to a salt spray test in accordance with JIS Z-2371 in
the same manner as in Example 1 to evaluate the corrosion resistance. As
a result, the formation of rust was not confirmed for all five bolts at 336
hours from the start of the salt spray test, and the formation of rust was
confirmed only on two bolts at 504 hours from the start of the test.

[0162]
<Example 42>

In the same manner as in Comparative Example 9, five hexagon
flange bolts with a size of M6, which had been subjected to vapor
degreasing with dichloromethane and shot blasting, were coated with the
treatment agent for base coat by an immersion method involving
centrifugal shaking (a dip spin method), preheated at 100°C for 10 minutes
in an electric furnace, and baked at 330°C for 30 minutes in an electric
furnace to form a coating containing zinc and aluminum.

[0163]

Thereafter, it was confirmed that the surface temperature of the
five bolts taken out of the electric furnace was between 65°C and 100°C
using an infrared thermometer, and the bolts were immersed in the 150 ml
of the aqueous solution containing 3% by mass of sodium dihydrogen
phosphate (pH 4.4} at a solution temperature of 25°C for about 10 seconds.

The bolts were then taken out and dried to prepare five bolts having been
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subjected to the base treatment and the immersion treatment.
[0164]

The tive bolts thus prepared, which had been subjected to the base
treatment and the immersion treatment (aqueous solution of sodium
dihydrogen phosphate; the surface temperature of the bolts: 65°C to
100°C), were then subjected to a salt spray test in accordance with JIS Z-
2371 in the same manner as in Example 1 to evaluate the corrosion
resistance. As a result, the formation of rust was not confirmed for all five
bolts at 336 hours from the start of the salt spray test, and the formation
of rust was confirmed only on one bolt at 504 hours from the start of the
test. The formation of rust was confirmed only on two bolts at 672 hours
from the start of the test.

[0165]
<Example 43>

In the same manner as in Comparative Example 9, five hexagon
flange bolts with a size of M6, which had been subjected to vapor
degreasing with dichloromethane and shot blasting, were coated with the
treatment agent for base coat by an immersion method involving
centrifugal shaking (a dip spin method), preheated at 100°C for 10 minutes
in an electric furnace, and baked at 330°C for 30 minutes in an electric
furnace to form a coating containing zinc and aluminum.

[0166]

Thereafter, it was confirmed that the surface temperature of the
five bolts taken out of the electric furnace was between 105°C and 140°C
using an infrared thermometer, and the bolts were immersed in the 150 ml
of the aqueous solution containing 3% by mass of sodium dihydrogen
phosphate (pH 4.4} at a solution temperature of 25°C for about 10 seconds.
The bolts were then taken out and dried to prepare five bolts having been
subjected to the base treatment and the immersion treatment.

[0167]
The five bolts thus prepared, which had been subjected to the base

treatment and the immersion treatment (aqueous solution of sodium
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dihydrogen phosphate; the surface temperature of the bolts: 105°C to
140°C), were then subjected to a salt spray test in accordance with JIS Z-
2371 in the same manner as in Example 1 to evaluate the corrosion
resistance. As a result, the formation of rust was not confirmed for all five
bolts at 504 hours from the start of the salt spray test, and the formation
of rust was confirmed only on two bolts at 672 hours from the start of the
test.

[0168]

<Example 44>

In the same manner as in Comparative Example 9, five hexagon
flange bolts with a size of M6, which had been subjected to vapor
degreasing with dichloromethane and shot blasting, were coated with the
treatment agent for base coat by an immersion method involving
centrifugal shaking (a dip spin method}), preheated at 100°C for 10 minutes
in an electric furnace, and baked at 330°C for 30 minutes in an electric
furnace to form a coating containing zinc and aluminum.

[0169]

Thereafter, it was confirmed that the surface temperature of the
five bolts taken out of the electric furnace was between 145°C and 180°C
using an infrared thermometer, and the bolts were immersed in the 150 ml
of the aqueous solution containing 3% by mass of sodium dihydrogen
phosphate (pH 4.4} at a solution temperature of 25°C for about 10 seconds.
The bolts were then taken out and dried to prepare five bolts having been
subjected to the base treatment and the immersion treatment.

[0170]

The tive bolts thus prepared, which had been subjected to the base
treatment and the immersion treatment (agqueous solution of sodium
dihydrogen phosphate; the surface temperature of the bolts: 145°C to
180°C), were then subjected to a salt spray test in accordance with JIS Z-
2371 in the same manner as in Example 1 to evaluate the corrosion
resistance. As a result, the formation of rust was not confirmed for all five

bolts at 504 hours from the start of the salt spray test, and the formation
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of rust was confirmed only on one bolt at 840 hours from the start of the
test. The formation of rust was confirmed only on two bolts at 1008 hours
from the start of the test.

[0171]

<Example 45>

In the same manner as in Comparative Example 9, five hexagon
flange bolts with a size of M6, which had been subjected to vapor
degreasing with dichloromethane and shot blasting, were coated with the
treatment agent for base coat by an immersion method involving
centrifugal shaking (a dip spin method}, preheated at 100°C for 10 minutes
in an electric furnace, and baked at 330°C for 30 minutes in an electric
furnace to form a coating containing zinc and aluminum.

[0172]

Thercafter, it was confirmed that the surface temperature of the
five bolts taken out of the electric furnace was between 185°C and 220°C
using an infrared thermometer, and the bolts were immersed in the 150 ml
of the aqueous solution containing 3% by mass of sodium dihydrogen
phosphate (pH 4.4} at a solution temperature of 25°C for about 10 seconds.
The bolts were then taken out and dried to prepare five bolts having been
subjected to the base treatment and the immersion treatment.

[0173]

The five bolts thus prepared, which had been subjected to the base
treatment and the immersion treatment (aqueous solution of sodium
dihydrogen phosphate; the surface temperature of the bolts: 185°C to
220°C), were then subjected to a salt spray test in accordance with JIS Z-
2371 in the same manner as in Example 1 to evaluate the corrosion
resistance. As a result, the formation of rust was not confirmed for all five
bolts at 840 hours from the start of the salt spray test.

[0174]
<Example 46>
In the same manner as in Comparative Example 9, five hexagon

flange bolts with a size of M6, which had been subjected to wvapor
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degreasing with dichloromethane and shot blasting, were coated with the
treatment agent for base coat by an immersion method involving
centritugal shaking (a dip spin method), preheated at 100°C for 10 minutes
in an electric furnace, and baked at 330°C for 30 minutes in an electric
furnace to form a coating containing zinc and aluminum.

[0175]

Thereafter, it was confirmed that the surface temperature of the
five bolts taken out of the electric furnace was between 225°C and 260°C
using an infrared thermometer, and the bolts were immersed in the 150 ml
of the aqueous solution containing 3% by mass of sodium dihydrogen
phosphate (pH 4.4} at a solution temperature of 25°C for about 10 seconds.
The bolts were then taken out and dried to prepare five bolts having been
subjected to the base treatment and the immersion treatment.

[0176]

The five bolts thus prepared, which had been subjected to the base
treatment and the immersion treatment (aqueous solution of sodium
dihydrogen phosphate; the surface temperature of the bolts: 225°C to
260°C), were then subjected to a salt spray test in accordance with JIS Z-
2371 in the same manner as in Example 1 to evaluate the corrosion
resistance. As a result, the formation of rust was not confirmed for all five
bolts at 672 hours from the start of the salt spray test, and the formation
of rust was confirmed only on one bolt at 840 hours from the start of the
test.

[0177]
<Example 47>

In the same manner as in Comparative Example 9, five hexagon
flange bolts with a size of M6, which had been subjected to vapor
degreasing with dichloromethane and shot blasting, were coated with the
treatment agent for base coat by an immersion method involving
centrifugal shaking (a dip spin method), preheated at 100°C for 10 minutes
in an electric furnace, and baked at 330°C for 30 minutes in an electric

furnace to form a coating containing zinc and aluminum.
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[0178]

Thereafter, it was confirmed that the surface temperature of the
five bolts taken out of the electric furnace was between 265°C and 300°C
using an infrared thermometer, and the bolts were immersed in the 150 ml
of the aqueous solution containing 3% by mass of sodium dihydrogen
phosphate (pH 4.4} at a solution temperature of 25°C for about 10 seconds.
The bolts were then taken out and dried to prepare five bolts having been
subjected to the base treatment and the immersion treatment.

[0179]

The five bolts thus prepared, which had been subjected to the base
treatment and the immersion treatment (aqueous solution of sodium
dihydrogen phosphate; the surface temperature of the bolts: 265°C to
300°C), were then subjected to a salt spray test in accordance with JIS Z-
2371 in the same manner as in Example 1 to evaluate the corrosion
resistance. As a result, the formation of rust was not confirmed for all five
bolts at 840 hours from the start of the salt spray test.

[0180]
<Example 48>

In the same manner as in Comparative Example 9, five hexagon
flange bolts with a size of M6, which had been subjected to vapor
degreasing with dichloromethane and shot blasting, were coated with the
treatment agent for base coat by an immersion method involving
centrifugal shaking (a dip spin method), preheated at 100°C for 10 minutes
in an electric furnace, and baked at 330°C for 30 minutes in an electric
furnace to form a coating containing zinc and aluminum.

[0181]

Thereafter, it was confirmed that the surface temperature of the
five bolts taken out of the electric furnace was between 65°C and 100°C
using an infrared thermometer, and the bolts were immersed in the 150 ml
of the aqueous solution containing 5% by mass of ammonium zirconium
carbonate (pH 9.1} at a solution temperature of 25°C for about 10 seconds.

The bolts were then taken out and dried to prepare five bolts having been
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subjected to the base treatment and the immersion treatment.
[0182]

The tive bolts thus prepared, which had been subjected to the base
treatment and the immersion treatment (aqueous solution of ammonium
zirconium carbonate; the surface temperature of the bolts: 65°C to 100°C),
were then subjected to a salt spray test in accordance with JIS Z-2371 in
the same manner as in Example 1 to evaluate the corrosion resistance. As
a result, the formation of rust was not confirmed for all five bolts at 336
hours from the start of the salt spray test, and the formation of rust was
confirmed only on one bolt at 504 hours from the start of the test. The
formation of rust was confirmed only on two bolts at 672 hours from the
start of the test.

[0183]
<Example 49>

In the same manner as in Comparative Example 9, five hexagon
flange bolts with a size of M6, which had been subjected to vapor
degreasing with dichloromethane and shot blasting, were coated with the
treatment agent for base coat by an immersion method involving
centrifugal shaking (a dip spin method), preheated at 100°C for 10 minutes
in an electric furnace, and baked at 330°C for 30 minutes in an electric
furnace to form a coating containing zinc and aluminum.

[0184]

Thereafter, it was confirmed that the surface temperature of the
five bolts taken out of the electric furnace was between 105°C and 140°C
using an infrared thermometer, and the bolts were immersed in the 150 ml
of the aqueous solution containing 5% by mass of ammonium zirconium
carbonate (pH 9.1) at a solution temperature of 25°C for about 10 seconds.
The bolts were then taken out and dried to prepare five bolts having been
subjected to the base treatment and the immersion treatment.

[0185]
The five bolts thus prepared, which had been subjected to the base

treatment and the immersion treatment (aqueous solution of ammonium
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zirconium carbonate; the surface temperature of the bolts: 105°C to
140°C), were then subjected to a salt spray test in accordance with JIS Z-
2371 in the same manner as in Example 1 to evaluate the corrosion
resistance. As a result, the formation of rust was not confirmed for all five
bolts at 504 hours from the start of the salt spray test, and the formation
of rust was confirmed only on two bolts at 672 hours from the start of the
test.

[0186]

<Example 50>

In the same manner as in Comparative Example 9, five hexagon
flange bolts with a size of M6, which had been subjected to vapor
degreasing with dichloromethane and shot blasting, were coated with the
treatment agent for base coat by an immersion method involving
centrifugal shaking (a dip spin method}), preheated at 100°C for 10 minutes
in an electric furnace, and baked at 330°C for 30 minutes in an electric
furnace to form a coating containing zinc and aluminum.

[0187]

Thereafter, it was confirmed that the surface temperature of the
five bolts taken out of the electric furnace was between 145°C and 180°C
using an infrared thermometer, and the bolts were immersed in the 150 ml
of the aqueous solution containing 5% by mass of ammonium zirconium
carbonate (pH 9.1) at a solution temperature of 25°C for about 10 seconds.
The bolts were then taken out and dried to prepare five bolts having been
subjected to the base treatment and the immersion treatment.

[0188]

The tive bolts thus prepared, which had been subjected to the base
treatment and the immersion treatment (agqueous solution of ammonium
zirconium carbonate; the surface temperature of the bolts: 145°C to
180°C), were then subjected to a salt spray test in accordance with JIS Z-
2371 in the same manner as in Example 1 to evaluate the corrosion
resistance. As a result, the formation of rust was not confirmed for all five

bolts at 840 hours from the start of the salt spray test, and the formation
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of rust was confirmed only on one bolt at 1008 hours from the start of the
test.

[0189]

<Example 51>

In the same manner as in Comparative Example 9, five hexagon
flange bolts with a size of M6, which had been subjected to vapor
degreasing with dichloromethane and shot blasting, were coated with the
treatment agent for base coat by an immersion method involving
centrifugal shaking (a dip spin method), preheated at 100°C for 10 minutes
in an electric furnace, and baked at 330°C for 30 minutes in an electric
furnace to form a coating containing zinc and aluminum.

[0190]

Thereafter, it was confirmed that the surface temperature of the
five bolts taken out of the electric furnace was between 145°C and 180°C
using an infrared thermometer, and the bolts were immersed in the 150 ml
of the aqueous solution containing 5% by mass of ammonium zirconium
carbonate (pH 9.1) at a solution temperature of 25°C for about 10 seconds.
The bolts were then taken out and dried to prepare five bolts having been
subjected to the base treatment and the immersion treatment.

[0191]

The five bolts thus prepared, which had been subjected to the base
treatment and the immersion treatment (aqueous solution of ammonium
zirconium carbonate; the surface temperature of the bolts: 145°C to
180°C), were then subjected to a salt spray test in accordance with JIS Z-
2371 in the same manner as in Example 1 to evaluate the corrosion
resistance. As a result, the formation of rust was not confirmed for all five
bolts at 840 hours from the start of the salt spray test, and the formation
of rust was confirmed only on one bolt at 1008 hours from the start of the
test.

[0192]
<Example 52>

In the same manner as in Comparative Example 9, five hexagon
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flange bolts with a size of M6, which had been subjected to vapor
degreasing with dichloromethane and shot blasting, were coated with the
treatment agent for base coat by an immersion method involving
centrifugal shaking (a dip spin method), preheated at 100°C for 10 minutes
in an e¢lectric furnace, and baked at 330°C for 30 minutes in an electric
furnace to form a coating containing zinc and aluminum.

[0193]

Thereafter, it was confirmed that the surface temperature of the
five bolts taken out of the electric furnace was between 225°C and 260°C
using an infrared thermometer, and the bolts were immersed in the 150 ml
of the aqueous solution containing 5% by mass of ammonium zirconium
carbonate (pH 9.1) at a solution temperature of 25°C for about 10 seconds.
The bolts were then taken out and dried to prepare five bolts having been
subjected to the base treatment and the immersion treatment.

[0194]

The five bolts thus prepared, which had been subjected to the base
treatment and the immersion treatment (aqueous solution of ammonium
zirconium carbonate; the surface temperature of the bolts: 225°C to
260°C), were then subjected to a salt spray test in accordance with JIS Z-
2371 in the same manner as in Example 1 to evaluate the corrosion
resistance. As a result, the formation of rust was not confirmed for all five
bolts at 1176 hours from the start of the salt spray test.

[0195]
<Example 53>

In the same manner as in Comparative Example 9, five hexagon
flange bolts with a size of M6, which had been subjected to wvapor
degreasing with dichloromethane and shot blasting, were coated with the
treatment agent for base coat by an immersion method involving
centrifugal shaking (a dip spin method), preheated at 100°C for 10 minutes
in an electric furnace, and baked at 330°C for 30 minutes in an electric
furnace to form a coating containing zinc and aluminum.

[0196]
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Thereafter, it was confirmed that the surface temperature of the
five bolts taken out of the electric furnace was between 265°C and 300°C
using an infrared thermometer, and the bolts were immersed in the 150 ml
of the aqueous solution containing 5% by mass of ammonium zirconium
carbonate (pH 9.1) at a solution temperature of 25°C for about 10 seconds.
The bolts were then taken out and dried to prepare five bolts having been
subjected to the base treatment and the immersion treatment.

[0197]

The five bolts thus prepared, which had been subjected to the base
treatment and the immersion treatment (agqueous solution of ammonium
zirconium carbonate; the surface temperature of the bolts: 265°C to
300°C), were then subjected to a salt spray test in accordance with JIS Z-
2371 in the same manner as in Example 1 to evaluate the corrosion
resistance. As a result, the formation of rust was not confirmed for all five
bolts at 1176 hours from the start of the salt spray test.

[0198]
<Comparative Example 10>

In the same manner as in Comparative Example 9, five hexagon
flange bolts with a size of M6, which had been subjected to vapor
degreasing with dichloromethane and shot blasting, were coated with the
treatment agent for base coat by an immersion method involving
centrifugal shaking (a dip spin method), preheated at 100°C for 10 minutes
in an electric furnace, and baked at 330°C for 30 minutes in an electric
furnace to form a coating containing zinc and aluminum.

[0199]

Thereafter, it was confirmed that the surface temperature of the
five bolts taken out of the electric furnace was between 145°C and 180°C
using an infrared thermometer, and the bolts were immersed in the 150 ml
of the aqueous solution containing 5% by mass of potassium sulfate {(pH
5.8) at a solution temperature of 25°C for about 10 seconds. The bolts were
then taken out and dried to prepare five bolts having been subjected to the

base treatment and the immersion treatment.
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[0200]

The five bolts thus prepared, which had been subjected to the base
treatment and the immersion treatment (aqueous solution of potassium
sulfate; the surface temperature ot the bolts: 145°C to 180°C), were then
subjected to a salt spray test in accordance with JIS Z-2371 in the same
manner as in Example | to evaluate the corrosion resistance. As a result,
the formation of rust was not confirmed for all five bolts at 168 hours
from the start of the salt spray test, but the formation of rust was
confirmed on one bolt at 336 hours from the start of the test. The formation
of rust was confirmed on two or more bolts at 504 hours from the start of
the test.

[0201]
<Example 54>

In the same manner as in Comparative Example 9, five hexagon
flange bolts with a size of M6, which had been subjected to vapor
degreasing with dichloromethane and shot blasting, were coated with the
treatment agent for base coat by an immersion method involving
centrifugal shaking (a dip spin method), preheated at 100°C for 10 minutes
in an electric furnace, and baked at 330°C for 30 minutes in an electric
furnace to form a coating containing zinc and aluminum.

[0202]

Thereafter, it was confirmed that the surface temperature of the
five bolts taken out of the electric furnace was between 225°C and 260°C
using an infrared thermometer, and the bolts were immersed in the 150 ml
of the aqueous solution containing 5% by mass of potassium sulfate (pH
5.8) at a solution temperature of 25°C for about 10 seconds. The bolts were
then taken out and dried to prepare five bolts having been subjected to the
base treatment and the immersion treatment.

[0203]

The five bolts thus prepared, which had been subjected to the base

treatment and the immersion treatment (aqueous solution of potassium

sulfate; the surface temperature of the bolts: 225°C to 260°C), were then
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subjected to a salt spray test in accordance with JIS Z-2371 in the same
manner as in Example 1| to evaluate the corrosion resistance. As a result,
the formation of rust was not contirmed for all five bolts at 336 hours
from the start of the salt spray test, and the formation of rust was
confirmed only on one bolt at 504 hours from the start of the test. The
formation of rust was confirmed only on two bolts at 672 hours from the
start of the test.

[0204]

<Example 55>

In the same manner as in Comparative Example 9, five hexagon
flange bolts with a size of M6, which had been subjected to vapor
degreasing with dichloromethane and shot blasting, were coated with the
treatment agent for base coat by an immersion method involving
centrifugal shaking (a dip spin method}), preheated at 100°C for 10 minutes
in an electric furnace, and baked at 330°C for 30 minutes in an electric
furnace to form a coating containing zinc and aluminum.

[0205]

Thereafter, it was confirmed that the surface temperature of the
five bolts taken out of the electric furnace was between 265°C and 300°C
using an infrared thermometer, and the bolts were immersed in the 150 ml
of the aqueous solution containing 5% by mass of potassium sulfate (pH
5.8) at a solution temperature of 25°C for about 10 seconds. The bolts were
then taken out and dried to prepare five bolts having been subjected to the
base treatment and the immersion treatment.

[0206]

The tive bolts thus prepared, which had been subjected to the base
treatment and the immersion treatment (aqueous solution of potassium
sulfate; the surface temperature of the bolts: 265°C to 300°C), were then
subjected to a salt spray test in accordance with JIS Z-2371 in the same
manner as in Example 1 to evaluate the corrosion resistance. As a result,
the formation of rust was not confirmed for all five bolts at 504 hours

from the start of the salt spray test, and the formation of rust was
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confirmed only on one bolt at 672 hours from the start of the test.
[0207]
<Comparative Example 11>

In the same manner as in Comparative Example 9, five hexagon
flange bolts with a size of M6, which had been subjected to wvapor
degreasing with dichloromethane and shot blasting, were coated with the
treatment agent for base coat by an immersion method involving
centrifugal shaking (a dip spin method), preheated at 100°C for 10 minutes
in an electric furnace, and baked at 330°C for 30 minutes in an electric
furnace to form a coating containing zinc and aluminum.

[0208]

Thereafter, it was confirmed that the surface temperature of the
five bolts taken out of the electric furnace was between 145°C and 180°C
using an infrared thermometer, and the bolts were immersed in the 150 ml
of the aqueous solution containing 5% by mass of sodium nitrate (pH 6.8)
at a solution temperature of 25°C for about 10 seconds. The bolts were
then taken out and dried to prepare five bolts having been subjected to the
base treatment and the immersion treatment.

[0209]

The five bolts thus prepared, which had been subjected to the base
treatment and the immersion treatment (agqueous solution of sodium
nitrate; the surface temperature of the bolts: 145°C to 180°C), were then
subjected to a salt spray test in accordance with JIS Z-2371 in the same
manner as in Example 1 to evaluate the corrosion resistance. As a result,
the formation of rust was not confirmed for all five bolts at 168 hours
from the start of the salt spray test, but the formation of rust was
confirmed on one bolt at 336 hours from the start of the test. The formation
of rust was confirmed on two or more bolts at 672 hours from the start of
the test.

[0210]
<Example 56>

In the same manner as in Comparative Example 9, five hexagon
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flange bolts with a size of M6, which had been subjected to vapor
degreasing with dichloromethane and shot blasting, were coated with the
treatment agent for base coat by an immersion method involving
centrifugal shaking (a dip spin method), preheated at 100°C for 10 minutes
in an e¢lectric furnace, and baked at 330°C for 30 minutes in an electric
furnace to form a coating containing zinc and aluminum.

[0211]

Thereafter, it was confirmed that the surface temperature of the
five bolts taken out of the electric furnace was between 225°C and 260°C
using an infrared thermometer, and the bolts were immersed in the 150 ml
of the aqueous solution containing 5% by mass of sodium nitrate (pH 6.8)
at a solution temperature of 25°C for about 10 seconds. The bolts were
then taken out and dried to prepare five bolts having been subjected to the
base treatment and the immersion treatment.

[0212]

The five bolts thus prepared, which had been subjected to the base
treatment and the immersion treatment (aqueous solution of sodium
nitrate; the surface temperature of the bolts: 225°C to 260°C), were then
subjected to a salt spray test in accordance with JIS Z-2371 in the same
manner as in Example 1 to evaluate the corrosion resistance. As a result,
the formation of rust was not confirmed for all five bolts at 336 hours
from the start of the salt spray test, and the formation of rust was
confirmed only on one bolt at 504 hours from the start of the test. The
formation of rust was confirmed only on two bolts at 672 hours trom the
start of the test.

[0213]
<Example 57>

In the same manner as in Comparative Example 9, five hexagon
flange bolts with a size of M6, which had been subjected to vapor
degreasing with dichloromethane and shot blasting, were coated with the
treatment agent for base coat by an immersion method involving

centrifugal shaking (a dip spin method), preheated at 100°C for 10 minutes
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in an electric furnace, and baked at 330°C for 30 minutes in an electric
furnace to form a coating containing zinc and aluminum.
[0214]

Thereafter, it was confirmed that the surface temperature of the
five bolts taken out of the electric furnace was between 265°C and 300°C
using an infrared thermometer, and the bolts were immersed in the 150 ml
of the aqueous solution containing 5% by mass of sodium nitrate (pH 6.8)
at a solution temperature ot 25°C for about 10 seconds. The bolts were
then taken out and dried to prepare five bolts having been subjected to the
base treatment and the immersion treatment.

[0215]

The five bolts thus prepared, which had been subjected to the base
treatment and the immersion treatment (aqueous solution of sodium
nitrate; the surface temperature of the bolts: 265°C to 300°C), were then
subjected to a salt spray test in accordance with JIS Z-2371 in the same
manner as in Example 1 to evaluate the corrosion resistance. As a result,
the formation of rust was not confirmed for all five bolts at 504 hours
from the start of the salt spray test, and the formation of rust was
confirmed only on one bolt at 672 hours from the start of the test.

[0216]
<Comparative Example 12>

In the same manner as in Comparative Example 9, five hexagon
flange bolts with a size of M6, which had been subjected to vapor
degreasing with dichloromethane and shot blasting, were coated with the
treatment agent for base coat by an immersion method involving
centritugal shaking (a dip spin method), preheated at 100°C for 10 minutes
in an electric furnace, and baked at 330°C for 30 minutes in an electric
furnace to form a coating containing zinc and aluminum.

[0217]

Thereafter, the five bolts taken out of the electric furnace were

cooled to room temperature (about 25°C) as they were and then immersed

in the 150 ml of the aqueous solution containing 5% by mass of sodium



10

15

20

25

30

CA 03147067 2022-2-4

67

citrate at a solution temperature of 25°C for about 10 seconds. The bolts
were then taken out and dried to prepare five bolts having been subjected
to the base treatment and the immersion treatment.

[0218]

The tive bolts thus prepared, which had been subjected to the base
treatment and the immersion treatment (agqueous solution of sodium
citrate; the surface temperature of the bolts: room temperature [about
25°C]), were then subjected to a salt spray test in accordance with JIS Z-
2371 in the same manner as in Example 1 to evaluate the corrosion
resistance. As a result, the formation of rust was confirmed on one of the
five bolts at 168 hours from the start of the salt spray test. At 336 hours
from the start of the test, the formation of rust was confirmed on two bolts.
[0219]
<Comparative Example 13>

In the same manner as in Comparative Example 9, five hexagon
flange bolts with a size of M6, which had been subjected to vapor
degreasing with dichloromethane and shot blasting, were coated with the
treatment agent for base coat by an immersion method involving
centrifugal shaking (a dip spin method), preheated at 100°C for 10 minutes
in an electric furnace, and baked at 330°C for 30 minutes in an electric
furnace to form a coating containing zinc and aluminum.

[0220]

Thereafter, it was confirmed that the surface temperature of the
five bolts taken out of the electric furnace was between 225°C and 260°C
using an infrared thermometer, and the bolts were immersed in the 150 ml
of the aqueous solution containing 5% by mass of sodium citrate at a
solution temperature of 25°C for about 10 seconds. The bolts were then
taken out and dried to prepare five bolts having been subjected to the base
treatment and the immersion treatment.

[0221]
The five bolts thus prepared, which had been subjected to the base

treatment and the immersion treatment (aqueous solution of sodium
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citrate; the surface temperature of the bolts: 225°C to 260°C), were then
subjected to a salt spray test in accordance with JIS Z-2371 in the same
manner as in Example 1 to evaluate the corrosion resistance. As a result,
the formation of rust was confirmed on one of the five bolts at 168 hours
from the start of the salt spray test. At 336 hours from the start of the test,
the formation of rust was confirmed on two bolts.

[0222]

<Example 58>

As an immersion treatment agent, sodium silicate was dissolved in
deionized water to prepare an aqueous solution containing 5% by mass of
sodium silicate. The pH of the immersion treatment agent prepared was
11.4 (20°C).

[0223]

Next, a cold rolled steel sheet with a size of 150 mm x 70 mm x
0.8 mm was degreased with dichloromethane, and then heated in an
electric furnace at 330°C for 15 minutes. After it was confirmed that the
surface temperature of the cold rolled steel sheet taken out of the electric
furnace was between 265°C and 300°C using an infrared thermometer, the
cold rolled steel sheet were immersed in the 150 ml of the aqueous solution
containing 5% by mass of sodium silicate at a solution temperature ot 20°C
for about 10 seconds, and then taken out and dried.

[0224]

The cold rolled steel sheet, which had been thus subjected to the
immersion treatment, was then subjected to a salt spray test in accordance
with JIS Z-2371 to evaluate the corrosion resistance. FIGS. 1A and 1B are
photographs of the cold rolled steel sheet that had been subjected to the
immersion treatment, at | hour and 3 hours from the start of the salt spray
test, respectively.

[0225]
<Comparative Example 14>
A cold rolled steel sheet for evaluation of the corrosion resistance

was prepared in the same manner as in Example 58, except that after the
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heating in an electric furnace at 330°C for 15 minutes, the immersion
treatment with the aqueous solution of sodium silicate was not performed
and the sheet was cooled to room temperature as it was.

[0226]

The cold rolled steel sheet that had not been subjected to the
immersion treatment was then subjected to a salt spray test in accordance
with JIS Z-2371 to evaluate the corrosion resistance. FIGS. 2A and 2B are
photographs of the cold rolled steel sheet that had been subjected to the
immersion treatment, at 1 hour and 5 hours from the start of the salt spray
test, respectively.

[0227]

The cold rolled steel sheet of Example 58, which had been
subjected to the immersion treatment with the aqueous solution of sodium
silicate, prevented rust as compared with the cold rolled steel sheet of
Comparative Example 14, which had not been subjected to the immersion
treatment.

[0228]
<Example 59>

By uniformly mixing the following components, a treatment agent
for base coat that contains zinc flake as a main component was prepared.

Deionized water: 39.06% by mass

Zinc flake: 32.12% by mass

Aluminum flake: 5.08% by mass

DPG (dipropylene glycol): 10.29% by mass

Synperonic (registered trademark) 13/6.5: 3.15% by mass

Silquest (registered trademark) A187: 8. 66% by mass

Schwego foam (registered trademark): 0.40% by mass

Nipar (registered trademark) S10: 0. 71% by mass

Aerosol (registered trademark) TR70: 0. 53% by mass
[0229]

The components listed above under the product names are as

follows.
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Synperonic (registered trademark) 13/6.5: polyoxyethylene (6.3)
isotridecanol surfactant

Silquest (registered trademark) AlB7: Y-
glycidoxypropyltrimethoxysilane

Schwego foam (registered trademark): defoamer

Nipar (registered trademark) S10: 1-nitropropane

Acrosol (registered trademark) TR70: anionic surfactant
{bistridecyl sodium sulfosuccinate)

[0230]

Further, as an immersion treatment agent, sodium silicate was
dissolved in deionized water so as to include 1% by mass of sodium
silicate to prepare 1000 ml of an aqueous solution containing 1% by mass
of sodium silicate.

[0231]

Next, five hexagon flange bolts with a size of M10, which had been
subjected to vapor degreasing with dichloromethane and shot blasting,
were coated with the treatment agent for base coat by an immersion method
involving centrifugal shaking (a dip spin method), preheated at 100°C for
10 minutes in an electric furnace, and baked at 330°C for 30 minutes in an
clectric furnace to form a coating containing zinc and aluminum. The
deposition amount of the coating was 14 g/mn?. Hereinafter, this process of
forming a coating containing zinc and aluminum will be referred to as
"base treatment”.

[0232]

After it was confirmed that the surface temperature of the five bolts
taken out of the electric furnace was between 185°C and 220°C using an
infrared thermometer, the bolts were immersed in the 1000 ml of the
aqueous solution containing 1% by mass of sodium silicate at a solution
temperature of 20°C for about 1 minute. The bolts were then taken out and
dried to prepare five bolts having been subjected to the base treatment and
the immersion treatment.

[0233]
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The five bolts thus prepared, which had been subjected to the base
treatment and the immersion treatment (aqueous solution containing 1%
by mass of sodium silicate; the surface temperature of the bolts: 185°C to
220°C), were then subjected to a measurement of the friction coefficient
of the surface in accordance with ISO16047 HH method to calculate the
average value of the friction coefficient. The average friction coefficient
was 0.243.

[0234]

The five bolts thus prepared, which had been subjected to the base
treatment and the immersion treatment (aqueous solution containing 1%
by mass of sodium silicate; the surface temperature of the bolts: 185°C to
220°C), were then subjected to a salt spray test in accordance with JIS Z-
2371. It was confirmed whether the bolts had rusted every 168 hours from
the start of the test to evaluate the corrosion resistance. As a result, the
formation of rust was not confirmed for all five bolts at 1176 hours from
the start of the salt spray test, and the formation of rust was confirmed
only on one bolt at 1344 hours from the start of the test.

[0235]
<Example 60>

As an immersion treatment agent, sodium silicate and a lubricant,
"AQUACER 393" (product name) available from BYK Corporation
{hereinafter, referred to as "lubricant a") were dissolved and mixed in
deionized water so as to include 1% by mass of sodium silicate and 1% by
mass of the lubricant a to prepare 1000 ml of an aqueous solution
containing 1% by mass of sodium silicate and 1% by mass of the lubricant
a. Five bolts having been subjected to the base treatment and the
immersion treatment were prepared in the same manner as in Example 59,
except that the immersion treatment was performed using the 1000 ml of
the aqueous solution containing 1% by mass of sodium silicate and 1% by
mass of the lubricant a at a solution temperature of 20°C in place of the
1000 ml of the aqueous solution containing 1% by mass of sodium silicate

at a solution temperature of 20°C. Note that the lubricant a ("AQUACER
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593" available from BYK Corporation) is an aqueous emulsion including
a modified polypropylene wax as a base.
[0236]

The five bolts thus prepared, which had been subjected to the base
treatment and the immersion treatment (aqueous solution containing 1%
by mass of sodium silicate and 1% by mass of the lubricant a; the surface
temperature of the bolts: 185°C to 220°C), were then subjected to a
measurement of the friction coefficient of the surtace in accordance with
IS016047 HH method to calculate the average value of the friction
coefficient in the same manner as in Example 39. The average friction
coefficient was 0.173.

[0237]

The five bolts thus prepared, which had been subjected to the base
treatment and the immersion treatment (aqueous solution containing 1%
by mass of sodium silicate and 1% by mass of the lubricant a; the surface
temperature of the bolts: 185°C to 220°C), were then subjected to a salt
spray test in accordance with JIS Z-2371, and it was confirmed whether
the bolts had rusted every 168 hours from the start of the test to evaluate
the corrosion resistance, in the same manner as in Example 59. As a result,
the formation of rust was not confirmed for all five bolts at 1176 hours
from the start of the salt spray test.

[0238]
<Example 61>

As an immersion treatment agent, sodium silicate and a lubricant,
"AQUACER 593" (product name) available from BYK Corporation (the
lubricant a) were dissolved and mixed in deionized water so as to include
1% by mass of sodium silicate and 5% by mass of the lubricant a to prepare
1000 ml of an aqueous solution containing 1% by mass of sodium silicate
and 5% by mass of the lubricant a. Five bolts having been subjected to the
base treatment and the immersion treatment were prepared in the same
manner as in Example 59, except that the immersion treatment was

performed using the 1000 ml of the aqueous solution containing 1% by
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mass of sodium silicate and 5% by mass of the lubricant a at a solution
temperature of 20°C in place of the 1000 ml of the aqueous solution
containing 1% by mass of sodium silicate at a solution temperature of
20°C.
[0239]

The five bolts thus prepared, which had been subjected to the base
treatment and the immersion treatment (aqueous solution containing 1%
by mass of sodium silicate and 3% by mass of the lubricant a; the surface
temperature of the bolts: 185°C to 220°C), were then subjected to a
measurement of the friction coefficient of the surface in accordance with
IS016047 HH method to calculate the average value of the friction
coefficient in the same manner as in Example 59. The average friction
coefficient was 0.154.

[0240]

The five bolts thus prepared, which had been subjected to the base
treatment and the immersion treatment (aqueous solution containing 1%
by mass of sodium silicate and 3% by mass of the lubricant a; the surface
temperature of the bolts: 185°C to 220°C), were then subjected to a salt
spray test in accordance with JIS Z-2371, and it was confirmed whether
the bolts had rusted every 168 hours from the start of the test to evaluate
the corrosion resistance, in the same manner as in Example 59. As a result,
the formation of rust was not confirmed for all five bolts at 1176 hours
from the start of the salt spray test.

[0241]
<Example 62>

As an immersion treatment agent, sodium silicate and a lubricant,
"AQUACER 497" (product name) available from BYK Corporation
{hereinafter, referred to as "lubricant b") were dissolved and mixed in
deionized water so as to include 1% by mass of sodium silicate and 3% by
mass of the lubricant b to prepare 1000 ml of an aqueous solution
containing 1% by mass of sodium silicate and 3% by mass of the lubricant

b. Five bolts having been subjected to the base treatment and the
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immersion treatment were prepared in the same manner as in Example 59,
except that the immersion treatment was performed using the 1000 ml of
the aqueous solution containing 1% by mass of sodium silicate and 3% by
mass of the lubricant b at a solution temperature of 20°C in place of the
1000 ml of the aqueous solution containing 1% by mass of sodium silicate
at a solution temperature of 20°C. Note that the lubricant b ("AQUACER
497" available from BYK Corporation) is an aqueous emulsion including
a paraffin wax as a base.

[0242]

The five bolts thus prepared, which had been subjected to the base
treatment and the immersion treatment (aqueous solution containing 1%
by mass of sodium silicate and 3% by mass of the lubricant b; the surface
temperature of the bolts: 185°C to 220°C), were then subjected to a
measurement of the friction coefficient of the surface in accordance with
ISO16047 HH method to calculate the average value of the friction
coefficient in the same manner as in Example 59. The average friction
coefficient was 0.111.

[0243]

The five bolts thus prepared, which had been subjected to the base
treatment and the immersion treatment (aqueous solution containing 1%
by mass of sodium silicate and 3% by mass of the lubricant b; the surface
temperature of the bolts: 185°C to 220°C), were then subjected to a salt
spray test in accordance with JIS Z-2371, and it was confirmed whether
the bolts had rusted every 168 hours from the start of the test to evaluate
the corrosion resistance, in the same manner as in Example 59. As a result,
the formation of rust was not confirmed for all five bolts at 1008 hours
from the start of the salt spray test.

[0244]
<Example 63>

As an immersion treatment agent, sodium silicate and a lubricant,
"AQUACER 497" (product name) available from BYK Corporation (the

lubricant b) were dissolved and mixed in deionized water so as to include
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1% by mass of sodium silicate and 5% by mass of the lubricant b to prepare
1000 m!l of an aqueous solution containing 1% by mass of sodium silicate
and 5% by mass of the lubricant b. Five bolts having been subjected to the
base treatment and the immersion treatment were prepared in the same
manner as in Example 59, except that the immersion treatment was
performed using the 1000 ml of the aqueous solution containing 1% by
mass of sodium silicate and 5% by mass of the lubricant b at a solution
temperature of 20°C in place of the 1000 ml of the aqueous solution
containing 1% by mass of sodium silicate at a solution temperature of
20°C.

[0245]

The five bolts thus prepared, which had been subjected to the base
treatment and the immersion treatment (aqueous solution containing 1%
by mass of sodium silicate and 5% by mass of the lubricant b; the surface
temperature of the bolts: 185°C to 220°C), were then subjected to a
measurement of the friction coefficient of the surface in accordance with
IS016047 HH method to calculate the average value of the friction
coefficient in the same manner as in Example 59. The average friction
coefficient was 0.098.

[0246]

The five bolts thus prepared, which had been subjected to the base
treatment and the immersion treatment (aqueous solution containing 1%
by mass of sodium silicate and 3% by mass of the lubricant b; the surface
temperature of the bolts: 185°C to 220°C), were then subjected to a salt
spray test in accordance with JIS Z-2371, and it was confirmed whether
the bolts had rusted every 168 hours from the start of the test to evaluate
the corrosion resistance, in the same manner as in Example 59. As a result,
the formation of rust was not confirmed for all five bolts at 1008 hours
from the start of the salt spray test.

[0247]
<Example 64>

As an immersion treatment agent, sodium silicate and a lubricant,
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"AQUACER 1547" (product mname) available from BYK Corporation
{(hereinafter, referred to as "lubricant c") were dissolved and mixed in
deionized water so as to include 1% by mass of sodium silicate and 3% by
mass of the lubricant c¢ to prepare 1000 ml of an aqueous solution
containing 1% by mass of sodium silicate and 3% by mass of the lubricant
c. Five bolts having been subjected to the base treatment and the
immersion treatment were prepared in the same manner as in Example 59,
except that the immersion treatment was performed using the 1000 ml of
the aqueous solution containing 1% by mass of sodium silicate and 3% by
mass of the lubricant ¢ at a solution temperature of 20°C in place of the
1000 ml of the aqueous solution containing 1% by mass of sodium silicate
at a solution temperature of 20°C. Note that the lubricant ¢ ("AQUACER
1547 available from BYK Corporation) is an aqueous emulsion including
a modified polyethylene wax as a base.

[0248]

The five bolts thus prepared, which had been subjected to the base
treatment and the immersion treatment (aqueous solution containing 1%
by mass of sodium silicate and 3% by mass of the lubricant c; the surface
temperature of the bolts: 185°C to 220°C), were then subjected to a
measurement of the friction coefficient of the surface in accordance with
ISO16047 HH method to calculate the average value of the friction
coefficient in the same manner as in Example 59. The average friction
coefficient was 0.120.

[0249]

The five bolts thus prepared, which had been subjected to the base
treatment and the immersion treatment (aqueous solution containing 1%
by mass of sodium silicate and 3% by mass of the lubricant c; the surface
temperature of the bolts: 185°C to 220°C), were then subjected to a salt
spray test in accordance with JIS Z-2371, and it was confirmed whether
the bolts had rusted every 168 hours from the start of the test to evaluate
the corrosion resistance, in the same manner as in Example 59. As a result,

the formation of rust was not confirmed for all five bolts at 1008 hours
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from the start of the salt spray test.
[0250]
<Example 65>

As an immersion treatment agent, sodium silicate and a lubricant,
"AQUACER 1547" (product name) available from BYK Corporation (the
lubricant c) were dissolved and mixed in deionized water so as to include
1% by mass of sodium silicate and 5% by mass of the lubricant c to prepare
1000 m!l of an aqueous solution containing 1% by mass of sodium silicate
and 5% by mass of the lubricant ¢. Five bolts having been subjected to the
base treatment and the immersion treatment were prepared in the same
manner as in Example 59, except that the immersion treatment was
performed using the 1000 ml of the aqueous solution containing 1% by
mass of sodium silicate and 5% by mass of the lubricant ¢ at a solution
temperature of 20°C in place of the 1000 ml of the aqueous solution
containing 1% by mass of sodium silicate at a solution temperature of
20°C.

[0251]

The five bolts thus prepared, which had been subjected to the base
treatment and the immersion treatment (aqueous solution containing 1%
by mass of sodium silicate and 5% by mass of the lubricant c; the surface
temperature of the bolts: 185°C to 220°C), were then subjected to a
measurement of the friction coefficient of the surface in accordance with
[S016047 HH method to calculate the average value of the friction
coefficient in the same manner as in Example 59. The average friction
coefficient was 0.105.

[0252]

The five bolts thus prepared, which had been subjected to the base
treatment and the immersion treatment (aqueous solution containing 1%
by mass of sodium silicate and 3% by mass of the lubricant c; the surface
temperature of the bolts: 185°C to 220°C), were then subjected to a salt
spray test in accordance with JIS Z-2371, and it was confirmed whether

the bolts had rusted every 168 hours from the start of the test to evaluate
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the corrosion resistance, in the same manner as in Example 59. As a result,
the formation of rust was not confirmed for all five bolts at 1008 hours
from the start of the salt spray test.

[0253]

<Example 66>

As an immersion treatment agent, sodium silicate and a lubricant,
"LUBRON LDW-410" (product mname) available from DAIKIN
INDUSTRIES, LTD. (hereinafter, referred to as "lubricant d") were
dissolved and mixed in deionized water so as to include 1% by mass of
sodium silicate and 3% by mass of the lubricant d to prepare 1000 ml of
an aqueous solution containing 1% by mass of sodium silicate and 3% by
mass of the lubricant d. Five bolts having been subjected to the base
treatment and the immersion treatment were prepared in the same manner
as in Example 59, except that the immersion treatment was performed
using the 1000 ml of the aqueous solution containing 1% by mass of
sodium silicate and 3% by mass of the lubricant d at a solution temperature
of 20°C in place of the 1000 ml of the aqueous solution containing 1% by
mass of sodium silicate at a solution temperature of 20°C. Note that the
lubricant d ("LUBRON LDW-410" available from DAIKIN INDUSTRIES,
LTD.) is a dispersion liquid in which fine particles of low molecular
weight fluororesin are dispersed in water.

[0254]

The five bolts thus prepared, which had been subjected to the base
treatment and the immersion treatment (aqueous solution containing 1%
by mass of sodium silicate and 3% by mass of the lubricant d; the surface
temperature of the bolts: 185°C to 220°C), were then subjected to a
measurement of the friction coefficient of the surface in accordance with
ISO016047 HH method to calculate the average value of the friction
coefficient in the same manner as in Example 59. The average friction
coetficient was 0.166.

[0255]
The five bolts thus prepared, which had been subjected to the base
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treatment and the immersion treatment (aqueous solution containing 1%
by mass of sodium silicate and 3% by mass of the lubricant d; the surface
temperature of the bolts: 185°C to 220°C), were then subjected to a salt
spray test in accordance with JIS Z-2371, and it was confirmed whether
the bolts had rusted every 168 hours from the start of the test to evaluate
the corrosion resistance, in the same manner as in Example 59. As a result,
the formation of rust was not confirmed for all five bolts at 1008 hours
from the start of the salt spray test.

[0256]

<Example 67>

As an immersion treatment agent, sodium silicate and a lubricant,
"LUBRON LDW-410" (product mname) available from DAIKIN
INDUSTRIES, LTD. (the lubricant d) were dissolved and mixed in
deionized water so as to include 1% by mass of sodium silicate and 5% by
mass of the lubricant d to prepare 1000 ml of an aqueous solution
containing 1% by mass of sodium silicate and 5% by mass of the lubricant
d. Five bolts having been subjected to the base treatment and the
immersion treatment were prepared in the same manner as in Example 59,
except that the immersion treatment was performed using the 1000 ml of
the aqueous solution containing 1% by mass of sodium silicate and 5% by
mass of the lubricant d at a solution temperature of 20°C in place of the
1000 ml of the aqueous solution containing 1% by mass of sodium silicate
at a solution temperature of 20°C.

[0257]

The five bolts thus prepared, which had been subjected to the base
treatment and the immersion treatment (aqueous solution containing 1%
by mass of sodium silicate and 5% by mass of the lubricant d; the surface
temperature of the bolts: 185°C to 220°C), were then subjected to a
measurement of the friction coefficient of the surface in accordance with
IS016047 HH method to calculate the average value of the friction
coefficient in the same manner as in Example 59. The average friction

coefficient was 0.173.
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[0258]

The five bolts thus prepared, which had been subjected to the base
treatment and the immersion treatment (aqueous solution containing 1%
by mass of sodium silicate and 3% by mass of the lubricant d; the surface
temperature of the bolts: 185°C to 220°C), were then subjected to a salt
spray test in accordance with JIS Z-2371, and it was confirmed whether
the bolts had rusted every 168 hours from the start of the test to evaluate
the corrosion resistance, in the same manner as in Example 59. As a result,
the formation of rust was not confirmed for all five bolts at 1008 hours
from the start of the salt spray test.

[0259]
<Example 68>

As an immersion treatment agent, sodium silicate and a lubricant,
"AQUACER 593" (product name) available from BYK Corporation (the
lubricant a) were dissolved and mixed in deionized water so as to include
1% by mass of sodium silicate and 3% by mass of the lubricant a to prepare
1000 ml of an aqueous solution containing 1% by mass of sodium silicate
and 3% by mass of the lubricant a. Five bolts having been subjected to the
base treatment and the immersion treatment were prepared in the same
manner as in Example 59, except that the immersion treatment was
performed: using the 1000 ml of the aqueous solution containing 1% by
mass of sodium silicate and 3% by mass of the lubricant a at a solution
temperature of 20°C in place of the 1000 ml of the aqueous solution
containing 1% by mass of sodium silicate at a solution temperature of
20°C; and with the surface temperature of the bolts of 235°C to 270°C.
[0260]

The five bolts thus prepared, which had been subjected to the base
treatment and the immersion treatment (aqueous solution containing 1%
by mass of sodium silicate and 3% by mass of the lubricant a; the surface
temperature of the bolts: 235°C to 270°C), were then subjected to a
measurement of the friction coefficient of the surface in accordance with

IS016047 HH method to calculate the average value of the friction
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coefficient in the same manner as in Example 59. The average friction
coefficient was 0.162.
[0261]

The five bolts thus prepared, which had been subjected to the base
treatment and the immersion treatment (aqueous solution containing 1%
by mass of sodium silicate and 3% by mass of the lubricant a; the surface
temperature of the bolts: 235°C to 270°C), were then subjected to a salt
spray test in accordance with JIS Z-2371, and it was confirmed whether
the bolts had rusted every 168 hours from the start of the test to evaluate
the corrosion resistance, in the same manner as in Example 59. As a result,
the formation of rust was not confirmed for all five bolts at 1176 hours
from the start of the salt spray test.

[0262]
<Example 69>

As an immersion treatment agent, sodium silicate and a lubricant,
"AQUACER 593" (product name) available from BYK Corporation (the
lubricant a) were dissolved and mixed in deionized water so as to include
1% by mass of sodium silicate and 3% by mass of the lubricant a to prepare
1000 ml of an aqueous solution containing 1% by mass of sodium silicate
and 3% by mass of the lubricant a. Five bolts having been subjected to the
base treatment and the immersion treatment were prepared in the same
manner as in Example 59, except that the immersion treatment was
performed: using the 1000 ml of the aqueous solution containing 1% by
mass of sodium silicate and 3% by mass of the lubricant a at a solution
temperature of 20°C in place of the 1000 ml of the aqueous solution
containing 1% by mass of sodium silicate at a solution temperature of
20°C; and with the surface temperature of the bolts of 83°C to 120°C.
[0263]

The five bolts thus prepared, which had been subjected to the base
treatment and the immersion treatment (aqueous solution containing 1%
by mass of sodium silicate and 3% by mass of the lubricant a; the surface

temperature of the bolts: 85°C to 120°C), were then subjected to a
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measurement of the friction coefficient of the surface in accordance with
ISO16047 HH method to calculate the average value of the friction
coefficient in the same manner as in Example 59. The average friction
coetficient was 0.166.

[0264]

The five bolts thus prepared, which had been subjected to the base
treatment and the immersion treatment (aqueous solution containing 1%
by mass of sodium silicate and 3% by mass of the lubricant a; the surface
temperature of the bolts: 85°C to 120°C), were then subjected to a salt
spray test in accordance with JIS Z-2371, and it was confirmed whether
the bolts had rusted every 168 hours from the start of the test to evaluate
the corrosion resistance, in the same manner as in Example 59. As a result,
the formation of rust was not confirmed for all five bolts at 672 hours
from the start of the salt spray test.

[0265]
<Comparative Example 15>

Five bolts having been subjected only to the base treatment were
prepared in the same manner as in Example 59, except that after the base
treatment, the immersion treatment with the aqueous solution containing
1% by mass of sodium silicate was not performed and the bolts were
cooled to room temperature as they were.

[0266]

The five bolts thus prepared, which had been subjected only to the
base treatment, were then subjected to a measurement of the friction
coefficient of the surface in accordance with I1SO16047 HH method to
calculate the average value of the friction coefficient in the same manner
as in Example 59. The average friction coefficient was 0.228.

[0267]

The five bolts thus prepared, which had been subjected only to the
base treatment, were then subjected to a salt spray test in accordance with
JIS 7Z-2371, and it was confirmed whether the bolts had rusted every 168

hours from the start of the test to evaluate the corrosion resistance, in the
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same manner as in Example 59. As a result, the formation of rust was not
confirmed for all five bolts at 168 hours from the start of the salt spray
test, but the formation of rust was confirmed on two or more bolts at 336
hours from the start of the test.
[Industrial Applicability]
[0268]

According to the present disclosure, it is possible to easily impart
better rust proof performance to a metal material or an alloy material.
Further, according to the present disclosure, it is possible to provide an

article having rust proof performance better than that of the related art.
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[Document title] CLAIMS
[Claim 1]

A rustproofing method, comprising:

a step of treating an object to be treated, which contains a metal or
an alloy or has on a surface a film or a layer containing a metal or an
alloy, and has been heated to a temperature above 180°C, with an aqueous

solution containing an inorganic acid or an inorganic salt.

[Claim 2]
The rustproofing method according to claim 1, wherein the object
to be treated has a temperature above 220°C when treated with the aqueous

solution.

[Claim 3]

The rustproofing method according to claim 1 or 2, wherein the
aqueous solution containing an inorganic acid or an inorganic salt is an
aqueous solution containing at least one selected from silicic acid,
silicate, phosphoric acid, phosphate, monohydrogen phosphate,
dihydrogen phosphate, sulfuric acid, sulfate, nitric acid, nitrate,

molybdenum acid, molybdate, and zirconium salt.

[Claim 4]
The rustproofing method according to any one of claims 1 to 3,
wherein the aqueous solution contains 0.1% by mass or more of an

inorganic acid and/or an inorganic salt.

[Claim 5]
The rustproofing method according to any one of claims 1 to 4,
wherein the aqueous solution containing an inorganic acid or an inorganic

salt further contains a lubricant.

[Claim 6]
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The rustproofing method according to any one of claims 1 to 3,
wherein the aqueous solution containing an inorganic acid or an inorganic

salt has a pH of 4 or more.

[Claim 7]

The rustproofing method according to any one of claims 1 to 6, not
comprising:

a step of heating the object to be treated to a temperature of 200°C

or more after treating the object to be treated with the aqueous solution.

[Claim 8]

A rustproofing method, comprising: a step of treating an object to
be treated, which contains a metal or an alloy or has on a surface a film
or a layer containing a metal or an alloy, with an aqueous solution
containing at least one selected from silicic acid, silicate, phosphoric acid,
phosphate, monohydrogen phosphate, dihydrogen phosphate, and

zirconium salt.

[Claim 9]
The rustproofing method according to claim 8, wherein the aqueous
solution containing an inorganic acid or an inorganic salt further contains

a lubricant.

[Claim 10]
The rustproofing method according to claim 8 or 9, not comprising:
a step of heating the object to be treated to a temperature of 200°C or more

after treating the object to be treated with the aqueous solution.

[Claim 11]
The rustproofing method according to any one of claims 1 to 10,
wherein the object to be treated contains at least one selected from zinc,

zine alloys, aluminum, aluminum alloys, iron, and iron alloys, or has on a



10

CA 03147067 2022-2-4

86

surface a film or a layer containing at least one selected from zine, zinc

alloys, aluminum, aluminum alloys, iron, and iron alloys.

[Claim 12]

The rustproofing method according to any one of claims 1 to 10,
wherein the object to be treated has on a surface an antirust film
containing at least one selected from zinc, zinc alloys, aluminum, and

aluminum alloys.

[Claim 13]
An article that is rustproofed by the rustproofing method according

to any one of claims 1 to 12.
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[Document title] DRAWINGS
[FIG. 1A]

[FIG. 1B]
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[FIG. 2A]
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