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(67)  The object is to provide a surface modification
method of an Mg-Al-Ca based alloy that enables forma-
tion of an oxide film without damaging a base material.
The surface modification method of an Mg-Al-Ca based
alloy according to the present disclosure includes: im-
merging an Mg-Al-Ca based alloy in an alkali solution,

and irradiating a surface of the Mg-Al-Ca based alloy
immersed in the alkali solution with laser light at a power
density that is less than or equal to 60 W/mmZ2 and a heat
input amount that is less than or equal to 5 mJ. It is pref-
erable thatthe heatinputamountbe greater than or equal
to 0.3 mJ and less than or equal to 4 mJ.
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Description
BACKGROUND OF THE INVENTION
1. FIELD OF THE INVENTION
[0001] The present disclosure relates to a surface modification method of an Mg-Al-Ca based alloy.
2. DESCRIPTION OF RELATED ART

[0002] Amagnesium(Mg)alloyislightweightand has high strength but has lower corrosion resistance than an aluminum
(Al) alloy or the like. Thus, the magnesium alloy needs to be used after surface treatment and coating are applied thereto.
[0003] A typical surface treatment method uses chemical conversion treatment and anodization treatment. The chem-
ical conversion treatment causes a chemical treatment agent to act on the surface of a metal material to be treated, so
as to chemically form an oxide film. The anodization treatment uses a metal material to be treated as an anode to carry
current in a special electrolysis solution, so as to electrochemically produce an oxide film.

[0004] Japanese Patent Application Laid-Open No. 2008-291310 is an example of the related art.

[0005] Inthe chemical conversion treatment, a chemical liquid of hexavalent chromium or the like is used as a chemical
treatment agent. Since hexavalent chromium has a high environmental load, there is a social demand for refraining from
the use thereof. Furthermore, since a chemical liquid is used, there are problems of maintenance cost and disposal cost
of the chemical liquid.

[0006] Japanese Patent Application Laid-Open No. 2008-291310 discloses a technique to form an oxide film without
using hexavalent chromium. In Japanese Patent Application Laid-Open No. 2008-291310, magnesium alone (having
99.9% purity) is subjected to alkali treatment and then irradiated with laser to form a dense oxide film.

[0007] However, according to studies by the present inventors, it has been found that, when a metal material to be
treated is replaced with an Mg-Al-Ca based alloy and an oxide film is formed by the method disclosed in Japanese
Patent Application Laid-Open No. 2008-291310, a base material of the Mg-Al-Ca based alloy is damaged and the
corrosion resistance is reduced.

BRIEF SUMMARY OF THE INVENTION

[0008] The present disclosure has been made in view of the above problems and intends to provide a surface modi-
fication method of an Mg-Al-Ca based alloy that enables formation of an oxide film without damaging a base material.
[0009] To solve the above problems, the surface modification method of an Mg-Al-Ca based alloy of the present
disclosure employs the following measures.

[0010] The present disclosure provides a surface modification method of an Mg-Al-Ca based alloy. The surface mod-
ification method includes: immersing an Mg-Al-Ca based alloy in an alkali solution; and irradiating a surface of the Mg-
Al-Ca based alloy immersed in the alkali solution with a laser light at a power density that is less than or equal to 60
W/mm?2 and a heat input amount that is less than or equal to 5 mJ.

[0011] Theimmersion in the alkali solution causes an Mg(OH), film to be formed on the surface of the Mg-Al-Ca based
alloy. When the Mg(OH), film is irradiated with laser, a dehydration reaction occurs. This modifies the Mg(OH), film to
be a homogeneous and dense MgO film.

[0012] As long as laser light irradiation is performed under conditions where the power density and the heat input
amount are within the range described above, the engraving depth does not exceed the thickness of the Mg(OH), film.
It is therefore possible to form an oxide film (MgO film) without damaging a base material. This can improve the corrosion
resistance.

BRIEF DESCRIPTION OF THE SEVERAL VIEWS OF THE DRAWINGS
[0013]

Fig. 1 illustrates a laser scanning method as an example.

Fig. 2 is a diagram illustrating a relationship between a power density and an engraving depth.
Fig. 3 is an enlarged view of Fig. 2.

Fig. 4 is a diagram illustrating a relationship between a heat input amount and a corrosion rate.
Fig. 5 is a diagram illustrating corrosion resistance evaluation results.
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DETAILED DESCRIPTION OF THE INVENTION

[0014] Oneembodimentofa surface modification method of an Mg-Al-Ca based alloy according to the presentinvention
will be described below with reference to the drawings.

[First Embodiment]

[0015] A surface modification method of an Mg-Al-Ca based alloy according to the present embodiment includes an
alkali treatment step and a laser light irradiation step.

[Alkali Treatment Step]

[0016] An Mg-Al-Ca based alloy is immersed in an alkali solution for a predetermined time. This causes an Mg(OH),
film to be formed on the surface of the Mg-Al-Ca based alloy.

[0017] After the predetermined time of immersion, the Mg-Al-Ca based alloy on which the Mg(OH), film is formed is
taken out from the alkali solution.

[0018] The alkali solution contains at least one of magnesium hydroxide (Mg(OH),), sodium chloride (NaCl), magne-
sium chloride (MgCl,), and sodium hydroxide (NaOH).

[0019] In the alkali solution, 0.001 g or greater and 0.012 g or less of Mg(OH), may be contained as a chemical
component in terms of mass in 1 litter of water. In the alkali solution, 0.001 g or greater and 300 g or less of NaCl may
be contained as a chemical component in terms of mass in 1 litter of water. In the alkali solution, 0 g or greater and 400
g or less of MgCl, may be contained as a chemical component in terms of mass in 1 litter of water. In the alkali solution,
0 g greater and 500 g or less of NaOH may be contained as a chemical component in terms of mass in 1 litter of water.
[0020] The immersion time is longer than or equal to 10 minutes and shorter than or equal to 120 minutes, preferably,
longer than or equal to 30 minutes and shorter than or equal to 60 minutes. When the immersion time is longer than or
equal to 10 minutes, an Mg(OH), film having a thickness of more than 1 um may be formed. Even when immersion is
performed for more than 120 minutes, it is not possible to expect a significant increase in the thickness of Mg(OH), film.
[0021] The Mg-Al-Ca based alloy has a composition that contains Ca of a atom% and Al of b atom%, with the remaining
part made of Mg. The symbols "a" and "b" meet Equations (1) to (3) below.

(2) 4.5 £ b £ 12 (preferably, 8 £ b £ 12)

(3) 1.2 <b/a £ 3.0

[0022] The Mg-Al-Ca based alloy may contain Mn of k atom%. The symbol "k" meets Equation (4) below. Mn is an
element that improves at least one of corrosion resistance and incombustibility.

(4) 0 <k £ 0.3 (preferably, 0.01 £ k £ 0.05)

[0023] Even a small addition amount of Mn may improve corrosion resistance, while an increased addition amount of
Mn causes a reduction in the ductility. To achieve both good corrosion resistance and ductility, it is desirable to suppress
addition amount of Mn.

[0024] Itis preferable that (Mg, Al),Ca of ¢c volume% be contained in the Mg-Al-Ca based alloy. The symbol "c" meets
Equation (5) below. (Mg, Al),Ca is dispersed in the alloy.

(5) 10 £ ¢ £ 35 (preferably, 10 £ ¢ £ 30)

[0025] The Mg-Al-Ca based alloy may contain Si of x atom%. The symbol "x" meets Equation (6) below.

(6) 0.00 £ x £ 0.3 (preferably, 0.00 £ x £0.1)
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[0026] Inclusion of Si in the range described above can improve the ductility. If the ductility is reduced due to addition
of Mn, the ductility can be improved by addition of Si.

[0027] The Mg-Al-Ca based alloy may contain Zn, a rare earth element (Y, La, Ce, Pr, Nd, Sm, Gd, Tb, Dy, Ho, Er,
Tm, Yb), and an inevitable impurity. It is preferable that Zn content be greater than or equal to 0.001 atom% and less
than or equal to 3 atom%. It is preferable that rare earth element content be greater than or equal to 0.1 atom% and
less than or equal to 5 atom%.

[Laser Light Irradiation Step]

[0028] The Mg-Al-Ca based alloy on which the alkali treatment has been performed is irradiated with laser light by
using a laser processing apparatus. The laser light is emitted under conditions where the power density is less than or
equal to 60 W/mm?2 and the heat input amount is less than or equal to 5 mJ. The heat input amount is preferably greater
than or equal to 0.3 mJ and less than or equal to 4 mJ, more preferably greater than or equal to 1 mJ and less than or
equal to 4 mJ.

[0029] The laser processing apparatus may be, for example, MD-X1500 by KEYENCE CORPORATION having the
maximum output of 25 W(¢60 pwm), the wavelength of 1064 nm (in YG laser light), the pulse width of about 500 ns to
1000 ns, the frequency of 1 kHz to 400 kHz, the maximum scanning rate of 12 m/s, and the processing area of 125 mm
X 125 mm X 42 mm.

[0030] The power density may be adjusted to be a desired value by controlling the laser average output and/or the
laser beam diameter.

[0031] The heatinput amount may be adjusted to be a desired value by controlling the laser average output, the laser
scanning rate, the frequency, and the laser beam diameter.

[0032] Itis preferable that the laser light be emitted under conditions where the laser average output is greater than
or equal to 0.01 W/mm?2 and less than or equal to 2 W/mm?2, the frequency is higher than or equal to 1 kHz and lower
than or equal to 500 kHz, the laser scanning rate is greater than or equal to 100 mm/s and less than or equal to 850
mm/s, and the laser beam diameter is greater than or equal to 0.1 mm and less than or equal to 0.5 mm.

[0033] It is preferable that the entire surface of the Mg(OH), film formed on the surface of the Mg-Al-Ca based alloy
be irradiated with the laser light exhaustively. For example, as illustrated in Fig. 1, the surface is scanned with the laser
light (L) in the X direction from one end (lower left corner on the sheet) to the opposite end (lower right corner on the
sheet) of the Mg-Al-Ca based alloy 1. After reaching the opposite end, the laser light is shifted in the Y direction (to upper
side on the sheet), and the surface is scanned in the X direction from the opposite end to the one end. This is repeated
to irradiate the entire surface of the Mg(OH), film with the laser light.

[0034] It is preferable that a laser beam overlapping rate (X) be greater than or equal to 0.9% and less than or equal
to 0.99%. Itis preferable that a laser beam overlapping rate (Y) be greater than or equal to 0.87% and less than or equal
t0 0.97%.

[0035] When irradiated with the laser light, the Mg(OH), film is modified to an MgO film due to a dehydration reaction.
The thickness of the formed MgO film is 0.1 pum to 1 um.

[0036] The MgO film contains 90% or greater of Mg as a cation or is an oxide containing Al, An, Mn, and/or a rare
earth element in some cases.

[Example]

[0037] According to the embodiment described above, surface modification was performed on a test plate of the Mg-
Al-Ca based alloy.

Test plate: Mg-10Al-5Ca-0.05Mn
Alkali solution: an aqueous solution containing Mg(OH),: 0.012 g as a chemical component in terms of mass in 1
litter of water

[0038] The thickness of the Mg(OH), film formed on the surface of the test plate immersed in the alkali solution for a
predetermined time was about 0.1 pm to 1 um.

[0039] Table 1 illustrates test conditions and results (engraving depths) obtained by observing the surface of the test
plate by using a confocal optical microscope.
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[Power Density]

[0040] Fig. 2 and Fig. 3 illustrate the relationship between the power density and the engraving depth. Fig. 3 is an
enlarged view of Fig. 2. In Fig. 2 and Fig. 3, the horizontal axis represents the power density (W/mm2), the vertical axis
represents the engraving depth (um), each white circle plot represents a test plate for alkaliimmersion time of 60 minutes,
and each black circle plot represents a test plate for alkali immersion time of 10 minutes.

[0041] Fig. 2 indicates a trend that, as the power density becomes larger, the engraving depth also becomes larger.
Moreover, Fig. 2 suggests that there is a conversion point at which the engraving depth increases sharply in a region
of a low power density.

[0042] Fig. 3 shows an enlarged view of the region of a low power density. With reference to Fig. 3, it is found that,
while the engraving depth is 0 wm when the power density is below 53.2 W/mm?2 (test No. 8), some of the engraving
depths exceed 1 wm when the power density is 63.7 W/mm?2 (test Nos. 5, 6). According to Fig. 3, as long as the power
density is less than or equal to 60 W/mmZ2, the engraving depth can be less than or equal to 1 pm.

[0043] According to the result obtained by intensive studies by the present inventors, when magnesium alone is
immersed in the alkali solution, the Mg(OH) film having a thickness of about 30 um is formed. On the other hand, when
an Mg-Al-Ca based alloy is immersed in the alkali solution, it has been confirmed that the thickness of the Mg(OH), film
formed on the surface is about 1 pm.

[0044] As long as the engraving depth due to the laser light does not exceed the thickness of the Mg(OH), film, the
base material is not damaged. Thus, when the power density is less than or equal to 60 W/mm?2, it is possible to form
an oxide film (MgO film) without damaging the base material and improve corrosion resistance.

[Corrosion Resistance]

[0045] Test plates of test No. 16 to No. 19 described above were immersed in 1 mass% of NaCl aqueous solution for
168 hours, and then the corrosion rates were calculated.
[0046] Calculation of the corrosion rate was performed by using Equation (1) below.

Cr = 87600 x AW (weight change)/ (A x t x r)...(1)

Cr: corrosion rate (mm/year)

AW:  weight difference before and after the test (g)
r: density of the test plate (g/cm-3)

A: initial surface area of the test plate (cm2)

t: immersion time (hr)

[0047] Fig. 4 illustrates the relationship between the heat input amount and the corrosion rate, where the corrosion
rate of the test plate (Mg-Al-Ca based alloy) on which no surface modification is performed is one. In Fig. 4, the horizontal
axis represents the corrosion rate ratio (a.u.), and the vertical axis represents the heat input amount (mJ).

[0048] According to Fig. 4, it is confirmed that, in irradiation of laser light, when the heat input amount exceeds 5 mJ,
the test plate is more likely to be corroded than before the surface modification is performed. When the heatinput amount
is greater than or equal to 0.3 mJ and less than or equal to 4 mJ, preferably, greater than or equal to 1 mJ and less than
or equal to 4 mJ, the corrosion resistance of the test plate is improved due to surface modification.

[0049] Fig. 5 illustrates corrosion resistance evaluation results of test No. 16 to No. 19 (conditions A to D). In Fig. 5,
the vertical axis represents the corrosion rate ratio (a.u.). For the corrosion rate ratio, a test plate on which no surface
modification is performed (no alkali treatment and no irradiation) is used as a reference.

[0050] According to Fig. 5, in the condition A, the corrosion rate was increased by about 500% compared to a test
plate whose surface was not modified. On the other hand, in the conditions B, C, and D, the corrosion rates were reduced
compared to a test plate whose surface was not modified. The reduction rates in conditions B, C, and D were 18%, 32%,
and 2%, respectively.

[0051] Accordingto Table 1, in condition A, while the heat input amount is less than or equal to 5 mJ, the power density
exceeds 60 W/mmZ2. On the other hand, in conditions B, C, and D, each of the heat input amount is less than or equal
to 5 mJ, and each of the power density is less than or equal to 60 W/mm?2. From these resuilts, it was suggested that it
is important not only to set the heat input amount to be less than or equal to 5 mJ but also to set the power density to
be less than or equal to 60 W/mm?2 for improvement of corrosion resistance of an Mg-Al-Ca based alloy.
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[Supplementary Notes]

[0052] The surface modification method of an Mg-Al-Ca based alloy described in the above embodiment is understood
as described below, for example.

[0053] In the surface modification method of an Mg-Al-Ca based alloy according to the present disclosure, an Mg-Al-
Ca based alloy is immersed in an alkali solution, and the surface of the Mg-Al-Ca based alloy immersed in the alkali
solution is irradiated with laser light at a power density that is less than or equal to 60 W/mm2 and a heat input amount
that is less than or equal to 5 mJ.

[0054] Theimmersion in the alkali solution causes an Mg(OH), film to be formed on the surface of the Mg-Al-Ca based
alloy. When the Mg(OH), film is irradiated with laser, a dehydration reaction occurs. This modifies the Mg(OH), film to
be a homogeneous and dense MgO film.

[0055] Since the power density and the heat input amount are defined in the range described above, an oxide film
(MgO film) can be formed with the engraving depth not exceeding the thickness of the Mg(OH), film. Accordingly, it is
possible to improve corrosion resistance without damaging a base material.

[0056] In the disclosure described above, the heat input amount is preferably greater than or equal to 0.3 mJ and less
than or equal to 4 mJ, more preferably greater than or equal to 1 mJ and less than or equal to 4 mJ.

[0057] Corrosion resistance can be more reliably improved when the heat input amount is within the range described
above.

[0058] In the disclosure described above, it is preferable that the power density be less than or equal to 53.2 W/mm?2,
[0059] This enables the engraving depth of 0 um.

[0060] In the disclosure described above, itis preferable that the power density be less than or equal to 15.9 W/mm?2.
[0061] This can reduce the corrosion rate compared to a case where no surface modification is performed.

[0062] In the disclosure described above, it is more preferable that the power density be greater than or equal to 3.3
W/mmz2,

[0063] This can further increase the reduction amount of the corrosion rate compared to a case where no surface
modification is performed.

[0064] In the disclosure described above, the immersion time may be longer than or equal to 10 minutes and shorter
than or equal to 120 minutes.

[0065] When the immersion is performed for 10 minutes or longer, an Mg(OH), film having a thickness of more than
1 pwm can be formed. Even when the immersion is performed for more than 120 minutes, the effect of a significant
increase in the thickness of the Mg(OH), film is not expected.

[List of Reference Symbols]
[0066]

1  Mg-Al-Ca based alloy

Claims

1. A surface modification method of an Mg-Al-Ca based alloy, the surface modification method comprising:
immersing an Mg-Al-Ca based alloy in an alkali solution; and
irradiating a surface of the Mg-Al-Ca based alloy immersed in the alkali solution with laser light at a power

density that is less than or equal to 60 W/mm?2 and a heat input amount that is less than or equal to 5 mJ.

2. The surface modification method of an Mg-Al-Ca based alloy according to claim 1, wherein the heat input amount
is greater than or equal to 0.3 mJ and less than or equal to 4 mJ.

3. The surface modification method of an Mg-Al-Ca based alloy according to claim 2, wherein the power density is
less than or equal to 53.2 W/mm?2,

4. The surface modification method of an Mg-Al-Ca based alloy according to claim 2, wherein the power density is
less than or equal to 15.9 W/mm2,

5. The surface modification method of an Mg-Al-Ca based alloy according to claim 2, wherein the power density is
greater than or equal to 3.3 W/mm2,
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6. The surface modification method of an Mg-Al-Ca based alloy according to any one of claims 1 to 5, wherein time
of the immersing is longer than or equal to 10 minutes and shorter than or equal to 120 minutes.
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