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Description
[Technical Field]

[0001] The presentinvention relates to a color-treated substrate including magnesium and a substrate color treatment
method therefor.

[Background Art]

[0002] Magnesium is a metal which belongs to lightweight metals among practical metals, has excellent wear resist-
ance, and is very resistant to sunlight and eco-friendly, but has a difficulty in realizing a metal texture and various colors.
Further, since it is a metal having the lowest electrochemical performance and is highly active, when a color treatment
is not performed thereon, it may be quickly corroded in air orin a solution, and thus has a difficulty in industrial application.
[0003] Recently, the magnesium industry has been receiving attention due to the weight reduction trend in overall
industry. As exterior materials with a metal texture has become trendy in the field of electrical and electronic component
materials such as mobile phone case components, research to resolve the above-described problem of magnesium is
being actively carried out.

[0004] As a result, Korean Patent Laid-open Publication No. 2011-0016750 disclosed a PVD-sol gel method of per-
forming sol-gel coating after dry coating a surface of a substrate formed of a magnesium alloy with a metal-containing
material in order to realize a metal texture and ensure corrosion resistance, and Korean Patent Laid-open Publication
No. 2011-0134769 disclosed an anodic oxidation method of imparting gloss to a surface of a substrate including mag-
nesium using chemical polishing and coloring a surface by anodic oxidation of the substrate in an alkaline electrolyte
including a pigment dissolved therein.

[0005] However, the PVD-sol gel method has a problem in that a texture realized on the surface of the substrate is
not the intrinsic texture of magnesium although a metal texture may be realized on the surface of the substrate, and the
realization of a variety of colors is difficult. Furthermore, when a color treatment is performed using the anodic oxidation
method, there is a problem in that an opaque oxide film is formed on the surface of the substrate, and the realization of
the intrinsic texture of metals is not easy.

[0006] Accordingly, there is an urgent need for a technique to improve corrosion resistance by chemically, electro-
chemically or physically treating the surface of the substrate and to realize a desired color on the surface for commer-
cialization of a substrate including magnesium.

[Disclosure]

[Technical Problem]

[0007] In order to solve the problem, an objective of the present invention is to provide a color-treated substrate
including magnesium.

[0008] Another objective of the present invention is to provide a method of color-treating the substrate.

[Technical Solution]

[0009] In order to achieve the objectives, an embodiment of the present invention provides a color-treated substrate,
including:

a matrix containing magnesium; and

a film formed on the matrix and containing a compound represented by the following Chemical Formula 1,
wherein, at any three points included in an arbitrary region with a width of 1 cm and a length of 1 cm which is present
on the film, an average color coordinate deviation (AL*, Aa*, Ab*) of each point satisfies one or more conditions of
AL*<0.6, Aa*<0.6 and Ab*<0.5:

[Chemical Formula 1] M(OH),,
where M includes one or more selected from the group consisting of Na, K, Mg, Ca and Ba, and mis 1 or 2.

[0010] Further, another embodiment of the present invention provides a method of color-treating a substrate, including
a step of immersing a matrix containing magnesium in a hydroxide solution.
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[Advantageous Effects]

[0011] The color-treated substrate according to the present invention includes a film containing a compound repre-
sented by Chemical Formula 1 formed on a surface of a matrix containing magnesium, and thus can improve the
homogeneity and corrosion resistance of the surface of the substrate, and realize a uniform color in a short period of
time. Accordingly, the color-treated substrate can be usefully used in the fields of building exterior materials, automobile
interiors, and particularly electrical and electronic component materials, such as mobile phone case components, in
which a magnesium material is used.

[Description of Drawings]
[0012]

FIG. 1 is a view illustrating a CIE color space.

FIG. 2 is a cross sectional view illustrating a color-treated substrate including a film with a patterned structure.
FIG. 3 is a cross sectional view illustrating a color-treated substrate including a film with a patterned structure which
is formed by further performing a step of immersing in a hydroxide solution before patterning a surface of a matrix
containing magnesium.

FIG. 4 shows images illustrating a thickness of a film according to immersion time, which is measured using a
transmission electron microscope in an embodiment: where A shows a substrate in accordance with the immersion
time of 10 minutes; B shows a substrate in accordance with the immersion time of 170 minutes; and C shows a
substrate in accordance with the immersion time of 240 minutes.

FIG. 5 shows images of a surface of a substrate according to whether or not a color treatment is performed when
evaluating corrosion resistance in an embodiment: where A shows a color-treated substrate; and B shows a non-
color-treated substrate.

FIG. 6 is a graph illustrating potentiodynamic polarization curves of a substrate according to immersion time and
whether or not a color treatment is performed.

[Best mode for Carrying out the Invention]

[0013] While the invention is susceptible to various modifications and alternative forms, specific embodiments thereof
are shown by way of example in the drawings and will herein be described in detail. It should be understood, however,
that there is no intent to limit the invention to the particular forms disclosed, but on the contrary, the invention is to cover
all modifications, equivalents, and alternatives falling within the spirit and scope of the invention.

[0014] The terminology used herein is for the purpose of describing particular embodiments only and is not intended
to be limiting of the invention. As used herein, the singular forms "a," "an" and "the" are intended to include the plural
forms as well, unless the context clearly indicates otherwise. It will be further understood that the terms "comprises,"
"comprising," "includes" and/or "including," when used herein, specify the presence of stated features, integers, steps,
operations, elements, and/or components, but do not preclude the presence or addition of one or more other features,
integers, steps, operations, elements, components, and/or groups thereof.

[0015] Further, in the drawings of the present invention, the size and relative sizes of layers, regions and/or other
elements may be exaggerated or reduced for clarity.

[0016] The embodiments of the present invention will be described with reference to the drawings. Throughout the
specification, like reference numerals designate like elements and a repetitive description thereof will be omitted.
[0017] "Color coordinates", as used herein, refer to coordinates in a CIE color space, including color values defined
by the Commission International de I'Eclairage (CIE), and any position in the CIE color space may be expressed as
three coordinate values of L*, a* and b*.

[0018] Here, an L* value represents brightness. L*=0 represents a black color, and L*=100 represents a white color.
Moreover, an a* value represents whether a color at a corresponding color coordinate leans toward a pure magenta
color or a pure green color, and a b* value represents whether a color at a corresponding color coordinate leans toward
a pure yellow color or a pure blue color.

[0019] Specifically, the a* value ranges from -a to +a, the maximum a* value (a* max) represents a pure magenta
color, and the minimum a* value (a* min) represents a pure green color. For example, when an a* value is negative, a
color leans toward a pure green color, and when an a* value is positive, a color leans toward a pure magenta color. This
indicates that, when a*=80 is compared with a*=50, a*=80 represents a color which is closer to a pure magenta color
than a*=50. Furthermore, the b* value ranges from -b to +b. The maximum b* value (b* max) represents a pure yellow
color, and the minimum b* value (b* min) represents a pure blue color. For example, when a b* value is negative, a color
leans toward a pure blue color, and when a b* value is positive, a color leans toward a pure yellow color. This indicates
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that, when b*=50 is compared with b*=20, b*=80 shows a color which is closer to a pure yellow color than b*=50.
[0020] Further, a "color deviation" or a "color coordinate deviation", as used herein, refers to a distance between two
colors in the CIE color space. That is, a longer distance denotes a larger difference in color, and a shorter distance
denotes a smaller difference in color, and this may be expressed by AE* represented by the following Expression 5:

[Expression 5]

AE*= \(AL*? + (Aa*)? + (Ab*)?

[0021] Moreover, an "intended pattern”, as used herein, refers to a pattern which is intentionally and/or deliberately
introduced to a surface of a substrate according to the use of the substrate. Here, the pattern may include both a regular
shape and an irregular shape.

[0022] Furthermore, a "wavelength conversion layer", as used herein, refers to a layer for controlling a wavelength of
incident light by adjusting reflection, refraction, scattering, diffraction or the like of light, which may serve to minimize
additional refraction and scattering, in a top coat, of light refracted and scattered in a film, and maintain a color developed
by the film by inducing light reflection.

[0023] Lastly, aunit"T", as used herein, represents a thickness of a substrate including magnesium, and is the same
as a unit "'mm".

[0024] The presentinvention provides a color-treated substrate including magnesium and a substrate color treatment
method therefor.

[0025] A PVD-sol gel method, an anodic oxidation method or the like, which is a method of coating a surface of a
material with a metal-containing material, a pigment or the like, has been conventionally known as a method for realizing
a color on the material including magnesium. However, these methods may cause a reductionin durability of the substrate.
Further, it is difficult to realize a uniform color on the surface of the material, and there is a problem of unmet reliability
because a coated film layer is easily detached. Particularly, the intrinsic texture of metals is not realized in these methods,
and thus, they are difficult to be applied in the fields of building exterior materials, automobile interiors, and particularly
electrical and electronic component materials, such as mobile phone case components.

[0026] In orderto address these issues, the present invention suggests a color-treated substrate including magnesium
and a substrate color treatment method therefor according to the present invention.

[0027] The color-treated substrate according to the present invention may realize a uniform color in a short period of
time by uniformly forming a layer on a surface of a matrix containing magnesium, and may realize various colors according
to the thickness of the formed film. Further, there is an advantage in that the homogeneity and corrosion resistance of
the surface of the substrate may be enhanced.

[0028] Hereinafter, the present invention will be described in further detail.

[0029] An embodiment of the present invention provides a color-treated substrate, including:

a matrix containing magnesium; and

a film formed on the matrix and containing a compound represented by the following Chemical Formula 1,
wherein, at any three points included in an arbitrary region with a width of 1 cm and a length of 1 cm which is present
on the film, an average color coordinate deviation (AL*, Aa*, Ab*) of each point satisfies one or more conditions of
AL*<0.6, Aa*<0.6 and Ab*<0.5:

[Chemical Formula 1] M(OH),,,
where M includes one or more selected from the group consisting of Na, K, Mg, Ca and Ba, and mis 1 or 2.

[0030] Specifically, the color-treated substrate may satisfy two or more of the conditions, and more specifically, may
satisfy all the conditions.

[0031] In an embodiment, the color coordinates in a CIE color space of any three points which are present on the
color-treated substrate according to the present invention were measured. The results of color coordinate deviations
were respectively AL*<0.06, 0.23<Aa*<0.31 and 0.01<Ab*<0.21, all of which satisfy the conditions. Further, the AE*
derived from the measured values was determined as 0.237<AE*<0.375, which indicates a significantly small value of
color coordinate deviation. This shows that the color-treated magnesium according to the presentinvention has a uniform
color (refer to Experimental Example 1).

[0032] A color is realized on the color-treated substrate using a principle of scattering and refraction of light incident
to the surface. When the scattering and refraction indices of the incident light is controlled by adjusting an average
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thickness of the film uniformly formed on the surface of the substrate, a desired color may be uniformly realized on the
surface of the substrate.

[0033] Here, the matrix may be the same as a substrate before being subject to a color treatment. Any material may
be used as the matrix as long as the material includes magnesium and is usable as a frame in the fields of electrical
and electronic component materials, and the type or form of the matrix is not particularly limited. As an example, a
magnesium substrate formed of magnesium; a stainless steel or titanium (Ti) substrate of which a surface has magnesium
dispersed therein or the like may be used.

[0034] Further, an average thickness of the film may be specifically in the range of 50 nm to 2 um, and more specifically
in the range of 100 nm to 1 wm, but is not particularly limited thereto.

[0035] Moreover, the film may have a patterned structure which realizes an intended pattern on the matrix containing
magnesium, and the pattern may be realized by an average thickness deviation of the film.

[0036] Referring to FIGS. 2 and 3, when films 102 and 202 include patterned regions 103 and 203 and non-patterned
regions 104 and 204, and the patterned regions 103 and 203 may have a constant average thickness deviation with the
non-patterned regions 104 and 204 by forming no layer or a thin layer on the matrices 101 and 201. Here, the pattern
may be realized by a difference in scattering and refraction indices of the incident light in accordance with the average
thickness deviation of the films 102 and 202.

[0037] Asanexample,the average thickness deviation of the film may satisfy the condition of the following Expression 1.

[Expression 1]
5nm < | T,-T, | <2.0 um

where T, represents a film average thickness of a patterned region, and T, represents a film average thickness of a
non-patterned region.

[0038] Specifically, the average thickness deviation of the film may be 5 nm or more and less than 2.0 pum, and more
specifically, in the range of 5 nm to 100 nm; 50 nm to 0.5 wm; or 0.5 pum or more and less than 2.0 um. In the present
invention, a large difference in colors of the patterned region and non-patterned region is induced within the above-
described range of the average thickness deviation so as to effectively realize a pattern.

[0039] Further, the color-treated substrate according to the present invention exhibits improved corrosion resistance
by including the film on the matrix. Specifically, the color-treated substrate may satisfy the following Expression 2 when
evaluating corrosion resistance:

[Expression 2]

Corrosion rate (Corr. Rate) <0.01

where the corrosion rate (Corr. Rate) represents a degree of corrosion of a color-treated substrate measured in 0.5 wt%
salt water atroom temperature by a potentiodynamic polarization test, and has units of mm/year. Here, room temperature
may be 25+2 °C.

[0040] In an embodiment, a potentiodynamic polarization test in 0.5 wt% salt water was performed on a color-treated
substrate and a non-color-treated substrate at room temperature to evaluate corrosion resistance of the substrates. As
aresult, it was confirmed that the corrosion rate (Corr. Rate) of the color-treated substrate was 0.0004 to 0.0013 mm/year
while the corrosion rate of the non-color-treated substrate was 0.4322 mm/year. As can be seen from the results, the
color-treated substrate according to the present invention has superior corrosion resistance in comparison with the non-
color-treated substrate by forming a film on the surface (refer to Experimental Examples 3 and 4).

[0041] Here, a material of the film is not particularly limited as long as the film may scatter and refract the light incident
to the surface. Specifically, the material of the film may be one or more of sodium hydroxide (NaOH), potassium hydroxide
(KOH), magnesium hydroxide (Mg(OH),), calcium hydroxide (Ca(OH),) and barium hydroxide (Ba(OH),), and more
specifically, may be magnesium hydroxide (Mg(OH),).

[0042] In an embodiment, X-ray diffraction analysis was performed on the film included in the color-treated substrate.
As a result, the film was determined to have 20 diffraction peak values of 18.5+1.0°, 38.0=1.0°, 50.5+1.0°, 58.5+1.0°,
62.0£1.0° and 68.5=1.0°. This indicates that the film formed on the surface of the substrate is formed of magnesium
hydroxide (Mg(OH),) having a brucite crystalline structure. As can be seen from the results, the color-treated substrate
according to the present invention includes magnesium hydroxide (Mg(OH),) (refer to Experimental Example 2).
[0043] Further, the color-treated substrate according to the present invention may further include a wavelength con-
version layer and a top coat formed on the film.
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[0044] Here, the type or form of the wavelength conversion layer is not particularly limited as long as the wavelength
conversion layer may minimize additional refraction and scattering, in the top coat of light, refracted and/or scattered in
the film, and maintain a color developed by the film by inducing light reflection. Specifically, the wavelength conversion
layer may include one or more selected from the group consisting of metals including aluminum (Al), chromium (Cr),
titanium (Ti), gold (Au), molybdenum (Mo), silver (Ag), manganese (Mn), zirconium (Zr), palladium (Pd), platinum (Pt),
cobalt (Co), cadmium (Cd) or copper (Cu) and ions thereof, and specifically, may include chromium (Cr). Further, the
metals may be in the form of metal particles, and may include various types such as a metal nitride, a metal oxide, a
metal carbide or the like by reacting with a nitrogen gas, an ethane gas, an oxygen gas and the like in the process of
forming the wavelength conversion layer. Moreover, the wavelength conversion layer may be a continuous layer in which
the metals are densely stacked on the film and fully cover the surface of the film, or a discontinuous layer in which the
metals are dispersed on the film, but is not limited thereto.

[0045] The top coat may be further included in order to improve scratch resistance and durability of the surface of the
substrate including magnesium. Here, a clear coating agent for forming the top coat is not particularly limited as long as
it is a clear coating agent which is applicable to metal coatings. More specifically, a matte clear coating agent or a
glossy/matte clear coating agent which is applicable to metal coatings or the like may be exemplified.

[0046] When the color-treated substrate including the top coat was sprayed with 5 wt% salt water at 35 °C and the
adhesiveness thereof was evaluated after 72 hours, the top coat may have a peel rate of 5% or less.

[0047] In an embodiment, the color-treated substrate having a matte or glossy/matte top coat formed thereon was
sprayed with 5 wt% salt water at 35 °C and was tested by a cross-cut tape test method after 72 hours. As a result, it
was determined that the area of the detached top coat was 5% or less with respect to the total area of the sample. As
can be seen from the results, the substrate having the top coat formed thereon according to the present invention has
excellent adhesiveness between the color-treated substrate and the top coat (refer to Experimental Example 5).
[0048] Furthermore, another embodiment of the present invention provides a method of color-treating a substrate,
which includes a step of immersing a matrix containing magnesium in a hydroxide solution.

[0049] The method of color-treating the substrate according to the present invention may realize a color by uniformly
forming a film on a surface of the substrate by immersing a matrix containing magnesium in a hydroxide solution.
[0050] Here, any solution including a hydroxyl group (-OH group) may be used as the hydroxide solution, without
particular limitation. Specifically, a solution having one or more selected from the group consisting of NaOH, KOH,
Mg(OH),, Ca(OH), and Ba(OH), dissolved therein may be used.

[0051] In an embodiment, the coloring speed, the coloring power and the color uniformity of the matrix containing
magnesium were evaluated. As a result, when a solution in which NaOH had been dissolved was used as a hydroxide
solution, it was confirmed that the coloring speed thereof is four times faster as compared to that of the case in which
distilled water was used. Further, it was determined that the coloring power of the color developed on the surface is
excellent, and a uniform color is realized. As can be seen from the results, when a solution in which a metal hydroxide
such as NaOH or the like is dissolved is used as a hydroxide solution, the film is uniformly formed on the surface of the
matrix in a short time, and thus a color may be realized by excellent coloring power (refer to Experimental Example 1).
[0052] Further, the preparation method according to the present invention may control the thickness of the film formed
on the surface of the matrix according to immersion conditions. Here, since the amount of heat conduction of the matrix
varies depending on the thickness of the matrix, when the thicknesses of the matrices are different, the thickness of the
films formed on matrices may be different even though the matrices were immersed under the same conditions. Accord-
ingly, it is preferable to control the thickness of the film by adjusting immersion conditions according to the thickness of
the matrix containing magnesium.

[0053] As an example, when the thickness of the matrix containing magnesium is in the range of 0.4 to 0.7 T, the
concentration of the hydroxide solution may range from 1 to 80 wt%, and more specifically from 1 to 70 wt%; 5 to 50
wt%; 10 to 20 wt%; 1 to 40 wt%; 30 to 60 wt%; 15 to 45 wt%; 5 to 20 wt%; or 1 to 15 wt%. Moreover, the temperature
of the hydroxide solution may range from 90 to 200 °C, more specifically from 100 to 150 °C, and even more specifically
from 95 to 110 °C. Further, the immersion time may be in the range of 1 to 500 minutes, and specifically in the range of
10 to 90 minutes. In the present invention, various colors may be economically realized on the surface of the substrate
and a decrease in the intrinsic glossiness of the substrate due to an excessively increased thickness of the film may be
prevented within the above-described range.

[0054] In an embodiment, it can be seen that the average thickness of the film formed on the surface of the substrate
increases as the immersion time of the matrix passes, and it was confirmed that a color developed on the surface is
changed accordingly. This indicates that the color realized on the surface is changed according to the thickness of the
film. Therefore, it can be seen that the color realized on the surface of the substrate may be adjusted by controlling the
concentration and temperature of the hydroxide solution for immersing the matrix and the immersion time (refer to
Experimental Example 2).

[0055] Moreover, a step of immersing in the hydroxide solution may include: a first immersion step of immersing in a
hydroxide solution with a concentration of N4; and an nth immersion step of immersing in a hydroxide solution with a
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concentration of N,,, and the firstimmersion step and the nthimmersion step may be carried out using a method in which
the concentration of the hydroxide solution satisfies the following Expressions 3 and 4 independently of each other, and
n is an integer of 2 or more and 6 or less:

[Expression 3]

8<N <25

[Expression 4]
| No N, [ >3

where N4 and N, represent a concentration of a hydroxide solution in each step, and have units of wt%.

[0056] As described above, the step of immersing in the hydroxide solution is a step of realizing a color by forming a
film on the surface of the substrate including magnesium, and the developed color may be controlled by adjusting the
thickness of the formed film. Here, since the thickness of the film may be controlled according to the concentration of
the hydroxide solution, when the concentration of the hydroxide solution for immersing the matrix is divided into N4 to
N, and specifically, N4 to Ng; N4 to N5; N4 to Ny; N4 to N3; or N4 to No; and the matrix is sequentially immersed therein,
minute differences in the color realized on the surface may be controlled.

[0057] Further, the method of color-treating the substrate according to the present invention substrate may further
include one or more steps of: pretreating a surface before immersing in the hydroxide solution; patterning a surface of
a matrix using a masking film before immersing in the hydroxide solution; and rinsing after immersing in the hydroxide
solution.

[0058] Here, the step of pretreating the surface is a step of eliminating contaminants remaining on the surface by
treating the surface using an alkaline cleaning solution or grinding the surface before forming the film on the matrix.
Here, the alkaline cleaning solution is not particularly limited as long as the solution is generally used to clean a surface
of metals, metal oxides or metal hydroxides in the related field. Further, the grinding may be performed by buffing,
polishing, blasting, electrolytic polishing or the like, but is not limited thereto.

[0059] In the present step, not only pollutants or scales which are present on the surface of the matrix containing
magnesium may be removed, but also the speed of forming the film may be controlled by surface energy of the surface
and/or surface conditions, specifically, microstructural changes of the surface. That is, the thickness of the film formed
on the polished matrix may be different from that of the film formed on the unpolished matrix even though the film is
formed on the polished matrix under the same conditions as the film of the unpolished matrix, and each color developed
on the surface may be different accordingly.

[0060] Further, the step of patterning is a step of patterning the surface of the matrix using a masking film before
immersing the matrix in the hydroxide solution, and inducing the formation of a film with a patterned structure when
immersing the matrix in the hydroxide solution.

[0061] Referring back to FIG. 2, no film is formed at a 'patterned region 103’ which is patterned using a masking film
according to the step of patterning when immersing the matrix in the hydroxide solution, while a film is formed at a 'non-
patterned region 104’ which is not patterned using a masking film, and thereby an average thickness deviation of the
film between them is generated. Accordingly, a pattern may be realized due to a difference in colors developed on the
surface.

[0062] Moreover, when a step of immersing the matrix in the hydroxide solution is further carried out before the step
of patterning, as shown in FIG. 3, a relatively thin film as compared to a film formed at a 'non-patterned region 204’ is
also formed at a 'patterned region 203’ and thereby a color may be developed, and the color developed at the ’patterned
region 203’ may be different from the color of the 'non-patterned region 204’.

[0063] Here, the masking film is not particularly limited as long as the masking film may perform patterning on the
surface of the matrix, and specifically, a thermal protection film which is releasable and has a resistance to heat applied
when the step of immersing the matrix in the hydroxide solution is conducted or the like may be used.

[0064] Moreover, the step of rinsing is a step of eliminating any hydroxide solution remaining on the surface by rinsing
the surface of the matrix after forming the film on the matrix, specifically after the step of immersing the matrix in the
hydroxide solution. In this step, additional formation of the film due to any remaining hydroxide solution may be prevented
by removing the hydroxide solution remaining on the surface of the matrix.
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[Mode for the Invention]

[0065] Hereinafter, the presentinvention will be described in further detail with reference to examples and experimental
examples.

[0066] However, the following examples and experimental examples are for illustrative purposes only and notintended
to limit the scope of the present invention.

Example 1.

[0067] A magnesium-containing sample with a size of 1 cmx1 cmx0.4 T was degreased by immersing in an alkaline
cleaning solution, and the degreased sample was immersed in a 10 wt% NaOH solution at 100 °C for 40 minutes.
Thereafter, the sample was rinsed using distilled water and dried in a drying oven to prepare a color-treated sample.

Example 2.

[0068] A sample color-treated to have a yellow color was prepared in the same manner as in Example 1 except that
the magnesium-containing sample was immersed in a 10 wt% NaOH solution at 100 °C for 30 minutes instead of 40
minutes.

Example 3.

[0069] A sample color-treated to have a purple color was prepared in the same manner as in Example 1 except that
the magnesium-containing sample was immersed in a 10 wt% NaOH solution at 100 °C for 55 minutes instead of 40
minutes.

Example 4.

[0070] A sample color-treated to have a green color was prepared in the same manner as in Example 1 except that
the magnesium-containing sample was immersed in a 10 wt% NaOH solution at 100 °C for 80 minutes instead of 40
minutes.

Example 5.

[0071] A magnesium-containing sample with a size of 4 cmxX7 cmx0.4 T was degreased by immersing in an alkaline
cleaning solution, and a masking film was attached to the degreased sample. Thereafter, the sample was immersed in
a 10 wt% NaOH solution at 100 °C for 20 minutes, and then rinsed using distilled water and dried in a drying oven to
prepare a patterned and color-treated sample. It can be determined that a pattern was formed on the surface of the
sample when the sample was observed with the naked eye.

Example 6.

[0072] A magnesium-containing sample with a size of 1 cmXxXcmXx0.4 T was degreased by immersing in an alkaline
cleaning solution, and the degreased sample was immersed in a 10 wt% NaOH solution at 100 °C for 50 minutes.
Thereafter, the sample was rinsed using distilled water and dried, the dried sample was coated with a matte clear coating
material in a liquid phase, and dried in an oven at 120 to 150 °C to prepare a matte clear coated sample. Here, a thickness
of a matte clear coating layer was 5 um or less.

Example 7.

[0073] A color-treated and matte clear coated sample was prepared in the same manner as in Example 6 except that
the magnesium-containing sample was immersed in a 10 wt% NaOH solution at 100 °C for 85 minutes instead of 50
minutes.

Example 8.

[0074] A color-treated and glossy/matte clear coated sample was prepared in the same manner as in Example 6
except that a glossy/matte clear coating agent was used instead of the matte clear coating agent.
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Comparative Examples 1 to 3.
[0075] Color-treated samples were prepared in the same manner as in Example 1 except that the magnesium-con-
taining sample was immersed in distilled water at 100 °C for the time shown in the following Table 1 instead of being

immersed in a 10 wt% NaOH solution at 100 °C for 40 minutes.

[Table 1]

Immersion time

Comparative Example 1 | 40 minutes

Comparative Example2 | 1 hour

Comparative Example 3 | 2 hours

Experimental Example 1. Evaluation of coloring efficiency of substrate according to type of hydroxide solution

[0076] In order to evaluate a coloring speed, coloring power and color uniformity of a substrate including magnesium
according to a type of a solution used as a hydroxide solution, the following experiment was performed.

[0077] The coloring power of each color-treated sample prepared according to Example 1 and Comparative Examples
1 to 3 was evaluated with the naked eye. Further, any three points A to C which are present on each surface of the
samples of Examples 2 to 4 and Comparative Example 3 were selected, and color coordinates in a CIE color space of
the selected points were measured to calculate an average color coordinate deviation. Here, a color coordinate deviation
(AE*) was derived using the following Expression 5, and the result is shown in the following Table 2.

[Expression 5]

AE*= J(AL*)? + (Aa*)? + (AD*)?

[Table 2]
3 points | L* a* b* AL* Aa* Ab* AE*

Example 2 66.92 | 6.04 28.96 | - - - -

66.98 | 5.81 58.97 | -0.06 | 0.23 -0.01 | 0.237908

66.92 | 5.73 59.17 | O 0.31 -0.21 | 0.374433
Example 3 47.66 | 7.67 -1.88 - - - -

47.61 | 8.02 -1.42 | 0.05 -0.35 | -0.47 | 0.58547227

47.59 | 8.11 -1.43 | 0.07 -0.44 | -0.45 | 0.6296476
Example 4 5782 | -5.44 | 25.18 | - - - -

57.84 | -5.35 | 26,56 | -0.02 | -0.09 | -0.38 | 0.391024
57.58 | -5.17 | 25.15 | 0.24 -0.27 | 0.03 0.271662
4458 | 7.46 2013 | - - - -

42.33 | 8.47 17.02 | 2.25 -1.01 | 3.1 3.919018
41.70 | 8.25 16.9 2.88 -0.79 | 3.28 4.399023

Comparative Example 3

O >0 B >IO0O| > OO >

[0078] First, the coloring power of the color-treated samples prepared according to Example 1 and Comparative
Examples 1 to 3 was observed with the naked eye, and the results show that the sample prepared using a NaOH solution
as a hydroxide solution has a higher coloring speed than that of the sample prepared using distilled water as a hydroxide
solution. More specifically, in the sample of Example 1 which is treated with a NaOH solution, it was determined that a
silver color which is an intrinsic color of the sample was maintained 10 minutes after immersion, but the color was
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changed to a yellow color after 30 minutes had elapsed. However, in the case of the sample of Comparative Example
1, in which the immersion time was 40 minutes, among the samples of Comparative Examples 1 to 3 which are treated
with distilled water, it was determined that a color change amount of the surface was slight and a color difference was
not so large as compared to the non-color-treated substrate. Furthermore, it was determined that the sample of Com-
parative Example 2, in which the immersion time was 1 hour, was gradually colored to have a yellow color, and the
sample of Comparative Example 3, in which the immersion time was 2 hours, was colored to have a yellow color, but
the coloring power of the developed color was significantly lower than that of the sample of Example 1.

[0079] Next, referring to Table 2, it can be seen that the sample color-treated using a NaOH solution has a uniformly
developed color. More specifically, in the case of the sample of Example 2 which is color-treated using a NaOH solution,
color coordinate deviations of any three points which are present on the sample were determined as follows: AL*<0.06,
0.23<Aa*<0.31, 0.01<Ab*<0.21 and 0.237<AE*<0.375. Further, color coordinate deviations of the samples of Examples
3 and 4 were also determined as 0.02<AL*<0.24, 0.09<Aa*<0.44, 0.03<Ab*<0.47 and 0.271<AE*<0.630, and it was
confirmed that the deviations were not large. However, color coordinate deviations of the sample of Comparative Example
3 were determined as 2.25<AL*<2.88, 0.79<Aa*<1.01, 3.11<Ab*<3.23 and 3.919<AE*<4.40, showing large color coor-
dinate deviations.

[0080] From these results, it can be seen that the color treatment of the substrate including magnesium, in which the
matrix is immersed in a hydroxide solution including NaOH, KOH, Mg(OH),, Ca(OH),, Ba(OH), or the like, has high
efficiency and the color developed therefrom is also uniform.

Experimental Example 2. Evaluation of coloring of substrate according to hydroxide solution immersion time

[0081] In order to evaluate the degree of coloring of the substrate including magnesium according to immersion time,
the following experiment was performed.

[0082] A magnesium-containing sample with a size of 1 cmx1 cmx0.4 T was degreased by immersing in an alkaline
cleaning solution, and the degreased sample was immersed in a 10 wt% NaOH solution at 100 °C for 240 minutes.
Here, a developed color was observed with the naked eye at intervals of 5 to 10 minutes immediately after the sample
was immersed in the NaOH solution. Further, X-ray diffraction analysis and transmission electron microscope (TEM)
imaging of the film was performed on the sample after 10 minutes, 170 minutes and 240 minutes of immersion in order
to determine the component and thickness of the film formed on the surface of the sample. The resultis shown in FIG. 4.
[0083] The color-treated substrate according to the present invention was determined to have a developed color
varying according to the time of immersion in the hydroxide solution. More specifically, when the non-color-treated
sample having a silver color was immersed in the hydroxide solution, it was determined that yellow, orange, red, purple,
blue and green colors were sequentially developed after 30 minutes of immersion, and this color change becomes
repeated at a predetermined interval over time.

[0084] Further, as a result of performing X-ray diffraction analysis on the films of the samples after 10 minutes, 170
minutes and 240 minutes of immersion in a 10 wt% NaOH solution, all the films of three samples were determined to
have 260 diffraction peak values of 18.5+1.0°, 38.0+1.0°, 50.5+1.0°, 58.5+1.0°, 62.0+=1.0° and 68.5+1.0°, and were
confirmed to include magnesium hydroxide (Mg(OH),) having a brucite crystalline structure.

[0085] Moreover, as can be seen from FIG. 4, the average thickness of the film is increased to about 200 nm, 600 nm
and 900 nm as each immersion time has passed.

[0086] From these results, it can be seen that the color-treated substrate according to the present invention realizes
coloring by including the film containing magnesium hydroxide (Mg(OH),). Further, the thickness of the film formed on
the surface may be controlled according to the immersion time of the substrate including magnesium, and the color
developed therefrom may be controlled.

Experimental Example 3. Evaluation of corrosion resistance of color-treated substrate 1

[0087] In order to evaluate corrosion resistance of the color-treated substrate according to the present invention, the
following experiment was performed.

[0088] The non-color-treated sample and the sample color-treated according to Example 4, which include magnesium
and have a size of 1 cmX1 cmXx0.4 T, each were uniformly sprayed with 5 wt% salt water at 35 °C using a salt spray
tester (SST), and then the surface of the sample was observed with the naked eye after 942 hours. The result is shown
in FIG. 5.

[0089] As can be seen from FIG. 5, the color-treated substrate according to the present invention has significantly
improved corrosion resistance. More specifically, the non-color-treated sample is corroded due to salt water, and thus
the surface of the samples was determined to be non-uniform and deformed when observed with the naked eye. In
contrast, it was determined that the color-treated sample having the film formed thereon of Example 4 was slightly
decolorized, and the surface of the sample was not deformed and had maintained its uniformity.

10
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[0090] From these results, it can be seen that the substrate color-treated according to the present invention exhibits
enhanced corrosion resistance by forming the film on the surface thereof.

Experimental Example 4. Evaluation of corrosion resistance of color-treated substrate 2

[0091] In order to evaluate corrosion resistance of the color-treated substrate according to the present invention, the
following experiment was performed.

[0092] A non-color-treated sample which includes magnesium and has a size of 1 cmx1 cmXx0.4 T, and samples
prepared by respectively immersing samples which are the same as the above-described non-color-treated sample in
a 10 wt% NaOH solution at 100 °C for 75 minutes, 150 minutes and 230 minutes were prepared. Then, the prepared
samples were immersed in 0.5 wt% salt water for 72 hours, and then the non-color-treated sample and the color-treated
sample were tested by a potentiodynamic polarization test. The measured potentiodynamic polarization curves are
shown in FIG. 6. Tafel analysis was performed on the potentiodynamic polarization curves to obtain corrosion current
density (lgor), corrosion potential (Eg,y) and critical pitting potential (E;;) derived from a Tafel region (=200 mV) of the
polarization curve of each sample. Further, the corrosion rate (Corr. Rate) was calculated from the values derived using
the following Expression 6. The result is shown in the following Table 3.

[Expression 6]

0.00327x1,,, (ud/cm*)<xEW.

Density (g/cm’)

Corrosion rate (mm/ year) =

where E.W represents magnesium atomic weight/number of exchanged electrons = 24.305/2; and density is 1.738 g/cm3.

[Table 3]
Non-color-treated sample | Color-treated samples
75 minutes | 150 minutes | 230 minutes

leorr(A/CM?2) 19.298 0.055 0.025 0.019
Ecorr(VscE) -1.492 -1.328 -1.318 -1.481
Epi(Vsce) - -1.135 -1.180 -1.437
EcorrEpit(V) - 0.193 0.138 0.044
Corrosion rate | 0.4322 0.0013 0.0006 0.0004
(mml/yr)

[0093] As shown in Table 3, it can be seen that the color-treated substrate according to the present invention has
excellent corrosion resistance.

[0094] More specifically, as a result of performing a potentiodynamic polarization test on the samples which were
respectively immersed in the hydroxide solution for 75 minutes, 150 minutes and 230 minutes and the non-color-treated
sample, it was determined that the color-treated samples have the corrosion rate (Corr. rate) of about 0.0004 to 0.0013
mm/yr, and the corrosion rate gradually decreases as the color treatment time increases. On the other hand, the non-
color-treated sample was determined to have the corrosion rate of about 0.4322 mm/yr, which is about 330 times higher
than those of the color-treated samples.

[0095] Form these results, it can be seen that the film formed on the surface of the color-treated substrate not only
serves to realize a color on the surface, but also serves to prevent corrosion of the matrix containing magnesium.

Experimental Example 5. Evaluation of physical properties of color-treated substrate having top coat formed
thereon

[0096] In order to evaluate corrosion resistance and adhesiveness of the color-treated substrate having a top coat

formed thereon, the following experiment was performed.
[0097] The experiment was performed on the color-treated samples of Examples 6 and 8 having a top coat formed

1"
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thereon under the same conditions as that in Experimental Example 3, and the surface corrosion resistance; and the
adhesiveness between the color-treated substrate and the top coat formed on the surface of the sample were evaluated
after 72 hours of spraying salt water. Here, the adhesiveness was evaluated using a cross-cut tape test method. More
specifically, the adhesiveness was evaluated using a method, in which a coated top coat was cut to have 6 vertical cuts
and 6 horizontal cuts intersecting one another and formed at 1 mm intervals using a knife, the tape was firmly attached
to the intersection points of the vertical cuts and horizontal cuts, and the area of the top coat which is peeled when the
tape was quickly detached with respect to the total area of the sample was measured.

[0098] As aresult, it can be seen that the color-treated substrate having the top coat formed thereon according to the
presentinvention has excellent corrosion resistance, and outstanding adhesiveness between the color-treated substrate
and the top coat. More specifically, it was determined that no deformation of the surface due to corrosion occurred in
the case of the samples of Examples 6 and 8 having a matte or glossy/matte top coat thereon. Further, as a result of
evaluating the adhesiveness of the sample on which a corrosion resistance test was performed, it was determined that
the area of the top coat which is delaminated due to the tape is 5% or less based on the total area of the top coat.
[0099] From these results, it can be seen that the color-treated substrate having a top coat formed thereon according
to the present invention has excellent corrosion resistance as well as outstanding adhesiveness between the color-
treated substrate and the top coat.

[0100] Accordingly, the color-treated substrate according to the present invention is advantageous in that the homo-
geneity and corrosion resistance of a surface may be improved and a uniform color may be realized in a short period of
time by forming the film on the surface by immersing a matrix containing magnesium in a hydroxide solution including
NaOH, KOH, Mg(OH),, Ca(OH),, Ba(OH),, etc. Consequently, the color-treated substrate may be usefully used in the
fields of building exterior materials, automobile interiors, and particularly electrical and electronic component materials,
such as mobile phone case components, in which a magnesium material is used.

[Industrial Applicability]
[0101] The color-treated substrate according to the present invention can improve the homogeneity and corrosion
resistance of a surface of a substrate, and realize a uniform color in a short period of time by forming a film containing
a compound represented by Chemical Formula 1 on a surface of a matrix containing magnesium. Accordingly, the color-
treated substrate can be usefully used in the fields of building exterior materials, automobile interiors, and particularly
electrical and electronic component materials, such as mobile phone case components, in which a magnesium material
is used.
Claims
1. A color-treated substrate, comprising:
a matrix containing magnesium; and
a film formed on the matrix and containing a compound represented by the following Chemical Formula 1,
wherein, at any three points included in an arbitrary region with a width of 1 cm and a length of 1 cm which is
present on the film, an average color coordinate deviation (AL*, Aa*, Ab*) of each point satisfies one or more
conditions of AL*<0.6, Aa*<0.6 and Ab*<0.5:
[Chemical Formula 1] M(OH),,
where M includes one or more selected from the group consisting of Na, K, Mg, Ca and Ba, and mis 1 or 2.

2. Thecolor-treated substrate according to claim 1, wherein an average thickness of the filmisinarange of 1 nmto 2 um.

3. Thecolor-treated substrate according to claim 1, wherein the film has a patterned structure which realizes anintended
pattern on the matrix containing magnesium.

4. The color-treated substrate according to claim 3, wherein the pattern is realized by an average thickness deviation
of the film satisfying a condition of the following Expression 1:

12



10

15

20

25

30

35

40

45

50

55

10.

1.

12.

13.

14.

15.

16.

EP 3 088 564 A1
[Expression 1]
5nm < | T,-T, | <2.0 um

where T, represents a film average thickness of a patterned region, and T, represents a film average thickness of
a non-patterned region.

The color-treated substrate according to claim 1, wherein a condition of the following Expression 2 is satisfied when
evaluating corrosion resistance:

[Expression 2]

Corrosion rate (Corr. Rate) <0.01

where corrosion rate (Corr. Rate) represents a degree of corrosion of a color-treated substrate measured in 0.5
wt% salt water by a potentiodynamic polarization test, and has units of mm/year.

The color-treated substrate according to claim 1, wherein the film includes magnesium hydroxide (Mg(OH),).
The color-treated substrate according to claim 1, wherein the matrix further includes stainless steel or titanium (Ti).
The color-treated substrate according to claim 1, further comprising a top coat formed on the film.

A method of color-treating a substrate, comprising a step of immersing a matrix containing magnesium in a hydroxide
solution.

The method according to claim 9, wherein the hydroxide solution includes one or more selected from the group
consisting of NaOH, KOH, Mg(OH),, Ca(OH), and Ba(OH)s.

The method according to claim 9, wherein a concentration of the hydroxide solution is in a range of 1 to 80 wt%.

The method according to claim 9, wherein the step of immersing in the hydroxide solution is performed for 1 to 500
minutes with a temperature of the hydroxide solution in a range of 90 to 200 °C.

The method according to claim 9, further comprising one or more steps of:
pretreating a surface before the step of immersing in the hydroxide solution;
patterning a surface of a matrix using a masking film before the step of immersing in the hydroxide solution; and

rinsing after the step of immersing in the hydroxide solution.

The method according to claim 13, further comprising a step of immersing a matrix containing magnesium in a
hydroxide solution before the step of patterning using the masking film.

The method according to claim 13, wherein the masking film is a thermal protection film which is releasable.

The method according to claim 9, wherein
the step of immersing in the hydroxide solution includes:

a first immersion step of immersing in a hydroxide solution with a concentration of N4; and

an nth immersion step of immersing in a hydroxide solution with a concentration of N,

the concentration of the hydroxide solution in the first immersion step and the nth immersion step satisfies the
following Expressions 3 and 4 independently of each other, and n is an integer of 2 or more and 6 or less:

13
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[Expression 3]
8<N <25

[Expression 4]
| No N, [ >3

where N, and N, represent a concentration of a hydroxide solution in each step, and have units of wt%.

14
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[Fig. 5]

[Fig. 6]
-0.6
L | = NON-COLOR-TREATED SAMPLE
gl SAMPLE COLOR-TREATED FOR 75 mins
| SAMPLE COLOR-TREATED FOR 150 mins
10 - SAMPLE COLOR-TREATED FOR 230 mins
E L
= 12+~
N
= 5
S 1.4
= .
z i -
=
[
o -1.6
m -
-1.8 -
iotppul i FRETTY SR EERTT T AR AT M RERETT MR AR AT BTSN WETT T SR STINT M SR I

2.0
0@ * 10?107 w0® 0% w0f 10?102 10! 10
CURRENT DENSITY (Afcm?)

16



10

15

20

25

30

35

40

45

50

55

EP 3 088 564 A1

TNTERNATIONAL SEARCH REPORT Tnternational application No.
PCT/KR2014/012920

A, CLASSIFICATION OF SUBJECT MATTER
C23C 22/46(2006.01)i

According to International Patent Classification (IPC) or to both national classification and IPC

B. FIELDS SEARCHED

Mininmim documentation searched {classification system followed by classification symbols)

C23C 22/46; B32B 15/082; C25D 11/00; C25D 9/08; C23C 22/73; HO5K 3/40; C23C 22/07; C25D 11/30; C25D 11/02

Documentation scarched other than minimum documentation o the extent that such documents are included in the fields searched
Korean Utility models and applications for Utility models: IPC as above
Japanese Utility models and applications for Utility models: IPC as above

Electronic data base consulted during the international search (name of data base and, where practicable, search terms used)
e¢KOMPASS (KIPO internal) & Keywords: magnesium, hydroxide film, color formation

C. DOCUMENTS CONSIDERED TO BE RELEVANT
Category™® Citation of document, with mdication, where appropriate, of the relevant passapes Relevant to claim Neo.
A JP 2013-023768 A (NATIONAL INSTITUTE OF ADVANCED INDUSTRIAL SCIENCE 1-16

& TECHNOLOGY et al.) 04 February 2013
See abstract, paragraphs [0033]-[0041] and claims 1-6

A JP 2002-047597 A (RO BOSHIN) 15 February 2002 1-16
See abstract, paragraphs [0032]-[0033], [0057] and claims 1, 6

A JP 2010-030191 A (CHIBA INST OF TECHNOLOGY) 12 February 2010 1-16
See abstract, paragraphs [0015]-[0017], [0025]-[0030] and claims 1, 5

A KR 10-2009-0088199 A (MIRAEMTECH) 19 August 2009 1-16
See abstract and claim 1

A KR 10-2009-0092413 A (IUCF-HYU (INDUSTRY-UNIVERSITY COOPERATION 1-16
FOUNDATION HANYANG UNIVERSITY) et al.) 01 September 2009
See abstract and claim 1

A JP 2010-053424 A (NIPPON STEEL CORP) 11 March 2010 1-16
See abstract and claims 1, 3

A KR 10-2012-0017530 A (LG INNOTEK CO., LTD.) 29 February 2012 1-16
See abstract and claims 1-3

ted documents: T later document publi
date &)

the principle or theory un

eral state of the art wh

“X” document of p/m
considered
step when

exhibitton or other

o an oral disclosure, use,

to the international filing date but fater than  «g»  gocument member of the same patent family
the priority date claimed -

Date of the actual completion of the intemational search Date of matling of the international search report
19 MARCH 2015 (19.03.2015) 20 MARCH 2015 (20.03.2015)
1d matling address of the (SA/KR Authorized officer

Korean Intellectual Property Office
Government Complex-Daejeon, 189 Seonsa-ro, Daejeon 302-701,
Republic of Korea

simile No. 82-42-472-7140 Telephone No.

Formt PCT/ISA/Z10 (second sheet) July 2009}

17




10

15

20

25

30

35

40

45

50

55

INTERNATIONAL SEARCH REPORT
Information on patent farily members

EP 3 088 564 A1

International application No.

PCT/KR2014/012920

Patent document Publication Patent family Publication
cited in search report date member date

JP 2013-023768 A 04/02/2013 NONE

JP 2002-047597 A 15/02/2002 NONE

JP 2010-030191 A 12/02/2010 NONE

KR 10-2009-0088199 A 19/08/2009 NONE

KR 10-2009-0092413 A 01/09/2009 KR 10-0998029 B1 03/12/2010
JP 2010-053424 A 11/03/2010 JP 5334499 B2 06/11/2013
KR 10-2012-0017530 A 29/02/2012 NONE

Forra PCTASA/ZLE (patent family annex) (July 2009)

18




EP 3 088 564 A1
REFERENCES CITED IN THE DESCRIPTION
This list of references cited by the applicant is for the reader’s convenience only. It does not form part of the European
patent document. Even though great care has been taken in compiling the references, errors or omissions cannot be
excluded and the EPO disclaims all liability in this regard.

Patent documents cited in the description

« KR 20110016750 [0004] « KR 20110134769 [0004]

19



	bibliography
	abstract
	description
	claims
	drawings
	search report
	cited references

