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struction, vehicle interiors, and especially in the electrical
and electronic parts material fields such as in mobile
phone case parts.
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Description
[Technical Field]

[0001] The presentinvention relates to a color-treated substrate having a surface on which several colors are realized,
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] An objective of the present invention is to provide a color-treated substrate which includes magnesium and has
a surface on which several colors are realized.
[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, one embodiment of the present invention provides a color-treated substrate,
including: a matrix including magnesium; and a film formed on the matrix and containing a compound represented by
the following Chemical Formula 1:
[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,

wherein conditions of the following Expressions 1 and 2 are satisfied with respect to an arbitrary point A existing on the
matrix:

[Expression 1]

AE*<1.0
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[Expression 2]

AE;*>2.0

where AE4* represents a deviation of average color coordinates of a point A from average color coordinates of an
arbitrary point B existing on the same axis, and

AE,* represents a deviation of average color coordinates of a point A from average color coordinates of a point C
which is present on a second axis having an average deviation of 75° to 105° from the first axis, is present on the
same axis with the average color coordinates of the point A, and is spaced apart a distance of 3 cm or more from
the point A.

[0010] Further,anotherembodimentofthe presentinvention provides a method of color-treating a substrate, comprising
a step of immersing a matrix including magnesium in a hydroxide solution,
wherein the matrix immersed in the hydroxide solution includes:

an area having a first temperature (T4); and
an area having a second temperature (T,),
a difference between the first temperature (T4) and the second temperature (T,) is 5 °C or more.

[Advantageous Effects]

[0011] In the color-treated substrate according to the present invention, an average thickness deviation of a film is
induced by forming areas having different temperatures on a surface when the film is formed on a surface of a matrix
including magnesium, and thus several colors are realized by a single color treatment. Accordingly, the color-treated
substrate according to the present invention 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.

[Description of Drawings]
[0012]
FIG. 1 is an image illustrating a color-treated substrate in an embodiment:

Here, a point A is any point existing on a surface of a matrix, a point B is any point existing on the same axis
(first axis) with that of the point A, and a point C is a point which is present on a second axis having an average
deviation of 75° to 105° from the first axis, is present on the same axis with color coordinates of the point A,
and is spaced apart a distance of 3 cm or more from the point A.

FIG. 2 is a cross-sectional view illustrating a structure of a color-treated substrate in an embodiment.

FIG. 3 shows images of measured thicknesses of a film according to immersion time using a transmission electron
microscope: Here, A is a substrate of which the immersion time is 10 minutes, B is a substrate of which the immersion
time is 170 minutes, and C is a substrate of which the immersion time is 240 minutes.

[Modes of 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,"
"composing," "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
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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 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
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 6:

[Expression 6]

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

[0021] 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 layer by inducing light reflection.

[0022] Lastly, aunit"T", as used herein, represents a thickness of a substrate including magnesium, and is the same
as a unit "'mm".

[0023] The presentinvention provides a color-treated substrate having a surface on which several colors are realized
and a substrate color treatment method therefor.

[0024] 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
are impossible, 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.

[0025] In order to address these issues, the present invention suggests

[0026] In order to overcome these problems, the present invention proposes a substrate which is color-treated to
realize several colors, and a substrate color treatment method therefor. The color-treated substrate according to the
present invention is advantageous in that an average thickness deviation of a film is induced by forming areas having
different temperatures on a surface when a film is formed on a surface of a matrix including magnesium, and thus several
colors like a rainbow are realized by a single color treatment.

[0027] Hereinafter, the present invention will be described in further detail.

[0028] An embodiment of the present invention provides a color-treated substrate, including: a matrix including mag-
nesium; and a film formed on the matrix and containing a compound represented by the following Chemical Formula 1:

[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,

wherein conditions of the following Expressions 1 and 2 are satisfied with respect to an arbitrary point A existing on the
matrix:
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[Expression 1]

AE*<1.0

[Expression 2]

AE;*>2.0

where AE* represents a deviation of average color coordinates of the point A from average color coordinates of
an arbitrary point B existing on the same axis, and

AE,* represents a deviation of average color coordinates of the point A from average color coordinates of a point
C which is present on a second axis having an average deviation of 75° to 105° from the first axis, is present on the
same axis with the average color coordinates of the point A, and is spaced apart a distance of 3 cm or more from
the point A.

[0029] FIG. 1is an image illustrating a color-treated substrate in an embodiment.

[0030] Referring to FIG. 1, the average color coordinate deviation of the arbitrary point B existing on the first axis may
satisfy a condition of AE4*<1.0 with respect to the arbitrary point A existing on the matrix including magnesium. Here,
AE4* of less than 1.0 indicates that the same color is uniformly developed at the point A and the point B.

[0031] Further, the average color coordinate deviation of the point C, which is present on a second axis having a
deviation (o) of 75° to 105° from the first axis, is present on the same axis with the average color coordinates of the
point A, and is spaced apart a distance of 3 cm or more from the point A, may satisfy a condition of AE,*>2.0, and
specifically may satisfy a condition of AE,*>2.5. Here, the exceedance of AE,* indicates that different colors are developed
at each of the point A and the point C, and the larger the distance between the point A and the point C is, the larger the
average color coordinate deviation may be (refer to Experimental Example 3).

[0032] Further, inthe color-treated substrate according to the present invention, a deviation of a film average thickness
of an arbitrary point A existing on the matrix including magnesium from a film average thickness of a point C existing on
the second axis satisfies a condition of the following Expression 3:

[Expression 3]
10 nm < | d;-ds |

where d, represents a film average thickness of a point A, and d, represents a film average thickness of a point B.
[0033] FIG. 2 is a cross-sectional view illustrating a structure of a color-treated substrate in an embodiment.

[0034] Referring to FIG. 2, a film is formed on the matrix including magnesium, the formed film has a structure in which
a thickness is gradually increasing or decreasing, and does not have a structure in which the thickness is constant, and
thus may have a thickness deviation according to the position and distance of any two points. That is, a film average
thickness (d,) of an arbitrary point A on the matrix and the film average thickness (d,) of a point C existing on the second
axis may have a thickness deviation. At the two points, the larger the thickness deviation is, the larger the average color
coordinate deviation may be. Here, the average color coordinate deviation may be 10 nm or more.

[0035] Here, 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.

[0036] 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 include 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 include magnesium hydroxide (Mg(OH),).

[0037] Inan 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).
[0038] Moreover, 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
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magnesium substrate formed of magnesium; a stainless steel or titanium (Ti) substrate of which surface has magnesium
dispersed therein or the like may be used.

[0039] Further, the color-treated substrate according to the present invention may further include a wavelength con-
version layer formed on the film, and a top coat formed on the wavelength conversion layer.

[0040] 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 layer 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.

[0041] Further, an average thickness of the wavelength conversion layer is not particularly limited as long as discol-
oration of a color developed by the film may be prevented. Specifically, the average thickness may satisfy a condition
of 5 nm to 200 nm. More specifically, the average thickness may be in the range of 5 to 150 nm, 10 to 100 nm, 5 to 20
nm, 10 to 15 nm, 20 to 40 nm, 10 to 30 nm, or 30 to 50 nm.

[0042] 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.

[0043] Further, when the color-treated substrate including the top coat is sprayed with 5 wt% salt water at 35 °C and
the adhesiveness thereof was evaluated after 72 hours, it may have a peel rate of the top coat of 5% or less.

[0044] 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 4).
[0045] Another embodiment of the present invention provides a method of color-treating a substrate, comprising a
step of immersing a matrix including magnesium in a hydroxide solution,

wherein the matrix immersed in the hydroxide solution includes:

an area having a first temperature (T,); and
an area having a second temperature (T,),
a difference between the first temperature (T4) and the second temperature (T,) is 5 °C or more.

[0046] The method of color-treating the substrate according to the present invention may be performed by immersing
the matrix including magnesium in the hydroxide solution to form a film, and may form areas having different temperatures
on the matrix when immersing in the hydroxide solution such that an average thickness deviation of the film is induced.
That is, an average temperature difference between the first temperature (T,) and the second temperature (T,) having
different temperatures may be 5 °C or more, and specifically, may be 10 °C or more. For example, the temperature
difference may be 60 °C or less.

[0047] Forexample, a container containing a 10 wt% NaOH solution at 100 °C is installed at a heating reactor of which
a surface is heated to 150 °C, and the bottom of the container may be controlled to have a temperature of 150 °C by
hot wires of the heating reactor. Then, a sample (4 cm widthx7 cm length) which is a matrix including magnesium may
be immersed once to contact the bottom of the container for 80 minutes. Here, the surface of the matrix may have a
temperature area in which a surface temperature is gradually increased from the point farthest from the bottom of the
container to the point contacting the bottom of the container, while being immersed in the NaOH solution and maintaining
a surface temperature of at least 100 °C.

[0048] Further, the first temperature (T4) and the second temperature (T,) each independently may be 95 °C or more.
Specifically, a method of color treating in the state in which a heat source at 100 °C or more is adjacent to a side of the
matrix while an average temperature of a hydroxide solution is controlled to 100 °C or less may be applicable.

[0049] Here, the first temperature (T4) and the second temperature (T,) are not particularly limited as long as the
development of various colors may be realized by a temperature difference. Specifically, the first temperature (T) may
range from 95 to 100 °C, from 98 to 105 °C or from 100 to 115 °C. Further, the second temperature (T,) may range from
100 to 115 °C, from 105 to 120 °C, or from 105 to 150 °C.
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[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 including
magnesium were evaluated. As a result, when a solution in which NaOH had been dissolved was used as a hydroxide,
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 including magnesium.

[0053] As an example, when the thickness of the matrix including 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%; or 5 to 20 wt%.. 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 ranges.

[0054] Referring to FIG. 3, it can be confirmed that the average thickness of the film formed on the surface of the
substrate increases as the immersion time of the matrix passes, and 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,inthe method of color-treating the substrate according to the presentinvention, the step ofimmersing
in the hydroxide solution may include: a first immersion step of immersing in a hydroxide solution with a concentration
of N4; and a nth immersion step of immersing in a hydroxide solution with a concentration of N, and the first immersion
step and the nth immersion 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]
| Nooi-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 Ng 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 the step of immersing in the hydroxide solution; rinsing after
the step of immersing in the hydroxide solution; and forming a wavelength conversion layer after the step of 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
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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. In the present step, not only contaminants
or scale which is present on the surface of the matrix including 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.

[0059] Further, 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.

[0060] Moreover, the step of forming the wavelength conversion layer is a step of preventing discoloration of a color
developed by a film due to a top coat by forming a wavelength conversion layer on the film when the top coat is formed
in order to improve scratch resistance and durability of the surface of the substrate including magnesium. Here, the
wavelength conversion layer may be formed by a method which is generally used to form a wavelength conversion layer
in the related field. Specifically, it may be formed by a method such as vacuum deposition, sputtering, ion plating, ion
beam deposition or the like. Furthermore, a material of the wavelength conversion layer is not particularly limited as long
as the material may maintain a color developed by the film by minimizing re-refraction and re-scattering of the light
developed by the top coat and reflecting the light. As an example, 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.

[Mode for the Invention]

[0061] Hereinafter, the presentinvention will be described in further detail with reference to examples and experimental
examples.

[0062] However, the following examples and experimental examples are for illustrative purposes only and notintended
to limit the scope of the present invention.

Example 1.

[0063] A sample prepared as a matrix including magnesium with a size of 4 cmXx7 cmXx0.4 T was degreased by
immersing in an alkaline cleaning solution. Then, a container containing a 10 wt% NaOH solution at 100 °C was installed
at a heating reactor of which a surface was heated to 150 °C, and the bottom of the container was controlled to have a
temperature of 150 °C by hot wires of the heating reactor. The degreased sample was immersed once in the container
such that a horizontal surface of the sample contacted the bottom of the container for 80 minutes, the sample was rinsed
using distilled water, and was dried to prepare a color-treated sample.

[0064] When the sample was observed with the naked eye, it was determined that the surface of the sample was
sequentially colored to have a magenta color, a yellow color, a green color and so forth, like a rainbow.

Example 2.

[0065] A color-treated sample was prepared in the same manner as in Example 1. Thereafter, matte clear coating
was performed on the sample, and thereby a color-treated sample having a matte top coat formed thereon was prepared.
Here, a thickness of a matte clear coating layer was 5 pum or less.

Example 3.

[0066] A color-treated sample was prepared in the same manner as in Example 1. Thereafter, glossy/matte clear
coating was performed on the sample, and thereby a color-treated sample having a glossy/matte top coat formed thereon
was prepared. Here, a thickness of a glossy/matte clear coating layer was 5 wm or less.

Experimental Example 1. Evaluation of coloring efficiency of substrate according to type of hydroxide solution
[0067] In order to evaluate a coloring speed and the coloring power of a color-treated substrate according to a type

of a hydroxide solution, the following experiment was performed.
[0068] Magnesium-containing samples with a size of 1 cmx1 cmXx0.4 T were degreased by immersing in an alkaline
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cleaning solution, and the degreased samples were respectively immersed in a 10 wt% NaOH solution at 100 °C for 40
minutes, 1 hour and 2 hours. Thereafter, the sample was rinsed using distilled water and dried in a drying oven, and
colors developed on the surface were evaluated with the naked eye.

[0069] As a result, it was determined that the sample prepared by immersing in a 10 wt% NaOH solution has a higher
coloring speed than that of a sample prepared by immersing in distilled water as a hydroxide solution. More specifically,
the sample prepared by immersing in a 10 wt% NaOH solution was colored to have a silver color after 10 minutes of
immersion, and changed to a yellow color, and then colored to have an orange color within 40 minutes of immersion.
However, in the case of the sample in which the immersion time was 40 minutes, it was determined that a color change
amount of the surface was slight and a color difference was not so large as compared to a non-color-treated substrate.
Furthermore, it was determined that the sample in which the immersion time was 1 hour was gradually colored to have
a yellow color, and the sample 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 prepared by immersing in a 10
wt% NaOH solution.

[0070] From these results, it can be seen that the color treatment of the substrate performed using 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

[0071] In order to evaluate the degree of coloring of the substrate including magnesium according to an immersion
time, the following experiment was performed.

[0072] 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. 3.
[0073] 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 is 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.

[0074] 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.

[0075] Moreover, as can be seen from FIG. 3, the average thickness of the film is increased to about 200 nm, 600 nm
and 900 nm as each immersion time has passed.

[0076] 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 developed color of color-treated substrate

[0077] Inorder to evaluate the uniformity and diversity of the color-treated substrate according to the present invention,
the following experiment was performed.

[0078] An arbitrary point A existing on the sample prepared according to Example 1 was set, and color coordinates
(L*, a*, b*) in a CIE color space with respect to the point A were measured. Further, as shown in FIG. 1, an arbitrary
point B existing on the first axis with respect to the point A was set, and color coordinates of the point B were measured.
Thereafter, a point C, which is present on a second axis having an average deviation (a) of 75° to 105° from the first
axis, is present on the same axis with color coordinates of the point A, and is spaced apart a distance of 3 cm or more
fromthe point A, was set, and color coordinates of the point C were measured. A deviation of the average color coordinates
of the measured three points was measured to evaluate the uniformity and diversity of colors developed in the surface
of the substrate, and the result is shown in Table 1.



10

15

20

25

30

35

40

45

50

55

EP 3 088 566 A1

[Table 1]
Arbitrary points | L* a* b* AL* Aa* Ab* AE*
A 4766 | 767 | -1.88 | - - - -
B 4761 | 8.02 | -142 | 005 | -0.35 | - 0.58547227
0.46667
C 53.75 | -7.35 | 10.71 | 6.09 | 15.02 | 12.59 20.523075

[0079] As can be seen in Table 1, the color-treated substrate according to the present invention may realize several
colors on the surface of magnesium by a single color treatment, and the color uniformity of the same color is excellent.
[0080] More specifically, an average color coordinate deviation (AE*) of the point A existing on the magnesium sample
color-treated in Example 1 and the arbitrary point B existing on the first axis with respect to the point A was 0.585, which
satisfies a condition of AE;*<1.0. Further, an average color coordinate deviation (AE,*) of the point C, which is present
on a second axis having an average deviation (o) of 75° to 105° from the first axis, is present on the same axis with
color coordinates of the point A, and is spaced apart a distance of 3 cm or more from the point A, was 20.523, which
satisfies a condition of AE,*>2.0. This indicates that the same color is uniformly developed at the point B and the point
A, and a color which is completely different from that of the point A is developed at the point C.

[0081] Referring to FIG. 1 illustrating the sample of Example 1, the sample is immersed such that a horizontal surface
of the sample contacts the bottom of the container at 150 °C, and discoloration occurs based on an area of the sample
contacting the bottom of the container to develop a color. That is, the point A and point B of a film are formed at the
same temperature on the matrix including magnesium has a very low average thickness deviation of a film on which a
color is developed, and thus are capable of developing the same color satisfying a condition of AE;*<1.0. On the other
hand, in the case of the point C having a difference of a film forming temperature of 5 °C or more from the point A, it
may be determined that a completely different color satisfying a condition of AE,*>2.0 is developed due to an average
thickness deviation of about 10 nm or more of the film.

[0082] From this, it can be seen that the color-treated substrate according to the present invention forms areas having
different temperatures on the surface of the matrix when a film is formed on the color-treated substrate, and induces an
average thickness deviation of the film, and thereby realizes several colors on the surface of magnesium by a single
color treatment.

Experimental Example 4. Evaluation of physical properties of color-treated substrate having top coat formed
thereon

[0083] In order to evaluate corrosion resistance and adhesiveness of the color-treated substrate having a top coat
formed thereon, the following experiment was performed.

[0084] The experiment was performed on the color-treated sample having a top coat formed thereon in Example 2,
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.

[0085] 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 sample having a matte top coat formed thereon in Example 2. 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 peeled due to the tape is 5% or less based on the total area of the top coat.

[0086] 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.

[Industrial Applicability]

[0087] In the color-treated substrate according to the present invention induces an average thickness deviation of a
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film is induced by forming areas having different temperatures on a surface when the film is formed on a surface of a
matrix including magnesium, and thus several colors are realized by a single color treatment. Accordingly, the color-
treated substrate according to the present invention 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 com-
ponents, in which a magnesium material is used.

Claims

1. Acolor-treated substrate, comprising: a matrix including magnesium; and a film formed on the matrix and containing
a compound represented by the following Chemical Formula 1:

[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,

wherein conditions of the following Expressions 1 and 2 are satisfied with respect to an arbitrary point A existing on
the matrix:

[Expression 1]

AE*<1.0

[Expression 2]

AE;*>2.0

where AE* represents a deviation of average color coordinates of a point A from average color coordinates of
an arbitrary point B existing on the same axis, and
AE,* represents a deviation of average color coordinates of a point A from average color coordinates of a point
C which is present on a second axis having an average deviation of 75° to 105° from the first axis, is present
on the same axis with the average color coordinates of the point A, and is spaced apart a distance of 3 cm or
more from the point A.

2. The color-treated substrate according to claim 1, wherein

a deviation of a film average thickness of an arbitrary point A existing on the matrix including magnesium from a
film average thickness of a point C existing on the second axis satisfies a condition of the following Expression 3:

[Expression 3]
10 nm< | d;-d, |

where d represents a film average thickness of a point A, and d, represents a film average thickness of a point C.

3. The color-treated substrate according to claim 1, wherein an average thickness of the film is in a range of 50 nm to
2 pm.

4. The color-treated substrate according to claim 1, wherein the film includes magnesium hydroxide (Mg(OH),).
5. The color-treated substrate according to claim 1, wherein the matrix further includes stainless steel or titanium (Ti).
6. The color-treated substrate according to claim 1, further comprising:

a wavelength conversion layer formed on the film; and
a top coat formed on the wavelength conversion layer.

1"
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7. The color-treated substrate according to claim 6, wherein the wavelength conversion layer includes one or more
selected from the group consisting of metals including aluminum (Al), chromium (Cr), titanium (Ti), gold (Au), mo-
lybdenum (Mo), silver (Ag), manganese (Mn), zirconium (Zr), palladium (Pd), platinum (Pt), cobalt (Co), cadmium

(Cd) or copper (Cu) and ions thereof.

8. The color-treated substrate according to claim 6, wherein an average thickness of the wavelength conversion layer
is in a range of 5 nm to 200 nm.

9. A method of color-treating a substrate, comprising a step of immersing a matrix including magnesium in a hydroxide
solution,
wherein the matrix immersed in the hydroxide solution includes:
an area having a first temperature (T,); and
an area having a second temperature (T,),

a difference between the first temperature (T4) and the second temperature (T,) is 5 °C or more.

10. The method according to claim 9, wherein the first temperature (T,) and the second temperature (T,) are each
independently 95 °C or more.

11. 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.

12. The method according to claim 11, wherein a concentration of the hydroxide solution is in a range of 1 to 80 wt%
in the step of immersing in the hydroxide solution.

13. 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
a 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:

[Expression 4]
8<N ;<25
[Expression 5]
| N.i-N, [ >3
where N4 and N, represent a concentration of a hydroxide solution in each step, and have units of wt%.

14. 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;
rinsing after the step of immersing in the hydroxide solution; and
forming a wavelength conversion layer after the step of immersing in the hydroxide solution.

12



EP 3 088 566 A1

FIRST AXIS

[Fig. 2]

MW > 2 2 -nmZop» <

HYDROXIDE FILM

13



EP 3 088 566 A1

S

T

14



10

15

20

25

30

35

40

45

50

55

EP 3 088 566 A1

INTERNATIONAL SEARCH REPORT Tuternational application Nao.
PCT/KR2014/012924

A.  CLASSIFICATION OF SUBJECT MATTER
C23C 22/46(2006.01)i, C23C 22/57(2006.01)i

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

B. FIELDS SEARCHED

Mininmun documentation searched {classification system followed by classification symbols)
C23C 22/46; B32B 15/082; C25D 11/00; C25D 9/08; C23C 22/73; HOSK 3/40; C23C 22/07, C25D 11/30; C25D 11/02;
C23C 22/57

Documentation searched other than minimum documentation to the extert that such documents are included in the ficlds 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)

eKOMPASS (KIPO internal) & Keywords: magnesium, hydroxide film, color formation

C. DOCUMENTS CONSIDERED TO BE RELEVANT
Sategory® tion of document, with indication, where appropriate, of the refevant passages Relevant to claim No.

A JP 2013-023768 A (NATIONAL INSTITUTE OF ADVANCED INDUSTRIAL SCIENCE 1-14
& TECHNOLOGY et al.) 04 February 2013
See abstract, paragraphs [0033]-[004 1] and claims 1-6

A JP 2002-047597 A (RO BOSHIN) 15 February 2002 1-14
See abstract, paragraphs [0032]-[0033], [0057] and claims 1, 6

A JP 2010-030191 A (CHIBA INST OF TECHNOLOGY) 12 February 2010 1-14
See abstract, paragraphs [0015]-[0017], [0025]-[0030] and claims 1, 5

A KR 10-2009-0088199 A (MIRAEMTECH) 19 August 2009 1-14
See abstract and claim 1

A KR 10-2009-0092413 A (UCF-HYU (INDUSTRY-UNIVERSITY COOPERATION 1-14
FOUNDATION HANYANG UNIVERSITY) et al.) 01 September 2009
See abstract and claim 1

A JP 2010-053424 A (NIPPON STEEL CORP) 11 March 2010 1-14
See abstract and claims 1, 3

A KR 10-2012-0017530 A (LG INNOTEK CO., LTD.) 29 February 2012 1-14
See abstract and claims 1-3

L]

17 fater document pubt 1e infernatio

A date and not in copflict xpplicatio

the principle or theory u i
“Br “X” decument of part ci 3

cousidered novel or ¢ e sred to tnvalve an inventive
wpm step when th ment s taken alone

claimed wmventi

e step when the dc

“0" document referting to an oral disclosure, use, exhibiton or other th one or more of such documents, such combi
means being obvious o a person skitled in the art

“F” document published prior to the international filmg date but fater than <~ 4cyment mem
the pricrity date claimed

O ey

aanot be

ber of the same patent family

Date of the actual completion of the international search Date of mailing of the international search repor

19 MARCH 2015 (19.03.2015) 20 MARCH 2015 (20.03.2015)

4 mailing address of the (SA/KR Authorized officer
Korean Intellectual Property Office
Government Complex-Daejeon, 189 Seonsa-ro, Dagjeon 302-701,

Republic of Korea

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

Form PCT/ASA/210 (second sheet) (July 2009)

15




10

15

20

25

30

35

40

45

50

55

EP 3 088 566 A1

INTERNATIONAL SEARCH REPORT

Information on patent farnily members

International application No.

PCT/KR2014/012924

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 01/09/2008 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

Forma PCTASA/ZLG (patent family annex) (July 2009)

16




EP 3 088 566 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]

17



	bibliography
	abstract
	description
	claims
	drawings
	search report
	cited references

