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1
CHEMICAL CONVERSION COATING AND
METHOD OF FABRICATING THE SAME

CROSS-REFERENCE TO RELATED
APPLICATION

This application claims the priority benefit of Taiwan
application serial no. 103100417, filed on Jan. 6, 2014. The
entirety of the above-mentioned patent application is hereby
incorporated by reference herein and made a part of this
specification.

BACKGROUND OF THE INVENTION

Field of the Invention

The invention relates to a surface treatment of magnesium
alloys, and more particularly, to a chemical conversion
coating and a method of fabricating the same.

Description of Related Art

Magnesium alloys have many advantages, such as light
weigh, ease of processing, high strength, anti-electromag-
netic interference and recyclability. Recently, for example,
in the industrial design of 3C products, because of the
requirements of lighter weight and texture design, the mag-
nesium alloys have been widely used, for example, in
casings of notebook computers, mobile phones and other
electronic products.

However, since the magnesium alloys have poor corro-
sion resistance to etchants of the external environment, the
development and applications of the magnesium alloys are
significantly restricted. Accordingly, how to improve the
corrosion resistance of a magnesium alloy substrate has
become an important issue for today’s technology.

SUMMARY OF THE INVENTION

The invention provides a chemical conversion coating
having a manganese content between 10 at. % to 20 at. %.

The invention provides a method of fabricating a chemi-
cal conversion coating, which performs a chemical conver-
sion coating treatment to a magnesium alloy substrate by
using an inorganic acid chemical conversion solution having
a pH value equal to or less than 2.

The invention provides a chemical conversion coating
which is disposed on a surface of a magnesium alloy
substrate. The chemical conversion coating includes a first
protecting layer. The first protecting layer contains manga-
nese, magnesium and oxygen, in which a manganese content
of the first protecting layer is between 10 at. % to 20 at. %.

According to an embodiment of the invention, in the
chemical conversion coating, a thickness of the first pro-
tecting layer is, for example, between 200 nm to 300 nm.

According to an embodiment of the invention, in the
chemical conversion coating, a magnesium content of the
first protecting layer is, for example, between 15 at. % to 25
at. %.

According to an embodiment of the invention, in the
chemical conversion coating, an oxygen content of the first
protecting layer is, for example, between 60 at. % to 70 at.
%.

According to an embodiment of the invention, in the
chemical conversion coating, a material of the first protect-
ing layer includes MnO,, Mg(OH), and MgO.

According to an embodiment of the invention, the chemi-
cal conversion coating further includes a second protecting
layer. The second protecting layer is disposed between the
magnesium alloy substrate and the first protecting layer.
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According to an embodiment of the invention, in the
chemical conversion coating, a sum of thicknesses of the
first protecting layer and the second protecting layer is, for
example, between 300 nm to 500 nm.

According to an embodiment of the invention, in the
chemical conversion coating, a material of the second pro-
tecting layer includes Mg(OH), and MgO.

According to an embodiment of the invention, in the
chemical conversion coating, a material of the magnesium
alloy substrate is, for example, a Mg/Li/Zn alloy, a Mg/Al/
Mn alloy and a Mg/Al/Zn alloy.

An embodiment of the invention provides a method of
fabricating a chemical conversion coating, which includes
the following steps. An inorganic acid chemical conversion
solution is provided. The inorganic acid chemical conver-
sion solution includes a permanganate and a pH value
adjuster, in which a pH value of the inorganic acid chemical
conversion solution is equal to or less than 2. A chemical
conversion coating treatment is performed to a magnesium
alloy substrate by the inorganic acid chemical conversion
solution so as to form a first protecting layer on a surface of
the magnesium alloy substrate. A manganese content of the
first protecting layer is between 10 at. % to 20 at. %.

According to an embodiment of the invention, in the
method of fabricating the chemical conversion coating, the
permanganate is, for example, KMnO,.

According to an embodiment of the invention, in the
method of fabricating the chemical conversion coating,
where in the inorganic acid chemical conversion solution, a
concentration of the permanganate is, for example, between
0.09 M to 0.15 M.

According to an embodiment of the invention, in the
method of fabricating the chemical conversion coating, the
pH value adjuster is, for example, H,SO,. A concentration
range of H,SO, in the inorganic acid chemical conversion
solution is, for example, between 0.08 M to 0.12 M.

According to an embodiment of the invention, in the
method of fabricating the chemical conversion coating, a pH
value of the inorganic acid chemical conversion solution is,
for example, between 0.5 to 1.5.

According to an embodiment of the invention, in the
method of the fabricating the chemical conversion coating,
where in the process of the chemical conversion coating
treatment, a second protecting layer is formed between the
magnesium alloy substrate and the first protecting layer.

According to an embodiment of the invention, in the
method of fabricating the chemical conversion coating, a
sum of thicknesses of the first protecting layer and the
second protecting layer is, for example, between 300 nm to
500 nm.

According to an embodiment of the invention, in the
method of fabricating the chemical conversion coating, an
operating time of the chemical conversion coating treatment
is, for example, between 5 seconds to 15 seconds.

According to an embodiment of the invention, in the
method of fabricating the chemical conversion coating, the
pH value adjuster is KH,PO,. A concentration range of
KH,PO, in the inorganic acid chemical conversion solution
is, for example, between 0.01 M to 0.035 M. The inorganic
acid chemical conversion solution further includes a man-
ganese ion additive.

According to an embodiment of the invention, in the
method of fabricating the chemical conversion coating, a pH
value of the inorganic acid chemical conversion solution is,
for example, between 1.5 to 1.9.
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According to an embodiment of the invention, in the
method of the chemical conversion coating, the manganese
ion additive is, for example, Mn(NO,),.

According to an embodiment of the invention, in the
method of the chemical conversion coating, where in the
inorganic acid chemical conversion solution, a concentration
of'the manganese ion additive is, for example, between 0.20
M to 0.30 M.

According to an embodiment of the invention, in the
method of fabricating the chemical conversion coating, a
thickness of the first protecting layer is, for example,
between 200 nm to 300 nm.

According to an embodiment of the invention, in the
method of fabricating the chemical conversion coating, an
operating time of the chemical conversion coating treatment
is, for example, between 30 seconds to 90 seconds.

According to an embodiment of the invention, in the
method of fabricating the chemical conversion coating, an
operating temperature of the chemical conversion coating
treatment is, for example, between 20° C. to 40° C.

According to an embodiment of the invention, in the
method of fabricating the chemical conversion coating, a
material of the magnesium alloy substrate is, for example, a
Mg/Li/Zn alloy, a Mg/Al/Mn alloy and a Mg/Al/Zn alloy.

In the invention, the pH value of the inorganic acid
chemical conversion solution used for fabricating the chemi-
cal conversion coating is equal to or less than 2, thereby the
manganese content of the chemical conversion coating is
between 10 at. % to 20 at. %. Since the manganese content
of the chemical conversion coating is between 10 at. % to 20
at. %, the chemical conversion coating located on the
magnesium alloy substrate can have a thickness just equal to
or less than 500 nm, such that the chemical conversion
coating has sufficient conductivity and adhesion. Further-
more, as the chemical conversion coating located on the
magnesium alloy substrate has the thickness just equal to or
less than 500 nm, the magnesium alloy substrate can, at the
same time, achieve a better corrosion resistance and meet the
demand for light weight.

To make the aforementioned and other features and
advantages of the invention more comprehensible, several
embodiments accompanied with drawings are described in
detail as follows.

BRIEF DESCRIPTION OF THE DRAWINGS

The accompanying drawings are included to provide a
further understanding of the invention, and are incorporated
in and constitute a part of this specification. The drawings
illustrate embodiments of the invention and, together with
the description, serve to explain the principles of the inven-
tion.

FIG. 1 is a schematic cross-sectional view of a chemical
conversion coating according to an embodiment of the
invention.

FIG. 2 is a schematic cross-sectional view of a chemical
conversion coating according to another embodiment of the
invention.

FIG. 3 is a flowchart illustrating a method of fabricating
a chemical conversion coating according to an embodiment
of the invention.

FIG. 4 is an electron micrograph of a cross-section of a
chemical conversion coating according to an embodiment of
the invention.
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FIG. 5 is an electron micrograph of a cross-section of a
chemical conversion coating according to another embodi-
ment of the invention.

DESCRIPTION OF THE EMBODIMENTS

FIG. 1 is a schematic cross-sectional view of a chemical
conversion coating according to an embodiment of the
invention. Please refer to FIG. 1, a chemical conversion
coating is disposed on a surface of a magnesium alloy
substrate 100 as a protecting layer of the magnesium alloy
substrate 100. A material of the magnesium alloy substrate
100 is, for example, a Mg/Li/Zn alloy, a Mg/Al/Mn alloy
and a Mg/Al/Zn alloy. In the embodiments of the invention,
the Mg/Li/Zn alloy is, for example, LZ91 of a dual-phase
alloy structure. The Mg/Al/Mn alloy is, for example, AM30
of a single-phase alloy structure. The Mg/Al/Zn alloy is, for
example, AZ31 of a single-phase alloy structure. It should be
mentioned that, the .Z91 has good processing formability,
therefore it has been widely used in industrial design of
products demanding high texture, for instance, casings of
mobile phones.

In the embodiment, the chemical conversion coating is a
single-layer structure, i.e. a first protecting layer 110. The
first protecting layer 110 contains manganese, magnesium
and oxygen, in which a manganese content is between 10 at.
% to 20 at. %. Furthermore, in the first protecting layer 110,
a magnesium content is, for example, between 15 at. % to 25
at. %, and an oxygen content is, for example, between 60 at.
% to 70 at. %. For example, a material of the first protecting
layer 110 includes MnO,, Mg(OH), and MgO.

In the embodiment, the manganese content of the first
protecting layer 110 is between 10 at. % to 20 at. %, so that
the first protecting layer 110 is sufficient dense. Therefore,
the surface of the magnesium alloy substrate is effectively
protected by the first protecting layer 110, so as to avoiding
corrosion from the etchants (for example, various acid
liquids or air) of the external environment.

Furthermore, in the embodiment, a thickness of the first
protecting layer 110 is, for example, between 200 nm to 300
nm. Namely, the first protecting layer 110 has a very thin
thickness. Since the first protecting layer 110 has the thick-
ness just between 200 nm to 300 nm, the first protecting
layer 110 has sufficient high conductivity and high adhesion.
Also, the magnesium alloy substrate 100 where the first
protecting layer 110 located on meets the demand of light
weight.

FIG. 2 is a schematic cross-sectional view of a chemical
conversion coating according to another embodiment of the
invention. Referring to FIG. 2, in the embodiment, a chemi-
cal conversion coating 230 disposed on a surface of a
magnesium alloy substrate 200 is a double-layer structure.
Namely, the chemical conversion coating 230 includes a first
protecting layer 210 and a second protecting layer 220. The
second protecting layer 220 is disposed between the mag-
nesium alloy substrate 200 and the first protecting layer 210.
The first protecting layer 210 is similar to the first protecting
layer 110 of FIG. 1. The first protecting layer 210 contains
manganese, magnesium and oxygen, in which a manganese
content is between 10 at. % to 20 at. %. A magnesium
content is, for example, between 15 at. % to 25 at. %. An
oxygen content is, for example, between 60 at. % to 70 at.
%. A material of the first protecting layer 210 includes, for
example, MnO,, Mg(OH), and MgO.

Similarly to the first protecting layer 110 of FIG. 1, since
the manganese content of the first protecting layer 210 is
between 10 at. % to 20 at. %, the first protecting layer 210
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is sufficient dense so as to effectively protect the surface of
the magnesium alloy substrate 200 from corrosion.

A material of the second protecting layer 220 includes
Mg(OH), and MgO. A sum of thicknesses of the first
protecting layer 210 and the second protecting layer 220 is,
for example, between 300 nm to 500 nm. For example, a
thickness of the first protecting layer 210 is, for example,
between 200 nm to 300 nm, and a thickness of the second
protecting layer 220 is, for example, between 100 nm to 200
nm.

In the embodiment, the chemical conversion coating 230
(consists of the first protecting layer 210 and the second
protecting layer 220) has the very thin thickness (between
300 nm to 500 nm), so the chemical conversion coating 230
has sufficient high conductivity and sufficient high adhesion.
Also, the magnesium alloy substrate 200 where the chemical
conversion coating 230 located on meets the demand of light
weight.

FIG. 3 is a flowchart illustrating a method of fabricating
a chemical conversion coating according to an embodiment
of'the invention. Referring to FIG. 3, a method of fabricating
a chemical conversion coating sequentially includes a pre-
treatment step 300, a chemical conversion coating treatment
step 310 and a post-treatment step 320.

First, in the pre-treatment step 300, dirt and native oxide
on a surface of a magnesium alloy substrate is removed. A
method of removing the dirt and the native oxide on the
surface of the magnesium alloy substrate is, for example,
using a basic treatment, an acid treatment and/or a de-
ionized water cleaning process. Next, in the chemical con-
version coating treatment step 310, the chemical conversion
coating treatment is performed to the magnesium alloy
substrate by an inorganic acid chemical conversion solution
so as to form a first protecting layer on the surface of the
magnesium alloy substrate. (A manganese content is
between 10 at. % to 20 at. %.) The inorganic acid chemical
conversion solution in the chemical conversion coating
treatment step 310 includes a permanganate and a pH value
adjuster, so as to have the inorganic acid chemical conver-
sion solution of a pH value equal to or less than 2. Then, in
the post-treatment step 320, the surface of the magnesium
alloy substrate is cleaned with the de-ionized water and
performing a drying treatment.

In the following, the chemical conversion coating of FIG.
1 and FIG. 2 are individually used to explicitly illustrate the
method of fabricating the chemical conversion coating of the
invention.

First Exemplary Embodiment

Referring to FIG. 1 and FIG. 3, first, in a pre-treatment
step 300, dirt and native oxide on a surface of a magnesium
alloy substrate 100 is removed. Next, a chemical conversion
treatment step 310 is performed to the magnesium alloy
substrate 100. In the embodiment, an inorganic acid chemi-
cal conversion solution used in the chemical conversion
treatment step 310 includes a permanganate and a pH value
adjuster. In addition, the inorganic acid chemical conversion
solution further includes a manganese ion additive. A pH
value of the inorganic acid chemical conversion solution is,
for example, between 1.5 to 1.9. Furthermore, in the
embodiment, the permanganate is, for example, KMnO,,
and a concentration thereof is, for example, between 0.09 M
to 0.15 M. The pH value adjuster is, for example, KH,PO,,
and a concentration thereof is, for example, between 0.01 M
to 0.035 M. The manganese ion additive is, for example,
Mn(NO,),, and a concentration thereof is, for example,
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between 0.20 M to 0.30 M. In the embodiment, an operating
time of the chemical conversion coating treatment step 310
is, for example, between 30 seconds to 90 seconds, and an
operating temperature is, for example, between 20° C. to 40°
C. After performing the chemical conversion coating treat-
ment step 310, a first protecting layer 110 is formed on the
surface of the magnesium alloy substrate 100. Then, the
post-treatment step 320 is performed.

In the embodiment, when KH,PO, serving as the pH
adjuster so as to adjust the pH value of the inorganic acid
chemical conversion solution to be between 1.5 to 1.9,
heptavalent manganese ions of the permanganate and diva-
lent manganese ions of the manganese ion additive undergo
a redox reaction. In result, the first protecting layer 110 is
formed on the surface of the magnesium alloy substrate 100,
and the manganese content of the first protecting layer 110
is between 10 at. % to 20 at. %.

Second Exemplary Embodiment

Referring to FIG. 2 and FIG. 3, first, in a pre-treatment
step 300, dirt and native oxide on a surface of a magnesium
alloy substrate 200 is removed. Next, a chemical conversion
treatment step 310 is performed to the magnesium alloy
substrate 200. In the embodiment, an inorganic acid chemi-
cal conversion solution used in the chemical conversion
treatment step 310 includes a permanganate and a pH value
adjuster. A pH value of the inorganic acid chemical conver-
sion solution is, for example, between 0.5 to 1.5. Further-
more, in the embodiment, the permanganate is, for example,
KMnO,, and a concentration thereof is, for example,
between 0.09 M to 0.15 M. The pH value adjuster is, for
example, H,SO,, and a concentration range thereof is, for
example, between 0.08 M to 0.12 M. In the embodiment, an
operating time of the chemical conversion coating treatment
step 310 is, for example, between 5 seconds to 15 seconds,
and an operating temperature is, for example, between 20°
C. to 40° C. After performing the chemical conversion
coating treatment step 310, a second protecting layer 220
and a first protecting layer 210 are sequentially formed on
the surface of the magnesium alloy substrate 200. Then, the
post-treatment step 320 is performed.

In the embodiment, when H,SO, serving as the pH
adjuster so as to adjust the pH value of the inorganic acid
chemical conversion solution to be between 0.5 to 1.5,
magnesium metal in the magnesium alloy substrate 200 and
manganese ions of KMnO,, undergo a redox reaction in the
inorganic acid chemical conversion solution. In result, the
second protecting layer 220 and the first protecting layer 210
are sequentially formed on the surface of the magnesium
alloy substrate 200, and the manganese content of the first
protecting layer 210 is between 10 at. % to 20 at. %.

In the invention, the pH value of the inorganic acid
chemical conversion solution is sufficient low (equal to or
less than 2), thus the operating time of the chemical con-
version coating treatment is reduced to 5 seconds to 90
seconds.

Furthermore, in other embodiments of the invention, the
pH value of the inorganic acid chemical conversion solution
is less than 2, therefore the inorganic acid chemical conver-
sion solution is capable of cleaning dirt and native oxide on
the surface of the magnesium alloy substrate, and thereby
omitting the pre-treatment step 300.

Experiment 1

The following experimental examples are used to further
illustrate a method of fabricating a chemical conversion
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coating of the invention and an evaluation of properties of
the chemical conversion coating.

Magnesium alloy substrate: 1.Z91

Operating temperature of the chemical conversion coating
treatment: 25° C.

Operating time of the chemical conversion coating treat-
ment: as shown in Table 1

Formula of an inorganic acid chemical conversion solu-
tion: as shown in Table 1

8

1% and greater than 0.3%). For general industrial uses, an
evaluation of the corrosion resistance of a coating is excel-
lent if the percentage of the corrosion area is less than 5%
after 12-hour salt spray test. Therefore, the chemical con-
version coating of the invention meets the need of the
industries.

Furthermore, according to Table 1, besides the adhesion
levels of the chemical conversion coatings of the experi-
mental examples B1 and B2 are 3B (i.e., the percentage of

pH value of an inorganic acid chemical conversion solu- 10 a fall-off area is between 5~15%), the chemical conversion
tion: as shown in Table 1 coating of the other experimental examples are all 5B (i.e.,
<Evaluation of Adhesion> no fall-off). For general industrial uses, the adhesion of the
According to subjects stipulated by ASTM D3359-02, chemical conversion coating of the invention is sufficient to
each of the chemical conversion coatings (Al to AS and B1 meet the requirement.
to B5) in Table 1 undergoes a coating release testing. After 15
the coating release testing, an adhesion level of each of the Experiment 2
chemical conversion coatings is evaluating by the ASTM
D3359-02 standard, and the results are shown in Table 1. In Evaluations of Thickness and Denseness
accordance with the ASTM D3359-02 standard, the adhe-
sion levels are classified into 1B to 5B, where the higher the 20  FIG. 4 and FIG. 5 are an electron micrograph of a
number, the better the adhesion. The highest level is 5B. cross-section of a chemical conversion coating according to
<Evaluation of Corrosion Resistance> AZ31 and AM30 serving as a magnesium alloy substrate,
According to subjects stipulated by ASTM B117, each of respectively. It can be seen that, in FIG. 4 and FIG. 5, the
the chemical conversion coatings (Al to A5 and B1 to BS) chemical conversion coating of the invention is much denser
in Table 1 is under a salt spray test by a sodium chloride 25 and has less pores.
aqueous solution at a concentration of 5 wt % for 12 hours. It will be apparent to those skilled in the art that various
After the salt spray test, a corrosion resistance level of each modifications and variations can be made to the disclosed
of the chemical conversion coatings is evaluating by the embodiments without departing from the scope or spirit of
ASTM D610-08 standard, and the results are shown in Table the invention. In view of the foregoing, it is intended that the
1. In accordance with the ASTM D610-08 standards, the 30 invention covers modifications and variations of this disclo-
corrosion resistance levels are classified into 0 to 10, where sure provided that they fall within the scope of the following
the higher the number, the better the corrosion resistance. claims and their equivalents.
TABLE 1
Operating Salt Corrosion
Formula of an inorganic acid Magnesium pH time Operating  Adhesion  spraying resistance
No.  chemical conversion solution alloy substrate  value (seconds) Temperature level time level
Al 1. KMnO,: 0.09M LZ91 1.56 30 25° C. 5B 12 hr. 5
2. KH,PO,: 0.01M
3. Mn(NOs),: 0.025M
A2 1. KMnO,: 0.09M 1.70 45 5B 5
2. KH,PO,: 0.02M
3. Mn(NOs),: 0.025M
A3 1. KMnO,: 0.09M 1.81 60 5B 5
2. KH,PO,: 0.03M
3. Mn(NOs),: 0.025M
A4 1. KMnO,: 0.125M 1.85 60 5B 5
2. KH,PO,: 0.035M
3. Mn(NOs),: 0.025M
A5 1. KMnO,: 0.09M 1.88 90 5B 5
2. KH,PO,: 0.035M
3. Mn(NO,),: 0.025M
Bl KMnO,: 0.09M LZ91 0.52 10 25° C. 3B 12 hr. 5
H,S0,4(0.1M): 6.2 ml/L
B2  KMnO,: 0.125M 0.52 5 3B 5
H,80,(0.1M): 6.2 ml/L
B3 KMnO,: 0.09M 1.04 5 5B 5
H,80,4(0.1M): 5.4 ml/L
B4 KMnO,: 0.09M 1.50 10 5B 6
H,80,(0.1M): 4.4 ml/L
B5  KMnO,: 0.09M 1.50 10 5B 6
H,S0,4(0.1M): 4.4 ml/L
60

According to Table 1, in the experimental examples Al to
A5 and Bl to B3, the corrosion resistance levels of the
chemical conversion coatings are all equal to or greater than
5 (i.e., the percentage of a corrosion area is less than 3%).
The corrosion resistance levels of the chemical conversion
coatings in the experimental examples B4 and B5 are even
up to 6 (i.e., the percentage of the corrosion area is less than

65

What is claimed is:

1. A method of fabricating a chemical conversion coating,
comprising:

providing an inorganic acid chemical conversion solution,

wherein the inorganic acid chemical conversion solu-
tion comprises a permanganate and a pH value adjuster,
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and a pH value of the inorganic acid chemical conver-
sion solution is equal to or less than 1.88; and
performing a chemical conversion coating treatment to a
magnesium alloy substrate by the inorganic acid chemi-
cal conversion solution so as to form a first protecting
layer on a surface of the magnesium alloy substrate,
wherein a manganese content of the first protecting
layer is between 10 at. % to 20 at. %, wherein the pH
value adjuster is KH,PO,, a concentration range of
KH,PO, in the inorganic acid chemical conversion
solution is between 0.01 M to 0.035 M, and the
inorganic acid chemical conversion solution further
comprises a manganese ion additive.
2. The method of fabricating a chemical conversion
coating of claim 1, wherein the permanganate is KMnO,.
3. The method of fabricating a chemical conversion
coating of claim 1, wherein in the inorganic acid chemical
conversion solution, a concentration of the permanganate is
between 0.09 M to 0.15 M.
4. The method of fabricating a chemical conversion
coating of claim 1, where the pH value of the inorganic acid
chemical conversion solution is between 1.5 and 1.88.
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5. The method of fabricating a chemical conversion
coating of claim 1, where the manganese ion additive is
Mn(NO,),.

6. The method of fabricating a chemical conversion
coating of claim 5, wherein in the inorganic acid chemical
conversion solution, a concentration of the manganese ion
additive is between 0.20 M to 0.30 M.

7. The method of fabricating a chemical conversion
coating of claim 1, wherein a thickness of the first protecting
layer is between 200 nm to 300 nm.

8. The method of fabricating a chemical conversion
coating of claim 1, wherein an operating time of the chemi-
cal conversion coating treatment is between 30 seconds to
90 seconds.

9. The method of fabricating a chemical conversion
coating of claim 1, wherein an operating temperature of the
chemical conversion coating treatment is between 20° C. to
40° C.

10. The method of fabricating a chemical conversion
coating of claim 1, wherein a material of the magnesium
alloy substrate comprises a Mg/Li/Zn alloy, a Mg/Al/Mn
alloy and a Mg/Al/Zn alloy.

#* #* #* #* #*



