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DESCRIPTION

CORROSTION-RESISTANT MEMBER

Technical Field
[0001]
The present invention relates to a corrosion-resistant

member.

Background Art
[0002]

In a semiconductor manufacturing process, highly
corrosive gases, such as chlorine gas and fluorine gas, are
sometimes used, and therefore members constituting a
semiconductor manufacturing apparatus are required to have
corrosion resistance. Examples of the members constituting
the semiconductor manufacturing apparatus include chambers,
pipes, gas storage devices, valves, susceptors, shower heads,
and the like.

PTL 1 discloses a member, such as a shower head, used
in a semiconductor manufacturing process. This member has
an aluminum surface coatedwith a corrosion-resistant coating
composed of at least one of aluminum fluoride and magnesium
fluoride.

[0003]

PTL 2 discloses a vacuum chamber member obtained by

forming a corrosion-resistant coating on the surface of a base

material. The surface side of the corrosion-resistant
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coating is a layer mainly containing aluminum oxide or a layer
mainly containing aluminum oxide and aluminum fluoride. The
base material side of the corrosion-resistant coating is a
layer mainly containing magnesium fluoride or a layer mainly

containing magnesium fluoride and aluminum oxide.

Citation List
Patent Literature
[0004]
PTL 1: JP 2005-533368 A (Translation of PCT Application)

PTL 2: JP 11-61410 A

Summary of Invention

Technical Problem
[0005]

However, the members disclosed in PTLS 1, 2 have had a
problem that the corrosion-resistant coatings are likely to
peel off from the base material due to a thermal history.

It is an object of the present invention to provide a
corrosion-resistant member in which a corrosion-resistant
coating is difficult to peel off from a base material even

when subjected to a thermal history.

Solution to Problem
[0006]
In order to solve the above-described problem, one aspect

of the present invention is as described in [1] to [5] below.
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[1] A corrosion-resistant member including: a metal base
material; and a corrosion-resistant coating formed on the
surface of the base material, in which

the corrosion-resistant coatingis a stack of a magnesium
fluoride layer containing magnesium fluoride and an aluminum
fluoride layer containing aluminum fluoride in order from the
base material side,

the aluminum fluoride layer has a first crystalline
region and a second crystalline region containing crystalline
aluminum fluoride,

the first crystalline region is a region in which
diffraction spot arrays having regularity are observed in an
electron beam diffraction image obtained by irradiation with
electron beams having a beam diameter of 10 nm or more and
20 nm or less, and

the second crystalline region 1s a region in which a
plurality of diffraction spots is observed but diffraction
spot arrays having regularity are not observed in an electron
beam diffraction image obtained by irradiation with the
electron beams.

[0007]

[2] The corrosion-resistant member according to [1], in
which the first crystalline region is arranged adjacent to
or close to the magnesium fluoride layer.

[3] The corrosion-resistant member according to [1] or
[2], in which the metal base material is formed of aluminum
or an aluminum alloy.

[0008]
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[4] The corrosion-resistant member according to any one
of [1] to [3], inwhich the thickness of the magnesium fluoride
layer is 0.1 pum or more and 20 um or less.

[5] The corrosion-resistant member according to any one
of [1] to [4], in which the thickness of the aluminum fluoride

layer is 0.2 pum or more and 50 um or less.

Advantageous Effects of Invention
[0009]

In the corrosion-resistant member according to the
present invention, the corrosion-resistant coating is
difficult to peel off from the base material even when

subjected to a thermal history.

Brief Description of Drawings
[0010]

FIG. 1 is a schematic cross-sectional view illustrating
the configuration of a corrosion-resistant member according
to one embodiment of the present invention;

FIG. 2 is a transmission electron microscope image (TEM
image) of a cross section of the corrosion-resistant member
according to one embodiment of the present invention;

FIG. 3 is an electron beam diffraction image obtained
by irradiating an A part (first crystalline region) of an
aluminum fluoride layer possessed by the corrosion-resistant
member of FIG. 2 with electron beams;

FIG. 4 is an electron beam diffraction image obtained

by irradiating a B part (first crystalline region) of the
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aluminum fluoride layer possessed by the corrosion-resistant
member of FIG. 2 with electron beams;

FIG. 5 is an electron beam diffraction image obtained
by irradiating a C part (first crystalline region) of the
aluminum fluoride layer possessed by the corrosion-resistant
member of FIG. 2 with electron beams;

FIG. 6 is an electron beam diffraction image obtained
by irradiating a D part (second crystalline region) of the
aluminum fluoride layer possessed by the corrosion-resistant
member of FIG. 2 with electron beams; and

FIG. 7 is an electron beam diffraction image obtained
by irradiating an E part (second crystalline region) of the
aluminum fluoride layer possessed by the corrosion-resistant

member of FIG. 2 with electron beams.

Description of Embodiments
[0011]

One embodiment of the present invention will now be
described below. This embodiment describes an example of the
present invention, and the present invention is not limited
to this embodiment. Further, this embodiment can be
variously altered or modified and embodiments obtained by
such alternations or modifications may also be included in
the present invention.

[0012]

As illustrated in FIG. 1, a corrosion-resistant member

according to this embodiment includes a metal base material

10 and a corrosion-resistant coating 30 formed on the surface
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of the base material 10. The corrosion-resistant coating 30
is a stack of a magnesium fluoride layer 31 containing
magnesium fluoride (MgF2) and an aluminum fluoride layer 32
containing aluminum fluoride (AlF3) in order from the base
material 10 side.

[0013]

As illustrated in FIG. 1, the aluminum fluoride layer
32 further has first crystalline regions 32A containing
crystalline aluminum fluoride and second crystalline regions
32B containing crystalline aluminum fluoride.

The first crystalline region 32A is a region win which
diffraction spot arrays having regularity are observed in an
electron beam diffraction image obtained by irradiation with
electron beams having a beam diameter of 10 nm or more and
20 nm or less. The second crystalline region 32B is a region
in which a plurality of diffraction spots is observed but
diffraction spot arrays having regularity are not observed
in an electron beam diffraction image obtained by irradiation
with the electron beams having a beam diameter of 10 nm or
more and 20 nm or less.

[0014]

FIG. 2 illustrates a TEM image of a cross section of the
corrosion-resistant member according to this embodiment.
FIG. 1 and FIG. 2 are cross-sectional views when the
corrosion-resistant member is cut along a plane along the
stacking direction of the magnesium fluoride layer 31 and the
aluminum fluoride layer 32. As illustrated in FIG. 2, the

aluminum fluoride layer 32 has the first crystalline regions



10

15

20

25

32A and the second crystalline regions 32B. 1In the
corrosion-resistant member of FIG. 2, an A part, a B part,
and a C part on the magnesium fluoride layer 31 side of the
aluminum fluoride layer 32 are the first crystalline regions
32A and a D part and an E part on the surface side of the
aluminum fluoride layer 32 are the second crystalline regions
32B.

[0015]

An electron beam diffraction image illustrated in FIG.
3 is an electron beam diffraction image obtained by
irradiating the A part of the aluminum fluoride layer 32
possessed by the corrosion-resistant member of FIG. 2 with
the above-described electron beams. Similarly, electron
beam diffraction images illustrated in FIGS. 4 to 7 are
electron beam diffraction images obtained by irradiating the
B part to the E part, respectively, of the aluminum fluoride
layer 32 possessed by the corrosion-resistant member of FIG.
2 with the above-described electron beams.

[0016]

As is understood from the electron beam diffraction
images of FIGS. 3 to 5, diffraction spot arrays having
regularity are observed in the electron beam diffraction
images obtained by irradiating the A part, the B part, and
the C part of the aluminum fluoride layer 32 with the electron
beams having a beam diameter of 10 nm or more and 20 nm or
less. As is understood from the electron beam diffraction
images of FIGS. 6, 7, a plurality of diffraction spots is

observed but diffraction spot arrays having regularity are
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not observed in the electron beam diffraction images obtained
by irradiating the D part and the E part of the aluminum
fluoride layer 32 with the electron beams having a beam
diameter of 10 nm or more and 20 nm or less.

[0017]

The corrosion-resistant member according to this
embodiment includes the corrosion-resistant coating 30, and
therefore has excellent corrosion resistance even in highly
corrosive gas or plasma. The magnesium fluoride layer 31 is
interposed between the aluminum fluoride layer 32 and the base
material 10, and therefore the adhesion between the aluminum
fluoride layer 32 and the base material 10 is high. Further,
the aluminum fluoride layer 32 has the first crystalline
regions 32A and the second crystalline regions 32B, and
therefore, even when subjected to a thermal history, the
corrosion-resistant coating 30 is difficult to peel off from
the base material 10 and cracking is difficult to occur. For
example, even when subjected to a thermal history in which
the temperature is repeatedly raised and lowered, peeling or
cracking is difficult to occur in the corrosion-resistant
coating 30. As a result, the corrosion-resistant member
according to this embodiment has excellent corrosion
resistance even when subjected to a thermal history and the
generation of particles resulting from the peeling of the
corrosion-resistant coating 30 is suppressed.

[0018]
Such a corrosion-resistant member according to this

embodiment is suitable as a member requiring corrosion
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resistance and heat resistance and suitable as a member
constituting, for example, a semiconductor manufacturing
apparatus (particularly, a film deposition apparatus using
a chemical vapor deposition method). As a specific example,
the corrosion-resistant member is suitable as a susceptor and
a shower head of a film deposition apparatus forming a thin
film on a wafer in a state where plasma is generated. The
use of the corrosion-resistant member according to this
embodiment as the member constituting the semiconductor
manufacturing apparatus suppresses the generation of
particles, so that a semiconductor can be manufactured with
a high yield.

[0019]

Hereinafter, the corrosion-resistant member according
to this embodiment is described in more detail.

[Base materiall]

The metal constituting the base material 10 is not
particularly limited and may be a simple metal (containing
inevitable impurities) or an alloy. For example, aluminum
or an aluminum alloy may be acceptable.

[0020] [Magnesium fluoride layer]

The thickness of the magnesium fluoride layer 31 is
preferably 0.1 um or more and 20 uym or less, more preferably
0.15 um or more and 10 um or less, and further preferably 0.2
um or more and 7 um or less. When the thickness of the
magnesium fluoride layer 31 is 0.1 pm or more, the adhesion
between the aluminum fluoride layer 32 and the base material

10 is further enhanced. Therefore, even when subjected to
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a thermal history, the corrosion-resistant coating 30 is

difficult to peel off from the base material 10. When the
thickness of the magnesium fluoride layer 31 is 20 ym or less,
cracking isdifficult to occur in the magnesium fluoride layer
31 even when subjected to a thermal history.

[0021]

Examples of a method for measuring the thickness of the
magnesium fluoride layer 31 include, but not particularly
limited to, a transmission electron microscope (TEM), a
scanning transmission electron microscope (STEM), a scanning
electron microscope (SEM), and the like, for example. The
thickness of the magnesium fluoride layer 31 can be measured
by obtaining a TEM image using a transmission electron
microscope and confirming the boundary between the magnesium
fluoride layer 31 and an adjacent layer in the TEM image based
on the gradation of the image, for example. The thickness
of each of the aluminum fluoride layer 32, the first
crystalline regions 32A, and the second crystalline regions
32B can also be measured by a method similar to the
above-described method.

[0022]

Quantitative analysis methods of elements, such as
fluorine and magnesium, possessed by the magnesium fluoride
layer 31 are not particularly limited and the elements can
be analyzed by, for example, energy dispersive X-ray analysis
(EDS analysis) or electron probe micro analyzer analysis
(EPMA analysis).

[0023] [Aluminum fluoride layer]

- 10 -
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The aluminum fluoride contained in the aluminum fluoride
layer 32 may be at least one selected from aluminum fluoride
(AlF3), aluminum fluoride hydrate (AlF3nH20), aluminum
fluoride containing a part of a hydroxyl group (AlF3-x(OH)x),
aluminum fluoride hydrate containing a part of a hydroxyl
group (AlF3-x(OH)xnH20), aluminum fluoride containing a part
of oxygen (AlF3(1-x)03/2x), and aluminum fluoride hydrate
containing a part of oxygen (AlF3(1-x)03/2x'nH20) .

[0024]

The thickness of the aluminum fluoride layer 32 is
preferably 0.2 um or more and 50 um or less, more preferably
0.3 uym or more and 40 uym or less, and further preferably 0.5
um or more and 30 um or less. When the thickness of the
aluminum fluoride layer 32 is within the ranges above, the
corrosion resistance of the corrosion-resistant coating 30
is further excellent and cracking is difficult to occur in
the aluminum fluoride layer 32 even when subjected to a
thermal history. A method for measuring the thickness of the
aluminum fluoride layer 32 is as described above in the
section of the magnesium fluoride layer.

[0025]

Quantitative analysis methods of elements, such as
fluorine and aluminum, possessed by the aluminum fluoride
layer 32 are not particularly limited and the elements can
be analyzed by, for example, energy dispersive X-ray analysis
or electron probe micro analyzer analysis (EPMA analysis).
[0026] [First crystalline region and Second crystalline

region]
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The first crystalline region 32A is the region in which
the diffraction spot arrays having regularity are observed
in the electron beam diffraction image obtained by
irradiation with the electron beams having a beam diameter
of 10 nm or more and 20 nm or less. The “diffraction spot
arrays having regularity” are described in detail below.
More specifically, the electron beam diffraction image is
constituted such that two or more of the diffraction spot
arrays are arranged so as to form a point-symmetric figure
with a diffraction spot located at the center of the electron
beam diffraction image as the center of symmetry of the point
symmetry. The diffraction spot array is an array in which
three or more diffraction spots are linearly arranged at equal
intervals. The “diffraction spot arrays having regularity”
in the present invention mean the diffraction spot arrays
arranged as described above.

[0027]

FIGS. 3 to 5 are the electron beam diffraction images
obtained by irradiating the A part, the Bpart, and the C part,
respectively, of the aluminum fluoride layer 32 possessed by
the corrosion-resistant member of FIG. 2 with the electron
beams having a beam diameter of 10 nm or more and 20 nm or
less, in which three arrays are arranged in parallel, each
array having three or more diffraction spots linearly
arranged at equal intervals. The diffraction spots
constituting the outer two arrays sandwiching the center
array are arranged so as to form a point-symmetric figure with

the diffraction spot located at the center of the electron

- 12 -
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beam diffraction image (diffraction spot located at the
center of the center array) as the center of the symmetry of
the point symmetry. Therefore, the A part, the B part, and
the C part of the aluminum fluoride layer 32 are the first
crystalline regions 32A.

[0028]

The second crystalline region 32B is a region in which
a plurality of diffraction spots is observed but the
diffraction spot arrays having regularity, which are observed
in the first crystalline region 32A, are not observed in the
electron beam diffraction image obtained by irradiation with
the electron beams having a beam diameter of 10 nm or more
and 20 nm or less.

FIGS. 6, 7 are the electron beam diffraction images
obtained by irradiating the D part and the E part of the
aluminum fluoride layer 32 possessed by the
corrosion-resistant member of FIG. 2 with the electron beams
having a beam diameter of 10 nm or more and 20 nm or less,
in which a plurality of diffraction spots is observed but the
diffraction spot arrays having regularity are not observed.
Therefore, the D part and the E part of the aluminum fluoride
layer 32 are the second crystalline regions 32B.

[0029]

The fact that the above-described point-symmetric
figure is observed in the electron beam diffraction image
means that single crystals or polycrystals composed of a
plurality of crystals arranged in the same direction are

present in an area corresponding to the beam diameter of the

- 13 -
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electron beam. In contrast thereto, a case where the
above-described point-symmetric figure is not observed even
when the plurality of diffraction spots is observed in the
electron beam diffraction image means that polycrystals
composed of a plurality of crystals arranged in different
directions are present in an area corresponding to the beam
diameter of the electron beam.

[0030]

More specifically, it is meant that single crystals or
polycrystals composed of a plurality of crystals arranged in
the same direction are present in the first crystalline
regions 32A and polycrystals composed of a plurality of
crystals arranged in different directions are present in the
second crystalline regions 32B.

A method for analyzing the first crystalline region 32A
and the second crystalline region 32B is not particularly
limited insofar as it is a method capable of obtaining an
electron beam diffraction image by irradiation with the
electron beams having a beam diameter of 10 nm or more and
20 nm or less. The electron beam irradiation conditions
include irradiation at an acceleration voltage of 230 kV using
a transmission electron microscope HF-2200 manufactured by
Hitachi High-Tech Corporation.

[0031]

Both the first crystalline region 32A and the second
crystalline region 32Bmay have a layer shape or may be stacked
in the aluminum fluoride layer 32. Alternatively, one of the

first crystalline region 32A and the second crystalline

- 14 -
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region 32B may have a massive shape and may be dispersed in
the other one (i.e., the aluminum fluoride layer 32 may have
a sea-island structure containing the first crystalline
regions 32A and the second crystalline regions 32B).

The first crystalline regions 32A are preferably
arranged adjacent to or close to the magnesium fluoride layer
31. Such a configuration enhances the adhesion between the
magnesium fluoride layer 31 and the aluminum fluoride layer
32.

[0032]

The ratio of the thickness (length in the stacking
direction) of the first crystalline region 32A to the
thickness of the aluminum fluoride layer 32 is preferably 5%
or more and 95% or less, more preferably 10% or more and 90%
or less, and still more preferably 15% or more and 80% or less.
Such a configuration enhances the adhesion between the
magnesium fluoride layer 31 and the aluminum fluoride layer
32. A method for measuring the thickness of the first
crystalline region 32A is as described above in the section
of the magnesium fluoride layer.

[0033]

In the first crystalline regions 32A and the second
crystalline regions 32B, the contained aluminum fluoride may
be at least partially crystalline and need not be entirely
crystalline. The crystalline preferably has a crystal unit
having the same crystal orientation and a long side of 300
nm or more. When the long side is 300 nm or more, the adhesion

between the magnesium fluoride layer 31 and the aluminum

_15_
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fluoride layer 32 is further enhanced. This crystal unit may
be a single crystal or a polycrystal.

[0034] [Method for manufacturing corrosion-resistant
member]

Examples of methods for manufacturing the
corrosion-resistant member according to this embodiment
include, but not particularly limited to, a method including
forming an aluminum fluoride layer by vapor deposition or the
like on the surface of a base material formed of an aluminum
alloy containing magnesium, and then performing heat
treatment. The aluminum fluoride layer before the heat
treatment contains crystalline aluminum fluoride, but the
contained crystalline substances are all equivalent to the
crystalline substances of the second crystalline regions and
crystalline substances equivalent to the crystalline
substances of the first crystalline region are not contained.
[0035]

When heat treatment is applied in an atmosphere, such
as a fluorine gas atmosphere, a magnesium fluoride layer is
formed between the base material and the aluminum fluoride
layer and a first crystalline region is formed in the aluminum
fluoride layer, so that the aluminum fluoride layer is in a
state where the first crystalline region and the second
crystalline region coexist.

[0036]

The retention temperature in the heat treatment is

preferably 200°C or higher and 500°C or lower, more preferably

300°C or higher and 475°C or lower, and further preferably

- 16 -
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350°C or higher and 450°C or lower. When the retention
temperature in the heat treatment is 200°C or higher, the
magnesium fluoride layer is likely to be formed. Further,
the first crystalline region is likely to be formed in the
aluminum fluoride layer. When the retention temperature in
the heat treatment is 500°C or less, cracking is less likely
to occur in the aluminum fluoride layer.

The retention time in the heat treatment is preferably
1 hour or more and 250 hours or less, more preferably 3 hours
or more and 150 hours or less, and further preferably 5 hours
or more and 100 hours or less. When the retention time in
the heat treatment is 1 hour or more, the magnesium fluoride
layer is likely to be formed. Further, the first crystalline
region is likely to be formed in the aluminum fluoride layer.
When the retention time in the heat treatment is 250 hours

or less, good productivity is likely to be obtained.

EXAMPLES
[0037]
Hereinafter, the present invention is more specifically
described by illustrating Examples and Comparative Examples.
A base material was first subjected to pre-treatment,
and then subjected to vacuum deposition, thereby forming an
aluminum fluoride layer on the surface of the base material.
Thereafter, by performing heat treatment, a magnesium
fluoride layer was formed between the base material and the

aluminum fluoride layer and a first crystalline region was
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formed in the aluminum fluoride layer, thereby obtaining a
corrosion-resistant member.
[0038]

Metal constituting the basematerial is analuminumalloy
A5052 containing 2.55% by mass of magnesium. The base
material is a plate with a length of 50 mm, a width of 30 mm,
and a thickness of 3 mm.

The pre-treatment to the substrate was performed as
follows. First, a degreasing liquid was obtained by
dissolving 50 g of U-CLEANER UA68 (manufactured by C. Uyemura
& Co., Ltd.), which is an alkaline degreasing liquid
containing sodium borate, carbonate, phosphate, and a
surfactant, in 1 L of water and setting the temperature to
50°C. Then, the basematerial was immersed in the degreasing
solution for 10 minutes for degreasing, followed by washing
with pure water.

[0039]

Next, an etchant was obtained by heating 500 g of S-CLEAN
AL-5000 (manufactured by SASAKI CHEMICAL CO., LTD.) to 70°C.
Then, the degreased base material was immersed in the etchant
for 1 minute for etching, followed by washing with pure water.

Thereafter, a smut removing liquid was obtained by
dissolving 200 g of Smut Clean (manufactured by Raiki K.K.)
containing nitric acid in 400 g of water and setting the
temperature to 25°C. Then, the etched base material was
immersed in the smut removing liquid for 30 seconds for

removal of smut, followed by washing with pure water. Then,
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the basematerial from which smut was removed was vacuum-dried
to complete the pre-treatment.
[0040]

The conditions of the vacuum deposition in forming the
aluminum fluoride layer are as follows. First, the base
material subjected to the pre-treatment was installed in a
vacuum chamber, and then the inside of the vacuum chamber was
evacuated until the degree of vacuum reached 3 x 1074 Pa. An
aluminum fluoride sintered body material was used as a vapor
deposition material, the sintered body material was
irradiatedwith electron beams, and then a shutter was opened,
so that an aluminum fluoride layer having a thickness of 1.1
um was formed on the base material subjected to the
pre-treatment. The electron beam input power at this time
was about 40 mA at an acceleration voltage of 5 kV, the degree
of vacuum in the vapor deposition was set to 7 x 107¢ Pa, and
the treatment time was set to 120 sec. This aluminum fluoride
layer does not have the first crystalline region and has only
the second crystalline region.

[0041]

The conditions of the heat treatment are as follows. The
substrate on which the aluminum fluoride layer was formed was
heated to 450°C in a mixed gas atmosphere of 20% by volume
of fluorine gas and 80% by volume of nitrogen gas to be
subjected to heat treatment for 50 hours. By the heat
treatment, a magnesium fluoride layer having a thickness of
0.5 um was formed between the base material and the aluminum

fluoride layer and the first crystalline region was formed

- 19 -
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in the aluminum fluoride layer, so that the aluminum fluoride
layer was in a state where the first crystalline region and
the second crystalline region coexisted. The thickness of
the aluminum fluoride layer was 1.1 um even after the heat
treatment. The ratio of the thickness of the first
crystalline region (length in the stacking direction) to the
thickness of the aluminum fluoride layer was 60%.

[0042]

Elements, such as magnesium and aluminum, present in the
formed magnesium fluoride layer and the formed aluminum
fluoride layer were analyzed by the energy dispersive X-ray
analysis. 1In detail, a sample processed to a thickness of
40 nm or more and 100 nmor lesswith an ion slicer was subjected
to a point analysis of each layer at an acceleration voltage
of 200 kV to analyze the elements, such as magnesium and
aluminum.

[0043]

The presence of the first crystalline region and the
second crystalline region in the aluminum fluoride layer was
confirmed by the electronbeamdiffractionmethod. Indetail,
a sample processed to a thickness of 40 nm or more and 100
nm or less with an ion slicer was irradiated with the electron
beams having a beam diameter of 10 nm or more and 20 nm or
less, and an electron beam diffraction image was obtained by
the TEM. The electron beam diffraction images of the first
crystalline region and the second crystalline region are
individually illustrated in FIGS. 3 to 7.

[0044]

- 20 -
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The electron beam diffraction image illustrated in FIG.
3 is an electron beam diffraction image obtained by
irradiating the A part of the aluminum fluoride layer 32
possessed by the corrosion-resistant member of FIG. 2 with
the above-described electron beams. The A part is a part at
a position in the stacking direction corresponding to a
thickness of 13% from the base material 10 side with respect
to the thickness of the aluminum fluoride layer 32. The
electron beam diffraction images illustrated in FIGS. 4 to
7 are electron beam diffraction images obtained by
irradiating the B part to the E part of the aluminum fluoride
layer 32 possessed by the corrosion-resistant member of FIG.
2 with the above-described electron beams, in which, as with
the A part, the B part is a part at a position in the stacking
direction corresponding to a thickness of 29%, the C part is
a part at a position in the stacking direction corresponding
to a thickness of 44%, the D part is a part at a position in
the stacking direction corresponding to a thickness of 72%,
and the E part is apart at aposition in the stacking direction
corresponding to a thickness of 92%.

[0045]

The obtained corrosion-resistant member of Example 1 was
subjected to a heating test, thereby evaluating the state of
peeling of the corrosion-resistant coating. The conditions
of the heating test are as follows: a step of keeping the
corrosion-resistant member at 350°C for 300 min in a nitrogen

gas atmosphere, and then naturally cooling the
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corrosion-resistant member to an ambient temperature was set
as one cycle, and 10 cycles were performed.
[0046]

After the heating test was completed, the
corrosion-resistant coating of the corrosion-resistant
member was observed with a scanning electron microscope,
thereby evaluating the degree of peeling. The results are
shown in Table 1. 1In Table 1, a case where the area of a peeled
part of the corrosion-resistant coating was less than 1% of
the area of the corrosion-resistant coating is indicated by
SA, a case where the area was 1% or more and less than 5% is
indicated by A, a case where the area was 5% or more and less
than 30% is indicated by B, and a case where the area was 30%
or more is indicated by C.

[0047]

[Table 1]
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[0048] [Example 2]

A corrosion-resistant member was manufactured and
evaluated in the same manner as in Example 1, except that the
metal constituting the base material was changed to an
aluminum alloy A6061 containing 1.02% by mass of magnesium.
The results are shown in Table 1.

[Example 3]

A corrosion-resistant member was manufactured and
evaluated in the same as in Example 1, except that the
treatment time of the vacuum deposition in forming the
aluminum fluoride layer on the base material subjected to the
pre-treatment was set to 70 min. The results are shown in
Table 1.

[0049] [Example 4]

A corrosion-resistant member was manufactured and
evaluated in the same as in Example 1, except that the
treatment time of the vacuum deposition in forming the
aluminum fluoride layer on the base material subjected to the
pre-treatment was set to 45 sec. The results are shown in
Table 1.

[Example 5]

A corrosion-resistant member was manufactured and
evaluated in the same manner as in Example 1, except that the
conditions of the heat treatment were set as follows: the
retention temperature was set to 470°C and the retention time
was set to 200 hours. The results are shown in Table 1.

[0050] [Example 6]
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A corrosion-resistant member was manufactured and
evaluated in the same manner as in Example 1, except that the
conditions of the heat treatment were set as follows: the
retention temperature was set to 400°C and the retention time
was set to 20 hours. The results are shown in Table 1.

[Comparative Example 1]

A corrosion-resistant member was manufactured and
evaluated in the same manner as in Example 1 except that the
conditions of the vacuum deposition in forming the aluminum
fluoride layer on the base material subjected to the
pre-treatment were changed as described below and the heat
treatment was not performed after forming the aluminum
fluoride layer on the surface of the base material. The
results are shown in Table 1.

[0051]

Since the heat treatment was not performed, the
corrosion-resistant member in Comparative Example 1 does not
have the magnesium fluoride layer. Further, since the heat
treatment was not performed, the corrosion-resistant member
in Comparative Example 1 does not have the first crystalline
region in the aluminum fluoride layer and the aluminum
fluoride layer was composed of only the second crystalline
region.

[0052]

The conditions of the vacuum deposition in Comparative
Example 1 are as follows. First, the basematerial subjected
to the pre-treatment was installed in a vacuum chamber, and

then the inside of the vacuum chamber was evacuated until the
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degree of vacuum reached 2 x 10-¢ Pa. Thereafter, the base
material subjected to the pre-treatment was heated to 400°C.
An aluminum fluoride sintered body material was used as a
vapor deposition material, the sintered body material was
irradiatedwith electron beams, and then a shutter was opened,
so that an aluminum fluoride layer having a thickness of 1.1
um was formed on the base material subjected to the
pre-treatment. The electron beam input power at this time
was about 40 mA at an acceleration voltage of 5 kV, the degree
of vacuum in the vapor deposition was set to 5 x 10-4 Pa, and
the treatment time was set to 120 sec.

[0053] [Comparative Example 2]

The base material was first subjected to pre-treatment,
vacuum deposition was performed as described below to form
a magnesium fluoride layer on the surface of the base material,
and further vacuum deposition was performed to form an
aluminum fluoride layer on the magnesium fluoride layer to
give a corrosion-resistant member. The kinds of the metals
constituting the base material and the contents of the
pre-treatment to the base material are the same as those in
Example 1.

[0054]

The conditions of the vacuum deposition in forming the
magnesium fluoride layer are as follows. First, the base
material subjected to the pre-treatment was installed in a
vacuum chamber, and then the inside of the vacuum chamber was
evacuated until the degree of vacuum reached 2 x 107% Pa.

Thereafter, the base material subjected to the pre-treatment
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was heated to 380°C. A magnesium fluoride sintered body

material was used as a vapor depositionmaterial, the sintered
body material was irradiated with electron beams, and then
a shutter was opened, so that a magnesium fluoride layer
having a thickness of 0.5 um was formed on the base material
subjected to the pre-treatment. The electron beam input
power at this time was about 40 mA at an acceleration voltage
of 5 kV and the degree of vacuum in the vapor deposition was
set to 5 x 107% Pa.

[0055]

The conditions of the vacuum deposition in forming the
aluminum fluoride layer are as follows. First, the base
material on which the magnesium fluoride layer was formed was
installed in a vacuum chamber, and then the inside of the
vacuum chamber was evacuated until the degree of vacuum
reached 2 x 107% Pa. Thereafter, the base material on which
the magnesium fluoride layer was formed was heated to 400°C.
An aluminum fluoride sintered body material was used as a
vapor deposition material, the sintered body material was
irradiatedwith electron beams, and then a shutter was opened,
so that an aluminum fluoride layer having a thickness of 1.1
um was formed on the magnesium fluoride layer on the base
material heated to 400°C. The electron beam input power at
this time was about 40 mA at an acceleration voltage of 5 kV
and the degree of vacuum in the vapor deposition was set to
5 x 1074 Pa.

The obtained corrosion-resistant member in Comparative

Example 2 does not have the first crystalline region in the
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aluminum fluoride layer and the aluminum fluoride layer is
composed of only the second crystalline region. The obtained
corrosion-resistant member in Comparative Example 2 was
evaluated in the same manner as in Example 1. The results
are shown in Table 1.

[0056] [Comparative Example 3]

A corrosion-resistant member was manufactured and
evaluated in the same manner as in Comparative Example 1,
except that the metal constituting the base material was
changed to an aluminum alloy A6061 containing 1.02% by mass
of magnesium. The results are shown in Table 1.

[Comparative Example 4]

A corrosion-resistant member was manufactured and
evaluated in the same manner as in Comparative Example 2,
except that the metal constituting the base material was
changed to an aluminum alloy A6061 containing 1.02% by mass
of magnesium. The results are shown in Table 1.

[0057]

As isunderstood from Table 1, in the corrosion-resistant
members in Examples 1 to 6, the peeling of the
corrosion-resistant coating hardly occurred even when
subjected to a thermal history by the heating test.

In contrast thereto, in the corrosion-resistant members
in Comparative Examples 2, 4 not having the first crystalline
region in the aluminum fluoride layer, the peeling of the
corrosion-resistant coating occurred by the heating test in
which the temperature was repeatedly raised and lowered. In

the corrosion-resistant members in Comparative Examples 1,
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3 not having the first crystalline region in the aluminum
fluoride layer and not having the magnesium fluoride layer,
the peeling of the corrosion-resistant coating occurred by
the heating test in which the temperature was repeatedly

raised and lowered, and the degree of the peeling was larger
than that in the corrosion-resistant members in Comparative

Examples 2, 4.

Reference Signs List

[0058]
10 base material
30 corrosion-resistant coating
31 magnesium fluoride layer
32 aluminum fluoride layer
32A first crystalline region
32B second crystalline region
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CLAIMS

1. A corrosion-resistant member comprising:

a metal base material; and

a corrosion-resistant coating formed on a surface of the
base material, wherein

the corrosion-resistant coating is a stack of a magnesium
fluoride layer containing magnesium fluoride and an aluminum
fluoride layer containing aluminum fluoride in order from a
side of the base material,

the aluminum fluoride layer has a first crystalline
region and a second crystalline region containing crystalline
aluminum fluoride,

the first crystalline region is a region in which
diffraction spot arrays having regularity are observed in an
electron beam diffraction image obtained by irradiation with
electron beams having a beam diameter of 10 nm or more and
20 nm or less, and

the second crystalline region 1s a region in which a
plurality of diffraction spots is observed but diffraction
spot arrays having regularity are not observed in an electron
beam diffraction image obtained by irradiation with the

electron beams.

2. The corrosion-resistant member according to
claim 1, wherein the first crystalline region is arranged

adjacent to or close to the magnesium fluoride layer.
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3. The corrosion-resistant member according to
claim 1 or 2, wherein the metal base material is formed of

aluminum or an aluminum alloy.

4. The corrosion-resistant member according to any
one of claims 1 to 3, wherein a thickness of the magnesium

fluoride layer is 0.1 um or more and 20 um or less.

5. The corrosion-resistant member according to any
one of claims 1 to 4, wherein a thickness of the aluminum

fluoride layer is 0.2 um or more and 50 um or less.





