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TITLE OF THE INVENTION
VACUUM CHAMBER MADE OF ALUMINUM OR ITS ALLOYS,

‘AND SURFACE TREATMENT AND MATERIAL FOR THE

VACUUM CHAMBER

FIELD OF THE INVENTION

The present invention relates to a vacuum chamber and
chamber parts made of aluminum or its alloys used for a chemical
vapor deposition device, a physical vapor deposition device, a dxry
etching device, and the like. The vacuum chamber and chamber
parts exhibit excellent corrosion resistance to a corrosive gas or
plasma introduced into the chamber. The present invention also
relates to a surface treatment and material for the vacuum chamber

and chamber parts.

BACKGROUND OF THE INVENTION

A vacuum chamber and chamber parts used for a chemical
vapor deposition device, a physical vapor deposition device, a dry
etching device, and the like aré required to have corrosion

resistance to a corrosive gas (hereinafter, referred to as gas

corrosion resistance or resistance to gas corrosion), because a

corrosive gas containing halogen elements such as chlorine,
fluorine, bromine and the like are introduced into the chamber as a
reactive gas, an etching gas, and a cleaning gas. In addition to the

corrosive gas introduction, halogen-based plasma is generated in
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the chamber in many cases. Therefore, the vacuum chamber and
chamber parts are also required to have corrosion resistance to
plasma (hereinafter, referred to as plasma resistance).

To satisfy such requirements, conventionally, a vacuum

.chamber has been mainly made of stainless steel. However, a

vacuum chamber made of stainless steel is heavy in weight, and
therefore, requires large-scale foundation to construct on which it is
installed. In addition, é vacuum chamber made of stainless steel
does not have sufficient thermal conductivity, and therefore, much
time is required for baking operation. Thereis also a problem that
heavy metal such as chromium and nickel, which is alloy component
of stainless steel, is released into the atmosphere during operation,
resulting in spoiling the products treated in the vacuum chamber.
Under such circumstances, studies have been conducted to develop
a vacuum chamber and cl_lamber parts made of aluminum or its alloy
which is lighter in weight than those made of stainless steel and is
excellent in thermal conductivity without problem heavy metal
contamination.

'However, without being subjected to surface treatment, a
surface of aluminum or its alloy is not always excellent in
resistance to gas corrosion and plasma. To give resistance to gas
corrosion and plasma, .any surface treatment is necessary. For
this purpose, various studies have been conducted. For example,
Japanese Patent Publication No. 5-53870 discloses a vacuum

chamber which uses aluminum or its alloy whose surface is
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anodized to form an anodic oxide coating, thereby increasing gas
corrosion resistance. However, no prior art, including the
invention disclosed in Japanese Examined Patent Publication No.
5-53870, provides an anodic oxide coating which sufficiently serves
as a protective coating against a corrosive gas and plasma. If an
anodic oxide coating or a base material is corroded and damaged,
products by the corrosion come out therefrom in a particle form. If
a vacuum chamber or chamber part having such a coating layer or a
base material is wused in, for example, a semiconductor
manufacturing, defective products may be produced. Accordingly,
there has been a demand for improvement.

Japanese Patent publication No. 5-53871 discloses that an

ion plating method is employed to form a coating (made of, for

example, TiN, TiC, and the like) excellent in corrosion resistance on

the surface of a vacuum chamber made of aluminum or its alloy.
However, if the coating is formed by the vapor phase synthesis
method such as ion plating, problems arise that the obtained
coating has small density and high cost is required for treatment.
Japanese Patent Publication No. 5-53872 discloses an ion-
implantation method. This method, however, is not adequate for
treating a vacuum chamber or chamber part with a complicated
form, and in addition, requires high cost for treatment as well as an
ion plating method.

The‘presenlt invention has been conducted to solve the

above-described problems, and the first objective thereof is to
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provide a vacuum chamber or chamber part made of aluminum or its
alloys excellent in resistance to gas corrosion and plasma by an
economical anodizing method.

The second objective of the present invention is to provide
a method for treating a surface the vacuum chamber and chamber
parts.

The thi{'d objective of the present invention is to provide
material used for producing the vacuum chamber and chamber

parts.

SUMMARY OF THE INVENTION

To achieve the first objective, the present invention is
directed to a vacuum chamber made of aluminum or its alloys
comprising an anodic oxide coating including a porous layer having
a number of pores and a barrier layer without pores (see FIG.1 and
FIG. 2). Each of pores has an opening on a surface, and its
diameter is smaller at the top of the porous layer than at a bottom
thereof. The thickness of the barrier lé.yer is determined in
accordance with a pore diameter in the porous layer which is formed
immediately above the barrier layer. A barrier layer also can be
formed by non-porous type anodizing as will be described later.

As described above, a pore diameter is smaller at the top of
the porous layer than at a bottom thereof. The pores in the porous
layer may have a section W_here its diameter continuously or

discontinuously changes in a depth direction, or may have a section
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where its diameter remains constant in a depth direction.

When the anodic oxide coating contains two or more
elements selected from the group consisting of carbon, sulfur,
nitrogen, phosphorus, fluorine and boron, further corrosion
resistance can be achieved.

Aluminum or its alloys used for producing a base material
of the vacuum chamber or chamber part is produced in such a
texture that particles such as precipitates and/or deposits
contained therein have a diameter of 10 & m or less in average or
are arranged in parallel with the largest surface of the base
material. In this order, the base material itself gains further
corrosion resistance as well as the anodic oxide coating. It is
preferable that the precipitates and/or deposits have a diameter of
10 & m or less in average and also are arranged in parallel with the
largest surface of the base material.

In the present invention, a vacuum chamber means not
only a vacuum chamber itself, but also the vacuum chamber parts
partially or entirely made of aluminum alloy such as gas diffusion
plate(GDP), clamper, shower head, susceptor, clamp ring,
electrostatic chuck, and the like. Hereinafter, a vacuum chamber
is a general term for a vacuum chamber itself and such parts. The
entire vacuum chamber is not necessarily made of aluminum alloys
of the present invention, but may be made in combination with the
aluminum alloy of the present invention and aluminum alloy

produced by any other method than that of the present invention,
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conventionally known stainless steel, composite material of
ceramics and plastics, and the like.

Hereinafter, there are some cases where the above-
described vacuum chamber of the present invention is referred to as

the first invention.

To achieve the second objective, the present invention is

‘directed to a method for anodizing the surface of a vacuum chamber

made of aluminum or its alloys. When the surface of vacuum
chamber is anodized, a final anodizing voltage is set to be higher
than an initial anodizing voltage. |

When the final anodizing voltage is set to be higher than
the initial anodizing voltage, the anodizing voltage is continuously
or discdntinuously_ changed for an arbitrary period, or may be kept
constant for an arbitrary period.

The initial anodizing voltage is preferably 50V or less, and
the final anodizing voltage is preferably 30V or more.

It is recommended that a solution containing oxalic acid is
used as an anodizing solution, and 1 gram or more of oxalic acid is
contained per 1 liter of solution. It is more preferable that the
anodizing solution contains one or more elements selected from the
group consisting of sulfur, nitrogen, phosphorus, fluorine and boron,
or contains a compound including such elements.

In the pfesent invention, an initial anodizing voltage

indicates an electrolytic voltage applied when the formation of

6



10

15

20

25

anodic oxide coating is substantially started. A final anodizing
voltage indicates an electrolytic voltage applied when the formation
of anodic oxide coating is substantially completed.

Hereinafter, there are some cases where the surface

treatment method is referred to as the second invention.

As described above, to achieve the second objective, the
surface of the vacuum chamber made of aluminum or its alloys is
anodized so as to form an anodic oxide coating including a porous
layer having a number of pores and a barrier layer without pores,
and each of the pores has an opening on the surface. First, the
surface of the vacuum chamber is subjected to a porous-type
anodizing, and then, is subjected to a non-porous type anodizing.
Hereinafter, there are some cases where such a surface treatment
method is referred to as the third invention.

In the present invention, a porous-type anodizing indicates
a normai anodizing by which a porous layer and a barrier layer are
formed. The porous layér has anumber of pores having an opening
on the surface of the chamber, and the barrier layer has no pores
and is formed on the interface between the porous layer and the
base material. The porous-type anodizing is conducted by using a
solution containing sulfuric acid, phosphoric acid, oxalic acid,
chromic acid, or a mixture thereof as an electrolytic solution under
the electrolytic voltage in the range between 5V and 200V.

The non-porous type anodizing indicates an anodizing by
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which a barrier layer with no poresis formed. The non-poroustype
anodizing is conducted by using a boron-base solution (for example,
a solution containing a mixture of boron and ammonium borate,), a
phosphorus-base solution (for example, an ammonium |
dihydrogenphosphate solution), a phthalic acid-base solution (for
example, a potassium hydrogenphthalate solution), an adipic
acid-base solution (for example, an ammonium adipate solution), a
carbon-base solution (for example, a sodium carbonate solution), a
citric acid solution, a tartaric acid solution, a sodium chromate
splution, or a mixed solution thereof under the electrolytic voltage
in the range between 60V and 500V.

To solve the third objective, the material used for
producing the vlacuum_ chamber of the present invention is made of
aluminum alloys, and has precipitates and/or deposits having a
diameter of 10 & m or less in average.

Instead of controlling the particle diameter, the
precipitates and/or deposits may be arranged in such a texture as to
be in parallel with the largest surface of the base material.

The material made of aluminum alloy gains further
corrosion resistance by controlling both the particle diameter and
the arrangement diréction of the precipitatés and/or deposits.

It is recommended that the precipitates and/or deposits
have a volumetric proportion of 2% or less.

Hereinafter, there are some cases where the material used

for the vacuum chamber of the present invention is referred to as
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the forth invention.

In the present invention, precipitates indicate compounds
generated from a liquid phase during the production of aluminum
alloy. Deposits indicate compounds generated from a solid phase
during the production of aluminum alloy. Kinds of precipitates
and/or deposits depend on the composition of aluminum alloy, and
are not limited by the series of aluminum alloy. Examples of
precipitates and deposits are as follows. .

Examples of precipitates generated in 1000-series
aluminum alloy (hereinafter, iOOO-series precipitates) include Al-
Fe-series precipitates such as AlsFe, AlsFe and the like, and Al-
Fe-Si-series precipitates such as « -AlFeSi, £ -AlFeSi and the
like.

Examples of precipitates generated in 2000-series
alluminum alloy are of the identical kinds to 1000-series
precipitates. Examples of B:éposits thereof include Al:Cu,
Al:CuMg, AlsCuMg.: and the like.

Examples of precipitates generated in 3000-series
aluminum alloy include, in addition to those identical kinds to the
1000-series precipitates, AlsMn, Al{Mn, AlMn, Al;2Mn, Ali2FesSi,
Al;sMnsSi, AlsMn:S and the like. Deposits thereof is mainly
Ale¢Mn.

Examples of precipitates generated in 5000-series
aluminum alloy include, in addition to those of identical kinds to
the 1000-series precipitates, AlsMg:, Ali2Mgis, Al:Cr, AlisMgsCrs,
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AlisMgsMn: and the like. Examples of deposits thereof include
AlsMg2, Al:=CuMg and the like.

Examples of precipitates generated in 6000-series
aluminum alloy include, in addition to those of identical kinds to
1000-series precipitates, Mg-Si, Si, AlsMgs and the like. Examples
of deposits thereof include Mg=Si, Al>=CuMg and the like.

Examples of precipitates generated in 7000-series
aluminum alloy include, in addition to those of identical kinds to
1000-series precipitates, AlsMgs, AlZn, Mg2Zn11, MgZn: and the like.
Examples of deposits thereof include MgzZnu, MgZn2, Al:MgsZns,
Al:CuMg and the like.

BRIEF DESCRIPTION OF THE DRAWINGS

Fig. 1is a partially sectional view schematically showing a
structure of a porous-type anodic oxide coating;

Fig. 2 is a cross-sectional view showing a porous-type
anodic oxide coating;

Fig. 3 is a graph illustrating a relationship between an
electrolytic voltage and a current density in the case of using three
kinds of anodizing solution respectively;

Fig. 4 is a diagram illustrating the patterns of an
electrolytic voltage applied in the surface treatment of the present
invention;

Fig. 5 is a diagram illustrating the comparative examples

~of patterns of an electrolytic voltage applied in the surface
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treatment;

Fig. 6 is a diagram illustrating the patterns of an
electrolytic voltage applied in the surface treatment of the present
invention;

Fig. 7 is a diagram illustrating the comparative examples
of patterns of an electrolytic voltage applied in the surface
treatment;

Fig. 8 is a diégram illustrating a structure of an anodic
oxide coating formed by the surface treatment method of the present
invention;

Fig. 91is a micrograph showing precipitates and/or deposits
arranged in a direction perpendicular to the surface of the base
material; and

Fig. 10 is a micrograph showing precipitates and/or
deposits arranged in a direction parallel to the surface of the base

material.

BEST MODE FOR CARRING OUT THE INVENTION

A conventional vacuum chamber and chamber parts made
of aluminum or its alloys has been poorin its corrosion resistance to
the aforementioned corrosive gas and/or plasma. To solve this
problem, the present inventors have conducted hard studies on the
techniques for improving the surface quality of a vacuum chamber

and chamber parts, and have reached the first invention. That is,
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when a vacuum chaniber and chamber parts made of aluminum or
its alloys is anodized, it is possible to control the internal structure
and the composition of components of its anodic oxide coating,
thereby remarkably enhancing the resistance to gas corrosion and
plasma.

In a prior art, it is already known to control the thickness
of anodic oxide coating in anodizing (for example, see Japanese
Pater-1t Publication No. 5-53870). It is also known to change the
structure of anodic oxide coating by changing the conditions of
electrolysis. However, there has been no attempt to suppress
corrosion caused by a corrosive gas or plasma by controlling the
internal structure or the composition of components of anodic oxide
coating. In addition, there has been no report about studies
conducted from such a point of view.

Figure 1lis a partially sectional view conceptually showing
a schematic structure of an anodic oxide coating which is formed on
the surface of a vacuum chamber 61‘ chamber part made of
aluminum or its alloys by anodizing. When electrolysis is started,
cells 2 grow in a base material 1 in the depth direction. Each of
cells 2 has a pore 3 along the length thereof in the center portion.

Figure 2 is a cross sectional view of the anodic oxide
coating. In the present invention, the anodic oxide coating
includes a porous layer 4 and a barrier layer 5. The porous layer 4
has pores 3, and the barrier layer 5 has no pores. The barrierlayer

5 is interposed between the porous layer 4 and the base material 1.

12



10

15

20

25

Having no permeability to gas, the barrier layer 5 prevents gas or
plasma from coming into contact with the base material made of
aluminum or its alloys.

It has been found that when an anodic oxide coating
includes a porous layer and a barrier layer, there is a correlation
among a pore diameter of the porous layer, a cell diameter thereof,
and a thickness of the barrier layer.

The present inventors have studied the relationship
between the structure and the resistance to gas corrosion and
plasma of the anodic oxide coating. As a result, the present
inventors have reached the following conclusions.

First, the anodic oxide coating exhibits more excellent
plasma resistance as the porous layer has a pore diameter and écell
diameter smaller at the top thereof. The reason thereof is as
follows. If the diameter of pores and cells is large at the top,
plasma is likely to concentrate to the peripheries of pores on the
surface of the anodic oxide coating. This makes micro-localized
plasma condition on. the surface of the anodic oxide coating.
Contrary to this, if pores have openings with small diameter at the
top, the uniformity of the surface of the anodic oxide coating is
increased, so that the localized concentration of plasma can be
prevented. In addition,_t'he small pore diameter makes it difficult
for gas and plasma components to penetrate into the anodic oxide
coating, and to accumulate onte the surface of porous layer in the

form of any compound.
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Second, the anodic oxide coating exhibits more excellent
resistance to gas corrosion as the porous layer has a pore diameter
and a cell diameter larger at the bottom thereof. The reason
thereof is as follows. If the diameter of pores and cells is large, a
substantial surface area of inside the pore becomes small, so that an
area capable of reacting with corrosive gas becomes small.
Consequently, the internal structure of anodic oxide coating is hard
to be adversely affected by the change in volume thereof due to
reaction products.

Third, an anodic oxide coating exhibits more excellent
resistance to gas corrosion as the thickness of barrier layeris larger.'
The reason thereof is as follows. As described above, the barrier
layer prevents a corrosive gas from coming into contact with the
base material made of aluminum or its alloys. However, there are
some corrosive gases which will gradually penetrate into the barrier
layer when the base material is left in such a gas atmosphere for a
long time. Accordingly, it is desirable that the barrier layer has a
large thickness in order to shield a corrosive gas and also to achieve
excellent gas corrosion resistance even when the base material is
left in a corrosive gas atmosphere for a long time.

From the above point of view, it is desirable that a porous
layer has a structure in which a pore diameter at the top thereof is
as small as possible, while a pore diameter at the bottom thereof is
as large as possible so that a barrier layer has a large thickness.

The present invention does not limit the pore diameter to
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the specific value. In the present invention, at least the pore
diameter at the bottom of the porous layer is larger than that at the
top thereof, thereby enhancing the corrosion resistance. In order
to achieve excellent plasma resistance, it is desirable that the pore
diameter at the top is 80nm or less, and more preferably 50nm or
less, and the most preferably 30nm or less. In order to achieve
excellent gas corrosion resistance, it is desirable that a barrier
layer has a thickness of 50nm or more, and more preferably 80nm or
more.

Furthermore, in the present invention, it is enough that
the pore diameter of the porous layer is larger at the bottom thereof
than at the top thereof, and the pore diameter of the intermediate
portion between the top and the bottom is not limited to the specific
value. Therefore, the intermediate portion méy include a section
where its pore diameter continuously changes, a section where its
pore diameter discontinuously chahges, and a section where its pore
diameter remains constant. These sections may be mixedly
present in the intermediate portion. The pore may have a section
with a decreased diameter in a way from the bottom to the top, or
the pore may disappear in a way from the bottom to the top.

When a pore diameter continuously changes, there are
various change patterns. For example, a pore diémeter gradually
increases from the top tothe bottom, or may gradually increasé from
the top toward the base side, and then, decrease at any point, and

after that, increase toward the bottom again.
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In addition, the porous layer can have a multilayered
structure, where two or more layers with a pore diameter different
from each other are accumulate.d, so that the pore diameter of the
porous layer gradually changes. In this case, it is desirable that
the differences in the pore diameters among these layers are as
small as possible, and that the layer positioned in the middle
portion of the porous layer has pores whose diameter continuously
change, so fhat the pores have tapered surfaces. The structure of
porous layer may be selected depending on the application site in
the vacuum chamber and chamber parts. |

In the above description, the internal structure,
specifically a pore diameter, of the anodic oxide coating changes in
the depth direction. In this case, if the elrectrolysis is conducted
while changing its conditions to change pore diameters, the surface
of anodic oxide coating does not always have pores of uniform
diameter. In many cases, the pore diameter is nonuniform
depending on the shape of surface and the area where pores are
formed. Therefore, the surface areas which require especially
high plasma resistance can be selectively treated in such a manner
as to have a diameter as small as possible. As a result, theré may
be some portions which do not satisfy the requirements of the
present invention, but it is enough that the total structure of the
anodic oxide coating satisfies the requirements of the present
invention.

In some cases, pores are sealed after the completion of
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anodizing. This treatment is referred to as a pore sealing
treatment. In the present invention, the pore sealing treatment
can be conducted as far as it does not adversely affect the quality of
the anodic oxide coating intended in the present invention. The
pore sealing treatment is useful to achieve the coating performance
as has been conventionally reported. Accordingly, as far as the
entire structure of the anddic oxide coating satisfies the
requirements of the present invention, it is possible to achieve the

effect intended in the present invention.

In the present inventioh, the thickness of anodic oxide
coating is not limited to a specific value; however, a preferable
thickness to achieve excellent corrosion resistance is 0.05 £ m or
more, and more preferably 0.1 & m or more. In this case, if the
anodic oxide coating has too large thickness, internal force is
generated to cause cracks, resulting in insufficient coating quality
or peeling. Therefore, the desirable upper limit of the thickness is
50 £ m. In other words, with a thickness of more than 50 « m, it
becomes difficult for the anodic oxide coating to reduce internal
force by itself. This may cause the anodic oxide coating to crack
and peel off, resulting in generating defective products.

In the present invention, there is no limitation on a kind of
solution used for electrolysis. The solution may contain, for
example, an inorganic acid such as sulfuric acid, phoéphoric acid,

chromic acid, or an organic acid such as formic acid and oxalic acid.
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It is recommended, however, to use solution containing 1 gram or
more of oxalic acid per 1 liter of the solution, because the use of such
a solution enables the electrolytic voltage in anodizing to be
arbitrarily controlled in a broad range. Figure 3 is a graph
illustrating a relationship between the electrolytic voltage and the
current density when an anodic oxide coating is formed under
various electrolytic conditions using three kinds of anodizing
solutions containing sulfuric acid, oxalic acid, and phosphoric acid,
respectively. With a sulfuric acid solution, an anodic oxide coating
is formed at a high rate, because the current density greatly
changes when the electrolytic voltage is changed. With a
phosphoric acid solution, an anodic oxide coating is formed at a low
rate, because the current density slowly changes even though the
electrolytic voltage is greatly changed. From this result, it can be
said that when a sulfuric acid solution is used, an anodic oxide
coating is formed at too high rate to control the coating thickness.
On the other hand, when a phosphoric acid solution is used, an
anodic oxide coating is formed at too low rate, resulting in poor
production efficiency. Contfary to this, when an oxalic acid
solution is used, the change in current density with respect to the
electrolytic voltage is in the middle value between that using a
sulfuric acid solution and that using a phosphoric acid solution. In
addition, when using an oxalic acid solution, the structure of anodic
oxide coating can be easily controlled with less deterioration of

production efficiency than the case of using a phosphoric acid
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solution.

As described above, an anodic oxide coating obtains high .
resistance to gas corrosion and plasma by controlling the structure
thereof. The present inventors have conducted further studies,
and have found that further -improvement in corrosion resistance
can be achieved by adjusting a composition of components of anodic
oxide coating. More specifically, an anodic oxide coating gains
further resistance to gas corrosion and plasma when it contains two
or more elements selected from the group consisting of carbon,
sulfur, nitrogen, phosphorus, fluorine, and boron (hereinafter,
referred to as present elements in some cases.).

When an anodizing solution contains an organic acid such
as oxalic acid and formic acid, the produced anodic oxide coating
contains a carbon-containing compound such as HCOOH and
(COOH): (or a compound containing C«OyH. groups such as -COs, -
C204, and -COOH, where x, y, and z are integers satisfying the
conditions of x= 1, and y and z20). Accordingly, when an organic
acid solution such as oxalic acid solution is used in anodizing, one
or more elements other than carbon, selected from the group
consisting of sulfur, nitrogen, phosphorus and boron, is added
thereto, so that the anodic oxide coating contains two or more
elements. Below-described are examples of compounds to be added
to the anodizing solution.

(1) In the case where sulfur is added to an anodizing solution:
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An element such as H2SO4, Al:(SO4)s and the like is added
to an anodizing solution, so that the produced anodic oxidé coating
contains a sulfur-containing compound such as H2SO,;, H:SOs,
Al:(S04)s, AI(HSO.)s and the like (or a compound containing S.O,H,
groups such as -SOy, -SOs, -HSO, and the like, where x, y, and z are

integers satisfying the conditions of x= 1; and y and z= 0).

(2) In the case where nitrogen is added to an anodizing solution:
An element such as HNOs, A1(NOs)s and the like is added to
an anodizing solution, so that the produced anodic oxide coating
contains nitrogen-containing compound such as HNOs;, HNO.,
Al(NOs)s and the like (or a compound containing N:OyH. groups
such as -NOs, -NO: and the like, where x, y, and z are integers

satisfying the conditions of x= 1, and y and z=0).

(3) In the case where phosphorus is added to an anodizing solution:

An element such as HsPOy4, H3POs, AIPO; and the like is
added to an anodizing solution, so that the produced anodic oxide
coating contains phosphorus-containing compound such as HsPOy,
H2PHOs, AlPO+ and the like (or a compound containing P.O;H.
groups such as -POy, -HPO.,, -H2POy, -HPHO: and the like, where x,
¥, and z are integers satisfying the conditions of x= 1, and y and z

20).

(4) In the case where fluorine is added to an anodizing solution:
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An element such as hydrogen fluoride is added to an
anodizing solution, so that the produced anodic oxide coating

contains fluorine-containing compound.

(5) In the case where boron is added to an anodizing solution:

An element such as (NH.):B4O7, HsBOs and the like is
addéd to an anodizing solution, so that the produced anodic oxide
coating contains boron-containing compound .such as B:0s,
(NH,):B4O7 and the like (or a compound containing B:OyH. groups
such as -BOs, -B:O: and the like, where x, y, and z are integers

satisfying the conditions of x= 1, and y and z= 0).

The compoﬁnd is added to the anodizing solution in the
amount of 0.1 gram or more per 1 liter of the solution upon being
converted into the amount of each element, i.e., sulfur, nitrogen,
phosphorus, fluorine and boron. With the amount of less than 0.1

gram per 1 liter, it is difficult to achieve remarkable effect.

As already described, when an oxalic acid solution is used
as an anodizing solution, the produced anodic oxide coating
contains carbon-containing compound derived from the oxalic acid.
Therefore, it is enough that one or more present elements other
than carbon (i.e., sulfur, nitrogen, phosphorus, fluorine and boron)
is added to the anodizing solution. When a sulfuric acid solution is

used as an anodizing solution, the produced anodic oxide coating
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contains sulfur-cdntaining compound derived from the sulfuric acid.
Therefore, it is enough that one or more presen.t elements other
than sulfur (i.e., carbon, nitrogen, phosphorus, fluorine and boron)
is added to the anodizing solution. Depending on the element
originally contained in the anodizing solution, a compound
containing one or more other present elements is added to the
anodizing solution. As a result, the produced anodic oxide coating

can contain two or more present elements.

Besides the method in which the above-described
compound is added to the anodizing solution, it is possible to employ
other methods for allowing two or more present elements to be
contained in the anodic oxide coating. For examble, it is possible
to use the base material made of aluminum alloy containing the
present elements as an alloying element. It is also possible to
allow the present elemeni!s to be contained only in the surface layer
of the base material by a surface reforming method such as ion
implantation, which is then subjected to anodizing. In any of
these methods, the produced anodic oxide coating contains two or
more present elements, thereby gaining the enhanced resistance to

gas corrosion and plasma. -

In order to enhance the resistance to gas corrosion and
plasma, the preferable amount (in the unit of weight %) of the

present elements to be contained in the anodic oxide coating is as

22



10

15

20

25

follows. In the case of carbon, the preferable amount is 0.01% or
more, and more preferably 0.5% or more. In the case of sulfur, the
preferable amount is 0.02% or more, and more preferably 2% or |
more. In the case of nitrogen, the preferable amount is 0.01% or
more, and more preferably 0.7% or more. In the case of phosphorus,
the preferable amount is 0.015%, and more preferably 1% or more.
In the case of fluorine, the preferable amount is 0.01%, and more
preferably 0.5% or moi'e. In the case of boron, the preferable

amount is 0.015%, and more preferably 0.3% or more.

In the present invention, an aluminum alloy used for a
base material is not limited to a specific kind. However, it is
desirable that the vacuum chamber is made of 1000-series alloy,
5000-series alloy, and 6000-series alloy due to their excellent
mechanical strength, thermal conductivity, electric conductivity,
and corrosion resistance. A 1000-series alloy is a high purity
aluminum-series alloy. A 5000-series alloy is desired to contain at
least 0.5 or less weight% of silicon and 0.5 to 6.0 weigth% of
magnesium as alloy contents. A 6000-series alloy is desired to
contain at least 0.2 to 1.2 weight% of silicon and 0.4 to 1.5 weight%
of magnesium as alloy contents. The components of the chamber
may be made of 2000-series alloy and 7000-series alloy besides
5000-series alloy and 6000-series alloy. Itis known thatthe use of
aluminum alloy containing magnesium, silicon, copper, iron and

the like as alloy contents enhances the resistance to cracks of the
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anodic oxide coating generated by high frequency and high
temperature (heat cycle), and reduces internal force inside the
anodic oxide coating. Especially, a 6000-series alloy has a high
performance when including magnesium and silicon as alloy
contents, and the performance can be fﬁrther increased by
conducting thermal treatment at the final step of the production

thereof.

Next, the second invention will be described.

In the second invention, the surface of the base material
made of aluminum alloy is anodized under the condition where a
final anodizing voltage is higher than an initial anodizing voltage.
In this order, an anodic oxide coating is formed with an internal
structure which provides excellent resistance to both the gas
corrosion and plasma.

In order to suppress the reaction with plasma, the porous
layer is required to have a smooth surface with a small pore
diameter and a small cell diameter. In the formation of anodic
oxide coating, the anodizing proceeds starting from the surface of
the base material along the depth direction, and the bottom end
structure is dependent on the anodizing voltage. Once the
formation of the anodic oxide | coating is completed, the pore
diameter and the cell diameter thereof never change even by the
application of anodizing voltage. As a result, it is preferable that
the initial anodizing voltage is set at low level, and specifically, at
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50V or less, and more preferably at 30V orless. On the other hand,
in order to reduce the internal force inside the anodic oxide coating
and to prevent the anodic oxide coating from cracking and peeling
off, the bottom end structure of the porous layer is required to have
a large pore diameter and large cell diameter. Further, more
excellent gas corrosion resistance can be achieved if the anodic
oxide coating has a barrier layer with large thickness at the
interface between the porous layer and the base material. Taking
these points into consideration, a final anodizing voltage is
required to be higher than an initial anodizing voltage. It is
preferable that the final anodizing voltage is set at 30V or more,
and more preferably 50V or more, and the most preferably 70V or
more.

When the final anodizing voltage is higher than the initial
anodizing voltage, the anodizing voltage may be continuously
changed in the entire anodizing process, or may be changed
stepwise. Specifically, th.e anodizing voltage may be continuously
or discontinuously changed for an arbitrary period in the anodizing
process, or may be kept constant for an arbitrary period in the
anodizing process. |

As described above, an anodizing voltage is changed for a
specific period in the anodizing process so that an anodic oxide
coating is formed with a changing internal structure. Thus-
formed structure is effective of reducing the internal force and the

volumetric change of the anodic oxide coating resulted from the

25



10

15

20

25

contact with gas or plasma during the use of the vacuum chamber.
As a result, it is possible to prevent the anodic oxide coating from
cracking or peeling off, which may otherwise cause corrosion and
dam.age, thereby enhancing the resistance to gas and plasma.
FIG. 4 is a diagram illustrating voltage patterns when an
electrolytic voltage is continuously changed. As seen in FIG. 4, a
voltage level may be gradually increased starting from the
initiation of electrolysis, or a voltage level may be increased to a
certain level and then decreased, and again increased. FIG. 4
illustrates the patterns when an electrolytic voltage is linearly
changed; however, an electrolytic voltage may be curvedly changed.
FIG. 6 is a diagram illustrating patterns when an
electrolytic voltage is changed stepwise. As seen in FIG. 6, an
electrolytic voltage may be intermittently increased, or may be
increased continuously, or may be decreased once and then again
increased. When the electrolytic voltage is changed stepwise, it is
recommended that the increase and decrease in the voltage values
are continuous or small. In this manner, an anodic oxide coating
has a structure with continuity in the depth direction, thereby
avoiding the formétion of portions to which the internal force easily

concentrates.

Next, the third invention will be described. The present
inventors have found that, in order to form an anodic oxide coating

excellent in the resistance to both gas corrosion and plasma, in
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addition to give a changing structure to tﬁe porous-type anodic
oxide coating, the porous type anodizing and the non-porous type
anodizing are performed to form a barrier layer with a thickness as
large as possible.

As shown- in FIG. 8, the base material 1 of the vacuum
chamber and chamber parts made of aluminum or its alloys is
subjected to the porous-type anodizing so as to form the porous
layer 4 and the barrier layer 5. Then, the non-porous type
anodizing is performed thereto so that the barrier layer 6 grows.
As a result, the vacuum chamber or chamber part is excellent in the
resistance to both gas corrosion and plasma.

As described above, the porous type anodizing may be
conducted using a solution containing any one of sulfuric acid,
phosphoric acid, oxalic acid and chromic acid, or a mixture thereof
under the electrolytic voltage in the range between 5V and 200V.
On the other hand, the non-porous type anodizing for formiﬁg a
barrier layer with no pores may be conducted using a boric acid-
base solution, a phosphoric acid-base solution, a phthalic acid-base
solution, an adipic acid-base solution, a carbonic acid-base solution,
a citric acid-base solution, a tartaric acid-base solution, and a
sodium chromate-base solution, or a mixture thereof under the
electrolytic voltage in the range between 60V and 500V.

In the present invention, the porous-type anodizing may be
conducted under the electrolytic voltage at a constant value;

however, it is recommended that a final anodizing voltage is higher
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than an initial anodizing voltage so that the pore diameter at the
top of porous layer becomes larger than at the bottom thereof. The
reason thereof is as follows. In order to achieve excellent plasma
resistance, it is preferable that the porous layer has pores with
small diameter at the top thereof, while in order to achieve
excellent gas corrosion resistance, it is preferable that the porous
layer has pores and cells with large diameter at the bottom thereof.
More specifically, the initial anodizing voltage is preferably set at
50V or less, and more preferably 30V or less. On the other hand,
the final anodizing voltage is preferably higher than the initial
anodizing voltage, and the specific value thereofis 30V or more, and
more preferably 50V or more, and the most preferably 70V or more.

When the final anodizing voltage is higher than the initial
anodizing voltage in porous-type anodizing, the voltage may be
continuously changed in the entire anodizing process, or may be
changed stepwise. More specifically, the voltage may be
continuously or discontinuously changed for an arbitrary period in
the entire anodizing process, or may be changed for an arbitrary
period while being kept constant for the other arbitrary period.

As described above, in the formation of the porous-type
anodic oxide coating, the anodizing voltage is changed for an
arbitrary period in the anodizing process so that the produced
anodic oxide coating has a changing internal structure. This
structure reduces the internal force or the volumetric. change of the

anodic oxide coating due to the contact with gas or plasma during
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the use of vacuum chamber. As a result, it is possible to prevent
the anodic oxide coating from cracking or peeling off, which may
otherwise cause corrosion and damage, thereby enhancing the
resistance to gas and plasma.

An anodizing voltage may be continuously changed. In
this case, for example, the voltage may be gradually increased
étarting from the initiation of electrolysis, or may be increased to a
certain level and then decreased, and reincreased. FIG. 6 is a
diagram showing voltage patt‘erns when the electrolytic voltage is
changed stepwise. As shown in FIG. 6, there are several methods

for changing the electrolytic voltage. Patterns A and C show the

case where the electrolytic voltage is intermittently increased.

Patterns B and C show the case where the increase in the voltage
level is continuous. Patterns E and F show the case where the
electrolytic voltage is increased and then decreased, and
reincreased. When an electrolytic voltage is changed stepwise, it
is recommended that the increase and decrease in the voltage are
continuous or small. In this manner, the anodic oxide coating is
provided with a structure having continuity in the depth direction,
thereby avoiding the formation of portions to which the internal

force is easily concentrated.

In the present invention, a pore diameter of the porous-
type anodic oxide coating is not limited to a specific value; however,

a pore diameter at the bottom is larger than that at the top. With
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this structure, the corrosion resistance is enhanced. In order to
achieve excellent plasma resistance, it is preferable that a pore
diameter at the top is 80nm or less, and more preferably 50nm or
less, and the most preferably 30nm or less.

In the present invention, the thickness of the porous layer
is not limited to a specific value; howevei’, in order to achieve
excellent corrosion resistance, it is preferable that the thickness of

the porous layer is 0.05 & m or more, and more preferably 0.1 um

“or more. The, desirable maximum thickness is 50 & m, because if

the thickness is too large, the porous layer may have cracks due to
the internal force. This may cause problems such as insufficient
coating performance or peeling of the anodic oxide coating. More
specifically, if the porous layer has a thickness of larger than 50 u«
m, it may be difficult for the anodic oxide coating to reduce its
internal force by itself. In this case, the anodic oxide coating may
have cracks and peel off, causing a problem of producing defective
products.

Further, in order to achieve excellent gas corrosion
resistance, it is preferable that the barrier layer has a thickness of

50nm or more, and more preferably 80nm or more.

Next, the forth invention will be described.
Even though the above-described surface treatment is
conducted in the formation of anodic oxide coating, it is impossible

to completely avoid the penetration of corrosive elements into a
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base material. During the use of a vacuum ¢hamber or chamber
part, corrosive elements passes, though very slowly, through an
anodic oxide coating and penetrate into a base material made of
aluminum alloy. Therefore, in addition to the improvement of
surface treatment technique, it is also import'ant to enhance the
corrosion resistance of material itself used for a vacuum chamber
and chamber parts.

Depending on desired physical properties, an aluminum
alloy is provided with several kinds of alloying elements, and at
least iron and silicon are always contained as inevitéble impurities.
A 1000-series alloy, which is not positively provided with alloying
elements, also may contain a certain amount of iron and silicon as
inevitable impurities. Accordingly, when using a 1000-series
aluminum alloy, the base material contains at least 1000-type
precipitates which have been already described. Duralumin made
of 2000-series alloy has the high strength resulted from the
dispersion curing effect of deposits. Accordingly, a vacuum
chamber made of aluminum alloy contains precipitates such as
precipitates or deposits containing inevitable impurities, alloying
elements and the like.

However, the presence of the precipitates and/or deposits
seriously impairs the corrosion resistance, and therefore, is not
desirable. More specifically, halogen elements such as chlorine,
fluorine and bromine have high corrosivity and penetrate into a

base material made of aluminum, causing corrosion of the base
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material. When a base .material contains precipitates and/or
deposits, halogen elements are likely to penetrate into the interface
between the precipitates and/or deposits and the base material
made of aluminum. In order to ensure corrosion resistance, it is
deSiraBle that a base material contains precipitates and/or deposits
in an amount as small as possible. However, in order to reduce the
content of inevitable impurities such as iron and silicon to the level
as low as possible, it is necessary to prepare an aluminum alloy
having extremely high purity. This requires high cost and thus is
not practical.

The present inventors have conducted studies to enhance
the corrosion resistance bf base material made of aluminum alloy on
the assumption that precipitates and/or deposits are present
therein. As a result, it has been found that when precipitates
and/or deposits are present in a minute and uniform state, or are
arranged in paraillel with the largest area of the base material, the
base material is excellent in corrosion resistance. More
specifically, the precipitates and/or deposits are arranged not to be
present continuously with respect to the direction along which the
corrosive elements penetrate. With this arrangement, the base
material has the high resistance to both gas corrosion and plasma.

In order to achieve excellent resistance to corrosion, it is
effective that the precipitates and/or deposits have a diam'eter of 10 .
M m in average. With a small diameter, precipitates and/or

deposits lose continuity and easily keep adequate spaces each other.
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As a result,. the corrosion resistancé is enhanced. The preferable
average diameter of precipitates is 6 4 m or less, and more
preferably 3 u# m or .less. The preferable average diameter of
deposits is 2 &« m or less in average, and more preferably 1 & m or
less. In this case, if some particles have too large diameter even
though the average diameter falls within these ranges, the
corrosion resistance may be adversely affected. Accordingly, the
maximum diameter of the precipitates and/or deposits is preferably
15 1 m or less, and more preferably 10 & m or less.

In some environment where a vacuum chamber or chamber
part is used, deposits may grow and gain their diameters during use.
In spite of such a situation, the maximum diameter thereof
preferably falls within the above-described ranges. However, in
the case where a vacuum chamber is used in the environment that
does not allow the particle diameter to stay within these ranges, it
is desirable to select a base material having deposits with a
diameter as small as possible (specifically, a base material having
deposits with an average diameter of 2 4 m or less, and more
preferably 1 4 m or less).

In order to disperse precipitates and/or deposits in a
minute form in an aluminum alloy, a content of alloying element
and inevitable impurities in an alloy composition is reduced to the
level as low as possible. Besides this method, there is also a
method in which a casting rate is controlled. More specifically, in

casting, a cooling rate is increased to the level as high as possible,
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thereby controlling the average diameter and the volumetric
proportion of the precipitates and deposits to small values. The
cooling rate in casting is preferably 1°C/sec or more, and more
preferably 10°C/sec or more.

The particle diameter, the shape, and the distribution
state of the deposits can be controlled by performing thermal
treatment at the final step of producing the base material (for
example, T4, T6). Specifically, the liquefaction is performed at a
temperature as high as possible (for example, the temperature is
increased to the level immediately before the solidification is
started.) so as to form a supersaturated solid solution, and after
that, multistage aging treatment such as a double stage treatment
and a triple stage treatment is performed. As described above,
even after the casting, the diameter of deposits can be further
decreased by performing the above-described thermal treatment.

Moreover, in hot extrusion or hot rolling performed after
the casting, the precipitates and/or deposits are likely to be
arranged along the directions of extrusion and rolling. Even when
the aluminum alloy containing the precipitates and/or deposits
arranged along a specific direction is used for the base material,
depending on the shape of each vacuum chamber, the largest area of
the. base material is made to be parallel with the arrangement
direction thereof, thereby enhancing the corrosion resistance.

FIG. 9 and FIG. 10 are micrographs showing precipitates

and/or deposits viewed from the cross-section of the vacuum
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chamber. White-colored portions are precipitates and black-
colored portions are deposits. In both FIG. 9 and FIG. 10, the
upper side is the surface of the vacuum chamber where an anodic
oxide coating is formed. In FIG. 9, the precipitates and/or the
deposits are arranged in perpendicular to the surface of the vacuum
chamber. InFIG. 10, the precipitates and/or deposits are arranged
in parallel with the surface of the vacuum chamber. In FIG. 9,
there are some precipitates and/or deposits having a diameter of
more than 15 ¢ m, while in FIG. 10, all the precipitates and/or
deposits have a diameter of 10 & m or less. Accordingly, FIG. 10
illustrates a vacuum chamber with a base material having
precipitates and/or deposits with a diameter of 10 &£ m or less, and
the precipitates and/or deposits are arranged in parallel with the
largest surface of the base material.

Some kinds of vacuum chamber or chamber part may
contain, due to the restriction from their shapes, precipitates and/or
deposits arranged in perpendicular with the largest area of the base
material. Examples of such vacuum chambers include susceptors,
gas diffusion plates, dielectric plates such as electr_ostatic chucks,
all of which have a‘disk-shalped base material. For example, in
many cases, susceptors are produced in a disk-like shape by cutting

a column-like extruded material into round slices. Thus-produced

 susceptors contain precipitates and/or deposits arranged along a

direction of hot extrusion, and this arrangement direction may be in

perpendicular to the surface and bottom of susceptor. Accordingly,
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when a vacuum chamber is a susceptor like this, the corrosion
resistance is enhanced by controlling the average diameter of
precipitates and/or deposits to be as small as possible, instead of
controlling the arrangement direction thereof.

Moreover, the corrosion resistance can be further enhanced
by, besides controlling the average diameter and/or the
arrangement of precipitates and/or deposits, controlling the
volumetric proportion thereof to be as small as possible. More
specifically, the volumetric proportion of the precipitates and/or
deposits is preferably 4% or less, and more preferably 2% or less,
and the most preferably 1% or less.

A preferable combination of the average diameter and the
volumetric proportion of the .precipitates and/or deposits is as
follows. As to the precipitates, it is preferable that the average
diameteris 6 & m or less and the volumetric proportion is 4% or iess
(desirably 2% or less), and more preferably, the average diameter is
3 # m or less and the volumetric proportion is 2% or less (desirably
1% or less). As to the deposits, it is preferable that the average
diameteris 2 & m or less and the volumetric proportion is 4% or less
(desirably 2% or less), and more preferably the average diameter is
1 &£ m or less and the volumetric proportion is 2% or less (desirably
1% or less).

In some methods and conditions for producing an
aluminum alloy, it is possible to control the diameter and the

volumetric proportion of the precipitates and/or deposits present on
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the surface of the aluminum alloy. For example, there is a method
in which, when solidified, the surface of an aluminum alloy is
rapidly cooled to control the formation of the precipitates and/or
deposits. In this case, a pressure may be applied so that
precipitation and deposition are promoted in the bulk middle
portion of the aluminum alloy. There is also a method in which an
aluminum alloy excellent in corrosion resistance is cladded on the
surface of the vacuum chamber.

In the above-described methods, control is conducted in
such a manner that at least the largest area of the base material
from the surface up to lmm deep contains precipitates haviﬁg an
average diameter of 3 u- m or less and a volumetric proportion of 1%
or less and deposits having an average diameter of 1 £ m orless and
a volumetric proportion of 1% or less. Consequently, the surface of
the base material gains further resistance to gas corrosion and
plasma, resulting in further enhancing the corrosion resistance of
the entire vacuum chamber.

When a vacuum chamber is produced by using the material
of the present invention, the corrosion resistance and the abrasion
resistance can be further enhanced by forming a coating on the
surface thereof employing a known surface treatment other than
the anodizing. Examples of such surface treatments include a
physical vapor deposition such as sputtering and ion-plating,
chemical vapor deposition, and thermal spraying.

Although the presentinvention has been fully described by
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way of example with reference to the accompanying drawings, it is
to be understood that various changes and modifications will be
apparent to those skilied in the art; Therefore, unless otherwise
such changes aﬁd modifications depart from the scope of the present

invention, they should be construed as being included therein.
EXAMPLE 1

As shown in Table 1, various aluminum alloy plates were
provided with an anodic oxide coating having different structure
from each other. These aluminum alloy plates were used as test
pieces. Each anodic oxide coating included a porous layer having
pores with a diameter continuously changing in a depth direction.
Table 1 also shows the number of layers included in each porous
layer, a pore diameter at a top and a bottom of each porous layer, an
electrolytic solution used for anodizing, and the thickness of each
anodic oxide coating.

In order to evaluate the corrosion resistance to a halogen-
containing gas for the test pieces, a gas corrosion test was
conducted by using 5% of mixed gas of Clz and Ar at a temperature
of 300°C for 4 hours. Upon completion of the test, the appearance
of test pieces Waé evaluated under the following standards.
<gas corrosion test>

QO: No corrosion was generated.

A: Corrosion was generated in an area of less than 5% of
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test piece.
X : Corrosion was generated in an area of 5% or more of test

piece.

In addition, in order to evaluate the resistance to plasma
for the test pieces, a chlorine plasma irradiation test was conducted
under the low bias for 90 minutes. Upon completion of the test, the
etched depth of the test pieces was measured and evaluated under
the following standards.
<plasma irradiation test>

O: Test piece was etched in a depth of less than 2 # m.

A: Test piece was etched in a depth in the range between 2
4 m or more and less than 5 & m.

X : Test piece was etched in a depth of 5 & m or more.

The results of the gas corrosion test and the plasma

irradiation test are shown in Table 1.
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Table 1

» |
No. Kind of Structure Treatment EThickness of |Gas Plasma
Al alloy |of porous method ianodic oxide [Corrosion |irradiation
layer :caating (. mltest test
1 {1000-series! a 2 )
Example of
present 2 b 1 35 O
invention 6000-series
3 c 25 O O
4 d anodizing | 0.8 O O
5 !5000-series| e 15 O O
6 f 0.04 X x
Comparative '
example 7 4 45 x A
8 |6000-series! h 70 x O
9 - -— — x X

*Remarks : Structure of porous layer is indicated by means of pore diameter

a:top:10~200nm:base

{phosphoric acid)

b:top: 153~20nm:base (sulfuric acid-oxalic acid)

ttop: 8~250nm : bottom
ttop: 25~3 5 nm :botton
itop: 20~20nm : bottom
:top: 15~15nm:bottonm
ttop: S5~10nm:botton

M w0 A0

:1top:12~55~30~120nm:base (phosphoric acid)

{phosphoric acid)

(sulfuric acid—oxalic acid)
(phosphoric acid)

(sulfuric acid)

(sulfuric acid)
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As is obvious from the results shown in Table 1, the test
pieces Nos. 1 to 5, satisfying the conditions of the present invention,
exhibited the excellent resistance to gas corrosion and plasma. On
the other hand, the test pieces Nos. 6 to 9, corresponding to the
comparative examplé; and not satisfying one or more conditions of
the present invention, exhibited the insufficient resistance to gas

corrosion and/or plasma.
EXAMPLE 2

As shown in Table 2, various aluminum alloy plates were
provided with an anodic oxide coating having different structure
from each other. In Example 2, an oxalic acid solution was used as
an electrolytic solution. These aluminum alloy plates were used as
test pieces. Each anodic oxide coating included a porous layer
having pores with a diameter continuously chénging in a depth
direction. Table 2 also shows the number of layers included in
each porous layer, a i)ore diameter at a top and a bottom of each
porous layer, and the thickness of each anodic oxide coating.

Repeating the gas corrosion test and the plasma
irradiation test conducted in Example 1, the test pieces were tested
to evaluate their resistance to gas corrosion and plasma. The test

results are as shown in Table 2.
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Table 2

. _
No. Kind of StructureETreatment ‘Thickness of [Gas Plasma
Al alloy {of porous; method .anodic oxide |corresion |irradiation
layer i .csating (g mitest test
; -
1 |5000- a i P15 0 O
series :
Example of | 2 b 0.1 INe;
present 11000- i
inventionj 3 lseries c i5 O O
joxalic acid
4 d lanodizing | 25 O Q
6000~
5 |series e 15 (@] o)
6 f 0.03 X x
Comparative
example 7 g 40 b A
1000~
8 |[series h 80 x O
5000~
9 |series - - - x x
¥ Remarks : Structure of porous layer is indicated by means of pore diameter

: top

TN 0 A0 O

stop:

:top
1top:

ttop: 15~140nm : botton
ttop: 20~150nm : bottom
ttop: 20~50~30~1350nm :botton
:top: 10~180nm: bottom

10~20~10~70nm :botton
:10~435nm:bottom
20~20nm :botton

5~40nm:bottom




10

15

20

As is obvious from the results shown in Table 2, the test
pieces Nos. 1 to 5, satisfying the conditions of the present invention,
exhibited the excellent resistance to gas corrosion and plasma. On
the other hand, the test pieces Nos. 6 to 9, corresponding to the
comparative examples and not satisfying one or more conditions of
the present invention, exhibited the insufficient resistance to gas

corrosion and/or plasma.

EXAMPLE 3

"As shown in Table 3, various aluminum alloy plates were
provided with an anodic oxide coating having different structure
from each other. These aluminum alloy plates were used as test
pieces. A porouslayerincluding two or more layers had pores with
a diameter which changed stepwise. However, the test piece No. 4
had an intermediate layer of which pore diameter continuously
changed, thereby pores have fapered surfaces. Table 3 also shows
kinds of electrolytic solutions used in anodizing and the thickness
of each anodic oxide coating.

Repeating the gas corrosion test and the plasma
irradiation test conducted in Example 1, the test pieces were tested
to evaluate their resistance to gas corrosion and plasma. The test

results are shown in Table 3.
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Table 3

i !
' iStructure of porous layer |
iK ind of iTreatment Thickness of |Gas Plasma
No. iAl al onéNumber ofiPore diameter (nm) * imethod anodic oxide |corrosionlirradiation
! ilayers top/bottem coating {u m)itest test
1 {1000~ 2 20(P) /100 (P) 4 0 )]
series
2 3 50(P)/30(S) /70(P) 0.5 O Q
Example 3 2 10(s-0) /120(P) 5 '®) )
of ‘ anodizing
present 4 16000~ 2 15(8) /tapered layer (P) /130(P) 30 o) )
invention series :
5 3 15(8) 740 (P) /150 (P) 30 O O
8 5 30(P) /50 (P) /80 (P) /7200 (P) 45 @] O
7 8 20(S) /120 (P) 720(S) /120 10 O @)
5000~ (P) /20(S) /180 (P)
series
8 2 80(P) /250 (P) 0.2
9 1 10(S) 30
Comparative |6000- '
example 10iseries | — —_ - - x X
11{1000- 2 10(S) /50 (P) anodizing | 0.03 x %
series '
12 2 80(P)/15(8) 70 x A

* Remarks : (P):phosphoric acid anodizing
(S): sulfuric acid anodizing
(S-0): sulfuric acid—oxalic acid anodizing
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As is obvious from the results shown in Table 3, the test
pieces Nos. 1 to 8, satisfying the conditions of the present invention,
exhibited the excellent resistance to gas corrosion and plasma. On
the other hand, the test pieces Nos. 9 to 12, corresponding to the
comparative examples and not satisfying one or more conditions of
the present invention, exhibited the insufficient resistance to gas

corrosion and/or plasma.
EXAMPLE 4

As shown in Table 4, various aluminum alloy plates were
provided with an anodic oxide coating having different structure
from each other. In Example 4, an oxalic acid solution was used as
an electrolytic solution. These aluminum alloy plates were used as
test pieces. A porous layer including two or more layers had pores
with a diameter which changed stepwise. However, the test pieces
Nos. 2 and 8 had an intermediate layer of which pore diameter
continuously changed, thereby pores have tapered surfaces.. Table
4 also shows the structure of each porous layer and the thickness of
each anodic oxide coating.

The test pieces were tested to evaluate their resistance to
gas corrosion and plasma repeating the gas corrosion test and the
plasma irradiation test conducted in Example 1, except that the gas
corrosion test was conduted at 300°C for 4 hours and the chlorine

plasma irradiation test was conducted for 120 minutes. The test
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results are shown in Table 4.
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Tablc 4

Structure of porous layer Treatment | Thickness of Gas Plasma
No. Kind of Al alloy | Number of | Pore diameter (nm) | method anodic oxide corrosion | irradiation
layers top / bollom coating(4t m) | lesl test

| 2 10/80 15 O O
2 2 15/tapered 35 O @)

Example of 5000-scrics layer/1 10
present 3 3 20/30/150 0.8 ®) O
invention 7y 4 IS/120801150 | 30 O O
2 1000-scrics ; ‘5‘/;:)%:)50 acid N 2‘:, 8 8

anodizing

7 2 107150 35 O O
8 2 20/tapered 30 O O

6000-serics |aycr/ 125
9 3 15/80/150 25 O O
10 I 15 10 X O
Comparative | 1§ 2 10/220 0.03 A X
example 12| 1000-scrics 1 20/50 60 X A
13 5000-serics 3 10/50/100 60 A A
14 - - - — X X
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As is obvious from the results shown in Table 4, the test
pieces Nos. 1 to 9, satisfying the conditions of the present invention,
exhibited the excellent resistance to gas corrosion and plasma. On
the other hand, the test pieces Nos. 10 to 14, corresponding to the
comparative examples and not satisfying one or more conditions of
the present invention, exhibited the insufficient resistance to gas

corrosion and/or plasma.
EXAMPLE 5

As shown in Table 5, various aluminum alloy plates were
provided with an anodic oxide coating having different structure
form each other. These aiuminum alloy plates were used as test
pieces. Table 5 also shows the change in the structure of each
porous layer byl means of a pore diameter, kinds of electrolytic
solutions used in anodizing, and the thickness of each anodic oxide
coating.

Repeating the gas corrosion test and the plasma
irradiation test conducted in Example 1, the test pieces were tested
to evaluate their resistance to gas corrosion and plasma. The test

results are shown in Table 5.
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Table 5
:Structure of i l .
Kind of | porous layer Treatmenthhickness of iGas Plasma !
No. Al alloy; : method ianodic oxide icorrosionirradiation |
iNumbers of Pore coating (umitest test ;
b ayer :diameter: I ' '
1 ) " a 15 O O !
Example of 5000~ | i
present 2 lseries 1 3 ' b 0.08 (@) (@)
invention :
3 2 e a5 O O
i i ]
4 16000~ 4 | d anodizing 2 ‘o) o)
series :
5 5 e ' 45 O ]
Comparative | 6 2 £ 60 A 0
example :
7 1 g : 0.02 x x
5000~ '
8 |series - - - - X x

* Remarks : Pore diameter of each laver
a:top: 10~23nm (sulfuric acid) /353 0~ 12 0 nm (phosphoric acid) : bottom
b:top: 20~2 5 nm (sulfuric acid—oxalic acid)
/30~50nm (sulfuric acid—oxalic acid)
/30~120nm (phosphoric acid) :bottom
c:top: 15~50nm (phosphoric acid) /6 0~2 35 0 nm (phosphoric acid) : bottom
d:top: 20~2 35 nm (sulfuric acid~oxalic acid)
/30~120nm (phosphoric acid) /1 00~120nm (phosphoric acid)
/100~2350nm (phosphoric acid) :bottom
e :top: 10~13nm (sulfuric acid) /3 0~40nm (sulfuric acid—oxalic acid)
/100~120nm (phosphoric acid) /8 0~ 100 nm (phosphoric acid)
/80~2350nm (phosphoric acid) :bottom
f:top: 10nm (sulfuric acid) /2 0nm (sulfuric acid—oxalic acid) : bottom
g:top: 20 nm (sulfuric acid) : bottom
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The anodic oxide coating of the test pieces Nos. 1to5 had a
porous layer including two or more layers and having pores with a
diameter which changed continuously. As is obvious from the
results shown in Table 5, the test pieces Nos. 1 to 5, satisfying the
conditions o_f the present invention, exhibited the excellent
resistance to gas corrosion and plasma. On the other hand, the
test pieces Nos. 6 to 8, corresponding to the comparative examples
and not satisfying one or more conditions of the present invention,

exhibited the insufficient resistance to gas corrosion and/or plasma."
EXAMPLE 6

As shown in Table 6, various aluminum alloy plates were
provided with an anodic oxide_ coating having different structure
from each other. In Example 6, an oxalic acid solution was used as
an electrolytic solution. These aluminum alloy plates were used as
test pieces. Table 6 also shows the change in structure of each
porous layer by means of a pore diameter and the thickness of each
anodic oxide coating.

Repeating the gas corrosion test and the plasma
irradiation test conducted in Example 4, the test pieces were tested
to evaluate their resistance to gas corrosion and plasma. The tést

results are shown in Table 6.
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Table 6

Structure of i i i
porous layer [Treatment ;Thickness of éGas ;Plasma
Ne. Kind of ! method :anodic oxide jcorrosicn iirradiation
Al alloy|Number of | Pore ‘coating (zm) itest Etest
layers 'diameters : i i
i H
1 2 i a : 30 0 0
Example of 5000~ i
present 2 iseries 2 b i 0.2 @) @)
invention
3 3 c 5 @] O
oxalie
4 2 d acid 35 @) O
6000~ anodizing
5 |series 5 e 0.8 (@) @)
Comparative | 6 2 f 60 A @]
example 1000~
7 |series 1 g 0.03 X X
8 5000~ 1 h 2 X A
series
<] - - - - X X

* Remarks : pore diameter of each laver
a:tp:10~20nm,/ 30~200nm:botton
:top: 20~25nm,/ 80~160nm : botton
ttop: 15~13nm,/50~100nm,/80~160nm :hotton
ttop:20~25nm,” 100~250nm : botton
ttop: 10~15nm,/30~50nm.”“80~120nm
/80~120nm,/80~2350nm :bottonm
:top: 10nm, 20 nm:botton
ttop: 20 nm : bottom
stop: 1 0nm : bottom

L) o A0 O

o m
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The test pieces Nos. 1to 5 had a porous layer including two
or more layers having pores with a diameter which changed
continuously. As is obvious from the results shown in Table 6,
the test pieces Nos. 1 to 5, satisfying the conditions of the present
invention, exhibited the excellent resistance to gas corrosion and
plasma. On the other hand, test pieces Nos. 6 to 9, corresponding
to the comparative examples and not satisfying one or more
conditions of the present invention, exhibited the insufficient

resistance to gas corrosion and/or plasma.

EXAMPLE 7

As shown in Table 7, various aluminum alloy plates were
provided with an anodic oxide coating having different structure
from each other. These aluminum alloy plates were used as test
pieces. Table 7 also shows the number of layers included in each
porous layer, a pore diameter at a top and a bottom of each porous
layer, kinds of electrolytic solutions used for anodizing, and the
thickness of each anodic oxide coating.

In order to evaluate the corrosion resistance to a halogen-
containing gas fpr the test pieces, a gas corrosion test was
conducted by using 10% of mixed gas of Cl: and Ar at a temperature
of 350°C for 4 hours. TUpon the completion of the test, the
appearance of test pieces was evaluated under the following

standards.
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<gas corrosion test>

©@: No corrosion was generated..

O: Corrosion was generated in an area of less than 5% of
test piece.

A Corrosion was generated in an area in the range
between 5% or more aﬁd less than 10% of test piece.

X : Corrosion was generated in an area of 10% or more of

test piece.

In addition, in order to evaluate the resistance to plasma
for the test pieces, a chlorine plasma irradiation test was conducted
under the low bias for 120 minutes. Upon completion of the test,
the etched depth of the test pieces was measured and evaluated
under the following standards.
<plasma irradiation test>

©: Test piece was etched in a depth of less than 1.5 4 m.

O: Test piece was etched in a depth in the range between
1.5 # m or more and less than 2 ¢ m.

A: Test piece was etched in a depth in the range between 2
# m or more and less than 5 & m.

X : Test piece was etched in a depth of 5 & m or more.

The resulis of gas corrosion test and the plasmairradiation

test are shown in Table 7.
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Table 7

Kind of Al | Structure of porous layer Originally contained | Components Treatment | Thickness | Gas Plasma
alloy compound + added | contained in method of anodic | corrosion | irradiation
compound coaling oxide test test
Number Pore diameter(nm) | Mark /" indicates that cach layer coating
of laycrs top/bottom coptains different compound (um)
i 2 20/100 H,P0O,/ (COOH), 4%P[0.015%C 4 O O
H,PO+HF / 4%P+0.02%F /

2 | 1000-series | 2 20/100 (COOM)+HF 29C+0,02%F 3 © O
Exumvllc of 3 50/30/70 (COOH),+AL(SO,), | 2%C+0.03%S 0.1 © O

presen _ — —
invention 4 2 10/120 zg(s)(())ﬁ;:illg:’ﬁ), ‘:yg;{é):(j)z(iz{‘;élp anodizing 3 © O
5 | 6000-scrics 3 15/40/150 H;PO,+AI(NO,), 3%P+0.025%N 30 © ©
6 5 30/50/80/200 | H,PO+(COOH), 49%P+0.03%C 1.5 © O
7 6 ]2%;:228//12% (COOH),+H,50, 2%C+0.2%S 35 O ©
g |S000series) lzz% ,'22(?/128(:, (COOH)+HNO, | 29%C+0.04%N 5 © ©
9 2 5/10 H,SO+H,B0, 3%S+0.025%B 0.2 © O
10 l 5 (COOH), 2%C 30 A A
Comparative | |1 | 6000-scrics —_ - - — — — X X
cxampic 12 | 1000-series 2 10/50 H,PO, 3%P L 0.03 X X
13 2 80/15 H,PO,+1,50, 3%PT0.1%s | rodizing 70 A A
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As is obvious from the results shown in Table 7, the test
pieces Nos. 1t0 9, satisfying the conditions of the present invention,
exhibited the excellent resistance to gas corrosion and plasma. On
the other hand, the test pieces Nos. 10 to 13, corresponding to the
comparative examples and not satisfying one or more conditions of
the present invention, exhibited the insufficient resistance to gas

corrosion and/or plasma.
EXAMPLE 8

As shown in Table 8, various aluminum alloy plates were
provided with an anodic oxide coating having different structure
from each other. These aluminum alloy plates were used as test
pieces. Table 8 also shows the change in the structure of each
porous layer by means of a pore diameter, kindé of electrolytic
solutions used in anodizing, and the thickness of each anodic oxide
coatirig.

The test pieces were tested to evaluate their resistance to
gas corrosion and plasma repeating the gas corrosion test and the
plasma irradiation test conducted in Example 7, except that the gas
corrosion test was conducted at 350°C for 5 hours and the chlorine
plasma irradiation test was conducted for 150 minutes. The test

results are shown in Table 8.
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Table 8

*
No. Kind of |Structure [Originally contained|Components contained|Treatment|Thickness of [Gas Plasma
Al alloy Jof coating&compound-l- in coating method|anodic oxide |corrosion |irradiation
added compound coating (um]ltest test
1 11000~ a (COOH) 2+HaP04 1. 5%C+0. 03%P 2.8 © O
series
2 b HaPO4+HF 3%P+0, 02%F 10 O
Example
of 3 |6000- b HaP04+H2504 3%P+0. 04%S 8 () ©
present series
invention | 4 c H2S04+NO3 4%5+0. 05%N 38 © ©
5 d COOMzHEBOy | 1.5%0+0.09%8 lanodizing 007 O 1O
6 d (COOH) 2+HF 1. 54C+0, 02% 0.06 o o
5000- - T
7 |series e HaP04+H2G03 J4P+0. 04%C 20 © ©
8 f HaP04 a3up 0.03 x X
Comparative
example 9 g (COOH) 2 1. 5%C 43 A PaN
_I_O 6000~ h HaPO4+Al (NO3)a 3%P+0, 14N 80 b X
series
11 - —_ - - X X

* Remarks : Structure of conting : indicated by means of pore diameter
top: 20~300nm : bhottom
top: 1 5~200nm: hottom

a
b :
ttop: 3~565~10~1565nm:hotton

C

top: 6~180nm:bottom

ettop: 29~100nm:hotton
f :top: 18~18 nm ;hottom
g :top: 8~8 nm: botton
hstop: 9~15 nm: boltom
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As is obvious from the results shown in Table 8, the test
pieces Nos. 1 to 7, satisfying the conditions of the present invention,
exhibited the excellent resistance to gas corrosion and plasma. On
the other hand, the test pieces Nos. 8 to 11, corresponding to the
comparative exampleé and not satisfying one or more.conditions of
the present invention, exhibited the insufficient resistance to gas

corrosion and/or plasma.
EXAMPLE 9

As shown in Table 9, various aluminum alloy plates were
prbvided with an anodic oxide coating having different structure
from each other. These aluminum alloy plates were used as test
pieces. Table 9 also shows the change in the structure of each
porous layer by means of a pore diameter, kinds of electrolytic
solutions used in anodizing, and the thickness of each anodic oxide
coating.

The test pieces were tested to evaluafe their resistance to.
gas corrosion and plasma repeating the gas corrosion test and the
plasrﬁa irradiation test conducted in Example 7, except that the gas
corrosion test was conducted at a temperature of 370°C for 5 hours
and the chlorine plaéma irradiation test was conducted for 180

minutes. The test results are shown in Table 9.
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Table 9

*
No. Kind of INumber of [Structure [Originally contained compoundComponents = |Treatment [Thickness of |[Gas Plasma
Al alloy [layers in of coating‘ + added compoud contained in method |anodic oxide |corrosion |irradiation
porous layer coating coating (u#m) [test test
Il 2 a (COOH) 2+HF 1. 6%C+0. 03%F 17 © ©
2 15000~ 3 b HaPOs+HF 3%P+0. 024F 0.1 O O
Example of |* |series . i — SIS - DA
present 3 3 b H3P04+HNO3 3%P+0. 02%N 0.09 © O
invention | _ T
4 2 c H2504+(CO0H) 2/ 5%S+0, 02%C/ |anodizing 30 © ©
___ HaP04+(COOH) 2 2%P+0, 02%C
5 |6000- 4 d (COOH) 2+H2504 1. 5%C+0. 04%S 3 © o)
series B
6 5 e (COOH) 2+H3B03 1. 5%C+0, 05%B 40 © ©
Comparative| 7 2 f (COOH) 2 aup 60 A A
example o
8 1 g (COOH) 2 1. 5%C 0.02 x X
" Is000- . g o
Olseries - - - - - - X X

FStructare : pore diameter of each layer
ttop: 8~20nm,/ 45~160nm: hotlon

a

bttop: L7~27nm/35~48nm,/27~150nm :hotton

c
d

[+]

ttop: 8~25nm,/57~280nm: bolton

:top

s top:

s top e
slop

18~27nm/34~130nm/110~125nm,/

1T1T0~280nm: bol.ton

12~170m/835~45nm,/90~100nm,/”
85~110nm/ 85~270nm : botton

10Onm, 25n
L S nm:botiom

m ¢ bottom

58



10

15

20

As is obvious from the results shown in Table 9, the test
pieces Nos. 1 to 6, satisfying the conditions of the present invention,
exhibited the excellent resistance to gas corrosion and plasma. On
the other hand, test pieces Nos. 7 to 9, corresponding to the
comparative examples and not satisfying one or more conditions of
the present invention, exhibited the insufficient resistance to gas

corrosion and/or plasma.
EXAMPLE 10

As shown in Table 10, various aluminum alloy plates were
used as test pieces, which had a composition satisfying the
requirements of Japanese Industrial Standard. The aluminum
alloy plates were dissolved in the atmosphere and casted at a rate of
1°C/sec. The resultant was then annealed for homogenization at
480°C for 4 hours, and after that, was subjected to hot extrusion or
hot rolling at 450°C. The reduction rate of thickness by hot rolling
was 80% and the extrusion ratio of the hot extrusion was 4.

Using a scanning electron microscope, a cross section of the
test pieces was observed to obtain an average diameter of
precipitates and/or deposits. Some of test pieces were subjected to
image analysis to calculate their volumetric proportion. An
average diametér, a volumetric proportion, and an arrangement
direction of precipitates and/or deposits are shown in Table 10. In

Example 10, an arrangement direction indicates the direction along
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which precipitates and/or deposits are arranged with respect to the
largest area of test piece to which the following gas corrosion

resistance test and the plasma resistance test were conducted.

<gas corrosion test>

In order to evaluate the corrosion resistance to a halogen-
containing gas for the test pieces, a gas corrosion test was
conducted by using 5% of mixed gas of Cl: and Ar at a temperature
of 400°C for 2 hours. Upon completion of the test, the appearance
of test pieces was evaluated under the following standards.
<gas corrosion test>

©: No corrosion was generated.

O: Corrosion was generated in an area of less than 10% of
test piece.

A: Corrosion was generated in an area in the range
between 10% or more and less than 20% of test piece.

X : Corrosion was generated in an area of 20% or more of

test piece.

In addition, in order to evaluate the resistance to plasma
for the test pieces, a chlorine plasma irradiation test 'was conducted
under the low bias. 15 minutes of plasma irradiation was repeated
6 times at 5 'minu_te intervals. Upon completion of the test, the test
pleces were evaluated under the standards same as those used for

the gas resistance test.
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The results of gas corrosion test and the plasma irradiation

test are shown in Table 10.
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Table 10

EKind of iPore diameter ECoating Average grain diarneter(.l{ _r_'n) Arrangementhas Plasma
No.Al alloy (anodizing ithickness /volumetric proportion{%) ldirection corrosionjirradiation
" solution) jum Crystallized Deposited test test
i particles particles .
t 1. 208) /80P 0.5 : 110 2/1.5 iparallel | © ©
I 2000~ ; : !
2 series i 20(S) .~ 80(P): 0.5 .3/ 2./ — iperpendicutan O O
3 i 10(S) / 80P} 10 4,15 | 3/25 parallel o ®
il
5000~ | i ; ‘
4'series l 108y ./ soP)! 10 S 10/— 10/ — perpendiculan QO ©
' ' :
5- 15740780 (0} 2 1,08 2/1.2 parallel © ©
Example of 11000~ :
present 6 series | 15,/40.780(0) 2 i 2,05 1.70.8 perpendiculag O ©
invention !
| 7 15,/40,780(0) | 15 P 3/— 2/— paral lel © ©
_EGOOO- 15740780 (0) 18 8,/ — 10/~ parallel O QO
Eseries l
9i 15740780 (0) 15 i 8/1.5 12/1.8 perpendiculad O O
l)j 10~110(0) 25 3/0.8 1.70.8 parallel © ©
iTOOO-
1liseries | 10~110(0) 25 11/25 8.71.8 perpendiculan QO O
| .
| 12 10~90(s-0) 2 2/~ 1/- parallel o) o)
16000~ .
13;series | 10~350(S-Q) 2 - 2/1.8 3,/0.8 perpendiculan O O
__1_4. 20~ 150(0) 30 2/ 4 /- parallel @) ©
15:7000~ 20~ 150(0) 30 10/1.8 10/1.8 perpendiculan QO o)
[ iseries
16: 20~ 150(0) 30 1018 1020 parallel O (®)
17 15(8) 7 3,08 | 3,08 parallel A A
1000~
18series | 15(8) 7 8/— 5/— perpendiculan X A
Comparative 19 0(s-0) 10 3/~ 2/— paraliel A (@)
examp|e 13000~ .
20:series | 30(S-0) 10 1 3/— 2/~ perpendiculan A A
1] 80 (P) 5 a2 3./0.8 parallel ) A
.'__| r
! i
22°'5000- | 80(P) 5 I 10/2.5 10/1.8 perpendiculan A X
iseries | i
23 i 80(P) 8 |8/— 12/— perpendicular X X
I H H H : l
] [ H !
L b 10(S) 8 ! 208 3./1.2 ‘parallel A o)
b 25 £ 10(8) 8 | 4/18 | 68/21 !parallel A o)
" 8000~ | |
! 26seriss ; 15(S) 15 " 12/—- 8./— ‘perpendiculan X A
P : ; |
.27 ' 20(S) P15 P12/ — 11/— ‘perpendicular, X X
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As is obvious from the results shown in Table 10, the test
pieces Nos. 1 to 16, satisfying the conditions of the present
invention, exhibited the excellent resistance to gas corrosion and
plasma. On the other hand, the test pieces Nos. 17 to 27,
corresponding to the comparative examples and not satisfying one
or more conditions of the present invéntion, exhibited the

insufficient resistance to gas corrosion and/or plasma.
EXAMPLE 11

As shown in Table 11, various aluminum alloy plates were
provided with an anodic oxide coating having different structure
from each other by applying electrolytic voltage of various patterns
showﬁ in FIGs. 1 and 2. These aluminum alloy plates were used as
test pieces.

The patterns A to F shown in FIG. 4 illustrate the
preferable electrolytic voltage application in the surface treatment
method of the present invention. At least the final voltage is
higher than the initial voltage, and the change in electrolytic. '
voltage is continuous. Therefore, the anodic oxide coating
produced by applying the electrolytic voltage of patterns A to F
corresponds to the examples of the presentinvention. On the other
hand, the pattern G in FIG. 5 illgstrates an electrolytic voltage

application which is controlled in such a manner that the initial
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voltage is higher than the final voltage. Therefore, the anodic
oxide coating produced by applying the electrolytic voltage of
pattern G corresponds to the comparative Example. The pattern H
in FIG. 5 illustrates an electrolytic voltage application which is
controlled to be constant in the entire anodizing process.
Therefore, the anodic oxide coating produced by applying an
electrolytic voltage of pattern H corresponds to a conventional
example.

Table 11 also shows a composition of anodizing solution,
the initial voltage, and the final voltage (also shown are voltages at
points where the voltage application are changed in the process of
anodizing.).

In order to evaluate the corrosion .resistance to a halogen-
containing gas for the test pieces, a gas corrosion test was
conducted by using 5% of mixed gas of Cl and Ar at a temperature of
300°C for 4 hours. Upon completion of the test, the appearance of
test pieces was evaluated under the following standards.
<gas corrosion test>

O: No corrosion was generated.

A; Corrosion was generated in an area of less than 5% of
test piece.

- X: Corrosion was generated in an area of 5% or more of test

piece.

In addition, in order to evaluate the resistance to plasma of
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the test pieces, a chlorine plasma irradiation test was conducted

under the low bias for 90 minutes. Upon completion of the test, the

‘etched depth of the test pieces was measured and evaluated under

the following standards.
<plasma irradiation test>
O: Test piece was etched in a depth of less than 2 ¢ m.
A: Test piece was etched in a depth in the range between 2
A m or more and less than 5 & m.
.>< : Test piece was etched in a depth of 5 £ m or more.
The results of gas corrosion test and the plasma irradiation

test are shown in Table 11.
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Table 11

Kind of EVoltage'Ccmposition of anodizing

i

‘Plasma

ilnitial voltage Gas
No. Al alloy.pattern solution i~ Final voltage corresion iirradiation
‘kind and concentration (V) test ‘test
1000~ i
1 series | A 'sulfuric acid 100 g/l 5~30 O )
2000~ | ) i i
2 series ! B ‘phosphoric acid 40 g/t | 50~100 O o)
Example of ; ! _ '
present 3 5000- ' C ioxalic acid 60 g/l 20~80~80 O 1 O
invention ‘——Tseries i ;
4 D :phospheric acid 30 g/l 40~20~120 o) o)
. H l
5 ° : A loxalic acid 10 g/I 20~80 o) o
{6000~ : .
6 series E loxalic acid 30 g/l 5 ~50~20~60~80 | O O
.3000-
7 ‘series F ioxalic acid 30 g/1 '40~60~20~100 O O
:6000—
8 series B sulfuric acid 150 g/l 10~20 A O
9 5000- | G oxalic acid 30 g/I 80~50 x A
—_—'iseries
Comparative| 10 @ G sulfuric acid 100 g/! 20~10 x A
example 56000-
11 iseries H phosphoric acid 30 g/! 60 A X
11000~
12 ‘series | H sulfuric acid 150 g/l 20 x A
§7000-
13 ’series - -_ - x X
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As is obvious from the results shown in Table 11, the test
pieces Nos. 1 to 8, satisfying the conditions of the present invention,
exhibited the excellent resistance to gas corrosion and plasma. On
the other hand, the test pieces Nos. 9 to 13, corresponding to the
comparative examples and not satisfying one or more conditions of
the present invention, exhibited the ins_ufficient resistance to gas

corrosion and/or plasma. -
EXAMPLE 12

As shown in Table 12, various aluminum alloy plates were
provided with an anodic oxide coating having different structure
from each other by applying electrolytic voltage of various patterns
shown in FIGs. 6 and 7. These aluminum alloy plates were used as
test pieces.

The patterns A to F shown in FIG. 6 illustrate the
preferable electrolytic voltage application in the surface treatment
method of the present invention. At least the final voltage is
higher than the initial voltage, and the change in electrolytic
voltage is continuous. Therefore, the anodic oxide coating
produced by applying the electrolytic voltage of patterns A to F
correspond to the examples of the present invention. On the other
hand, the pattern G in FIG. 7 illustrates an electrolytic voltage
application whicix is controlled to be constant in the entire

anodizing process, and the pattern H in FIG. 7 illustrates an
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electrolytic voltage application which is controlled in such a
manner that the initial voltage and the final voltage are identical to
each other. Thérefore, an anodic oxide coating produced by
applying an electrolytic voltage of patterns G and H corresponds to
a conventional example.

Table 12 also shows a composition of anodizing solution,
the initial voltage, and the final voltage (also shown is a voltage
value kept constant for. an arbitrary period during anodizing.).

Repeating the gas corrosion test and the plasma
irradiation test conducted in Example 11, the test pieces were
tested to evaluate their resistance to gas corrosion and plasma.

The test results are shown in Table 12.
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Table 12

Kindof Al | Voltage Composition ol anodizing | Initial voltage | Gas Plasma
No. alloy pattern solution / corrosion irradiation
kind and concentration Final voltage | test test
M

I | 1000-scrics A sulfuric acid 150g/ 1 10/30 O @)

2 | 2000-scrics B phosphoric acid  30g/ 1 507120 O O
Examnle of 3 C oxalic acid 60g/ | 30/60/80 O O
]",:.::.::)l Ty | SO0eries A | SulluricacidSog/1 / 20/100 O ®
invention phosphoric acid 50g / 1

5 6000-scrics D oxalic acid 10g/ 1§ 20/50/100 O O

6 ) E oxalic acid GOg/1 | 20/60/40/80 @) O

7 | 3000-scrics F oxalic acid 30g/1 1 40/20/100 O O

8 | 6000-scrics B oxalic acid g/ 1 60/100 @) A

9 S000-scrics A sulfuricacid ~ 100g/ | 20/10 X JAY

10 B oxalic acid 60g/ | 100/60 X A
Comparative [717 | 6000-scrics G phosphoric acid  30g/ 1 50 A X
cxample 12 | 1000-serics H sulfuric acid  150g /1 20 X A

13 | 7000-scrics — - — X X

69



10

15

20

As is obvious from the results shown .in Table 12, the test
pieces Nos. 1 to 8, satisfying the conditions of the present invention,
exhibited the excellent resistance to gas corrosion and plasma. On
the other hand, the test pieces Nos. 9 to 13, corresponding to the
comparative examples and not satisfying one or more conditions of
the present invention, exhibited the insufficient resistance to gas

corrosion and/or plasma.
EXAMPLE 13

As shown in Table 13, various aluminum alloy plates were
provided with an anodic oxide coating having different structure
from each other by applying electrolytic voltage of various patterns
shown in FIGs. 4 and 5. These aluminum alloy plates were used as
test pieces.

In order to evaluate the corrosion resistance to a halogen-

containing gas of the test pieces, a gas corrosion test was conducted

by using 5% of mixed gas of Cl and Ar at a temperature of 350°C for

4 hours. Upon complefion of the test, the appearance of test pieces
was evaluated under the following standards.
<gas corrosion test>

©: No corrosion was generated.

Q: Corrosion was generated in an area of less than 5% of
test piece.

A : Corrosion was generated in an area in the range
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between 5% or more and less than 10% of test piece.
X : Corrosion was generated in an area of 10% or more of

test piece.

In addition, in order to evaluate the resistance to plasma of
the test pieces, a chlorine plasma irradiation test was conducted
under the low bias for 100 minutes. Upon completion of the test,
the etched depth of the test pieces was measured and evaluated
their resistance to plasma repeating the process of Example 11.

Test results of the gas corrosion test and the plasma

irradiation test are shown in Table 13.
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Table 13

; i 1
Kind of |Voltage iCompositicn of anodizingilnit'ial voltage Gas iPlasma
: No. Al alloyipattern isolution ~ Tfinal voltagecorrosion ;irradiation :
i ikind and concentration (V) [test itest
’ 141000~ | A oxalic acid 60 g/! i 5~30 0 0
: | iseries sulfuric acid 80 g/l i
i {2 i2000- | B oxalic acid 15 g/I 50~120 © o} :
iExample of i iseries phosphorous acid 4 g/l
ipresent I :
invention | 3 C ioxalic acid 3 g/1 20~60~80 © (8]
5000~ phosphoric acid 40 g/| i
series ' :
4 D oxalic acid 30 g/l 40~20~100 © O
ammonoium borate 3g/1 '
5 A oxalic acid 15 g/l 5~75 © (@)
6000~ sulfuric acid 3 g/i !
series
15} E oxalic acid 30 g/| 5~50~20~50~80
7 {3000- F oxalic acid 30 g/! 40~60~20~100
series hydrofluoric acid 0. 2g/1
8 {6000~ B oxalic acid 45 g/l 10~20 A (@]
series sulfuric acid 50 g/!
) G oxalic acid 30 g/! 80~20 x A
5000~
Comparative 10 iseries G oxalic acid 30 g/l 20~10 x X
example hydrofluoric acid 3 g/!
6000- |
11 iseries H phosphoric acid 30 g/l 60 A X
12 |1000- H sulfuric acid 150 g/1 15 X A
series phosphoric acid 5 g/l
7000-
13 Iseries - - - X X
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As is obvious from the results shown in Table 13, the test
pieces Nos. 1 to 8, satisfying the conditions of the present invention,
exhibited the excellent resistance to gas corrosion and plasma. On
the other hand, the test pieces Nos. 9 to 13, corresponding to the
comparative examples and not satisfying one or more conditioné of
the present invention, exhibited the insufficient resistance to gas

corrosion and/or plasma. |
EXAMPLE 14

As shown in Table 14, various aluminum alloy plates were
provided with an anodic oxide coating having different structure
from each other by applying electrolytic voltage of various patterns
shown in FIGs. 6 and 7. These aluminum alloy plates were used as
test pieces,

Repeating the gas corrosion test and the plasma
irradiation test conducted in Example 13, the test pieces were
tested to evaluate their resistance to gas corrosion and plasma.

The test results are shown in Table 14.
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Table 14

No. Kind of Al | Voliage Composition of anodizing | Initial voltage | Gas Plasma
alloy patiern solution / corrosion irradiation
kind and concentration Final voltage | test test
A2
1| 1000-scrics A |oxalicacid 15/l 10/85 © o)
sulfuricacid  15g/1
. oxalic acid 30g/1
. X)-serie
Example ol 2 | 2000-serics B phosphoric acid  30g/ 1 25/120 . © %
present 3 oxalic acid S0g/1 30/60/80 O O
nvention ( ‘ oxalic acid 10g/1
S000-scrics sodium nitrate 50g / 1
4 A ; S U 107120
/ oxalic acid 1 g/1 / © O
phosphorous acid 50g/ |
5 D o:(allclacl.t{ - "5)%; ll 20/60/90 © 0
6000-serics B i G071
6 E | OrCAC B 1030040780 © O
sulluric acid 10g/1 -
7 | 3000-scrics F oxalic ll'(.‘.ld 30g/1 | 45 130/100 o) O
ammonium borate 5g / 1 -
8 |6000-series | p  [oxalicacid oS08/ gy o) A
hydrofluoric acid 0.5/ 1
9 sulfuric acid 100g/ 1 20/10 X A
5000-serics oxalic acid 60g/ |
. X X
Comparative 10 B hydrofluoric acid  2g/ 1 80/40
cxample I .
examp 11 | 6000-serics G plm‘sp!mm.' acid 30g/ 1 50 A x
sulluric acid 2p/1
12} 1000-scrics H sulluric acid 120g /1 20 X A
13 [ 7000-scrics - - - X X
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As is obvious from the results shown in Table 14, the test
pieces Nos. 1 to 8, satisfying the conditions of the present invention,
exhibited the excellent resistance to gas corrosion and plasma. On
the other hand, the test pieces Nos. 9 to 13, corresponding to the
comparative examples and not satisfying one or more conditions of
the present invention, exhibited the insufficient resistance to gas

corrosion and/or plasma.
EXAMPLE 1

As shown in Table 15, various aluminum alloy plates were
subjected to a porous-type anodizing and/or a non-porous type
anodizing to be provided with an anodic oxide coating having
different structure from each other. Theée aluminum alloy plates
were used as test pieces. Table 15 also shows the structures of
each porous _layer and each barrier layer and kinds of electrolytic
solutions used for anodizing.

In order to evaluate the corrosion resistance to a halogen-
containing gas for the test pieces, a gas corrosion test was
conducted by using 5% of mixed gas of Cl: and Ar at a temperature
of 350°C for 4 hours. Upon completion of the test, the appearance
of test pieces was evaluated under the following standards.
<gas corrosion test>

QO: No corrosion was generated.

A: Corrosion was generated in an area of less than 5% of
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test piece.
X : Corrosion was generated in an area of 5% or more of test

piece.

In addition, in order to evaluate the resistance to plasma of
the test pieces, a chlorine plasma irradiation test was conducted
under the low bias for 90 minutes. Upon completion of the test, the
etched depth of the test pieces was measured and evaluated under
the following .stan dards.
<plasma irradiation test>

O: Test piece was etched in a depth of less than 2 ¢ m.

A: Test piece was etched in a depth in the range between 2
4 m or more and less than 5 ©# m.

X : Test piece was etched in a depth of 5 ¢ m or more.

The results of the gas corrosion test and the plasma

irradiation test are shown in Table 15.
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Table 15

E i - ! i i
iKind of -Structure and kind of coating iTreatment :Gas ‘Plasma
' No. Al alloy: Porous tayer Barrier §method ;corrosion ?irradiation
| ; layer | test “tost
] ] | |
: 1 {1000- . 20015)—S j 0.05—B i e o)
i iseries : :
2 | : 5(15) —S/5@30) —0 | 0.1 =F o ' 0
i ' i
Example of | 3 115(0)—S 0.05—-8B i ) { O
present i ianodizing
invention 4 itapered layer—0O 0.15—F ! @] o]
6000~
5 jseries 10(15)—S.7 5(40)—S0O | 0.15—8B O O
6 530 —0O 0.1 —P O )
7 15(10)—s./5(10) —O 0.1 —B ) O
5(70) -0
5000~
8 !iseries 25(20)—S O 0.2 —B o]
9 - 0.05—-8 A X
Comparative 6000-
Example 10 lseries | — - - X X
11 |1000~ 2(1200—P.710(20) — S - X A
series anodizing
12 50(10)—S - x A
In the column “Structure and kind of coating”,
(i)  Alphabet capital letters represent:
P: phosphoric acid S: sulfuric acid O: oxalic acid SO: sulfuric acid+oxalic acid
B: boric acid+ammonium borate F: potassium hydrogen phthalate

(ii) Numbers indicate the thickness of anodic oxide coating{unit u m),
where numbers in ( ) indicate pore diameter (unit: nm).
Marks “.7” indicate that the structure of porous layer is different between at the top and at the bottom.
(iii) For example, “3(13) —S$,/5(30) —O” of test piece No. 2 indicates:
top of porous laver ; thickness of 5um ‘(pore diameter of 15nm) —anodizing solution : sulfuric acid
bottom of porous laver ; thickness of Sum (pore diameter of 30nm) —anodizing solution : oxalic acid
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As is obvious from the results shown in Table 1, the test
pieces Nos. 1 to 8, satisfying the conditions of the present invention,
exhibited the excellent resistance to gas corrosion and plasma. On
the other hand, the test pieces Nos. 9 to 12, corresponding to the
comparative examples and not satisfying one or more conditions of
the present invention, exhibited the insufficient resistance to gas

corrosion and/or plasma.
EXAMPLE 16

As shown in Table 16, various aluminum alloy plates were
subjected to a porous-type anodizing by applying an electrolytic
voltage of various patterns shown in FIGs. 6 and 7, and then were
subjected to a non-porous type anodizing. These aluminum alloy
plates were used as test pieces. Table 16 also shows kinds of
electrolytic solutions and an anodizing voltage used for the
porous-type anodizing and the non-porous anodizing.

The resistance to gas corrosion and plasma of test pieces
were evaluated repeating the process conducted in Example 15.

The test results are shown in Table 16.
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Table 16

iKind of [Voltage ianodizing solution !porous type voltage/ Gas -EPlasma
No. !Al al loy |pattern |porous type/ non—porous type voltage corrosion §irradiation
i non-porous type (V) ‘test itest
i 11000- . :
! 1 iseries G S/B 10,7200 0O i O
:  i2000~ :
| 2 iseries | C O/F 15, 20, 70./120 e, 0
i ) :
Example of | 3 {5000~ A S, SO/B 10,40 /150 e o
present i__iseries
invention | 4 = SO/F 20, 80 /100 e O
5 16000~ H P/B ~860,7200 1O (@)
series
8 A s, o8 20, 40,7250 Q O
3000- ;
7 iseries G SOo/B 207150 1 O O
6000~ :
8 |series D SO, O/F 10(S0), 30(0), ) A
90(0) 7350
9 {5000~ G S - 10 X
series
Comparative| 10 H S0 ~40 x
example 6000-
11 |series C P/S 10, 20, 40,720 A %
1000~
12iseries A ) 15, 30 X A
7000~
13iseries - - - X X
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As is obvious from the results shown in Table 16, the test
pieces Nos. 1 to 8, satisfying the conditions of the present invention,
exhibited the excellent resistance to gas corrosion and plasma. On
the other hand, the test pieces Nos. 9 to 13, corresponding to the
comparative examples and not satisfying one or more conditions of
the present invention, exhibited the insufficient resistance to gas

corrosion and/or plasma.
EXAMPLE 17

As shown in Table 17, various aluminum alloy plates were
used as test pieces, which had a composition satisfying the'
requirements of Japanese Industrial Standard. The aluminum
alloy plates were dissolved in the atmosphere and casted at a rate of
1°C/sec. The resultant was then annealed for homogenization at
480°C for 4 hours, and after that, was subjected to hot extrusion or
hot rolling at 450°C. The reduction rate of thickness by hot rolling
was 80% and the extrusion ratio of the hot extrusion was 4.

Using a scanning electron microscope, a cross section of the
test pieces was observed to obtain an average diameter of
precipitates and/or deposits. The test pieces were subjected to
image analysis to calculate their volumetric proportion. An
average diameter, a volumetric proportion, and an arrangement
direction of precipitates and/or deposits are shown in Tables 17 and

18. In Example 17, an arrangement direction indicates the
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direction along which precipitates and/or deposits are arranged
with respect to the largest area of test piece to which the gas
corrosion resistance test and the plasma resistance test were

conducted.

<gas corrosion test>

In order to evaluate the corrosion resistance to a halogen-
containing gas for the test pieces, a gas corrosion test was
conducted by using 5% of mixed gas of Cl and Ar at a temperature
of 130°C for 1 hour. Upon completion of the test, the maximum
depth of the chlorine penetration of the test pieces was measured
and evaluated under the following standards.

©: Test piece was penetrated by chlorine in a depth of less
than 30 # m at maximum.

Q: Test piece was penetrated by chlorine in a depth in the
range between 30 & m or more and less than 50 & m.

A: Test piece was penetrated by chlorine in a depth in the
range between 50 & m or more and less than 100 « m .

X : Test piece was penetrated by chlorine in a depth of 100

A m or more.

<plasma resistance test>
In addition, in order to evaluate the resistance to plasma of
the test pieces, a chlorine plasma irradiation test was conducted

under the low bias for 15 minutes. Upon completion of the test, the
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maximum depth of the chlorine penetration of the test pieces was
measured and evaluated under the same standards as those used
for the gas resistance test.

The results of the gas corrosion test and the plasma

irradiation test are shown in Tables 17 and 18.
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Table 17

' Kind of |Average diameter (um) / |Arrangement iGas Plasma Remarks
No. :Al alloy!velumetric proportion (96) idirection corrosiorirradiationz
' CrystallizedDeposited test test !
i particles |particles
L1 2./0.6 2./1.0 parallel © ©
|
| 2 (1000~ 5./1.3 7.72.0 parallel © @)
series ;
3 2/1.0 1./0.8 perpendicular| © ©
2000~
4 |series 4 /1.0 2/1.0 palallel © ©
3000~ iExample
S |{series 6.72.5 5/2.0 parallel @) O rof
present
6 2/1.0 2/1.0  |parallel @ ©) invention
7 6./2.0 2/2.0 parallel © O
5000~
8 |series 3/1.0 2/1.5 perpendicular{ O O
=) 8./3.0 8./2.5 parallel O @)
10 2./75.0 1./73.0 perpendicular| O O
11 4,/3.0 3./1.0 parallel @) O
12 6./2.0 5.,0.8 paral lel o) @)
6000-
13 |series 1./1.0 1./0.2 parallel © ©
14 2./0.5 0.8/0.8 perpendicular| © ©
15 5/1.2 1.5/1.5 paral lel © ®)
16 3./1.0 3/1.5 parallel © o
i {7000~ | - -
i 17 iseries 5/1.2 2/0.8 parallel © O §
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Table 18

Kind of {Average diameter (# m)/!Arrangement |Gas iPIasma Remarks
No. |Al alloy ivolumetric proportion(%) Idirection corrosior irradiation
Crystal | izediDeposited test test
particles particles
1000-
18 |series 2/71.5 11.0.5 |perpendicular | X A
2000~
19 [series 6.73.0 3.74.0 |perpendicular | X
20 {5000~ 11.73.0 7./73.0 |perpendicular | X X Comparative
series example
21 11.74.0 10./1.5 |perpendicular | X x
22 11,20 11.2.0 |perpendicular | X x
6000—~
23 |series 12/1.0 3,/70.8 |perpendicular | A X
24 15.70.8 1 2.70.8 |perpendicular | X X
7000~
25 |series 1220 4 /73.5 |perpendicular | X X
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As ié obvious from the results shown in Tables 17 and 18,
the test pieces Nos. 1 to 17, satisfying the conditions of the present
invention, exhibited the excellent resistance to gas corrosion and
plasma. On the other hand, the test pieces Nos. 18 to 25,
corresponding to the comparative examples and not satisfying one
or more conditions of the present invention, exhibited the

insufficient resistance to gas corrosion and/or plasma.
EXAMPLE 18

As shown in Table 19, various aluminum alloy plates were
subjected to surface treatment. These aluminum alloy plates were
used as test pieces. In Example 18, a corrosion test was conducted
under the conditions more severe than those used in Example 17,
and the resistance to gas corrosion and plasma of the test pieces was -

evaluated.

<gas corrosion test>
In order to evaluate the corrosion resistance to a halogen-
containing gas of the test pieces, a gas corrosion test was conducted
by using 5% of mixed gas of Cl: and Ar at a temperature of 350°C for
4 hours. Upon completion of the test, the corroded area of test
pieces was measured and evaluated under the following standards.
©: Corrosion was generated in an area of less than 5%.

O : Corrosion was generated in an area in the range
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between 5% or more and less than 10% of test piece.

A Coirosion was generated in an area in the range
between 10% or more and less than 20% of test piece.

X : Corrosion was generated in an area of 20% or more of

test piece.

<plasma irradiation test>

In order to evaluate the resistance to plasma of the test
pieces, a chlorine plasma irradiation test was conducted under the
low bias. 15 minutes of plasma irradiation was repeated 6 times at
5 minute intervals. Upon completion of the test, the corroded area
of the test pieces was measured and evaluated undér the same
standards as those used for gas corrosion test.

The results of the gas corrosion test and the plasma

irradiation test are shown in Table 19.
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Table 19

1
Kind of Average diameter (um)/ iArangement Surface treatment Gas Plasma
Al alloy volumetric proportion (%) gdirection method icorrosion {irradiation
No. Crystallized !Deposited a Kind of coating test test
particles particies b Ceating thickness
i a 6.1 3/1 iparallel © ©
b 2/0.3 1./0.8 perpendicular |sputtering © ©
1 5000~ a Al203
c iseries 1073 4.2 parallel b 2um O O
d - 11 /- 10/~ perpendicular x X
a 4./1.2 2/1.5 paraliel © ©
. detonation flame
b i 8/1.5 3./2.5 perpendicular |spraying O o)
2 6000- ' a Al2 03
c lseries 11.74.0 1.70.8 parallel b 25um O O
d . 1250 3/2.5 perpendicular X X
a 271 11 paral lel © ©
b 4,05 2/2.0 perpendicular |sputtering (@] O
3 1000~ ; ' : a Tio2
C |series : 2,42 8./2.5 paral lel b 2um O ©
d 11,083 103 perpendicular X X
a L 4,1 2/4 parallel © ®
b ~ ' 4,/3.0 2730 perpendicular janodizing O ®)
4 6000~ : a oxide layer
c |series ‘ 8.0.5 4./1.2 parallel b 20um A (@)
d 1275 3.70.3 perpendicular x X
a 2/1 1.,70.8 parallel © ©)]
b - 4/1 2,/0.2 perpendicular |sputtering (@) ©
S 1000~ a AIN
c iseries 4,0.3 11715 parallel b 1.5 um ay @)
. l
d 1203 12.70.3 perpendicular | x X
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As shown in Table 19, the test pieces a of Nos. 1 to 5 had
precipitates and/or deposits having an average diameter of 10 & m
or less and being arranged in parallel with the largest surface
thereof. The test pieces b of Nos. 1 to 5 had precipitates and/or
deposits having an average diameter of 10 & m or less and being
arranged in perpendicular to the largest surface thereof. The test
pieces ¢ of Nos. 1 to 5 had precipitates and/or deposits either of
which had an average diameter of more than 10 & m, but both of
which were arranged in parallel with the largest surface thereof.
All of the test pieces a to d of Nos. 1 to 5 exhibited the excellent
resistance to gas corrosion and plasma. Contrary to this, the test
pieces d of Nos. 1 to 5, corresponding to the comparative examples
and not satisfying the conditions of the present invention, exhibited

the insufficient resistance to gas corrosion and/or plasma.

INDUSTRIAL APPLICABILITY

As has been described above, the first and second
inventions provide a vacuum chamber made of aluminum or its
alloy having remarkably enhanced resistance to gas corrosion and
plasma, and a surface treatment method for the vacuum chamber.
The third invention provides the aluminum alloy material for the
vacuum chamber to achieve excellent resistance to gas corrosion

and plasma.
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What is claimed is:

1. A vacuum chamber or chamber part made of aluminum
or aluminum alloys comprising an anodic oxide coating including a
porous layer having a number of pores and a barrier layer without
pores, the pores having an opening on a surface of the chamber or
chamber part, the diameter of the pore being smaller at a top

thereof than at a bottom thereof.

2. A vacuum chamber or chamber part made of aluminum
or aluminum alloys according to claim 1, wherein the pore in the
porous layer has a section in a depth direction thereof where its

diameter continuously changes.

3. A vacuum chamber or chamber part made of aluminum
or aluminum alloys according to claim 1 or 2, wherein the pore in
the porous layer has a section in a depth direction thereof where its

diameter discontinuously changes.

4. A vacuum chamber or chamber part made of aluminum
or aluminum alloys according to claim 2 or 3, wherein the pore in
the porous layer has a section in a depth direction thereof where its

diameter remains constant.

5. A vacuum chamber or chamber part made of aluminum
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orits alloys according to any one of claims 1 to 4, wherein the anodic
oxide coating contains two or more elements selected from a group
consisting of carbon, sulfur, nitrogen, phosphorus, fluorine and

boron.

6. A vacuum chamber or chamber part made of aluminum
or aluminum alloys according to any one of claims 1 to 5, wherein a
base material confains particles such as precipitates and/or

deposits having a diameter of 10 & m or less in average.

7. A vacuum chamber or chamber part made of aluminum
or its alloys according to any of claims 1 to 5, wherein the particles
such as precipitates and/or deposits are arranged in parallel with a

largest surface of the base material.

8. A vacuum chamber or chamber part made of aluminum
or its alloys according to any of claims 1 to 5, wherein the base
material contains the particles such as precipitates and/or deposits
having a diameter of 10 « m or less in average, and the precipitates
and/or deposits are arranged in parallel with a largest surface of

the base material.

9. A method for anodizing a surface of a vacuum chamber
made of aluminum or aluminum alloys, wherein a final anodizing
voltage is set to be higher than an initial anodizing voltage.
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10. A method according to claim 9, wherein the anodizing

voltage is continuously changed for an arbitrary period.

11. A method according to claim 9 or 10, wherein the
anodizing voltage is discontinuously changed for an arbitrary

period.

12. A method according to claim 10 or 11, wherein the

anodizing voltage is kept constant for an arbitrary period.

13. A method according to any one of claims 9 to 12,

wherein the initial anodizing voltage is 50V or less.

14. A method according to any one of claims 9 to 13,

wherein the final anodizing voltage is 30V or more.

15. A method according to any one of claims 9 to 14,
wherein an oxalic acid solution is used as an anodizing solution, 1

gram or more of oxalic acid being contained per 1 liter of solution.

16. A method according to claim 15, wherein one or more
elements selected from a group consisting of sulfur, nitrogen,

phosphorus, fluorine and boron are added to the anodizing solution.

17. A method for anodizing a vacuum chamber and
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chamber parts made of aluminum or aluminum alloys to form an
anodic oxide coating including a porous layer having a number of
pores and a barrier layer having no pores, the method comprises a
step of performing a porous-type anodizing and a step of performing
a non-porous anodizing, and the non-porous anodizing is performed

after the completion of the porous-type anodizing.

18. A surface treatment for a vacuum chamber and
chamber parts made of aluminum or aluminum alloys according to
claim 17, wherein a final porous-type anodizing voltage is set to be

higher than an initial porous-type anodizing voltage.

19. A surface treatment for a vacuum chamber and
chamber parts made of aluminum or aluminum alloys according to
claim 17 or 18, wherein a porous-type anodizing voltage is

continuously changed for an arbitrary period.

20. A surface treatment for a vacuum chamber and
chamber parts made of aluminum or aluminum alloys according to
claim 18, wherein a porous-type anodizing voltage is

discontinuously changed for an arbitrary period.

21. A surface treatment for a vacuum chamber and
chamber parts made of aluminum or aluminum alloys according to

claim 18, wherein a porous-type anodizing voltage is continuously
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changed for an arbitrary period in the entire porous-type anodizing
process, and is discontinuously changed for the other arbitrary

period.

22. A surface treatment for a vacuum chamber and
chamber parts made of aluminum or aluminum alloys according to
any one of claims 18 to 21, wherein the initial porous-type

anodizing voltage is 50V or less.

23. A surface treatment for a vacuum chamber and
chamber parts made of aluminum or aluminum alloys according to
any one of claims 18 to 22, wherein the final porous-type anodizing

voltage is 30V or more.

24. A material used for manufacturing a vacuum chamber
and chamber parts made of an aluminum alloys, wherein
precipitates and/or deposits have a diameter of 10 & m or less in
average, thereby giving excellent resistance to gas corrosion and

plasma.

25. A material used for manufacturing a vacuum chamber
and chamber parts made of an aluminum alloys, wherein
precipitates and/or deposits are arranged in parallel with a largest
surface of the base, thereby giving excellent resistance to gas

corrosion and plasma.
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26. A material used for manufacturing a vacuum chamber
and chamber parts made of aluminum alloys, wherein precipitates
and/or deposits have a diameter of 10 & m or less in average, and at

5 the same time, the precipitates and/or deposits are arranged in
parallel with a largest surface of the base, thereby giving excellent

resistance to gas corrosion and plasma.

27. A material used for manufacturing a vacuum chamber
10 and chamber parts according to any one of claims 24 to 26, wherein
the volumetric proportion of the precipitates and/or the deposits is

2% or less.
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