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(54) OXIDE FILM REMOVAL METHOD

(57) An oxide film removal method that is a method
for removing an oxide film 20 on the surface of a super-
alloy part 1 that contains a first metal, which is a base
metal, and a second metal that differs from the first metal.
The oxide film removal method is provided with a step
for placing the superalloy part 1 inside a heating chamber
50, a reducing step for reducing oxides of the base metal
to the base metal by heating the interior of the heating
chamber 50 while maintaining a reducing gas atmos-
phere or a vacuum atmosphere, and an acid treatment
step for applying an acid solution on the superalloy part
1 after the reducing step. The method effectively removes
an oxide film on the surface of a superalloy without using
highly toxic gaseous fluoride.
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Description

Technical Field

[0001] The present invention relates to an oxide film
removing method, and especially, to a method of remov-
ing an oxide film formed in a superalloy surface.

Background Art

[0002] Components of an aircraft engine, a turbine, a
plant and so on are sometimes used in a high-tempera-
ture environment or a high stress environment. It is known
that a part used in the high-temperature environment or
the high stress environment is formed of a superalloy
material.
[0003] In case of repairing the superalloy part, it is
known that an oxide film in the surface of the superalloy
part is removed as a pre-process. As the oxide film re-
moving process, the fluoride ion cleaning (FIC) is well-
known. However, it is known that hydrogen fluoride gas
and so on used for the fluoride ion cleaning is highly toxic.
[0004] As the related technique, Patent Literature 1
discloses a method of cleaning a metal product. The
method described in Patent Literature 1 contains remov-
ing the surface oxide of the superalloy part by using hal-
ide.
[0005] Also, Patent Literature 2 discloses a method of
cleaning and repairing a superalloy article. The method
described in Patent Literature 2 contains reducing an ox-
ide in a crack of the superalloy part by using gaseous
active fluoride ions.
[0006] Also, Patent Literature 3 discloses a method in
place of fluoride ion cleaning. The method described in
Patent Literature 3 contains expanding a narrow crack,
removing a part of metal oxide with an acid solution, and
removing a part of the metal oxide by cleaning in a high-
temperature vacuum atmosphere or a high-temperature
hydrogen atmosphere.

Citation List

[0007]

[Patent Literature 1] JP H07-91662B
[Patent Literature 2] US 4,098,450A
[Patent Literature 3] US 2011/0120972A1

Summary of the Invention

[0008] An object of the present invention is to provide
an oxide film removing method that can effectively re-
move an oxide film in a superalloy surface without using
a highly toxic gaseous fluoride.
[0009] This object and other objects and profits of the
present invention could be easily confirmed from the fol-
lowing description and the attached drawings.
[0010] An oxide film removing method in some embod-

iments is a method of removing an oxide film formed in
a surface of a superalloy part that contains a first metal
as a base metal and a second metal different from the
first metal. The oxide film contains oxide of the base metal
and oxide of the second metal.
[0011] The oxide film removing method includes ar-
ranging the superalloy part inside a heating chamber;
preparing a reduction gas atmosphere or a vacuum at-
mosphere inside the heating chamber; reducing the ox-
ide of the base metal of an oxide film to the base metal
by heating the inside of the heating chamber in a condi-
tion that the reduction gas atmosphere or the vacuum
atmosphere is maintained; and carrying out acid process-
ing to apply acid solution to the superalloy part after the
reduction. The acid processing includes: dissolving the
base metal; and separating the oxide of the second metal
left without being reduced through the reduction from the
superalloy part together with the dissolved base metal.
[0012] In the oxide film removing method, the acid
processing may not be carried out before the reduction.
[0013] In the oxide film removing method, the base
metal may be nickel or cobalt.
[0014] In the oxide film removing method, the oxide of
the second metal is a metal oxide in which thermody-
namic stability is higher than that of the oxide of the base
metal.
[0015] In the oxide film removing method, the second
metal may contain at least one of aluminum, titanium,
and chrome.
[0016] In the oxide film removing method, the second
metal may contain aluminum.
[0017] In the oxide film removing method, the acid so-
lution may contain hydrochloric acid.
[0018] In the oxide film removing method, the super-
alloy part may have a crack, and the oxide film may con-
tain an oxide film formed in a surface of the crack.
[0019] In the oxide film removing method, the method
may not contain expanding a crack physically.
[0020] In the oxide film removing method, the method
may not contain a fluoride ion cleaning process.
[0021] According to the present invention, the oxide
film removing method can be provided in which the oxide
film in the superalloy surface can be effectively removed
without using a highly toxic gaseous fluoride.

Brief Description of the Drawings

[0022]

[FIG. 1]
FIG. 1 is a sectional view schematically showing an
example of a superalloy part.
[FIG. 2]
FIG. 2 is a sectional view schematically showing the
superalloy part after nickel oxide is reduced to nickel.
[FIG. 3]
FIG. 3 is a sectional view schematically showing the
superalloy part 1 during application of hydrochloric
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acid solution.
[FIG. 4]
FIG. 4 is a sectional view schematically showing the
superalloy part 1 during application of hydrochloric
acid solution.
[FIG. 5]
FIG. 5 is a sectional view schematically showing an
example of the superalloy part.
[FIG. 6]
FIG. 6 is a sectional view schematically showing an
example of a reduction processing device.
[FIG. 7]
FIG. 7 is a sectional view schematically showing an
example of an acid processing device.
[FIG. 8]
FIG. 8 is a flow chart showing a procedure of remov-
ing an oxide film.
[FIG. 9A]
FIG. 9A shows an experiment result showing the ef-
fectivity of an oxide film removing method according
to an embodiment.
[FIG. 9B]
FIG. 9B shows the experimental result showing the
effectivity of the oxide film removing method accord-
ing to the embodiment.
[FIG. 9C]
FIG. 9C shows the experimental result showing the
effectivity of the oxide film removing method accord-
ing to the embodiment.

Description of the Embodiments

[0023] Hereinafter, an oxide film removing method ac-
cording to an embodiment will be described with refer-
ence to the attached drawings.

(Definition of important terms)

[0024] In this Specification, "Superalloy" means alloy
usable (in other words, sustainable in strength) in a high
temperature environment (e.g. 800 °C or above).
[0025] In this Specification, a "base metal" means a
metal component with the highest content (weight %) of
the metal components contained in alloy.

(Overview of oxide film removing method)

[0026] As an example, a method of removing an oxide
film formed in the surface of a superalloy part that con-
tains nickel (Ni) as a base metal and aluminum (Al) will
be described.
[0027] FIG. 1 is a sectional view schematically showing
an example of a superalloy part 1. The superalloy part 1
contains a base material 10 and an oxide film 20. The
oxide film 20 is formed by, for example, exposing the
superalloy part 1 to air (oxygen) under the high-temper-
ature environment. Note that a boundary between the
base material 10 and the oxide film 20 is clearly illustrated

in FIG. 1. However, in actual, the boundary between the
base material 10 and the oxide film is not always definite.
[0028] The base material 10 is superalloy that contains
base metal and second metal. In an example shown in
FIG. 1, the base metal is nickel and the second metal is
aluminum.
[0029] The oxide film 20 contains the oxide of base
metal and the oxide of second metal. In the example
shown in FIG. 1, the oxide of base metal is nickel oxide
(e.g. NiO). Also, the oxide of second metal is aluminum
oxide (e.g. Al2O3). In FIG. 1, a region 22 where nickel
oxide is rich (in other words, a region where the concen-
tration of nickel oxide is relatively high) is schematically
shown by a symbol of a white triangle. Also, in FIG. 1, a
region 24 where aluminum oxide is rich (in other words,
the region where the concentration of aluminum oxide is
relatively high) is schematically shown by a symbol of a
white circle.
[0030] When the superalloy part 1 shown in FIG. 1 is
arranged in a high temperature reduction gas atmos-
phere or a high temperature vacuum atmosphere, nickel
oxide is reduced to nickel. FIG. 2 is a sectional view sche-
matically showing the superalloy part 1 after nickel oxide
is reduced to nickel.
[0031] In FIG. 2, a region 32 where nickel has become
rich through the reduction is schematically shown by a
symbol of black triangle. Note that although not illustrated
to FIG. 2, nickel oxide that exists in the region 24 where
aluminum oxide is rich has also been reduced to nickel.
[0032] On the other hand, since aluminum oxide is a
compound that is stable thermodynamically, the state of
oxide is maintained even if the aluminum oxide is ar-
ranged in the high-temperature reduction gas atmos-
phere or the high-temperature vacuum atmosphere.
Therefore, the aluminum oxide is difficult to be reduced
more than the nickel oxide.
[0033] When hydrochloric acid solution to the superal-
loy part 1 shown in FIG. 2 is applied, the region 32 where
nickel is rich is dissolved with the hydrochloric acid so-
lution (more specifically, nickel in the region where nickel
is rich is dissolved by the hydrochloric acid solution). Also,
the hydrochloric acid solution enters a cavity (or a pas-
sage) formed through the dissolving of nickel. As a result,
nickel in a region other than the region 32 where nickel
is rich (for example, nickel in the region 24 where alumi-
num oxide is rich) is also dissolved by the hydrochloric
acid solution.
[0034] FIG. 3 is a sectional view schematically showing
the superalloy part 1 during application of the hydrochlo-
ric acid solution. Referring to FIG. 3, it is understood that
the region 32 where nickel is rich disappears through the
dissolution and a cavity 42 (or a passage) is formed. Also,
it could be understood that a smaller cavity 43 (or a pas-
sage) is formed from the cavity 42. Due to existence of
the cavity 42 and the cavity 43, bonding force between
a portion of the oxide film 20 and another portion of the
oxide film 20, and bonding force between the oxide film
20 and the base material 10 are reduced.
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[0035] FIG. 4 is a sectional view schematically showing
the superalloy part 1 during the application of hydrochlo-
ric acid solution, and showing the state after a time
passed from the state shown in FIG. 3. Referring to FIG.
4, it could be understood that the aluminum oxide (or the
region 24 where aluminum oxide is rich) is separated
from the superalloy part 1 (or the base material 10) to-
gether with the dissolved nickel, due to the reduction of
bonding force between the oxide film 20 and the base
material 10.
[0036] Note that even if the hydrochloric acid solution
is applied to the superalloy part shown in FIG. 1, the
cavity 42 or cavity 43 as shown in FIG. 3 is difficult to be
formed, since the nickel oxide is difficult to be dissolved
with the hydrochloric acid solution more than nickel. On
the other hand, in the present embodiment, since the
oxide of base metal is reduced to the base metal before
the application of hydrochloric acid solution, the cavity
42 or cavity 43 as shown in FIG. 3 is easy to be formed.
As a result, as shown in FIG. 4, the aluminum oxide that
is difficult to be reduced becomes able to be separated
from the superalloy part 1 (or the base material 10).
[0037] In an example shown in FIG. 1 to FIG. 4, it is
possible to effectively separate and remove the oxide
film in the surface of superalloy part without using gase-
ous fluoride having strong toxic.
[0038] In the example shown in FIG. 1 to FIG. 4, a case
that the base metal is nickel has been described. How-
ever, the base metal is not limited to nickel. For example,
the base metal may be cobalt.
[0039] In the example shown in FIG. 1 to FIG. 4, a case
that the second metal contained in the superalloy part 1
is aluminum has been described. However, the second
metal is not limited to aluminum. The second metal may
be chrome or titanium. Alternatively, the second metal
may contain at least one of aluminum, titanium, and
chrome. For example, the second metal may contain alu-
minum and chrome.
[0040] In the example shown in FIG. 1 to FIG. 4, a case
that acid solution is hydrochloric acid solution has been
described. However, the acid solution is not limited to the
hydrochloric acid solution, and is optional. The acid so-
lution may be an acid solution of whatever kind if the acid
solution can dissolve the base metal. Also, the acid so-
lution may be mixed acid (for example, the mixed acid of
hydrochloric acid and nitric acid).

(More detailed description of oxide film removing meth-
od)

[0041] Referring to FIG. 5 to FIG. 8, the oxide film re-
moving method according to an embodiment will be de-
scribed in detail.

(Superalloy part)

[0042] FIG. 5 is a sectional view schematically showing
an example of the superalloy part 1. The oxide film 20 is

formed in the surface of the superalloy part 1. The oxide
film 20 may be formed in the whole surface of the super-
alloy part 1 and may be formed in a part of the surface
of the superalloy part 1.
[0043] For example, the superalloy part 1 is a super-
alloy part that has a crack 3. In the example shown in
FIG. 5, the oxide film 20 is formed in the surface of crack
3, too.
[0044] For example, the base metal of the superalloy
part 1 is nickel. In other words, of the metal components
contained in the superalloy part 1, a first metal with the
highest content weight% is, for example, nickel. The su-
peralloy part 1 may be a nickel-based superalloy part (in
other words, the superalloy part in which the content of
the nickel is 50 weight% or above). For example, alumi-
num may be contained as the alloy component in the
superalloy part 1. In other words, of the metal compo-
nents contained in the superalloy part 1, the second metal
that is different from the first metal is, for example, alu-
minum.
[0045] The oxide of base metal (e.g. nickel) and the
oxide of second metal (e.g. aluminum) are contained in
the oxide film in the surface of superalloy part 1.

(Reduction processing device)

[0046] FIG. 6 is a sectional view schematically showing
an example of the reduction processing device 5. The
reduction processing device 5 includes, for example, a
main unit section 51, a door 52, a heater 53, a tempera-
ture sensor 54, a controller 55, a gas supply pipe 56, a
first valve 57, a gas discharge pipe 58, and a second
valve 59.
[0047] The main unit section 51 accommodates the
superalloy part 1 as an object to be processed. The door
52 opens and closes an opening of the main unit section
51. The main unit section 51 and the door 52 functions
as a heating chamber 50 when the superalloy part 1 is
to be reduction processed (more specifically, a heating
sealed chamber).
[0048] The heater 53 is a device for heating the heating
chamber 50. In other words, the heater 53 is a device for
heating the heating chamber or the superalloy part 1 ar-
ranged in the heating chamber. The temperature sensor
54 is a sensor to measure a temperature in the heating
chamber or a temperature of the superalloy part 1. Data
acquired by the temperature sensor 54 is sent to the con-
troller 55. The controller 55 controls the heater 53 based
on the data received from the temperature sensor 54. By
controlling the heater 53 by the controller 55, the tem-
perature in the heating chamber or the temperature of
the superalloy part 1 is maintained in a desired temper-
ature.
[0049] The gas supply pipe 56 is used to supply reduc-
tion gas into the heating chamber 50. The first valve 57
is arranged in the passage of gas supply pipe 56 and
opens and closes the passage. For example, the reduc-
tion gas is hydrogen gas. Note that when the reduction
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processing device 5 is a device which carries out the
reduction processing in a vacuum atmosphere, the gas
supply pipe 56 and the first valve 57 may be omitted.
[0050] The gas discharge pipe 58 is used to discharge
air (gas) from the heating chamber 50. For example, the
gas discharge pipe 58 is connected with a vacuum pump
(not illustrated). The second valve 59 is arranged in the
passage of gas discharge pipe 58 and opens and closes
the passage.

(Acid processing device)

[0051] FIG. 7 is a sectional view schematically showing
an example of the acid processing device 6. For example,
the acid processing device 6 has a liquid bath 60. Acid
solution 62 is filled in the liquid bath 60. The superalloy
part 1 as the object to be processed is arranged in the
liquid bath 60.

(Procedure of removing oxide film)

[0052] Next, referring to FIG. 8, a procedure of remov-
ing the oxide film will be described. FIG. 8 is a flow chart
showing the procedure of removing the oxide film.
[0053] At a first step S1, the superalloy part 1 that con-
tains nickel (first metal) as the base metal and aluminum
(second metal different from nickel) is arranged in the
heating chamber 50.
[0054] Note that the oxide film 20 is formed in the sur-
face of the superalloy part 1. Also, the oxide film 20 con-
tains nickel oxide (the oxide of base metal) and aluminum
oxide (the oxide of second metal).
[0055] At a second step S2, a reduction gas atmos-
phere or a vacuum atmosphere is prepared in the heating
chamber 50.
[0056] When preparing the reduction gas atmosphere,
the gas in the heating chamber 50 is first discharged
through the gas discharge pipe 58. After that, the reduc-
tion gas is supplied into the heating chamber 50 through
the gas supply pipe 56. For example, the reduction gas
is hydrogen (H2) gas. When the reduction gas is hydro-
gen gas, the grade of hydrogen gas to be supplied into
the heating chamber 50 is, for example, G1 equivalent
(in other words, the purity of hydrogen gas is 99.99999
volume % or above). When the reduction gas is the hy-
drogen gas, for example, the dew point in the heating
chamber 50 after introduction of the reduction gas is
equal to or less than -80 °C.
[0057] Alternatively, when the vacuum atmosphere
should be prepared, the gas in the heating chamber 50
is discharged through the gas discharge pipe 58. For
example, through the discharge, the pressure in the heat-
ing chamber 50 is lowered to 10-3 Pa or below.
[0058] A third step S3 is a reduction step of reducing
the oxide of base metal to the base metal. At the third
step S3, the inside of the heating chamber 50 is heated
in the condition that the reduction gas atmosphere or the
vacuum atmosphere is maintained. The temperature in

the heating chamber is maintained at, for example, 800
°C or above, 1000 °C or above, 1100 °C or above (es-
pecially, in case of the vacuum atmosphere), or 1200 °C
or above. Also, the temperature in the heating chamber
is maintained below the melting point of superalloy that
configures the superalloy part. The heating processing
time is, for example, from 15 minutes to 24 hours, from
30 minutes to 24 hours, or from 60 minutes to 24 hours.
For example, the temperature in the heating chamber is
1000 °C or above and the melting point of superalloy or
below, and the heating processing time is from 30 min-
utes or above to 300 minutes or below.
[0059] By executing the third step S3 as the reduction
step, nickel oxide (the oxide of base metal) is reduced to
nickel (the base metal) of the oxide contained in the sur-
face oxide film of the superalloy part 1. After the third
step S3 is executed, the superalloy part 1 is taken out
from the heating chamber 50.
[0060] A fourth step S4 is an acid processing step. At
the fourth step S4, the acid solution is applied to the su-
peralloy part 1. The application of acid solution to the
superalloy part 1 is carried out by, for example, immersing
the superalloy part 1 in the acid solution 62 in the liquid
bath 60.
[0061] When the base metal is nickel, it is desirable
that the acid solution contains hydrochloric acid. This is
because nickel has a high solubility to the hydrochloric
acid. Iron chloride (III) (FeCl3) may be contained in the
acid solution. Iron chloride (III) reinforces oxidizability of
the hydrochloric acid. Alternatively or additionally, nitric
acid may be contained in the acid solution. For example,
the acid solution may be a solution that contains the hy-
drochloric acid, the iron chloride (III) and the nitric acid.
[0062] The temperature of acid solution is, for example,
10 °C or above and 40 °C or below, 10 °C or above and
30 °C or below, or 20 °C or above and 30 °C or below.
[0063] The processing time of the acid processing step
(in other words, a time during which the superalloy part
1 is immersed in the acid solution) is, for example, 20
minutes or above to 180 minutes or below, 30 minutes
or above to 180 minutes or below, 40 minutes or above
to 180 minutes or below.
[0064] Through execution of the fourth step S4 as the
acid processing step, nickel (the base metal) that exists
in the surface of the superalloy part 1 is dissolved by the
acid solution. In other words, nickel (the base metal) gen-
erated from nickel oxide (the oxide of base metal) in the
oxide film 20 by the reduction step is dissolved by the
acid solution.
[0065] Also, by execution of the fourth step S4 as the
acid processing step, the aluminum oxide (the oxide of
second metal) left without being reduced at the reduction
step is separated from the superalloy part 1 together with
the dissolved base metal. After the execution of the fourth
step S4, the superalloy part 1 is taken out from the acid
solution and washed (e.g. with water).
[0066] The oxide film 20 is effectively removed from
the superalloy part 1 through the above steps.
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[0067] Note that the superalloy part 1 processed by
the above steps is a superalloy part having a crack 3. In
an example shown in FIG. 5, the oxide film 20 is formed
in the surface of the crack 3, too. For removal of the oxide
film in the surface of crack 3, a physical method such as
polishing cannot be sometimes applied. In such a case,
the oxide film removing method in the present embodi-
ment is effective. When the oxide film removing method
in the present embodiment is used, a step of physically
expanding the crack 3 by the polishing and so on is un-
necessary.
[0068] When the superalloy part 1 to be processed by
the above steps is a superalloy part having the crack 3,
the crack 3 may be repaired, after the oxide film removing
method in the present embodiment is executed (in other
words, after execution the above-mentioned first to fourth
steps). For example, the repair of the crack 3 is executed
by filling a brazing material into the crack 3. For example,
as the brazing material, the brazing material having the
base metal of the superalloy part 1 as a main component
can be used. For example, when the base metal of the
superalloy part 1 is nickel, nickel-based brazing material
is used, and when the base metal of the superalloy part
1 is cobalt, cobalt-based brazing material can be used.
[0069] For example, the superalloy part 1 may be a
superalloy part which has been used in the high-temper-
ature environment of equal to or more than 800 °C. The
crack and so on is easy to be caused due to heat fatigue
in the superalloy part which has been used in the high-
temperature environment. Also, the oxide film in the sur-
face of the superalloy part has a low solubility to the acid
solution due to the exposure to the high-temperature en-
vironment. Therefore, it is sometimes difficult to remove
the oxide film only by the acid processing. In such a case,
the oxide film removing method in the present embodi-
ment is effective.
[0070] Aluminum oxide, titanium oxide or chrome ox-
ide may be contained in the oxide film 20 in the surface
of the superalloy part 1. The aluminum oxide, the titanium
oxide and the chrome oxide are oxides difficult to reduce,
compared with the nickel oxide. The aluminum oxide, the
titanium oxide and the chrome oxide are not reduced by
the reduction step of the above-mentioned third step.
Therefore, when the aluminum oxide, the titanium oxide
or the chrome oxide is contained in the oxide film 20 in
the surface of the superalloy part 1, the oxide film remov-
ing method in the present embodiment is effective in
which the acid processing step is executed after the re-
duction step.
[0071] Note that the thermodynamic stability of the
metal oxide is Al2O3 > TiO2 > Cr2O3 > CoO > NiO in
descending order at 1200 °C. Therefore, generally, the
reduction is difficult in the order of the aluminum oxide,
the titanium oxide, the chrome oxide, the cobalt oxide,
and the nickel oxide.
[0072] To remove the aluminum oxide and so on, the
strong reducer of gaseous fluoride (e.g. HF gas) is some-
times used. However, the gaseous fluoride has high tox-

icity. Also, the gaseous fluoride sometimes gives damage
to the boundary between crystals of the superalloy. More-
over, the superalloy part sometimes corrodes due to the
gaseous fluoride remained after reduction processing. In
addition, a special facility is necessary for the application
of the gaseous fluoride. On the other hand, according to
the oxide film removing method in the present embodi-
ment, it is possible to remove the aluminum oxide and
so on without reducing it. For this reason, it is possible
to avoid and reduce the use of the strong reducer such
as the gaseous fluoride.
[0073] FIG. 9A to FIG. 9C are experiment data showing
the effectivity of the oxide film removing method in the
present embodiment.
[0074] In the experiment, a superalloy sample was
used in which the base metal was nickel and aluminum
and chrome were contained. In case of experiment, first,
the superalloy sample was oxidized in the atmosphere.
[0075] The surface state of the superalloy sample after
the oxidation was analyzed by using an X-ray photoelec-
tron spectroscopy. FIG. 9A is a graph showing the anal-
ysis result. In the graph of FIG. 9A, the horizontal axis
shows a depth (nanometer) from the surface of the su-
peralloy sample, and the vertical axis shows detection
strength (the number of detected photoelectrons).
[0076] Referring to FIG. 9A, it could be found that nickel
oxide, aluminum oxide and chrome oxide are formed in
the surface of the superalloy sample (the region from 0
nm to 1600 nm in depth from the surface of the sample).
Also, it could be found that metal nickel exists hardly in
the region from 0 nm to 800 nm in depth from the surface
of the sample.
[0077] Next, the superalloy sample after the above-
mentioned oxidation is reduced at the above-mentioned
third step S3. The state of the surface of the superalloy
sample after the reduction is analyzed by using the X-
ray photoelectron spectroscopy. FIG. 9B is a graph show-
ing the analysis result. In the graph of FIG. 9B, the hor-
izontal axis shows a depth (nanometer) from the surface
of the superalloy sample, and the vertical axis shows
detection strength (the number of detected photoelec-
trons).
[0078] Referring to FIG. 9B, it could be found that alu-
minum oxide and chrome oxide exist in the surface sec-
tion of the superalloy sample (the region from 0 nm to
1600 nm in depth from the surface of the sample). In
other words, it could be found that aluminum oxide and
chrome oxide are not too much reduced in the reduction
processing.
[0079] Also, referring to FIG. 9B, it could be found that
metal nickel exists in the region from 0 nm to 800 nm in
depth from the surface of the sample. In other words, it
could be found that the nickel oxide existing in the region
from 0 nm to 800 nm in depth from the surface of the
sample was reduced to metal nickel. Also, it could be
found that since nickel oxide was hardly observed in the
region from 800 nm to 1600 nm in depth from the surface
of the sample, the nickel oxide that had existed in the

9 10 



EP 3 266 902 A1

7

5

10

15

20

25

30

35

40

45

50

55

region from 800 nm to 1600 nm in depth from the surface
of the sample has also been reduced to metal nickel.
[0080] As mentioned above, it was proved that at the
reduction step in the present embodiment, the nickel ox-
ide which is the oxide of base metal was effectively re-
duced but aluminum oxide and chrome oxide were not
effectively reduced.
[0081] Next, the superalloy sample after the above-
mentioned reduction processing is acid processed at the
above-mentioned fourth step S4. The state of the surface
of the superalloy sample after acid processing is ana-
lyzed by using the X-ray photoelectron spectroscopy.
FIG. 9C is a graph showing the analysis result. In the
graph of FIG. 9C, the horizontal axis shows a depth (na-
nometer) from the surface of the superalloy sample, and
the vertical axis shows detection strength (the number
of detected photoelectrons).
[0082] Referring to FIG. 9C, it could be found that alu-
minum oxide and chrome oxide exist hardly in the surface
(the region from 0 nm to 1600 nm in depth from the sur-
face of the superalloy sample). It is found from the above
fact that the oxide films that had existed in the surface of
the superalloy sample after the reduction processing
have disappeared after the acid processing. Note that
the aluminum oxide is insoluble to the acid solution.
Therefore, the disappearance of the oxide film is inferred
not to be caused by the dissolving of aluminum oxide. It
is inferred that the disappearance of the oxide film is
caused as the result that nickel in the oxide film dissolved
so that aluminum oxide (and chrome oxide) lost a base
to combine with the superalloy sample.
[0083] As mention above, it was proved that the oxide
film was removed effectively by executing the acid
processing after the reduction processing.
[0084] Note that the oxide film was formed when the
superalloy part was exposed to air (oxygen) under the
high-temperature environment. The oxide film becomes
difficult to dissolve by the acid when the oxide film is
exposed to air in the high-temperature environment.
Therefore, it is desirable that the reduction processing is
executed before the acid processing, in order to remove
the oxide film effectively. In some embodiments, the re-
duction processing is executed before the acid process-
ing. Therefore, in some embodiments, the oxide film can
be removed more effectively, compared with a case of
execute the reduction processing after the acid process-
ing.
[0085] The present invention is not limited to the above
embodiments, and it would be apparent that the embod-
iments may be changed or modified appropriately in a
range of the technique thought of the present invention.
Also, various techniques used in each of the embodi-
ments or modification examples can be applied to anoth-
er embodiment or modification example, as long as any
technical contradiction does not occur.

Claims

1. An oxide film removing method of removing an oxide
film formed in a surface of a superalloy part that con-
tains a first metal as a base metal and a second metal
different from the first metal, the oxide film containing
oxide of the base metal and oxide of the second met-
al,
the oxide film removing method comprising:

arranging the superalloy part inside a heating
chamber;
preparing a reduction gas atmosphere or a vac-
uum atmosphere inside the heating chamber;
reducing the oxide of the base metal of the oxide
film to the base metal by heating the inside of
the heating chamber in a condition that the re-
duction gas atmosphere or the vacuum atmos-
phere is maintained; and
carrying out acid processing to apply acid solu-
tion to the superalloy part after the reduction,
wherein the acid processing comprises:

dissolving the base metal; and
separating the oxide of the second metal
left without being reduced through the re-
duction, from the superalloy part together
with the dissolved base metal.

2. The oxide film removing method according to claim
1, wherein the acid processing is carried out after
the reduction.

3. The oxide film removing method according to claim
1 or 2, wherein the base metal is nickel or cobalt.

4. The oxide film removing method according to any
one of claims 1 to 3, wherein the oxide of the second
metal is a metal oxide in which thermodynamic sta-
bility is higher than that of the oxide of the base metal.

5. The oxide film removing method according to any
one of claims 1 to 4, wherein the second metal con-
tains at least one of aluminum, titanium, and chrome.

6. The oxide film removing method according to claim
5, wherein the second metal contains aluminum.

7. The oxide film removing method according to any
one of claims 1 to 6, wherein the acid solution con-
tains hydrochloric acid.

8. The oxide film removing method according to any
one of claims 1 to 7, wherein the superalloy part has
a crack, and
wherein the oxide film contains an oxide film formed
in a surface of the crack.
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9. The oxide film removing method according to claim
8, wherein the method does not contain expanding
a crack physically.

10. The oxide film removing method according to any
one of claims 1 to 9, wherein the method does not
contain a fluoride ion cleaning process.
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