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REMOVING MATERIAL WITH NITRIC ACID AND
HYDROGEN PEROXIDE SOLUTION

BACKGROUND OF THE INVENTION

1. Technical Field

[06001] This disclosure relates generally to a method for chemically removing material
coating a component. 1

2. Background Information

[0002] A typical nickel super alloy with a single crystal microstructure has a high
temperature strength, toughness and resistance to corrosive and/or oxidative environment. Such
an alloy therefore may be used to construct components, for example turbine blades, that are
subject to hot and corrosive environments during use. However, forming a component from a
nickel super alloy with a single crystal microstructure is time consuming and expensive. There is

a need in the art therefore for methods to refurbish such a component and thereby extend its

service life after that component has been exposed to a hot and corrosive environment.

SUMMARY OF THE DISCLOSURE

[0003] According to an aspect of the present disclosure, a material removal method is
provided. During this method, a component is received that includes a component body and a
coating on the component body. The component body includes metallic first material. The
coating includes second material that is different from the first material.

[0004] According to another aspect of the present disclosure, a method is provided
involving a component of a gas turbine engine. During this method, the component is received.
The component includes a component body and a coating on the component body. The
component body includes a nickel and/or cobalt alloy. The coating includes material that is a
byproduct of corrosion of the component body. A solution is received that includes nitric acid

and hydrogen peroxide. At least a portion of the coating is subjected to the solution in order to

remove at least some of the material from the component.

[0005] The solution may substantially be non-reactive with the first material.
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[0006] The solution may include between about 5-40 percent by volume of the nitric
acid. The solution may also or alternatively include between about 5-25 percent by volume of
the hydrogen peroxide.

{0007] The solution may include one or more complexing agents. The one or more
complexing agents may include at lcast one of ammonia, organic amine, organic acid, inorganic

acid and/or halide.

[0008] The second material may be or include a byproduct of corrosion of the first
material.

[0009] The second material may be or include scales of oxide, nitride, salt and/or sulfide.
[0010] The first material may be or include a nickel alloy.

[0011] The first material may be or include a cobalt alloy.

[0012] The first matcerial may have a single crystal microstructure.

[0013] The method may include a step of maintaining the solution at a temperature

between about 0-100 degrees Celsius during the subjecting of the at least a portion of the coating
to the solution.

[0014] The method may include a step of maintaining the solution at a temperature
between about 10-60 degrees Celsius during the subjecting of the at least a portion of the coating
to the solution.

[0015] The at least a portion of the coating may be subjected to the solution for a time
period between about 30 minutes and about twenty-four hours.

[0016] The at lcast a portion of the coating may be subjected to the solution for a time

period between about one hour and about three hours.

[0017] The at least a portion of the coating may be at an external surface of the
component.

[0018] The at least a portion of the coating may be at an internal surface of the
component.

[0019] The component may be configured as or include an airfoil of a gas turbine engine.
[0020] The foregoing features and the operation of the invention will become more

apparent in light of the following description and the accompanying drawings.
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BRIEF DESCRIPTION OF THE DRAWINGS

[0021] FIG. 1 is a schematic illustration of a component.
[0022] FIG. 2 is a flow diagram of a method for removing at least a portion of material

coated on the component body of the component.
[0023) FIG. 3 is a schematic illustration of the component within a reservoir of a material

removal solution.

DETAILED DESCRIPTION OF THE INVENTION

10024] Methods are provided for removing material coated on a component. This
component may be configured for an item of rotational equipment. The component, for
example, 1ﬁay be contigured as or include an airfoil. Examples of such a component include, but
arc not limited to, a fan blade, a guide vanc and a propeller. In another example, the component
may be configured as a panel or other component of a gas path wall. The mcthods of the present
disclosure, however, are not limited to the foregoing exemplary component configurations.
[0025] The item of rotational equipment may be a gas turbine engine. The gas turbine
engine may be configured in an aircraft propulsion system. Allernatively, the gas turbine engine
may be configured in an auxiliary power unit for the aircraft. The methods of the present
disclosure, however, are not limited to such aircraft applications. In other embodiments, for
example, the gas turbine engine may be configured as an industrial gas turbine engine in a power
generation system. In still other embodiments, the item of rotational equipment may
alternatively be configured as a wind turbine, a water turbine or any other item of rotational
equipment which includes a component capable of being treated as described below.

[0026] FIG. 1 is a block diagram illustration of a component 10 as described above. This
component 10 includes a component body 12 (e.g., an airfoil body) and material 14 coated on the
component body 12, which material is referred to below as “coating material”.

[0027] The component body 12 of FIG. 1 is configured as a base of the component 10,
and provides the component 10 with its structure and gencral geometry. The component body 12
is constructed (e.g., forged, cast, machined, additive manufactured, etc.) {from metal. Examples
of such metal include, but are not limited to, nickel (Ni), cobalt (Co), aluminum (Al), titanium
(1) or an alloy of one or more of the foregoing materials. 'The component body 12, for example,

may be formed from a nickel super alloy such as PWA1429 or PWA 1440, which are tradenames
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of United Technologies Corporation of Hartford, Connecticut. In some embodiments, the
component body 12 may be formed (e.g., cast and then cooled) such that the metal has a single
crystal microstructure. The term “single crystal” may refer to a microstructure with a pattern of
single crystal dendrites, where substantially all of the dendrites are solidified in a common
crystallographic orientation. However, the present disclosure is not limited to any particular
microstructures.

[0028] The coating material 14 may coat a portion or substantially all of the component
body 12. The coating material 14 may be a byproduct of corrosion of the component body 12.
For example, where the component 10 is an airfoil such as a turbine blade, the component body
12 may be subject to hot corrosion from deposition of environmental salts thereon during
operation of the turbine engine. Such a hot corrosion process may subject the metal (e.g., Ni
super alloy) of the component body 12 to repeated sulfidation, oxidation, nitridation, diffusion
and/or other reactions. As a result of these reactions, layered oxide, nitride, salt and/or sulfide
scales may be formed on the surface of the component body 12, and may make up the coating
material 14. The coating material 14 of the present disclosure, however, is not limited to the
foregoing exemplary coating materials or formation processes.

[0029] FIG. 2 is a flow diagram of a method 200 for removing at least a portion (or all)
of the material coated on the component body 12. This method 200 is performed using a
material removal solution 16.

[0030] The solution 16 includes a mixture of at least nitric acid and hydrogen peroxide.
For example, the solution 16 may include between about 5-40 percent by volume of the nitric
acid and between about 5-25 percent by volume of the hydrogen peroxide. The solution 16 may
also include one or more other chemical components such as one or more complexing agents.
Examples of complexing agents include, but are not limited to, ammonia, organic amine, organic
acid, inorganic acid, and/or halide. In general, the chemical components of the solution 16 are
selected and apportioned such that the solution 16 can remove the coating material 14 from the
component body 12 without reacting with, removing or otherwise damaging the base material
(e.g., metal) of the component body 12. The chemical components may also be selected to avoid
carcinogenic chemicals, REACH chemicals, toxic chemicals such as, but not limited to,

regulated hexavalent chromium and boron oxide compounds, etc. Exemplary solution 16
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mixtures are listed below in Table 1. The present disclosure, however, is not limited to these
exemplary mixtures.

[0031] An example solution 16 1s made by mixing twenty percent by volume (20 vol%)
of nitric acid, ten percent by volume (10 vol%) of hydrogen peroxide, with secventy percent by
volume (70 vol%) of water at room temperature. Another example solution 16 is made by
mixing fifteen percent by volume (15 vol%) of nitric acid, fifteen percent by volume (15 vol%)
of hydrogen peroxide, with seventy percent by volume (70 vol%) of water at room temperature.
Yet another cxample 16 may be made by mixing twenty percent by volume (20 vol%) of nitric
acid, twenty percent by volume (20 vol%) of hydrogen peroxide, with sixty percent by volume

(60 vol%) of water at room temperature.

Table 1: Exemplary solution 16 mixture compositions

7 Nitric acid vol% Hydrogen Peroxide vol% Water vol%
Example 1 20 110 | 70
Example 2 15 15 T
Example 3 20 20 ~ 160
[0032] In step 202, the component 10 is received. A component such as an airfoil, for

example, may be received after that airfoil is removed from a gas turbine engine during
maintenance or an overhaul.

[0033] In step 204, the solution 16 is received. 'The solution 16, for example, may be
prepared offsite and then received. Alternatively, one or more components for the solution 16
may be received on site, and then the solution 16 may be prepared on site. This preparation may
occur before performance of the method 200, or during this step 204.

[0034] In step 206, at least a portion of the coating is subjected to the solution 16 in order
to remove at least some (or substantially all) of the coating material 14 from the component 10.
For example, the component 10 may be disposed (e.g., submersed or otherwise immersed) within
a reservoir / bath 18 of the solution 16 as shown in FIG. 3, where the solution 16 dissolves the

coating material 14 in a steady digestive process.
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[0035] During the step 206, the solution 16 may be maintained at a temperature between
about zero degrees Celsius (0°C) and about one-hundred degrees Celsius (100°C) for a period of
time between about thirty (30) minutes and about twenty-four (24) hours. For example, in some
embodiments, the solution 16 may be maintained at a temperature between about ten degrees
Celsius (10°C) and about sixty degrees Celsius (60°C) for a period of time between about one (1)
hour and about three (3) hours. The method 200 of the present disclosure, however, is not
limited to the foregoing exemplary temperature range or treatment period. In particular, the
temperature range and/or treatment period may be altered depending on various parameters.
Such parameters may include, but are not limited to, a thickness of the coating material 14 to be
removed, a specific composition of the coating material 14, an allotted time period to remove the
coating material 14, a composition of material beneath the coating material 14, ctc.

[0036] In some embodiments, the component 10 may be fully immersed within the
solution 16. In other embodiments, the component 10 may be partially immersed within the
solution 16. In both of these embodiments, the solution 16 may be allowed to contact
substantially all surfaces of the component 10, which may include internal and/or external
surfaces. Alternatively, certain portion(s) of the component 10 may be masked or otherwise
covered / blocked. In still other embodiments, rather than or in addition to immersing the
component 10 within the solution 16, the solution 16 may be directed through one or more
internal pathways (e.g., passages, cavities, ctc.) within the component 10. The solution 16, for
example, may ‘be pumped through cooling pathways of an airfoil to remove the coating material
14 from those internal cooling pathways. In such embodiments, the solution 16 may be directed
once through or altermatively re-circulated through the internal pathways. Directing the solution
16 once through the internal pathways exposes the coating material 14 to substantially pure
solution, whereas recirculating the solution 16 through the internal pathways may exposc the
coating material 14 to a mixture of solution 16 and dissolved coating material 14 and/or other
debris.

[0037] In some embodiments, the component body 12 may include one or more coating
layers between the coating material 14 and the basc material (e.g., metal) of the component body
12. For example, the base material may be coated with protective coating(s) such as, but not

limited to, thermal barrier coating, hard coatings, environmental coating, etc. In such
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embodiments, the coating matcerial 14 may accumulate on these other coating(s). 'The method
200 may also be performed to remove the coating material 14 in such embodiments.

[0038] In some embodiments, the method 200 may include one or more additional
processing steps. [For example, the component 10 may be treated with another solution before
the coating removal described above. In another example, a top layer or bottom layer of the
coating material 14 may be removed using another process; e.g., media blasting or otherwise. In
still another example, after the coating material 14 is removed, the underlying component
material may be coated with another material such as, but not limited to, a protective coating as
described above.

[0039] While various embodiments of the present invention have been disclosed, it will
be apparent to those of ordinary skill in the art that many more embodiments and
implementations are possible within the scope of the invention. For example, the present
invention as described hercin includes several aspects and embodiments that include particular
features. Although these features may be described individually, it is within the scope of the
present invention that some or all of these features may be combined with any one of the aspects
and remain within the scope of the invention. Accordingly, the present invention is not to be

restricted except in light of the attached claims and their equivalents.




Claims:

1. A material removal method, comprising:

receiving a component that includes a component body and a coating on the component
body, the component body comprising metallic first material, and the coating comprising second
material that is different from the first material, wherein the first material comprises nickel
and/or cobalt alloy, and wherein the second material comprises a byproduct of corrosion of the
first material;

receiving a solution comprising nitric acid, hydrogen peroxide and one or more
complexing agents, wherein the one or more complexing agents comprise ammonia; and

subjecting at least a portion of the coating to the solution in order to remove at least some
of the second material from the component, the subjecting comprising pumping the solution

through internal pathways within the component.

2. The method of claim 1, wherein the solution substantially does not react with the first

material.

3. The method of claim 1, wherein the solution comprises between 5-40 percent by volume of the

nitric acid.

4. The method of claim 1, wherein the solution comprises between 5-25 percent by volume of the

hydrogen peroxide.

5. The method of claim 1, wherein the second material comprises scales of oxide, nitride, salt

and/or sulfide.

6. The method of claim 1, wherein the first material comprises a nickel alloy.

7. The method of claim 1, wherein the first material comprises a cobalt alloy.

8. The method of claim 1, wherein the first material comprises a single crystal microstructure.
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9. The method of claim 1, further comprising maintaining the solution at a temperature between

0-100 degrees Celsius during the subjecting of the at least a portion of the coating to the solution.

10. The method of claim 1, wherein the at least a portion of the coating is subjected to the

solution for a time period between 30 minutes and twenty four hours.

11. The method of claim 1, wherein the at least a portion of the coating is at an internal surface

of the component.

12. The method of claim 1, wherein the component comprises an airfoil of a gas turbine engine.

13. A method involving a component of a gas turbine engine, the method comprising:

receiving the component, the component including a component body and a coating on
the component body, the component body comprising a nickel and/or cobalt alloy, and the
coating comprising material that is a byproduct of corrosion of the component body;

receiving a solution comprising nitric acid, hydrogen peroxide and one or more
complexing agents, wherein the one or more complexing agents comprise ammonia;

subjecting at least a portion of the coating to the solution in order to remove at least some
of the material from the component the subjecting comprising pumping the solution through

internal pathways within the component.

14. The method of claim 13, wherein the component comprises an airfoil for the turbine engine.

15. The method of claim 13, wherein
the solution comprises between 5-40 percent by volume of the nitric acid; and

the solution comprises between 5-25 percent by volume of the hydrogen peroxide.

16. The method of claim 13, further comprising:
maintaining the solution at a temperature between 0-100 degrees Celsius during the

subjecting of the at least a portion of the coating to the solution;
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wherein the at least a portion of the coating is subjected to the solution for a time period

between 30 minutes and twenty four hours.

17. The method of claim 13, further comprising:

maintaining the solution at a temperature between 10-60 degrees Celsius during the
subjecting of the at least a portion of the coating to the solution;

wherein the at least a portion of the coating is subjected to the solution for a time period

between one hour and about three hours.
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