
STRIP PROCESS FOR SUPERALLOYS  BACKGROUND OF THE INVENTION  (1) Field of the
Invention [0001] The present invention relates to a process for removing a
coating from a substrate made from a nickel-base superalloy and  to a process
for treating a nickel-base superalloy. (2) Prior Art [0002] Cast nickel-base
superalloys used in turbine engine  components can be coated with MCrAlY type
overlay coatings that  typically contain about 8 - 12% aluminum. These
coatings extend  the life of the components that they are applied to. Some
nickel-base superalloys contain a high volume fraction of y/y'  eutectic
phase which is highly enriched in aluminum and of  relatively large scale (up
to about 5 - 10 mils in diameter)  compared to the surrounding
microstructure. Solution heat  treatment of such alloys does not fully
eliminate these phases.  [0003] During manufacturing rework or aftermarket
repair,  coatings are removed using mineral acids. 70 - 100 v/o  hydrochloric
acid is typically used to remove MCrAlY type  coatings which preferentially
leaches the aluminum in coatings  containing relatively elevated levels of
aluminum, but does not  attack the base alloy which contains much lower
levels of  aluminum. On a significant number of coating and base alloy
systems, the mineral acids used preferentially attack the  coating without
significant chemical attack or corrosion of the  base alloys. The result is
that the coating is removed without  damaging the part. However, alloys
having high volume fractions  



of y/y' eutectic phase have exhibited more base alloy pitting  type attack
than similar alloys with low volume fractions of the  Y/y' eutectic phase.
This is in part due to the hydrochloric 1  II acid selectively attacking the
large surface connected aluminum  enriched eutectic phases. Consequently, a
need exists for a  coating strip process to remove MCrAlY type coatings from
these  alloys having high volume fractions of y/y' eutectic phase with
minimal base ally attack. SUMMARY OF THE INVENTION [0004] In accordance with
the present invention, it has been  determined that alloys which contain high
volume fractions of  y/y' eutectic phase can have their MCrAlY coatings
stripped,  with reduced amounts of pitting attack, by employing an improved
chemical stripping process in accordance with the present  invention. [0005]
In accordance with the present invention, a chemical  stripping process is
provided which can be used to remove MCrAlY  coatings from a wide variety of
turbine engine components.  [0006] In accordance with the present invention,
a process for  forming a coated substrate broadly comprises providing a
nickel  base alloy substrate, depositing a chromium coating onto the  nickel
base alloy substrate and diffusing chromium from the  chromium coating into
an outer region of the substrate, applying  MCrAlY coatings onto the nickel
base alloy airfoil and under- root platform substrate having the deposited
chromium coating.  



[0007] In accordance with the present invention, a strip process  for
removing a coating from a substrate broadly comprises the  steps of providing
a nickel base alloy substrate having chromium  diffused into an outer region
and a MCrAlY coating deposited  over said substrate with said diffused
chromium, and removing  said MCrAlY coating by immersing said nickel base
alloy  substrate in an acid solution containing a sulfuric acid -
hydrochloric acid mixture in water. 2 [0008] other details of the strip
process for superalloys of the  present invention, as well as other objects
and advantages  attendant thereto, are set forth in the following detailed
description and the accompanying drawings wherein like reference  numerals
depict like elements. BRIEF DESCRIPTION OF THE DRAWINGS [0009] FIG. 1 is a
side by side photographic comparison of a  trailing edge of an airfoil
portion of a turbine engine  component whose coating had been stripped with a
prior art  stripping solution vs. a leading edge portion of a turbine  engine
component whose coating had been stripped using the  stripping solution of
the present invention; [0010] FIG. 2 is another side by side photographic
comparison of  a trailing edge portion of a root serration stripped by a
prior  art stripping solution and a leading edge of a root serration
stripped by a stripping solution in accordance with the present  invention;
[0011] FIG. 3A is a photograph of a turbine blade whose coating  



had been stripped using a prior art stripping solution; and  [0012] FIG. 3B
is a photograph of a turbine blade whose coating  had been stripped using the
stripping solution of the present  invention. DETAILED DESCRIPTION OF THE
PREFERRED EMBODIMENT(S)  [0013] The present invention relates to a strip
process for  removing a coating from a substrate formed from a nickel-based
superalloy and to a process for treating a nickel-base  superalloy to improve
removal of a coating such as a MCrAlY  coating. [0014] In accordance with the
present invention, a turbine  engine component formed from a nickel-based
superalloy, such as  3 one having a high volume fraction of y/y' eutectic
phase which  is highly enriched in aluminum and of relatively large scale (up
to about 5 - 10 mils in diameter) has a chromizing coating  applied to
surfaces to be coated. The chromizing coating may  comprise a layer of
chromium deposited onto each surface to be  coated. Any suitable process
known in the art may be used to  deposit the chromium layer, such as, but not
limited to,  chemical vapor deposition processes with a deposit thickness of
less than approximately 0.5 mils. The chromizing coating  treatment may be
applied during manufacture of the turbine  engine component. Additionally,
the chromizing coating may be  re-applied during overhaul and repair of the
component. [0015] The chemical vapor deposition process which may be used  to
apply the chromizing coating may be either a gas phase (out- 



of-contact) or pack cementation process. The chromizing coating  is applied
to improve the corrosion resistance of the nickel- based superalloy forming
the substrate. Using the chromizing  coating treatment of the present
invention, base alloy chrome  levels of between 5 - 10 wt%, are increased to
between 15 - 30  wt%, at the surface, for a depth of between 0.2 and 1.5
mils,  preferably a depth in the range of from between 0.2 to 0.8 mils.  The
chromizing coating may be deposited over a wide range of  temperatures,
preferably around 1700 to 2150 degrees Fahrenheit.  [0016] In accordance with
the present invention, the chromizing  coating consists mainly of chromium in
solution with gamma  nickel. The gamma prime phase is removed by the partial
transfer  of the aluminum from the alloy forming the substrate to the
coating source material or is tied up by internal oxidation just  below the
original interface, which is caused by the oxygen  potential sustained by the
chromium-chromium oxide system. The  chromizing coating is formed in much the
same way as a high  activity aluminide process. Major constituents in the
chromizing 4 reaction are CrX2, CrX3, HX and H2, where X refers to the halide
used for the activator. The halide used for the activator may be  selected
from the group consisting of chloride, fluoride, iodide, or bromide. A
chloride activation in the form of  ammonium chloride may be used for the
chromizing process.  [0017] Using a gas phase process, chrome is transported
to the alloy's surface where it is deposited and then is diffused  inward as
a result of the heat being applied. Besides the main  



chemical reaction, there is also secondary contribution made by  the hydrogen
reduction reaction. There is very little additive  coating above the original
interface. Small amounts of alpha  chrome can build up at the surface,
especially when applied at  lower temperature. This layer is generally no
more than 5  microns in thickness. It occurs when the chrome diffusion into
the alloy can not keep pace with gaseous deposition and may also  deposit as
the coating system cools down at the completion of  the coating cycle. [0018]
In a preferred embodiment for depositing the chromizing  coating, a pure
chrome source is used. This source can be  granules or powder of chromium.
The powder can either be mixed  with an inert material, such as aluminum
oxide, or pressed and  fused into briquettes. The source is combined with a
small  amount of activator, such as ammonium chloride, usually under 20
grams, which is somewhat dependent on the coating vessel' size.  The turbine
engine components to be coated may be prepared by  cleaning (degreasing or
burnout) and grit blasting with 220 mesh  aluminum oxide. Typically, the
source material and activator are  placed at the bottom of the coating vessel
and the turbine  engine components are suspended above the source. The
coating  vessel may be closed with a lid, but is not necessarily sealed.  The
coating vessel is then placed in a sealed retort and placed  under a gas
cover gas of argon or, in some case, hydrogen. 5 Hydrogen can have a
beneficial effect on the process because of  the contribution of the hydrogen
reduction reaction in the  



coating process itself. Nitrogen is typically avoided because of  nitriding
effects on the coating as well as the source material.  The retort is heated
to a temperature in the aforementioned  range. The temperature is held for a
time period between 5 and  20 hours. If needed, more than one coating cycle
may be employed  in order to get the desired thickness or chrome content on
hard  to coat alloys. After completion of the chromizing process, the
turbine engine components are removed from the coating vessels  and water
washed to remove any particulate and residual coating  by-products like
hydrochloric acid, which may condense on the  part when cooling down. [0019]
Preferably, the chromium level in the chromizing coating  is maintained at as
high a level as possible and, particularly,  at a level greater than 20 wt%
Most preferably, the chromium  level in the outer region of the substrate is
maintained in the  range of from 20 to 30 wt%. Maintaining a high chromium
content  is important to insure that the coating can prevent hot  corrosion
attack of the root in service and also to serve as an  effective barrier to
base alloy pitting during coating  stripping. [0020] After the chromizing
coating has been deposited, a  coating, such as a MCrAlY coating containing
about 8 to 15 wt%  aluminum, is deposited over the chromizing coating layer.
The  coating may be deposited using any suitable technique known in  the art,
such as, but not limited to, a low pressure plasma  spray technique or a
cathodic arc process for coating airfoil  portions of a turbine engine
component and a cathodic arc  



coating technique for coating under-root platform portions of a  turbine
engine component. 6 [0021] A second diffusion heat treatment may be performed
after  the coating has been applied over the chromizing coating. The  second
diffusion heat treatment may be performed at a  temperature in the range of
about 1950 to 2000 degrees  Fahrenheit for a time period in the range of from
about 1 to 5  hours. The heat treatment is preferably performed in an inert
gas atmosphere, such as argon at a partial pressure of at least  about 1000p,
preferably from about 1000 to 5000p so as not to  deplete the chromium
levels. [0022] It has been found that by applying the chromizing coating  and
diffusing the chromium into the outer region of the  substrate, and
maintaining the chromium level in the outer  region of the substrate at a
level greater than 20 wt%, it is  now possible to remove the coating, such as
the MCrAlY coating,  without causing damage to the substrate. [0023] To strip
a MCrAlY coating from a nickel based alloy  substrate to which the chromium
coating has been applied, one  may immerse the substrate with the MCrA1Y
coating in an acid  solution containing a sulfuric acid - hydrochloric acid
mixture  in water. The immersing step may comprise maintaining a sulfuric
acid-hydrochloric acid mixture in water stripping solution at a  temperature
in the range of from about 120 to 180 degrees  Fahrenheit and immersing the
substrate into the stripping  solution for a time period less than about 1
hour. Preferably,  



the chromium level in the chromizing coating is maintained at as  high a
level as possible and, particularly, at a level greater  than 20 wt% Most
preferably, the chromium level in the outer  region of the substrate is
maintained in the range of from 20 to  30 wt%. Maintaining a high chromium
content is important to  insure that the coating can prevent hot corrosion
attack of the  root in service and also to serve as an effective barrier to
base alloy pitting during coating stripping. In a preferred 7 embodiment, the
stripping solution contains from about 20 to 30  vol% sulfuric acid and from
about 3.0 to 8.0 vol% hydrochloric  acid. In a most preferred embodiment, the
stripping solution  contains from about 23 to 27 vol% sulfuric acid and from
about  4.0 to 6.0 vol% hydrochloric acid. [0024] It has been found that using
the stripping solution of  the present invention there is a reduced level of
base alloy  attack such as pitting attack. The chromium enrichment of the
base alloy forming the substrate during manufacture provides  protection of
the substrate alloy from corrosion during chemical  stripping. This is
because the chromium enrichment of the base  alloy and the low aluminum
content of the coating significantly  increase its resistance to hydrochloric
acid and/or sulfuric  acid/hydrochloric acid mixtures. Further, the
chromizing coating  provides an effective barrier between the surface
connected  aluminum eutectic phase and the stripping solution. [0025]
Referring now to the drawings, FIG. 1 is a side by side  comparison of a
trailing edge of an airfoil portion whose  



coating had been stripped with a prior art hydrochloric acid  solution (the
left side of the figure) and a leading edge of an  airfoil portion who
coating had been stripped with the sulfuric hydrochloric acid solution of the
present invention (the right  side of the figure). As can clearly be seen,
there are many more  pits in the trailing edge stripped by the prior art
solution.  FIG. 2 illustrates the same results with the left hand side  being
the trailing edge portion of a root serration stripped by  the prior art
solution and the right hand portion being the  leading edge of a root
serration stripped using a solution in  accordance with the present
invention. [0026] FIG. 3A shows a turbine blade formed from a nickel based
superalloy which had its coating stripped using a prior art  stripping
solution with a one hour immersion in the solution. 8 FIG 3B shows the same
turbine blade to which a chromizing  coating had been applied followed by
application of a MCrAlY  coating and a diffusion heat treatment at 1975
degrees  Fahrenheit for 4 hours in a vacuum. The coatings were then  stripped
using a stripping solution in accordance with the  present invention. The
blade with the MCrAlY coating was  immersed in the stripping solution for 1
hour. It can be seen  from these figures that there is far less pitting on
the blade  treated in accordance with the present invention. 9 WHAT IS
CLAIMED IS: 1. A process for forming a coated substrate comprising the steps



of: providing a nickel base alloy substrate; depositing a chromium coating
onto said nickel base alloy  substrate; diffusing chromium in said coating
into an outer region of  said nickel base alloy substrate; and applying a
MCrAlY coating onto said nickel base alloy  substrate having said deposited
chromium coating. 2. The process according to claim 1, further comprising
heat  treating said substrate after said MCrAlY coating step and said  heat
treating step comprising heating said substrate to a  temperature in the
range of about 1950 to 2000 degrees  Fahrenheit for a time period in the
range of about 1 to 5 hours.  3. The process according to claim 2, wherein
said heat treating  step comprises performing said heat treating step in an
inert  gas atmosphere at a partial pressure of at least about 1000p. 4. The
process according to claim 2, wherein said heat treating  step comprises
performing said heat treating step in an argon  atmosphere at a partial
pressure in the range of from about 1000  to 5000p. 10 5. The process
according to claim 1, wherein said nickel base  alloy has an outer surface
and said diffusing step comprises  diffusing said chromium into said
substrate to a depth in the  range of from 0.2 to 1.5 mils from said outer
surface. 6. The process according to claim 1, wherein said nickel base  alloy
has an outer surface and said diffusing step comprises  



diffusing said chromium into said substrate to a depth in the  range of from
0.2 to 0.8 mils from said outer surface. 7. The process according to claim 1,
wherein said depositing and  diffusing step comprises depositing said
chromium using a gas  phase deposition process and wherein said chromium
depositing  step comprises providing a chromium source and an activator,
suspending the substrate over said source and said activator,  and heating
said part, said source, and said activator to a  temperature in the range of
from about 1700 to 2150 degrees  Fahrenheit for a time period in the range of
from about 5 to 20  hours. 8. The process according to claim 7, wherein said
activator  providing step comprises providing an activator containing a
halide selected from the group consisting of a chloride, a  fluoride, iodide,
or bromide. 9. The process according to claim 7, wherein said activator
providing step comprises providing less than 20 grams of an  ammonium
chloride activator. 10. The process according to claim 1, further comprising
heat  treating said substrate after said MCrAlY coating applying step  11 and
maintaining said chromium level in said outer region at a  level greater than
20 wt%. 11. The process according to claim 10, wherein said chromium  level
maintaining step comprises maintaining said chromium level  in the range of
from about 20 to 30 wt%. 12. The process according to claim 1, wherein said
nickel-based  



alloy substrate providing step comprises providing a substrate  formed from a
nickel-based alloy having a high volume fractions  of y/y' eutectic phase.
13. A strip process for removing a coating from a substrate  comprising the
steps of: providing a nickel base alloy substrate having chromium  diffused
into an outer region and a MCrAIY coating deposited  over said substrate with
said diffused chromium; and removing said MCrA1Y coating by immersing said
nickel base  alloy substrate in an acid solution containing a sulfuric acid -
hydrochloric acid mixture in water. 14. The strip process according to claim
13, wherein said  immersing step comprises maintaining said bath at a
temperature  in the range of from about 120 to 180F and maintaining said
substrate with said coating being stripped in said solution for  a time
period less than about 1 hour. 15. The strip process according to claim 14,
wherein said  immersing step comprises immersing said substrate in a solution
12 containing from about 20 to 30 vol% sulfuric acid and from about  3.0 to
8.0 vol% hydrochloric acid. 16. The strip process according to claim 14,
wherein said  immersing step comprises immersing said substrate in a solution
containing from about 23 to 27 vol% sulfuric acid and from about  4.0 to 6.0
vol% hydrochloric acid. 17. A turbine engine component comprising: a nickel
based alloy substrate having an outer region with  



diffused chromium; a chromizing coating over portions of said substrate; and
a MCrAIY coating over said chromizing coating. 18. The turbine engine
component according to claim 17, wherein  said substrate is formed from a
nickel based alloy having high  volume fractions of a y/y' eutectic phase and
wherein said  chromium in said outer region is at a level greater than about
20 wt%. 19. The turbine engine component according to claim 18, wherein  said
chromium in said outer region is at a level in the range of  from about 20 to
30 wt%. 20. The turbine engine component according to claim 17, wherein  said
chromium is diffused into said substrate to a depth in the  range of from 0.2
to 1.5 mils from an outer surface of said  substrate. 13 21. The turbine
engine component according to claim 17, wherein  said chromium is diffused
into said substrate to a depth in the  range of from 0.2 to 0.8 mils from an
outer surface of said  substrate. 22. The turbine engine component according
to claim 17, wherein  said MCrAlY coating contains from about 8 to 15 wt%
aluminum.  23. A solution from stripping a coating from a nickel based  alloy
substrate, said solution comprising a hydrochloric acid  and sulfuric acid
mixture in water. 24. The solution according to claim 23, wherein said
solution  contains from about 20 to 30 vol% sulfuric acid and from about  



3.0 to 8.0 vol% hydrochloric acid. 25. The solution according to claim 23,
wherein said solution  contains from about 23 to 27 vol% sulfuric acid and
from about  4.0 to 6.0 vol% hydrochloric acid. 26. A strip process for
removing a coating from a substrate  comprising the steps of: providing a
nickel base alloy substrate having a MCrA1Y  coating deposited over the
substrate; and removing said MCrAlY coating by immersing said nickel base
alloy substrate in an acid solution containing a sulfuric acid  hydrochloric
acid mixture in water. 27. The strip process according to claim 26, wherein
said  immersing step comprises maintaining said bath at a temperature  14 in
the range of from about 120 to 180F and maintaining said  substrate with said
coating being stripped in said solution for  a time period less than about 1
hour. 28. The strip process according to claim 26, wherein said  immersing
step comprises immersing said substrate in a solution  containing from about
20 to 30 vol% sulfuric acid and from about  3.0 to 8.0 vol% hydrochloric
acid. 29. The strip process according to claim 26, wherein said  immersing
step comprises immersing said substrate in a solution  containing from about
23 to 27 voi% sulfuric acid and from about  4.0 to 6.0 vcl% hydrochloric
acid. it 15 


