METHOD OF REMOVING CONTAMINANTS FROM A DIFFUSION-C@TED
COMPONENT

PRIORITY INFORMATION

[0001] The present application claims priority to Europ@atent Application
Number 21461524.7 filed on March 10, 2021.

FIELD

[0002] The present disclosure generally relates methad®pairing gas turbine
engine components protected by diffusion coatimgsraore particularly, to methods

for removing a contaminant from the diffusion cogti

BACKGROUND

[0003] When turbines are used on aircraft or for powelegation, they are
typically run at a temperature as high as possiblapaximum operating efficiency.
Since high temperatures can damage the alloysfas#ite components, a variety of
approaches have been used to raise the operatipgitature of the metal
components.

[0004] Nickel-base superalloys are used in many of thedsggtemperature
materials applications in gas turbine engines.example, nickel-base superalloys are
used to fabricate the components such as highymeasd low-pressure gas turbine
blades, vanes or nozzles, stators and shroudse Toesponents are subjected to
extreme conditions of both stress and environmetadiitions. The compositions of
the nickel-base superalloys are engineered to taergtresses imposed upon the
components. Protective coatings are typically a&gpilo the components to protect
them against environmental attack by the hot, @weocombustion gases.

[0005] A widely used protective coating is an aluminum+eamng coating termed
a diffusion aluminide coating. Diffusion procesgeserally entail reacting the

surface of a component with an aluminum-contailgag composition to form two
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distinct zones, the outermost of which is an adéitayer containing an
environmentally-resistant intermetallic represeriigdAl, where M is iron, nickel

or cobalt, depending on the substrate material. MAkintermetallic is the result of
deposited aluminum and an outward diffusion of jmuckel and/or cobalt from the
substrate. During high temperature exposure irtterMAI intermetallic forms a
protective aluminum oxide (alumina) scale or oXager that inhibits oxidation of the
diffusion coating and the underlying substrate. ¢hemistry of the additive layer can
be modified by the presence in the aluminum-comtginomposition of additional
elements, such as platinum, chromium, silicon, inog hafnium, yttrium and
zirconium. Diffusion aluminide coatings containiplgtinum, referred to as platinum
aluminide coatings, are particularly widely usedgas turbine engine components.
[0006] The second zone of a diffusion aluminide coatinipimed in the surface
region of the component beneath the additive |alee. diffusion zone contains
various intermetallic and metastable phases that thuring the coating reaction as a
result of diffusional gradients and changes in eetal solubility in the local region
of the substrate. The intermetallics within thdudifon zone are the products of the
various alloying elements of the substrate andigiéin coating.

[0007] Though significant advances have been made withh@mental coating
materials and processes for forming such coatihgse is the inevitable requirement
to repair or replace these coatings under certetnmastances. For example, removal
may be necessitated by erosion or thermal degmadafithe diffusion coating,
refurbishment of the component on which the coasrfgrmed, or an in-process
repair of the diffusion coating or a thermal bardeating (if present) adhered to the
component by the diffusion coating. The currentestd-the-art repair process is to
completely remove a diffusion aluminide coatingtieatment with a combination of
mechanical and chemical treatments. For examgfeistbn aluminide coatings can
be removed by grit blasting followed by treatmeithvan acidic solution capable of
interacting with and removing both the additive alifLision layers.

[0008] Removal of the entire aluminide coating, which utgs the diffusion zone,
results in the removal of a portion of the substrtrface. For components, such as
gas turbine engine blade and vane airfoils, rengpthe diffusion zone may cause
alloy depletion of the substrate surface and, iec@led components, excessively
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thinned walls and drastically altered airflow claeaistics to the extent that the
component must be scrapped.

[0009] Most methods currently used to remove diffusiortioga to expose the
surface of the superalloy component or to completihove the additive layer
include using an acid strip, multiple grit blassn@nd subsequent heat tinting
processes to verify that the aluminide is compjeteinoved from the surface of the
superalloy component. The acid strip uses harsimicla¢s such as phosphoric, nitric,
or hydrochloride acids that require special faeditto remove the additive layer and
the diffusion layer.

[0010] Therefore, improved methods for cleaning, inspggtamd rejuvenating

coated articles are needed.

BRIEF DESCRIPTION

[0011] In one aspect, embodiments of the present disdaslaite to a method for
the removal of contaminants from a coated supegratbmponent having a diffusion
coating comprising an additive layer on a surfaicén® component and diffusion
zone in the surface of the component. The methdddes providing the coated
superalloy component having one or more contamsnamthe surface of the
component; and subjecting the surface of the comporontaining contaminants to
laser beam pulses to remove contaminants fromahmgpanent such that the one or
more contaminants are removed without damagingrmoving the diffusion zone of
the diffusion coating.

[0012] In another aspect, embodiments of the presentodist relate to a method
for rejuvenating a coated superalloy componentritagi surface, the coated
superalloy component having undergone service atemated temperature. The
method includes providing the coated superalloymament having a diffusion
coating comprising an additive layer on a surfaicén® component and a diffusion
zone in the surface of the component; removingamaore contaminants from the
component by subjecting the component to laser lmdses to remove contaminants
from the component such that contaminants are rechaithout damaging or

removing the diffusion zone of the diffusion cogticreating an exposed portion of



diffusion zone or exposed portion of additive lgyaptionally, selectively removing

at least a portion of the additive layer using ldssam pulses; applying an aluminide
coating to the exposed portion of diffusion zonexposed portion of additive layer;
and diffusion heat treating at a preselected eselsmperature to form a rejuvenated
protective aluminide coating on the superalloy corgnt. Optionally, the method
can also include repairing the coated superalloypmment prior to applying the

aluminide coating thereon.

BRIEF DESCRIPTION OF THE DRAWINGS
[0013] The above and other aspects, features, and adeantthe present
disclosure will become more apparent in light & subsequent detailed description
when taken in conjunction with the accompanyinguings in which:
[0014] FIG. 1is a perspective view of a component havingergone service at an
elevated temperature according to the presentodigi;
[0015] FIG. 2 is a schematic sectional view taken in dioec2-2 of FIG. 1 of the
component having undergone service according tmpkaembodiments of the
present disclosure;
[0016] FIG. 3 is a schematic of the component of FIG.t@rakmoval of
contaminants according to example embodimentseoptasent disclosure;
[0017] FIG. 4 is a schematic of the component of FIG.t8rad portion of the
additive layer has been removed according to examplbodiments of the present
disclosure;
[0018] FIG. 5 is a flowchart of an exemplary method of o®ng contaminants
from a coated superalloy component according tongka embodiments of the
present disclosure; and
[0019] FIG. 6 is a flow chart of a method of rejuvenatangoated superalloy
component having undergone service at an elevatepdrature according to example
embodiments of the present disclosure.

DETAILED DESCRIPTION
[0020] One or more embodiments of the present disclosiuréevdescribed
below. Unless defined otherwise, technical andrgdic terms used herein have the
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same meaning as is commonly understood by onedofaoy skill in the art to which
this invention belongs.

[0021] The terms “a” and “an” do not denote a limitatidrgaantity, but rather
denote the presence of at least one of the refedetems. Approximating language,
as used herein throughout the specification arnichslamay be applied to modify any
guantitative representation that could permissialgy without resulting in a change
in the basic function to which it is related. Aodimgly, a value modified by a term
or terms, such as “about”, are not to be limiteth®precise value specified.
Additionally, when using an expression of “a fivslue - a second value,” the is
intended to modify both values. In at least sonstainces, the approximating
language may correspond to the precision of amumgnt for measuring the value.
[0022] Here, and throughout the specification and clanasge limitations may be
combined and/or interchanged, such ranges areifieerand include all the sub-
ranges contained therein unless context or langimalgeates otherwise. Any
numerical values recited herein include all valiues the lower value to the upper
value in increments of one unit provided that thera separation of at least 2 units
between any lower value and any higher value. Asxample, if it is stated that the
amount of a component or a value of a processhlarguch as, for example,
temperature, pressure, time and the like is, fangde, from 1 to 90, it is intended
that values such as 15 to 85, 22 to 68, 43 to @19 32 etc. are expressly enumerated
in this specification. For values which are ldsmtone, one unit is considered to be
0.0001, 0.001, 0.01 or 0.1 as appropriate. Theserdy examples of what is
specifically intended and all possible combinatiohaumerical values between the
lowest value and the highest value enumeratecbare tonsidered to be expressly
stated in this application in a similar manner.

[0023] The methods of the present disclosure can inclemigsist essentially of, or
consist of, the components of the present disckoasiwell as other materials
described herein. As used herein, “consisting esslgmof” means that the
composition or component may include additionalerats, but only if the additional
materials do not materially alter the basic andehoharacteristics of the claimed

composition or methods.



[0024] Provided is a method for removal of contaminarasifan article having a
diffusion coating thereon. Also, provided is a noetlior rejuvenating a coated
superalloy component having undergone service atevated temperature. The
present disclosure is generally applicable to camepts that are protected from a
thermally and chemically hostile environment byiffudion coating, such as a
diffusion aluminide coating or a diffusion chromideating. Notable examples of
such components include the high and low pressubéne nozzles and blades,
shrouds, combustor liners and augmentor hardwaga®furbine engines. While the
advantages of this disclosure are particularlyiapple to gas turbine engine
components, the teachings of this disclosure anergdly applicable to any
component on which a diffusion coating may be usgurotect the component from
its environment.

[0025] One advantage of an embodiment of the presendis includes reduced
time and labor for recoating or rejuvenating a salb@y component after service in a
turbine. Another advantage of an embodiment optiesent disclosure is reduced
cost in recoating and rejuvenating components a#grice in a turbine. Yet another
advantage of an embodiment of the present dis@dsuhat the rejuvenated coating
on the superalloy component has substantiallydheeschemistry as an originally
manufactured superalloy component having a pretectiuminide coating prior to
any service in a turbine. Another advantage ofrahagiment of the present
disclosure is that the coating microstructure amehastry of the rejuvenated coating
meet engineering requirements. Yet another advardbgn embodiment of the
present disclosure is that the method and rejuednaiating maintain dimensional
and airflow requirements and improve repair haréwaelds. Another advantage of
an embodiment of the present disclosure is thaibinod consumes less wall
thickness than a full-stripping repair using acids.

[0026] FIG. 1 depicts a coated superalloy component H} aéirvice in a turbine
that can be used with the method of the presealodisre, and in this illustration is an
airfoil 11. As shown in the figures, cooling holEs are present in airfoil 11 through
which bleed air is forced to transfer heat fronficglirl 1. Particularly suitable
materials for component 10 include nickel baseckrlfoys, though it is foreseeable
that other materials could be used. Although dedieis airfoil 11, component 10
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includes, but is not limited to, high-pressure wi-pressure gas turbine blades,
vanes or nozzles, stators and shrouds. As showlGnl, after service life, which is
12,000 to 24,000 hours at temperatures exceedidyy@0(1500° F.), component 10
can have a contaminant 12 thereon.

[0027] Contaminant 12 can include any of hot corrosiordpaots, dirt, dust,
oxides, and combinations thereof. For examplechobsion of gas turbine engine
components generally occurs when sulfur and sodaauot during combustion to
form sodium sulfate (N&Qs), which condenses on and subsequently attacks the
components' surfaces. Sources of sulfur and sotbuhmot corrosion reactions
include impurities in the fuel being combusted @il &s the intake of sodium laden
dust and/or ingestion of sea salt. In the lattierasion, hot corrosion typically occurs
on hot section turbine blades and vanes under tonsliiwhere salt deposits on the
component surface as a solid or liquid. The salbdis can break down the
protective alumina scale on the aluminide coatiagulting in rapid attack of the
coating. Hot corrosion produces a loosely adhezgrt#trnal scale with various internal
oxides and sulfides penetrating below the extesoale. These products are generally
sulfur and sodium compounds with elements presettita alloy and possibly other
elements from the environment, such as calciumnesigm, chlorine, etc. As such,
hot corrosion products are distinguishable frondegithat normally form or are
deposited on gas turbine engine components asikh oéshe oxidizing environment
to which they are exposed. The terms “a contantireard “contaminants” are used
interchangeably herein to refer to any contamimaitioany form on the diffusion
coating present after service (i.e., operationa) o$ the component and that is to be
removed before further use of the component.

[0028] FIG. 2 is a cross-sectional view of the coated malfmy component 10 of
FIG. 1 after 12,000 to 24,000 hours of service iarhine. Coated superalloy
component 10 includes a diffusion coating 20 oresaifpy substrate 70. Diffusion
coating 20 includes an additive layer 50 formedhensuperalloy substrate 70 and a
diffusion zone 60 that is formed in the surfaceéhaf superalloy substrate 70. In one
embodiment, the diffusion coating 20 further in@adn oxide layer 40 on the

additive layer 50 formed by exposure to an oxidjzamvironment.



[0029] With further reference to FIG. 2, a typical thickse22 of diffusion coating
20 is 38 microns (1.5 milli-inches or mils) to 1@&crons (4.0 mils), or alternatively
45 microns to 90 microns, or alternatively 50 mrg®o 80 microns. Thickness 22 of
diffusion coating 20 includes thickness of oxidgelia40, thickness of additive layer
50 and thickness of diffusion zone 60. Oxide l4@is generally very thin and is 5
microns to 10 microns, or alternatively 6 microo®tmicrons, or alternatively 7
microns to 8 microns. For certain diffusion coasirp the oxide layer 40 may not be
present. Additive layer 50 is between oxide lay@aaAd diffusion zone 60. Additive
layer 50 typically has a thickness 54 of 12.7 mier0.5 mils) to 63.5 microns (2.5
mils), or alternatively 17.8 microns (0.7 mils)30.8 microns (2.0 mils), or
alternatively 22.9 microns (0.9 mils) to 43.1 mizsd1.7 mils). Additive layer 50
contains an environmentally resistant intermetahase MAI, where M is iron,
nickel or cobalt, depending on the substrate maltémainly B (NiAl) if the substrate
is nickel-based). Diffusion zone 60 is formed od &na portion of the substrate
between additive layer 50 and the bulk superalidstate 70 of the coated
superalloy component 10. Thickness of diffusionez6éf varies and is generally 7.6
microns (0.3 mils) to 17.8 microns (0.7 mils) thick alternatively 8 microns to 16
microns, or alternatively 9 microns to 15 micro8aperalloy substrate 70 generally
includes nickel-, iron-, and cobalt-based supeyallout other superalloys are
possible. Diffusion coating 20 can include, for e, an aluminide diffusion
coating or a chromide diffusion coating.

[0030] As shown further in FIG. 2, a contaminant 12 isspreé on the surface of
the component. For example, contaminants suchtasohmsion products, dirt, dust,
or oxides may be present on the oxide layer 4hiwthe oxide layer 40, or within
the additive layer 50. Contaminants 12 can be se&g removed from a coated
superalloy component 10 by exposure to laser badseg For example, as shown in
FIG. 3, the contaminants 12 have been removed fnensubstrate 70. Removal of the
contaminants 12 can also remove portions of thdeobdyer 40 and additive layer 50,
depending on the placement of the contaminantsitin the structure. Removal of
the contaminants 12 can create an exposed poriah é@ffusion zone 60 or an
exposed portion 56 of additive layer 50. The ldmsam pulses used in the current

method allow for visual inspection and removal @htaminants from diffusion
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coating 20. The laser beam pulses used to remeveotitaminants 12 remove little
or none of the diffusion zone 60 and do not remawe part of underlying superalloy
substrate 70.

[0031] Subjecting the surface of the component to lasambgulses includes
directing a pulsed laser beam at the surface ofdhgonent, where each pulse of the
laser has sufficient energy to melt or evaporatgarinants or portions of the
coating. Various operating parameters of the pulsser will be further discussed
herein, where “pulsed laser” refers to a laser tamgita pulsed laser beam.
Additionally, the pulsed laser can generate a d#atted zone, and various
parameters can be varied or modified to controkthe of the heat affected zone such
that undesirable heating affects and microcrackargbe reduced. Pulsing the laser
beam and controlling the laser parameters as pedviérein allows for the selective
removal of contaminants 12 and/or additive layefr6th the component 10. For
example, highly selective, controlled removal oftms of the contaminants 12 are
possible. Additionally, by pulsing the laser beaantaminants 12 can be removed
without damaging the underlying diffusion zone 6@ coating.

[0032] As shown in FIG. 4, oxide layer 40 and a portiorob2dditive layer 50 of
diffusion coating 20 can also be selectively rentbirem coated superalloy
component 10 by laser beam pulses. Removing pds&oof additive layer 50 creates
an exposed portion 56 of additive layer 50. AltHougt depicted in FIG. 4, removal
of the portion 52 may also create an exposed podiaiffusion zone 60 (e.g.,
exposed portion 61 depicted in FIG. 3) in additiothe exposed portion 56 of
additive layer 50. Also not depicted in FIG. 4e fhortion 52 that is removed may
include the entirety of additive layer 50, or salpsgitally all of additive layer 50, such
that the diffusion zone 60 is substantially or ctetgly exposed. Portion 52 of
additive layer 50 removed is 25% to 100%, or aké&uely 25% to 80%, or
alternatively 30% to 50% of thickness 54 of additiayer 50. Further, the thickness
removed may vary at locations along the surfacqulaed laser capable of
generating laser beam pulses is utilized to renpoveon of additive layer 50. The
pulsed laser parameters are such that selectivevadrof a portion of additive layer
50 or all of additive layer 50 is possible. Theelalseam pulses used in the current
method allow for a visual inspection of removapoftion 52 of additive layer 50.
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Laser beam pulses used to remove the additive &/eemove little or none of the
diffusion zone 60 and do not remove any part ofenlythg superalloy substrate 70.
[0033] FIG. 5is a flow chart describing a method 300r&anoval of contaminants
from the diffusion coating 20 of a coated supesatiomponent 10 (see FIG. 3). The
contaminant present on the coated superalloy coemdiO is a result of service in a
turbine. Diffusion coating 20 includes optional dilayer 40, additive layer 50 and
diffusion zone 60 on superalloy substrate 70 otemauperalloy component 10. At
302, method 300 includes selectively removing ammants 12 by subjecting the
component to laser beam pulses. Optionally, at 0#tions of the oxide layer 40 and
portions of the additive layer 50 may also be reeabby subjecting the component to
laser beam pulses. Method 300 may further optigmadiude, at 306, inspection of
the component 10 for the continued presence ofooinants. At 308, the removal of
contaminants (302), optional removal of oxide lagred additive layer 50 (304), and
inspection (306) may be repeated, thus alterndmatgyeen removal and inspection,
until all of the contaminant is removed. In otkenbodiments, subjecting the
component to the laser beam pulses at 302 contimieterrupted until removal of
the contamination is complete. Inspection mayréted or may be performed
concurrently. Inspection may be a visual inspe&ctioby means other than visual
inspection.

[0034] Various operating parameters of a pulsed laseprangded that allow for
selective removal of contaminants 12 from the conepd 10. For example, the
pulsed laser can have a frequency of 10 kHz tokE&) such as from 25 to 200, such
as from 50 to 150. In embodiments, the pulsed leasemhave a frequency of 20 kHz.
The laser beam pulses can have an energy pergfidggal to or less than of 1
millijoule (mJ). Each pulse typically has a pulsadth of 10 and 500 nanoseconds,
such as from 20 to 100 nanoseconds. The laser peks@s provide a laser spot beam
having a diameter of 75um to 95um, such as 85umlader beam pulses have an
energy density in the range of 17,000 m¥tm18,00 mJ/cH such as from 17,200
mJ/cnt to 17,800 mJ/cA such as from 17,600 mJ/émo 17,700 mJ/ci The pulsed
laser used to deliver the laser beam pulses camdrawvutput power of 50 W to 1000
W, such as 100 W. The method may be carried olit any suitable pulsed laser

including a Nd:YAG laser. The provided parameteessuch that little to none of the
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diffusion zone 60 is removed. Furthermore, the [gled parameters effectively
remove contaminants 12 without removing any pathefunderlying superalloy
substrate 70. Additionally, the provided parametars be used to remove portions of
oxide layer 40 and additive layer 50 from comporihtin an embodiment, the
various parameters are pre-selected to achievget tautcome and may be based on
the type, extent and location of the contaminaitdditionally, the various
parameters may be controlled during the methodféatathe outcome, such as by
adjusting one or more of the parameters to increasgecrease the parameter value.
For example, adjustments may be made to decreasedt affected zone, increase or
decrease the rate of material removal, or increasecrease the diameter of the laser
spot beam or pulse length.

[0035] Prior to selectively removing contaminants (302gted superalloy
component 10 can be degreased or hot water washiethbve any residue oil and
grease from surface of coated superalloy compab@nDptionally, component 10
can be subjected to an aqueous cleaning process@sgelectively removing
contaminants 12. Once contaminants 12 have beeovezinthe component 10 itself
or the diffusion coating can be repaired. Foranse, once contaminants 12 have
been removed, component 10 can be repaired aschdeateexample, repairing
coated superalloy component 10 includes, but idimated to, spot welding, MIG
welding, TIG welding, and brazing. Furthermore jffudion coating can be applied to
areas where the contaminants 12 have been remoyedvide a rejuvenated coated
component. In embodiments, method 300 appliesadtedosuperalloy components 10
needing at least a portion of the aluminide coatergoved. Coated superalloy
components 10 include, for example, but not limiedlades, vanes, nozzles,
stators, shrouds, buckets, and combinations thereof

[0036] FIG. 6 is a flow chart describing method 500 fquvenating coated
superalloy component 10 after coated superalloypoment 10 has undergone service
at an elevated temperature of approximately 80G5r Qreater. As used herein
rejuvenated coating means forming a new coatinigiditg the remaining portions of
the existing diffusion coating and new applied vaplvase deposition or a gel
aluminide coating, where the new rejuvenated cgdias the same microstructure

and chemistry as the OEM diffusion coating prioséovice, meaning that the
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microstructure and chemistry are substantially Isinto identical. Contamination
present on (or in) the diffusion coating of supesatomponent 10 results from the
service in a turbine. Diffusion coating 20 incluagxdional oxide layer 40, additive
layer 50 and diffusion zone 60 on superalloy sabstv0 of coated superalloy
component 10. At 502, method 500 includes remogorgaminants 12 from the
superalloy component 10 using laser beam pulsesoRa of the contaminants
creates exposed portion 61 of the diffusion zonar&flor exposed portion 56 of the
additive layer 50.

[0037] Various operating parameters of a pulsed laseprangded that allow for
selective removal of contaminants 12 from the conepd 10. For example, the
pulsed laser can have a frequency of 10 kHz tokB&) such as from 25 to 200, such
as from 50 to 150. In embodiments, the pulsed leasemhave a frequency of 20 kHz.
The laser beam pulses can have an energy pergfidggial to or less than of 1
millijoule (mJ). Each pulse typically has a puleadth of 10 and 500 nanoseconds,
such as from 20 to 100 nanoseconds. The laser peks@s provide a laser spot beam
having a diameter of 75um to 95um, such as 85umlader beam pulses have an
energy density in the range of 17,000 mJ/6ml8,00 mJ/ci such as from 17,200
mJ/cnt to 17,800 mJ/cA such as from 17,600 mJ/émo 17,700 mJ/ch The pulsed
laser used to deliver the laser beam pulses camdrawvutput power of 50 W to 1000
W, such as 100 W. The method may be carried olit any suitable pulsed laser
including an Nd:YAG laser. In an embodiment, tlaeious pulsed laser beam
parameters described above are controlled to gielesired outcome. In one
embodiment, the parameters are controlled by destseg the parameters to achieve
a target outcome based on the type, extent antidaaaf the contaminants.
Additionally, the various parameters may be cofgcbduring the method to affect
the outcome, such as by adjusting one or moreeopénameters to increase or
decrease the parameter value. For example, adjotstmmay be made to decrease the
heat affected zone, increase or decrease thefrataterial removal, or increase or
decrease the diameter of the laser spot beam se prrigth. Adjustments may be
made during the pulsing of the laser beam (i.etherfly) or between repetitions of

the laser beam pulsing (i.e., after inspectionlagfdre repeating the laser beam
pulsing).
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[0038] At 503, optionally the method 500 includes seledtivemoving oxide

layer 40 (if present) and a portion 52 of additewger 50 by further subjecting the
component to the laser beam pulses. Removal aixige layer 40 and a portion 52
of additive layer 50 creates an exposed portionf36e additive layer 50. Removal
of the entire thickness of the additive layer 5@raf location on the surface creates an
exposed portion 61 of the diffusion zone 60. Todipn 52 of additive layer 50
removed can include removing 25% to 100% of thiskne4 of additive layer 50.
Exposure to laser beam pulses of the current me#radves little or none of the
diffusion zone 60 and does not remove any parhdedying superalloy substrate 70.
Visual inspection can be used to determine whettdasired portion of additive layer
50 has been removed. Diffusion zone 60 is genesadlyinier gray metal than the
additive layer 50, which has more of a matte of grdy metal finish, such that the
remaining thickness of additive layer 50 can besmawvithout the use of special
tools. Means of inspection other than visual infpeanay also be used. If needed,
subjecting the component to the laser beam pulg¥sgnd 503) and inspecting the
component can be alternatingly repeated (e.gh@asrswith steps 306 and 308 of
FIG. 5) until the desired removal is complete. séated above, laser beam pulse
parameters may be adjusted between repetitions.

[0039] At 505, method 500 includes applying an aluminidating to exposed
portion 61 and/or exposed portion 56. The alumiiolating can be applied by any
suitable process such as vapor phase deposit@mgelraluminide coating process.
[0040] At 507, method 500 includes heat treating at agbeeted elevated
temperature to form a rejuvenated protective aligeicoating on superalloy
component 10. Heat treating includes using a flegrma®ther heat source to bring up
the temperature of the superalloy component 1@é&maip the metal of substrate 70
to allow the material from the diffusion zone 6dltw into substrate 70 and bond
with the base material to form the rejuvenatedqmidte aluminide coating. The
rejuvenated protective aluminide coating has aigaicrostructure and a coating
chemistry matching an original diffusion coatingaofiew superalloy component prior
to service in a turbine, meaning that the micradtme and chemistry are substantially

similar to identical.
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[0041] Prior to removing contaminants (502), optionallyated superalloy
component 10 can be degreased or hot water washiethbve any residue oil and
grease from surface of coated superalloy compab@nidditionally, in some
embodiments the surface of the coated alloy commtaran be exposed to an aqueous
cleaning process. An optional additional step aftemoving the contaminants and/or
portion of the additive layer is removing any remiag grit or debris from the surface
of the component by grit blasting or air blastiAgother optional additional step after
removing the contaminants and/or portion of thetadgdlayer and prior to applying
the aluminide coating is repairing the coated salf®r component. Method 500
applies to coated superalloy components 10 needimginide coating removal,
which include, blades, vanes, nozzles, statorsusts; buckets, and combinations
thereof.

[0042] Further aspects of the invention are provided lysthibject matter of the
following clauses:

[0043] A method for the removal of a contaminant from ated superalloy
component having a diffusion coating comprisingdditive layer on a surface of the
component and a diffusion zone in the surface @cttmponent, the method
comprising: subjecting the surface of the coatgmeglloy component having the
contaminant thereon to laser beam pulses to rem@veontaminant from the
component such that the contaminant is removedwitlamaging or removing the
diffusion zone of the diffusion coating.

[0044] The method of any preceding clause wherein thesldh coating is an
aluminide diffusion coating.

[0045] The method of any preceding clause wherein theaooiniant comprises
one or more of hot corrosion products, oxides, diurst, or combinations thereof.
[0046] The method of any preceding clause wherein subgthie surface of the
component to laser beam pulses creates an exposgashpof the diffusion zone, an
exposed portion of the additive layer, or both.

[0047] The method of any preceding clause further commqgiapplying a

diffusion coating material to the exposed portibthe diffusion zone or the exposed
portion of the additive layer to form a rejuvenapedtective diffusion coating on the

component.
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[0048] The method of any preceding clause wherein thereejated protective
diffusion coating has a coating microstructure armbating chemistry matching a
first-time diffusion coating of the component prtorservice in a turbine.

[0049] The method of any preceding clause further comprisispecting the
component for the presence of the contaminantyigthod including alternating the
subjecting the surface to laser beam pulses tovernie contaminant and the
inspecting the component until all of the contamiria removed from the
component.

[0050] The method of any preceding clause wherein the lzsam pulses have an
energy of equal to or less than 1 millijoule/pulse.

[0051] The method of any preceding clause wherein the lzessm pulses have a
pulse length of 20 nanoseconds to 100 nanoseconds.

[0052] The method of any preceding clause wherein the lzesmm pulses, upon
impacting the surface of the component, providasai spot beam having a diameter
of 75 pm to 95 pm.

[0053] The method of any preceding clause wherein the lzsam pulses provide
an energy density in a range of 17,600 to 17,70@gscn?.

[0054] The method of any preceding clause wherein a Ewséting the pulsed
laser beam has a frequency of 10 kHz to 250 kHz.

[0055] The method of any preceding clause wherein a Eséting the pulsed
laser beam has an output power of 50W to 1000 W.

[0056] A method for rejuvenating a superalloy componeat bas undergone
service in a turbine at an elevated temperatueestiperalloy component having a
diffusion coating comprising an additive layer osuaface of the component and a
diffusion zone in the surface of the component,niehod comprising: removing a
contaminant from the component by subjecting thremanent to laser beam pulses to
remove the contaminant from the component suchttieatontaminant is removed
without damaging or removing the diffusion zonehef diffusion coating creating an
exposed portion of the diffusion zone or an expgsation of the additive layer;
applying an aluminide coating to the exposed portibdiffusion zone or the exposed

portion of additive layer; and diffusion heat tiagtat a preselected elevated
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temperature to form a rejuvenated protective aligeicoating on the superalloy
component.

[0057] The method of any preceding clause wherein theree@ted protective
aluminide coating has a coating microstructure aedating chemistry matching the
diffusion coating prior to having undergone senitea turbine.

[0058] The method of any preceding clause wherein thesloh coating is an
aluminide coating.

[0059] The method of any preceding clause wherein the lzesmm pulses have (i)
an energy of equal to or less than 1 millijoulegeul(ii) a pulse length of 20
nanoseconds to 100 nanoseconds, or (iii) providenangy density in a range of
17,600 to 17,700 joules/ém

[0060] The method of any preceding clause further commgjsprior to applying
the aluminide coating, selectively removing at teaportion of the additive layer by
further subjecting the component to the laser bpalses.

[0061] The method of any preceding clause further conmggjprior to applying
the aluminide coating: inspecting the componemteti@rmine if removal of the
contaminant and the portion of the additive lagezamplete; and alternating the
subjecting the component to the laser beam pulsgshe inspecting the component
until it is determined that the removal is complete

[0062] The method of any preceding clause wherein subgthtie component to
the laser beam pulses to remove the contaminartoaselectively remove at least a
portion of the additive layer includes controlliage or more parameters of the laser
beam pulses.

[0063] The method of any preceding clause comprising aptig, removing at
least a portion of the additive layer using laseairh pulses.

[0064] The method of any preceding clause comprising aptig, repairing the
coated superalloy component.

[0065] This written description uses examples to desc¢hbalisclosure, including
the best mode, and also to enable any persondskillidhe art to practice the
disclosure, including making and using any devimesystems and performing any
incorporated methods. The patentable scope difudosure is defined by the
claims, and may include other examples that oaxthidse skilled in the art. Such
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other examples are intended to be within the scbpiee claims if they have
structural elements that do not differ from therkil language of the claims, or if they
include equivalent structural elements with insabgal differences from the literal

languages of the claims.
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CLAIMS:

1. A method for the removal of a contaminant from ated superalloy
component having a diffusion coating comprisingdditive layer on a surface of the
component and a diffusion zone in the surface ectmponent, the method
comprising:

subjecting the surface of the coated superalloypmrant having the
contaminant thereon to laser beam pulses to remm@veontaminant from the
component such that the contaminant is removedwittlamaging or removing the
diffusion zone of the diffusion coating.

2. The method of claim 1, wherein the diffusion cogti® an aluminide
diffusion coating.

3. The method of claim 1, wherein the contaminant adgep one or
more of hot corrosion products, oxides, dirt, dosicombinations thereof.

4, The method of claim 1, wherein subjecting the sigfaf the
component to laser beam pulses creates an exposgashpof the diffusion zone, an
exposed portion of the additive layer, or both.

5. The method of claim 4, further comprising applyandiffusion coating
material to the exposed portion of the diffusione@r the exposed portion of the
additive layer to form a rejuvenated protectiveédifon coating on the component.

6. The method of claim 5, wherein the rejuvenatedqmtdte diffusion
coating has a coating microstructure and a coatmegnistry matching a first-time
diffusion coating of the component prior to servica turbine.

7. The method of claim 1, further comprising inspegtihe component
for the presence of the contaminant, the methdddiivg alternating the subjecting
the surface to laser beam pulses to remove thamamint and the inspecting the
component until all of the contaminant is remowvexhf the component.

8. The method of claim 1, wherein the laser beam guts&e an energy
of equal to or less than 1 millijoule/pulse.

9. The method of claim 1, wherein the laser beam guisee a pulse

length of 20 nanoseconds to 100 nanoseconds.
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10. The method of claim 1, wherein the laser beam gulggon impacting
the surface of the component, provide a laser lspatn having a diameter of 75 um
to 95 um.

11. The method of claim 1, wherein the laser beam gylsevide an
energy density in a range of 17,600 to 17,700 pule.

12. The method of claim 1, wherein a laser emittingghksed laser beam
has a frequency of 10 kHz to 250 kHz.

13. The method of claim 1, wherein a laser emittingghksed laser beam
has an output power of 50W to 1000 W.

14. A method for rejuvenating a superalloy componeat tas undergone
service in a turbine at an elevated temperatueestiperalloy component having a
diffusion coating comprising an additive layer osuaface of the component and a
diffusion zone in the surface of the component,niethod comprising:

removing a contaminant from the component by suinjg¢he component to
laser beam pulses to remove the contaminant frenadimponent such that the
contaminant is removed without damaging or remownegdiffusion zone of the
diffusion coating creating an exposed portion ef diffusion zone or an exposed
portion of the additive layer;

applying an aluminide coating to the exposed portibdiffusion zone or the
exposed portion of additive layer; and

diffusion heat treating at a preselected elevatetperature to form a
rejuvenated protective aluminide coating on theesaifpy component.

15. The method of claim 14, wherein the rejuvenatedgatoze aluminide
coating has a coating microstructure and a coategnistry matching the diffusion
coating prior to having undergone service in aiheb

16. The method of claim 14, wherien the diffusion cogtis an aluminide
coating.

17. The method of claim 14, wherein the laser beamgsutave (i) an
energy of equal to or less than 1 millijoule/pul@g,a pulse length of 20 nanoseconds
to 100 nanoseconds, or (iii) provide an energy itheirsa range of 17,600 to 17,700
joules/cni.
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18.  The method of claim 14, further comprising, priompplying the
aluminide coating, selectively removing at leapbdion of the additive layer by
further subjecting the component to the laser bpalses.

19. The method of claim 18, further comprising, priom@pplying the
aluminide coating:

inspecting the component to determine if removdhefcontaminant and the
portion of the additive layer is complete; and

alternating the subjecting the component to therlasam pulses and the
inspecting the component until it is determined tha removal is complete.

20. The method of claim 18, wherein subjecting the congmt to the laser
beam pulses to remove the contaminant and to sedgctemove at least a portion of
the additive layer includes controlling one or mpagameters of the laser beam

pulses.
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