A METHOD FOR PARTI ALLY STRI PPI NG A COATI NG FROM THE SURFACE OF A SUBSTRATE,
AND RELATED ARTI CLES AND COWPCSI TI ONS TECHNI CAL FI ELD The present invention
is generally concerned with el ectrochem cal nethods for renoving coating
material froma substrate. Mire specifically, the invention relates to a
met hod for renpving a portion of a coating froma substrate, while

preserving the remainin ort| on of the coating. BACKGROUND OF THE
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corrosive conditions. Thus, it is common practice in the industry to protect such parts
with specialized coatings, such as diffusion coatings and overlay coatings. These
coatings are sometimes used in combination with ceramic coatings, e.g., those based

on yttria-stabilized zirconia.

In particular, diffusion aluminide coatings are very frequently used to enhance
the environmental resistance of the turbine engine components. They are generally
formed of aluminide-type alloys, such as nickel-aluminide, platinum-aluminide, or
nickel-platinum-aluminide. The coatings are well-known in the art, as exemplified by
U.S. Patent 6,042,880 (Rigney et al). They can be applied by a variety of processes,
such as pack cementation, above-the-pack deposition, vapor phase deposition,
chemical vapor deposition (CVD), and slurry coating processes. Diffusion aluminide
coatings typically include two regions or "sublayers™: an additive sublayer which lies
on top of the base metal, and a diffusion sublayer below the additive sublayer, which

is incorporated into the upper region of the base metal.

In view of the high temperature and harsh operating conditions to which they
are sometimes exposed, diffusion aluminide coatings eventually need to be repaired or

replaced. Various coating repair methods are sometimes used. For example, the
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-1 coating can be rejuvenated by certain techniques. As an illustration,
the coating surface can be cl eaned, and additional coating material can
then be applied over the existing coating by one of the deposition
processes |isted above. Such a technique is advantageous because it tends
to maintain the wall thickness of the conponent. However, after
rejuvenation is conplete, the coating is sonetinmes thicker than allowed by
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Chemical etching is a popular stripping technique. In such a process, the
article is submerged in an aqueous chemical etchant, e.g., one based on one or more
strong mineral acids like hydrochloric acid, sulfuric acid, and the like. The metallic

coating on the article surface is dissolved as a result of reaction with the etchant.

While chemical etching is effective for a number of situations, it has certain
drawbacks. For example, it is often a relatively nonselective process. Thus, in the
case of diffusion aluminide coatings, chemical etching tends to remove both the
additive sublayer and the underlying diffusion sublayer. Repeated stripping and re-
applications of these coatings necessitate repeated removal of the diffusion sublayer.
This can undesirably decrease the thickness of the substrate, e.g., a turbine airfoil.
Moreover, chemical etching can result in the stripping of coatings from internal

passages in the article, which is often undesirable.

Electrochemical stripping processes overcome some of the disadvantages

inherent in conventional techniques such as chemical etching. For example, US
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El ectrochem cal stripping processes overcone sone of the di sadvant ages

I nherent in conventional techniques such as chem cal etching. For exanple,
US -2 Patent 6,352,636 describes a very useful electrocheni cal stripping
process. In general, the process selectively renoves netallic coatings
fromthe external sections of a netallic article, such as a turbine
conponent . Neverthel ess, additional stripping processes would be welconme in
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pl ati num al um ni de, usually_ include an additive |ayer and_an
occurrence of significant’damage to other layers or to the substrate. These process

windows would provide flexibility and efficiency in a large-scale treatment facility.

SUMMARY OF THE INVENTION

One embodiment of this invention is directed to an electrochemical process for
selectively removing (i.e., "stripping") at least one coating from the surface of a
substrate. The substrate - often a turbine engine component - is immersed in a
composition through which electrical current flows. The composition comprises at
least one halide salt, such as sodium chloride, ammonium chloride, and potassium

chloride. In preferred embodiments, the electrical current is direct current (DC).

The process is especially useful for selectively removing portions of diffusion
aluminide coatings. As discussed above, these coating systems, such as nickel
aluminide and platinum-aluminide, usually include an additive layer and an
underlying diffusion layer (both referred to as "sublayers" below). The process
permits efficient removal of the additive sublayer, without substantial removal of the

diffusion sublayer, and without substantial damage to the substrate.
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underlying diffusion |layer (both referred to as "subl ayers” below). The
process permts efficient renoval of the additive sublayer, w thout
substantial renoval of the diffusion sublayer, and wi thout substantial
damage to the substrate. -3 Another enbodinment relates to a process for
replacing a worn or damaged diffusion alum nide coating applied over a
substrate. The process briefly described above is first used to
efficiently stAnpthenembodimentirelates to laepmogsa foosgnlasing A wew @rodamaggd (e. g.

Cust rat ooetohaRlni e ofhille sbBE brar D belete” oFb BB Mo st 1 an

el ect r ochgbaveas fifst Gsgdb REFiciEeRRAsH thHeGnbdtake Sfthe Gloiy eda¥ing € AW goatingi f f USi on
al um nide coating froma substrate. The_conposition conprises at |east one
hal i de saf%g- akthgcane ypey Bafandifferent dgpe) 15 thenpnpliad pvernthe sEbLBH S ti on at
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enbodi nent "'exists 1n the formof an apparatus. The apparatus is used in
the el ectrochem cal renoval of coatings fromvarious substrates, e.g.,
super al | oy art Btllesnotiiére cappdimenis i§ sdicketdr ithedn asldctrédhamioaht gdppiager in
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el ect ri caPresentfilfic ¢HMRATHIPNLa @ eometiraipy i thegrapgrot ehpuk 8. 1sibiot &b&pgﬁ BRI EF
DESCRI PTI N OF THE DRAWNGS FIG 1 is a schematic illustration of an

el ectrochemnical stripping system FIG 2 is a schematic illustration of an
exenpl ary geonetrical configuration for a cathode and anode arrangenent in
an el ect r ochemAnaddsionalpmitglingratesists ikt fodmiof an appdratoat The appacstsiat i on of
anot her i llnartf{e ge?&:r{r%gﬂéﬁ%zlﬂ removal of coatings from various substrates, e.g.,
superalloy articles. The apparatus is described and illustrated later in the

specification. In brief, it comprises:
(a) an electrolyte which comprises at least one halide salt;

(b)  a direct current (DC) source, capable of being connected to the coated

substrate and an electrode; and

{c) at least one electrode from which the current source can apply

electrical current through the electrolyte to the coated substrate.

BRIEF DESCRIPTION OF THE DRAWINGS
FIG. 1 is a schematic illustration of an electrochemical stripping system.

FIG. 2 is a schematic illustration of an exemplary geometrical configuration

for a cathode and anode arrangement in an electrochemical stripping system.

FIG. 3 is a schematic illustration of another exemplary geometrical
configuration for a cathode and anode arrangement in an electrochemical stripping

system.
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configuration for a cathode and anode arrangenent in an el ectrochem cal
stripping system -4 FIG 4 is a schematic illustration of another

el ectrochem cal stripping system FIG 5 is a schematic illustration of
anot her el ectrochem cal stripping system suitable for the present
invention. FIG 6 is a cross-sectional photom crograph of a platinum
alum nide diffusion coating applied over a netal_ substrate. FIGS. 7-10
represent a ti ¥eOstisasshempatis idysiraioatof epetherpestioshemigglrsiuippingsystem.coat i ng
systemsimlar to that of FIG 6, after being treated by the present

system si that of FIG 6. a |
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are typically nickel-, cobalt-, or iron-based. Illustrative nickel-base
superal | oys inc] uge at | east about 40 Wt % Ni, and at | east one conponent
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group congasial stgppihgprakss., chromi um  al um num tungsten, nolybdenum
titanium and iron. Various el ectrochem cal stripping systens nay be used
for the present invention. One suitable apparatus is described in U S.

Pat ent 6, 352,636, assigned to the assignee of the present invention, and
i ncor por aDRTARES DEBZRIEfION0FETHE NG/ENTIOBhemati cal |y illustrates such a
system 1, which includes an electrolyte bath receptacle 2. The bath

contains electrolyte 3, an | so contain other additives which are
rI%eyprocess ?tﬁs qgelen%on can be used to treat many different types of

substrates. They are usually metallic. Non-limiting examples of metallic materials
are those which comprise at least one element selected from the group consisting of
iron, cobalt, nickel, aluminum, chromium, titanium, and mixtures which include any
of the foregoing (e.g., stainless steel). Very often, the metallic material is a
superalloy. Such materials are typically nickel-, cobalt-, or iron-based. Illustrative
nickel-base superalloys include at least about 40 wt% Ni, and at least one component
from the group consisting of cobalt, chromium, aluminum, tungsten, molybdenum,
titanium, and iron. IHustrative cobalt-base superalloys include at least about 30 wi%
Co, and at least one component from the group consisting of nickel, chromium,

aluminum, tungsten, molybdenum, titanium, and iron.

Various electrochemical stripping systems may be used for the present
invention. One suitabie apparatus is described in U.S. Patent 6,352,636, assigned to
the assignee of the present invention, and incorporated herein by reference. FIG. 1
schematically illustrates such a system 1, which includes an electrolyte bath receptacle
2. The bath contains electrolyte 3, and may also contain other additives which are

described below.



described below. -5 The electrolyte for the present invention conprises at
| east one halide salt. Non-limting exanples of the halide salts include
sodi um chl ori de, ammoni um chl ori de, potassium chloride, sodium broni de,
sodi um fl uori de, anmmoni um bifluoride, and various conbinations thereof.
Sodi um chl oride or potassiumchloride, or a mxture thereof, is often
preferred. Sodiumchloride is especially preferred for nmany enbodi nents.
Precursors of tlihe eegtiolyie Jorathe corpient ipicaijen comprisgseal lpast ong hakide sgt.ecur sor "

refers to . Oﬁﬂg . 1CO, U ' c ined to form
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effective levels for their use. The electrolyte bath receptacle 2
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The stripping composition may include various other additives which serve a
variety of functions. Non-limiting examples include inhibitors, dispersants,
surfactants, wetting agents, stabilizers, anti-settling agents, and pH buffers. Those of
ordinary skill in the art are familiar with specific types of such additives, and with

effective levels for their use.

The electrolyte bath receptacle 2 (sometimes referred to herein as the
“receptacle™) is formed of any suitable material which is non-reactive with any of the
bath components. The shape and capacity of the receptacle 2 may vary according to
the application, as long as the receptacle is sized sufficiently to accommodate the
electrodes, the electrolyte 3, and the coated article being stripped.  The
electrochemical stripping system of this invention includes at least one electrode.
Two electrodes are depicted in FIG. 1. The number of electrodes will vary, depending

on various factors, such as the size and shape of the article being treated.

Each electrode, 4 and 5, is formed with an appropriate geometry that is

configured to direct electrical fields to the surfaces of the coated article 6. As
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Two el ectrodes are depicted in FIG 1. The nunber of electrodes will vary,
depending on various factors, such as the size and shape of the article
being treated. Each electrode, 4 and 5, is formed with an appropriate
geonetry that is configured to direct electrical fields to the surfaces of
the coated article 6. As -6 described in US Patent 6,352,636, appropriate
geonetric confgguratlons for the electrodes include, but are not |limted

to, pl anadesseibadtini US, Patont ASS2H36. gmmatﬁeeeomeam configiratianisofs theer eof
Each | | hat
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and 5, and positioned so that an electric field can be establi shed between

the elec d th | ect ed surfaces of,the article.
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electric field. A further aIternatlve is to minimize the electric field over this portion of

the component surface, for example, by modifying the electrode location. The
portions of the article 6 that are to be electrochemically stripped should be submerged
in the electrolyte 3.

The electrolyte 3 can be delivered into the receptacle 2 by any appropriate
means. For example, and in no way limiting of the invention, the electrolyte may be
poured into the receptacle 2. Alternatively, the electrolyte 3 can be delivered into the
receptacle 2 by a pumping device, as shown in FIG. 4. In this figure, the pumping
device 15 is connected to the receptacle 2 via a conduit 16. The conduit 16 extends to
a gap 8 that is disposed between the article 6 and one of the electrodes 4 or 5. The
pumping device 15 can comprise a low-pressure pump, which agitates and stirs
electrolyte 3 in the receptacle 2. For example, ejection of the electrolyte 3 from a
nozzle 17 of the pumping device 15 can cause agitation and stirring of the electrolyte

3 in the receptacle 2.



device 15 is connected to the receptacle 2 via a conduit 16. The conduit 16
extends to a gap 8 that is disposed between the article 6 and one of the
el ectrodes 4 or 5. The punping device 15 can conprise a | ow pressure punp,
whi ch agitates and stirs electrolyte 3 in the receptacle 2. For exanple,
ejection of the electrolyte 3 froma nozzle 17 of the punping device 15
can cause agitation and stirring of the electrolyte 3 in the receptacle 2.
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With reference to FIG. 1, power supply 10 carries current over connections 12,
13, and 14, to the electrodes 4 and 5. The electrodes, 4 and 5, are connected to the
negative terminals of the power supply 10. The stripping of the coating from article 6
comprises the electrolyte reacting with the coating. The electrolyte carries cha:fge to
article 6, and under the action of the electric current, the coating is stripped from the

article. Removal of the current halts the electrochemical stripping process.

Various parameters define the stripping characteristics for the present
invention. These parameters influence the rate of material removal and thus, the
efficiency of the stripping process. Non-limiting, exemplary parameters are:
electrode geometry, power supply voltage or current (dependent on parameters being
controlled); electrolyte concentrations, solvent composition, use of (and degree of)
agitation, processing time, distance between the article and electrodes, and electrolyte
temperature. Those who are familiar with electrochemical machining techniques
would be familiar with many of the stripping parameters which relate to the present

invention.



i nvention. These paraneters influence the rate of material renoval and
thus, the efficiency of the stripping process. Non-limting, exenplary
paranmeters are: electrode geonetry, power supply voltage or current
(dependent on paraneters being controlled); electrolyte concentrations,
sol vent conposition, use of (and degree of) agitation, processing tine,
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surface after treatnent is conplete. As alluded to previously, an inportant

feat ure obasedion epyiidas resplts Sr differend stiiriping gpnditions.
The stripping composition is effective over a wide range of pH values. As an
example, the pH usually ranges from about 1 to about 8. In some preferred
embodiments, the composition is maintained at a pH of less than about 5, which

sometimes results in a smoother surface after treatment is complete,

As alluded to previously, an important feature of this invention is the relatively
high degree of selectivity it can provide. In other words, the time required to remove
a desired coating is much less than the time which elapses before the undesirable
removal of an underlying coating or a substrate material. In preferred embodiments,
the selectivity (ratio of coating removal to substrate material or underlying material) is
greater than about 4 : 1, and preferably, greater than about 6 : 1. The enhanced
selectivity is especially (but not exclusively) useful in the case of the diffusion

aluminide coatings, as described in the examples.

The temperature of the electrolyte in solution can be maintained up to about
100°C. In preferred embodiments, the temperature is maintained below about 50°C.
In some especially preferred embodiments, the temperature range is from about 5°C to

about 30°C. Lower temperatures within these ranges are sometimes preferred for
-9-



hi gh degree of selectivity it can provide. In other words, the tine
required to renove a desired coating is much less than the tinme which

el apses before the undesirable renoval of an underlying coating or a
substrate material. In preferred enbodi nents, the selectivity (ratio of
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conposi t | BhAragtergstics iny the AgReONR BOPP@WIGUs| y) and FIG 3 illustrate two
exenpl ary geonetries for the electrodes, as enbodied by this invention.

These el ectr odgy§ePARLdioRSd BfeFiously) and FIG. 3 illustrate two exemplary geometries

for the electrodes, as embodied by this invention. These electrode geometries are

applicable to stripping a metallic coating from various articles, such as turbine
components. However, they are merely exemplary of the geometries within the scope

of the invention, and are not meant to limit the invention in any manner.

With the electrode geometry of FIG. 2, an article 20 comprises a configuration
with a generally straight side 21 and a convex side 22 (a common shape for some of
the components of a gas turbine engine). An electrode 23 comprises a side 24, which
faces side 21. Similarly, an electrode 25 has a side 26 that is generally complementary
to the side 22 of the article, e.g. the turbine component. Thus, in some preferred
embodiments, the electrodes 23 and 25 at least partially surround the article.

Each electrode 23 and 25 can be connected to one terminal of the power
supply. The article 20 is connected to the other terminal. When current is passed
between the electrodes 23 and 25 and the article 20, the surfaces of the article will be

electrochemically stripped, as embodied by the invention.
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applicable to stripping a netallic coating fromvarious articles, such as
turbi ne conponents. However, they are nerely exenplary of the geonetries
within the scope of the invention, and are not neant to limt the

i nvention in any manner. Wth the el ectrode geonetry of FIG 2, an article
20 conprises a configuration wth a generally straight side 21 and a
convex side Zzggg common shape for some of the conponents of a gas turbine
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enhanced ution vely, e ca
article 56, which is being treated. Control valve 58 continuously drains the tank at a

constant rate. Sump tank 60 stores the electrolyte-solution, while pump 62
replenishes the electrolyte to the tank. Level sensor 64 turns the pump on and off, to

maintain a consistent level of electrolyte in the reaction tank.

The electrochemical stripping system of FIG. 5 contains features which are
very advantageous for some embodiments of the invention. For example, relatively
slow, controlled fluid motion occurs in reaction tank 52, as the electrolyte drains from
the tank through control valve 58. This fluid motion provides a slight amount of
agitation which is helpful in forcing an exchange of reactants and products at the
anode and cathode boundary layers. (However, excessive agitation is usually
undesirable). Moreover, this type of fluid-recirculating assembly ensures substantial
homogeneity of the electrolyte in the reacting tank. The recirculating system also
removes precipitates from the reaction tank to the sump tank, from which they can be

filtered out of the system.
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can be a solid conductor which may or may not conformto the surface of
coated article 56, which is being treated. Control valve 58 continuously
drains the tank at a constant rate. Sunp tank 60 stores the

el ectrolyte-solution, while punp 62 replenishes the electrolyte to the
tank. Level sensor 64 turns the punp on and off, to nmmintain a consistent
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super al | oyhisuHesd sfah& wallindidli3. figure, region 70 is the substrate, while

region 72 generally represents the diffusion sublayer of a platinum

alum nide diffusion coating. Region 74 is the additive sublayer of the

di ffusi on coat Cﬁgventwnalab@llgﬁﬂmgn@g"fnrg@qsms vswallyi iegove both addisive sublayert he

addi tive u S ; s I.n L) ain
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process, in which only additive sublayer 74 is removed. Such a process, which does

not substantially affect the diffusion sublayer, is especially advantageous in some
situations. The wall section of certain turbine engine airfoils provides one illustration,
as mentioned previously. Removal of significant portions of such a wall is sometimes
unacceptable, in view of the required thickness specifications. Thus, the partial-
stripping erﬁbodiment of this invention is extremely useful for those instances in

which the wall thickness must be preserved during the stripping process.

As the example below demonstrates, use of the halide salts in the
electrochemical stripping process, under controlled conditions, successfully removes
the additive sublayer, while leaving the diffusion sublayer substantially unaffected.
The substrate (i.e., the base metal) is also substantially unaffected. Moreover, the
process provides an extended period of treatment-exposure time between removal of
the additive sublayer and removal of (or damage to) the diffusion sublayer. The
extended time period is an important feature for processing-flexibility on a

commercial scale.
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t hi ckness of the wall material. Conventional, "full-stripping" processes
usual |y renove both additive sublayer 74 and diffusion sublayer 72.
However, the present invention is a "partial stripping” process, in which
only additive sublayer 74 is renmoved. Such a process, which does not
substantially affect the diffusion sublayer, is especially advantageous in
sone situations. The wall section of certain turbine engine airfoils
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I nvention severely degrades the integrity of the coating being renoved.
The degraded cq@tigRgniiSine s& | "a{qé ' esi due".
The coating reg;ﬁdueg?e. gg ,S %]Sg gﬁ%{ll% h?(’)%%’i%ﬁg%g? 0 Hé%ql%la%%%%%ésr%g%jbl ayer
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specificatjon, the term "renoval" of the desired coating means severe
degr adat i 8% PsyssuRds samlly deps thay abent 19Q psidAhaph dhemsitblasting s darded oute

substrat e g § BirndeyetiddOtiidEnt A6 SEHbLL Boe Hgég(mdq&)%}ing. The duration of grit-

blasting in this embodiment will depend on various factors, such as the thickness and

specific composition of the smut layer; the size and type of grit media, and the like.
The process is typically carried out for about 30 seconds to about 3 minutes. Low-
pressure grit-blasting (e.g., at about 30 psi (2 bar) or less, and sometimes called "grit-

dusting") is sometimes preferred.

Other known techniques for abrading the surface may be used in lieu of grit-
blasting. Many of these are described in U. S. Patent 5,976,265, incorporated herein
by reference. For example, the surface can be manually scrubbed with a fiber pad, e.g.
a pad with polymeric, metallic, or ceramic fibers. Alternatively, the surface can be
polished with a flexible wheel or belt in which alumina or silicon carbide particles
have been embedded. Liquid abrasive materials may alternatively be used on the
wheels or belts. These alternative techniques would be controlled in a manner that
maintained a contact force against the surface that was no greater than the force used

in the grit-blasting technique discussed above.
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The desnutting step is known in the art, and described in various
references. It may be in the formof an abrasion step which mnimzes
damage to the substrate or the underlying sublayer. As one exanple,
grit-blasting can be carried out by directing a pressurized air stream
cont ai ni ng al um num oxi de particles across the surface. The air pressure
is usually less than about 100 psi (7 bar). The grit-blasting is carried
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removal of the coating by the process described above. In other words, the substrate is
immersed in an aqueous composition through which electrical current flows, wherein
the aqueous composition comprises at least one halide salt. The electrochemical
treatment is usually followed by de-smutting and rinsing steps, as discussed

previously.

The replacement coating can then be applied to the substrate. Examples of coatings to
be applied include the diffusion-aluminide coatings, and overlay coatings. A non-
limiting example of an overlay coating is one having a composition of the formula
MCrAl(X), where M is an element selected from the group consisting of Ni, Co, Fe,
and combinations thereof; and X is an element selected from the group consisting of
Y, Ta, Si, Hf, Ti, Zr, B, C, and combinations thereof. The overlay coatings are
applied to the surface by conventional technigues, such as high velocity oxy-fuel
{HVOF), plasma spray (e.g., air plasma spray), physical vapor deposition, and the like.
(Diffusion aluminide coatings can be applied as described previously). Those skilled
in the art are aware of other aspects of the coating process, e.g., cleaning and/or

surface roughening steps, when appropriate.
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operating adjustnments which are nade to control the relevant force applied
against the surface of the article (as in the case of the abrasion
technique), to mnimze damage to the substrate or coating subl ayer being
preserved. The article is sonetines rinsed after this step, e.g., using
wat er or a conbination of water and a wetting agent. As nentioned

previ ously, another enbodi nment of this invention relates to a nethod for

repl aci ng” a worlfisgerlassracgt grqsestis ssnevially geafiliy thaxase efidifnsion mhenisidest r at e.

As used h | VT o] & n B i he:.a. coatd i 0 er
offers a SEé%I &d A?éféseﬁdbgg rﬁg%ﬂ %%lﬁo%s%a?%it g@tp?o%. gfphfe%g?p:gﬁg%t%g{g ec'pfl of this
enbodi mentoatimgs kan ehdesiratiy desreasalthe thivkaesl ofahe tubetratepd.g.ng tlrbink erfgil.ocess
descri bed _above. In other words, the substrate is ipmersed in an aqueous
conposi t | ﬁweﬁ%a’ﬁwnmﬂale%m% BEACESSUS caited [qub RECOrdiAB e fHs invsBtigRyueous

conposi ti g GRIMNE S88lafdk dfe@sh aoegad?@ tepd dbfeateliier &EHV&Q%MaEgd,

treatnent is usually followed by de-shutting  and rinsing steps, a
di scussedwithpui/subsightjallyTaféecting thecunverlying sliffision sublayehefhbs tixpspecidddt o t he

substrate I oatd . t.0 _be applied include the . .

di f f usi on% gﬁﬁ%ﬁ%‘l%zs ééfc%%i%é‘gl?%gﬂ&’eowgwaé%%c@éﬁ ﬁ{fg{er AN Priod « THS exanpl e
of an ovendlemtapeais ag inSpdadt ITeatiRgid £ ERSIrEiboRe@ihg! Rehebd rddHipanedyr Al (X) ,
where Mis an el enent selected fromthe group consisting of N, Co, Fe,

and conbi FERICSRENt HrRA cantis thng-sonsymingad fxpsryiecinsgrtekiag t he group
consisting of Y, Ta, Si, Hf, Ti, Zr, B, C,  and conbinations thereof. The
overlay coati n%e%l@owiﬁg@ka[ﬁg\etie [ﬁé}a SHEARGe Dhd BRI BBHondthiRAb AUES.
such as high velocity oXy-fu H\/Cf—i), pl asma spray (e.g., alr plasm
spray), physhy aortwéporitatiop osithe senpearfdhe kkaithedk sventiddi. f usich insidnemiafi de
coatings can. be appl.i ed as described evipusly). Those skilled ..in the art
are awar e 9t ‘n&fﬁ’é“’gﬁsﬁ&c PRIRE PiER V@Sﬁﬁ%‘ﬁe‘gg%éé%'ssfnu@r& ?te%laééﬁf‘ﬁ&’eand/ or
surface rabghkeUsugllsidpsnuttidesonsRRMATGridbRistingl Folldiiéd Byeat-BRAIRNbS E0CESS 1S
especially useful in the case of diffusion alumnide <coatings. As

descri bedS‘Hf@\f/'i ously, repeated stripping and re-applications of such
coatings can undesirably decrease the thickness of the substrate, e.g., a

turbine aigghifble1

A coupon formed from a nickel-base superalloy was used in this example. A
platinum layer having a thickness of about 1-2 microns was electroplated onto the
superalloy surface. The coated surface was then diffusion-aluminided to a depth of
about 50 microns. The coated coupon was subsequently treated according to an
embodiment of this invention, to determine the effect of the treatment over a pre-

selected time period.

Treatment of the coupon was carried out by using an electrochemical stripping
system similar to that depicted in FIG. 1. The distance from the cathode to the anode
in the stripping apparatus was about 1 inch (2.54 ¢m). 10% NaCl (by weight) in water
was used as the electrolyte. The stripping bath was maintained at room temperature.
A voltage (cell potential) of about 1.2 volts DC (direct current) was applied to the

electrochemical cell.

FIGS. 7, 8, 9, and 10 collectively represent a series of micrographs. They

depict sections of the coupons, over the indicated time periods (0 min, 30 min, 60
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However, when a partial stripping process is carried out according to this
invention, the additive sublayer of such a coating can be repeatedly
renoved and replaced, wthout substantially affecting the underlying

di ffusion sublayer. Thus, the specified wall thickness of the airfoil can
be maintained for a greater service period. This advantage is an inportant
feature in _a comercial setting, where conponent replacenent or repair can

be a ti meMEBAdN29gniad Wikpreterencs 10 K¥Er T.argiag 30T thefsybsteais. rwhilexegione i s

merely il I.\48,: . b L.ued . .phe . sort..of

T At ot ioiier $2:is MU HRh SubRber i GO BERMHE whitini B (IR bl

coati ng r 8nblapdr,84tik thesddditivpisniglagdre Thevaogieskive nticroitpas sleovs sabisianfiglyst ep, as
descri bed abpve. Us algs%l, gﬁg-,smﬂ i ng ﬁonzigi sted of grit-blasting, followed
by air- bl 6%R tegfemoral ot ¢ BYe ERIHST attar Jooub BHYteY. PaEh eplpapigimal

ni ckel - baggnGap6f el PGS subbSer. | RAEN B SRR §csjm‘§11 BHf g1 Jii?ﬁb?i]BPhaV' ng a

t hi ckness of about 1-2 m crons was el ectroplated onto t super al I oy
surface. Tidayspatasdemoyddased thesubsteate dinidinsi svps@ahiiatiyninthet] with enlgtemeh of

about 50 mycraons. The .co d upon s subsequently treated .according to
an enbod%h‘%i]yofsmﬁni%ﬁi ?@@‘Fﬁ ﬁg%,pr?SSI\ll\ﬁéqvgp H I?Y}ée%f’*f%’g’?mﬁtf’alﬂ’fé’c"fsfeat ment
over a pr ewilﬁle{wecfbﬁéerﬁém op €hid ﬂﬁﬁlsiﬁheﬁﬂ)lﬁyeiﬂ Sﬁcl_i B%@W@ﬁ Mﬁﬁpf‘cﬂf'ic_[ésed out
by using an el ectrochem cal stripping systemsimlar to that depicted in

FIG 1. THexiflldy and stficiency ime laigetienle tieatmant fasilile Subrrqupel eperipphiag
appar at us (RS AR cvin 1SR piceswiilibws Kl R NBIA PYBRHANN sl or - vas

used as t el ectrol yte. ripping s nal ntal ne r‘room
tenperature. A voltage (cell potential) of about 1.2 volts DC (direct
current) was apidarlyd manyt tredifehéais endemrietidnsc of | the Rir@8nt Apvedfio, arand 10

the coupoReiiti B SERESE fhg By eething® pir FdAGerse isersat i, wEBR. 48 i
and 120 midppe O thB dppbricaneginisy thik Gavehiioh 8P Be §Radtied MEhGWRSt thad &s Whi l e

regi on . .
specifically described.
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or sublayer 82 is the diffusion sublayer of the platinum alum nide

di ffusion coating. Sublayer 84 is the additive sublayer. The progressive

m crographs show substantially- conplete renoval of the additive subl ayer
after about 60 minutes, with only mininmal renoval of the diffusion

subl ayer. After 12.0 mnutes, a snmall portion of the diffusion sublayer
was renoved, and the substrate renai ned substantially intact, wth only one
rel ativel &LsHWMSB: pit . Thus, the present invention provides a substantial
process "w ndow' for renoval of the diffusion sublayer. Such a wi ndow in

turn provides aflaxibig i I .Cd AVRY . t t
facility. qSubsé&uﬁ%ﬁ%&%ﬁ%?%ﬁ%sgffdgggﬁofé%gﬁlg? %rgo‘é@%gﬁegér{g%fg c%%tgj?e@@ﬂw ndows
for renovdle sirfacheofdnfdubstraiey sarprispeg theClstear of) immersyngrtde fubsatieons aand

variations_of the present .i.nvention .are oss{ble in light of thge above
t eachi ngs .COIP]_?Oﬁnéont ﬁgpg?lb r"@“&hd‘ﬁr Jeeeplt e,n§ _&j"t"ﬁi’ ¥hexdn _gtg‘é JPEROFItORe
appended gbpiides at Rhst onbYHEdd AR, HPpreRsiRGbdrced otherw se than as
specifically described. CLAIMS: 1. An el ectrochem cal process for

sel ectively renpving at | east one coating from the surface of a substrate,
conpri si ng- t he The @pocsss ohelaim il niyherein theseitriameesent & 2 levelpadhe rangetdfr ough

whi ch an i r flows, wherein the conposition conprises at
| east one%ﬁpi}eﬁ?glaﬁﬁtofp%recursor thereof. 2. The process of claim1,

wherein the salt is present at a level in the range of about 0.1 Mto
about 5 M. 3. Theppressesfxlaiim tbalnwherein the sulhér miesent hiea katl ini the pargeent at a

l evel int r of  a .5 Mto about 3.5 M 4. The process of any
one of thgp%pélg@gﬁﬂéoali’%l%%hﬁherei n the halide salt is selected fromthe
group consi sting of sodium chloride, ammoni um chl oride, potassium

chl ori de, 4sodi Uhe fprétREd B an@ 0O B LHe Rrdckdiap i difms ARdeeaiTHenRilidenalit iger eof .
5. The process of any one of the preceding clains, wherein the electrical
ﬁ}er

current paeqied dzamciher grrup seysisteig Phesqsiyeeskloddle. apmemiunf chlpddpr ecedi ng
cl ai ns, ‘A@&%&lﬁn Eﬂl%riﬁ@,%aﬁﬁﬁ ﬂl%l'idf:? ammonium bifluoride, and combinations thereof.

5. The process of any one of the preceding claims, wherein the electrical current

is direct current (DC).

6. The process of any one of the preceding claims, wherein the composition is

maintained at a temperature not greater than about 100°C.

7. The process of any one of the preceding claims, wherein the composition is

maintained at a temperature below about 50°C.

8. The process of any one of the preceding claims, wherein the composition
further comprises at least one additive selected from the group consisting of:
inhibitors, dispersants, surfactants, wetting agents, stabilizers, anti-seitling agents, and
pH buffers.

9. The process of any one of the preceding claims, wherein the coating being

removed from the substrate comprises a diffusion coating.

10.  The process of claim 9, wherein the diffusion coating comprises an aluminide

material,

-17-



mai ntai ned at a tenperature not greater than about 100C. 7. The process of
any one of the preceding clains, wherein the conposition is naintained at
a tenperature bel ow about 50C. 8. The process of any one of the preceding
clainms, wherein the conposition further conprises at |east one additive
selected fromthe group consisting of. inhibitors, dispersants,
surfactants, wetting agents, stabilizers, antl-settllng agents, and pH
buffers. 9l Thé“hpmg%omla@hmowber@m thp alysisidednatgriall iaselcteduiomethe t he
coating b | i difHtusio ting.
10. The p%hﬂ%g@%% a|n1 mggFéﬁﬁi?%ggggﬁﬁgglo%&%o |ng COﬁDFI%@g an
aIuninidenumaldummhdqaﬁdnﬁﬁmu%hﬁaaﬁbcess of claim 10, wherein the al um nide
material is selected fromthe group consisting of: aluninide nobl e
met al - al ui,ni d nickel- um ni de, ggble aI- ni ckel -al um ﬁh and

mi xtures tReredf® AOCCstHef AR QRSO fhey pecsing oflaite WRuIERY sifples,

wher ein tagmﬁﬂgggﬁ@&ghcggmﬂﬁﬂses a metallic material. 13. The process of
claim12, wherein the nmetallic material conprises at |east one el enent
sel ected fron1the group consisting of iron, cobalt, nickel, alum num
chromi um 18i t arha procssriofelainy i dswhseiarihe mefalliemateyiabeomprises ot kgetiang. 14.
The proce r 1.3 e I I ses a
superalIo%ﬁn%%t%#%gﬁg%%%@%g&b WQ E&E¥QLEWﬁn?%§% %ﬁéﬂzhg%?§|? I's™

ni ckel - bashntumetitaaiuin, ahdsddurekGvhidihinchkie ensy sf e foregding.14 or 15, wher ei n
t he superalloy is a conponent of a turbine engine. 17. The process of any

one of the, pre d|n clal rein t esubtrat Is imrersed.in the
conposi ti gf]i &% gﬁ%’a‘\l\/ﬁ] h‘g= 10 fic matenial; comuyisgs) Gyt
superalloy.

15.  The process of claim 14, wherein the superalloy is nickel-based or cobalt-
based.

16.  The process of claim 14 or 15, wherein the superalloy is a component of a

turbine engine.

17.  The process of any one of the preceding claims, wherein the substrate is
immersed in the composition for a time period in the range of about 1 minute to about
36 hours.

18.  The process of any one of the preceding claims, wherein the time period of

immersion is in the range of about 5 minutes to about 8 hours.

19.  The process of any one of the preceding claims, wherein the composition is

stirred or agitated while the substrate is immersed therein.

20.  The process of any one of the preceding claims, further comprising the step of

removing coating residue after immersion of the substrate in the composition.

21.  The process of claim 20, wherein the coating residue is removed by at least
one technique selected from the group consisting of: abrasion, tumbling, laser

ablation, and ultrasonic agitation.
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36 hours. 18. The process of any one of the preceding clains, wherein the
tinme period of immersion is in the range of about 5 mnutes to about 8
hours. 19. The process of any one of the preceding clains, wherein the
conposition is stirred or agitated while the substrate is inmersed
therein. 20. The process of any one of the preceding clains, further
conprisin% the step of renoving coating residue after inmersion of the
substrat e2?n t A8 resessohiclaim 21 Whergin thy Juesien isrcapiod et by 2 gtdiestingt he
coating rﬁihgﬂﬁ&is removed by at | east one technique selected fromthe
group consisti'ng of: abrasion, tunbling, |laser ablation, and ultrasonic
agitation. -18 22. The process of claim2l, wherein the abrasion is carried
out by a 33.it - Bhagreaess of ewhnnewé the Brecddieg plabnsswhekinathy @atngbeinge

precedi ng_cl ai wher.ein e coati bei ved is.an additive
subl ayer Befm(gﬁggﬁ Wcﬁ{’]trwab%lb Herﬁ%?apﬁglgﬁlﬁuﬁigw‘iégﬁlﬁﬁm PR ocess of claim
23, wherein the alum num based di ffusion coating also conprises a

di ffusi on24.ubl ayieprareseat taihe3 adiérkinvibe Slibhiav@rbased diffRRndidating kRO
subl ayer is not substantially repoved during renoval of the additive

subl ayer . coBPrises & dusion ublere barabette pdhitive sublayerelapd, dnodiffigioan
addi ti Ve SHIRY R nd? subbadtby Htldiea Rhthy {ge'b%vg\l SR LfsoHae: | T om 2

superal | oy substrate, conprising the I MTersi ng ubstrate in a
conposi tion through which a direct electrical current flows; wherein the
conposi ti 8h codprdletwchemicalagvcasn éorhmrlectivcly adrhoving aprdditive sublagenef eof , and

wherein a.giffusi.on subl ayer. betwe the additive subl ayer. and. the

subst r ot coitlisPIS b AniiShe SSiedthraa SeRnELoN HEsGtle: B TRdhasEp | <
renoved. 3fimmBRing 186 ealistafe &l AdomplRitionNBidRkh viieh haltsdelseaidal terr&Rdi UM
chloride. 27. A nethod for replacing a worn or damaged diffusion al um nide

coating #BpPied over a substrate, conprising the follow ng steps:
wherein the composition comprises at least one halide salt, or precursor

thereof, and wherein a diffusion sublayer between the additive sublayer and the

substrate is not substantially affected while the additive sublayer is removed.
26.  The process of claim 25, wherein the halide salt is sodium chioride.

27. A method for replacing a worn or damaged diffusion aluminide coating
applied over a substrate, comprising the following steps:

(i) electrochemically removing the worn or damaged coating by immersing the
substrate in a composition through which a direct electrical current flows, wherein the
composition comprises at least one halide salt or precursor thereof; and

(ii) applying a new coating over the substrate.

28.  The method of claim 27, wherein the diffusion aluminide coating comprises a
diffusion sublayer which lies over the substrate, and an additive sublayer which lies

over the diffusion sublayer.

29. The method of claim 28, wherein the additive sublayer is removed, while the

diffusion sublayer is substantially unaffected.
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(i) electrochemcally renmoving the worn or damaged coating by i mersing the
substrate in a conposition through which a direct electrical current flows,
wherein the conposition conprises at |east one halide salt or precursor

thereof; and (ii) applying a new coating over the substrate. 28. The nethod
of claim 27, wherein the diffusion alum nide coating conprises a diffusion
subl ayer which lies over the substrate, and an additive sublayer which lies

over the dPffudierimethed 8fany ang ofTelaimpe2hdel 29 whetginnthxs newiroeting) is e
addi tive er. 1 8. : j .dj ffusion sublayer is
substanti g%%n%%?%%yﬁggr%&%g%ﬁg 0d of any one of clains 27 to 29,

wherein the new coating is a diffusion-alumnide coating or an overl ay
coating. 31. THéemetlheldofafaiml 3, mhdfkin theaverlay tdating cempayesao@mpogitoanpri ses

a conpositign .of +t f or pul [(X),, where. Mis. an_el ement selected from
he g oup L fsfoBrPdTCERIR Ny et M et eIl < £ HBFB SR8 x i 5 an
el enent sgkadt ed, f& ol CHRALIRAYE theRbS aad XY affelement Jdecte froflithe goupZr . B,
C, and conbinations thereof. 32. An el ectrochem cal stripping conposition

for sel ecepnsstingronbyTa §L.dlld i, iZasB.op, andlogmbinaiensdarcofig from a substrate,
said conposition conprising at | east one halide salt; wherein the halide

salt is prgsent,. | e 6 I I e . of
about 0. 101t o SpeHEnGRRBEThRAR oFhp RS RN R bl SERRER, PO o
cl ai m 32, ahmihide rcoatimgfromi a1 guistrate] exd compesitiodicbmprsiag lae ddagdorder kalidehe group
consisting of: inhibitors, dispersants, surfactants, wetting agents,

Stabi || zosdt W mstg?ﬁiﬁflﬁirgs b Enpresent iy tha coppgsian atzy congenisphon Wy e for the
el ect r ocheffigeak absAOVAalL Bfhabsutdiff usi on al um nide coating froma substrate,
conprising: (a) an electrolyte which conprises at |east one halide salt, or
precursor thereof; (b) a direct current (DC) source, capable of being
connect ed380 t fae elegtrechemie stripping epvapasition) efcdlaiodd2, furiber comprising at

least one additive selected from the group consisting of: inhibitors, dispersants,

surfactants, wetting agents, stabilizers, anti-settling agents, and pH buffers.

34,  An apparatus for the electrochemical removal of a diffusion aluminide coating
from a substrate, comprising:

(a) an electrolyte which comprises at least one halide salt, or precursor thereof;

(b) a direct current (DC) source, capable of being connected to the coated
substrate and an electrode; and

(c) at least one electrode from which the current source can apply electrical

current through the electrolyte to the coated substrate,

35.  The apparatus of claim 34, wherein the substrate is a turbine engine

component.

36.  The apparatus of claim 34 or 35, wherein component © comprises a plurality
of electrodes disposed in a configuration that substantially surrounds the coated

substrate.

37.  The apparatus of any one of claims 34 to 36, further comprising a device

capable of stirring and agitating the electrolyte.
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(c) at least one electrode fromwhich the current source can apply
electrical current through the electrolyte to the coated substrate. 35.
The apparatus of claim 34, wherein the substrate is a turbine engine
conponent. 36. The apparatus of claim 34 or 35, wherein conponent (c)
conprises a plurality of electrodes disposed in a configuration that
substantially surrounds the coated substrate. 37. The apparatus of any one
of cl ai ms 384 t dhgeppaigiushel aay pvei ofi plgins dé\iocd7. whersinl theoeleetrolytei isg and
agitating; .= cHe n f,clains 34 to
37, wher efﬁncgf‘ﬁ)gétg‘?L@?%ﬁ@?@gﬁéﬁnﬁ%ﬁﬁgﬁ%%ﬁsﬁ% %ﬁ#g%lﬁlﬁgse ath in which
the coated substrate can be i mersed. 39. The apparatus of any one of

cl ai ns 34390 3T8¢ appezates nf ayeoreadfi clms SHtto 38, whettinnthe hilider dattds sodium

chloride,
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