| f- A METHOD FOR PARTI ALLY STRI PPI NG A COATI NG FROM THE SURFACE. OF A

SUBSTRATE, AND RELATED ARTI CLES AND COVPOSI TIONS TECHNI CAL FI ELD The
tpresent invention is generally concerned with el ectrochem cal mnethods for

removi ng coating material froma substrate. Mre specifically, the

I nvention relates to a nethod for renoving a portion of a coating froma

substrate, while preserving the renmaining portion of the coating.
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rigorous operating conditions. For example, various turbine engine components are
exposed to significant temperature extremes and degradation by oxidizing and
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, ¢.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

-
Sy

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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In view of the high tenperature and harsh operating conditions to which
they are sonetines exposed, diffusion alum nide coatings eventually need
to be repaired or replaced. Various coating repair nethods are sonetines
used. For exanple, the -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; [ 0 I bo e e i's
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removing different types of coatings from metal substrates. The techniques usually
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must exhibit a considerable amount of selectivity. In other words, they must remove

only intended materials, while generally preserving the article's desired structures.

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 resuit of reaction with the etchant.

t 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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addi tive sublayer and the underlying diffusion sublayer. Repeated stripping
and re- applications of these coatings necessitate repeated renoval of the
di ffusion sublayer. This can undesirably decrease the thickness of the
substrate, e.g., a turbine airfoil. Moreover, chem cal etching can result
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selected coating layers and the 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

According to a first aspect of the present invention, there is provided an
electrochemical process for selectively removing at least one coating from the
surface of a substrate, comprising: immersing the substrate in a composition
through which electrical current flows at a potential of up to about 10 volts,
wherein the composition comprises at least one halide salt, or precursor thereof
wherein the substrate comprises a diffusion coating comprising a diffusion
sublayer and an additive sublayer; and reacting the coating with the composition
to remove the additive sublayer, wherein the diffusion sublayer is not

substantially removed during removal of the additive sublayer.

According to a second aspect of the present invention, there is provided an
electrochemical process for selectively removing an additive sublayer of a
diffusion platinum-aluminide coating from a superalloy substrate, comprising the

step of immersing the substrate in a composition through which direct electrical




el ectrochem cal process for selectively renoving at | east one coating from
the surface of a substrate, conprising: imersing the substrate in a
conposition through which electrical current flows at a potential of up to
about 10 volts, wherein the conmposition conprises at |east one halide
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subl ayer vhce lfhd iStrate, and an additive sublayer which lies over the diffusion

sublayer, and wherein the additive sublayer is removed, while the diffusion

sublayer is substantially unaffected.

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 — may be
immersed in a composition through which electrical current flows. The
composition may comprise 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 may be 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
may permit efficient removal of the additive sublayer, without substantial

removal of the diffusion sublayer, and without substantial damage to the

substrate,
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over the substrate, and an additive sublayer which Iies over the diffusion
subl ayer, and wherein the additive sublayer is renoved, while the diffusion
subl ayer is substantially unaffected. One enbodi ment of this invention is
directed to an el ectrochem cal process for seIectiver renoving (i.e.,

"stripping") at rf u I 4 The
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below. Still another enbodinent is directed to an el ectrochem cal stripping

conposi ti on_f orass eldfidndP! emBRIREhN ExAtdiih f @i Rihrﬁ'df”hﬂ"éi)?afé?@st | pge from a

substrate. The conposition may conprise at | east one hal salt, as

‘descri bed apparatus may be used in the electrochemical removal of coatings from various
substrates, ¢.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)  adirect 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.




bel ow. The salt nay be present in the conposition at a concentration in the

range of about 0.1 Mto about 5 M An additional enbodiment exists in the
« formof an apparatus. The apparatus may be used in the electrochenm cal
removal of coatings fromvarious substrates, e.g., superalloy articles.
The apparatus is described and illustrated later in the specification. In
brief, it conprises: (a) an electrolyte which conprises at |east one halide

salt; (D) a dimech icHichebid Mok donohaPABARE AepHARTRILEd Lo the
coated substrate all’ld an el ectro%e; an ?@%pat cast “one egpﬁo e from
which the current source can apply electrical current through the
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configuration for, cat hode and anode arrangenent in an el ectrochem cal
strippi nﬁo%ty@taé’ﬁilecﬁo‘iffﬁr&m%alisgbﬁr%hemat ic illustration of another

el ectrochem cal stripping system FIG 5 is a schematic illustration of
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DETAILED DESCRIPTION OF THE INVENTION

The process of this invention can be used to treat many different types of
substrates. They are usually metallic. Non—Iinﬁting 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. Ilustrative
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,

Y titanium, and iron. Illustrative 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 suitable 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 arc

described below.




coating systemsirrilar to that of FIG 6, after being treated by the

present invention's partial stripping process. C) DETAI LED DESCRI PTI ON OF
« THE | NVENTI ON The process of this invention can be used to treat nany

different types of substrates. They are usually netallic. Non-limting

exanples of netallic materials are those which conprise at |east one

el ement selected fromthe group consisting of 1iron, cobalt, ni ckel
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present invention, and, i ncorgorat ed herein by reference. FIG

schemat i d2fP? gn§ P mmere of the sajts quentigned abayi hus.fbe selb sambe ﬁ?r@@fir ol yte
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often in the range of about 0.5 M to about 3.5 M. Adjustment of the amount of the
salt can readily be made by considering stoichiometric parameters, and by observing
the effect of particular compositions on the removal of a desired coating from the

substrate.

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-seitling 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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or a mxture thereof, is often preferred. Sodiumchloride is especially
preferred for many enbodi nents. Precursors of the salt may al so be
. enpl oyed. As used herein, a "precursor"” refers to any conpound or group of
conpounds whi ch can be conbined to formone or nore of the halide salts
menti oned above. Thus, the salt can be forned in-situ in a reaction
vessel, for exanple. The halide salt is usually present in the conposition
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geonetry that is
and electrodes 4 and 5. If a portion 7 of the article, e.g., a dovetail section of a turbine

o b

component, does not require stripping, this portion may be kept above the level of the
electrolyte 2. Alternatively, this portion 7 can be physically masked so as to shield the
electric field. A further alternative 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

C s 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.




configured to direct electrical fields to the surfaces of the coated
article 6. As -6 described in US Patent 6,352,636, appropriate geonetric
< configurations for the electrodes include, but are not limted to, planar
geonetries, cylindrical geonetries, and conbinations thereof. Each

el ectrode can have a conpl ex, geonetric shape, e.g., one that is

approxi mately conplenentary to the geonetry of the article 6 that is to be

stripped (see Afleatidely! @a@ﬁa@a'sﬂbeme&'@amggi%utgggo&g;& wh) are

general |y non- consumabl e, and renmain | nt’act ectrochem cal

stri ppi ngr prdispbasd aXisebpmaniappmptiateviuppdrt il &, asallbstraﬂed bp padwily (Flte 4).
el ectroc tacle 2. The

article i Y call%gt 1 %g g‘éeid@‘; g‘?@é‘?"gﬂ“w 1%%‘?8 f e&“ t‘geth’g)gfeﬁﬁ%lyt?o%tl ngs

descr i begudl & b@UsdtVimithe tardeiledse oﬁe io$ rﬁécﬁ&ﬁéﬁ%ﬁeﬁm cldicel.eqieodes 4
and 5, and positioned so that an electric field can Pe established between

the el ettovemest of ihe ﬂq@r@artee%: aecglezates Farlesheat dissipatidn amiahe;lps maingain The

cubrer ge eepielys HRRElrh Rl 0] RERENE G ch iR HRbFind ot TOn 7 o
the arti Ekeessi®e theat ar dovdt ctiahgsset bléﬁtr&EteacﬁdﬁhWQna)ﬁ@R@Oﬂﬁném ?kﬁgs not
require stri ppi ng this %grtlon may be kept above the |evel of

el ect r ol JRegtion. Lqrexsmple; If?CtIPHF%}fCE@thﬁéﬁcwaséé;rpfﬁbefﬁmﬁé’lt@amIIWWSked so as
to shi el g}tirhglgggrgégpﬁ ﬁﬁ afllo 'aﬂackb‘ further alternative is to mnimze the

electric over this portion of the conponent surface, for exanple, by

nodi fying the el ectrode | ocation. The portions of the article 6 that are

' (4 0 be el ect roéiwmecalhpgl'y $0 estpllastiesimelbarib Gekilihnies gedrochemidabstdpgiagr ol yte 3.
T

T el i S L e kSRR LE oo RB ™ ©

el ectrol ﬁfe&:oﬁamqﬁnemy Rfdle! MR pré@nt BRRRIACHScoAercl thef, %ﬁh\{ﬁ% rthé he

electrolyte can be delivered into the receptacle 2 by a punping device,
as shownClpimed etgetrglyts, gontipupus; djtecbourrent provides hefter stripiping dracterisiesnect ed t o

the recep! Ahred of i &ufts 5OMHIush th Pils B ¢ 16 extends to

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:l;ge to
article 6, and under the action of the electric cilrrent, 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.




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, which
.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.
-7 Alternatively, the article 6 can be noved, reciprocally or rotated about
its own or agjeSp AN | 5.4l I ustrated
by arrow 9 (Fl]gk%%@ﬁﬁgﬁe ar tteir%?hea?‘GW agggﬁggé ﬂ&?ﬁ&ggﬁgi&g‘?\é a%%l}%)%rﬁllpg & moti ve
devi ce 18¢ powke seppdy volihget mag varysiah aagadeuvoltage (thentetne Girhex” méank@ast one

of nechanj cgl, and ma tig devic The V, nt_of .the el ectrolyte 3
accel er afsk'gﬁJ%lﬁl%e%B%‘gﬁdV@E?’p%g? g’?}va?nt(? #@rﬁgsl%ﬁl h’ﬁgic}}stanceh §&hEbus
el ect r ol yiktil€ 6 AR sh el ftodl fypRRally MaiRliR Gt BinCibouf .1 iR DSRALRSS.
Excessive heat or |ocal changes in electrolyte chemstry y alt'er the

stri ppi ngbowtd@duchsa 2Fbemdxanpl e, the reaction rate may be decreased, or
there may be an increase in the degree of parent-alloy attack. A power

supply 10 est i ' ' i el egtrochem.cal st.ri pping
system 1 (see IFg%}'ﬁpﬁ @%@A“gg&@?%ﬁﬁlﬁ%ﬁ% (?egl é‘i&%é@lf O PRHAT StEppe Wl[l is often
oper at ed dependtonemamynsfithnfactios destiibdd prodeusly.hAs phehemtatibmiseht e4se offhscover ed

t hat , Wh%ﬂ@gssi ng the, clainmed electroly di rect current

te, continuous,
provi des o alupimdestype C@ﬁgﬁ‘%iéh"eﬁ’?]éﬁgeég?m‘jage atghpenongh to remeee ths obt ai ned
using th . W Bt Bl G B?%;’{?S Ly ko ..carries
current g%cggbigﬁﬁlggﬁ é’ﬁg l%,é{o%l?r{gﬁaﬁ %4,81%%?%%% ecatlrdégglse gllhglﬁl i:115. The
el ect r odeghlaygr.afiteqBently, checsetavtadt voltageistih ¢he rangeaof whout & hvolatosabolit §he power
supply 10,, The stri ppi of . the coating fromarticle onpri ses the
el ectrol }’?lés’ Pasd: h \ﬁﬁ?crk 'Flﬁfétr%d(?a latﬁ‘bc.e HPout _SC‘PFlEﬂS%tlg ‘?Erér F@@genc &rge to
article BistaadslotmaApr id feard higher PolleB s Rledst I gexﬁkmftﬁ%istinﬁé (8QAhENY 1S
stripped fromthe "article. Removal of the current halts the
el ect r oc AbET paRmSters dasrrbpdoieseinkenn be readily adjusted by those skilled in the art,

based on empirical results for different stripping conditions.

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 arc sometimes preferred for
-9-




Various paraneters define the stripping characteristics for the present

I nvention. These paraneters influence the rate of material renoval and

. thus, the efficiency of the stripping process. Non-limting, exenplary
parameters are: electrode geometry, power supply voltage or current
(dependent on paraneters being controlled); electrolyte concentrations,

sol vent conposition, use of (and degree of) agitation, processing tine,

di st ance mhﬁﬁﬁ{g saﬂﬁtlu t erature.
Those who are farﬁ@%@&&#ﬁ%agg? Hﬁ% gk%g%%egﬁ%e%ae&egmmul d be
famliar lwemtenmﬁ;atms anealsa sorgtimes mfm‘eﬂtwhen thiki serippired aﬁmm@tu?ﬂm pr esent

i nvention 8 Th n ary over operational ranges.

For exam?F’élgoé’era V@&B‘N% 1%&',)’@5 OV%ry froma trace voltage (the
term"trace" neans a small but measurable value, e.g., 0.1V) to about |Ov.
The di st mewwmgeamet(he ﬁﬁrﬁﬂm‘érﬁoﬁ t wikRire ihe G gﬁaﬁe cw@bﬁﬁbﬁ Ydli('ﬁlrg' es in a
range from abqut 1 inch (0.25 ¢ to about 10 inches cm . The nost
appr opr i aheeanmwafembpf 9ls¢maé@0@@@| nay yewreangidprablyr Frators c;latnlnﬂpgmg_ will
depend o f £ revi n iJ.lustration in
thg case[&ee{‘@axag)ifnf (%fﬂgn oﬁ]% ItrIJE?tne gﬁﬁ c?'%% @Sa‘fongpé)glt%ﬂeoﬁ%fa (RFUE R8I be hi gh
enough t cemevedy as tel asatidntcros&ustuhal, dysyity, bed tHickive & qUGTudion alihidide

signifi cant r enov f fusjon sublayer. Frequently, the selected
volgt age Poatngs s Lyaﬁ@" ﬁ“‘gﬁ‘ﬁﬁﬁto abpuy ) migrgnsioahout 12§ anickonshaddg on an
artlcle | [ ( | stance
o gap: CoEEodRRicllRPIRAIRL iy thiscete LR ) and OREL Elng 2
(U i ke théTsua;liyhéhe pmlearwﬂtreng flemmabobiet! nhientei tn)aboatri okours aid| pteﬁchblgst ed by
A\t

-t Ki.l | h t one irical results for diff
st?.s;e)p.sné d‘?ﬁ i W‘iﬂu Sl %JPP#S E ¢ MSERorss 2 rRsCtALly ePratFEe a wi de
range of nﬁllriei«sahmﬁe i tRé‘ranQé@fﬂHoﬁt 1@ RfinREb 6468l YheiRflIRS tidseBkaaegut 1 to

about 8. In sone preferred
in the art are aware, the stripping time can also be monitored by electrical current

characteristics in the aqueous composition.

FIG. 2 (mentioned previously) 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.

Y 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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enbodi nents, the conposition is maintained at a pH of | ess than about 5,

whi ch  sonetinmes results in a snoother surface after treatnment is conplete.
. As alluded to previously, an inportant feature of this invention is the

relatively high degree of selectivity it can provide. In other words, the

time required to renove ('t a desired coating is nuch less than the tine

whi ch el apses before the undesirable renoval of an underlying coating or a

substrat e mat ery ' : 'aﬁﬁé . VA . i o of

coating reankaﬁ%x§E%%§$§%%ﬁ%§?é§?gﬁq%r 'gﬁﬁggﬁgﬁﬁgﬁgﬁﬁﬁ%ﬁgéfazreater

t han abowlectrodes13s. aplierpatisfedy, amiltiplegroayiveents knbe sthippéd an bel prefémtedeinhanced

| ecti vi ' ial |\ ut. not exclusj.vely)..yseful .in the case of the
i 1 usi ot SPRRMR e BosY ety JBE rieBlo; AielE Sulaiphusclipnal
t enper at wirdiref confionedtesd avkyifiplen FiR aticRnfadesPE coReRsatA&d3 VRAng @ about

100C. In preferred embodi ments, the tenperature is maintained bel ow about
50C. | ncougave suiface 32t | Theoelegteades &5 ot disbonsd asoundithe adivjsetoaprovidemange i s

from abo . : [ res W thi ese, ranges are
sonet i rregb %Ir%g}ﬁéér%?lgghﬁ%%n glg&nr%hﬁflx%lz Fﬁégﬁ)e?ﬁ%ﬁﬁé ‘z}? % 8%&8% ?lb‘ﬁ SB?‘IV%I At er nal
surfacesoné tedneinglasft theepoveprt supplye dvhilEhthe drfivier3( @psinRttdd @5 thé &tidrso

soneti mes pr.ef eé{{fd when the stripping conposition is being operated at a

rel ativel eﬂe%mml%éhg selgotad 5614 potentéall isrnapysrrigtweanehe rlegtrodes he

| Mer si on5 L i eheWrfidlé 50 4R iRl , ﬁ,s";‘,lm'_ durd 0o AR i cation of
el ectrical powgr) may ’vtg‘??/ coﬁés)l e?gﬁﬁy. a%kg?@%%dﬁﬂ%gﬁ%ce t he

sel ection of an appropriate tine include the conposition of the coating

' ﬁ)ei ng renmovedlGakiswebdhemstit ikustiation of pumtherredectdelnsnicyl, stapying bystdmess.

(Diffusign.alum nide . coatings ysually have a.thickness .of about 5 microns
‘to about W $8r’i‘§3d ﬁ”fﬁf@? p%SgtithY) e (a:fé?e PR%FW’?F?@“&F&WQW‘F& ease
Wi t h hi gheiplyle)sitish i Rsudlly diteef cuzRat (DOF - Reablidtplahl 52 hBRIs thd @eMidijte F 2aNTE
fromabout 1 m nute to about 36 hours, and preferably,

and the electrodes. Cathode 54 may contain perforations. For example, it may be in

the form of a screen, to allow for enhanced solution flow. Alternatively, the cathode

can be a solid conductor which may or may not conform to the surface of coated

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

/‘w
R

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 prodﬁcts at the
anode and cathode boundary layers. (Ilowever, 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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fromabout 5 mnutes to about 8 hours. In sone instances, an especially
preferred immersion tinme is in the range of about 10 m nutes to about 3

. hours. As those skilled in the art are aware, the stripping time can al so

be nonitored by electrical current <characteristics in the aqueous
conposition. FIG 2 (nentioned previously) and FIG 3 illustrate two
exenpl ary geonetries for the electrodes, as enbodied by this invention.
These eI ect rodgg il t coatl ng
These ol ect 1 odk, AepGicfvaid, (PRLanthinidh B ShARRBTH by

merel y exatnpring ppahtione. ge cereoving $ndividhalncoating snlﬁiaﬁrs of alumininhvienéd on and

are not to I mt t I pvention in any, he, el ectrode
geonmet ry &ﬂ‘ﬂ? ﬂefpﬁqé“ FeangsyHptes vl ﬁmggv‘af n;,qettﬁpea

gener al | ymgtbsiah, gbmcﬁlaﬁ,ewaﬁ kﬁB%QnQE@!{ﬁX S%bﬂ?nﬁ%%l Latq sone of
t he conponents ‘of a gas turbine engine). An ctro corrprl ses a side

24, whi chvitl ameblesingtal, zuch 85 pldtianimyor pailaéium:t Noddimgiingaxamples decléde t hat i s

Camponen S TRt Rlatanisfoldly BHECTaffione e fifpiafuflisidet s an 25

at | east mpixtdréstheyeofUrFIG, dist a@hafo&m@ﬂograpﬁam 9laﬁﬁﬁ1h0ﬂﬁm%ﬁd@aﬁﬁ?s§onc an be
connected to one_termnal of the Eower |ly. The article 20 is connected

to the otRaing gmked aver apemeralloysuhstrate; be@yeﬁgmgeﬁmeﬂotlnéheewmtgdes 23

and 25 a t
el ect roc@mfegggfl% 75,25215&16?3913 I%Q%S n%h‘% Bntsﬁﬁ fenvenat flgﬁ”n fgunf%‘adeel ectrode
conf i gur alififision todfinG: Beglﬁtl[rﬁm isdhe addlaﬁé IsﬁlbleyeilQ)f&hél diffidiotf dbdting. Ofn

'(e,l ectrodes Ig[lng (ﬁguer natively, multi Ie components to be stripped can be
t

T

present edPP

UPR iCAHES 18 Pstubstratg.sthe %V@éub‘?yqrrréumwe%ﬁﬁmateArt icle
30 i's inhe aShifife Wallfto bHMDIEnERMPAREBifusRS acgéfggﬂﬂsﬁxﬁ 9 ea@h' cle

I ncl udes a convex surface 31 and a concave sur odes 35
are di spdliekness ofithel walanatetialcl e t o provi de an approxi mately uniform
electrical field. Each electrode 35 is connected (not shown) to

Conventional, "full-stripping" processes usuaily remove both additive sublayer
74 and diffusion sublayer 72. However, the present invention is a "partial stripping"
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 enibodiment 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, successfﬁlly 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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one termnal of the power supply, while the article 30 is connected to the

ot-her termnal. Wen current (at a selected cell potential) is passed

~ between the electrodes 35 and the article 30, the surfaces of the article
will be electrochemcally stripped. FIG 5 is a schematic illustration of

anot her el ectrochem cal stripping system C which may be used for the

present invention. The stripping systemincludes power supply 50, which is

usual |y direct n . ' h . c e and

t he electrodeg?&%%%ﬁbg% 4Lﬁ%§??gﬁ?§§ﬁh%@§fg%%t%%ﬁ%?ﬁ g?qéﬁa%%%%%%it may be

in the btevemelptegradartbeimtedrity af thewohthig ksihgreneded.oThé degradddosmating is

Al ternativel the cat hode  cgn be a sqlid conductor which may o[ nmay not

conf or m fEerFbloshrreinas "smut pry septing residpel’. shhe ¢oafipg residusdegy freiilled
Cont r ol b4 | Su
tank 60 gta%irhgsé?) rflgﬁglﬁjgct roflsﬁll%bé@gg?ﬂ? F%%@gmﬁﬁe%&ﬁb‘e%@%ﬁ‘y Ele’"?lil%}s es t[\rg
el ectrol thee undertymag tsabdtratd doelsublayadr Eontequerslyt Hthe puegtment #Enaswdly, to
mai ntai n consjstent |evel of electrolyte in the,reacti.on,tank, The

el ectr ocﬁcg}ﬂ“(’:egl é’%ﬁ?%‘ﬁ‘ﬁ’é’l’%ﬁgﬁ’n equ‘?ggn? SR A n‘ie“?r@‘é‘fuﬁ}ge@WF% are

very advgTHoae Samtliat aFithS H¥tart MRQGSARD tat,Ods 428 ih INBNpbQRcatiod! tRXRAR! €.
relatively slow_controlled fluid notion occurs in reaction tank 52, as
t he el ectiesioyele ofthg desited mepting, mepamseverer dagipdatiomof the caating, ®6thatrti s f | ui d

noti on pfQvi | .agidaton L ch i | pful in forcing
an excha%ég]jeﬂlo E? g‘&%‘{‘égﬁﬁm%ﬁ%&%%@%%ﬁ‘eedé?%ﬁ%‘“%ﬁ%?%%de boundary

| ayers. (However, excessive agitation is usually wundesirable). Moreover,
(t.hi s type of Theidesnnating stepads kngva s thetdryy aad descebed Wb vhdqis referertenogenei ty
of the electrolyte i.n the reacting tank. The recirculatipg system al so

r enoves %?ﬁ%ﬂéﬁ%@rﬂ asionteR ihichapinimizes famagsie ‘H%FHJ),S“E%% whi ch
they cangRemgbiyihes@sayeit AQfonk @Emﬁﬁl?} @i‘,—blas%ih R BB Bhkiea o &Yéc%g' y, the
present invention is €specially useful in a Bartlal strippl ng opérati on,
e.g., renpwisshgizeddinstgam|copiting glusiimin waids itidésavross thdasfde. The

air pressure is usually less than about 100 psi (7 bar). The grit-blasting is carried out

H

for a time period sufficient to remove the degraded coating. 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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di ffusion coatings. Diffusion coatings are typically forned of

al'um ni de-type materials, which are well-known in the art. Such materials
are sonetinmes nodified with a noble netal, such as platinumor palladium
Non-limting exanples include alumnide, platinumalum nide,

ni ckel -al um ni de, plati num ni ckel -alum nide, and mxtures thereof. FIG 6
I.s a photom crograph of a platinumalumnide diffusion coati ng applied

over a superal his fraure, reqi bstrate
whi l e region %ﬁgeﬁ%ﬁggqtu]eﬁoﬁ P{Buéarti'tons P t%cmﬁ?eﬁglg%"ﬁaéjﬁtmge acﬁl ati num
al um ni def aehaﬁlbu,smameoethen@agrﬁealrﬁmeﬂaﬁ | Bxahipfescigicliutle Wetsitjbd elvtingf t he
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addi t i vetup % witle ogywithenttabrasivecbopds) pr loger gain

hi ck . > h [
thi cknesgyl ﬁ&r}ggﬂggﬁg&n@eﬁ AEly, B BRI R8d Pl 2bid ﬁe*qc&liﬁa%%f%t e wa

processes usual rendove both
addi ti vesmﬂmleay‘esr still7ahothed abierhfitie, eaumhhhmse{e g4 Etltrdslome)/ eclsuld thealirecedent

i nvention i.s ial strippin cess h onl ddi tj ve
subl ayer Sgant e Biibiveceause e ihscuBeR G Siake dewss i deire frerm% y
affect tpgr éHcBBPﬁieQé‘al&'ﬁ?dtﬁ¥ %chniq%eé?%lﬂﬁﬁ Ry 113%1:?@13 IRHAAROYE £

situations. The wal section of certain turbine engine alr Flﬁl I's provides
one ill ugmramngﬁd,]ushasntﬁnﬂmhmemapc m/mn!n@l the rﬁem@rcoapldn@ragainseﬂw portions

f.t.h
i cknoscorlfeof N aRRTE s T8 e 0 F B8 Bo P Rait it mindfat SR 0 or ¢ 1

i nvent i Othel éilb@l%été RFRbatingS afbldyef eémgf}ﬁéseweastﬁm%clems S etitdshensea! |
d;hl ckness nmust be preserved during the stripping process. As the exanple

el ow dedkigidhis siepsc.guidnpmaleher hedmbiaation efsvater anda welting ag@itheni cal
stripping process, under controlled conditions, successfully renoves the

addi ti ve subl n I ups fally

unaf f ect ed. %ﬁ%%nawg%dr t Fo?n!fy gnétnﬁe%%i@#&% [ s a tlsogl %Eggr{]gdngi ally

unaf f ect mgtholforxeplacing laheom or dmsgdmro&c@moaﬂnﬁqimd @cteipihe isabktiafe.

treat rren ex sur.e me, bet ween val of t I ti veﬂsublgtg/ dand

r enoval i GIOTE o TG 1 PN che<Bting HYE er offers a desire
level of oxidation protection. The first step of this embodlment is the electrochemical
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
MCrAI(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 techniques, 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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extended tinme period is an inportant feature for processing-flexibility on
a ‘commercial scale. -12 Treatnent of the article in the stripping bath

. according to this invention severely degrades the integrity of the coating
bei ng renoved. The degraded coating is referred to herein as "snut" or
"coating residue". The coating residue (e.g., of a full coating or of an
upper nost subl ayer of a coating) often continues to weakly adhere to the

~under | yi ng 5Ubﬁfiéﬁbﬁtcélﬁéntﬁﬂ@cl:e@yﬁg&p%ﬁ?@ﬁﬁ?fgfﬂfﬁ% 2% iR B lbhinids USUal 1Y

fol l owed by a post-strippi'ng step, erre 0 as a ‘de-snutting”
oper at i oreoatiffghode deacribbadaprewioublys rapeated striygping tad de-applicatios oSeathi n thi s

specification, the tert "renoval " af, the sired coatin ans severe

dogr adat (ORI SR EnGHAPIeCES e oSt o e AUbT IS, S druPG BHPLNe

subst r at gIoWdvRr, titich 4 partibN&Gri gigg‘_lﬁ&deg@istﬁﬁ'w ?\Hed];coraﬁfg tgleﬂtimrrg‘;én gnStep 1s
y

known in the art, and descri I'n various references. e’in the
form of dhe agditivé enblgyespofmichha reonling eas bdampeptedly rethevesluinst replazedyr  t he

under | yi . . e | rif.zbl.asti can,be carri out by
T e AR A e
acr oss_t healisthidkaes. of The aiffoll @heses tiafitdifed! $6134 lgYeate® SBrliAPerAOUTHE00 psi (7
bar). The grit-blasting is carried out for a tinme period sufficient to

renove t REVENAEEaledncBRRITIAR fralare) in ot jcommagreigh jsetting) ashdre compongrits
. enbodi e ] den - O . . ni ckness and
specificqﬁg%%ggptlo%ﬂg¥8#H%ﬁ£%@¥%P%§%%?£%%%éggg%ggﬁ%ﬂ$§%%gbf grit nedia,
and the like. The process is typically carried out for about 30 seconds to
@bout 3 m nut dke folbowingreasmplecisgnérelylillasttating dnd. douldatotHeaishstakdasi (2 bar)
r less, ,and soneti.nmes .called "grit-. dusfing’) is.sonetines preferred.
G her - kY SORAT B GHPE,0nibe 28R (e ClPFA LRGP bR BRI a8y of
grit- bl agitindGembbdly tRfstifse skp SvR GoRswaERy Ffaelé uftin Q%ﬁ,nc{s Jesciiffed 265
i ncorporated herein by reference. For exanple, ?he surface can be manual ly
scr ubbed abgvieh Upuplly, sle-spatingscapsisted of grit-blasting, followed by air-blowing of the
surface.

Example 1

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

(ﬁ 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 cm). 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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a pad with polyneric, nmetallic, or ceramc fibers. Aternatively, the
surface can be polished with a flexible wheel or belt in which alum na or

. Silicon carbide particles have been enbedded. Liquid abrasive naterials
may alternatively be used on the wheels or belts. These alternative
techni ques woul d be controlled in a manner that naintained a contact force
agai nst the surface that was no greater than the force used in the

rit-blasti.n i qu i ol iLqu ok
Qo nat 1ne st PRORGE AL SERRRE LD, reshoh 86 Wy LASORTVER: tion, ¢,
renove' t loe sublgyerdiisrthe diffision sublaypd efstherplhtiten whinthidp difisicaeiatiag.
tunbl i ng L t he f.rt' cl .tée. water-tunbling, with _ or wthout abrasive
beads), (ﬁ‘ Jayer$ lszﬁﬁ %‘ﬁl ng}ola:yqrs DrQgressive misrogranhs show subtangially-aded
mat eri 2l ooyl Randval BPBR dAlive RblaRRE Rbou B0 Shinhles W0RN DAy AlBRDAL I Ve,
f be direct g e sur

sound waves (e. g ul trasoni c) cou e agai nst ace,
causi ng el ob e diffusinn seblayshakdter 20 mitutes, desgradihediomdfahe diffusidnor each

fth tive techni t killed in the art woul d be famili
ot opdRibdgPs ol fE APk W iestelf somated sbeulelofithe iR Pub e 1 orce
appl i ed agaiivisy shiv@l pRUT TBEE Mé ﬁrbsénaﬁﬁmgsn(ﬁﬁvides tah%éﬁﬁﬁalOBrdc&% abr asi on

technique), to mnimze damage to the substrate or coating sublayer being
pr eser vedWindeE " Jfor iremeval of Jberdiffusion sublayer Suchfa windowi in ®reprowides. , usi ng

wat er or i,nat. wat i Aagent . As nentiaoned
previ ous ey Bl sty 3 e dotle felihon MUBR" st oeiliono 1 or
r epl aci ndemomstratedosven drpgrgtodRsnwakloWy foraemiov Al faRPdiffasion ¥elajefe substrate.
@s used herein, "worn" is nmeant to describe a coating which no | onger
ffers a desi r(,?d | evel of oxidation, protection. The first step of this
embodi ment i s FHEYe B, Boddifelms apd yapations of Hbe cRFasenh dnYRptioReBr ocess
descri begosfty e licht 6 HRrabevs @e%chih%e. M%&%hfr 'ﬁdeﬁt&ﬁ@rﬂﬁﬁdwiﬂ' 2fje20UEOUS
conposition through which electric current ?ovvs, erei’n the aqueous
conposi t bepire cnihei appended ¢laiasst this dnventiod emaylbe . prattized | otlodrwize hbah cal
é_reat ”E”gpe‘cﬁac%ﬁ#éééc}ébéé" | owed by de-snutting and rinsing steps, as -
i scusse .
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previ ously. The replacenent coating can then be applied to the substrate.
Exanpl es of coatings to be applied include the diffusion-alumnide
coatings, and overlay coatings. A non- |limting exanple of an overlay
coating is one having a conposition of the formula MZAI(X), where Mis an

el enent sewsyfromthe group consisting of NN, Co, Fe, and conbinations
t hereof, a *an el enent selected fromthe group consisting of Y, Ta,
Si, H, Ti, Zr, B, C and conbinations thereof. The overlay coatings are

appl :‘edl td. 'lt_lce A&uelfeiaﬁ@:hbmi@ﬂ@vmé trakleb el irétﬁ@ﬁing%ﬂfe{&staﬁlﬁﬂogﬁn elocity
oxy- f ue , plaspm spray (e.g.,. air plasma, spray), physical vapor
deposi ti Olzféor%%)@ﬁgccpp @guﬁ)strgflef, %ﬁ@?ﬁ?ﬁnﬁl immaising the subsiade Bh be appli ed as
descri bed cBi@¥siaLS kitbug (A% QKithib&Turicht ﬂ?ﬁr? at 55 B?t'féﬁtiéi"lﬁ* BfabBhRy aspects

of the coatjng process, e.g., cleaning an rface rougheni ng steps,
when appr ophts.avkereinthe qmposidpn eempesds g losees: ididesplcirgirbgursstef ul in the

case of di i d Yl ni c [ NgsS. descri.bhed previousl repeat ed
strippi ngltlflelel;ﬁ&l rvgl?earglﬁlﬂﬁ%:gﬁ%grﬁtse Oo?ﬁéﬁu%ga d(?:%% 1?%8%&%003%5&% %B?If@sboé’g rease

t he thi ckselslsyafantihe addhisicrsablyee agd reting i gwatiap wWith the cobiusitidn.towhen a
partial strippi rocess is carried out _according to this inveption, the
addi tive §?}B$‘éﬁ/@g aHfh%é’EEHbléyi‘bWFFén &l}fn‘il Slf’éﬁ@fé]@%ﬂ @inPEﬂgR?E@“& ¥ repl aced,
Wi t hout s ughéadlt ddligteRbl I3 tHE 28 MBvE BERYeH N di ffusion sublayer. Thus,
the specified wall thickness of the airfoil can be maintained for a

greater service period. This _advantage isS an inportant feature in a
commer ci ab- set thagFrocipeekclaigrmbowheein t%épsa’éé%mmnt ot a leyshin the apngseofa

ti me- consypdin®. PRfiSReNsiv e undertaking. The followi ng example is nerely
illustrative, and shoul d not be construed to be any sort of limtation on

the scope_of the clained invention. In each instance of coating renoval,
the strippi ng dheprovsss 6iotlhioned wherein dee sabtuis prasgnisttedeveldn desengdbefi  above.

ths}g‘aI ly, Qﬁdﬁ%MﬂBgab%ﬁ{‘iis%\%.ed of grit-blasting, followed by air-bl ow ng of

4. The process of claim 1, wherein the halide salt is
selected from the group consisting of sodium chloride, ammonium chloride,
potassium chloride, sodium fluoride, ammonium bifluoride, and combinations

thereof.

5. The process of claim 1, wherein the electrical current is direct current
- (DC).

6. The process of claim 1, wherein the composition is maintained at a

temperature not greater than about 100°C.

7. The process of claim 6, wherein the composition is maintained at a

temperature below about 50°C.
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surface. Exanple 1 A coupon formed from a ni ckel -base superall oy was used
inthis exanple. A platinumlayer having a thickness of about 1-2 mcrons
was el ectroplated onto the superalloy surface. The coated surface was then
di ffusion-alum nided to a depth of about 50 microns. The coated coupon was
subsequently treated according to an enbodinent of this invention, to

det erm ne gt he fect of the.treatnent over a pre-.selected.ti eriod.
Treat ment Sof -t ACeEtgson oh Sl S 8 BimBuflich st Ebpriseeies

st ri ppi ngonsyddidme sélottea fronothelpbusiepisistiag of infibiters1disgdiRedbskance fromthe
cathode to the anode . in the strjpping apparatus was about 1 inch (2.54

cn) . 10% REFECIHS, Welighegents sipbilisers, wad-seiling agenthand pEchyirgt e. The
stripping bath was mai ntained at roomtenperature. A voltage (cel

potential p of ghewkodes?ol Shtrs 1DFheMiN BRlIFHIHE BRSO RN G to the

el ectrochemcal ceéell. FIGS. 7, 8, 9, and 10 collectively represent a series
of nicrogﬁhﬁﬁ§¥bTﬁ§9ﬂﬂdepict sections of the coupons, over the indicated
time periods (O min, 30 mn, 60 -15 mn, and 120 mn). Wth reference to
FIG 7, region 80 is the substrate, while region or sublayer 82 is the

di ffusion subl ayer of the.platinum alum nide diffusion coating. Sublayer
84 is the additive sublayer. The progressive m crographs show
substantially- conplete renoval of the additive sublayer after about 60

m nutes, with only mnimal renoval of the diffusion sublayer. After 120

m nutes, a small portion of the diffusion sublayer was renoved, and the
substrate renmai ned substantially intact, with only one relatively smal

pit. Thus, the present invention provides a substantial process "w ndow' -
for renoval of the diffusion sublayer. Such a window in turn provides
flexibility and efficiency in a |arge-scale treatnment facility. Subsequent
experinments
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denonstrated even | arger process w ndows for renoval of the diffusion
subl ayer. Clearly, many nodifications and variations of the present
invention are possible in light of the above teachings. It is therefore
understood that, within the scope of the appended clains, this invention

may be pragti I\ than as cif.ically described, .-16.CLAI MS: 1.

An el ect r§§hefﬁ1ﬁeg%ﬁ%t°€5%o"?é‘za§mf drwrljseé?lgéﬁ‘?glélwnfag %%?rﬁag 1%1'?61?%5%#08}1@% oating

from the gwipamsizting ofubshidd« noblRimetadaiinideNBicBeINJuihfds Wodld ate in a
current flows at a potential of up to

conposi tion_ thr.ough which el ectrical
about 10 %?lf@?k‘?aﬁélf%}rﬁg%ﬁ@gé‘ﬂﬁ%‘é%ﬁthp’@ﬁfcorrpri ses at |east one halide
salt, or precursor thereof wherein the substrate conprises a diffusion

coating compri sTRE procdbd bISIaRA 1, Sl tHe AbSrAB cafglikéyemetiayer; and
reacting the coating with the conposition to renove the additive subl ayer,
wher ei n t B@&H4lf usi on subl ayer is not substantially renmoved during renoval
of the additive sublayer. 2. The process of claim1l1l, wherein the salt is

present atpa | eygl pidbetd\sr cﬂﬁ?ﬂ?} ,Q)f/lﬁr@iﬁlq}lé n%téﬂi%/h{a?ergal? ?g{l}gﬁs‘%l at ?I’%as?_h €

process of claim 2, wherein e ‘sa I's present a I'n the range of
about 0. 501 elemebbsale@dedm the gThup prsistiag offirel, bbalf, niddebradimirune hal i de

salt is s . romthe gro Consi,sti of saqdi um chl.ori de, amoni um
chi or i de, ‘31'“%0 i il A pREeS RH mclileriny Ot B heEHA%:i 11 wori de. and
conbi nations thereof. 5. The process of claiml, wherein the electrical

current | 9301 116 brgdttd Sainf PE) whbreirl 12 AEAARSA rfiefididoMiphisciper e 1 the

conposition is I ntal ne
superalloy.

14, The process of claim 13, wherein the superalloy is nickel-based or cobalt-
based.

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

engine.

16.  The process of claim 1, wherein the substrate is immersed in the

composition for a time period in the range of about 1 minute to about 36 hours.

17.  The process of claim 16, wherein the time period of immersion is in the

range of about 5 minutes to about 8 hours.

18.  The process of claim 1, wherein the composition is stirred or agitated

while the substrate is immersed therein.

19. The process of claim 1, further comprising the step of removing

coating residue after immersion of the substrate in the composition.

20. The process of claim 19, 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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tenperature not greater than about 100C. 7. The process of claim®6, wherein
the conposition is maintained at a tenperature bel ow about 50C. 17 8. The
process of claim1, wherein the conposition further conprises at |east one
" additive selected from t he group consisting of inhibitors, dispensersants,

surfactan S abilize and-settling ents, and pH
buffers. éﬁ T\Aﬁlhﬁ C@é © ‘f’la@lzbﬂv er%@p&bppstqpels&p@}q@squg% Y4t ng conpri ses
an alum m;ﬁang&;cﬁﬁi . 17a 10. The process of claim9, wherein the .

alumnide nmaterial is selected fromthe group consisting of: alum nide,

nobl e net gl - al m ni de, nickel-alum nide, noble netal-nickel-alum nide, and
m xtures £Rer eokhe Brocespd Glaige dswhepeincthgicapting heing smovedds sndditivee

COMpI1 Ses sl diflah GlutiURL biled dffusidioRtigeess of claim 11, wherein the
nmetallic material conprises at |east one enent selected fromthe group

consisting of iron, cobalt, nickel, alumnum chromum titanium and
m xtures WRi chTheprasass afinjaist 1t weerpisr egpiil pgtential is Mhtheprnge Fompgbast ai m 12,

wherein t I erial conprises a superalloy. 14. The process
of claim ??%e?éﬁuﬂ %per alloy is nickel-based or cobalt- based. 15.

The process of clai m 14 V\/ner ein the superalloy is a conponent of a turbine
the " compadi t1 O HET AP BRPBUICr A HO T4 HIECOFE AbOUT e HPEYE o about
36 hours. of a diffusion platmum-aluminide coating from a superalloy substrate, comprising
the step of immersing the substrate in a composition through which direct
electrical current flows at a potential of up to about 10V;
wherein the composition comprises at least one halide salt, or precursor
thereof, and wherein a diffusion sublayer between the additive sublayer and the

substrate 1s not substantially affected while the additive sublayer is removed.
25.  The process of claim 24, wherein the halide salt is sodium chloride.

26.  The process of claim 24, wherein said potential is the range from about 0.5
volts to about 5 volts.

27. A method for replacing a worn or damaged diffusion aluminide coating
applied over a substrate, comprising the following steps:
(1) electrochemically removing the worn or damaged coating by

immersing the substrate in a composition through which direct electrical current
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17. The process of claim 16, wherein the time period of imersion is in the
range of about 5 mnutes to about 8 hours. 18. The process of claim1,
wherein the conposition is stirred or agitated while the substrate is

i mrersed therein. 19. The process of claim1, further conprising the step
of renovi coatin due ter rsion . of the substrate in the
composi t | GRWs3H  paightisl S do Broding Y%QW HIerFOmPROSEIRR, GARPTHES Pldue i s
renmoved byeﬁioné RaRke sﬁﬂ%rb%&il@oﬂ%réﬁt 86d 8fdnf rom the group consisting of
abrasion, tunbling laser “ablation, and ultrasonic agitation. 18 21. The
process of cl afii) TWLyine amemwncaaag Aenthiesabsteateavherein tbm:hfﬁ;sum grit-

bl asting r f r ing being
remved | et aiag col sl ARSI s blad W IS el AuRBR. OF, oy
23. The praodes additive kablaydr, whsiﬂb lies overathe diffitstot siedlayes, and whaemahge from

about | ts t.o about 5 volts. n. ele rochem cal ocess for
Select i verddiighuhiAyan Kmevad wolle iy dipbbiohmolavgt rrssbsantdlly

pl at i num ghaffiégiédle coating froma superall oy substrate, conprising the
step of imersing the substrate in a conposition through which direct

el ectrical current flows at a potential of up to about 10V; wherein the
conposition conprises at |east 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. 25. The process of claim 24, wherein the halide salt is sodium
chloride. 26. The process of claim 24, wherein said potential is the range
fromabout 0.5 volts to about 5 volts.
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27. A nmethod for replacing a worn or danmaged diffusion alum nide coating
applied over a substrate, conprising the follow ng steps: (i)

el ectrochem cally renoving the worn or damaged coating by inmersing-the
substrate in a conposition through which direct electrical current -19

flows at a .ot i al .of to out. 10 volts erein e .conposition
conpri ses &t ?Eé%peg}%l #g?lﬁﬁga?al‘%eﬁ?n&ee’&w g@Qﬂ}gﬁg,a US190G then (i)

appl yi ng a ahewinidatdatigic @y ah Ok;bga}sgmitnrgat e; wherein the diffusion alumnide
coating conprises a di ?f usi on subl ayer which lies over the substrate, and

an additive _sublayer_ which |i over .the diffusion sublayer, and wherein
the additi¥e glfmla?}é?d pEclatmad wheisin the PREY PR COHMRIIRSH Ayer s
subst ant i alchif o%hfo?@ﬁ@gm%w&m@bewmmﬂis%eﬂzé fFsélbcteirnf iy the new

coating is a diffusion- alumnide codfing or an overlay coating. 29. The
met hod of @eimeasistingef NinCohke, ané compirstians therenfhand ¥ds amelepmmposi ti on of

the formul 1’3@\ I IS Nk: f RO he group
consi sti ng%S ?é@thﬁ%%ﬁgﬁ%gé%ﬁ%fgﬁgﬁsé’t;gr gg;ﬁ’d%hg’ gg(}t s an el enent
sel ect ed f combidetiogs thepeafonsi sting of. Y, Ta, Si, H, Ti, Zr, B, C, and
conbi nati ons thereof. -20
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