STRI P PROCESS FOR SUPERALLOYS BACKGROUND OF THE I NVENTION (1) Field of the’
I nvention [0001] The present invention relates to a process for renoving a
coating froma substrate nade from a nickel -base superalloy and to a process
for treating a nickel -base superalloy. (2) Prior Art [0002] Cast nickel-base
superal | oys used in turbine engine conponents can be coated with MA Y type
overlay coatings that typically contain about 8 - 12% al um num These
coatings extend the life of the conmponents that they are applied to. Sone
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that the coatlng is renoved without damaging the part. However, alloys
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[0002] Cast nickel-base superalloys used in turbine engine
components can be coated with MCrAlY type overlay coatings that
typically contain about 8 - 12% aluminum. These coatings extend
the life of the components that they are applied to. Some
nickel-base superalloys contain a high volume fraction of vy/y’
eutectic phase which is highly enriched in aluminum and of
relatively large scale (up to about 5 - 10 mils in diameter)
compared to the surrounding microstructure. Solution heat
treatment of such alloys does not fully eliminate these phases.
[0003] During manufacturing rework or aftermarket repair,
coatings are removed using mineral acids. 70 - 100 v/o
hydrochloric acid is typically used to remove MCrAlY type
coatings which preferentially leaches the aluminum in coatings
containing relatively elevated levels c¢f aluminum, but does not
attack the base alloy which contains much lower levels of
aluminum. On a significant number of coating and base alloy
systems, the mineral acids used preferentially attack the
coating without significant chemical attack or corrosion of the
base alloys. The result is that the coating is removed without
damaging the part. However, alloys having high volume fractions
of v/y’' eutectic phase have exhibited more base alloy pitting
type attack than similar alloys with low volume fractions of the

v/y' eutectic phase. This is in part due to the hydrochloric
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of y/y' eutectic phase have exhibited nore base alloy pitting type attack
than simlar alloys with | ow volune fractions of the Y/y' eutectic phase.
This is in part due to the hydrochloric 1 Il acid selectively attacking the
| arge surface connected alum num enriched eutectic phases. Consequently, a
need exists for a ‘coating strip process to renove MCrAlY type coatings from
these alloys having high volunme fractions of y/y' eutectic phase with

m nimal base ally attack. SUMVARY OF THE | NVENTI ON [ 0004] In accordance with

the presertidi B¥eBttofeltabaschbeen tHieheminedrirthat abhaysculi ghuspnimi n hi gh
volume fractions of vy/y' eutectic phase can have their MCrAl'Y coatings
stri pped ERTWFPRAr BAGREEL ADAT RS of CHITRIUSG LAt adk NeBY BHPHFEYI ARG ad i npr oved

cheni cal ghriipgi Qgrﬁﬁoﬁﬁééeéél 86 CALANC icliall i EhBePEBEeMhgs! PYERT {1l [ 0005]
In accordance with the present invention, a chemcal stripping process is

provi ded aiogl barMibe hseld volyresroizedonsy ofcadli ngsterohraphhsie whrh ety of

t ur bi ne en Eﬂ§1CBQBQn§P£§'at%Q%Q§] In accordance with the present invention,
a process for formng a coafed substrate broadly conprises providing a

ni ckel base alloy substrate, depositing a chrom umcoating onto the nickel
base all oy substrate and diffusin% chrommumfromthe chromumcoating into
an outer region of the substﬁgyy? épBFyFﬁB INX§§§3Q%oatings onto the nicke

base al | quodianfoid ARG nRdRE Wieal tRkablesd s ubsiA Rollavidsh@edaposi t ed

chrom um coati ng.
determined that alloys which contain high volume fractions of
y/y' eutectic phase can have their MCrAlY coatings stripped,
with reduced amounts of pitting attack, by employing an improved
chemical stripping process in accordance with the present
invention.
[0005] In accordance with the present invention, a chemical
stripping process is provided which can be used to remove MCrAlY
coatings from a wide variety of turbine engine components.
{0006] In accordance with the present invention, a process for
forming a coated substrate broadly comprises providing a nickel
base alloy substrate, depositing a chromium coating onto the
nickel base alloy substrate and diffusing chromium from the
chromium coating into an outer region of the substrate, applying
MCrAlY coatings onto the nickel base alloy airfoil and under-
root platform substrate having the deposited chromium coating.
[0007] In accordance with the present invention, a strip process
for removing a coating from a substrate broadly comprises the
steps of providing a nickel base alloy substrate having chromium
diffused into an outer region and a MCrAlY coating deposited
over said substrate with said diffused chromium, and removing
said MCrAlY coating by immersing said nickel base alloy
substrate in an acid solution containing a sulfuric acid -

hydrochloric acid mixture in water.



[ 0007] In accordance with the present invention, a strip process for
renmoving a coating froma substrate broadly conprises the steps of providing
a nickel base alloy substrate having chromum diffused into an outer region
and a MCrAl'Y coating deposited over said substrate with said diffused
chromum and renoving said MCrAlY coating by imrersing said nickel base
alloy substrate in an acid solution containing a sulfuric acid -
hydrochloric acid m xture in water. 2 [0008] other details of the strip
process for superalloys of the present invention, as well as other objects
and advard8883 Qitheahd@iritliserét 6heapbritP¥ere s i Frx Hadasdldwivivg odethel ed

descripti : i r.aw tei.n i nuner al s
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si de by sitdenphotoghaphic, conpasetsoivwfh dan tthai foadoedge détanledrf oi |
portion %f a_turbine eggtne component mhose.coatigg had been Stf%f ed with a
prior arCeSSEFPBpPHGPESI LT ofC VP TG adge BEFEFOR 6F°8 TTFBTHE®S engi ne
conmponenhunlResescaspifg hade bersnatitd pped using the stripping solution of
the present invention; [0010] FIG 2 is another side by side photographic
conparison of a trailing edge portion of a root serration stripped by a

prior art stripping sol kiR gnskirdersd g edge pRhyayEgot serration
stripped by a stripping solution in accordance wwth the present invention;

[ 0011] FIIGO0ZA iEIG photsogr gfkieobyast de bbhet & pafeh wh oxanmeostsong of a
trailing edge of an airfoil portion of a turbine engine
component whose coating had been stripped with a prior art
stripping solution vs. a leading edge portion of a turbine
engine component whose coating had been stripped using the
stripping sclution of the present invention;

[0010] FIG. 2 is another side by side photographic comparison of
a trailing edge portion of a root serration stripped by a prior
art stripping solution and a leading edge of a root serration
stripped by a stripping solution in accordance with the present
invention;

[0011] FIG. 3A is a photograph of a turbine blade whose coating
had been stripped using a prior art stripping solution; and
[0012] FIG. 3B is a photograph of a turbine blade whose ccating
had been stripped using the stripping solution of the present

invention.

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENT (S)
[0013] The present invention relates to a strip process for
removing a coating from a substrate formed from a nickel-based
superalloy and to a process for treating a nickel-base
superalloy to improve removal of a coating such as a MCrAlY
coating.
[0014] In accordance with the present invention, a turbine

engine component formed from a nickel-based superalloy, such as
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had been stripped using a prior art stripping solution; and [0012] FIG 3B
is a photograph of a turbine bl ade whose coating had been stripped using the
stripping solution of the present invention. DETAILED DESCRI PTI ON OF THE
PREFERRED EVMBODI MENT(S) [0013] The present invention relates to a strip
process for renoving a coating froma substrate fornmed from a nickel -based
superalloy and to a process for treating a nickel-base superalloy to inprove
renoval of a coating such as a MCrAlY coating. [0014] In accordance with the
present iongeheivong a hUghivmﬂumﬁuﬁnﬁpummmp@ﬁenVyfoeubdctionphamédMEhﬂbased
superal | u 3 .0one having .a hi volune.fraction. of ctlc
phase \/\/ﬂ?t')éhh'$L BTHlS%F§C%%§|C éhl%ﬂ %FﬁuﬁFaﬁ&lSFlVS 3r%659§ %%?g &ale (up
to about tb abdQtnbls i0 Idimeixerdldare&ea; cmb@nhzt:ngoﬁma&hggco@@ﬂhcb ed to
surfaces to_he coated. _The chraom zing coating nmay onprise a |layer of

chrom umP8EHEF BA BREB2E2RNERRG Q8 456 - bghGCSQFQHlZAH9 SHREABY 1P¥ ocess

known Incbﬁgr%& HBY 2 PEr USL A Som AP Rido stiheac BR R @gbhaxﬁfaééwﬁ?]a&ﬁ( but  not
limted to,  chemcal vapor deposition processes with a deposit t ness of

| ess tha@oappdoxﬂmt shytabbe rm@cesmérmmomnzuthg euatinay beresederm may be
?EglgﬁdO%?%P%gtngﬂ féﬁ%dﬁfa@fléf }Lg egglne TE ?n Additionally,
g coafin urlng over and fepair of the
conponentheh@GaE]viberc&emmsaﬁldﬁuproamsp@slMumh prdepssivwhtebhckmysdbeofised to
apply the chrof 2i 00, co2t L9 B P2 & ther, 3 983 RR338, (98t ing
treatment may be applied during manufacture of the turbine
engine component. Additionally, the chromizing cecating may be
re-applied during overhaul and repair of the component.
[0015] The chemical vapor deposition process which may be used
to apply the chromizing coating may be either a gas phase {(out-
of-contact) or pack cementation process. The chromizing coating
is applied to improve the corrosion resistance of the nickel~-
based superalloy forming the substrate. Using the chromizing
coating treatment of the present invention, base alloy chrome
levels of between 5 - 10 wt%, are increased to between 15 - 30
wt%, at the surface, for a depth of between 0.2 and 1.5 mils,
preferably a depth in the range of from between 0.2 to 0.8 mils.
The chromizing coating may be deposited over a wide range of
temperatures, preferably around 1700 to 2150 degrees Fahrenheit.
[0016] In accordance with the present invention, the chromizing
coating consists mainly of chromium in solution with gamma
nickel. The gamma prime phase is removed by the partial transfer
of the aluminum from the alloy forming the substrate to the
coating source material or is tied up by internal oxidation just
below the original interface, which is caused by the oxygen
potential sustained by the chromium-chromium oxide system. The
chromizing coating is formed in much the same way as a high

activity aluminide process. Major constituents in the chromizing
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of -contact) or pack cenentation process. The chrom zing coating is applied
to inprove the corrosion resistance of the nickel- based superalloy formng
the substrate. Using the chrom zing coating treatnent of the present

i nvention, base alloy chrome |evels of between 5 - 10 % are increased to
between 15 - 30 W% at the surface, for a depth of between 0.2 and 1.5
mls, preferably a depth in the range of frombetween 0.2 to 0.8 mls. The
chrom zing coating my be deposited over a wi de range of tenperatures,

pr ef er ablrgagitoandaiZ00rXo Zir30, dBYreed Fahméwelei K. ref036Fcl hbhacktariddmce with
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solution Wwth ganma  nic€ el e ganma prime phase i's r énoved %y THe parti al
transf er sedkcthd akom tuem §rom tden aldtandg efmichgotrthdesubstioatéet o t he

coating source material.or is tied up by internal ,oxidation just belowthe
ori gi nal lior%hlgﬁ ate, {’_ﬁﬂ@%ﬁei sic%fh]s%]ﬂl cﬁé_"@ﬁﬁé‘nlnp_?igﬁnff)’éﬁ“ %gst ained by the
chr on UumagRbaRlLHMEBXbEeds Yad Me Teed CiyONNE REUreRdking hbeobesged in nuch the
same way as a_high activity alum nide process. Mjor constituents in the

chroni zi 1§92 7 edtti6h 2a198 SOPRASSCPRICCFX: aflir¢e Wheianenaaftads too thRe hal i de
used for Jiheyagt bugkore Jherdali de, uaahditld BRaaghinalorq Ry, beq sel ected

fromthe group consisting o orl l"uori odide, o romde. A
chl ori de iaskirdatson rasthe $HrmefheamimningmapplloeddeBraydbe tisedndior t he

chrom zi nﬁ% Pl Ogess. %9817] rllei(_:(l_.Sa as ptgeas% process, cgr me is%éé_ nsport ed
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a result tofe hharbgah bedngt appl ekt iBesl deerkhesmeety little additive
coating above the original interface. Small amounts of alpha
chrome can build up at the surface, especially when applied at
lower temperature. This layer is generally no more than 5
micreons in thickness. It occurs when the chrome diffusion into
the alloy can not keep pace with gaseous deposition and may also
deposit as the coating system cocls down at the completion of
the coating cycle.
[0018] In a preferred embodiment for depositing the chromizing
coating, a pure chrome source is used. This source can be
granules or powder of chromium. The powder can either be mixed
with an inert material, such as aluminum oxide, or pressed and
fused into briguettes. The source is combined with a small
amount of activator, such as ammonium chloride, usually under 20
grams, which is somewhat dependent on the coating vessel’ size.
The turbine engine components to be coated may be prepared by
cleaning (degreasing or burnout) and grit blasting with 220 mesh
aluminum oxide. Typically, the source material and activator are
placed at the bottom of the cocating vessel and the turbine
engine components are suspended above the source. The coating
vessel may be closed with a 1id, but is not necessarily sealed.
The coating vessel is then placed in a sealed retort and»placed

under a gas cover gas of argon or, in some case, hydrogen.
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chemcal reaction, there is also secondary contribution made by the hydrogen
reduction reaction. There is very little additive coating above the original
interface. Small anounts of al pha chronme can build up at the surface,
especially when applied at |ower tenperature. This |layer is generally no
nmore than 5 mcrons in thickness. It occurs when the chronme diffusion into
the all oy can not keep pace wth gaseous deposition and nay al so deposit as
the coating systemcools down at the conpletion of the coating cycle. [0018]
In a preferred enbodi nent for depositing the chrom zing coating, a pure
chrone sHudceders tsedrawhia kangide iddn eddecr anukbs propewsdreotushraditi um
The powd C i e C | um num

oxi de, o(rEESr ggrslg%'%%%l&?used t%%{) gae&etrgggEtﬁé g%%‘%%eéﬁsp%gﬁ%elaned with a
smal | altroamngfpacd:eﬂatntrselsmm:as:mmmsurtrypﬁ]bemgeavusdladiIlyea:mdﬁr X0

gr ans, S SO at de e dent n t he coa vesse si ze. . The turbine
engi ne CBFr%Sﬁgﬁ{lg ‘%Tg}‘!\% “¥0 é‘nﬁr é‘ﬁa?‘“@ﬁihbg gp‘éaﬁ?ﬂﬁcfd@g{?ee%ﬁ%g or
bur nout) Tﬁ@drgtbt:tblélsﬁéé@ecw td aZ&CéxﬂMtueleumhneﬁbozifseeméw@i@ﬁéd y, the
source material and activator are placed at the bottom of the coati ng vessel

and the F&PEFﬂeTh%nE?%e%W’b%elrﬁ ik toyspehdBa BBBYdt ARtYeRR ce.arrh
coating z\éeﬁéﬁk bx‘?e& é’éegncwé " v 'o bubth§nA cT Cﬁé é'é( ﬁ?gas

coating vessel s t en placed 1n a sealed retort "an ace

cover gasnobrelegohooget [ hhesoi@m’ﬂe ,thhydmegen orSCHydmegeﬂntemt h@lvehaard
beneficial eff on the rocess begause f, . the contribution of t hydr ogen
reductio% regé %% ?% t H f%er comp ion &% the ChFomizing process, r¥%

turbine engine components are removed from the coating vessels
and water washed to remove any particulate and residual coating
by-preducts like hydrochloric acid, which may condense on the
part when cooling down.

[0019] Preferably, the chromium level in the chromizing coating
is maintained at as high a level as possible and, particularly,
at a level greater than 20 wt% Most preferably, the chromium
level in the outer region of the substrate i1s maintailined in the
range of from 20 to 30 wt%. Maintaining a high chromium content
is important to insure that the coating can prevent hot
corrosion attack of the root in service and also to serve as an
effective barrier to base alloy pitting during coating
stripping.

[0020] After the chromizing coating has been deposited, a
coating, such as a MCrAlY coating containing about 8 to 15 wt%
aluminum, is deposited over the chromizing coating layer. The
coating may be deposited using any suitable technique known in
the art, such as, but not limited to, a low pressure plasma
spray technique or a cathodic arc process for coating airfoil
portions of a turbine engine component and a cathodic arc
coating technique for coating under-root platform portions of a

turbine engine component.



coating process itself. Nitrogen is typically avoided because of nitriding
effects on the coating as well as the source material. The retort is heated
to a tenperature in the aforenentioned range. The tenperature is held for a
time period between 5 and 20 hours. |If needed, nore than one coating cycle
may be enployed in ordef to get the desired thickness or chrome content on
hard to coat alloys. After conpletion of the chrom zing process, the
turbi ne engi ne conponents are renoved fromthe coating vessels and water
washed t d00@idver arpcquat tdidifluatienahdakesidaahetoatangpe pyepiodieet $ fidcke

hydrochl qQri c acid ich_may condense on the art .when cool ing down. [0019]
Preferab&?ﬁ Fﬁgt&ﬁggﬁ?ﬁn??%%e?p? - § é“gﬁi5HF2FE§°@6§EPHQCOP§1 i nt2¥ ned at as

hi gh a | ex@lonas dpegsshbe Ragt pasdimad@ray bedpea rbeMek greater than 20 wt %
Most preferably, the chromum |level in the outer region of the substrate is

mai nt ai NEFMPRTERETSr aRgENBf T 317%M 20 akPwWo Mk tvaiAORi deageashi gh chromi um
content pahricARQiEARLALQ LIRSt itrhech%oaﬁa'ng;% 8§nf95ﬁ¥§§%%1?8% 2Tl

attack of the root in service and also to serve as an e arrier to
base al | ®pupist.t Thg Heakngreatmeémy istpigisinagp.ly] @@2@prAkteint e theowi zi ng
coating s been_deposited,, a _coatin such as MCr ALY coatin ont ai ning
about 8 E%slg%%PafﬁgFﬁhiﬁﬁﬁ? 73 %@%%%i1éd15§%%l€ﬁepEﬁP8HF?iﬂ g af?%ﬁtlayer
The coatdbegitmapobe, depesét il ysf fign aouruiloabl €ct goboiuges KBomsti#, the art,
such as, but not |imted to, a |l ow pressure plasma spray technique or a

cat hodi ¢ 9P &5FoEBESCRBPMEYRL 19 i rfoil portions of a turbine engine

conponenty@2@3a Lalthadife B Found that by applying the chromizing coating
and diffusing the chromium into the outer region of the
substrate, and maintaining the chromium level in the outer
region of the substrate at a level greater than 20 wt%, it is
now possible to remove the coating, such as the MCrAlY coating,
without causing damage to the substrate.
[0023] To strip a MCrAlY coating from a nickel based alloy
substrate to which the chromium coating has been applied, one
may immerse the substrate with the MCrAlY coating in an acid
solution containing a sulfuric acid - hydrochloric acid mixture
in water. The immersing step may comprise maintaining a sulfuric
acid-hydrochloric acid mixture in water stripping solution at a
temperature in the range of from about 120 to 180 degrees
Fahrenheit and immersing the substrate into the stripping
solution for a time period less than about 1 hour. Preferably,
the chromium level in the chromizing coating is maintained at as
high a level as possible and, particularly, at a level greater
than 20 wt% Most preferably, the chromium level in the outer
region of the substrate is maintained in the range of from 20 to
30 wt%. Maintaining a high chromium content is important to
insure that the coating can prevent hot corrosion attack of the
root in service and also to serve as an effective barrier to

base alloy pitting during coating stripping. In a preferred
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coating technique for coating under-root platformportions of a turbine
engi ne conponent. 6 [0021] A second diffusion heat treatnent nmay be perforned
after the coating has been applied over the chrom zing coating. The second
di ffusion heat treatnment may be perforned at a tenperature in the range of
about 1950 to 2000 degrees Fahrenheit for a tine period in the range of from
about 1 to 5 hours. The heat treatnent is preferably perfornmed in an inert
gas at nosphere, such as argon at a partial pressure of at |east about 1000p,
pr ef er abl gmboabmatout t HO X #iprhitR0p Satasnnebnt aindepteh eabher cho aé WD

level s. [0022] It _has been found that by applying the chrom zing coating and
di f f usi ng"Phé E%i%ﬁﬁ%ﬁn??ﬁ%f?H%jHﬁWbepéﬁignooFotﬁeO E%b%t?%ﬂ%ﬁéhﬁﬂflc :

mai nt ai ni pgikiherghy amdamd evelrddy theRuheht, r e8L08: piph hey subsitale at a
| evel greater than 20 w% it is nom1p055|bfe to renove t%e coating, such as
t he MCr Al yorbatpfgf rom akditt Lhusl iy daddgeuldurhe sobdtard ef r¢roge3jutio strip

a MCrAl'Y gogting.f s N 3s8 | .oy substrate to which the chrom um
coati ng hgéebggn6é%p |€hﬁh§%§Ljﬂhy gﬁ%ﬁ%@é the substrate with the MIrALlY

coating iMnocag4pciid heel beeonfoantlathatgusai syl tfhe ist rdepd ng Byduedbhoofc aci d
m xture I

L KBSt Shenl 2L AR ceqnpLlop Rl ntplaing 8 sl furle
in the rapgeagk suem abopt didly ta (h@% degeeesronatneshel tnadeh igmeisd ng the
substrate into the stripping solution for a tine period | ess than about 1
hour . prepépgbpy}oy forming the substrate during manufacture provides
protecticon of the substrate alloy from corrosion during chemical
stripping. This 1s because the chromium enrichment of the base
alloy and the low aluminum content of the coating significantily
increase its resistance to hydrochloric acid and/or sulfuric
acid/hydrochloric acid mixtures. Further, the chromizing coating
provides an effective barrier between the surface connected
aluminum eutectic phase and the stripping solution.
[0025] Referring now to the drawings, FIG. 1 is a side by side
comparison of a trailing edge of an airfoil portion whose
coating had been stripped with a prior art hydrochloric acid
solution (the left side of the figure) and a leading edge of an
airfoil portion who coating had been stripped with the sulfuric
- hydrochloric acid solution of the present invention (the right
side of the figure). As can clearly be seen, there are many more
pits in the trailing edge stripped by the prior art solution.
FIG. 2 illustrates the same results with the left hand side
being the trailing edge portion of a root serration stripped by
the prior art solution and the right hand portion being the
leading edge of a root serration stripped using a solution in
accordance with the present invention.
[0026] FIG. 3A shows a turbine blade formed from a nickel based
superalloy which had its coating stripped using a prior art

stripping solution with a one hour immersion in the solution.
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the chromumlevel in the chrom zing coating is maintained at as high a

| evel as possible and, particularly, at a | evel greater than 20 w % Most
preferably, the chromumlevel in the outer region of the substrate is

mai ntained in the range of from20 to 30 w% Mintaining a high chrom um
content is inportant to insure that the coating can prevent hot corrosion
attack of the root in service and also to serve as an effective barrier to
base alloy pitting during coating stripping. In a preferred 7 enbodi nent, the
stripping solution contains fromabout 20 to 30 vol % sulfuric acid and from
about 3. 0G0 38. ehouF % hydearnl Bifkinadilady foavhdsh pr ehepnédiedbodi ment, the
strippin l; Ut al 2P ; ul.furi j¢ and from
about 42€%$5 g.ggSoﬁgg y%gg%ﬂ%%??c acfﬁ?%?%%gﬁ%l%?k gg %ge% g%ﬁﬁ%pthat usi ng
t he stri ppiatdngoboti enddf fus hen presentrdatwemt et {(LB8bedegraeseduced | evel of
base allﬁy attack ?uch a% ﬁitting attack. ﬁhe chrgniun1enric@ nt of the
base al | 6y FGPAEAG £hE SUBRETat Y dliry g Whindf&c COPE BEGVI'EEE 70t ection of

t he subststatippall agifigom soriPsiON LWINitigprChemagabrdsheepRing. tdBi s is
because the chrom um enrichnent of the base alloy and the | ow al um num

cont ent éFeﬁﬁétcé§Y?H§l§PgnT??c%%&¢%‘mﬁﬂbﬁ€§échﬁ§Yr€§P§ﬁéﬂc§a§o hydrochl ori ¢
aci d and/iQnesulhut he nack L ydr 06 o1\ AL Mixhihes. TRupbhers Lhen

chrom zing coating provides an effective barrier between the surface

connect edroal thepantégueesi thphaskeemndis Herstleisgpipadg tsobubhohhe[loD2ds
Referring now to.the draw n S FI.G,.,1is a side i.de conparison of a
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coating had been stripped with a prior art hydrochloric acid solution (the

| eft side of the figure) and a | eading edge of an airfoil portion who
coating had been stripped with the sulfuric hydrochloric acid solution of the
present invention (the right side of the figure). As can clearly be seen,
there are many nore pits in the trailing edge stripped by the prior art
solution. FIG 2 illustrates the sane results with the |eft hand side being
the trailing edge portion of a root serration stripped by the prior art

sol uti on Wdid tIise CLAGNEDh&AC portion being the | eading edge of a root
serration stripped using a solution in accordance with the present

i nvention. [0026] FIG 3A shows a turbine blade formed froma nickel based

superal | ay. whigthckad ifbs €oahing stédpped siﬁdsrtgca%eprcloﬁll@ rakt ngSthEPREEYs
solution with a one hour immersion in the sol ution G 3B shows t he same

turbi ne B%de to which a chrom zing coating had been applied foll owed by
application of a MCrAlY coating and a diffusion heat treatnent at 1975
degrees Fahrenheit for 4 hours in a vacuum The coatings were then stripped
usi ng a stri ppireyisiohgt ronicheackasedantowmisdbstmtepr esent i nvention. The

bl ade with the MCrAl'Y coating was imersed in the stripping solution for 1
hour. It can be seen fromthese figures that there is far less pitting on

the bl ade treebpediittiingcaocdasaeumi ¢datiey PraseRiaiidnvieRkiedNbale VHAToY S

CLAI MED ISbsltrat process for formng a coated substrate conprising the steps

diffusing chromium in said coating into an outer region of

said nickel base alloy substrate; and

applying a MCrAlY coating onto said nickel base alloy

substrate having said deposited chromium coating.

2. The process according to claim 1, further comprising heat
treating said substrate after said MCrAlY coating step and said
heat treating step comprising heating said substrate to é
temperature in the range of about 1950 to 2000 degrees

Fahrenheit for a time period in the range of about 1 to 5 hours.

3. The process according to claim 2, wherein said heat treating
step comprises performing said heat treating step in an inert

gas atmosphere at a partial pressure of at least about 1000n.

4., The process according to claim 2, wherein said heat treating
step comprises performing said heat treating step in an argon
atmosphere at a partial pressure in the range of from about 1000

to 5000u.
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~of: "providing a nickel base alloy substrate; depositing a chrom um coati ng
onto said nickel base alloy substrate; diffusing chromumin said coating
into an outer region of said nickel base alloy substrate; and applying a
MCr Al'Y coating onto said nickel base alloy substrate having said deposited
chromium coating. 2. The process according to claim11, further conprising
heat treating said substrate after said MCrAlY coating step and said heat
treating step conprising heating said substrate to a tenperature in the
range of about 1950 to 2000 degrees Fahrenheit for a time period in the
range of abdhf Bre6ess hdesetdimy trhelpriscdss waAeEsi8i Agitdonerkenassherein
sai d heat,qtreatLRQ. S o) k faarm I e r I ep in an
Thert ade lbannar o e e Brectir e e At o Re S ARG e, e
process &d¢drnding teaid| ahne®iumhiortal sasal dubeatrateeati agdestiepicoripr i ses
performn

said_heat treating step .n _an argon atnosphere at a partia
pressurer%Hthgfrgﬁ%% @f?f?%%%éidﬁﬂji m‘F%léoﬁﬁ ?rlgu§£a?ﬂe process

according to claim1l1, wherein said nickel base alloy has an outer surface
and said diffusing step conprises diffusing said chromuminto said
substrat €+t 78 BERFRSF n2¢FRIAIHhde SHlafiorr0WRersin. 524 BickomRas”l out er

surface. J810]NRaR Q€58 @F COLHENG tO\L1RM &i rehgh BLNs88)d-Phokelebase alloy
has an outer "surface and said diffusing step conprisSes
diffusing said chromium into said substrate to a depth in the

range of from 0.2 to 0.8 mils from said outer surface.

7. The process according to claim 1, wherein said depositing and
diffusing step comprises depositing said chromium using a gas
phase deposition process and wherein said chromium depositing
step comprises providing a chromium source and an activator,
suspending the substrate over said source and said activator,
and heating said part, said source, and said activator to a
temperature in the range of from about 1700 to 2150 degrees
Fahrenheit for a time period in the range of from about 5 to 20

hours.

8. The process according to claim 7, wherein saild activator
providing step comprises providing an activator containing a
halide selected from the group consisting of a chloride, a

fluoride, iodide, or bromide.
9. The process according to claim 7, wherein said activator
providing step comprises providing less than 20 grams of an

ammonium chloride activator.

10. The process according to claim 1, further comprising heat

treating said substrate after said MCrAlY coating applying step
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diffusing said chromuminto said substrate to a depth in the range of from
0.2to 0.8 mls fromsaid outer surface. 7. The process according to claim1,
wherein said depositing and diffusing step conprises depositing said
chrom umusing a gas phase deposition process and wherein said chrom um
depositing step conprises providing a chrom um source and an acti vator,
suspendi ng the substrate over said source and said activator, and heating
said part, said source, and said activator to a tenperature in the range of -
from abowtndl @0 ntt@i215Q0 degdeebrokalmeldredlt ifrorsad d ioneeperegdonnathe range of
fron1abo%F 5.ta 20 ho#és. g The process according to claim?7, wherein said
activator eﬁﬁ%o@?&ﬁﬁﬁrs Bnc HpV Ses providing an activator containing a
hal i de sel ected fromthe group consisting of a chloride, a fluoride, iodide,
or bromde. 9. The process according to claim7, wherein said activator
provi di ng-st efc BAPFEPSEs 2FFETHEN AL P 6352 ithall 20MG&E 6R18n chapbeRRum
chl ori de jv r : mdk N o] r.dj. Q,:¢cl ai.m: 1 : i sing
heat trégf%ﬁg%%gﬁgaég%ggrgfgba§§§§r€§§%Iﬁ%ﬁ/\%?%£§ tfﬁg%aﬁ%ﬁg%ggﬁsgggpill and
mai nt ai niimy W& dackeorifufirbeveboih 3@ith ol evt¥.egion at a |evel greater than
20 wt% 11. The process according to claim 10, wherein said chromum |evel
mai nt ai ni ng step conprises nmaintaining said chromumIlevel 1in the range of
from about2 2@He0 p3@cek at2ordhg PtoCEesSsimccondidie ino selidi mitkeMBasta said
ni ckel b%ff%éy substrate providing step comprises providing a substrate

formed from a nickel-based alloy having a high volume fractions

of v/vy' eutectic phase.

13. A strip process for removing a coating from a substrate

comprising the steps of:

providing a nickel base alloy substrate having chromium
diffused into an outer region and a MCrAlY coating deposited

over said substrate with said diffused chromium; and

removing said MCrAlY coating by immersing said nickel base
alloy substrate in an acid solution containing a sulfuric acid -

hydrochloric acid mixture in water.

14. The strip process according to claim 13, wherein said
immersing step comprises maintaining said bath at a temperature
in the range of from about 120 to 180°F and maintaining said
substrate with said coating being stripped in said solution for

a time period less than about 1 hour.

15. The strip process according to claim 14, wherein said

immersing step comprises immersing said substrate in a solution
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al l oy substrate providing step conprises providing a substrate forned froma
ni ckel - based all oy having a high volune fractions of y/y' eutectic phase.

13. A strip process for renoving a coating froma substrate conprising the
steps of: providing a nickel base alloy substrate having chrom um diffused
into an outer region and a MCrAl'Y coating deposited over said substrate with
said diffused chromum and renoving said MCrAlY coating by imersing said

ni ckel base alloy substrate in an acid solution containing a sulfuric acid -
hydr ochl arin¢adaeidgmtxtur ebont wad eto 30 . vdlllte sstlrfiup ipr acesls aadc oF cinngbdw: cl ai m.
13, wher '@ %aig i gséng step conprises maintaining said bath at a

t enper at ur'é °n ot Re YPEAGRY BFCF P oM BB AR A20 to 180F and mmi ntai ni ng said
substrate with said coating being stripped in said solution for a tine
period | ess than about 1 hour. 15. The strip process according to claim 14,
wher ei n sdi-d TPenREFSPnEr SERPS cRARPT TS i ifmsilsiiag 1dai #hegbder &8édin a sol ution
12 cont ai G sf hgMs@BRULopOr § e 30; MAL 283 TNIL s3plsd -an .Eﬁog]§9?H£io€40 to

8.0 vol % hydrochl'oric acid. 16. The strip process according to clarm
wher ei n swindaiindmer Siray sbept cOIPrd s&€5 vahterssildgriai dcsdbstrdateomnalaosol uti on

containiqgOfE%n%q%o%EéQSE%QI%ghfglfbsulﬂgric acid and fromabout 4.0 to 6.0

vol % hydrochl™ori ¢ "acl t Ut bt he enyi ne conponent conprising: a nickel
based al |l oy substrate having an outer region with

17. A turbine engine component comprising:

a nickel based alloy substrate having an outer region with

diffused chromium;
a chromizing coating over portions of said substrate; and
a MCrAlY coating over said chromizing coating.

18. The turbine engine component according to claim 17, wherein
said substrate is formed from a nickel based alloy having high
volume fractions of a y/vy’ eutectic phase and wherein said
chromium in said outer region is at a level greater than about

20 wt%.

18. The turbine engine component according to claim 18, wherein
said chromium in said outer region is at a level in the range of

from about 20 to 30 wt%.

20. The turbine engine component according to claim 17, wherein
said chromium is diffused into said substrate to a depth in the
range of from 0.2 to 1.5 mils from an outer surface of said

substrate.
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diffused chromum a chrom zing coating over portions of said substrate; and
a MCrAlY coating over said chrom zing coating. 18. The turbine engine
conponent according to claim 17, wherein said substrate is forned froma

ni ckel based all oy having high volume fractions of a y/y' eutectic phase and
wherein said chromumin said outer region is at a |l evel greater than about
20 W% 19. The turbine engi ne conponent according to claim 18, wherein said
chromumin said outer regionis at a level in the range of fromabout 20 to
30 wt % 20. The turbine engine conponent according to claim17, wherein said
chrom umils dihef (¥€81nAt BREANE SOBRIMM e AT H e Ao wleRa lrangBestifirom 0.2

to 1.5 mds %%%ﬁ@uauggrd§y£&e§&, Plcsaldh g Ak 1832200 In.eiﬁua?%ne
engi ne component according to claim 17, erein said chrom tmis diffused

i nto sai daswesiofatteomolaZzdept A. 8nmihe frangs cfutferomu@f2ceood. 8amidl s from an
outer surf o rofesaid substrate. 22. The turbine engi ne conponent according
to claim17, Whefein said MOrAl Y coating contains fromabout 8 to 15 Wt %
alumnum 23. A solution fromstripping a coating froma nickel based alloy
substrate, said solution conprising a hydrochloric acid ,and sulfuric acid

m xture i%?wm%ﬁ@rFuiﬁ}n?héngéPﬁtF%%P%%%QﬁcﬂQRfWQiWﬂ &mc231imhdr eFhesaiy

sol ution s GENhRAIAS vf £8ALRRGUECRDaERs 3PPl MM faulicC 18Ck4 sand  fif RAR about

23. A solution from stripping a coating from a nickel based
alloy substrate, said solution comprising a hydrochloric acid

and sulfuric acid mixture in water.

24, The solution according to claim 23, wherein said solution
contains from about 20 to 30 vol% sulfuric acid and from about

3.0 to 8.0 vol%® hydrochloric acid.

25. The solution according to claim 23, wherein said solution
contains from about 23 to 27 vol% sulfuric acid and from about

4.0 to 6.0 vol% hydrochloric acid.

26. A strip process for removing a coating from a substrate

comprising the steps of:

providing a nickel base alloy substrate having a MCrAlY

coating deposited over the substrate; and

removing said MCrAlY coating by immersing said nickel base
alloy substrate in an acid solution containing a sulfuric acid

hydrochloric acid mixture in water.

27. The strip process according to claim 26, wherein said

immersing step comprises maintaining said bath at a temperature
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3.0 to 8.0 vol % hydrochloric acid. 25. The solution according to claim 23,
wherein said solution contains fromabout 23 to 27 vol % sulfuric acid and
fromabout 4.0 to 6.0 vol % hydrochloric acid. 26. A strip process for
renoving a coating froma substrate conprising the steps of: providing a

ni ckel base alloy substrate having a MorAlY coating deposited over the
substrate; and renoving said MCrAl'Y coating by imersing said nickel base
all oy substrate in an acid solution containing a sulfuric acid hydrochloric
aci d mi xt i ethien iRy o2 Erohhabstiti p2pr ecessoac cardimag ntta igkiagms26d wher ei n
said immersing step conprises maintaining sajd bath at a tenperature 14 in
the rangeS¥?sFreif £02130F SR Haf Ht FREhg BaiH < SN IRFt h sai d
coating bgi pohstgdPRed 1idysSandnsabihicon fenr.a tine period | ess than about 1
hour. 28. The strip process according to claim 26, wherein said imrersing
step conprises imersing said substrate in a solution containing from about
20 to 30 | %.sul i C _aci nd fraom. aho to 8.0 vol.% rochloric

aci d. 29.¥q)'he@}§ rgl%rlﬁor ggreosc%s%cggrc(??%ﬁ OH%I %lf,érlﬁ G?GW@}eeﬁoénlr?stayﬁgdoi mrer si ng
st ep conpimsessimrerimgemird sesbshmatreing sa @ sib Oira o ntraianiseg utiom about
23 to 27 voi % sulfuric acid an% from %bou . 4.0.t0 6.0 'chl % hydrochloric
acid. it $gntaining from about 2C to 30 vol% sulfuric acid and “from about

3.0 to 8.0 vol?® hydrochleoric acid.

29. The strip process according to claim 26, wherein said
immersing step comprises immersing said substrate in a solution
containing from about 23 to 27 vol% sulfuric acid and from about

4.0 to 6.0 vol% hydrochloric acid.
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