UPGRADI NG ALUM NI DE COATI NG ON USED TURBI NE ENG NE COVPONENT BACKGROUND OF
THE | NVENTI ON This invention relates to a nmethod for upgradi ng an al um ni de
coating on a used turbine engine conponent to a platinum alum nide
coating. More particularly, this invention is directed to such a method
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invention also relates to such an upgraded used turbine engi ne conponent.
The operating environment within a gas turbine engine is both thermally and
chem cally hostile. Significant advances in high tenperature alloys have
been achieved through the fornulation of iron, nickel and cobalt-base
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chemically hostile. Significant advances in high temperature alloys have been
achieved through the formulation of iron, nickel and cobalt-base superalloys, though
components formed from such alloys often cannot withstand long service exposures if
located in certain sections of a gas turbine engine, such as the turbine, combustor and
augmentor. A common solution is to protect the surfaces of such components with an
environmental coating that is resistant to oxidation and hot corrosion. Coatings that
have found wide use for this purpose include diffusion aluminide coatings and overlay
coatings such as MCrAlY (where M is iron, nickel and/or cobalt), which may be
overcoated with a diffused aluminide coating. During high temperature exposure in
air, these coatings form a protective aluminum oxide {alumina) scale that inhibits
oxidation of the coating and the underlying substrate. Diffusion aluminide coatings
are particularly useful for providing environmental protection to components
equipped with internal cooling passages, such as high-pressure turbine blades,
because thin aluminide coatings are able to provide environmental protection without
significantly reducing the cross-sections of the cooling passages. Platinum aluminide
coatings have been developed to further improve resistance to corrosion and oxidation

damage.



| Hot corrosion of gas turbine engine conponents generally occurs when

sul fur and sodiumreact during conbustion to form sodiumsulfate (Na2SO4),
whi ch condenses on and subsequently attacks the conponents' surfaces.
Sources of sul fur and sodium for such reactions include inpurities in the
fuel being conbusted as well as the intake of sodium|aden dust and/or
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coati ng r &uringnajuvemmatioac tefiahthingsor wygridindof a@sddl adsinarfgivarempendits, cannot
be used in. the presence of %liot corrqsi on prod(ilcts whi ch attack the

r ej uvenat @RS GOAENESRPIcAky BT ERIBeToNed &vBlew GemRoneniTapait BY bi ne

engi ne_CORRANRELE bibils SANPrBRED dRALAH Wil Al ALY HEmfff LR CBA Do

recoated with platinum alum nide coatings t0 inprove corrosion
oxi dat i onthenels appding by agyweitahle poagesse ndnp hot ewssionf pnodvats pesenignt thpi cal |y

0 e ST Bl VALTESR0E oot AR SE PR BB o on
resul t i nalidnidend¥@ly #bma Reihe engid cohiforuPtthad £portion of the substrate

metal is removed with the coating, which can significantly shorten the useful life of

the component. As a result, new repair technologies have been proposed by which

diffusion aluminide coatings are not removed, but instead are rejuvenated to restore

the aluminide coating and the environmental protection provided by such coatings.

However, coating rejuvenation technologies for turbine blade and vane repair cannot

be used in the presence of hot corrosion products, which attack the rejuvenated

coating upon exposure o engine temperatures.

Used turbine engine components that have been coated with aluminide coatings can
be recoated with platinum aluminide coatings to improve corrosion and oxidation
resistance. However, current processes for recoating typically involve removing the
aluminide coating by chemical stripping, grit blasting or other mechanical means. As
noted above, these processes often result in the removal of a portion of the substrate

metal, which can reduce the strength and useful life of the component.



metal , which can reduce the strength and useful life of the conponent. 2
Thus, there is a continuing need for a nethod to upgrade an al um ni de
coating on a used turbine engine conponent to a platinum al um nide coating
wi t hout damegi ng the coating or renoving a significant anount of the
substrate netal. BRI EF DESCRI PTI ON OF THE | NVENTION | n one aspect, the
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conponent; and then c¢) form ng a second al um nide coating on the surface
of the comrapemEStREANONGE TREPESVENTRENI Nvention relates to a nethod for
upgradi ng an alum nide coating on a used turbine engine conponent to a

pl ati num al um ni de coating, said nethod conprising: a) cleaning at |east
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havi ng a tbinpksiags of from about 2 to about 20 microns onto the cleaned
surface of the conponent; and then c) form ng a second al um ni de coating
havi ng a tgi ckness, of f%om about 10 to about 100 microns on the surface of
the conpofént . clAmipgtataleastnene swfacet of {hse CompIRN! &) IEBOXE A9t (S9TTRSIPD bi ne
engi ne CORBRRLAL i =l ?Hébﬁ : pl ati num al um ni de
coating on at gﬁgﬁmgﬁg%er@@td%ﬁggg% , s%%ﬁcgeo%{aﬂ% havi ng been upgraded
froman al um ni de coating ori ?i nally on the conponent using the above

met hod. b) depositing a layer of platinum onto the cleaned surface of the component; and

then
c) forming a second aluminide coating on the surface of the component.

In another aspect, the invention relates to a method for upgrading an aluminide
coating on a used turbine engine component to a platinum aluminide coating, said

method comprising:

a) cleaning at least one surface of the component to remove hot corrosion
products from the surface without damaging the aluminide coating by immersing the

‘component in a solution comprising acetic acid;

b) depositing a layer of platinum having a thickness of from about 2 to about 20

microns onto the cleaned surface of the component; and then

c) forming a second aluminide coating having a thickness of from about 10 to

about 100 microns on the surface of the component.

In yet another aspect, the invention relates to a turbine engine component having a
metal-based substrate and a platioum aluminide coating on at least one surface
thereof, said coating having been upgraded from an aluminide coating originally on

the component using the above method.



3 DETAI LED DESCRI PTI ON OF THE | NVENTI ON As used herein, the term "al um ni de
coating"” is neant to include a variety of materials typically used in
coating netal alloys (especially superalloys), or which are formed during
or after the coating process. Non-limting exanples include sinple

al um ni de, nickel alum nide, cobalt alumnide, refractory-doped al um nide,

or all 0ys p C‘ﬂﬁl‘ INVER$ERPPOUNds. A "pl atinum al um ni de
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The substrate of the present invention can be any netallic material or
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vary wdely, but it |s often in the formof a jet engine part, such as an
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head of a X é%&traé%@ﬂ th@pwntdﬁye%uoﬁéﬁn be g8 meiallic magarial phalley Bewelly esi st ant
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housewar eI t em , cookware), or strla ardwar e
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wei ght. Ni ckel -based superal | oys usual Iy include at |éast “about 40% Ni,
and at | eabrongpa, Bomyonend mivssthatedfi(om, shimlggs sigpl)consi sti ng of cobal t,
chromi um al um num tungsten, nolybdenum titanium and iron. Exanples

Often, the substrate is a heat-resistant alloy, e.g., a nickel-based material or cobalt-
based material. Such materials are described in various references, including U.S.
Patents 5,399,313 and 4,116,723. The type of substrate can vary widely, but it is
~often in the form of a jet engine part, such as an airfoil component. As another
example, the substrate may be the piston head of a diesel engine, or any other
substrate requiring a heat-resistant or oxidation-resistant coating. The substrate may
also be in the form of a houseware item (e.g., cookware), or other industrial hardware

or equipment.

The metallic material is often a superalloy, typically nickel-, cobalt-, or iron-based,
although nickel- and cobalt-based alloys are favored for high-performance
applications. The base element, typically nickel or cobalt, is the single greatest
element in the superalloy by weight. Nickel-based superalloys usually include at least
about 40% Ni, and at least one component selected from the group consisting of
cobalt, chromium, aluminum, tungsten, molybdenum, titanium, and iron. Examples
of nickel-base superalloys are designed by the trade names Inconel®, Nimonic®, and

Rene®, and include directionally solidified and single crystal superalloys. Cobalt-



of nickel -base superal |l oys are designed by the trade names | nconel (r),

Ni monic(r), and Rene(r), and include directionally solidified and single
crystal superalloys. Cobalt 4 based superalloys usually include at | east
about 30% Co and at | east one conponent fromthe group consisting of

ni ckel, chrom um alum num tungsten, nolybdenum titanium and iron.

Exanpl es I d tr anes
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In the case of a turbi nﬁxen i ne he coating | s often applied on conbustor

g
liners, c W fag ik st gupiscobaltbagid superalieys are qgsiguedkbs thsrirade ades,
nozzl es, qﬁﬂlesyﬁgﬁ&ngzé;@@,ig}gm%lmtw@_ on the flat areas of
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substrates, as as on curve or irre ar surfaces. The coating may
al so be formed on the surfaces of internal cavities in the substrates,
e.g., inddiecaliningle watingan theysubsisate orayHsl appliedon a exaetylod locatihes cmui t i es

can be in the formof radi cQol i ng.hol,es or. serpenti ne passageways,
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depend on a variety of factors. These include the length of service tine
for the coAp®nele copting cacbarioume sty flat asers afisubsiyssest acwelles epepoeiit i on of

the coati . ex f] i ckness,in.the
range of rcl)l?ngéﬂég%/?vﬁr%&%} oggyﬁgﬁgﬁﬁw‘%ﬁ(}% goglglﬁg,%%t ?;ISisﬁ:lgﬁfeé ‘ﬁfﬁﬁm%bout 10
m crons t eavliesiin theGubstratesns.gg rindemetiongfHodlow fegivns b@thiold> Forcé:@apld,0 about

75 mcrons, The.present . inveption provides a method for upgrading an
al uni ni de%&%&?‘i“i’i% G i H@ugfr&c%f 1@;11&13; codling peles on sHPREINSRASFARECWEponent t o

a platinu InniAe | | | E‘W Lpgl.ude the
hi gh and &%&g&éﬂlggwrgﬁ?ﬁ%ﬂg?%gmgﬁgggﬁ%g&éﬂgﬁg@%lﬁa}%lgés‘,@abg rou%g%?‘t@% glétgor
| i ners andngingeefeiler hardware of gas turbine engines. Wiile the advantages

of this invention will be described with reference to gas turbine engine
;grrponent s[’hettﬂl%krile@g %?H}ileoglu}nsmigg %Sét?rlé X!ilﬁﬁgﬂein&%tr)ll g \f%t:c(l'-')et)a/1 "oF fat0R° netse havi ng
include the length of service time for the component, its thermal history, and the
particular composition of the coating and substrate. Usually the coating has a
thickness in the range of from a few microns to about 150 microns, typically from
about 10 microns to about 100 microns and most often from about 25 microns to

about 75 microns.

The present invention provides a method for upgrading an aluminide coating on the
surface of a used gas turbine engine component to a platinum aluminide coating.
Such turbine engine components include the high and low-pressure turbine nozzles
and blades, shrouds, combustor liners and augmentor hardware of gas turbine engines.
While the advantages of this invention will be described with reference to gas turbine
engine components, the invention is generally applicable to any component having an
aluninide coating that would benefit from being upgraded to a platinum aluminide

coating without first removing the aluminide coating.

The method of this invention comprises the step of cleaning the surface of the

component to remove hot corrosion products from the surface of the component



al um ni de coating that would benefit from being upgraded to a platinum
alum nide coating without first renoving the alum nide coating. The nethod
of this invention conprises the step of cleaning the surface of the
conponent to renove hot corrosion products fromthe surface of the
conponent 5 without damagi ng the alum nide coating. The cleaning step nmay
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Cleaning compositions used herein may be applied to the component in a variety of
ways. In some embodiments, the component is immersed, either partially or fully, in
a bath of the composition. Immersion in this manner (in any type of vessel) often
permits the greatest degree of contact between the composition and the hot corrosion
products being removed. The component may be lowered into the bath using a
suitable rack (for example, one having a polypropylene or other non-conductive
surface) that can be raised to remove the component after the desired immersion time
is reached. Immersion time and bath temperature will depend on many of the factors
described above, such as the type of corrosion products being removed and the acid

(or acids) being used in the bath.

Baths comprising the cleaning composition are often stirred or otherwise agitated
while the process is carried out to permit maximum contact between the cleaning
composition and the corrosion products being removed. A variety of known
techniques can be used for this purpose, such as using impellers, ultrasonic agitation,

magnetic agitation, gas bubbling, or circulation-pumps. Immersion time in the bath
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descri bed above, such as the type of corrosion products being renoved and
the acid (or acids) being used in the bath. Baths conprising the cleaning
conposition are often stirred or otherwise agitated: while the process is
carried out to permt maxi num contact between the cleaning conposition and
the corrosion products being renmoved. A variety of known techniques can be
used for LilhSaRHER08 8 it hfthe Rhdld dIRRLN Shove. Wil £ BSANCRALLRI RN
magneti c agi tat’ion, gas bubbling, or circulation-punps. Thimersion tinme in
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coati ng anelesied t providsthadesired halopes ketwean meximiziag wyakvabhof thesofrasionn, such

as an acet] [ ut-lon, it Vi nega ich,typically conprises
from abou#@ﬁ?@gq%grgwl%@&dgﬁg%?a Ci ?’llar%;?)e%% %/n&%%ﬁ Si}lb#ag?h about 4%to

about 8% acetic acid, by weight, is used to renove hot corrosion products
at cert ai in beerpabadineets a weagpicehsrhitéth, widhhassanf dcetic acitl salyitibat¢.@nwhitel | owi ng

a surface conditi,oning.or, activation step. Advantagequsly, such weak
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coating and application of a new coating. Another ‘advantage of this

i nvent i on chgosidrmpraivetsi @ erriaih thmeperatotes,f supplemyatdde withesufficientt agtation

faciliti d di d of w thaut for exceedin | | owabl e
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generally o : o
aluminide coating instead of complete removal of the coating and application of a

new coating. Another advantage of this invention is that acetic acid does not foul
wastewater treatment facilities, and can be disposed of without concern for exceeding
allowable levels for metal ion concentrations in wastewater, Accordingly, the
treatment of this invention is environmentally friendly. While vinegar is generally
preferred as the treatment solution of this invention due to availability and cost, it is
foreseeable that stronger and weaker acetic acid solutions derived by other methods

could be used.

The process of this invention typically comprises processing a component through a
surtable surface pretreatment, immersing the component in an acetic acid solution at
temperatures of from about 150°F to about 175°F (about 66°C to about 79°C), though
temperatures between about 120°F and 200°F (about 49°C and about 93°C) are
believed to be suitable. While different solution strengths are possible, acetic acid
concentrations for the solution are typically from about 4% to about 6%, by weight.
Complete immersion of the component ensures that all surfaces, including any
internal surfaces such as those formed by cooling passages, are contacted by the

7



preferred as the treatnment solution of this invention due to availability
and cost, it is foreseeable that stronger and weaker acetic acid solutions
derived .by other nmethods could be used. The process of this invention
typically conprises processing a conponent through a suitable surface
pretreatnent, imersing the conponent in an acetic acid solution at

t enper at urggfgh f ' "E ?o 66! t 79' O,
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di sl odge the hot. corrasion.products fr.omthe conponent surfaces. Suitable

par amet er § omer%{ﬁl%bﬂa?[ f§18 rlllﬂtEaSB’I“g z&ﬁ'ﬂaﬂﬁf 13 B‘éfﬁﬁlce%wr?é’é]ﬂv%@ mARYY I“? rtai ned
by those c6kbiibegrddicts RBemidally Wohdbdsid At SimBidatd008. RetBanRASEMRIE When

t he conponent is subjected to higher ultrasonic enérgy |levels. Generally,
a two- hourToguplaut ¢¥io (e pbept fourdwreelisnattisyrea waimpketd remdval eShoticorrobienner i s

ponded o PR el R Syhe BirRloploe inilel e oP B B AP BRPE e SO0 (0

about f ouror aother efitadle Ensd i serg@rPihe tRetic aBMadoh@fonhRémCHBE NAG&HRAN andr oduct s.
Fol | ow ng ul trasonic c|eaning, the conponent is typically rinsed with water

or anot he®X€M¥ gBfaces phile componsibve the acetic acid solution fromthe
internal and external surfaces of the conmponent. In one enbodi nent, the

cl eani ng bl ' : | hDg agent
reduces t gﬁe)ggﬁréﬂ‘ng%(gﬁ}tegyﬁg é;ﬂéagir heﬂll?:%ﬁbdglsﬂliﬁl%ﬂn{&p@g gﬁ ﬁeﬁg&bﬁéﬁ%?ﬁgont act
with the sustisngagent mdeces e wrfaed tehslen obtheicogpoption,ipeurhisting/bedter corttaat nal
surfaces of. netal art to inmprove .cl eaning of the alum_ni de_.coating.
Sui t abl o WATHTR s ey s caay B it qriiectl Gptfecss Sf mefal ( y
acids, soapss, t€RMbRivE icRiafing &Tdhs Wisit@Bdsting ] Muitable wetting agents include

polyalkylene glycols, glycerol, fatty acids, soaps, emulsifiers, and surfactants. The

wetting agent is usually present at a level in the range of from about 0.1% by weight

to about 5% by weight, based on the total weight of the composition.

Removal of the hot corrosion products without damaging the aluminide coating may
be accomplished by various other methods known in the art. For example, the
corrosion products may be removed by abrading the surface, such as by using a gentle
abrasion step that minimizes damage to the coating. As an example, light grit blasting
can be carried out by directing a pressurized air stream comprising aluminum oxide
particles across the surface at a pressure of less than about 40 psi (about 2.8 kgf/cm?),
typically less than about 20 psi (about 1.4 kgfiem®). Various abrasive particles may
be used for the grit blasting, e.g., metal oxide particles such as alumina, as well as
silicon carbide, glass beads, crushed glass, sodium carbonate, and crushed comn cob.
The average particle size usually is less than about 500 microns, and typically less

than about 100 microns.



wetting agent is usually present at a level in the range of from about 0.1%
by weight to about 5% by wei ght, based on the total weight of the
conposition. Renoval of the hot corrosion products w thout damagi ng the

al um nide coating may be acconplished by various other nethods known in
the art. For exanple, the corrosion products may be renoved by abrading
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Other known techniques for lightly abrading the surface may be used in lieu of grit
blasting. For example, the surface may be manually scrubbed with a fiber pad, e.g., a
pad with polymeric, metallic or ceramic fibers. Alternatively, the surface may be
polished with a flexible wheel or belt in which alumina or silicon carbide particles
have been embedded. Liquid abrasive materials may be used on the wheels or belts.
For example, they may be sprayed onto a wheel in a vapor honing process. These
alternative techniques can be controlled to maintain a contact force against the
substrate surface that is no greater than the force used in the gentle grit blasting

technique discussed above.

Other techniques may be employed to remove the corrosion products. One example is
laser ablation of the surface. Alternatively, the degraded material may be scraped off
the surface. In another embodiment, sound waves (e.g., ultrasonic waves), which may
originate from an ultrasonic hom, can be directed against the surface to cause

vibrations that can shake loose degraded material.



I nternal passages. O her known techniques for lightly abrading the surface
may be used in lieu of grit blasting. For exanple, the surface may be
manual |y scrubbed with a fiber pad, e.g., a pad with polyneric, netallic
or ceramc fibers. Alternatively, the surface may be polished with a

fl exi ble wheel or belt in which alumna or silicon carbide particles have
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degraded Rreflled iiRlthe &t WouskDBE firfisiaARe@Sopet4iRig GRANIsARERN HAE 08HIBE SndiB)o be
renoved by a nore aggressive agitation, e.g., agitation with a force

greater tgapirelhthe ploant dercasippged He et subs@aie cto mirimzeydemiags &p f the For

exanpl e, . can be imrersed in a bath that is rapidly stirred
with a m%ﬁ%ﬁlﬁ}ggﬁbéﬁﬁ?rer (i.e., for "general agitation"), and that is al so

ultrasonically stirred (i.e., for "local agitation"). Agitation can be
carried oum seme¢ embbdierentiegn exdenledaimginigatep mayp bakesd toaemeve thercoaasibn of t hese

alternative jechnjques, those, skilled_.i.n the art woul d, be famliar with

oper at i ng PERf"EStHERRY df’WégmééFF 6 Hgde g mayoinvelye coR@ching Bpdreradsi ce
appl i ed t gkt SRS {2 hGudoBs MoRitibhZ SorHTRYL af FrelthG agintMEd} atyng. In
some enbodi nents, an extended rinsing step may be used to renove the
cor r osi on popyeiaieoe glysot sushtas pahetiviape ot Jdte wegting hgent rraysuiliy plesent
\(/:\gtnt ?ﬁ;l 2%&% ?e%efcgi?ﬁ‘(grgg ?te’?i{f%rté ez%i)ouvtwﬁ%;' b)‘f?1 Qve?g(il'fl,eb%lsjesd St %hlétttlatgpwgi%ﬂp &1 fhe ng a
rinsing solution. Rinsing can be carried out by a variety of techniques, but is usually
undertaken by immersing the substrate in an agitated bath of the rinsing solution for a
time period from about 1 minute to about 30 minutes. The extended rinsing step can
remove chunks of degraded material from the coating. Any remaimng thin layer of
more coherent degraded material may be removed in another agitation step, or by

again contacting the substrate with the cleaning composition.

In other embodiments, the degraded coating may be removed by including the step of
contacting the degraded coating with a caustic material. The caustic may also clean
the surface and activate the surface for any additional processing steps, such as a
second cleaning step. Examples of caustics include potassium hydroxide (KOH),
sodium hydroxide (NaOH), ammonium hydroxide (NH,OH), lithium hydroxide
(LiOH), triethylamine ((C,Hs)sN; TEA), tetramethylammonium hydroxide
((CH;3)sNOH; TMAH), and mixtures thereof. The contact time can range from about
20 minutes to about 4 hours, although longer or shorter times may be selected

depending on the properties of the particular caustic, coating and base metal.

10



pol yal kyl ene gl ycol such as pol yethylene glycol. The wetting agent is
usual ly present at a |level of fromabout 0.1 %to about 5% by wei ght,
based on the total weight of the rinsing solution. Rinsing can be carried
out by a variety of techniques, but is usually wundertaken by imrersing the
substrate in an agitated bath of the rinsing solution for a tinme period
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After removal of the hot corrosion products from the coating, compressed air may be

blown across the substrate to remove any residual cleaning solution, particles, oxides,

or abrasive particles.

After cleaning the surface of the turbine engine component, any worn parts of the

component may be repaired by welding, brazing or other suitable means.

A layer of platinum is then deposited onto the cleaned surface of the turbine engine
component. The platinum layer may be deposited by various methods known in the
art, such as electroplating, electroless plating, or sputter coating. The thickness of the
platinum layer is typically from about 2 to about 20 microns, e.g., from about 5 to
about 10 microns, which is often less than the thickness of platinum required to form
an acceptable platinum aluminide coating on an originally uncoated substrate. The
deposition of the platinum layer is typically accomplished by placing a platinum-
comprising solution into a deposition tank and depositing platinum from the solution
onto the component in an electroplating process. An operable platinum-comprising

aqueous solution is Pt(NH,),HPO, having a concentration of about 4-20 grams per
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rai sed to renove the substrate after the desired immersion tinme is reached.
The caustic solution is typically agitated while in contact wth the
substrate. In one enbodinent, this is ultrasonic agitation. Al ternatively,
a nore aggressive agitation, such as described above, may be used. After
renoval of the hot corrosion products fromthe coating, conpressed air may
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coating. and shury coating processes. For example, the component may be aluminided by a

pack deposition process (e.g., CODEP) or an over-the-pack process (e.g., VPA).
Forms of CODEP alununide coating are more fully described in Levine et al., U.S.
Patent 3,540,878; U.S. Patent 3,598,638 and U.S. Pat. No. 3,667,985. The aluminide
coating may also include a combination with aluminum of one or more secondary
elements, for example, Pt, Rh, and Pd. Such combination coatings are described in
U.S. Patent 3,819,338. Various techniques are also known for applying diffusion
coatings, e.g., noble metal-aluminide coatings such as platinum aluminide or
palladium aluminide. =~ A platinum aluminide coating can be applied by
electrodepositing or sputtering platinum on the surface, and then aluminiding the
surface, diffusing both the platinum and the aluminum. As an example in the case of
platinum aluminide, platinum can initially be electroplated onto the substrate, using P-
salt, Q-salt, or other suitable platinum electroplating solutions. In a second step, the
platinum layer is diffusion-treated with aluminum vapor to form the platinum

aluminide coating.

In the design of such gas turbine engine components, coating properties, including
coating composition and thickness, are specified in selected ranges depending on the
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The conponent is then ready for rejuvenation of its alum nide coating by
any suitable alumnizing process. During rejuvenation, a second alum nide
coating is forned on the surface of the conponent, e.g., on those regions
fromwhich hot corrosion products are renoved. Techniques for applying the
new al um ni de coating are knowmn in the art. D ffused al um ni de coatings
can be ap a 1]11573?& 0 I C above

t he pack, %Ih or p%gag}ei mchte%ﬂnvgs a%o(réén el%{;)}%l 'lt{?é orrll'%nﬁgﬁéﬂ Fﬁ%ﬁ%ﬂ%%ﬁ{} Png
processes exﬁmenee( dopkeamplaghe ﬂmq:imnssrﬁndm;minamadanmnn nﬂadalbmlmde rxmmlng
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coatings such as platinumaluninide or palladiumaluninide. A platinum
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vapor to f latinum al ni de coating. In the design of such gas
turbi ne e V*‘H%a 86??%6%8?&1%‘?“@%?%@ properties, including coating
conposi tion and thickness, are specified in sel ect ed ranges dependi ng on
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intended to gerl ence. For exanple, the thickness and al um num content of
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coating t tur and/ m_nu act vity of .mat rlasusdlnthe
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bya method comprising:

a) cleaning at least one surface of the component to remove hot corrosion

products from the surface without damaging the aluminide coating;

b) depositing a layer of platinum onto the cleaned surface of the component; and
then
c) forming a second aluminide coating on the surface of the component.

In one embodiment, high-pressure gas turbine engine blades are obtained that have a
diffusion aluminide coating that has been attacked by hot corrosion (appears as a
blue-gray coloration on the surfaces of the blades). Each blade is first pretreated by
autoclaving at a temperature between 150°C and 250°C and a pressure of between
100 and 3000 psi (about 0.7 to about 21 MPa) with a caustic solution comprising
sodium hydroxide. While autoclaving successfully dissolves engine oxides from the
blades, hot corrosion products remain adhered to the aluminide coatings, particularly

on the concave surfaces of the blades. The turbine blades are then immersed tip-down
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element in the coating, for exanple Pt, can be controlled by varying the

t hi ckness of the elenent deposited on a surface prior to diffusion

al um niding. Various thermal spray techniques can then be enployed for the
deposition of overlay coatings, if desired. Exanples include vacuum pl asna
spray (VPS), air plasma spray (APS), and high velocity oxy-fuel (HVOF).
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coating; mblemsibeitige-gray aplredhotpéatdsivnnprodudd is keneleddivgd tbublades of the

component ;, . for m a second al um.ni coat.in surface
of The: comihat biringtar G Rstindemova g eprELE i GEESPR A RetsdRyt ne
bl ades ar eneolhddsn@slpbrtatilyh ﬁwmgmdsoﬁdtwﬁldaas At B s RRIIBled ﬂ%@{ongas been
attacked by hot corr05|on (appears as a blue-gray coloration on the

surfaces of thelreatingaiiagent tﬂasﬂreglloaﬂﬁromgvhmh Lot qermesion grasfycis\are mayed.avi ng at
a tenperature between 150C and 250C and a pressure of between 100 and 3000

oo (SOt A Rl LD SBNSH o BB TBI! Rl 5001 U

hydr oxi de avi‘ng success es engil omthe
bl ades, had clzanrths Ls-mifaqas @d uhd blaﬂeﬂalmieddht&rseﬂe tthent hﬁnaﬂseﬂritllpidiﬁwchﬁhi ngs,

particul ar | oncaye surfaces of the bI rbine bl ades are
Phen | mocedinet pt BT e 3ITEBH 5 G RTEOUR L 0B (oW gk at a
tenper at U'é@m@éte@‘?@ﬂltra@é&c @Ran fol30fkal o%ocﬁ)&fr$' z{[ﬁ%thﬁrgu n@é&iqslﬁ @he then

subjected to ultrasonic agrtation for a total whi ch
t he bl adesvatargtorremeecihaticotrosiap prosltiets from the blades.

The turbine blades can then be upgraded to have a platinum aluminide coating, as
described above. Since the present méthod does not remove or damage the original
aluminide coating, there is little or no removal of substrate metal. Turbine engine
blades and other components can thus go through multiple repair cycles without loss
of wall thickness. In addition, the oxidation-resistance properties of platinum
aluminide coatings formed using the present method generally are equivalent to those
of platinum aluminide coatings formed on components that are stripped of their

original aluminide coating or that are originally uncoated.

The following examples illustrate some embodiments of this invention, but shouid not
be construed to be any sort of limitation on its scope. In the examples, each test
sample is a high-pressure turbine blade that has been used for some time in a
commercial gas turbine engine. The turbine blades are made from a nickel-based

superalloy, designated by the trade name René® 125,

Example 1

14



After the above treatnent, and w thout any additional processing (e.g.,
grit blasting or tunbling), the blue-gray col ored hot corrosion product is
renoved fromthe blades. Light grit blasting can be used to renove any
remai ni ng hot corrosion products from the blades. Inportantly, the vinegar
sol ution does not attack those uncorroded regions of the coating adjacent

t hose regiQnS;f1 ¢ j hot QS| r . ead of an
aut ocl ave‘IngBe lrgé%?% r?é\a#te, é’g}%hblg‘l%asagﬁﬁg@ lgggﬁgéﬁgg(ggﬁggﬁ eé‘ﬁg’%‘?‘{ P%Elggti ng to
cl ean t heagdirfeaceal dioni herbitgdas. cltheedbliadesons ehdt hesrdsivie pe&iictsi pydown i n
a container of undiluted whi ie, vi negar . at a tegg)oer atuyre of about 65C
(about 15EPIRersing B} @R 2gHeqUs AIHioasRTRISH RRAU GndPorcedC @gidafor GPoRWS hour s,
and then b{ﬁ%.edEB(E 1%, t}icﬁphasv@tté?ﬁ ertfire’ SR Hgb-ﬁ%f BhAN6RT oY Chng ikrom the
bl ades. The turbi ne % ades canI?ﬁen be upgraded to have a platinum

al um ni de agivatd nging akrasoes endrped Adkbperenf phitmuen tsHeerpdawsintd oretheddaddses not
renove or damage fhe ariginal alumnide coating,,.there is little or no
Femoval ofSBEME: FERORRLEH Proreih e B0 o JL° ARIKBEReTt BnPdient s can
thus go themuam Byt ddoSitddehRidp 6Y BleCskiMnNOODBEPOSMtIng fis WBblt 6.bdgkness. In
addi tion, "the oxidation-resistance properties of platrnum alum nide

coat i ngs Pdi0Rd doabes (pgovifel pmaerens). net hod general |y are equival ent to those
of platinum al um nide coatings forned on conponents that are stripped of
their origi -al unj ol ati.ng _or l9nBiaahdy _The

foll ow ng@%gﬂn%?r@%ﬁjﬂa%ﬂﬁa g%eygogﬁggehr%g%ﬁtgé\tea éolc?'P gtlﬁséFi F\a\l}!’gﬁf?%%icbut

shoul d not10667€) doin33 Hiigdtes B H@a@nyh f9hicead thattht aldtnnointdriisfuseowpih | n t he
exanpl es,éeﬁch test, sanple is a high-pressure_turbine blade that has been

used for £ Mpketiah A seeqndhAbiinide (pating i themraag phde biadesbyanak bl ades

are made f e - o I ' i gg?éa ] - pame
Rene(r) 1félggﬁg%éérypﬁggéss%iq?g\%Fﬁngﬁ{tgrog?sc rigpt§ u}g)tq}?%]e gﬁg@tfn %{“?’g?‘ﬁ% |y
coat ed w dhn@CBERcadlwmmirdsowraat Thy thiakmbss ef dnisesdcdndoatnmende cegtingrie cl eaned

to renove Qot @or.rosi on products by imrersing in an agueous sol ution
conpri si n§°¥BSIMIEEES, acetic acid for about 2

Sample blades coated by this process are subjected to oxidation testing in static air at
2050°F (about 1121°C) for 47 hours. Metallographic examination of the samples
shows that they have oxidation resistance equivalent to that of blades repaired by fully
stripping the original aluminide coating and depositing a platinum aluminide coating

by conventional methods.
Example 2

Two blades are processed as described in Example 1 except that the aluminiding
process is an over-the-pack process using chromium-aluminum donor at 1975°F
(about 1079°C) for 6 hours (VPA process). Blades coated by this method also have
oxidation resistance equivalent to that of blades stripped of their original aluminide

coatings and then coated by a conventional platinum aluminide process.
Example 3

Two blades are cleaned, platinum-plated and aluminided as described in Example 1,

except that the diffusion vacuum heat treatment step is not performed. Two additional
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hours. The solution has a tenperature of about 150-175F (about 66-77C) and
is agitated using ultrasonic energy. A layer of platinumis then deposited
on the blades wusing an el ectroplating process, as descri bed above. The

t hi ckness of the new platinumlayer deposited on top of the existing CODEP
coating is about 0.0002 -- 0.0004 inches (about 5-10 mcrons). The

pl ati num e 1 038C-
10660 1 o et foAias pRifublAReR RN oAb ost i ik ERdnple Bbert

i nterdi ff tee thewdiffiision hacubmdeantméatment! stepAs aetpenfdraédim ni de coating is then
formed on the bl ades by a pack cenentation process at 1900F (about 1038C)

for 2 hours u titani um ni de donor a the alum rce. The

t hi cknesssﬁ?lpfenggd%se??@l;?&%&l &ﬁ%m@%&ﬁ Ryid i7§ in sétic %ba?#@%%ﬁ aboaénm e

bl ades COQYI?F‘C?M"O} Ity hoBISOC TR bidEs B BSiaflort Rl 'ch@RalefSld B o Static
air at 2050F (about 1121C) for 47 hours. Metallographic exam nation of the
sanpl es bladws sttripacd phdheih alvminide dattings andsicseatert by equventibest pleitnunhat  of

bl ades re e fuIIy stripping the original alumnide coating and
deposi ti n Stp WGH°30 uri ni de coating by conventional nethods. Exanple 2
Two bl ades are processed as described in Exanple 1 except that the

al um ni di Mariof¥ aeEtRElihént@ofORes -ihbPEntidac kay G debiciteg, CIEOREwEM d@isym num
donor at 1975F (about 1079C) for 6 hours@é‘VPA process). Bl ades coat ed by
this met hgiclosus shayld nosheqdaemsa tods a dispitaiion i thal sape £ thenlversion| ades
stripped qf

conventi onaF&Ia §E¥’§{?ﬁﬁg{é{§4r%dﬁi ggbrggf gga ?ﬁé}gat{?}%ﬂ%&@cggéé’é cl eaned,

pl ati num p]hﬁtcedm madrtahthmuncﬂalbaﬂmgsfrcdﬁﬁmrspb'ﬁdnd scdpeafiescldimed éxenfion.t hat t he
di ffusion vacuum heat treatnent step is not perfornmed. Two additional 15

bl ades are cl eaned, platinumplated and al um ni ded as descri bed in Exanple
2, except that the diffusion vacuum heat treatnent step is not perforned.

16



Sanpl e bl ades coated by these nethods are oxidized in static air at 2050F
(about 1121 C) for 47 hours. The bl ades have oxi dation resistance

equi valent to that of blades stripped of their alum nide coatings and
recoated by conventional platinum alum nide processes. Various enbodi nents
of this invention have been described. However, this disclosure should not
be deened to be a limtation on theC g@@g of the invention. Accordingly,
various nodifications, adaptations, and alternatives may occur to one
skilled in the art without departing fromthe spirit and scope of the
clainmed invention. 16 CLAIMS 1. A nethod for -upgrading an al um nide
coating on a used turbine engine conponent to a platinum alum nide

component 1o r SrgaHb e B BLBriH BRBUGRE S b e WERTHBL PR
damagi ng h@pahdhitdia ﬁﬁtiﬁ@ﬁbluﬂﬁhid@ko&ﬁ%?%& hethod comp@ikingf Pl atinumonto the
cl eaned surface of the conponent; and then C) form ng a second al um ni de

coating on_the surface of the conponent. 2. A nethod as recited in claiml,
wherein stdp a) conplesas af leasooe surfadec! thoeqmnnagnt togemovoheitdosasiennpr i si ng

acetic aci I 9 %agetihc .acid .3 A nmethod as recited
inclaim Q?Od\}ﬁgé?{eoﬁlﬁ]ﬁ{%h%rf%%%g}éﬁoﬁt@gwggﬁn grﬁli?rasl"glam?(% C‘[%ﬁﬂ(:ﬁg’sol ution for at | east
two hours, and the solution is agitated using ultrasonic energy, and

pr ef erabl p)t he sol utdeposithgs aaldyendT platingm oéntbr the 6RAked eurfaceCof 4he A net hod
as recited in any one of the preceding clains, wherein the platinum |[ayer

i s heat edCP’Glpan‘i“én’ﬁ‘grt%qnure of from927'Cto 1066"C for fromO0.5 to 2 hours
prior to formng the second alum nide coating. 5. A nethod as recited in

any one of)the precegtinify &ketol8 aluhIRI8 thatilp®nthébirféBof iR BmpdRARS t ed on
the surface of the conponent has a thickness of from5 to 10

2. A method as recited in claim 1, wherein step a) comprises immersing the
component in a solution comprising acetic acid, preferably from 4% to 8% acetic

acid.

3. A method as recited in claim 2, wherein the component is immersed in the
solution for at least two hours, and the solution is agitated using ultrasonic energy,

and preferably the solution has a temperature of from 66°C to 77°C.

4. A method as recited in any one of the preceding claims, wherein the platinum
layer is heated to a temperature of from 927°C to 1066°C for from 0.5 to 2 hours prior

to forming the second aluminide coating.

5. A method as recited in any one of the preceding claims, wherein the platinum
layer deposited on the surface of the component has a thickness of from 5 to 10

microns.

6. A method as recited in any one of the preceding claims, wherein the second

aluminide coating has a thickness of from 25 to 75 microns.
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mcrons. 6. A nethod as recited in any one of the preceding clains, wherein
the second alumnide coating has a thickness of from25 to 75 mcrons. 17

7. A turbine engine conponent having a netal -based substrate and a pl ati num
al um ni de coating on at |east one surface thereof, said coating having been
upgraded from an alum nide coating originally on the conponent by a nethod

compri ST ng: 2) sChEaNk b dofRShoR BV 866 Shed NELSOIDANEN phfinfg™Ve MO

corrosion -~ products Face & Al

coat i ng; ta)undﬁmexbhmnmomaﬂ layst one bugidcat theveod, @mﬁ@oaﬂi@ Edveagwb&naiprgfaﬂe@ of the
conmponent;_ and then formng. a_second al um ni de coating on the surface of
the conporiomt an gump fﬂ?ctﬁtlﬁé Oegﬁlaﬂiéoe enf bYagpethedi CORPTEIBE ' m 7, wher ei n

step a) conprises immersing the conponent in a solution conprising acetic

acid, prefgrably frem4%y %Pleaﬁ%l@%&tfé& (ﬁ'Qﬁéijngﬁ'on@ﬁt tt)er@iﬁBvém cBH‘H&@n 9. A

turbi ne engi ne corrponent as recited in claim whereli n the platinum
| ayer dep@siduct fvm thesurfarel witkous damhging thepduremiderastivg;t hi ckness of from 5
to 10 mcrons. 10. A turbine engi ne conponent as recited in claim?7, 8, or

9, wherei g the secong, fLUT,nL 08 S9aLNG.R5E MY GKISSS il QAT 1O 75

component; and then
c) forming a second aluminide coating on the surface of the component.

8. A turbine engine component as recited in claim 7, wherein step a) comprises
immersing the component in a solution comprising acetic acid, preferably from 4% to

8% acetic acid for at Jeast two hours.

9. A turbine engine component as recited in claim 7 or 8, wherein the platinum
layer deposited on the surface of the component has a thickness of from 5 to 10

microns.

10. A turbine engine component as recited in claim 7, 8, or 9, wherein the second

aluminide coating has a thickness of from 25 to 75 microns.
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