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UPGRADI NG ALUM NI DE" COATI NG ON USED TURBI NE ENG NE COVPONENT BACKGROUND
OF THE I NVENTION This invention relates to a nethod for upgrading an

al um ni de coating on a used turbine engine conmponent to a platinum

al um ni de coating. More particularly, this invention is directed to such a
met hod t hat corrpri ses cleaning at |east one surface of the conponent to

renove hot c Si roducts fromthe surface wthout damagi ng the
al um ni de co %@D%Sggéw g(P%tIN&OHI%EHJMW Eﬁ@rglﬁeaned surface,

and then formng a second alu Weosgait ng on the surface of -the
conponent. The invention also relates to such an upgraded used turbine
engi ne conponent. The operating environnent within a gas turbine engine is
both thermally and chemcally hostile. Significant advances in high
tenperature all oys have been achieved through the fornulation of iron,

ni ckel t hough conponents fornmed from such
alloys o ten%@ﬁmﬁ@}gervi ce exposures if located in certain
sections of a gas turbine engine, such as the turbine, conbustor and
augnent drhis Aveation felses W iaomethsd tfor Rpgtadilg M@lu&ﬁﬁlﬁa%&tlﬂé o8 Ut Risglonponent s
w th an %nw ronnmental coating that 1s resistant to oxidation and hot

corr osi SHPIRSERgHgeomRpRent tea Blatigumdalwninady seatingr  Mirespprtiewleds thiscl ude

di f fusi Y(vvhere M
L 111 O TS W 03 0 AN NG Pl GORRRINE a2l BB AN, (v e

al umi ni diee coapanegt toDwmong hhi ghrdsenperodiats Eoax thesurfacd mthantrdarﬂalgﬁge coati ngs

forma protective al um num oxi de a) scale that inhibits oxidation
of the 516 ]ieﬁﬁr“élﬁ(‘fo?tﬁ’@ aﬁ%‘#}%% (Y§E|B platinam exte th clsaned sWHase.d®dcoat i ngs

“ate par ih&ubRmding 4SRbstd ﬁlﬁﬁmﬁﬂ@‘(:bgﬂlﬁ@ oﬁrﬂéé RN b AkhP LS ﬁ&gégf)ﬂl"lgﬁ oressur e

conponents equi pped with internal cooling passages, suc

" tur bi ne ibieaties also klgetivsuchimupgradidnisdé twhint iengise apmparsine t o provi de

environnmental protection without significantly reducing the cross-sections
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chemicaily hostile. Significant advances in high temperature alloys have been
achieved through the formulation of iron, nickel and cobalt-base superalloys, thbugh
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—ﬁressure 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.



1 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
ingestion of sea salt. In the latter situation, hot corrosion typically
occurs oHOohgerresen phgag thibingengingdeosnnomanty aveeralin deeurs oviint sulfiis apdher e sal t

deposi t s, Q.4 - . sqQli r. ki gui T I.t _deposits can break
down t he™° pr o[} g%:c? ?i\[}éﬁé?%%&ﬁ%oggglfgn%ﬁo@ﬁ% %'tﬁ{ﬁﬁ &?aaiaé)og?”i‘%gforﬂdggsﬁft ing in
rapi d atémakd afbstquentlg eaddkethe dduipod@nis eitkrRBat SQRces T isulin &ld Jodivds

upgr adi ng of used, turbine engine conmponents, alum nide coatings typically
are conplossethreactinng delids igpuBteciHnpe hiwh being sambusied aspwell s thegntale azi ng or
to repl age aed t.| : 1Ni I appl i ed
by any sui togE{ﬁZ pr%gggsa!.n&%?@/ngr%%t?ﬁl ‘é‘%ﬁfére gg%lgnﬂlgtp %2‘3@??%“@@@&}@%@??% coati ng
ar e r enpiypitally bbcurfen hotsdctign tbihiesdaticahd ganef ulenphelitdns wesrealng an
alum nide coating froma turbine engi.ne _conponent is that a portjon of the
subst r at Poﬁlgstﬁ?%?essqf wed %hﬁhort %ll@oélfhen‘ij‘ﬁ Pels @anbrsalgApyRdhnit |y
short en gBRclsehilimih §610%n thba aﬂﬁ%h ki ih& SH thpi '

t echnol o%i eg have t;een proBosed Lby ig%m%’f‘f%fsﬁiglh%%ar%%ﬁi%ﬁ%e%ggg%i ngs are
not renoé@dngbut instead are rejuvenated to restore the alum nide coating
and the environnental protection provided by such coatings. However,

coatin J: i on t nol.ogi es for .turbine. hl ade and vane repair cannot
horlsad Dty EOR et SEARRERE B rpBlactit O B ShENR, Fkne SotFudreehc
- 1ej uvenatledinidoedatings tpIH R0 2uiPldicly GBEbTR focAREYF BbMpGifent HgRM By bi ne

engi ne conponents that have been coated with alum nide coatings can be
r ecoat edVelifitg 41 eTing or 49 denlateadanaassdi Geghngso Ansovlintnide soptre sty

oxi dat i Qfjen HEShSiiA r re F_ { pically
vl ve TanBe Bl e HENE profilt, Py By ERARSE prohels AL B g
bl ast i ngoating titeerermwed aviitc e coating. Mslisadainegeadfaomplétbigsenpringegses of ten
result in the remval. of a Borti on of the substrate |,
‘ aluminide coafing from a turbine engine component 1s that a portion of the substrate
metal is removed with the coating, which can significantly shorten the useful life of
~the component. As a resuIt; 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 {0 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 p.rocesses often result in the removal of a portion of the substrate

nietal, 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 alum nide coating
wi t hout damegi ng the coating or renoving a significant anount of the
substrate nmetal. BRI EF DESCRI PTION OF THE I NVENTION I n one aspect, the

i nventi on Thas. dhese ist pceptinwipg sepd for 2 upsghod dp pgrade 21 Uwhinid¢ecostngt dnngussd a used
turbine enghhe FARPRRROkert & 2pRbiRinl DR Wl dﬁthﬁ)%ahﬁging # Baditdiod
conprising: a) cleaning at |east one surface gf t he conpohent to Trenove hot
cor r osi on RO ignf ficgphamopet of thepulsbatpinedbut  damagi ng t he al umi ni de coati ng
by i nmersing the conponent in a solution conprising acetic acid, wherein

t he sol ut ipaehassariraidRE e nefelition 49C to 93C, b) depositing a |ayer
of platinum having a thickness of from2 to 20 mcronetres on the surface
of the conponent; and then c) formng a second al um ni de coating having a

t hi ckness 1PRg 3speh s ipysntyep a@?&%’ﬁlﬁfg%d fop Hrgrasnesanrafuieipide FORHRBORHH§SONent . | n

tone exanuging B coRPnent 1B 8 pRiihsn ﬂﬁ%&%@atﬁg!@ﬁhﬁéﬂh&d%mbﬁﬁﬁgl@di ng an
al um nide coating on a used turbine engine conmponent to a platinum

al um ni de coatipg, said netho C rising. a) cleaning at |east_one
surface o the C@%ﬂ%ﬁ{éﬁft% ?%ﬁ%@éggﬁi‘np@ﬁ?‘}t&%@ﬂvelﬁmﬂ%épgpfo%ﬁ o surface
W It hout dawegirfage Whﬁotﬁ|déﬂiaglh§|_ehecﬂg§1ﬁﬂét& &tind Bﬁﬂﬁ]ﬁ'iieﬂ;ﬁlgt Jhef&@llamnem aihn a
solution conprising.acetic acid; . epgsiting a |layer_ o .Aatinum having a
t hi ckness S “fnr"BWPgﬁi’&ﬁﬁceti”tc :gggﬁpt%OBﬁ?ﬂ%ﬁg@a}ﬁ{a&H‘f ﬂ@‘ﬂ@aﬁé‘agéfﬁface of
the conponent; and then c¢) form ng a second al um ni de coating having a

t hi cknessbpf f deposih®ataydrf ptatimh Barlingl:DBickheds OMEondD td MemiBinicheConthe t he
corrponent.wgn pt her as _ec(i the invention relates to a turbine engine
conponent ® a\??ﬁ% SCMPPATE AL S substrate and a plati num al uni ni de coati ng
on at | east one surface thereof, said coating having been upgraded from an

al um ni decroat fargingrai sg¢ond hluynimide dohengdaring aelitknasiofi oS ta B wdcrometres

on the surface of the component.

In tone example embodiment, there is provided 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 another aspect, the invention relates to a turbine engine component having a metal-based
~ substrate and a platinum 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.



met hod. 3 DETAI LED DESCRI PTI ON OF THE | NVENTI ON As used herein, the term
"alum nide coating"” is neant to include a variety of materials typically
used in coating netal alloys (especially superalloys), or which are forned
during or after the coating process. Non-limting exanples include sinple
al um ni de, nickel alumnide, cobalt alum nide, refractory-doped al um nide,
or all oyﬁ ?”E sing one or nore of those compounds. A "platinum alum nide
coat i ng" PEdAMBED ARON GHTHEENEENIIAY furt her conprising platinum
The substrate of the present invention can be any netallic material or
aI loy ty oheC e:.C dds

"met al | |J§kq%’gdfi glregéﬂtioﬁgcu%??r g%%lgﬁ? a%}ﬁm e 16#?%‘% r@&r nezg%gpaﬁfe{)al or
net al al ietesialsypicaliyl wsed mmayozing onétaicilloge (&pemallmmperﬁbyd)l orcwhiohpanent s.

Non-Iim' in xanpl es .of nmetallic mater I _co rise at e el ement
sel ect ed g%%f’ﬂ@)é’f Gt S EPUB RY OB gpgamp,lie%@ ud%a?‘ﬁ‘ﬁr

chr om umludnidi@s)inidRel aRchiMiy! dHbaR ahgneR! re(ﬁeac&ry-déﬁe”@ élluf.ﬁgdé ot alidys O.f ten,
the substrate is a heat-resistant alloy, e.g.,” a nicke ased naterial or

cobal t - ¢EREHingaansar anore Sfitiosereoapiunids. Ar‘iplatimuor albmdndmcaaang’bw heef er ences,

I ncl udi 99 313 and 6, 723. The type of substrate can
vary vm yléu%alug@ﬁ@%&a ?%‘%I“SOPRBS’P%PE# M5 jet engine part, such as an
airfoil conponent. As another exanple, the substrate nay be the piston

head of Bhedsubstedtc efidiensresent irfveiticat &g be ababiBicemiteasl drl gy ayfiealy- r esi st ant
or oxidation-r S|stiamt coating. The substrate nmay. also be in the formof a

hous enarkEofeeist é’én@“m%la%tﬂ@ %Pseéth‘?@m»l ﬁtﬂr’ﬁh@ igfers by sppirates that

- equi pmentre pﬁﬁﬁnﬁ?ﬁoﬁhlﬂ 6f Hi@fa? bt fHeha'l all ?]H Prgaggz{l% qéclu&é( Bl h(l)ﬁ/— ni ckel -

- cobalt-, of 1ro
favored m@tallllmcgmppnmtmr Nangiemuagpkamples oﬁmeta]]lnema&mlsedoamé at teygi cal |y

based, houg n|c ased oys are

ni ckel or bal t s, t.he single eat est enment in the superal | oy by
wei ght . $4° c gre rga'sgk&tegu%%rpaqﬂ? §%§I‘ﬁt‘§‘g |% iFQRy eoRplL) Hglsl alumEIm. 4006 Ni |
and at |&?&ﬁxuﬁﬂﬁt&ﬁﬁﬂ%ﬁ%i}cﬁﬁéﬁﬁ&@gf(fefg(?,rﬁ‘tatxﬁl%ss%&'}bp consi sting of

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 Jeast
about 40% Ni, and at least one component selected from the group consisﬁng of
cobalt, chromium, aluminum, tungsten, molybdenum, titanium, and iron. Examples
of nickel-base superalloys are designed by the trade names Inconel®, Nimonic®, and

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



cobalt, chromum alum num tungsten, nolybdenum titanium and iron.

Exanpl es of nickel -base superall oys are designed by the trade nanes

I nconel (r), Ninmonic(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 corrponent fromthe group consi sting
of ni cke hrom ym al y den titanium and iron.
Exanpl esh”?ﬁeﬁc,sBBgPﬁ 35&‘5“3%5?% E‘]rdﬁlaF az’Pét g@é (g‘h # 1835t OB ComReReNt nanes
Haynes(r fonNa%Zabay Q:Bﬂsnstﬁtgeéfl 1‘1151%(“%1’@1’&%' ﬁlhﬁﬁﬁu@xf %@lﬂfﬁ %dlgﬂd%h% coating
on the substrate may be appli In a variety of Tocatl ons o conponent .
In the chbeiush, aadtivonbiFramphei qf@obalhbaaedaupangluys aof designajegd|biyeitle arade onbust or
i ners, conb tor ai rfai.ls, including buckets or bl ades,
nozzl es, ™ (goﬁ%?@lo a&gﬁigfe@aﬁ?d&@tmt@d on the flat areas of

substr at es as weII as on curved or irregular surfaces. The coating may

al so be fae aRehifide cbfirpUe Beeabafatd ﬁ‘ffa?fb@ Pph&ial‘ﬁ'ati/z&i%ty Bf Idagticudhent 4 at es,

e.g., indentations, hollow regions, For exanple, the cavities
can be i FOIRPRICHE I the casg @if altu @Gleina@eﬁbpégatmg is efiprearilicd opaonRysways,

whi ch ca Y Qut _76.2 cm
in turbi ﬁléé}geﬁ)g?[ﬁ%&;?? 8% I?Jh%%f%ﬁéll%ﬁ%%‘g%ﬁlgﬁ H% egs ?aljl @%@e i H‘ézzigafuildhg w | |

depend owargsyv dhe ebatingfcahdetfonsi onl thesfat aidas bl eebstrhies,| @ Ralhasadn aatad ce tine
for the conponent, jts t errral history, and the particular conposition of

the coat PhirgHar SHHISFat e ¢ating may pleo be dermegl wa§hf'asurfaep%reﬁét§§rmh t he

-~ range of ofyimia tﬁ@%ﬂﬂrﬁt@?r@%t ﬁxd@f?@ﬂ&nslﬁgﬂéw(f%@&% :ﬁB egag‘o}[ e&arnﬁ about 10
-mcrons to about 100 m crons and nost ten om a mcrons’to about
75 ni cr oths.caViiies prederin thefem Démaqaalomodiag lmlamtrtmmme qnp@agma)g an

al um ni de, cpat | on the used. gas turbi engi ne ,conponent ‘to
a plati nYﬂH"ﬁ ﬂﬂﬁ%\’ed@ s f? taﬁP ﬁ) “gﬁeﬁ(ﬁtéo‘ﬁgﬁﬁcﬁ‘i’g’rﬁ“ B9 ude t he
hi gh anded fFfesure turbine nozzI es and bl ades, shrouds, conbustor

| iners and augnent or hardware of gas turbine engines. Wi I e the advant ages

of this jnvention will be described with reference to gas turbine
The thickness of the aluminide coating will depend on a variety of factors. These

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
aluminide 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



engi ne conponents, the invention is generally applicable to any conponent
havi ng an al um nide coating that would benefit from being upgraded to a
pl ati num al um ni de coating wi thout 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 w thout da ing the aluym ni de coating. The cl eaning step may
i ncl ude E’Bhﬁ?ty?@ﬁglﬁé theo"HEIgE? SePRg {heclsting sler myy acladeserddianitidhr ocessi ng

through gagslhtmeaut ngijfaﬁ%% BE cRhhdd b}b]lﬁl%ééé.sfﬁgit%ﬁ EheBs ’a&{omé o gy the

conponent in a heated liquid solution conprising a weak acid, dnd/or

agi t at i niglasting operafianse Snwkrsipgthe oopporent invihhidatedi liquidesvdiitivg: dompeisagch i n t he
solution. ILn this nner. the hot corrosion prodycts on the surfaces of the
conpone n‘pe%%z?’?lcg é‘n?j}éﬁﬁ@gg&mﬁntﬁ%% ac ﬂ’iraréf’ HBmBPg‘?“é ﬁg\# AGTEHEHTP S on

al um ni dig the @ButiBA. _tﬁﬁﬂhﬁl&e},hﬁe%fc@ﬁ@si&fl prdtRickO8P ARERIr IRy oP‘%&ﬁS' onal l'y

result in slight pitting, or in a sna anbunt of corrosion of the

subst r at@mpeperircanget sgpioved Witheubdamagingbt yeromiifip the diffasionsdaninédeei n,
"uniforrg%aréosi on" refers to the renoval of a very thin, continuous |ayer
of the subsSt ‘ate, usually less than about 2 mcrons in thickness. Uniform
corrosion and slight pitting are not a significant drawback for sone end
uses of Cleeningthestifatesnf tHhtd@npdehNmePoddagishallydrctdlItinQdight FiftECo0h aSever e
"pitting", which results in_ holes in the substrate, often to a depth of at
| east abBill FBoyRt of sposign af theywbsate. ovhich irepypifally substantiaHy amifermr om about

~ 25 m et ofSuldd iRRAN O " LeR Y GRIPARICL RIS i ChuBhSln MY be
~applied to the conmponent in a variety of  ways. In so ehbodinments, the
. conponeraydrsofi theesubstlate.cisiadly lpsy thaal hbyouor2 fmibdoys ihnthicknkst MUmforinhe

conposition.. | rsion.in this manner, (in any type of vessel) oqoften
pernits ctoﬁgs"ﬁlflé‘n% gEghthé@pgéir%po%%ﬁ{gg@c r@%’é%‘%ﬁ’é Seg‘ﬁﬁé'éi ‘%SP%H?Q’Ed t he hot
corr osi GibstRkQAUES & CloNtadtQBTHE SecuthRBed BIRAREN i PEMIAWREQR Nt 0 the

"~ bath using a suitable rack (for exanple, one having a polypropylene or

ot her ndwlesdndcsubsieate.safiendo ) daptino! atdnadh ebouti Benicrons; embusnailygo @onponent
after t Qﬁpﬁﬁﬁ 'tl{eergnéenorﬁosnll %Qo&t IZgEmicrons to about 500 microns.

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 fhe 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

6



Is reached. Imersion tinme and bath tenperature wll depend on many of the
factors described above, such as the type of corrosion products being
renoved and the acid (or acids) being used in the.bath. Baths conprising
the cl eaning conposition are often stirred or otherwi se agitated while the
process is carried out to permt maxi mum contact between the cl eaning

conpositign and the corrosi oaqgaroducjts bei ng renoved. A variety of known
t echni qu&dll ¥apy hyeed e manyofdhg Lackus gysussed alayca On s pogmpseyd [spa.sthe

| t . . . B . . . H L3
B T ——

circulation-punps. Imrersion tinme in the ba ase

t he f act eplg adiong iws @d naye veps.On somoambodimehtssthaltetal inmersionmtens wdih t i me

wi || usual L.y range. from abo 1 hour to_aboyt 10 hours,, which may be split
among twhe SOTBRNt L5 43Eboyt> e ahis ngwtiﬁ,out B0 B4 Haior SPGHRT ¢ e vi |
be from aReYtwikhi® the aBHRUtarRed Prdriote! HBieCBbthylele’ RMARPYE tBe (BrBRoNt 4

hours. Longer tinmes withinthe above ranges pronote nore conplete renoval
of the cprodoes bnt car cuiee dembge tocthe watisg andomgdstratet HEusp i thge,athd/ or

substrate. Thus., the 1. the concentration of aci.d in the.conmposition,
and the. censpirTien o St fibe bEfpatRet an 1P beRneP R B s Bre desi 1 ed
bal ance hgécterl pieviidrine ReiréEPANRe RiwddAanHemiARE Ritnoval OLHHE (corra8en

m nim zing danage to a _particular coating and netal substrate. In one

embodi meRodugts spdirinamizang damagedn a patichlag soaiingandmetalgubsiraiel ution, e. g.

white vinegar, which typically conprises fromabout 2% to about 10% acetic

aci d, mofifond HMeRhi, 4 HWRdk aBAYbnAEh! QicARO%h aﬁ%@&cﬁﬁ 's&luﬁ&il,de'.%,wafhﬂ@' ght, is
ot pro enper at’ures,

u~sed to renove corrosi on ucts at certain

" suppl enmevineghrwivhich sygitalty emrprsys tiadm ahoutf 2| tovdbogt 40%Lacktc acidopdiré | oni ng or

activation. sfep. Advant ousl y, .such. wea acetjc .acid solutions do not
attack aVBIER mc%%ﬁ“it ﬁ%g?o 5@9%3/? iaﬁfélcr@“t\;ﬁfn‘é(ﬁgk}h 151113%51!{[0 LEAYE ole coati ng
i nst ead QfrrRRAPHBHSLS %m%ﬁﬁjn]?fe{r%)_@ﬁhﬁ%téupﬁleﬁﬁﬂteﬁp@ltb GGt fgi@tiomew

coating. Another advantage of this invention is that acetic acid does not
foul walllewstzer surfeca penditibziog |drt dctivatiemdiepanAdeadagspodgdsuh wethout

concer n [Q5; XEESAG, o8l PURR L QUGS ol g M BhidiOf rSORSEAL 8 Lons 11

wast ewat et cc?Piﬂng,“f’é £ P £ 1€
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
suitable 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 1mmersion of the component ensures that all surfaces, including any
intemal surfaces such as those formed by cooling passages, are contacted by the -

7



treatnment of this invention is environnentally friendly. Wile vinegar is
generally preferred as the treatnent solution of this invention due to
avai lability and cost, it is foreseeable that stronger and weaker acetic
acid solutions derived by other nethods could be used. The process of this
invention typically conprises processing a conponent through a suitable
surface pretrea nt. .imegsing the conponent i n_acetic agcid solution at
t enper at*g?lgémbf L[?Eowfﬁﬁ%?u?f %O%W%Onﬁﬁtoﬁ'nt% t?‘?% rggttgtﬁgu?ucgé’é % UEBSRRIC 790) |
though tRAPE NS HIIRTE: IR NRRBreReN brobdlk fAnd kA¥mibabathridds 8afabout 930)
are believed to be suitable. Wile different solution strengths are

possi bl epargeeterscfogeindultressmée plepring oneration camdegeadilyi asacriainedt fypthoat |y from
about 4%4. 9 i ght ete | sion of the conpaonent
enour es PHlld 3 the 346 23 "EORH durnDRILE oflFea B B, e8P EHER et hose
formed byubjatdd todhigies sAgasnicasmergasielst edndlly hetwo he® difrtivh. ustdpea sur f aces
of the conponent are_then agitated, such_as by ultrasonic energy, to

di sl odgeS¥PEKHYAypHes Blirasomse cleprer iy Biicigat o arppoyRn mainsity ab s hosyi t abl e

paraire! CksirdsRin Aflabtt ERSALEY SLERA"H n AREAALINAA0 ROuLeAdl amepper ' al ned

by those s Int shorter durati eI ng possi bl e when
t he conptmmndboustweitbjtent & thoulsi aftearensires asapict: enevalyof lex ebsosiéener al | y,

a two- hour .durat.i,on .usi a.comercially avail able ultrasoni.c cl eaner is
suffi ci ePIrtOd‘t“gS'?% ng SB?‘FP&%‘P&%" On%ﬂ%%ﬁ%‘xy presdoatswetseni cal |y

bonded t g aibtRdrWHidbEerifR bl fRfhové the GadHFEMid tsoiRioR frorh 'tRMABRUE add© tO

about four hours often ensures conplete renoval of hot corrosion products.

. Fol | owi nextemalrsusfoedseof theeomipagent he conponent is typically rinsed with water
“or another suitable rinse to renove the acetic acid solution fromthe

Jinternal In‘%h% en%%tdﬁﬁgiﬂl th%%li]e];ar%ﬁl%zcrorgﬂ;pogilﬁgn g&ﬁ%gﬁ%ﬁg%g%g{e%%gggg i f%nt , the

cl eani ng comnposition Turt I'ses ng agent

reduces whiging ugdmealucentbic eirfafe thildtorCNThO Sohbeuition) pedmitiingn@ti&&dohgict cont act
with the substrate and the_al um nide coating, particularly on interna

sur f acesWBR thestihiratpgnd G aluningdscogiang padiciiagyon iptsenahpuficas efeneight i ng.
Sui t abl epéi\fé:[ {o iMbr AL Ak sih g 6F Hil& tuminide coating. Suitable 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

i = | 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 kgffcm?),
typically less than about 20 psi (about 1.4 kgf/cm?). 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 corn cob.
The average particle size usually is less than about 500 microns, and typically less

than about 100 microns.



pol yal kyl ene glycols, glycerol, fatty acids, soaps, enulsifiers, 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 wei ght, based on the total

wei ght of the conposition. Renpval of the hot corrosion products w thout
damagi ng the alum nide coating may be acconplished by various other

t hod in the.art.. le, th i t b
Feroved 1 ant BBefE i Eorded Pl B AR petiof pufiidnd 1 Sufier e hipSe on st ep
that m npridaes. deH¥bdRatich bhgriCHaktinglin fifs ARbSKARR ®ili béhl @ vdridak asting

can be carried out by directing a pressurized air stream conprising
al um nunfasiargie In gbg cisel efsamalupyride [eating haideg at thickpess sfufrem gbohe 88t han

o2t Sy 5 T Y A

bl ast i ng60 ee@nds fedbaht 020 steopdy, Wheh QElSHE An A [Rbisticer fras a¥&ll20as5i silicon
carbi de, gl ass heads, crushed gl ass, sodi um carbonate, and crushed corn

gl.
cob. Th@%a%}-éd@f/ﬁ@?} focahout 39 dsiyahewt 31 ikgt/rmssandherit pasiicles BowgEer ons, and
typicallgérgg%ﬁl : ] - The grit blasting is carried out
for a ti rr‘{a pe |aoda§§??ﬁfg];égesnttigr?%ﬁgrugrrir@?/%n?rﬁ%&corrosi on products. The
duration of grit blasting in this enbodinent wll depend on various
f act or s. Altprnatieel gameegiroeassel usmignit Yrstmpiiomgtonmid treptmetthiv gphetecsms and f r om

bout 50_ _mi to ab 00 mi . grit blasti i | | 1y b
earri ea BN pisficRoat o TRCURILS (e AR SOMBRVEILS TRHEHY ut 1| 2i ng
an air pregiiail @ghided haBral OYpecs cRimay ARAYS bd takek 9 peTl: did bBRANE 30 psi

s (about 2.1 kgf/cnm) and .grit particles "having an_ average particle size of
T-ess t hatrmassde thoguminidoptective epatiagi Wongoverognit iesing sewmt geeerglly t

bl astin I.Qr i . n o pretreat and activate the surface, and
atter oxbielo b REicBabUORbREILs FaPiiirif Bes MR FE M ¥ Ei Al paitly: e

‘mat eri al ForSpeaipt, gdy blasing Roalll hot be surkis fop uge evant iBkiral Rbakigd Ny

damage to the aluym nide protective coating. Mreover, grit blasting cannot

- gener al | Rpssagss od dugh grosaisarbiny Pladesowhsreothecerdt patntes sowldnbloclhdksages  or
caviti esm{e?nf{{gﬁﬁh farts. For exanple, grit blasting would not be suitable
for use Int |n%ernal cool i ng

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.



passages of high pressure turbine blades where the grit particles could

bl ock the internal 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,
metallic or ceramc fibers. Alternatively, the surface may be polished
with a flexible wheel or belt in which alumna or silicon carbide particles
have beer SRBEJEEENCES] HiGi ePTESICRSPIEEUGIR MRAY Be SeHRXPdpyY adBercored f6!VRheel s or

belts. %%ftatﬁ:?ﬁ?@%.,ed it HGY wilYa ﬁ)ﬁcé eat)éf’ﬁlaﬂrtggt ﬁowﬂ%ﬂlulsjn% e HRRLnRONI Ng
process. These ternative techni ques can be controlleff to maintain a
cont act fienhosjuagaelfisiorteiempkutistsubstemts caf be enmbiaed irsa hathghads eapidlipan t he

force used in the gentle.qgrit. bl asti JLechnique .discussed above. O her
t echni quégrr_ﬁ@)?”‘gé aeFH?FJB 1tsélrﬁeéib?rer}gﬁ_egm‘gogglﬁﬂ%r%oﬂﬁ‘itt at éwéfs’%xarrpl eis
| aser ablytdsemicly SthedsHeS i?&e'loc'ﬁi %ﬁfaﬁ@h")ygxhﬁaﬁénn?an%gfaﬁ%%u@%ﬂt'h@' may be

scraped off the 'surface. |In another enbodi'ment, sound waves (e.g.,
ul t r asonidegradedgipterihiic shakey loasei dianatach fof dinesa raltainatives tachwighesy thosean be

directed al, nst, the su ce to cause vibrations that. can, shake .| oose
deqr aded “RERLAT T 58 i B Sotlef BBlopeem kPRt B FBUBE RESR 19 “be
renoved RynteolMeCrad@QARE ISicY GappHed 1tat theNsubBirte , todeHihigdixeD ﬂafﬂag& t@ therce
greater than that produced using the ultrasonic technique itself. For

exanpl e, alugnilgsetting e can be imersed in a bath that is rapidly stirred
with a mechanical stirrer (i.e., for "general agitation"), and that is also

ul trasoni J, ks (] e | L") t .can be

.carried %?Aﬁu%?]?l%bélh‘%gma%%gg%&gamSlen%icsg'%p @%éﬁg éeanolrg%l(ﬁ% {hl%ocpﬁggg of these

“al't er nat puweluteohithopt dsmaging ke cedtinlgl €bhis mdayhimvalve cantatithdothefdogiddedr wit h

operatin djustnents that cap be nmade.to control the relevant force
el

appl ied - A0y AAEEOPH SHUNOHT SRR S FeHPBe 2SR U NP RIBati ng. I n

sone enbgdiviRiche ghRoLNcBRE Palyeihiind G e THEBYetHE: %?ﬁ ishRuiiB PSert he

corrosi on roduct’s w t hout damag@i ng t'he coati ng. I's may I'nvol ve

cont act i aga tevel efdipradbelit 0.1% to about 5% by weight, based on the total weight of the
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 remaining thin layer of
‘more coherent degraded material may be removed in another agitation step, or by

“again contacting the substrate with the cleaning composition.

o - Tn other embodiments, the degraded coating may be removed by including the step of

o 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 potassivm hydroxide (KOH),

| sodium hydroxide (NaOH), ammonium hydroxide (NH4OH), lithium hydroxide
(LiOH), triethylamine ((C;Hs)sN; TEA), tetramethylammonium hydroxide
{(CH3)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.
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material with an aqueous sol ution conprising a wetting agent, for exanple,
a polyal kyl ene glycol such as pol yethylene glycol. The wetting agent is
usually present at a level of fromabout 0.1%to about 5% by wei ght, based
on the total weight of the rinsing solution. R nsing can be carried out by
a variety of techniques, but is usually undertaken by i mmersing the

substrat Ln..a tate th ution f a tine period
From abodr Tl BB @ Rdps Bt asmiiph dle AL SRbLiRi 8l s fnaiePBs  can
renove Choliticn mpte@pRed baka0d@do dboaMmivhaysRaly Mem DO T58HRI ol thin
llayer of nore coherent degraded naterial may be renoved in another

agi t at i oA0%: @5’1'3 éYPlﬁf‘}lY Heai shoubd ¥ Hcta Abeut S Ysudfseauslie by weighhef dheani ng
SOt ki ARSI S SRR OB BV >

includin con |ng egra caustic

mat eri al aboﬁhaoowsﬁypmalrngaymai sﬁnmlasa(n to taheutsartaamranghialy faheatone surface
for any addltlonal roceSS|ng steps, such as a second cl eaning step.

Exanpl es 7€ 8w ©sCi nel ude pot assi um hydroxi de (KOH), sodium hydroxide
(NaOH), ammoni um hydroxi de (NHAOH), [ithium hydroxide (LiOH),

tr o1 nY! R eguctic GBlibANnay Belapphicd IRR! Mibk@REan 4 0NPIPXLAR, pld &) 2 MO

TVAH), and m xtures ther eof e contact tinme can range fr out
m nut es descabasiaboxe, Hb@us@?straﬂetlhmlﬂyon@wsadrmmm efthblcammcrmyltba sel ect ed

dependi n on t ertie uI ar ustl C, n d base
el B ot B e hafn iy Rt tf R bbbk Suftee stk 80Ty i s
present @& ARG £9 bwc@,g eﬁ@@rdtﬁér%nfdoﬁﬂﬁ&%%hf&& oth @logd 50%
~typically, rom about 15A)to out 30% nore typically fromabout 17%to

~about 25Hsedfto Jameve dhe Bybsiyeiegafter ghe td@éﬂedcmiqm tme iFtreachadist The sol ution

usual I'y f 00 pically from
about 65‘%%?t (ljéaé)lgg?f %‘é'}iﬁ&ll& agl{agﬁwcgp X R ggnf%ag Bvlﬂ %f%zg%bo%t O%¥5C. " The
causti c anbadimert, tHy isoeltragpid Sgtationt hﬂﬂte&mﬁélyahendre aggl\éédiV@hgitz@IBnWﬁyS but
as descriped abave, the substrate is typically inmrersed in a-bath of the
caust i c RGN as fessribed shogpananbiowschent , the substrate is |owered into the

bath using a suitable rack (for
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 eléctroplating, electroless plating, or sputter coating. The thickness of the
- platinum layer is typically from about 2 to about 20 microns, €.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 solutim; is Pt(NH,)HPO, having a concentration of about 4-20 grams per
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exanpl e, one having a pol ypropyl ene or other non-conductive surface) that
can be raised to renove the substrate after the desired inmmersion tine is
reached. The caustic solution is typically agitated while in contact with
the substrate. In one enbodinent, this is ultrasonic agitation.
Alternatively, a nore aggressive agitation, such as described above, may

b d. .Aft . f the hot ' f ting,
oot oss bt & PafiiRe d he pisigh g Phbtidedan i oBrafed s Bomt ool Smporss dua
cl eani Ngp&QIqubieTPot cﬁ&'ﬁéih% h@Rle SW¥fad€S The PlatiBlhagycrewRRhlid §/piily Adner

cleaning the surface of the turbine engine conponent, any worh parts of the
conponentbay Babewd4) missprsyihighk) pvedypioaldy bt § rmigrame thick,i is dbpasitagans. - . j

A layer gf ' ' en osited onto the.cle surface t he

t ur bi ne ghggﬁgh&ggﬁﬁgﬁ3%?¥m+%§%BFEFFﬂﬁ%??39%?°%%§m§§&g%@%§H?@ﬂﬁ “vari ous
met hods BIRE)N Tihe pldtidumaplited So@Pomst & @ftiohoy atbjdted Bl LEFfusiof Saclinat i ng, or
sputter coating. The thickness of the platinumlayer is typically from
about 2 hept dtsaleychkobybestiwsto ategperatrgafabenm tabgut /003h daebaw WS8Tons, whi ch
is often t:hA} | ' tQ.f

acceptabP%Ep é?h%g%%g Jé?ﬁ?ﬁgqéggﬁﬁhﬁk@%bgﬁggﬁﬁgﬁ%g %Iﬁﬁggéggaﬁ%%bstrate.
The depthsistéomd abfminhide cphtiig. num | ayer is typically acconplished by placing
a platinum conprising solution into a deposition tank and depositing

platinu romthe solution nto the.conponent .i.n an el ectropl ating
br ocess. LICOBRAISRY IS BAnIEdy,iOF EUWIRALSTEY 1S ajHRbds CoFite By SRR, ) | HPO,

havi ng a.16RRGESRE HAddea) Dﬁﬁﬁ%%j&vefﬂm@&l, O REEnP Bumidide bbdiBly RffoRh&f bHum The
-vol tage/ current "source can be operated at about 0.5-10 anperes per square

foot of thgcyun@gearofi the ecosmohemte e.gThen phese mgiorsafrem, witbchot sowrgsidrcal |y from

about 5 t 10 mcrons .t hi r.e icaldy.ahout 5 mcrons thick, is
Gonosi ¢ BafioHl el MRS G5t adfRlife WA AAE Hame B i 1" Shout
190- 200Fn( tlecait. GBffuACHumItide RoafinddUeinPbe apglicoBPaNeatiety Sofopkieaal |y -

subjected to a diffusion vacuum heat treat cycle by heating to a
t enper at WFldingfragk sememainn, arpwthe packs yepor FhsEs- chqmisalitapop depasiioabout

1066C) Tai Jlﬁméﬁﬁgtprgcésetsp I%?%Q&nﬁlebﬁfér(%mﬂ%%rﬂrma)p bIa (?aflﬂ?liﬂﬂied by a
' - pack deposition process (e.g., CODEP) or an over-the-pack process (e.g., VPA).
Forms of CODEP aluminide 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 difmsioﬁ-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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t he second al um ni de coating. The conponent is then ready for rejuvenation

of its al ushpbidfiréORldl Mgk RyvABYmEMAL RBh@itioA YR NAieR 96 ERfndl N9
rejuvenati on, a second alumnide coating is formed on the surface of the

conmponent ,expegence.drorekiypler ihgithipkneds am allsnoirhemted of e plominide oohtings ar e

removed. Techni gu f.ar. appl yi the new al ym nide cpating,are known in
the art. Do PUsONTaie ik st ronbine o GoatigdpmBeraiye, angof pluR i ot hods
i ncl udi ng dea vy cemBRE AL LK inahOYRithE BrdReek SivmaRdy, tRhas6unt ©F 8 RbG@Alaryapor
deposition, and slurry coating processes. For exanple, the conponent may

be al um ni%@renhin He goabne depewmnle Rt seo bde sentalled by eopeRhethickness of

over-t he- r {8a.4d.., . For f .al um ni de coating are
nore full gﬁgglgﬁsﬁlﬁ%g.&l{eﬁo eavslu%%@e]gmgltefﬁﬁs%}la a edﬁﬁé'& 540, 878; U.S. Patent
3,598,638 and U.S. Pat. No. 3,667,985. The alum nide coating may al so

i ncl ude a ‘Caivos tietrinalnsprast tecladigursvamtieh tenengloyadoioe thadeposidoly of eveelignt s, for
exanple, Pt, . Rh,. %ré% Pd._ Such conbi nati on (ioati ngs are described in U S
Pat ent 3, §P8nESe!l dgatFedo Jiamplesingiids vagtamaplagrasmsan(YIoD: 3pplaMASP#YT f usi on

coatings, (@p8) anAWREVAIELR 3L 4B (1 WEF £ 0BiheP 8hositiol tgﬁggtl@'%hm e ni de

or palladi umal umnide. pl"ati num al’'um ni de “coat i1 n e applied by
el ect r odepostdll, mechors sppiitring amigplpisiel vapor depdshmnsiBVIC e.g., ahattroh dram

al um ni di ng_t.h surface, dj ing both the platinumand the alum num As
an exanpl éjﬂ?"ﬂc%r’(@p‘?f Rosiffon ﬁ%#%ﬁm al uninide, platinumcan initially be
el ectropl ated onto the substrate, using P- salt, Qsalt, or other suitable

plati num gh eéth@spédt e ERlchifidrPREates! B aduSHREOR Rt @RipohBf haPindlal Hsta)-1 ayer is
diffusion-treated with al um num vapor to formthe platinum alum nide
coating. basadiubsieds and wplatinen afzminiderdsnties emal lsast coasoiestthereeh aaiing

propertieg, i i | Q?tﬁ oliEnL‘i and thick ar cified in
sel ected rg%%%gﬂagg{&en&? ﬁ o!ri1 @%q@ff elrrrlgde%rcz(i)ﬁl ﬁnr O%ﬁﬁfbﬁéﬁ glﬁvggpg’ﬁrﬁ;%nﬁt al
condi ti ondytahrethadpamgiting:s i ntended to experience. For exanple, the
" thickness and al um num content of an alum nide coating can be controlled
by varying the_coat i,mng1 time, coating tenperature, and/or alum num,
a) iminersing the componént in an acetic acid solution, said acetic acid
solution comprising sufficient acetic acid to clean 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 ﬁave a
diffusion aluminide coating that has been aftacked 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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activity of materials used in the coating process. Simlarly, the anount of
a secondary elenent in the coating, for exanple Pt, can be controlled by
varying the thickness of the elenent deposited on a surface prior to

di ffusion alum niding. Various thermal spray techniques can then be

enpl oyed for the deposition of overlay coatings, if desired. Exanples

i ncl ude .vacuum pl as ra \VVPS), air plasnma spray APS) , _and hi gh

vel oci t yokyORAer eﬁéﬁ?wé‘ﬁgre ﬁ@ﬁ&%ﬁ i B ACPRYA f‘qaégge'gng%&?a (et %as el
such as suEY. erid \Dnbiithr BRY $I08s arbIRAT sbFRAS th uBPasbRY Bhitatfordor a §GCL r ON beam
physi cal vapor deposition (EB-PVD). |In another aspect, the i1nvention

rel at es afdwa hoursbaftez vdngji the bbdspacemsehwithtap wateet al - based substrate and a
pl ati num al um ni de coating on at | east one surface thereof, said coating

by nerhot Hon el AR AU B FiE0RH) BBt BBl ol

sol ut i onumbdhg), #ecbiue-gagi cbloe@Hot coRoGONPrddating erbléd ot thaaides. acid to
clean at_|east one surface of the conponent to renobve hot corrosion
pr oduct d-ighiogHtttlestiag cam be used oHsmo Ve amatAmmnios dobFurmsiinderodest fragy b)

d iti ' : I - t;
and ¢ hert B e po oo, Mo VR Rl o BT RE T, B orRiackafigpiO L O
conponerdf the doating edjecdno those rdgiondifga phizhidiot eorgasor prodidieare nghoe:dbl ades are

obt ai ned that have a diffusion alum nide coating that has been attacked by
hot corrosio appears as a . blue-gr ol oration on the surfaces of the
bl ades) TR ot rpEeatiieRt P Wadeyay R pECIAI Y %Sﬂ'é{’]ta%t%er ature
et ween 4 anahe s¢rBlesalttkhd BARSS UTIR: BfadQeive®Bn ix%ﬁ%_réﬂ%p’iﬁ&@n Rsia (about

*-0.7 to about 21 MPa) with a caustic solution conprising sodium hydroxide.
Whi | e aeoigingy ioh gndilised sditalvinegdi sk ltemperantg efatoxt 48%C (atont 1 HEF)bl ades,

-hot corrosion,products. reml.n adher to. the al um ni,de coati ngs
parti culc‘ﬂellrjle‘f/ted gcr’l u?‘ﬁaeso%lgna lt\#éo% g?rf %é‘g[gl %ftvi’ch O‘brﬁ’aﬁfécg!.the?ﬁglsf{j] rvgghgapbl ades are
then i mwii&et dehidve Ao torbsion products from the blades.

The turbine blades can then be upgraded to have a platinum aluminide coating, as
described above. Since the present method does not remove or damage the onginal
aluminide coating, there is little or no removal of substrate metal. Turbine engirie
: ‘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 should 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
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-alum nide coatings formed on conponents that ar
“of i gi nal thalbass matddalc dasdcnnd eluntihide caatingds ﬂ@nrfeﬁrﬂlqd mnﬂnezbtedds b¥headkol | owi ng

in a container of undiluted white vinegar at a tenperature of about 65C
(about 150F). The contai ner and bl ades are then subjected to ultrasonic
agitation for a total of two hours, after which the blades are rinsed with
tap water. After the above treatnment, and w thout any additional processing
(e.qg., grit blasting or tunbling), the blue-gray col ored hot corrosion

product is renpved fr ades gri ca be used to
renmove atq lg%—ppﬁs%e ﬁllrﬁ’ gtj?dﬁ’l ?ﬁ‘tgl‘ﬁ?lb'd%?f’f%d thérﬁéﬁﬁ% Wrtant !y,
the vinegal 8@t @0nAQBSidd0tardt d18fled! RPSENNC Mok %@ﬁsfoﬁgbﬂﬂﬁctsol‘; the
coating adjacent those regi ons from whi ch hot corrosion products are

r enoved. Impegsingaist oY a@twoautsokuhawe:ompetsmgaamehﬂ—&‘/ea!cmdo heid domabolie

[ i e e T

vi negar @éltaﬂedttﬁliﬂge&l&hwhﬁ: Sfer &P ONaRD Gf pRifiakin 1§ﬁ%ﬁ)detpo§té@1 ACthe Blddes

ultrasonic agitation for a total of two hours hen rinsed with tap
wat er, tesing@Bveletmlative: process, pe clesaribedfahowet hBho | thigkeess Retheraw ne bl ades

can thegg)llaﬁmﬂ{fqg)?eg?%géégtteﬁao\ﬁ[e ogdfﬂl (L.Ier}](ilsw ldt%ﬁi’ ﬁrgigs E%W%SO gescrl bed

above. nce es Hot rermve OF hée " ori gi nal
al um ni de.0o®einchg, (abdue 5€10 mickddsy.l e or no renoval of substrate met al .

~_Turbine engine blades and ot her. conponents can thus go t hrough nul tiple

i | h | hi ck
i oTe Slibhinaaed ks e diar hetnrranat 2P0 BSEE 8 B8 Gor e
using t hﬁ)d@”@ﬁﬁﬁ%ﬂﬁfnﬂ% iH 8NRL Bl YufdaBe S8 ‘t‘l‘ta\{%l't@gfahh&nttﬂfégﬁff?% WAt | num

stri theilr

les | trat f but .sh d t b
const r ueermiegtign drreSo R L SRF PHRERL PRCy P £ bow% gpie HpBReAISRATgS oo cach
test sadgHof ak ShalihGhur 068! ETHA KRB sDdoMes Sdiahd AfisniBRRcodERd if Or some

time in a commercial gas turbine engine. The turbine blades are nmade from
a ni ckelabQéts&ml@%fer al l oy, designated by the trade nane Rene(r) 125.

Exanple 1 14

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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Two hi gh-pressure turbine blades, originally coated with CODEP al um ni de
coating and returned fromservice, are cleaned to renove hot corrosion
products by imrersing in an aqueous sol ution conprising about 4-8% acetic
acid for about 2 hours. The solution has a tenperature of about 150-175F
(about 66-77C) and is agitated using ultrasonic energy. A layer of
platinumjsg then deposjted on the blades using an electroplating process,
as descm’iﬁaﬁf a&BBR‘?@‘?‘%TH UPWPE}E"H% angypluppdedeas deﬁ?rd—‘teﬂﬂ%lﬁﬁﬂlﬁpgrza g¥4$85i t ed on
top of that §xiashiih GORER HeRatdalertS1ed0OH: 2 - 0.0004 inches (about
5-10 m crons). Thse pl ati1 num pl aat ee bfegges a?r th %dr'l heat treated at

1900- 1950F (about 1038C- 1066C) for 35 mnutes in a vacuum furnace so that
t he pl at Sampleibladss doated dostheiet methole atrasadizad én istatic alx ste20H08F gdboni ni de
coating s f d on.th | ades by..a.pack. cenent.ation process at
1900F (angult eﬁg%sg H??‘Z'JIF'_ ng??oﬁﬁageﬁJg?VﬁQO%/lﬂ%gﬁli ] S'&PEETFWIH@emd@n P & the

al uni nunbig@ssr ﬁﬁpﬁ)éﬁh@f tHeirCiReRdOtodthies 88 GOAMIRAI BYTcOhREHEOAIAulS about
30 microns. Sanple bl ades coated by this process ‘are subjected to oxidation
testi ng #lHminide precesses. at 2050F (about 1121C) for 47 hours. Metal |l ographic
exam nation of the sanples shows that they have oxidation resistance

equi val egtsdi Lhdbaiienk! 3¢CHid %%n{lgﬁg aX/ef Héel Y deiibbiP! v&er\]rgr O%%;gl nal

al um ni de coating an ep05|%|ng a plratinumalumnide coating’

convent i diselosune shodd noEbanipbme? tdve blimitesonos the eeqrsefithasncasioni bed in

Exanpl e 1 except that the_ aluminiding  process is an over-the-pack process
usi ng ch*%B“rﬁf‘E‘HE‘én ﬁ?ﬁl%rﬁlﬁl‘é}%ﬁ‘fm%s i@?%!ﬁom(saa@élﬁltem?m TR OCEUINOLIRE ( VPA

P ocess) skl Ak GPRBSpdrithS BRI MO Iofithd j,stance
~equi val ent to that of bl ad%s séri ppedg%lﬁ't%ﬁe#?ﬁ%?f%?ﬁg@%f%ﬁ%ﬁi é coatings
and then coated by a conventional .platinum al um ni de process. Exanple 3 Two -
bl ades are cleaned, platinumplated and al um ni ded as described in Exanple

1, except that the diffusion vacuum heat treatnent step is not perforned.
Two additional :
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15 bl ades are cleaned, platinumplated and al um nided as described in
Exanpl e 2, except that the diffusion vacuum heat treatnent step is not
performed. Sanpl e bl ades coated by these nethods are oxidized in static air
at 2050F (about 1121C) for 47 hours. The bl ades have oxidation resistance
equivalent to that of blades stripped of -their alum nide coatings and

recoat ed by conéﬁwgnal pl ati num al um ni de processes. Various enbodi nents
of this inventi € been descri bed. However, this disclosure should not

be deened to be a limtation on the scope of the invention. Accordingly,

various nodifichti ons m&ilﬁtﬁtpfoaﬁjbgﬂwingamdalﬁhﬁﬁﬂé‘%bbﬂﬁor‘i‘%hs@ﬁQ%in%%n?}ﬂ?e
an f e

skilled in the %’rr{;[' vm'trt]%ilft %&Rarti n'%f om the spiri d scope o

cl ai med i nvent i GHTPONEET i A plalinum aluriinide; ¢gting osaidimethad eamptsingt uni ni de

coating on a used tunbi nejeanmigna Ie&W@nmaéeoo@‘hB' S td! .n%\%elflth
e

coating, said nethod con'gri Si 2’87 a) cleaning at |east ‘one surface o
conponent to r éEPEIORRIOTUES fiom Bi¢ sirfsecvithqut siamagings thef aleminidet boating
damagi ng t he albytimmhéteingané cos it Je: i sol ution
conprising aceti ': aci dl,ngwher ei Roﬁhet nglbﬁjtnpgréﬁ@srg@ te%ﬁg%gb%@erﬂ‘ lﬁﬁom 49C
to 93C, b) depSSiWiPAdias atgfperalremf oM ChA3T6: a t hi ckness of from2 to
20 mnmicronetres ontgythe f - nent ; d then_c)

form ng a second al u%n' ni%iéfg@??dn%%’;@ﬁﬁ%‘ﬂ‘é’"ﬁ ﬁ,g‘gﬁﬁgﬁﬁlc eslsrog%c’"?g?q 8875

m cr onet r es. on MFEMAlies Lo the depned snfaceaf theZompomehthadd ey ecited in

claiml1, wherein st a) ri ' A t.he conponent in a_ sol ution
conprising from 4%t€)g _S%OQQFQPidf%%ng%Eﬁ%@?%W %%VW%@;?&EWQSH o g 2,
wher ei n the coApéhéhmicronmeinesosdhie sufadehaf tsecomponedtor at | east two hours,

and the solution is agitated using ultrasonic energy, and preferably the
sol ution has a2t enpEMAtHEE a8irediledTh&isim' P, WHSrein step a) comprises immersing

the component in a solution comprising 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 turbine engine component having a metal-based substrate and a
platinum aluminide coating on at least one surface thereof, said coating
having been upgraded from an aluminide coating originally on the component
by a 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, wherein the.
solution has a temperature of from 49°C to 93°C;
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4. A nmgthod as recited in any one of the preceding clains, wherein the
plati numlayer is heated to a tenperature of from927C to 1066C for from
0.5 to 2 hours prior to formng the second al um nide coating. 5. A nethod
as recited in any one of the preceding clains, wherein the platinumlayer
deposited on the surface of the conponent has a thickness of from5 to 10
mcrons. 6. A turbine engine conponent having a netal -based substrate and a
pl ati num al uni ni de cBht i figpesitiag al layenof platinao liadrey 4 isiclandss of fbsh £&abH NY
havi ng been upguiss | pumini at,J origi nal l n the component
by a method conpri s?‘r?g{agg?l%grgglrﬁgﬁgbgﬁﬁ%(geaé#ttﬂ‘%ﬁgmggp?’icﬁx%g‘ephe conponent
to remove hot corrd¥i on fyymicw et sedondmlurhieideucdting haivirigoal thielHERE IR Srohile
al um ni de coati i | onent in a solution conprising
acetic acid, whg'?éoi ?ﬂ%gg{aggpgﬁgﬁé@%&&ﬁ)@’%wtof from 49C to 93C, 17
b) depositing a_layer of platinumhaving a thickness of from2 to 20.

m cronetres ont® the &bikeenging foampanknt he recitguo e blaim 26 dwhérel &tepf QY N ng
a second al um nidgigofsRatimiterBaY fid &fﬁprfﬁiﬁ ess of I,rom 25 to 75 mcronetres
on the surface of the conponemt. 7. (% Bi"?lé" SigHoR copmrisingnacatic add, t ed
in claim6, whdieferably tpmaA% te 8¥padetiencidforatiag thb®hogpTpoNent in a
solution conprising acetic acid, preferably from4%to 8% acetic acid for

at least two h@urs. aASurifiné Wnhinae j pent as.recit in claim6 or
7. wherein the platinumTay yn%d%‘%ﬁgt?@é%%n%gﬁ%&]% e Gf%gwed@ﬁﬁbﬁent
has a t hi cknes®l&inuntiayen depositad onitbe sagacel8f the component has a thickness of

from 5 to 10 microns. ‘
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