28 January 2004 .METHOD FOR REMOVI NG A DENSE CERAM C THERMAL BARRI ER
COATI NG FROM A SURFACE BACKGROUND OF THE | NVENTI ON This invention rel ates
to renoval of a coating froman article surface, and, ggre arahﬁylarly,
to renoval of a dense ceramic coating froman article Y4 ay ch

i ncludes at |east one of Al, Ti, C, Zr, and their oxides. Gas turbine
engi ne conponents, typically turbine section blades, 5 vanes, nozzles and
shrouds, are designed to operate at relatively high tenperatures. During
operation, such conponents experience strenuous environnental conditions,

general | y becadETHOD FORDREMOYIBEADENSEICBRANIE TREIMANBARRIWRES (0 a

gaseous atnosphere of rapidly fl ow g%éair and roducts of turbine engine
fuel conbustion. Therefore, itCRAIIDEFRONAEURFAGE in the turbine engine
art to enhance conponent operating life by applying various types of

surface protegti envi I ' coatings or coating
conbi nat i ons%&dggmmgmiﬁﬂtomonem s. Typical wdely
reported coatings on alloys that include Ti and/or C include netallic

coatings frequentifhid AflendbRGeRltes 68 EMbGaL 80k IBERNng TPBm M APAEL s\riech, are
15 called thermal barrier coatings, and their conbihations. During

oper ati on of asdictnogapatticilarly, engmevardfiactesse ceraniid ovating flven ahhativik
cycling of the engine_ or sphere borne particles or their

he i t of at
conbi nati on Wé@a%wm%b@éiuﬁgélagggééeg%ogéggHeCFoZErﬁ@dcfbﬁgd?ﬁ@?ﬁ- Repair of

the'plamage frequently requires replacenment of the surface 20 protective
costings, M Ca0ReNEyl il SotoBindlyl B AT REIE BpuSRblS,
envi r ongent abah®si éAMs eodt sAfbuds, ardeHabikhed CaAtdgatenat Ul chighement
temperatures. During operation, such components experience strenuous
environmental conditions, generally because the components are exposed at
the high temperatures to a gaseous atmospﬂere of rapidly flowing air and
products of turbine engine fuel combustion. Therefore, it has been a practice
10 in the turbine engine art to enhance component operating life by applying
various types of surface protective environmental resistant coatings or coating
combinations to exposed surfaces of such components. Typical widely
reported coatings on alloys that include Ti and/or Cr include metallic

coatings frequently including Al, ceramic coatings some forms of which are

15 called thermal barrier coatings, and their combinations.

During operation of such gas turbine engine articles, reaction to the
thermal cycling of the engine or the impact of atmosphere borne particles or
their combination has been observed to cause damage to the component.
Repair of the damage frequently requires replacement of the surface

20 protective coatings, that can have metal oxides at an interface between
coatings or between coatings and the substrate. One commonly used type of
environmental resistant coating is a metallic coating including the element Al,

the coating including an inner portion diffused into a substrate or surface of
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the coating including an.inner portion diffused into a substrate or surface
of 1 '28 January 2004 the article. A description of forms of such coatings
and a nethod for renoval froma surface portion is inc . . Pat ent
5,728,227 - Reverman, (patented March 17,1998). A forn#%?ﬁﬂﬁ%ygﬁ%ee
mentioned high tenperature ceramc protective 5 coating frequently is
called a thermal barrier coating (TBC) or TBC system Exanples have been
reported in such U S. Patents as 4,055,705 - Stecura et al. (patented

Cct ober 25, 1977); 4,095,003 -Watherly et al. (patented June 13, 1978);

4,328, 285 - {Heeadrtitke. @A debceriftion of fatnd\blsubh datings ahd 2 me8 foreniaial et
al. (patented June 8, 1993); and 5,236,745 - Gupta et al. (patented August
17, 10 1993)fromBe sudace pdrtionsisapsluded doel.S Fatent 5728471 r orerasman,

coating to rovid T m Renoval of ceram c TBC presents a
di fferent ki&’&?%tegﬁiﬁﬁggrﬁim' renoval of a netallic coating, particularly
when the TBC is dense and substantially non-porous to chem cals intended

to penetrate the a 6F tRd abbfe GREAHGIR E%h furd erhmi@ pRbgetivee to

deposit a substant ?fedlﬁlf; Fs SI Pye ense TBC uUsi ng hg conmer ci aIpr avai l abl e
cheni cab vapwatidgpheqhénty ipcaldeda. thapmal batriancoztingn(ERC)Hor THE! system.t o a

TBC coating surface, to react chem cal] iﬁw th and renpve the ceramc, |

i's
time consunmiBxamples havedeenrepertadinpuch AhScRrisrpas HROBT0%- Stecana et Rhnge
cooling air flow.thr al | i NiRgs . _disc | bove
i dentified I@\?g%‘f\ @é@gm . ’265@%‘@@(@ %@reglsﬁ 3ﬂa§r@%§%§e% Hﬁgglesehas
i ncl uded exppﬁ;‘s&%,@is,iés‘%- Sthers ¢l f ﬁﬁ?er&fedtl\bﬁ%];?@gz% s.2h6Bosle NMattesded to
penetrate the oliter surface and thenh attack the intérface between the TBC
and the subsdlr giatenteddmpleds; 1983); smch5, 286343 e Guyptahaidd. Gratentad| Adgdsti 1Y, U. S.
Ratents 4,889,589 - MCornas . . . ]

10 1993). TBC frequently is applied over a metallic environmental coating to
provide a TBC system. Removal of ceramic TBC presents a different kind of
problem than removal of a metallic coating, particularly when the TBC is
dense and substantially non-porous to chemicals intended to penetrate the
surface of the coating. For example, it is a practice to deposit a substantially

15 fully dense TBC using the commercially available chemical vapor deposition
process. Application of an acidic solution to a TBC coating surface, to react

chemically with and remove the ceramic, is time consuming and, more
importantly, can enlarge the size of and change cooling air flow through air

cooling openings, as discussed in the above identified Reverman patent.

20 Removal of TBC from an article surface has included exposure of the
outer surface of the TBC to a halide intended to penetrate the outer surface
and then attack the interface between the TBC and the substrate. Examples of
such reported methods are included in U.S. Patents 4,889,589 - McCormas
(patented December 26, 1989) and 5,614,054 - Reeves, et al. (patented March

25 25, 1997). However, treatment of a dense TBC, particularly a substantially
fully dense TBC, using known methods can be very time consuming and,

therefore, costly.



(patented Decenber 26, 1989) and 5,614,054 - Reeves, et al. (patented March
25 25, 1997). However, treatnent of a dense TBC, particularly a

substantially fully dense TBC, using known nethods can e |
consum ng and, therefore, costly. 2 28 January 2004 BRI%ﬁlaéﬁJﬁmlﬁEO: THE

| NVENTI ON The present invention, in one form provides a nethod for
renoving a dense ceramc thernmal barrier coating (TBC) froman article
surface -over which the TBC is di sposed. The article surface includes an
edge at which at 5 least a portion of an interface between the article

surface and BRIEF SBMMARYOPIHRIINVENTION! f ace includes at |east one
material selected fromAl, Ti, C, Zr and their oxides. The net hod

conpri ses subjecti ng at |east the exposed interface to a reducing gas at a
t enperature of at ﬁem's&en:twwttc(ram one fGymf proddes memethud forirentoving at he

Peast “one ndFBy shtage fEtmRb dattiet Cratne AR omy da Aeidysertice deer
Eroved by sna mcflrsgﬂ%é&%darmecmygm% (RETALLED BE2C BN O THe

| NVENTI ON Forns of gas t ne engine conpone

i nvent son hkasbeeportionl bedni Hebifae Borvaddn HROLERCIEURDINR SATIHE YEOSs
segnent 15 of the aﬁlpe described in U S. Patent 5,813,832 -- Rasch et al.

(patented Sdnsedb ezlgfefif@@&\dl@@@ at leashoné ohateriaksaleted ftorhasls fTi,aDe vane
di sposed band. I p one enbodi nent, the vane

bir an&%nlng danhcgi)

was made off ATfy MEH¥dEpe G Bipthad rempises subischpg atdeast therrxpamadal | oy, -

nomnally ¢ | S t ° 0 . 5%

T 22503 o e g R G ol 8RS8 fy BRH 0 oA ol 3

"f._?r m the vsufficiens for the gas to penetrate the interface by converting to-a gaseous
10 compound at lgast one material of the group at the interface, and for TBC to

be removed by separation from the article surface.
DETAILED DESCRIPTION OF THE INVENTION

Forms of gas turbine engine components to which the present
invention has been applied include an air cooled turbine engine vane segment
15 of the type described in US. Patent 5813,832 - Rasch et al. (patented
September 29, 1998). Such an article includes at least one vane disposed
between an inner and an outer band. In one embodiment, the vane was made
of a Ni base superalloy, sometimes referred to as Rene’ N4 alloy, nominally |
Cf:jmprising, by weight, 9.8% Cr, 0.02% Zr,7.5% Co, 4.2% Al, 3.5% Ti, 1.5% Mo,
20 6% W, 4.8% Ta, 0.15% Hf, with the balance Ni. In another form, the vane was
made of a Co base alloy, sometimes referred to as X-40 ailoy, nominédly
comprising, by weight, 10% Ni, 25% Cr, 2.5% W, 0.2% Fe, 25% Y, 0 05% C
with the balance Co. To protect some forms of the article from the strenuous
high temperature operating conditions it is designed to experience, surfaces of
25 such an article in the gas flow stream have included an outer ceramic TBC

coating, frequently in combination with an inner metallic coating. -



made of a Co base alloy, sonetines referred to as X-40 alloy, nom nally
conprising, by weight, 10% N, 25% Cr, 2.5% W 0.2%Fe, 2.5% Y, 0.05% C;
with the balance Co. To protect sonme forns of the articl JEEQ%%&
strenuous high tenperature operating conditions it is designedto
experience, surfaces of 25 such an article in the gas fl ow stream have

I ncl uded an outer ceramc TBC coating; frequently in conmbination with an
inner metallic coating: 28 January 2004 One formof a netallic coating,
applied to and diffused with the article surface, includes Al. One exanple
of such coating, ©Onaformed acmletadtic Coaldye, appliedniodend diffused, with themeticlei al | y
avai l abl e and is described, in one form in_US, Patent 3,667,985 - Levine

et al. (patewrfasegincdudes Ab7ne expmple ofgwdr goating semetimenenlleshizedepal | y

4520, R P S BB O B B 1
protective qogl ipatedtD,46¥60d5! = MoviRAd A9 (Mtbhidd REDSSO72PT BHOHES Widely

el ectrodepositing Pt on a surface and then alum niding that surface.” For
prot ects on akepoltedsand ememertiaiiynisedometdilic poatiectige cpating dditter MyCAIAL-YO are
diffused into the article surface for exanple by a heat treatnent or

heating durtyBe of eatipgin whichtheotM; e Fedaei Ni .0¥‘Wh@ﬁ cambinaens. | Mether ng

h di ff d L, i_I. ir. | of the. fi th
such & ol BESGESE, PP BP0 PR g IR B
TBC coating ;p&%idé%???ﬁ&ﬁ&ﬁ%&@%?ﬂﬁggolﬁf o8Na Afurte ar@ tﬁ@ﬂbél'&ﬁ{i'nﬁﬂnghﬁﬁt been

applied over the ne l'tc alu '

type of coating, which then becones the
i nner porti aourficet Fer poatertion of the matfac eldhents pf ¢he coatthgrgtanticlhrdy Al,
depositing the ceramic TBC is by the comercial ~ chem cal vapor deposition

becaus¥ it preifesechiniesheartiglesuraceinr example byimheatireaiment pubegtingnse,
ceramc out ecfurkl)l?gr "the rEi.pp|_1|i)c:a e of e c%%ﬁ%%. "WHES L5urface including such a
diffused coating requires repair and removal of the coating, the method of the

above-identified Reverman patent has been used.

The ceramic TBC coating, as the outer coating portion of the

15 combination, has been applied over the metallic aluminide type of coating,
which then becomes the inner portion of the coating combination. One
preferred method fof depositing the ceramic TBC is by the commercial
chemical vapor deposition because it provides a dense, and in some forms
substantially fully dense, ceramic outer barrier. However, the dense nature of

20 such TBC on an air-cooled article makes removal prior to repair difficult using
known methods. Use of chemicals that can attack the article surface in areas

at which ceramic coating is not present, for example in surface connected
cooling air openings, can enlarge the openings and change design flow of

cooling air.

25 The present invention utilizes an exposed interface between a TBC and
an article surface, the interface including at least one material selected fromi

Al, Ti, Cr, Zr, and their oxides. Frequently there is at the interface an inner
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20 such TBC on an air-cooled article nakes renoval prior to repair
difficult using known nethods. Use of chem cals that can attack the

article surface in areas at which ceramic coating is n%%J?H&ﬁi@@ 4for
exanple in surface connected cooling air openings, can enlarg He
openi ngs and change design flow of cooling air. 25 The present invention
utilizes an exposed interface between a TBC and an article surface, the
interface including at |east one naterial selected from A, Ti, C, Zr,

and their | . Frequently there . is at the interface an inner 4 28
January Zogﬁé%eﬁfca‘fcﬁb@%cgﬁkilﬁﬂugﬁﬁﬁli nEr dBE iarenmved tBCséparating it frony
separating ¢ ; Ml rfac i t hout damage tg the article
structure. %%%M%guﬁgwalwd;rﬂﬁ%?%g%g%mea %ﬁieg%gu? ®i HOr exgmpde
airfoil, bawvken ahrasticlesdiichush : : . ; BC, ,the TBC
" Sttt o s tuhas gl 88 G, e 4 |

generally term nates at an edge, such. as the art
exposes an ffgBouserlayer abe B, ¢ha BBCgeherkity terniastey lafln HEEAGRE as a

frequently_ an inper tallig¢ coating. Otherwi se, an interface can be
-exposgsg su 'acétnB%F aErE ani'[g'é? PR ang intarfacel detween i thg TBEenatli the of an
article at yglhem r nder. oxi di zj conditions, a _netal oxide
of at |east one? g%dtshggg?’e#eeﬁthgﬁﬁy , g’?lmnéf I copfing, o Cherwisgn apo f orm
at | east aintetfacd odzebkasposdd eudii 85 BYCReChaSHI RIS orpoxi des at
the interface is used i&?l@t he pr esen??icnvention te(;&krerm%&/%nt e()uPélFmgBC from

the arti cl @Pe@tipac anerislelnhglevated feoxperatureh endeporilizing \@Rditohs, al | east

t he exposed. .i,nterface . is subjected to a reducing gas conprising a hal ogen
at a t‘enpe?‘ﬁbblr e ogfatalf’aqtéﬁtet Oéélﬂ)?lew M, €, Goand Zii, iepsastht, caant f or

t'he hal ogeghrhPa 413he ik Lnter f copverti at | east one of the
materials A, Ti, o ,ﬁ§r, lg‘-'gf C 'hteriﬁfg Iﬁ%génceo SUC ef' ents @%[s/or oxides at
the interface is used in the present invention to remove the outer TBC from

the article surface.

According to a form of the present invention, -at least the exposed
interface is subjected to a reducing gas comprising a halogen at a temperature
15 . of at least 1600°F (871.11°C) for a time sufficient for the halogen to penetrate the
interface, converting at least one of the materials Al Ti, Cr, Zr, and their
oxides to a gaseous compound. In the above combination coating, Al and/or
_ aluminum oxide is converted from the aluminide inner coating. For example,
in the absence of an inner coating, the halogen can conver material from the
20 article surface beneath the TBC. Conversion of such material to a gaseous
compound, such as a halide, from the interface separatesr the outer TBC.
Typically, the TBC separates and falls from the surface to which it had been
applied.

As was discussed in the above-identified Reverman patent, a halogen
25 such as in the form of a fluoride ion for removal of surface contaminants by
conversion to a gaseous halide have been reported in such U.S. Patents as

4098450 - Keller et al. (patented July 4, 1978); and the Chasteen patents
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oxi des to a gaseous compound. In the above conbination coating, A and/or
al um num oxide is converted fromthe al um nide inner coating. For exanple,
in the absence of an inner coating, the hal ogen can conwugr ring@l, from
the 20 article surface beneath the TBC. Conversion of s\uégﬁja@%rgrdiogﬁ to a
gaseous compound, such as a halide, fromthe interface separates the outer
.TBC. Typically, the TBC separates and falls fromthe surface to which it
had been applied. As was discussed in the above-identified Reverman
patent, a halogen 25 such as in the formof a fluoride ion for renoval of
surface confd Adheady 403X (i tentetloFebroase 02,51988! i Sateenteen oppr t ed
in such U S__Patents, a 4,098,450 - Keller et al. (patented July 4
1978): and W*?Be'"cﬁ'm‘éeéifleenﬁﬁ&%ﬁ%% recognizaduthal eqpasurs df HBEESY Ahdo a

4, 405, 379 (PR u 980 and Sept enper 20, 1983,
respectively). g;eéglr(fr?giger cb#tf%%yﬁﬁ'éﬁoﬁ%g@ﬂ Coffas; CANfHg¥ear Apnyerta
reduci ng f|AbGiode thasliffhydd paltfion W edind ' Eaw,.or .convert
Al fromthe diffused portio% Wthoutﬁ{d(}?nens%%ﬁﬁﬂggﬁgﬁn%%bg?%?e FIPFg he Al
with the gdédtinlhe gap ahplsmapasplaraef afledst 3600°E@T0H(I8C Larkilfof) timedbufRienttd | ME

suf ficient (io de Ieh_e Al fromthat portion. Because a formof the present
i nvention ZHIPGy &l emy thak portian: cBerausm ahéorme\ofr then ppeseantinvémtion

' [ i '‘th tent 5, 728,227, f I :
e 26 hPRTs R Ctictk Sater b JRKTERIRE Pleotifof sobuovienes thay

reference. disclBstiiersf theR i Pitehds, ﬁmpfroh?ﬁﬁfﬁﬂu?@, life 98 togur ingaI
ml ar

engine air- cooled high pressure turbine nozzle, of a geheral t
.to that shegtunn 4 line 224wveby tantofporatedsabintby pdferapebent and that had

been operated in a gas
T During evaluation of the present invention, a gas turbine engine air-
cooled high pressure turbine nozzle, of a general type similar to that shown in
the above-identified Rasch et al. pafent and that had beén operated in a gas
turbine engine, was examined. The airfoil of the nozzle waé made from the
‘ . above identified Rene’ N4 Ni base superalloy. It included a combination
15 protective ‘coating on its surfaces subject to the engine flow path. The
combination coating included an inner diffused aluminide Codep coating,
comprising a portion diffused into the Ni alloy surface, and a dense ceramic
TBC comprising abogt 92 wt. % zirconia stabilized with about 8 wt. % ytiria
applied by chemical vapor deposition over the inner coating. It was observed
20 that damage, such as cracking, had occurred to the airfoil of the nozzle and
repair was required. ‘Before repair could be initiated, however, it was deemed
necessary to remove the combination coating from the surface of the airfoil

and any oxides from within cracks,

Because the article had been operated in the flow path of the engine,
25 the surface of at least the airfoil included oxides and other surface
contaminanls resulting from exposure to products of engine combustion,

including oxides in the crack. In addition, the interface between the TBC and
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turbi ne engine, was exam ned. The airfoil of the nozzle was nmade fromthe
above identified Rene N4 Ni. base superalloy. It included a conbination
"i5 protective coating on its surfaces subject to the engi ath. The
conbi nation coating included an inner diffused al um ni dgg&%ﬁ%%o&%o 'EQI ng,
conprising a. portion diffused into the NN alloy surface, and a dense
ceramc TBC conprising about 92 wt. % zirconia stabilized with about 8 wt.
%yttria -applied by chenical vapor deposition over the inner coating. It
was observed 20 that damage, such as cracking, had occurred to the airfoil
of the nozzitee émuer contimigrinchsladequides &t 186t of Al eThE outuberfh@ fipittiat ed,
however, it s deened necessary to renove the conbination coating from
the surfaceC€ eaﬁedr@ealilam@aﬂy bXnﬂffhﬂyrjogrt!e@ammgnummgnlﬂﬂcmh&luﬁananse t he

article had ratequ% 2’3 flow path of the engine, 25 the surface
of at 1east® o e % RETBIREES-sUr f ace cont ami nant s
‘resul ting from exposure to products of engine conbustion, including oxides

in the crack. In Ac@gﬂmlgqa ‘A tfmﬂ'&tlgl@‘;ﬁ‘é@elﬁ%“)@ﬁ ?ﬁ Afi’leT&(%faﬁﬂg o%tgngiiﬁ]uary

2004 the inner coating I'ncluded oxi east o outer surface
first Vas Hlezawad reroivedilgatkyoding chelairfoiy ik iftril@stol £ fedisding hhidydesh

al um numoxjde grit ? renove the outer surface contam nants. According to
a form of tﬁbﬁ}ﬁ&ghf’ f"r{vﬁ"fw{%ﬂ abowet 6 crldnivé. Bubydropea flgoride gasm tenoved

o) e apos L erla® SLbSle 6 Lod pleh SR e bR LR R drcem s Gt mbout
6. -- 20a8hut 4Rourd hhasdﬂm@@domgsz PHIIChiGh ke maﬁegsﬁblﬁ%oéo%oo@bg% 11111'29”5

at about 1800F &382 22C thin the range of out 1600-20
982. 22C§82.3%Q a&n%leﬂ{@m@@éﬂ peeet@ﬁeﬂﬁam@edmtesfmwem téxefuemr

; bgt Ween ! heallu?nr}ggde coating and the outer TBC from an exposed edge of the airfoil,
converting at least Al and/or aluminum oxides from the inner surface to a
gaseous aluminum fluoride compound and separating the TBC from the inner
coating. Observation in the furnace after such treatment showed flakes and
sheets of the TBC separated from the airfoﬂ and lying beneath the treated

15 article. -

During separation of the TBC from the article surface, it has been
observed that the reducing gas, entering at the interface, can deplete some of
the aluminum from the inner coating as well. When additional Al depletion
was desired, subséquent to TBC removal, an additional exposure te a

20 reducing gas has been conducted, ‘with and without an intermediate

mechanical removal of the inner coating outer portion.

In the above specific example, after such removal of the TBC, the

practice of the Reverman patent was conducted to femove the balance of the

-inner aluminide coating by first grit blasting the outer surface of the ‘inner

25 aluminide coating with a finer 240 mesh aluminum oxide. Then Al was
depleted, along removal of oxides in the crack, from-the remaﬁﬁng surface to

- provide an article surface in a condition for subsequent repair. This latter step
: 7



10 al um ni de coating and the outer TBC from an exposed edge of the airfoil,
converting at |least At and/or alum num oxides fromthe inner surface to a
gaseous al um num fl uori de conpound and separating the Tlagh%rom %ﬁ i nner
‘coating. Observation in the furnace after such treatnent™s SRS 3kes and
sheets of the TBC separated fromthe airfoil and lying beneath the treated
is article. During separation of the TBC fromthe article surface, it has
been observed that the reducing gas, entering at the interface, can

depl ete some of the alumnumfromthe inner coating as well. Wen

addi ti onal Awategraliated imasfudpade endersthiessoue nondiviohB@sr thexrerigvahof the

addi ti onal exposu to a 20, reducing gas, has been conducted, - wth and
wi thout an i nEtsnRsevEtoRebh A CAPLRBBOS BFovER *&‘ﬁn%‘ﬂf@‘éﬁaﬁfn@%@f@e

portion. In (c;h]éi l.e, 4. uch renoval of the TBC, the
practice of %ﬁg“%g\%\éﬁﬁga%%pa elﬁquggclgrgdg{:e%‘g{?@b renmove the bal ance of the
i nner alum nide coating by first grit blasting the outer surface of the

i nner 25 al uni ni da\lgeRighna Withase gugj“eeéu@ylavaméhaﬁlawa i NEheXdBlRre dhiA
was depleted, along renoval of oxides in the crack, fromthe remaining

surfaceSto prawple ihsheuld k¢ understoed that ethepadbstrain alloyssidrssqoeie Co
repair. This_latter step .,7 28 Janyary 2004 was conducted in a furnage
infier 1 he s ahBStSllor oV Heen, KEAPL HovSr OBt R SVit BRS PESER AT APTh T Faf
cool ing hol e t e ti.Gl.e . ial -y no
change in di ?r%é%frggg&, ﬁl fg' %ﬁ%&ﬁgﬁﬁ%@g‘e@%yg&g ﬁl%s;ﬁ%a\é@dlglg?ﬁ%% #I%fhe-
above speci f pgecific @4amghles, émnbsankatsbendndenbingdons, haicledingr tdsesin die

al I oys, for exanple Co base alloys, have been treated in accordance with
the present invpeporaded ppotions of the Reverman patent. It will be understood by those
RN
10 skilled in the relevant art that this invention is capable of a variety of
amplifications, modifications and variations without departing from its scope

as defined by the appended claims.



conveni ence, the present invention has been described in connection with
speci fi c exanpl es, enbodi nents and conbi nations, including those in the
i ncorporated portions. of the Reverman patent. It will begunders g by
thoseplo skiIPed in the relevant art that this inventio%argg%%32®ﬁ of a
variety of anplifications, nodifications and variations w thout departing
fromits scope as defined by the appended clains, r 8 28 January 2004
CLAIMS: 1. In a nethod for renoving a dense ceramc thermal barrier coating

(TBCO) fro sl e surface over which the TBC is disposed., the article
surface ingpgé'l‘mj an edge at which at |east a portion of an interface
between the article surface and the TBC is exposed, the interface

i ncludi ng at | eagt ri I : r j St of A,
T e 2 and hanon (5 feflovh £TRE bhaMG Heml! e 0NN (1B Loy
t he exposediromtagideisface aver whigh ity TG ds dispesedeihpartidaiswiask ingludihgast 1600F

(871.11 Q) e & Jaﬂiﬁ?alsféggtiéfgﬁrﬁgn gfﬁrll Lrﬁ%{a@@%e&?ee?netﬂg f't?cﬁﬁesnﬁlflhgeia{?lhetﬁé ace by

converting f0 a gaseous conp : one materr al group at the
interface, &AQ is axpTEd, tthe irterfageninetiding alclpastavricomatariamselestedrfroralthe

surface. 2. : far Gk g ' LCH: 8r .is in the range
of 1600F- Z%Féggc?%%&%f? éi?bg%n%é%%d}h%gﬁ? ?Sr’ntggglp P'@ﬁ@ﬁ%‘%?‘t he exposed
i nterface teNkjgring édRast g gwosed interfageliowr wdueing gas aé artetperatgegdsati s a
. mxture of @ o % o Qgﬁq-g s £ M e principally
hydr ogen ga‘g?&géﬁ?hlze ?ﬁr@dc )2\?5 Pé;ﬁg@ m |l n&mitggg%géé.pgﬁ%t%g% glggérrﬁagg& 14
wt. % hydreigepnvertingoid ddagaeys spmpourkeatblarstrene mefaniel phifieygioydrasdee gas.
4. The met hagate Gl 1B} 18 ¥ bs RGBSy SERILOPHER SRR Wifidse @
combi nati on
2. The method of claim 1 in which: the temperature is in the range of 1600°F-
2000°F (871.11°C-1093.33°C}; the time of subjecting the exposed interface to the
reducing gas is 2-10 hours; and, the reducing gas is a mixture of 6-20 wt. % of a

hydrohalogen gas, with the balance principally hydrogen gas.

3. The method of claim 1 in which the reducing gas is 6-14 wt. %
hydrogen) flucride gas, with the balance principally hydrogen gas.

4. The method of claim 1 for removing from the article surface a combination
coating comprising (a) an inner coating which includes the element Al, the inner
coating including a diffused inner coating portion in which at least Al is diffused into
the article surface and an outer portion of the inner coating over the diffused inner
. portion, and (b) a dense TBC over the outer portion of the inner coating, comprising
the additionat step after  removal of the BC of:
subjecting the exposed diffused inner portion to a reducing gas comprising 6-20 wt.
% halogen gas, with the balance principally hydrogen gas at a temperature of at
least 1600° F (871.11°C) for a time of at least 2 hours sufficient for the haiogen gas
to deplete Al from the diffused inner coating portion substantially without
dimensional change of the article surface.



coating conprising (a) an inner coating which includes the elenent A, the
i nner coating including a diffused inner coating portion in which at |east
Al is diffused into the article surface and an outer n_ of e inner
coating over the diffused inner portion, and (b) a deng2r J?ﬁﬁaré’v?@b t he
outer portion of the inner coating, conprising the additional step after
renoval of the TBC of: subjecting the exposed diffused inner portion to a
reduci ng gas conprising 6-20 w. % hal ogen gas, with the bal ance
principally hydrogen gas at a tenperature of at |east 1600 F (871.11 O
for a tine of at least 2 hours sufficient for the halogen gas to deplete
Al from t heddi f f Ubedndtnoreof claiat idnig ywhich,i ior dosbpating tHey expashd uliffused

di mensi onal f, .t A The met hod
of claim4 .‘"ﬁ‘gﬁﬁug@'ﬁﬂ tBrtﬁgrré‘ﬁ@"gxﬁ?%% %ﬁ%&? hg 'ﬁ)%%%%@é%&'ﬁU% ﬁhe ngrr
portion to podonettheinngr gealingttdexmise phofiffusatihaer avalifg/pordopvi ng t he out er
portion of the inner coating to expose the diffused inner coating portion.
6. The nethod of claim4 in which: the reducing gas is a m xture of 6-20
wt. of a hy@r ohaWb@mtmsqfcwimMitlhﬁlidisalﬂwwdugng ges Foh midiredf Gg2hwyyds;  t he

tenperaturegf s in, ;);dp& 1 F- 2000 C 33 and,
the tinme o fex osure | Sﬁ]é S’gtﬁ e%%f ga!%'g énthc%d}llr Tl‘??dpor%ét ho%%f claim
6 in which thﬁetempﬁtamre i$ m melranw of %WHQ@Q@W (A7 dr1F ¢ 098,88 Ciniandy, thhe
bal ance pri F,%%% smé%?&ﬁ ﬁ%%of% 10 gt hod of claim 1 in which the

ace o0

article surtface 1s a sur a turbine engine conponent that has been
operated in a turbine engine and surface contam nation is on the TBC,

conpri sing the S*r mee{ddoafca%%wvm&qng&,&ﬁ,rérgé%%eo dré & fiRpds! g

gas, of nechani ca y renmovi ng at he sur ace con a fon"Trom the
. TBC. gas, with the balance principally hydrogen gas.

8. The method of claim 1 in which the article surface is a surface of a turbine
engine component that has been operated in a turbine engine and surface
contamination is on the TBC, comprising the step, prior to subjecting the interface to
the reducing gas, of mechanically removing at least the surface contamination from
the TBC.

8. . The method of claim 8 for repairing the turbine engine component that has a
crack that includes oxides therein, the article surface including a combination
coating comprising (a) an inner coating which includes the element Al, the inner
coating including a diffused inner coating portion in which at least Al is diffused into
the article surface and an outer portion of the inner coating over the diffused inner
portion, and (b} a dense TBC over the outer portion of the inner coating, comprising:
mechanically removing at least surface contamination from the TBC;
removing TBC from the outer portion of fhe inner coating by subjecting at least the
exposed interface to a reducing gas comprising a mixture of 6-20 wt. %
hydrohalogen gas, with the balance principally hydrogen gas for 2-10 hours at a
temperature in the range of 1600°F- 2000°F (871.11°C-1093.33°C) to enable the
hydrohalogen to penefrate the interface by converting to a gaseous compound at
least one material of the group at the interface, and for the TBC to be removed by
separatibn from the article surface fo expose the inner coating; and,
10



9. The nethod of claim8 for repairing the turbine engine conponent that
has a crack that includes oxides therein, the article surface including a
conbi nation coating conprising (a) an inner coating vvhlggb incl :#gca t he
element Al, the inner coating including a diffused i nnér “C84¢Y %orti on
in which at least Al is diffused into the article surface and an outer
portion of the inner coating over the diffused inner portion, and (b) a
dense TBC over the outer portion of the inner coating, conprising:

nmechani cal | . (M) | east sur.face ntamnation fromthe TBC
oot g TerutiES i ofhose iy Eoind i AT BES 8 dlciroldR SRR S g at
| east the @Rpudsé&d hydiobalbgere ghs, with ¢l bhlages pencpallyr hslrogeragas Xeruz-doof 6- 20

wt. % hydr oge it he bal anc Li el nal . for 2-10
hours at a i .enpagr%{eg&gerlatme[ E’e&'rear g% o -'1%8@(3%26%%0@}2‘3%%’?@3%‘}%3@336) to
enabl e t he dépletedt fbogba inner peatiag reat exidee fromtthe Eack. by converting to a
gaseous conpound at |east one material of the group at the interface, and
for the TBC to be renoved by separation fromthe article surface to expose
t he i nner c#@ti nghe amthod ©0caBn Paimuahigh 206 4edudijgegas ngmphsesegpdset %enner
coating and : ' s i.sing 6- 20 wt. % hydrohal ogen
gas, with tHiﬁggﬁé%ﬁgg%&'ﬁéﬁ%g%@bgﬁf}%ﬁp&gﬁHg(iarga?rbgasz 10 hours at a

tenperature in the range of 1600F-2000F (871.11[err] C 1093.33[err]C) to

deplete Al om j r i i I Q e cr 0. The met hod
of claim9 H\ \/\h?‘@%"{eﬂ&%ﬁgg@@% ?3'9 gﬁ@qtgﬁ%%gt@é@%iﬁ%@o‘%&gmp FS?]%WSgen gas
with the bahehte prackde fd Fedubindraagethegstep dfl meThanicadly reshovihgdthaicuted i n

whi ch, priog.t: ' ' jyd coat | he crack to the
reduci ng gaé‘,’&'?‘hé@%?ﬁ{e'{)? ?at@gg%gﬁjo%%ﬁﬁ?/a@ Q%jv'ﬁﬁ% "t°%g"%ﬁ‘{’]ﬂ?’5- portion of the
‘inpner coating to expose the diffused inner coating portion. 12. The nethod

of claim9 i Wikl nlditod & BhifCo SIS WBHS%gidgcéoqﬁpeo%eﬁpincludes an

airfoil including the combination coating.
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airfoil including the conbination coating. 11 28 January 2004 5 METHOD FOR
REMOVI NG A DENSE CERAM C THERMAL BARRI ER COATI NG FROM A SURFACE ABSTRACT A

nmet hod is provided for renoving a dense ceram c thernal nggjri er ﬁﬂati ng
(TBC) froman article surface over which the TBCis dis uayi0%r ticl e
surface including an edge at which at least a portion of an interface
between the article surface and the TBC is exposed. The interface includes
at least one material selected fromAl, Ti, C, Zr and their oxides. The
met hod corrpri ses subjecting at |east the exposed interface to a reducing

The artrol o O OUTGR AT S 1EGE CrR A M AE R R ARRIR i ont

for the.gas to penetrate thedopiemiaanRei hedSkE %:E:onvertl ng to a gaseous
conpound at | east one material of the group at the interface, and for the

TBC to be rermvedcr\( separation from the article surface. 12
ABS

A method is provided for removing a dense ceramic thermal barrier

5 coating (TBC) from an article surface over which the TBC is disposed the
article surface including an edge at which at least a portion of an interface
between the artlcle surface and the TBC is exposed. The interface includes at

least one material selected from Al Ti, Cr, Zr and their oxides. The method

y | comprises subjecting at least the exposed interface ‘tc; a reducing gas at a
temperature of at least 1600°F (871.11°C) to separate the TBC from the article surface.

The reducing gas is subjected for a time sufficient for the gas to penetrate the

interface at least by converting toa gaseous compound at least one material of

the group at the interface, and for the TBC to be removed by separation from

the article surface.
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