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i nvention generally relates to coatings for
conmponents exposed to high tenperatures, such as the
hostile thermal environment of a gas turbine engine.
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To be effective, a TBC must strongly adhere to the component and remain adherent
throughout many heating and cooling cycles. The latter requirement is particularly
demanding due to the different coefficients of thermal expansion (CTE) between
ceramic materials and the substrates they protect, which are typically superalloys,
though ceramic matrix composite (CMC) materials are also used. An oxidation-
resistant bond coat is often employed to promote adhesion and extend the service life

of a TBC, as well as protect the underlying substrate from damage by oxidation and



-1 hot corrosion attack. Bond coats used on superall oy
substrates are typically in the formof an overlay
coating such as MCrAl X (where Mis iron, cobalt
and/or nickel, and X is yttriumor another rare
earth elenent), or a diffusion alum nide coating.
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Various studies have been performed to find coating materials that are resistant to
infiltration by CMAS. Notable examples are commonly-assigned 1J.S. Patent Nos.
5,660,885, 5,773,141, 5,871,820 and 5,914,189 to Hasz et al., which disclose three
types of coatings to protect a TBC from CMAS-related damage. These protective
coatings are generally described as being impermeable, sacriﬁciaﬂ, or non-wetting to
CMAS. Impermeable coatings are defined as inhibiting infiltration of molten CMAS,
and include silica, tantala, scandia, alumina, hafnia, zirconia, calcium zirconate,
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coatings are generally described as being

i nperneabl e, sacrificial, or non-wetting to CMAS

| mper meabl e coatings are defined as inhibiting
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the CMAS inhibitor as a discrete outer layer on the TBC. In the case of alumina, the

approach has generally been to provide alumina in the form of an additive layer
overlying the TBC, rather than as a co-deposited additive within the TBC, since solid
alumina and zirconia are essentially immiscible and the mechanism by which alumina
provides CMAS protection 1s through sacrificial consumption. Nonetheless, it 1s

desirable to have at least some alumina deposited in the open porosity of a TBC to



approach has generally been to provide alumna in the
formof an additive layer overlying the TBC, rather
than as a co-deposited additive within the TBC, since
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In view of the above, while various approaches are known for depositing alumina and
other CMAS inhibitors, there is an ongoing need for deposition techniques capable of

depositing an effective amount of a CMAS inhibitor on and/or within a TBC that will
optimize the ability of the inhibitor to prevent damage from CMAS ifiliration.



In view of the above, while various approaches are

known for depositing alum na and other CMAS

inhibitors, there is an ongoi ng need for deposition
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resistance to CMAS is also important for long-term resistance to CMAS

contamination.

Other objects and advantages of this invention will be better appreciated from the

following detailed description.
BRIEF DESCRIPTION OF THE DRAWINGS

Figure 1 is a perspective view of a high pressure furbine blade.



foll owi ng detailed description. BRI EF DESCRI PTI ON OF
THE DRAW NGS Figure 1 is a perspective view of a high
pressure turbine blade. 5 Figure 2 is a
cross-sectional view of a surface region of the bl ade
of Figure 1, and shows a protective deposit on a TBC

_in accordance with an enbodi nent of this _invention.
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an aluminum oxide (alumina) scale 28, which grows as a result of oxidation of the
bond coat 24. The alumina scale 28 chemically bonds a TBC 26, formed of a
thermal-insulating material, to the bond coat 24 and substrate 22. The TBC 26 of
Figure 2 is represented as having a strain-tolerant microstructure of columnar grains.
As known in the art, such columnar microstructures can be achieved by depositing the
TBC 26 using a physical vapor deposition (PVD) technique, such as EBPVD. The
invention 1s also applicabie to noncolumnar TBC deposited by such methods as
plasma spraying, including air plasma spraying (APS). A TBC of this type is in the

form of molten “splats,” resulting in a microstructure characterized by irregular
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As known in the art, such col ummar m crostructures

can be achi eved by depositing the TBC 26 using a

physi cal vapor deposition (PVD) technique, such as

EBPVD. The invention is also applicable to
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i BEAR 96 M 5L R TER98 G BRONL 9T 3 i
lev860f EMABRguhtectior il dat evenhitiougivtapalepadii 66,is drashah or lost
thrgg e DRI SBoh Cid/or Contumpion: 13 the thse SR the fofumna FBC 26
schematically represented in Figure 2, porosity 34 is represented in part as being
defined by gaps between individual columns of the TBC 26. However, additional
porosity is also likely to be present within the columns, for exampie, in the surfaces of
individual columns if the TBC 26 were deposited by EB-PVD to have a feather-like

grain structure as known in the art.

As represented in Figure 2, the surface deposit 36 of the protective film 32 forms a
continuous layer on the outer surface 30 of the TBC 26, though it is within the scope

7



schematically represented in Figure 2, porosity 34 is

represented in part as being defined by gaps between

i ndi vi dual colums of the TBC 26. However, additiona

porosity is also likely to be present within the

colums, for exanple, in the surfaces of individua

colums if the TBC 26 were deposited by EB-PVD to _
of this/iaventfoagh#fer dis¢dasinueitsdpyersopldchafepositedk ndyndggree lgevhich

rt. repr.esent ed in..Fi - '
tne bl o SR RE ol fd AlE S ucddiS Y BORSEy SFBARIckn and
withyte TBT blaghs Guitiedepsnt fnaget @Diefpatthalaf Banp6sitibhosighto form
it is wthin the scope. .7 of this_ inyention that
theggiseiits HlbdS: pagsrusetiv SHatadsbd e ﬂﬂﬁiepﬁféa#é@y £ the
- r 0 [
strifeE e AOTBTREY WEh HROSIch polhy AR RS Hekfing) bt
amd BT @f dhesntevnhll depepiid. | Onpavblume bdses, Py piaedtor film 32 is
conposition used,to form the protective fil ,as
belff G PRI Gt BB P DR ATP AR Gt e i yribe 30.
on the structure of the TBC 26, with nore open

AcRRERSIth Frefficdi APcdt ITAhOBRLHAGH, tBE SR &tive FRUBL SoMhins at
the I'nternal deposit 38. On a volune basis, the

leagrame anetilvexidé that B3ists infihieticaveld"Mé hmmtp thedbR- i tshigh as by

BSR4 48 LGP iR R Br A 8 e

aluinfie WL, 08, add ghaphedi£¢hiols, Withm: Jcfonad dirdisctile filne 3t being
one netal oxide that resists infiltration of CVAS .
preflomantie ormBerezaeesabbn eniielypne op 510r% plfhgieraridgspdlopgver, itis
. . ti , / o . _ _
forGBbif Ut RLD0 BRI SBFY & S SRL b i GRS e
aboepibedlgratatt fridisect ial ewhodemodnbeichgng ¢ ewbbrdanafitiblycoating
or. nore preferabl Iv1 entirely one orr nore of these
magsgiplgedre ippRIBYBICD Pererms by figHEdsEab il R theiel SFidecopisph ot the

pmgegh@@%l&%& Gs REHREL Iy SUEinRE Byheseusl salPaReh TN that

above-noted patents to Hasz et "al ., ose contents
depogitsadn fig film 3edd pasibily indil@btes tatpongsity Pétitha[f8(a2@ and in

o it B G1oe o BB o W G Ll P PEpSepyes than
CMANS HRE ch Jr@afhind GnWinfd3n8Rd, reRtiEMMGhirhslten ORRGSEduSes the

on the film32 and possibly infiltrates the porosity .
levglg obtheschexidmadn 2ig; CHES tobe igeteageds peidsranpmefiicd CdSavith a
. refractor hases with higher. nmelti : r-agure
highf e R BRREF, st ST oy B MRS GBIE0n of e

molt&ACINMAR ot the MDBEETS. CMAS: ¢auie thet Ractidnem@lisctodr podeds of
oxi des in the CMAS to be increased, yieldin

CMrpliand dbic ORASTIRETS Bretahofrles quﬂh?@mgteﬂé‘_f?p‘é}lgtia}r gore slowly
inﬁgth§ He BEEYUnd'tbAe 05 1ds¥1idi RPbe bR RSt iR At 52 b Ll curred

to cause spallation.

According to the invention, the protective film 32 is formed by applying to the TBC

surface 30 a metal film containing the one or more metals of the desired metal oxide

or oxides, and then oxidizing the metal film to form the desired metal oxide(s). If

infiltration of the TBC porosity 34 is desired, the metal film can be deposited so as to

infiltrate the TBC 26 during deposition. For example, the TBC 26 can be sufficiently

heated duﬂng deposition of the metal film to melt the film and cause simultaneous
8



nolten CMAS into the TBC 26. As a result, the
reacti on product or products of CMAS and the one or
nore netal oxides of the protective film 32 nore
slowly infiltrate the TBC 26 and tend to resolidify
before sufficient infiltration has occurred to cause
spal lation. According to the invention, the

infirgicacef the TR ¢ b2 thampleraetd \compesifiphg Aligmalzelyphe TBC

~e SUL frac il [ i r

26 SRR AT LT N B0 15 08 o o

infitihationoxi thez TBG Rbe Mehadditidn kenakbictiap nnfihetidesifriéd TBC 26,
netal oxide(s). If infiltration ofé&he TBC porosity

mefing of thesmplal fimpg desiraie oy ppngringthg dbiskiase ynadgrmigy and

> ; . duc Ctio )
sl A1 Ut 18 G JURE.2 0 04510, SRR 0 BAF s an
abatirG508C deppaitivelyn comnmdigaletmke {99 mtt% arednbrd) hduhidum and

g Aot F L BT THBGE T4 R T I 2r HAUIVBRyS! R EC 26
can;rl_ﬁicpro%ﬁ)t&?@y BgtaBRANIRH 1R 1R mASIROTithOfesBEd htal BRI s). For

ilmto nelt the filmand cause” infiltration of the
exdnBl:, 28uminumaddi theorllayed aeith evdigngsiimf aodfaragiliom tf modiy the

TBC lting.of th tal filmis Si,r or,. ..
ity of e Bane g St Rl Port b g BT AR S Rigation
beHak ok I @E prb@ctsy fine eszdemsatgaaﬁaudehmg&l, tahNguR@ivd silloy

of about 660C and about 650C, respectively

conggpmarabonl 13 weight peogniwiliogn hasp mreiting peinhohrkew 575°C and

] | suj ring] i f
sreB0 BEREMTRAL Frolfth opfe il ol o 1 bl oflinGles BBEcitHGn of
theSTBE afokysital 3oy g siitetiretsatthsy fiafshtfbe tidesirfacd depssd 36, the
oxi de(s). .For . exanple, alum numcan be alloyed with
lattgref ek in berafico! fer predmamac ﬁﬁgﬁ’wn%‘éf the compeRept bY-

the nolten filmduring infiltration, as well as

ApPRILEY oF R &M%ﬁﬁ%hhgﬁé i8R 2RV 1 2 %ﬁét?gf processes that do

protective film As a particul ar exanp an

notadapsd ewnessavd oyidatineathei metabhbeing deposied.gift ppiceleriy suitable

sili.con has a [ t.i.n Lnt of about 575C and )
progisgdl dpn At S5poriaR (Pt i 2B APEOSGR FUIHIRE P L partia
prebRsdlldr BLRIR! QfciPeRehd ahb@Nat@lospiidie® TBHPOFASAIY &position

and a snoot her surface finish for the surface deposit

teclggqueshiacludatathar BYDwhtogesses steinas iEGPAD fagd sputtering, thermal

erodynam ¢ performance of the conponent :
A A T e
prodes¥@y ithyasopulfydoRes s&potifiah (HYD)N@id pAUSE: @ CASHINVA paint.

~oxidation of the netal beip deposited. A . .
Lingtadtqxadatiap|(g-gs ppresaily aip tg50zkBY vPime) quipgdepgsition is believed

{0 lge:?c?:?%t{abl%p akd E@y ﬂenacﬁignﬁgm pcﬂfefnﬁlb‘ft‘ﬂ{kt &ﬁlﬂin@gorac&%‘%ence of

the metallic deposit during coating and subsequent high temperature treatments.

Suitable thicknesses for the metal film are believed to be as little as about two
micrometers up to about fifteen micrometers, with film thicknesses of up to fifty
micrometers or more also being within the scope of this invention. Metal film
thicknesses of about two to fifieen micrometers generally yvield a surface deposit 36
having a thickness of about three to about twenty micrometers, which is sufficient to

provide a desirable level of resistance to CMAS infiltration. Metal film thicknesses of
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pressure of oxygen, such as an inert atnosphere.

O her potential deposition techniques include other

PVD processes such as EBPVD and sputtering, thernal

spray processes such as | ow pressure plasma spraying

(LPPS), laser-assisted processes such as pul sed

| aser deposition (PVD), and painting an alum num
fiftper) Micrometers ar aepre Xyighiteonsurface dep%ﬁgéilwylg@ﬁhlc@@@% about

(o] .

o LT LR 593 0B b o i
and WiPACNGsiolancOE BS safiee d@lﬁosﬂt%emﬂﬁhélhﬂldeﬂyﬁgbm 6. However,

duri ng .coating and subsequent high_tenperature .
with IBERERRE 1IcKkTSh 1 Bt ik e 1S 6D Orangt spalgspe dering
thefth 2 tREILEYES ﬂlgrebﬁ I‘J th tcb#w?le@éy ARRYe thWrm the deposit 32, and

mcroneters up een" m croneters, W h
thefreduﬂuﬂgﬁimkmedqmsn GTZ mhss:t resistaht 1o spallaticendatean shmnahmq:ansion

.al sq being within the scope of this invention. Metal
“n$?¥ﬁ% t hi cknesses of about two to fifteen microneters

generally yield a surface deposit 36 having a

Aﬁ%ha@l@ﬁﬁaﬁ afd, iPBQWed K88 LOHRRMAL HINERIRoMb &I T I ation,
whi is sufficient to provide a desirable |evel of

ﬂuai@ssssumf@@ltm WS pwifdcet ﬁaltsh,o the weatall cmpenition of the film

hlcknes es 9 fiftee r onet I
andeheB T ngT Lirhen e ST TEOTEY T 26 i ton dig pgfective
filnd BD Ubntain Wi thy d@iﬁﬁ@ﬁﬁie@d) S For thifsiepoR! ¥ lni:&altﬂl@ ca.n be heated
additional benefit of pronDtlng t he erosion

in amprddipingdbiebRhn atrapsphie, sishfagce- ddiiativebe t%m@etah &lm can

ve PREHR D elp B BYENRE 22 Y WReRBGERS D enging o mo
com:mit&mcef ditter miegal fiberipedn tlfeeablyantScatmenteueh as of the type
fficult t conpletﬁﬁ% XIdIZ to formthe deposit

meg Ry APAEZREs JPt W CR@Fa JEPERsHon) sqrEey @ggan anode.
Oxfdﬁi%ﬁ‘ﬁ?{ﬂ h&sothé Ral 4k 4O QHberdihck hc’:ﬁfl ABm Bk kOMat does not
m smat ch. After depoSition and, if desite , melting
requife tchantmtsalwkﬁld metmogrconad ext@@onnliasl theaad\mntages of a low
thick ess 0 and/ or_surface D
ProfSe i TGURBERTT R SYE FEPT P UG qUeQiner ca e oxidarion
stePXd ?ﬁifér%ly%rﬁcf@ ofutd a&ﬁzeaosmtahmzﬂa@n&aﬂ Snk@fubhts N the

protective film 32 containing the desired oxide(s).
mef@bfilm ki heporplsse The h@lemﬂéqsmmmﬁwwaﬁthb exidelereprocesh camalso

be &e{e@ eﬁa hl qlq Pg:%%%? ha%ﬁni% N Q: %g%e%%l &u?strate 22,
moﬁmbmgyhﬁf m&ogmbe VRpbidit 3632de¥1011| ﬁtﬂfeoﬁiﬂﬂm GRbbsit 36 to the

reacting the netal conposition of the nmetal filmin
integppl dpRastt 3§ apdithe TBEAMEWL . such as of the type

performed by anodi zing, in which the netal

Thé&® ARASLHLLE Bpptirtuhftes 35r @Egﬂ)oéiﬂﬂg ®he protective film 32 of this invention.

For example, the film 32 can be applied to newly manufactured components that have

not been exposed to service. Alternatively, the film 32 can be applied to a component

that bas seen service and whose TBC must be cleaned and rejuvenated before return

to the field. In the latter case, applying the film 32 to the TBC can significantly

extend the life of the component beyond that otherwise possible if the TBC was not

protected by the film 32. In addition, the film 32 may be deposited on only those

surfaces of a component that are particularly susceptible to damage from CMAS
10



Oxidation in air has the advantage of conveni ence and
a sinple process that does not require chemcals,
whil e el ectrochem cal oxidation has the advantages of .
a low processing tenperature and a high surface area
coating. In either case, the oxidation stepis '
referably carried out to convert substantially al

infijgatipn. chndeicasrenf thediladen b0 shesymin Figuss f oof patienlar interest is
Xi,des. The, tli t -0fH t ' '
on G YRSl BB b 0L LIRS Rty o
susC@Rbldler atradhnthagitheg cofivekh@usipg rsatthay as uhstulinb e adddynamic
nor phol ogy of the surface deposit 36, adhesion of the
congisleratiogs-dpollpde B6canbe masker e avlpetivelydona the rygtestive film 32

on Eﬁkecc;g%%czglrfa% Gt tﬂ_eb Girfoild{ £ t}{?g h:t thi ? A &H&ﬁdrﬁ?u}‘ ht and
e m 0

positing the protective fi hi's i nventio
cosFof tlex@lnpB2, Whik the lcom@2e carfadveofapphirtal tbmag bk wf particular

. manuf actured conponents that have. not be expos

IntqrER GFQARANCA] PV T VRIS S YripeR s55¢ 3 %ﬁ%@%ﬁ%@ of

cordcBm sGARINE RhdinkRAbe BAGIcHHEMNI $LLY tHeGeBH oMRSBnIBSsurface
must be cleaned and rejuvenated before return to the

of thp eirtbil 12maahéhclleading edgase, applying the film32 to
the TBC can significantly extend the |life of the

conponent. b nd .t hat gt herw.se ssiple if t TBC -
in R R VR o S Pl BT R e shplfon geimens
havihd AcSZmiay 7% SUEPBSidepskiet bo M BLPVIDSE a PSAIN diffasisn bndcoat

conmponent that are particularly susceptible to damage
weicr rpagis  Spmg @f i thesea spesinensy ke sehgaidef ast RevH afmples.

. . i . . _
o SlRal QaE UGNy 2RSS UL 8Lt mpometers
on bher \Upetimieatad) griihiecaantThe domenuns usargt ivdre then oxidized by
a%tack than the convex (suction) surface as a sulg o
STy P BE Y EAPE M EHALTHEEET e FeatReT bR aRge hipage70°C,

ancft"ﬁo;llﬁﬁ% 4t9hS GLAGIY Bln¥pd- 81D £ &b Qﬁtlottm%cﬂddtfﬁ ! ‘;A'lﬂ Pedtner®Wwere

concave surface of the airfoil 2,
themi subjdcikidnty shaulatdi €M consieghatican tbllogwdt bpfomelwur cycles

film32. Wile the nc face of. the ajrfail 12
betiiig EETh TR ) S €90kt VR TR TG otfurmed.
Th&%l&hedR BrahdkpSihéAsiesRERRM s Ghast MRubliREe 1idds AR of the

of concern, such as the | eading edge of the airfoi

untgeptedr conprel pagplon SEM healyginwéihs gxfeamentabfspedigens confirmed
irfoil .12 near.the |eading e o LNsan Jny, i i.0
thaf’ bt Bt ARR 1008 o B DACHAE Wl Bk AR AEE Nt fhrger

colSHPRY dubk 6FtheI@.nens  having a col umar 7%/SZ TBC
deposited by EB-PVD on a PtAl diffusion bond coat

wer e prepared. Sone of Ihgse speci nens wer s%} asi de, .
While té%ﬁ:tlYf‘éllth%é%ﬂ)@gr_i described 1n terms of a preferred embodiment, it is

apparent that other forms could be adopted by one skilled in the art, such as by
substituting other TBC, bond coat, and substrate materials, or by utilizing other or
additional methods to deposit and process the protective deposit. Accordingly, the

scope of the invention is to be limited only by the following claims.
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Al um num netal was deposited by IPD to a thickness of
about thirteen mcroneters on other (experinental)
speci mens. The al um num coatings were then oxidi zed
by slowy heating the experinental specinmens to a
treatnment tenperature of about 870C, and hol ding at
the treatnent tenperature for about two hours. Al
ClddMS:nens were then subjected to sinulated CVAS
contanination foll owed by one-hour cycles between

1. [00 é%@s%rﬂr %ﬁnﬁﬁ%ﬁgﬁ%&vyﬁﬁc #‘QJ 'enﬁﬁai'aahﬁ&‘ 058k on a

t he occurre aver age

corapqrent, tisngratess pemprigng thwasemalodut t hr ee t| rres t hat of
the wuntreated control sanples. SEM analysis of the

eri nental ci.mens, .confir d th an - ..
o R g OB P PR Tl Bgosition containing at
leabtNdrd tctdl Qfhdsh %ﬂl@r 821sts FIHPAMRT oig@%ﬁxs)fmtb h@e tBGmal barrier

While the invention has been described in terns of a
coqﬁlme;‘ e metal sptrpdsitien beingtappked sopsde domm 2 mgtal @hhem the surface

E%ongglgl{o m?j:%ag E{ﬂSl Q% On%he ?Igémelgbl nerc g(g tmg b%math the

muﬁwb&hﬂah@hlﬂaterials, or by ut|I| zing other or
addi ti onal methods to deposi t and process t he
protective deposit. Accordingly, scope of

convwwtth%meraé cPIgPeitipn te foEm 28 ﬁﬁgﬂe@mtqféhff SFSa ﬁh@ A loast one
mefl ait st }é ﬁ!uﬁfldiﬁbe otide A BHER fs%ffa&@&éﬁo@ﬂ oﬁ the surface of
protectiv mon a therma ba rier coatlng
Gmﬁnmhbnher@hﬁngfocess conprising the steps of
applying to a surface of the thermal barrier coating

a neta osi,ti gn cont a st,, one,
2. SnoBe BRUABRBLRE S CF b RAEr G n CRRAF ARt dne o leas
ond PRIMBLsiRANIfiIREtiof ORIUMAS hRLHEBh&T BARRS IdoheHy BRirBting
: applied so as to forma nmetal filmon the surface
with §M 4Pttd omed thy meadtmgpeint thencel porosity within the
thermal barrier coating beneath the surface; and

t he I '
3 ox AP g 16 o HRAERT A B R BAAR e at least
oneatnetﬁ asdista igfitrhiion o0 ICNIAS iaxd the thédnial barier Rgating by reacting
face_deposit. on the surface_ of the thernmal
"mbé?(ﬂe@rchil&&tp fgse the visegsihclesohccording to claim 1,
characterized in that the oxide of the at |east one

4, et gl r{)@e%é §(§c%rdlﬂ% kd ﬁﬂ}%ﬂeq{f c@afnn%ohgﬁ 9, REAKRBEIM that the

barri'er coating By reéacting
at least one metal is chosen from the group consisting of aluminum and magnesium.

5. A process according to any one of claims 1 through 4, characterized in that the
metal composition is chosen from the group consisting of commercially pure

aluminum, aluminum-silicon alloys, and aluminum-magnesium alloys.

6. A process according to any one of claims 1 through 5, characterized in that the
metal composition is applied so as to infiltrate the porosity within the thermal barrier
coating, a second portion of the oxide film forming an internal deposit within the

porosity of the thermal barrier coating.
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with CMAS to raise the nelting point thereof. 3. A
process according to claiml1, characterized in that
the oxide of the at | east one netal resists
infiltration of CMAS into the thermal barrier coating
by reacting wth nolten CMAS to raise the viscosity
thereof. 4. A process according to any one of clains
7. 1 t Ar pipghass3acceFdipace evlime @ | hapasierizeghdn thet PRt ef the
T A S S U R R
durﬁigathEpIilyinlgrsﬂalpg;b o o ﬁll&h tieecinetal Zaipasitidnhiiring e appitiag step.
conmposition is chosen fron1the group oonS|st|ng of

, connerC|aIIy pu al um nu al | oys
8. and®aPIFIuRS H%stf’u y@améteﬂ&e B ‘55‘ it R the
porbﬁt}aﬁ\t\/ HiRNR e c&hﬁémnllstabﬁembé he&ﬂ@rtﬁ@ Wk Zeshrii& coating
met al conposli tionis app ied so as to

aftgriifig aknplmg stcheo potoonélt thevnetal qentpivsiticher nal barri er
coating, a second portion of the oxide filn1forn1ng

an internal 051[0 wi thi or{lf he gycharac ez ed m af the

theﬁrpé?cas%?oco e8Py’ pro ess accord

mefal %d?ﬁ}ﬁ)ﬁltﬁ)ﬁafsa@bﬂdrté@dtol forbdh a;he | d¥fidd tAnat b?nh@fmg hﬁe metal
porosity by the netal conposition is achieved by

comhpasttiongn e oxidergainasak¥e-er coating during the
applying step so as to nelt the netal comnposition

dur t
10 el AE AR RO AR of cfam I RIS, SRRl ot the
merab canpbgitidnyist dmavam&daﬂo foomphxs pkide rﬁlinsb;adha:tmohdntwlly reacting
eat] ng the t hermal  barri.er ooatln af t
ﬂwdﬁﬁeﬁi/ POBPRT D B RO (B Ra e A ?Pb%gﬁeﬁl GRmpgsition
serfesRk Qg GaSgaccording to any one of claims 1 through 8,
characterized in that the netal conposition is
converted to formthe oxide filmby heating the netal
conmposition in an oxidizing atnosphere. 10. A process
according to any one of clainms | through 8,
characterized in that the netal conposition is
converted to formthe oxide filmby electrochemcally
reacting the netal conposition in an electrolytic
treatnment in which the nmetal conposition serves as
an anode. 13
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