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- Met al substrate with an oxide |ayer and an inproved anchoring
I n accor dancWOMBORSRul e 4. 14 .PCT, this application+is a 5 reTEPbdiEhy

. Continuation-1n-Part of International Application PCT/EP 96/ 01564,
cfiled April 12th, 1996 and designating the USA, in =~ the United States of

Aneri ca. The Invention relates to.a s ] a
oxi de | ayer MekRhnS@RERERFRGY +%§e?nd?§b6§eg§¥§ere 'éég%ﬁp¥6%gﬂbF§%§Qﬂqxﬁp
specificallyiayége invention relates to a superall oy substrate with a

thermal barrier layer and a | ayer anchoring the thermal barrier Iayer
onto the substrate. 15. U S. Patent Nos. 4,055,705 to Stecura et al.

4,321,310 tor ackbi@8nebk with RAUe44324, 841, tﬂhf%f&pghﬁﬁadlenldseacoatlng
systens for gas turbine conponents _made fronln c& L i %E&/%§§
super al | 8ys. %b@??ﬁg°§y§?eﬁ?ﬁEs€?lE%HeEBﬁB+?na PR %cﬁt%ﬂgr rrier

| ayer made f?é’,ﬁbfﬁé@m £ileli ﬁﬁri!ﬂ Z@thPaIDQSUaﬁﬂ 8esign&oiigNehegUBAedn

structure, ace ondi_n ayer or bond coating which in its turn
is placed onthe Uﬂh§e§u§§PF§§e°§ngm66h8§ ‘the thermal barrier layer to the
substrate. The bonding | ayer isnmade froman alloy of the MCr ALY type,
nanely an alloy containing -chromum alumnum?25 and a rare earth t al
such as yttrThen invenbion tekpERSi B a mehal| sUREtEAESVIFR, and

ni ckel. jpurtes gl £HBBLeafian anfheihg Péfé?”&lbﬁo%d'\@hékeb@tlv@en |
exanples are given nportant Teature of the bonding_|ayer is
that a thin MoreoipaelﬁayéA1Mi EhénﬂﬁHeBFlannfﬁiﬁF650F°aPuﬁPﬁ§r rom um

30 oxide, ggegagsngéeﬁ Bag b%irﬁa%EPelS?%08h8| aniafek@nchoMad Y

all oy, inter vel oped on th
the thermal barrier layer onto the substrate

15 U.S. Patent Nos. 4,055,705 to Stecura et al.; 4,321,310 to
Ulion et al.; and 4,321,311 to Strangman disclose coating
systems for gas=turbine components made from nickel or

= cobalt-based superalloys. A coating system described comﬁri—
ses a thermal barrier layer made from ceramic, which in

20 particular has a columnar grained structure, placed on a

.bonding layer_or'bond coating which in its turn is placed on
the substrate:aﬁd bonds the thermal barrier layer to the
substrate. The bonding layer is_made from an alloy of the
MCrAlY type, namely an alloy containing chromium, aluminum

‘25 and a rare earth metal such as yttriumxin a base comprising
at least one of'iron, cobalt and nickel. Further elements can
also be present 1n an MCraly alloy, examples are given below.
An 1mportant feature of the bondlng layer is that a thin
oxide layer of_alumlna or a mixture of;alumlna and chromium

30 oxide, as- dependent on particulars of the composition of the
MCrAlY alloy, inter alia, is developed on the MCralY alloy in

an oxidizing env1ronment below the thermal barrier layer.



an oxidi zi ng environnent below the thermal barrier |ayer. WO
98/ 04759 . PCT/ EP96/ 03287

. 2 Accopdisiighse @ bond between the thernmal barrier |ayer pgfpbéifazer

al um na | ayer nust be provided. U S. Patent No:. 5,238,752 to

. Duderstadt et al. discloses a 5 coating system for a gas turbine
;conponent which al so I ncorporates a Ceramc thermal barrier |ayer and
“an bondi ng Accotrdayargliondi bgntihbetweennthkeathesmalabarriert Daysubsndatthe

The bondi ng.layer_is I [0 cLnl.ernetal lic alum nide com

~pound, in p% ?ﬁ%ﬁ?aiageﬁiggg?_éFug%ﬁ?éggéf a platinumalum - 10 nide. The
- bonding | ayer also has a thin oxide |ayer which must serve -to anchor
"the thermal,,barrier |ayer. . Pate , 202,245 _t. | i on et al
descri bes éUF SU#?Eeng g?'aﬁ'%??b?%§t5gsbﬁp Fggagga%?naiéygégﬁgOSég a

i ncor porSat i agatbrg- s¢Stemnifobaar gas tuybinef compasentir whiehcadsanent s by

avoi di n . _bondi ng, | ayers. To.this end conposihtion for, a superallo
's di scloscHIGRFRRTALSSHE Gesamic FRPRRALs BT Bt oVoh AR an Honding.
- conponent abdyehi bbnédeyigl €he 8Hefhdll Barkager 1apekt 80 theOBudstHatfeAC e
under a suitable treatnent,. That alum na l.ayer 20 _is 'used to.anchor a
corani o t hePRBALBEr LA¥ET| A5cFatE: BEPRy 3B, iRt erpREaliRG, PALEI YIS COm ng
: thg ?ﬁedtL Opoa?ageshaba&eadhmelr a nliaxe% hQUub%nmgatcedt b%:magaorﬁgﬁf E;l;.l&tat-r ate
an er al .- rier aver. L O. “at en , , 0
G ggrngikt ﬁggeshgﬁg 9°H§PH€dlaY¥rfB?sﬁlgE?n6 £hip. gxide haved Waah er
| ayer on _fli_hﬁ'téﬁttﬁé?‘béeto anch8PoBRE! th¥rtaphysireakrvaggerdeposi tion
process. a -

U.S. Patent No. 5,262,245 to Ulion et al. describes a result
of an effort to simplify coating systems incorporating ther-

15 mal barrier layers for gas turbine components by avoiding
bonding layers. To this end, a composition for a superalloy
is disclosed which may be used to form a substrate of a gas
turbine component and which develops an alumina layer on its
outer surfaces under a suitable treatment. That alumina layer

20 is ﬁsed to anchor a ceramic thermal barrier layer directly on
the substrate, eliminating the need for a special bonding
layer to be placed between the substrate and the thermal bar-
rier layer. ;

25 U.S. Patent No. 5,087,477 to Giggins et él. shows a method
for placing a ceramic thermal barrier la&er on a gas turbine
component by a physical vapor deposition process. That
process comprises establishing an atmosphere having a con-
trolled content of oxygen at the component to receive the

30 thermal barrier layer, evaporating compounds with an electron
beam and forming a gas'phase, and precipitating the gas phase

on the compound to form the thermal barrier layer.



process. conprises establishing an atnosphere having a con- trolled
content of oxygen.at the conponent to receive the 30 thernal '

: layér, evapoW %Pﬂg onpounds with an el ectron beam and fo?ﬁfﬁéﬁéﬁﬁgé

. phase, and precipitating thé“gas phase on the conpound to formthe

- thermal barrier layer. - WD 98/ 04758

' PCT/ EP96/ 032 - Pa NosS.

5, 154, 885; 58§6§ - pBatent,Hgs; 3, 154,885; 5,788, 3357, 8 W02R 12 4l ool ose
advanced coat5n903y§0§nto Czetbregasltudbsné0§6npdnencsdcantnggufystems
protective co ngs 0 S |
~carefully ba-égg g Eargéﬁggéﬁhg8ﬁ§h?§ SIV QexceélggggFP¥§§%o resgg{ance
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: conpatlblllty a ) t S d
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Very advant agsotRabiREliEE  mEBRARIERL, AcbenRREY) “EpobnessRBRYE 10 vbea
sui tabl e .as bfadi vhe subbayatestoThenbheasngfthbenutrhmwraﬁnoyaymgsﬂurmﬁ&
t ur bi ne onpone Pat ent . No 401. 307 .al.sg _gontains a surve 15
over conposit 18P33u68PZPFo§833%FchAga%t688FqufSP F§Fﬁ1ﬁ ementg, i

t ur bi ne QOHpQ@EﬂtScular siAiebandaddrpentun¢eare hQEdldﬂsaﬂsﬁéadeﬂﬁﬁ&ﬂmnln
particul ar barrle | ayer, to_an artigle of manufactyre is 20
pl aci ng an an%%d??ﬁglFH;QF %8n§ S¥Rn§CoPeatuiPRY Sﬁv?ﬂﬁage°u§rﬁﬁé¥§1W§ther
by placing a sultmbraiboalilsgs! sMewnoarkhalso vatyi sherublehadeyding he
alumna on its surface undeg oxi - di zip g condiﬁlons or by selecting a
mat erial for tHESHFt FEFedRCh °ﬁh?€htp§rWF%eP TELBALLRY BT S 8D eFBfi My RIRA na
on its surfaccom@bnenbe.t begiababenti B6.! 8yeo1i sopl ated @antaenaoradlsm&vey

| ayer angs o&g@dggmégsﬁpgeﬁgbé%r2&8e¥£?159§ aﬂgggrég ggul for formlng

gas turbine components.

A standard practice in bonding an oxide_layef, in particular
.a thermal'barrier layer, to an article‘of manufacture is

20 placing an anchqring layer consisting of alumina on the
article, gither-by placing a suitable bonding layer on the
article which develops the alumiha on-its surface under oxi-
dizing conditions or by selecting a material for the article
which is itself'capable of developing alumina on its surface.

25 The thermal barrier layer is placed on the bonding layer and

bonded to the substrate via the anchoring layer.

The thermal barrier layer itself is expedlently made from an
oxide ceramlc, ‘particularly stabilized or partly stabilized
30 =zirconia. "Partly Stabilized erconlaﬁwcla351f1es a family of
preparations containing zirconia as afbrincipal,constituent
and at least one other compound which*is thoroughly mixed
with the zirconia and which inhibits the zirconia to change

its crystalllne propertles under thermal cycling. Examples



The thermal barrier layer itself is expediently made from an oxi de
~ceramc, particularly stabilized or partly stabilized 30 zirconia. "Partly .

| Stabilizedygboggygda’ classifies a famly of . prepar at i OIECRERISABIETNg
i zirconia as a principal constituent and at | east one other conpound
" which is "thoroughly mxed =~ wth the %irconia and which inhibits the
" zirconia to change its crystalline pFoperties under thernal cycling.

Exanpl es  for suéﬂjeéﬁﬁﬁ/éﬁﬁﬁaunds are yt€rd8/ 0dgb®ia, magnesia, ceria

4 for such ot her co are tria,.calci gn _and
| ant hana; t3PP %@aPﬁe sPF%ﬁ“EFfé%? defiEs o?ﬁ%?ggbnfﬁege ég %éc ave
to be adm ﬁ&stmvélesoneaawmaauabsme ghrdénia ipeamenhtbyupeitghtl Cor
even nore. anples are available from5 e_cited docunent gﬁ t&e state
of the art.percent pgytVeyghf soti eVRB BeﬁarnEX6?P fig ?ﬁ%rﬂﬁ?lzg Per PV er

to an 5. angdosipgdl aaeﬁméﬁeslétl BHees8gtéi 8F| yhef artuni na have not
yet attai ned consi derabl e recognition or even discussion from1l0 the

technicians working in the field. More or less it has been taken for
granted tha%a{-@;}c&ﬂ%naf Eﬁéngoﬁdiﬁaast%hé thermat! bagfdebeilagedee eped
as a layer bonded to a suitable ne- tal substrate, would assure bonding

bet ween t heanehatring lsupst caneighdng ?ﬁé?ﬁﬁFa%ﬁYrPGra#HVéPaphéﬂédnﬁﬁon t he
~alumna 15 . By Hc:iera 55} ‘ééhﬁﬁ@%ﬁbl@err%Eeﬁﬁiémﬁnbi‘ é@enahygbn%sh@herfﬁm

been gi ven %on3| |on to anchor a thermal barrier-.|ayer on |
super alliloy thesteahpicdgasdwesking insthecFififg ¥eK8i A5 1essc&§a9ﬂﬁty'and

| ncr easi ng 50ah! |LAgeRr $BaDELALY @S chintOtAUS a Lunifl] | BaiAgeRaAkkdandw - t he
exposure to an oxidizing environ- Such gromﬂh must he expected to-
occur at a gedftandi being developed as a layer bonded to a suitable me-

tal substrate, would assure bonding between the metal
substrate and a thermal barrier layer placed upon the alumina
15 by its mere existence. Heretofore, only an.alumina layer has
been given consideration to anchor a thermal barrier layexr on
a superalloy substrate regardless of its declining bonding
capability and increasing spalling probability as it grows
during operation-due to the exposure to an oxidizing environ-
. 20 ment. Such growth must be expected to eccur at a gas turbine
component undef_high thermal load in an oxidizing environ-

ment.

Further enquiries by.the inventor have turned out that it is
25 not the mere exietence of an alumina anchoring layer which
bonds a thermal barrier layer placed thereon thereto, but
that it is a SOlld state chemical reactlon occurring between
the alumlna and the. thermal barrier 1ayer which creates a
thln mixing zone between the anchoring layer and the thermal
30 barrier layer where compounds formed from both the anchoring

layer and the thermal barrier layer p;ovide for bonding.

It is accordingly an-object of the invention to provide a me-

tal substrate with an oxide layer and an improved anchoring



conponent under high thermal |oad in an oxidizing environ- ment .

- Further enquiries by the inventor have turned out that it is 25 not the

i mer e exi st enposiarsn al um na anchoring | ayer- which bonds

. barrier layer placed thereon-thereto, but that it is a solid state

! chem cal reaction occurring between the alum na and the thermal- barrier

| ayer which creates a thin mxing zone between, the_anchorin e qu
the thernal 3yesss rwbichageergpmes ﬁp%BﬁHQ’W%Pﬁéﬁn??o pot agﬁ s o

anchori ng % qy&eeﬁﬁokéekﬁbﬁﬁ n@évbaesi ghal M¥Ehods O¥E dehisr gbﬁa&aag type
It is accordln y an object of the invention to grOV|de a ne-

substrate\Mtandunmquﬁeﬁaybﬁ beedipg | abr BREO%RHER oF RYIBT / partxcu%e;iy a
987 04759 ﬁ% ic thermal barrlerF£§§5896é9338§ub5trate through an

5 | ayer, I Ch overcones the above- nentioned di sadvantages of t he
her et of or &- kmmmhqmwmgeéanﬁn metmedifvinghthe gapeharingptayer andai nproves
t he bonding o {igbf ﬂg hg¥er particularly a ceram c thermal barrier
-layer,.to a s e rough an 5 anchoring layer by nodifying the
anchoring layer in a sui tabl e manner. Wth the foregoing and

ot her obj ect p [ cQ n th et -

i nvention, ﬁw%ék $%I%P§%§°iﬁg %Ra Ot?ﬁ¥egsgeCt$|§§n igg %é?gb ESbg?the
. having a sur fabdedndin acberdgncepuabth tbedGVEEBFlanflPgtaﬁklﬁéelQfeﬂ@@ﬂ
- the surf ti ed t o] S eal

conprisiié fa%f§§% gnw ¥FPQC &l Hg§giaﬁu%%§ été Ea?%?é d??%??e gﬁ“%he
being capable to develop a first ox1de layer on the surface

¢my

m:

and tightly bonded thereto, the first oxide layer comprlslng
a first metallic element; an anchoring layer disposed on the
substrate, the anchoring layer comprising a ternary oxide

15 formed with the first metallic element, a second metallic
element and oxygen; and a second oxide layer disposed on the
anchoring layer, the second oxide layer containing an oxide

of the second metallic element.

20 With the foregoing and other objects in view there is also
provided, in accordance with the invention, an article of
manufacture, comprising: a substrate having a surface formed
by a first oxide which comprises a first metallic element; an
anchoring layer comprising a ternary oxide formed with the

25 first metallic element, a second metallic element and oxygen;

- and a second oxide layer disposed on the anchoring layer and
bonded to the surface by the anchoring layer; the second
oxide layer containing an oxide of the second metallic ele-
ment . '

30 .

In accordance with an added mode of the invention, the ancho-
ring layer comprises the ternary oxide as a principal consti-
tuent, or it consists essentially of the ternary oxide. The

term *principal constituent" is understood to refer to a com-



substrate, the anchoring |ayer conprising a ternary oxide 15 forned with
the first netallic elenent, a second netallic el enent and oxygen; and
second OXipftyogisuysy di sposed on the anchoring | ayer, thecTmresoBd28xi de
| ayer containing an oxide =~ of the second netallic el enent. 20 Wth
t'he foregoing and other objects in viewghere is also provi ded, in
accordance with the invention, an article of manuf acture, conpri si ng:
substrate B@fitdon Qf mastemperein ghe sompogensmeatyoned demprasent

first metall.i i | I K [atse Xi de
. h.ln% fgﬂmg{ £ mm@n@w N IrRd@urelMin Patd £ e W ghto)

formed wth the el’ement, a second netallic el ement and
oxygen; and a-second oxi de |ayer dlsposed on the anchoring | ayer and
bonded to JUIABLAY it AU GddW Fe P 3BT on, G deddiley
contalnlng an aoxide ot the second metallic el e-

accor dahce omwide drs aklertestiE<nom the ignam |Q§ﬁl$1t5f¢é-%@fo-splne#5 fngJYJa?er
conpri ses 1§ d tzeer%‘aa[r}'d %.ﬁcﬁrs@ﬁ&sor 'ﬁ?ésﬁ?'t:k{?:%?tt'erms s r}éry

consi sts esséntially o ternary oxl term’ pr|nC|pa

const i t uenpixiidesuigjertseiod domposfidiarn as oehl as by thenmcg&lslzwlsbogra—

PCT/ EP96/ 03 . { o) te

. wherein thé)%('fL otr‘?"e‘hcft%%tloa}{é:& c|.‘1slaprr:'“<,¥s'enat stellnql‘zf’ns a:lnoun e%lee%prﬁé 50%

- as neasuredmmqmrmoby avepxgmchlore hés accomplesic on t BeCafotdmd apde of

the i ntlon e ternary d ct t CQNg:Sting

of sp%@l S; eﬁﬂvc? ite IE% ot esomg))&’chg:eréc)r\l/s?ﬁécf %ﬂ %c%gg]tﬁr gght%g%ﬁs%sﬁém fy

ternary vaberdesnélyal hed rdermEss & |mmamﬂ Imedtsa Ip\antchdl rdemptsealaogr a-

phic str UCttuerteravaaférllé:L{nea‘EAJY-’ & dse[}lcﬂ:eés h&&fen(:heéﬂa%léﬁorgp splnels and
pyrochlores are YbAl,O4, MQ'A1204, CaAl;0,; .Alzzrzo-y. All ternary
oxides mentioned explicitely or by a general formula as are

15 known as such.

In accordance with an additional mode of the invention, the
second metallic element is zirconium, and the second oxide
layer may contain zirconia as a principal constituent, and

20 particularly, the second oxide layer consists essentially of
a partly_stabilized zirconia. In this context, it is particu-
larly preferred that the first metallic alement is aluminum,
and that the ternary oxide is a_pyrochlore formed of alumi-
num, zirconium and oxygen. A major motive for this preference

25 is the fact thatVthe pyrochlore formed of aluminum, zirconium
and oxygen has been observed to occur aﬁ:a boundary between a
layer of alumina and a layer of zirconiafand indeed provides
for the bonding between these two compounds. Accordingly, the
provision'of anlanchoring layer formed of;that pyrochlore can

30 be expected to provide good bonding propefties as experienced
within the priotr art which will be rellably be preserved even
if additional alumina is formed between the anchoring laver
and the substrate, as must be expected fq; an article which

serves as a gas turbine component under heavy load.

a .

a



Sition AB204, a pyrochlore has a conposition B2C207 and a 10 perovski te

has a cowposition ABC3. Therein, A denotes a di- val ent netal,
. dendtes a trwoaBe4ms9netal and C denotes a tetraval ent rret%ﬂmnﬁs'ﬁd’émt es
: oxygen, Exanples of spinels and pyrochl ores are  YbAl [err] (4,
i MgAl [err] 4, CaAl[err]Jerr]; A12Zr207. At ternary oxi des nenti oned
- explicitely or by a general fornula as are 15 known as such. I n
accordance with an additional node of the invention; the second

metal lic el ergtydSorddrc@ivieh an Eurthére asdk od dehe :Lm}eaytmonmythenaar-n
zirconia as a _principal constrtueqta and 20 é)ﬂﬁrtrcul a%]%/ he second 0Xi %e
| ayer consi stehasinihtlayey § dope "b‘aFr Ty BAf 1) 30 gun
context, it idfddd Cl-and 10 Htdm égégﬂ@d that the first netalllc el ement
is alum num - and that the ternary oxide is a pyrochlore forned of

alum - 5 num zi rconr um and oxygen. A major notive for this preference 25
Is the fact that, % MP&? dHIRhPfadd i dHEN wddE B Uﬂhe ln'aéﬂtlon,
oxygen has béén 0 serve to occur” at a boundary between a

al umi na and a:heawsrbsﬁrazw ciomi EomRAl i ol iR (5 cobaktyy ‘?%%eéoﬁ‘dpﬁﬁ‘

bet ween t hesg, corrpounds Accordi ngly, the provi si on of an anchori ng
| ayer formed oJT t"hat pyrochlore can 30 be expected to provide good bonding
properties as experienced within the prior art which will be reliably

be preserefed O 13 Hbcor ddrdc@del di anal @:&L&H&@aI:&oé@rcseohrb@tﬂmnwsnanahabhng

| ayer he s strate as ‘nust be expected for. an article which
serves as a gHing Ukdyer tomnrerposedidetwessy thpcubstrate ayg HBR04759

PCT/ EP96/ 032 L 1 J ferd B WRCESERBRCEEWRL h
a further e otro?he mv‘@n‘fr e ):?]ondmg e ]fm)rr n%r? a%%r |3§ doped with

- nitrogen, preriaet:atﬂqlrseha\cmmom the cgyeem donsksuingt@fperadnplumini -
des and MCrAlY alloys, and it has a preferable thickness of

15 less than 25 micrometers.

In a preferred embodiment, the substrate, the anchoring layer
and the second oxide layer together form a gas turbine compo-
nent. Such'a component comprises in particular a mounting

20 portion for holding the component in déera;ion and an active
portion subject to a hot gas stream stfeaming along the com-
ponent in operation, the actiwe portioﬁ being at least partly
covered by the anchoring layer and the second oxide layer.

_ The component may in particular be formed as a blade, a vane

25 or a heat shield part.

with the above-mentioned and other objects in view there 1is
also provided,.in accordance with the invention, a method of
bonding a second oxide layer to an artiple_of manufacture

30 formed of a metal substrate having a sﬁ?face and being
capable to develop a first oxide laye:%tightly bonded to the
surface, the first oxide layer comprisiﬁg a first metallic

element, the method which comprises:



5  In accordance with again an additional node of the invention, t he
~Substrate'is fornmed of a nickel or cobalt- based super- al | oy. 10, In

. accordanceywy gt an added node of the invention, :a bon- perstogeskiyer '
. is interposed between the substrate and the anchoring | ayer. The

i bonding layer is preferably formed of a g material selected fromthe

' group consisting of netal alum ni- des and MCrAlY alloys, and it has a
pref er abl e phackngsanofingborliggslajer 28 ther sueface, the anchoxrimeferred

~enbodi t, the i NG« ands.t | d
Fayer {oget REVEFoRaRRraking Ao HBRARY Bokio® Somea Gin' BeRIALE a.C€
conpri ses i hapaiti edlements, mohet segof@ meteillic demeokdand hygssnyponent in

along the cBpein8bh¥C secopfobia 8B, 1HDEE bn! 8nd HRCHIRTS! RESRE (G 00
partly 5 bonéieg bhet becandhoxidg layer &odthkessbstmetexivie Itheeran-
ahi el 0 part CholBhg JapRE O o e ment | oned and ot her obj ects in view there
is  also provided, in accordance with the invention, a nmethod of :
bonding & SHERRr 3! dpokRLihrkSoRutabir hEnek TRRMLRRL USRS 1 2
oxi de | ayer albghplpvideded ihoatherdanceuwtizbe thehenkiehstionsi @ rettid of
COMDri S0 Bohlish TPLALLRS oxial! TILL LIS TELRQI MaLEh ComLiSey;
element to an article of manufacture which comprises a
substrate havihé_a'surface formed by a first oxidelﬁhich
comprises a first metallic element, the'method which compri-
ses: placing an anchoring layer on the surface, the anchoring
15 layer éomprising_a ternary oxide formed with the first me-
tallic element;fthe second metallic element and oxygen;
placing the second oxide layer on the anchoring layer; and
- bonding the sedbnd oxide layer to the substrate via the an-
choring layer. .
20
In accordanceIWith an added mode of the invention, the step
of bonding the second oxide layer to the substrate is ef-
fected by subjecting the substrate with'the various layers
placed thereon_to'a suitably selected elevated temperature.
25 Thereby, solid $tate chemical reactionsié:e effected at re-
spective boundaries between a layer and the substrate or bet-
ween two layers, creating the desired bonds. Eventually, that
subjecting to the elevated tempefature-éan be performed con-
currently with the step of placing the second oxide layer.

30
In accordance with yet an added mode of the invention, the
anchoring layer is placed by: establishing an atmosphere con-
taining oxygenfaround the article; evapé?ating a compound of
the first'meta;lic element and a compound of the second me-



8 placing an anchoring layer on the surface, the anchoring | ayer
corrprlsmg a ternary oxide formed with the first me- talr#@&%g%t,
the' second Q%478 ¢| enent and oxygen; pl aci ng the seco yer
on the anchoring layer; and 5 bonding the second oxi de |ayer to the
substrate via the an- choring | ayer. 9 Wth the above-nenti oned and

ot her ob ectgai \el g\ﬁ{%&% 3ngo the a%ﬂtogg?z\é&@eg.nd' F AR G By | §&s

i nventi on, od 0 I'ng a second oxi de ayer conprising a_second
metallic pbaeeenpmtolanngr thel §igsthietrdddisr e1ament c&he isgeond me-

substrate hagémg g %ﬂ%&@@ Lﬁﬁneggb%ﬁ§gf onl;S an@X pdectpitating CHB ¢ ELsaRy

first netallrc FEment nmet h conpri - ses: placing an
anchoring | agas DhasbeOsuth&cértnﬁéeanchor|ng 15 layer conprising a
ternary qglde formed with the first ne- tallic elenent, the second
metal lic el ement and oxygen; pl aci ng the second oxide | ayer on the
anchoring | ayne; c&m@ound b&ndhagfﬁhstseemmdldxi@édmgna'UQ)hauawnmmxaaeé

LR A e R okl ok SRR S A YRRl

substrate i smetallic edeimeaitby tsedjfe @nidnant loxisieb oixr @badast loft HEheyaf insis

Thorehy, sol PRCSTALE EemeEs: Fd: CoamP i, S Fhel SR At Kfenente

boundarilgs bggwepeefaraiyer aandxide sﬁbsﬂmasecondbemxalllcmamemamtlayers,
creating the desired bonds. Eventually, that subjecting to the el evated
tenperature can be perforned con- ‘currently with-the step of placing
the second Ozhd@cb@h‘:@ranc&owith bgader @ darthew trbdpetomrtrfﬁzldﬂ'd}érmfecmf adte

i nventi on, anchari S pI d | i hln an_at mosphere

con- talﬂﬁﬁﬁto?Fﬁbﬁ aFg%h C%P@ %% &ﬁﬁ@ %%? or S88

the first rTEi:Hb' b@n@o@ﬁ@bfal&ﬁeasmlmét@fllhhe edeo@nt rm;- evaporated by
15 irradiating at least one solid target contalnlng the re-

spective compound with an electron beam.

In a further de#elopment of the invention, the step of
placing the anchoring layer comprises: initially establishing

20 the atmosphere containing oxygen at a given partial pressure;
and evaporating the compound of the first metallic element
and the compound of the second metallic element, forming the
ternary gas phase and precipitating the ternary gas phase on
the article whiie concurrently lowering the partial pressure

25 of the oxygen in the atmosphere. The second oxide layer is
then placed as follows: establishing énother atmosphere con-
taining oxygen around the article; evaporating a compound
with the second metallic element and forming an oxide gas
phase; précipitating the oxide gas phasé on the anchoring

30 layér; and reacting the anchoring layer;With oxygen from the
atmosphere and oxygen from the oxide gas phase precipitating

on the anchoring layer.
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9 tallic elenment into the atnosphere and formng a ternary gas

‘phase cont pbggurssre first nmetallic el ement, the second ne- peorpg '

‘el ement and t he oxygen; and precipitating the ternary gas phase on the
rarticle. 5 The conmpound of the firstygetallic elenent to be evaporated .
‘is preferably selected fromthe group consisting of the first netallic
el ement it s&hf agcdrdance #6.tir yeti desSufthere niddes of ' thendmaenitd.osl e rtdme .

- The conpoun t : al_l rahl i f
‘the second gregél Pt%epggcg%g%[ %te ecﬁnﬁ ga(@?)%edé% ﬁngaﬁas%% )aév%g)ot%el?l%rgde
~of the inveat compolulnd witheadte secord Maidmmmmu hmd‘ | froaminmeg aam c

el enent and ‘the co ound of t he I|c el enent evapor

By IE  raariaey Y IR sl BiEATANL Y tnd AT phat Ry RS
. conmpound wi shchnrdingc lagrerheam In a further devel opnent of the

I nvention, the step of pl aci ng the anchoring |ayer conprises: initially
est abl i shing 20 the atnosphere containing oxygen at a given parti al
pressure; In a&d:mweawm teheormmuivahtoinddee df rtie rinmiddm:gl efFeant

and the co ound @ e second | 1i.c el errent form n ternary
gas phase a &eﬁr é"éf af‘éﬁw §é>“tsﬂflse 15’#‘-”( ithe aftii | e
concurrent| y:hbwzefg r]gy@tevﬁaﬂi lrﬁltwg@ﬁunme%‘émf tdie @f@RTing Wer is

t d | aced as fol.l
a1 ob! 1 nBP AR S LR o A0 AR 0n. DA R O BRI BURFAGHOAS ol o

evapor at | ngd&ftf@rg:i@mn@cuvemdﬂméiﬁ§&mﬂ;gmttaié iahcHAey 1ayed GEdg an
oXi de gas phasenﬁgrem itating t % hase on the:\L anchorl ng ‘30 -
| ayer; and FBScSSR ﬁ?r r?*"f rRFHR R bR RRMNer e

and oxygen Ebmédﬂ%yo)gléﬁ:;gfgs tmw%dlfcﬁﬁlrm tl%tyieng by PV drh& iekiardsg
layer. process in an atmosphere containing an amount of nitrogen or
15 by heat treating the anchoring layer after its placing in an

atmosphere containing nitrogen to diffuse nitrogen into the

anchoring layer.

Other features which are considered as characteristic for the

20 invernition are set forth in the appendéd c1aims.

Although the invéntion is illustrated and described herein as
embodied in a metal substrate with an oxide coating and an
improved anchoring layer, it is nevertheless not intended to

25 be limited to the details shown, since various modifications
and structural changes may be made therein without departing
from the spirit of the invention and within the scope and
range of equivalents of the claims.

30 The construction of the _inventionj ‘however, together with ad-
ditional objecté and advantages thereof will be best under-
stood from the following description of the specific embodi-
ment when read in connection with the accompanying drawings.
In the drawings:
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10 - In accordance with yet a further node of the invention, the step
. of placing twesessnd oxi de | ayer conprises evaporating aPCT/RP6/M3a8TN t h
' the second netallic elenent and forming an oxi de gas phase; and
| precipitating the oxi de gas phase on the 1% anchoring | ayer. In
- accordance with a conconitant - node of the invention, the step of
pl aci ng the anchoring |ayer conprises doping the an- choring layer with
~nitrogen. Thevieqy.1 e anfdagnert dryy earross Askcuipmmlaivicvw iof entsubstuaten
barrier to prevent m.gration of . diffusion.active elenents through th
anchoring | ayeth & @z%teq%v%m%(i%ssg%e:ﬁcweor&tﬁ% %a%eﬁ?lng oxide

particul ar baag®r and drorarechdnimg dcyer i hendanchoring 1 ayer by PVD or a
simlar process in an atnosphere containing an anmount of nitrogen or 15
by heat t$eating the anchoring layer after its placing in an at nosphere
cont ai ni ng nigtilgagen it aligdrigreduitvergairew O 4 s turbicdwraivgf dhy ecompo-
O her features which are consi.de as characteristic for the 20 invention

are set fortReRt GEBHRAIBAINE GURSCrate ang bhs, HFQ4RET R Eoaniag Sy~

il lustrated apdrfedhideh BIEi N as enbodied in a nmetal substrate with
an oxi de coating and an i nproved anchoring |ayer, it is nevertheless

not intended to 25 be limted to the details shown, since various

modi ficafd ONReferdMy HdWHdItHe HIRNNRSs BY thie MBARy ML Bl "aeddPUANg
departing fromthe spirit of the invention and within the scope and
range of equifidiSént PaFCiGlanlyimEo Fig. 1 thereof, there is seen a

substrate 1 of an article of manufacture, in particular a gas
turbine component, which in operation ié_SUbject to a heavy
thermal load and_concurrently to corrosive and erosive at-
15 tack, including én attack by oxidation. The substrate 1 is
formed of a ma;erial which is suitable_Eo provide strength
and structural stability when subjected to a heavy thermal
load and eventually an additional mechanical load by severe
forces like centrifugal forces. A material which is widely
20 recognized and employed for such a purpése_in a gas turbine
' engine is a nickel or cobalt-based superalloy. Preferred
examples of such superalloys are nickel-based superalloy
IN738LC and cobalt-based superalloy MAR-M 509, as specified
according to common practice.
25 "
In order to limit the thermal load impqéed on the substrate
1, it has a thermal barrier layer in the form of a second
oxide layer 2 placed thereon. This'sedénd oxide layer 2 is
made from a coiumnar grained oxide cergmic, in particular
30 consisting essentially of a stabilizedf@r partly stabilized
zirconia as explained above. The sééonéﬂoxide layer 2 is an-
chored to thé substrate 1 by means_of}éﬁ anchoring layer 3.
This anchoring'iayer 3 is developed onga'bonding layer 4
which has to be placed on the substraté 1 priorly. The bon-



30 The construction of the I nvention; however, together wth ad-

~ditional objects and advantages thereof will be best under- st ood fr.om
: the fol | omwigoghssysyr i pti on of the specific enbodi- nent pOTEPOEEIREYT N

‘ connection with the acconpanying draw ngs. In the draw ngs:
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- 11 Fig. 1is a fragmentary cross-sectijonal. viéw of a substrate

with a pr o@éé'tg vavssatd mPRsistiemah @ phreiih ¢ 1d We ot RBGIRFably| @feprnand

an anchori MerdWeTa1 106 ad paterﬁ!éh i idnd dEEREUY P tdrftVs Of, B542885,
t ur bi ne alrf0|l conpo- nent corrpr|5|]1n{g}3the bstrate and the protectlve

coating syS-268,238m shows i H4iand HEWHAF ti5 (MRE { 1REPBS of
the drawi ngdd WfisHdw &Kk  thididedsedass itnd elrafyserst 3 R 4 ddesefie;there

IS seen a substrate 1 of an article of manufacture, in particular a gas

tur bi neS co#ﬂkméﬁhlcmﬁiﬁl ohh dreanrcharing sayjercs tm}gahthe!aw;reahmebm
l'oad and ¢ % C&E) PN AL O \6F dlre %néxﬁ yfk%i- V\ﬂ
at | on eria

attack by oxi strate 1 is. formed of a

sui t abl e t @meunRt CalM rehg HEew layrrstoficatans. ﬁsalﬁnqqu‘-mmenﬁ}ect ed to
a heavy th e. | oad and eventually an additional mechanical . |oad by
severe orces |like centrifugal forces. A material which is wdely 20
recognized and enpl oyed for such a purpose in a gas turbine engine is a

Cupor o] o, S AR d BEA. Dol R 'ShenriINE R Bridihege

super al | oy fidafhed 303 h o Sipesti methllic azlemating rtame:lqgmairmmrranm; cand a
second metallic element whose ox1de constitutes at least )
‘partly the second oxide layer 2, namely zirconium. That pyro-
chlore is chemically and crystallographieally affine to the |

15 material foming the second oxide layer 2 as well as to the
material forming the portion of the article located
immediately below the anchoring layer 3, namely the bonding
layer 4 which in its turn is affine to alumina due to its
capability to develop an alumina layer tightly bonded to it,

20 or an alumina layer tightly bonded to the bonding layer 4 and
developed thereon under exposure to an oxidizing environment.
Thus, the anchorj.ng layer 3 faqrms a preferred interface bet-
ween the oxide layer 2 and the part of the article located
below the anchoring layer 3, in the embodiment shown the bon-

25 ding layer 4 resp. an alumina layer emerging from the bonding

layer 4 under oxidizing conditions.

The anchoring 'l-éjzer' 3 can in particular be placed by a physi-
cal vapor deposition (PVD) process, preferably by electron
30 beam PVD and in-';'.__a{n oxygen-containing atmb_sphere. Such a
process is in particular carried out while holding the
substrate 1 at a temperature of about 700°C. Furthermore, it
may be advantageous to place the anchoring layer 3 with an
oxygen deficie’n’cy and react that anchoring layer 3 with addi-



25 In order to limt the thermal | oad i nposed on the substrate 1,

it has a thermal barrier layer in the formof a second oxi de | ayer 2

pl aced t her ™®8/03M9s second oxide layer 2 is made from aPCEERR0I287
grained oxide ceramc, in particular 30 consisting essentially of a
stabilized or partly stabilized zirCDmia as expl ai ned above. The second

oxi de layer 2 is.a hor.ed tq _the s S choring
| ayer 3. tiepad 8%898?1%@r1§§b °¥§gd veI % %ﬁnﬁ gi aapgvééﬂn
whi ch has twhhehphsce&e@ntbh&msmhsﬁ!dMBahomhemrbtmﬁEbheb&ncontalnlng WO

98/ 04759 PCT/ EP96/ 03287

12 ding §?P 4 consists of an MrAl'Y alloy and preferably of an
MCrAl'Y alloy as patented in one of the US Patents 5,154, 885, 5, 268, 238,
5,273,7 d 5,401.307. .-The draw.nng ded to_show the

, ) i.S
Dh einocec lget; RESERFERS 35,7 MRy of piacind; e anchREactyAameY 3
aPchﬁriBg gp!&tﬁﬁlﬁhgﬁhgla fedl ilayelks of avefug wueh hasalidat StoildHidkness
(0] t he ondal n aye '

nl | f
O el T oo Rk ® ompoRition MV BIRcARY chR SLRUCAVELS DBty 2

essenti al | ylaire& pywaehl ane oxygehodetdciiehbya Thist igeefbels eplitaieMone
namnel y alunhnun1 and_.a secqond netallic el enent whose oxide constitutes

at | east Ypapitgadhy ?5@8&@15£“6€ pLpesPherg, whigh, s splakiveiat mich-

chlore s chamosghen, apéecfuabau %ﬁ@&?hﬁ@' WY caf thbngpbeltfaeakiomvgtﬁﬁé@'
form ng theFﬁecond oxi de | aye as well as to the material formng the

portion of PREVErt{TEFePFEE & £ OMMEEH 2PePyTEARLHVERY BASRoAMEYNtayer 3,
nanel y the bﬁzﬂésnelse tbaydemd cahi ¢RacBibhs WiHER theabbhBeitQealtdMdre e
toits abllht¥ to _devel op an alunbng Iaxﬁr ti htI bonded to It, 20
or an al umi 8 PLye P&ﬂFﬁ; BBREEALE ¥ heehBNdFRE Pﬁg@?r ngndaver 3,
thus providing a tight bonding of the anchoring layer 3. Sub-
15 sequently, the oxygen content of the atmpsphere is lowered,
' particularly by reducing the total pressure of the at-
mosphere. The oxygen deficiency in the anchoring layer 3 thus
- occurring is relieved afterwards by a chemical reaction with
the constituents of the second oxide layer 2 and with oxygen
20 provided as the second oxide layer 2 is placed. This gives a
tight bond to the second oxide layer 2 as well. The thickness
of the anchoring layer 3 is preferably kept below 25 microme-

ters (um).

25 <The second oxide layer 2 may be placed on the anchoring layer
3 immediately after piacing the ancho#iné layer 3, and in
particular by making use of previqusly Qged apparatus to the
largest possible extent. This may apply:in particular if the
second oxide layer 2 is also placed by PVD.

30 ' |
The placing of the second oxide layer 2 by means other than
PVD is of course also possible. In partlcular, it is possible
to place the second oxide layer 2 by atmospherlc plasma
spraying. |



devel oped thereon under exposure to an oxidi zing environnent. Thus, the

anchoring layer 3 forns a preferred interface bet- ween the oxide layer
. 2 and the woéwkneiset he article | ocated bel ow t he anchor i WCE/EP96@328%, | n
- the enbodi nent shown the bon- 25 ding layer 4 resp. an alumi na |ayer
. emerging fromthe bondi ng | ayer 4 gypder oxidizing conditions. _ The
. anchoring layer 3 can in particular be placed by a physi - cal vapor

. deposition (PVD) process, preferably by electron 30° beam PVD and in an

- oxygen- CopANI NG AIOSHRSFSvendit) At is WP Tontenglanid [ col dspaatneed

: out while holding the substrate 1 at a_tenperature, of about, 700[err]C
. Furt her noe@charing kagened dthidhHgenEeh o t&e&'gm t%“’a‘ﬁc‘f?cﬂq Y- PLYEPIS Wi t h
- an Oxé%%n:é}ﬁ‘f | GbEhcen ahdead deb gt NHdidulamiy béeween 2
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el i AT AL el B s g ROGery B 100
- few | ayer oxifdetmneryweal akptiinstand Renaly TendRRs Lt PRSPt PENEBN
hie 10 olnaftable o B emant g e e e Shrch i s
" rel ati vel yusigin 18ctivie osygment Hrickiee d!ﬂgfl’ljd-m‘rfpl%/jiwwfﬂh btwRgsheri ARfat i on
given;o  Abave nTPfoxflrﬁgn%é)érﬂ(élgfrbf Nere NSdriding! Yayé8he aiREBt the
+ gives ' rise to chemcal reactions wth the constituents of the mat eri al
' located i remtind ebypidel bayehe2 FrRMOPE rREFESRIed, That (ReASWFvi8i R§Ta ti ght
- bondi ng of, {hie) ApFHOLI DP-LR¥e £ nSUbacda Seruenidyer thei oxygenresnignt” of
" the at rmspthere 'S ovvere?i,
: ' compound, since almost every zirconia compound must have an
admixture of a further éompound to stabilize its pertinent'
15 properties. Further elements penetrating into the zirconia
compound might well impart the stabilization and thus gque-
stion its long term efficiency, particular when used as a
thermal barrier layer. The nitrogen doping of the anchoring
.layer 3 is well suited to ensure a long term efficiency of
20 the second oxide layer 2. The nitrogen doping oi the anchor-
ing layer 3 can be provided concurrently with its placing,
particularly by PVD in an atmosphere which contains an effi-
cient amount of nitrogen. In this context, all PVD processes
just described are applicable, by using atmospheres con-
25 taining nitrogen besides oxygen. It is also possible to dope
the anchoring layer 3 after its placing, particularly by a
heat treatment in an atmosphere containing an efficient
amount of nitrogen and diffusing the nitrogen into the
anchoring layer 3.
30 _
Fig. 2 shows the whole gas turbine component, namely a gas
turbine airfoil component 5, in particular a turbine blade.
The component 5 has an airfoil portion 6, which in operation

forms an 'active part® of the gas turbine engine, a mounting




particularly by reducing the total pressure of the at- nosphere. The
oxygen deficiency in the anchoring | ayer 3 thus occurring is relieved
- af trerwar ds {§o ssePsyri cal reaction with t he constituents @FCTERPI6NOISINA
. oxide layer 2 and with oxygen 20 provided as the second oxide layer 2 is
. placed. This gives a tight bond to tiw second oxide |layer 2 as well.
* The thickness of the anchoring layer 3 is_preferably kep el ow 25
~mcrone- Pportdps Tpnpt whpsh thE §8@@H&eﬁﬁiéelﬁa§éfe§X¥h§eb€Pﬂ3mk&Fon
~ the anchoriggalayebna a 3ehlHRg pbekioal BT whliehi fioriseaasedd itogduher 3,
-and in particular by making use of previously, used apparatus to the
| ar gest posWibheadipeent $RediRgyPIFHAPRSOSaPE: H%&ElPE Frowonents. 4y
- oxide |layerp2obangl 30 Bseape by ngas39tream-rbefmb&§;h@9aQBnbhfth‘i;e%ﬁfﬁ&i(i de
. layer 2 by ﬁean§ ot her_ than PVD is of course al'so possible. In
~ particulSar, pprtionpés SUERag oPergtpPAce the second oxide |ayer 2 by
_atmospheric plasm sprayi ng. WO 98/ 04759
PCT/ EP96/ 03287 . - 14 - _, As a further
" i nprovenent Thet losagion eéntigpraraageneaspshowe 1n Figehdr itfg YglicGatedi th
nitrogen, tHer ey Re¢idhngjgenklrogen content between 1 and 10 atom
~ percent, particularly 6étmeen 25 and 5 atom percent. The nitrogen
provi des. certain slight charge i nbal ances and spatial distortions in
t he ternary Lde' ystak:lLattice.3 el [ q@ﬁg
I m ]Qgen%??gﬁgéhgbfﬁgghéibekéhén?é.%?%gggggs&tggﬁéﬁgg %%n%% | Eﬁ%é&l
fusi on acti vembliaamtion lifk&heatnchoringt davem 3t andsthe seg¢ond oxide

layer 2 can be summarized as follows: The anchoring layer 3 )

has a composition which has similarities to the second oxide
layer 2 as welllas to the bonding layer’# and is tightly bon-

15 ded to both layers by solid-state chemi¢al reactions. It pro-
vides for a smooth and graded transitiqn~between the material
of the second oxide layer 2 and an alumina layer developing
between the anchoring layer 3 and the substrate 1 or the bon-
ding layer 4 and yet retains the tight bonds provided by the

20 solid-state reactions. The anchoring layer 3 can be deposited

"~ independently from the second oxide_layef'2. Oxidizing the

substrate 1 or the bonding layer 4 eventﬁally deposited
thereon prior to putting the component to'operation can be
avoided, thereby lengthening the available lifetime of the

25 component considérably. Thé combinationndf the anchoring
layer 3 and the second oxide layer 2 thﬁsﬁmade has all advan-
tages of such combinations known from tﬁ?_prior art and addi-

tionally has a substantially prolonged ﬁifetime;



10 silicon fron1th3 ma he bonding |ayer 4 into the second
oxide layer 2 can b lml wﬂm" llmw nmeasure i s par- ticularly suitable
i f the seqapehgsgde |ayér 2 i 8 asziyconia conpound, Si peayEPeéRsE7 EVEry

zirconi a conpound nust have an adm xture of a further conpound to
stabilize its pértinent 15 propertigsg Further elenents penetrating into
the zirconia conpound mi ght wel'l inpart the stabilization and thus que-
stion itschapgst ermefficiency, particular when used as a t her nmal
barrier layer. The nitrogen doping of the anchoring: | ayer 3 is well

~suited to_ensure a_loqng termefficiency of 2Q ,the second oxide |ayer 2.
The ni t r oden®Boprhécde CheMapufacture,” COPPEAFdNI3 can be provi ded

concurrengl pewath sub%cetaeel Rving aPaulrifadeathd BiiRYDdaphad atd@sphere
whi ch contains an ef ci ent amount of, nltrogen In this context, al

- PVD procedg¥giop 31§§F5Ge§6#ﬂ§e&a¥P§ LFpisedppart B§9u§Pﬁbtéﬁﬁﬁ§¢heres con-

25 taini BenBkHr eaRRFeRRSI dATAOXYFER obdideS 18 P@Q E@ﬁ@k’i's‘intgo dWes the
~anchoring layer 3 after its placing, particula heat treatnent

. in an at nBepRdrécceremientig an efficient anDunt of ni trogen and
di f f usi ngahhg Ehb&&ﬁﬁnl'P%e E%g osed %BF@QanQuE%X%% 33&%& ﬂ?cné?éhQ(nl

shows t he mho as fturb onent nanely a Ine air
conponent1§¥ern09mprléaparaat?ﬁpbrﬁeomlﬁﬁeformEd Whéhc@mpdhéhuﬁ& has an

airfaid PREELYRIE MakRRt]N2088kBhidOhetalli V\%Opgg;g%ﬂg and WS, g the

gas turbine engine, a nounting
PCT/ EP96/ 83sggond oxide layer disposed on said anghorlngpdmmamm'kaxﬁ whi ch

the conpoggpbna b&ﬂa@xqq )érh%bqthﬂn'ﬂn% an oRidECoraRdiY $RRAIIPP portion-s,

which forns a seal toget h adj acent sealing portions of
ne|ghborlﬁgtéé&p§n@ﬁﬁmen§ prevent an escape of a gas stream9 flowing
along the airfoil 5 portion 6 -during operation. - :

15 2. An article of manufacture, comprising:
a substrate having a surface formed by a fifst oxide which
comprises a first metallic element; _
an anchoring layer disposed on said surface, said anchoring
layer comprising a ternary oxide formed with said first

20 metallic element, a second metallic element and oxygen; and
a second oxide layer disposed on said anchoring layer and
'bonded to said surface by said anchoring layer, said second
oxide layer containing an oxide of said second metallic
element . | .

25 :
3. The article accordlng to clalm 1 or clalm 2, wherein said
anchoring layer comprlses said ternary ox1de as a principal
constituent. '

30 4. The article according to claim 1 or clalm 2, wherein said

anchoring layer consists essentially of sa'd ternary oxide.

5. The article according to one of the prejedlng claims,
wherein said ternary oxide is selected from the group
35 consisting of spinels, pyrochlores and pe;gyskltes.



The | ocation of the aUIMﬁHﬁ"’LMH" i-n Fig. 1 is indicated by the
section,line I-1. 1038 ,n-to Fig. 1, particular

advant ages of
the novel WOSHMIBhati on of" t e dnchoring | ayer 3 and the SGM{BPW%

| ayer 2 can be summarized as follows: The anchoring:layer 3 has a
conposition which has simlarities to tRd second oxide = layer 2 as well
as to the bonding layer 4 and is tightly bon- 15 ded to both |ayers by
solid-state chem cal reactions. It pro- vi des for a snmooth and graded

transition betvBes aheigheeataprdingotot preseéoklieorracedanper ciadms an
al um na | ay iy JEUen 0BLIE £irgDohUPED1LRCBA0AE ! 19 LBURIndnand. ! he
€ bon- I ng n

substrate 1 or ayer 4 a yeét “refalns the tight bonds
provi ded by the 20 solid-state reactions. The anchoring |ayer 3 can be

Gubstrate 1 v THE SoWhrhG Payareyid, BRTERF, OF Chis PYEGedsnd kdatuR? T,

to putting twisereiposaibf sSecopé@rmétahlianebement asopiledontibereby

| engt hening the available lifetime of the 25 conponent considerably. The
conbi nation of the anchoring . layer 3 and the second oxide |ayer 2 thus
made has al I8 advlae-articlaegascofdinghtooobaimt 7V pneh&nenn taddh skeopd or art

and addi - ol dQ@NPhY Y "380BaTHDSL ANLERLLY BT 91 0n0Ed; LiT LBy e
16 10l ai ns 1. An article of manufacture, conprising: "a netal

b hayi ur f -and bei | 5 devel fi id
Tayer o sai 3 CLPe oRbE e FORRToe Eonaman: for WeBESER; Batrr PSBRRe

| ayer conprictide aldyest consises absseneliabkntof a p@rtly stabilized

zirconia.

15 10. The article according to one of claims 7 to 9, wherein
said first metallic element is aluminum, and wherein said
ternary oxide is a pyrochlore formed of-aluminum, zirconium

and oxygen.

20 11. The article according to one of the preceding claims,

wherein said anchoring layer is doped with nitrogen.

12. The article according to clgim 11,'wherein said nitrogen
is present in said anchoring layer in éh amount between 1 and
25 10 atom percent.

13. The article according to one of théjﬁreceding claims,
wherein said substrate is formed of a Qiﬁkel or cobalt-based
superalloy. .

30

14. The article according to one of th receding claims,
comprising a metallic bonding layer'inﬁgpposed between said
substrate and said anchoring layer and3§§ving said surface

defined on said bonding layver.



Am e ————

an anchoring | ayer 3‘“mﬁﬂmmruﬁtumturface sai-d anchoring | ayer
conprising a ternar h said first 10 netallic elenent, a

second nev@bsmase! eneht ard, okygen:” and ~a -second oxi decraresme3psrposed
on said anchoring |ayer, sald second oxi de layer containing an oxi de of
sai d second nmetallic el enent. 1% 2. An article of manufacture,

conpri si ng: a substrate having a surface forned by a first oxide which
conprises a first netallic el enent; an anchoring |layer disposed on said

surface, 159 dnad Gl i @le accdA¥iig KOTEISIMAL L, LS In Oxh 8 HOAREHgW th
said first 20 netallic elenent, a second netallic el enent and oxygen and

a second lgrer 4%y@9nﬁ$‘§p‘6§e@ wAE e el SRIRFE SR f’é@‘%rt%cgroupbonded to
sai d sur fasss e SR bANGEOs1 Nal kitiel des il CONLY alléys de | ayer

containing an oxide of said second netallic el enent”. 25 3. The
articPe according to claim11 or claim 2, wherei n said anchoring | ayer
compr i Ses galfhd A ¥ @XalEodi Ry K r&wa&f the WANddHRT c1ainl, 4 The
article according to c aiml alm 2, wherein sad anchorT f ng | ayer
consi st s whereikn #aid Ancheringrlawer dasie thickness e bess cthancabr di ng
to one ofgi &gégfylng cl ai s, wherein said ternary oxide is selected
fromthe group consi sting of spi nel s, pyrochl ores and perovskites.

WO 98/ 04759 17
' 10 17. The article according to one of the preceding claims,

-

wherein said substrate, said anchoring layer and sald second

. oxide layer form a gas turbine component.

18. The article according to claim 17, wherein said gas
15 turbine component comprises a mounting portion for holding.
the component in operation and an active portion subject to-a
hot gas stream streaming along the component in operation,
said active portion being at least partly covered by saig
anchoring layer and said second oxide layer.
20 |
19. A method of bonding a second oxide Iayer comprising a
second metallic element to an:article of manufacture formed
of a metal substrate having a surface and being capable to
develop a first oxide layer tightly bonded_to the surface,
25 the first oxide layer comprising a first meﬁallic element,
the method which comprises: .
placing an anchoring layer on the surface,fghe anchoring
layer comprising a ternary oxide formed wiqhithe first
metallic element, the second metallic elemeﬁt and oxygen;
30 placing the second oxide layer on the anchorlng layer; and
bonding the second oxide layer to the substrate via the

anchoring layer.



6. The article- accorﬁﬂ“ﬂ““ﬂn ““e precedi ng cl ai ns, wherein said
first -netallic elene 5 7. The article ac%&&,’one of

t he precan9§“@f mhereln sald second netallic el ene
zirconium - 8. The artlcle accorgﬁng to claiim 7, wherein said second
oxi de layer contains zirconia as a principal constituent. 10 9. The

article aczmr%&aeéloo&lefrbandwreel@em& cs:emdlayer xofieri 8¥Ag aonsi sts
essentially of a partlg}stab|llzed rH sl 0. The article
accor di ng R Betalbicseeneny CoRR efH?lth es%@;d“‘?‘i“i ctprel Fremefenent

IS alum nyp [AnduMdersEd Bavth Hhg a 5@%&/ wnd&arg;aa PE1 Pt 8% £abOL BDEr

of -al um num zirconi um gen. e article’ accordlng to
one of t hé&hee RPTRFE$SS i, First v%%?%}#%a?m%rq% metRedi whighed with

Nitrogen. comprideds: The article according to claim1l, wherein said

ni trogen 'S present i n said anchoring Jayer in an amount between 1 and
25 10 at maﬁmﬁmn anchorw Imeenron FRLARHTAHYy tthemperorhag

precedi ng &;L&g{& t formied iEY Ae of el or

cobal t - basleféﬁsc%nt%relra | oy. %e afrr% cle accoredl nﬁ*f{é one of the .

precedi ng Msta kkic elermqa.r @mgsepmd aretal bigh e yrmenty cind noxygesed
bet ween s Salﬁu%%téﬁ&&%ﬁé % AREH 1k ehd WRENSPEh§ v Per $abHaSUr Face

defined o ayer
10 bonding the second oxide layer to the substrate via the

anchoring layer

21. The method according to claim 19 or claim 20, wherein the

step of bonding the second oxide layer tdﬁthe substrate '
15 comprises subjecting the substrate with-tﬁe_layers placed

thereon to an elevated temperature. 5

- 22. The method according to one of_claims:ls to 21, wherein
the step of placing the anchoring layer c§mprises:
20 establishing an atmosphere containing oxygen'around the
- article; B
evaporating a compound of the:first metallic element and a
compound of the second metalllc element lnto the atmosphere
~and forming a ternary gas phase containing. the first metallic

25 element, the second metallic element and the oxygen; and

preczpltatlng the ternary gas phase on the;artlcle.

23. The method according to claim 22, whlch ‘comprises
evaporating the compound of the first metalhic element as
30 selected from the group consisting of the,ﬁ rst metallic

element and an oxide of the fi:st metallic element.

24. The method according to claim 22 or cl 23, which

comprises evaporating the compound of the $e§bnd metallic
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of a mat qpbakpembect €d from the ‘group consi sting of MiceyEPeEe des
and MCrAl'Y alloys. 5 16. The article according to one of the preceding
cl ai s, wherein said anchoring | gyer has a thizckness of |ess than 25

m cr onet ers. 10 17. The article according to one of the preceding
clains, elemdrtecas selectedstoabe, agabpdidachbrthg sagendamdtadildcsecond

oxi de 'aX§§e$§é§]a gas turbine conponent. 18. The article according
.to claiml7;] fein said gas 15 turbine conponent conprises a nounting

portion for holding. the conponent in operation and an active portion

subj ect tg.a ho S re treapng, al .1 he,gopponent in . gperation,
sai d actfg%'pB??i%ﬁgﬁganﬁéé?rﬁgéét£§a$%€y°§o€g$%%9b§£sggdgg' w&ﬁ ring '
| ayer Sandcamprdisesoadapzrabihgyat . 188st oné%f Athet bonpotinoodi mhea second
oxi de laygr._c I sl a C al.lLl t an_article of -
nanufactdﬁ%r§§?ﬁ%é§ifgco?l%m%%?aﬁgguggéré %Sﬁgéﬁﬂgfatégr?gﬁgngnd bei ng
capabl e tmetallilevelepentfbysirvadiletingeattlehst yohengdetifiothkgeturface,

25 the first_oxide r conprising a firgst tallic,el enent t he
net hod mh?%%t%bﬂﬁP?ség. resPnEStYﬁgggﬂpgﬁﬁﬁdvgﬁg.?ﬁyg}eﬁﬁr?ﬂebgﬁFFace, t he
anchoring | ayer conprising a ternary oxide fornmed with the first

B I T

the step of placing the anchoring layer comprises:

initially establishing tﬁe atmosphere coritaining ox&gen at a“
given partial pressure; and - o
evaborating the compound of the first metallic element and

15 the compound of the second metallic element, forming the
ternary gas phase and precipitating the tétnary gas phase on
the article while concurrently lowering the_partial'pressure
of the oxygen ih the atmosphere; _
and wherein the step‘of placing the second oxide laver

20 comprises: o
establishing another atmosphere containingﬁdxygen around the
article; B ' |
evaporating a compound with the second metallic element and
forming an oxide gas phase; ._

25 precipitating the oxide gas phase on the anchoring layer; and
reacting the anchoring layer with oxygen ffém the atmosphere
and oxygen from the oxide gas phase precipiﬁating on the
anchoring layer. 3

30 27. The method according to one of claims 19 to 26, wherein
the step of placing the second oxide layer;ébmprises
evaporating a compound with the second metafgic element and
forming an oxide gas phase, and precipitatiﬂb the oxide gas
phase on the anchoring layer. '
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19 20. A ne of bordi fg. 4 s&cohd oxide | ayer conpr|8|ﬂ§nﬂmmummﬁﬂ00nd
metallic elenent to an article of manufacture fornmed - of a substrate
having a surface formed by a first oxidd |ayer whi ch conprises a first
netallic elenent, the nmethod which 5 conprises: . placing an anchoring

| ayer on saﬁg s%gface t he anchoring | ayer conpri'sing a ternary oxide
formed with®the

frR@ethod perartivgetterent, otfhelaﬁﬁ@ndﬂm?:toa'%d Cvﬁ{ee{fe“t and
oxygen; . tRéasteg &Bep$ Eggg ?ﬁgd cgéer on.the anchorin dyer, ant 10
bondi ng t he sgﬁond OXI e aye ﬁéppaggyﬁracPﬁﬁrlsesamﬂmmngmxhe

| ayer . ﬁﬁdwaﬁbondtnggen.claln119 or. claim?20, wherein the
st ep of Sbondi ng the second oxide |ayer to the substrate 15 conprises

subj ecting the substrate with the |ayers placed ‘thereon to an el evated
t enperat ure. 22. The nmethod according to one of clains 19 to 21,
wherein the step of placing the anchoring | ayer conprises: 20
establ i shing an at nosphere contai ni ng oxygen around:t he article;
evaporating a conpound of the first netallic elenent and a conmpound of
the second netallic elenent into the atnosphere . .and formng a ternary
gas phase containing the first metallic 25 elenent, the second netallic
el enent and t he oxygen; and precipitating the ternary gas phase on the
article. , o



23. The nethod -according to claim 22, which conprises evaporating the
- conmpound of the first netallic element as 30 selected fromthe group

consi sting oWQ9m4fsor st netal lic el enent and an oxi de of M
nmetallic el ement. 24. The nmethod according to.claim?22 or C 3%
whi ch conpri ses evaporating the conp of the-second metal lic

WD 98/ 04759 P P96/ 03287

20 el ement as sel ectedito be an oxide of the second netal lic

el enent . 25. The met'hod according to one of clains 22 to 24, which
5 conprises evaporating at |east one of the conpound of the first
netallic elenent and the conpound of the second ~metallic el ement by

e respective
ording to one of

irradiating at | east one solid targe
conpound with an el ectron beam )

clainms 22 to 25, wherein t he aphchoring | ayer
conpri ses: initially establip " cpnt ai ni ng oxygen at
a gi ven partial pressure; anf 4ga conmpound of the
first metallic element and 15 thg ecapdwetal lic el enent,
formng the ternary gas phasp ) e ternary gas phase
on the article while concurr tial pressure

tep of placing the

of the oxygen in the at mospher e, ~
t her at nosphere

second oxide |ayer 20 conprises:
cont ai ni ng oxygen around the

~
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1)) Abstract

An anchoring layer is disposed on
a surface of a substrate, The substrate -

LAYER

is capable to develop a first oxide on

the first oxide comprising a first metallic
element. Alternatively, the surface is
formed of the first oxide. The anchoring
layer is formed with a ternary oxide .
of the first metallic element, 2 second
metallic element and oxygen. A second -
oxide layer, which contains an oxide of
the second metallic element, is dlsposed
on the anchoring layer. The anchoring .-
layer is formed on the substrate in &
series of process steps, which include: -
establishing an atmosphere containing
oxygen around the articles; evaporating -
a compound of the first metallic element

4
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and a compound of the other metallic
element into the atmosphere and forming
a ternary gas phase containing the first
metallic clement, the second metallic

- A

element and the oxygen; and precxpmtmg the ternary gas phase on the article.




