; tue3ebH L6THBN#6 June 2003 1 | MPROVED DI FFUSI ON ALUM NI DE BOND CCOAT FOR
* A THERVMAL BARRI ER COATI NG SYSTEM AND METHOD THEREFOR 5 10 1% 2Q,Ehbg)
invention relates to thermal barrier coating systens for conponents exposed
to high tenperatures, such as the hostile thermal environnent of a gas
turbine engine. More particularly, this invention is directed to a thermnal
barrier coating systemwhich enploys a ceramc |ayer and a diffusion

al um ni de bond coat incorporating an additive netal and an active el enent,
whi ch together pronote the spallation resistance of the ceramc |ayer.
Background of the Invention The opera#ing environment within a gas turbine
engine is both thermally and chem calfy hostile. Significant advances in

hi gh tenperature all oys have been achieved through the formrulation of iron,
ni ckel and cobal t-base superall oys., though conponents formed from such

al l oys often cannot withstand | ong service exposures if located in certain

sections of a gas turbine engine, such as the turbine,

augnentor. A comon sol ution is to provide such conpon Mﬁ\m “m\mmr

envi ronnent al mmm “‘“ﬂmml nhi bits oxidation and hot

2003 - 2 Cbatﬂmm t hat have found w de use for thﬁ“’g00 urpose

i ncl ude diffusion algmsni de coatings, which are generally single-Iayer

oxi dation-resistant |ayers fornmed by diffusion processes, such as a pack 5
cenentation process. Diffusion processes generally entail reacting the
surface of a conponent with an al um num contai ning gas conposition to form

two distinct zones, the outernost of which is an additive |ayer containing
an environnental ly-resistant 10 intermetallic represented by MAlL, where M

is iron, nickel or co afel t neath the
addi ti ve layer is gudl 9 d N ! t¥8¢ a+ iﬁ;bﬁ“d
net ast abl e phases tfiat rormaurtng-tne coatl g reaCtlon as a eSU|r’0f 15

di f fuusi onal gradients and changes in elenmental solubility. in the |ocal

region of the substrate. D‘th&ﬂgif{bﬂﬂtﬁ.ﬁﬁp%ﬂh%@é P UErhal Hairpiddie MAL

internetallic fornms a protective, al um num oxi d al um na) scale or |ayer
that inhibits oxFGﬁF#BE EYSEGth§°H|FPREPBR“&§aF sedd ton&ighder | yi ng

substrate. For peéinpeaheﬁlh:)ésbl ebcheaaet&humsmfzbl thler@ad, eprMidonmEnY al
CoRL 119, SYSLeMs okt 8 hokiefe! Bhglindl LI bakiId A%, SR OV
conbi nati®n of thaventdonods dﬁﬂeceednmo laarherma 1k by liexr doatdmyg as a
thermal barrier system which employs a ceramic léyer and a diffusion
aluminide bond coat incorporating an additive metal
and an active element, which together promote the
spallation resistance of the ceramic layer.
10 Background of the Invention
The operating environment within a gas
turbine engine is both thermally and chemically
hostile. Significant advances in high temperature
alloys have been achieved through the formulation of
15 iron, nickel and cobalt-base superalloys, though
components formed from such alloys often cannot
withstand long service exposures if located in certain
sections of a gas turbine engine, such as the turbine,
combustor and augmentor. A common solution is to
20 provide such components with an environmental coating
that inhibits oxidation and hot corrosion.



coating system Various ceramic materials have been enpl oyed as the ceranic
‘layer, particularly zirconia (Zr02) fully or partially stabifi qh@%dgtria
(Y2@3), 30 magnesia (My0), ceria,(Ce?), scandia (Sc203), or another oxide.
These particular materials are widely enployed in the art because they
exhibit desirable thermal cycle fatigue prgperties, and al so because they
can be readily deposited by plasm spray, flane 6 June 2003 - 3 spray
and vapor deposition techniques. A bond coat is critical to the service
life of the thermal barrier coating systemin which it is enployed, and is

therefore also critical tedatgney HtEGAld fthat HAke BRI P REect ed by
the coating system The oxide scq}e forngﬂé?g g di f fusi on, al um nji de bond

coat is adher enfOEndhd&nPurpose 1nglyds, M2 Rinife, @R E1RGS, hond
coat and its ungpikh @ges¢emetlaldy silifjlatlaynr soatdddw ars-wes dcatdat i on

barrier, but also chem_call on e ceram c | ayer. Nonet hel ess

al uni ni de bond cB¥CES ﬁﬁé’?‘ﬁ‘/i'[ I%y %arﬁél’rﬂf@r{ PIRGRASRE o AR 13 2tPRFEvat ed

penperatarfﬁ, ?bbmhngmadm? M¢a¢qﬁsﬂeﬂDkﬂﬁuﬁﬁunnﬁqanBSQEstgnmbnmhlﬁand I

i ncr eases e S | S e scale

reaches a criti %?-Eitriﬁ'l %ﬁ%ﬁ%&%ﬁdgﬁﬁésﬁqﬁém{ﬁ% h‘gz?gr%én c layer

at the interface Nz I GFXS HANp Qi 43 | ®cal e. Once

spal lation has Qagiinet dies ORI Wtditicyd YN dRPIdIan A0digrst be 20
at consi derab

ref urbi shed or scrappe e cost. In addition to excessive
oxi de growth, tAayes conkadming amsnelrannentaklyresiatantin a suitable

TP S e WX Uhdne e
e bond coat wi e S ra su rate, _.an romthe diffusion o
el ements from t R ] Ictﬂyjpaieirﬁ'o %be QL the RYPsEraks i‘Fl%t?Bi?rgti on
of 't he al um ni dBeneatir ddie addlitriivey laypr tiseerdl ffws bowosene. The
di ffusion and s 1 dadt |
tungsten, rheni %ﬁ%@ﬁ‘fﬁﬁ‘gﬁ@ﬁnﬂaﬁ um W I|S:ln<'$'tjaﬁkeh gﬁ%%%?%gfgggﬁagggt can
becone t her mody fedveitc farm idaring the ieratingrirrastdamias theresaltngfi s
depl et egst hr ougly j@eEAidra Qg'i‘kdi@xﬁ!@'Jﬂ&%tf%hgzégéégiﬁeém&téfese el ements

tend to form vol um nous, nonadher ent 6 4 scales that are

del eterious to &MaRidity imshe legal | on phkhesubsteater s
apparent that tipurdsig/ it idenpdratiferempodiard i i £} i tige SMELIem and

intermetallic forms a protective .aluminum oxide
(alumina) scale or layer that inhibits oxidation of
20 the diffusion coating and the underlying substrate.
For particularly high temperature
applications, environmental coating systems aften
include a layer of thermal insulating ceramic over a
diffusion coating, the latter of which is then termed
25 a bond coat. The combination of the bond coat and
ceramic layer is known in the art as a thermal barrier
coating system. Various ceramic materials have been
employed as the ceramic layer, particularly zirconia
(2r0;) fully or partially stabilized by yttria (Y,03),
30 magnesia (MgoO), ceria (CeO,), scandia (Sc,;0,), or
another oxide. These particular materials are widely
employed in the art because they exhibit desirable
thermal cycle fatigue properties, and also because
they can be readily deposited by plasma spray, flame



5 therefore the conponent protected by the coating system is dependent on
“the bond coat used to anchor the thermal insulating ceramcd aygle 208
prior art has proposed al um nide,environnental coatings whose environnental
resistance is inproved by additions of 10 various el enents, such as

pl ati num group netals, as disclosed in U S. Patent Nos. 3,677,789,
4,352,840 and 4,933, 239. Wile inprovenentsii o oxidati on have been achi eved
with these coatings, the requirenents for an al um nide bond coat can differ
fromthat of an 15 al um ni de environnmental coating, since a bond coat nust
not only exhibit environmental resistance but also pronote adhesion of the
ceram c | ayer. Fsprayaandevapbr| deposdeignotelchoigaesal un ni de

envi ronnment al coating pronpt h Vigr.o | 42 LQtectiQ vi ded by
the coating to its underl %ngggébggggt é‘% (%gg‘gi ﬁc}ug'ogfi esg%faf;&‘ﬁé glnig?i

al uni ni de bond cofitthe thermadnbarriert goating syistem dai sitdate I iss
overlying ceram Lhes U 5 , ngman
suggests t hat di??%g¥g%d2ggg?u%gn?ag?%gﬁgbcggfg ﬁgéiﬁgéﬁbhﬁiﬁgggwith

[
pl ati numS si | i corervideni difanafokhge Sompopestoprofesteddie dihgh caaing
p:oblerhog eéce$§yﬁﬁgbgfg@g@ﬁax&aen?bhugrfgegggn' e@ gg@;ﬂy%ﬁ?j.3gherefpre,
it wou e desir i ppr Qvene co e achieved for e service
life of a thernﬁ?fﬂﬁiPigF ggﬁaiﬁﬁagy eﬁgkﬁFﬁﬁﬁhaPﬁbqﬂﬂ§¥ﬂ”§ﬂ?dTﬁﬂQNed
bond coat that ethebeforel noer onlydprataictsgithet hondusoaty aid tites | nventi on
It is an object of (this.inv i pr.ovi 35 6 e 2003 .an i nproved
thermal barrier @%%%thiégs?§§$§§&&§V58§§§Q%8Feab oﬁﬁgﬁgﬂg(ﬁﬁniﬂmxifor use
in a host0l e theoxhlathonr bareder,sbut adsoughexnilcal lyorhmrdsnttheof a gas

t ur bi ne engi ne. | n obj S | ' t t ating
system i ncl udes é&ﬁ?@#gsgggegrunyﬁﬁ gﬂ%&%%560§?M§ﬁgpﬂﬁg of%é%ﬁgﬁgthe
surface of the cthhenently| consisue| toaeyifdzeopven time mts elenatedn t hat

the coating systeampaeh¥fees? WhSEHRGriadwaalyi BepAVEE G lvihiud "etom S
anchored to the conpone e on the surfac

t wwth a | um num oxi de  scal of
t he al um ni de boFHecBSPa FPa%sathi&ﬁSFﬁéFsoﬁﬁEtFiﬁchﬁﬁ§§iQﬁuﬁﬂ?cﬁﬁfa%t
t hedal uni?ii dehboadamaafmtilrrladbhi ¢d mieo agr GtheC &ca leelraiactnis/ aslcrvttgim ng g
oxi de scal e that_j i [ of_ i lyiq L a resi sts cracking an
opal Ting 1t 1o shighPalh ERak. pefRel’o TATIREIEHE Y, ST e “bond
coat includes anlapert atethet dntexrdage dhetweercithee iondigadt tangbitiee yiel d
a bond coat char hagd kN ed ' i i resul t
of the sl ower grgi%t lj'Pglltﬁleo %gbt %gsg%i'deb??aeftg?&gﬁﬁlﬁiﬁe@c ar%ég'i zed by
i nproved adhesi ofh6f CORPOBLNYe detsrd org tafe m3pidldvaand RSt the t he
spal | atipa resi stapaebdkhlede ot saFapped At icondigerdI®teske According to

e present 1 mvention, thegs saeliiUIEl S.AmATENt o T Sl ORL
ability of the bond coat to form and maintain a
suitable aluminum oxide scale can be hampered by the
interdiffusion of aluminum in the bond coat with the

25 superalloy substrate, and from the diffusion of
elements from the superalloy into the bond coat, such
as during formation of the aluminide bond coat or
during high temperature exposure. The diffusion and
subsequent oxidation of elements such as molybdenum,

30 tungsten, rhenium, titanium and tantalum within the
aluminide bond coat can become thermodynamically
favored as the aluminum within the coating is depleted
through oxidation and interdiffusion. Furthermore,
these elements tend to form voluminous, nonadherent



system consi sting essentially of: an alum nide bond coat at the surface of
‘the conponent, the bond coat conprising platinumand yttriumg Apaligdgni um
oxi de |l ayer on the bond coat; and :5a 6 June 2003 a ceramc |ayer

chem cally bonded to the bond coat by the al um nium oxide |ayer. The
present invention generally provides a thermal barrier coating systemon a
conponent designed for use in a hostile thermal environnent, such as
superal | oy turbine, combustor and augnent 6t 4%Shponents of a gas turbine
engi ne. The invention is particularly directed to a thermal barrier coating
systemthat includes an oxidation-resistant diffusion alum nide bond coat

on whi ch an al unm_nu Xi S e j - 6, June,. 2003 protect the
under | yi ng surfa(szgag]fe tﬁg‘%(t::o%%]oenednetsl%le%d%sgr%o aeﬁﬁ?)%jr?@/i%{:) the 862hRTE

t hermal -i nsul ati dgyegr.anmi ¢ | ayer. According to this invention, significant

[ ts i Il ati ' t ' hi d
| mprovenents in spalla Iongﬁgﬂc%@%éﬂﬂ u{(}g ﬁ;@@)&%{aﬁlﬁg af_geac I eve

by formng the alumnide b oat to Inc Ic netal additive,

pl atinum optiongeryige: 1 ifiee ofr adierral karige coating heygtenp, and
pal | adi ung rhodi ¢ie r@l¥icd lﬁﬁ@%@&ﬂ@wﬁ@é&&& eyl exldli Ebopgngf the

active elenent yttriumw,th or w {hout zirconjum™ The additive netal and

active el enent c&Y¥&EeMedSs dgPandeno R &g DRRA 1RPYe piRed ctP RRGROE G t he
al um ni de bond cedle thermals inswlating iceraiidc opeP. a Tivé hodier aagt

rocess. Alternativel t he act..ve, el eme onsti.tuent be
ginultaneously 1 aﬂéﬁ@ﬁﬂﬂﬁf%%%%?ﬁiﬁ%é%Lﬁﬁi#%ﬁpﬁﬁﬁﬁf cﬁé§¥é?igifgﬁﬁe

cenent ati on or gaavirtementade e e Isrinprovéed bydadd ohsnofi de
bond coa 0underg g O dPe L IgTHaT R ol JoT 1A RF-1 -1 'ﬂ)ﬂﬁ) ld&éé%e %glatégrves as
an oxi da |on-resiQ§t ant barrier %a er an?ct‘%&r]ralca >§éﬂ)on ? e’ :
t her mal - i nsul at i A sedagad imErS. Rakent Neso 3627 M82nt40352,840 and

appropriately al |4039!3'¥J, 29, alyiyd df’m;%ﬁ‘@’etﬁé’ﬁéstpn CORL @A L1 OREn e ”Bé&npf
t he above-noted additive netals and one oy nore of the ove-noted active

b
el enents serves RAEML¥EdWith Fhese SPRNNIS htRG FeqpivemeRrts sfahcaNof
the overlying cemdimidiebdnd dea®icay diefadherencehat dheanl um num

e L s L g TN v
must not only exhibit environmental resistance but
also promote adhesion of the ceramic layer. For
example, while oxide growth on an aluminide
environmental coating promotes the environmental

20 protection provided by the coating to its underlying
substrate, continuous oxide growth on an aluminide
bond coat is detrimental to the spallation resistance
of its overlying ceramic layer. While U.S. Patent No.
5,514,482 to Strangman suggests that diffusion

25 aluminide bond coats may be modified with platinum,
silicon, hafnium and oxides to promote scale adhesion,
the problem of excess scale growth is neither
recognized nor solved. Therefore, it would be
desirable if improvements could be achieved for the

30 service life of a thermal barrier coating system
through the use of an improved bond coat that exhibits
slower oxide scale growth.
sSummary of the Invention

It is an object of this invention to provide



30 coat and oxi de-bond coat interface and/or by tying up tranp el enents
‘such as sulfur. The additive metals generally pronote the sel eghicveoo3

oxi dation of alum num at |ower concentrations of alumnumin the bond coat.
Furthernore, the noble netals inpede the diffusion of 6 June 2003
refractory nmetals fromthe substrate so as to prevent their oxides from
dopi ng the oxide scale. Additive el emepys such as silicon and chrom um
react with refractory netals to form conpounds that tie up the 5 refractory
met al s, t harebyprovedetiermgl baerier aoating systémranid peocesg foetaalcompodent at t he
surface of 4he a%fgi ni de bond co?]t. As SlIICh .the additive netals ﬁ>rovi de
advant ages 9G74Neq 06 4iSE; 1,12 ot thasmal \virenmment: iiGBnas syrerglioy

super al | oy %&géﬁtggfgr@squrm 8ndfher ef ractory netals, such as tantal um
tungsten, nolybdenum titanium and”rhenium A synergistic effect appears to
result due to the presence of both the additive and active el enents,

yi el ding a significant slower. oxide growh.rate. Because 15 stresses rise
2nd adhes on dedt Isamotér SuREESLE bVerfiakietfe RorlBE i emBelideRi o
resul t bei ngffggiah! alurdiRidd Neorkd Qe et dr GoAMed HAL thedrauLted dFY thdli S
invention is able to significantly extend the |life of a thermal barrier
coating syseMporENtC: her obj ects and advantages of this invention will be
better appreciated fromthe follow ng detailed description. Brief
Descri~~tion of the Drawings The present invention will now be descri bed,

25 by way of exdeé estilwahbthieef ctjeerc of tthist rveationnhanthe dcokitmy 8gstem n
which: Figure 1 is a perspective view of a hi ghégressure t ur bi ne bl ade; and

Fi gure 2 ishglugessa- deeimalninsulating sreramic Jeyen dbat o pngheredl tal &gy 1i ne
2--2, and s i [ t i or dance
win this ontnefet Vi ARENGR SR8k SRSER £ SRrdP of e R ARRE

i nvention ilsorgtosatal | y 6 June 2003 - g applicable to conponents that
operate within environments characterized by relatively high tenperatures,
and are therefore subjected to a hostile oxidizing environnent and severe
thermal st r esses AotardiférBjecustthRdnvdiichht edhifigalbohucdba rponent s
i ncl ude the high angel oW pres le.ll’eéft ulr bllq\rI]e nozzles an hﬁl ades, shrouds,
conbust or |inpdifiedatedpeadypcer selativeldvalow-grbwings oxidebsaale dhafi isceelativelexanpl e
of a high pressure turbine blade 10,is shown in Figure 1. The 10 bl ade 10
genoral 1y |Tes ahidpllies RS oty 07 8Pl aga nsi whi ch hot
conbustion gases are directed during operation of the gas turbine engine,
and whose surfaces are therefore subjected to severe attack by oxidation,
corrosi on and erldds ¢h furthereobjeet of tthis dnyentions thatatheoalwimisidgr borth©9et ed to a
turbine dis; W apl, 14 d ion of.
the bl ade 1DCESS, ShStSke bt 80 B BLudks oléthilR, vilof 3088y 3

t hr ough whi lsdnd teaticlaamnactesizEdrimeihctendedaresistandeetd okidationh les alredalt 0. Wi l e
t he advanta‘%es @0 of this invention vviJ(?I be desn%rib d with reference to the
uné # ecglgr @nf f

hi gh press P"‘Sirrﬂeromﬂédétﬁ Ors RSmPX| '-i'ﬁ??"t @%&fﬁ%@egf bY hi s
I nvention aihﬂ)rB?@@ré’dHééicﬂprﬁg'Eﬁ@bbgidhoséélé o TR S8Hd %Ba’t’,‘hél;}éh ahbtrerdral

barrier coating systemmy be used to protect the conmponen
spallation resistance of the ceramic layer is also promoted.

According to the present invention, there is provided a component
having a thermal barrier coating system on a surface thereof, the coating
system consisting essentially of:

an aluminide bond coat at the surface of the component, the bond
coat comprising platinum and yttrium;

an aluminium oxide layer on the bond coat; and



25 fromits environment. Represented in Figure 2 is a thermal barrier
coating system 20 in accordance with this invention. As showngjuhbe200ati ng
system 20 includes a ceram c |layer 26 and a diffusion alum nide bond coat
24 30 overlying a substrate 22) which is typically the base material of the
bl ade 10. Suitable materials for the substrate 22 (and therefore the bl ade
10) include nickel, iron and cobalt-lgase superalloys, with the ._ invention
bei ng particul arly advantageous wi th nickel 6 June 2003 - g base
superal | oys that contain one or nore refractory netals, such as nol ybdenum

tungsten, rhenium_ titaniumand tantalum Th | unj ni bond coat. 24 is

general 1y char nch BPYEUR IBPrAReina 6o e t el Soatibo i gy

di ffusion 49ﬂ@e%§@r the former of which is usually a nonoal um nide |ayer of
I st

an oxi dationres ant MAL intermetallic phase, such as the nickel al um nide
beta phase (NiAl). Coatings of this type forman al um num oxi de scal e (not

h the t f f the additive | d t 0. engi
anvi onnent s, ThEVRTaRERCBY e ar dnetail P Aidas Solhermal BoiFcEoRI and

subst r at € %stéﬁcbrpa%n%’éﬂéht% efdh%r%feaiﬁi&_hbéﬁi’l@rthéﬁnéperﬁ\hr%nh%?ﬂ, coat
24. A suitable thickness for the bond coat 24 is 15 about 25 to about 150
m cr omet er ssuchhas supenailay turpine, Zembustoryand) augmentarsampenaenis of agas 24 i s

required f igh t ergt ure one h,.as bl ade )h.0f gas
turbi ne. engutda SAgtHET ofe, ieERBRIE BamchiH fufdd fo i Msgmialbarfes P
bonded to tdwatinyi slgterizhst peludes arbkidatoriredisanadiffisiirdglubsinidecssid 24. A
preferred ceramc IaKer 26 has a strain-tolerant columar grain structure
achi eved byCcqai w8 whAch2asHmins sxidescaleagromstioni ques known in the art,
e.g., electron beam physical vapor 25 deposition (EBPVD), though ceramc

| ayers are also formed by air plasma spray (APS) techniques. A suitable
material for the ceramc layer 26 is zirconia that is partially or fully
stabilized with yttria (YSZ), though other ceram c materials could be used,
30 including yttria or zirconia stabilized by magnesia, ceria, scandia or
anot her oxide. The ceramic layer 26 is deposited to a thickness that is
sufficient to provide the required thermal protection for the underlying
substrate 22 and bl ade 10, generally on the 6 June 2003 - 10 order of
about 75 to about 300 microneters. According to this invention, the bond
coat 24 includes additions of certain netals and active elenents to pronote
the spallation resistance of the 5 ceramc |layer 26. Metal additives

enpl oyed by this invention are chromum silicon and/or a noble nmetal such
as platinum rhodium and pal |l adium which help selectively oxidize alum num
at |l ower concentrations. The active elenents are yttrium and zirconium
with 10 possible additions of hafnium The bond coat 24 can be codeposited
with the active elenent constituent, or diffused into a predeposited |ayer
of the metal additive and active elenent. According to this invention, the
addition of these constituents to a 15 diffusion alum nide bond coat has
been found to slow the oxide scale growh rate, in addition to form ng
stabl e oxides, trapping or tying up deleterious tranp el enents such as

sul fur, and pronoting adhesion of the oxide scale on the bond coat 24, all
of which pronotes 20 the spallation resistance of the ceramc |ayer 26. The
preferred additive netals are selected on the basis of their ability to
enhance the environnental resistance (i.e., oxidation and hot corrosion
resi stance) of the bond coat 24 and pronote the



25 sel ective oxidation of alumnum while the active el ements inprove oxide
‘'scal e adhesion by mechani sms such as oxi de peggi ng and/ or qutjﬂdémbdg3
tranp el ements such as sulfur. These additions may al so i npede the

di ffusion of elements fromthe substrate 30 22, and therefore render the
bond coat 24 | ess susceptible to interactions and interdiffusion of

el enents observed between prior art bond coats and their superall oy
substrates. Inportantly, a synergistic.effect appears to 6 June 2003 - 11
occur as a result of the presence of both the additive nmetal and active

el ements. Thermal barrier coating systens according to this invention have
exhi bited thermal cycle resistance of about 2.5 tines better 5 than prior

art coating pygiet WHe uddt IWihg! siirade HHNEhEO03baponBatalRQd six times
batter than grlor art co%%éﬁ?.s slens m%tr algngglde bond,cogts. To achieve
the advant ag@8h&Tre /s qY jngh, thepradipl ReyLating| SeRARiG, daYATry n
anounts of about 5 to ewdrdihyetghthid prvervionyhslignilfi¢cagit ve el ements
are preferabl,y present .in anounts, of,about 10 parts_per mllion (ppn) to
Bbout 1.0 vetBRECTERES i1 rARATARGHEY Hhelee s eBE tBh sl oh
percent zircQayen awe Rgissidd ebpdfivtning tlie abbuninifé bondbadats. 0 wei gh
percent 15 hafni rialn Lhatjons of..1the netal .additives, active

el enent s and%& &X\@r‘}&%%c%tﬁé b%g%%@eﬁgs‘i‘?tea aaﬁi 1(1‘ilfvfelIsé’§‘a\tHM'he substrate 22
usi ng suit abbpttieohiilyussthFoneepampbee métalsuchasen t ficormcthe eg2due) enent

can be codepgsi .and simyltane | v.dif ed.into the strate 22 using
a suitable apé%%%ﬁ%?ﬁd ?ggﬁgpgdegugﬂéﬁQQSL%gcgl%%%éﬁta??%#PHﬁﬁé%ﬁt-of-pack
(gas or vapopdgpkiengepdstheoaytprecesement | yit briwmniwhth opre witherte nobl e
met ?%o and t&q@dﬁé@.ﬁ & nedd £t £ae b@t@p%h&dqétm}ét anepesity by g
sputtering or.  ca ic.,arc prqcesses, each o ich inveplves vaporizing an
t hen condensicr?é‘stqqg%sr é?)toeq'é?re PR (o7 emgn\é\g?rg?8°§g¥'e§| PELTS i vel y,

al um num and tichehac ta m ial gbee rivend aco bk, ssucht asebystputpplrieds ot 30

chem cal vapqQs Siti Tal an ] d rom um can
be codeposit%&ﬁ%ﬁ%éﬂ: éﬁgééﬁgﬁi%ﬁggﬁgggﬁ §bf-g%€ Hg%gggéggé.qaﬁﬁitive
metal s such astdive ielenentd constitvenh bayibedi sinvdtapedusdyited by

el ecysopl ati %pd@gfw& At thé J1ARiRPES podd cbhe ag?%sgi 13&@}@' be to

sputter or plate platinum and then alunlnldlng wthy m or sputtering
yttrium fol | GRREIHA UM T3, PRASEHREPEEEEINExanPNEe FPrMEeEm &R d be
sputtered prinydifd et poRininidef bdndl ebabudhdeétgbésabgidukiibny dde scope of
this inventi t hat t active e%gnen% gngﬁigﬁent of the_bond coat 24 can
be provi ded %&ﬁqK?QJ FTYING <b ?af‘3§ 251 RHBEEVESNBEs ALY on woul d be
nmodi fi ed to aphidateoereebstantabarvier| dapar apdt chemficalfllye lihdwnd coat
24. gputteri é”Eké?H%EE&ﬁs@iQtFﬂétEQQaﬁ?EhQ%?HE§ have the advantage over
abl e repeat a

prior art techniques of belng, to y deposit specif is alloy
combi nati ons. Depositi AFEQrdingeko this invention, appropriately

alloying the aluminide bond coat to contain one or
more of the above-noted additive metals and one or
more of the above-noted active elements serves to

25 significantly enhance the spallation resistance of the
overlying ceramic layer by promoting the adherence of
the aluminum oxide scale and slowing the growth of the
oxide scale. The active elements improve oxide scale
adhesion by altering the structure of the oxide, bond

30 coat and oxide-bond coat interface and/or by tying up
tramp elements such as sulfur. The additive metals
generally promote the selective oxidation of aluminum
at lower concentrations of aluminum in the bond coat.
Furthermore, the noble metals impede the diffusion of
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multiple targets of substantially pure constituents 20 for the additive
metal and active elenent could be forned, which are then sinultaneously
vapori zed and deposited to form a honbgeneous coating, or . sequentially
vaporized and deposited to forma nmultilayefjed coating. In the latter case,
subsequent 25 heat treatnent or exposure to high service tenperatures
serves to interdiffuse the materials to formthe nodified conposition for
the bond coat 24. Follow ng deposition of the additive netal and active
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about 1135C (abo ts of this invention
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prior arig by way of example, with reference to the accompanying

drawings, in which:

Figure 1 is a perspective view of a high
pressure turbine blade; and

Figure 2 is a cross-sectional view of the

30 blade of Figure 1 along line 2--2, and shows a thermal

barrier coating system on the blade in accordance with
this invention.
Detailed Description of the Invention

The present invention is generally



to coating systens with platinum alum ni de bond coats, and about six tines
better than the prior art coating systens with alum ni de bosidiwoatz00Zuch
results evidence the remarkably .i nproved spallation resistance of thermnal
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oxidation, corrosion and erosion. The airfoil 12 and

15 platform 16 are anchored to a turbine disk (not shown)
with a dovetail 14 formed on a shank section of'the
blade 10. Cooling passages 18 are present through the
airfoil 12 through which bleed air is forced to
transfer heat from the blade 10. While the advantages

20 of this invention will be described with reference to
the high pressure turbine blade 10 shown in Figure 1,
the teachings of this invention are generally
applicable to any component on which a thermal barrier
coating system may be used to protect the component

25 from its environment.

Represented in Figure 2 is a thermal barrier

coating system 20 in accordance with this invention.
As shown, the coating system 20 includes a ceramic
layer 26 and a diffusion aluminide bond coat 24

30 overlying a substrate 22, which is typically the base
material of the blade 10. Suitable materials for the
substrate 22 (and therefore the blade 10) include
nickel, iron and cobalt-base superalloys, with the
invention being particularly advantageous with nickel-
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base superalloys that contain one or more refractory
metals, such as molybdenum, tungsten, rhenium,
titanium and tantalum. The aluminide bond coat 24 is
generally characterized by an additive layer 24a that

5 overlies a diffusion zone 24b, the former of which is
usually a monoaluminide layer of an oxidation-
resistant MAl intermetallic phase, such as the nickel-
aluminide beta phase (NiAl). Coatings of this type
form an aluminum oxide scale (not shown) on the

10 surface of the additive layer during exposure to
engine environments. The oxide scale inhibits
oxidation of the bond coat 24 and substrate 22, and
chemically bonds the ceramic layer 26 to the bond coat
24. A suitable thickness for the bond coat 24 is

15 about 25 to about 150 micrometers.

The ceramic layer 26 overlying the aluminide
bond coat 24 is required for high temperature
components (such as the blade 10).0f gas turbine
engines. As noted above, the ceramic layer 26 is

20 chemically bonded to the oxide scale on the surface of
the aluminide bond coat 24. A preferred ceramic layer
26 has a strain-tolerant columnar grain structure
achieved by physical vapor deposition (PVD) techniques
known in the art, e.g., electron beam physical vapor

25 deposition (EBPVD), though ceramic layers are also
formed by air plasma spray (APS) techniques. A
suitable material for the ceramic layer 26 is zirconia
that is partially or fully stabilized with yttria
(¥SZ), though other ceramic materials could be used,

30 including yttria or zirconia stabilized by magnesia,
ceria, scandia or another oxide. The ceramic layer 26
is deposited to a thickness that is sufficient to
provide the required thermal protection for the
underlying substrate 22 and blade 10, generally on the
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15 diffusion aluminide bond coat has been found to slow

the oxide scale growth rate, in addition to forming
stable oxides, trapping or tying up deleterious tramp
elements such as sulfur, and promoting adhesion of the
oxide scale on the bond coat 24, all of which promotes

20 the spallation resistance of the ceramic layer 26.
The preferred additive metals are selected on the
basis of their ability to enhance the environmental
resistance (i.e., oxidation and hot corrosion
resistance) of the bond coat 24 and promote the

25 selective oxidation of aluminum, while the active
elements improve oxide scale adhesion by mechanisms
such as oxide pegging and/or gettering of tramp
elements such as sulfur. These additions may also
impede the diffusion of elements from the substrate

30 22, and therefore render the bond coat 24 less
susceptible to interactions and interdiffusion of
elements observed between prior art bond coats and
their superalloy substrates.

Importantly, a synergistic effect appears to
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occur as a result of the presence of both the additive
metal and active elements. Thermal barrier coating
systems according to this invention have exhibited
thermal cycle resistance of about 2.5 times better
5 than prior art coating systems with platinum aluminide

bond coats, and about six times better than prior art
coating systems with aluminide bond coats. To achieve
the ad#antages of this invention, the additive metals
are present in amounts of about 5 to about 50 weight

10 percent, while the active elements are preferably
present in amounts of about 10 parts per million (ppm)
to about 1.0 weight percent yttrium and/or about 0.01
to about 5.0 weight percent zirconium, with possible
additions of about 0.01 to about 5.0 weigh percent

15 hafnium.

Certain combinations of.the metal additives,
active elements and aluminum can be codeposited and
diffused into the substrate 22 using suitable
techniques. For example, aluminum and the active

20 element can be codeposited and simultaneously diffused
into the substrate 22 using a suitable aluminizing
technique, such as pack cementation and.out-of-pack
(gﬁs or vapor phase deposition) processes. 1In
addiﬁion, one or more noble metals and the active

25 elements can be applied simultaneously by sputtering
or cathodic arc processes, each of which involves
vaporizing and then condensing the desired elements on
the substrate 22, Alternatively, aluminum and the
active elements can be simultaneously applied by

30 chemical vapor deposition (CVD) techniques, and
aluminum and chromium can be codeposited by pack
cementation and out-of-pack processes. Additive
metals such as platinum and rhodium can be
individually deposited by electroplating. Examples of
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' followed by aluminiding. 1In the latter example,
yttrium could be sputtered prior to deposition of
5 platinum. It is also within the scope of this
invention that the active element constituent of the
bond coat 24 can be provided by the underlying
superalloy 22, whose composition would be modified to
achieve the desired active element content for the
10 bond coat 24.

Sputtering and cathodic arc coating
techniques have the advantage over prior art
techniques of being able to repeatably deposit
specific alloy combinations. Deposition by either

15 method can be carried out using a pre~alloyed target
cathode material, such as alloy sheet, powder, efc.,
whose composition conforms to the desired combination
of metal additive and active element. Alternatively,
multiple targets of substantially pure constituents

20 for the additive metal and active element could be
formed, which are then simultaneously vaporized and
deposited to form a homogeneous coating, or ..
sequentially vaporized and deposited to form a
multilayered coating. 1In the latter case, subsequent

25 heat treatment or exposure to high service
temperatures serves to interdiffuse the materials to
form the modified composition for the bond coat 24.
Following deposition of the additive metal and active
element, the surface of the component is then

30 aluminized by any suitable method to form the
aluminide bond coat 24.

) According to this invention, the selective
additions of the additive metal in combination with
the active elements are able to significarntly enhance
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growth of the oxide scale on the bond coat 24 and
promoting a more adherent and stable oxide scale, such
that the ceramic layer 26 is more adherent to the bond
coat 24. The bond coat 24 may also be rendered more
10 resistant to the diffusion of substrate constituents
into the bond coat 24. Most notable are the
refractory metals tantalum, tungsten, molybdenum,
titanium and rhenium, which form less desirable oxides
that can detrimentally affect the desired aluminum
15 oxide scale on the bond coat 24.

During the investigation of this inveﬁtion,
nickel-base superalloy specimens were coated with
thermal barrier coating systems whose bond coats were
either prior art diffusion aluminides or formed in

20 accordance with this invention. Specifically,
specimens were formed of the nickel-base superalloy
Ren& NS, disclosed in copending U.S. Patent .
Application Serial No. 08/270,528, and assigned to the
assignee of this invention. This superalloy nominally

25 contains, in weight percent, about 7.5% cobalt, about
7% chromium, about 1.5% molybdenum, about 5% tungsten,
about 3% rhenium, about 6.5% tantalum, about 6.2%
aluminum, about 0.15% hafnium, about 0.05% carbon,
about 0.01% yttrium, and about 0.004% boron, with the

30 balance nickel and incidental impurities. Bond coats
formed in accordance with this invention were
diffusion aluminides containing additions of about 20
to 40 weight percent platinum and about 0.01 to 0.1
weight percent ytt:ium. In cocntrast, prior art bond
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pack cementation, gas or vapor, and tape diffusion
processes. One group of prior art bond coats further
included platinum to yield platinum-modified aluminide

5 coatings.

Results of furnace cycle testing at about
1135°C (about 2075°F) resulted in the bond coats of
this invention achieving an average thermal cycle
resistance of about 2.5 times better the prior art

10 coating systems with platinum aluminide bond coats,
and about six times better than the prior art coating
systems with aluminide bond coats. Such results
evidence the remarkably improved spallation resistance
of thermal barrier coating systems of this invention

15 as compared to prior art coating systems. Based on
testing that has shown a relationship between alumina
scale thickness and spallation, the increased time to
spallation for the specimens prepared in accordance
with this invention was attributed to a combination of

20 decreased oxide growth rate and improved scale
adherence afforded by this invention.

While the invention has been described in
terms of a preferred embodiment, it is apparent that -
other forms could be adopted by one skilled in the

25 art. Accordingly, the scope of the invention is to be
limited only by the following claims.
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1. A component having a thermal barrier coating system on a surface

thereof, the coating system consisting essentially of:

an aluminide bond coat at the surface of the component, the bond
coat comprising platinum and yttrium;

an aluminium oxide layer on the bond coat; and

a ceramic layer chemically bonded to the bond coat by the aluminium
oxide layer.

2. A component as recited in claim 1, wherein the bond coat contains
about 10ppm to about 1.0 weight percent yttrium.

3. A component as recited in claim 1, wherein the bond coat contains
about 5 to about 50 weight percent platinum.

4, A component as recited in claim 1, wherein the bond coat further
consists of about 0.01 to about 5.0 weight percent zirconium.

5. A component as recited in claim 1, wherein the bond coat further
consists of zirconium and at least one metal chosen from the group

consisting of palladium, rhodium, silicon, and chromium.

6. A component as recited in claim 1, wherein the ceramic layer has a
columnar grain structure as a result of being formed by an EBPVD
technique.



